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Determinants of fish farmers’ awareness of
insect-based aquafeeds in Kenya; the case of
black soldier fly larvae meal

Kevin Okoth Ouko™*, Jimmy Brian Mboya?3, Kevin Odhiambo Obiero?, Erick Ochieng Ogello3,
Adrian Wekulo Mukhebi®, Mavindu Muthoka® and Jonathan Mbonge Munguti®

Abstract: It is evident from scientific studies that black soldier fly larvae can replace
the widely used fishmeal, which is costly and unsustainable for smallholder farmers, in
aquafeeds. The purpose of this study was to evaluate the factors t influencing fish
farmers’ awareness of use of black soldier fly larvae meal as an ingredient in fish feeds.
The effect of farmers’ socioeconomic status and aquaculture practices on their awar-
enessabout black soldier fly larvae based aquafeeds was examined using a binary logit
regression model. The regression analysis results revealed that fish farming experience
(B=0.327; p=0.001), distance to feed sources (B =0.009; p=0.034), farmers’ income
(B=-0.505; p=0.008) and knowledge about the components of existing feed (B =
2.667; p=0.004) significantly influenced the farmers’ awareness about black soldier fly
larvae meal. The results suggest that communication and farmer education are key in
improving the farmers’ awareness about novel fish feed ingredients. Therefore, there is
need for both public and private institutions to improve awareness creation through
local print and electronic media to enhance fish farmers’ awareness of insect-based
aquafeeds.

Subjects: Agricultural Economics; Aquaculture; Fisheries & Related Industries

Keywords: black soldier fly; farmers’ awareness; logit regression; aquafeeds; aquaculture;
Kenya

1. Introduction

Due to the increasing demand for fish and fish products as an alternative source of animal protein
brought on by the constantly growing human population, aquaculture has experienced a remark-
able expansion in the recent decades (FAO, 2020). The aquafeed industry should continue to
expand in order to meet the projected increase in fish demand (Liland et al., 2017). In aquafeed,
fishmeal and plant-based meals such as soybeans are the main sources of protein (FAO, 2013).
Whereas fishmeal is costly and unsustainable for smallholder farmers, plant proteins can impact
negatively on the nutritional quality of some farmed fish e (Craig & Kuhn, 2017; Popoff et al., 2017).
Owing to the pressure on land and water-use by agriculture, and depleted fish resources due to
overfishing, there is an urgent need to explore alternative sustainable feed diet which is nutritive
and ecologically friendly for sustainable commercial fish production. . In order to achieve this,
insects have been promoted as a beneficial source of fat and protein for fish diets.

Lately, research on the use of insect meal (IM) in aquafeeds has developed rapidly in the last years,
leading to an increased number of scientific contributions on this topic recently (Borgogno et al., 2017;
Magalhdes et al.,, 2017; Nairuti et al., 2022). Insects are naturally used as food in aquaculture because

© 2023 The Author(s). This open access article is distributed under a Creative Commons
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many fish species feed on them, but theirimpact on domestic fish production is still minimal (Govorushko,
2019). According to Sanchez-Muros et al. (2014), about 20% of the estimated one million insect species
have been recognized and characterized, demonstrating the diversity and possibility that these compo-
nents should be employed in place of fishmeal (2014). Insect meals can now be used in aquafeed after
the European Commission has abolished the restriction on the use of processed animal proteins (PAPs)
derived from insects in fish feed (van der Fels-Klerx et al.,, 2018). The regulation outlines the seven
permitted insect species—the banded cricket (Gryllodes sigillatus), house cricket (Acheta domesticus),
yellow mealworm (Tenebrio molitor), common housefly (HF), Musca domestica, lesser mealworm
(Alphitobius diaperinus), and field cricket (Gryllus assimilis)—as well as the permitted rearing substrates
that insects can be grown on (Gasco et al., 2020; Madau et al., 2020). In particular, the black soldier fly
larvae (BSFL) has a great opportunity of effectively converting organic matter into high-value fat and
protein. The BSFLis resilient to climate change, rich in protein and calcium, cultivated using bio-waste,
therefore, helps to conserve the environment, emits less greenhouse gases, and are easy to collect, and
therefore require minimal labour during harvesting (Cai et al., 2018; Newton et al., 2008).

The global production of insects for the food and feed industries has grown dramatically in recent
years (Madau et al., 2020). The current increase in funding for research and innovation initiatives and
the rise in peer-reviewed publications are evidence that insect study is spreading globally. The Journal
of Insects as Food and Feed was established in 2015 as a result of the expanding interest in this topic.
Consequently, Kenya is one of the countries where the culture of rearing insects is emerging (Gahukar,
2011; Kelemu et al.,, 2015; Ssepuuya et al., 2017). The country also supports the insect farming
business by introducing standards for the use of dried insect products in compounded animal feed
(Chia et al., 2020; Vernooij & Veldkamp, 2018). The standards and guidelines are provided by the Kenya
Bureau of Standards, outlining the specific nutritional requirements for insect products, their micro-
biological requirements, limits on heavy metals and pesticide residues in insect products, aflatoxins,
and packaging and labelling requirements (Ke, 2016). The regulation permits that insect products may
be produced from black soldier fly larvae and pupae (Hermetia illucens); crickets adults and nymphs
(family Gryllidae); blowfly/Housefly larvae and pupae (Calliphoridae/Muscidae); grasshopper adults
and nymphs (sub-order Caelifera); silkworm pupae (Bombyx spp.); mealworm larvae and pupae
(Tenebrio spp); termite adults (Termitidae); Lake fly adult larvae and pupae (Chironomidae,
Chaoboridae, Ephemeroptera), cockroach adult and nymph (Blattellidae), among others (Ke, 2016).

Farmers ought to be aware of the employment of insects in the formulation of fish feeds in order to
increase fish productivity while lowering production costs. Without awareness raised by trained public
extension agents and other credible service providers, farmers rely on information from their input
suppliers, which may be inaccurate information (Ullah et al., 2022). A better understanding of the factors
influencing farmer awareness is necessary to formulate appropriate agricultural policies and programs
that would aid in improving yields and returns in aquaculture. Numerous studies have recognised the
significance of farmers’ understanding of alternative technology and methods in increasing agricultural
productivity in Kenya (Halloran et al,, 2021; Jogo et al,, 2011; Muatha et al., 2017). Most studies on
determinants of farmers’ awareness in the country have only been done on, among others, climate
change (Ajuang et al,, 2016; Gichangi & Gatheru, 2018; Jairo & E, 2019), banana farming (Jogo et al.,
2011), and cricket farming (Halloran et al., 2021). However, scanty information exists regarding the
drivers of farmers’ awareness on use of BSFL as feed in aquaculture. This paper focuses on determinants
of awareness of BSFL-based feed in aquaculture. Improving the adoption process requires focusing on
those factors that can raise awareness of and adoption of BSFL in aquafeed. As a result, this will ease the
pressure now placed on conventional feed resources and bring insight on Kenya’s aquafeed value chain.

2. Methodology
2.1. Study area
A cross-sectional survey was conducted in three selected riparian counties of Lake Victoria, Kenya.
Cage farming is currently practised in five riparian counties, including Migori, Siaya, Homa Bay,

Busia, and Kisumu counties, according to Opiyo et al. (2018). The counties of Kisumu, Siaya, and
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Homa Bay were purposively chosen for the study because they had the highest number of Nile
tilapia farmers engaged in both pond and cage fish farming. Kisumu county has the most ponds
and aquaculture-related operations, whereas Siaya and Homa Bay counties have the most fish
cages (representing 85% and 13% of the 3,696 fish cages in Lake Victoria, Kenya, respectively)
(Orina et al., 2018). The main species cultured in fish cages is Nile tilapia due to high consumer
preference, its fast growth rate, tolerance to crowded conditions and high market value (Charles
et al,, 2007; Munguti et al., 2014; Obiero et al., 2014).

2.2. Sampling procedure

A two-stage sampling technique was adopted. The highest fish-producing counties in the riparian
counties around Kenya’s Lake Victoria were purposively selected in the first stage. The counties of
Siaya, Kisumu, and Homa Bay were specifically chosen for this study because they have the highest
number of fish farmers, both pond farmers and cage farmers (Munguti et al., 2014; Orina et al,,
2018). The second stage involved the selection of pond and cage farmers. In the selection of pond
farmers for the study, systematic random sampling was applied. This involved using farmers’ lists
provided by the Sub-County Fisheries Officers in each county. The names of the fish ponds farmers
were chosen at an interval in which all the three counties namely Siaya, Kisumu and Homabay
were considered Established fish farmers who had been actively involved in fish farming for more
than two years were taken into account since they were perceived to have more information on
the role of feeds in fish farming . This was also used to reduce the population heterogeneity and
increase the efficiency of the estimates. Systematic sampling was also used to select cage farmers
in Siaya, Kisumu and Homabay Counties based on the cage locations along Lake Victoria Beaches.

2.3. Data collection

A semi-structured questionnaire was used to collect the data through face-to-face interviews. In
contrast to other techniques like mail and telephone surveys, which have the issue of a high non-
response rate, face-to-face interviews offer the benefit of allowing for quick follow-up and clar-
ifications (Hussain et al., 2013; Mackenzie & Knipe, 2006).The interviews were conducted only after
consent forms had been signed, indicating the participants willingness to be part of the study. The
structured questionnaire comprised two sections namely socio-demographic characteristics,
awareness about BSFL in aquaculture.

2.4. Conceptual framework and variables

In the present study, fish farmers’ awareness a BSFL is predicted to be influenced by several
factors. These include, personal characteristics, economic characteristics, fish farming character-
istics, institutional characteristics and location (Figure 1).

Age, gender, marital status, education, and fish farming experience are all taken into account as
personal characteristics in this study. Access to credit and the average income from fish farming
are economic characteristics. There are three variables of fish farming characteristics: number of
ponds/cages, distance to feed source and knowledge about existing feed components. Access to
extension services and membership to fish farmer groups represents institutional characteristics.
The location consists of the three counties; Siaya, Kisumu and Homa Bay.

2.5. Empirical framework

Logistic regression can be seen as a method that is comparable to multiple linear regression.
However, it considers the fact that the dependent variable is categorical (Pituch & Stevens, 2020).
When the dependent variable is binary, there are several fundamental problems with using a linear
regression model, including the error term’s non-normality, heteroscedasticity, the possibility that
the outcome would not fall within the range of 0 to 1, and generally low coefficient of determina-
tion (Gujarati, 2003). The estimate will always fall between the logical limits of 0 and 1, as per the
logit and probit models. Therefore, a binary logit regression model was applied to examine how
various factors affect fish farmers’ awareness of BSFL. The logit regression model was chosen since
numerous studies have shown that it may be used to examine farmer awareness (Muatha et al.,
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Figure 1. Conceptual frame-
work of fish farmers’ awareness
of BSFL.
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2017; Mustafa et al., 2019; Obi-Egbedi et al., 2020; Ullah et al., 2022). The probit model does not
perform better in practical research than the logistic distribution due to the computational
difficulties caused by the lack of a closed form for the normal cumulative density function,
which the probit model is based on (Ai & Norton, 2003). The current study’s dependent variable
was the farmers’ awareness of or unawareness of BSFL, with a value of 1 (if the farmer is aware of
BSFL) and O (if the farmer is not aware of BSFL). The independent variables and their values are
shown in Table 1. The response variable (awareness of BSFL) is predicted by this model using the
independent variables. The relationships were evaluated at p <0.05 statistical significance level.

The possibility that the farmer is aware of BSFL is predicted by odds (Y =1); that is, the ratio of

the probability that Y=1 to the probability that Y#1, as shown in equation (1);
OddY=P(Y=1)/(1-P(Y=1))
The binary logit regression model is presented in equation (2).
The logit (Y) is given by the natural log of odds;
_pYi=1) — Logi
ln{1 —p(Vie 1)} = logOdds = Logit(Y)
This can be expanded as in equation 3;
Logit(Y) =oc + Y pIXT + X p2X2 + ... + Y pnXn + i

Where Y =dependent variable (awareness) with 1= aware and 0= not aware;
o = intercept
ei= error term
A1, ..., pn= coefficients of the independent variables
X1,..., Xn= the independent variables
p(Yi = 1)= probability of awareness of BSFL
1 — p(Yi = 1)= probability of unawareness of BSFL

and In= natural log

(1)

(2)

3)
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Table 1. Description of variables used in the binary logit regression model

Variables Type Description Value

Dependent Variable

Awareness of BSFL (Y) Dummy Farmer is aware or 1 if aware, 0 if not aware
unaware of BSFL

Independent Variables

Age (X4) Continuous Age of the farmer Years

Gender (X3) Dummy Gender of the farmer 1 if male, 0 if female

Education level (X3) Categorical Highest level of education | 1 if primary level, O,
of the farmer otherwise

Extension access (X4) Dummy Whether the farmer has | 1 if accessed
accessed extension 0 if not accessed
services related to BSFL

Number of ponds/cages | Continuous Total number of cages or | Number

(Xs) ponds owned by the
farmer

Farming experience (Xg) Continuous Number of years the Years
farmer has practiced fish
farming

Group membership (X7) Dummy Farmer’s membership to | 1 if a member
a fish farmers group 0 if not a member

Credit access (Xg) Dummy Farmer’s access to credit | 1 if accessed, O if not
for fish farming activities | accessed

County (Xo) Categorical County in which the 1 if Siaya, O otherwise
farmer practices fish
farming

Distance to feed source | Continuous Distance to input market | Kilometers

(X10) (source of feed)

Knowledge of existing Dummy Farmer’s knowledge of 1 if knowledgeable, O if

feed (X11) the components of the not knowledgeable
existing feed

Average income (X;5) Continuous Average Income from Ksh
fish farming

Marital status (X;3) Categorical Marital status of the fish | 1 if married, O otherwise
farmer

Marginal effects were estimated to quantify the immediate effects of changes in the explanatory
factors on the predicted likelihood of awareness while holding the other explanatory variables
constant.

2.6. Test for multicollinearity

The variance inflation factor (VIF) computation was used as a multicollinearity test to ensure that
the independent variables in the model had no correlation at all. According to Gujarati (2003), VIF
is determined using the method shown in equation 4 and demonstrates how an estimator’s
variance is inflated when there is multicollinearity;

1

VIF=—
1-R?

(4)

where R? is the R? of the regression with the i*" independent variable as a dependent variable. The
results of the VIF are presented in Table 2.

The average VIF was 1.52. The explanatory variables had a VIF ranging from 1.16 to 2.13. The

VIF of the independent variables was below 5. . None of the independent variables was found to
have a significant correlation, suggesting no problem of multicollinearity.
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Table 2. Variance inflation factor results

Variable VIF 1/VIF
logAveragelncome 2.13 0.4695
Group membership 2.05 0.4878
Distance to feed source 1.93 0.5181
Credit access 1.88 0.5319
Age 1.51 0.6623
Knowledge of existing feed 1.46 0.6849
County 1.37 0.7299
Marital status 1.36 0.7353
Gender 1.32 0.7576
Extension access 1.24 0.8065
Number of ponds/cages owned 1.2 0.8333
Education level 1.18 0.8475
Farming experience 1.16 0.8621
Mean VIF 1.52
3. Results

3.1. Descriptive statistics

Table 3 displays the sociodemographic characteristics of the farmers. Pond farmers made up
53.54% of all respondents. Most of the respondents were males, representing about 74% of the
farmers. Majority of the respondents were married (91.94%), with most of them having attained
secondary education (52.13%). About 94% of the respondents practiced commercial fish farming.

3.2. Fish farmers’ awareness and use of insect-based feeds (IBFs)

About 46% of the respondents were aware that IBFs are used in aquaculture and most of the
respondents (86.3%) were not aware of BSFL. The majority of the respondents (61.2%) had
received information about IBFs from the government.

Regarding the use of IBFs in aquaculture, 68.2% had not used IBFs in aquaculture. On the other
hand, 7.1% were not sure whether they had used or not used IBFs in aquaculture. Figure 2 shows
the various insects which have been used by the farmers to either directly feed their fish or include
in their fish feeds. Generally, out of the sampled respondents, 17.5% reported to have used
termites, 4.3% had used common housefly and 0.9% had used mealworms. Only 1.9% reported
to have used black soldier fly larvae.

3.3. Factors daffecting fish farmers’ awareness of BSFL

Table 4 displays the results of the binary logit regression model for the key elements affecting fish
farmers’ awareness of BSFL. The chi-square value (x2) of the model was 40.70, and the log
likelihood ratio was —54.4179. The Pseudo R® value was 0.2722, meaning that the fourteen
variables shown in table 1 explain around 27.22% of the farmers’ awareness of BSFL; in other
words, the model accounts for 27.22% of the available data. The results show a positive and
significant coefficient of fish farming experience on awareness of BSFL (3=0.327; p=0.001),
distance to feed source on awareness of BSFL (B=0.009; p=0.034), and knowledge about the
components of the existing feed on awareness (B=2.667; p=0.004). However, the coefficient of
average income earned from fish farming on awareness of BSFL was negative but significant (B =
-0.505; p=0.008).
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Figure 2. Insects used by the
fish farmers as aquafeeds.

Table 3. Socio-demographic characteristics of the fish farmers

Characteristic Frequency Percent
Farmer type

Pond farmer 113 53.54
Cage farmer 98 46.46
Gender

Female 55 26.07
Male 156 73.93
Education level

Primary level 40 18.96
Secondary level 110 52.13
Tertiary level 61 28.91
Marital status

Single 16 7.58
Married 194 91.94
Others 1 0.47
Main Occupation

Farming 114 54.03
Off-farm 65 30.81
Salaried 32 15.17
Type of farming

Commercial 199 94.31
Subsistence 12 5.69

Insects used by the fish farmers as aquafeeds

S )
N A~ OO 0 O

Percentage (%)
)

Black Soldier Fly Termites Common Housefly Mealworms

o N B O ©

Insect

m Insect used by farmers

4. Discussion

The objective of this study was to understand the factors influencing fish farmers’ awareness of
BSFL based aquafeeds. Based on the descriptive statistics, majority of the respondents were pond
farmers. These results are consistent with earlier research on aquaculture production in Kenya
which have reported that the country’s aquaculture is dominated by pond-based farming (Charo-
Karisa et al,, 2012; J. M. Munguti et al.,, 2014; J. Munguti et al., 2021; Mbugua, 2008). Most of the
respondents were males, which can be attributed to the male dominance of the aquaculture
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Table 4. Results of binary logistic regression model on fish farmers’ awareness of BSFL

Determinant Coefficient Std. Err. z P>z dy/dx
(B)

County -0.486 0.343 -1.41 0.157 -0.050

Gender 0.704 0.688 1.02 0.306 0.073

Age 0.027 0.025 1.07 0.287 0.003

Marital Status -0.999 1.056 -0.95 0.344 -0.103

Education level 0616 | 0415 148 0138 0.064

Farming 0.327*** 0.100 3.28 0.001 0.034

Experience

logAverageIncome -0.505*** 0.190 2.66 0.008 -0.052

Extension Access -0.143 0.557 -0.26 0.797 -0.015

Credit Access 0.193 0665 0.29 0.771 0.020

Group Membership -1.231 0.918 -1.34 0.18 -0.127

No of Ponds/Cages -0.008 0.012 -0.62 0.536 -0.001

owned

DistFeedSource 0.009** 0.004 2.12 0.034 0.001

Knowledge of 2.667%* 0.917348 291 0.004 0.280

Existing Feed

_cons -0.539 3.112217 -0.17 0.862 -

LRy?=140.70 .

Prob>0.0001

PseudoR? =0.2722

Log likelihood=

-54.4179

Note: ** and *** indicate statistical significance at p<0.05 and p<0.01 level of significance respectively.

sector, brought about by factors such as unbalanced gender norms, the high amounts of initial
capital needed and the need for the uptake of novel technologies relating to its development,
power relations and education (Githukia et al., 2020; Kruijssen et al., 2018). Similar to the majority
of developing nations, gender norms in Kenya place restrictions on women'’s ability to control their
income and benefits as well as their access to production resources like land (Ajuang et al., 2016).
Additionally, they lack access to education and entrepreneurship training, which is linked to issues
with mobility and gender inequality (Githukia et al., 2020). The findings also showed that most of
the farmers practised commercial fish farming. Perhaps, the high number of commercial fish farms
is due to the constant push for the commercialization of aquaculture in Kenya from both the
government and private actors in the sector (Obiero et al., 2022; Obwanga et al., 2020; Odende
et al,, 2022).

Our findings reveal that most fish farmers were not aware of the use of BSFL in aquafeeds
production and have not used it to feed fish as compared to other insects like termites which has
been used by relatively more farmers. This finding is in accordance with previous findings that
noted that termites are the other locally available insects mostly used as fish feed ingredients by
fish farmers in Kenya (Opiyo et al., 2018). This can be attributed to the fact that IBFs are fairly
a novel concept in Kenya and fish farmers have not been well informed on their potential
significance in aquaculture, and this has been reported by various studies (Chia et al.,, 2019,
2020; Nairuti et al., 2022; Onsongo et al., 2018) revealing that the use of IBFs in animal feeds is
still a new practice that is still under experimental and promotion stages. Similar results were
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documented by Adeoye et al. (2020) who found that majority of fish farmers are only aware of
organic feeds of animal and plant sources such as silkworm, maggot, termites, earthworm, snail,
tadpoles, jack beans, maize bran, rice bran, soybean meal and cottonseed meal as feed ingredients
for fish production, and only a few people are aware of BSFL. However, the results are inconsistent
with the findings of the study conducted by Rumbos et al. (2021), which showed that 80.7% of the
participants were aware of the possibilities for insect-based aquafeeds in Greece.

According to our findings, most farmers get information about IBFs from the government,
indicating the importance of government research institutions and extension services in dispensing
information on new technologies and practices to farmers. These results are similar to those of
. Obiero et al. (2019) and Ulhaq et al. (2022) that reported that most small-scale fish farmers get
technical aquaculture information from the government.

The awareness of BSFL is influenced by various aspects. This study examined how these
independent variables affected fish farmers’ awareness of BSFL. The findings of the regression
model reveal a low R? value that may warrant low goodness of fit. However, this is attributed to
the field of study according to Chabris et al. (2008), which justifies that any field of study that deals
with humans may have a low R? as humans are simply harder to predict than the physical
processes. King (1986) adds that inferences are drawn based on the significant coefficients
regardless of the value, thus a low R? does not always indicate that the model is not well-fit.

The current study revealed that if farmers attain one more year of farming experience, the
probability of being aware of BSFL increases, as shown by the positive coefficient value. These
findings based on experience level concur with other studies that have reported that farming
experience impacts the level of farmers’ awareness (Chia et al., 2020; Mustafa et al., 2019). They
go on to say that having more farming experience makes farmers more aware and able to
embrace better farming practices. Mustafa et al. (2019) reported that farmers’ experience has
a positive and significant impact on farmers’ awareness of climate change. Ullah et al. (2022) also
reported that farmers’ experience has a positive impact on their awareness of agricultural prac-
tices recommended through extension.

The current study’s findings also showed a positive relationship between the distance to the feed
source and awareness of BSFL, demonstrating that as the distance to the feed source increases, so
does the likelihood of being aware of BSFL, as indicated by the positive value of the coefficient. This
suggests that the likelihood that a farmer will be aware of the usage of BSFL in feeds increases
with distance from the feed source, such as the distance between farmers and feed millers and
dealers. This can be linked to farmers looking for substitute feeds to save transportation costs and
to increase their convenience. Since it affects the timely delivery of farm inputs and disposal of
farm output, the distance between farmers and the feed source is a crucial determinant in their
knowledge of and readiness to pay for IBFs (Chia et al., 2020; Chirwa, 2005; Mengistu et al., 2016).
In the current study, the closeness of the feed traders to the farmers would determine how they
influence the farmers who may buy other conventional feeds from them due to convenience.

The average income earned from fish farming negatively and significantly impacts the aware-
ness of BSFL, implying that the probability of farmers’ awareness of BSFL decreases with an
increase in the farmers’ income. These findings are contrary to the findings of Munyua and
Stilwell (2010) who observed that small-scale farmers who have higher incomes have a better
capability of being aware of new advancements in farming. Similar to this, Muatha et al. (2017)
revealed that household income had a positive and substantial effect on farmers’ knowledge in
a research that intended to evaluate the factors of smallholder farmers’ awareness of the
devolution of agricultural extension by Kenyan farmers. The results of the current study may be
explained by the fact that farmers with greater earnings can afford the traditional feeds and do
not look for alternate diets for their fish as a result.
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The current study’s results also revealed that knowledge about the components of the existing feed
was found to positively and significantly influence the farmers’ awareness of BSFL, indicating that the
more the farmer is knowledgeable about existing fish feeds, the more their probability of being aware
of BSFL as a potential component of aquafeeds. This is consistent with previous studies that have
confirmed that a person’s level of knowledge is critical in awareness of novel farming technologies and
practices (McKitterick et al., 2016; Wood et al., 2014; SGtmane et al., 2018).

5. Conclusion and policy implications

The study was carried out to determine the determinants of fish farmers’ awareness of BSFLs in
aquaculture in Kenya. The empirical results show that the farmers’ personal, economic and fish
farming characteristics had a significant influence on their awareness of BSFL as an IBF in
aquaculture. Fish farming experience, distance to feed sources, farmers’ income and knowledge
about components of existing feed significantly affected awareness of BSFL, suggesting that
communication and education may be effective tools for improving awareness which can conse-
quently improve social acceptance of BSFL in aquaculture.

Substantial extension services and investments are required to improve awareness along the
value chain, improve the capacity and abilities of stakeholders, and influence farmers’ choices as
we move away from conventional feed sources like fishmeal and toward insect-based meals.
Therefore, raising awareness is a critical point in trying to generate knowledge that may improve
the adoption of BSFL in aquaculture production. Both public and private institutions could consider
raising awareness through print and electronic media, especially the local radio stations and
television channels, to improve fish farmers’ awareness of using IBFs in fish farming.
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