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The high cost of fish feed has affected the culturing of tilapias and sharptooth catfish in Africa. However, Africa is well endowed
with terrestrial insects that can potentially replace fishmeal in the diets of fish. In this paper, the nutritional index, availability, and
cost of selected insect meals are compared. The SOLVER function in Excel was used to formulate least-cost diets of Musca
domestica, Gryllotalpa africana, Schistocerca gregaria, Macrotermes natalensis, and Gonimbrasia belina. The crude protein levels
of all the insects were above 50% and met the requirements of both fish species. The essential amino acid index (EAAI) was
highest in M. domestica (3.2613). Except for M. natalensis, all the insect meals met the fat requirements for tilapias and
sharptooth catfish. The most available insects were S. gregaria and M. domestica. Feed value was highest in fishmeal (15.62)
followed by M. domestica (15.52). A meta-analysis of the effects of replacing fishmeal with insect meal on growth performance
of tilapias and sharptooth catfish was also carried out. The effect summary for the specific growth rate was significant whereas
the effect summary for the food conversion ratio was not significant. The relationship between fishmeal replacement levels and
response ratio showed wide scatter. It was thus not possible to determine the optimum replacement level. Musca domestica is
recommended in the replacement of fishmeal.

1. Introduction

Tilapias and sharptooth catfish are two of the most widely cul-
tured fish species in Africa [1]. Both species are amenable to
culture because they are hardy species that are tolerant of poor
water quality and wide temperature ranges. Among tilapias,
Oreochromis mossambicus is the most widely cultured tilapia
in Southern Africa [2]. It has been reported to feed on aquatic
and submerged terrestrial plants, benthic algae, phytoplank-
ton, zooplankton, and organic detritus [3–5]. Evidently, O.
mossambicus is euryphagous. Since O. mossambicus opportu-
nistically feeds on insects in nature, it can be assumed that it
is preadapted to utilizing insect-based diets. Clarias gariepinus
(sharptooth catfish) is the most widely cultured clariid in
Africa. It is known to be an omnivorous fish that feeds on a
variety of food items such as fish, insects, phytoplankton, zoo-

plankton, macrophytes, and detritus [6, 7]. Spatary et al. [8]
identified more than 50 species of animals and plants from
the intestines of one population of C. gariepinus in Lake Kin-
neret, Israel, and these included fish, insects, and zooplankton.
Kadye and Booth [9] recorded that insects constituted 87% of
the diet of C. gariepinus in Great Fish River in Eastern Cape,
South Africa. It is clear from the literature that insects consti-
tute an important food item in the diet of sharptooth catfish. It
can also be assumed that sharptooth catfish is preadapted to
utilizing insect-based diets.

Despite numerous efforts by governments in Southern
Africa, warm water aquaculture has failed to attain a commer-
cial status. In a recent review, Moyo and Rapatsa [10] identi-
fied the cost and quality of feed as one of the major
constraints affecting aquaculture in Southern Africa. One
way of reducing the cost of feed is through the replacement
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of fishmeal with locally available ingredients. In recent years,
insects have been identified as an alternative protein source
for the replacement of fishmeal, which is becoming
increasingly expensive [11–13]. Consumers, particularly in
developed countries, are reluctant to eat fish that have been
fed on fishmeal because of sustainability concerns [14]. Insects
have been described as good candidates to replace fishmeal
because some insects have high protein content and good
amino acid and fatty acid profile [11, 15]. There are many
insects in Southern Africa that can probably potentially
replace fishmeal, and yet, no practical diets have ever been for-
mulated. In this paper, we seek to evaluate the potential of
insect meals in Southern Africa. The insects that will be inves-
tigated are mopane worm (Gonimbrasia belina), locust (Schis-
tocerca gregaria), house fly maggot (Musca domestica),
termites (Macrotermes natalensis), and crickets (Gryllotalpa
africana). These insects are widely distributed in Southern
and Central Africa, and their proximate composition has been
determined in some studies. Most studies [12, 16–18] on the
replacement of fishmeal have concentrated on the nutritional
value of the insect and have ignored the availability and the
price of the insect. The concept of feed value has seldom been
explored in studies that investigated the effect of insect meals
as substitutes of fishmeal on various fish species. Feed value
incorporates nutritional quality, price, and availability. In this
study, we highlight the feed value of these commonly available
insects in the diet of tilapias and sharptooth catfish.

The overall effect of replacing fishmeal with insect meal in
the diets of tilapias and sharptooth catfish has not been evalu-
ated. It is thus prudent to carry out meta-analysis. Hua [19]
carried out a meta-analysis of the effects of replacing fishmeal
with insect meals on different fish species. Thus, their study
did not specifically focus on tilapias and the sharptooth catfish.
Meta-analyses integrate information from different studies.
Since tilapias and sharptooth catfish are important aquacul-
ture species, it is important to integrate the different experi-
mental observations through a quantitative method like
meta-analysis. Therefore, the objectives in this study were to
rank the insect feed ingredients in Southern Africa according
to feed value, formulate least-cost insect diets for fish farmers,
and undertake meta-analysis on the effects of replacing fish-
meal with insect meals on growth performance of tilapias
and sharptooth catfish.

2. Methods

2.1. Insect Feed Value. The nutritional value of G. belina, M.
domestica, S. gregaria, M. natalensis, and G. africana was
determined using data available from literature listed in
Table 1. The proximate composition (crude protein, lipids,
and ash) of each of the insects under study was recorded.
The search engines used were Google Scholar, Science Direct,
Scopus, Microsoft Academic, BASE, CORE, and Semantic
Scholar. The essential amino acid index of the insect ingredi-
ents was calculated using the Penaflorida [20] formula below:

EAAI =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

aa1
AA1 × aa2

AA2 ×⋯⋯
aan
AAn

n

r

, ð1Þ

where aa is the amount of amino acid in the insect ingredient,
AA is the requirement of the same amino acid in fish tissue,
and n is the total number of amino acids used in the calcula-
tion. Thus, the EAAI is a ratio between the concentration of
amino acid in the ingredient and requirement of the fish for
the amino acid.

The insect feed ingredients were ranked according to
feed value. Feed value incorporates the nutritional composi-
tion of the insect ingredient, their availability, and cost. It
was calculated using the formula below:

Feed value index = 2Ni + Avi +
1
Ci

, ð2Þ

where Ni is the nutritional index which was determined as
follows:

Ni = 4Pi + Fi +
CHOi

5 , ð3Þ

where Pi is protein content in the ingredient/optimal protein
requirement of the fish, Fi is fat content in the ingredient/
optimal fat requirement of the fish, and CHOi is carbohy-
drates in the ingredient/carbohydrate requirements of the
fish. Avi is the availability of the ingredient, and Ci is the cost
of the ingredient.

The nutritional requirement of tilapias and catfish was
obtained from literature and listed in Table 1.

Picker et al. (2014) was used to estimate insect availabil-
ity (Avi). Picker et al. [21] has maps showing geographical
distributions in South Africa, and the availability of insects
in Southern Africa was scored between 0 and 10 based on
the maps in Picker et al. [21]. The scores of the distribution
map were validated through interviews with insect traders
who were also asked to score the abundance of insects on a
scale of 0-10. The insect cost was determined from insect
traders at a local insect market and expressed in US dollars.

2.2. Formulating Least-Cost Insect Diet for Fish Farmers in
Southern Africa. Least-cost formulation of insect diets
optimizing the combination of feed ingredients that supply
the required nutrients at low cost was formulated. The
insect-based diets were formulated in Excel which comes
with a programming capability of SOLVER function that
has linear programming functionality. The SOLVER func-
tion was used in least-cost diet formulation. The first step
was to list the insect ingredients available in Southern
Africa, their cost, and chemical composition (crude pro-
tein and metabolizable energy) as a database. In this study,
we only incorporated three components, namely, crude
protein, metabolizable energy, and cost. The main focus
was on protein which is the most expensive component
in fish feed and metabolizable energy which affects fish
growth. The second step was to specify the diet quality
(based on literature), and the feeds were balanced for pro-
tein and energy. Vitamin and mineral premix, oil, and
binder were incorporated in the diets. The third step was
to specify the formula in Excel for calculating the crude
protein (CP), metabolizable energy (ME), and the cost of
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the formulated feed. Finally, in the SOLVER function, the
cost US$/kg was selected as the target cell and the
optimum diet was produced.

2.3. Meta-analysis of the Effects of Insect Meal on the Growth
of Tilapias and Sharptooth Catfish. Meta-analysis is a useful
tool that was used to integrate results from different studies.
A comprehensive search of literature on incorporation of
insect meals in the diets of tilapias and sharptooth catfish
in Southern Africa was undertaken. The papers were
selected using a combination of the terms tilapia, African
catfish, insect feed, growth performance, and fishmeal
replacement. A focused search yielded 167 full papers, and
the final papers (Table 2) used for meta-analysis were
retained using the following criteria:

(i) Studies with a control (fishmeal)

(ii) Fish fed to satiation

(iii) Studies that used fish size between 2 and 70 g

(iv) Studies with experimental diets using insect meals
and an alternative to fishmeal

(v) Studies with at least 3 replication

(vi) Studies that determined SGR and FCR or both indi-
ces could be calculated from the given data. The
indices must be calculated using the formula, SGR
= 100 × ln Wt − ln W0/t and FCR = feed
consumed/weight gain

The mean effect size (Hedge’s g) was determined for two
responses (SGR and FCR). Mean effect size measures the
strength of the relationship between the experimental group
and the control group. This was done following the random
effects approach in the R programme version 4.1.1. Compar-
isons of the different studies were done by calculating the
response ratio [22]. The response ratio was calculated by
dividing the growth parameters of the experimental group
and the control group. This shows the proportionate change
resulting from experimental manipulation.

3. Results and Discussion

3.1. Nutritional Quality of Insect Meals. The crude protein
levels in the selected insects varied between 50.4 and
59.46% (Table 1). Gryllotalpa africana has the highest crude
protein level. Although fish do not have a quantitative
protein requirement per se, it is generally understood that

O. mossambicus requires between 30 and 35% protein [23]
and C. gariepinus requires between 40 and 42% protein
[24]. Evidently, all the selected insects in this study meet
the protein requirement of both fish species. However, the
crude protein levels of all the insects are below that of
fishmeal.

Lipid levels varied between 2.9 and 18.9% (Table 1). M.
domestica has the highest fat level. Macrotermes species has
a very low lipid level. The crude fat requirements of O. mos-
sambicus and C. gariepinus were estimated to be 5-6% and 9-
12%, respectively (Table 1) Lipid levels greater than 20%
impair the immunity of fish [25]. There is thus no need to
defatten any of the selected insects. However, Fasakin et al.
[26] reported that defatting enabled the researchers to
increase dietary inclusion levels of M. domestica in C. garie-
pinus without compromising the growth of the fish.

Carbohydrate levels varied between 4.37 and 36.71%
(Table 1). Macrotermes sp. has the highest carbohydrate
level. Both O. mossambicus and C. gariepinus do not have
quantitative requirements for carbohydrates. Although
carbohydrates are a cheap source of energy for fish, high
levels of carbohydrates reduce digestibility because some
carbohydrates have antinutritional elements which may
affect the growth performance of the fish [13, 27].

The EAAI ranged between 0.5135 and 3.2613 and was
highest in M. domestica and lowest in M. natalensis
(Table 3).Musca domestica is high in methionine and lysine.
It has a methionine level of 2.2 and a cysteine level of 0.7,
and both are way above the levels found in fishmeal
(Table 3). Lysine levels in Musca domestica are higher than
fishmeal. Lysine is one of the limiting amino acids in fish.
Lysine, methionine, tryptophan, and arginine are the most
common limiting amino acids in fish. Methionine, lysine,
and tryptophan levels inM. domestica are above the require-
ments for both O. mossambicus and C. gariepinus (Table 3).
Methionine, lysine, and cysteine levels in M. natalensis are
way below those of fishmeal (Table 3) and do not meet the
amino acid requirements for both O. mossambicus and C.
gariepinus.

Linolenic (C18:3(n-3)) fatty acids were highest in S.
gregaria and lowest in M. natalensis (Table 4). Linoleic
(C18:2(n-6)) fatty acids were highest in G. africana and low-
est in G. belina (Table 4). The quantitative omega 3 and
omega 6 requirements for both O. mossambicus and C. gar-
iepinus are not known. However, it is generally estimated
that both omega 3 and omega 6 must constitute between 1
and 2% of the fish diet. Both omega 3 and omega 6 are lim-
iting fatty acids. Musca domestica and G. africana had high

Table 1: Proximate composition (%) of insects in Southern Africa and the nutritional requirements of tilapias and sharptooth catfish.

Components
Gonimbrasia

belina1
Schistocerca
gregaria2

Musca
domestica2

Macrotermes
sp.3

Gryllotalpa
africana2

Fishmeal1 Tilapias4
Sharptooth
catfish5

Crude protein 56.83 50.79 50.4 54.69 59.46 65.5 30 40-42

Lipids 12.92 13 18.9 2.90 15.19 12.0 5-6 9-12

Carbohydrates 12.14 13.46 4.37 36.71 21.81 1.8 — —

Ash 10.40 2.42 6.25 3.70 4.66 18 — —
1Rapatsa and Moyo [31]; 2Tran et al. [34]; 3Ntukuyoh et al. [35]; 4Jauncey et al. [23]; 5Hecht et al. [36].
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levels of omega 6 in comparison to omega 3, and this
resulted in a high n-6/n-3 ratio. These high ratios can affect
the stress response of fish [28].

Among the insect ingredients, the nutritional index was
highest in G. africana and lowest in M. natalensis
(Table 5). Availability was highest in S. gregaria and lowest
in G. belina. The most expensive insect ingredient is G.
belina whose price is similar to that of fishmeal (Table 5).
Feed value was highest in M. domestica and lowest in M.

natalensis. G. africana and M. domestica feed values were
comparable to that of fishmeal. Musca domestica along with
black soldier fly and yellow mealworm are regarded as the
most promising insect ingredients in fish diets [29]. Musca
domestica is ranked one of the top potential insect ingredi-
ents in terms of feed value. The amino acid profile of M.
domestica is better than that of fishmeal. It is also available
at minimum cost. Despite its high potential in the replace-
ment of fishmeal, M. domestica larvae is regarded as a

Table 2: Source of data for meta-analysis.

Author Fish species
Fish

size (g)
Insect species

Replacement level of
fishmeal (%)

SGR FCR

Fawole et al.
[37]

Clarias gariepinus 4
Hermetia
illucens

0, 25, 50, 75 2.19, 2.32, 2.66, 2.39
1.86, 1.78, 1.48,

1.65

Adeoye et al.
[16]

Clarias gariepinus 2.67
Hermetia
illucens

0, 25, 50, 100 5.48, 4.55, 4.83, 2.39
1.22, 1.41, 1.29,

2.96

Tippayadra
et al. [38]

Oreochromis niloticus 14.77
Hermetia
illucens

0, 10, 40, 60, 80, 100
1.32, 1.29, 1.39, 1.41,

1.38, 1.33, 1.30
2.22, 2.15, 2.14,
2.16, 2.16, 2.23

Wang et al.
[39]

Oreochromis niloticus 68.85
Musca

domestica
0, 25, 50, 75, 100

1.53, 1.54, 1.54, 1.64,
1.12

1.36, 1.45, 1.45,
1.32, 1.86

Rapatsa and
Moyo [31]

Oreochromis mossambicus 40
Imbrasia
belina

0, 10, 20, 40, 80
3.49, 2.86, 2.96, 2.98,

3.16
1.29, 1.53, 1.52,

1.31, 1.25

Rapatsa and
Moyo [13]

Clarias gariepinus 67.4
Imbrasia
belina

0, 10, 20, 40, 80
1.85, 1.68, 1.55, 1.45,

1.43
1.22, 1.26, 1.32,

1.34, 1.40

Ng et al. [40] Clarias gariepinus 5.1
Tenebrio
molitor

0, 20, 40, 60, 80, 100
3.6, 3.8, 3.4, 3.0, 3.3,

2.6
3.27, 3.31, 2.97,
2.55, 2.81, 2.23

Taufek et al.
[41]

Clarias gariepinus 13.2
Gryllotalpa
bimaculatus

0, 75, 100 1.93, 2.63, 2.76 1.58, 1.24, 1.17

Devic et al.
[18]

Oreochromis niloticus 5.7
Hermetia
illucens

0, 25, 50, 70 3.3, 3.7, 3.2, 3.1 2.2, 2.1, 2.0, 2.1

Gana et al.
[42]

Clarias gariepinus x
Heterobranchus longifilis

2.56
Hermetia
illucens

0, 20, 40, 60, 80, 100
3.81, 4.21, 3.50, 3.42,

3.24, 3.13
2.34, 2.47, 3.04,
2.86, 2.78, 3.11

Table 3: Essential amino acid (g/100 g) profile of insects in Southern Africa and the amino acid requirements of tilapias and sharptooth
catfish.

Gonimbrasia
belina1

Schistocerca
gregaria2

Musca
domestica2

Macrotermes
natalensis3

Gryllotalpa
africana2

Fishmeal1 Tilapias4
Sharptooth
catfish5

Arginine 3.2 — — 0.67 — 4.2 2.28 1.20

Cysteine — 0.8 0.7 — 0.8 0.34 — —

Histidine 1.65 3.0 2.4 0.67 2.3 1.4 1.05 0.42

Isoleucine 2.22 4.0 3.2 0.47 4.4 2.6 2.01 0.73

Leucine 3.50 5.8 5.4 0.9 9.8 4.5 3.40 0.98

Lysine 3.58 4.7 6.1 0.7 5.4 4.8 3.78 1.43

Methionine 0.89 1.4 2.2 0.2 1.4 1.5 0.9 0.64

Phenylalanine 2.51 3.4 4.6 1.09 3.0 2.9 2.50 1.40

Threonine 2.73 3.5 3.5 0.56 3.6 2.5 2.93 0.50

Tryptophan 0.68 0.8 1.5 0.06 0.6 3.4 0.43 0.14

Tyrosine 3.57 3.3 4.7 — 5.2 4.6 1.80 —

Valine 3.14 5.1 4.0 0.61 5.1 3.1 — 0.84

Essential amino acid
index (EAAI)

2.2637 2.9503 3.2613 0.5135 3.1050 2.6818

1Rapatsa and Moyo [31]; 2Tran et al. [34]; 3Igwe et al. [43]; 4Jauncey et al. [23]; 5Hecht et al. [36].
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nuisance and undesirable entity since it is associated with
rotting material. Very few studies have looked at organolep-
tic parameters of fish that have been fed with Musca domes-
tica [17]. Furthermore, consumer acceptance has also been
ignored in most studies. There is thus a need to carry out a
consumer survey before any commercial uptake of M.
domestica larvae to replace fishmeal in fish diets is
implemented. G. africana is also a good candidate in the
replacement of fishmeal. Among the insect ingredients, it
had the highest nutritional index, but the main challenge is
its availability. Gryllotalpa africana is nocturnal and spends
most of its time underground, and thus, they may be difficult
to harvest. Currently, we are not aware of any efforts to farm
G. africana. Although some species are widely cultivated in
Asia, no such cultivation is taking place in Southern Africa.
It is suggested that preliminary trial on the culturing of G.
africana be instituted because of its high potential in the
replacement of fishmeal.

Macrotermes natalensis was the least performing insect
ingredient. Thus, its inclusion in the replacement of fishmeal
is not recommended in the diets of both O. mossambicus and
C. gariepinus. No studies have been undertaken to evaluate
the replacement of fishmeal withM. natalensis.Macrotermes
natalensis are also subject to seasonal availability. Unlike
most of the insects discussed so far, rearing of termites is
very difficult and is not recommended [30]. Furthermore,
termites exhibit high emissions of methane.

G. belina had a high nutritional index but low feed value
because it is expensive. The effect of replacing fishmeal with
mopane worm meal in the diets of fish is poorly documented
in Southern Africa. Rapatsa and Moyo [13, 31] used mopane
worm meal to replace fishmeal in the diets of Oreochromis
mossambicus and Clarias gariepinus. Another study was
undertaken by Mwimanzi and Musuka [32] where they
replaced fishmeal with mopane worm meal in the diet of
Oreochromis macrochir. These are the only three studies
where mopane worm meal has been used to replace fish-
meal. Concerted efforts are currently underway in Southern
Africa to breed G. belina. They have been successfully bred
in Botswana and Zimbabwe.

3.2. Formulating Least-Cost Insect Diets. In this study, all
insect ingredients were incorporated into the fish diet to
achieve 35% crude protein and 12MJ/kg dry matter
metabolizable energy (Table 6). The choice of 35% crude
protein and 12MJ/kg metabolizable energy was based on
proximate analysis of commonly used pellets in Southern
Africa. The SOLVER function managed to converge to a
solution because of the high quality of the insect ingredi-
ents. In terms of inclusion, the insect meals were ranked
as G. africana>G. belina>S. gregaria>M. natalensis>M.
domestica. However, in terms of cost, the insect ingredi-
ents are ranked as follows: G. belina>G. africana>S. gre-
garia>M. domestica>M. natalensis (Table 6). G. africana
has the highest protein content of all the insect ingredients
in this study, and the cost reduction is 23% on G. africana
inclusion compared to the control diet. Gonimbrasia
belina is ranked second in terms of inclusion level
(Table 6). The cost reduction on inclusion of G. belina is
6% in comparison to the control. Schistocerca gregaria
ranked third in terms of the inclusion level (Table 6).
The cost reduction compared to the control is 24%. M.
natalensis is ranked fourth in terms of inclusion level
(Table 6), and its cost reduction is 31% compared to the
control. Despite its high cost reduction, M. natalensis
had the lowest nutritional index. Musca domestica is
ranked last in terms of inclusion level (Table 6), and the
cost reduction as compared to the control is 28%. Evi-
dently, M. domestica has a high cost reduction and is thus
recommended in the replacement of fishmeal. All the
insect meals resulted in cost reduction; this clearly shows

Table 4: Fatty acid (%) profile of insects in Southern Africa.

FA
Gonimbrasia

belina1
Schistocerca
gregaria2

Musca
domestica2

Macrotermes
natalensis3

Gryllotalpa
africana2

Lauric acid C12:0 <0.1 0.32 — 0.18 —

Myristic acid C14:0 <0.1 2.55 5.5 1.16 0.7

Palmitic acid C16:0 3.2 26.88 31.1 38.35 23.4

Oleic acid C18:1(n-9) 1.6 31.66 24.8 41.74 23.8

Linoleic acid C18:2(n-6) 3.7 24.67 19.8 5.03 38.0

α-Linolenic acid C18:3(n-
3)

1.6 10.14 2.0 0.87 1.2

Stearic acid C18:0 1.7 3.81 3.4 9.53 9.8
1Rapatsa and Moyo [31]; 2Tran et al. [34]; 3Igwe et al. [43].

Table 5: Feed value of insects in Southern Africa.

Insects
Nutritional

index
Availability

Cost
($/kg)

Feed
value

Fishmeal 7.2606 0.8 1.49 15.692

Musca domestica 6.3616 0.8 0.50 15.520

Gryllotalpa
africana

7.0778 0.2 0.50 15.027

Schistocerca
gregaria

6.0089 0.9 0.50 14.917

Gonimbrasia
belina

6.5747 0.3 1.49 14.121

Macrotermes
natalensis

5.7741 0.5 0.50 12.719
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Table 6: Software predicted nutritional composition (% DM) and cost ($/kg) of formulated feeds.

% insect inclusion

Component
Control
(FM)

Gonimbrasia
belina

Schistocerca
gregaria

Musca
domestica

Macrotermes
natalensis

Gryllotalpa
africana

Maize 25.14 2.50 11.00 10.00 10.00 22.42

Fishmeal 41.62 20.00 20.38 18.11 18.59 23.08

Insect 0 19.74 15.00 15.00 15.00 21.24

Cotton seed meal 14.58 28.70 48.93 48.26 44.02 13.16

Maize bran 13.66 4.06 6.68 3.62 7.39 15.09

Oil 1 1 1 1 1 1

Vitamin & mineral
premix

2 2 2 2 2 2

Binder 2 2 2 2 2 2

Total 100 100 100 100 100 100

CP 35 35 35 35 35 35

ME (MJ/kg) 12 12 12 12 12 12

Cost ($/kg) 0.7901 0.7429 0.5993 0.5700 0.5466 0.6087

Source

Total
Heterogeneity: χ2

38 = 10472.49 
(P < .001), 
I

2 = 100%

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

SMD (95% CI)

–4.79 [–8.29; –1.28]

0.19 [–0.22; 0.60]
0.69 [0.26; 1.11]
0.29 [–0.12; 0.71]
–2.17 [–2.54; –1.80]
–7.85 [–8.72; –6.98]
–15.73 [–17.40; –14.06]
–0.40 [–0.77; –0.04]
0.26 [–0.10; 0.62]
0.70 [0.33; 1.07]
0.60 [0.23; 0.96]
0.07 [–0.28; 0.43]
–0.14 [–0.50; 0.22]
0.09 [–0.32; 0.51]
0.22 [–0.20; 0.63]
1.97 [1.47; 2.48]
–6.68 [–7.76; –5.60]
–3.16 [–3.40; –2.92]
–2.78 [–3.00; –2.56]
–2.68 [–2.90; –2.45]
–1.37 [–1.55; –1.19]
–8.46 [–9.79; –7.13]
–16.71 [–19.24; –14.18]
–22.27 [–25.63; –18.92]
–17.34 [–19.96; –14.71]
0.99 [0.45; 1.53]
–0.99 [–1.53; –0.45]
–2.96 [–3.71; –2.22]
–1.48 [–2.06; –0.91]
–4.94 [–5.98; –3.89]
5.68 [4.51; 6.85]
4.30 [3.36; 5.25]
1.26 [1.22; 1.31]
–0.26 [–0.30; –0.22]
–1.26 [–1.31; –1.22]
19.74 [16.05; 23.43]
–19.35 [–22.97; –15.73]
–15.10 [–17.94; –12.26]
–35.58 [–42.19; –28.98]
–42.45 [–50.32; –34.57]

–40 –20 0 20 40
Standardised mean difference (95% CI)

Figure 1: SGR forest plot of effect sizes of insect meals as a replacement of fishmeal in tilapias and sharptooth catfish.

6 Aquaculture Nutrition



that from an economic perspective, replacement of
fishmeal with insect meals may be a viable alternative.

Fish farmers in Southern Africa have to contend with
expensive and sometimes poor quality feed [10]. Insects
are readily available at most of the fish farms, albeit season-
ally. Fish farmers must be encouraged to make their own
feed at the farms using the SOLVER function in Excel. A
basic knowledge of Excel is all that is required, and most fish
farmers in Southern Africa have computers. In cases where
fish farmers do not have computers, government through
extension officers must provide hardware, software, and
training. There is a need to test our formulated diets in both
tilapias and sharptooth catfish. One of the challenges that
may arise from our formulated feed is the high amounts of
cotton seed meal used in formulating the diets. It has been
reported that high amounts of cotton seed meal (more than
25%) may reduce feed intake and thus affect the growth of
the fish [33].

3.3. Meta-analysis of the Effects of Insect Meal on the Growth
of Tilapias and Sharptooth Catfish. Figures 1 and 2 depict the
forest plots of the treatment effects of insect meals used in
the replacement of fishmeal in the diets of tilapias and
sharptooth catfish. The overall effect size of the comparisons
between fishmeal replacement levels in the diet and a control
condition was -4.79 (99%CI -8.29; -1.28) for SGR (Figure 1)
and 10.42 (99% CI -1.13; 21.97) for FCR (Figure 2). The
meta-analysis showed a mean effect size that was signifi-
cantly different for SGR. The level of heterogeneity for
SGR was I2 = 100%ðP < 0:01Þ and I2 = 99%ðP < 0:01Þ for
FCR. Thus, overall, the meta-analysis shows that insect
meals have a significant effect on the SGR of tilapias and
sharptooth catfish since the diamond does not cross or touch
the centre line. This again highlights the potential positive
impact of insect meals on the growth of tilapias and
sharptooth catfish. Hua [19] carried out a comprehensive
meta-analysis study of replacing fishmeal with insect meals

Source

Total

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

SMD (95% CI)

10.42 [–1.13; 21.97] 

–1.59 [–2.06; –1.11]
–7.54 [–8.73; –6.34]
–4.16 [–4.91; –3.42]
1.03 [0.72; 1.34]
0.88 [0.58; 1.19]
7.75 [6.89; 8.61]
–0.31 [–0.67; 0.05]
–0.57 [–0.94; –0.20]
–0.24 [–0.60; 0.12]
–0.19 [–0.54; 0.17]
0.06 [–0.30; 0.42]
–5.70 [–6.52; –4.89]
0.62 [0.20; 1.05]
0.76 [0.33; 1.19]
–0.32 [–0.74; 0.09]
3.81 [3.11; 4.52]
2.40 [2.19; 2.61]
1.98 [1.79; 2.18]
0.18 [0.02; 0.34]
–0.40 [–0.56; –0.24]
39.66 [33.72; 45.60]
99.15 [84.33; 113.96]
118.97 [101.20; 136.75]
178.46 [151.80; 205.13]
0.25 [–0.26; 0.75]
–1.85 [–2.46; –1.24]
–4.44 [–5.41; –3.48]
–2.84 [–3.57; –2.11]
–6.42 [–7.71; –5.12]
–5.03 [–6.09; –3.97]
–2.66 [–3.36; –1.95]
–0.45 [–0.49; –0.41]
–1.26 [–1.31; –1.22]
–1.00 [–1.04; –0.96]
1.21 [ 0.66; 1.76]
9.92 [8.02; 11.83]
7.05 [5.65; 8.45]
5.68 [4.51; 6.84]
8.44 [6.80; 10.09]

–200 –100 0 100 200
Standardised mean difference (95% CI)

Heterogeneity: χ2
38 = 5341.43 
(P < .001), 
I

2 = 99%

Figure 2: FCR forest plot of effect sizes of insect meals as a replacement of fishmeal in tilapias and sharptooth catfish.
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on growth performance of different fish species. The results
of our focused meta-analysis are in agreement with Hua
[19]’s overall finding that insect meals are a promising novel
ingredient in the replacement of fishmeal. The overall effect
size on FCR showed that there was no significant difference
between the treatment and the control (Figure 2). This again
shows that insect meals may be a viable alternative to fish-
meal. Although meta-analysis is a useful tool in assessing
the overall effect of insect meals on fish growth, the selection
criteria may compromise the results because some insects
may be totally excluded from the analysis. This problem is
largely due to the limited number of studies undertaken for
some of the insects.

The response of tilapias and sharptooth catfish to the
replacement of fishmeal showed a wide scatter (Figures 3
and 4). Response ratios of less than one indicate that the
insect meal is inferior to fishmeal [19]. For SGR, 38% of
the studies recorded response ratios above one, while
50% of the studies recorded response ratios above one
for FCR. These results are consistent with Rapatsa and
Moyo [13, 31] who evaluated the utilization of mopane
worm by O. mossambicus and C. gariepinus. They reported
that C. gariepinus growth was negatively affected by inclu-
sion levels of mopane worm as low as 20%. On the other
hand, tilapias were not negatively affected by mopane
worm inclusion levels as high as 60%. Factors causing
inconsistencies among researchers on the use of insect

meal in the diet of O. mossambicus and C. gariepinus
may be due to variations in diet formulation, different fish
sizes, and culture systems.

4. Conclusion and Recommendations

All the insect ingredients met the protein requirements for
both O. mossambicus and C. gariepinus. Except for M.
natalensis, all the other insect ingredients met the fat
requirements for O. mossambicus and C. gariepinus. The
amino acid profile for M. natalensis was also poor and did
not meet the lysine, methionine, and tryptophan require-
ments for both fish species. The highest EAAI was recorded
in M. domestica. M. natalensis had the lowest EAAI index.
Use of M. natalensis is therefore not recommended in the
replacement of fishmeal in both O. mossambicus and C. gar-
iepinus. The most promising potential ingredients are M.
domestica and G. africana. The meta-analysis also showed
that overall, insect meals have a positive effect on SGR and
FCR of tilapias and sharptooth catfish. It is recognised that
each of these insects have limitations, and we recommend
that future studies look at the possibility of mixing different
insect meals in feed formulation.

Data Availability

Availability of data and material is on request.
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Figure 3: SGR response ratio of tilapias and sharptooth catfish fed on insect meals.
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Figure 4: FCR response ratio of tilapias and sharptooth catfish fed on insect meals.
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