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We regard the discussion paper by Bosch et al. (2020) in this 
journal as a key step in the domain of insects as food and 
feed (IFF). They propose a first set of standardised methods 
and protocols to quantify and report diet composition for 
the black soldier fly (BSF), meant to improve overall rigour 
and reproducibility. Indeed, without quantification, control 
and exact reporting of the diet composition, there is no 
hope of understanding and controlling nutrient and energy 
allocation in insects, for IFF or for any other purpose. Such 
understanding is also crucial for assessing the incidence 
of rearing procedures and related industrial processes on 
insect performance.

We argue that the efforts spelled out in Bosch et al. (2020) 
need to be extended beyond diet, into the analysis of the 
insect energy budget. Too many studies are still being 
published with the reporting of only one large class of 
nutrients, usually lipids in the case of the BSF, sometimes 
along with proteins. Insects are, however, biochemically 
highly plastic and can use several fuel types concurrently 
for a given task. Furthermore, interconnections between 
metabolic pathways abound and the hosted microbiota 
is notably expanding the biochemical palette. An energy 
budget uses chemical potential energy as a unit and 
typically equates the energy consumed with the sum of 
energy spent in reproduction, respiration, faeces and waste 
materials. So, the ultimate ideal nutrient and energy budget 
would consider all biochemical pathways of quantitative 
importance at any point in time.

A dynamic vision is indeed warranted, both for the diet 
and for the animal compositions as soon as the food 
composition varies and because both body composition and 
optimal energy requirements vary during insect ontogeny. 
Clearly, such a complete and dynamic nutrient and energy 
budget is too grandiose an aim, but any budget should 
eventually at least be balanced, i.e. input and outputs should 
be equal, once possible conversions have been considered. 
Many budgets are however not, to the point where some 
authors argue against the building of complete energy 
budgets (Davies and Hatcher, 1998): omission of terms 
(e.g. nutrient classes), too vague proxies (e.g. reporting 
nutrient ratios instead of amounts), and the uniqueness 
of the context in which they apply (e.g. having a single 
temperature regime) make them much less powerful than 
at first glance. We agree that many aspects and assumptions 
must be taken into account but disagree with the conclusion 
and instead encourage the community to quantify and 
report systematically at least the three major compartments, 
i.e. carbohydrates, lipids and proteins. If the interest is 
centred on lipids, glycogen should also be quantified as 
such, as energy storage can often be a dialogue between 
these two categories.

We briefly explain our rationale by starting with the concept 
of system determinacy. Underdetermination means that 
the number of equations is smaller than the number of 
unknowns. An infinite number of ways of combining the 
unknowns might lead to the same solution, or there may be 
no solution. In other words and in the IFF context, while we 
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EDITORIAL

The community working on insects as feed and food recently moved towards a much more precise definition, use 
and reporting of insect diet composition. These efforts need to be matched by much more precise definition, use 
and reporting of its metabolic fate within the insect body, if the added workload is to fulfil its aims.
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might know the identity of the variables of importance (i.e. 
the metabolites), the information at hand about the way they 
relate to each other (i.e. the equations) is not sufficient to 
hone in on a single solution. For example, if you want larvae 
to produce a given amount of lipids, knowing only the lipid 
amounts obtained directly from the diet is not sufficient. 
Amounts obtained through de novo lipogenesis from 
amino acids and carbohydrates must also be considered. 
Without a quantified relationship between them and the 
final amount of lipids expected in the insect’s body, an 
infinite number of combinations is possible, precluding a 
systematic optimisation of the lipid production.

System determinacy is a plague to bio-modellers of 
metabolism, which do not even always recognise the 
importance of this very basic and key step (DiStefano III, 
2015). This is not a theoretical digression, unrelated to 
insect energy metabolism. Indeed, the metabolic processes 
responsible for the largest energy consumption during 
embryogenesis of Drosophila are still unidentified (Song 
et al., 2019), for a developmental process otherwise well 
studied and for an organism exceedingly well studied. 
Another example is the recent discovery of urea being 
formed from uric acid through a functional amphibian-like 
uricolytic pathway, i.e. via allantoic acid, in mosquitoes. It 
was reported to be rather negligible in insects until recently 
(Scaraffia et al., 2008). It is now assumed to also be present 
in some parasitic wasps that are host-feeding, such as the 
well-studied Euplemus vuiletti (Richard et al., 2018). This 
finding implies that the original nitrogen budget of the 
wasp was incomplete, with some losses unaccounted for, 
i.e. it was also unbalanced (Casas et al., 2005, 2015). Given 
the use of proteins for many different tasks in this species, 
including maintenance, the entire nutrient budget must be 
revisited once the new metabolite (and related pathway) is 
included. This implies a new and lower estimation of lipid 
consumption for respiration, as proteins are also consumed 
for this purpose and in higher quantities than previously 
thought.

These two examples deal with insects outside those used 
so far for IFF but there is no reason to exclude the fact that 
similar findings may force us to rethink the nutritional 
ecology of IFF insect models besides well-characterised 
physiological pathways. The final example deals again 
with the BSF. The study of the role of carbohydrates is 
considered mandatory to understand BSF lipid metabolism 
in one of the most thorough studies published so far (Hoc 
et al., 2020). This finding, stemming from IFF, echoes the 
demonstration given by the many metabolic flux studies 
with other organisms: even the major and traditional 
metabolic pathways cannot be considered in isolation, but 
rather as part of a wider network. It is best to consider the 
network in its entirety to gain a full understanding of the 
metabolic state (Nikoloski et al., 2015). Often, additional 
conditions and relationships among unknowns can luckily 

reduce the dimensionality of the underdetermined problem, 
but cases in which a single solution is available do not 
really exist.

The community has recently matured towards a much more 
precise definition, use and reporting of diet composition. 
These efforts need to be matched by much more precise 
definition, use and reporting of its metabolic fate if the 
added work is to fulfil its aims. The inspiration for doing 
so can come from animal production with vertebrates on 
the one hand and metabolic engineering/systems biology 
with microorganisms and plants on the other. Systems 
biology and metabolic flux analysis have indeed gone 
a long way towards drawing meaningful and practical 
conclusions without having access to all metabolites of 
all pathways; these fields obviously have a lot to offer to 
the IFF community (see, for example, Stephanopoulos 
et al., 1998; Long and Antoniewicz, 2019; and the 
entire Volume 64 of Current Opinion in Biotechnology 
related to tracing metabolic flux: https://tinyurl.com/
yx9bwqj7). Considerations of life-history strategies and 
other evolutionary aspects may complement this dual 
approach. Indeed, many insects have complex life cycles 
and there are large, cross-over effects from one stage to 
the next in holometabolous insects (Llandres et al., 2015). 
Furthermore, tissue production seems to cost much less 
for holometabolous than hemimetabolous larvae (Ferral 
et al., 2020). Which species, which life stage and which 
stopping point in a production line are chosen for which 
purpose might therefore be based on such considerations.

IFF has no choice but to follow the research lines laid out 
in these different scientific fields, some out of them a long 
time ago. The alternative is a random walk in a highly 
multidimensional nutrient world, searching for elusive 
optimal locations. An integrative approach over biochemical 
pathways and life stages therefore seems preferable.
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