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This study investigated the effects of lactose-free and regular kefir on Drosophila melanogaster
lifespan, by applying four doses (5%, 10%, 15%, 20%) to assess their impact on aging through
mathematical modeling. We hypothesized that kefir's probiotic content could extend lifespan
through its bioactive compounds, with the observed differences potentially attributable to lactose
content and dosage. Wild-type flies were divided into groups: a control group fed with a standard
diet (SDB), and groups fed regular or lactose-free kefir at varying concentrations. Each group
comprised 100 male and 100 female flies, with three replicates, maintained at 25°C and 60%
humidity. Daily survival data were collected and analyzed using the Gompertz model to evaluate
lifespan and aging rates. Results showed that regular 15% kefir increased average lifespan from
61.2 to 68.2 days for females, and 63.5 to 70.0 days for males, while lactose-free kefir at the same
dose extended it to 72.4 and 73.9 days, respectively. Aging rates decreased most significantly at
15% lactose-free kefir, indicating slower aging. However, at 20%, lifespan gains diminished,
indicating a complex dose-response relationship that warrants further investigation. These findings
suggest kefir's anti-aging potential, with lactose-free kefir showing greater efficacy (18.3% increase
in females and 16.4% increase in males), and highlight the importance of dose optimization in aging

research.
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Introduction

Aging is a complex process characterized by the
progressive decline in physiological functions of
organisms, and recent studies focusing on the role of gut
microbiota in this process has gained more attention.
Probiotics can enhance metabolic health and potentially
delay aging by regulating gut microbiota, a concept
supported by recent studies (Westfall et al., 2018; Sharma
& Padwad, 2020; Kong et al., 2021; Wilmanski et al. 2021;
Chiang et al., 2022; Donati Zeppa et al., 2022; Tan et al.
2023; Fidan & Ayar, 2023). Kefir, a fermented beverage
rich in Lactobacillus species and yeasts, is recognized for
its probiotic properties, which may improve gut health and
mitigate age-related decline (Bourrie et al., 2016; Rosa et
al., 2017). However, the presence of lactose in kefir may
confound its physiological effects across different
organisms (Oak & Jha, 2019; Marco et al. 2021). Whether
lactose-free kefir exerts a distinct influence on aging
compared to regular kefir remains underexplored,
prompting the design of this study to address this question.
The primary aim of this study was to conduct a
comprehensive comparative analysis of the effects of

This work is licensed under Creative Commons Attribution 4.0 International License

lactose-free and regular kefir on lifespan in D.
melanogaster across multiple dosages. Specifically, we
sought to determine whether the absence of lactose
enhances kefir's anti-aging properties, to identify the
optimal dosage for lifespan extension, and to quantify these
effects using the Gompertz mathematical model to
precisely measure changes in aging rates.

D. melanogaster (fruit fly) was selected as the model
organism in this study owing to its short lifespan
(approximately 60-80 days), genetic tractability, and
conserved biological pathways with humans, making it a
model organism for aging research (Piper & Partridge,
2018). The well-characterized developmental dynamics
and life cycle of D. melanogaster provide a robust
foundation for aging studies, as the transition from growth
to maturation phases can be precisely modeled and
controlled (Tyson et al., 2023). Previous studies using
Drosophila have elucidated the role of oxidative stress in
aging and demonstrated the impact of diet on this process
(Sun et al., 2013; Deepashree et al., 2019; Yi et al. 2021;
Sayin & Gunes, 2022). Additionally, various natural
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compounds have been investigated for their potential anti-
aging effects in Drosophila, including plant-derived
nutrients such as pumpkin seed extracts, which have shown
promising effects on development and longevity (Glines &
Bayram, 2021). Research on the effects of dairy products
in Drosophila has revealed significant findings; for
instance, one study reported that kefir and similar dairy
derivatives delayed development and reduced adult
numbers, attributing this to the metabolic burden of lactose
(Karatas et al., 2018). Another investigation suggested that
milk-based diets might negatively affect lifespan (Lee et
al., 2020). These findings underscore the importance of
comparing lactose-free and regular kefir to better
understand their effects on aging.

Several important gaps exist in the literature regarding
the effects of probiotics on aging: (1) insufficient
quantitative analysis of probiotic supplementation effects
on aging dynamics, (2) incomplete elucidation of the
mechanisms by which kefir affects lifespan, and (3)
unknown effects of lactose presence on kefir's anti-aging
properties. While previous studies have demonstrated
various health benefits of kefir (Bourrie et al., 2016; Rosa
et al., 2017), quantitative studies on the effects of
probiotics on aging processes in model organisms remain
limited. To address these gaps and build upon existing
findings, we investigated the potential mechanisms of kefir
in aging modulation. Therefore, the primary objective of
this study was to quantitatively assess the effects of
lactose-free and regular kefir on D. melanogaster lifespan
using Gompertz modeling. Specifically, we aimed to
provide numerical insights into the impact of probiotics on
aging and offer a novel perspective in this field.

The potential of kefir to delay aging is largely attributed
to its probiotic content’s ability to modulate gut
microbiota. Specifically, Lactobacillus species in kefir
have been shown to produce short-chain fatty acids (e.g.,
acetate and butyrate), which reduce oxidative stress and
suppress inflammatory pathways (Marco et al., 2021).
Furthermore, probiotic strains like Lactiplantibacillus
plantarum  exhibit antimicrobial activity against
pathogenic bacteria in Drosophila models, suggesting that
pathogen suppression may be another mechanism through
which probiotics contribute to longevity (Gavrilova et al.,
2023). Recent studies have also demonstrated that kefir
metabolites exhibit neuroprotective effects in Drosophila
models of neurodegenerative diseases, highlighting the
potential of kefir-derived compounds in promoting
neurological health and potentially extending lifespan
(Batista et al., 2021; Malta et al., 2024; Oliveira et al.,
2024). Additionally, probiotic bacteria such as
Lactobacillus rhamnosus have demonstrated protective
effects against environmental toxins in Drosophila,
suggesting broader mechanisms of physiological
protection that may contribute to longevity (Trinder et al.,
2016). This study evaluated the potential of kefir
supplementation to extend lifespan in D. melanogaster.
Our research demonstrated that lactose-free kefir exhibited
more effective lifespan-extending properties than standard
kefir, showing a 16.4% increase in males and a 14.2%
increase in females at the optimal 15% dose. These
observed effects may be associated with the potential
regulatory impact of probiotics found in kefir on gut
microbiota. However, further research is needed to

determine the specific components of kefir and the exact
mechanisms involved. Our study contributes to the
understanding of how fermented dairy products influence
aging processes by highlighting that the presence of lactose
may affect probiotic efficacy and emphasizing the
importance of dose-response relationships. These findings
provide a valuable foundation for future research into the
development of more specific probiotic formulations by
highlighting that the presence of lactose may affect
probiotic efficacy and emphasizing the importance of dose-
response relationships.

Materials and Methods

Materials

Flies: Oregon-R is one of the most commonly used
standard laboratory strains in aging research, with recent
studies confirming its continued utility in longevity
investigations (Malacrida et al., 2022; Yusuf et al., 2024).
This strain has been extensively used in contemporary aging
studies, including antioxidant research (Yusuf et al., 2024)
and lifespan extension experiments with bioactive
compounds (Ahn et al., 2023). The flies were obtained from
FIDANS FLY LAB and maintained under controlled
conditions at 25°C, 60% humidity, and a 12-hour light/dark
cycle. These standardized conditions ensure optimal
survival and reproduction, avoiding stress factors that could
confound aging studies, as environmental conditions
significantly impact Drosophila physiology and lifespan
(Cloutier et al., 2022).

Standard Diet: The control group was fed with Standard
Drosophila Medium (SDB), prepared in the laboratory to meet
the flies' basic nutritional requirements. For the maintenance of
Drosophila cultures, a standard Lewis medium was used,
consisting of agar, cornmeal, yeast powder, granulated sugar,
an acid mixture, and distilled water. The acid mixture, designed
to prevent contamination of the medium, was composed of
orthophosphoric acid, propionic acid, and distilled water
(Lewis, 1960). Additionally, during the chemical exposure
phase of the experiment, a commercially available Drosophila
instant food (Carolina Biological Supply Company, Burlington,
NC, USA) was utilized.

Kefir Types: Regular kefir, a milk-based product containing
lactose, and lactose-free kefir, devoid of lactose, enabled a
comparative analysis. The detailed composition of both kefir
types is presented in Table 1.

Dosage selection was determined through pilot studies that
evaluated medium homogeneity, gel consistency preservation,
and maintenance of normal feeding behaviors in flies. The
selected concentration range was designed to achieve an
optimal balance between probiotic efficacy and medium
stability. These were prepared in four different concentrations
(5%, 10%, 15%, 20%) by mixing regular or lactose-free kefir
with the standard Drosophila medium (SDB) on a
volume/volume (v/v) basis. To achieve concentrations of 5%,
10%, 15%, and 20%, 0.5 ml, 1 ml, 1.5 ml, and 2 ml of kefir
were combined with 9.5 ml, 9 ml, 8.5 ml, and 8 ml of SDB,
respectively, under sterile conditions. Regular kefir, a milk-
based product containing lactose, and lactose-free kefir, devoid
of lactose, enabled a comparative analysis. The microbial
content of both kefir types was verified through laboratory
analysis prior to the experiment to ensure dosage consistency.

2633



Fidan / Turkish Journal of Agriculture - Food Science and Technology, 13(09): 2632-2639, 2025

Table 1: Nutritional Comparison of Regular Kefir and Lactose-Free Kefir

Component Regular Kefir Lactose-Free Kefir
Ingredients Cow milk, kefir yeast, kefir culture Cow milk, kefir yeast, kefir culture
Energy 234 kJ / 56 kcal 234 kJ / 56 kcal
Fat 29¢ 29¢
Saturated Fat 19¢g 19¢
Carbohydrates 37¢g 37¢g
Sugars 1.7¢g 1.7¢
Protein 37¢g 37¢g
Salt <05¢g <05¢g
Lactose Contains lactose Contains lactase
Probiotic Organisms 1x10° CFU/g 1x10¢ CFU/g

. . Lactobacillus, Lactococcus, Leuconostoc, Lactobacillus, Lactococcus, Leuconostoc,
Microbial Genera
Acetobacter Acetobacter
Calcium 106 mg 106 mg
Vitamin B2 4 pg 4 ug
Vitamin B12 10 pg 10 ng
Phosphorus 77,7 mg 77,7 mg

CFU = Colony Forming Units.

Homogeneity was ensured by vortexing the mixtures at
2000 rpm for 30 seconds using a vortex mixer, and the
prepared diets were stored at 4°C. Diets were replaced
twice weekly (Mondays and Thursdays) to maintain
freshness and consistency throughout the experiment.

Equipment and Software: Flies were housed in 50 ml
polypropylene vials (Falcon). Sterile pipettes and
containers were used for diet preparation, an incubator
(Memmert INCOmed) maintained environmental
conditions, and a stereomicroscope (Zeiss Stemi 305) at
10-40x magnification facilitated survival observations and
sex identification.

Methods

This lifespan study was designed to systematically
investigate the effects of kefir on D. melanogaster. To
synchronize fly ages, a preliminary cross was performed
using Oregon-R strain parents, and larvae of the same age
were collected from the resulting eggs within a 24-hour
window to ensure age synchronization. Newly eclosed
adult flies were collected using light CO: anesthesia and
separated by sex under stereomicroscope examination at
20x magnification, with males distinguished by the
presence of sex combs on the forelegs and darker, rounded
abdomens, while females were identified by their lighter,
pointed abdomens and absence of sex combs (Ashburner et
al., 2005). Flies were then separated by sex, with females
and males evaluated in distinct groups. The experiment
consisted of a control group and four dosage groups (5%,
10%, 15%, 20%) for both regular and lactose-free kefir,
totaling nine groups. Each group included 100 female and
100 male flies, replicated three times, resulting in 300
females and 300 males per group.

The control group was fed solely with SDB. For the
kefir groups, SDB was supplemented with regular or
lactose-free kefir at 5%, 10%, 15%, and 20%
concentrations, selected to test the probiotic effects across
a range of doses. Diets were prepared under sterile
conditions and replaced twice weekly, on Mondays and
Thursdays, to maintain freshness. Daily survival data were
recorded at 09:00 using a stereomicroscope; deceased flies
were removed from vials, and the process continued until
all flies had died.

A preliminary test confirmed that both kefir types were
tolerated by the flies across all doses. Survival data were
analyzed using the Gompertz model, which quantifies age-
related mortality changes to assess aging rates and lifespan.

Statistical Analysis

Comprehensive statistical analyses were conducted to
evaluate differences in lifespan, sex effects, and dosage
variations. Gompertz parameters (initial mortality rate and
aging rate) were estimated using the "flexsurv" package
with maximum likelihood estimation, with significance
tested at p < 0.05. The Gompertz model was employed to
analyze aging dynamics, as it effectively describes the
exponential increase in mortality rate with age observed in
many species, including Drosophila. The model follows
the equation: p(x) = ae”(bx), where W(x) is the age-specific
mortality rate at age x, 'a' represents the initial mortality
rate (baseline vulnerability), and 'b' represents the aging
rate (rate of mortality acceleration with age). This model
allows for quantitative comparison of aging trajectories
between treatment groups by estimating these two
biologically meaningful parameters (Gompertz, 1825;
Pletcher, 1999). While alternative modeling approaches
such as biphasic lifespan models have been applied to other
invertebrate species (Mulla et al., 2023), the Gompertz
model was selected for its established utility in Drosophila
aging research. Survival curves were generated via the
Kaplan-Meier method, and inter-group differences were
assessed using the Log-Rank test. One-way analysis of
variance (ANOVA) was applied to compare mean
lifespans across groups and sexes, followed by Tukey's
post-hoc test to identify specific group differences when
ANOVA indicated significance.

All analyses were performed in R using the "flexsurv"
and "survival" packages, with additional statistical
analyses performed using IBM SPSS v25. This ensured
statistical reliability and reproducibility, with a
significance threshold of p < 0.05 to confirm non-random
biological differences. The analytical approach
incorporated principles of survival curve analysis and
lifespan variation assessment as described by Shilovsky
(2024).
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Results

This study examined the effects of regular and lactose-
free kefir on D. melanogaster lifespan using four different
doses (5%, 10%, 15%, 20%). The results demonstrated that
both kefir types increased lifespan of male and female
Drosophila, with lactose-free kefir consistently showing
greater efficacy across doses, particularly at 15%. As
shown in Tables 2 and 3, the mean and maximum lifespan
parameters for female and male flies indicate the dose-
dependent effects of kefir supplementation.

The observed decrease in lifespan at the 20% dose may
reflect several possible mechanisms including hormetic
principlesin nutritional interventions as described by
Scialo et al. (2020). While moderate levels of beneficial
compounds can enhance stress resistance and extend
lifespan, excessive concentrations may disrupt redox
homeostasis and overwhelm detoxification systems. This
paradoxical effect aligns with findings from Zanco et al.
(2021), who demonstrated that nutrient overload can create
imbalances that ultimately compromise lifespan in
Drosophila. Additionally, Belyi et al. (2020) reported that
high concentrations of beneficial compounds can shift
from protective to harmful effects when they exceed the
organism's metabolic capacity to utilize them efficiently,
supporting our observation of diminished benefits at the
highest kefir concentration.

Specifically, Table 2 illustrates the lifespan
improvements in female flies, with notable increases at the
15% dose for both kefir types. Regular kefir at 15%
extended the mean lifespan from 61.2 days in the control

group to 68.2 days, while lactose-free kefir at the same
dose further increased it to 72.4 days, representing an
18.3% improvement over the control. The maximum
lifespan also peaked at 90 days with lactose-free kefir at
15%, underscoring its superior efficacy.

Similarly, Table 3 presents the lifespan data for male
flies, revealing comparable trends with slightly higher
gains compared to females. At the 15% dose, regular kefir
increased the mean lifespan of control group from 63.5
days to 70.0 days, while lactose-free kefir extended it to
73.9 days, a 16.4% increase. The maximum lifespan
reached 92 days with lactose-free kefir at 15%, reinforcing
the dose-specific benefits observed across sexes. Notably,
males showed slightly higher lifespan extension compared
to females across most treatment groups, with this pattern
being consistent across both kefir types and doses.

The enhanced lifespan extension in males compared to
females aligns with findings from Deepashree et al. (2019),
who demonstrated sex-specific differences in oxidative
stress resistance in Drosophila. Their research revealed
that male flies often show stronger responses to antioxidant
interventions due to their inherently lower baseline
oxidative stress resistance. This sex dimorphism was
further supported by Belyi et al. (2020), who found that
young female Drosophila typically exhibit greater natural
resistance to oxidative stressors than males, potentially
explaining why males in our study showed more
pronounced benefits from the antioxidant properties of
kefir supplementation.

Table 2: Lifespan Parameters of Female Flies Fed Regular and Lactose-Free Kefir

Group Dose (%) Mean Lifespan (Days + SE) Maximum Lifespan (Days) % Increase (vs. Control) p-value
Control (SDB) - 61.2+3.1 75 - -
Regular Kefir 5 64.5+3.3 79 5.4 <0.05
Regular Kefir 10 66.8+3.4 82 9.2 <0.01
Regular Kefir 15 682+32 84 11.4 <0.01
Regular Kefir 20 65.7+£3.5 81 7.4 <0.05
Lactose-Free Kefir 5 66.3+3.2 81 8.3 <0.05
Lactose-Free Kefir 10 70.1 +3.0 87 14.5 <0.001
Lactose-Free Kefir 15 724+29 90 18.3 <0.001
Lactose-Free Kefir 20 69.8+3.4 86 14.1 <0.01

Mean lifespan values are presented as means + standard error (SE). Statistical significance was assessed using one-way ANOVA followed by Tukey’s
post-hoc test to compare groups against the control (SDB). Differences with p < 0.05 were considered significant. Percent increase is calculated relative

to the control group.

Table 3: Lifespan Parameters of Male Flies Fed Regular and Lactose-Free Kefir

Group Dose (%) Mean Lifespan (Days + SE) Maximum Lifespan (Days) % Increase (vs. Control) p-value
Control (SDB) - 63.5+29 78 -
Regular Kefir 5 66.1 £3.0 81 4.1 <0.05
Regular Kefir 10 683+32 84 7.6 <0.01
Regular Kefir 15 70.0+3.1 86 10.2 <0.01
Regular Kefir 20 67.4+33 83 6.1 <0.05
Lactose-Free Kefir 5 67.8+2.8 83 6.8 <0.05
Lactose-Free Kefir 10 71.6+2.8 89 12.8 <0.001
Lactose-Free Kefir 15 73.9+2.7 92 16.4 <0.001
Lactose-Free Kefir 20 70.5+ 3.1 88 11.0 <0.01

Mean lifespan values are presented as means + standard error (SE). Statistical significance was assessed using one-way ANOVA followed by Tukey’s
post-hoc test to compare groups against the control (SDB). Differences with p < 0.05 were considered significant. Percent increase is calculated relative

to the control group.
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Table 4: Gompertz Model Parameters for Female Flies Fed Regular and Lactose-Free Kefir

Group Dose (%) Initial Mortality (a) Aging Rate (b) p-value (Log-Rank)

Control (SDB) - 0.012 0.089 -

Regular Kefir 5 0.010 0.082 <0.05
Regular Kefir 10 0.009 0.075 <0.01
Regular Kefir 15 0.008 0.072 <0.01
Regular Kefir 20 0.009 0.078 <0.05
Lactose-Free Kefir 5 0.009 0.079 <0.05
Lactose-Free Kefir 10 0.007 0.068 <0.001
Lactose-Free Kefir 15 0.006 0.065 <0.001
Lactose-Free Kefir 20 0.007 0.071 <0.01

Gompertz parameters estimated using maximum likelihood estimation. Initial mortality (a) represents baseline vulnerability; aging rate (b) represents
mortality acceleration with age. Statistical significance determined by Log-Rank test (p < 0.05).

Table 5: Gompertz Model Parameters for Male Flies Fed Regular and Lactose-Free Kefir

Group Dose (%) Initial Mortality (a) Aging Rate (b) p-value (Log-Rank)

Control (SDB) - 0.010 0.087 -

Regular Kefir 5 0.009 0.080 <0.05
Regular Kefir 10 0.008 0.073 <0.01
Regular Kefir 15 0.007 0.070 <0.01
Regular Kefir 20 0.008 0.076 <0.05
Lactose-Free Kefir 5 0.008 0.077 <0.05
Lactose-Free Kefir 10 0.006 0.066 <0.001
Lactose-Free Kefir 15 0.005 0.062 <0.001
Lactose-Free Kefir 20 0.007 0.069 <0.01

Gompertz parameters estimated using maximum likelihood estimation. Initial mortality (a) represents baseline vulnerability; aging rate (b) represents
mortality acceleration with age. Statistical significance determined by Log-Rank test (p < 0.05).

Further insights into aging dynamics are provided in
Tables 4 and 5, which detail the Gompertz model
parameters for female and male flies, respectively. For
females, lactose-free kefir at 15% reduced the aging rate
(b) to 0.065 from 0.089 in the control, with a significant
Log-Rank p-value (<0.001). In males, the aging rate
dropped to 0.062 at the same dose, also with high statistical
significance (p < 0.001). These reductions indicate slower
aging, particularly with lactose-free kefir, though the
benefits tapered at 20%, suggesting a potential threshold
effect.

Discussion

Our findings reveal that lactose-free kefir consistently
outperformed regular kefir in extending the lifespan of D.
melanogaster. The superior efficacy of lactose-free kefir finds
support in recent epidemiological evidence. Whether high
consumption of dairy products is related to longevity is still
unclear (Sonestedt et al., 2021). The superior efficacy of
lactose-free kefir finds support in recent epidemiological
evidence. Whether high consumption of dairy products is
related to longevity is still unclear (Sonestedt et al., 2021).
However, studies examining lactase persistence variants have
revealed important insights into lactose-aging interactions. In
a large Swedish cohort, individuals with lactase non-
persistence (lactose intolerance) showed 27% lower
consumption of non-fermented milk and demonstrated an 8%
lower mortality risk compared to lactase-persistent
individuals (Sonestedt et al., 2021). This suggests that reduced
lactose exposure may confer longevity advantages, supporting
our findings that lactose-free kefir outperforms regular kefir
in extending lifespan.

The diminished lifespan gains observed at the 20% dose
for both kefir types indicate a complex dose-response
relationship. This dose-dependent response pattern aligns with
observations by Belyi et al. (2020) in Drosophila, where
excessive probiotic supplementation reversed beneficial
effects on lifespan by altering gut microbiota composition and
triggering inflammatory responses. Scialdo et al. (2020)
similarly demonstrated that redox balance disruption impairs
stress adaptation mechanisms in Drosophila, supporting our
findings that optimal probiotic benefits occur within specific
dosage ranges. The study demonstrated that both regular and
lactose-free kefir extended D. melanogaster lifespan at three
effective doses (5%, 10%, 15%), while the 20% dose showed
diminished efficacy, with lactose-free kefir consistently
showing superior performance. The observed lifespan
extension can be attributed to several interconnected
mechanisms. The probiotic bacteria in kefir contain bioactive
compounds that may influence aging processes, as suggested
by previous studies demonstrating gut-brain interactions in
Drosophila longevity (Westfall et al., 2018). The superior
efficacy of lactose-free kefir suggests that lactose content may
influence the beneficial effects, though the exact mechanisms
require further investigation.

The dose-dependent response pattern, with optimal
benefits at 15% and reduced efficacy at 20%, indicates a
therapeutic window for kefir supplementation. This
phenomenon may reflect various factors that require
further investigation. At higher concentrations, multiple
factors could potentially influence the beneficial effects, a
trade-off commonly observed in dietary interventions
(Rosa et al., 2017).

The enhanced performance of lactose-free kefir may be
explained by improved bioavailability of bioactive
compounds and reduced inflammatory responses
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associated with lactose metabolism. Additionally, the
absence of lactose may allow for better probiotic strain
survival and colonization in the gut environment. The
observed benefits of lactose-free formulations align with
human population studies indicating that lactose avoidance
may be metabolically advantageous. Fermented dairy
products like cheese showed protective associations with
mortality, while high intake of non-fermented milk
(>1000g/day) was associated with 34% higher mortality
rates (Sonestedt et al., 2021). This pattern suggests that
fermentation and lactose reduction may be key factors in
optimizing dairy product health benefits. These findings
support the growing evidence that gut microbiota
modulation represents a promising avenue for anti-aging
interventions, with formulation optimization being crucial
for maximizing therapeutic benefits.

Our findings align with and extend prior research on
probiotics and aging. Westfall et al. (2018) reported
lifespan extension in Drosophila with a probiotic
formulation, attributing it to gut-brain interactions, a
mechanism consistent with the 10% increase observed with
regular kefir in our study. Similarly, Han et al. (2021) noted
a 10% lifespan increase with Limosilacto bacillus reuteri,
in congruent with our regular kefir results. The superior
efficacy of lactose-free kefir (up to 18.3% increase)
supports Karatas et al. (2018), who suggested that dairy
products like kefir may impose a metabolic burden due to
lactose, potentially limiting benefits in Drosophila. Unlike
Karatas et al.’s observation of developmental delays with
higher kefir concentrations (>30%), our study found
lifespan extension in adults, possibly due to lower doses
(220%) or differing impacts on development versus aging.
Lee et al. (2020) reported negative effects of milk-based
diets on Drosophila lifespan. Our findings with lactose-free
kefir showing greater benefits than regular kefir are
consistent with the hypothesis that lactose may impose a
metabolic burden, though direct comparison between milk
and kefir products would be needed to confirm this
relationship. These discrepancies emphasize lactose’s
critical role in modulating kefir’s effects and underscore
the importance of dietary formulation in aging
interventions. Human genetic studies provide additional
support for lactose-related longevity effects. The use of
genetic variants as objective markers of lactose-containing
dairy intake has shown that lactase non-persistence (lactose
intolerance) may be associated with healthier dietary
patterns and reduced mortality risk (Sonestedt et al., 2021).
This genetic approach helps overcome confounding factors
in observational studies and strengthens the evidence for
lactose-related health impacts. A decline at 20% suggests a
potential dose-dependent threshold, which warrants further
investigation. Sex differences were subtle, with males
slightly outliving females (e.g., 73.9 vs. 72.4 days at 15%
lactose-free kefir) The optimal effect of lactose-free kefir
at 15% suggests that lactose removal enhances probiotic
efficacy by reducing digestive stress, though the
underlying mechanisms and the decline at higher doses
require further exploration, particularly through molecular
analyses of gut microbiota dynamics.

Despite the robust findings, this study has limitations.
The gut microbiota of Drosophila differs from that of
mammals, restricting direct extrapolation to humans
(Broderick, & Lemaitre, 2012). Additionally, the use of

commercially sourced kefir introduces potential variability
in microbial and chemical composition, which was not
fully standardized. Evaluating only four doses may not
fully delineate the optimal concentration range for kefir's
effects. Moreover, the mechanism underlying the reduced
efficacy at 20% concentration remains unclear and requires
further investigation through biochemical and microbiome
analyses. Finally, the absence of molecular-level analyses
(such as oxidative stress markers or metabolic profiling)
limits our understanding of the specific pathways through
which kefir exerts its effects on aging.dy has limitations.
The gut microbiota of Drosophila differs from that of
mammals, restricting direct extrapolation to humans
(Broderick, & Lemaitre, 2012). Additionally, the use of
commercially sourced kefir introduces potential variability
in microbial and chemical composition, which was not
fully standardized. Evaluating only four doses may not
fully delineate the optimal concentration range for kefir's
effects. Moreover, the mechanism underlying the reduced
efficacy at 20% concentration remains unclear and requires
further investigation through biochemical and microbiome
analyses. Finally, the absence of molecular-level analyses
(such as oxidative stress markers or metabolic profiling)
limits our understanding of the specific pathways through
which kefir exerts its effects on aging.

Nevertheless, our research represents the first
comprehensive investigation into the differential effects of
lactose-free versus traditional kefir on longevity using a
well-established aging model. The discovery that lactose
content significantly influences kefir's life-extending
properties provides a novel mechanistic insight into how
fermented dairy products interact with host physiology.
Our observation of dose-dependent hormetic responses to
kefir supplementation establishes critical parameters for
future nutritional interventions targeting oxidative stress
pathways. Furthermore, the sex-specific differences we
documented in response to kefir supplementation
contribute valuable data to the growing field of precision
nutrition. These pioneering findings create a solid
foundation for translational research into optimized
probiotic formulations that may eventually benefit human
health and longevity.

Conclusion

In conclusion, kefir exhibits significant anti-aging
potential in Drosophila melanogaster, with lactose-free
kefir at a 15% dose providing the most substantial lifespan
extension up to 18.3% in females and 16.4% in males
compared to controls. The Gompertz model effectively
quantified these effects, highlighting its utility as a robust
tool in experimental aging research. Lactose-free kefir's
superior performance underscores the advantage of
eliminating lactose to maximize probiotic benefits, likely
by alleviating metabolic stress associated with lactose
metabolism. These findings offer novel insights into
dietary interventions for aging and emphasize the
importance of dose optimization.

Our results complement previous research
demonstrating kefir's anti-aging potential through multiple
mechanisms including antioxidant activity and gut-brain
axis modulation (Malta et al., 2022). The superior efficacy
of lactose-free kefir suggests that formulation optimization
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can significantly enhance the therapeutic potential of
fermented dairy products in aging interventions. Our
results complement epidemiological evidence showing that
dairy product composition significantly influences health
outcomes. Recent studies indicate that fermented dairy
products are associated with lower mortality compared to
non-fermented milk, particularly at high consumption
levels (Sonestedt et al., 2021). The superior performance
of lactose-free kefir in our Drosophila model aligns with
these human population findings, suggesting that lactose
removal may be a crucial factor in optimizing the health
benefits of fermented dairy products across species.

To build on these results, future studies should employ
16S rRNA sequencing to characterize kefir-induced
changes in gut microbiota composition, providing a deeper
understanding of microbial mechanisms. Molecular assays,
such as lipid peroxidation or superoxide dismutase activity
tests, could further elucidate kefir’s antioxidant properties.
Additionally, metabolomic profiling of gut metabolites at
higher doses (e.g., 20%) could uncover the reasons behind
the observed lifespan reduction, such as nutrient overload
or microbial imbalance. These approaches would enhance
our understanding of kefir’s anti-aging effects and its
potential applications beyond Drosophila, paving the way
for more targeted interventions in aging research.
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