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To meat or not to meat?

ABSTRACT

We are facing a pandemic: climate change. In order to sustain a future popula-
tion with a healthy diet, we need drastic changes in our food systems. With the 
demand for change both in our eating behaviour and the food industry, this opin-
ion article dives into a currently disputed food resource with regards to climate 
impact: meat. First, the importance of understanding the dynamic term ‘sustain-
ability’ is stressed. We argue that an interdisciplinary approach, which encounters 
not only social, economic and environmental factors, but also historical and espe-
cially taste aspects, are essential to change the current behaviour, aspects which 
are often forgotten in the discussion about sustainability. In the light of taste, and 
in particular the liking hereof, we argue that ‘umamification’ should be part of 
the consideration in a sustainable food system, which could come from alterna-
tive protein sources, such as marine animals or using meat in small amounts as a 
seasoning rather than not eating meat at all. The sustainable taste should not be 
tasteless but should be even tastier in the future in order to create a sustainable 
food system.
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This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY), which permits unrestricted use, distribution and repro-
duction in any medium, provided the original work is properly cited. The CC BY 
licence permits commercial and non-commerical reuse.

INTRODUCTION

Climate change is now considered a pandemic: a part of the so-called Global 
Syndemic that affects most people in the world, constituting a synergy 
of epidemics because of co-occurrence in time and place, and interaction 
between one another due to common underlying societal drivers (Swinburn 
et al. 2019). We face a challenge of providing a growing global population with 
healthy diets from sustainable food systems (Willett et al. 2019). The prospec-
tive is that it will require three planets to provide the natural resources needed 
to sustain current lifestyles, if the global population reaches 9.6 billion by 2050 
as is currently estimated (United Nations 2020a). Therefore, immediate actions 
are required to promote responsible food production and consumption, to 
promote actions against climate change, and to ensure life below water and 
life on land, as pointed out in the United Nation Sustainable Development 
Goals number 12–15 (United Nations 2020b). The EAT-Lancet Commission 
has proposed global targets to define a safe operating space, designing food 
systems that allow assessing which diets and food production practices will 
help ensure achieving the United Nation Sustainable Development Goals 
and the Paris Agreement. The commission quantitatively describes a univer-
sal healthy reference diet to provide a baseline for estimating the health and 
the environmental effects of adopting alternative diets such as omnivore, 
vegetarian or vegan. This reference diet largely consists of vegetables, fruits, 
whole grains, legumes, nuts and unsaturated oils, as well as a low to moderate 
amount of seafood and poultry, and includes no or a low quantity of red meat, 
processed meat, added sugar, refined grains and starchy vegetables (Willett et 
al. 2019). Thus, consumers’ eating behaviour and the industrial food produc-
tion need to change on a global scale, starting with looking at our resources in 
new light, meat in particular. So how can we successfully integrate these new 
sustainable habits into our ‘carnivore’ food system and food culture?

ON SUSTAINABILITY

The concept of sustainability in general, and food-related sustainability in 
particular, entails many aspects and interpretations, which generally address 
aspects from ecology, economy, and society (Aiking and De Boer 2004). One 
method to address these aspects is Life Cycle Assessment (LCA) methodol-
ogy, which can be applied to assess the level of environmental sustainability of 
a defined system or specific changes made to a system (e.g. a food production 
system). This methodology includes several steps, which show that evaluating 
climate impacts is not simple. The steps of LCA include: goal and scope defini-
tion of the investigated system, inventory analysis that models the technical 
system (i.e. the process flow) within the given system boundaries, and impact 
assessment through definition, classification and characterization of the envi-
ronmental loads (resource use, human health and ecological consequences) 
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and sometimes subsequently normalization, grouping and weighing of the 
impacts (Baumann and Tillman 2004).

Despite the fact that LCA is increasingly seen as a key concept for ensur-
ing a transition towards more sustainable food production and consumption 
patterns, it is not yet as common as it should be within the food sector. It is 
applied more often by large-size and well-established companies rather than 
small and medium-sized enterprises (Frankl and Rubrik 1999). Nonetheless, 
LCA can be incorporated into the early stage product innovation, to help 
decide on best possible practices (Luglietti et al. 2016), which may be essential, 
in particular, to small-scale and start-up companies. Besides, a clear advantage 
of by-product utilization becomes evident when performing LCA, in particular 
through system expansion and avoided burden approach, which allow subtract-
ing the total environmental impact from a particular product on the market 
that can be replaced by the utilized by-product. Thus, the promotion of LCA 
within the food sector could generate an even higher motivation for compa-
nies in utilizing and upcycling by-products or as well as sourcing other ingre-
dients with less environmental impact, promoting a green transition of our 
food production.

Even though traditional LCA includes many aspects of environmental 
sustainability, other aspects such as cultural aspects, historical aspects and 
the taste of the food, may not be considered. Although cultural and historical 
aspects may be accounted for in social-type LCA, the quality and the taste of 
food is much more difficult to account for in the classic-type LCA reference 
unit, which is often a simple measure of mass or volume of a given prod-
uct. We argue that culture and history, and in particular the taste, cannot be 
neglected; they also have influence, which challenge designing a sustainable 
food system. Besides, the concept of sustainability is dynamic over time, which 
can be better comprehended by reviewing history.

A HISTORICAL APPROACH

Looking at the future without hindsight when trying to facilitate change, 
mistakes can often be made. In particular, this may hold true when consid-
ering our conception of sustainability concerning our current food produc-
tion and consumption habits. It is not productive to be stuck in the past, but 
adding perspectives from history to the present and future consumer habits 
may be useful (Chappells and Trentmann 2015). Through history, we can better 
understand how we as humans have evolved and adapted our habits in times 
of crises. This is essential to understand what is required to change our behav-
iour going forward. Looking at the historical development of our food produc-
tion and our daily consumption of food, in particular, our consumption and 
production of meat, we can see trajectories formed by specific events, places 
and societal developments changing our practices towards new directions 
(Chappells and Trentmann 2015). The consumption of meat has changed over 
time and agriculture has moved back and forth between dependency on grain 
and meat as primary production. In the western world, meat consumption 
has however more or less increased throughout the nineteenth and twentieth 
centuries. As an example, meat consumption in England has been estimated 
to have tripled in the nineteenth century alone (Smil 2002).

One might believe that a historical period with large consumption of meat 
meant that it was a period of growth and economic recovery. However, several 
examples show that it was rather times of crisis that influenced societies to 
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increase meat production and consumption in the western world. From the 
fourteenth century and onwards, a large increase in our meat consumption 
took place. This event was related to a crisis that was not caused by climate 
change, but a crisis that was equally urgent at that time, known as ‘The Black 
Death’, which expedited a groundbreaking ravage of the agriculture struc-
ture of that time (Kjersgaard 1978). Up to 60 per cent of the population in 
Europe lost their lives to The Black Death and the labour intensive agriculture 
of grains had to be redesigned to continue a sufficient food supply. Cattle and 
other animals were less demanding while maintaining fields did not require 
the same labour as grain crops at that time. Consequently, restructuring from 
grains to animal production began and the restructuring made meat both 
more economically sustainable and changed its role in the diet, increasing the 
overall consumption of especially beef in the fourteenth century (Andersen 
and Enemark 2014).

One thing that becomes obvious when studying historical events creat-
ing the trajectories of modern time’s food consumption is the complexity of 
the factors influencing the change in our food production and consumption. 
Besides The Black Death, geographical factors also have had a great influ-
ence. In Denmark, the connection to the rest of Europe from Jutland (part 
of Denmark) made it possible to move live cattle to the market further south 
into Germany. In addition, the availability of salt from the big, north German 
salt mines, and the changes in salt preservation in the same period, played an 
important role in the preservation of the growing amounts of meat (Kjersgaard 
1978).

Later in the eighteenth and nineteenth centuries, a multifaceted mix of 
events such as cattle diseases, the inventions of the swing plough, the steam-
ship, and the railway train made grain production the engine of our agricul-
ture once again (Petersen 2002). Later, another example of a change in meat 
consumption in the nineteenth century in Danish history was the increased 
grain production, which had exhausted the land. This meant that there was a 
need for compensating the exhaustion of the soil by nutrients, placing cattle 
in an important role, fertilizing the soil during the so-called kornsalgsperiode 
('grain sales period'). When grain prices suddenly dropped in the mid-nine-
teenth century, due to increased worldwide production and improved methods 
of transportation, the meat again became the solution to a crisis. Technological 
inventions and a new organizational model with the cooperative movement 
together with increased availability to foreign markets were, among other 
factors, integral in making butter and pig-produce, another important part of 
Danish agricultural history and food culture. The establishment of coopera-
tive dairies and butcheries at this time played a crucial role in the economic 
sustainability of agriculture, while the animals helped prevent the exhaus-
tion of nutrients from the land in the same process (Petersen 2002). Thus, in 
this period of history, sustainability and food quality were mainly defined by 
economic and social perspectives in combination with some environmental 
factors.

History underlines how the meaning of terms, such as sustainability, and 
ingredients, such as meat, change over time. Besides, history also underlines 
the complexity of events, forming the trajectories of our contemporary food 
production and consumption. The paradox of the role of meat, seen from a 
historical point of view, shows that meat went from being a solution to obtain 
a sustainable food production into becoming one of the major problems exist-
ing today with regards to the current climate crisis. Thus, we now experience 
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quite another kind of crisis, where one of the main problems is that meat 
is not environmentally sustainable in terms of climate change, thus applying 
another meaning to the word ‘sustainable’ than how it was used in the eight-
eenth and nineteenth centuries. The central role of meat, in terms of taking 
actions against the climate change crisis of today, leaves us with the question 
of whether or not we should eat meat at all?

TO EAT MEAT OR NOT?

Today we may have to come to terms with the fact that meat is not environ-
mentally sustainable if eaten as a main part of the diet (Reijnders and Soret 
2003; Scarborough et al. 2014). Consequently, other sources of protein to 
replace terrestrial animals have recently been investigated within the scien-
tific literature. Such alternatives investigated have been based on plants 
(Day 2013) and pulses (Toews and Wang 2013) consistent with recent stud-
ies favouring plant-based diets, such as a vegan diet, with regards to having 
the least impact on climate change (Chai et al. 2019). Alternatives to partial or 
complete replacement of protein from terrestrial animals were also mentioned 
by Flachowsky et al. (2017) in a review article, where alternatives such as 
marine animals, insects, cell cultures, single-cell proteins or ‘simulated animal 
products’ from plants, as well as changing eating patterns and reducing food 
losses. In addition to favouring a vegan diet, Chai et al. (2019) also found indi-
cations of successfully achieving the same environmental impact as that of a 
vegan diet, without excluding the meat and dairy food groups, but rather by 
reducing them substantially.

It can, however, be misrepresentative to compare various diets and deter-
mine the outcome without accounting for over-consumption, which is associ-
ated with meat-heavy diets, or no-consumption, which is associated with a 
low nutritional quality (e.g. proteins) (Van Kernebeek et al. 2014). Nonetheless, 
as Fischler states ‘the human relationship to food obviously is a complex one’ (origi-
nal emphasis), and changing food behaviour is not only a matter of rules, laws 
and recommendations (Fischler 1988: 275). Sobal et al. (2006) state that our 
personal food system is where we operationalize all past and current experi-
ences and influences in a food choice situation. In this personal food system, 
taste, being the sensory property of food and beverages, was found to be one 
of the most prominent factors for food choice and acceptance (Sobal et al. 
2006) thereby emphasizing the importance of sensory properties of food on 
food choice, acceptance and liking. Approaching an environmentally sustaina-
ble production and consumption of food by reducing meat substantially rather 
than excluding it entirely speaks to the advantage of ensuring good taste.

An obvious challenge of adhering to a strictly plant-based diet is the fact 
that these are low in umami taste, being a special trait of animal muscle food, 
characterized by a pleasant savoury taste (Mouritsen and Styrbæk 2014). 
Chemically speaking, umami taste is facilitated by the presence of free gluta-
mate (Glu), the salt of a nonessential amino acid. The umami taste facilitated 
by free Glu can further be enhanced by certain free 5’-mono-nucleotides 
(Yamaguchi et al. 1971; Mouritsen and Khandelia 2012). Since free nucleotides 
are a special trait of animal-based foods, meat should therefore not be excluded 
entirely, but rather applied in small amounts to enhance the umami potential 
of plants, thus ensuring the umami taste of plant-dominated diet, applying 
meat as a means of seasoning (Schmidt and Mouritsen 2020). Umami taste is 
a well-established taste property known to increase palatability (Bellisle et al. 
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1991) and the liking (Prescott 2004) of food. Also, umami taste has been found 
to possess a biphasic effect on appetite by stimulating appetite during inges-
tion while enhancing post-ingestive satiety (Masic and Yeomans 2014), i.e. 
increasing the feeling of fullness and reducing the desire to overeat. Therefore, 
a so-called umamification approach may be vital in order to get consumers to 
accept a more plant-based diet while adopting a healthier eating behaviour, 
thus facing another current global challenge, obesity.

UMAMIFICATION

Applying meat in small amounts to enhance the taste of the meal is a well-
known technique in the Asian cuisine. Examples are the Buddhism shojin 
ryori cuisine and the Chinese Szechuan cuisine (Styrbæk and Mouritsen 2020; 
Dunlop 2019). These cuisines treat meat as a luxury commodity and a means 
of obtaining flavour, umami taste and mouthfeel of the meal. This practice 
includes fermented sauces from pulses and grains such as Dou chi (whole 
fermented black soybeans), Douabijiang (paste of fermented horse beans with 
chilli), shoyu (soya sauce, liquefied fermented soybeans) and miso (pasted 
fermented koji with soybeans). These sauces together with small amounts 
of meat yield an immense boost in umami taste (Dunlop 2019). This boost 
of umami can also be seen as what Schmidt and Mouritsen (2020) define as 
‘umamification’ of a plant-based diet, or other dishes, that are not related 
directly to the meat, by the means of meat-derived sauces and fermented 
condiments that can create umami synergy and hence boost the umami 
flavour of the meal. Umamification may thus be a key in satisfying the crav-
ing for umami taste (Schmidt and Mouritsen 2020) shaped by more than 2 
million years of the evolution of humans as omnivores and thereby meat-
eaters (Fischler 1988; Wrangham 2009).

Another trait from the Asian cuisine is the general attitude of not letting 
anything go to waste, called mottainai (Styrbæk and Mouritsen 2020), which 
should ideally be practised at all stages from cradle to grave of any given 
food, i.e. at the processing, retail and consumer level. Thus, reviewing west-
ern history and ancient Asian food culture and traditions as well as applying 
scientific knowledge about taste compounds, taste synergy and LCA meth-
odology may be some of the actions that we need to facilitate the required 
change of our food production and consumption. ‘Umamification’ of vegeta-
bles, in particular, may be one route in altering food cultures to eat more 
plant-based food, either by using fermented sauces or seaweeds as whole 
foods or as condiments (Mouritsen 2018).

AN INTERDISCIPLINARY CHALLENGE

Sustainable production and consumption have to be built on an interdiscipli-
nary approach. Asking a major part of the global population to eat vegetar-
ian or even vegan is simply not a realistic option, nor will it leave any role 
for exploiting sustainably derived animal food sources such as those from 
available unexploited sources, local exploitation of invasive animal species, 
as well as animal by products from current production systems (Schmidt and 
Mouritsen 2020). In addition, encountering history and learning from it, we 
should be aware that it might only lead to other kinds of problems, if we are 
too radical in our way of responding to a crisis, i.e. discarding meat entirely. 
We encourage future exploration and measures taken to fight climate change 
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to be interdisciplinary, thus looking towards methods such as LCA of food 
production and involve parameters that account for the taste quality as well. 
In addition, future food production and consumption should include cultural 
and historical aspects of sustainability, which are crucial if the goal is not only 
to change our food system but also our behaviour.

In our opinion, the question is therefore not whether to eat meat or not, it 
is a question of changing our habits from using meat as our primary source of 
proteins to seeing it as a means of seasoning and creating good taste. Let us 
not get caught up in ‘to meat or not to meat’, making the sustainable taste taste-
less, but let us instead make it even tastier.
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