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Abstract

Irritable Bowel Syndrome (IBS) is a chronic functional gastrointestinal disorder affecting approximately
7-21% of the global population, significantly impairing quality of life and productivity. Despite its
prevalence, personalized dietary intervention remains underexplored, with most clinical guidance relying
on generalized recommendations that fail to account for individual subtype variation, lifestyle influences,
and specific nutritional tolerances. Simultaneously, agro-industrial food processing generates substantial
quantities of nutrient-dense byproducts — including rice bran, banana peels, apple cores, carrot tops, soy
hulls, broccoli stalks, coconut husks, and potato peels — that are routinely discarded, representing a dual
economic and environmental loss.

This study presents the IBS Food Waste Dietary Advisor, a full-stack machine learning application
designed to bridge these two challenges simultaneously. A synthetic dataset of 500 IBS patient records
comprising 38 clinically informed variables — including IBS subtype, nutritional intake, FODMAP
classification, lifestyle factors, and multi-domain symptom scores — was generated using domain-
informed correlation rules to train a Random Forest Classifier with 200 decision trees. The model achieved
an overall accuracy of 85%, with class-level precision ranging from 83-87%, recall from 83-88%, and
F1-scores between 0.84 and 0.88. The system was deployed via a Flask REST API backend and a React.js
multi-step frontend questionnaire, delivering confidence-scored, FODMAP-aware personalized food
recommendations in under 100 milliseconds per request.

Key dataset insights revealed that high FODMAP exposure combined with elevated stress levels
significantly correlated with increased pain and bloating scores, while adequate sleep (7+ hours nightly)
was associated with meaningfully reduced urgency. Soluble fiber from byproducts such as rice bran and
banana peel improved Bristol Stool Scale consistency in IBS-C patients. This work contributes a novel,
sustainable framework at the intersection of food technology and artificial intelligence, demonstrating that
agro-industrial waste can be therapeutically repurposed to support gut health, reduce environmental
burden, and advance personalized nutrition in chronic disease management.

Keywords: Irritable Bowel Syndrome, FODMAP, food waste upcycling, Random Forest, personalized
nutrition, dietary recommendation system, machine learning, gut health, circular economy.
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1. Introduction

Irritable Bowel Syndrome (IBS) is widely recognized as the most prevalent functional gastrointestinal
disorder worldwide. Epidemiological studies consistently estimate that between 7% and 21% of the global
population lives with IBS — a condition characterized by recurring abdominal pain, bloating, distension,
and altered bowel habits encompassing diarrhea, constipation, or a mixed symptom pattern (Chey et al.,
2015; Balmus et al., 2022). The condition is chronic, currently incurable, and disproportionately affects
younger adults and women, generating substantial socioeconomic costs through lost productivity, repeated
healthcare consultations, and sustained impairment in quality of life.

Dietary management remains the primary non-pharmacological intervention for IBS. The low-FODMAP
(Fermentable Oligosaccharides, Disaccharides, Monosaccharides, and Polyols) diet is the most
extensively studied dietary approach, with evidence suggesting symptom improvement in approximately
50-86% of patients who adhere correctly to the protocol (Gibson & Shepherd, 2010; Staudacher et al.,
2011). However, clinical guidance remains largely generic. Patients frequently struggle to identify
individual food triggers, and healthcare practitioners lack scalable, personalized tools that account for the
multi-dimensional complexity of IBS — encompassing subtype variation, lifestyle influences such as
stress and sleep, hydration, and specific nutritional tolerances.

In a parallel and largely unconnected domain, the global food system generates enormous quantities of
nutrient-dense agro-industrial byproducts. Fruit peels, grain brans, legume hulls, vegetable stalks, and
processing residues are routinely discarded despite harboring biologically active compounds — including
soluble and insoluble dietary fiber, polyphenolic antioxidants, resistant starch, essential vitamins, and
prebiotic substrates — that are increasingly linked to gut health benefits (Singh et al., 2017; Balmus et al.,
2022). The progressive movement towards circular food economy principles, as articulated under United
Nations Sustainable Development Goal 12 (Responsible Consumption and Production), calls for
innovative strategies to valorize these discarded streams.

Recent advances in artificial intelligence (Al) and machine learning (ML) have opened promising avenues
for personalized nutrition. Studies have demonstrated that supervised learning algorithms — including
Random Forests, Gradient Boosting, and neural networks — can predict dietary outcomes, model food
tolerances, and generate individualized recommendations at scale (Tsolakidis et al., 2024; Karakan et al.,
2022). However, the specific application of ML to IBS dietary management using upcycled food waste
ingredients remains a largely unexplored territory in the published literature, representing a significant
translational gap.

This study addresses this gap by developing and evaluating an integrated Al-powered dietary advisory
system — the IBS Food Waste Dietary Advisor — those harnesses eight nutrient-rich agro-industrial
byproducts as candidate foods for IBS symptom management. The system integrates Random Forest
classification, FODMAP-aware feature engineering, and a full-stack web application deployment to
deliver personalized, confidence-scored recommendations tailored to individual patient profiles. The
specific objectives of this research are threefold: (i) to construct and validate a synthetic IBS patient dataset
with realistic nutritional, symptom, and lifestyle variable correlations; (ii) to train and evaluate a Random
Forest classifier for food tolerance prediction across IBS subtypes; and (iii) to deploy an interactive,
clinically informative recommendation application as a proof-of-concept for personalized, sustainability-
driven dietary management.
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2. Literature Review
2.1 IBS and Dietary Management

The pathophysiology of IBS involves a complex interplay of gut microbiota dysbiosis, visceral
hypersensitivity, dysmotility, and brain-gut axis dysregulation (Quigley, 2018). Dietary factors play a
central modulatory role in this pathophysiology. The FODMAP framework, initially developed at Monash
University, systematically categorizes fermentable carbohydrates that osmotically draw water into the
intestinal lumen and undergo rapid bacterial fermentation, generating gas and triggering IBS symptoms in
susceptible individuals (Gibson & Shepherd, 2010). Randomized controlled trials have repeatedly
demonstrated the clinical efficacy of low-FODMAP dietary restriction for IBS symptom reduction, though
long-term adherence and nutritional completeness remain legitimate clinical concerns (Staudacher &
Whelan, 2017).

Beyond FODMAP, dietary fiber has garnered sustained research interest in IBS management. El-Salhy et
al. (2017) demonstrated that soluble fiber supplementation from agro-industrial sources modulates gut
microbiota composition and stool consistency, particularly in IBS-C (constipation-predominant) patients.
Conversely, excess insoluble fiber may exacerbate symptoms in IBS-D (diarrhea-predominant) subtypes,
highlighting the critical importance of fiber type, source, and dosage in dietary prescriptions (Ho et al.,
2012). Polyphenols — abundant in fruit and vegetable processing byproducts — have also demonstrated
anti-inflammatory properties in the gut environment, with grape skins and tomato pomace exhibiting
selective enhancement of beneficial Bifidobacterium species (Gémez-Garcia et al., 2020). These
converging lines of evidence suggest that agro-industrial byproducts, if carefully characterized and
appropriately prescribed, represent a viable and nutritionally enriched candidate category for IBS dietary
management.

2.2 Food Waste Upcycling as a Nutritional Strategy

The Food and Agriculture Organization estimates that approximately one-third of all food produced
globally is lost or wasted each year (FAO, 2019). Within this total, agro-processing residues constitute a
significant category — fruit pomace, cereal brans, pulse hulls, and vegetable trimmings collectively
represent millions of tons of nutrient-dense material that never reaches human consumption channels.
Research interest in valorizing these streams has accelerated considerably in recent years. Rice bran — a
direct byproduct of rice milling — is exceptionally rich in B-vitamins, gamma-oryzanol, and both soluble
and insoluble fiber, with demonstrated prebiotic activity in preclinical gut microbiome models (Singh et
al., 2017). Banana peels contain substantial soluble pectin and resistant starch alongside polyphenolic
antioxidants, while chickpea and soy hulls contribute high-fiber, protein-enriched matrices that support
colonic transit (Sazanova et al., 2022).

Boscaini et al. (2021) reviewed the relationship between dairy processing byproducts — particularly whey
protein fractions — and gut microbiota diversity, finding evidence for enhanced mucosal barrier function
and reduced intestinal permeability. Carrot tops, broccoli stalks, and coconut husks, though comparatively
understudied, exhibit well-documented anti-inflammatory and fiber-dense profiles that align with
therapeutic targets in IBS management. Collectively, this literature base signals that integrating upcycled
byproducts into structured dietary recommendations is not only nutritionally plausible but potentially
superior to isolated fibre supplements, given their compositional complexity and synergistic bioactive
interactions.

AIJFR26035352 Volume 7, Issue 3 (May-June 2026) 3


http://www.aijfr.com/

Advanced International Journal for Research (AIJFR)

E-ISSN: 3048-7641 e Website: www.aijffr.com e Email: editor@aijfr.com

2.3 Machine Learning in Personalized Dietary Recommendation

The intersection of Al and nutrition science has gained substantial momentum over the past decade. Liu
et al. (2023) conducted a comprehensive decade-long systematic review of Al applications in food safety,
identifying machine learning as a transformative technology for contaminant detection, quality control,
and food traceability capabilities directly applicable to the safe clinical use of upcycled ingredients. In the
domain of personalized nutrition, Tsolakidis et al. (2024) reviewed supervised learning and deep learning
methodologies applied to genetic, microbiome, and dietary data, concluding that ensemble methods
particularly Random Forests and Gradient Boosted Trees consistently outperform single-model
approaches in multi-class dietary outcome prediction tasks.

A pivotal pilot clinical study by Karakan et al. (2022) demonstrated that Al-tailored dietary plans
meaningfully improved gastrointestinal symptom scores in an IBS cohort, with participants in the Al-
guided intervention arm achieving superior FODMAP adherence and symptom reduction compared to
standard dietitian-guided care. This work provided direct clinical feasibility evidence for the
methodological approach adopted in the current study. Complementary research by Staudacher et al.
(2011) and Whelan et al. (2018) reinforced that patient subtype, lifestyle factors, and microbiota
composition must be jointly considered for effective dietary personalization precisely the multi-variable
modelling framework that tree-based ensemble algorithms are well suited to capture.

Despite this substantial body of evidence, no published study has specifically combined agro-industrial
food waste valorization with Al-driven IBS dietary personalization in an integrated clinical decision
support framework. The current study addresses this gap, contributing a novel dual-benefit methodology
with relevance to both sustainable food systems and precision gastroenterology.

3. Methodology

3.1 Rationale for Synthetic Data Generation

A primary methodological challenge in developing Al systems for sensitive clinical domains is patient
data availability. Longitudinal IBS dietary data that simultaneously captures symptom severity, food
tolerance, FODMAP exposure, lifestyle variables, and detailed nutritional intake does not exist in any
publicly accessible, sufficiently large repository. Ethical constraints on patient data sharing further restrict
access to real-world clinical datasets of adequate scale.

In alignment with established practices in clinical ML research where synthetic datasets with realistic
statistical properties have been validated as effective proxies for model development and benchmarking
(Walonoski et al., 2018) this study generated a structured synthetic dataset using domain-informed
correlation rules derived from IBS dietary literature. The synthetic generation process prioritized
ecological validity: FODMAP classifications were assigned according to published Monash University
standards; symptom scores were correlated probabilistically with FODMAP class, stress level, and sleep
quality; and food tolerance outcomes were modelled as functions of nutritional composition and patient
IBS subtype. This approach ensures that while individual records do not represent real patients, the
dataset's aggregate statistical structure authentically reflects relationships documented in clinical and
nutritional literature.
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3.2 Dataset Design and Schema

The synthetic dataset comprised 500 patient records, each characterized by 38 variables spanning six
thematic categories: patient demographic profile, food waste characterization, nutritional composition,
FODMAP classification, lifestyle factors, and symptom outcomes with acceptance metrics. Table 1
presents the complete dataset schema with variable types and descriptions.

Table 1: Synthetic IBS Dataset Schema Summary (n = 500, 38 Variables)

Patient age_group Categorical 18-25, 26-40, 41-60, 60+
Profile
sex Binary Male / Female
ibs_subtype Categorical IBS-C, IBS-D, IBS-M, IBS-U
comorbidities Categorical GERD, Celiac, Lactose
Intolerance, Anxiety, None
Food Waste waste_name Categorical 8 agro-industrial byproducts
(e.g. rice bran, banana peel)
food_category Categorical Fruit peel, grain bran, veg stalk,
veg top, legume hull, etc.
portion_size g Integer (g) Quantity consumed per serving
Nutritional soluble_fiber g Float (g) Soluble dietary fibre content per
serving
insoluble_fiber_g Integer (g) Insoluble dietary fibre content
resistant_starch_g Float (g) Resistant starch content per
serving
antioxidant_score Integer 0-100 Composite antioxidant index
FODMAP fodmap_class Categorical Low / Moderate / High
fodmap_components Categorical Fructans, polyols, lactose, GOS,
fructose
Lifestyle stress_level Integer 0-10 Self-reported stress score
sleep_hours Integer Hours of sleep per night
hydration_cups Integer Daily water intake (cups/day)
Symptom pain_score Integer 0-10 Abdominal pain intensity
Outcomes (patient-reported)
bloating_score Integer 0-10 Bloating severity rating
stool_bristol Integer 1-7 Bristol Stool Scale classification
AlJFR26035352
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flare_event Binary (0/1) IBS flare occurrence indicator
Acceptance tolerance_rating Categorical Easy to Digest / Neutral /
Metrics Trigger
acceptability Integer 1-5 Patient acceptability rating
adherence Binary (Y/N) Dietary adherence status
sustainability_tag Categorical Low / Medium / High

environmental impact

Note: Variables generated using domain-informed correlation rules aligned with IBS clinical literature.
IBS subtype distribution: IBS-C 26%, IBS-D 29%, IBS-M 31%, IBS-U 14%.

Patient demographics were modelled with IBS subtype prevalence distributions consistent with
population-level epidemiological data reported by Chey et al. (2015). The eight agro-industrial food waste
byproducts were characterized with nutritional profiles derived from peer-reviewed compositional
databases, ensuring alignment with published values for each ingredient. Comorbidities including GERD,
Celiac disease, lactose intolerance, and anxiety disorder were assigned with prevalence rates informed by
documented rates of co-occurrence with IBS in clinical populations (Ford et al., 2021).

3.3 Feature Engineering

Prior to model training, all categorical variables were transformed using scikit-learn's LabelEncoder
mapping IBS subtype, sex, FODMAP class, tolerance rating, sustainability tag, and adherence status to
ordinal integer representations suitable for tree-based learning. Continuous nutritional features (soluble
fiber, resistant starch, antioxidant score) and lifestyle variables (stress level, sleep hours, hydration cups)
were standardized using StandardScaler, applying zero-mean and unit-variance normalization to eliminate
scale bias in the model. A stratified 80/20 train-test split preserved the proportional representation of IBS
subtypes across both partitions (training set: n=400; test set: n=100). Feature importance analysis was
conducted post-training using the model's native mean decrease in Gini impurity scores.

3.4 Model Selection and Training

Five classification algorithms were evaluated using five-fold stratified cross-validation on the training
partition: Decision Tree, Naive Bayes, k-Nearest Neighbours (k=5), Support Vector Machine with RBF
kernel, and Random Forest. The Random Forest Classifier was selected as the optimal model, achieving
superior cross-validated accuracy, robustness to feature collinearity, and native interpretability through
feature importance rankings. The final model configuration used 200 decision trees with bootstrap
sampling (with replacement), a maximum feature subset of sqrt(n_features) at each node split, and Gini
impurity as the node-splitting criterion. Model training required approximately five seconds on standard
hardware. Subsequent predictions were generated in under 100 milliseconds within acceptable latency
requirements for a clinical web application.
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3.5 System Architecture and Deployment

The IBS Food Waste Dietary Advisor was deployed as a full-stack web application consisting of three
integrated layers. The backend comprised a Python 3.10 Flask REST API exposing five endpoints: /health
(system status), /api/options (form field metadata), /api/food-wastes (ingredient listing), /api/recommend
via POST (personalized recommendation generation), and /api/predict via POST (tolerance prediction for
specific food-patient pairs). CORS (Cross-Origin Resource Sharing) was enabled for cross-domain
frontend access. The trained Random Forest model was serialized using Python's pickle module and loaded
into memory at server startup, enabling sub-100ms inference.

The React.js (version 18) frontend implemented a four-stage multi-step questionnaire: Stage 1 Basic
Information (age group, sex, IBS subtype, comorbidities); Stage 2 Lifestyle Factors (stress level, sleep
hours, hydration); Stage 3 Consumption Preferences (time of day, meal context); Stage 4 Results Display
(top 5 recommended byproducts with individual confidence scores and FODMAP safety labels). State
management was implemented using React Hooks, with real-time form validation and conditional
rendering based on patient input.

4. Results

4.1 Model Performance

The Random Forest Classifier demonstrated robust and balanced predictive performance across all
evaluation metrics on the held-out test set (n=100). As presented in Table 2, the model achieved an overall
classification accuracy of 85.0%, outperforming all four comparison algorithms evaluated during model
selection. Class-level precision ranged from 83% to 87%, recall from 83% to 88%, and F1-scores from
0.84 to 0.88, indicating balanced sensitivity and specificity characteristics across IBS patient subgroups.
The class-dependent variation in precision and recall reflects natural heterogeneity in the dataset IBS-M
(mixed) patients exhibit overlapping symptom profiles that make tolerance classification inherently more
ambiguous, while IBS-C and IBS-D cases present more distinct nutritional response signatures that the
model discriminates more confidently.

Table 2: Classification Model Performance Comparison (Test Set, n = 100)

Decision Tree 76.0 74-78 73-77 0.74-0.77 <1
Naive Bayes 71.4 69-73 70-74 0.70-0.73 <1
k-NN (k=5) 79.2 77-81 76-80 0.77-0.80 <1

SVM (RBF kernel) 82.6 81-84 80-83 0.81-0.84 2-4
Random Forest % 85.0 83-87 83-88 0.84-0.88 ~5

» = Selected model. All metrics evaluated on 20% held-out test set. Training accuracy of Random
Forest: 96.5% (confirming moderate overfitting managed by ensemble averaging). Prediction latency:
<100ms per API call.
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Feature importance analysis identified FODMAP class (importance score 0.18), soluble fibre content
(0.15), IBS subtype (0.14), and self-reported stress level (0.14) as the four highest-weighted predictors of
food tolerance outcome, collectively accounting for approximately 61% of total model information gain.
Antioxidant score (0.09), sleep hours (0.08), and resistant starch content (0.07) followed as secondary
contributors. Demographic variables — age group (0.04) and sex (0.03) — contributed minimally,
consistent with the clinical understanding that symptom phenotype and nutritional exposure rather than
demographic category are the primary drivers of individual dietary response in IBS.

4.2 Dataset Insights and Key Correlations

Analysis of the synthetic dataset revealed several clinically coherent correlation patterns aligned with
published IBS literature. Patients with high FODMAP exposure (21% of dataset records) in conjunction
with elevated self-reported stress scores (710 on a 0-10 scale) exhibited mean pain scores of 7.4 and
bloating scores of 6.9 — approximately 2.3 and 1.8 points higher respectively than the dataset-wide
average. This pattern aligns with well-documented gut-brain axis interactions in IBS, wherein
psychological stress potentiates visceral hypersensitivity and amplifies the symptomatic response to
FODMAP-containing foods (Quigley, 2018).

Patients achieving seven or more hours of sleep per night demonstrated significantly lower urgency scores
(mean 3.1 vs. 5.6 in sleep-deprived individuals defined as fewer than six hours nightly), reinforcing
emerging evidence that sleep disturbance is a meaningful modulator of IBS symptom severity. Soluble
fiber consumption — particularly from rice bran and banana peel — was positively associated with
improved Bristol Stool Scale consistency in IBS-C patients, with mean stool frequency advancing from
1.8 to 2.6 daily episodes in simulated high-adherence conditions, consistent with trajectories reported by
El-Salhy et al. (2017). The FODMAP distribution across the dataset was 44% Low, 35% Moderate, and
21% High — closely reflecting the expected composition of a diverse agro-industrial byproduct pool when
assessed against Monash University's published FODMAP database.

4.3 Nutritional Profiles of Recommended Byproducts

Table 3 presents the characterized nutritional profiles of the eight candidate food waste byproducts
evaluated by the system, together with their FODMAP classifications and IBS subtype suitability. Coconut
husk exhibited the highest insoluble fiber content (19.6 g per serving) — making it particularly suitable
for IBS-C patients requiring bulking support — while banana peel provided the most favourable soluble
fiber profile (3.2 g), beneficial for stool consistency regulation. Carrot tops achieved the highest
antioxidant score (81), reflecting abundant beta-carotene and polyphenolic content documented by Hills
et al. (2019). Potato peel was the sole High-FODMAP candidate due to its fructan content, restricting its
appropriate recommendation to carefully selected IBS-U cases with demonstrated individual tolerance.
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Table 3: Nutritional Profiles and IBS Suitability of the Eight Food Waste Byproducts

Rice Bran 1.8 14.2 13.4 72 Low IBS-C, IBS-
M
Banana 3.2 9.8 5.6 68 Low IBS-C, IBS-
Peel D
Apple Core 2.6 7.4 1.2 55 Moderate IBS-C
Carrot Tops 1.4 8.6 3.8 81 Low IBS-M, IBS-
U
Soy Hulls 2.1 16.8 11.2 58 Moderate IBS-C, IBS-
M
Broccoli 1.6 10.4 4.2 76 Low IBS-D, IBS-
Stalks U
Coconut 1.1 19.6 3.4 61 Low IBS-C
Husk
Potato Peel 2.8 8.2 4.6 65 High IBS-U
(limited)

Note: Nutritional values represent per-serving estimates for 50-100 g dried powder equivalent.
FODMAP classification based on Monash University published guidelines. IBS Subtype Fit derived
from Random Forest feature importance analysis combined with literature-validated nutritional
mechanisms.

4.4 Sample System Recommendation Output

For a representative patient profile — female, aged 2640, IBS-C subtype, moderate stress (6/10), six
hours of sleep per night, five hydration cups daily, consuming food in the evening alongside a meal — the
system generated the following top-five ranked personalized recommendations: (1) Banana Peel Powder,
confidence score 0.92, FODMAP: Low; (2) Rice Bran, confidence 0.88, FODMAP: Low; (3) Coconut
Husk Fiber, confidence 0.81, FODMAP: Low; (4) Carrot Tops Extract, confidence 0.74, FODMAP: Low;
(5) Apple Core Powder, confidence 0.62, FODMAP: Moderate. Each recommendation was accompanied
by key nutritional attributes, an individual tolerance probability estimate, and a FODMAP safety
classification enabling informed, transparent dietary decision-making by both patient and supervising
clinician.

AIJFR26035352 Volume 7, Issue 3 (May-June 2026) 9


http://www.aijfr.com/

Advanced International Journal for Research (AIJFR)

E-ISSN: 3048-7641 e Website: www.aijffr.com e Email: editor@aijfr.com

5. Discussions

5.1 Sustainability and Circular Economy Impact

From an environmental and food systems perspective, this study demonstrates proof-of-concept for a
circular economy health intervention: transforming agro-industrial waste streams into therapeutic
nutritional inputs. The eight byproducts evaluated represent globally ubiquitous, locally sourced residue
streams from grain milling, fruit processing, vegetable trimming, and legume refining — available at
negligible cost relative to commercial pharmaceutical or nutraceutical alternatives. The sustainability tag
variable included in the dataset (Low/Medium/High environmental impact per serving) reinforces the
principle that dietary advice optimized for both health outcomes and ecological footprint constitute a more
comprehensive and forward-looking clinical standard. This dual optimization directly contributes to SDG-
12 (Responsible Consumption and Production) and SDG-3 (Good Health and Well-Being), framing the
project within the emerging paradigm of planetary health nutrition.

5.2 Limitations

Several important limitations must be transparently acknowledged. First, the dataset employed is entirely
synthetic. While generated using domain-informed correlation structures validated against published IBS
dietary literature, it has not been calibrated against real patient-level clinical data. The statistical
distributions, correlation magnitudes, and outcome frequencies reflect modelling assumptions, meaning
that performance metrics — including the 85% accuracy figure — represent the system's learning capacity
under idealized conditions rather than a clinically validated claim. Second, the food waste ingredient list
of eight byproducts is necessarily narrow relative to the full diversity of available agro-industrial residue
streams, constraining the breadth of current personalization. Third, the recommendation scope is limited
to specific food byproducts rather than complete, nutritionally balanced meal plans, which limits
immediate clinical applicability without integration with broader dietary planning frameworks. Fourth, the
system does not incorporate gut microbiome profiling or pharmacogenomic data, both of which are
increasingly recognized as important determinants of individual dietary response in IBS (Tsolakidis et al.,
2024).

5.3 Ethical Considerations

The use of synthetic data avoids direct patient privacy risks; however, deployment of Al dietary
recommendation systems in real clinical contexts raises significant ethical considerations. These include
algorithmic transparency and explainability — particularly for patients and non-technical clinicians —
and the need for robust clinical governance frameworks ensuring that Al recommendations consistently
supplement rather than substitute qualified dietitian expertise. Recommendation systems trained on
population-level datasets may perpetuate dietary biases if training distributions inadequately represent
minority patient subgroups — an issue that must be addressed through diverse, representative data
collection in any prospective real-world clinical deployment. The system's output should be positioned
unambiguously as a decision-support tool subject to mandatory human clinical oversight, particularly for
patients presenting with concurrent comorbidities such as Celiac disease, GERD, or anxiety disorder.
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6. Conclusion

This study has presented the design, development, and evaluation of the IBS Food Waste Dietary Advisor,
an Al-powered, full-stack dietary recommendation system that harnesses nutrient-rich agro-industrial
byproducts for personalized IBS dietary management. By integrating a 500-record synthetic dataset with
38 clinically informed variables, a Random Forest Classifier achieving 85% predictive accuracy, and a
FODMAP-aware recommendation engine deployed via a React.js frontend and Flask REST API backend,
the study demonstrates the technical and conceptual feasibility of a novel dual-benefit approach:
advancing personalized gut health management while simultaneously promoting sustainable food systems
through food waste valorization.

The work contributes three original scientific outputs. It establishes a methodological template for
clinically informed synthetic IBS dietary dataset generation incorporating realistic FODMAP-symptom
correlations. It demonstrates that Random Forest ensemble classification achieves clinically meaningful
accuracy in multi-class food tolerance prediction using multi-domain patient variables spanning nutrition,
lifestyle, and symptom domains. And it provides an open-architecture, extensible web application
prototype suitable for adaptation into real-world clinical pilot studies with relative technical accessibility.

Future research should pursue three priority directions. First, prospective clinical validation using ethically
approved real-world IBS patient data collection which will enable genuine model calibration, bias
assessment, and externally validated clinical performance benchmarking. Second, algorithmic
enhancement through the incorporation of deep learning architectures including Long Short-Term
Memory networks for longitudinal dietary tracking and Graph Neural Networks for modelling complex
food-microbiome interaction networks to capture non-linear relationship structures beyond the capacity
of tree-based ensemble methods. Third, integration with wearable health monitoring technologies and
mobile health platforms capable of capturing real-time physiological signals including heart rate
variability as a proxy for autonomic stress response, continuous sleep quality monitoring, and gut motility
data to enable dynamic, adaptive dietary recommendations that respond to day-to-day variation in
individual physiological status.

The broader vision motivating this work is a paradigm in which the boundaries between food waste
management and clinical nutrition are deliberately and productively dissolved — where agro-industrial
residues are not the endpoints of discarded value but the starting point for evidence-based, Al-personalised
therapeutic nutrition. This vision is technically achievable, clinically meaningful, and environmentally
imperative.
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