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Poitabhat, traditional fermented sour rice is a probiotic-rich breakfast item integral to Indian culture and common food of
Assam. Despite its deep cultural roots and therapeutic value, its consumption is declining due to modern lifestyle shifts and
a very limited shelf life of 24-48 h. The aim of this study was to modernize this ethnic food by incorporating a shelf-stable
probiotic instant powder through spray drying. The three local rice varieties, namely Joha, Brown and Aijung rice were
fermented with a standardized 10% probiotic consortium of Lactobacillus acidophilus and Lacticaseibacillus paracasei.
A solution of maltodextrin (12%) was used to encapsulate the slurry that was then spray dried at an inlet temperature of
80°C. The physical stability of the developed powders was excellent (aw = 0.30-0.33), and hence ascribed microbiological
safety. Functional characterization suggested strong rehydrating properties coupled with high solubility (80.11-81.48%) and
low insolubility index (0.41-0.48 mL). The morphology observed via., Scanning Electron Microscopy (SEM) was
predominantly spherical with particle diameters of 7.79 to 9.53 pm, and the particle size distribution appeared narrow and
was characterized as a monomodal size distribution. In addition, the probiotic fortified formulations were found to increase
consumer acceptability on a 9-point hedonic scale over control, while retaining and not altering the characteristic flavor
profile. The present work successfully converts a traditional ethnic food into a new functional product and serves as a

potential approach for the preservation and commercialization of indigenous Indian food heritage.
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Food has always been the heart of human life not just
as a source of survival but more as a transmitter of
culture, health and some invaluable wisdom passed
down through generations. Especially fermented
foods are an indivisible component of cultural
heritage for many ethnic communities in India.
Traditional fermented foods associated with gut
health, along with indigenous microorganisms that
have been linked to the therapeutic potential are
treasured across various ethnic landscapes in India.
Fermented sour rice is one such food preparation,
among the several traditional preparations that are
commonly consumed in Eastern and Northeastern
India. In Assam it is popularly known as Poitabhat,
Pantabhat in West Bengal, Pokhalo in Odisha and
numerous other regional names often associated to the
racy local language such as pazhankanji in Kerala and
paani wala chawal in Hindi-speaking regions. Over
the border, in neighboring Bangladesh it is also
commonly consumed as pakhal®. Traditionally, it is
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made by soaking leftover cooked rice in water
overnight and allowing it to ferment spontaneously;
creating a mildly sour, soft-textured dish that works
very well in humid tropical climates. For some time,
rural communities have considered it a healthy
breakfast full of probiotics good for the gut and as
something that can alleviate summer fatigue. For
centuries, the Poitabhat has been an intriguing dish as
well as a symbol of culture and is believed to offer
various health advantages; yet its popularity has
slowly decreased over recent decades. This traditional
home-based preparation has been sidelined by the
pressure of rapid urbanization and move away from
convenience-based lifestyles. In addition to these, the
product has a very high perish ability rate (24-48 h),
and at times if fermentation process is uncontrolled,
can induce food-borne diseases; thus, the case for its
broader acceptance and transfer into modern
commercial environment has remained limited.

Rice (Oryza sativa L.) remains the staple food for
more than half the population of Assam, with
numerous indigenous varieties cherished for their
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Tablel — Formulations of the probiotic consortium (v/w)

Formulation (F1)  Lactobacillus acidophilus (5%):

Formulation (F2)  Lacticaseibacillus paracasei (5%) (v/w)

Formulation (F2)  Lactobacillus acidophilus (4%):
Lacticaseibacillus paracasei (6%) (v/w)
Lactobacillus acidophilus (6%):
Lacticaseibacillus paracasei (4%) (v/w)

unique aroma, texture, and nutritional qualities.
Probiotic fermentation of cereal-based foods renders
them more easily digestible while imparting
distinctive flavors and aromas. Moreover, various
compounds generated during fermentation, such as
short-chain fatty acids, increase the nutritional content
which provides significant health benefits in the
body?. Scientific studies have increasingly highlighted
the nutritional potential of such traditionally
fermented rice preparations®; yet systematic efforts to
standardize and modernize them while preserving
their ethnic identity remain limited.

Spray drying has emerged as an efficient and
scalable method to transform perishable fermented
sour rice into a stable, functional powder with
minimal loss of nutritional and functional attributes®.
The incorporation of encapsulating agents such as
maltodextrinin spray drying process helps to
overcome common problems like stickiness and low
yield associated with high sugar content in fermented
cereal products®. However, limited research has been
conducted on the spray drying of probiotic-enriched
traditional fermented rice slurries, particularly using
indigenous rice varieties. The present study
was therefore undertaken with the objective of
transforming this age-old traditional knowledge
into a shelf-stable, ready-to-use probiotic-enriched
fermented sour rice powder. The work aims to
evaluate the functional, physical, rehydration, and
sensory attributes of the resulting powder, thereby
offering a viable strategy for the scientific validation,
preservation, and commercial revival of this valuable
traditional fermented food of Northeast India.

Materials and Methods

The raw materials for the present study, specifically
three distinct rice cultivars: Joha, Brown, and Aijung
were sourced from local markets in Guwahati, Assam,
India. The experiments and analysis were performed at
Department of Bioengineering and Technology, Gauhati
University, Assam, India.

Optimization and standardization of the probiotic consortium
The LAB cultures were grown overnight in falcon
tubes and centrifuged at 7000 rpm at 4°C for 10 min

and the supernatant was discarded without disturbing
the pellet, washed thrice using sterile 0.85% saline
solution, and the cells were dissolved in distilled
water. The cell suspension containing the LAB
culture was further formulated in combination of
Lactobacillus acidophilus and Lacticaseibacillus
paracasei according to (Table 1) and kept at 4°C for
further analysis.

To determine the optimal inoculation level for rice
fermentation prior to spray drying, probiotic consortium
concentrations of 5% and 10% (v/w) were evaluated.
While the 5% probiotic consortium was inadequate for
maintaining bacterial density during spray drying.
Increasing concentration to 10% consortium Yyielded
maximum probiotic viability in the spray dried product.
Therefore, a 10% inoculation rate was standardized for
the fermentation process to ensure high-potency
functional attributes in the final powder.

The probiotic consortium was standardized to a cell
density of 6x10° CFU/mL by adjusting the culture
suspension to a 2 McFarland standard, yielding an
absorbance of 0.32 at 600 nm. Two different culture
combinations were formulated, with varied ratio of
the respective LAB species (Table 1).

Pre-processing before spay drying
Processing of encapsulation medium

The encapsulation medium was prepared according
to the method’.

Suspend 12% maltodextrin + 0.25% Tricalcium phosphate
in 50 mL sterilized water

'

Stirred on magnetic stirrer for 1 h at ambient temperature

'

Heat-treated at 90°C for 10 min to eliminate
indigenous microbial load

'

Cool at room temperature

{

Aseptically added standardized formulated consortium
(Table 1) with 8 log CFU/m8

'

Stirred for 5 min for uniform distribution

Processing rice mixture

Process of spray drying method

To produce the instant fermented sour rice
powder, a laboratory-scale mini spray dryer (Model:
LSD 48, JISL) was utilized. To ensure reproducibility
of powder quality, a standardized protocol was
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Cleaned rice and soaked for 15 min

{

Blend rice with distilled water (1:3 ratio) for
2-3 min to achieve coarse slurry

{

Slurry was boiled for 6-8 min under continuous agitation

¢

Autoclaved at 121°C for 15 min for sterility

Filtered through sterile muslin cloth to obtain filtrate

Added encapsulated probiotic medium to the
filtrate and homogenize for 5 min

/

Fermented the mixture for 16 h to reach 10 log CFU/mL8

{

Used as feed material for spray drying

implemented at uniform operational parameters
(Inlet temperature: 80°C; Outlet temperature: 70°C)
and drying process conditions (Air pressure: 1.5
kg/cmz; Aspiration rate: 50%; Feed rate: 10 mL/min).
The powder was recovered through an additional
cyclone separator once the process finished. The
samples were stored at 4°C into sterilized glass vials
and preserved for further experiments.

Analysis of functional attributes

Water activity (Aw)

The water activity was measured at 30°C using an
electronic water activity meter (Aqualab series 4TE,
Decagon Devices Inc., Washington, USA).

Bulk density, tapped density and particle density

For bulk density (pB) (w/v), a known mass of
fermented sour rice powder was added to a 10 mL
graduated cylinder, and the occupied space was
measured. Tapped density (pT) (w/v), the volume
of identical sample tapped over 5 minutes
(approximately 32 taps/minute). Particle density was
measured using the method®, where 1 gm of
fermented sour rice powder was put into a 10 mL
graduated cylinder and then 5 mL of petroleum ether
was added to the sample and shaken for some minutes
to achieve particle suspension. Finally, 1 mL of
petroleum ether was applied to wash the wall of the
cylinder and disperse together with the connected
lumps of powder. The final volume reading was
observed, and calculated using:

pPp
weight of the powder (g)

~ Total volume of petroleum ether and suspended particles — 6

Flowability and cohesiveness
The Cl and HR were estimated from the tapped and
bulk densities using themethod®.

_Pr-Ps

Cl =—x100
Pr

HR = pr
PB

Particle size distribution

A particle analyzer (Litesizer, 500) was used to
identify the distribution of particle size. A small
guantity of powder was suspended in water as a
solvent and analyzed at 25°C. The results, obtained
from equipment software wversion 2.22.2, were
expressed in D10, D50 (median size), and D90
concerning their intensity, representing the diameters
for the accumulated size distribution at the 10th, 50th,
and 90™ percentiles of particles™. The polydispersity
index (span) was also determined using the following
equation
_D90-D10
~ D50

D10, D50 and D90 represent diameters
corresponding to the 10, 50 and 90 percentiles of the
cumulative size distribution.

Span

Analysis of rehydration characteristics

Solubility
The solubility was determined by the method™".

Insolubility index

The insolubility index was performed following
IDF Standard 129A%?, with slight modifications.
Dispersibility

The dispersibility method was followed and
estimated using the formula given by°.

(10 + a) X %TS
a x (100 — b)/100
where a is the amount of fermented sour rice powder
(9) used, b is the moisture content of the powder,

and % TS is the dry matter in the reconstituted
powder after passing through the sieve.

Dispersibility (%) =

Wett ability

Wett ability was determined by the method®.
Hygroscopicity

Hygroscopicity — was
modification method™,
Degree of caking

The caking degree was determined by the
method™.

analysed with  minor
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100.b
a

CDh=

Where CD is the caking degree in (%), the weight
of powder used for sieving is denoted as (a) and the
mass of powder remaining on the sieve after sieving
as (b).

Scanning electron microscopy (SEM)

The surface morphology of the spray-dried
powders was characterized using SEM. Micro-
structural observations were conducted using a Carl
ZEISS SIGMA 360VP SEM operating at an
accelerating voltage of 5.0 kV and were captured at a
magnification of 10,000x".

Sensory analysis of the fermented sour rice powder

Acceptability trial was evaluated by sensory
evaluation using 9-point hedonic scale rating (scores
designated as 9 “extremely like” to 1 “extremely
dislike”)™. The acceptability trial was done in the
Department of Bioengineering & Technology,
Gauhati University, Assam, India by 20 semi-trained
panel members.

Statistical analysis

All experiments were performed in triplicate, and
the data are reported as mean = SD (standard
deviation); p<0.05 was considered significant.
Statistical differences were determined by comparing
across groups utilizing one way (ANOVA) and
findings performed with GraphPad prism version 10.0.

Results

Bulk and tapped density, particle density

In the present study bulk and tapped density,
particle densities are represented in (Table 2) for the
variety 1 (Joha rice), (Table 3) for the variety
2 (Brown rice) and (Table 4) for the rice variety
3 (Aijung rice). As detailed in our earlier work, the
water activity for Variety 1 (Joha rice) has already
been reported as 0.31°,

Flowability and cohesiveness

In the present study (Supplementary Fig. S1-2)
represents the Flowability and cohesion in terms of Cl
and HR was found to be 10-18% and 0.81-0.90
respectively (supplementary materials).

Table 2 — Functional properties of Varietyl (Joha Rice)

Samples Bulk density (kgm™) Tapped density (kg m™) Particle density (kgm™)
Control 285.71+0.04 357.15+0.04 1428+2.44

F1 285.71+0.05" 365.17+0.04™ 1430+1.69%

F2 277.70+0.06™ 377.16+0.04™ 1433+2.05*

F3 285.76+0.05" 373.15+0.04™" 1431+2.86"

Data are expressed as means + standard deviation (n=3); Statistical significance is indicated as ***p<0.001,# is indicated as
non-significant compared to the control (One-way ANOVA followed by post-hoc test). F1 (5% L. acidophilus: 5% L. paracasei), F2
(4% L. acidophilus: 6% L. paracasei), F3 (6% L. acidophilus: 4% L. paracasei) and Control (without probiotic culture)

Table 3 — Functional properties of variety 2 (Brown Rice)

Samples Bulk density (kgm™) Tapped density (kgm™®) Particle density (kgm™) Water activity(ay,)
Control 277.70+0.04 370.37+0.03 1428+2.05 0.31+0.02

F1 277.70+0.06" 384.65+0.03" 1436+2.49" 0.32+0.01%

F2 275.82+0.04" 370.66+0.04" 1431+2.86% 0.31+0.01%

F3 275.82+0.04" 384.76+0.04" 1434+2.44" 0.32+0.02%

Data are expressed as means + standard deviation (n=3); Statistical significance is indicated as *p<0.05, # is indicated as non-significant
compared to the control (One-way ANOVA followed by post-hoc test). F1(5% L. acidophilus: 5% L. paracasei), F2 (4% L. acidophilus:
6% L. paracasei), F3 (6% L. acidophilus: 4% L. paracasei) and Control (without probiotic culture)

Table 4 — Functional properties of variety 3 (Aijung rice)

Samples Bulk density (kgm™) Tapped Density (kgm™) Particle Density(kgm™)  Water activity(a,,)
Control 285.70+0.06 357.15+0.04 1428+2.86 0.33+0.02
F1 285.71+0.06" 364.32+0.05" 1429+2.16% 0.30 +0.01*
F2 275.74+0.04™ 357.65+0.04% 1431+2.86% 0.30 £0.02*
F3 275.85+0.03™" 369.17+0.05™" 1430+1.69% 0.31 +0.01*

Data are expressed as means + standard deviation (n=3); Statistical significance is indicated as ***p<0.001, # is indicated as non-
significant compared to the control control (One-way ANOVA followed by post-hoc test). F1 (5% L. acidophilus: 5% L. paracasei), F2
(4% L. acidophilus: 6% L. paracasei), F3 (6% L. acidophilus:4% L. paracasei) and control (without probiotic culture)
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Particle size analysis

Based on the sensory analysis, the best formulation
among the three rice varieties was selected for particle
size analysis. The span values of these formulations
are detailed in (Table 5), while the particle size
distribution illustrated in (Fig. 1), and exhibits a
monomodal distribution, indicated by a single, well-
defined peak with narrow range, suggesting a high
degree of structural uniformity and the absence of
large-scale agglomeration.

Table 5 — Particle morphology of probiotic enriched fermented
sour rice powder
Formulations Dy (nm) Dso (nm) Dgo (nm) Span value
Variety 1 (F1) 600.22 7998.46 15443.77 1.85
Variety 2 (F2) 495.60 712.31 1045.23 0.77
Variety 3 (F1) 697.28 842.27 1023.79 0.38

Rehydration characteristics of probiotic enriched fermented
sour rice powder

In the present study rehydration properties of
probiotic enriched fermented sour rice powder
was assessed by solubility, insolubility index,
dispersibility and wettability and are represented in
(Table 6) for variety 1 (Joha rice), (Table 7) for
variety 2 (Brown rice) and (Table 8) for variety 3
(Aijung rice) respectively.

Hygroscopicity and degree of caking

In the present study (Supplementary Fig. S3-4)
represent the hygroscopicity and degree of caking. The
hygroscopicity values of the probiotic enriched
fermented sour rice powder ranged from 10.8 to 11.10
whereas caking degree ranged from 31.5 to 32.2%
respectively.

Table 6 — Rehydration characteristics of variety 1 (Joha Rice)

Samples Solubility (%) Insolubility Index(ml) Dispersibility (%) Wettability (s)
Varietyl (Joha Rice)

Control 80.250.12 0.46+0.04 67.81+0.50 396+12.47
F1 80.86+0.33" 0.43+0.04* 67.830.13" 403+12.47*
F2 80.68+0.20" 0.48+0.02* 67.68+0.30" 406+12.47*
F3 80.50+0.58" 0.45+0.04% 68.58+0.26" 403+12.47*

Data are expressed as means + standard deviation (n=3); Statistical significance is indicated as *p<0.05, # is indicated as non-significant
compared to the control (One-way ANOVA followed by post-hoc test). F1 (5% L. acidophilus: 5% L. paracasei), F2 (4% L. acidophilus:
6% L. paracasei), F3 (6% L. acidophilus: 4% L. paracasei) and Control (without probiotic culture)

Fig. 1 — Particle size distribution of probiotic enriched fermented sour rice powder (a) Varietyl (F1), (b) Variety 2 (F2), (c) Variety 3 (F1)
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Table 7 — Rehydration characteristics of variety2 (Brown Rice)

Samples Solubility (%) Insolubility Index (mL) Dispersibility (%) Wettability (s)
Variety 2 (Brown Rice)

Control 80.31+0.11 0.460.04 67.71+0.20 400+16.32
F1 80.24+0.27* 0.41+0.02* 67.660.27" 403+12.47*
F2 80.86+0.25" 0.48+0.02* 68.30+0.23" 400+16.32*
F3 80.11+0.50" 0.43+0.04* 67.70+0.17* 406+12.47*

Data are expressed as means * standard deviation (n=3); Statistical significance is indicated as *p<0.05, # is indicated as non-significant
compared to the control (One-way ANOVA followed by post-hoc test). F1 (5% L. acidophilus: 5% L. paracasei), F2 (4% L. acidophilus:
6% L. paracasei), F3 (6% L. acidophilus: 4% L. paracasei) and Control (without probiotic culture)

Table 8 — Rehydration characteristics of Variety 3 (Aijung Rice)

Samples Solubility (%) Insolubility Index (mL) Dispersibility (%) Wettability (s)
Variety3 (Aijung Rice)

Control 80.40+0.27 0.48+0.02 67.60+0.17 396+12.47
F1 80.76+0.30" 0.41+0.02" 68.43+0.26" 400+16.32*
F2 81.14+0.64" 0.46+0.02" 67.78+0.22* 406+12.45"
F3 81.48+0.39" 0.41+0.02" 67.95+0.47" 398+14.33"

Data are expressed as means + standard deviation (n=3);Statistical significance is indicated as *p<0.05, # is indicated as non-significant
compared to the control (One-way ANOVA followed by post-hoc test). F1 (5% L. acidophilus: 5% L. paracasei), F2 (4% L. acidophilus:
6% L. paracasei), F3 (6% L. acidophilus: 4% L. paracasei) and Control (without probiotic culture)

Fig. 2 — Scanning electron micrograph of probiotic enriched fermented sour rice powder of three rice varieties at 12% maltodextrin
(MD) concentration (a) Variety 1 (F1) (b) Variety 2 (F2) (c) Variety 3 (F3)

Scanning electron microscope (SEM)

The morphology of the developed fermented sour
rice powder from the three selected formulations
(one from each rice variety), chosen based on their
sensory score, was examined using SEM at a
magnification of 10,000x with an accelerating
voltage of 5.0 kV. In the present study (Fig. 2)
presents representative SEM micrographs of the
fermented sour rice powders prepared with 12%
maltodextrin concentration. The particles exhibited a
predominantly spherical to sub spherical shape, with
some aggregation observed. Individual starch
granules appeared polyhedral to irregular, consistent
with typical rice starch granule morphology.

The micrograph (Fig. 2a) shows a smooth spherical
particle with a diameter of 9.46 um, although smaller
satellite particles are visible adhering particularly well
to the sphere surface. The 12% maltodextrin
concentration appears to have created an effective
barrier in minimizing surface cracks or collapses due
to its integrity as a particle. Figure 2b shows spots of

observed micro-particles, for which the median
diameter is 9.53 um, where an important aspect that
can be seen in this image is the high level of surface
"dusting" (where several smaller particles are fixed on
the surface of a larger sphere). Figure 2c showed
smaller, more compact particles relative to the particle
diameter (7.79 pum as indicative value), although a
spherical structure is still preserved and dense,
largely irregular starch fragments are present in the
surrounding matrix.

Sensory evaluation of fermented sour rice powder

Supplementary  Figure S5  represents  the
sensory evaluation of Variety 1 (Joha rice), variety 2
(Brown rice) and Variety 3 (Aijung rice) across four
different formulations namely Control, F1, F2 and F3.
The parameters evaluated are color, flavor, taste,
consistency and overall acceptability, measured on a
scale of 9-point hedonic score.

For Varietyl, there was no statistically significant
difference between the control and the formulations
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(F1-F3) regarding color and flavor. This suggests that
the treatments did not negatively alter the inherent
aromatic characteristics and visual appearance of
Variety 1. In terms of taste, consistency and overall
acceptability revealed a significant difference as
compared to the control, suggesting that the
experimental formulations enhanced the consumer
acceptability.

For Variety 2, there was no statistically significant
difference between the control and the formulations
(F1-F3) regarding color, flavor and consistency.
This suggests that the treatments did not negatively
alter the inherent aromatic characteristics and visual
appearance of Variety 2. In terms of taste attributes
data revealed highly significant and overall
acceptability revealed a significant difference as
compared to the control, suggesting that the
experimental formulations effectively balancing taste
and consistency to achieve a product that panelists
found superior to the control.

For Variety 3, there was no statistically significant
difference among the control and formulations
(F1-F3) in terms of taste. This suggests that the
treatments did not negatively alter the taste of Variety
3. In terms of color attributes data revealed highly
significant and in contrast flavor, consistency and
overall acceptability revealed a significant difference
as compared to the control, indicates that the additions
in the experimental formulations effectively
combining high visual appearance and flavor with
improved consistency to achieve a superior product.

Discussion

Bulk and tapped density, particle density

Bulk density is influenced by the extent of
interparticle spacing or porosity within the bulk
volume. It is influenced by shape, particle density,
size distribution and moisture content’’. The bulk
density values in the present study ranged from By
270.26-285.76 kg/m® without significant differences
between the different formulations. After tapping the
samples, new values of densities were recorded,
which ranged from Ty 357.14-384.62 kg/m®.
An increase in tapped density compared to bulk
density is a common occurrence, usually increases the
outcomes. This occurs due to a more ordered
arrangement of particles during the tapping process
and hence reduces the space between them. However,
several variables, including material characteristics,
water content, and particle size, can affect the
difference between tapped and bulk densities. Mostly,

the particle density is about 1400 kg/m? in most of the
dried food powder®’. In the present study the particle
densities ranged from 1429-1430 kg/m°.

Water activity

Generally, spray-dried powders are categorized as
microbiologically stable when their water activity
(aw) falls within the 0.15 to 0.60 range®. This is
critical for food safety, as most pathogenic bacteria
necessitate aw above 0.90, while mold growth
typically requires levels exceeding 0.70. Therefore,
maintaining water activity between 0.20 and 0.40
further safeguards the product against biochemical
degradation, including enzymatic activity, hydrolytic
reactions, and non-enzymatic browning. In the present
study, the developed powder samples exhibited aw
values ranging from 0.30 to 0.33, placing them well
within the zone of biological and chemical stability.
Results of the current study are consistent with
observations made by Kumar et al.’®, observed that in
the same range of concentration maltodextrin was
effective in reducing water activity from 0.62+0.11 to
0.32+0.02 accordingly. This decrease can probably be
explained due to the good water-binding capacity of
maltodextrin.  Specifically, the highly branched
structural configuration of this carbohydrate matrix
may physically entrap moisture within its 3-D
network, preventing the release of free water and
thereby lowering the overall water activity of the
functional rice powder®.

Flowability and cohesiveness

Flow characteristics of powder were observed by
the free flowing, semi-free flowing and cohesive
flow. Particle size, distribution, morphology,
hygroscopicity, and moisture content of the material
are some of the parameters that affect the flow
behavior of powder and are thought to be more severe
in cohesive flow. Based on the Flowability
classification, powder with CI greater than 38 and HR
greater than 1.6 is considered as poor Flowability?'.
Hence, the present study observed within the range
and thus reveals better Flowability.

Particle size distribution

The particle size distribution of the fermented sour
rice powders across the three studied rice varieties
is illustrated in (Fig. 1). Visually, the developed
powders exhibit a refined, narrow particle range
following a normal distribution pattern, which points
toward a highly homogenous physical system. The
small variation in the structure is quantitatively
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supported by span values obtained from data. The size
distributions of the particles were polydispersed for
all the three rice varieties (Table 5). The obtained
span values show that variety 1 has the best
distribution among all with a span value of 1.85
indicates heterogeneous factor in the population of
particles. On the contrary, Variety 2 and Variety 3
showed rather narrow distributions with spans of
0.77 and 0.38, respectively indicating higher
structural homogeneity. In rice-based products,
the simultaneous reduction in mean particle size and
span value are often related to improved starch
gelatinization and a more sophisticated sensory
profile’?.  This morphological improvement is
essential for consumer preference since the particles
below 10 pm either do not fall into the detection
range of the human palate, preventing any "grittiness"
sensation to be perceived, which lead to a more
desirable mouth-feel in the final functional product.
The Dsp (median diameter) serves as the benchmark
for predicting sensory texture. While research by
Engelen et al?* indicates that the threshold for
perceiving grittiness sits around 20-30 pm, all
varieties in this study fell significantly below this
limit. Consequently, each formulation is likely to
provide a smooth, non-gritty experience?.

Reconstitution properties of probiotic enriched fermented
sour rice powder

The solubility of dried powder in this present study
varies from 80.11 to 81.48%. Seth et al.*! observed 72
to 88% solubility in sweetened yoghurt powder.
According to Caparino et al.?®, Cano-Chauca et al.?’
observed that the inclusion of hydrophilic components
like maltodextrin may be the cause of the higher
solubility value.

Powder with increased solubility takes less time to
wet their surface, consequently lower wetting time or
wettability. In the present study the wetting time
varies from 400 to 580 s. In general, dispersibility and
wettability depends on particle size, density, porosity,
surface charge, surface area and the presence of
amphipathic substances and the surface activity
of the particles?®®. The poorer wettability as reflected
by lower dissolution rates may be related to the
decreased solubility of denatured protein®®*.
Dispersibility refers to how readily and evenly
distributes into a liquid without forming any
lump. The result of dispersibility varies from
67.60 to 68.58 %. Seth et al."* observed dispersibility
of sweetened yoghurt powder ranged from

70.62-88.74%. However, noted that dispersibility
decreased with the decreasing particle size. Small
particles possibly formed visible lumps and hence
lowered dispersibility and can be ascribed to less
porous nature at high atomization pressure®.

Insolubility indexis animportant indicator for spray
dried powders, reflecting their ability to dissolve and
rehydrate properly. Lower insolubility index generally
signifies better quality, indicating a more soluble and
easily rehydrated powder. In the present study the
values ranged from 0.41 to 0.48 mL. The insolubility
index of spray dried camel’s milk and cow’s milk
powder ranged from 0.4 to 0.8whereas commercial
milk powder found to be 0.1 which may be due to
addition of certain additives to facilitate the
solubility®.

The hygroscopicity of the probiotic enriched
fermented sour rice powder was not significantly
affected and the results ranged from 10.6 to 11.03.
This property may influenced by several factors such
as moisture, particle size and drying conditions. Similar
study observed in acai pulp powder with maltodextrin
ranged between (12.5-15.8 g/100 g) which is higher as
compared to the present study®. Lower hygroscopicity
value means greater physical stability®.

The caking degree of the present study
(Supplementary Fig. S4) ranged from 31.5 to 32.2%
and not significant among the formulations (p<0.05).
Also, the caking degree of yoghurt powder was
reported as 30.32%.

Scanning electron microscope (SEM)

The micro structural analysis presented in (Fig. 2)
reveals that the microspheres maintained excellent
structural integrity, with no visible surface fissures or
ruptures. This lack of cracking is a strong indicator of
low gas permeability, which is essential for shielding
the core components from oxygen and water vapor*.
While the particles are predominantly spherical and
homogeneous, a configuration known for improving
core retention and decreasing oxygen and water
leakage®"*®, some surface indentations were observed
which are likely the result of rapid liquid evaporation
and fluctuating surface tension during the droplet-to-
particle transition in the spray dryer***!. Moreover,
the lack of any visible "free" or non-encapsulated
bacteria on the particle surfaces further certifies
the high efficiency of the maltodextrin matrix.
The details of morphology from spray dry products
are predominately directed by parameters like
drying temperature, viscosity of the carrier solution
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and atomization pressure®’. The present findings
are consistent with Rodriguez-Huezo et al.*®,
demonstrated that intermediate drying rates can cause
a partial wall collapse or shriveling of the particle
walls, giving rise to such concave features as
observed here. Additionally, these findings are
consistent with the study reported a similar
polyhedral and smooth morphology for L. plantarum
encapsulated in 15% maltodextrin-litchi juice base®.
Haque and Roos* also reported similar characteristics
of hemispherical and smooth surfaces in their study
based on a lactose-whey protein carrier system,
confirming that the structural results from this study
are representative for quality probiotic encapsulation.
These morphological differences between varieties
could be linked to intrinsic variations in polysaccharide
composition as are starch granule size, amylose /
amylopectin ratio and residual bran content (high in
brown rice) and the extent of fermentation-induced
changes. The addition of 12% maltodextrin seemed
to support the formation of more spherical,
encapsulated-like structures that must have helped
develop good low water activity and stability in the
powders.

Sensory evaluation of the fermented sour rice powder

The sensory profiles of the developed fermented
sour rice powders evaluated using a 9-point hedonic
scale (Supplementary Fig. S5) provide essential data
regarding the consumer appeal and reveal the
organoleptic shifts that occur when traditional
fermented sour rice is converted into a "Ready-to-
Use" (RTU) shelf-stable functional food powder.

The sensory evaluation of the fermented sour rice
powder (Variety 1) reveals a highly favorable
consumer response, with all attributes scoring
consistently above 7.5 on the 9-point hedonic scale.
These results indicate that the integration of probiotic
consortium and the subsequent drying process did not
adversely affect the delicate organoleptic profile of
the aromatic Joha rice variety®. The findings suggest
that the formulation enhanced the “sour" profile
typical of traditional fermented rice (such as
Poitabhat), making it more palatable for modern
consumption.

As illustrated in (Supplementary Fig. S5b), all
three formulations received high scores across the
evaluated attributes, with mean values ranging
between approximately 7.5 and 8.8. Notably, the
scores for F1, F2, and F3 were comparatively higher
than the control in most sensory attributes. Color and

flavor scores remained consistently high (8.0-8.5)
across the samples, indicating that the incorporation
of carrier agents did not adversely affect the visual
appeal or aromatic profile of the brown rice-based
product. Taste and consistency also showed minimal
variation, suggesting that the formulations maintained
desirable mouth feel and palatability. These results
corroborate earlier reports on spray-dried rice-based
products, where the application of high molecular
weight carriers (maltodextrin) improved powder
rehydration properties and sensory quality without
compromising consumer preference.

The mean hedonic scores for color, flavor, taste,
consistency and overall acceptability ranged from 7.6
to 8.7 as shown in (Supplementary Fig. S5c),
indicating that the developed formulations were
accepted well by the sensory panel. The control
sample and the three formulations exhibited very
good color scores (higher than 8.0), indicating that
Aijung rice maintained its lighter, uniform appearance
after spray drying. This is especially beneficial
because color is usually one of the very first things
that consumers notice and assess. Across all
formulations, taste and flavor scores remained high
relative to the control with little decline in value.

Hence, the sensory data revealed that three
varieties of rice are highly suitable for spray drying
with good sensory attributes and may be considered
as alternative raw materials for commercial-scale
production of instant rice-based products with wider
consumer acceptance.

Conclusion

This study presents a successful development of a
shelf-stable probiotic fortified instant fermented sour
rice powder, transitioning from its original perishable
fermented sour rice (Poitabhat) in Assam. To
modernize this ethnic staple food, indigenous rice
varieties (Joha, Brown, and Aijung rice) were used
along with standardized 10% microbial consortium of
Lactobacillus acidophilus and Lacticaseibacillus
paracasei through spray-drying method. The powders
developed also exhibited excellent physical stability,
with low water activity (0.30-0.33) and suitable
rehydration Kkinetics having solubility rates between
80.11% and 81.48%. In addition, the product
successfully retained narrow particle size distribution
and good flowability while effectively preserving the
unique sour profile, aroma, and cultural authenticity
of the traditional preparation. This study justifies
the indigenous knowledge of Northeast India as a
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scientific one by mitigating the inherent limitations of
short shelf life and changing consumption habits in
contemporary lifestyles. These results provide a solid
basis for the formulation of rice bran-derived
probiotic functional foods to enhance gut health,
while also maintaining ethnic identity. This not only
paves the way for commercial restoration of
traditional fermented sour rice but also connects
ancient dietary practices to modern food technology.
Future investigations focusing on large-scale
production and clinical assessment of probiotic
survivability during gastrointestinal transit will be
essential to confirm the long-term therapeutic
potential of this functional food.
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