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Abstract: In today’s diverse and fast-paced food industry, ensuring consumer safety and meeting specific dietary needs is of paramount 

importance. Food allergen detection and recommendation systems have emerged as crucial tools to address these concerns. This project 

aims to create an innovative OCR based solution for automating the identification of allergenic ingredients on food packaging labels. By 

combining Optical Character Recognition (OCR) technology with a comprehensive allergen database, the system will provide real-time 

allergen information to consumers. Moreover, it will recommend suitable food alternatives for individuals with specific dietary restrictions, 

enhancing their shopping experience and reducing the risk of allergen-related incidents. The allergen knowledge base is implemented using 

several machine learning algorithms and will be updated constantly. This holistic approach not only promotes food safety but also empow-

ers consumers to make informed choices, fostering a healthier and more inclusive food environment. 
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1. Introduction 

One fruit that we are all familiar with is the pear, which con-

tain Pyridoxine Hydrochloride (B6), which can cause aller-

gies. Additionally, the cuisine of a foreign country whose 

ingredients. Unknown to us, the composition of proteins 

might result in allergy symptoms. Likewise, a small amount 

of preservative in an edible safe food packaging may trigger 

allergies. In certain instances, as well. Preservatives and the 

contents of the package can interact triggering an allergic 

response. Food recommendation systems are designed to of-

fer suggestions based on the diet, cooking methods, and per-

sonal preferences of the user. These systems are said to be 

useful in assisting individuals in changing their eating pat-

terns in order to embrace a nutritious diet that meets their 

preferences. The majority of earlier food recommendation 

systems have limited their capacity to produce appropriate 

recommendations by failing to consider the nutrition and 

health benefits of foods. We recommend an ingredient sub-

stitution approach for cooking that is safe for allergy suffer-

ers, based on the food content derived based on resemblance 

to the recipe. The accuracy of removing allergy-free sub-

stances can be increased by taking the meal composition 

into account. Food ingredients that may trigger an individ-

ual’s allergy can be found in packaged food using optical 

character recognition. Many details are provided, often in 

scientific terms that are hard for the average person to un-

derstand, in the image of the Ingredient Index on the pack-

age which can be recognized and processed by the system. 

2. Motivation 

The motivation behind the problem statement is rooted in 

the increasingly prevalent issue of food allergies and dietary 

restrictions in today’s world. With a growing number of in-

dividuals affected by these conditions, there is a pressing 

need to provide them with a robust and efficient system to 

make informed and safe food choices. This issue is further 

compounded by the health and safety concerns associated 

with food allergies, which can lead to severe health compli-

cations, including life-threatening anaphylactic reactions. 

Food allergies are said to be a condition that gets worse with 

time. Although it is widely acknowledged that 2.5% to 5% 

of the general population suffers from food allergies, prev-

alence statistics varies greatly, spanning from 1% to 10%. 

Given that a variety of factors affect the reported incidence 

of food allergies, accurately determining their prevalence 

remains one of the main challenges associated with the con-

dition. [1]. 

According to epidemiological research, about 80% of in-

fants with food allergies will become tolerant by the time 

they turn five, but 35% of them may later become hypersen-

sitive to other foods. Food allergies are less likely to worsen 

among those with the highest IgE levels, the most severe 

clinical symptoms (such as asthma and anaphylaxis), and 

the broadest co-sensitizations. Children who are allergic to 

milk and eggs have a better prognosis than those who are 

allergic to peanuts, tree nuts, and fish. The natural history 

of food allergies also relies on the specific food sensitivity. 

[2]. The distribution for different types of allergies is pro-

vided in Fig 1. 
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Figure 1. According to a study conducted on all admis-

sions for anaphylaxis to pediatric intensive care units in 

North America (the United States, Canada, and Mexico) 

between 2010 and 2015 (N = 1989), peanuts were the 

most often reported trigger. [3] 

Existing solutions may fall short in providing a comprehen-

sive and user-friendly approach to this problem, emphasiz-

ing the necessity for a more effective solution. The inclusion 

of Optical Character Recognition (OCR) technology in the 

proposed system reflects the role of technological advance-

ments in addressing this issue. Moreover, this problem 

statement underscores the importance of empowering indi-

viduals with food allergies to take control of their dietary 

choices and provides suitable alternative product recom-

mendations, ensuring a more holistic approach to managing 

food allergies and dietary restrictions. Overall, the motiva-

tion for this problem statement lies in improving the lives 

and safety of those affected by food allergies while embrac-

ing technological advances to enhance their food-related de-

cision-making.  

Also, individuals with food allergies encounter challenges 

due to the scarcity of allergen-free options in the market and 

the inconsistency of stores in stocking such products. This 

results in a time-consuming process for people with food 

allergies, who often spend significant time scrutinizing in-

gredient lists at stores to ensure the safety of the products. 

However, they remain uncertain whether the store even of-

fers allergen free alternatives. When unable to find suitable 

products in a particular store, individuals must venture to 

another store with the same uncertainty. To address this is-

sue, we have developed an application that streamlines the 

process, allowing users to easily locate allergen-free foods. 

This innovative solution eliminates the need for individuals 

to waste time searching for safe food options. 

3. Literature Review 

Food allergies have become a serious global issue, affecting 

a high number of both children and adults. One of the most 

common causes of anaphylaxis is food allergies. Food aller-

gies have grown more common in the previous two decades, 

according to research. Food allergies are recognized as a 

major public health hazard around the world, including In-

dia [4]. 

Thus, it is critical to assist people in identifying allergic 

foods and avoiding anaphylactic reactions. Allergic sub-

stances are prohibited by law in over 66 countries when in-

cluded in prepared foods. 

Unfortunately, the mandated allergen list is not consistent 

between countries. Allergy labelling confronts numerous 

obstacles, including faulty labelling, ambiguous terminol-

ogy, and varied labelling regulations and compliance, re-

sulting in an inaccurate allergen list [5].  

To overcome this problem, many solutions have been pro-

posed which use smartphone-based biosensors for portable 

food evaluation. These biosensors are portable devices that 

detect and analyse analytes using biological recognition el-

ements and transducers. They offer convenience and real-

time analysis for on-the-spot meal evaluation. They do, 

however, have drawbacks such as decreased sensitivity, a 

limited analyte range, and potential accuracy concerns due 

to ambient influences and user dependence. Cost and stand-

ardization issues also exist [6]. 

Given these drawbacks, an OCR-based allergy detection 

system is considered as a more viable option. OCR is a sub-

set of image recognition that is used in software to recognize 

text from scanned documents or photos. 

Ref. [7] helped us understand the working of Tesseract OCR 

and how it can help us extract text from images. Free ver-

sion of Tesseract OCR has an average error rate of about 

67% for a global dataset of images which shows that there 

is still a lot of scope left to improve the working of Tesseract 

OCR Engine for English Language but considering it’s 

lightweight and its integration with Artificial Intelligence 

can help increase its accuracy immensely, it becomes an 

ideal option for an allergen detection system. 

Ref. [8] talked about different benchmarking experiments 

comparing the performance of Tesseract, Amazon Textract 

and Google document AI on images of English text. Fur-

thermore, it helped us understand what type of inputs to 

these tools gave more errors like certain types of “inte-

grated” noise, such as blur and salt and pepper generated 

more error than “superimposed” noise such as watermarks, 

scribbles, and ink stains.  

Ref. [9] helped us understand the process of developing an 

Allergen Detection and Recommendation System Using 

OCR. It gave us a brief idea about system architecture of an 

OCR based Allergen detection system. They used Pytesser-

act, an OCR module in python for text extraction and cre-
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ated a web-based application which took a picture as an in-

put and returned the result on the screen. 

Some of the challenges that may occur when designing such 

a kind of system are as: 

• As different manufacturers may present ingredient 

information in diverse formats. There is variability 

in food packaging and labelling practices. The 

OCR technology should be capable of accurately 

extracting and interpreting data from a wide range 

of packaging styles. 

• Crafting a system that accommodates various al-

lergen sensitivities and preferences requires robust 

algorithms for allergen detection. These algo-

rithms must be continually refined to enhance ac-

curacy and keep pace with the dynamic nature of 

food product formulations. 

• The system must be capable of discerning complex 

ingredient interactions and accurately identifying 

potential allergens. 

• The system must consider individual preferences, 

dietary restrictions, and allergen sensitivities to of-

fer meaningful and personalized suggestions. 

4. System Design 

A user-friendly website for allergen detection is developed, 

tailored to each person’s requirements, to identify and alert 

users to the existence of allergens and their nutritional in-

formation. It also recommends alternatives using the recom-

mendation system. The architecture overview is provided 

by Fig 2. 

 

 

 

Figure 2. Block diagram of the system 

4.1 Optical Character Recognition 

 

  

Figure 3. OCR Processing Steps 
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Table 1. Comparison of different OCR Libraries 

 



 

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(21s), 1869 - 1875  |  1872 

Python Pytesseract is the OCR tool that is utilised; it fea-

tures segmentation, rescaling, de-skewing, binarization, and 

noise reduction. Features Extraction, SVM Classification, 

and Recognition come next. An OCR model that is remotely 

deployed is used to identify and give the allergy facts from 

an image of the ingredient section of packaged food [9].  

After careful evaluation as given in Table 1, Pytesseract is 

chosen because Tesseract is often favored over other OCR 

tools for several reasons. As an opensource solution backed 

by a robust community, Tesseract is freely accessible, mak-

ing it a cost-effective choice for developers and businesses. 

Its strong language support, adaptability through customi-

zation and training, competitive OCR accuracy, and ease of 

integration into various programming languages contribute 

to its popularity. Additionally, the continuous community-

driven development ensures regular updates and improve-

ments, enhancing Tesseract is versatile for a wide range of 

applications, including those with multilingual require-

ments or specific domain-focused language models. It is a 

crucial step in ensuring accurate and reliable text extraction 

from images. Proper data preparation helps the OCR engine 

understand and recognize elements in the image. then 

comes image scanning which ensures that the source docu-

ment or image is scanned at an appropriate resolution to 

capture fine details of characters. Fig 3 shows the different 

steps in OCR which are elaborated below. 

4.2 Pre-Processing of OCR 

OCR is carried out using the Tesseract OCR library, as was 

previously indicated. Prior to character recognition, prepro-

cessing operations such as picture rescaling, skew correc-

tion, noise reduction, and binarization must be completed. 

The Tesseract OCR library also has these routines, which 

are based on the Numpy and OpenCV utilities. After that, 

the pre-processed image is transmitted to OCR in order to 

extract the editable text. Numerous superfluous elements, 

like numerals, special letters, and punctuation, are present 

in the OCR result. In the subsequent post-processing stage, 

these will be eliminated [10]. 

4.3 Post-Processing of OCR 

Post-OCR processing is typically applied to the results ob-

tained after performing OCR on a document or image, 

which yields the recognized text. In this case, the provided 

text describes the preparation steps before OCR, including 

noise removal, image rescaling, skew correction, and bina-

rization, as well as the intention to perform post-processing 

to clean the OCR output. To mitigate the impact of noise 

and enhance the accuracy of ingredient recognition, we em-

ployed two postprocessing methods on the OCR output: to-

kenization and correction/extraction using dictionaries. To-

kenization involves breaking down OCR-retrieved strings 

into word tokens while eliminating irrelevant symbols. Sub-

sequently, the tokens undergo comparison with both an 

English dictionary and a proprietary dictionary. The English 

dictionary rectifies potential unrecognized word unit to-

kens, while the proprietary dictionary, specific to our do-

main, filters out only relevant words, namely ingredients in 

our study. 

 

4.4 Feature Extraction and Allergen Detection 

 

 

 

Figure 4. Feature extraction output and database used for 

allergen detection. 

As shown by Fig 4, After the OCR input is received, fea-

tures such as ingredients, protein content, fats content, etc. 

are extracted from the input text using regular expressions.  

A regular expression, also known as a rational expression, 

is a string of letters that indicates a pattern of matches in 

text. It can be shortened as regex or regexp. Typically, string 

searching algorithms use these patterns for input validation 

or for ”find” or ”find and replace” actions on strings. Formal 

language theory and theoretical computer science are fields 

that develop regular expression techniques [11]. 

Let’s say we have a sentence “In the beginning God created 

the heaven and the earth”, and our regex pattern is 

“/h[aeiou]+/g” (the letter h followed by one or more vow-

els), it will match the “he” in the second, seventh and ninth 

words along with “hea” in the word heaven[11]. 

ID Name Category 

1 Milk Lactose Intoler-

ant 

2 Milk Solids Lactose Intoler-

ant 

3 Cheese Lactose Intoler-

ant 

4 Cream Lactose Intoler-

ant 

5 Custard Lactose Intoler-

ant 

 

Table 2. Different food items in the same allergy category 

in the database. 
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Likewise, Specific patterns can be created using regular ex-

pressions for detecting protein or other nutrients content us-

ing regular expressions. However, Regular expressions are 

very exact and cannot guarantee 100% robustness. If the 

OCR input missed a certain keyword which is present in the 

regex, the regex will not detect the text. 

After regex processing is done, the output is provided in 

JSON format and then the allergen detection module uses 

these and the database of various food items(sample pro-

vided in Table 2) to determine the closest foodstuff it resem-

bles and then the allergies of that foodstuff are also added 

in the case the allergies detected from ingredients did not 

provide enough information. All this is done by using SQL 

queries on a stored database and the matches are then que-

ried for allergies in the database. 

4.5 Alternate Food item Recommendation using ML 

 

Figure 5. Recommendation system flow 

The recommendation system is based on NLP using TF-IDF 

vectorization and finding ingredients similarity using cosine 

similarity from a database of filtered allergen free items. 

The name of the dataset used is “Food Ingredient Lists” 

which was available on Kaggle 

(https://www.kaggle.com/datasets/datafiniti/food-ingredi-

entlists). It consists of 10,000 rows and 15 columns. The da-

taset has columns like: Category, Brand, Ingredients, etc. In 

this particular project, we have used this dataset to classify 

the allergies into corresponding groups, Cruciferous, Milk 

OR lactose intolerance, Fish Allergy, Oral / Skin Allergy. 

The above identified categories were then transformed into 

their more generic forms like, Fish: Meat Based, Milk / Lac-

tose: Dairy Based, etc. 

The system is fed a list of non-allergic products and the in-

gredient list of the product that the recommendation needs 

to be generated for, using TF-IDF and cosine similarity the 

products are then ranked on how similar they are to the item 

scanned and the three most similar allergen free alternatives 

are recommended. The architecture is present in Fig 5. 

According to the principle of cosine similarity, the degree 

of document similarity decreases with the size of the angle 

formed between two coordinate vector comparison docu-

ments. On the other hand, if the cosine similarity level is 

lower, the degree of similarity will be higher [12]. 

The TF-IDF vectorization is applied to the ’features.value’ 

column using TfidfVectorizer from scikit-learn. Cosine 

similarity is calculated between the TF-IDF matrix and it-

self using linear kernel. The function identifies the index of 

the new row added to the Data Frame and retrieves the co-

sine similarity scores for that row. The top 3 similar prod-

ucts are selected based on their similarity scores. Infor-

mation about these recommended products (name, ingredi-

ents, category, and manufacturer) is stored in a list of python 

dictionaries. 

Finally, the system generates a result that indicates whether 

the food product contains any allergens, and if so, which 

ones. The result can be displayed to the user on their device, 

alerting them to the presence of any potential allergens in 

the food product. 

The efficiency of an allergen-free alternative recommenda-

tion system depends on the quality and diversity of available 

data, paired with a sophisticated Natural Language Pro-

cessing (NLP) machine learning model. This synergy ena-

bles the model to accurately identify allergens, understand 

ingredient relationships, and suggest suitable alternatives 

based on individual preferences, enhancing the system’s 

precision and adaptability. 

4.6 Deployment of the model 

Python’s Flask web framework was utilized to upload the 

photos to the application.  HTML and ReactJS are used to 

develop a web application that allows users to input photo-

graphs and shows the relevant results along with interac-

tions with the backend, which include: 

• Allergen details present in the food packet. 

• Nutrients of the food items 

• Alternatives for the allergens found. 

5. Results 

With respect to detection in [9] the authors analysed a cus-

tom-made dataset with images of fruits and vegetables col-

lected along with a custom-made dataset with allergen and 

nutritional facts, the study applied 7 different CNN models 

and the best performing models identified were VGG18 and 

VGG 19 with an average accuracy of 95.9%.  

In [14] CNN was used for character recognition, the average 

accuracy noted was 93.15%.  In our study, the average de-

tection accuracy was noticed in the range of 90-95% with 

Tesseract OCR(Table 3). The detection accuracy of regex is 

dependent on the OCR library of choice as it does pattern 

and keyword matching on the OCR output and can give up 

to 100% accuracy. 

The success of any recommendation system depends largely 

on its ability to represent user’s current interests [13]. In 

[15] the authors proposed a novel model called PFoodReQ 

which when used without recipe similarity gave an F1 Score 

of 32.6 and with recipe similarity gave an F1 score of 36.6. 
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Since a recommendation system is subjective, manual test-

ing was done to determine quality of recommendations. In 

our methodology, on manually checking for good or bad 

recommendations it was found that 86 % of recommenda-

tions were good recommendations and 14 % of recommen-

dations were bad recommendations (Table 4). Where good 

recommendations were alternative products that the user 

was not allergic to, and bad recommendations were alterna-

tive products that the user was allergic to (Figure 6). 

The novelty in our study is given by the fact that it integrates 

both detection and recommendation systems. 

 

Figure 6. Quality of recommendations provided by the 

system. 

Ref no. Accuracy Method 

[9] 95.9% VGG19 with custom da-

taset 

[14] 93.15% CNN 

Our Study 90-95% Tesseract OCR and Re-

gex 

Table 3. Comparative analysis for detection 

Ref no. Metric Value Method 

[15] F1 

Score 

32.6 PFoodReQ 

[15] F1 

Score 

36.6 PFoodReQ + Recipe 

Similarity 

Our 

Study 

Accu-

racy 

86% TfIDF Vectorization 

Table 4. Comparative analysis for recommendation 

6. Conclusion 

Food allergies are a significant public health issue that af-

fects millions of people worldwide. Accidental exposure to 

allergens can lead to serious health issues, including ana-

phylaxis, which can be life-threatening. Therefore, the de-

velopment of an Allergen Detection and Recommendation 

System is crucial to improving the safety of food products 

and preventing such incidents.  

An Allergen Detection and Recommendation System can 

provide assurance to individuals with food allergies by ac-

curately identifying the presence of allergens in food prod-

ucts. This information allows individuals to make informed 

choices about what they eat, which can help reduce the risk 

of an allergic reaction. Moreover, an Allergen Detection and 

Recommendation System can contribute to enhanced public 

health outcomes by reducing the risk of allergic reactions 

and related health issues. By complying with regulations 

and accurately labelling food products, the food industry 

can help prevent allergic reactions and improve public 

health. 

The Potential improvements which can be done to this sys-

tem are a functionality to contribute to database of the sys-

tem by the user themselves by adding new food products 

and their information, the system can also factor in cost sim-

ilarity when recommending products, we can add NLP and 

machine learning to replace regex pattern matching and al-

lergen detection to get more targeted results. 

In conclusion, the successful development and implementa-

tion of an Allergen Detection and Recommendation System 

can have a significant and positive impact on individuals, 

communities, and society. 
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