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A B S T R A C T

As the world’s population increases, the growing demand for food intensifies the generation of agricultural
waste, leading to several environmental issues. Intensive research indicates black soldier fly (BSF) larvae
Hermetia illucens (Linnaeus, 1758) as efficient converters of organic waste into nutrient-rich biomass suitable for
animal feed. Using a structured questionnaire and volunteer farmers (N = 595), we investigated the potential
for adoption of BSF larvae composting technology for sustainable agricultural waste management in Greater
Ahafo-Ano. Almost all surveyed farmers declared they generated a significant amount of biowaste on their
farms and were willing to learn how to use the BSF-based technology to transform it into value-added products.
The waste generated was mainly disposed of in pits at Ahafo-Ano South-East (56.2%), by composting at Ahafo-
Ano South-West (34.9%) and by sale at Ahafo-Ano North (34.4%). Across the three districts, awareness of the
BSF was very low – 14.5% in Ahafo-Ano South-East, 14.1% in Ahafo-Ano South-West and 0.5% in Ahafo-Ano
North. However, high acceptance of the technology was recorded. It was found that about 8% of farmers
surveyed in Ahafo-Ano South-East had already tried BSF farming on a small scale. Indicating this district as a
good entry point to introduce the technology into Greater Ahafo-Ano.
1. Introduction

Agricultural production has increased more than threefold over the
last 50 years because of the expansion of land area for agricultural use,
the technological contribution of the green revolution which influenced
productivity, and the accelerated growth of population [1]. Agriculture
produces an average of 23.7 million tons of food per day worldwide [2].
This production is not without negative impacts on the environment.
Agriculture is responsible for about 21% of greenhouse gas emissions
and creates great pressure on the environment and the sustainability
of ecosystems [3]. When harvesting any crop, only the leaves, grains,
fruits, pods, or tubers are generally harvested. This represents 30 to
40% of the total biomass produced, with the remaining 60%–70% being
waste. This waste biomass is usually dumped on the farm or burned
openly on the field, thus contributing to the increasing ecosystem
degradation.

Besides, increasing food demands would always intensify the ex-
isting challenges associated with agricultural waste management [4].

∗ Correspondence to: International Institute of Tropical Agriculture, Cotonou 08 BP 0932, Benin.
E-mail addresses: D.Dzepe-Togue@cgiar.org (D. Dzepe), R.Djouaka@cgiar.org (R. Djouaka).

An innovative approach to recover resources lost along the produc-
tion chain and convert them into value-added products would thus
be beneficial. The black soldier fly (BSF) Hermetia illucens, offers a
promising solution for recycling agricultural waste and by-products into
value-added products [5,6]. BSF larvae feed voraciously on organic
matter and convert it into protein-rich biomass that can effectively
replace current protein sources in livestock diets [7–9]. The feeding
process of this insect also generates a compost-like residue (BSF frass)
which is highly valued for its fertilizing potential [10,11]. In addition,
recycling agricultural waste using BSF larvae helps reduce greenhouse
gas emissions compared to composting, and produce sustainable feed
ingredients with low environmental impacts [8,12,13].

In line with recent global trends, Ghana is working on promoting
waste recovery for reuse and recycling [14]. The informal sector is
actively involved. Waste pickers often collect valuable waste from the
municipal waste streams and sell them to recycling companies or for
reuse purposes [15]. In Ghana, there is the potential for rearing BSF
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Fig. 1. BSF larvae composting technology as operated at IITA-Benin.
Pre-treatment – Agricultural waste mainly consisting of fruits and vegetables are collected and crushed using a motorized shredder. Treatment – The crushed biowaste is fed to BSF
arvae from a pre-established BSF rearing colony. This process takes two to three weeks depending on the environmental conditions of the processing unit. Harvesting – Following

the treatment process, the mature BSF larvae are separated from the residue and are ready to be processed into a feed ingredient. BSF larvae as feed ingredient – The harvested
larvae are washed and can be fed fresh to chicken, fish, or other animals, or dried and ground to make a protein-rich meal to incorporate into the diet. BSF frass – After separation,
the residue commonly known as frass is composted for a few more weeks to undergo maturation, after which it can be applied as organic fertilizer.
at large scale. BSF larvae are easily found in the natural environment
in Ghana [16], and its application in agriculture can divert and reduce
agricultural waste from landfill. The production of BSF larvae in Ghana
can create employment and revenue opportunities for the unemployed
population, especially the youths, farmers and waste pickers who may
take part in the recovery, processing, and utilization.

Agriculture is one of the largest biological sectors with the highest
biomass production, which represents an essential input for BSF farm-
ing [17–19]. Ghana has a long agricultural tradition, and it has been
expanding and improving gradually over time [17]. In Greater Ahafo-
Ano for example, agriculture is the primary occupation for over 75% of
the population [20]. The environmental conditions favor the extensive
farming of various livestock animals, and the cultivation of cash crops
like cocoa and oil palm as well as food crops like plantain, maize, co-
coyam, rice, cassava, and vegetable [21]. These extensive agricultural
activities certainly generate substantial quantities of biowaste which
need to be treated. This justifies the objective of this study which aims
to assess the potential as well as the prospects of smallholder farmers
in Greater Ahafo-Ano towards BSF larvae composting technology. This
study builds on knowledge gained from the BSF larvae mass rearing
unit at the International Institute of Tropical Agriculture (IITA) in
Benin, operated as described in Fig. 1.

2. Materials and methods

2.1. Study sites

The study was conducted in Greater Ahafo-Ano in the Ashanti
Region of Ghana (Fig. 2). Located between longitude 1◦26′ and 2◦20’W
and latitude 6◦4′ and 7◦ 06’N, Greater Ahafo-Ano has three dis-
ricts namely, Ahafo-Ano North, Ahafo-Ano South-East, and Ahafo-Ano
outh-West, and covers an area of 1792.5 km2 out of which 33%
elongs to the Ahafo-Ano North District, 31% to the Ahafo-Ano South-
ast District and 36% to the Ahafo-Ano South-West District. The area
alls within the wet semi-equatorial climatic region of Ghana, which
s characterized by the occurrence of two rainy seasons. The major
eason occurs between March and June while the minor season spans
eptember to November. The average annual precipitation is about
2

1700 mm–1850 mm per year while the mean annual temperature is
around 30 ◦C with the lowest temperature being about 26.1 ◦C. Relative
humidity range is 70%–75% making the area suitable for agriculture.
Being in the transition belt, the main economic activity in the three
districts has historically been agriculture. About 80% of the land is
suitable for crop cultivation, and maize, rice, cassava, yam, cocoyam,
and plantain are the main food crops cultivated. However, the soils and
the rainfall regime can also support different types of agricultural prod-
ucts such as citrus, cocoa, oil palm, cassava, tomatoes, and vegetables.
Animal husbandry is increasingly becoming an important economic
activity in the district economy. In most settlements, sheep, goats, and
poultry birds are reared in the backyards to provide additional income
and as a protein supplement. The districts have been identified by
the Ministry of Food and Agriculture among 21 districts with great
potential for fish farming in Ghana.

2.2. Study design and data collection

This is a cross-sectional and descriptive study carried out in August
2022 in three selected Districts in the Ahanti Region of Ghana as
previously describe above. Using structured questionnaire (Supplement
file 1), the study was designed to elicit responses from respondents
basically farmers in the poultry, fish, and vegetables sectors. The ques-
tionnaire consisted of a set of 30 questions grouped into six levels:
(i) socio-demographic characteristics of respondents; (ii) general back-
ground of farming practices in Ahafo Ano; (iii) background and knowl-
edge on the BSF-based technology in the study areas; (iv) attitudes
towards BSF and its applications; (v) practices of BSF technology;
and (vi) information on the generation of agri-livestock wastes in the
locality. Questions were elaborated to help elucidate information on:
(a) agri-livestock producers in the study area and their knowledge,
acceptance, and practices towards BSF larvae composting technology
and applications; (b) the availability of biowaste streams to serve as
feedstock for BSF larvae rearing in the districts; and (c) the BSF value
chains in the districts.

To ensure the full participation of a significant number of farmers,

the agriculture extension officers (AEOs) from selected operational
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Fig. 2. Map of Greater Ahafo-Ano in the Ashanti egion of Ghana, showing the three study districts.
zones in the districts served as enumerators. After obtaining adminis-
trative authorizations from the District Agric-Directors, the AEOs re-
ceived training on BSF larvae composting technology and the designed
questionnaire. The questionnaire was validated through a pre-testing
process to ensure its suitability for the study and the achievement of
the expected results prior to submission to the volunteers’ farmers after
obtaining their free and informed consents. The study was approved
by the Ethics Committee of the Internal Review Board (IRB) of IITA,
and information collected from participants in the three Districts was
treated confidentially. In the field, 30 enumerators and 3 supervisors
were deployed to the districts to raise awareness and carry out the
enumeration for three weeks. On the fourth week, the entire team met
for collation of the questionnaires and debriefing. Each enumerator
administered averagely 20 questionnaires, making a total number of
600 farmers interviewed. All methods were carried out in accordance
with relevant guidelines and regulations.

2.3. Data analysis

Data collected was processed in Microsoft Office Excel 2019 (Sup-
plement file 2) and analyzed using IBM SPSS Statistics software ver-
sion 28.0.1.0 and MedCalc Version 22.009. Descriptive statistics and
variables computation were used to illustrate the socio-demographic
characteristics, the issue of land degradation, the scale of food pro-
duction, the generation of agri-livestock waste and the knowledge of
BSF technology of the surveyed farmers. Logistic regression was used to
assess the influence of predictive variables such as gender, age group,
education, and farming type on knowledge, acceptance, and practice
towards BSF larvae composting technology. The influence was consid-
ered significant when p < 0.05. To evaluate the level of knowledge of
he surveyed farmers, a set of six simple questions were asked about
he BSF and its applications. Farmers who answered the six questions
orrectly were considered to have good knowledge while those who did
ot answer correctly were considered to have bad knowledge. Farmers
ith good attitudes were those who accepted that the two main BSF
roducts (BSF larvae protein and BSF frass fertilizer) could be used for
ood production, while those who had already raised BSF or attended
workshop on BSF-related activities were considered to have practical

nowledge on the technology.

3

3. Results

3.1. Socio-demographic characteristics of participants

The sociodemographic characteristics of farmers surveyed in Greater
Ahafo-Ano are presented in Table 1. Overall, 29.41% of the respondents
were females, while 70.59% were males. Majority were between 46 and
55 years old (45.54%), and few of them had completed primary school
(13.94%) or secondary school levels (12.77%). Nevertheless, young
people aged 35 to 45 form a good portion of farmers in Greater Ahafo-
Ano. They were represented at 31.1% in Ahafo-Ano North, 27.1% in
Ahafo Ano South-West and 22.0% in Ahafo-Ano South-East. 45.37%
of participants were in crop farming, while 4.20% were in livestock
farming, and 0.84% in fish farming. 48.90% of farmers combined crop
and livestock farming, while 0.67% combined crop, livestock, and
fish farming. In Ahafo-Ano North (56.6%), agricultural activity was
predominated by crop farmers while in Ahafo-Ano South-East (62.0%)
and Ahafo-Ano South-West (46.7%), the majority farmers combine crop
and livestock.

3.2. Farmers knowledge

The general knowledge of farmers in Greater Ahafo-Ano towards
BSF larvae composting technology is presented in Table 2. In Ahafo-
Ano South-East and South-West, 14.5% and 14.1% of respondents
claimed they had ever heard of BSF and 12.5% and 13.1% declared
they had seen BSF, respectively. In Ahafo-Ano North on the other hand,
no farmer had ever seen BSF. Majority of respondents agreed that
BSF-based technology can be sustainably used to produce animal feed
(88.40%) and organic fertilizer (94.28%).

3.3. Factors associated with knowledge, acceptance and application of
technology

Knowledge of BSF and its applications (organic waste recycling,
protein-rich larvae for feed formulation, organic frass fertilizer for crop
production) were used to assign the surveyed farmers the qualifications
of bad or good knowledge. The analysis showed that 12.10% of farmers
in Ahafo-Ano South-East had relatively high level of knowledge on BSF.

In Ahafo-Ano South-West and Ahafo-Ano North, on the other hand,
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Table 1
Socio-demographic characteristics of smallholder farmers surveyed in Greater Ahafo-Ano.
Characteristics Ahafo-Ano North [N (%)] Ahafo-Ano South-East [N (%)] Ahafo Ano South-West [N (%)] Overall [N (%)]

Gender
Female 50 (25.5) 65 (32.5) 60 (30.2) 175 (29.41)
Male 146 (74.5) 135 (67.5) 139 (69.8) 420 (70.58)

Age (Year)
15–25 3 (1.5) 5 (2.5) 3 (1.5) 11 (1.84)
26–35 39 (19.9) 31 (15.5) 33 (16.6) 103 (17.31)
36–45 59 (30.1) 44 (22.0) 54 (27.1) 157 (26.38)
46–55 78 (39.8) 107 (53.5) 86 (43.2) 271 (45.54)
56–65 17 (8.7) 13 (6.5) 23 (11.6) 53 (8.90)

Education
Middle school 75 (38.3) 92 (46.0) 83 (41.7) 250 (42.01)
No education 42 (21.4) 42 (21.0) 39 (19.6) 123 (20.67)
Non formal 3 (1.5) 4 (2.0) 1 (0.5) 8 (1.34)
Primary school 25 (12.8) 26 (13.0) 32 (16.1) 83 (13.94)
Secondary school 27 (13.8) 26 (13.0) 23 (11.6) 76 (12.77)
Technical 10 (5.1) 3 (1.5) 7 (3.5) 20 (3.36)
Tertiary school 14 (7.1) 7 (3.5) 14 (7.0) 35 (5.88)

Farming Type
Crop 111 (56.6) 67 (33.5) 92 (46.3) 270 (45.37)
Livestock 8 (4.1) 8 (4.0) 9 (4.5) 25 (4.20)
Fish 1 (0.5) 0 (0.0) 4 (2.0) 5 (0.84)
Crop & Livestock 74 (37.8) 124 (62.0) 93 (46.7) 291 (48.90)
Crop, Livestock & Fish 2 (1.0) 1 (0.5) 1 (0.5) 4 (0.67)

N, number of responses.
Table 2
Farmers knowledge towards BSF larvae composting technology in Greater Ahafo-Ano.
Categories Answers Ahafo-Ano North [N (%)] Ahafo-Ano South-East [N (%)] Ahafo-Ano South-West [N (%)] Overall [N (%)]

Heard of BSF Yes 1 (0.5) 29 (14.5) 28 (14.1) 58 (9.76)
No 195 (99.5) 171 (85.5) 170 (85.4) 536 (90.23)

Seen the BSF Yes 0 (0.0) 25 (12.5) 26 (13.1) 51 (8.58)
No 196 (100) 175 (87.5) 172 (86.4) 543 (91.41)

Familiar with BSF Yes 0 (0.0) 39 (19.5) 21 (10.7) 60 (10.13)
No 196 (100) 161 (80.5) 175 (89.3) 532 (89.86)

BSF for Biofertilizer Yes 193 (98.5) 194 (97.0) 174 (87.4) 561 (94.28)
No 3 (1.5) 6 (3.0) 25 (12.6) 34 (5.71)

BSF for Human Food Yes 20 (10.2) 195 (97.5) 131 (65.8) 346 (58.15)
No 176 (89.8) 5 (2.5) 68 (34.2) 249 (41.84)

BSF for Animal Feed Yes 173 (88.3) 196 (98.0) 157 (78.9) 526 (88.40)
No 23 (11.7) 4 (2.0) 42 (21.1) 69 (11.59)

BSF, black soldier fly; N, number of responses.
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only 08.07% and 0.0% of the surveyed farmers had good knowledge on
BSF technology and applications, respectively. The univariate analysis
was conducted to determine potential associations between farmer
knowledge and socio-demographic characteristics (Table 3). The results
showed that farmers’ knowledge of BSF technology in all districts was
not significantly related (p > 0.05) to gender, age group, education
level or farming type. However, in Ahafo-Ano South-West, farming type
was a significant influencing factor. The results indicated that farmers
in crop and livestock had significantly higher level of knowledge on
BSF compared to farmers in livestock (OR: 2.05; 95% CI: 0.24 – 17.44;
𝑝 = 0.049).

At a point during the administering of the questionnaire, respon-
dents were sensitized on BSF technology and its applications. After
this exercise, 88.77%, 85.50% and 79.39% of farmers in Ahafo-Ano
North, Ahafo-Ano South-East and Ahafo-Ano South-West respectively
agreed that BSF is a good innovation that could improve their pro-
duction and incomes. Univariate analysis was also performed to assess
potential factors related to the change in perspective among surveyed
farmers after the sensitization (possible influencing factors of tech-
nology acceptance). As shown in Table 4, no factor was found to be
significantly associated with the acceptance of the technology in Ahafo-
Ano North (p > 0.05). In Ahafo-Ano South-East, on the other hand, the
type of farming seems to influence attitudes towards BSF technology.
Crop farmers had a significantly lower acceptance (OR: 0.12; 95% CI:
0.00–2.31; 𝑝 = 0.016) compared to livestock farmers. In Ahafo-Ano

outh-West, the technology acceptance was also influenced by level f

4

of education. Farmers with a secondary education (OR: 0.12; 95% CI:
0.01 – 1.08; 𝑝 = 0.048) and farmers with a technical education (OR:
.10; 95% CI: 0.00 – 1.28; 𝑝 = 0.037) had significantly less acceptance
elative to farmers with a tertiary level of education.

Analyses were also conducted to assess the factors associated with
he practice of BSF technology in the study area. In Ahafo-Ano North,
ll the farmers surveyed had never practiced BSF technology, while in
hafo-Ano South-West 1.03% of the farmers surveyed claimed they had
ver practiced. In Ahafo-Ano South-East, on the other hand, 07.67% of
he farmers surveyed had already practiced the BSF technology. The
nivariate analysis showed that the application of the BSF technology
s significantly associated with level of education and the farming type
Table 5). Crop farmers practiced BSF technology significantly less
han livestock farmers (OR: 0.25; 95% CI: 0.05 – 1.27; 𝑝 = 0.045).
armers with a tertiary level of education practiced BSF technology
ore compared to farmers with secondary (OR: 0.02; 95% CI: 0.00 –
.21; 𝑝 = 0.001), primary (OR: 0.07; 95% CI: 0.01 – 0.51; 𝑝 = 0.008),
iddle school (OR: 0.15; 95% CI: 0.03 – 0.86; 𝑝 = 0.033) and no

ducation (OR: 0.14; 95% CI: 0.02 – 084; 𝑝 = 0.031).

.4. Waste streams and disposal methods

Fruit/vegetable wastes and chicken manure forms the highest frac-
ion of biowaste generated by the farmers surveyed in Ahafo-Ano
orth. Out of the total farmers surveyed in this district, 38% of the
armers generated fruit/vegetable wastes while 30% generated chicken
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Table 3
Factors influencing knowledge of BSF larvae composting technology in Greater Ahafo-Ano.
Categories Ahafo-Ano North Ahafo-Ano South-East Ahafo-Ano South-West

High knowledge
[N (%)]

Low knowledge
[N (%)]

Univariate analysis
OR (95% CI)

High knowledge
[N (%)]

Low knowledge
[N (%)]

Univariate analysis
OR (95% CI)

High knowledge
[N (%)]

Low knowledge
[N (%)]

Univariate analysis
OR (95% CI)

Gender (Female) 2 (18.2) 48 (25.9) 0.63 (0.13–3.04) 64 (33.0) 1 (16.7) 2.46 (0.28–21.51) 7 (25.0) 53 (31.0) 0.74 (0.30–1.85)
Male 9 (81.8) 137 (74.1) 1 130 (67.0) 5 (83.3) 1 21 (75.0) 118 (69.0) 1
Age (15–25) 0 (0.0) 3 (1.6) 1.17 (0.05–25.41) 4 (2.1) 1 (16.7) 0.10 (0.00–1.79) 1 (3.5) 2 (1.1) 2.87 (0.23–35.56)
26–35 2 (18.2) 37 (20.0) 0.47 (0.09–2.50) 29 (14.9) 2 (33.3) 0.34 (0.03–3.89) 8 (28.6) 25 (14.6) 1.84 (0.62–5.49)
36–45 6 (54.5) 53 (28.7) 1 43 (22.2) 1 (16.7) 1 8 (28.6) 46 (26.9) 1
46–55 3 (27.3) 75 (40.5) 0.35 (0.08–1.48) 105 (54.1) 2 (33.3) 1.22 (0.11–13.82) 7 (25.0) 79 (46.2) 0.5 (0.17–1.50)
56–65 0 (0.0) 17 (9.2) 0.23 (0.01–4.39) 13 (6.7) 0 (0.0) 0.93 (0.03–24.21) 4 (14.3) 19 (11.1) 1.21 (0.35–4.50)
Education (Middle
school)

7 (63.6) 68 (36.8) 3.17 (0.17–58.77) 90 (46.5) 2 (33.3) 2.41 (0.11–55.00) 14 (50.0) 69 (40.3) 1.23 (0.24–6.05)

No education 0 (0.0) 42 (22.7) 0.34 (0.01–17.98) 40 (20.6) 2 (33.3) 1.08 (0.05–24.82) 4 (14.3) 35 (20.5) 0.63 (0.11–4.23)
Non formal 0 (0.0) 3 (1.6) – 3 (1.5) 1 (16.7) 0.15 (0.00–4.86) 0 (0.0) 1 (0.6) –
Primary school 2 (18.2) 23 (12.4) 3.08 (0.14–68.91) 26 (13.4) 0 (0.0) 3.53 (0.06–193.48) 4 (14.3) 28 (16.4) 0.86 (0.14–5.33)
Secondary school 2 (18.2) 25 (13.5) 2.84 (0.13–63.37) 25 (12.9) 1 (16.7) 1.13 (0.04–30.81) 3 (10.7) 20 (11.7) 0.90 (0.13–6.18)
Technical 0 (0.0) 10 (5.4) 1.38 (0.02–75.37) 3 (1.5) 0 (0.0) 0.47 (0.01–28.73) 1 (3.6) 6 (3.5) 1.0(0.07–13.38)
Tertiary school 0 (0.0) 14 (7.6) 1 7 (3.6) 0 (0.0) 1 2 (7.1) 12 (7.0) 1
Farming Type
(Crop)

8 (72.7) 103 (55.7) 1.39 (0.07–26.32) 65 (33.5) 2 (33.3) 1.54 (0.07–34.88) 7 (25.0) 85 (49.7) 0.66 (0.07–6.05)

Crop & Livestock 3 (27.3) 71 (38.4) 0.83 (0.04–17.52) 120 (61.9) 4 (66.7) 1.57 (0.08–31.75) 19 (67.8) 74 (43.2) 2.05 (0.24–17.44)*
Crop, Livestock &
Fish

0 (0.0) 2 (1.1) – 1 (0.5) 0 (0.0) – 0 (0.0) 1 (0.6) -

Fish 0 (0.0) 1 (0.5) – 0 (0.0) 0 (0.0) – 1 (3.6) 3 (1.8) –
Livestock 0 (0.0) 8 (4.3) 1 8 (4.1) 0 (0.0) 1 1 (3.6) 8 (4.7) 1

N, number of responses; OR, Odd ratio; CI, Confidence interval.

* p < 0.05.
Table 4
Factors associated with acceptance of BSF larvae composting technology in Greater Ahafo-Ano.
Categories Ahafo-Ano North Ahafo-Ano South-East Ahafo-Ano South-West

High
acceptance
(%)

Low
acceptance
(%)

Univariate
analysis OR
(95% CI)

High
acceptance
(%)

Low
acceptance
(%)

Univariate
analysis OR
(95% CI)

High
acceptance
(%)

Low
acceptance
(%)

Univariate
analysis OR
(95% CI)

Gender (Female) 41 (23.6) 9 (40.9) 0.44 (0.17–1.12) 57 (33.3) 8 (27.6) 1.31 (0.55–3.15) 49 (31.0) 11 (26.8) 1.23 (0.57–2.64)
Male 133 (76.4) 13 (59.1) 1 114 (66.7) 21 (72.4) 1 109 (69.0) 30 (73.2) 1
Age (15-25) 3 (1.7) 0 (0.0) 1.32 (0.06–27.62) 3 (1.8) 2 (6.9) 0.19 (0.02–1.44) 3 (1.9) 0 (0.0) 2.27 (0.11–46.95)
26–35 32 (18.4) 7 (31.8) 0.82 (0.28–2.43) 26 (15.2) 5 (17.2) 0.67 (0.17–2.53) 29 (18.4) 4 (9.8) 2.30 (0.68–7.77)
36–45 50 (28.7) 9 (40.9) 1 39 (22.8) 5 (17.2) 1 41 (25.9) 13 (31.7) 1
46–55 73 (42.0) 5 (22.7) 2.63 (0.83–8.31) 91 (53.2) 16 (55.2) 0.73 (0.25–2.13) 70 (44.3) 16 (39.0) 1.39 (0.61–3.17)
56–65 16 (9.2) 1 (4.6) 2.88 (0.34–24.51) 12 (7.0) 1 (3.5) 1.54 (0.16–14.49) 15 (9.5) 8 (19.5) 0.59 (0.20–1.72)
Education (Middle school) 68 (39.1) 7 (31.8) 0.31 (0.02–5.83) 81 (47.4) 11 (37.9) 0.47 (0.03–8.83) 71 (44.9) 12 (29.2) 0.45 (0.05–3.81)
No education 37 (21.3) 5 (22.8) 0.23 (0.01–4.53) 33 (19.3) 9 (31.0) 0.24 (0.01–4.5) 30 (19.0) 9 (22.0) 0.25 (0.03–2.24)
Non formal 2 (1.1) 1 (4.5) – 3 (1.7) 1 (3.5) 0.15 (0.00–4.86) 1 (0.6) 0 (0.0) –
Primary school 24 (13.8) 1 (4.5) 0.56 (0.02–14.76) 23 (13.5) 3 (10.3) 0.45 (0.02–9.69) 25 (15.8) 7 (17.1) 0.27 (0.03–2.48)
Secondary school 19 (10.9) 8 (36.4) 0.79 (0.04–1.48) 21 (12.3) 5 (17.3) 0.26 (0.01–5.30) 14 (8.9) 9 (22.0) 0.12 (0.01–1.08)*
Technical 10 (5.7) 0 (0.0) 0.72 (0.01–39.59) 3 (1.7) 0 (0.0) 0.47 (0.00–28.73) 4 (2.6) 3 (7.3) 0.10 (0.00–1.28)*
Tertiary school 14 (8.1) 0 (0.0) 1 7 (4.1) 0 (0.0) 1 13 (8.2) 1 (2.4) 1
Farming Type (Crop) 96 (55.2) 15 (68.2) 0.37 (0.02–6.67) 46 (26.9) 21 (72.4) 0.12 (0.00–2.31)* 73 (46.2) 19 (46.3) 1.10 (0.21–5.72)
Crop & Livestock 67 (38.5) 7 (31.8) 0.53 (0.03–10.12) 116 (67.8) 8 (27.6) 0.81 (0.04–15.19) 76 (48.1) 17 (41.5) 1.28 (0.24–6.70)
Crop, Livestock & Fish 2 (1.1) 0 (0.0) – 1 (0.6) 0 (0.0) – 0 (0.0) 1 (2.4) –
Fish 1 (0.6) 0 (0.0) – 0 (0.0) 0 (0.0) – 2 (1.3) 2 (4.9) 0.28 (0.02–3.52)
Livestock 8 (4.6) 0 (0.0) 1 8 (4.7) 0 (0.0) 1 7 (4.4) 2 (4.9) 1

N, number of responses; OR, Odd ratio; CI, Confidence interval.

* p < 0.05.
Table 5
Factors influencing the application of BSF larvae composting technology in Greater Ahafo-Ano.
Categories Ahafo-Ano North Ahafo-Ano South-East Ahafo Ano South-West

Practice [N
(%)]

Never Practice
[N (%)]

Univariate
analysis OR
(95% CI)

Practice [N
(%)]

Never Practice
[N (%)]

Univariate
analysis OR
(95% CI)

Practice [N
(%)]

Never Practice
[N (%)]

Univariate
analysis OR
(95% CI)

Gender (Female) 0 (0.0) 50 (25.5) 2.9 (0.06–148.15) 16 (32.0) 49 (32.7) 0.97 (0.49–1.92) 0 (0.0) 59 (30.6) 0.45 (0.02–9.56)
Male 0 (0.0) 146 (74.5) 1 34 (68.0) 101 (67.3) 1 2 (100) 134 (69.4) 1
Age (15–25) 0 (0.0) 3 (1.5) – 1 (2.0) 4 (2.7) 0.85 (0.08–8.49) 0 (0.0) 3 (1.6) –
26–35 0 (0.0) 39 (19.9) 1.51 (0.03–77.50) 9 (18.0) 22 (14.7) 1.39 (0.49–3.97) 0 (0.0) 32 (16.6) 0.54 (0.02–13.62)
36–45 0 (0.0) 59 (30.1) 1 10 (20.0) 34 (22.7) 1 1 (50.0) 52 (26.9) 1
46–55 0 (0.0) 78 (39.8) 0.76 (0.01–38.76) 28 (56.0) 79 (52.7) 1.20 (0.53–2.75) 1 (50.0) 83 (43.0) 0.63 (0.04–10.23)
56–65 0 (0.0) 17 (8.7) 3.40 (0.06–177.65) 2 (4.0) 11 (7.3) 0.62 (0.12–3.26) 0 (0.0) 23 (11.9) 0.74 (0.03–18.96)
Education (Middle school) 0 (0.0) 75 (38.3) 0.19 (0.00–10.07) 26 (52.0) 66 (44.0) 0.15 (0.03–0.86)* 1 (50.0) 82 (42.5) 0.49 (0.02–12.68)
No education 0 (0.0) 42 (21.4) 0.34 (0.01–17.99) 11 (22.0) 31 (20.7) 0.14 (0.02–084)* 0 (0.0) 38 (19.7) 0.35 (0.01–18.55)
Non formal 0 (0.0) 3 (1.5) 4.14 (0.07–247.52) 2 (4.0) 2 (1.3) 0.40 (0.03–5.15) 0 (0.0) 1 (0.5) –
Primary school 0 (0.0) 25 (12.8) 0.57 (0.01–30.21) 4 (8.0) 22 (14.7) 0.07 (0.01–0.51)* 0 (0.0) 32 (16.6) 0.41 (0.01–22.03)
Secondary school 0 (0.0) 27 (13.8) 0.53 (0.00–27.97) 1 (2.0) 25 (16.7) 0.02 (0.00–0.21)* 1 (50.0) 20 (10.4) 1.97 (0.07–52.16)
Technical 0 (0.0) 10 (5.1) 1.38 (0.02–75.37) 1 (2.0) 2 (1.3) 0.20 (0.01 −3.66) 0 (0.0) 7 (3.6) 1.80 (0.03–100.29)
Tertiary school 0 (0.0) 14 (7.1) 1 5 (10.0) 2 (1.3) 1 0 (0.0) 13 (6.7) 1
Farming Type (Crop) 0 (0.0) 111 (56.6) 0.07 (0.00–4.08) 9 (18.0) 58 (38.7) 0.25 (0.05–1.27)* 1 (50.0) 90 (46.6) 0.31 (0.01–8.28)
Crop & Livestock 0 (0.0) 74 (37.8) 0.11 (0.00–6.13) 38 (76.0) 86 (57.3) 0.74 (0.17–3.24) 1 (50.0) 89 (46.1) 0.32 (0.01–8.38)
Crop, Livestock & Fish 0 (0.0) 2 (1.0) – 0 (0.0) 1 (0.7) – 0 (0.0) 1 (0.5) –
Fish 0 (0.0) 1 (0.5) – 0 (0.0) 0 (0.0) – 0 (0.0) 4 (2.1) 2.11 (0.03–124.53)
Livestock 0 (0.0) 8 (4.1) 1 3 (6.0) 5 (3.3) 1 0 (0.0) 9 (4.7) 1

N, number of responses; OR, Odd ratio; CI, Confidence interval.

* p < 0.05.
manure on their farms. In Ahafo-Ano South-West, chicken manure
constituted a significant fraction of waste generated by farmers (33%),
with only 11% of the famers generating fruit/vegetable waste. The
5

same trend was observed in Ahafo-Ano South-West, but here the fre-
quency of farmers generating chicken manure was relatively very low
(Fig. 3).
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Fig. 3. Percentages of biowaste streams generated by farmers surveyed in Ahafo-Ano
North (A), Ahafo-Ano South-East (B), and Ahafo-Ano South-West (C). Others – represents
a category of bio-waste deemed unsuitable for BSF larvae composting.

Fig. 4. Percentage of respondents considering waste disposal methods in Greater
Ahafo-Ano.

Biowaste generated by farmers in the three districts are disposed of
through many ways, but not necessarily for processing. In Ahafo-Ano
South-East for example, 56.2% of farmers declared they threw their
wastes into a pit. While only a small fraction of farmers practice com-
posting (7.5%). This was also the case of Ahafo-Ano North where only
21% of the farmers surveyed declared that they practiced composting.
Incineration was a very common disposal method in the three districts,
with 22.1%, 51.3% and 31.4% of the farmers surveyed in Ahafo-Ano
North, Ahafo-Ano South-East and Ahafo-Ano South-West respectively
declaring that they dispose of their waste by incineration. Some farmers
said they sell their waste (Fig. 4). Though, most of these farmers are
those who generate chicken manure, which is commonly used for crop
farming in the country [22].

3.5. Scale of food production

Fig. 5 shows information collected on the scale of food production
in Greater Ahafo-Ano. Regardless of the district, most respondents
declared the level of food production is still small-scale, with 70.4%
in Ahafo-Ano North, 61.2% in Ahafo-Ano South-East and 61.2% in
Ahafo-Ano South-West. According to the information on Fig. 6, the
breeding system is the major limiting factor for food animal production
in Greater Ahafo-Ano. Issues of health and feed are also contributing
factors.

3.6. Land degradation issue

Farmers in Greater Ahafo-Ano have targeted land degradation as
the main factor limiting food production in the district. We used a
6

Fig. 5. Percentage of respondents considering the scale of food production in Greater
Ahafo-Ano.

Fig. 6. Percentage of respondents considering limiting factors for food animal
production in Greater Ahafo-Ano.

Fig. 7. Percentage of respondents considering land degradation issue in Greater
Ahafo-Ano.

three-level scale (Important < Very important < Critical) to explore
the extent of this degradation and the results are shown in Fig. 7.
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Fig. 8. Percentage of respondents considering dominant soil fertility techniques in
reater Ahafo-Ano.

ost respondents in Ahafo-Ano North (56.7%) and Ahafo-Ano South-
ast (40.9%) said that the issue of land degradation in the district
s important. In Ahafo Ano South-West, on the other hand, 57.7% of
espondents declared that the issue of land degradation in the district is
ritical. To overcome the issue of land degradation in the districts, farm-
rs in Ahafo-Ano North (70.4%) and Ahafo-Ano South-West (51,6%)
pply chemical fertilizers, while in Ahafo-Ano South-East, 60.8% of
armers apply both chemical and organic fertilizers as soil improvement
echniques. Overall, very few farmers apply only organic fertilizers
Fig. 8).

. Discussion

Acceptance as well as the level of knowledge of a population to-
ards a given technology are important indicators to guide strategic
ecisions regarding its adoption [23]. With the aim of introducing
SF larvae composting technology in Ghana, this study assessed the

evels of knowledge of BSF as well as its ecosystem services among
mallholder farmers in the three districts of Greater Ahafo Ano in
he Ashanti region of Ghana. Majority of farmers surveyed had never
een BSF (91.41%) and are unfamiliar with BSF larvae composting
echnology. This could be related to the level of education of the
urveyed farmers where more than 20% were uneducated and only
2.77% had reached secondary level. This poor level of knowledge
ould also be justified by the fact that most of them live in rural areas
ith limited access to internet and social media, which are currently

he most common ways used to communicate and disseminate tech-
ologies [24–26]. Nevertheless, after awareness raising, more than 90%
f the farmers surveyed agreed that BSF larvae composting technology
an be a sustainable route to mitigate the negative impacts associated
ith poor management of agri-food waste [27,28]. 58.15% of farmers

urveyed also agreed that BSF larvae products can be used for human
ood. Indeed, Higa et al. [29] investigated the acceptance of BSF larvae
s human food in America and found that they were relatively well-
ccepted by consumers. Although most of the currently published work
n the BSF remains focused on animal nutrition, BSF larvae also have
great potential to provide sustainable sources of nutrients for human

ood [30]. In Ahafo Ano South-East district, more than 10% of farmers
nterviewed appeared to have good knowledge of the BSF. In this
istrict, the level of knowledge was linked to the type of farming type,
nd farmers who combined crops and livestock farming tended to have
higher level of knowledge than those who practiced only livestock

arming. This could be linked to the fact that BSF larvae composting

s an integrated technology that offers a set of solutions addressing not

7

only livestock-related issues, but also access to biofertilizers for crops
farming as well as environmental sustainability [31,32]. It is therefore
logical that farmers practicing integrated agriculture or organic farming
have more knowledge on this subject.

Despite the low awareness of farmers interviewed in Ahafo Ano,
more than 80% among them adopted a positive attitude towards BSF
larvae composting technology. In Ahafo-Ano South-East, this attitude
was influenced by the type of farming, while in Ahafo-Ano South-
West, it was the level of education. In Ahafo-Ano South-East, where
a few groups of surveyed farmers had practiced the technology, the
univariate analysis revealed that livestock farmers were more likely to
practice the technology than crop farmers. Also, farmers with higher
level of education had good practice compared to others. Indeed, the
level of education is an important factor for the adoption of BSF larvae
composting technology. Like any agricultural operation, setting up a
BSF farm may require certain prerequisites, which may depend on
the farmer’s level of education [33]. The farmer must understand the
different stages of development of the insect, as well as the conditions
required for its mating and reproduction [34]. Mastering all these steps
may require some basic knowledge in life science. The age range is
also an important factor to consider. Young people seem to be more
interested in the BSF.

Out of the different proportions of agri-livestock waste generated in
the study area, fruit and vegetable wastes and chicken manure consti-
tute the largest fraction. This makes sense, given the socio-demographic
characteristics of the participants (Table 1). 48.90% of the farmers
surveyed were in crop and livestock. Chicken manure constitutes an
important source of organic fertilizer in Ghana and is commonly pur-
chased and applied by the majority of smallholder farmers to improve
crop growth and yields [35–37]. Fruit and vegetable waste on the other
hand are useless and are usually dumped on the roadside, which often
results in environmental pollution [38]. In Ahafo-Ano South-East for
example, 56.2% of farmers declared they throw their wastes into a pit.
While only a small fraction of farmers (7.5%) practiced composting.
Such behavior is dangerous and environmentally unsustainable. The
application of BSF larvae composting technology could enable farmers
in Greater Ahafo-Ano to recover and recycle their generated agri-
livestock waste into useful products. Studies report agricultural waste
as an excellent opportunity to initiate BSF larvae production [2,6].
Chicken manure also constitutes a good substrate for BSF larvae and
can be used when available [39].

Over 60% of respondents stated that the food production level
is largely subsistence in Greater Ahafo-Ano. Overall, food production
in Ghana is constrained by several factors including climate change,
unsustainable management practices and land degradation [40]. Agri-
cultural production in Ghana is mostly open field and rainfed, making
it highly sensitive to climate change and variability [41]. Production
is also affected by the prevalence of unsustainable management prac-
tices, including soil, water, and waste management [42]. This leads to
increased greenhouse gas emissions and land degradation [43]. The
surveyed farmers also reported breeding systems as well as health
and feed as limiting factors to food animal production in Ghana.
The feed component could be addressed through the adoption of BSF
larvae composting technology [44,45]. The frass generated through the
composting process of BSF larvae also constitutes a way to address
the issue of soil fertility. Farmers interviewed in Ahafo-Ano view land
degradation as an important issue for food production in the district.
Most of them apply chemical fertilizers as a soil fertilization strategy.
This problem is not an isolated case in Ghana. Land degradation
contributes to 36–75 billion tons of land depletion every year and
threatens global food supply [46]. It negatively impacts plant growth,
and agricultural yields [47]. During the survey, we sensitized farmers in
Ahafo-Ano on this issue and encouraged innovative approaches to land
management, as well as the appropriate application of agrochemicals.
Although adding compost and manure to the soil helps replenish nutri-
ents and capture organic carbon [48], we noted that only a few farmers
applied organic fertilizers in the districts. We therefore hope that BSF
larvae composting technology will be widely adopted to increase the
production and application of organic fertilizers in Greater Ahafo-Ano.
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5. Conclusions

This study was designed with the aim of gathering strategic informa-
tion to ensure an effective transfer of BSF larvae composting technology
in the locality of Greater Ahafo-Ano, Ashanti region of Ghana. Most
of the study participants seem convinced that food production in the
locality is largely subsistence and needs to be improved. Farmers target
land degradation as the limiting factor for food crop production and
the breeding system as well as health and feed as the main limiting
factors to food animal production. Most of them were unaware of
the BSF, as well as its multiple ecosystem functions. Nevertheless,
they demonstrated a positive attitude towards the adoption of the
technology. In Ahafo-Ano South-East, some of the farmers surveyed had
previous contact with the BSF. We therefore believe this district will be
a good entry point to introduce the technology into the community.
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