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1.1 Setting the Scene

As an integral part of any food supply chain, the 
animal feed industry has the potential to be per-
ceived as either part of the problem in the chal-
lenge of delivering sustainable food supplies, or the 
source of meaningful and deliverable solutions. 
The market served by the feed industry is diverse, 
including animals grown primarily for meat, dairy 
and egg production as well as feeds for domestic 
animals. Today the industry could be described as 
operating within the context of a perfect storm. 
The combination of often disparate challenges 
from consumers, retailers, policy makers and not-
for-profit interest groups about what modern food 
systems should look like if they are to meet the 
requirements to feed people and contribute to 
improving human health, as well as reversing the 
worse impacts of climate change while using less 
land is unique to our times. Insects represent one 
of a number of emerging novel ingredients which, 
while currently in their infancy, may in future help 
alleviate some of these pressures. However, the fol-
lowing aspects would need to be considered if 
insects where to become a major ingredient in 
animal feeds.

Each stakeholder group has a broad range of 
specific interests that establish their motivations 
and drive their behaviours, although arguably all 
sit underneath the perception that a focus on their 
priority viewpoint is the answer to the long-term 
availability of safe, affordable and nutritious 
foodstuffs produced within the constraints of a 
thriving planet. However, global food supply is 
unique in its relationship to the social fabric of 
cultures, to financial security and to a local and 

wider environmental context. Therefore, the 
stakes are always high with most significant 
changes risking substantial unintended conse-
quences or trade-offs both locally and globally.

So, who is going to take a lead and change first? 
What is the animal feed industry’s role and what 
should be targetted first? These are the challenges.

1.2 The Perfect Storm Affecting the 
Large-scale UK Animal Feed Industry

There are three key factors creating the perfect 
storm.

First, the multiplicity of competing requirements 
from retailers. Driven by the need to earn and retain 
trust from consumers, they seek to evidence that 
they are acting responsibly about the issues their 
target customers care about most. The issues may 
be animal health and welfare, waste reduction, live-
stock production systems, carbon emissions, defor-
estation, or a combination of all of them. However, 
many customers have limited interest in and under-
standing of the full details of their topic and any 
price premium, or even cost recovery for a differen-
tiating attribute, is commercially challenging.

Product innovation is the life blood of today’s 
food retailers and recent trends bring great opportu-
nity for them to introduce new propositions and 
food ranges. Vegan meals is an example. While 
vegan meals only represented 3.6% of main meal 
occasions in 2018 there was a 13% year-on-year 
increase (Cooke, 2019). More significantly only 
14% of vegan meal occasions are documented as 
eaten by vegans – growth over the previous year was 
driven exclusively by non-vegans (Cooke, 2019). 
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Additionally, introduction of new ingredients or new 
food concepts such as soya free, can be highly risky. 
Claims that a product or ingredient is better for the 
planet, or for animals, can be complicated given the 
trade-offs required, plus the availability of relevant 
data insights. The latter may be important for 
regulators but is not necessarily considered by 
customers.

Second, policy makers and regulators are often 
driven by short-term political realities and the need 
to retain the base requirement of ensuring that food 
supply chains operate to deliver affordable and 
safe food for all. The coronavirus disease 2019 
(COVID-19) pandemic has brought this need into 
sharper focus. However, the requirement to deliver 
against legally binding net zero climate commitments 
will require a new food and feed policy framework 
as the marketplace will not deliver without direct 
intervention. The UK’s exit from the European single 
market provides the best opportunity in a lifetime for 
a substantial reconfiguration of rewards, incentives 
and penalties for protein production to deliver 
against new political priorities. There will be winners 
and losers but the specific impacts on protein and 
milk supply chains are unclear and are unlikely to be 
fully visible within the next 10-year period.

Third, the increasingly effective and professional 
engagement and communication techniques being 
used by not-for-profit interest groups. These groups 
are able to cost-effectively tap into the interested 
population groups through the use of increasingly 
sophisticated digital influencing tools. Such tools 
help drive changes in purchasing behaviours – 
sometimes with a strong underlying evidence base 
but often with selective use of available facts and 
context. These interest groups are being successful 
in portraying modern protein livestock and dairy 
systems as highly damaging not only to the planet 
but also to animals, while also highlighting and 
signposting the growing availability of alternative 
food choices.

These three factors are moving in different direc-
tions, creating a maelstrom of change. This is con-
tributing to a sense of real dilemma on what and 
where the food and feed industries should prioritize 
change, both in the short and in the medium term, 
to ensure they thrive in the future. One specific area 
of both opportunity and challenge is the future 
design of animal feed formulations which signifi-
cantly impacts all key aspects of modern feed sup-
ply. These factors are ingredient choice, ingredient 
procurement and product manufacturing.

1.3 Today’s Landscape

In common with many related sectors, the basic 
components of efficient and productive animal feed 
suppliers have priorities that evolve and change 
over time. Today, priorities centre on themes such 
as achieving the ‘best’ nutrition, safety and regula-
tion, market needs, cost optimization, efficiency of 
its own operation and the environment. All these 
elements are being managed on a daily basis and 
the relative priorities will change according to 
industry and consumer or retailer demands. The 
authors’ experience is of the UK feed industry and 
so the content following will relate directly to that. 
However, peers in the global sector, or indeed the 
feed businesses of integrated operations, will touch 
the same concerns even if the highest priority may 
be different at any given point in time.

Best nutrition

The focus of the animal feed industry has always 
been provision of the best nutrition to maintain the 
health and welfare of the animal, and to deliver the 
outcome that the downstream customer requires. In 
the mid- to late twentieth century, there was huge 
progress made principally in the USA and Europe 
on the nutrient requirements of livestock delivered 
by a combination of government and academic 
facilities. However, by the turn of the century, finan-
cial funding from public sources had decreased, 
hence much of recent research has been achieved by 
commercial industry, keen to align with genetic 
progress and continuously seeking the optimum 
nutrient input to obtain the required livestock out-
put. Research has included: (i) performance and 
efficiency; (ii) environmental impact of different 
types and quantities of nutrients; and (iii) health 
and welfare of livestock and pets. Best nutrition 
continues to be the priority for the feed industry.

Safety

Safety of products remains a crucial objective of the 
animal feed industry as a consequence of a number 
of high-profile feed safety incidents over the last  
30 years. The one that caused the greatest global impact 
was bovine spongiform encephalopathy (BSE) which 
originated in the UK and affected ruminant animals; 
it is believed to result in variant Creutzfeldt-Jakob 
disease (CJD) in humans. Its cause was linked to a 
deformed protein molecule, a prion, thought to have 
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arisen through the feeding of meat and bone meal as 
a feed ingredient to ruminants. This put the initial 
spotlight on animal feed and its safety, reinforced by 
further feed safety issues, for example dioxins in feed 
fats and deliberate addition of melamine to feed 
materials. The animal feed industry has worked hard 
to improve its reputation in the eyes of the con-
sumer. It cannot afford to be exposed to large-scale 
feed safety issues in the future.

As a consequence of the feed safety issues in the 
1990s, the European Union (EU) published a paper 
on food safety and took several subsequent legisla-
tive actions. This pattern of an immediate legisla-
tive response to a feed safety incident is common; 
hence the global feed industry continually seeks to 
pre-empt and control such risks.

Increasingly the industry now also needs to con-
sider feed safety risks that have been created inten-
tionally by individuals or groups that have a 
behavioural or ideological motive for doing so. 
This might be a disgruntled employee or an exter-
nal party that has a specific grudge against the 
factory or business. Equally the industry needs to 
consider risks driven by economic fraud.

Legislation

Understanding and delivering legislative require-
ments has become an integral part of the feed 
industry’s daily work. Feed legislation has increased 
across all countries but there still exists a diversity 
of standards. Antibiotic growth promoters, for 
example, were banned nearly 15 years ago in the 
EU. However, many other countries are only phas-
ing them out in recent years driven by consumer 
demand, and some are still to do so.

The feed industry has always argued for legisla-
tion based on science: for example the establish-
ment of the European Food Safety Authority 
(EFSA) which provides independent scientific 
advice. However, recently there are examples where 
public opinion and influential non-governmental 
organizations (NGOs) are driving the legislation 
rather than science, a further challenge for the 
industry. One consequence is that legislation for the 
same feed material or product can vary substan-
tially from country to country.

Market needs

Ultimately the feed industry must meet the needs of 
the market, and these are ultimately driven by the 

consumer or potentially the retailer’s view of the 
wishes of the consumer. Aversion to the use of legally 
permitted feed materials such as lard, tallow and 
plasma (and controlled by the farm assurance scheme) 
is a reflection of consumer preference, as is the avoid-
ance of the inclusion of legal genetically modified 
(GM) feed materials in several EU countries.

Environmental impact

Increasingly environmental factors are becoming 
more prominent within the feed industry. There are 
three key aspects: (i) the raw materials being used; 
(ii) the manufacturing process; and (iii) the impact 
of the feed use.

Deforestation and the impact of land use change 
(LUC) on greenhouse gas (GHG) emissions is by far 
the biggest environmental concern today in terms of 
raw feed material usage – such as palm oil and its 
derivatives, and soya bean products. While there has 
been proactive industry activity on limiting defor-
estation, there are now suggestions of legislative 
drivers as indicated in the EU Green Deal (European 
Commission, Secretariat-General, 2019).

There has been a legal requirement to record 
carbon usage in feed manufacture (Finance Act 
2000; UK Government, 2000), hence minimizing 
energy use by the choice of equipment, the physical 
nature of the feed and elements of the feed formu-
lation are always key considerations.

The nutrient output, as a consequence of feed 
design, has increasingly become more relevant over 
the last two decades. In particular, the need to 
tightly manage emissions of both nitrogen and 
phosphorus has been seen in the Netherlands and 
in the UK. Furthermore, not only the GHG emis-
sions of feed but the product environmental foot-
print (PEF) of feed products, fundamental to 
assessing the GHG emissions and PEF of the live-
stock product, are being reported. There is a grow-
ing negative consumer view on the environmental 
impacts of livestock production which necessitates 
the collection and communication of accurate and 
relevant data to evidence responsibility in supply 
chain management by large-scale food processors.

Cost optimization

The overarching need is to satisfy all the above-
mentioned requirements within the feed at the most 
economical cost. Least-cost feed formulation has 
drawn negative comment in the past, but ultimately 
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for a sustainable agri-supply industry the aim of 
each sector must be to meet all product require-
ments at lowest cost. Certainly, with the often low 
and volatile level of financial returns in the live-
stock production and feed industry sector this is 
essential. Raw materials therefore need to be avail-
able in sufficient quantities to justify being used, 
and the cost per unit of each nutrient versus other 
materials will ultimately drive their inclusion in the 
feed formulation or not.

1.4 What Changes Could the Feed 
Industry Make?

What could be considered as a better outcome for 
the feed industry while considering the factors 
examined above? Could we produce a more sustain-
able feed but what is our definition of sustainability 
in this context? Could we produce a better ingredi-
ent? There are many ways this could be measured.

As feed is the most significant cost in growing 
livestock it has the potential to dramatically impact 
the final cost of the consumer food product. It fol-
lows that ingredient cost is clearly of indirect impor-
tance to the consumer as families are looking for 
affordable food. However, environmental objectives 
such as efficiency in land use, both locally and in the 
regions from which we import our raw materials, are 
also high on the agenda with an increasing spotlight 
in the global media. Taking these examples, we can 
see that consumer concerns and the drivers behind 
decision making in livestock feed manufacture are 
often competing. When considering pet food, the 
feed manufacturer is selling to a customer who is 
probably making more emotive choices about how 
or what to feed their animal. Cost is important but 
the impact of consumer priorities on the environ-
ment, for example, may have more of a direct impact 
on ingredient choices. In other cases customers’ deci-
sions are driven by specific need, for example ‘raw’ 
and ‘meat-only’ pet diets have an increased need for 
resource as they are primarily or wholly meat 
derived, which means increased use of livestock 
reared for human consumption being used in pet 
food. Other diets are in fact ‘meat-free’ and so pose 
other challenges for nutritional or welfare reasons.

Feed ingredients and the feed formulation 
process

One of the most significant changes we could make 
is to adjust our feed formulation philosophy and 

process and consider alternative and novel ingredi-
ents, including insect products. Insects, such as 
crickets, mealworms and some species of flies are 
used for food and feed (van der Spiegel et al., 
2013). These insects can be farmed and provided as 
whole or dried insects or larvae, or fractionated 
into oils, protein meals and high-value components 
such as chitin (Sogari et al., 2019). Advocates of the 
use of insect products believe they have lower envir-
onmental footprint than traditional cereals and 
legumes such as soya (Oonincx and De Boer, 2012).

To understand the place novel feedstuffs have in 
feed formulation, we must understand the value of 
the commonly used feedstuffs. The provision of 
protein and energy is a fundamental requirement in 
a diet for any species. For monogastrics particu-
larly, the easiest way to provide these are via 
imported legumes and locally grown cereals, 
respectively. According to the United States 
Department of Agriculture, global production of 
soya beans in 2019–20 was 340 Mt (USDA, 2020), 
using 125 Mha of land (FAOSTAT, 2020). This is 
way ahead of the next most significant oilseed, 
rapeseed, at 67 Mt. Almost 90% of all soya is 
crushed to extract the oil and produces the meal as 
a co-product. The yield of meal from bean is 
approximately 80% (Medic et al., 2014) putting 
the global output of soya bean meal at around 240 Mt. 
This meal is almost exclusively fed to livestock spe-
cies. The reason that so much soya is grown and 
consumed in animal feed is twofold: (i) the yield of 
protein is higher than for any other major crop; 
and (ii) the protein is of high quality, especially for 
monogastric animals. The two main ingredients of 
monogastric compound feed are cereals (usually 
maize or wheat, depending on the region) and pro-
tein meals, very often soya bean meal. This is deter-
mined by the fact that cereals are relatively low in 
protein and essential amino acids (e.g. lysine, 
methionine) and relatively high in energy, whereas 
soya bean meal is the inverse, except for a relatively 
low methionine content. This means that it is pos-
sible to meet the majority of an animal’s require-
ments for energy and amino acids using these two 
ingredients. Soya bean contains several notable 
anti-nutritional factors, such as phytate and trypsin 
inhibitors, which may cause irritation to the gut, 
and decrease the quality of the feed. However, these 
are relatively easily overcome by the use of enzymes 
(phytase, now ubiquitous in monogastric animal 
diets) and the thermal and chemical processing 
used to extract the oil.
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For many years, our industry has been assessing 
alternatives to soya bean meal, primarily to address 
the environmental concern of soya production and 
transport. Due to its high nutritional value, avail-
ability and low cost, soya bean meal is the bench-
mark for comparison to new and novel ingredients. 
Rapeseed, also known as canola, is identified as the 
next largest oilseed crop by volume. However, 
some basic analysis of rapeseed meal helps to indi-
cate why alternative ingredients have traditionally 
failed to match up to soya bean meal. Rapeseed 
meal is around 10% lower in total protein than 
soya bean meal (e.g. see Dale, 1996). Furthermore, 
it is understood to be less well digested (Huang 
et al., 2006). This means that when it is used in feed 
formulation it is probably combined with soya 
bean meal and synthetic amino acids. Other addi-
tives may also be needed to enable the formulation 
to meet the specified nutrient levels. That is not to 
say that soya bean-only diets do not contain such 
additives but possibly to a lesser extent. Therefore, 
formulating with soya bean meal is generally less 
challenging as it is reasonably well understood.

Other important commonly used ingredients to 
consider are fishmeal and other non-vegetarian 
sources of protein. Fishmeal is still used to some 
extent in poultry and piglet starter diets, despite its 
high and volatile price. There is a perception that 
growth performance is improved when it is used and 
even though the mechanism is unclear it persists in 
some high-value feed formulations. The aqua nutri-
tion sector is a much more consistent and significant 
user of fishmeal, certainly, many species of farmed 
fish are carnivorous and need non-vegetal sources of 
protein. Likewise, some non-vegetal sources of pro-
tein, such as milk-derived ingredients and meat 
meals, are used in certain geographies for reasons 
other than just their protein content. Therefore, 
these ingredients may be difficult to replace with 
alternatives as they provide further benefit other 
than cost and availability. As a result, the value of 
novel ingredients, such as insect meal versus fish-
meal and non-vegetal sources of protein, must also 
be clearly understood to have value in those sectors 
which use ingredients preferentially over soya.

The future of poultry feed formulation was 
recently reviewed by Ravindran and Abdollahi 
(2016). That review focuses on the need to be more 
precise with our nutrition, gaining new knowledge 
on nutrient metabolism and requirements and the 
composition of our feedstuffs. This will undoubtedly 
apply to all species, not least in fish feed formulation 

where there is much less available information in 
nutritional value of ingredients. The authors dis-
cuss the poultry industry’s current methods of over-
formulating when there is doubt in nutrient 
composition, leading to waste and environmental 
pollution from excreted nutrients. Precision formu-
lation also allows for decreased costs and fits the 
model of least-cost formulation and can be a tool 
to allow better alignment of nutrition to animal 
needs. This can help to reduce environmental pol-
lution through less waste but requires an increased 
knowledge of requirements in real time.

Earlier, Leeson (2012) published a view of the 
future and presented specific challenges to feed 
formulation that still exist even some time after its 
publication. For example, Leeson describes grow-
ing attention paid to pathogens in feed and that we 
will increasingly be formulating without various 
pharmaceuticals including coccidiostats and antibi-
otics (still relevant in many geographical regions). 
This will increase the focus on finding other means 
of supporting good gut health. The fact that birds 
are reaching target weights at a much earlier age, 
due to genetic development, is also highlighted. This 
means that the post-hatch period (say 0–10 days) is 
a much greater proportion of the bird’s life cycle. 
The digestive tract of the bird is still immature at 
this stage and it is likely that the digestibility of 
complex proteins and carbohydrates in cereals and 
soya bean meal is in some way suboptimal. This 
may encourage us to look to alternative, more 
digestible ingredients, and put increased techno-
logical focus on our starter diets as opposed to the 
finisher and withdrawal phases. An interesting 
perspective from Leeson (2012) is that protein 
choices may become localized. That is, our global 
reliance on soya bean meal may be broken down 
into locally relevant and available alternatives. This 
may help to meet global demand since there is not 
a single clear alternative to the total volume of soya 
bean meal. For example, in the USA, distillers’ 
dried grains (DDGs) have had significant uptake in 
recent years as bioethanol production has increased 
and by-products become available. This may also 
point us to super localized production of novel 
alternatives such as insects or single cell protein.

Due to changing consumer demands and 
increased focus on sustainability and environment, 
we may need to further change the way in which 
we, as an industry, approach diet formulation. We 
may want to assign alternative values to our ingre-
dients, aside from traditional nutritional values and 
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cost. In this hypothetical future scenario, we would 
be redefining least cost as ‘least cost for least 
impact’. There seems to be few peer-reviewed scien-
tific publications on this topic and that is likely 
because commercial feed businesses are reviewing 
their own strategies internally. Currently, feed for 
production species is formulated on the basis of 
least cost: which ingredients should be included to 
meet a nutritional and quality specification, for the 
least possible cost. This is the main driver for soya 
use; it is low cost, available and enables straightfor-
ward feed formulation. Soya is also well under-
stood by nutritionists and formulators.

In the future we may assign characteristics and 
values such as food miles, environmental score, 
carbon footprint or similar. This would require 
detailed information on all ingredients (or at least 
our major feed constituents). The feed formulator 
would need complex analysis of the impact of the 
supply chain of that ingredient but also its impact 
on the animal being fed. We could envisage a sce-
nario where one particular ingredient has improved 
environmental metrics but is detrimental to an ani-
mal to the extent that undesirable emissions are 
increased, for example. This highlights a further 
complexity in the use of future novel ingredients. 
However, the feed industry may be compelled to 
move in this direction by the demands of its custom-
ers and the consumer, but also by its own ambitions 
to design and produce more sustainable products.

Another aspect we may consider of alternative 
and future ingredients is the role that each individ-
ual ingredient plays in the diet. Traditionally, we 
consider ingredients to fit broadly into roles, for 
example protein, energy, macro- and micronutrients 
and added fat. However, not all nutrients are cap-
tured in a feed formulation. It is possible that we 
may extend the value of our ingredients even fur-
ther by hoping that, and possibly designing for, our 
ingredients to fulfil multiple roles. For example, can 
an ingredient provide much-needed digestible pro-
tein but also support the animal’s gut health, both 
of which will likely decrease unwanted emissions?

As ingredients and finished feeds become more 
technical in nature, we may be able to design them 
as such. There is precedent for this in finished feed. 
Over the last 50 years, feed formulation has 
become increasingly more complex. Domesticated 
chickens, for example, would originally have been 
fed a cereal alone. We moved to a formulated diet 
containing a cereal and a protein, with added fats 
and vitamins. More recently, we now include or 

‘stack’ minor ingredients to improve gut health and 
performance. This stacking is relevant because we 
do this by including each ingredient individually. 
However, it may be that as we increase the level of 
design in protein ingredients, for example, we 
could engineer that they incorporate more than 
their basic nutrients. It is conceivable that a single 
cell protein could be developed on the basis of a 
target amino acid ratio and the presence of another 
key nutrient or functional ingredient, or indeed 
absence of a harmful constituent.

A key question to be considered is would con-
sumers allow such an ingredient which is obviously 
beneficial but is ‘engineered’?

1.5 Conclusion

In our consideration of insects as a feed opportu-
nity, the material would need to meet all the follow-
ing criteria. They must: (i) be legal; (ii) have an 
acceptable and safe nutrient profile in relation to 
cost; (iii) be available in sufficient quantity; (iv) 
have attractive environmental impact criteria; and 
(v) have secured consumer acceptance. Insect prod-
ucts tick many of these boxes already but equally 
there are still some significant challenges that will 
be considered in subsequent chapters. These chal-
lenges may be solved by private enterprise but 
ultimately may need a coordinated and collabora-
tive global approach to achieve success at scale.
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