
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Cultured meat: Current State of the Art and 

Future Challenges 
 

 

Word count: 11293 

 

 

 

 

 

 

Oona Van der Gucht 
Student number: 0110293 

 

Supervisor: Prof. dr. Catherine Delesalle 

Supervisor: Laura Van Hauwe 

 

A dissertation submitted to Ghent University in partial fulfilment of the requirements for the degree of 

Master of Veterinary Medicine 

 

Academic year: 2017 - 2018



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ghent University, its employees and/or students, give no warranty that the information provided in 

this thesis is accurate or exhaustive, nor that the content of this thesis will not constitute or result in 

any infringement of third-party rights. 

Ghent University, its employees and/or students do not accept any liability or responsibility for any 

use which may be made of the content or information given in the thesis, nor for any reliance which 

may be placed on any advice or information provided in this thesis. 



 

3 

 

Acknowledgements 

First of all, I would like to thank my supervisor, professor Catherine Delesalle for her enthusiasm and  

support for this unusual subject. My supervisor, Laura Van Hauwe for correcting several versions of my 

work and providing me with a suiting title. 

I am very grateful to my parents for supporting me in everything and making it possible to study at the 

university of Ghent. They are always there when I need them. My former housemate and friend, 

veterinarian Nicole van der Vossen for correcting all of my work and giving hints on how to proceed. 

Her brother Thomas van der Vossen for demonstrating me a better use of English language.  

I also want to thank my boyfriend Tim Waegeman for reading my rough drafts and my housemates 

Shirell Isabell Galjé and Kirsten Kruit for providing me with tea and support during the hours we worked 

together. 

I am very appreciative of my best friend Thea Debbaut for emotional support during my life and 

cheering me on for every word I typed. 

And last but not least, I want to thank all of my fellow ruminant students for an amazing last year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4 

 

Contents 

Acknowledgements .................................................................................................................. 3 

List of abbreviations ................................................................................................................. 6 

Summary ................................................................................................................................ 7 

Samenvatting .......................................................................................................................... 8 

1. Introduction ..................................................................................................................... 9 

2. Cells for in-vitro meat production ......................................................................................... 11 

2.1 Stem cells ................................................................................................................................................................ 11 

2.2 Starting stem cell sources (Pandurangan and Kim, 2015) ...................................................................... 11 

2.2.1. Satellite cells ........................................................................................................................11 

2.2.2. Adipose tissue-derived stem cells .......................................................................................13 

2.2.3. Embryonic stem cells ...........................................................................................................13 

2.2.4. Induced pluripotent stem cells ............................................................................................14 

2.2.5. Cell mixtures, transplants ....................................................................................................15 

2.2.6. Cells for other components of meat ...................................................................................15 

2.3. How much can one cell yield? ........................................................................................................................ 16 

2.4. How does one harvest cells for meat production? .................................................................................. 16 

2.4.1. Muscle stem cells ................................................................................................................16 

2.4.2. Adipose tissue derived stem cells .......................................................................................16 

4.4.3. Induced pluripotent stem cells ............................................................................................17 

4.4.4. Embryonic stem cells ...........................................................................................................17 

2.5. Food safety ........................................................................................................................................................... 17 

3. Pre-culture ........................................................................................................................ 18 

4. Culture media .................................................................................................................... 19 

4.1. What are culture media? ................................................................................................................................. 19 

4.2. Needed components for a complete culture medium ........................................................................... 19 

4.3. Problems with media(-components) ............................................................................................................ 19 

4.3.1 Serum ...................................................................................................................................19 

4.3.2 Antibiotics .............................................................................................................................19 

4.3.3 Hormones .............................................................................................................................20 

4.3.4. Costs ....................................................................................................................................20 

4.4 Solutions to current problems ......................................................................................................................... 21 

4.4.1. Serum-free media ................................................................................................................21 

4.4.2. Re-using culture medium ....................................................................................................21 

4.4.3. Co-culture ............................................................................................................................22 



 

5 

 

4.5. Influence on food safety ................................................................................................................................... 22 

5. Scaffolds............................................................................................................................ 22 

5.1 Requirements for scaffolds ............................................................................................................................... 22 

5.2. Types of scaffold-bioreactor combinations ................................................................................................ 23 

5.3. Scaffold Components ........................................................................................................................................ 24 

5.4. Raising the st(e)aks ............................................................................................................................................ 24 

5.4.1. Self-organizing techniques ..................................................................................................24 

5.4.2. Angiogenesis ........................................................................................................................25 

5.4.3. 3D tissue printing.................................................................................................................25 

6. Bioreactors for scale up systems .......................................................................................... 25 

6.1. Uniform micro environment ........................................................................................................................... 25 

6.2. Temperature (Freshney, 2016) ...................................................................................................................... 26 

6.3. Prevention of contamination .......................................................................................................................... 26 

7. Discussion ......................................................................................................................... 26 

References: ........................................................................................................................... 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

6 

 

List of abbreviations 

ADSC: adipose tissue-derived adult stem cells 

ECM: extracellular matrix 

ES: embryonic stem 

EDTA: ethylenediaminetetraacetic acid 

EGTA: ethylene glycol tetraacetic acid 

GMP: good manufacturing practices 

iPCS: induced pluripotent stem cells 

hiPCs: human induced pluripotent stem cells 

PCB: Packed cell bioreactor 

piPCS: porcine induced pluripotent stem cells 

IMPS: In vitro meat production system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

 

Summary 

Scientist and companies from all around the globe are developing cultured meat. In recent years, their 

results start to appear in popular media. For instance, Mark Post became world famous with the 

production of a hamburger worth a quarter million euros and Silicon Valley startups are not only known 

for their computers and apps anymore.1 Global warming, animal welfare and the rise foodborne 

diseases are some of the main reasons to develop artificially grown meat.  

 

This thesis attempts to give a detailed description of the production process of cultured meat, with in 

every section an emphasis on  a possible role of a veterinarian. The first step in the production process 

is to obtain stem cells. An overview will be given of  different stem cell types and their harvesting 

techniques. As will be discussed, some of these techniques can be performed by a veterinarian (e.g., 

muscle biopsies). 

Afterwards, the composition of the culture medium, which is needed for the cells to proliferate and 

differentiate, will be discussed together with the effects of medium residue from a safety point of 

view., especially when using hormones, antibiotics, toxic substances of allergens, this is undesirable. 

Finally, the discussion will focus on the scaffold and related bioreactor used for actually supporting the 

tissue growth and regulating its environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
1 http://www.memphismeats.com/ 
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Samenvatting 

Wetenschappers en bedrijven van over de hele wereld zijn bezig met de ontwikkeling van kweekvlees. 

Gedurende enkele jaren komen resultaten van deze ontwikkelingen geregeld voor in de media. Van de 

hamburger van een kwart miljoen euro2 tot de kweek van bedreigde tonijnvlees op cel media.3 De 

belangrijkste motivaties voor deze ontwikkelingen zouden duidelijk zijn: een significant lagere impact 

op het milieu, geen dierenleed en vrij van pathogenen aanwezig in klassiek vlees.  

 

Deze masterproef beschrijft stap voor stap het productieproces van in vitro vlees met telkens een 

uitwijding over hun diergeneeskundige aspect. Eerst worden de mogelijk gebruikte cel-types voor de 

productie van in vitro vlees beschreven tezamen met de technieken om deze cellen te oogsten. Zo 

bestaan er technieken die starten met een biopsie (e.g., spierbiopt, huidbiopt) van een levend dier of 

met embryonale stamcellen. Deze zouden in de toekomst bij een massaproductie van kweekvlees 

waarschijnlijk door een dierenarts uitgevoerd worden.  

 

In de verdere fases van het proces focust deze masterproef zich op de invloed van deze stappen op de 

veiligheid van het eindproduct voor de volksgezondheid. Cultuurmedia en hun samenstelling zijn 

belangrijk om deling en differentiatie van de cellen te garanderen, maar het is ook mogelijk dat 

bepaalde bestanddelen aanwezig blijven in het eindproduct. Dit is zeker niet gewenst in het geval van 

hormonen, antibiotica of toxische componenten. Daarnaast is een matrix noodzakelijk aangezien 

spiercellen een structuur nodig hebben om op te kunnen groeien. Tenslotte worden de uitdagingen in 

de ontwikkeling van een bioreactor om massaproductie van kweekvlees toe te laten besproken. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
2 Fontein, J.,  2013. Zorgt de eerste hamburger van kweekvlees voor een revolutie? . Last view of page: 
9/5/2018 https://www.demorgen.be/wetenschap/zorgt-de-eerste-hamburger-van-kweekvlees-voor-een-
revolutie-b5c6b9b9/ 
3  Kestemont, E. 2018. Na kweekvlees ook kweektonijn op komst . Last view of page: 9/5/2018 

http://weekend.knack.be/lifestyle/culinair/na-kweekvlees-ook-kweektonijn-op-komst/article-normal-
947333.html 
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1. Introduction  

“We shall escape the absurdity of growing a whole chicken in order to eat the breast or wing, by 

growing these parts separately under a suitable medium.” This forward thinking concept, quoted from 

Winston Churchill (1932) is becoming a reality through the development of new technologies. The main 

questions though is; why would academics be interested in developing substitutes to current modes 

of meat production? The response to this question is found by taking a closer look at the extensive 

negative externalities of meat production. 

First of all, the meat industry has a large negative environmental impact. This impact is expected to 

grow further due to population growth, by 2030 the human population is expected to be about 8.6 

billion4. Increasing population puts a strain on infrastructure and land use, however in combination 

with increasing welfare and higher standards of living the impact on food consumption is enormous. 

That is because, increased standards of living in turn drive the overall demand and consumption of 

meat products (Langelaan et al., 2010). In China for example, annual meat consumption has gone from 

an average 55kg a year to 68kg from 2000-20125 . This is becoming a real threat to humanity as the 

meat industry under its current form, has a very large negative impact on the environment. Indeed, 

the production of animal meat for human consumption is not sustainable. An extensive report 

published by the United Nations Food and Agriculture program on Livestock outlines all these issues. 

First of all, meat is a land-intensive product, requires large amounts of clean water and the livestock 

itself emits large amounts of CO2 (FAO, 2006). All in all, the meat industry largely contributes to global 

warming. The mass production of cultured meat6 will not suffer from such a drastic environmental 

impact thereby enabling large consumption in a sustainable fashion. 

The second issue plaguing the meat industry is the one of foodborne illnesses. These diseases have an 

increasing incidence in the western world and meat is the most recurring cause of those illnesses in 

the EU, Canada and the United States (Bhat et al., 2015). Apart from foodborne diseases, the mass 

production of livestock leads to the appearance of large plagues such as but not limited to the avian 

influenza and swine fever. Due to the fact that cultured meat is produced in a controlled environment 

the appearance and spread of meat borne illnesses is limited. 

The final limitation to the classical production of meat is the extensive waste left after the collection 

of the meat. In the chicken industry for example, only 70% of the whole body is used while this amount 

is even lower in the cow industry (Welin, 2013). By making use of cultured meat no waste is produced. 

Apart from the aforementioned upside of cultured meat, there is a final benefit to the culinary sector. 

If meat products can be produced from a limited amount of cells, the range of meat products available 

everywhere is infinite. To illustrate; any rare species will be available anywhere at all times and 

additional flavours and variants of the meat can be produced. Moreover, not only mammal meat is 

considered, cultured fish-meat is also a possibility (Finless Food). In the patent of Vein (2004) birds, 

invertebrates, reptiles and amphibians (e.g. frog legs) are also mentioned as potential products which 

could take the form of cultivated meat and that in a more efficient, safer and healthier way. Animal 

populations endangered by overfishing and/or hunting could be restored if their meat (and other 

products) can be manufactured in labs. 

As can be concluded from the previous sections it is clear that in vitro produced meat products have 

many upsides. Furthermore, the use of such a technique might be essential to sustained meat 

                                                
4 UN Population Prospects, 2017 
5 Empire of the pig, The Economist, 2014 https://www.economist.com/christmas-specials/2014/12/17/empire-

of-the-pig (last consulted 2/5/2018) 
6 Cultured meat, is also called: clean meat (Post, 2017), BAM+bio-artificial muscle (Benjaminson et al., 2001), In 

vitro meat (Pandurangan and Kim, 2015),  man-made meat, vegetarian meat (Hopkins et al., 2008) 
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consumption. A quote by Hopkins & Dacey (2008) illustrates this; “The development of cultured meat, 

(…), is not merely an interesting technological phenomenon, but something that we may be morally 

required to support”. However, to ensure the adoption of this product the in vitro meat mimic the 

characteristics of conventional meat as close as possible, such as physical appearance, smell, texture 

and taste, which is definitely a complex assignment. Next to the development of this technique, 

cultured meat needs to be safe to consume. 

This thesis will provide an overview of the employed techniques (fig1) as well as the challenges faced 

in the production of cultured meat, with an emphasis of the role of veterinarians in the process. 

 

 

 

 

 
 

figure 1: Stephens et al., 2016 The figure illustrates the main consecutive steps of the production 

process to create cultured meat. 
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2. Cells for in-vitro meat production 

2.1 Stem cells 

The technical demands for starting cells or starting tissue for cultured meat are the following:  They 

should be able to divide indefinitely or at least significantly and retain their capacity to differentiate 

into the required phenotype. Consequently we need stem cells, either of embryonic or adult origin 

(Langelaan et al., 2010).  Embryonic stem cells are derived from preimplantation embryos. Adult cells, 

on the other hand, are derived from postnatal tissue (Pandurangan and Kim, 2015).  

Vein (2004) states that pluripotent embryonic stem cells could be used next to totipotent embryonic 

stem cells in the production of cultured meat. Totipotent stem cells  are cells retrieved from the 

blastocyst stage, fertilized eggs, placenta or umbilical cord of the animal whose meat one you intend 

to culture. They can give rise to a fully differentiated adult organism (Jankowski, 2002). Pluripotent 

cells can not give rise to cells in the placenta, but can differentiate into each one of the three germ 

layers. 

Postnatal (adult) stem cells can not totipotent; however, they can be pluripotent. Postnatal stem cells 

were thought to have the differentiation capacity limited to the tissue they were retrieved from, but 

research proved they had many  more possibilities. Stem cells found in adult tissues could under the 

right circumstances, differentiate to cells of mesodermal, endodermal and ectodermal lineages. 

Furthermore, adult stem cells could be dedifferentiated to form pluripotent stem cells, called induced 

pluripotent stem cells.  

The capacity to divide endlessly is not commonly found in  healthy cells. This ability is actually more 

often seen in diseased cancerous cells/ tumor-like cells. This knowledge could lower the public 

acceptance for cultured meat. A consideration closely linked is if it is desirable to make genetic 

modifications to cells we culture, such as immortalizing the cell line (Keefer et al., 2006). Next to these 

cell-characteristic demands, other aspects of starting cells are to be considered. For example animal 

welfare, one of the main arguments is used to defend cultured meat, so there is a clarification on how 

these cells are obtained. Animal welfare can be compromised if the samples are taken with an invasive 

method, if a lot of samples are taken from the same animal or if the animal needs to be slaughtered to 

obtain the sample.  

 

The tissue or cells need to be sterile, and no initial contamination should be present in the cell culture. 

This refers to both the possible (bacterial) contamination of the environment of the sample and the 

possible presence of prions, viruses, bacteria, fungi or parasites in the tissues of the donor animal. 

 

2.2 Starting stem cell sources (Pandurangan and Kim, 2015)  

2.2.1. Satellite cells 

Satellite cells or myosatellite cells are names for a stem cell present in the mature muscle tissue of 

every  mammal. This cell is responsible for tissue repair and regeneration after muscle damage in the 
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postnatal animal. The most famous experiment in cultured meat so far made use of myoblast cells: the 

quarter million burger, produced in the lab of Mark Post.7  

Advantages of using satellite cells as a source are the following: 

● Most used cell-line for meat-culture and is an easy component to use since much is known 

about these cells in comparison with newer starting cells. Successful cultivation of satellite in 

vitro was established more than 35 years ago (Datar and Betti, 2010) 

● They seem the preferred source of primary myoblasts because they recapitulate myogenesis 

better than immortal myogenic cell lines (Beier et al., 2006). 

● Satellite cells differentiate easily into myotubes and myofibrils (Post, 2012). 

 

But there are still disadvantages associated with the use of satellite cells: 

● Despite much experimenting and thorough research with satellite cells, it is still not possible 

to culture a tissue with only satellite that mimics natural meat and is affordable. 

● Satellite cells are acquired through invasive muscle biopsy techniques on live animals or 

through sampling of muscle post-mortem which understands slaughter of animals in the 

process.  In addition satellite cells should be harvested time and time again since the replicative 

state of the cells cannot be conserved in culture (Post, 2012) which means live animals are still 

required in the production process. It is a rare muscle cell type with limited regenerative 

potential (Datar and Betti, 2010). In muscle tissue, they only make up 1-5% of the population 

depending on age and muscle fiber composition of the donor animal. The muscle fiber 

composition is contingent upon the anatomic location of the muscle and the  species of animal. 

 

Muscle derived stem cells (Usas and Huard, 2007) are a type of adult stem cells present in muscle 

tissue. They could be a subpopulation of satellite cells or a distinct population of stem cells. However, 

due to slightly other enzyme expression patterns and a higher proliferation capacity of these cells 

suspicion arose that these cells are most likely the progenitors for satellite cells (figure 2) 

                                                
7 http://www.new-harvest.org/mark_post_cultured_beef 
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Figure 2: This figure gives an overview of muscle cells, mapped on base of their protein expression. The 

assumption that muscle derived stem cells are the progenitors of Satellite cells is visualized.  (Jankowski 

et al., 2002) 

 

 

2.2.2. Adipose tissue-derived stem cells 

Like myosatellite cells, adipose tissue-derived stem cells are adult stem cells. They can be harvested 

from bone marrow and adipose tissue. They are multipotent cells capable of transdifferentiation to 

myogenic, osteogenic, chondrogenic or adipogenic cell lineages (Datar et al., 2010). The big advantage 

is that adipose tissue-derived cells can  easily be obtained from subcutaneous fat through minimally 

invasive and easy techniques. Both myosatellite cells and ADSCs have the disadvantage of being more 

prone to malignant transformation in the long run. This means that these cells need to be reharvested 

over time (Bunnel et al.,2008). At the moment, most research on ADSCs is done in the field of 

regenerative medicine (Schreml et al., 2009) with the goal to produce tissues and organs with one’s 

own stem cells. The difficulty or ease of producing meat from these cells is not explored in depth yet. 

 

2.2.3. Embryonic stem cells 

Embryonic stem cells are a theoretical alternative, as these cell can be maintained indefinitely in 

culture while maintaining their competence to produce all the cells within the fetus. Although 

embryonic stem cell lines from mice, humans and primates have been around for three decades 

already, the main problem with the use of these cells is the difficulty to produce embryonic stem cell 

lines from meat-producing animals. These difficulties are discussed below (Keefer et al., 2007). These 
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cell lines are theoretically endless (Bhat et al., 2014) and once one successful cell line is established, 

we do not need to bother animals anymore.  

 

 

The difficulties with the establishment of production animal embryonic cell lines is due to following 

possible complications (Keefer et al., 2007):  

● The first problem encountered in the isolation and culture of ES lines is the recognition 

of the embryonic stem cells from contaminating cell types. It is for example easy to 

confuse useful ES cells from blastocysts or inner cell masses.  

● Furthermore is the optimal timing for initiation of the blastocyst cell culture for the 

establishment of production animal cell lines not known. The blastocysts of most farm 

animals have an extended period for preimplantation development, in contrast to 

human and mice blastocysts. The appropriate time to take the embryo from the womb 

is less clear. And that is one assumption on why it is more difficult to produce a cell 

line from production animal ES cells in contrast to ES cell lines from humans and mice. 

● Another problem is that production animal ES cells do not cope well with pre-culture. 

Pre-culture of primary culture as discussed in the chapter below is an essential step 

and includes the dissociation of the harvested cells and the first culture. It needs to be 

possible to dissociate epiblast cell lines from each other to establish an ES cell line for 

two main reasons: a suspension of individual cells can be created so that the culture 

can be subdivided for continued growth and growth inhibition due to crowding 

reduced.; , dissociation is secondly needed to break the cell-cell signaling that leads to 

differentiation. Thus pluripotency of the cell population is maintained over time. 

● Typically, epiblast cells are separated from each other by treatment with enzymes 

(trypsin, collagenase, pronase) or a combination with chemical agents (EDTA, EGTA, 

citrate,..). But the dissociation of ES cell lines is a restrictive factor : Mouse ES cell lines 

have a re-plating efficiency after dissociation of 20%, while human or monkey cell lines 

have re-plating efficiencies of less than 1%. This sensitivity for cell-cell dissociation is 

even more pronounced in epiblast cells of production animals. The inability to 

dissociate is a critical problem. It’s hoped that new cell culture factors can enable the 

growth and maintenance of pluripotent ES cell lines from production animals. 

● Possibly the most significant problem hindering the establishment of ES cell lines from 

these species is the inability to control the spontaneous differentiation in culture. 

 

Next to the difficulty of creating an ES cell line, we should consider that in vitro produced embryos 

have lesser development competence than in vivo produced embryos which means that it might be 

recommendable to use in vivo produced embryos for the sampling of ES-stem-cells. However this 

involves the use of more invasive techniques for the sampling which is detrimental to animal welfare.  

 

2.2.4. Induced pluripotent stem cells 

Induced pluripotent stem cells are defined as: “A pluripotent stem cell induced by genetic manipulation 

and/or epigenetic regulation of gene expression of adult cells” (Freshney, 2016).Induced pluripotent 

stem cells are like satellite cells  derived from adult tissues (Takahaski et al., 2006). Similar to ES cell 

lines has most experiments been done with mice and human cells for medical purposes. These are well 

established, but since human nor mouse meat is eaten, not useful.  
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Taking a cell and making it into an iPSC is called reprogramming cells and this step had some 

complications in the mass producing of iPSCs. This reprogramming of cells shows a low efficiency: The 

original mouse experiment of Yamanakas study (Takahaski et al., 2006) showed only 0.01-0.1% of the 

somatic cells reprogrammed to iPSCs. The efficiency has since been improved. Furthermore, it seems 

that the expression of oncogenes may be altered in iPSCs. This makes the cells prone to develop into 

tumoral tissue. This is more of a risk for tissue engineered  with the goal to make (human) implants. 

However, it might be not that much of a problem with cell cultures for in vitro meat and is depending 

on the used method to reprogram cells into iPSCs. 

 

Induced pluripotent cells are very promising, but years behind on other cell types since they are a 

relatively recent discovery.  Experiments with Induced pluripotent cells are primarily done with mouse 

and human cells, with applications for regenerative medicine in mind. The experiments done with 

induced pluripotent stem cells of production animals for the production of cultured meat are still 

limited. More research towards their use for meat-culture is coming though. One of the discoveries 

thus far is that IPSCs can be grown in serum-free media (Genovese et al., 2017). Serum-free media are 

discussed in detail later. 

 

In contrast to somatic cells types or embryonic stem cells who required a sampling by biopsy, induced 

pluripotent stem cells do not require a biopsy nor the production of a fertilized egg to be obtained.. 

They can be induced from any cell with a nucleus, most commonly from peripheral  blood or skin cells. 

This holds great promise for non-invasive methods for fetching stem cells without animal harm. 

 

2.2.5. Cell mixtures, transplants 

Some experiments use a larger tissue sample with a mixture of cells instead of one line of purified cells; 

for example the experiment on fish from Benjaminson et al. (2001) or on mice from Catts and Zurr 

(2002). Explants have the advantage of containing all the cells that make up muscle in the right 

proportions (Edelman et al., 2005). However: lack of blood circulation in these  explants makes 

substantial growth impossible unlike  other types of starting cultures. Another problem with the use 

of  transplants is the sampling method:  , in the case of the experiment of Benjaminson they euthanized 

the fish before taking explants of the meat, which is not the goal of cultured meat. 

A cell mixture does not necessarily need to origin from one tissue sample. It’s also possible to combine 

different cell types of different origin, even of separate species to accomplish good results. Levenberg 

(2005) used adult myoblasts in combination with embryonic fibroblasts and umbilical vein endothelial 

cells to produce vascularized muscle tissue. 

 

2.2.6. Cells for other components of meat 

It is possible to make something meat-like that only consists of muscle cell; but to produce meat with 

the structure and taste of real meat, there is a need for other cell types, especially adipose tissue. The 

co-culturing of different cell types can also be an advantage for the culturing itself, not only to mimic 

taste and texture of meat (Edelman et al., 2005), but also because the co-culture of different cell lines 

can have other benefits, such as the fact that these cells produce growth factors needed for the muscle 

cells to replicate (Gibbons, 2017). 

 



 

16 

 

2.3. How much can one cell yield? 

It is important to know how much cells and thus how much meat one can produce from a single sample. 

The most important objectives of cultured meat are to produce meat more animal-friendly and more 

efficiently. If one needs to take several biopsies to generate one steak, one can imagine these 

objectives are not met. 

There is a high variability in types of start cells and these will determine primarily how many divisions 

a cell could make. In theory if one establishes an embryonic cell line which should be immortal then 

only one initial early stage animal embryo  is needed for years to come (Welin, 2013). However, the 

slow accumulation of genetic mutations over time may determine a maximum proliferation period for 

a long term ES cell culture (Datar and Betti, 2010).  If the culture starts from a muscle biopsy and uses 

adult stem cells, it is needed to make new biopsies  for every new batch. It is not clear how much one 

cell could yield. If one talks about cells in culture the Hayflick limit comes into play. The Hayflick limit 

or Hayflick phenomenon is the number of times a normal cell population will divide until cell division 

stops. This phenomenon is dependent on the shortening of telomeres (Edelman et al., 2005). On the 

other hand, it has been revealed  that satellite cells cloned from turkey breast muscle express 

telomerase (Mozdziak et al., 2000), with suggests that turkey satellite cells may generate enough 

daughter cells to produce huge quantities of cultured meat.8 

The Hayflick limit is dependent on animal species and type of cell and can greatly vary. There are 

several possibilities suggested  to overcome the Hayflick limit (Datar and Betti, 2010):  

● Regularly replenishing the culture. 

● Using an immortal cell line 

● Immortalizing a cell line 

But all of these solutions have their own drawbacks.  

 

2.4. How does one harvest cells for meat production? 

2.4.1. Muscle stem cells  

Satellite cells or/and muscle derived stem cells have  to be harvested trough muscle biopsy. Muscle 

biopsy is a procedure done in adult humans with only a local anesthetic. Human patients sometimes 

experience discomfort as result of the procedure; pain during the procedure should be nonexistent. It 

could be expected of animals to have a similar experience during a biopsy. It is important to take into 

consideration that production animals usually do not lie still as told. This fact in addition to the 

importance of sterile procedures, heavy sedation or general anesthesia could be advised to guarantee 

immobilisation of the animal. There are two distinct types of biopsy: percutaneous needle biopsy and 

open biopsy. (Dubowitz et al., 2013) 

 

2.4.2. Adipose tissue derived stem cells 

Adipose tissue derived stem cells can be harvested through liposuction or resection. Liposuction has 

the advantage of being a less invasive technique as well as yield a higher number of viable cells 

(Schreml et al., 2009). This makes liposuction the technique of choice to harvest adipose tissue derived 

                                                
8 For example: if one parent cell with a Hayflick limit of 75 could theoretically satisfy the current annual global 

demand for meat (Edelman et al., 2000) 
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cells. For similar reasons as with the muscle biopsy, heavy sedation or full anesthesia is to be 

considered during the procedure of liposuction. 

4.4.3. Induced pluripotent stem cells 

Induced pluripotent stem cells can  hypothetically be made from any living cell with a nucleus. At the 

moment the most used method to obtain IPSCs is through a skin biopsy to acquire fibroblasts. 

(Takahaski et al., 2006) But research has led to the development of new minimally invasive techniques 

that allowed us to obtain iPSC: for example a hair pluck sampling to retrieve keratinocytes (Novak et 

al., 2010) or peripheral blood cells sampling from whole blood (Okita et al., 2013). Human induced 

pluripotent stem cell were even made from renal epithelial cells in the urine (Zhou et al, 2012). Not all 

cell types might be equal in their ability to produce iPSCs and finally muscle tissue. Considerations to 

take into account when selecting a starting cell type includes mutational load (e.g. keratocytes may 

harbor more mutations due to UV exposure), the  time it takes to expand the population of starting 

cell and their ability to differentiate. 

4.4.4. Embryonic stem cells 

Procedures of isolation of embryonic stem cells from animals, following steps are taken to obtain cells 

to start a primary culture (Freshney, 2016):  

● Acquire an embryo of the appropriate age in vivo from the uterus for mammals or to produce 

poultry, egg. To produce totipotent ES cells, a pre-implantation embryo is needed. This is 

rather difficult in the case of production animal since the exact timing upon with 

preimplantation embryos are to be removed is not yet determined. Older embryos can be used 

to produce pluripotent or multipotent stem cells. For example, chicken embryos can be 

aseptically removed day ten of incubation for the production of mesenchymal stem cells. 

● Produce an embryo in vitro after acquiring sperm and eggs. This is the most common way to 

produce human embryonic stem cells. The cells acquired in this way have lower survival rates, 

but it is a more ethical way to produce stem cells.  

2.5. Food safety 

In regard to food safety, all aspects of the process should be considered, not in the least the first step 

of obtaining cells.  

●  Source 

The first step in producing a safe food product is to start with safe ingredients. In the traditional meat 

sector, the GMP in the primary sector are something we look at. In cultured meat it is the source of 

the cells which are the base of the meat that we have to closely watch. Van Eelen (2007) describes it 

as: ‘These initial cells can be obtained from specially selected donor animals e. The donor animals are 

kept under very strict environmental conditions, i.e. in quarantine, in clean rooms and with optimal 

feeding conditions etc. The hygienic measures should resemble that of a lab environment rather than 

a farm-like setting, with donor animals falling in the category of specific pathogen free animals. 

Protocols should be provided to raise and keep these animals free of diseases, and they should be 

tested regularly for diseases like transmissible spongiform encephalopathy. 

  

●  Technique of sampling 

All publications agree that samples should be taken with aseptic techniques (Vein, 2004), but these 

techniques are rarely described. It is of course depending on what tissue is used to harvest stem cells, 
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but the harvesting should be done with a surgical procedure to prevent any contamination since it is 

far more difficult to remove contamination than to prevent it. 

Several procedures are described to handle the sample after it has been taken, like rinsing the sample 

in ethanol solution (Benjaminson et al., 2000) or suspended it in a solution containing a combination 

of antibiotics (Verbruggen et al., 2017). 

 

3. Pre-culture 

After the cells are harvested, the first step of pre culture is to isolate stem cells from the biopsy, by 

separating the cells from each other through a mechanical-  or enzymatic procedure. Thereafter the 

stem cells are selected and transferred them in a culture medium to produce series of stem cell clones. 

These stem cell clones are taken for another cultivation step before they are placed in the definitive 

culture medium in a bioreactor. Pre culture steps can take place in culture flasks, test tubes or cell 

culture dishes. 

Purified stem cell culture lines can also be frozen (cryopreservation) after pre culture, which is very 

interesting in production of cultured meat to manage demand (Freshney, 2016). 

 

  
Figure 2 Simplified figure of the first steps of making a tissue culture.  (Cooper and Hausman, 2006) 
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4. Culture media 

4.1. What are culture media? 

A medium is a fluid containing essential nutrients and growth factors, specifically adapted to the cells 

it needs to nourish (Moritz et al, 2015). The physicochemical and physiological constitution of a 

medium are  part of the culture environment, together with the substrate on which the cell grows (the 

scaffold), the degree of contact with other cells and the incubation temperature (Freshney, 2016). 

These will all together determine the result of cell culture, such as increase proliferation, induce 

differentiation or favor spreading of the cells in culture. The two phases in the tissue engineering 

technique are recognized: the proliferation phase and the differentiating phase. These require a 

specific environment with different media. 

4.2. Needed components for a complete culture medium 

A complete culture medium indicates a fluid were all ingredients are available for tissue culture. The 

needed components are amino acids, vitamins, salts, glucose, organic supplements, hormones and 

growth factors and finally antibiotics, although the last component is controversial, as discussed below 

(Freshney, 2016). Every cell type has its own requirements regarding media (van der Valk et al., 2010) 

and different media are used in every stage of development (pre culture, proliferation, differentiation).  

 

4.3. Problems with media(-components) 

4.3.1 Serum 

Serum is commonly used as component in medium for in vitro cell culture of eukaryotic cells, Since a 

lot of needed components for complete media are found in serum. The most used type of serum is 

fetal bovine serum, harvested from pregnant cows during slaughter. It provides a broad spectrum of 

macromolecules, carrier proteins for lipoid substances and trace elements, attachment and spreading 

factors, nutrients, hormones and growth factors (Jochems et al., 2002). Problems with the use of this 

serum are the fact that we are still dependent on animal products to produce meat (Moritz et al., 

2015),  meaning that ethics can be questioned (Gstraunthaler, 2003) and some technical difficulties 

arise such as a high batch quality variability (Farzaneh et al., 2017). 

Serum also can contain viruses from in utero contamination of the fetus, like BVDV. The presence of 

these viruses can interfere with the growth of cell culture and/or be a problem regarding food safety 

(Wessman and  Levings, 1999). 

 

4.3.2 Antibiotics 

When setting up a cell culture, it is still standard to use broad spectrum antibiotics (Freshney, 2016). If 

using antibiotics in cell media for in vitro meat production becomes the norm, several problems could 

arise. First of all, this could increase antibiotic resistance, with is already a huge problem (Ventola, 

2015). Antibiotics should never be used to conceal other mistakes made like a non-sterile biopsy. 



 

20 

 

The fact that antibiotics residues could remain in meat results in exactly the same problems as 

antibiotic residues in standard production meat. Depending on which antibiotics are used and in what 

quantities following issues could arise (Nisha, 2008): 

- Transfer of antibiotic resistant bacteria to the human.  

- Immunopathological effects  

- Autoimmunity  

- Carcinogenicity (Sulphamethazine, Oxytetracycline, Furazolidone) 

 - Mutagenicity  

- Nephropathy (Gentamicin)  

- Hepatotoxicity  

- Reproductive disorders  

- Bone marrow toxicity (Chloramphenicol)  

- Allergy (Penicillin) 

- Influence on the microbial flora in the gut 

The last two issues can also take effect when antibiotics are present in very small doses, which could 

be expected in cultured meat if antibiotics are used in the culture medium (Reig et al., 2008). 

 

In summary, antibiotics should not be present in culture media, but will it be possible to grow meat 

without them? According to Van Eelen (2007): ‘The process according to the invention thus offers the 

possibility of meat production free of hazardous substances. Such hazardous substance is an antibiotic 

e.g. penicillin.’ On the other hand, not using antibiotics creates a batch loss if contamination is present. 

It is difficult to say how much contamination has to be taken into account, but to give one example in 

the experiment of Benjaminson et al. (2002) 8% of the cultures (48 in total) was contaminated and 

discarded. Batch loss decreases efficiency and in the end creates more waste of resources, which 

increases the ecological footprint of cultured meat. 

4.3.3 Hormones 

‘Creating a product that’s free of growth hormones at levels exceeding physiological levels’ is called a 

target in the production of cultured meat (Van Eelen, 2007). More specifically corticosteroids are 

named. Inconveniently dexamethasone was found to be an interesting molecule to add to muscle cell 

culture, since it improves myogenesis, advances muscle structure, and increases force production in 

engineered skeletal muscle. (Syverud et al, 2015). Especially the first two features are wanted, but risk 

of dexamethasone residue is not wanted at all. (Rather et al., 2017; Reig et al., 2007) 

4.3.4. Costs 

The most range to cheapen in vitro meat is to be made in cheaper culture media and scale up to 

extremely large scale (Oosterhuis, 2017). The price of medium for in vitro meat is around 100$/g 

(Kawashima, 2017), so drastic changes need to be made instead of relying on minor improvements. 

Serum is quite expensive, but growth factors and proteins produced separately in labs are even more 

expensive. Price-reduction of the process as a whole is to produce high quantities of meat, use full 

sterile pre-culture, restrict medium costs and automation. 
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4.4 Solutions to current problems 

4.4.1. Serum-free media 

Culture media should be completely synthetic and devoid of serum products for the following reasons.  

Serum-free media have some technical advantages (Freshney, 2016; Post, 2012):  

● Medium can be standardised which allows for an easier validation of industrial processes like 

the production of cultured meat. 

● Control over growth-promoting activity so that the medium can be made selective for a 

particular cell type. 

● Regulation of proliferation and differentiation. Serum-free media add the ability to induce 

propagation or differentiation by altering the concentration and types of growth factors, and 

other inducers. 

Next to this the serum-free media have ethical and hygienic advantages:  

● Ethically, one should try to exclude animal involvement or keep it to a minimum to reach the 

objective of cruelty-free meat, which we do achieve with serum-free medium created in a lab 

without any animal-blood use. (Jochems et al., 2002) 

● No transfer of animal-borne pathogens like prion diseases and viruses is possible (van der Valk 

et al., 2010) 

 

Unfortunately, growth is often slower in serum-free media and fewer generations are achieved with 

finite cell lines. Serum-free does not automatically mean free from animal products, on the contrary: 

in most cases, serum-free media are supplemented with purified proteins of animal origin (Bhat et al., 

2014). To make cultured meat a product one could call vegetarian meat (Hopkins and Dacey, 2008), 

Animal-derived component-free media should be used. Van der Valk et al. defines these media as: 

‘Media containing no components of animal or human origin. These media are not necessarily 

chemically defined (e.g. when they contain bacterial or yeast hydrolysates, or plant extracts).’ (2010). 

 

As an alternative to serum, Maitake mushroom extracts has been used (Benjaminson et al., 2001). This 

has definitely a lot of advantages over using serum, but one should be aware that there is  a potential 

for allergens from plant-derived components to be present in the medium (Datar and Betti, 2010). 

New synthetic serums are being developed and efficiency of these serum-free media improved.  

 

4.4.2. Re-using culture medium 

At the moment, in most experiments cell culture medium is not recycled, since there is no economical 

need for it. In medical production (small scale) cost of medium isn’t that important compared to food 

production, where efficiency at low cost is essential. Recycling involves replenishment of utilized 

nutrients and removal of waste-products. It might even be possible to re-use growth factors and 

cytokines, if techniques like chromatography are used (Moritz et al, 2015). 

Other materials like microcarriers could be re-used as well. But reuse is not always the cheapest option. 

In the case of bioreactors for example, it would be cheaper to use new tanks, because the cleaning 

process is too expensive (Oosterhuis, 2017). 
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4.4.3. Co-culture  

Co-culture of cells, is a cell cultivation process with two or more different kind of cells. These can be in 

the same mixture, but they do not necessarily touch.  For cultured meat of muscle cells, co-culture 

with liver cells shows promising results (Gibbons, 2017). Co-culture with other cells like fibroblasts are 

also tested. This technique could reduce costs of medium drastically in addition to ruling out the use 

of serum (Kawashima, 2017).  The major objective is the production of growth factors by the co-

cultured cells to influence the skeletal muscle cells.  

4.5. Influence on food safety 

All components of culture media should be safe to eat, since they could remain in the final product. 

Not only the type of solution is to be considered, but also the concentration of the substance is 

important. Van Eelen (2007) states the end product should be ‘free of hormones in amounts hazardous 

for consumption’, since completely eliminating hormones in meat is not only impossible but is also not 

needed. Standard meat is not free of natural hormones either. 

Some futuristic views on cultured meat propose cultured meat could me healthier than natural meat 

since we will have the possibility to influence the composition of meat. By adding the right nutrients 

cultured meat could have a beneficial composition e.g. a higher omega 3 content. 

The result of changes in medium for any aim should be monitored closely since the metabolization by 

cells (or other influences) could shift innocent molecules in hazardous substances. 

5. Scaffolds 

Myoblasts are anchorage dependent cells, and need to be able to contract for their development. This 

means they need a framework for cell adhesion and differentiation, a structure for the developing 

tissue called a scaffold (Beier et al., 2006). On the other hand,  scaffold-free techniques could be 

interesting in order to produce bigger, highly structured meats, like steaks (Edelman et al., 2005). 

Scaffold-based and non-scaffold-based techniques are described, each with their own potential.   

5.1 Requirements for scaffolds 

A scaffold-based technique needs to have a scaffold with the following characteristics to satisfy the 

demands of myoblasts: a large surface area for growth and attachment, allow contraction (flexible), 

maximize medium diffusion, be edible or easily dissociated from the tissue without leaving traces 

(Datar and Betti, 2010). 

In ‘The principles of tissue engineering’ (Post and van der Weele, 2014) the requirements for the 

biomaterial component of scaffolds used to produce meat are described as: 

● Non-toxic biomaterial, degradation products or biochemical additives 

● Non-allergenic biomaterial, degradation products of biochemical additives 

● Residual biomaterial should be digestible or resorbable once it served its goal 

● The scaffold should support full maturation of tissue in vitro 
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5.2. Types of scaffold-bioreactor combinations  

Large scale cell production is the goal, not only in order to produce a larger piece of meat, but also to 

reach the higher resource efficiency which is needed for food production. In this part, scaffolds and 

bioreactors are inseparable items in the process. Three methods current likely to be indicated are 

(figure 3): Cells on microcarriers in a stirred tank bioreactor, aggregated cells in a stirred tank 

bioreactor or the use of a packed bed bioreactor. 

 
Figure 3 (Moritz et al., 2015) 

 

● Cells on microcarriers 

Microcarriers are beads to which cells can adhere and grow. The beads can be made from porous or 

non-porous materials. They are immersed in a stirred tank. Experiments with cells on microcarriers 

were mostly done with human mesenchymal cells, but it is proven that bovine myoblast cells have 

similar behaviour in vitro (Verbruggen et al., 2018). 

 

● Cell aggregates 

In an aggregated cell system, a biodegradable scaffold that serves as support for the cells is required 

for myofiber formation. After a first proliferation phase, the cells have to be transferred to a second 

bioreactor system or microcarriers could be added in the original bioreactor. 

Normally cells which are not adhered to anything will die of apoptosis. In order to inhibit apoptosis the 

cells in this system need to be treated. 

 

● Packed cell bioreactor  

Packed cell bioreactors (PCBs) are the static version of cells on microcarriers. The beds are in a system 

with fluidized media and the cells are immobilized on the microcarriers. A continuous flow of growth 

medium over the beads is maintained. This system has the advantage of achieving a really good 

distribution of gases and nutrients to cells. These kind of systems are developed to produce hormones, 

enzymes for biomedical applications and to engineer tissue for medical applications such as bioartificial 

livers. 

PCBs are relatively easy to scale up, but require high volumes of (expensive!) medium to compensate 

for relative low cell densities and this scaling up is theoretically limited to less than 1m². At the time, 

the largest reported PCB system is only 30l in volume (Meuwly et al., 2007). 
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The system preferred at the moment is the microcarrier-based system since it it promised the best 

applicability for culture meat production (Verbruggen et al., 2017). 

5.3. Scaffold Components 

Scaffolds can consist of synthetic or biologically-derived biomaterials (Beier et al., 2006). Some 

possibilities are discussed below: 

● Polyglycolic acid (PGA) meshes are synthetic biodegradable polymers that can be used, but 

mostly their use is tested for muscle transplants in vivo. (Saxena et al, 1999) 

● Matrigel® is an extract from the Engelbreth-Holm-Swarm mouse sarcoma and is often used 

as such, or as a coating (in combination with collagen) on plastic flasks, dishes or scaffolds 

(Verbruggen, 2017).The problem with the use of Matrigel® for cultured meat is that it 

contains growth factors and extracellular proteïns in unknown quantities (Beier et al., 2006). 

That way it could disturb the strictly controlled environment we strive for. 

● Natural scaffold components like collagen and gelatin (hydrolyzed collagen) give satisfactory 

results. Furthermore do they have the advantage to be edible. On the other hand: the easiest 

way to obtain these components is to extract them from natural sources, animals. (Ma and 

Elisseeff, 2006) 

● Fibrin is nature's own scaffold, since it provides an in vivo scaffold for wound healing (Atrah, 

1994). It has also proven to be useful for tissue engineering of muscle tissue (Beier et al., 

2006) 

● Hydrophilic polymers of alginate origin can be used (Ma and Elisseef, 2006) The advantage is 

no animal byproducts are used, disadvantage is that the risk on allegories is higher with the 

use of alginate products (Datar and Betti, 2010). 

● Polysterene is a synthetic carbon polymer, with is used in microcarrier scaffold based 

techniques (Verbruggen et al, 2017). Unfortunately it is not edible and cells need to be 

separated of the scaffold before consumption.  

 

5.4. Raising the st(e)aks  

At the moment, the only meat that can be cultured for consumption are small pieces, useful for burgers 

and sausages, but it is not yet possible to culture a whole steak. The challenge to produce bigger pieces 

of meat, not only small pieces useful for processed goods, might be solved with the scaffold-free 

techniques in combination with techniques to prevent necrosis. To exceed a tissue thickness of 0.1-0.2 

mm vascularisation networks or something analogous are needed. 

 

5.4.1. Self-organizing techniques  

Co-culture of primary mammalian myoblasts and fibroblasts in combination with application of a 

mechanical strain is found to form myooids (cylindrical muscle like structures). This technique has the 

advantage it creates structured meat, although oxygenation is still a problem. (Dennis et al., 2001). 
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5.4.2. Angiogenesis 

Induceding vascularisation in in vitro muscle is useful to maintain cell viability during tissue growth, so 

necrosis is prevented. Vascularisation also promotes the needed structural organisation. In the 

experiment of Levenberg (Levenberg et al., 2005) no less than three cells types were co-cultured 

together to achieve vascularisation, in combination with the use of  a highly porous 3D biodegradable 

scaffold. The multiculture system consisted of skeletal myoblasts of mouse origin, endothelial cells of 

human umbilical vein origin and embryonic fibroblast of mouse origin. Which animal cell lines are 

useful to combine to produce meat is needs further research. How the meat should be labelled if it 

originates from different species is a delicate matter. 

 

5.4.3. 3D tissue printing 

Another theoretical way to produce steaks and other highly structured meats  is by  3D printing 

(Mironov et al., 2003). Cells are cultured and processed to be placed in a cell printer. This printer places 

cells layer-by-layer on thin layers of thermoreversible gel which serves as matrix/printing paper 

(Vanderburgh et al., 2017). 

This technique has its own obstacles, which will not be reviewed in detail, but is considered as one of 

the ways to produce structured meat. With this technique one could make meat with different type of 

tissues and produce steaks with marbling of ribs (Bhat et al., 2015). 

6. Bioreactors for scale up systems  

The cells and medium of course need to be contained in a system. Cell cultures can be grown in petri 

dishes, flasks or bottles and primary cultures often are cultivates in a combination of these. The 

definitive tissue culture is typically grown in what is called a bioreactor. Bioreactors are defined as 

‘devices in which biological and/or biochemical processes develop under closely monitored and tightly 

controlled environmental and operational conditions (e.g. pH, temperature, pressure, nutrient supply 

and waste removal)’ (Martin et al, 2004). The function of a bioreactor in the making of meat is to create 

a uniform microenvironment for the cells to develop (Oosterhuis, 2017). Bioreactors are needed to 

create this environment for tissue-engineering on large (industrial) scale. These cultivation containers 

can become quite large, up to 20.000l (Nienow, 2006). This scale is necessary to reduce the cost of 

producing in vitro meat (Oosterhuis, 2017). 

6.1. Uniform micro environment 

One of the main objectives of the bioreactor, the creation of a uniform microenvironment is  at risk 

with the scale up of bioreactors, since inhomogeneity increases with scale (Oosterhuis, 2017). 

Another challenges of working with large volume bioreactors needed for scale up of muscle cell 

culture, is shear sensitivity. Shear sensitivity is the result of mechanical forces affecting the cells. These 

forces can be destructive, but may also may modify the morphology, increase the growth rate, and 

alter the metabolic activity of the cells (Gooch and Frangos, 1993). On the one hand a certain agitation 

rate is needed for the distribution of gasses and nutrients for the cells. On the other hand, increasing 

the agitator speed results in more shear damage. To achieve higher cell densities (> 10⁷/ml), techniques 

to prevent shear damage need to be implemented (Nienow, 2006). 
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6.2. Temperature (Freshney, 2016) 

The optimal cell culture temperature is determined by the following criteria: 

● The body temperature of the donor animal of the cells. For mammal cells most culture lines 

are run at 37°C. Birds have a higher body temperature so cell culture lines for chickens or 

turkey should be maintained at 38.5°C. Cold blooded animals cell lines, like tuna and frog legs 

cells which are used for production,  tolerate a wide temperature range (between 15-26°C). In 

theory this culture could be kept in room temperature, but this practice is not advisable since 

the variability of  room temperature  has a negative effect.  

● The safety factor. The temperature is mostly set a little lower since overheating is a more 

serious problem than under heating. For cell lines of poikiloderm animals a cooling system is 

preferred to avoid temperature variability. 

● Temperature further has an indirect effect on cell growth; since temperature had an influence 

solubility of CO2 and thus indirect also on pH. 

6.3. Prevention of contamination  

One of the main potential sources for bacterial contamination is failure in sterilization procedures 

(Freshney, 2016). Since the cost and difficulty of sterilizing a bioreactor is high, it is suggested to use 

single use bioreactors (Oosterhuis, 2017). 

7. Discussion 

The possibility of culturing meat in bioreactors instead of breeding and slaughtering animals is 

interesting. The advantages are numerous and clearly presented in many articles. However, aside from 

big challenges encountered in the production process of such cultured meat, there still exist many 

challenges with which we are also faced in our current meat production. The necessary compromises 

will need to be made because of the following reasons: 

 

- The techniques used at the moment are not suitable for large scale mass-production at prices 

matching those of processing and production of naturally grown meat.  

- It is not clear which stem cells are the best to use for the production of cultured meat. Each 

have their own advantages, drawbacks or technical difficulties yet to overcome. Furthermore, 

the source of these cells is still unclear. Will lab animals always be needed as supply points? 

How ‘innocent’ will the harvesting of cells be? 

- Bridging the last point given: animals will still be involved, although to a lesser extent than in 

current stock raising. The number of animals will be fewer for sure. 

- The ideal medium is often discussed in articles, no serum, no antibiotics and no hormones 

added. But how to achieve these objectives is not clear yet and most of the experiments 

described today still use antibiotics and serum. 

- One of the main arguments used to promote cultured meat is the lesser impact on the 

environment. But the environmental impact of cultured meat is not known, since the product 

is not available yet. Various studies have been published from which estimations of land-use, 

energy-use etc have been extrapolated (figure 4). The uncertainty levels within these studies 

are, however, very high, meaning that no actual environmental impact can be calculated for 

cultured meat production. (Tuomisto et al., 2017; Mattick et al., 2015). Furthermore, most 

studies about cultured meat do not reach exactly the same conclusions. Some studies conclude 
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that the land use will decline, energy use will increase. Moreover, it is not exactly clear if 

poultry and pork cultured meat will be more environmentally friendly then traditional pork 

and poultry. For cultured beef meat, however, most studies agree that it will be more 

environmentally friendly in comparison to traditional beef. At the moment though, to make a 

hamburger in vitro, the environmental impact is still higher than producing a hamburger the 

natural way (Thorrez, 2017). 

 

 
Figure 4: Here we can see an estimation of the energy use and land of both in vitro meat and natural 

meat. As you can see in vitro meat had a limited land use, but a high energy use. (Mattick et al., 2015) 

 

It will be important to closely watch these compromises and guarantee that the end product will still 

meet the initial goals. Apart from scientists, several companies9 started their own search to develop 

clean meat. One company, for instance, promised to have no-slaughter meat alternatives available on 

the market by the end of 2018. However they might compromise on food safety principles or other 

criteria set. Governments should start thinking about how they want to regulate this new product and 

guarantee its safety for the consumers, before allowing it on the market (Sharma et al., 2015). 

 

In the near future we can expect stem-cell derived food, such as protein powder (Ellis, 2017) and 

protein enhancement of food (Kadernath, 2017). These products are developed since cultured meat is 

still hard to make. Muscle protein itself however, is possible to produce in vitro and is valuable as well 

(Wu et al., 2014).  It is easier and more cost effective to produce muscle protein with stem cells in 

contrast to a full steak And it could be of a great use as food additive, for example in refugee camps. 

One could install a protein factory in a region of choice and produce the required food supplements 

on location reducing both environmental impact and costs of high quality protein (Ellis, 2017). 

Eventually a product will be developed that resembles meat and has a similar price as meat, but is 

grown in a lab. It could exist next to traditional meat to meet the rising demand for meat, as well as 

replace it. 

In conclusion: cultured meat is an interesting opportunity, but not (yet?) the miracle that will save the 

world from hunger, global warming, animal abuse and health risks linked to meat consumption.  

 

                                                
9 Hampton Creek, Mosa Meat, Supermeat, Memphis Meats 
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