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Abstract
The research aimed at assessing the perceptions and willingness of poultry farmers, feed
traders and processors to use insects as a source of protein ingredient in poultry feed. The
research used a cross-sectional design and a structured questionnaire to collect quantitative
data from 287 poultry farmers and 71 feed traders from 3 culturally diverse regions in
Uganda. The study findings revealed that majority of the farmers mixed their own poultry
feed. Willingness to use insects in poultry feeds was expressed by over 70% of the farmers,
feed traders and processors, indicating a strong potential demand for insect-based feeds.
However, some poultry farmers doubted the possibility of acquiring insects
(rearing/harvesting) in large enough quantities and the consumers’ acceptance of poultry
products from birds raised on insect-based feed. Nonetheless, there is a high potential for
adoption of insects for use as poultry feed if they can be produced in sustainable quantities
that ensure the viability of poultry farming and the feed processing businesses.
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Introduction
The annual global turnover and sale of
commercial feed is estimated at US$ 350 billion
and needs to increase by 70% in order to feed the
world population by 2050 (Van Huis et al., 2013).
The increase is expected to be accompanied by
the doubling of livestock production including
poultry, according to the International Feed
Industry Federation (IFIF) (Veldkamp et al.,
2012). Therefore, the demand for poultry feed
will double, further increasing the demand for
protein ingredients such as soybeans, cotton seed
cake and fish meal (Maurer et al., 2016). The
growing scarcity of resources to produce the
increasingly demanded protein feed ingredients
has resulted in their prices doubling (Veldkamp
et al., 2012). This has led to prohibitive costs of
feed, which accounts for 60-75% of the
production costs (Heft-Neal et al., 2008). On the
other hand, availability of land for cultivation of
soybean and other plant protein sources is
diminishing
globally,
while
marine
overexploitation has continued to reduce the

abundance of small pelagic forage fish from
which fishmeal is mainly derived (Tacon and
Metian, 2009). Continuing to rely on fishmeal
and soybean as protein sources for animal feed
production is therefore increasingly becoming
unsustainable (Van Huis et al., 2013).
The use of insect meal as a replacement for the
expensive fish, animal or plant protein
ingredients in feeds is socially acceptable
because, in nature, fish and poultry are known to
eat insects, for instance in the free-range poultry
rearing system. In addition, many insects have a
higher protein content than conventional fish and
soybean meals (Anand et al., 2008) and
favourably compare in performance, with
conventional protein sources at both partial and
complete replacement of fish protein in poultry
feed (Moreki et al., 2012).
The amino acid profiles of most insects’ protein
are also superior to those from plant protein
sources (soy meal and cotton seed cake) used in
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poultry feed formulations (Ravindran and Blair,
1993; Bukkens, 2005). Since protein is the most
expensive ingredient in poultry and other
livestock diets, using insects is thus a viable
option (Maurer et al., 2016; Niassy and Ekesi,
2016). Insects including grasshoppers, crickets,
cockroaches, termites, stink bugs, cicadas,
aphids,
scale
insects,
psyllids,
beetles,
caterpillars, flies, fleas, bees and ants have been
used as complementary feed sources for poultry
in Asia and the Pacific (Ravindran and Blair,
1993). In Africa, the poultry reared under the
free-range system eat insects as they roam
around homes and gardens and sometimes
farmers deliberately avail the insects to their
poultry. In Northern Uganda, farmers feed their
chicken on insects by, for instance, digging up ant
hills to expose termites or inserting grass blades
into anthills to collect the termites (Akullo et al.,
2017).
However, insects have not yet been integrated
into the commercial production of poultry feeds.
Before introducing insects as a new ingredient, it
is necessary to establish the current perceptions
of the targeted processors, traders and poultry
farmers. This is because farmers’ perceptions of
technology characteristics significantly affect
their adoption decisions (Mbaka et al., 2008;
Adesina and Baidu-Forson, 1995). This study,
therefore, aimed at assessing poultry farmers’,
feed processors’ and traders’ acceptance of insects
as an alternative protein source to fishmeal in
poultry feed in Uganda.

Materials and Methods
Study design
This study was conducted in three culturally
diverse regions in Uganda; the Central, Eastern
and Northern where poultry farming is a key
enterprise for supporting livelihoods and people
have various food cultures. A total of 287 poultry
farmers and 71 feed traders/processors were
interviewed using a structured questionnaire. The
questionnaire
captured
farmer
gender,
perceptions on using insects in feeds, inputs used,
poultry business size and location with open and
closed-ended questions. The questionnaire was
piloted in the three regions through a
reconnaissance survey to test its suitability. Both
farmers and traders were randomly selected
using a sampling frame obtained from the
reconnaissance study. To be included in the
study, poultry farmers had to have at least 50
broilers and/or hybrid layers, while small to
medium-scale poultry feed processors had to

have an annual feed capacity of above one tonne.
Data obtained were analysed using IBM SPSS
Statistics for Windows, Version 20.0 (Armonk,
New York) and Stata statistical software version
13.
Econometric model
The study’s theoretical model was based on the
choice theory where an individual poultry farmer
or feed trader faces a choice set with K i
alternatives. If we assume that, the utility
function for a given alternative k consists of a
systematic part

V

i

and a stochastic part,



i

and

assuming that the error terms are independently
and
identically
distributed
with
scale
parameter

U

. Given an additive utility function

i

and the distributional assumptions on the error
terms, the probability of a farmer or trader
choosing alternative k becomes;
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Willingness to pay or buy or adopt a new product
or technology has been widely studied and
modeled using the probit model and its various
forms such as the single probit (Batte et al.,
2007), ordered probit (Boccaletti and Moro,
2000) or a combination of probit and the ordered
probit (Huang et al., 1999). Modelled as a binary
problem, willingness to use insects in poultry
feeds was stated as a categorical dependent
variable (Yes=1, No=0).
The underlying latent model could be specified
as;
*

1, yi  0
y
*
0, y  0

i
*

'

i

i

(2)

y  x   .

(3)

i

The empirical model was stated as;

y     x  x
i

0

1

1

2

2

 ...   3 x3   i (4)

Where yi is a binary variable (Yes=1, No=0) for
poultry farmer’s willingness to use insect-based
feeds.
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Table 1. Variable definitions and sample statistics.
Variable
Willing to rear insect for feeding
poultry or selling to feed
processors (Yes=1, No=0).
Willing to buy insect-based
poultry feeds (Yes=1, No=0).
Poultry farmer’s sex
Poultry farmers age
Distance to main feed source
(km)
Total number of chickens owned
Farmer keeps exotic chicken
under the intensive system
(Yes=1, No=0)
Farmer uses own mixed feed
(Yes=1, No=0)
Farmer aware of insects are feed
for poultry (Yes=1, No=0)
Frequency
of
feed
price
fluctuation
Quantity of Silver Fish in own
mixed feed (kg)
Frequency of feed purchases
(Number of times per month)
Farmer believes insects are good
for feed
Availability of extension service
providers Yes=1, No=0)
Easy access to inputs (Yes=1,
No=0)

Definition

Mean

Farmer is willing to rear insects for own
farm feeding to poultry (dummy)

0.67

Standard
deviation
0.47

Farmer accepts to buy poultry feeds that
have been mixed with insects as one of the
ingredients (dummy)
Farmer sex (dummy)
Age (years)
How far the feed seller is from the farmer
(km)
Chicken flock size
Layers or broilers kept under intensive
poultry system (dummy)

0.85

0.35

0.58
41.05
2.92

0.49
15.09
2.58

245.72
0.88

236.54
0.33

0.54

0.50

0.95

0.22

2.32

2.33

83.25

45.64

3.15

3.03

0.80

0.40

0.54

0.50

0.47

0.50

Farmer mixes ingredients to make home
poultry feed (dummy)
Farmer has knowledge of poultry feeding on
insects (dummy)
Number of times a year, poultry feeds
changed price
Amount of silver fish (protein ingredient) in
own mixed poultry feed
Number of times a month, a farmer buys
poultry feeds
Farmer trusts that insects can make good
feeds for poultry (dummy)
Extension workers are available and
accessible to farmers (dummy)
Farmer has easy access to poultry inputs
(dummy)

Results
Characteristics of poultry farmers and poultry
feed traders

The results indicated that majority of poultry
farmers were males. Similarly, the majority of the
feed traders and processors were males,
comprising of 50% sole feed traders and 88% of
feed processors and traders (Table 2).

Table 2. Characteristics of poultry farmer household heads.
Characteristic
Total
(n=287)
Sex
Male
Education level
Never in school
Pre-school
Primary school
Secondary school
Tertiary level
Post-graduate
Proprietorship
Sole
Partnership
Private

Poultry farmers (%)
Gulu
Tororo
(n=145)
(n=34)

Masaka
(n=108)

Feed dealers (%)
Sole feed seller
Feed seller &
(n=46)
processor (n=25)

75.09

74.29

88.24

71.96

50

88

4.93
0.70
33.10
34.15
22.89
4.23

6.29
0.70
35.00
27.97
25.87
4.20

0.00
2.94
29.41
41.18
17.65
8.82

4.67
0.00
31.78
40.19
20.56
2.80

5
5
63
26

0
9
39
52

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

89
9
2

84
12
4

Poultry
production
composition

systems

and

flock

Most of the poultry production was under freerange, semi-intensive and intensive systems, with
both local and exotic breeds (Fig. 1). Northern
Uganda had the highest percentage of farmers
(31%) rearing local chicken under the free-range

system, compared to 18% in the central and
Eastern parts of Uganda. Intensive poultry
rearing is practiced more in the Central and
Northern regions of the country.
The majority of the local birds were kept under
the semi-intensive system with an average flock
size of 79 cocks and 25 hens.
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Fig. 1. Poultry farming systems practiced in Uganda by region.
Poultry feeds and feeding practices
More than half of the poultry farmers (53%) used
on-farm or own-mixed feeds. This was followed
by grains (34%), commercial feed (28.8%),
vegetables (16%) and food remains (12%). In the
central region, majority farmers used own-mixed
feed (79%) (Table 3). More male farmers (56%)

than females mixed their own feed. Consequently,
more female than male farmers, used commercial
feed. Use of food remains and vegetables as
poultry feed was common among female farmers
compared to their male counterparts (Fig. 2).

Table 3. Main poultry Feeds used, by study site (%).

Commercial feed
Own mixed feed
Grains
Food remains
Vegetables

Pooled sample
28.85
53.31
34.41
12.90
16.13

Northern
51.06
40.69
40.91
15.15
1.52

Region (%)
Eastern
57.14
23.53
22.73
4.55
59.09

Central
16.67
79.63
0.00
20.00
20.00

Fig. 2. Types of poultry feeds (%) used by farmer’s gender.
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Respondents’ knowledge, attitudes and practices
toward the use of insects
The majority (85%) of the farmers were willing to
buy insect-based poultry feeds (Fig. 3). Similarly,
84% of the traders and 83% of the processors
believed that insects are good for poultry as feed.
Farmers’ age had a significant effect on the
willingness to rear insects for feed (Table 4).
Older farmers (42±15 years) were more willing
than the younger to rear insects. Farmers mixing

larger quantities of feed were less willing to use
insects than those mixing smaller quantities of
feed (Table 3). Engagement in off-farm economic
activities was negatively correlated with the
willingness to buy insects for feed. From Table 3,
85% of the poultry farmers who were unwilling to
buy insect-based feed were engaged in off-farm
economic activities compared to 73% of the
willing group.

Fig. 3. Poultry Farmers’ and feed traders’ willing to rear and use insects in feeds.
Table 4. Characteristics of poultry farmers by willingness to buy insect-based poultry feeds.
Variable

Total
(n=287)

Farmer’s age (years)
Quantity of silverfish (kg) in a weekly ration
of mixed poultry feed
Quantity of weekly own mixed feed (kg)
Frequency of buying feed (per month)

41 (15)
133 (129)

Household is female-headed
Farmer believes insects can make good feed
ingredient
Farmer has engaged in off-farm business in
last 12 months
Farmer raised exotic chicken (Layers &
broilers in last 6 months)
Farmer uses mixed/purchased feeds

134 (350)
4 (5)
25
80

Willing
(n=225)
Mean (SD)
42 (15)
136 (136)

Un-willing
(n=62)
36 (14)
107 (32)

114 (209)
207 (639)
4 (5)
3 (2)
Percentages
25
25
87
45

P value
0.02
0.42
0.07
0.20
0.99
0.00

76

73

85

0.05

61

60

63

0.68

66

63

74

0.10

Besides the 14% of poultry farmers who did not
believe that insects could be a good protein
source, 33% cited the fact that they had never
experienced or seen any insect-based feeds. The
other 23% were concerned that insects were not
easy to get in large enough quantities, 23%

thought that consumers may not accept poultry
products from birds raised on insect-based feed
while 20% thought that insects could be difficult
to harvest (Fig. 4).
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Fig. 4. Farmers’ reasons for accepting insects as poultry feed.
Type of insects preferred by poultry farmers to
rear and use for feeding poultry
Table 5 indicates that overall, the most preferred
insects were grasshoppers (79%), white ants
(76%), termites (62%) and cockroaches (46%). A
similar trend was observed regionally with
crickets added to the preference list in the central
region.
Factors influencing farmers’ willingness to rear
and to use insects for poultry feed
Table 6 indicates that the probit model was able
to predict willingness to rear by up to 67% and
the willingness to buy by up to 81%. Farmer
awareness that poultry eats insects significantly
reduced respondents’ probability of expressing
willingness to rear insects for poultry feed by 0.2.
The frequency of feed price fluctuation (number
of times a farmer experienced price changes when

buying feeds in a year) significantly (p≤0.05)
reduced the probability of a farmer expressing
willingness to rear insects for poultry feeds by
0.04.
Keeping exotic chicken was found to significantly
reduce the probability of willingness to buy the
insect-based feeds by a factor of 0.16 (Table 6).
Poultry farmer’s age had a positive influence on
their willingness to buy and use insects or insectbased feeds. Respondents’ belief that insects can
be good for their poultry significantly (P ≤0.01)
increased their willingness to rear insects.
Farmers’ belief that insects were good increased
their probability of willingness to rear insects by
0.31 and their willingness to buy insect-based
feed by 0.22. Though not significant, availability
of extension services, farmers mixing own feed
and keeping exotic chicken among others
increased the willingness to rear insects.

Table 5. Insects preferred by poultry farmers for rearing and use (%).
Type of Insects

Cockroaches
Housefly
Termites
White Ants
Beetles
Crickets
Grasshoppers
Worms
Black soldier flies
Lake Flies
Yellow Worms
Silk Worms
Weevils

Pooled Sample
(n=287)
45.91
23.53
61.68
75.58
18.24
42.38
79.12
35.33
18.31
15.49
15.60
18.62
13.24

Northern
(n=147)
17.91
14.75
53.42
71.62
5.26
14.75
72.29
27.59
3.70
0.00
0.00
3.77
0.00
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Region
Eastern
(n=34)
83.33
47.83
80.00
88.89
33.33
38.89
92.31
52.17
30.00
30.00
40.00
52.17
15.00

Central
(n=106)
60.00
23.19
63.77
74.65
24.29
66.67
82.19
36.27
26.47
23.19
20.29
18.84
23.44
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Table 6. Drivers of poultry farmers’ willingness to rear and buy insects for feed.
Variables

Willingness to rear insects

Total number of chicken owned
Farmer keeps exotic chicken under the intensive
system (dummy)
Farmer uses own mixed feed (dummy)
Farmer aware of Insects are feed for poultry
Frequency of feed price fluctuation (times per
year)
Farmer believes insects are good for feed
(dummy)
Quantity of Silver Fish in own mixed feed (kg)
Frequency of feed purchases (number of times per
month)
Easy access to inputs (dummy)
Availability of extension service providers
(dummy)
Farmer’s sex (female = 1)
Farmers age
Distance to main feed source (km)
cons
Model summary
Number of observations
Wald chi2(13)
Prob > chi2
Pseudo R2

Willingness to buy insectbased feeds
Coef.
Std. Err.
0.00
0.00
0.75**
0.38

Coef.
-7.0e-05
-0.17

Std. Err.
1.76e-04
0.22

0.23
-0.24*
-0.06**

0.17
0.37
0.05

0.27
0.82**
-0.03

0.23
0.37
0.08

0.62***

0.20

1.34***

0.25

2.4 e+05
3.9e+03

7.9e+05
0.02

0.00
0.01

0.00
0.03

0.08
0.18

0.16
0.16

-0.03
-0.21

0.21
0.21

-0.21
0.01***
-4.2e-04
-0.42

0.16
0.01
2.8e-03
0.45

0.21
0.01***
0.01
-1.62***

0.21
0.01
0.01
0.53

287
24.37
0.028
0.07

287
53.22
0.00
0.24

Key:
Significance levels: *10%, **5% and ***1%:
a: y = Pr (willing rear) (predict) = 0.672
b: y = Pr (willing buy) (predict) = 0.812
ND: Not determined

Discussion
Demographic characteristics of poultry
farmers and feed traders

Poultry production systems and flock
composition

The average flock size (79 cocks and 25 hens) in
this survey was higher than the three cocks and
A gender analysis revealed that men dominated six hens previously reported by Kugonza et al.
the poultry farming and feed processing and (2008), indicating growth in small-scale poultry
trading operations. This suggests that it is farming businesses. This is also an indication that
imperative to consider them in all interventions poultry
farmers
are
moving
towards
aimed at promoting the use of insects as feed. commercializing the local and possibly improved
Men’s dominance is not surprising though since kuroiler chicken breeds. Increased trends of using
research shows that men tend to be more the intensive system to keep both local and
involved in less laborious-more paying activities improved poultry breeds are attributed to the
(Klapper and Parker, 2010).
high levels of urbanization that constrain farmers
In Uganda, increased participation of women in with smaller pieces of land and the necessity to
poultry management and marketing has been intensify production systems (Atukunda et al.,
reported with no mention of the ownership of the 2003). The same trend in central Uganda has
poultry enterprises (IFAD, 2000; State et al., been reported by Atukunda et al. (2003).
2009). Therefore, it is possible that although men Generally, farmers kept a large number of exotic
own
the
poultry
farming
enterprises, birds (broilers and kuroilers) under the freemanagement is done by women (Doss et al., range system, especially in central Uganda (Fig.
2011). This implies that the involvement of men 1). In the central region, after six weeks of rearing
in an attempt to actualize the use of insects as the broilers indoors, some farmers fatten them by
poultry feed is crucial for successful adoption. releasing them to scavenge outdoors for another
Therefore at a small scale, the day-to-day three weeks with supplementary feeds, which
management is most likely to be done by women reduces feed used and increases income from the
who are less educated and less endowed with birds (Emuron et al., 2010). This in part, explains
resources (Namatovu et al., 2016). However, with the high number of broilers kept under the freethe relatively high literacy levels observed in this range system in the central region.
study, the delivery of extension messages and
their adoption is likely to be relatively easy.
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Poultry feeds and feeding practices

expressed by Duhaime-Ross (2016), Gareth
(2014) and Kupferschmidt (2015) and requires
The larger proportion of farmers using own- adequate attention. Engagement in off-farm
mixed poultry feeds relative to formulated feed is activities was a barrier to accepting the use of
probably due to the high cost of and often poor insects (Table 3). This is probably because the
quality formulated feed (Kasule et al., 2014; farmers with off-farm work get additional income
Xinhua, 2016) that falls short of meeting the and are not entirely dependent on poultry
birds’ nutritional requirements (Nandudu, 2014). farming, so they were less concerned about costFarmers hence resort to mixing their own feed or saving alternatives such as insect-based feed.
feeding birds on vegetables and food remains in
an effort to reduce costs and possibly ensure Insects preferred by poultry farmers to
better quality of feeds. Use of cheaper feeds such rear and use for feeding poultry
as food remains and vegetables as feed was more
common among female farmers compared to Evidently, the majority of the insects the farmers
their male counterparts. This is possibly because were willing to rear and use are currently
women are more constrained owning and harvested from the wild and not intentionally
controlling fewer resources at the household level reared. This implies that it is hard to be sure of
the quantities and quality that can be obtained
(Oluka et al., 2005; Smith et al., 2006).
through insect harvesting. On the other hand,
For a farmer to be able to mix their own feed, insects such as grasshoppers, white ants and
they must have knowledge of the feed formulae termites are a human delicacy in Uganda and
for the type and age of poultry and have access to many parts of Africa, implying that even if rearing
the ingredients used. However, Kasule et al. was successful, there would still be competition
(2014) reported that farmers’ own mixed feeds between animals and the humans as is the case
had less protein and metabolizable energy and for the local fish meal (Tacon and Metian, 2009).
higher amounts of dietary fibre compared to Hence, inedible insects should preferably be
recommended poultry requirements. It is promoted to avoid such competition.
possible that farmers possibly have an idea about
formulating feeds but limitations of the expertise, Factors influencing farmers’ willingness
space, equipment and inability to adjust the feed to rear and use insects for poultry feed
formulation with ingredient nutritional quality Farmers’ awareness that poultry feed on insects,
among other factors could lead to the poor quality the frequency of feed price fluctuation and
of the own formulated feed (Lukuyu et al., 2013; rearing exotic birds on a commercial scale
Musoke, 2015).
negatively influenced acceptability. Most farmers
Respondents’ knowledge, attitudes and were keeping the poultry under the free-range
system in which birds scavenge for insects and
practices toward the use of insects
other foods without the farmers’ deliberate efforts
The observed high degree of willingness among to collect the insects. Hence, farmers probably
poultry farmers and poultry feed traders and didn’t feel the need to rare insects if the chickens
processors could create demand and supply gaps freely hunt and eat them. The frequency of
if insects are not available in the required fluctuation of feed prices would be expected to
quantities. Noticeably, the percentage of poultry translate into willingness by the farmer to take up
farmers willing to rear insects was lower than new cost-saving and price stabilizing technologies
those willing to use them as poultry feed. This such as insect-based feeds. However, this was not
implies that non-poultry farmers could specialize the case possibly because many commercial
in rearing and supplying insects to the feed farmers are generally not easily convinced to
traders and processors. Specialization maximizes change their poultry ration compositions for fear
output (Leonard, 2005) and therefore with of the unknown outcomes and perception of
specialized insect production, the much-desired consumers. Respondents rearing exotic chicken
quantities to meet the demand can be attained.
on either a semi-commercial or a fully
commercial scale are not easily convinced to take
The positive attitude of the respondents can be up new technologies unless they have proven
attributed to the view that insects are nutritious, them, hence the negative marginal effect also
cheap and easily available for use as an ingredient reported in other studies (Guerin and Guerin,
in poultry feed (Fig. 3). Farmers’ perceptions 1994; Daberkow and McBride , 2003; Marra et
about new technologies can influence their al., 2003).
adoption and views about those technologies
(Mbaka et al., 2008; Adesina and Baidu-Forson, On the other hand, farmers’ belief that insects can
1995). A positive perception, therefore, implies be good for making poultry feeds and being older
that farmers are most likely to adopt and use in age positively influenced their willingness to
insect-based feed, which calls for paying careful use insects for the poultry feeds. Older farmers
attention to factors that may negatively influence have accumulated experience in rearing poultry
this perception. Farmers’ uncertainty over and it is a family business they are not about to
consumers acceptability of products from poultry quit, hence, their willingness to find means to
raised on insect-based feed is real, as previously make it a more profitable venture. Feder et al.
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(1985) reported that farmer’s beliefs and skills
couple to determine their decision to take on a
technology or not.

Conclusions
Poultry farmers, feed traders and processors were
found to be willing to accept insects as an
alternative protein source in poultry feed.
Perception of insects as a good feed ingredient is
mainly related to their nutritional value. Poultry
farmers, feed traders and processors ranked the
insects highly as having a high nutritional value
among the qualities considered to rate insects as
good fit for poultry rations. In addition, the type
of insects one is willing to rear or use in feed
formulation depends much on its availability in
the community and prior exposure to such an
insect. Keeping commercial breeds of poultry
such as layers and broilers under intensive
systems was found to drive farmers’ willingness
to buy insect-based poultry feed but had no effect
on willingness to rear the insects. Therefore,
developing insect-based feeds for poultry
production is very likely to succeed and
contribute to improved incomes and, food and
nutritional security in Sub-Saharan Africa where
those challenges have the highest impact.
Recommendation
This study reveals that the deliberate use of
insects in poultry feeds is a new concept and like
other innovations, faces adoption challenges that
should be holistically addressed. This shall
include but not limited to determining and
addressing any negative perceptions of
consumers towards poultry fed on insect-based
feed and assuring poultry farmers and traders
that accumulation of required quantities of insect
material for commercial poultry rearing is
possible.
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