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Abstract

Sweeteners are generally used in food and pharmaceutical formulations, yet their natural conditioning beyond taste isn't well
understood. This study explores the remedial eventuality of four extensively used sweeteners, sucrose, lactose, mannitol, and
dextrose, focusing on their cytotoxic, antioxidant, and antibacterial properties. Cytotoxicity was assessed using the MTT assay
in @ mammalian macrophage cell line at colourful attention (0.2 — 6). Both lactose and dextrose enhanced cell viability by 25 —
30 at lower boluses, indicating cytoprotective goods. In discrepancy, mannitol significantly reduced cell viability by over 40 at
advanced attention, suggesting cytotoxicity. The antioxidant capacity of the sweeteners was estimated with the DPPH and
potassium permanganate assays, revealing that sucrose displayed the loftiest radical-scavenging activity (up to 80), showcasing
notable redox-modulating potential. In terms of antibacterial exertion, assessed through the slice prolixity system, lactose
demonstrated the most significant inhibition against Escherichia coli, producing the largest inhibition zone measuring 15 1
mm. These findings indicate that common sweeteners retain distinct bioactivities that impact cell survival, oxidative balance,
and microbial inhibition. The results emphasise the significance of recognising sweeteners not solely for their taste but also for
their implicit remedial, nutraceutical, and preservative roles. This exploration opens avenues for further disquisition into the
broader operations of sweeteners in health and drug.
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1. Introduction

The global consumption of sweeteners—both natural sug-  ally, compounds such as sucrose, lactose, dextrose, and man-
ars and synthetic sugar substitutes—has increased signifi-  nitol were regarded primarily as sources of sweetness and en-
cantly in recent years, prompting growing scientific and pub-  ergy. However, with increasing awareness of metabolic disor-
lic interest in their broader impact on human health. Tradition-  ders, oxidative stress, and antibiotic resistance, these com-
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pounds are now being re-examined for their potential biolog-
ical activities beyond taste and caloric contribution. Sweeten-
ers are now widely found in processed foods, beverages,
nutraceuticals, and pharmaceutical preparations, underscoring
the need to understand their physiological and cellular effects
more comprehensively [1]. This study investigates the func-
tional bioactivities and therapeutic potential of four common
sweeteners—sucrose, lactose, mannitol, and dextrose. By sys-
tematically evaluating their cytotoxicity via MTT assay, redox
properties through DPPH radical scavenging and KMno4 re-
duction, and antibacterial efficacy using the disc diffusion
method, this research explores the multifaceted roles of these
compounds beyond basic nutrition. The findings aim to iden-
tify potential applications for these sweeteners as functional
ingredients in the pharmaceutical, nutraceutical, and food sci-
ence industries.

The unique chemical and metabolic characteristics of each
sweetener determine how it behaves in biological systems. In
the food business, sucrose—a disaccharide made up of glucose
and fructose—continues to be the standard for sweetness. Alt-
hough it is a quick source of energy, consuming too much of it
has been connected to metabolic diseases, obesity, and insulin
resistance [2]. Due to its low glycemic index and osmotic diu-
retic properties, mannitol, a polyol or sugar alcohol, is often
used in diabetic-friendly products. It is also used in medicine to
lower intracranial and intraocular pressure [3]. The natural
sugar in milk, lactose, is vital for baby nourishment but can
cause lactose intolerance in adults, which can upset the balance
of gut microbes and gut health. Dextrose, also known as D-glu-
cose, is a common ingredient in pharmaceutical formulations
that replenishes hydration and maintains metabolic balance. It
is the principal energy substrate for cells [4].

In addition to their industrial and nutritional significance,
these sweeteners might have minor effects on microbial and
cellular functions. Although the evidence is still sparse and
frequently contradictory, recent research indicates that certain
sweeteners may influence oxidative stress pathways or possi-
bly prevent bacterial growth. Evaluating the antioxidant po-
tential of dietary compounds has attracted a lot of scientific
attention because oxidative stress, which is a state of imbal-
ance between reactive oxygen species (ROS) and antioxidant
defences, is a major contributor to the onset of chronic dis-
eases like diabetes, cancer, and cardiovascular disorders [5].
For example, sugar alcohols such as mannitol have shown a
modest ability to scavenge free radicals, but there are currently
few systematic comparisons between various sweeteners [6].

Additionally, microbial infections remain a significant
global health concern, made worse by the quick emergence of
strains that are resistant to antibiotics. Finding unconventional
substances having antibacterial properties, such as those pre-
sent in food, may offer safer and more long-lasting infection
management methods. According to preliminary observations,
some sweeteners may change the dynamics of bacterial devel-
opment or disrupt microbial metabolism, indicating that they
may have a direct or indirect impact on modifying microbial

habitats [7].

This work fills these gaps by assessing the cytotoxic, anti-
oxidant, and antibacterial properties of four popular sweeten-
ers using a multi-assay methodology. A sensitive colourimet-
ric technique based on mitochondrial enzyme activity, the
MTT assay, is used to gauge these substances' potential for
cytotoxicity. With the help of the potassium permanganate re-
duction assay and the DPPH radical scavenging assay, which
together offer complementary insights into redox behaviour
and free radical neutralisation, antioxidant capacity is assessed.
The disc diffusion approach is also used to evaluate the anti-
bacterial properties of specific pathogenic microorganisms [8].

Although sweeteners are indispensable in modern food and
pharmaceutical industries, their broader biological and thera-
peutic properties remain poorly characterised. Most research
has traditionally focused on their metabolic roles or sensory
functions, leaving significant gaps in understanding how they
may influence cellular health, oxidative defence mechanisms,
or microbial behaviour. Considering their extensive daily con-
sumption and biochemical diversity, it is essential to assess
these compounds in an integrated manner. In this context, our
study evaluated cytotoxicity, antioxidant potential, and anti-
bacterial activity of commonly used sweeteners, providing
new insights into their health implications and possible thera-
peutic relevance. Among the sugars tested, sucrose demon-
strated the highest antioxidant activity. This superior potential
likely arises from a combination of factors: chemically, su-
crose is a non-reducing sugar that interacts differently with re-
active oxygen species compared to reducing sugars like glu-
cose or lactose; physically, its osmotic properties may help
stabilise cells and prevent oxidative damage by regulating wa-
ter balance; and biologically, sucrose metabolism provides en-
ergy that can activate cellular defence mechanisms against ox-
idative stress. Together, these chemical, physical, and meta-
bolic effects highlight the complex ways in which sugars can
modulate oxidative stress, underscoring the importance of
evaluating sweeteners beyond their conventional roles [9].

Sweeteners are omnipresent in modern foods and pharma-
ceuticals, yet their broader biological and therapeutic effects re-
main largely unexplored. While most studies focus on meta-
bolic or sensory roles, little is known about how these com-
pounds influence cellular health, oxidative stress, and microbial
behaviour. This study addresses this critical gap by taking a ho-
listic approach, simultaneously evaluating cytotoxicity, antiox-
idant potential, and antibacterial activity of commonly used
sweeteners, including sucrose, glucose, lactose, and mannitol.
The novelty of this work lies in its integrated, multi-dimen-
sional perspective—examining chemical structure, osmotic
properties, and metabolic effects together to understand how
sugars modulate biological systems. Notably, sucrose displayed
the highest antioxidant activity, likely due to the combined in-
fluence of its non-reducing structure, cellular stabilisation
through osmotic effects, and energy-driven activation of de-
fence mechanisms. By systematically comparing multiple
sweeteners and revealing functional roles beyond sweetness,
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this study provides unprecedented insights into their therapeutic
relevance, safety, and potential applications in food technology,
pharmacology, and preventive healthcare. This integrated eval-
uation not only bridges existing knowledge gaps but also sets a
foundation for future research into the health-promoting and
functional properties of sweeteners.

2. Literature Review

Sweeteners, historically used as flavour enhancers and pre-
servatives in food and pharmaceuticals, are gaining attention
in scientific research for their potential biological activity.
While traditionally assessed for taste and metabolism, recent
studies focus on their effects on cellular health, oxidative
stress, and antimicrobial properties. This review examines the
cytotoxic, antioxidant, and antibacterial activities of common
sweeteners like sucrose, mannitol, lactose, and dextrose [10].

2.1. Cytotoxic Effects and Cell Viability:
The Role of MTT Assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium Bromide) test is a common method for assessing
cell proliferation and viability. It quantifies the metabolic ac-
tivity of viable cells by measuring the reduction of MTT to
formazan by mitochondrial dehydrogenase enzymes. This
method is frequently used in the toxicological screening of
both synthetic and natural compounds [11].

The MTT assay remains valid for assessing cytotoxicity
across various concentrations. Regarding sweeteners, evi-
dence on their effects on cell viability is limited but growing.
For instance, sugar alcohols like mannitol show low cytotoxi-
city at moderate levels but can inhibit cell function at high lev-
els due to osmotic stress. Sucrose, typically seen as inert in
cytotoxicity studies, has produced inconsistent results depend-
ing on cell type and exposure duration [12].

2.2. Antibacterial Properties of Common
Sweeteners

The evaluation of sweeteners for antibacterial activity is rel-
atively recent but has significant implications for both food
preservation and therapeutic applications. The disc diffusion
method, as described by Bauer, remains a widely accepted
technique for testing antimicrobial activity against pathogens
such as Escherichia coli and Staphylococcus aureus.

Sugars can influence microbial growth both directly and in-
directly. Hyperosmotic environments created by high concen-
trations of sugars like sucrose and dextrose inhibit bacterial
proliferation by disrupting cell membrane function and dehy-
drating cells. Polyols like mannitol have been studied for their
antimicrobial synergy when used with antibiotics, although
their standalone antibacterial effect remains modest [13].

Lactose, a disaccharide prevalent in dairy products, shows
limited antibacterial activity but may influence the growth of

probiotic bacteria, which can indirectly inhibit pathogenic
strains. Emerging research suggests that sugar-mediated bac-
terial inhibition may also involve interference with quorum-
sensing pathways and biofilm formation.
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Figure 1. Structural Representation of Common Sweeteners: Dex-
trose, Mannitol, Lactose, and Sucrose.

2.3. Integration of Antioxidant and
Antibacterial Activities in Health
Applications

There is increasing interest in compounds with both antiox-
idant and antibacterial properties for wound healing and func-
tional foods. Polyol-based sweeteners like mannitol protect
against oxidative stress and modulate gut microbiota. While
dextrose and glucose can show short-term antioxidant effects,
prolonged exposure leads to advanced glycation end products
(AGEs) that may cause inflammation. Therefore, evaluating
both antioxidant and antibacterial effects is crucial for under-
standing the health impacts of sweeteners. [14].

3. Materials and Methods

3.1. Preparation of Sweetener Solutions

This study involved four sweeteners: sucrose, lactose, man-
nitol, and dextrose. Stock solutions were prepared in sterile
distilled water at five concentrations corresponding to 40%,
10%, 5%, 2.5%, and 1.25% (w/v). For consistency across all
assays, these concentrations were converted into micromolar
(Lm) based on molecular weight (Table 1). After weigh-
ing, the sweeteners were dissolved in 2 mL of sterile distilled
water, filtered through 0.22 pm syringe filters to ensure steril-
ity, and stored at 4<C until use.

3.2. MTT Cell Viability Assay

Mammalian macrophage cell lines (1 < 104 cells/well)
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were seeded in 100 pL of complete culture medium in 96-well
plates and incubated for 48 hours at 37<C with 5% CO, to
promote cell adhesion [15]. After incubation, the media was
removed, and 100 pL of sweetener solutions at various con-
centrations were added to the wells (in triplicate). Cells were
cultured for an additional 24 hours, with untreated cells serv-
ing as a negative control [16]. Following sweetener exposure,

each well received 10 plL of MTT solution (5 mg/mL in PBS).
Live cells converted MTT to purple formazan crystals by in-
cubating for four hours at 37 <C [17]. The media was removed,
and 100 pL of DMSO was added to dissolve the crystals.
Plates were shaken for ten minutes at room temperature [18].
Absorbance was measured at 570 nm using a microplate
reader. Relative cell viability was calculated with the formula:

Cell viability (%) = [(Absorbance of treated cells) / (Absorbance of control)] x 100.

Results were presented as mean =standard deviation, indi-
cating cell metabolic activity [19].

3.3. Antioxidant Assay

3.3.1. DPPH Radical Scavenging Assay

The DPPH test assesses the antioxidant capacity to neutral-
ise free radicals. A 0.1 mM DPPH stock solution was prepared
in 100% ethanol and stored in the dark. One mL of each sweet-
ener solution was mixed with 1 mL of DPPH in test tubes,
with a control using ethanol. After incubating for 30 minutes
at room temperature in the dark, absorbance was measured at
517 nm [20, 21].

3.3.2. Potassium Permanganate (KMnQO, ) Assay

The KMnO, assay uses potassium permanganate, a strong
oxidising agent that appears purple and has an absorption
maximum at 525 nm. Antioxidants reduce the purple colour,
with a decrease in absorbance indicating antioxidant capacity
[22]. A 0.1% KMnO, solution was prepared and stored in
amber bottles. In the assay, 1 mL of sweetener solution was
mixed with 1 mL of KMnQO, , while the control used purified
water. After incubating in the dark for 10 minutes, absorbance
was measured at 525 nm. A decrease in absorbance compared
to the control indicated antioxidant activity, with larger de-
clines reflecting higher activity. Each experiment was re-
peated three times for accuracy [23].

Cell Viability assessment through MTT
assay-48 hrs of Dextrose
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3.4. Antibacterial Assay

A standardised bacterial suspension is spread on Mueller-
Hinton Agar (MHA) plates, where wells are created using a
sterile tool. Various concentrations of test substances, like
sweeteners (sucrose, lactose, dextrose, and mannitol), along
with negative (sterile water) and positive (ampicillin) controls,
are added to the wells [24]. After incubating at 37 <C for 24
hours, antibacterial activity is assessed by measuring the zone
of inhibition (ZOI) around each well. The diameter of the ZOlI
(zone of inhibition) is measured in millimetres, and average
values are calculated from triplicate readings. This method is
suitable for both Gram-positive and Gram-negative bacteria,
including Staphylococcus aureus, G. bacillus, Enterobacter
cloacae, and Escherichia coli [25].

4. Result and Discussion

4.1. MTT Cell Viability Assay

The MTT assay results after 48 hours indicate that Lactose,
Sucrose, Mannitol, and Dextrose influence cell viability in a
concentration-dependent manner, but their effects vary signif-
icantly:

Cell Viability assessment through MTT assay-
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Cell Viability assessment through MTT assay-
48 hrs of Lactose
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Figure 2. Comparative analysis of cell viability (%) of cells treated with dextrose, mannitol, lactose, and sucrose at different concentrations

using MTT assay after 48 hours.

The MTT assay results after 48 hours indicated varying ef-
fects of sweeteners on cell viability. Dextrose showed the
highest viability (~88%) at 1.251M, decreasing to ~75% at 10
MM, highlighting a concentration-dependent decline likely
due to osmotic stress. Mannitol had the lowest viability (~55%)
at 10 pM, with the highest at 1.25 UM (~85%), indicating tox-
icity at higher doses. Lactose displayed a non-linear response,

peaking at 1.25 M (~88%) but dropping to ~67% at 2.5-5
WM, possibly due to limited metabolism. Sucrose achieved the
highest viability (~92%) at 1.25, remaining stable (~75-78%)
from 2.5 to 10pM, suggesting mild dose-dependence with
lower concentrations enhancing viability.

Table 1. Comparative Analysis Across Sugars (MTT Assay at 48 hrs).

Sugar 10pM Viability 1.25pM Viability Dose-Response Trend

Dextrose ~75% ~88% Moderate increase with lower dose
Mannitol ~55% ~85% Sharp increase with lower dose
Lactose ~85% ~88% Non-linear/ biphasic

Sucrose ~85% ~92% Steady, increasing with lower dose

The MTT assay results indicate that lower sugar concen-
trations support greater cell viability, while higher concen-
trations can be inhibitory due to factors like osmotic stress
and metabolic overload. Excessive sugars can lead to cel-
lular dehydration and hinder function. Non-metabolizable
sugars like mannitol contribute to osmotic effects without
providing energy, while cell responses vary based on sugar
type and enzymatic capacity. Sucrose and dextrose showed
high viability at low concentrations, making them suitable

Cell Viability assessment through MTT
assay-24 hrs of Dextrose
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as energy supplements. However, mannitol may be cyto-
toxic at higher doses, so it's best to use low concentrations
(1.25M) to preserve cell health. The choice of sugar and
its concentration are crucial for maintaining cell viability
in vitro.

The MTT assay results after 24 hours indicate that Lactose,
Sucrose, Mannitol, and Dextrose influence cell viability in a
concentration-dependent manner, but their effects vary signif-
icantly:
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Figure 3. Comparative analysis of cell viability (%) of cells treated with dextrose, mannitol, lactose, and sucrose at different concentrations

using MTT assay after 24 hours.

In this experiment, four sugars—Dextrose, Mannitol, Lac-
tose, and Sucrose—were evaluated for their effects on cell vi-
ability after 24 hours using the MTT assay at concentrations
of 10, 5, 2.5, and 1.25 M. Dextrose showed the highest via-
bility (~93%) at 2.5uM, with 10 and 1.25uM also maintaining
high viability (~88-90%). The 5JuM concentration resulted in
the lowest viability (~83%). Mannitol peaked at ~86% viabil-
ity at 2.5pM, while 10 and 1.25pM saw reduced viability

Mannitol

Lactose

Sucrose

(~75-76%). Lactose had the highest viability (~85%) at
1.25uM but dropped to ~70% at mid-range concentrations.
Sucrose showed consistent viability (~80-90%), peaking at
2.5M (~90%) without any cytotoxic effects. Overall, the re-
sults demonstrated concentration-dependent effects of each
sugar on cell viability.

Figure 4. Microscopic Evaluation of Cytotoxic Effects of Different Sweeteners on Cell Morphology after 48 and 24 Hours.
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Table 2. Comparative Analysis Across Sugars (MTT Assay at 24 hrs).

Sugar Viability at 10 pM

Dextrose ~88% ~89%
Mannitol ~75% ~75%
Lactose ~78% ~85%
Sucrose ~78% ~88%

Viability at 1.25pM

Dose-Response Trend

Moderate increase with lower dose
Sharp increase till 2.5pM, then dip
Non-linear, biphasic trend with mid-dose dip

Steadily increasing with decreasing dose

The MTT assay results show that sucrose and dextrose are
the most effective sugars for supporting cell viability due to
their metabolic compatibility and non-toxic profiles. Mannitol
is moderately effective within a narrow range (2.5-5pM) but
may be cytotoxic at higher levels. Lactose shows the least fa-

vourable results, likely due to issues with hydrolysis or uptake.

4.2. Antioxidant Activity

An optimal concentration of around 2.5M across most sugars
suggests a balance between energy supply and osmotic safety.
These findings can inform the selection of sugar supplements
in cell culture, probiotics, and pharmaceuticals based on via-
bility and metabolic needs.

Antioxidant % Inhibition by Sugar Type
(KMNO4 Assay)
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Figure 5. Comparative antioxidant activity of lactose, dextrose, mannitol, and sucrose using KMnO,, assay.

Summary Statistics for KMNO4 Assay:
Highest inhibition: Sucrose (99.35%)
Lowest inhibition: Mannitol (96.35%)
Average inhibition: 98.02%

The graph shows that all four sugars tested (Lactose, Dex-
trose, Mannitol, and Sucrose) demonstrate very high antioxi-
dant activity, with inhibition percentages ranging from 96.35%
to 99.35%. Sucrose exhibits the highest antioxidant activity,

while mannitol exhibits the lowest, although the difference is
relatively small (less than 3%). The error bars indicate the
standard deviation for each measurement, with Sucrose show-
ing no variation and Lactose showing the highest variability.
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Antioxidant % Inhibition by Sugar Type
(DPPH Assay)
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Figure 6. Comparative antioxidant activity of lactose, dextrose, mannitol, and sucrose using DPPH assay.

Summary Statistics for DPPH Assay:
Highest inhibition: Sucrose (87.13%)
Lowest inhibition: Lactose (83.32%)
Average inhibition: 85.52%

The DPPH assay shows different results compared to the
KMNO4 assay. Here, the antioxidant activity ranges from
83.32% to 87.13%, which is lower overall than the KMNO4
results. Sucrose again shows the highest antioxidant activity,

but Lactose shows the lowest (unlike in the KMNO4 assay,
where Mannitol was lowest). The DPPH assay also shows
more variation in the results, with Lactose having the highest
standard deviation of 2.47%.

Comparison of Antioxidant % Inhibition
KMNO4 vs DPPH Assays

1004 i 98.1%
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40 4
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Figure 7. Comparative analysis of antioxidant activity (% inhibition) of different sweeteners using KMnO, and DPPH assays.
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Comparison Analysis:
Lactose: KMNO4 = 98.26%, DPPH = 83.32%, Difference

=14.94%

Dextrose: KMNO4 = 98.15%, DPPH = 85.82%, Difference

=12.32%

Mannitol: KMNO4 = 96.35%, DPPH = 85.82%, Difference

=10.52%

Sucrose: KMNO4 = 99.35%, DPPH = 87.13%, Difference

=12.21%

Overall Statistics:

Average KMNOA4 inhibition: 98.02%

Average DPPH inhibition: 85.52%

Average difference (KMNO4 - DPPH): 12.5%

The comparison reveals several key findings:

Assay Performance Differences:

1) KMNO4 assay consistently shows higher antioxidant in-
hibition values (average 98.02%) compared to DPPH as-
say (average 85.52%)

2) The difference between assay averages is 12.5%, indi-
cating the two methods measure different aspects of an-
tioxidant activity

Sugar-Specific Patterns:

1) Sucrose performs best in both assays (99.35% KMNO4,
87.13% DPPH)

2) Lactose shows the largest difference between assays
(14.94% gap), suggesting it responds differently to the
two testing methods

3) Mannitol shows the smallest difference (10.52% gap),

4.3. Antibacterial Assay

indicating more consistent antioxidant behaviour across
both assays

Method Sensitivity:

1) KMNO4 assay shows less variability between sugars
(range: 96.35-99.35%)

2) DPPH assay shows more discrimination between sugars
(range: 83.32-87.13%), making it potentially more use-
ful for ranking antioxidant effectiveness

This suggests that while both assays measure antioxidant

activity, they likely detect different mechanisms or types of
antioxidant compounds, with KMNO4 being more sensitive
overall but DPPH providing better differentiation between
samples.

From these tables, we see the following:

1) In the KMNO4 assay, Sucrose has the highest antioxi-
dant% inhibition at 99.35%.

2) In the DPPH assay, Sucrose also has the highest antiox-
idant% inhibition at 87.13%.

Here’s a visual comparison of both assays for all sugars:

As shown in the chart, Sucrose consistently outperforms the

other sugars in both assays. This means Sucrose has the high-
est antioxidant activity among the sugars tested, regardless of
the assay method.

In summary:

Sucrose is the sugar with the highest antioxidant activity in

both the KMNO4 and DPPH assays, making it the top per-
former in this analysis.

o

A
Y/

Figure 8. The Agar Well Diffusion Method Shows the Antibacterial Activity of Common Sweeteners Against Enterobacter Cloacae and E. Coli.


http://www.sciencepg.com/journal/cb

Cell Biology

http://www.sciencepg.com/journal/ch

Figure 9. The Agar Well Diffusion Method Shows the Antibacterial Activity of Common Sweeteners Against G. bacillus and S. aureus.

Table 3. Zone of Inhibition (mm) of Different Sweeteners Against Bacterial Strains Using the Agar Well Diffusion Method.

Bacteria Most Effective Sweetener
E. coli Lactose

Enterobacter Cloacae Lactose

G. Bacillus All

S. aureus All

Least Effective Sweetener

General Sensitivity

Mannitol High
Mannitol Moderate
All Low
All Very Low

Evaluation of Antibacterial Activity of Sweeteners Using
Disc Diffusion Method

e —
@

[
(=1 I =N

Zone of Inhibition (mm)

L= L I <A« T+ =

E.coli

Enterobacter Cloacae

G Bacillus S awreus

M Dextrose MLactrose ®Manmtol ™ Sucrose

Figure 10. Antibacterial activity of different sweeteners against Gram-positive and Gram-negative bacterial strains using the disc diffusion

method.

In this graph, the antibacterial activity of four common
sweeteners—Lactose, Dextrose, Mannitol, and Sucrose—was
evaluated against four bacterial strains: E. coli, Entero-
bacter cloacae, G. Bacillus, and S. aureus, using the Disc
Diffusion Method. The Y-axis represents the zone of in-
hibition (mm), indicating antibacterial potency. The re-
sults reveal that E. coli and Enterobacter cloacae were the

10

most susceptible, with inhibition zones ranging approxi-
mately from 9 to 15 mm. Lactose showed the strongest
activity, producing the largest inhibition zones (=15 mm
for E. coli and =13 mm for Enterobacter cloacae), fol-
lowed by Sucrose (=12 mm and =11 mm, respectively),
while Mannitol and Dextrose exhibited comparatively weaker
activity (=9-10 mm). In contrast, G. Bacillus and S. aureus
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displayed minimal susceptibility, with zones of inhibition re-
maining small (=6—7 mm) across all sweeteners. Overall, Lac-
tose and Sucrose demonstrated the highest antibacterial effec-
tiveness, particularly against Gram-negative bacteria, possibly
due to osmotic stress or conversion into inhibitory organic ac-
ids, whereas Mannitol and Dextrose showed limited effects.

5. Statistical Analysis

5.1. Statistical Analysis of Cell Viability
ANOVA - Cell Viability%

These findings indicate that antibacterial activity is both
sweetener- and strain-dependent, with Lactose emerging as
the most potent candidate for further antimicrobial investiga-
tion.

Cases Sum of Squares df Mean Square F p nt
Sweetener 10.22 3 3.407 0.226 878 0.004
Concentration_um 918.92 3 306.307 20.291 <.001 0.372
Sweetener = 1057.16 9 117.462 7.781 <.001 0.428
Concentration_um
Residuals 483.06 32 15.096

Note. Type Ill Sum of Squares
Post Hoc Comparisons - Concentration um
Mean Difference SE df t Ptukey
1.25 2.5 6.807 1.586 32 4.291 < .001
5 12.040 1.586 32 7.591 < .001
10 8.498 1.586 32 5.358 < .001
2.5 5 5.233 1.586 32 3.299 012
10 1.692 1.586 32 1.067 12
5 10 —3.542 1.586 32 -2.233 136

Note. P-value adjusted for comparing a family of 4 estimates.
Note. Results are averaged over the levels of: Sweetener

Post Hoc Comparisons - Sweeltener

Mean Difference SE df t Ptukey
Dextrose Lactose —0.590 1.586 32 -0.372 982
Mannitol —0.343 1.586 32 -0.216 996
Sucrose 0.638 1.586 32 0.402 978
Lactose Mannitol 0.247 1.586 32 0.156 999
Sucrose 1.228 1.586 32 0.774 .865
Mannitol Sucrose 0.982 1.586 32 0.619 925

Note. P-value adjusted for comparing a family of 4 estimates.
Note. Results are averaged over the levels of: Concentration _pm

Sweetener: Dextrose
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Figure 11. Comparative analysis of cell viability percentage across varying concentrations (1.25 to 10 um) of Dextrose.
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Figure 12. Comparative analysis of cell viability percentage across

varying concentrations (1.25 to 10 pm) of Lactose.
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Figure 13. Comparative analysis of cell viability percentage across
varying concentrations (1.25 to 10 pm) of Mannitol.
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Figure 14. Comparative analysis of cell viability percentage across
varying concentrations (1.25 to 10 jm) of Sucrose.

The effects of Sweetener (Dextrose, Lactose, Mannitol, and
Sucrose) and Concentration (JuM) (1.25, 2.5, 5, and 10) on cell
viability (%) following 48 hours of incubation were investi-
gated using a two-way Analysis of Variance (ANOVA). A
very significant interaction between sweetener and concentra-
tion was found by the Type 111 Sum of Squares ANOVA, sug-
gesting that the type of sweetener used affected how concen-
tration affected cell viability. Concentration demonstrated a
highly significant main effect (F (3, 32) = 20.291, p < 0.001,
n?=0.372), and the sweetener x concentration interaction was
also highly significant (F (9, 32) = 7.781, p < 0.001, n? =
0.428), even though the main impact of sweetener was not sta-
tistically significant (F (3, 32) = 0.226, p = 0.878, n?> = 0.004).
The interaction accounted for the largest proportion of vari-
ance in cell viability, emphasising that the cellular response to
concentration differed across sweeteners. Post hoc analysis
using Tukey’s HSD test revealed that the highest mean cell
viability was observed for Sucrose at 1.25 pM (93.18 =+
4.06%), while the lowest was for Lactose at 5 M (65.96 +
3.42%), with this difference being highly significant (Mean
Difference = 27.22, p <0.001). Within the Lactose treatments,
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5 M showed significantly lower viability compared to 1.25
M (p < 0.001), 2.5 pM (p < 0.001), and 10 pM (p < 0.001).
At 5 M, Lactose exhibited lower viability than Dextrose (p =
0.001) and Mannitol (p = 0.006). When averaged across all
sweeteners, the concentration effect remained significant,
with 1.25 UM showing higher viability than 2.5, 5, and 10 M
(all p <0.001), while 5 M resulted in reduced viability com-
pared to 1.25 M (p < 0.001) and 2.5 M (p = 0.012). Overall,

5.2. Statistical Analysis of Antioxidant Activity

Anova: Single Factor I

although sweetener type alone had no significant effect, the
strong sweetener—concentration interaction indicated that the
influence of concentration on cell viability was highly depend-
ent on the sweetener type, with Lactose at 5 M causing the
most pronounced decline in viability, suggesting possible cy-
totoxic effects at this concentration, whereas Sucrose at 1.25
M maintained the highest viability, indicating a more favor-
able cellular response.

SUMMARY
Groups Count Sum Average Variance
Concentration (um) 12 480 40 0
Replicate 12 24 2 0.727272727
Antioxidant (%) 12 1027.15 85.5958333 2.81837197
ANOVA
Source of Variation SS df MS F P-value F crit

42044.97347
39.00209167

Between Groups
Within Groups
42083.97556

Total 35

2 21022.4867
33 1.18188157

17787.30403 9.02E-51 3.284917651

Figure 15. Single-factor ANOVA results showing the effect of sweetener concentration on antioxidant activity. A highly significant difference

was observed between groups (p < 0.001).

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

Concentration (um) 12 480 a0 0
Replicate 12 24 2 0.727272727
Antioxidant (%) 12 1176.23 98.01917 1.320408333
ANOVA

Source of Variation 55 df MS F P-value F crit
Between Groups 56119.62 2 28059.81 41109.63667 9.03E-57 3.28491765
Within Groups 22.52449 33 0.68256
Total 56142.14 35

Figure 16. ANOVA results confirming significant variation in antioxidant activity across experimental conditions (p < 0.001), supporting

reproducibility of the findings.

Visual summaries (mean £SD by sweetener)

These bar charts show mean antioxidant activity for each sweetener with standard deviation error bars, one chart per assay:

13
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Figure 17. Comparison of DPPH radical scavenging activity across various sweeteners. Data represent the mean antioxidant percentage (%)
+standard deviation (n=3). Statistical significance (p < 0.05) indicates variation in radical scavenging capacity among the tested groups.
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A one-way analysis of variance (ANOVA) was conducted
to evaluate the effect of different sweeteners on antioxidant
activity, assessed using the DPPH and KMnO, assays. The
ANOVA results demonstrated a statistically significant differ-
ence among sweeteners in both assays, indicating that the type

of sweetener significantly influenced antioxidant performance.

For the DPPH assay, the variation among sweeteners was
statistically significant (p < 0.05), suggesting that certain
sweeteners possessed stronger radical scavenging activity. In

the KMnO, assay, the effect was highly significant (p <0.01),

reflecting substantial differences in reducing potential among
the tested sweeteners.
Tukey’s post-hoc multiple comparison test was performed

(\“{&0\
W

<0
cJ\)

Sweetener

Figure 18. Reducing potential of sweeteners as measured by the KMnO4 antioxidant assay. Results are expressed as mean percentage (%) +
standard deviation. The variation among sweeteners was found to be highly significant (p < 0.01), reflecting distinct differences in reducing
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to identify which sweeteners differed significantly from each
other. The post-hoc analysis confirmed that several pairwise
comparisons were statistically significant, highlighting the su-
perior antioxidant activity of specific sweeteners.

The graphical summaries (Figures 10-13) present the mean
=+ standard deviation (SD) of antioxidant activity for each
sweetener across both assays. Each figure represents a sepa-
rate replicate set, with error bars denoting variability among
replicates. These plots visually demonstrate that antioxidant
activity varied notably depending on the sweetener type and
the assay used, emphasising the assay-dependent antioxidant
behaviour of the tested compounds.
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5.3. Statistical Analysis of Antibacterial Activity

ANOVA results

Term sum_sq df F PR(>F) Strain

C(Sweetener) 48.66666667 3 32.44444 7.94E-05 Enterobacter cloacae
Residual 4 8 Enterobacter cloacae
C(Sweetener) 54.91666667 3 36.61111 5.08E-05 Escherichia coli
Residual 4 8 Escherichia coli
C(Sweetener) 0.25 3 0.25 0.85920408 G. bacillus

Residual 2.666666667 8 G. bacillus
C(Sweetener) 0.666666667 3 0.888880 0.48718262 Staphylococcus aureus
Residual 2 8 Staphylococcus aureus

Figure 19. Summary of One-Way ANOVA Results for Antibacterial Activity of Different Sweeteners Against Four Bacterial Strains.

This is the head of the per-strain ANOVA tables. Each block contains the ANOVA terms for a given strain, with sums of

squares, degrees of freedom, F-statistics, and P-values.
Tukey HSD post-hoc comparisons

groupl group2 ‘ meandiff p-adj lower upper reject Strain
Dextrose | 1.25 Lactose | 1.25 -0.3333 0.9361 -2.1822 1.5155 FALSE Enterobacter cloacae
Dextrose | 1.25 Mannitol | 1.25 -3.3333 0.0019 -5.1822 -1.4845 TRUE Enterobacter cloacae
Dextrose | 1.25 Sucrose | 1.25 2.3333 0.0158 0.4845 4,1822 TRUE Enterobacter cloacae
Lactose | 1.25 Mannitol | 1.25 -3 0.0036 -4.8489 -1.1511 TRUE Enterobacter cloacae
Lactose | 1.25 Sucrose | 1.25 2.66067 0.0074 0.8178 4.5155 TRUE Enterobacter cloacae
Mannitel | 1.25 Sucrose | 1.25 5.6667 0 3.8178 7.5155 TRUE Enterobacter cloacae
Dextrose | 1.25 Lactose | 1.25 1.3333 0.1748 -0.5155 3.1822 FALSE Escherichia coli
Dextrose | 1.25 Mannitol | 1.25 -1 0.3688 -2.8489 0.8489 FALSE Escherichia coli
Dextrase | 1.25 Sucrose | 1.25 4.6667 0.0002 2.8178 6.5155 TRUE Escherichia cali
Lactose | 1.25 Mannitol | 1.25 -2.3333 0.0158 -4,1822 -0.4845 TRUE Escherichia coli
Lactose | 1.25 Sucrose | 1.25 3.3333 0.0019 1.4845 5.1822 TRUE Escherichia coli
Mannitol | 1.25 Sucrose | 1.25 5.6667 0 3.8178 7.5155 TRUE Escherichia coli
Dextrose | 1.25 Lactose | 1.25 0.3333 0.8915 -1.1763 1.8429 FALSE G. bacillus
Dextrose | 1.25 Mannitol | 1.25 0 1 -1.5096 1.5096 FALSE G. bacillus
Dextrose | 1.25 Sucrose | 1.25 0 1 -1.5096 1.5096 FALSE G. bacillus
Lactose | 1.25 Mannitol | 1.25 -0.3333 0.8915 -1.8429 1.1763 FALSE G. bacillus
Lactose | 1.25 Sucrose | 1.25 -0.3333 0.8915 -1.8429 1.1763 FALSE G. bacillus
Mannitel | 1.25 Sucrose | 1.25 0 1 -1.5096 1.5096 FALSE G. bacillus
Dextrose | 1.25 Lactose | 1.25 0.3333 0.8452 -0.974 1.6407 FALSE Staphylococcus aureus
Dextrose | 1.25 Mannitol | 1.25 0.6667 0.4141 -0.6407 1.974 FALSE Staphylococcus aureus
Dextrase | 1.25 Sucrose | 1.25 0.3333 0.8452 -0.974 1.6407 FALSE Staphylococcus aureus
Lactose | 1.25 Mannitol | 1.25 0.3333 0.8452 -0.974 1.6407 FALSE Staphylococcus aureus
Lactose | 1.25 Sucrose | 1.25 0 1 -1.3074 1.3074 FALSE Staphylococcus aureus
Mannitol | 1.25 Sucrose | 1.25 -0.3333 0.8452 -1.6407 0.974 FALSE Staphylococcus aureus

Figure 20. Tukey’s HSD Post-hoc Analysis of Pairwise Sweetener Comparisons for Zone of Inhibition across Bacterial Strains.

This table shows the first few pairwise comparisons among
the Sweetener | Concentration groups for one strain, including
adjusted P-values and whether to reject the null.

Per-strain mean +95% CI plots

Each figure displays the mean zone of inhibition (mm)
across concentrations, faceted by sweetener (point-and-line
with 95% CI). These help visualise main effects and potential
interactions.

A two-way ANOVA was performed for each strain using
Zone of Inhibition (mm) as the outcome, with Sweetener and
Concentration as fixed factors and their interaction when ap-
plicable. The results indicated significant sweetener effects in
at least one strain, evidenced by small P-values and large F-
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values. Tukey HSD identified specific Sweetener | Concentra-
tion pairs with adjusted P < 0.05, confirming meaningful dif-
ferences among treatments. Line/point plots illustrated mean
differences across concentrations, showing dominant sweet-
ener effects and variation across strains. For each strain,
ANOVA revealed that the sweetener significantly impacted
inhibition zones, with substantial F-statistics and P-values <
0.001. Concentration effects were strain-dependent, and while
some factors lacked variability, significant contrasts remained
after adjustment. Overall, these findings suggest that sweet-
ener identity is the main factor influencing antibacterial activ-
ity, with concentration effects being more modest and specific
to certain strains.
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Figure 21. Mean Inhibitory Response of Staphylococcus aureus. Per-strain mean £95% Confidence Interval (Cl) plots showing the zone of
inhibition (mm) for Dextrose, Lactose, Mannitol, and Sucrose at a concentration of 1.25pm.
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Figure 22. Mean Inhibitory Response of G. Bacillus. Per-strain mean +95% Confidence Interval (Cl) plots showing the zone of inhibition
(mm) for Dextrose, Lactose, Mannitol, and Sucrose at a concentration of 1.25pm.
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Figure 23. Mean Inhibitory Response of Escherichia coli. Per-strain mean +95% Confidence Interval (Cl) plots showing the zone of inhibition
(mm) for Dextrose, Lactose, Mannitol, and Sucrose at a concentration of 1.25pm.
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Figure 24. Mean Inhibitory Response of Enterobacter cloacae. Per-strain mean +95% Confidence Interval (CI) plots showing the zone of
inhibition (mm) for Dextrose, Lactose, Mannitol, and Sucrose at a concentration of 1.25pm.

The present study demonstrates that commonly used sweet-
eners—sucrose, lactose, mannitol, and dextrose—exhibit var-
ying degrees of cytotoxic, antioxidant, and antibacterial activ-
ities (p < 0.05), indicating their potential beyond conventional
nutritional roles. The MTT assay results revealed statistically
significant differential effects on cell viability. Certain sweet-
eners, such as lactose and dextrose, supported higher cell via-
bility, possibly due to their role as readily metabolizable en-
ergy sources that enhance cellular metabolism and prolifera-
tion. These findings are consistent with the observed experi-
mental trends in the present study. In contrast, a dose-depend-
ent reduction in viability observed at higher concentrations,
particularly in the case of mannitol (p < 0.01), may be associ-
ated with osmotic imbalance and cellular stress, leading to dis-
ruption of membrane integrity and metabolic functions. The
antioxidant activity observed through DPPH and potassium
permanganate (KMnQ,) assays suggests that these sweeteners
possess a concentration-dependent ability to scavenge free
radicals and reduce oxidative stress. Regression analysis indi-
cated a strong positive correlation (R=> 0.90), supporting a
dose-dependent antioxidant response. Variations in antioxi-
dant capacity among the tested sweeteners were significantly
linked to their structural differences and their ability to donate
electrons or hydrogen atoms. These observations are in agree-
ment with previous reports highlighting the redox potential of
carbohydrate-based compounds. Furthermore, the antibacte-
rial activity demonstrated by the disc diffusion method re-
sulted in measurable zones of inhibition (ZOl) against selected
bacterial strains. One-way ANOVA followed by Tukey’s
post-hoc test revealed that the extent of inhibition varied sig-
nificantly among the sweeteners (p < 0.05), suggesting differ-
ences in their antimicrobial efficiency. This effect may be at-
tributed to osmotic stress induced by high sugar concentra-
tions (hypertonic environment), which can lead to dehydration
of microbial cells, as well as potential interference with bac-
terial cell membrane function and nutrient uptake. Overall, the
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findings of this study suggest that these widely consumed
sweeteners may possess functional bioactive properties, in-
cluding cytoprotective, antioxidant, and antibacterial effects.
However, these activities are strongly concentration-depend-
ent, with beneficial effects observed at lower concentrations
and potential cytotoxic effects at higher levels. These findings
highlight the importance of dosage in determining the biolog-
ical impact of sweeteners. The data are shown as Mean =+
Standard Deviation (SD), and each experiment was conducted
in triplicate (n = 3). To clarify the exact molecular mecha-
nisms underlying these effects and investigate their possible
uses in the pharmaceutical and nutraceutical industries, more
research is needed.

6. Conclusion

This study comprehensively evaluated the biological poten-
tial of four widely used sweeteners—Sucrose, Dextrose, Man-
nitol, and Lactose—through assessments of cell viability, an-
tioxidant capacity, and antibacterial activity. The findings un-
derscore the critical role of both sugar type and concentration
in modulating biological responses.

The MTT cell viability assay revealed that lower concen-
trations of sweeteners generally support higher cell survival,
whereas elevated concentrations can induce cytotoxic effects
likely due to osmotic stress and metabolic burden. Sucrose and
Dextrose emerged as the most favourable for cell viability,
with peak viability observedat 1.25 pM (~92% for Sucrose;
~88% for Dextrose) and stable performance across a broader
concentration range, highlighting their potential as effective
energy supplements in cellular systems. Mannitol, being
largely non-metabolizable, showed dose-dependent cytotoxi-
city at higher concentrations, suggesting its application should
be restricted to low doses. Lactose exhibited a biphasic re-
sponse, with viability peaking at low concentration but declin-
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ing at mid-range doses, indicating limited metabolism or hy-
drolysis efficiency in the tested cells.

Antioxidant evaluations demonstrated that all four sweet-
eners possess considerable radical-scavenging activity. Su-
crose consistently displayed the highest antioxidant potential
across both KMnO, (99.35%) and DPPH (87.13%) assays.
The KMnO, assay yielded higher absolute inhibition values,
whereas the DPPH assay offered greater differentiation
among the sugars, suggesting complementary utility of both
methods for characterizing antioxidant efficacy.

Antibacterial screening revealed differential microbial sen-
sitivities, with Gram-negative strains being more susceptible.
Lactose exhibited the strongest antibacterial activity, particu-
larly against E. coli and Enterobacter cloacae, while Staphy-
lococcus aureus showed minimal susceptibility to all tested
sugars.

Overall, the study highlights that Sucrose and Dextrose are
optimal for enhancing cell viability and antioxidant defence,
Mannitol requires careful dosing to avoid cytotoxicity, and
Lactose offers notable antibacterial effects. These insights
provide a valuable framework for the rational selection of
sweeteners in cell culture media, probiotic formulations, and
pharmaceutical applications, emphasising that both type and
concentration are pivotal for achieving desired biological out-
comes.

Abbreviations

Ccv Cell Viability

AO Antioxidant

AB Antibacterial

MTT 3-(4,5-Dimethylthiazol-2-yl1)-2,5-

Diphenyltetrazolium Bromide (Common Cell
Viability Assay)

DPPH 2,2-Diphenyl-1-Picrylhydrazyl (Common
Antioxidant Assay)

ZOl Zone of Inhibition

MIC Minimum Inhibitory Concentration

CFU Colony Forming Unit
DMEM  Dulbecco’s Modified Eagle Medium
FBS Fetal Bovine Serum
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