INTERNATI
ONAL

Available online at www.centmapress.org

JOURNAL

Int. J. Food System Dynamics 13 (2), 2022, 165-173 ON FOOD

DOI: https://dx.doi.org/10.18461/ijfsd.v13i2.B4

Halal Food Prediction Using the Similarity Graph Algorithms

Nur Aini Rakhmawati®®, Girraz Karyo Utomo? , Rarasmaya Indraswari?, and Irfan
Rifgi Susetyo?®

aDepartment of Information Systems, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia.

bHalal Center, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia

nur.aini@is.its.ac.id, utomogirraz@gmail.com, raras@its.ac.id, irfnrifgi@gmail.com

Received October 2021, accepted February 2022, available online April 2022

ABSTRACT

Only halal food is food allowed by Islamic sharia. In contrast, haram food is forbidden, for example, alcohol, pork,
blood, carrion, and meat not slaughtered according to sharia regulations. In Indonesia, halal certificates are issued
by the Halal Product Guarantee Agency (BPJPH) based on Article 39 of Law Number 33/2014 concerning Halal Product
Guarantees. A halal certificate guarantees that food is composed of halal ingredients. However, many halal food
products do not have a halal certificate. Therefore, it is useful to estimate the halal status of food products that have
not been certified. In this work, we attempted to predict the halal status of food using several graph similarity
algorithms. We acquired product data from the Klikindomaret website, which contained the food product name, the
composition of the food product, and the manufacturer. Then, we crawled the halal food database on the Halal MUI
website. Both datasets were merged into a single dataset based on the product names. Then, similarity algorithms
such as Jaccard Similarity, Approximate Nearest Neighbor, Adamic Adar and Preferential Attachment were performed
on the products in the dataset. The accuracy of each algorithm evaluated by F-measure.
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1 Introduction

Halal food is any food that meets Islamic sharia regulations (Rezai et al., 2012), while haram food is any food that
is not allowed to be consumed, such as alcohol, pork, blood, carrion, or meat not slaughtered according to sharia
regulations (Salman and Kamran Siddiqui, 2011). Therefore, Muslims must always be concerned about what is in
their food. Like most other Muslim countries, Indonesia issues halal certificates for food products, through the
Halal Product Assurance Organizing Agency (BPJPH) (Mukidi, 2020; Svinarky and Malau, 2020). The number of
halal-certified products increases year by year (Warto and Samsuri, 2020).

The Global Islamic Economy (GIE) report for 2020/2021 shows that Indonesia rose to rank 4 after being ranked
fifth and tenth in the respective previous periods (2019/2020) and (2018/2019) (State of the Global Islamic
Economy, 2021). The improvement of Indonesia’s ranking is a positive result of the issuance of the 2019-2024
Indonesian Islamic Economic Master Plan issued by the Ministry of National Development Planning/National
Development Planning Agency in collaboration with the National Sharia Finance Committee (KNKS) (Ministry of
National Development Planning and Committee, 2018). However, Indonesia is not in the top-ten in the categories
of halal food, media and recreation, medicine, and cosmetics. Only ten percent of products are halal-certified in
Indonesia (Petriella, 2019). Meanwhile, Indonesia is the country with the largest Muslim population globally.

Halal food is a primary need for every Muslim in the world. GIE predicts that on a global scale, Muslims spend two
trillion US dollars on halal food annually (State of the Global Islamic Economy, 2021). As a result, there is a high
demand for halal certification. To deal with the lack of halal certification, the halal status of products could be
detected by looking at the ingredients (Karimah and Darwanto, 2021). One of the most famous rules is the absence
of any pork ingredients (Cetin and Dinger, 2016). There are several other products and their derivatives that are
not allowed to be consumed, such as blood, dog meat, reptile meat, alcohol, etc. (Jia and Chaozhi, 2021).
Moreover, some food additives are from haram sources (Gultekin et al., 2020). It is hard to detect the halal status
of food if the ingredients are not well known, as in the case of food additives. Rakhmawati et al. (2018) predicted
the halal status of non-halal-certified products using Euclidian distance and cosine similarity. Their method
calculates the similarity of ingredients in these products with those in products listed in the Linked Open Data
(LOD) Halal dataset (Rakhmawati et al., 2021). If a non-halal-certified product has a similarity value greater than
0.8 with a halal-certified product, the product can be seen as halal and recommended for consumption by Muslims.

Food prediction and recommendation research have been conducted with various methods. Petkovié¢ et al. (2021)
created DIETHUB, a tool for predicting food recipes based on diet activities. They used FoodBase (Popovski et al.,
2019) as the dataset. The FoodBase corpus consists of 12,844 food entities, with 2,105 unique foods. The tool
classifies the dataset into five categories: Appetizers and Snacks, Breakfast and Lunch, Dessert, Dinner, and Drinks.
Ispirova et al. (2020) clustered the nutrient information from food consumption data in Slovenia. The dataset
contained 3,265 food data. They combined word embedding, graph embedding, and machine learning to cluster
the dataset into 23 categories. Yunus et al. (2019) employed different deep learning models to identify food from
food images. Rakhmawati and Jannah (2021) calculated the similarity of food ingredients using several methods,
such as Jaccard Similarity, Jaro-Winkler Distance, Levenshtein Distance, Wordnet LCH Similarity, and Fuzzy String
Matching. The algorithms were performed on the Open Food Fact dataset (https://world.openfoodfacts.org/).
Kautsar and Rakhmawati (2019) integrated data from seven halal certification bodies; 11.3% of the retrieved
products already existed in the LOD Halal dataset. The best result was obtained by Levenshtein Similarity, with
2,685 products out of a total of 10,153 products. Rakhmawati and Najib (2020) investigated the similarity between
food products and then created product interlinks in the LOD Halal dataset. Node2Vec (Grover and Leskovec, 2016)
was implemented to measure the similarity between the products.

Currently, there are about 500 halal certification institutions worldwide. However, no international board manages
a central database to integrate the halal certification data from these various institutions (Tieman and Williams,
2019). As a result, a single product may have multiple halal certificates from different institutions, since each
institution has its own standards and regulations. Therefore, Rakhmawati et al. (2021) proposed LOD for halal food
products. LOD uses data published on the web, where the data from multiple datasets are connected to each
other. LOD is a knowledge graph construction so that a graph algorithm can be implemented on LOD. A knowledge
graph is a great tool for integrating data from various sources (Rezaul Karim et al., 2019). We used several different
graph algorithms in our work, i.e., Jaccard Similarity, Approximate Nearest Neighbor (ANN)(Dong et al., 2011),
Adamic Adar (Adamic and Adar, 2003), and Preferential Attachment (Albert and Barabasi, 2002). These algorithms
first identify the similarity between halal products and then present the results in graph visualizations. These
presentations can assist Muslims in identifying non-halal-certified products that are connected to halal-certified
products. A non-halal-certified product is a product that has not been certified by any halal certification body.

The rest of this paper is divided into four sections: Section 2 describes the proposed methodology. Section 3
presents our experiment and the result. The paper is concluded in Section 4.
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2 Methodology

Our methodology consists of four steps, namely data acquisition, similarity analysis, evaluation, and visualization
(Fig 1). The four steps can be explained as follows.

2.1 Data Acquisition

Klikindomaret (https://www.klikindomaret.com/) was the primary resource for our research. This website is an
online shopping website from the Indomaret supermarket. The data retrieved concerned food and beverages and
included the name of the product, the ingredients, and the manufacturer. Data retrieval was done using Scrapy
Python (https://scrapy.org/). Scrapy is a Python library for extracting data from websites. There were 3,274 food
and beverage products in 21 categories on the website.

We also collected data from the official Halal MUl website (Majelis Ulama Indonesia, https://www.halalmui.org/),
which contains 401,650 products in 36 categories. These data served as complementary data for the Indomaret
data since the halal status of the products is unavailable at Kllikindomaret.

The Klikindomaret and MUI Halal datasets were merged into a single dataset using the Jaccard Similarity algorithm.
We compared the product names and calculated the Jaccard similarity. If the similarity value was greater than 0.7,
then the products in both datasets were considered similar.

The result of data integration was converted to a graph consisting of four types of nodes: ingredient, manufacturer,
certificate, and food product. The graph dataset can be found at https://github.com/utomogirraz/Paper-English-
Halal.
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Figure 1. Methodology

2.2 Similarity Analysis
We performed the following graph similarity algorithms on the graph dataset:

e Jaccard Similarity (Rakhmawati and Jannah, 2021) calculates dataset similarity, dissimilarity, and distance. It
measures proximity and checks data redundancy. Jaccard similarity is defined as the ratio of the number of
common neighbors and the number of neighbors.

e Approximate Nearest Neighbor (ANN) (Dong et al., 2011) is an algorithm that builds a k-Nearest Neighbor
graph model. This algorithm calculates the similarity based on Jaccard similarity, cosine similarity, Euclidean
distance (Liu et al., 2019), or Pearson similarity (Benesty et al., 2009).

e Adamic Adar (Adamic and Adar, 2003) is a measurement used for computing the nearest node based on
shared neighbors, where a node connected to all nodes gets the lowest value. The Adamic Adar algorithm
was first introduced in 2003 by Adamic and Adar to predict linkages across social networks.

e Preferential Attachment (Albert and Barabdsi, 2002) calculates the nearest node by looking at its shared
neighbors. In this algorithm, the more linked a node is, the more likely it is to get new connections.

Neo4) provides all four algorithms. Neo4J is a graph database platform that supports many features for data
analysis. To check the accuracy of the algorithms, we conducted semi-automated data labeling in two steps. In the
first step, Jaccard Similarity was run. Then, the accuracy of the pairs of products was checked manually in the
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second step. The number of product pairs was 282,492. The average number of correctly predicted labels was
66%, where the threshold was 0.42. The results of the Jaccard labeling were then used as reference for the other
algorithms. After getting the similarity values, we created interlinks between both products of a pair with a
similarity value greater than 0.42.

23 Evaluation

We conducted a human evaluation for assessing the Jaccard Similarity and ANN algorithms. Three evaluators
checked the list of product pairs. To reduce the number of assessments of product pairs, we selected 271 pairs of
products with a similarity value higher than 0.8 for both the Jaccard Similarity and the ANN algorithm. We
calculated the recall, precision and F-measure values. The recall is the ratio between the number of correctly
predicted product pairs and the number of product pairs, while the precision is the ratio between the number of
correctly predicted products pairs and the number of predicted products. The F-measure is the weighted average
of precision and recall. We also calculated the Kappa coefficient (Kraemer, 2015) to evaluate the agreement
between evaluators. This measurement calculates the degree of agreement between evaluators in predicting the
similarity between two products.

24 Visualization

Neo4JBloom, one of the Neo4l tools for creating code-less visualizations, was used to visualize the relationships
between the products from the previous stage. This visualization depicts food products that have similar halal
relationships. Only 21,239 out of 71,423 products are presented in this visualization since these products
contained at least one ingredient. To give better insight, we also calculated the page ranks (Hashemi et al., 2020)
of the products. PageRank assigns a score based on the number of relationships. Three colors were used for the
products. Green represents halal-certified products. Red represents halal certificate nodes. Nodes with a yellow
color do not have a halal certificate but do have a relationship with a halal-certified product (green node).
Therefore, the yellow nodes are predicted as halal products. The remaining nodes are blue. Figure 2 shows our
visualization graph for ANN similarity. The nodes are distributed based on their similarity to other nodes. Some
green nodes are located in the same area, which means they have same certificate number. Several blue nodes
and green nodes are separated from the largest node community, which means they do not have similarity with
any node in the largest node community.

N

~ SimilarANN — — foodlirmm__certificate —§ ‘ )

All 2704 Selected 0

Figure 2. ANN Visualization Results
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3 Results and Discussions

Table 1 describes the outcome of the human evaluation for checking the similarity of the products. Evaluators 1
and 2 classified the same numbers of products as similar and non-similar, respectively. In total, we had 182
agreements among the evaluators. Therefore, the coefficient kappa was 0.90, which means that the level of
agreement between the evaluators was very strong.

Table 1.
Evaluator Assessment Results
Result Similar Not Similar
Evaluator 1 140 131
Evaluator 2 140 131
Evaluator 3 160 111

As can be seen in Table 2, the algorithm’s accuracy was 99%, while the F-measure was 96%. It can be concluded
that the ANN similarity algorithm could successfully predict the similarity of products.

Table 2.
Algorithm Measurement Value

Results Value
Accuracy 0.9998
F-Measure 0.9645
Precision 1.0
Recall 0.9314

The number of nodes, relationships and certificate nodes generated by Jaccard Similarity, ANN and Preferential
Attachment were precisely the same (Table 3). However, the average scores were different since the similarity
calculations were different. The number of products nodes refers to the total number of product nodes that have
a relationship with other product nodes, while the number of certificate nodes is the total number of halal
certificate nodes owned by product nodes that have a relationship with other product nodes. The number of
relationships is the sum of the relationships between product nodes that have similarity, while the number of
certificate relationships is the sum of relationships between product nodes with a halal certificate and product
nodes without a halal certificate. Adamic Adar produced fewer results than the other algorithms because it gives
a lower score to more connected nodes.

Table 3.
Algorithm Comparison Results

Algorithm Number of Number of Number of Number of Average

Product Certificate Relationships Certificate Score of

Nodes Nodes Relationships similarity

algorithm

Jaccard 603 248 1332 521 0.621
ANN 603 248 1332 521 0.621
Adamic Adar 590 238 1279 508 2.803
Preferential 603 248 1332 521 152.67
Attachment

Figure 3 shows a visualization of the products that do not have a relationship with a halal-certified product
according to Jaccard Similarity. The coated peanuts (garlic powder) product has no relationship with Garuda Pilus
Pedas.
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Figure 3. Visualization for Products without Halal Certificate (Jaccard Similarity)

When a product does not have a halal certificate but is related to a halal-certified product, it is considered halal
and given a yellow color. As can be seen in Figure 4, Tango Susu Vanilla and Wafer Selamat are linked to Dua
Kelinci Deka Wafer Rolls, which has a halal certificate.
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Figure 4. Two products connect to a halal-certified product.
4 Conclusions

We have presented our effort to link halal-certified products with non-halal certified products. Product data were
taken from the Klikindomaret and Halal MUl websites. Four algorithms were utilized to analyze the dataset, i.e.,
Jaccard Similarity, ANN, Adamic Adar, and Preferential Attachment. Three algorithms, i.e., Jaccard Similarity, ANN,
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and Preferential Attachment, generated the same number of relationships between the products. Human
evaluators assessed the algorithms’ performance. The visualization can assist people, in particular Muslims, in
predicting the halal status of food.

Based on our experience with the dataset from Klikindomaret, a popular grocery retail chain in Indonesia, the
number of non-halal-certified products is greater than the number of halal-certified products. Our results can
recommend non-halal-certified products as alternatives for halal-certified products. The product analysis can be
helpful for countries in judging the halal status of products where the traceability of products is not in place.

In addition, the results provide the basis for the development of a halal food database that can assist Muslims all
over the world, even those who live in a non-Muslim country. Such a halal food database would not only contain
food products that have been certified but also products that have not been officially certified. However, as the
majority of world halal certification bodies only show the brand name, the manufacturer, and the expiry date of a
product, there is a lack of data on the composition of halal food that is necessary for evaluating non-certified
products (Aini Rakhmawati and Choirun Najib, 2020). It is, therefore, necessary to match product names and
manufacturer names from halal certification institutions with data from open food databases such as
OpenFoodFacts. According to data.world (data.world, 2022), 266 food datasets are available that could be
assessed. Further problems may arise in situations where halal certificate institutions do not share halal-certified
product names. As an example, Majelis Ulama Indonesia accredits 44 world halal certification bodies but only 22
percent have disclosed their data and only two institutions list food compositions (Kautsar and Rakhmawati, 2019).

We have used four algorithms to analyze the datasets. However, there are other similarity algorithms that could
be used and may deliver different weights and values.

Finally, we give the following suggestions for halal certification institutions:

1. Halal certification institutions should share product names, company names and expiry dates, and the list
of ingredients publicly.

2. The dataset should be created in a machine-readable format such as CSV. Most datasets are presented in
HTML and PDF format, which need further pre-processing before using them.

3. A halal certification institution should provide an API for accessing the dataset in real time. Thus, we can
analyze the data on the fly.

4. Several halal certification bodies provide their data in non-Latin characters such as in Arabic, Urdu, etc. They
should show the dataset in two alphabets: Latin and non-Latin.
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