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Abstract

Feeds constitute 70% of the cost of poultry production and of this, proteins constitute the highest cost. Finding cheaper 
alternatives to existing protein sources would improve efficiency of poultry production. Development and promotion of insect 
protein- based poultry feeds is assessed. It was observed that insect-based protein sources could significantly supplement cum 
replace fish meal which is the major source of feed protein. The market for conventional protein was expected to switch from fish 
to complete substitution with insect sources. The study main objective was to analyse demand, market size and trends of current 
conventional and sources of poultry feed proteins in Nigeria and make projections. The study was conducted in Imo, Edo and Kano 
states, Nigeria. The bulk of data was from secondary sources and primary data from formal survey of farmers and poultry value 
chain actors. Aggregate demand for insect feed ingredients for poultry feed was 5382 metric tons on dry matter basis at 50% rate of 
substitution of conventional protein. Projected demand for poultry feed proteins was 11,550 metric tons in the next 5 years. Insects 
had a strong potential for incorporation into poultry feeds. 
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Introduction
Ayo - Enwerem et al., (2017), revealed that chickens heavily 

consume manufactured feeds as compound concentrates or protein 
enriched value-added cereal bran or oil seed by-products on a 
daily basis.  Is-Haaq et al., (2018) stated that feeds constitute over 
70 per cent of the cost of production in such enterprises. Ononiwu 
et al., (2018), noted that chicken will only grow and perform to 
the extent they receive proper nutrition.  If compromised, feed 
quality will affect feed consumption and can cause disease and 
nutritional deficiencies. Protein constituted the highest cost item 

in poultry feeds, thus finding alternatives would promote greater 
poultry production for both large scale commercial and small-
scale producers (Okonkwo and Ahaotu, 2019).  Reduction in cost 
of production of such feed will make cheaper protein rich food 
more available to a broader human population (Odey et al., 2019).  
Under free ranging chicken production systems, insects within 
the ecosystems are a key feed resource for many poultry species.  
Extensively managed village chickens move around gardens, green 
fields, open up top soils and litter to search for grasshoppers, 
crickets, cockroaches, termites, worms and their larvae that they 
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feed on.  Insects such as lice, cicadas, desert locusts, aphids, common 
housefly maggots (Musca domestica), flies, bees, stink bugs, scale 
insects, psyllids, beetles, fleas, wasps, domesticated silkworm, 
caterpillars and ants could be considered as animal protein feed 
ingredients for specific intensive commercial poultry production 
systems. This study was focused on assessing the potential market 
for insect protein in commercially produced poultry feeds.

It was observed that insect-based protein sources for poultry 
feed could significantly supplement or even replace fish meal 
which is the predominant source of feed protein used (Nkwocha 
et al., 2018). The market for conventional protein fish species was 
expected to be substituted with insect feed. When the location, 
time period and marketing effort of a product are defined, market 
demand of the product would constitute the total volume of that 
product or service that would be bought by a consumer group. 
Market demand can depend on environmental factors as well as 
the sales of related products, services and the existing economic 
conditions (Adewale et al., 2018).

 Insect protein-based feed for poultry is a new feed product 
being researched on with the aim of producing low cost poultry 
feeds which will help farmers to lower their cost of production. 
Being a new product, a market demand analysis is necessary to 
understand its market potential. To determine the market demand 
of insect protein-based poultry feed, the market demand of the 
current poultry feed was analysed.  The study viewed the followings 
as objectives: analyse the demand, market size and trends for 
conventional sources of poultry feed proteins in Nigeria at present, 
and also providing a current situation and make projections into 
the future and analyse the opportunities and threats for transfer 
and adoption of insects as protein sources in feeds. 

Materials and Methods
The study was conducted where there are high concentrations 

of commercial poultry (small, medium and large scale). The 
study collected several data types based on several approaches. 
Secondary data consisted of reports and articles on works done on 
poultry feed in Nigeria. Key informant interviews were done with 
stakeholders knowledgeable in the poultry feed industry. Data 
were captured using semi-formal, structured formal standard and 
check lists. 

Household survey sampling procedures

Multi-stage, stratified and purposive sampling techniques were 
used to identify respondent firms. In poultry farming sub-sectors 
data were triangulated and complemented using the data collection 
techniques shown below (Table 1).

Married/ 
cohabitation

Single/
divorced/
widowed

(n = 139) (n = 43)
Variables

Age (years)

Male (yes in %)

Higher education (yes in %)

Smoking (yes in %)

Alcohol (yes in %)

Fish oil (yes in %)

LTPA (h/week)

Number of medications

BMI (kg/m2)

Lean body mass (kg)

Grip strength (lb)

6MWD (m)

Lumbal BMD (z-score)

Femur BMD (z-score)

Total BMD (z-score)

PTH (pg/mL)

25-OH-vitamin (nmol/L)

Mean ± SD

72.1 ± 5.0

46.8

23.9

5.8

84.9

51.1

5.9 ± 5.4

2.1 ± 1.6

28.7 ± 4.7

45.9 ± 9.9

66.4 ± 19.7

470 ± 75

1.26 ± 1.80

0.39 ± 0.95

1.11 ± 1.18

45.8 ± 18.4

66.9 ± 26.8

Mean ± SD

74.5 ± 5.6

25.6

14.0

9.5

71.4

53.8

6 ± 6.9

1.7 ± 1.3

28.8 ± 5.1

44.4 ± 7.7

53.5 ± 13.7

437 ± 79

0.29 ± 1.93

0.33 ± 0.97

0.70 ± 1.26

50.5 ± 23.3

56.1 ± 25.5

P-value

0.008

0.014

n.s.

n.s.

0.048

n.s.

n.s.

n.s.

n.s.

0.001

0.001

0.013

0.016

n.s

0.050

n.s.

0.022

Table 1: Baseline characteristics of the participants (N = 182).

Estimation of demand and market size of poultry feeds

Demand of poultry feed is determined by existing poultry 
populations multiplied by their feed intake in a production cycle 
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(Onyekwere., et al. 2016). It is understood that both the number 
of farmers who mix their own feed and those who do not mix feed 
obtain their animal protein sources from the open market. Data 
capture focused on key animal protein ingredients used to mix the 
feed.

Trends in poultry feed availability

Information on seasonal availability in feed ingredient 
availability and price trends was obtained from feed processors, 
farmers and silver fish bulkers and bulk breakers at fish landing 
sites. Information captured reviewed annual trends and seasonal 
trajectory in availability and prices observed over the past 5 year 
period. Information collected centered on annual sales, seasonal 
changes in sales, volumes/quantities of different ingredients used 
seasonally and annually. The data were analysed to determine 
the trends and the progression of the fish market and insects’ 
substitutes over time as well as the size of the market. In addition, 
farmers interviewed provided information on most popular poultry 
feed brands as well as the retail prices. The price information 
combined with feed volume estimates provides an approximation 
of the current and potential demand of the poultry feeds markets 
in the country.

Sampling frame of poultry farmers

Sampling of poultry feed market demand analysis study was 
done using two strata- sampling frame with focus being placed on 
two categories: Poultry farmers and Feed processors/suppliers. 
These were selected from Imo State, Edo State and Kano State, 
Nigeria. In this study, statistical rigour was not the key driver of the 
analysis. This implied that representativeness rather statistically 
large samples prevailed. 

Prospects for transfer and adoption of insects as protein 
sources in feeds

Key informant interviews were conducted in the study area 
to explore Strengths, Weaknesses, Opportunities and Threats 
(SWOT) for transfer and adoption of insects as protein sources 
in feeds. Key informants included State Veterinary Offices (SVOs), 
State Production Offices (SPOs), farmer leaders, Community 
Development Offices (CDOs) and representatives of feed processors 
and feed ingredient suppliers.

Results and Discussion
Demand estimation for poultry feed

Demand estimation was calculated at annual basis. The key 
parameters used in its estimation are presented in table 2.

Model 1 Model 2

(corrected for age and gender) (additionally corrected for education, physical 
activity, BMI and fish oil)

Parameter B 95% CI P-value B 95% CI P-value
Dependent Variable: grip strength (lb)
Intercept 88.855 58.738 118.972 0.001 79.820 41.284 118.357 0.001
Age (years) -0.621 -1.032 -0.209 0.003 -0.609 -1.073 -0.144 0.011
Male1 33.531 29.493 37.569 0.001 34.290 30.034 38.545 0.001
Married/in cohabitation2 6.165 1.412 10.918 0.011 6.930 1.992 11.867 0.006
Basic education3 2.061 -2.510 6.632 0.373
LTPA (hours/week) 0.160 -0.230 0.550 0.418
BMI (kg/m2) 0.199 -0.249 0.648 0.380
Fish oil “no”4 -2.341 -6.568 1.885 0.274
Dependent Variable: 6MWD
Intercept 937.308 752.755 1121.861 0.001 1010.123 804.060 1216.187 0.001
Age (years) -6.892 -9.415 -4.370 0.001 -5.967 -8.452 -3.482 0.001
Male1 19.745 -5.000 44.491 0.117 22.454 -0.302 45.210 0.053
Married/in cohabitation2 26.556 -2.570 55.682 0.074 22.727 -3.677 49.131 0.091
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Basic education3 -9.822 -34.266 14.623 0.427
LTPA (hours/week) 2.641 0.556 4.726 0.014
BMI (kg/m2) -5.063 -7.461 -2.664 0.001
Fish oil “no”4 4.552 -18.047 27.150 0.690
Dependent Variable: BMD lumbal (z-scores)
Intercept -3.040 -8.217 2.137 0.247 -6.085 -12.651 0.482 0.069
Age (years) 0.041 -0.029 0.112 0.249 0.070 -0.010 0.149 0.084
Male1 0.192 -0.502 0.886 0.585 0.313 -0.412 1.038 0.394
Married/in cohabitation2 1.195 0.378 2.012 0.005 1.354 0.512 2.195 0.002
Basic education3 0.342 -0.437 1.121 0.385
LTPA (hours/week) 0.046 -0.020 0.113 0.169
BMI (kg/m2) 0.007 -0.069 0.083 0.857
Fish oil “no”4 0.246 -0.474 0.966 0.500
Dependent Variable: femur 
(z-score)
Intercept -1.598 -4.313 1.118 0.246 -3.555 -7.021 -0.089 0.045
Age (years) 0.025 -0.012 0.062 0.179 0.038 -0.004 0.080 0.075
Male1 -0.405 -0.769 -0.040 0.030 -0.355 -0.737 0.028 0.069
Married/in cohabitation2 0.421 -0.007 0.850 0.054 0.493 0.049 0.937 0.030
Basic education3 0.194 -0.217 0.605 0.352
LTPA (hours/week) 0.023 -0.012 0.058 0.199
BMI (kg/m2) 0.022 -0.018 0.063 0.273
Fish oil “no”4 0.085 -0.295 0.465 0.659
Dependent Variable: BMD 
total (z-scores)
Intercept 1.411 -2.190 5.012 0.439 0.520 -4.011 5.051 0.820
Age (years) -0.014 -0.064 0.035 0.563 0.005 -0.049 0.060 0.847
Male1 -0.248 -0.731 0.234 0.310 -0.191 -0.692 0.309 0.450
Married/in cohabitation2 0.846 0.278 1.415 0.004 0.912 0.331 1.492 0.002
Basic education3 -0.012 -0.550 0.525 0.964
LTPA (hours/week) 0.040 -0.006 0.086 0.089
BMI (kg/m2) -0.029 -0.082 0.024 0.274
Fish oil “no”4 0.066 -0.431 0.563 0.794
Dependent Variable: 
25OHD (nmol/L)
Intercept 19.785 -57.853 97.423 0.615 -14.153 -98.207 69.902 0.739
Age (years) 0.495 -0.566 1.557 0.357 0.787 -0.227 1.800 0.127
Male1 -6.789 -17.19 3.621 0.199 -1.440 -10.72 7.842 0.759
Married/in cohabitation2 13.069 0.816 25.322 0.037 12.281 1.510 23.051 0.026
Basic education3 10.055 0.084 20.026 0.048
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LTPA (hours/week) 1.615 0.764 2.465 0.001
BMI (kg/m2) 0.102 -0.876 1.080 0.836
Fish oil “no”4 -17.61 -26.83 -8.395 0.001
Dependent Variable: PTH 
(pg/mL)
Intercept 16.644 -43.183 76.471 0.583 21.035 -51.126 93.197 0.564
Age (years) 0.522 -0.296 1.340 0.209 0.217 -0.654 1.087 0.623
Male1 2.176 -5.846 10.198 0.592 1.250 -6.719 9.218 0.756
Married/in cohabitation2 -8.476 -17.92 0.966 0.078 -8.985 -18.23 0.261 0.057
Basic education3 4.781 -3.779 13.341 0.271
LTPA (hours/week) -0.582 -1.312 0.148 0.117
BMI (kg/m2) 0.514 -0.326 1.354 0.227
Fish oil “no”4 6.442 -1.472 14.356 0.109

Table 2: Parameter estimates derived from multivariate GLM describing the differences between participants being married/in  
cohabitation (n = 139) vs participants being divorced/single/widowed (n= 43).

1as compared to female; 2 as compared to single/divorced/widowed; 3as compared to higher education; 4as compared to fish oil “yes”

Protein sources used in manufacture of poultry feeds include 
full fat soya, solvent extracted soya and fish (Ahaotu., et al. 2018). 
The total quantity of protein used ranged from 2950 tons to 3550 
tons between 2012 and 2015. Of this the proportion of fish ranged 
from 7 per cent to 28 percent. It is therefore estimated that the 
proportion of fish in the protein source for feeds is about 18 per 
cent.

Computation of national demand for animal protein in chicken 
feed

Technical coefficients used in the computation of broiler and 
layer feeds are outlined.

The total fish and poultry protein annual requirement are 
estimated at 10,740 metric tons for commercial broilers, layers and 
farmed fish. If rate of substitution of 50 per cent is anticipated the 
demand for insect feed ingredients would be 6500 metric tons on 
dry matter basis. Of this, the proportion of insect feed ingredients 
for poultry feed equals to 5382 metric tons.

Current and projected poultry and fish feed proteins (Tons) in 
Nigeria

The bulk of protein is obtained from soya bean (plant protein) 
and fish (animal protein).

Information on the major sources of protein and challenges 
with fish as animal protein revealed the following: There are 
seasons when fish is scarce on the market (Ahaotu., et al. 2019). 
This is attributed to two causes. Whenever the moon light is strong 
it tends to cause interference with the lights flashed on the lake to 
attract fish at night (Tripathi., et al. 2017). Besides, there are cases 
when demand for fish is high.

This coincides with peak production cycles for layer and broiler 
production. This is mostly during months of April to July and 
December to January (Uzoma., et al. 2019). 

Analysis of strengths, weaknesses, opportunities and threats 
(SWOT) for transfer and adoption of insects as protein sources 
in feeds

As a result of managing the high cost and scarcity of protein 
sources more so the animal protein ingredients people have tried 
to substitute fish with houseflies, cockroach, maggots, ants, worms 
and grasshoppers. 

The biggest constraint has been mass rearing of these 
alternative sources. Besides, there is competition with humans for 
some of these alternative sources particularly the case of white 
ants and grass hoppers as food. In addition, some processors use 
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blood meal but this one is also not readily available and is also 
expensive. Soya bean (main source of plant protein) is considered 
to be next to fish as animal protein especially given that soya cake 
has high proteins. If it is used in large amounts the requirements 
for fish in the feed reduces. Other feed processors import animal 
protein to bridge the gap of not having enough fish. In order to get 
integrated in the process, feed value chains and poultry product 
food supply chains a range of demand, supply; cultural and socio-
economic factors were considered. These included availabilities of 
insects; prices of insects’ substitutes, and competing ingredients; 
potential for entry given existing market structure, conduct and 
performance; proportion of population taking poultry and their 
products, and consumer tastes and preferences; cultural norms 
and values. Whereas some of these accelerate uptake and adoption 
of insects as protein sources in feeds others will disable the 
process. Below is a set of strengths, weaknesses, opportunities and 
threats (SWOT) for transfer and adoption of insects to replace fish 
as protein sources in feeds.

Strengths

When used as ingredients in feed, insects can provide the 
necessary animal protein and have the potential to lower cost of 
feeds. These insects can be bred and bulked in large quantities 
(maggots, crickets, cockroaches) using low cost substrates. 
Processors are positive to the use of the insects as they believe 
that many customers are indifferent about specific protein sources 
used as ingredients Demand for poultry products in Nigeria is 
very strong. Derived demand for feed ingredients is hence very 
high. Some companies have tried and gained necessary skills and 
interest in incorporating insects in poultry feeds.

Weaknesses

Some farmers think, if insects used happen to be a taboo to 
some people, such consumers may decline to eat the chicken 
produced. Farmers are somewhat negative on use of maggots - an 
intermediate stage of houseflies – this may not go well with the 
customers. Mass production of required quantities of insects to 
substitute fish requires skill and technologies that many scientists 
and feed manufacturers do not have the markets, distribution 
channels and consumption patterns and value chains for fish are 
already developed unlike those for insects.

Opportunities

There is a wide range of naturally existing indigenous tropical 
insects that can be harnessed. Some insects (grasshopper and 
flies can seasonally be harvested from the wild in large quantities 
the same way fish is harvested. Consumers are aware that free 
range chickens and capture fisheries normally feed on insects. 
Fish is generally scarce. Its availability is often seasonal and tends 
to become very expensive. This leaves a gap for substitutes like 
insects to enter the feed value chains’.

Threats

Price discrepancies may not feature due to scarcity of fish but 
rivalry among competing producers will ride on consumer tastes 
regarding actual insect used (maggots - grasshopper misgivings). 
Present attitude that fish is the best animal protein source will 
sustain competition from its substitute products namely the 
insects. Some insects such as grasshoppers, termites, white and 
black ants are delicacies and widely eaten by human population. 
This will impose competition besides some cultural conflicts on 
their usage. Inclusion of insects may change the taste and flavour, 
texture and cooking qualities of poultry products [1-12].

Conclusion
Feed protein ingredients for poultry feed is largely based on 

soya and fish meals. The two feed sources have seasonal availabil-
ity, highly priced leading to high feed costs. Poultry naturally incor-
porate insects in their rations. Besides, farmers use insects such 
as white ants and termites to feed chickens. In addition, proces-
sors have attempted to lower protein feed costs by incorporation 
insects in their rations but are frustrated by mass bulking and sus-
tainable production technologies.
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