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Dietary β-glucan modulates sucrose preference via
gut–brain neuropeptide signaling in a sex-
dependent manner in Drosophila

Jiaojiao Li, †a Wenyun Li, †b Yuanchao Li,a Jiawen Liang,a Yuwei Liu *a and
Gengsheng He*a

This study investigated the role of soluble dietary fiber, specifically β-glucan, as a modulator of nutrient-

specific food choice and metabolic function using Drosophila melanogaster as a model. Adult males and

mated females were assigned to a blank group (B), a corn starch control group (C), or groups fed diets sup-

plemented with β-glucan at 5% (LBG), 10% (MBG), or 20% (HBG), or arabinoxylan (AX; 10%) for 4 days. Short-

term food preference was quantified using dye-based dual-choice assays, and long-term sucrose preference

was assessed using the capillary feeder assay. Circulating glucose, whole-body triglycerides (TG), whole-

body Drosulfakinin (DSK), and midgut Neuropeptide F (NPF) were measured by ELISA, complemented by

immunofluorescence analyses in gut and brain tissues. Dietary β-glucan modulated sucrose-related feeding

behavior in a sex- and dose-dependent manner. In females, neither short- nor long-term sucrose preference

differed across interventions (p > 0.05). In males, β-glucan produced a non-linear response: in the sucrose-

yeast assay, MBG reduced the preference index relative to C (0.50 ± 0.04 versus 0.63 ± 0.07, p = 0.014),

whereas HBG increased it (0.77 ± 0.07 versus 0.63 ± 0.07, p = 0.006). In the high–low sucrose assay, HBG

showed a nominal trend toward reduced short-term preference (p = 0.094). Long-term sucrose preference

was significantly lower in males receiving β-glucan compared with the control (−0.09 ± 0.38 versus 0.45 ±

0.56, p = 0.022). AX did not significantly affect sucrose preference. TG levels increased in females at MBG

and HBG but decreased in males at the same doses. DSK levels were higher in females (LBG and HBG, p <

0.001) and in males (LBG, MBG, HBG and AX, p < 0.001), while NPF concentrations increased in multiple

intervention groups in both sexes (p < 0.001). Immunofluorescence analyses revealed broadly comparable

neuropeptide distributions across groups. These findings demonstrate that dietary β-glucan modulates

sucrose-related feeding behavior in a sex- and dose-dependent manner, with males exhibiting a non-linear

response and reduced long-term sucrose preference. The metabolic and neuropeptide changes support a

gut–brain-metabolic framework through which dietary fiber may shape sugar preference, highlighting a be-

havioral dimension of dietary fiber function.

Introduction

Dietary sugar preference is a fundamental feeding behavior, as
sugars provide a rapid and efficient source of energy.1

However, a persistent bias toward sugar-rich foods can
promote overconsumption and has been closely linked to
metabolic outcomes,2 such as dysregulated glucose metab-
olism, abnormal lipid storage, and increased risk of obesity.3

Accumulating evidence suggests that what organisms preferen-
tially choose to eat represents an important, and potentially
modifiable, behavioral determinant of long-term metabolic
health.

Sugar preference is not a fixed trait; rather, it is dynamically
regulated by internal nutritional state and endocrine signals.
In Drosophila, gut-derived signals play a central role in commu-
nicating nutritional status to the brain and guiding food
choice. Enteroendocrine cells in the adult midgut can sense
specific dietary components and release neuropeptides, such
as Neuropeptide F (NPF), which suppresses sugar appetite
while promoting protein-rich food intake under defined phys-
iological contexts.4 In parallel, Drosulfakinin (DSK), a func-
tional homolog of mammalian cholecystokinin, has been
implicated in satiety-related processes and feeding regulation† Jiaojiao Li and Wenyun Li contributed equally to this work.
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in flies.5,6 Together, these gut–brain signaling pathways
provide a flexible neuroendocrine framework through which
dietary inputs can influence nutrient-directed feeding
behavior.

Dietary fiber is increasingly recognized as an active modu-
lator of metabolic and endocrine functions rather than a
passive agent.7 Soluble fibers, including β-glucan as a glucose
polymer abundant in cereals and fungi, have been widely
studied for their roles in glycemic regulation, lipid metabolism
and gut physiology.8,9 However, despite the growing interest in
fiber–gut interactions, whether dietary fiber can directly influ-
ence nutrient-specific feeding behaviors, such as sucrose pre-
ference, remains poorly understood. In particular, it is unclear
whether such behavioral changes are dose-dependent or sexu-
ally dimorphic or how these behavioral outcomes relate to co-
ordinated metabolic and neuroendocrine responses.

In this study, we used Drosophila melanogaster as a model
to investigate how dietary β-glucan modulates sucrose prefer-
ence across various doses and both sexes. By integrating short-
term and long-term behavioral assays with metabolic measure-
ments and quantitative analyses of key neuropeptides, we
aimed to characterize the relationship between β-glucan
intake, endocrine responses, and feeding behavior. This inte-
grative approach allows us to assess the behavioral dimension
of dietary fiber function and to place these observed changes
in sucrose preference within a broader physiological context.

Materials and methods
Drosophila stocks and dietary interventions

Wild-type w1118 Drosophila melanogaster were used for the
experiments. Adult male flies and mated female flies were pur-
chased from Fungene Biology (Beijing, China) and were ran-
domly assigned to dietary intervention groups. Female flies
were obtained from stock populations in which males and
females were co-housed under standard laboratory conditions,
allowing natural mating prior to experimental assignment. A
blank group (B) was fed a basal diet without supplementation.
A corn starch control group (C) received the basal diet sup-
plemented with 10% corn starch, serving as the primary refer-
ence for fiber-specific effects. Dietary fiber intervention groups
included oat β-glucan at 5% (LBG), 10% (MBG), or 20% (HBG),
as well as an arabinoxylan group (AX) supplemented at 10%,
which was comparable to MBG.

The basal medium consisted of 90 g L−1 sucrose, 80 g L−1

yeast, 10 g L−1 agar, 2 g L−1 potassium sorbate, and 15 mL L−1

methylparaben. Flies were maintained on their assigned diets
for 4 days at 25 °C under 60–70% relative humidity with a 12 h
light/dark cycle. Prior to behavioral assays, flies were starved
on 1% agar-water medium for 15–24 h to standardize hunger
state and promote feeding motivation.

Chemicals

β-Glucan (purity ≥80%, derived from oats) was purchased
from Wuhan Huaxiang Kejie Biotechnology Co., Ltd (Wuhan,

China). Wheat AX was obtained from Megazyme (P-WAXYL,
Bray, Ireland). Corn starch was obtained from Solarbio (S9840,
Beijing, China). Sucrose, yeast extract, agar, potassium sorbate,
and methylparaben (Nipagin) were supplied by Fangjing
Biotechnology (Guangzhou, China). Amaranth (A6620) and
Brilliant Blue (E8500) dyes used for preference assays were
obtained from Solarbio (Beijing, China).

Short-term sucrose preference and yeast choice assays

Short-term feeding behavior was quantified using a spectro-
photometric dye ingestion assay adapted from previously
described protocols.10 After starvation, flies were transferred to
dual-choice feeding plates containing alternating droplets of
either high-sucrose medium (10% sucrose) versus low-sucrose
medium (1% sucrose) or sucrose medium (10% sucrose) versus
yeast medium (10% yeast). The two food sources were labeled
with 0.5% (w/v) amaranth or 0.5% (w/v) brilliant blue,
respectively.

Flies were allowed to feed for 1 h in darkness to minimize
potential visual bias. Individual flies were then homogenized
in 200 μL phosphate-buffered saline (PBS). The homogenates
were centrifuged at 12 000g for 5 min to remove tissue debris
and lipids that could interfere with optical measurements. The
absorbance of the supernatant was measured at 540 nm (amar-
anth) and 629 nm (brilliant blue) using a microplate reader
(Bio-Rad Laboratories, California, USA). Age-matched flies fed
on non-dyed medium were processed in parallel to determine
baseline absorbance. Food intake was quantified using stan-
dard curves generated from serial dilutions of each dye.

Long-term sucrose preference assay

Long-term feeding intake was measured using the capillary
feeder (CAFE) assay, adapted from a previously validated proto-
col.11 Individual flies were housed in standard Drosophila vials
equipped with two 5 μL microcapillaries containing 10 g L−1

and 100 g L−1 sucrose solutions, respectively. The flies were
allowed to feed continuously in a controlled incubator environ-
ment (25 °C, 60–70% relative humidity). Liquid consumption
was recorded after 6 h by measuring capillary volume displace-
ment using a high-resolution ruler. Evaporation was controlled
by including parallel capillaries without flies, and corrected
intake values were used for analysis.

Quantification of circulating glucose and triglycerides

To assess metabolic responses, whole-fly homogenates were
prepared following dietary intervention and starvation.
Circulating glucose and triglyceride (TG) levels were quantified
using commercial enzymatic assay kits (Stanbio Laboratory,
Boerne, TX, USA) according to the manufacturer’s instructions.

Enzyme-linked immunosorbent assay

Systemic levels of Drosulfakinin (DSK) and midgut-derived
Neuropeptide F (NPF) were quantified using enzyme-linked
immunosorbent assays. For DSK measurements, whole flies were
homogenized in PBS. For NPF measurements, midgut tissues
were dissected prior to homogenization. Samples were centri-
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fuged at 12 000g for 5 min at 4 °C, and supernatants were col-
lected for analysis. DSK and NPF concentrations were measured
using Drosophila-specific ELISA kits (Fantai Biologicals, Shanghai,
China) following the manufacturer’s protocols.

Immunofluorescence analysis

Immunofluorescence analyses were conducted to assess the
spatial distribution of DSK and NPF in gut and brain tissues.
Whole flies were fixed in 4% paraformaldehyde, paraffin-
embedded, and sectioned at 4 μm thickness. After deparaffini-
zation, heat-induced antigen retrieval was performed in citrate
buffer (pH 6.0). Sections were blocked with 3% bovine serum
albumin (BSA) and incubated overnight at 4 °C with rabbit
anti-NPF (1 : 500; RayBiotech, Inc., Georgia, USA) and rabbit
anti-DSK (1 : 100; GenScript Biotech Corporation, Nanjing,
China). Fluorescence-conjugated secondary antibodies were
applied for 50 min at room temperature in the dark. Nuclei
were counterstained with DAPI, and autofluorescence was
minimized using a commercial quencher (Servicebio
Technology Co., Hubei, China). Images were acquired using a
Pannoramic MIDI digital slide scanner. Quantification of fluo-
rescence intensity was performed within predefined regions of
interest.

Statistical analysis

Data are presented as mean ± standard deviation unless other-
wise indicated. For behavioral assays, metabolic markers, and
neuropeptide measurements, pairwise comparisons were per-
formed using Student’s t-tests. C was compared with B to
evaluate vehicle effects, and each fiber intervention group
(LBG, MBG, HBG, and AX) was compared individually with C
to assess fiber-specific effects. The preference index (PI) was

calculated as PI ¼ I1 � I2
I1 þ I2

, where I1 and I2 represent the intake

of the two food sources. Intake was estimated either from dye
absorbance or from capillary volume displacement.

Immunofluorescence data were analyzed using linear
mixed-effects models to account for variability across tissue
sections and regions. The treatment group was included as a
fixed effect, and region-level variation was modeled as a
random effect. Given the exploratory nature of the study and
predefined group comparisons, no formal correction for mul-
tiple testing was applied. All statistical analyses were con-
ducted using R software (version 4.2.2). A two-sided p-value
<0.05 was considered statistically significant.

Results
Short-term changes in sucrose preference

Short-term sucrose preference was evaluated using both a
high–low sucrose choice assay and a sucrose-yeast choice
assay. In the high–low sucrose assay, female flies did not show
significant differences in PI among dietary intervention groups
compared with C (p > 0.05; Fig. 1A and SI Fig. S1A). In males,
the PI showed a progressive decrease with increasing β-glucan

doses, although no significant differences were observed
between LBG or MBG and the control (p > 0.05). HBG exhibi-
ted a nominal trend toward a lower PI compared with the
control (0.26 ± 0.41 versus 0.64 ± 0.30, p = 0.094; Fig. 1B).
Supplementation with AX did not significantly affect short-
term sucrose preference in either sex (SI Fig. S1B).

In the sucrose-yeast choice assay, female flies again showed
no significant differences in PI across dietary groups relative to
C (p > 0.05; Fig. 1C and SI Fig. S1C). In contrast, male flies
exhibited distinct responses to dietary interventions (Fig. 1D).
Compared with the control, LBG showed a nominal trend
toward a lower PI (p = 0.053), while MBG exhibited a signifi-
cantly reduced preference for sucrose relative to yeast (0.50 ±
0.04 versus 0.63 ± 0.07, p = 0.014). In contrast, HBG showed a
significantly higher PI than the control (0.77 ± 0.07 versus 0.63
± 0.07, p = 0.006). Compared with B, C showed a nominally
lower PI (p = 0.050). The AX group exhibited a nominal trend
toward a reduced PI relative to C (p = 0.068; SI Fig. S1D).

Long-term sucrose preference

Long-term sucrose preference was assessed using the high–low
sucrose preference assay. In females, the PI did not differ sig-
nificantly among dietary groups compared with C (p > 0.05,
Fig. 2A and SI Fig. S2A). In contrast, male flies receiving
β-glucan exhibited a significantly lower long-term sucrose PI
compared with C (−0.09 ± 0.38 versus 0.45 ± 0.56, p = 0.022,
Fig. 2B). No significant difference was observed between the
AX and control groups in males (p > 0.05, SI Fig. S2B).

Sex-specific metabolic responses to β-glucan

Circulating metabolic markers were measured to assess phys-
iological responses associated with dietary β-glucan intakes
(Fig. 3). In female flies, circulating glucose levels were higher
at increased β-glucan doses relative to C (Fig. 3A). Specifically,
glucose levels were elevated in the MBG (17.38 ± 5.27 versus
4.27 ± 1.78 μg per fly, p < 0.001) and HBG groups (15.03 ± 2.31
versus 4.27 ± 1.78 μg per fly, p < 0.001), whereas no significant
differences were observed in the LBG or AX groups (p = 0.210
and 0.934, respectively). In males, circulating glucose levels
were significantly higher in LBG (10.95 ± 2.89 versus 3.99 ±
2.38 μg per fly, p < 0.001, Fig. 3B), HBG (10.05 ± 2.88 versus
3.99 ± 2.38 μg per fly, p < 0.001), and AX (p = 0.002, SI Fig. S3B)
compared with C, whereas no significant difference was
observed in the MBG group (p = 0.601).

Whole-body triglyceride (TG) levels exhibited distinct sex-
and dose-dependent patterns (Fig. 3C and D). In females, TG
levels were significantly higher in MBG (10.18 ± 4.51 versus
4.89 ± 2.02 μg per fly, p = 0.002) and HBG (8.32 ± 1.52 versus
4.89 ± 2.02 μg per fly, p < 0.001), whereas no significant differ-
ences were observed in the LBG or AX groups (p = 0.403 and
0.361, respectively). In males, TG levels were lower in the MBG
(5.10 ± 4.06 versus 8.36 ± 2.57 μg per fly, p = 0.038, Fig. 3D) and
HBG groups (5.65 ± 1.36 versus 8.36 ± 2.57 μg per fly, p = 0.003)
relative to C, while no significant differences were observed in
the LBG or AX groups (p = 0.466 and 0.875, respectively, SI
Fig. S3B).
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Hormonal responses to β-glucan

Systemic and gut-derived neuropeptide levels were quantified
to characterize endocrine responses associated with dietary
intervention (Fig. 4 and SI Fig. S4). In female flies, whole-body

DSK levels were significantly higher in LBG (18.16 ± 1.49 versus
6.41 ± 0.40 pg per fly, p < 0.001) and HBG (16.72 ± 0.74 versus
6.41 ± 0.40 pg per fly, p < 0.001) compared with C, whereas no
significant differences were observed in MBG or AX (p = 0.273
and 0.967, respectively; Fig. 4A and SI Fig. S4A). In male flies,

Fig. 1 Effects of β-glucan on short-term sucrose preference. (A and B) Short-term preference indices for high-sucrose (10% sucrose) versus low-
sucrose (1% sucrose) diets in mated female (A) and male (B). Drosophila following 4 days of dietary intervention. A positive preference index indicates
a preference for the high-sucrose diet, whereas values near zero indicate no preference. (C and D) Short-term preference indices for sucrose (10%
sucrose) versus protein (10% yeast) in mated female (C) and male (D) flies. Positive values indicate a preference for sucrose, while negative values
indicate a preference for yeast. Dietary groups include C, LBG, MBG, and HBG. Data are presented as box-and-whisker plots showing the median,
interquartile range, and minimum to maximum values. C, corn starch control group; LBG, low-dose β-glucan group; MBG, medium-dose β-glucan
group; HBG, high-dose β-glucan group.

Fig. 2 Effects of β-glucan on long-term sucrose preference. (A and B) Long-term preference indices for high-sucrose (10% sucrose) versus low-
sucrose (1% sucrose) diets in mated female (A) and male (B) flies following continuous dietary intervention. Preference indices were assessed using
the capillary feeder assay. A positive preference index indicates preference for high sucrose. Dietary groups include B, C, and BG. Data are presented
as box-and-whisker plots showing the median, interquartile range, and minimum to maximum values. B, blank group; C, corn starch control group;
BG, β-glucan group.
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Fig. 3 Effects of β-glucan on circulating glucose and TG levels. (A and B) Circulating glucose levels in mated female (A) and male (B) flies following
dietary intervention. (C and D) Whole-body TG levels in mated female (C) and male (D) flies. Dietary groups include C, LBG, MBG, and HBG. Data are
presented as box-and-whisker plots showing the median, interquartile range, and minimum to maximum values. TG, triglyceride; C, corn starch
control group; LBG, low-dose β-glucan group; MBG, medium-dose β-glucan group; HBG, high-dose β-glucan group.

Fig. 4 Effects of β-glucan on DSK and NPF levels. (A and B) Whole-body DSK levels in mated female (A) and male (B) flies following dietary interven-
tion. (C and D) Midgut-derived NPF levels in mated female (C) and male (D) flies. Dietary groups include C, LBG, MBG, HBG, and AX. Data are pre-
sented as box-and-whisker plots showing the median, interquartile range, and minimum to maximum values. DSK, Drosulfakinin; NPF, neuropeptide
F; C, corn starch control group; LBG, low-dose β-glucan group; MBG, medium-dose β-glucan group; HBG, high-dose β-glucan group; AX,
arabinoxylan.
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DSK levels were elevated across all dietary fiber interventions,
including LBG (17.34 ± 1.82 versus 6.02 ± 0.48 pg per fly, p <
0.001), MBG (6.93 ± 0.34 versus 6.02 ± 0.48 pg per fly, p <
0.001), HBG (17.87 ± 1.21 versus 6.02 ± 0.48 pg per fly, p <
0.001, Fig. 4B), and AX (19.14 ± 0.81 versus 6.02 ± 0.48 pg per
fly, p < 0.001) relative to C (Fig. 4B and SI Fig. S4B).

Midgut-derived NPF levels were quantified to further charac-
terize endocrine responses associated with dietary intervention.
In females, NPF levels were significantly lower in C than in B
(9.48 ± 0.68 versus 10.70 ± 0.75 pg per fly, p < 0.001). Relative to
C, NPF levels were significantly higher in LBG (18.36 ± 0.93
versus 9.48 ± 0.68 pg per fly, p < 0.001), HBG (18.69 ± 1.70
versus 9.48 ± 0.68 pg per fly, p < 0.001), and AX (10.87 ± 0.42
versus 9.48 ± 0.68 pg per fly, p < 0.001), whereas no significant
difference was observed in MBG (p = 0.140, Fig. 4C and SI
Fig. S4C). In males, NPF levels did not differ between C and B
(p = 0.271), but were significantly higher in LBG (18.44 ± 1.11
versus 9.64 ± 0.83 pg per fly, p < 0.001), MBG (11.82 ± 1.13
versus 9.64 ± 0.83 pg per fly, p < 0.001), HBG (17.32 ± 0.80
versus 9.64 ± 0.83 pg per fly, p < 0.001), and AX (18.85 ± 0.85
versus 9.64 ± 0.83 pg per fly, p < 0.001) compared with C.

Immunofluorescence analysis of DSK and NPF

Immunofluorescence analyses were performed to evaluate the
tissue distribution and staining intensity of DSK and NPF in
the gut and brain. Representative staining images are shown
in SI Fig. S5.

In the midgut, DSK immunofluorescence intensity exhibi-
ted subtle, sex-dependent differences (SI Fig. S6A and B). In
females, the gut DSK signal tended to be lower in LBG and
MBG relative to C (p < 0.1), whereas HBG did not differ signifi-
cantly from the control group (p > 0.05, SI Fig. S6A). In males,
no significant differences in midgut DSK immunofluorescence
intensity were observed among the control and β-glucan inter-
vention groups (p > 0.05, SI Fig. S6B). In brain tissue, DSK
immunofluorescence did not differ significantly among
dietary groups in either sex (p > 0.05, SI Fig. S7A and B).

For NPF, immunofluorescence signals in both gut and
brain tissues were comparable across the control, LBG, MBG,
and HBG in females and males (p > 0.05; SI Fig. S6C, D and
S7C, D).

Discussion

This study demonstrates that dietary β-glucan can modulate
sucrose preference in Drosophila in a sex-dependent and dose-
dependent manner. By combining short-term and long-term be-
havioral paradigms, we identify a distinct behavioral sensitivity to
β-glucan in males, characterized by a non-linear response across
doses, whereas mated females remain behaviorally stable despite
pronounced physiological alterations. These findings extend the
functional scope of dietary fiber beyond metabolic regulation
and highlight its potential role in influencing sucrose preference.

A key observation of this study is the non-linear modulation
of sucrose preference observed exclusively in males. In the

short-term sucrose-yeast choice assay, an intermediate dose of
β-glucan reduced sucrose preference, whereas the high dose
elicited an opposite shift in food choices. This non-monotonic
pattern is consistent with previous reports showing that
feeding behavior is regulated by integrated nutritional and
endocrine signals that often exhibit dose–response relation-
ships and act through gut–brain communication pathways.12,13

Previous studies have also shown that intermediate levels of
nutrient-derived signaling often optimally engage feeding cir-
cuits, while excessive stimulation can recruit compensatory or
counter-regulatory mechanisms that alter behavioral
outcomes.14,15 Importantly, the suppression of sucrose prefer-
ence in males persisted in the long-term feeding assay,
suggesting that this effect reflects not only acute sensory-
driven decisions but also sustained feeding patterns. Such be-
havioral plasticity may reflect adaptive adjustments to dietary
composition rather than simple changes in caloric intake.

In contrast to males, female flies displayed largely stable
sucrose preference across all dietary interventions. This behav-
ioral stability occurred despite marked alterations in circulat-
ing glucose, triglyceride levels, and neuropeptide concen-
trations, indicating a partial uncoupling between physiological
responses and overt feeding behavior in females. This obser-
vation aligns with previous studies demonstrating that the
feeding decisions in females are highly dependent on the
physiological state, reproductive status, and internal nutrient
demands,16,17 which may buffer behavioral outputs against
dietary perturbations. Our findings are consistent with this
notion and suggest a sex-specific regulatory framework that
shapes how dietary fiber intake is translated into feeding
behavior.

To be specific, dietary β-glucan induced pronounced, yet
sex- and dose-dependent metabolic responses. In males,
β-glucan exposure was associated with reduced TG levels at
medium and high doses, whereas females displayed a non-
monotonic TG response. A high β-glucan exposure in males
was associated with both elevated glucose levels and increased
sucrose preference, but not with intermediate β-glucan doses.
Meanwhile, females displayed elevated glucose at higher
β-glucan doses, yet without accompanying changes in sucrose
preference. These divergent metabolic outcomes suggest that
circulating TG and glucose levels are unlikely to be solely
driven by changes in sucrose preference and instead point to
sex-specific downstream handling of dietary components and
energy storage, as well as integrated physiological states,18–20

which is consistent with previous studies21 and highlights the
multi-layered regulation of feeding and metabolism by dietary
fiber.

Neuroendocrine analyses revealed substantial but sex-
dependent alterations in DSK and NPF signaling following
β-glucan intervention, providing a gut–brain signaling frame-
work. Notably, in females, changes in whole-body DSK and
midgut-derived NPF levels did not uniformly predict behavior-
al outcomes across doses, although previous reports have
suggested that gut-derived NPF suppresses sugar appetite in
adult female flies, particularly in mated females.4 In contrast,
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males displayed a coordinated, non-linear neuroendocrine
response in which DSK and NPF levels followed a U-shaped
pattern that paralleled the behavioral phenotype. These find-
ings suggest that, in males, DSK and NPF signaling exert bidir-
ectional influences on feeding behavior, with moderate acti-
vation favoring sugar. Such non-monotonic gut–brain hormo-
nal regulation has been proposed as a general feature of nutri-
ent-responsive systems governing feeding and reward.22,23

Immunofluorescence analyses further indicated that the
spatial distribution of these neuropeptides in the gut and
brain remained largely comparable across dietary groups.
Together, these observations suggest that dietary β-glucan pri-
marily modulates neuroendocrine signaling at a systemic or
functional level rather than inducing major anatomical
changes and that behavioral outcomes likely emerge from the
integrated action of multiple physiological signals.

To examine dose-dependent and non-linear effects, dietary
β-glucan was provided across a range of exposure levels in
Drosophila. In humans, dietary fiber intake is commonly dis-
cussed as absolute daily intake, with approximately 25–29 g
day−1 considered nutritionally relevant.24 The dose range used
here was therefore intended for mechanistic interpretation
rather than direct translation to habitual human diets.

From a functional nutrition perspective, our findings high-
light an underexplored behavioral dimension of dietary fiber
action. While β-glucan has been extensively studied for its
effects on glycemic control and lipid metabolism, its potential
to shape food choice has received comparatively little atten-
tion. The sex- and dose-dependent behavioral effects observed
here underscore the importance of considering behavioral
endpoints when evaluating the functional impact of dietary
components. Several limitations should also be acknowledged.
Firstly, although we identified coordinated changes in feeding
behavior, metabolic markers, and neuropeptide levels, the
present analyses do not establish direct causal relationships
between specific neuroendocrine signals and behavioral out-
comes. Secondly, measurements of circulating metabolites rep-
resent integrated physiological states and cannot distinguish
primary drivers from downstream consequences. Thirdly,
although both males and mated females were included to
examine sex-related differences, unmated females were not
evaluated. Because mating status can influence feeding behav-
ior and metabolic physiology in Drosophila, future studies
may further distinguish the relative contributions of sex and
reproductive state to dietary fiber-induced behavioral
responses. Finally, while Drosophila melanogaster provides a
powerful model for investigating diet-behavior interactions
and nutrient-sensing mechanisms, with substantial conserva-
tion of gut–brain signaling pathways across species,25,26 vali-
dation in mammalian systems will be important to determine
whether similar regulatory mechanisms operate in higher
organisms. In particular, the neuropeptides examined in this
study, DSK and NPF, are functionally related to mammalian
CCK and NPY, respectively,27 supporting the relevance of this
model while also highlighting the need for cross-species
validation.

Conclusion

In conclusion, this study provides functional evidence that
dietary β-glucan can influence sucrose preference in Drosophila
in a sex- and dose-dependent manner. By integrating behavior-
al, metabolic and neuroendocrine measurements, our findings
support a gut–brain–metabolic framework through which
dietary fiber may reduce sucrose preference. These results
broaden the functional understanding of dietary fiber and
highlight the value of incorporating behavioral outcomes into
nutritional research.
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