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Cheese produced with dairy protein obtained by precision 
 fermentation. Image provided by New Culture. 
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Have you ever imagined tasting a cheese with a characteristic texture and flavor, without it being made 
from cow's milk? Or eating a plant-based burger without noticing that you're not eating animal meat? 
Precision fermentation enables delivering these solutions by producing the same proteins present in 
animal-based products. These ingredients provide characteristic flavor, color and juiciness to plant-based 
analogs or cultivated meat food products (Liu; Aimutis; Drake, 2024).  
 
This technological approach employs genetic engineering techniques to make microorganisms, such as 
bacteria and fungi, capable of producing proteins that are identical to animal proteins (Hilgendorf et al., 
2024). The microorganisms are genetically modified (GMO – Genetically Modified Organism) to act as 
"small factories" for the production of these molecules (Good Food Institute, 2022, 2023), producing 
ingredients such as whey protein, casein (milk protein), egg albumin (egg white protein), enzymes, fats, 
dyes and vitamins in large quantities (Boukid et al., 2023). These ingredients can be used by the industry 
to compose alternatives to meat, dairy products and eggs, in plant-based and cultivated meat products 
(Good Food Institute, 2023). 
 
Graphical summary. Potential pathways, raw materials, and alternative protein products obtained through 

the application of precision fermentation technology as detailed in this fact sheet. 

 

 
1. Market trends and growth prospects 
 
Precision fermentation was driven by the advancement of molecular biology and genetic engineering, 
especially in the early decades of the 21st century (Cheng et al., 2022). In the 1980s, this technology was 
initially developed for the production of human insulin through recombinant Escherichia coli, and in the 
1990s it was also used for food applications in the production of chymosin for cheese and riboflavin 
(vitamin B2). The most significant advances in precision fermentation for specific proteins have recently 
arisen, and the technology has expanded widely in the food industry (Liu; Aimutis; Drake, 2024). 
Therefore, the microorganisms' fast growth leverages to produce specific functional ingredients more 
efficiently, including proteins identical to those produced by animals, consequently dissociating the 
production from the animals. This controlled and efficient fermentation process takes place within 
bioreactors and can even remove allergenic components found in animal molecules. 
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US$ 382 million was invested in 
the precision fermentation 
sector in 2022 

In the global context, 4.1 billion dollars were invested between 
2013 and 2023 in fermentation for the production of alternative 
proteins (Good Food Institute, 2023). In 2022, US$382 million 
was invested only in the precision fermentation sector (Good 
Food Institute, 2022). 

 
Source: Good Food Institute (2023). 

 

Data from 2023 indicates that 
60 startups in the world are 
operating in the production of 
alternative proteins using 
precision fermentation 

Until 2019, there were only 13 startups that used precision 
fermentation as the main technology to obtain products and 
inputs for the alternative protein sector. In 2023, a new GFI 
report surveyed about 60 startups in this sector. This represents 
an almost 80% increase in the number of new businesses 
focused on precision fermentation applied to alternative proteins 
over the past 4 years.  

 
Source: Good Food Institute (2023) and Alternative Protein Company… (2024). 

 

In Brazil, four surveyed 
startups operate in the 
precision fermentation-derived 
alternative protein sector 

The Brazilian ecosystem is at an early stage of development, and 
some startups are already innovating by introducing solutions in 
the sector: Future Cow Technologies, Ark Bio Solutions and 
UpDairy develop dairy proteins through precision fermentation, 
and Biolinker produces growth factors for cultivated meat. 

 
Source: The Good Food Institute Brasil survey data. 

 

Joining forces: 
The Precision Fermentation 
Alliance was established in 
2023 

In 2023, an alliance of nine precision fermentation companies 
was created to facilitate communication with consumers and 
regulation for these products: the Precision Fermentation 
Alliance. Such associations are key agents in knowledge 
exchange, institutional support engagement, organization around 
regulatory standards, and raising people's awareness of the 
advances and benefits of this technology in food production.  

 
Source: https://www.pfalliance.org/ 
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2. Bringing solutions for challenges in the alternative protein sector 
 
Precision fermentation-derived ingredients can contribute to overcoming several technological challenges 
in alternative protein products: 
 

Precision fermentation-derived 
functional ingredients offer an 
excellent solution to the 
technological challenges of 
creating plant-based products 
that replicate the sensory 
experience of meat by 
significantly improving the 
taste, appearance, and 
juiciness of these products 
 
 

An example of how precision fermentation can be a key tool for 
the alternative protein sector is the production of hemeproteins 
such as myoglobin, a molecule occurring naturally in animals that 
is responsible for the proper color and flavor of beef (Liu et al., 
2024). To this end, an alternative is to produce bovine myoglobin 
itself or similar molecules, such as Impossible Foods' soy 
leghemoglobin, which is capable of adding color, flavor and 
juiciness that are typical of fried or grilled meat products.  
Dairy proteins, such as casein, and whey proteins, such as 
beta-lactoglobulin or lactoferrin, can also be produced. Using 
some of these proteins in food formulations is essential to obtain 
specific characteristics such as texture, elasticity and melting 
that are typical of cheese. The startup Change Foods, for 
example, uses this strategy, obtaining proteins from precision 
fermentation, to solve functionality challenges faced in the 
development of plant-based cheese analogs. 
Egg white proteins can also be produced by precision 
fermentation, such as ovomucoid (a glycoprotein produced by 
Every) and ovalbumin. These proteins have important 
functionalities for food formulations, such as foaming and 
emulsifying capacity. 

 
Source: Tachie, Nwachukwu and Aryee (2023). 

 

Precision fermentation can 
overcome challenges in 
obtaining inputs to produce 
cultivated meat  

Cultivated meat production involves the use of various inputs, 
and precision fermentation is an essential technological platform 
for recombinant protein production to compose animal-free 
culture media. Some of these inputs include growth factors, 
albumin, insulin, and transferrin, which can be efficiently 
produced to supply this cultivated meat production chain. 

 
Source: Yamanaka et al. (2023); The Science of… (2021). 
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Currently, food enzymes are 
produced predominantly 
through recombinant 
microorganisms, and there are 
opportunities for the 
production of new enzymes, 
considering the alternative 
protein sector1 
 

Enzymatic treatment can solve important challenges of plant 
proteins, such as low solubility, low gelling and cross-linking 
capacity, bitterness, grain notes, other undesirable flavors, low 
emulsification, and low capacity for binding with fats and water. 
In addition, bottlenecks as to the cost of culture media used for 
cultivated meat production and alternative substrate use for 
fermentation can be solved by using enzymatic cocktails 
obtained by precision fermentation, either a proteolytic cocktail, 
considering the generation of amino acid hydrolysate for cell 
culture2, or glycosylhydrolases to convert complex carbohydrate 
sources, such as lignocellulosic residues, into fermentable 
sugars3. 

 
Source: 1- Good Food Institute Brasil (2022); 2- Flaibam and Goldbeck (2024); 
3- Lima et al. (2022). 

 

Precision fermentation can 
potentially reduce the 
environmental impacts of 
protein production 

Preliminary Life Cycle Assessment analysis studies suggest that 
precision fermentation technology can reduce environmental 
impacts in different impact categories, such as global warming 
potential and land use, whether in the production of dairy 
proteins1 or egg white proteins2 by precision fermentation. The 
studies note that most impacts and trade-offs between impact 
categories can potentially be further reduced using a low-carbon 
energy source. Thus, these reductions in greenhouse gas 
emissions are intrinsically associated with the energy source 
used in the production process, indicating the use of renewable 
sources as a solution. 

 
Source: 1- Geistlinger, Briggs and Nay (2023); 2- Järviö et al. (2021). 

 
 

3. Why is precision fermentation promising in Brazil? 
 
Brazil has a robust scientific community and abundant natural resources that favor progress in the field of 
precision fermentation. In addition, the presence of a competent agency (National Technical Commission 
on Biosafety – CTNBio) and well-established biosafety laws provides a conducive environment for the 
development and implementation of precision fermentation technologies. Currently, there are a total of 64 
strains and derivatives of genetically modified microorganisms authorized for commercial use in Brazil 
(CTNBio data from April 8, 2024), including a soy leghemoglobin produced by Picchia pastoris for use in 
ground meat analog products for human consumption (Technical Opinion 7,060/2020). 
In addition, the country already has model biorefineries in operation, which employ advanced precision 
fermentation technologies for the efficient and sustainable production of a variety of products using 
substrates such as sugarcane. 
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Opportunities exist to offer 
solutions to the Brazilian 
plant-based analog product 
market, which reached a 
valuation of US$ 226 million 
and exhibited a growth rate of 
38% in 2023. 

According to Euromonitor data, the estimated sales of 
plant-based meat analogs in Brazil were US$226 million or 1.1 
billion reais in 2023. These products still face challenges in 
mimicking the consumer experience with traditional products, 
and the use of precision fermentation-derived ingredients is an 
opportunity to improve them, potentially attracting even more 
consumers and investments to the country. 

 
Source: Euromonitor Passport, Meat and Seafood Substitutes, January 2024; 
and Plant-based Milk, October 2023 (Databook, 2024). 

 

Potential for introduction into 
the cultivated meat under 
development supply chain 

The Brazilian company BRF, in 2021, made a million-dollar 
investment in the Israeli startup Aleph Farms for cultivated meat 
production in Brazil1. In addition, the company JBS plans to 
invest US$ 100 million over a five-year period (2021 to 2025) to 
become one of the world's leading manufacturers of cultivated 
meat. In September 2023, JBS began building the “JBS Biotech 
Innovation Center” research center in Florianópolis, expected to 
begin operation in late 20242. These new businesses depend on 
the creation of a supply chain, which constitutes an opportunity 
for expanding the market for traditional suppliers of animal feed 
inputs. For example, there are seven registered GMO 
microorganisms and their derivatives used for animal feed in 
Brazil3; these include some amino acids used in animal feed 
supplementation that could also be used as inputs in the 
cultivared meat industry, since the nutritional needs of animals 
can be very similar to the nutrient needs of cells during cell 
culture. 

 
Source: 1- BRF Faz Aporte… (2021); 2- Brandão (2023); 3- Liberação 
Comercial… (2024). 

 

Studies indicate that Brazil has 
higher acceptance rates for 
precision fermentation-derived 
foods, compared with Germany, 
India, the United Kingdom and 
the USA 
 

Regarding the acceptance of these products in Brazil, Thomas 
and Bryant (2021) reported that the country showed the lowest 
rejection rates for cheeses produced by precision fermentation, 
compared with Germany, India, the United Kingdom and the USA. 
The research showed that 90% of Brazilian participants are 
willing to try and buy a cheese product without animal 
ingredients after reading a detailed explanation of precision 
fermentation and the sensory properties of the resulting 
ingredients/products. This demonstrates that precision 
fermentation products are highly likely to be well-accepted by 
Brazilian consumers. 

 
Source: Thomas and Bryant (2022). 
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93% of the surveyed Brazilian 
researchers use agro-industrial 
wastes as components of the 
culture medium used for 
precision fermentation1 

As for the use of wastes as fermentation substrate, there is 
potential for the development of new strains capable of 
metabolizing these diverse substrates, including sugars, complex 
carbohydrates, lactate, glycerol, etc. In addition, there are 
studies focused on the development of microbial platforms for 
the production of enzymes that enable obtaining fermentable 
sugars from lignocellulosic biomass2. Thus, there is a notable 
potential to combine the genetic techniques already under study 
with the national raw materials and feedstocks to develop 
products identical to animal-based products through precision 
fermentation in an affordable manner. 

 
Source: 1- survey conducted by The Good Food Institute Brazil; 2- Lima et al. 
(2022). 

 

Scientific production in Brazil Beyond contributions to microbial chassis development and 
genetic modification techniques such as CRISPR/Cas9* that can 
be exported for different applications1,2, Brazilian researchers 
already contribute to scientific production focused on alternative 
proteins. Researchers from the Federal University of Santa 
Catarina noted the potential of precision fermentation as an 
alternative for obtaining animal proteins in a review article that 
addresses environmental impact data related to current global 
food production, in addition to reporting the main proteins 
already produced by precision fermentation, with a particular 
focus on those used in the food and nutraceutical industries3. 
Regarding the production of dairy proteins that can be obtained 
by precision fermentation, an article by researchers from the 
Federal University of Paraná provided a comprehensive review of 
articles and patents to understand the current status and 
advances in the production of recombinant dairy proteins. The 
authors note the promising future of the technology and argue 
that continued research and development are essential to 
optimize the technology and increase its commercial viability to 
meet the growing demand for sustainable dairy alternatives4. 

 
Source: 1- Mélo et al. (2022); 2- Lima et al. (2022); 3- Knychala et al. (2024); 4- 
Piazenski et al. (2024). 
*CRISPR/Cas9 is a kind of 'genetic scissors,' which enables changing part 
of the genetic code of a cell. With such 'scissors,' it is possible, for 
example, to 'cut' a specific part of the DNA, leading the cell to produce 
certain proteins or not. The technique revolutionized gene editing with 
virtually infinite editing possibilities (Redman et al., 2016). 
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Regulation in Brazil Recently, the Brazilian Health Regulatory Agency (ANVISA) 
published RDC Resolution No. 839, of December 14, 2023, 
regulating the registration of novel foods and ingredients without 
a historical record of safe consumption in the country, including 
those originating from fermentation. This resolution established 
the process of assessing the safety of these foods and 
ingredients for human consumption. This situates Brazil at the 
same regulatory framework level as other countries already 
within ongoing initiatives on precision fermentation, including 
those applied to the alternative protein sector. Despite that, 
experts note that issues concerning the inspection of the 
production process have not yet been detailed. Other 
fermentation methods, such as those used in the production of 
beer and wine, are already regulated, but it is necessary to 
improve the safety assessment procedure for novel foods and 
ingredients, either at ANVISA or at the Ministry of Agriculture and 
Livestock (MAPA). The expectation is that, with clearer regulation, 
companies will invest in the sector, resulting, over the years, in a 
higher supply of these products in the Brazilian market, 
potentially at competitive prices; however, products of this type 
are expected to take some time to reach consumers. 
In the case of precision fermentation, the processes, products 
and ingredients obtained — if they contain genetically modified 
organisms or derivatives — must comply with the provisions of 
Law No. 11,105, of March 24, 2005, among other relevant 
regulations. Commercial authorization is given after a positive 
assessment of the safety of these products.  

 
Source: Brasil (2005, 2023). 
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	Credits 
	 
	 
	 
	1. Market trends and growth prospects 
	US$ 382 million was invested in the precision fermentation sector in 2022 
	In the global context, 4.1 billion dollars were invested between 2013 and 2023 in fermentation for the production of alternative proteins (Good Food Institute, 2023). In 2022, US$382 million was invested only in the precision fermentation sector (Good Food Institute, 2022). 
	Source: Good Food Institute (2023). 


	Data from 2023 indicates that 60 startups in the world are operating in the production of alternative proteins using precision fermentation 
	Until 2019, there were only 13 startups that used precision fermentation as the main technology to obtain products and inputs for the alternative protein sector. In 2023, a new GFI report surveyed about 60 startups in this sector. This represents an almost 80% increase in the number of new businesses focused on precision fermentation applied to alternative proteins over the past 4 years.  
	Source: Good Food Institute (2023) and Alternative Protein Company… (2024). 


	In Brazil, four surveyed startups operate in the precision fermentation-derived alternative protein sector 
	The Brazilian ecosystem is at an early stage of development, and some startups are already innovating by introducing solutions in the sector: Future Cow Technologies, Ark Bio Solutions and UpDairy develop dairy proteins through precision fermentation, and Biolinker produces growth factors for cultivated meat. 
	Source: The Good Food Institute Brasil survey data. 


	Joining forces: 
	The Precision Fermentation Alliance was established in 2023 
	In 2023, an alliance of nine precision fermentation companies was created to facilitate communication with consumers and regulation for these products: the Precision Fermentation Alliance. Such associations are key agents in knowledge exchange, institutional support engagement, organization around regulatory standards, and raising people's awareness of the advances and benefits of this technology in food production.  
	Source: https://www.pfalliance.org/ 


	 
	2. Bringing solutions for challenges in the alternative protein sector 
	Precision fermentation-derived functional ingredients offer an excellent solution to the technological challenges of creating plant-based products that replicate the sensory experience of meat by significantly improving the taste, appearance, and juiciness of these products 
	 
	An example of how precision fermentation can be a key tool for the alternative protein sector is the production of hemeproteins such as myoglobin, a molecule occurring naturally in animals that is responsible for the proper color and flavor of beef (Liu et al., 2024). To this end, an alternative is to produce bovine myoglobin itself or similar molecules, such as Impossible Foods' soy leghemoglobin, which is capable of adding color, flavor and juiciness that are typical of fried or grilled meat products.  
	Dairy proteins, such as casein, and whey proteins, such as beta-lactoglobulin or lactoferrin, can also be produced. Using some of these proteins in food formulations is essential to obtain specific characteristics such as texture, elasticity and melting that are typical of cheese. The startup Change Foods, for example, uses this strategy, obtaining proteins from precision fermentation, to solve functionality challenges faced in the development of plant-based cheese analogs. 
	Source: Tachie, Nwachukwu and Aryee (2023). 


	Precision fermentation can overcome challenges in obtaining inputs to produce cultivated meat  
	Cultivated meat production involves the use of various inputs, and precision fermentation is an essential technological platform for recombinant protein production to compose animal-free culture media. Some of these inputs include growth factors, albumin, insulin, and transferrin, which can be efficiently produced to supply this cultivated meat production chain. 
	Source: Yamanaka et al. (2023); The Science of… (2021). 


	Currently, food enzymes are produced predominantly through recombinant microorganisms, and there are opportunities for the production of new enzymes, considering the alternative protein sector1 
	Enzymatic treatment can solve important challenges of plant proteins, such as low solubility, low gelling and cross-linking capacity, bitterness, grain notes, other undesirable flavors, low emulsification, and low capacity for binding with fats and water. 
	Source: 1- Good Food Institute Brasil (2022); 2- Flaibam and Goldbeck (2024); 3- Lima et al. (2022). 


	Precision fermentation can potentially reduce the environmental impacts of protein production 
	Preliminary Life Cycle Assessment analysis studies suggest that precision fermentation technology can reduce environmental impacts in different impact categories, such as global warming potential and land use, whether in the production of dairy proteins1 or egg white proteins2 by precision fermentation. The studies note that most impacts and trade-offs between impact categories can potentially be further reduced using a low-carbon energy source. Thus, these reductions in greenhouse gas emissions are intrinsically associated with the energy source used in the production process, indicating the use of renewable sources as a solution. 
	Source: 1- Geistlinger, Briggs and Nay (2023); 2- Järviö et al. (2021). 


	3. Why is precision fermentation promising in Brazil? 
	Opportunities exist to offer solutions to the Brazilian plant-based analog product market, which reached a valuation of US$ 226 million and exhibited a growth rate of 38% in 2023. 
	According to Euromonitor data, the estimated sales of plant-based meat analogs in Brazil were US$226 million or 1.1 billion reais in 2023. These products still face challenges in mimicking the consumer experience with traditional products, and the use of precision fermentation-derived ingredients is an opportunity to improve them, potentially attracting even more consumers and investments to the country. 
	Source: Euromonitor Passport, Meat and Seafood Substitutes, January 2024; and Plant-based Milk, October 2023 (Databook, 2024). 


	Potential for introduction into the cultivated meat under development supply chain 
	The Brazilian company BRF, in 2021, made a million-dollar investment in the Israeli startup Aleph Farms for cultivated meat production in Brazil1. In addition, the company JBS plans to invest US$ 100 million over a five-year period (2021 to 2025) to become one of the world's leading manufacturers of cultivated meat. In September 2023, JBS began building the “JBS Biotech Innovation Center” research center in Florianópolis, expected to begin operation in late 20242. These new businesses depend on the creation of a supply chain, which constitutes an opportunity for expanding the market for traditional suppliers of animal feed inputs. For example, there are seven registered GMO microorganisms and their derivatives used for animal feed in Brazil3; these include some amino acids used in animal feed supplementation that could also be used as inputs in the cultivared meat industry, since the nutritional needs of animals can be very similar to the nutrient needs of cells during cell culture. 
	Source: 1- BRF Faz Aporte… (2021); 2- Brandão (2023); 3- Liberação Comercial… (2024). 


	Studies indicate that Brazil has higher acceptance rates for precision fermentation-derived foods, compared with Germany, India, the United Kingdom and the USA 
	Regarding the acceptance of these products in Brazil, Thomas and Bryant (2021) reported that the country showed the lowest rejection rates for cheeses produced by precision fermentation, compared with Germany, India, the United Kingdom and the USA. The research showed that 90% of Brazilian participants are willing to try and buy a cheese product without animal ingredients after reading a detailed explanation of precision fermentation and the sensory properties of the resulting ingredients/products. This demonstrates that precision fermentation products are highly likely to be well-accepted by Brazilian consumers. 
	Source: Thomas and Bryant (2022). 


	93% of the surveyed Brazilian researchers use agro-industrial wastes as components of the culture medium used for precision fermentation1 
	As for the use of wastes as fermentation substrate, there is potential for the development of new strains capable of metabolizing these diverse substrates, including sugars, complex carbohydrates, lactate, glycerol, etc. In addition, there are studies focused on the development of microbial platforms for the production of enzymes that enable obtaining fermentable sugars from lignocellulosic biomass2. Thus, there is a notable potential to combine the genetic techniques already under study with the national raw materials and feedstocks to develop products identical to animal-based products through precision fermentation in an affordable manner. 
	Source: 1- survey conducted by The Good Food Institute Brazil; 2- Lima et al. (2022). 


	Scientific production in Brazil 
	Beyond contributions to microbial chassis development and genetic modification techniques such as CRISPR/Cas9* that can be exported for different applications1,2, Brazilian researchers already contribute to scientific production focused on alternative proteins. Researchers from the Federal University of Santa Catarina noted the potential of precision fermentation as an alternative for obtaining animal proteins in a review article that addresses environmental impact data related to current global food production, in addition to reporting the main proteins already produced by precision fermentation, with a particular focus on those used in the food and nutraceutical industries3. Regarding the production of dairy proteins that can be obtained by precision fermentation, an article by researchers from the Federal University of Paraná provided a comprehensive review of articles and patents to understand the current status and advances in the production of recombinant dairy proteins. The authors note the promising 
	Source: 1- Mélo et al. (2022); 2- Lima et al. (2022); 3- Knychala et al. (2024); 4- Piazenski et al. (2024). 


	Regulation in Brazil 
	Recently, the Brazilian Health Regulatory Agency (ANVISA) published RDC Resolution No. 839, of December 14, 2023, regulating the registration of novel foods and ingredients without a historical record of safe consumption in the country, including those originating from fermentation. This resolution established the process of assessing the safety of these foods and ingredients for human consumption. This situates Brazil at the same regulatory framework level as other countries already within ongoing initiatives on precision fermentation, including those applied to the alternative protein sector. Despite that, experts note that issues concerning the inspection of the production process have not yet been detailed. Other fermentation methods, such as those used in the production of beer and wine, are already regulated, but it is necessary to improve the safety assessment procedure for novel foods and ingredients, either at ANVISA or at the Ministry of Agriculture and Livestock (MAPA). The expectation is that, with clearer regulation, companies will invest in the sector, resulting, over the years, in a higher supply of these 
	In the case of precision fermentation, the processes, products and ingredients obtained — if they contain genetically modified organisms or derivatives — must comply with the provisions of Law No. 11,105, of March 24, 2005, among other relevant regulations. Commercial authorization is given after a positive assessment of the safety of these products.  
	Source: Brasil (2005, 2023). 
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