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Abstract 

In the coming years, it is expected that 3D-printed food will be commercialised across the 

globe. Previous research suggested the necessity of establishing a legal framework for 

3D/4D-PF. Meanwhile, the multiplicity of halal standards across the globe nowadays has 

made things difficult when it comes to trading between countries, thus affecting the legal 

control of imported halal food in certain countries. However, until now, there is no legal 

framework developed especially for halal standards and certification. This study aimed to 

identify specific standards that should be complied with by 3D/4D-PF thus suggesting a 

halal legal framework based on existing halal standards. This study used the inductive 

method to analyse relevant standards and the compatibility with 3D/4D-PF production 

elements by combining the source-composition-manufacturing (SCM) conceptual model 

and Halal Forensics concepts. The application to 3D/4D-PF can be considered after 

comparing relevant standards and regulations. The study is evidence that the basic 

requirements related to halal 3D/4D-PF need to comply with halal standards. The halal 

standards analyzed in this study denote that there is a necessity for the world especially for 

the Muslim population to be ready for the halal issues of 3D/4D-printed food.  

1. Introduction 

In the last few years, there has been a huge rise in the 

popularity of halal products and services all over the 

world. Because more people are interested in halal food, 

more suppliers have joined the industry, and it has 

become a profitable business. It has expanded beyond 

the halal food market to include niche markets like 

Islamic tourism, finance, and lifestyle. Halal business 

development has been slowed by the COVID-19 

pandemic; however, it is predicted that the worldwide 

halal market would increase from a USD 1.90 trillion 

industry in 2015 to about USD 4.60 trillion by 2030, 

with an optimistic scenario of potentially reaching USD 

4.96 trillion (Thomas, 2022). In 2020, the OIC member 

countries are expected to have a halal market value of 

USD 3.7 trillion, which is expected to rise to USD 4.7 

trillion in 2024. As a group, OIC member countries have 

a lot of potential for the growth of the halal industry 

because they already have a halal-friendly environment, 

more money to buy things, and more people. 

Halal standards and regulations are one sort of halal 

product management system that ensures product quality 

and safety and has received a lot of attention in industry 

and research fields. In general, the halal sector is still 

expanding significantly, both in terms of supply and 

demand. On the supply side, a rising number of halal 
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manufacturers around the world, ranging from tiny 

businesses to multinational corporations, have begun to 

incorporate the halal standard into their operations and 

manufacturing processes (Lever and Miele, 2012). 

According to the 2018/2019 State of the Global Islamic 

Economy Report, halal food has more enterprises than 

any other sector of the Islamic economy (Azam and 

Abdulah, 2020). It is worth noting that the increased 

market demand for halal products is not simply due to 

Muslim consumers (Wilson and Liu, 2010; Wilson, 

2012; Baharuddin et al., 2020).  

Meanwhile, three-dimensional and four-dimensional 

food printing (3D/4D-FP) enables the creation of food 

with novel dimensions, forms, flavours and interior 

structures. Food made using 3D/4D-FP is made through 

a variety of steps and processes. Additionally, 3D/4D-FP 

is sustainable because creators exclusively create and 

print food. Food from cereals (cookies, pasta, breakfast 

cereals), chocolate, sugar, and almond paste, as well as 

dairy goods such as meat and fish products, are all being 

produced nowadays using three-dimensional food 

printing. The 3D-food printing market is estimated to 

account for about USD 201 million in 2022 and is 

projected to reach a value of nearly USD 1,941 million 

by 2027 (Baharuddin et al., 2015; MarketsandMarkets, 

2022). Figure 1 shows an example of basic 3D printing 

of food while Table 1 shows the types of 3D/4D-printed 

food available by recent technology. 

Despite the advancement of technology in the field 

of future food, there is currently no legal framework in 

place to regulate 3D/4D-printed food products. Ismail et 

al. (2020) and Burhanuddin et al. (2023) suggest that 

there is a need to implement regulations and laws to 

protect human life, consumer interest and health. This is 

also to ensure fair practices in the food trade. 

Meanwhile, Jasper Tran (2016) in his study is concerned 

about the legal issues of labels for 3D-printed food with 

regard to the content of the products. This includes 

possible allergens and adulteration that might be a 

potential risk to the health of consumers. Therefore, the 

researcher proposed that a regulation for the labelling of 

3D-printed food products be implemented.  

Dankar et al. (2018) highlighted the value of 

establishing specific regulations for 3D food printing 

facilities and workers where there are four major hurdles 

in the printing process: rules and guidelines, food shelf 

life, ingredient constraints and post-processing. On the 

Figure 1. A schematic representation of the different technologies applied in 3D food printing: direct printing through extrusion 

(a), inkjet printing (b), selective sintering technology through hot air (c) and laser (d) and binder jetting (e) (Dankar et al., 2018) 
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other hand, Antonietta Baiano (2020) provides an 

extensive overview of safety standards for 3D-printed 

foods and highlights possible opportunities for 3D 

business expansion. In their opinion, 3D food printing 

can be used as an avenue to build innovative market 

models as well as to improve the sustainability of the 

food supply chain. Other research has also been 

conducted on legal concerns and regulations of 3D-

printed products and meat alternatives. Table 2 briefly 

traces the research on legal concerns and the regulatory 

framework of 3D/4D-printed food based on a 

preliminary overview. 

This study will review the possibilities of halal 

standards across the world to be applied to 3D/4D- 

printed food, combining the source-composition-

manufacturing (SCM) conceptual model and halal 

forensic concepts in order to obtain a detailed analysis. 

 

 

2. Halal forensics (HF) element and source-

composition-manufacturing (SCM) conceptual 

model 

Halal forensics is a concept that combines several 

components, such as product testing in labs to establish 

whether or not the product is acceptable and permissible 

in Islam (Hassan, 2018). Numerous halal-related 

situations can be addressed with this relevant 

framework (Baharuddin, et al., 2015; Mohd Fadzli, et 

al., 2021). To date, halal concerns have mostly focused 

on the use of questionable raw materials (for example, 

the processing of gelatin into capsules); the addition of 

ingredients and food additives during manufacturing; 

logistic conditions; and production line issues. The usage 

of the halal logo is a further essential aspect of halal 

requirements. The risk of being deceived by false halal 

logos led to the development of authenticity criteria for 

halal logos (Razali et al., 2015). Therefore, the halal 

forensics concept covers a wide range of topics, 

particularly those pertaining to food and pharmaceutical 

  
Hot melt/ room 

temperature extrusion 

Selective laser 

sintering/ hot air 

sintering 

Binder spraying Inkjet printing 

Food materials 

• Pasty food 

materials such as 

dough, gel, 

chocolate 

• Phase change gel 

materials 

• Phase change hot 

melt materials. 

• Powdered food 

materials that are 

melted by heating, 

such as chocolate. 

• Food-grade 

adhesives 

• Powdered 

materials, such as 

starch, powdered 

sugar. 

• Low-viscosity 

food materials, 

such as tomato 

sauce. 

Factors 

Material 

properties 

• Rheological 

properties 

Thermodynamic 

properties 

• Mechanical 

properties, 

• Particle size 

• Melting 

temperature 

• Fluidity 

• Wettability 

• Particle size 

• Fluidity 

• Viscosity 

• Surface tension. 

• Rheological 

properties 

• Surface energy 

• Compatibility. 

Printing 

parameters 

• Nozzle diameter, 

• Printing speed 

• Layer height 

• Extrusion speed. 

• Heat source type 

• Nozzle diameter 

• Scanning speed 

• Energy density. 

• Printing speed 

• Nozzle type 

• Nozzle diameter 

• Layer height. 

• Printing speed 

• Nozzle diameter 

• Printing 

temperature. 

Post-

processing 

• Baking 

• Steaming 

• Frying. 

• Removing 

unsintered powder 

• Surface polishing. 

• Heating 

• Removing excess 

powder. 

 

Advantage 

• Wide range of 

available 

ingredients 

• Simple equipment 

• Low cost. 

• Printing hollow 

and intricate food 

structure. 

• Printing complex 

food structure 

• Colouful printing. 

• Wide range of 

available 

ingredients 

• Fast speed. 

 

Limitation 
• Poor mouldability 

of food structure. 

• Limited available 

ingredients 

• Poor compatibility. 

• Limited available 

ingredients 

• Poor compatibility. 

• Poor stability 

• Plane structure. 

Table 1. Recent technology available for 3D/4D food printing adapted from Li et al. (2022) 



13 Baharuddin et al. / Food Research 6 (Suppl. 3) (2023) 10 - 22 

 
https://doi.org/10.26656/fr.2017.6(S3).003 © 2023 The Authors. Published by Rynnye Lyan Resources 

M
IN

I 
R

E
V

IE
W

 

products.  

To the idea of halal forensics, Hassan (2018) added 

Syariah law, halal standards and acts, halal science, and 

halal management. Islamic law should be discussed as 

the first component of halal forensics. Islamic law, which 

outlines what is permitted and what is not, serves as its 

foundation. Acts and standards make up the second part. 

The Trade Description Act of 2011 for example, has 

indirectly outlined the characteristics of halal food that 

are significant to Muslims in Malaysia. The 

specifications of this law must be met by any halal food 

or product. Upon conviction for any violation of any 

provision outlined in the Trade Description Act 

(Definition of Halal) Order 2011, the offender shall be 

subject to a fine not to exceed MYR 1 million (USD 

220,000) or to a term of imprisonment not to exceed 3 

years or both. A corporation violating the same provision 

shall be subject to a fine not to exceed MYR 5 million 

(USD 1.1 mil.). If a person violates the Trade 

Description (Certification and Marking of Halal) Order 

2011, the penalty upon conviction is a fine not to exceed 

MYR 100,000.00 (USD 22,300.00) or imprisonment for 

a term not to exceed three years or both. If a corporate 

body violates the same offence, the penalty upon 

conviction is a fine not to exceed MYR 250,000.00 

(USD 55,700.00). 

Halal science is another element included in HF. The 

identification of suspicious ingredients in halal foods or 

products is the subject of this component. All products 

intended for human consumption must be completely 

safe and approved by a recognised agency (Hassan, 

2018; Roslin et al., 2022). The fourth HF element is 

halal management. This element is essential for figuring 

out whether the finished product complies with all halal 

requirements, from the food source and production until 

its distribution to the consumer. If any lack in the 

production lines contravenes the halal product 

regulation, the manufactured items will be scrutinised, 

and their halal certification may be revoked (Hassan, 

2018). Baharuddin et al. (2019) included one extra 

element which is health implications. This element 

pertains to food safety and is advantageous to one's 

bodily, emotional, and spiritual well-being. Numerous 

health problems might result from consuming hazardous 

food or products.  

The source-composition-manufacturing (SCM) 

conceptual model, which is used to determine whether a 

food product complies with halal standards, was 

suggested by Abdallah et al. (2021). The first step is to 

determine whether the food product originates from an 

animal, a vegetable, a microbial, a chemical synthetic or 

a biotechnological source. In the second step, the 

Source 
Legal Concerns of 3D Printing and Additive 

Manufacturing (AM) 
Regulatory Framework for Meat Alternatives 

and Other Food Products 
Antonietta Baiano (2020) X   
Bhat et al. (2019)   X 
Daly et al. (2020) X   
Dankar et al. (2018) X   
Etxabide et al. (2018)   X 
Faustman et al. (2020)   X 
García-Oliveira et al. (2020) X   
Hallman and Hallman (2020)   X 
Hamdan et al. (2018)   X 
Horst and McDonald (2020) X   
Horst et al. (2019) X   
Ismail et al. (2020) X   
Kirillova et al. (2020) X   
Jasper (2016) X   
Lee et al. (2020)   X 
Li et al. (2020) X   
Melzener et al. (2020)   X 
Milanesi et al. (2020) X   
Oberweis et al. (2020) X   
Seehafer and Bartels (2019)   X 
Stephens et al. (2019)   X 
Verzijden and Buijs (2020)   X 
Warner (2019)   X 

Table 2. Legal concerns and regulatory framework of 3D/4D printed food based on a preliminary overview 
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composition must be examined in order to classify 

ingredients, additives, adjuvants and processing aids as 

essential or not for halal status. The third step entails 

inspecting the production facilities to ascertain whether 

the production lines are only used to produce halal food 

products or if they are also used to produce non-halal 

certified goods. Another requirement is that the 

production line must be sanitised (free from pollutant-

najis) before halal products can be made.  

This study combined these two concepts to get a 

detailed overview of 3D-printed food in terms of halal 

standards and certification. Figure 2 shows the 

combination of HF and SCM to be applied as the 

foundation of the study. 

 

3. Current standards and regulations for 3D-printed 

food 

The expansion of 3D printing has led to a surge in 

unlawfully created items that violate intellectual 

property, patent, and copyright regulations. Food 

printing uses food-based materials to make food. In the 

future, 3D food printing may be used to produce unique 

cuisines utilising chemical molecules instead of food. 

Epidemiological studies on the short and long-term 

health consequences of food types will be crucial for 

specific policies. 

Like any other type of food, 3D-printed food could 

contain allergens, be tampered with, or cause food 

poisoning if they are made or stored incorrectly. There 

are already rules about these kinds of concerns at the 

national, federal, and international levels. The labelling 

of 3D-printed food brings up another interesting legal 

issue. 3D-printed food could be considered imitation 

foods and should be labelled differently than the foods 

they are based on. On the other hand, if making 

traditional foods cost more than 3D printing and the 

printed and traditional foods look the same, selling 3D-

printed food without specific labels would be a form of 

food fraud. However, even if 3D-printed food looks 

different from regular foods and can be easily told apart 

from them, they should be labelled differently, as is 

already done with foods that contain or are made from 

genetically modified organisms (GMO). Labelling rules 

for 3D-printed food should also cover the case where 

only some of the ingredients used to make the food are 

printed on the label. 

The foundation of Malaysia's food safety policy is 

provided by the Food Act 1983 and the Food 

Regulations 1985. The Sale of Food and Drug Ordinance 

and Regulations 1952 is repealed by these laws. The 

term "food" is defined broadly in the Food Act 1983 as 

including "every article manufactured, sold or 

represented for use as food or drink for human 

consumption or which enters into or is used in the 

composition, preparation or preservation of any food or 

drink and includes confectionery, chewing substances 

and any ingredient of such food, drink, confectionery or 

chewing substances." Food additives and their 

proportions are specified under the Regulations. Food 

additives, processing aids, vitamins, minerals, novel food 

ingredients and nutritive substances must be approved by 

the Regulations. When allowed, such substances must be 

used within the regulations' limits. So far, the 3D/4D-PF 

is subject to these Regulations in general. On the 

labelling issue, 3D/4D-PF engages with at least eleven 

rules of labelling according to the Food Act. illustrations, 

logos, brand and product name, the quantity of the 

product, ingredients, nutrition facts, importer/

manufacturer, expiration date, barcode, description of the 

product and also instructions should be cleared on the 

packaging of the 3D/4D-PF. What matters here as the 

Figure 2. HF and SCM concepts as the foundation of this study adapted from Abdallah et al. (2021) and Roslin et al. (2022) 
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focus of this study is the halal logo obtained is subject to 

specific halal regulations as 3D/4D-PF can be considered 

as ‘novel foods’. Another issue occurs if it is imported 

from other countries that have their own halal 

certification/governing body/organisation since there is 

no generic halal regulatory framework yet established 

with regard to the 3D/4D-PF.  

3D-printed food may be classified as 'novel foods' in 

the European Union because they were not widely 

consumed by the population prior to 15 May 1997, the 

date when the first regulation on novel foods was 

enacted in the European Union. The new Novel Food 

Regulation 2015/2283 governs the term “novel foods” 

which only encompasses innovative foods, foods made 

with new technology and production processes, and 

foods that are or have been traditionally consumed 

outside of the European Union (European Parliament and 

the Council of the European Union, 2015). Under this 

regulation, new foods are required to be safe for 

consumers, clearly labelled to avoid consumer confusion 

and, if they are intended to replace existing foodstuffs, 

not nutritionally deficient to these foodstuffs. Novel 

foods in the European Union are based on the notion that 

they must be edible and properly labelled so that 

consumers are not misled. If a new food is meant to 

replace another food, it cannot be so different that eating 

the new food would be bad for the person eating it. 

Novel foods need to be evaluated based on the above 

principles before they can be put on sale. 

The Food and Drug Regulations in Canada define 

"novel foods" as substances without a history of safe use 

that have been produced, processed, preserved or 

packaged using a method that has never been used before 

on these foods (Food Directorate Canada, 2006). Prior to 

marketing or selling, 3D printing would need pre-market 

approval from Health Canada due to its novel nature and 

lack of safety data. The duration of the approval process 

might range from six months to two years.  

 

4. Global halal standards and certification 

The International Organization for Standardization 

(ISO) defines a "standard" as "a document that 

establishes rules, standards, or 

characteristics" (International Organization for 

Standardization, 2015). A competent halal certification 

body certifies a company's products and/or services as 

halal. Technical and Shariah auditors verifies each stage 

of food manufacturing to certify it as halal. When an 

organisation meets the standard's requirements, it 

receives a halal certificate and can use the halal logo on 

its products. If a company's products are halal, Muslims 

can be sure they are Shariah-compliant. Halal 

certification promotes consumer confidence and clarifies 

halal status (Latif, 2020). Halal certification has been an 

effective tool for Muslim consumers, offering them an 

informed option; for industries, giving them a marketing 

tool; and for regulatory bodies, for legal enforcement. 

Numerous attempts have been made to harmonise halal 

standards, certification, and accreditation. Despite these 

attempts to envision a global cooperative organisation, 

no unification has yet been achieved because many of 

these organisations have previously been founded. A 

unified halal standard is still in view. Figure 3 displays 

the multiplicity of the halal logo that represents the 

variety of halal certification bodies across the world. 

According to Abdallah et al. (2021), there is a 

multiplicity of halal standards across the globe. Some 

standards are issued by single countries like Malaysia 

and Indonesia, while most of the Organization of Islamic 

Cooperation (OIC (OIC) members use the standard 

issued by the OIC Standards and Metrology Institute for 

Islamic Countries (SMIIC). Others use the standard 

issued by the Standardization Organization of the Gulf 

Cooperation Council (GCC). In terms of halal 

certification and standards that may be involved in the 

production of 3D/4D-printed food, the application 

depends on the production stages of the product. At the 

moment, the multiplicity of halal standards and the fact 

that there is no consensus across the globe creates 

uncertainty for producers to get their product authorized 

for the market and requires producers from non-Muslim 

nations or Muslim countries with different standards to 

seek separate certificates for each export market. The 

variety of standards (and multiple halal logos on food 

labels) confuses customers and may reduce their trust in 

certificates. The implementation of halal standards 

differs from country to country corresponding to the 

geographical area, issuing organization and purpose. 

Some countries have previously developed their own and 

led others - including the OIC, Malaysia (Latif, 2020) 

and Indonesia - to develop theirs. Other countries depend 

on the OIC/SMIIC and Arab Gulf in terms of 

Figure 3. Variety of halal certification logos resembles halal 

certification bodies across the world. Source: Saipullah et al. 

(2015) 
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implementation. Table 3 shows general standards for 

halal foods and their implementation in countries. 

 

5. Halal standards and certification: a case study of 

3D/4D-Printed Food 

The basic requirements related to 3D/4D Printed 

Food are common to all the major halal standards. In 

order to accept 3D/4D-PF as a halal product, there are 

standards needed to be complied with. Due to the variety 

of standards around the world, there might be 

possibilities for the 3D/4D-PF to follow certain 

requirements of standards according to the 

implementation countries. However, this depends on the 

halal critical control point whereby the 3D/4D-PF must 

be accompanied with, if they are critical, a halal 

certificate; if not, a halal statement is sufficient as shown 

in Figure 4. 

Firstly, depending on the importance of the 

ingredients, additives and adjuvants, certain documents 

are needed during the halal certification process for 

3D/4D-PF. Because these processing steps involve the 

use of components or adjuvants that are crucial for the 

halal status, fermentation, and enzymatic coagulation 

both represent a halal Critical Control Point (CCP). 

Every ingredient, additive and adjuvant needed for each 

processing step must be accompanied by a halal 

certificate if it is necessary, or just a halal statement if it 

is not. Due to the use of non-halal meat ink (paste) in the 

production of 3D/4D printed meat, for example, the 

criticality is still high. The source of the ink must be 

permissible and not affiliated with forbidden elements. 

Table 4 simplifies the possibility of meat ink source and 

the Islamic ruling (Baharuddin et al., 2021). 

Secondly, all additives, adjuvants, colourants serum, 

gelatine, filaments, and any binder composition have to 

be halal-approved. They have to be added to optimize 

and improve the efficiency pre- and post-printing process 

(Riaz and Chaudry, 2003). Other than that, a halal 

statement is adequate. The culture medium and technique 

must also be permissible to become acceptable for 

3D/4D printed meat. The halal certifier should examine 

the media used in the culture process as it might be 

sourced from a forbidden medium such as centrifuged 

blood serum or bovine fetal serum. The technique used 

in the culturing process is another processing stage 

connected to a halal CCP, and the first commercial 

producers must hold a halal certification. Halal-approved 

cleaning methods must be used along production lines to 

avoid any cross-contamination with non-halal products. 

The halal audit should also be done at all stages of the 

lines where both the producer and the packing company 

are checked. The food technologist should also find out 

what ingredient will be used to determine whether it will 

be eaten directly or not and whether it is a semi-finished 

or finished product. This will help in specifying the 

Halal Standard Code Title Implementation 

GSO 2055-1: 2015 Halal foods. Part 1: General requirements. 
Saudi Arabia, Qatar, Kuwait, Oman, Bahrain, 

United Arab Emirates 

OIC/SMIIC 1:2019 General requirements for halal food 
56 member countries including Egypt, Iran, Saudi 

Arabia, Turkey, Indonesia, Pakistan, Nigeria, 

Bangladesh, and Algeria 

MS 1500: 2019 
Halal food. Production, preparation, handling, and 

storage. General requirements. 
Malaysia 

HAS 23201: 2012 Requirements of halal food material Indonesia 

Table 3. Halal standards implementation countries for halal food 

Figure 4. Halal critical point in accepting 3D/4D-PF 



17 Baharuddin et al. / Food Research 6 (Suppl. 3) (2023) 10 - 22 

 
https://doi.org/10.26656/fr.2017.6(S3).003 © 2023 The Authors. Published by Rynnye Lyan Resources 

M
IN

I 
R

E
V

IE
W

 

technical documents needed to meet the halal 

requirements. 3D/4D-printed food should also comply 

with food safety standards. 

Thirdly, at the level of manufacturing, devices, tools, 

production lines and premises should also be emphasized 

through OIC/SMIIC 17-1:2020, OIC/SMIIC 6:2019, MS 

1500: 2019, HAS 23000: 2012, GSO 2469:2021, and 

GSO 2468:2021 standards. Any cross-contamination 

should be avoided by any means. Therefore, the 

requirements by major standards at this level for a halal-

approved cleaning technique are essential.  Some tools, 

devices or printers may have come into contact with 

pollutants (najis). Proper cleansing is subject to the 

sensitiveness of the mechanical elements. 

Lastly, the premises of 3D/4D-printed food must 

also be halal-certified. For instance, the MS 1500:2009 

and HAS 23103:2012 standards mandate that the 

industrial site and the pig farms be kept apart. Then, 

according to the HAS 23103:2012 standard, the nearest 

pig farm, if any, must be at least five kilometres away 

from the halal premises. Additionally, according to the 

OIC/SMIIC 1:2019 standard, the slaughtering facility 

must be exclusively used for halal farming purposes. 

Lastly, in the phase of labelling and packaging, standards 

for halal logos/ halal marks or statement states that their 

3D/4D-printed food must also be included in the food 

label. This is to avoid any confusion among consumers 

and increase their trust in the product through the 

recognition or certifications on the label and packaging 

of the 3D/4D-printed food.  This is complied with the 

halal packaging standards and also tallies with the 

existing food regulations. Connecting the dots, Table 5 

indicates major halal standards that may be involved in 

the A-to-Z production of a halal-certified 3D/4D-printed 

food. 

As illustrated in Table 5, 3D/4D-printed food may 

involve GSO 2055-1:2015 Part 1 of animals as a source 

of 3D/4D-printed food. GSO 2055-1:2015, and GSO 

993: 2015 may involve the ‘Source’ and ‘Composition’ 

elements except for processing aid. While GSO 

2652:2021 may involve labelling and packaging, GSO 

2670:2021 may involve ingredients, additives and 

adjuvants. As for the HAS issued by the Lembaga 

Pengkajian Pangan, Obat-obatan, dan Kosmetika — 

Majelis Ulama Indonesia (LPPOM MUI), the 3D/4D-

printed food may incorporate ‘Source – animal’ for HAS 

Islamic Ruling Based on 3D/4D Printed Food Sources of Meat Ink 
Islamic Ruling Sources of Meat-Ink 

Forbidden (Haram) 
Matured cultured tissue sourced from Embryonic Stem Cell (ESCs) from non-slaughtered and 

permissible animals 

Permissible (Halal) 
Matured cultured tissue sourced from Embryonic Stem Cell (ESCs) from slaughtered permissible 

animals 
Forbidden (Haram) Matured cultured tissue sourced from Embryonic Stem Cell (ESCs) from non-permissible animals 

Permissible (Halal) 
Cultured Adult Stem Cell (ADSCs/Non-Embryonic Stem Cell) from slaughtered permissible ani-

mals 

Forbidden (Haram) 

Cultured Adult Stem Cell (ADSCs/Non-Embryonic Stem Cell) from non-slaughtered permissible 

animals (taken alive) 
Cultured Adult Stem Cell (ADSCs/Non-Embryonic Stem Cell) from non-permissible animals 

(taken alive) 

Permissible (Halal) 

Seafood/Fish based meat paste 
Slaughtered permissible animal meat paste 
Plant based meat paste 
Permissible insect-based meat paste 

Forbidden (Haram) Non-slaughtered animals/non-permissible animal/insect meat paste 
Islamic Ruling Based on Meat Ink Culture Medium 

Islamic Ruling Culture Media 

Forbidden (Haram) 
Blood Serum (Centrifuged) 
Foetal Bovine Serum 
Toxic/ Harmful Chemical Artificial Based 

Permissible (Halal) 
Non-Toxic/ Non-Harmful Serum-Free Media/Additives 
Non-Toxic/ Non-Harmful Mushroom Extract/ Plant Based 
Non-Toxic/ Non-Harmful Chemical Artificial Based 

Islamic Ruling Based on Meat Ink Culture Technique 
Islamic Ruling Culture Technique 

Depends on the medium 

and sources of cells used 

in the process 

Bioreactor culture 

Self-organizing culture 

Table 4. The possibility of meat ink source and the Islamic ruling. Source: Baharuddin et al. (2021)  
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23000: 2012 – 1, HAS 23000: 2012 – 2 for ingredients, 

additive and adjuvants, and HAS 23000: 2012 – 5 for 

premises, labelling and packaging. HAS 23103: 2012 

may be involved in ‘Source – animals’, ‘Composition - 

ingredients, adjuvants and additives’ while HAS 23201: 

2012 may comprise the ‘Source’ and ‘Composition’ 

elements except processing aid. Malaysian Standards of 

MS 1500: 2019 and MS 2565: 2014 may comprise the 

production line, premises, labelling and packaging in the 

halal certification of 3D/4D-printed food product.  In 

terms of the standards issued by the OIC Standards and 

Metrology Institute for Islamic Countries (SMIIC), they 

will involve specific standards for a certain part of the 

3D/4D-PF.  OIC/SMIIC 1:2019. General requirements 

for halal food may involve all ‘Source’ parts of the 

3D/4D-PF from animal, vegetable, microbial, chemical/ 

synthetic, to biotechnology; while OIC/SMIIC 22:2021, 

OIC/SMIIC 24:2020 and OIC/SMIIC 37: 2022 may 

involve the ‘Manufacturing’ part which are ingredients, 

additives and adjuvants. As for the OIC/SMIIC 6:2019 

and OIC/SMIIC 17-1:2020, both may implicate the 

certification process involving premises and production 

lines. Most certainly, the HACCP and GMP may involve 

in each aspect of SCM’s potential application for 3D/4D-

printed food product halal standards and certification. 

 

6. Conclusion 

Overall, there seems to be some evidence to indicate 

that a specific legal framework needs to be established 

for halal 3D/4D-printed food. 3D food printing could 

help feed the rising population. In the future, 3D/4D-

printed food will help address the world food issue 

without animal suffering, wasting water, or generating 

carbon thereby helping to protect and preserve the 

environment. More research should be conducted for the 

betterment of this technology. Although experts in 

nutrition and 3D technology believe that 3D food 

printing has the potential to address specific health and 

environmental issues, its prolonged effect on health has 

never been studied. Halal standards analyzed in this 

study denote that there is a necessity for the world, 

especially for the Muslim population, to be ready for the 

halal issues of 3D/4D-printed food. A further study with 

more focus on the halal legal framework in specific 

countries is therefore suggested. 

 

Conflict of interest 

The authors declare no conflict of interest.  

 

Acknowledgements 

This work is supported by USIM Research Grant: 

PPPI/FSU/0122/USIM/15322. 

References 

Abdallah, A., Rahem, M.A.  and Pasqualone, A. (2021). 

The multiplicity of halal standards: a case study of 

application to slaughterhouses. Journal of Ethnic 

Foods, 8, 7. https://doi.org/10.1186/s42779-021-

00084-6 

Antonietta Baiano. (2020). 3D Printed Foods: A 

Comprehensive Review on Technologies, Nutritional 

Value, Safety, Consumer Attitude, Regulatory 

Framework, and Economic and Sustainability Issues. 

Food Reviews International, 38(5), 986-1016. 

https://doi.org/10.1080/87559129.2020.1762091  

Azam, M.S.E. and Abdullah, M.A. (2020). Global halal 

industry: realities and opportunities. International 

Journal of Islamic Business Ethics, 5(1), 47-59. 

https://doi.org/10.30659/ijibe.5.1.47-59 

Baharuddin, A.S., Ghazali, M.I.M., Harun, M.A.W., 

Mutalib, L.A., Ismail, W.A.F.W., Shaarani, S.M. and 

Razali, M.F.A. (2020). Three-Dimensional (3D) 

Printed Halal Meat: Do We Need A New Regulatory 

Framework?. INSLA E-Proceedings, 3(1), 438-449. 

https://doi.org/10.55265/halalreviews.v1i1.7 

Baharuddin, A.S., Harun, M.A.W., Ruskam, A. and 

Yacob, A.R. (2015). Three-Dimensional (3D) 

Bioprinting of Human Organs in Realising Maqasid 

Al-Shari’ah. PERINTIS eJournal, 4(1), 27-42. 

Baharuddin, A.S., Ismail, W.A.F.W., Mutalib, L.A., 

Hashim, H., Jusof, N., Ghazali, M.I.M., Alauddin, 

M.S. and Harun, M.A.W. (2021). Halal Forensics 

Issues Involving Three-Dimensional (3D) Printing 

Technology of Cultured Meat. HALAL REVIEWS, 1

(1), 3-15. https://doi.org/10.55265/

halalreviews.v1i1.7 

Bhat, Z.F., Morton, J.D., Mason, S.L., Bekhit, A.E.D.A. 

and Bhat, H.F. (2019). Technological, Regulatory, 

and Ethical Aspects of In Vitro Meat: A Future 

Slaughter-Free Harvest. Comprehensive Reviews in 

Food Science and Food Safety, 18(4), 1192-1208, 

https://doi.org/10.1111/1541-4337.12473  

Burhanuddin, I.H., Muhamad Shukri, A.S., Abu Bakar, 

M.B., Mochammad Sahid, M. and Adam, A.R. 

(2023). Cultured Meat: An Appraisal from The Fiqh 

and Sufi Views of Muslim Scholars. Malaysian 

Journal of Syariah and Law, 11(1), 14-30. https://

doi.org/10.33102/mjsl.vol11no1.373 

Daly, A., Mann, M., Squires, P. and Walters, R. (2020). 

3D Printing, Policing and Crime. An International 

Journal of Research and Policy, 31(1), 37-51, 

https://doi.org/10.1080/10439463.2020.1730835  

Dankar, I., Haddarah, A., Omar, F.E.L., Sepulcre, F. and 

Pujola, M. (2018). 3D Printing Technology The New 

Era for Food Customization and Elaboration. Trends 

https://doi.org/10.33102/mjsl.vol11no1.373


21 Baharuddin et al. / Food Research 6 (Suppl. 3) (2023) 10 - 22 

 
https://doi.org/10.26656/fr.2017.6(S3).003 © 2023 The Authors. Published by Rynnye Lyan Resources 

M
IN

I 
R

E
V

IE
W

 

in Food Science and Technology, 75, 231-242. 

https://doi.org/10.1016/j.tifs.2018.03.018  

Etxabide, A., Garrido, T., Uranga, J., Guerrero, P. and de 

la Caba, K. (2018). Extraction and incorporation of 

bioactives into protein formulations for food and 

biomedical applications. International Journal of 

Biological Macromolecules, 120, 2094-2105. https://

doi.org/10.1016/j.ijbiomac.2018.09.030 

European Parliament and the Council of the European 

Union. (2015). REGULATION (EU) 2015/2283 on 

Novel Foods, Amending Regulation (EU) No 

1169/2011 of the European Parliament and of the 

Council and Repealing Regulation (EC) No 258/97 

of the European Parliament and of the Council and 

Commission Regulation (EC) No 1852/2001. 

Official Journal of the European Union. L 327/1. 

Retreived from European Union website: https://eur-

lex.europa.eu/legal-content/EN/TXT/PDF/?

uri=CELEX:32015R2283 

Faustman, C., Hamernik, D., Looper, M. and Zinn, S.A. 

(2020). Cell-based meat: the need to assess 

holistically. Journal of Animal Science, 98(8), 

skaa177. https://doi.org/10.1093/jas/skaa177 

Food Directorate Canada (2006). Guidelines for the 

Safety Assessment of Novel Foods. Retrieved from 

website:http://www.hc-sc.gc.ca/fn-an/legislation/

guide-ld/nf-an/guidelines-lignesdirectrices-eng.php  

García-Oliveira, P., Fraga-Corral, M., Pereira, A.G., 

Prieto, M.A. and Simal-Gandara, J. (2020). Solutions 

for the sustainability of the food production and 

consumption system. Critical Reviews in Food 

Science and Nutrition, 62(7), 1765-1781 https://

doi.org/10.1080/10408398.2020.1847028  

Hallman, W.K. and Hallman, W.K. (2020). An empirical 

assessment of common or usual names to label cell‐

based seafood products. Journal of  Food Science, 

85(8), 2267-2277. https://doi.org/10.1111/1750-

3841.15351 

Hamdan, M.N., Post, M.J., Ramli, M.A. and Mustafa, 

A.R. (2018). Cultured Meat in Islamic Perspective. 

Journal of Religion and Health, 57(6), 2193-2206. 

https://doi.org/10.1007/s10943-017-0403-3  

Hassan, M.S. (Ed.). (2018). Forensik halal: perspektif 

sains, syariah dan perniagaan. Malaysia: Penerbit 

USIM. [In Bahasa Malaysia]. 

Horst, A. and McDonald, F. (2020). Uncertain but not 

unregulated: Medical product regulation in the light 

of three-dimensional printed medical products. 3D 

Printing and Additive Manufacturing, 7(5), 248-257. 

https://doi.org/10.1089/3dp.2020.0076  

Horst, A., McDonald, F. and Hutmacher, D.W. (2019). A 

clarion call for understanding regulatory processes 

for additive manufacturing in the health sector. 

Expert Review of Medical Devices, 16(5), 405-412. 

https://doi.org/10.1080/17434440.2019.1609353  

International Organization for Standardization (ISO). 

(2015). Quality management systems — 

Fundamentals and vocabulary. ISO 9000:2015. 

Retrieved from website: https://www.iso.org/

standard/45481.html  

Ismail, I., Hwang, Y.-H. and Joo, S.-T. (2020). Meat 

Analog as Future Food: A Review. Journal of 

Animal Science and Technology, 62(2), 111-120. 

https://doi.org/https://doi.org/10.5187/

jast.2020.62.2.111  

Jasper, L.T. (2016). 3D-Printed Food. Minnesota Journal 

of Law, Science and Technology, 17(2), 857-879.  

Kirillova, A., Bushev, S., Abubakirov, A. and Sukikh, G. 

(2020). Bioethical and legal issues in 3D bioprinting  

International Journal of Bioprinting, 6(3), 1-10. 

https://doi.org/10.18063/IJB.V6I3.272  

Latif, M.A. (2020). Halal international standards and 

certification. In Al-Teinaz, Y.R., Spear, S. and Abd 

El-Rahim, I.H.A. (Eds.). The Halal Food Handbook, 

p. 205-226. United Kingdom: John Wiley & Sons. 

https://doi.org/10.1002/9781118823026.ch14 

Lee, H.J., Yong, H.I., Kim, M., Choi, Y.S. and Jo, C. 

(2020). Status of meat alternatives and their potential 

role in the future meat market - A review. Asian-

Australasian Journal of Animal Sciences, 33(10), 

1533-1543. https://doi.org/10.5713/ajas.20.0419  

Lever, J. and Miele, M. (2012). The growth of halal meat 

markets in Europe: An exploration of the supply side 

theory of religion. Journal of Rural Studies, 28(4), 

528-537. https://doi.org/10.1016/

j.jrurstud.2012.06.004 

Li, G., Hu, L., Liu, J., Huang, J., Yuan, C., Takaki, K. 

and Hu, Y. (2022). A review on 3D printable food 

materials: Types and development 

trends. International Journal of Food Science and 

Technology, 57(1), 164-172. https://doi.org/10.1111/

ijfs.15391 

Li, J., Wu, C., Chu, P.K. and Gelinsky, M. (2020). 3D 

printing of hydrogels: Rational design strategies and 

emerging biomedical applications. Materials Science 

and Engineering R: Reports, 140, 100543 Article 

100543. https://doi.org/10.1016/j.mser.2020.100543  

MarketsandMarkets. (2022). 3D Food Printing Market 

by Vertical (Government, Commercial, and 

Residential), Technique (Extrusion Based Printing, 

Selective Laser Sintering, Binder Jetting and Inkjet 

Printing), Ingredient and Geography - Global 

Forecast to 2027. Retrieved from marketsandmarkets 

website: https://www.marketsandmarkets.com/

https://www.iso.org/standard/45481.html
https://www.iso.org/standard/45481.html


 Baharuddin et al. / Food Research 6 (Suppl. 3) (2023) 10 - 22 22 

 
https://doi.org/10.26656/fr.2017.6(S3).003 © 2023 The Authors. Published by Rynnye Lyan Resources 

M
IN

I R
E

V
IE

W
 

Market-Reports/3d-food-printing-market-

267692011.html 

Melzener, L., Verzijden, K.E., Buijs, A.J., Post, M.J. and 

Flack, J.E. (2020). Cultured beef: from small biopsy 

to substantial quantity. Journal of the Science of 

Food and Agriculture, 101(1), 7-14. https://

doi.org/10.1002/jsfa.10663 

Milanesi, M., Runfola, A. and Guercini, S. (2020). 

Pharmaceutical industry riding the wave of 

sustainability: Review and opportunities for future 

research. Journal of Cleaner Production, 261, 

121204. https://doi.org/10.1016/

j.jclepro.2020.121204  

Mohd Fadzli, S.D.N., Wan Harun, M.A., Baharuddin, 

A.S. and Reza Adnan, M.R.A. (2021). Genetically 

Modified Food Products (GMF) in The Concept of 

Halalan Toyyiban Perspective Based on The 

Maqasid Hifz An Nafs Evaluation. Malaysian 

Journal of Syariah and Law, 9(1), 73-85. https://

doi.org/10.33102/mjsl.vol9no1.284 

Oberweis, C.V., Marchal, J.A., López-Ruiz, E. and 

Gálvez-Martín, P. (2020). A worldwide overview of 

regulatory frameworks for tissue-based products. 

Tissue Engineering - Part B: Reviews, 26(2), 181-

196. https://doi.org/10.1089/ten.teb.2019.0315  

Razali, S.M., Isa, N.F., Htike, Z.Z., Yan, W. and Naing, 

N. (2015). Vision-based verification of authentic 

JAKIM Halal logo. ARPN Journal of Engineering 

and Applied Sciences, 10(21), 10122-10130. 

Riaz, M.N. and Chaudry, M.M. (2003). Halal Food 

Production. 1st ed. USA: CRC Press. https://

doi.org/10.1201/9780203490082 

Roslin, U.H., Razali, M.F.A., Ghazali, M.I.M. and 

Baharuddin, A.S., (2022). Three-Dimensional (3D) 

Printed Food Products From Halal Forensic 

Perspective: A Preliminary Review. Malaysian 

Journal of Syariah and Law, 10(1), 54-62. https://

doi.org/10.33102/mjsl.vol10no1.382 

Saipullah, K.M. and Ismail, N.A. (2015). Determining 

Halal Product Using Automated Recognition Of 

Product Logo. Journal Of Theoretical and Applied 

Information Technology, 77(2) 190-198 

Seehafer, A. and Bartels, M. (2019). Meat 2.0 – the 

regulatory environment of plant-based and cultured 

meat. European Food and Feed Law Review, 14(4), 

323-331.  

Stephens, N., Sexton, A.E. and Driessen, C. (2019). 

Making Sense of Making Meat: Key Moments in the 

First 20 Years of Tissue Engineering Muscle to 

Make Food. Frontiers in Sustainable Food Systems, 

3, 45. https://doi.org/10.3389/fsufs.2019.00045  

Thomas, N.A. (2022). Growing Demand for Halal 

Products and Services Drives Domestic Production 

and Export Growth Strategies. In Global Halal 

Economy Growth Opportunities. USA: Frost and 

Sullivan. 

Verzijden, K. and Buijs, J. (2020). Meat 3.0 — how 

cultured meat is making its way to the market. 

European Food and Feed Law Review, 15(2), 96-

107.  

Warner, R.D. (2019). Review: Analysis of the process 

and drivers for cellular meat production. Animal, 13

(12), 3041-3058. https://doi.org/10.1017/

S1751731119001897  

Wilson, J. (2012). Charting the rise of the halal market: 

tales from the field and looking forward. Journal of 

Islamic Marketing, 3(3) 288-294. https://

doi.org/10.1108/jima.2012.43203caa.001 

Wilson, J.A. and Liu, J. (2010). Shaping the halal into a 

brand?. Journal of Islamic Marketing, 1(2), 107-123. 

https://doi.org/10.1108/17590831011055851 

https://doi.org/10.33102/mjsl.vol9no1.284
https://doi.org/10.1017/S1751731119001897
https://doi.org/10.1017/S1751731119001897

