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ARTICLE INFO ABSTRACT

Handling Editor: Panos Seferlis Increasing global demand for animal protein combined with an urgent need to advance towards global sus-
tainability, as enshrined within the Sustainable Development Goals (SDGs), has spurred the development of
insects as a protein source in animal and fish feed. The acceptance and feasibility of these advances are
nevertheless poorly understood. This study aimed to identify opportunities, challenges and solutions for black
soldier fly larvae-based animal feed production, through stakeholder interviews in Malaysia, analysed using
thematic analysis and the analytic hierarchy process. The data identified 17 challenges, alongside 19 potential
solutions, which we analysed under political, economic and resourcing, institutional and legal, and social and
cultural categories. The need to establish a black soldier fly larvae-based feed sector has become important, but
for black soldier fly larvae feed to make a substantive contribution to the animal feed sector, a more enabling
environment is required. This includes improved support from the government, ensuring cost-effective invest-
ment and low operational costs, better coordination between regulatory authorities and improved consumer
acceptance. Tackling these challenges from multiple entry points within each of the categories we identified
could help to advance policies that advance progress towards the SDGs through the development of black soldier
fly larvae-based animal feed production, supported by the engagement of multiple stakeholders. Policy recom-
mendations emerging from this study offer important inputs to inform black soldier fly larvae-based animal feed
production both in Malaysia and globally.
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1. Introduction being more sustainable due to their higher feed conversion efficiency,

and lower greenhouse gas emissions and water and land use demands,

Unsustainable production and consumption are associated with
global environmental challenges including climate change (Vermeulen
et al., 2012), biodiversity loss and land use change (Newbold et al.,
2015), water insecurity (challenges in obtaining a secure water supply in
relation to aspects of stability (regular supply), quality, availability and
accessibility) (Wada et al., 2010), as well as phosphorus and nitrogen
pollution from manure and fertiliser damaging terrestrial and aquatic
ecosystems (Diaz and Rosenberg, 2008). Increasing demands for food,
particularly meat, combined with the need to sustainably feed a global
population of 9.6 billion by 2050, while also lowering emissions and
tackling environmental challenges, is driving innovation in protein
sources for food and feed for both people and animals (Searchinger et al.,
2013). Insects are a key alternative food source under investigation
(Ordonez-Araque and Egas-Montenegro, 2021; Ruby and Rozin, 2019)

* Corresponding author.
E-mail address: lindsay.stringer@york.ac.uk (L.C. Stringer).

https://doi.org/10.1016/j.jclepro.2022.133802

compared to conventional meat and animal protein sources (Miller
et al., 2016). Using insects to convert waste into animal feed is one
option to improve sustainable consumption. However, Grinberga-Zalite
and Zvirbule (2022) also note the need for food sector action to reduce
food waste by implementing food donations and recycling non-food
products.

Black soldier fly larvae (BSFL) have an outstanding ability to convert
organic waste (consisting of mixed or separate waste) into biomass rich
in fat and protein (Gao et al., 2019) and have good nutritional potential
(Zozo et al., 2022; Bessa et al., 2020). BSFL can ingest a range of organic
wastes including animal manure (Zhou et al., 2013), municipal organic
waste (Kalova and Borkovcova, 2013), food waste (Salomone et al.,
2017), crop straw (Manurung et al., 2016) and empty fruit bunches
(Dickinson et al., 2019). Crude protein and crude lipid contents of BSFL
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meal range between 40%-44% and 15%-49%, respectively, depending
on the processing methods and substrates used (Makkar et al., 2014).
BSFL cannot transmit parasites or diseases when used in feed, despite
feeding on waste, spoiled feed, and manure (van Huis et al., 2020).

Research in the wider project this paper stems from focuses on
Malaysia, where over 80 million tonnes of oil palm biomass waste is
generated annually (MIDA, 2021). Oil palm biomass can be converted to
commercial products such as absorbent, fertiliser and animal food if the
required nutritional values can be achieved (Umana et al., 2020), but
many other feedstocks offer potential as well.

Food waste treated with insects is widely recognised as an environ-
mentally friendly approach for recycling wastes with an additional
benefit of low installation costs (Kim et al., 2021). However, aspects
such as acidity, humidity, adequate temperature and feed components
for insects to thrive and survive need all to be considered (Yoon et al.,
2020). In this case, BSFL is gaining special attention for food waste
treatment (Lalander et al., 2019). Depending on the substrates used, the
quantity and quality of the nutritional value of BSFL varies. The growth
of BSFL is significantly affected by the composition of the feed (Fu et al.,
2022). It is thus advisable to use a supply of consistently similar resource
material as different waste streams affect the final quality of the larvae.
Using waste as resource to produce high quality protein BSFL reduces
dependence on expensive protein sources including fishmeal and soy,
brings the system closer to zero waste and positively impacts on the
environment (Mohan et al., 2022). Economic benefits may be harnessed
from BSFL as well, with BSF meal offering promising market opportu-
nities. BSF meat has a worth of 400 billion USD to meet world feed
production demand of 1 billion tonnes, as reported by the International
Industry Federation in 2017 (Joly and Nikiema, 2019). Similarly, the
economic feasibility of BSF production is expected to have vast global
market potential as the animal feed market grows (Lalander et al., 2015;
Makkar et al., 2014).

There are however, many stakeholders with different perspectives in
the BSFL value chain and who are affected by BSFL production. For
example, studies by Chen et al. (2020) and Jamaludin et al. (2021)
questioned the halal compliance of meat based on BSFL grown on faeces
and used for consumption in Islamic communities. Other researchers
propose that religious perspectives on allowing certain types of food for
insect farming feed should be considered (Liu et al., 2022). The litera-
ture is nevertheless lacking insights into different stakeholder views. At
the same time, there is no information on stakeholders’ perspectives
regarding what an enabling environment for BSFL based animal feed
production should look like. An enabling environment includes the
practices, policies and attitudes which encourage people to take action
and help them to succeed (THP, 1994), as well as factors concerned with
effective governance and institutions within a particular sector and an
individual country. Developing an enabling environment is vital if BSFL
production for use in animal feed is to achieve its potential in addressing
environmental sustainability goals.

This study addresses this knowledge gap, aiming to identify oppor-
tunities, challenges and solutions in political, economic and resourcing,
institutional and legal, social and cultural aspects for BSFL-based animal
feed production in Malaysia. Malaysia is a developing country that is
struggling to advance a low carbon economy, has a growing population
and an urgent need to combat climate change (Rahman, 2018). The
country contributes 0.52% of the world’s carbon emissions and is the
fourth highest greenhouse gas emitter in the region after Indonesia,
Vietnam and Thailand (Rahman, 2018). Malaysia has committed to
reduce emissions by 45% by 2030 through the Paris Agreement
(UNFCCC, 2015). Providing an enabling environment for BSFL business
development could help meet those commitments while also addressing
other development needs in line with the country’s commitment to the
SDGs.

We draw on data from interviews with stakeholders in Malaysia,
applying thematic analysis and the analytic hierarchy process (AHP; a
prioritisation and ranking tool (Saaty, 1987)) to identify actions that
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could support an enabling environment for BSFL-based animal feed.

2. Methods

Literature review was first undertaken to examine existing knowl-
edge of the potential for BSFL to support the achievement of individual
SDGs. The process flow (Fig. 1) then started with the preparation of
interview questions and design of the analytical framework. Interview
questions sought to capture opportunities for BSFL-based animal feed
production at organisational, national and global scales, while chal-
lenges and solutions sought to capture political, economic and
resourcing, institutional and legal and social and cultural considerations
(see Supplementary Material). Ethical approval was obtained prior to
data collection. Data collection focused on stakeholders based in
Malaysia.

Data were analysed using thematic analysis and the AHP, allowing us
to develop policy and societally relevant recommendations.

2.1. Interviews

Stakeholder analysis identified possible individuals and stakeholder
groups working in Malaysia, along with their interest in and influence on
BSFL-based animal feed production (Reed et al., 2009). Our stakeholder
analysis results were cross-checked by 23 key informants from research
and BSFL sectors. Snowball sampling was used to recruit participants
from high interest groups (Fig. 2). High interest groups are those directly
affected by or who can directly affect the outcomes of BSFL based animal
feed production. We began with individuals within each group for whom
we had contact details, who we then asked to identify further similar and
different potential interviewees. Some of the initial interviewees con-
tacted those they recommended to see if they were interested in
participating. This approach enhanced the acceptance rate compared
with an approach where invitations to participate came from researchers
unknown to the potential participant (Reed et al., 2009). One limitation
of snowball sampling is that those suggested may be biased by the social
network of the recommending party. This was addressed by using
multiple starting points which avoided a linear recruitment process.
Overall, our sample included most of the key stakeholders except for
those from government ministries. We did not manage to interview
politicians or other key players from ministries. Despite invitations and
reminders, responses were not received. As the industry is not yet well
established in Malaysia, the project team considered it too early to assess
the opinions of the general public, particularly when they would not be
familiar with the barriers and opportunities. As such, we did not include
the general public as a stakeholder group.

A project information sheet and the interview objectives were
emailed to interviewees in advance, prior to gaining their consent to
participate. Participants received detailed explanations on anonymity
and confidentiality protection procedures, covering both the interview
process and subsequent data storage and analysis. Interviews were
conducted from February 2021-April 2021 with 19 interviewees span-
ning 8 stakeholder groups and involving 8 women and 11 men (Table 1).
We placed utmost importance in seeking gender equality among re-
spondents, in line with SDG 5, despite men dominating some of the
stakeholder groups. All the industries and organisations involved were
based in Malaysia. Of the 19 interviews, 4 were in Malay while the
remainder were in English. Engagement modes included online and
telephone interviews. Of the 19 interviewees, 16 were interviewed
through an online platform, Webex; 2 answered the interview questions
directly through a Google form and the remaining 1 was interviewed by
telephone. Interview duration ranged between 40 and 90 min. Most of
the discussions were recorded through Webex, with 1 being audio-
recorded. We stopped at 19 interviewees as we reached saturation
point upon reaching the 18th and 19th interviewees, with similar in-
formation being shared to that which we already had.
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Fig. 2. Stakeholder interest-influence matrix showing the eight stakeholder groups deemed to have high levels of interest in BSFL production who were targeted

for interview.

2.2. Thematic analysis

Interview recordings were transcribed in their original languages.
For the analysis, selected relevant excerpts in Malay were translated into
English once initial themes had been identified. Data were analysed

using thematic analysis, which allowed us to identify, analyse and report
similar patterns (themes) within transcribed data (Braun and Clarke,
2006; Vaismoradi et al., 2013). Opportunities were categorised at
multiple scales (organisational, national and global) while responses
regarding challenges and solutions were grouped under 4 themes:
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Table 1
Distribution of interviewees.
No. Stakeholder group Designation No. of
interviewees
1 Smallholder BSFL Farmers 3
farmers
2 Non-governmental Scientist 1
organisation
3 Waste management Business executive 1
industry
4 Animal feed industry Feed formulator, international 2
sales director
5 Palm oil industry Agriculture officer 1
6 Academia Senior lecturers, Associate 4
Professors
7 Ministry of Agriculture Research officers 2
and Food Industries
8 Commercial BSFL CEOs, R&D manager, 5

industries Entomologist, Communication

director

‘political’, ‘economic and resourcing’, ‘institutional and legal’ and ‘so-
cial and cultural’. Challenges and solutions for BSFL-based animal feed
production in Malaysia shared by each interviewee were coded and
grouped under the relevant themes. Challenges and solutions were
further analysed by conducting a questionnaire survey which followed
the analytic hierarchy process (AHP).

2.3. Analytic hierarchy process (AHP)

AHP is increasingly used to demonstrate and quantify experts’ per-
spectives (Dalalah et al., 2010). Following analysis of the interview data,
a survey was conducted with 9 experts (5 men and 4 women), from 8
stakeholder groups based on the interest-influence matrix developed at
the start of the research, following the AHP process (Fig. 1). Partici-
pating experts were selected among our interviewees and had a mini-
mum of 5 years’ work experience in their respective field. Survey
questions addressed all the challenges and solutions emerging from the
interviews. Only 1 stakeholder group (BSFL industry, deemed to have
the highest level of interest) had 2 experts participating, while the
remaining stakeholder groups each had 1 participant, giving a total of 9
experts. This sample size is suitable given researchers are still unable to
agree on a fixed number of respondents needed to justify the reliability
of the results obtained from AHP research (Ghimire and Kim, 2018). The
questionnaire survey was conducted online using Webex.

AHP follows four steps (Saaty, 1987): 1) define the problem and form
a hierarchy with the aim at the top-level; 2) formulate pairwise com-
parison surveys or a questionnaire for experts to give their point of view

The matrix
Al A2 A3 Ad
Al wl wl wl wl
wl w2 w3 wé
A2 w2 w2 w2 w2
wli w2 w3 w4
A3 w3 w3 w3 w3
wli w2 w3 wé
A4 wé wié wd wé

Eigenvector
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based on a nine-point scale; 3) construct a pairwise comparison matrix
with respect to the challenges and solutions listed under each of the
main themes, based on the data obtained under step 2. When more than
one respondent is involved in the AHP method, the geometric mean
method (GMM) is used to obtain consensus in the pairwise judgement
(Ishizaka and Nemery, 2013), (equation (1)). A set of eigenvectors that
function as local priorities in a complete square matrix is developed
using the GMM. The priorities show the relative importance of the ele-
ments within its range of category and on the element in the level above
its range (Saaty, 1987). Fig. 3 shows the framework of GMM calculation,
which is performed by multiplying each element in each row and taking
their nth root (Saaty, 1987).

4) Measure the degree of randomness in the judgements used to
develop the matrix (Sinha and Labi, 2007), taking into account the
Consistency Ratio (CR). The CR measures the consistency in judgement
(Saaty, 1987) and is calculated using the formula in equation (2). If the
CR < 0.1, it can be assumed that the judgement matrix meets the con-
sistency requirements (Chen and Dai, 2021). The Consistency Index (CI)
is calculated through the difference of the largest eigenvalue (Apax) to
the number of attributes (n) in each category (equation (3)). The
Random Index is the CI measured for each matrix of size n with random
matrices (Saaty, 1987).

Py= /I ay @

where:

Pj: Pairwise judgement

n: number of elements

I1: Product

aj;: preference of alternative ‘i’ over alternative j’

CR=CI/RI (2)

where:
CR: Consistency Ratio.
CIL: Consistency Index.
RI: Random Index

Cl= (ﬂmax - }’l)/(}’l - 1) (3)

where:

Amax : largest eigenvalue

n: number of attributes.

Normalize Result

'Ilgx% EXE "8  rotal =32
Y

frmamae ¢ o=
‘ ot

Fig. 3. Framework of geometric mean method (GMM) calculation used to calculate the priority weight for policy recommendations (Saaty, 1987). A represents the
elements compared, w depicts the division of the nine-point scale assigned, a-d are the values of the root product, and x is the priority weight.
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3. Results
3.1. Opportunities for BSFL based animal feed production

Opportunities for BSFL based animal feed production identified by
interviewees considered: i) the ways in which production is organised,
ii) opportunities at the Malaysian scale and iii) opportunities globally.
Eight opportunities emerged at organisational level, four at Malaysia
level and five at global level (Fig. 4 and Fig. 5), with some divergence in
the opportunities recognised by different stakeholders.

BSFL produced at a large-scale can be marketed locally and com-
mercial BSFL industries could expand and look to export BSFL products.
Smallholder BSFL farmers could substitute costly animal or fish feed
with low-cost BSFL as an alternative protein source for local poultry and
aquaculture. Smallholders and animal feed industry interviewees re-
ported this as an opportunity to reduce dependence on imported and
high-cost animal feed while academics saw opportunities to use BSFL as
an alternative feed for animals and fish.

Research has investigated the potential for BSFL to degrade empty
fruit bunches from the oil palm industry which is substantial in Malaysia
(Dickinson et al., 2019), with the best experimental conditions emerging
as pH 6 with a 2:1 digestate:empty fruit bunch ratio using pre-processed
empty fruit bunches using ionic liquid before anaerobic digestion. The
interviewee from the palm oil industry reported using BSFL as an
alternative feed source in aquaculture activities, considering it cheaper
than fishmeal. However, the interviewee from the Ministry of Agricul-
ture and Food Industries mentioned that the current price of BSFL is
similar to that of fishmeal, so despite its potential, BSFL’s competitive-
ness (both in terms of price and nutritional value) needs improvement
before it could replace fishmeal.

Interviewees felt that BSFL produced in Malaysia could reduce
dependence on imports and indirectly strengthen the local economy,
opening the way for more BSFL business development nationally.
Globally, BSFL business development yields an opportunity to initiate a
zero-waste campus according to academics, helping to reduce food
waste in cafeterias and colleges and other institutional settings (prisons,
hospitals etc). Segregated food waste from the community and oil palm
wastes could be used as feed for BSFL. An NGO interviewee mentioned
that there is a good opportunity for production and insect milling in
remote areas, supporting livelihood options in rural locations. Overall,
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opportunities were identified that target multiple SDGs (Fig. 6), sup-
porting the potential already identified in the literature.

3.2. Challenges and solutions for BSFL based animal feed production

Detailed explanations of each challenge and solution identified for
each of the main themes, illustrative interview quotes, and the priority
weight calculated using AHP, are reported below. Further interview
quotes and evidence are presented in the Supplementary Material (see
SU-Table 1- SU-Table 4).

3.2.1. Political aspects

With respect to the ‘political’ challenges, ‘need to convince the gov-
ernment of the potential use of BSFL as an animal feed ingredient’ (77.5%) is
viewed as more challenging than the problem of being ‘unable to classify
the land rented to build the BSFL industry’ (22.5%). Interviewees find it
difficult to build confidence and political will of those with decision
power that they should actively replace regular animal feed with insect
meal, particularly as it is still a new and developing business in Malaysia.
They felt that ‘increased demand and interest in BSFL industries may change
the perception of the government’ (71.9%) which was ranked highest in the
AHP, followed by ‘establish insect production’ (28.1%). Political will and
support from the government was therefore felt to strongly influence
BSFL business development in Malaysia. Political challenges and solu-
tions are shown in Table 2. The CR is 0.000 for both the challenges and
solutions.

3.2.2. Economic and resourcing aspects

In terms of ‘economic and resourcing’ challenges (Table 3), ‘high
capital and operational costs to build and run the BSFL production system’
(21.8%) was ranked highest, while ‘identifying a cost-effective BSFL pro-
duction system’ (19.5%) ranked highest in terms of ‘economic and
resourcing’ solutions. Most BSFL industries operating in Malaysia are
self-funded which could explain the preference for this solution over
that of relying on the assumption that ‘industrial demand will attract
government to provide funding for BSFL based production’ (9.3%). The
second highest ranked ‘economic and resourcing’ challenge was ‘chal-
lenges in ensuring a constant and sufficient supply of organic waste of BSFL’
(14.5%). This could be addressed by ‘sourcing organic waste by partnering
with a wide range of suppliers’ (12.9%).

Organisational Opportunities

6 -

Number of respondents

TR

Il B

Introduce Produce Develop Good Alternative  Opportunities  Identity good Supply
smart farming  sustainable  partnership  opportunity to protein source for feed segregated
systemsin  and low cost with big mitiate zero for animal feed collaboration formulation to food waste to

remote areas
that focuses on idea
sustainability

O Smallholders

O Animal Feed Industry aNGO

animal feed manufacturers waste campus

B BSFL mdustries

and produce local BSF industries
consultation  insect meal
with industries

O Academia
BPalm oil industry

Fig. 4. Organisational opportunities for BSFL based animal feed production identified by each stakeholder group.
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Opportunities in Malaysia & Globally
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Fig. 5. Opportunities in Malaysia and globally for BSFL based animal feed production identified by each stakeholder group.

‘High price of BSFL’ (11.8%) was ranked third highest followed by
‘challenges in obtaining constant BSFL supplies as an animal feed ingredient’
(10.3%) and ‘lack of financial resources to conduct research’ (9.1%). These
challenges were considered best addressed by experts by setting
‘reasonable pricing for BSFL based products to be set by BSFL industries’
(16.7%), ‘optimising the production of BSFL’ (9.2%) and ‘providing grant
funding opportunities’ (5.9%). ‘Economic and resourcing’ challenges on
‘lack of knowledge on insect studies and skilled expertise to work in BSFL
industries’ (9.1%) and ‘lack of education of workers in food and beverage
departments to segregate food waste in an industry with high staff turnover’
(8.7%) can be addressed by ‘providing training for the younger generation
by introducing industrial insect course in universities and for workers in the
food and beverage industries’ (7.8%) as suggested by the interviewees.
The eighth ranked challenge was ‘high costs of a large supply of feed source
for BSFL’ (9.0%) with the suggested solution to ‘implement the good
practice of food waste segregation among the community’ (11.7%). The
lowest ranked was ‘challenges in ensuring constant BSFL nutrient quality as
an animal feed ingredient’ (5.6%). The solution for this challenge is to
‘conduct more research on BSFL nutrient quality’ (7.2%). The CR is 0.008
for both the challenges and solutions.

3.2.3. Institutional and legal aspects

‘Lack of coordination for documentation processing between regulatory
authority in headquarters and within the states’ (49.7%) was found to be
the highest priority within the ‘institutional and legal’ challenges
(Table 4). Better coordination and communication mean processes
become easier, quicker and more efficient. Respondents felt the best way
to address this is to ‘standardise the regulations and processes between the
regulatory authority in headquarters and within the states’ (48.4%). The
second and third most prioritised challenges were ‘no guidelines to control
bad odour from BSFL rearing areas’ (30.9%) followed by ‘no halal certi-
fications for BSFL feed’ (19.4%). Respondents considered they could be
addressed by ‘conducting regular inspections to prevent the spread of bad
odour from the BSFL rearing area’ (29.0%) and ‘introducing halal certifi-
cation to standardise the list of substrates to be used as feed for BSFL’
(22.6%). The CR is 0.002 for both the challenges and solutions.

3.2.4. Social and cultural aspects
‘Public concerns about smell and hygiene for BSFL rearing area’ (61.2%)
was the highest priority ‘social and cultural’ challenge (Table 5). One

interviewee shared that they had to close a BSFL business because the
community nearby complained regarding bad odour coming from their
BSFL rearing area. The solution to the odour issue suggested by in-
terviewees was to ‘spray effective microbes to overcome odour issues from
the BSFL rearing area’ (8.2%). This worked for one of the interviewees
but others disagreed and emphasised proper ventilation. The second
most highly prioritised challenge was ‘public perception of BSF as yucky
insect’ (21.6%) and ‘public perception of BSF as a pest for stingless bees’
(17.1%). There are a few solutions for these challenges: ‘organise
awareness programs for the public’ (30.5%), ‘organise insect industrial visits
to demonstrate the potential and safety of using BSFL’ (27.5%), ‘educate at
school and universities about the potential use of BSFL’ (26.1%) and with
the lowest rank ‘distribute samples of BSFL products in public areas’ (7.6%).
The CR for the challenges and solutions is 0.001 and 0.003, respectively.

4. Discussion

Opportunities for BSFL use in animal feed to contribute towards each
of the SDGs were identified in the literature (Fig. 6), whereas the in-
terviewees identified opportunities linked to eight SDGs (Fig. 6; SDGs 1,
2,3,8,9,12,13 and 17). However, there are several challenges in using
BSFL-based animal feed production. Addressing these challenges re-
quires multiple solutions targeting each of the political, economic and
resourcing, legal and institutional, and social and cultural aspects that
were considered.

The most common political challenge faced by most of the in-
terviewees was to ‘convince the government of the potential use of BSFL as
an animal feed ingredient’. BSFL enterprises are still new but a fast-
growing industry. One of the interviewees faced challenges in
convincing the government to secure a BSFL based project back in 2018
because the authorities insufficiently appreciate the potential of using
BSFL to convert waste into value added products. However, ‘increased
demand and interest in BSFL industries’ could eventually change the
perception of the government towards BSFL industry, as suggested by
the interviewees. When there is an increased demand for BSFL, it is
likely there will be a rise in number of new companies joining the pro-
duction market and investing in research and development, creating
more competition (Wang and Shelomi, 2017) which would eventually
demonstrate the potential and enthusiasm about BSFL. Global drivers
such as countries’ commitments to reaching net zero carbon emissions
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Goals Potential impacts Opportunities identified by
stakeholders
NO e New economic opportunities e (Create more job
POVERTY arising from BSFL production opportunities

can improve the social status
and livelihood of smallholder
farmers (Chia et al.. 2019)
helping to bring them out of
poverty (Barragan-Fonseca et
al.. 2020). while at a national
level. BSFL offer potential to
increase gross domestic product
(GDP) (Moruzzo et al.. 2021).

® Locally produced BSFL with
easy rearing techniques may
reduce dependence on foreign
feed imports particularly for
smallholder farmers. opening
routes for smallholders to
participate in the global market
(Barragan-Fonseca et al.. 2020).

e Reduce dependence on
foreign imports

e BSFL have the potential to
become a sustainable and
healthy food and feed alternative
to conventional animal feed
sources (Shumo et al.. 2019) that
can be a part of the human food
chain.

e Insect rearing helps to promote
sustainable agriculture that can
help support zero hunger into
the future (Barragan-Fonseca et
al., 2020).

e Produce sustainable and
low-cost animal feed

¢ Alternative protein source
for animal feed

e Cheaper protein source
for animal feed

GOOD HEALTH
AND WELL-BEING

4

¢ Good quality food helps to
improve health and well-being
of all age groups through
mmproved nutrition (Moruzzo et
al.. 2021). BSFL produced

¢ Alternative protein source
for animal feed

e Identify good feed
formulation to produce
local insect meal

Fig. 6. Potential impacts of edible insects and BSFL in progressing towards the SDGs as identified both in the literature and by stakeholders in this research (Abro
et al., 2020; Banks et al., 2014; Barragan-Fonseca et al., 2017, 2020, BEF, 2021, TRF, 2020; Bullock et al., 2013; Celitron, 2019; Dicke, 2018; Diener et al., 2009;
Dobermann et al., 2017; Ekins et al., 2019; Hanboonsong et al., 2013; Lane, 2018; Madau et al., 2020; Mahmood et al., 2021; McLaren et al., 2020; Mohamad et al.,
2020; Moruzzo et al., 2021; Nugroho et al., 2019; Oonincx and de Boer, 2012; Parodi et al., 2020; Perednia et al., 2017; Sarpong et al., 2019; Setti et al., 2019; Shumo
et al., 2019; Siddiqui et al., 2022; SNRD Africa, 2021; Stockholm, 2015; Velenturf et al., 2019; Wang et al., 2017).
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locally can improve access to
protein (Mohamad et al.. 2020)
when the animals fed with
insects are consumed by
humans.

QUALITY
EDUCATION

L

Income from BSFL production
could increase household
income of smallholder farmers
(TRF, 2020) which could
increase the proportion of
children in education (Lane.
2018).

GENDER
EQUALITY

Women’s participation is
unlikely to substantially affect
their community responsibilities
and family duties (McLaren et
al.. 2020) as small-scale BSFL
production can be carried out at
home.

BSFL production can create job
opportunities for women (TRF.
2020). giving them a greater say
in income expenditure decision
making and empowering them
(SNRD Africa, 2021) through
development of new skills.

CLEAN WATER
AND SANITATION

BSFL breeding practically needs
only minimal space (Kim et al..
2021) and very little water.
BSFL can feed on human waste
and help to alleviate sanitation
issues (Dicke. 2018; Banks et
al.. 2014).

Insect farming can convert crop
residues into simple organic
materials supporting biofuel
production (Wang et al., 2017).
as well as reducing air pollution
(Moruzzo et al.. 2021).

Fig. 6. (continued).
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DECENT WORK AND
ECONOMIC GROWTH

e Development of BSFL

production can open
opportunities for
entrepreneurship and innovation,
supporting the growth of small
and medium sized enterprises

(Ravi et al.. 2020: Sarpong et al.,

2019) and youth employment
(TREF. 2020: Abro et al.. 2020).
Economic opportunities in terms
of contribution to the global
edible insect market are
expected to touch USD 7.96
billion by 2030 with the aid of
compound annual growth rate of
24.4% over the forecast period
of 2019-2030 (Nugroho et al..
2019). Opportunities for import
and export of insects for food
throughout South-East Asia in
which Thailand’s import market
alone reached 1.14 million
USD/year (Hanboonsong et al..
2013).

Create more job
opportunities
Balanced trade
opportunities

Strengthen local economy

The practice of starting up insect
farming with small capital and
operational costs and basic
knowledge on insect farming
can be introduced in low-income
countries with minimum levels
of guidance and instruction
(Moruzzo et al.. 2021)
supporting more inclusive and
sustainable industrialisation.
Industrial scale insect
production helps to sustain long-
term insect availability
(Moruzzo et al.. 2021). making
incorporation into fish and
livestock feed more feasible as a
supply chain and industrial
development opportunity.

Infroduce smart farming
systems in remote areas
Create more job
opportunities

Develop good business
opportunities for insect
meal

Fig. 6. (continued).
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10 REDUCED
INEQUALITIES

i,

=)

i

e Development of insect industries

can help to reduce economic
gaps as a novel income stream
across scales (Moruzzo et al..
2021).

Low start-up costs offer
potential for NGOs to support
development of the poorest and
most marginalized groups e.g.,
those in conflict zones or
refugee camps. through
provision of BSFL inputs and
training (BEF, 2021), helping to
reduce inequalities.

BSFL farming offers
opportunities for rural
communities to be part of the
economic value chain. resulting
in a good profit and improving
their livelihood (Diener et al..
2009), which reduces
mequalities within countries
(Barragan-Fonseca et al.. 2020).

BSFL can be produced in rural
communities (Bullock et al..
2013) offering local income
streams and value chains for
BSFL development (Stockholm.
2015).

BSFL can be grown sustainably
within cities, using less space
than other animals (Celitron.
2019: Oonincx and de Boer.
2012) and presenting
opportunities for waste
reduction as food and other
waste can be used as feedstock
(Kim et al.. 2021).

Using BSFL for animal feed
production and bio-conversion
of waste (e.g.. castings or frass)
into value added products such
as fertiliser offers opportunities

e Supply segregated food
waste to BSFL industries

e Conversion of waste into
value added product

Fig. 6. (continued).
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for a circular economy model
(Barragan-Fonseca et al.. 2017:
Setti et al.. 2019). Circular
economy approaches aim to
build natural, social and
economic capital by keeping the
products and waste materials in
use. therefore aiding
regeneration of natural systems
(Velenturf et al., 2019: Ekins et
al.. 2019).

¢ Enabling local and
diverse production

1

CLIMATE
ACTION

®
L 4

L

Direct methane and nitrous
oxide emissions during BSFL
rearing are 16.8 = 8.6 g of
carbon dioxide (CO») equivalent
per kg of dry BSFL biomass
with very low ammonia
emissions (negligible and can be
avoided before the CO» value
peaks) (Parodi et al.. 2020).
BSFL has the potential to
recycle carbon into oils and
edible protein instead of
breaking down to methane and
CO,. reducing greenhouse gas
emissions (Perednia et al..
2017).

e Conversion of waste into
value added product

¢ Good opportunity to
initiate zero waste
campus idea

LIFE
BELOW WATER

BSFL farming can support
sustainable utilisation of marine
resources (Moruzzo et al.. 2021)
when the insects are able to
partially or fully substitute fish
oil and fishmeal in animal and
fish feed. supporting efforts to
reduce overfishing and illegal or
unregulated fishing (Moruzzo et
al.. 2021).

BSFL farming could support
efforts to reduce biodiversity
loss as a result of lower demands
for land and thus less land use
(Madau et al.. 2020) conversion

Fig. 6. (continued).
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and deforestation (Moruzzo et
al.. 2021).

Residue from insect farming
(e.g.. 20% of residue from BSFL
treatment) can be used as a soil
amendment / compost.
improving soil quality and
reducing waste disposal
demands (Mahmood et al.. 2021:
Siddiqui et al.. 2022).

16

PEACE. JUSTICE
AND STRONG
INSTITUTIONS

.
Vo

Many different stakeholders
(government. industries and
mstitutions) are engaged in the
BSFL industrial pipeline.
Supporting insect-based
industries can enable
opportunities for dialogue.
increased understanding and set
the foundations for peace
(Barragan-Fonseca et al.. 2020).
Proper regulation that takes into
account multiple stakeholder
perspectives is crucial to support
the BSFL production supply
chain and could drive up food
quality standards and
enforcement (Dobermann et al..
2017).

1

PARTNERSHIPS
FOR THE GDALS

BSFL production offers
opportunities for new
collaborations (e.g.. between
governments, donors industries,
producers. exporters. retailers.
and consumers) with
partnerships supporting progress
towards multiple SDGs,
including through investment in
strengthening science.
technology and innovation
capacity (Walter et al.. 2020).

e Opportunities for

e Develop partnership with
big manufacturers that
focuses on sustainability

collaboration and
consultation with
industries

could potentially leverage investment in this area as well. However,
there are constraints to BSFL use in the poultry industry at a large scale.
The price of BSFL may not be competitive compared to conventional

Fig. 6. (continued).
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protein sources and involves drastic changes to the current BSFL pro-
duction system to produce BSFL at scale with an attractive price.
Nevertheless, in some countries, BSFL is still an attractive feed
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Table 2
Political challenges and solutions for BSFL based animal feed production and their priority weightings.
Themes Sub-themes Priority Themes Sub-themes Priority
weight (%) weight (%)
Political Need to convince the government of the potential ~ 77.5 Political Increased demand and interest in BSFL industries 71.9
(challenges) use of BSFL as an animal feed ingredient (solutions) may change the perception of the government
Unable to classify the land rented to build the BSFL. ~ 22.5 Establish insect production 28.1
industry
Table 3
Economic and resourcing challenges and solutions for BSFL based animal feed production and their priority weightings.
Themes Sub-themes Priority Themes Sub-themes Priority

weight (%)

weight (%)

Economic and High capital and operational costs to buildand ~ 21.8 Economic and Identify a cost-effective BSFL production system 19.5
resourcing run the BSFL production system resourcing Industrial demand will attract the government’s 9.3
(challenges) (solutions) attention to provide funding for BSFL based

production
Challenges in ensuring a constant and 14.5 Source organic waste by partnering with a wide range ~ 12.9
sufficient supply of organic waste for BSFL of suppliers
High price of BSFL 11.8 Reasonable pricing for BSFL based products to be set ~ 16.7
by BSFL industries
Challenges in obtaining constant BSFL 10.3 Optimise the production of BSFL 9.2
supplies as an animal feed ingredient
Lack of financial resources to conduct research 9.1 Provide grant funding opportunities 5.9
Lack of knowledge on insect studies and 9.1 Provide training for the younger generation by 7.8
skilled expertise to work in BSFL industries introducing industrial insect course in universities
Lack of education of workers in food and 8.7 and for workers in the food and beverage industries
beverage departments to segregate food waste,
in an industry with high staff turnover
High costs of a large supply of feed source for 9.0 Implement the good practice of food waste 11.7
BSFL segregation among community
Challenges in ensuring constant BSFL nutrient 5.6 Conduct more research on BSFL nutrient quality 7.2
quality as an animal feed ingredient
Table 4
Institutional and legal challenges and solutions for BSFL based animal feed production and their priority weightings.

Themes Sub-themes Priority Themes Sub-themes Priority

weight (%) weight (%)

Institutional and Lack of coordination for documentation 49.7 Institutional and Standardise the regulations and processes 48.4
legal (challenges) processing between regulatory authority in legal (solutions) between the regulatory authority in

headquarters and within the states headquarters and within the states
No guidelines to control bad odour from BSFL 30.9 Conduct regular inspections to prevent the 29.0
rearing areas spread of bad odour from the BSFL rearing area
No halal certifications for BSFL feed 19.4 Introduce halal certification to standardise the = 22.6
list of substrates to be used as feed for BSFL
Table 5
Social and cultural challenges and solutions for BSFL based animal feed production and their priority weightings.
Themes Sub-themes Priority Themes Sub-themes Priority

weight (%)

weight (%)

Social and cultural Public concerns about smell and 61.2 Social and cultural Spray effective microbes to overcome odour issues 8.2
(challenges) hygiene for BSFL rearing area (solutions) from BSFL rearing area
Public perception of BSF as a yucky 21.6 Organise awareness program for the public 30.5
insect
Organise insect industrial visit to demonstrate the 27.5
potential and safety of using BSFL
Public perception of BSF as a pest for 17.1 Educate at school and universities about the 26.1
stingless bee potential use of BSFL
Distribute samples of BSFL products in public areas 7.6

ingredient for the poultry industry due to weak currency for importation
of protein meal (Vilela et al., 2021). BSFL not only acts as good fatty acid
and amino acid substitute in the poultry industry but also in aquaculture
and petfood industry (Ravi et al., 2020). Freel et al. (2021) reported that
BSFL oil and BSFL meal are suitable for consumption by dogs without
affecting their safety and health. Multiple efforts are seeking a sustain-
able and suitable protein substitution for fishmeal in aquaculture
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industry, particularly with something that does not create rivalry with
human food production and agricultural land (Colombo, 2020; Fisher
et al., 2020). BSFL offers potential here as a promising alternative to
fishmeal (English et al., 2021). For example, in trout grow-out diets,
BSFL has the potential to replace 50% of fishmeal (Stamer et al., 2014)
while for yellow catfish grow-out diets, BSFL can substitute 48% of
fishmeal, engendering no changes in feed and growth conversion ratio,
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and simultaneously improving the capability of the fish’s digestibility
system (Xiao et al., 2018).

The majority of interviewees agreed that ‘high capital and operational
costs to build and run the BSFL production system’ is a major constraint for
BSFL business development in Malaysia. It is envisaged that similar
challenges would be met in other developing countries. One interviewee
noted how capital-intensive BSFL production is, and that it requires a lot
of investment, across both farming and processing. BSFL processing
investments are largely due to the need for automation and technology
to ensure the final BSFL product has constant nutritional value, as well
as to train personnel to follow the required standards. In studies using
BSFL as animal feed, modern technologies result in higher costs than the
conventional technologies (Ignjatijevic, 2010; Pleissner and Smetana,
2020). Labour costs account for 65% of the entire production cost when
life cycle costs for small-scale production have been estimated (Joly and
Nikiema, 2019), while other studies show labour acquisition and sub-
strate result in approximately 90% of BSFL costs (Roffeis et al., 2018).
The most prioritised solution by interviewees is to identify a ‘cost-ef-
fective BSFL production system’. This was also identified by researchers
working in Brazil using insects as feed for poultry, highlighting the need
to establish optimised and cost-efficient mass insect rearing facilities
(Allegretti et al., 2018). Indeed, a useful way to evaluate the viability of
a project is by conducting profitability analysis, in which the most
common approach used is cost benefit analysis. Cost benefit analysis
covers evaluation of payback period, internal rate of return, benefit cost
ratio and net present value. Net present value, however, is the best in-
dicator for evaluation compared to other three indicators (Oppong,
2017). There is a saying that goes “invest if the net present value of
investing exceeds zero” which best reflects the profitability of a project
(Basher and Raboy, 2018, p. 218).

In the study by Allegretti et al. (2018), findings showed that the
renewability value increased by 45.64% while the transformity value
decreased 144.74%. In insect meal production, the emergy yield ratio
(EYR) reduced from 1.71 to 1.00 compared to soybean meal while the
emergy sustainable index (ESI) increased from 0.86 to 0.96. (Renew-
ability represents the ratio between renewable resources and total en-
ergy while tranformity refers to the ratio between total emergy and
output energy. Emergy is consolidated energy needed to start-up a flow
(Odum, 1996). EYR refers to the ratio between total emergy and
non-renewable inputs whereas ESI is a ratio between yield ratio and
environmental loading ratio). When insect meal was used instead of
soybean meal, gains were observed in poultry production such as a
16.45% decrease in transformity of poultry meat, 25.03% increase in
renewability, reduction in environmental loading ratio from 4.96 to
3.68 and increase in EYR from 1.33 to 1.41. These findings show BSFL
meal has the potential to improve sustainability in Brazilian poultry
production.

The nutrient quality of the BSFL produced varies according to the
purpose of the BSFL product and thus the needs of the end consumer
(depending whether it is used in poultry feed, aquafeed, or pet food).
Standardising the substrate used to feed the BSFL can retain the nutri-
tional quality of the BSFL produced. However, substrate from various
waste streams affects the final quality of the BSFL. The protein nutri-
tional pattern is affected by factors such as fatty acids, lipid and chitin
content within their bodies, even though similar substrates are used.
This acts as a barrier for BSFL production as a primary protein source for
animal feed (Mohan et al., 2022).

Different rearing conditions also affect the growth and quality of the
BSFL produced. For example, methionine, an important type of amino
acid content in BSFL, can be increased by using almond hull as a growth
substrate along with varying substrate carbon to nitrogen ratio, which is
crucial for poultry industry. The density of methionine in BSFL increases
by 25% upon increasing carbon to nitrogen ratio from 26 to 40 (Miner
et al., 2022), while increasing moisture content and aeration rate help to
increase the larvae weight without affecting cysteine and methionine of
larvae content. Harvested larvae weight tripled with the increment in
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aeration rate from 0.04 to 0.36 mL/min while larvae weight increased
by 56% with the increase in moisture content from 480 g/kg to 680
g/kg. In contrast, low aeration rate and moisture content create suitable
environmental conditions for microbial activity in the substrate used
(almond hull) over larvae growth and consumption (Palma et al., 2018).
Furthermore, using different almond by-products (shells and hulls) af-
fects the growth of larvae. Using pollinator hulls and Monterey as sub-
strate resulted in higher average larvae weight of 109% and 158%,
respectively, in comparison with mixed shells and nonpareil hulls. On
the contrary, BSFL reared on mixed shells and Monterey showed highest
values for cysteine and methionine contents compared to the remaining
two substrates (Palma et al., 2020).

To maintain product quality and ensure consistent performance
across feedstocks, large-scale BSFL treatment facilities must know how
to pre-treat or blend the feedstock (Gold et al., 2020; Raksasat et al.,
2020). Different techniques of preserving BSFL through freeze-drying
and hot-air drying can prevent degradation and spoilage during stor-
age. A study by Saucier et al. (2021) reported low water activity of below
0.4 for BSFL powder (derived from ground defrosted larvae) which was
treated for 240 s in boiling water (able to reduce microbial load) prior to
the drying process using hot air at 60 °C for 6 h. As a result, minimal
colour changes were observed over a 30-day storage period, retaining
the stability of the product (Saucier et al., 2021). For insect meal to be a
major component of animal diets, it has to be processed and produced in
large-scale and available year-round (Makkar et al., 2014). This relates
to the ‘challenges in obtaining constant BSFL supplies as an animal feed
ingredient’. Low nutrient quality of the BSFL produced can be partially
overcome with large-scale nutritionally-balanced feed substrates for
BSFL (Raksasat et al., 2020), but demands better BSFL feeding and feed
formulation methods. While commercial BSFL industries tended to see
quality as more important, smallholder BSFL farmer interviewees were
less concerned. This suggests further information is needed for stake-
holders to learn about each other’s concerns and challenges.

From the BSFL industry perspective, they do not currently have is-
sues with quality, but rather, ensuring the necessary quantity is pro-
duced at a reasonable cost. Smallholder BSFL farmers reported
difficulties in bearing the ‘high costs a large supply of feed source for BSFL’.
Costs of BSFL feed can amount to 70% largely due to the costs of protein
components in the feed (Chia et al., 2019). It is crucial to have a large
substrate supply for BSFL not only to accommodate large-scale pro-
duction but also to help address low nutrient quality issues (Raksasat
et al., 2020), particularly if involving smallholder producers.

Various kind of wastes have been used to grow BSFL in Malaysia
including rice (Ong et al., 2017), vegetable and fruit waste (Ahmad
et al., 2021), soybean curd and coconut endosperm (Lim et al., 2019),
with considerable variation in development and growth across the
substrates used (Sprangers et al., 2017; Lalander et al., 2019; Leong
etal., 2016; Liu et al., 2020). BSFL has high fat content and is adaptive to
various types of rice waste (Ong et al., 2017), while Ahmad et al. (2021)
reported that fruit waste is potentially more suitable than vegetable
waste for BSFL growth. Lim et al. (2019) monitored the development of
protein nutritional content of BSFL using mixed soybean curd residue
(SC-r) and waste coconut endosperm (w-CE). Bioconversion of a total of
68% of mixed SC-r and w-CE was successful. Interviewees suggested that
besides varying waste suppliers, ‘implementing good practise of food waste
segregation among the community’ could also help to avoid the de-
pendency on organic waste to feed BSFL that comes with a high cost.

In terms of ‘institutional and legal’ aspects, there is a need for proper
regulation of the use of BSFL as animal feed in Malaysia, as has already
been the case elsewhere, including in developing countries such as
Uganda. According to one of the interviewees, there is a ‘lack of coor-
dination for documentation processing between the regulatory authority in
headquarters and within the states’. Better coordination could ease the
process of applying for certification and documentation, attracting more
investors to BSFL industries.

Poor public perception of BSFL in animal feed is one of the main
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social and cultural challenges. Mostly ‘BSF is classified as a yucky insect’
and causes a bad odour. However, Higa et al. (2021) show that Ameri-
cans were willing to eat the insects indirectly by eating animals fed with
those insects instead of direct insect consumption and that BSFL are a
promising alternative to the farmed animals most commonly used as pet
food and are well accepted by consumers. UK consumers are willingly
ready to trust and accept eggs from hens being fed with insects if
introduced and produced with the animal welfare labels showing that
the product is organic and free range. A considerable proportion of
consumers were willing to pay 18% more for the eggs from hens fed with
insects, proving the eggs have the potential to become a premium
product in the UK market (Spartano and Grasso, 2021). Both these
studies show that people are still willing to slowly change their mindset
and accept BSFL as an indirect part of their diet. Naranjo-Guevara et al.
(2020) further confirmed this but also that there is a need to educate and
inform consumers about the health and environmental benefits of en-
tomophagy so consumers can learn about the advantages of, and in-
crease their level of familiarity with, insects as food. In the case of
Malaysia, this would also be necessary as research on public opinions
about insect consumption, both direct and indirect, is lacking. ‘Organ-
ising awareness programs’ could also help change the unfavourable public
perceptions of BSFL. Khaemba et al. (2021) reported that over 70% of
respondents showed willingness and preference to eat eggs from hens
fed with BSFL. Khaemba et al. (2021) concluded that providing evidence
for BSFL-based feed in poultry and creation of increased awareness
would foster uptake of this emerging and rapidly growing technology
and improve consumer perception.

That ‘BSF has been considered a pest for stingless bees’ is one of the
‘social and cultural’ challenges identified in our study. However, BSFL
cannot transmit parasites or diseases and can be considered a non-
harmful pest (compared with housefly or face fly larvae which go on
to become pests (Raksasat et al., 2022)). Adult BSF do not cause any
nuisance, nor are they attracted to human habitats. BSFL can even
hinder the growth of microbial pathogens found in feeding substrates,
and are able to survive in various range of environments (Cickova et al.,
2015; Mohd-Noor et al., 2017). These characteristics makes BSFL suit-
able for animal feed (Chia et al., 2019). However, in 2016, a study re-
ported that BSF had invaded stingless beehives in northern Peninsular
Malaysia. Based on one of the studies on infestation of BSF on
Indo-Malayan stingless bee colonies, decayed stingless bee hives and the
sour smell of honey (honey spilled and flowed out of the nest) could be
what attracted female BSF to lay their eggs on the nest or logs (Hashim
et al., 2017; Ivorra et al., 2020). It is evident that BSF can invade bee-
hives when the hives are poorly maintained, but this does not harm the
stingless bees. Invasions can be avoided if beekeepers follow proper
standard operating procedures and maintain their hives well.

‘Educating the younger generation at school and university level’ could
further improve understanding and perceptions about the BSFL and its
potential and safety, while educating and informing consumers about
the benefits of feeding animals with insects could increase consumers’
acceptance rate and overcome their fears over BSFL (Spartano and
Grasso, 2021). Walter et al. (2020) promoted hands-on activities and
research experiences through workshops using BSFL in schools and this
successfully raised awareness about the potential of BSF. Hands-on work
with insects increased excitement for the topic, decreasing negative
connections with insects including scepticism and phobia (Walter et al.,
2020). More emphasis should also be given to the benefits of feeding
animals with insect meal to increase acceptance and awareness (Szendrd
et al., 2020). Khaemba et al. (2021) reported that informing consumers
through advertisements and alternative marketing policies may result in
positive perception of food products. Again, public acceptance and
support from relevant authorities are important in moving forward and
expanding BSFL businesses as well as to increase the utilisation of
eco-friendly BSFL in the food industry (Kim et al., 2021).

Overall, we have identified opportunities, challenges and solutions
for BSFL-based animal feed production and shown how, with the
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necessary enabling environment, they offer potential to advance toward
multiple SDGs. Our findings, empirically grounded in Malaysia, provide
useful information reflecting the current situation for policymakers to
make more effective decisions as policy to support BSFL-based animal
feed production evolves.

Our largest potential limitations relate to the type and number of
stakeholders involved in the interviews. Stakeholders from the minis-
tries, including policymakers, were missing and the public were not
targeted, yet they may help to inform further actions that could improve
the enabling environment. We invited participation from ministries,
followed up, and attempted to recruit respondents as they are a high
interest and high influence group, but overall, responses were lacking.
We deliberately did not involve the general public as one of our stake-
holders at this point given low awareness about BSFL and the nascent
stage of the industry in Malaysia.

For the AHP, a small sample size is not considered problematic. AHP
may be applied from one to a large number of respondents (Ghimire and
Kim, 2018), and all the calculated consistency ratio values were <0.1,
thus, despite the small sample size, the results obtained are valid and
reliable. Future researchers may wish to increase the number of re-
spondents engaged in research on this topic, including other stake-
holders. However, a greater number of respondents may result in data
conflicts that prove difficult to resolve given the subjective nature of
qualitative research.

Our findings and overall approach have wider applicability across
other developing nations, as other countries seek to grow their insect-
based animal feed production. The output of this research from
Malaysia offers a benchmark case study for future researchers within
Malaysia and globally, and provides important policy proposals for the
Malaysian case. Actions are needed at multiple entry points across each
of the categories we identified to develop an enabling environment to
harness the benefits from BSFL production, minimise the barriers and
risks, and to further strengthen the global industrial pipeline. Achieving
this requires engagement of multiple stakeholders across public and
private sectors, as well as on both supply and demand sides.
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