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Chubitchi, a traditional brewed alcoholic beverage from Meghalaya, was prepared under controlled laboratory
conditions. A comprehensive storage study was conducted over four weeks under refrigerated conditions to examine its
physicochemical properties (pH, acidity, alcohol content) and bio-functional attributes (antimicrobial, antioxidative, ACE
inhibitory, anti-diabetic activities, and phenolic content). Over the four weeks, the pH decreased to 3.31, while acidity
increased to 2.03%. Ethanol content peaked at 5.62% during week 2. Lactic acid bacteria and yeast counts declined to 5.21
log CFU/mL and 4.86+0.19 log CFU/mL, respectively, by week 4. Chubitchi demonstrated antimicrobial activity against K.
pneumoniae, E. coli, and S. aureus. Antioxidative activity peaked in weeks 3 (86.19+0.00%) and 4 (86.04+0.06%). ACE
inhibition increased non-significantly from 17.03+0.28% to 23.10+0.92%. Anti-diabetic potential peaked at 3.53%
(a-amylase inhibition), 20.42% (a-glucosidase inhibition), and 39.50% (lipase inhibition). Total phenolic content rose from
0.22 mg/mL to 0.27 mg/mL. Organoleptic evaluation revealed declining sensory scores through day 40. Furthermore, a 1:8
dilution of Chubitchi was found to be non-cytotoxic in a murine macrophage cell line, exhibiting significant anti-
inflammatory activity and reduced reactive oxygen species (ROS) production. This study provides critical insights into
physicochemical and biofunctional dynamics of Chubitchi during storage, supporting its potential as a functional beverage.
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The Northeastern region of India, particularly
Meghalaya, boasts a vibrant cultural mosaic
characterized by diverse tribal communities, including
the Garo, Khasi, and Jaintia. An integral part of this
cultural heritage is the traditional crafting and
consumption of fermented rice beverages; each
community infuses unique variations while upholding
fundamental methods passed down through
generations'. Among these groups, the Garo tribes of
Meghalaya maintain a profound connection with their
traditional fermented rice beverage, locally known as
'‘Chubitchi.’ This blend of rice and indigenous
knowledge plays a pivotal role in the economic,
cultural, and spiritual practices of the Garo people?.
Chubitchi, a traditional fermented rice beverage, is
central to the tribal culture of Garo Hills. Its authentic
preparation, wisdom, and cultural significance are
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primarily preserved within rural communities.
Unregulated fermentation, influenced by local
microorganisms and environment, causes variable
Chubitchi quality and yield. Efforts aim to enhance
safety and quality via hygienic brewing®.

Fermented rice beverages like Chubitchi are
recognized as ‘probiotic’ due to their diverse yeast and
lactic acid bacteria (LAB) strains. These
microorganisms contribute to unique sensory
attributes while offering potential antioxidant and
antibacterial benefits®. Alcoholic rice beverages
exhibit health-promoting antioxidant and antibacterial
properties. Chubitchi, akin to other global fermented
rice beverages, shows bio-functional promise,
attracting research interest**

This study formulates a laboratory-scale Chubitchi,
based on traditional Garo Hills fermentation. It
comprehensively analyzes physicochemical properties
(pH, acidity, alcohol content), 4-week refrigerated



HATI et al.: BIOFUNCTIONAL PROPERTIES OF CHUBITCHI, A TRADITIONAL 385
RICE FERMENTED BEVERAGE

storage stability, and diverse bio-functional attributes.
These include antimicrobial, antioxidative, ACE-
inhibitory, anti-diabetic, total phenolic content, and anti-
inflammatory activities on RAW 264.7 macrophage cell
lines. This research aims to preserve traditional
knowledge, enhance quality, and explore indigenous
Lactobacillus isolates for novel probiotic foods,
promoting broader application and health advantages.

Materials and Methods

Preparation of a defined starter culture (Wanti) for Chubitchi
production

A defined starter culture was developed, adapted
from Dung's methodology®. Washed and dried (50°C)
sticky red rice (Minil, 500 g) was ground; 100 g of
this autoclaved powder served as inoculum. Utensils
were meticulously washed, rinsed, and UV-sterilized
(20 min)’, while glassware was autoclaved to
ensure sterility.

Scoparia dulcis stems and leaves were surface
sterilized with 1% sodium hypochlorite for 15 min®?,
then rinsed. The sample was crushed into a paste using a
Philips (India) mixer and filtered through Whatman No.
1 filter paper. A 2 mg/mL extract was prepared. The
extract was sterile-filtered (0.45 um Millex-HP, Merck
Pvt. Ltd.) for sterility and particulate removal.

Fig. 1 — Preparation of a defined starter culture (Wanti) for Chubitchi production; (a) Washed and dried red sticky rice (Minil),
(b) Powdered and autoclaved Minil rice powder, (c) Scoparia dulcis, (d) Washed and dried plant, (e) Plant extract, (f) Filter-sterilized
extract of Scoparia sp., (g) KGL3A, KGL4, and WTS1A cell suspensions, (h) Whey medium for growth of KGL4, KGL3A, & WTS1A,
(i)- (b), (), & (h) combined with sterilized distilled water, (j) Dried for 4 days in a 40°C oven, (k) Stored in an aseptic vessel at 4°C

Lactiplantibacillus plantarum KGL3A (MG722814),
Limosilactobacillus fermentum KGL4 (MF951099), and
Saccharomyces cerevisiae WTS1A (MG183699) were
cultured in their respective growth media: MRS broth
for the Lactobacillus species and YPD broth for the
yeast. Cell pellets, collected during exponential growth,
were rinsed twice in PBS and reconstituted in 4 mL of
sterile distilled water.

For biomass production, autoclaved whey (from
channa/paneer) was cooled to 37°C. The whey was then
inoculated separately with 4% (v/v) cell pellets of L.
plantarum and L. fermentum, followed by a 24-h
incubation at 37°C. For S. cerevisiae production, 2%
dextrose was added to the whey before inoculation with
a 4% cell suspension.

A defined starter culture was formulated by
combining 100 g of autoclaved red rice powder, 5 mL
of filter-sterilized Scoparia dulcis extract (from stems
and leaves), 4 mL each of KGL3A and KGL4
suspension, and WTS1A in 100 mL of whey medium,
along with sterile-filtered water. These components
were aseptically kneaded into the dough in a laminar
air flow (LAF) chamber. The fresh starter culture was
then oven-dried at 40°C for four days in a sterile
desiccator, bottled, and stored at 4°C for future use
(Fig. 1 & Fig. 2).
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100 g Rice powder autoclaved
Active cultures of KGL3A, KGL4, and WTS1A grown separately in cheese whey (5% rate)
Lactic acid bacteria incubated at 37°C and Yeast (with 2% dextrose) at 25°C for 48 h
Centrifuged at 5,0&0 rpm for 15 min
Cell pellets were washed twice with NaCl solution

Pellets suspended in 100 mL of normal saline solution

l

Suspensions (4 mL each) of KGL3A (1 X 10° CFU/mL), KGL4 (1 X 10® CFU/mL), and WTS1A (7
X 107 CFU/mL) were added to 100 g sterile rice powder

l

5 mL of filtered and sterilized S. dulcis extract was added

l

Dough prepared using aseptically prepared sterile distilled water in a Laminar Air Flow chamber

l

Kneaded dough rolled flat to form small starter cultures
Transfer into sterile Petri plates and oven-dry at 40°C for 4 days

Starter culture (Wanti) packed and stored in glass jars

Fig. 2 — Flow diagram for starter culture (Wanti) preparation

Preparation of Chubitchi

Local red sticky rice (Minil, 100 g) was washed,
combined with filtered water (1:3 w/v) in glass jars,
and autoclaved. Following cooling to 37°C, the
mixture was supplemented with 1% (w/w) a-amylase
and held at 50°C for 12 h for saccharification.
Subsequently, 2 g of starter culture (Wanti) was
inoculated, and fermentation proceeded at 32°C for 15
days. The resulting liquid was extracted via
centrifugation (15,000 rpm, 4°C for 30 min), filtered
three times through muslin cloth, and stored at 8°C
(Fig. 3 & Fig. 4).

Physicochemical properties: pH, acidity, alcohol content

The pH and titratable acidity of Chubitchi were
measured according to the methods described by
Mishra et al.’. Ethanol content was rapidly
determined from 40 mL samples in sterile Falcon
tubes using an Anton Paar Alex 500 computerized
alcohol extractor.

Microbiological properties- LAB count, yeast count

Chubitchi total Lactobacillus, yeast, and coliform
counts were quantified weekly for four weeks
at 7°C+2°C. MRS, YM, and EMB agar were
used, respectively, with results expressed as log
CFU/mL.

Analysis of bio-functional properties

Antioxidative activity

Chubitchi's antioxidative activity was assessed via
its ABTS radical-scavenging capacity™. An ABTS
working solution was prepared by reacting 7 mM
ABTS in deionized water with 2.45 mM potassium
persulfate for 16 h in the dark, then diluted with
deionized water to 0.7 OD at 734 nm. Chubitchi
supernatant (200 pL) was added to 2300 pL ABTS
solution, and absorbance at 734 nm was measured for
10 min at 30-second intervals. Antioxidative activity
was quantified by the decrease in absorbance using a
specific formula.
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distilled water at a 1:3 ratio and autoclaved; (d) Autoclaved rice; (e) Inoculated with 1% a-amylase and incubated for12 h at 50°C; (f)
Starter culture crushed uniformly using a mortar and pestle; (g) Inoculated with starter culture and incubated forl5 days at 32°C; (h)
Development of rice beverage: centrifugated for 30 min at 15,000 rpm, filtered thrice with muslin cloth, and stored at 8°C until use; (i)
Bottled rice beverage

ABTS radical scavenging activity (%) =
[(A controI'A sample)/ (A control)] X 100

Were,
Asample = absorbance of the sample
Acontrol = absorbance of the control sample

ACE inhibitory activity

ACE inhibitory activity in Chubitchi was determined
using hippuryl-histidyl-leucine (HHL) as a substrate,
following the method described by Shukla et al.*. The
reaction mixture- comprising HHL, sample supernatant,
deionized water, and ACE enzyme-was incubated at
37°C. After the reaction was terminated with HCI, the
resulting hippuric acid was extracted with ethyl acetate,

evaporated to dryness, and reconstituted. Absorbance
was then measured spectrophotometrically at 228 nm.

Anti-diabetic activity

a-Amylase inhibition activity

a-Amylase inhibitory activity was evaluated
according to the method described by Khakhariya
et al.””. A reaction mixture containing phosphate
buffer, a-amylase, and Chubitchi supernatant was pre-
incubated at 37°C for 15 min. Following the addition
of soluble starch and a subsequent 20-min incubation,
3,5-dinitrosalicylic acid (DNS) reagent was added.
The mixture was then heated in a boiling water bath,
and the absorbance was measured at 540 nm.
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100 g sticky red rice washed and rested for one hour in filtered water (1:3 ratio)

Transferred to microbial jars, autoclaved, and cooled to 45°C

1% o-amylase was added and incubated for 12 hours at 50°C

Inoculated with 2 g of defined starter culture under aseptic conditions in a Laminar Air Flow chamber

Covered with a ster*ized muslin cloth

Incubated at 32°C for 15 days in a BOD incubator (Mishra et al., 2019; 2021)

Sample filtered using a sterile muslin cloth

Filtrate transferred into a sterile glass jar

Chubitchi (fermented rice beverage)

Fig. 4 — Flow diagram for Chubitchi (fermented rice beverage) preparation

a- Glucosidase inhibition activity

a-glucosidase inhibition by Chubitchi supernatant
was assessed following Kinariwala et al.’*. The
reaction, containing phosphate buffer, enzyme, and
PNPG, was incubated at 37°C, stopped with Na,COs,
and measured spectrophotometrically at 405 nm.

Lipase inhibition activity

Lipase inhibitory activity was assessed according
to the method described by Shukla et al.**. A reaction
mixture containing phosphate buffer, Chubitchi
supernatant, 4-methylumbelliferyl oleate (4MUOQO),
and pancreatic lipase were incubated at 37°C for 30
min. The reaction was terminated by the addition of
sodium citrate, and the resulting 4 MU fluorescence
was measured using a spectrophotometer at 260 nm.

Phenol content

Total phenolic content was determined using a
modified method based on Subrota et al.*. To prepare
the sample, the fermented Chubitchi was centrifuged
at 10,000 rpm for 15 min. The resulting supernatant
was then diluted 50-fold and filtered. Subsequently, 1
mL of the filtrate was mixed with 0.5 mL of Folin-
Ciocalteau reagent and 10 mL of 7.5% sodium
carbonate. After incubation for 60 min in the dark, the
absorbance was measured at 750 nm. The results are
expressed as mg gallic acid equivalents GAE/100 mL.

Organoleptic evaluation

Sensory evaluation was conducted by nine panelists
accustomed to Chubitchi from NEHU, Tura Campus.
Refrigerated samples (6-8°C) were evaluated for color,

clarity, aroma, taste, mouth feel, flavor, and overall
acceptability using a 9-point hedonic scale.

Anti-inflammatory and ROS activities

RAW264.7 cell culture

RAW?264.7 cells (obtained from NCCS, Pune,
India) were cultured in DMEM (high-glucose)
supplemented with 10% (v/v) FBS and 1% penicillin-
streptomycin. The cells were maintained at 37°C
in a humid atmosphere with 5% CO, and passed every
1-2 days.

Cytotoxicity assay

Confluent RAW?264.7 cells were seeded in 96-well
plates at a density of 1x10° cells/well and incubated
overnight. The cells were then treated with various
Chubitchi dilutions (1:1 to 1:8) for 24 h. Following
treatment, 100 puL of MTT reagent (0.5 mg/mL) was
added to each well and incubated for an additional 4
h. The resulting formazan crystals were dissolved
with 100 uLL of DMSO, and the absorbance was read
at 570 nm.

IL-6, IL-18, and TNF-a cytokine measurements

TNF-a, IL-6, and IL-1B levels were measured in
culture supernatants using a commercial ELISA Kkit,
according to the manufacturer's instructions.

Reactive oxygen species detection

Total ROS production in RAW264.7 cells was
evaluated following exposure to LPS (1 ug/mL) and
Chubitchi (1:8). After 24 h of treatment, the cells
were harvested by scraping and resuspended in 20 uM
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DCFDA(2',7'-dichlorodihydrofluorescein  diacetate).
Following a 30-min incubation in the dark, ROS
levels were analyzed using a BD FACS Aria Il flow
cytometer via the FITC-A channel.

Statistical analysis

Data is presented as the mean + SEM from three
independent experiments. Statistical significance was
determined using one-way analysis of variance
ANOVA. Mean differences were analyzed using the
Duncan Multiple Range Test for sample comparisons
and the Tukey post-hoc test for the cell culture study
groups. A p-value of p<0.05 was considered
statistically significant. All cell culture assay data
were analyzed using GraphPad Prism 8.0.

Results and Discussion

Physicochemical properties- pH, acidity& alcohol content

During four weeks of storage, the pH of Chubitchi
decreased from 3.93 to 3.31, while the titratable
acidity increased from 0.60% to 2.03% (tartaric acid
equivalent; Table 1). The observed decline in pH is
likely attributable to the production of organic acids
by lactic acid bacteria (LAB), which consequently
increases acidity. Similar pH trends were reported by
Zhao et al.”® in black glutinous rice wine, where the
pH initially decreased before stabilization. This
increase in acidity aligns with findings by Khan
et al.’® and Mangang et al.’” for other cereal-based
fermented beverages.

The ethanol concentration of Chubitchi initially
increased during the first two weeks, reaching
5.62+0.20%. Although a minor, non-significant
decrease was noted after the third week, this decline
signifies the completion of fermentation, consistent
with the findings of Palaniveloo & Vairappan
findings'® (Table 1). The gradual reduction in ethanol
content from the third week (5.58+0.18%) onwards
can be attributed to yeast producing glycerol to

maintain redox balance during later fermentation
stages (Scanes et al.)*. Additionally, ethanol
evaporation and chemical changes in ethanol-water
molecules contribute to this decrease during storage -
a phenomenon also reported by Pomar and Gonzalez-
Mendoza® and Mishra et al..

Nutritional composition of Chubitchi

The composition of Chubitchi was analyzed
according to FSSAI guidelines™. It contained less
than 0.1% total fat and protein, 12.61%
carbohydrates, and an energy value of 50 Kcal/100 g.
The moisture content was 87.17%, while the total
ash and total soluble solids were 0.22% and
12.83%, respectively.

Microbiological properties- LAB count, yeast count

Microbial counts in Chubitchi were monitored over
a four-week period. The Lactic Acid Bacteria (LAB)
count ranged from 5.21 to 8.67 log CFU/mL. The
peak LAB count was observed at the outset
(8.67+0.33 log CFU/mL), followed by a steady
decrease to 5.21+0.07 log CFU/mL by the fourth
week (Table 1). Similarly, the yeast count was
highest at the start (7.86+£0.38 log CFU/mL) before
declining to 6.48+0.22 log CFU/mL by the end of the
first week.

The observed decline in microbial counts is likely
attributable to the inhibitory effects of alcohol and
organic acid production during fermentation. These
findings corroborate studies on other traditional
fermented rice wines. For instance, Song et al.?% noted
a decline in both LAB and yeast counts in Gayangju
fermentation following an initial increase. Similarly,
Ghosh et al.”® reported a decrease in yeast counts
and a fluctuating LAB count in an Indian rice
beverage. In contrast, Cichonska et al.** observed
no significantreductionin the viable cell populations
in rice-based drinks fermented with specific
starter cultures.

Table 1 — Physicochemical, microbial, and antioxidant profile of Chubitchi during refrigerated storage (7+2°C)

Time pH Acidity Ethanol (%) LAB Counts Yeast Counts Antioxidant Phenol Content
(Weeks) (% Tartaric Acid) (log CFU/mL)  (log CFU/mL) Activity (%) (mg/mL)

0 3.93+0.009° 0.60:+0.009° 5.16+0.35°% 8.67+0.33° 7.86+0.38° 85.89+0.06° 0.22+0.001¢
1 3.78+0.003% 0.70+0.004° 5.44+0.22° 6.27+0.13" 6.48+0.22° 85.94+0.04% 0.25+0.0042°
2 3.55+0.006° 1.75+0.132°°  5.62+0.20° 6.06:+0.12" 5.64+0.18° 85.94+0.04% 0.24+0.002°¢4
3 3.39+0.009° 1.85+0.065®  5.58+0.18% 5.58+0.19% 5.10+0.21% 86.19+0.00° 0.26+0.005%
4 3.31+0.009° 2.03+0.043? 5.04+0.06% 5.21+0.07¢ 4.86+0.19¢ 86.04+0.06° 0.27+0.015?
CD (0.05) 1.95 0.22 N/A 0.57 0.75 0.13 0.022

CV % 8.96 10 N/A 5.99 8.27 0.10 6.01

“Values are expressed as Mean + SEM (n=4). Values with different superscripts within the same column differ significantly (p<0.05).
LAB: Lactic Acid Bacteria; CD: Critical Difference; CV: Coefficient of Variation.
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Bio-functional properties

Antimicrobial activity

Chubitchi  demonstrated notable antimicrobial
activity against all tested pathogens. Against K.
pneumoniae, the zone of inhibition was 14 mm in week
1, decreasing to 12 mm by week 4. Activity against
E. coli remained largely constant at 13 mm, despite a

temporary dip to 11 mm in week 2. Notably, Chubitchi
was most effective against S. aureus, exhibiting an
initial inhibition zone of 16 mm, which reduced
slightly to 15 mm by week 4 (Table 2, Fig. 5).

These findings are comparable to those reported
forother fermented beverages. Al-Mohammadi et al.?
observed significant inhibition zones for fermented

Fig. 5 — Antimicrobial activity (Zone of Inhibition) of Chubitchi against selected pathogens over a 4-week storage study: (al-a3) K.

pneumoniae, (b1-b3) E. coli, and (c1-¢c3) S. aureus

Table 2 — Antimicrobial activity (Zone of Inhibition) of Chubitchi against selected pathogenic bacteria during a 4-week storage study

Pathogenic bacteria 0 Week (mm) 1 Week (mm)
K. pneumoniae 13 14
E. coli 13 13
S. aureus 16 15

2 Week (mm) 3 Week (mm) 4 Week (mm)
12 12 12
11 13 13

16 14 15
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kombucha and kefir against S. aureus (19-21 mm) and
E. coli (14-18 mm). Similarly, Tano et al.®
demonstrated that L. fermentum-fermented sorghum
beer inhibited E. coli (15 mm) and S. aureus (11-13
mm). Furthermore, rice vinegar has been shown to
exertantimicrobial effects against S. aureus (11 mm),
E. coli (9 mm), and S. typhimurium (9 mm)®’.

Antioxidative activity

The antioxidative activity of Chubitchi, assessed by
its ABTS radical-scavenging capacity, remained high
and stable throughout the four-week refrigerated storage
(Table 1). Peak activity was observed in the third week
(86.19+0.00%), followed closely by the fourth week
(86.04+0.06%). This sustained high potential suggests
that during fermentation, lactic acid bacteria (LAB) and
yeast may act on bound phenolic compounds, releasing
more free antioxidants. Notably, the antioxidative
activity in Chubitchi was higher than that reported for
other fermented rice beverages by Cheirsilp et al.® and
Hernandez-Garcia et al.%.

ACE inhibitory activity

ACE catalyzes the conversion of angiotensin | to
the hypertensive angiotensin Il and the breakdown of
the vasodilator bradykinin; therefore, ACE inhibition
is critical for hypertension management. Chubitchi
demonstrated ACE inhibitory activity ranging from
17.03% to 23.10% throughout the study, with a
consistent increase from an initial 17.03+0.28% to
23.10£0.92% by week four (Fig. 6). This in vitro

45
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ACE inhibition is likely attributable to bioactive
compounds derived during the fermentation process.

Compared to the current findings, probiotic yogurt
enriched with rice bran exhibited peak ACE inhibition
on day 7, followed by a decline®. Fermented wheat-
based dosa displayed significantly higher ACE
inhibitory activity (38.4%)%. Conversely, some
Korean rice wines like Makgeolli showed no ACE
inhibitory activity whatsoever®.

Anti-diabetic activities

a- Amylase inhibition activity

Pancreatic a-amylase catalyzes the breakdown of
starch, thereby increasing postprandial glucose levels;
consequently, inhibiting this enzyme is a key
strategy for diabetes management. Chubitchi
exhibited o-amylase inhibitory activity ranging
from 0.37% to 3.53%, peaking in the third week
(3.53£0.18%). While these values are lower than
those reported for other fermented products -such
aslupin (26.4-72.4%)%, L. plantarum-fermented
camel milk (55.64-80.94%)*, and fermented
buffalo/camel milk (57.09-81.66%)"- Chubitchi
nonetheless demonstrated detectable anti-diabetic
potential (Fig. 6).
a- Glucosidase inhibition activity

a-Glucosidase inhibitors prevent the breakdown of

complex carbohydrates, thereby delaying glucose
absorption and modulating postprandial blood

S0 week
31 week
B2 week
B3 week

04 week

§z;z
\:ji
N
N

R & L

ACE-Inhibitory
activity

a- Glucosidase
inhibitory activity

Fig. 6 — a- Amylase inhibitory activity, Lipase inhibitory activity, a- Glucosidase inhibitory activity, ACE-inhibitory activity of

Chubitchi during storage under refrigeration conditions (7+2°C)
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glucose elevations®. Chubitchi exhibited a-glucosidase
inhibitory activity ranging from 14.26% to 20.42%
(Fig. 6). The peak activity was observed initially
(20.42+2.03%), which was statistically comparable to
the activity in the third week (18.78+1.37%). These
results align with inhibition levels reported for certain
lactic acid bacteria-fermented vinegars (9.65-19.23%)*
and fermented Roselle wine (up to 24%)*. However,
this activity was considerably lower than that of
specific Peruvian Chicha samples, which demonstrated
substantially higher inhibition (44.47-75.73%)%.

Lipase inhibition activity

Pancreatic lipase is essential for dietary fat
digestion; consequently, its inhibition is a key
strategy for managing obesity and type 2 diabetes
by reducing intestinal fat absorption®*. Chubitchi
demonstrated lipase inhibitory activity ranging
from 26.18% to 39.50%, with the peak activity
(39.50+1.05%) occurring by the fourth week of
storage. This upward trend suggests a gradual
accumulation of lipase-inhibiting metabolites
during the refrigeration period.

These findings are comparable to those reported
forother ~ fermented products. For instance,
Lacticaseibacillus casei-fermented barley beverages
demonstrated an increase in lipase inhibition from
32% to 40% during fermentation®’. Furthermore,
while some fermented rice beverages showed limited
lipase inhibition*, probiotic brown rice milk
fermented with Lactiplantibacillus pentosus exhibited
an activity level of 22.62+2.75%". (Fig. 6)

Phenol content of Chubitchi

During fermentation, microorganisms convert
complex phenolic compounds into more bioaccessible
forms, potentially increasing antioxidative activity
through the release of free aglycones™. The total
phenolic content (TPC) of Chubitchi ranged from
0.22 mg/mL to 0.27 mg/mL (Table 1), with the
highest concentration observed in the fourth week

INDIAN J TRADIT KNOW, APRIL 2026

(0.27£0.015 mg/mL). This peak was statistically
comparable to the levels recorded in the first and
third weeks.

This increase in phenolic content during storage
aligns with observations in other fermented products.
Wang et al.** reported a significant rise in total
phenolic content (TPC) in an eight-grain fermented
beverage over 13 weeks. Similarly, Dela Rosa and
Medina observed increased phenolic concentrations in
Philippine rice wines produced from various rice
varieties following a 7-day fermentation. Furthermore,
Das et al.?, and Mangang et al.” ocumented a similar
increase in total phenol content during the extended
storage of fermented rice beers.

Organoleptic evaluation

Organoleptic evaluations of Chubitchi over a 40-
day storage period (Table 3) revealed significant
sensory changes (p<0.05). Whilescores for color,
clarity, aroma, taste-mouthfeel, flavor, and overall
acceptability remained above 7 (indicating good
acceptability) between days 0 and 20, they
significantly declined to below 6 by day 40. This
decline effectively rendered the product unacceptable
to the sensory panel by the end of the storage period.

The color of Chubitchi transitioned from a pale
yellow-amber to a golden yellow-amber, with scores
peaking on day 20 (8.10+0.10) before declining to
5.98+0.08 by day 40. This deepening of color is likely
attributable to the polymerization of monomeric
pigments during storage. Furthermore, clarity
decreased from 7.25+0.15 (day 0) to a hazy 5.60+0.16
(day 40), a change potentially caused by suspended
microbialcells, protein  precipitation, or the
solubilisation of specific compounds, as previously
suggested by Cheirsilp et al.?®.

The aroma scores peaked on day 20 (7.78+0.04),
characterized by sweet and fruity notes, but became
increasingly acidic and reached their lowest point by
day 40 (5.87+0.14). This acidity may stem from

Table 3 — Organoleptic evaluation of Chubitchi

Parameters
0 10

Colour 7.15+0.10° 7.42+0.21°
Clarity 7.25+0.15% 7.50+0.12°
Aroma 7.48+0.20% 7.66+0.10°
Taste &mouth feel 7.32+0.24% 7.77+0.28%
Flavor 7.20+0.15% 7.80+0.112
Overall acceptability 7.33+0.21° 7.57+0.33

Storage period (days)

20 30 40
8.10+0.10° 6.42+0.11° 5.98+0.08¢
7.33+0.122 6.15+0.18° 5.60+0.16°
7.78+0.04° 6.48+0.21° 5.87+0.14¢
7.82+0.15° 6.20+0.20° 5.74%0.12¢
8.11+0.17° 6.43+0.10° 5.66+0.15°
7.73+0.19° 6.78+0.15° 5.82+0.11¢

* Values with different superscripts differ significantly (p<0.05), Mean + SEM, n=9
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Fig. 7 — Anti-inflammatory activity and ROS of Chubitchi: (a) cell viability of Chubitchi in RAW264.7 cells, (b) IL-1B, (¢) TNF-a, and
(d) IL-6 production; () ROS production. Data are expressed as mean £ SEM and analyzed by one-way ANOVA followed by Tukey's

post hoc test

acetaldehyde oxidation during the later stages of
fermentation. Similarly, taste and mouth feel varied
significantly; a sweet-bitter savory peak was recorded
on day 20 (7.82+0.15), which transitioned to a tangy,
low score by day 40 (5.74+0.12). This shift is
potentially attributable to LAB-induced sourness and
incipient microbial spoilage. Consequently, flavour
scores also peaked on day 20 (8.11+0.17) before
declining as acidic notes became more prominent.

Overall, the laboratory-prepared Chubitchi was
rated as "very good" on day 20 (7.73+0.19) but was
deemed unacceptable by day 40. Notably, the
traditionally prepared Chubitchi remained acceptable
only until day 20. These findings align with previous
research regarding the impact of increasing acidity on
the sensory attributes of fermented beverages during
the aging process”.

Anti-inflammatory and ROS in Chubitchi (Rice fermented
beverage)

Initial evaluations confirmed the non-cytotoxic
nature of Chubitchi at dilutions up to 1:8, which was
subsequently utilized for further studies. Chubitchi
alone did not induce an elevation in inflammatory
cytokines  within  murine  macrophage cells,

demonstrating its non-inflammatory  character.
Crucially, co-treatment with LPS significantly
reduced  extracellular  inflammatory  cytokine

production and ROS levels (from 36.9% to 8.85%).
This highlights the potent anti-inflammatory and
antioxidant bio-functionality of Chubitchi (Fig. 7),
aligning with prior research on fermented grain
beverages where similar effects were attributed to
compounds such as terpenoids and fatty acid esters.
These findings are consistent with studies on cereal-
based fermented drinks that report the prevention of
ROS regeneration and the inhibition of NF-xB
pathway activation.

Conclusion

Chubitchi, a traditional Garo rice beverage, was
prepared aseptically using a defined starter culture of
lactic acid bacteria (LAB), yeast, and S. dulcis extract.
The laboratory-prepared version exhibited sensory
attributes comparable to those of traditionally made
Chubitchi while demonstrating significant health
benefits, including antioxidant, antimicrobial, ACE
inhibitory, anti-inflammatory, and anti-diabetic
properties. Throughout refrigerated storage, LAB and
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yeast populations remained stable. This research
underscores the potential of Chubitchi as a
functional food, offering a standardized production
method to enhance the socioeconomic well-being of
tribal communities in Meghalaya and promoting

the global recognition of traditional Indian
fermented foods.
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