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Abstract: - Our project “ The Smart Cooking 

Companion: AI-Personalized Recipe Finder ” is an 

advanced web application designed to transform 

traditional recipe platforms by addressing 

challenges such as lack of personalization, 

ingredient-based search limitations, and static 

content. This AI-powered system suggests tailored 

recipes based on available ingredients, cooking 

difficulty levels, dietary preferences, and cultural 

cuisines. The application integrates OpenAI, 

Gemini, and Spoonacular APIs, offering features 

such as smart ingredient substitution, multilingual 

voice assistance, personalized dashboards, and 

gamified cooking experiences. Community 

engagement is fostered through recipe sharing, 

reviews, and interactive challenges. The proposed 

platform is scalable, responsive, and secure, 

utilizing React, Supabase, Zustand, and 

PostgreSQL. This paper outlines the methodology, 

architecture, and user-centric innovations of the 

system, demonstrating its potential to promote 

sustainable, inclusive, and intelligent cooking 

practices. 

Keywords:  AI in Cooking, Personalized Recipe 

Recommendation, Ingredient-Based Search, Food 

Waste Reduction, Smart Kitchen Assistant, Voice-

Guided Cooking, Community Engagement, 

Multilingual Support, React, Supabase. 

I. INTRODUCTION 

Human-computer interaction has evolved 

significantly with the integration of artificial 

intelligence, particularly in applications aimed at 

enhancing daily tasks such as cooking. Traditional 

recipe platforms, though abundant, often present 

limitations in terms of personalization, usability, and 

adaptability to user preferences and available 

resources. These systems typically rely on static search 

filters and generalized recommendations, failing to 

accommodate individual dietary requirements, 

ingredient availability, or cooking skill levels. 
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To overcome these challenges, this project 

introduces an AI-powered recipe recommendation 

system—Smart Cooking Companion—designed to 

provide real-time, personalized culinary assistance. By 

integrating advanced AI models and intuitive web 

technologies, the platform enables users to input 

available ingredients and receive contextually relevant 

recipes categorized by complexity. The system also 

supports dynamic filtering based on cuisine type, meal 

category, and dietary preferences, allowing for tailored 

and meaningful recipe discovery. 

Leveraging models such as OpenAI, Gemini, and 

Spoonacular, the system offers intelligent features 

including smart ingredient substitutions, multilingual 

voice-guided instructions, personalized meal planning, 

and cooking tips. Additionally, it eliminates the need 

for external tools by using a web-based interface that 

functions seamlessly across devices, making the 

cooking process more accessible and engaging. 

The overarching goal of this project is to deliver a 

seamless, adaptive, and intelligent cooking experience 

that enhances user engagement, promotes sustainable 

food usage, and redefines the interaction between 

humans and digital culinary systems. 

II. LITERATURE REVIEW 

The application of artificial intelligence (AI) in 

culinary systems has gained increasing traction in 

recent years, particularly in enhancing personalized 

recipe recommendation and smart cooking assistance. 

The Smart Cooking Companion is a modern innovation 

in this domain that integrates technologies such as 

Natural Language Processing (NLP), Computer Vision, 

and Reinforcement Learning to deliver intelligent, 

user-centric culinary experiences. This literature 

survey presents a comprehensive review of significant 

research that has contributed to the development of AI-

powered recipe recommendation systems, focusing on 

advancements in personalization, ingredient 

recognition, user interaction, and system efficiency. 

 

The study by Liu et al., 2021 [1] explores 

personalized recipe recommendation using deep 

learning models such as Convolutional Neural 

Networks (CNNs) and Recurrent Neural Networks 

(RNNs). The authors present a hybrid architecture 

capable of processing both image and text data to 

deliver context-aware recipe suggestions. This 

approach improves the accuracy of recommendations 

by analyzing user preferences in conjunction with 

recipe content, setting the groundwork for intelligent 

culinary assistance. 

 

Park et al., 2022 [2] propose a transfer learning-

based model for real-time ingredient recognition. 

Utilizing pre-trained architectures like VGG16 and 

ResNet, their system effectively detects ingredients 

through image analysis. This research highlights the 

benefit of transfer learning in reducing computational 

overhead and training time while maintaining high 

accuracy, making it a valuable tool for smart cooking 

platforms that rely on visual inputs. 

 

The work by Zhang et al., 2023 [3] addresses the 

challenge of ingredient substitution using semantic 

NLP. Their study introduces a BERT-based model 

capable of suggesting intelligent substitutions based on 

nutritional equivalence and flavor compatibility. By 

improving ingredient flexibility, this system enhances 

the adaptability of recipe recommendations for users 

with dietary restrictions or limited pantry items. 

 

Wang et al., 2021 [4] investigate the use of 

reinforcement learning (RL) for adaptive meal 

planning. Their model integrates user feedback into the 

recommendation loop, enabling real-time 

personalization of multi-course meals. This dynamic 

approach to learning enhances the system’s 

responsiveness to changing dietary needs and user 

preferences, demonstrating the potential of RL in long-

term culinary planning. 

 

Chen et al., 2023 [5] introduce a multimodal fusion 

framework that combines natural language, vision, and 

speech processing for interactive recipe discovery. 

Their system supports diverse input modalities such as 

voice commands, images, and text, enhancing 

accessibility and user engagement. The study 

underscores the importance of multimodal AI in 

creating intuitive and inclusive user interfaces for smart 

kitchen assistants. 

 

http://www.ijsrem.com/
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Kusner et al., 2020 [6] examine the application of 

collaborative and content-based filtering for recipe 

recommendation. Their research incorporates 

contextual data such as user history and dietary profiles 

to refine suggestion relevance. This hybrid approach 

serves as a foundational model for modern 

personalized recommendation engines used in AI 

cooking companions. 

 

Zhou et al., 2022 [7] focus on optimizing the 

computational efficiency of AI systems through the use 

of lightweight neural networks and on-device 

processing. Their research enables faster recipe 

recommendations on low-resource devices like 

smartphones and embedded systems. Although the 

models trade off some accuracy, the improvement in 

response time and accessibility is crucial for real-world 

deployment. 

 

The study by Kim et al., 2021 [8] explores the use 

of gamification in AI-powered cooking systems. By 

integrating progress tracking and interactive 

challenges, their system increases user motivation and 

engagement. This research illustrates how 

psychological principles can be combined with AI to 

foster sustained interaction with recipe 

recommendation platforms. 

 

Gupta et al., 2022 [9] propose a cross-platform AI 

system for consistent recipe recommendations across 

web and mobile devices. Their method uses multi-

objective optimization to balance user preferences, 

nutritional goals, and interface compatibility. The study 

emphasizes the importance of system scalability and 

consistency in delivering seamless culinary 

experiences. 

 

Shankar et al., 2022 [10] address the critical issue 

of data privacy in AI cooking systems. Their work 

incorporates federated learning and secure encryption 

to ensure user data remains protected during training 

and inference. This research is pivotal for maintaining 

user trust and complying with modern data protection 

regulations in AI-driven platforms. 

 

III. PROBLEM STATEMENT 

AI-powered recipe recommendation systems have 

emerged as promising tools to enhance user experience 

in digital cooking platforms. However, existing 

systems face several limitations that restrict their 

effectiveness in delivering personalized, accessible, 

and intelligent culinary assistance. 

a. Lack of Personalization in Recipe 

Recommendations: 

Traditional recipe platforms often follow a generic 

recommendation approach, failing to consider 

individual dietary needs, cooking skill levels, and taste 

preferences. This results in irrelevant suggestions and 

reduces user satisfaction, particularly for individuals 

with specific requirements such as vegan, gluten-free, 

or allergen-sensitive diets. 

b. Inadequate Ingredient Management and 

Substitution: 

Current systems struggle with dynamic ingredient 

recognition and smart substitutions. They lack the 

ability to suggest alternatives when specific ingredients 

are unavailable, which limits cooking flexibility and 

can increase food waste. 

c. Static and Non-Adaptive Content Delivery: 

Many existing platforms rely on pre-defined recipe 

databases without learning from user interactions. This 

absence of behavioral tracking and adaptive algorithms 

restricts the system’s ability to evolve with the user, 

leading to repetitive and uninspired content. 

d. Limited Multimodal and Multilingual Support: 

Users face difficulties in accessibility due to limited 

input modalities. Existing systems rarely support voice 

commands, image-based ingredient recognition, or 

multilingual interfaces, making them less inclusive for 

diverse user groups. 

e. Insufficient Engagement and Interactivity: 

The lack of interactive features such as gamification, 

progress tracking, and community engagement reduces 

user motivation and long-term participation. 

Traditional platforms offer minimal support for 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Volume: 09 Issue: 04 | April - 2025                              SJIF Rating: 8.586                                 ISSN: 2582-3930                                                                                                                                               

 

 
 

© 2025, IJSREM      | www.ijsrem.com             DOI: 10.55041/IJSREM44681                          |        Page 4 

collaborative cooking experiences or community 

feedback mechanisms. 

f. Poor Integration with Smart Devices and Offline 

Functionality: 

Current recipe systems are not well-integrated with 

IoT-enabled appliances or smart home ecosystems. 

Additionally, most platforms require a constant internet 

connection, limiting usability in offline or resource-

constrained environments. 

g. Data Privacy and Security Concerns: 

With the increasing use of AI and personalized data, 

privacy becomes a significant concern. Existing 

systems often lack robust security measures like 

encrypted data handling or federated learning, raising 

concerns about user data protection. 

The proposed project, The Smart Cooking 

Companion, aims to overcome these limitations by 

developing an AI-personalized recipe finder that 

integrates advanced deep learning models, ingredient 

recognition, and user interaction technologies. By 

leveraging tools such as NLP, computer vision, and 

real-time behavioral learning, the system offers a 

robust, adaptive, and secure cooking assistant designed 

to cater to diverse user needs across various devices and 

environments. 

IV.   SYSTEM DESIGN 

 
 

Fig.1. Smart Cooking Companion - System 

Architecture 

 

 

V. METHODOLOGY 

The Smart Cooking Companion follows a structured 

methodology integrating advanced deep learning, 

natural language processing, and image recognition 

techniques to deliver personalized and intelligent 

recipe recommendations. The methodology is designed 

to ensure adaptability, real-time interaction, and 

seamless integration across platforms. 

a. Data Collection 

A diverse recipe dataset is collected from multiple 

sources including APIs like Spoonacular, web scraping 

from cooking websites, and user-contributed content. 

The dataset includes metadata such as ingredients, 

cooking instructions, preparation time, nutritional 

values, and difficulty levels. Additional inputs like user 

preferences, cooking history, and community feedback 

are also captured to enhance personalization. 

b. Data Preprocessing 

The raw dataset is cleaned and standardized to ensure 

consistency and model-readiness. Preprocessing 

involves: 

• Text normalization and unit standardization. 

• Ingredient mapping and categorization. 

• Named Entity Recognition (NER) to identify 

key components like cooking time, cuisine 

type, and allergens. 

c. Feature Extraction 

Key features such as ingredient embeddings, cooking 

techniques, and dietary labels are extracted. Image 

recognition using CNNs and transfer learning (e.g., 

ResNet) is used for identifying ingredients from user-

uploaded photos. NLP models help in parsing recipe 

instructions and user queries. 

 

 

http://www.ijsrem.com/
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d. Model Training 

A hybrid AI model is developed combining: 

• Collaborative Filtering for understanding 

user behavior patterns. 

• Content-Based Filtering for matching recipes 

based on ingredient and instruction similarity. 

• Transformer-based Models for dynamic 

recipe generation and prediction. Transfer 

learning from pre-trained models (e.g., 

OpenAI, Gemini, Spoonacular) is employed 

and fine-tuned on the recipe dataset for 

improved performance and reduced training 

time. 

e. Model Evaluation 

Performance is assessed using: 

• Accuracy 

• Precision 

• Recall 

• F1-score 

• Mean Reciprocal Rank (MRR) 

• Response time (aiming for sub-100ms 

prediction latency) Evaluation involves real-

time testing under various scenarios such as 

partial matches and missing ingredient inputs. 

f. Real-Time Recommendation System 

A responsive interface is implemented using React, 

FastAPI, and Supabase to process user inputs in real-

time. Users can input text queries or images, and 

receive recipe suggestions instantly. The system also 

supports dietary filters and difficulty levels for recipe 

customization. 

g. Customization and User Interaction 

Users can: 

• Save favorite recipes. 

• Upload new recipes. 

• Track cooking history. 

• Participate in cooking challenges and 

community discussions. The system learns 

from user interactions to improve future 

recommendations through adaptive learning 

algorithms. 

h. Optimization Techniques 

To ensure performance on edge devices: 

• Model pruning, quantization, and parallel 

processing are applied. 

• Caching and lazy loading techniques are used 

to reduce loading time and memory usage. 

• Hyperparameter tuning (e.g., learning rate, 

dropout rate) is performed using methods like 

Grid Search. 

i. Feedback Integration 

Continuous feedback loops capture user satisfaction 

metrics such as likes, reviews, and engagement rates. 

This feedback is used to periodically retrain and refine 

the model to align with evolving user needs and 

culinary trends. 

j. Iterative Improvement 

The system architecture allows for future expansion 

through: 

• AR/VR integration for immersive tutorials. 

• Voice-guided cooking assistants. 

• Smart kitchen device compatibility. 

• Multilingual recipe translation. The 

development process remains agile, 

incorporating new AI capabilities and user 

feedback to continuously evolve the platform. 
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VI.   RESULTS: 

This is the output interface Smart Cooking 

Companion: AI-Personalized Recipe Finder: 

 

Fig.2.  The Smart Cooking Companion Output screen 

1  

 

Fig.3. The Smart Cooking Companion Output screen 2 

Fig.4. The Smart Cooking Companion Output screen 3  

Fig.5. The Smart Cooking Companion Output screen 4 

 
Fig.6. The Smart Cooking Companion Output screen 5 

 
Fig.7. The Smart Cooking Companion Output screen 6 

CONCLUSION 

In conclusion, The Smart Cooking Companion: AI-

Personalized Recipe Finder represents a 

transformative step in intelligent culinary assistance by 

seamlessly integrating artificial intelligence with user-

centric design. Leveraging advanced technologies such 

as Natural Language Processing, Computer Vision, and 

Reinforcement Learning, the system delivers 

personalized, context-aware recipe recommendations 

tailored to individual tastes, dietary needs, and 

available ingredients. The integration of multimodal 

inputs, real-time interaction, and adaptive learning 

http://www.ijsrem.com/
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ensures a dynamic and engaging cooking experience 

for diverse users. 

Furthermore, the inclusion of features such as 

ingredient recognition, smart substitution, 

gamification, and cross-platform compatibility 

enhances both functionality and accessibility. 

Optimization techniques enable deployment on edge 

devices, while robust privacy mechanisms maintain 

user trust. As digital cooking continues to evolve, The 

Smart Cooking Companion lays a solid foundation for 

future innovations in AI-powered food technology, 

contributing to smarter kitchens and more inclusive 

digital culinary ecosystems. 

FUTURE ENHANCEMENT 

        Feature enhancement involves refining and 

expanding the existing functionalities of a system to 

improve its performance, usability, and adaptability 

across various domains. In the context of The Smart 

Cooking Companion: AI-Personalized Recipe Finder, 

future enhancements can significantly elevate its 

capabilities and broaden its impact in both domestic 

and professional culinary settings. Key areas of future 

development include: 

a. Advanced Personalization Algorithms: 

Incorporate transformer-based models and contextual 

recommendation systems to deliver hyper-personalized 

recipe suggestions. This may involve deeper 

integration of user preferences, seasonal ingredients, 

regional cuisines, and evolving dietary habits for more 

meaningful and adaptive experiences. 

b. Multilingual and Multicultural Support: 

Expand the platform's accessibility by adding 

multilingual capabilities and support for diverse 

culinary cultures. This enhancement would allow users 

from different regions to access localized content, 

ingredient substitutes, and culturally relevant recipes, 

increasing global inclusivity. 

c. Augmented Reality (AR) Cooking Assistance: 

Introduce AR-based cooking guidance using 

smartphones or smart glasses to provide step-by-step 

instructions overlaid on real kitchen environments. 

This would create an immersive and hands-free 

cooking experience, enhancing convenience and 

engagement. 

d. Voice and Gesture Integration: 

Implement natural interaction mechanisms such as 

voice commands and hand gestures to allow users to 

navigate recipes, timers, and settings without physical 

input. This enhancement would improve usability in 

messy or busy kitchen conditions and promote hands-

free interaction. 

e. Smart Appliance Connectivity: 

Enable integration with IoT-enabled kitchen appliances 

(e.g., smart ovens, refrigerators, and cooktops) to 

automate cooking processes. The system could adjust 

appliance settings based on the recipe or suggest 

actions like preheating or ingredient reminders in real 

time. 

f. Dietary Analysis and Health Integration: 

Incorporate health monitoring features by linking with 

wearable devices or health apps to tailor meal 

suggestions based on nutritional goals, caloric needs, or 

medical conditions (e.g., diabetes, hypertension). This 

enhancement would align recipes with personal 

wellness objectives. 

g. Gesture-Based Recipe Navigation: 

Add gesture-based controls for recipe navigation and 

interaction, particularly in AR/VR environments or 

smart kitchen displays. This would allow users to 

scroll, pause, and adjust recipes with simple hand 

gestures, enhancing the cooking experience without 

touch-based devices. 

h. Community-Driven Content and Feedback Loop: 

Introduce a social layer where users can contribute 

recipes, reviews, and suggestions. Integrating AI to 

learn from community trends and preferences can 

refine recommendation algorithms and boost 

engagement through collaborative cooking 

experiences. 

i. Offline Functionality and Edge AI Deployment: 

Develop capabilities for offline access to recipe 

recommendations and AI functionalities by deploying 

lightweight models on edge devices. This would ensure 

uninterrupted service in low-connectivity 

http://www.ijsrem.com/
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environments and expand the system’s usability in rural 

or remote areas. 

By pursuing these enhancements, The Smart Cooking 

Companion can evolve into a more intelligent, 

inclusive, and user-adaptive platform, setting new 

standards for digital culinary solutions and redefining 

the future of AI-assisted cooking. 
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