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ABSTRACT 

The aim of this thesis was to investigate the potential of enhancing freshwater fish 

production through replacement of fishmeal with insect meals.  

The effect of dietary full-fat Stinkbug (Encosternum delegorguei) meal on growth 

performance, blood serum chemistry, liver and intestinal histology, and digestive 

enzyme profile of Oreochromis mossambicus and Clarias gariepinus was evaluated. 

The Stinkbugs were purchased from the Thohoyandou Town open market. Five diets 

were formulated to partially substitute fishmeal at 0, 10, 30, 50, and 70%. The diets 

were formulated to be isonitrogenous (30% crude protein), isolipidic (12% fat content), 

and isocaloric (15 MJ/Kg). Oreochromis mossambicus juveniles (4.2 ± 0.3 g) were 

stocked randomly in triplicates at 15 fish per tank. Clarias gariepinus fingerlings (6.4 ± 

1.02 g) were stocked randomly in triplicates at 5 fish per tank. The experimental 

system used for both species was the same. There was a decline in growth 

performance indices (SGR, TGC, FI, PER, APDC) with an increase in Stinkbug meal 

inclusion in both O. mossambicus and C. gariepinus. The decline in growth 

performance was more evident in inclusion levels above 30% in both species and it 

was attributed to the poor amino acid profile of the Stinkbug meal and its low (29%) 

protein content. The organosomatic indices (CF, VSI, HSI) were not influenced 

(P>0.05) by the inclusion of Stinkbug meal. The AST and ALT levels significantly 

increased at the highest inclusion level (P<0.05) in both O. mossambicus and C. 

gariepinus.  This shows that an inclusion level above 50% may pose stress to these 

fish species. However, the liver and intestinal histology showed no significant 

alterations with higher inclusion levels in both O. mossambicus and C. gariepinus. This 

showed that the inclusion of the Stinkbug meal in the diets of these two species did 

not affect their liver and gastrointestinal tract. The digestive enzyme profile (amylase, 

protease, and lipase) showed that both O. mossambicus and C. gariepinus are 

probably equipped to utilise insect-based diets. Despite the decline in growth 

performance, cost-benefit analysis showed that the Stinkbug meal may be a 

sustainable alternative to fishmeal.  

Due to poor amino acid, fatty acid profiles, and the low inclusion level of the Stinkbug 

meal, it was thus prudent to search for locally available alternative insects to potentially 

replace fishmeal in the diets of O. mossambicus and C. gariepinus. The Alates termites 



 

viii 
 

have a better nutritional profile than the Stinkbug meal and are widely available. The 

utilisation of the Alates termite meal (M. falciger) based diets was compared between 

O. mossambicus and C. gariepinus. De-winged Alates termites were purchased from 

the Thohoyandou Town open market. Diet formulation and experimental set-up were 

adopted as in the previous chapter. The Alates termite meal replaced fishmeal up to 

50% without compromising the growth performance of O. mossambicus and C. 

gariepinus. The higher inclusion level (50%) in Alates termite meal was partly 

attributed to its protein content (40.46%) which meets the requirements for O. 

mossambicus (30%) and C. gariepinus (40%). Moreover, the Alates termite meal 

recorded an Essential amino acid index (EAAI) (1.87) which was higher than the 

Stinkbug meal EAAI (0.11). However, at inclusion levels above 50%, SGR, WG, TGC, 

FI, PER, and APDC significantly declined (P<0.05) in both species. The 

organosomatic indices followed a similar trend. The ALT and AST levels were not 

influenced by the inclusion of Alates termite meal in O. mossambicus. On the other 

hand, these enzymes were significantly (P<0.05) elevated at inclusion levels above 

50% in C. gariepinus. This shows that inclusion levels above 50% may impose stress 

on C. gariepinus. The liver and intestine of both fish species were not compromised 

even at the highest inclusion level. Normal histological micrographs of the liver and 

intestine were observed across experimental diets in both species. The cost-benefit 

analysis showed that substituting fishmeal with the Alates termite meal is economically 

viable. Defatting the Alates termite meal is recommended before incorporation into fish 

diets. The major limitation of Alates termites is their seasonal variation. It was thus 

important to search for an insect that could be harvested throughout the year within 

the geographical area.  

The Soldier termite caste of M. falciger was also used as a potential insect to partially 

replace fishmeal in the diets of O. mossambicus and C. gariepinus. Unlike the 

Stinkbugs and the Alates termite, the Soldier termite is one of the insects that is 

available throughout the year. The Soldier termites were purchased from the 

Thohoyandou Town open Market. The same experimental diet formulation procedure 

was adopted as in the previous chapters. Juvenile O. mossambicus (9.70 ± 1.2 g) 

were randomly stocked in triplicates at a stocking density of 10 fish per tank. On the 

other hand, C. gariepinus fingerlings (5.3 ± 0.8 g) were randomly assigned their diets 

in triplicates at a stocking density of 5 fish per tank. The best growth performance 
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parameters (SGR, TGC, FI, PER, APDC) were recorded at the 50% inclusion level in 

O. mossambicus. On the contrary, a decline in growth performance with an increase 

in the Soldier termite meal was observed in C. gariepinus. Inclusion levels beyond 

10% significantly reduced the growth performance and nutrient utilisation of C. 

gariepinus. The difference in growth performance of these two species was ascribed 

to their feeding habits. Herbivorous fish species have shown the potential to utilise 

diets with higher insect meal inclusion levels. The organosomatic indices were not 

(P>0.05) influenced by the inclusion of Solider termite meal in the diets of both O. 

mossambicus and C. gariepinus. The study showed that the health status of both fish 

species was not compromised. Histomorphology micrographs also confirmed the 

normal health status observed in both fish species. The study further showed that O. 

mossambicus and C. gariepinus have different digestive enzyme profiles and are 

differently equipped to digest insect-based diets. Substitution of fishmeal with Soldier 

termite meal may yield higher profit margins than using fishmeal-based diets in O. 

mossambicus and C. gariepinus.  

The study showed that locally available insects have the potential to replace fishmeal 

in the diets of two commonly cultured warm freshwater species. The Alates termite 

meal is recommended to replace fishmeal in the diets of both species. The Soldier 

termite meal is recommended to replace fishmeal in the diet of O. mossambicus. 

Defattening of the Stinkbug meal is also recommended before incorporating into the 

fish diets. Digestion can also be improved through supplementation of Natuzyme50® 

in fish diets. This study showed that the use of locally available insects in the diets of 

commonly cultured freshwater species has the potential for higher profit margins in 

aquaculture enterprises. However, a detailed economic analysis is recommended. 

This may increase warm freshwater aquaculture production and improve the livelihood 

of local fish farmers. 
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CHAPTER 1: GENERAL INTRODUCTION 

1.1 INTRODUCTION 

1.1.1 Aquaculture Overview in South Africa 

 

South Africa has been described as a country with a great potential for aquaculture 

production (Adeleke et al., 2021; DAFF, 2021). Aquaculture in South Africa was 

introduced in 1673 and 1676 with a culture of oysters (FAO, 2010). In the 1980s, trout, 

mussel, ornamental and catfish farming were established (Hecht and Britz, 1990). 

Aquaculture production in South Africa has been increasing in the past decade. 

However, an increase of only 4% was recorded from 2014 to 2015 (DAFF, 2017). This 

is significantly lower than the increasing rate of other African countries. South Africa’s 

contribution to Africa’s aquaculture production is negligible. In 2018, South Africa 

ranked the 10th country in the top 10 producing countries in Africa (Figure 1.1). 

 

 

Figure 1.1: Top 10 aquaculture producers in Africa in 2018 (Adeleke et al., 2021). 

 

Aquaculture in South Africa consists of freshwater and marine subsectors, with the 

marine subsector more developed than the freshwater. The marine subsector is 

dominated by molluscs, oysters and mussels and is mainly practised in the Western 
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Cape Province in Overberg (Adeleke et al., 2021). The main species farmed in marine 

aquaculture are abalone (Haliotis midae), Pacific oyster (Crassostrea gigas), mussels 

(Mytilus galloprovincialis and Chromomytilus meridionalis) and dusky kob 

(Argyrosomus japonicus) (DAFF, 2015). Abalone farming has been dubbed the 

powerhouse for South African marine aquaculture, contributing 76% of the total marine 

production (Britz and Venter, 2016). South Africa’s marine aquaculture has a well-

established policy, which was gazetted in 2007 

(https://www.gov.za/sites/default/files/gcis_document/201409/30263.pdf) 

 

Freshwater aquaculture in South Africa is mainly practised in Mpumalanga, Gauteng, 

and Limpopo Provinces (DAFF, 2016). Trout is a leading contributor to freshwater 

aquaculture and the two commonly farmed trout species are rainbow trout 

(Oncorhynchus mykiss) and brown trout (Salmo trutta). The Mozambique tilapia (O. 

mossambicus) is the second most produced freshwater species, after O. niloticus 

(DAFF, 2016). The African catfish (C. gariepinus), common carp (Cyprinus carpio) are 

also some of the farmed freshwater species in South Africa (DAFF, 2016).  

 

1.1.2 Factors affecting aquaculture production. 

 

The factors affecting aquaculture production in southern Africa were recently reviewed 

(Moyo and Rapatsa, 2021). These include physical, biological, and socio-economic 

factors. South Africa has limited suitable environmental conditions for aquaculture 

production (Britz and Venter 2016). The inland regions have water scarcity, due to the 

low annual rainfall. The main production system used in aquaculture production is 

earthen ponds, which require large volumes of water. South Africa has high summer 

temperature and low winter temperature which discourages either coldwater or 

warmwater freshwater species culture in open systems (Britz and Venter 2016). 

Furthermore, South Africa has a complex regulation regarding aquaculture production 

(Adeleke et al., 2021). The legislation is fragmented and involves different government 

departments such as the Department of Environment, Forestry and Fisheries (DAFF), 

Department of Environmental Affairs (DEA) and the Department of Water Affairs 

(DWA). These departments play different roles in the aquaculture sector. The 

complicated and ambiguous regulatory procedure delays permit issuing. Thus, 
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constraining aquaculture growth and development (Adeleke et al., 2021; Moyo and 

Rapatsa, 2021). 

 

Among the biological factors, feed quality and high feed cost have been described as 

major hindrances to aquaculture production. Fish feed contributes between 60 and 

70% of the total aquaculture production costs (Alfiko et al., 2022; FAO, 2016). In 

southern African, most fish feeds are imported, making them expensive. The principal 

source of protein in fish feed is the fishmeal. Fishmeal is considered a major protein 

source due to its high protein content, balanced amino acid profile, high digestibility, 

vitamins, and minerals that support fish development and health (Siddaiah et al., 2023; 

Shukla et al., 2019). Of the total annual global fish catch, about one-third is used in 

fishmeal production (Barlow, 2003). High demand for fishmeal in the animal feed 

industry has led to the overexploitation of wild fish, a decrease in human food security, 

and an escalation in fishmeal price (Liao et al., 2022). Global fishmeal price has been 

increasing for the past two decades and is currently selling at R 26 821.21 per metric 

ton (World Bank, 2022; Figure 1.2). It is predicted that in 2030, fishmeal price will rise 

by 30% compared to 2018 due to the increasing worldwide demand (Khieokhajonkhet 

et al., 2022). Moreover, high fishmeal price has also been prompted by the competition 

in the animal feed (poultry, livestock, fisheries) industry. Thus, fishmeal is no longer 

deemed sustainable to support the growth of aquaculture production.  
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Figure 1.2:  Global fishmeal price in Rand per metric ton from 2003 to 2023 (World 

Bank, 2022). 

1.1.3 A search for an alternative protein source  

 

Protein sources such as animal-based, and plant-based have been used as fishmeal 

replacements in aqua feed (Daniel, 2018). Animal protein sources such as fishery by-

product (fish silage), terrestrial animal by-product (poultry, blood meal, meat and bone 

meal, feather meal) have also been employed as fishmeal replacement in the animal 

feed industry (El-Sayed, 2020). They have high protein content and good essential 

amino acid profile. However, some of these animal by-products are deficient in one or 

more essential amino acids such as lysine, isoleucine, and methionine. 

 

Plant-based protein sources such as kikuyu grass (Hlophe-Ginindza et al., 2015; 

Hlophe et al., 2011), moringa leaf powder (Idowu et al., 2017; Hlophe and Moyo, 2014; 

Richter et al., 2003), soybean meal (Abdel-Warith et al., 2020; Liu et al., 2020) and 

cottonseed meal (Tiamiyu et al., 2013; Agbo et al., 2011; Soltan et al., 2011) have 

been widely explored in different fish species. The main challenge with kikuyu grass 

and moringa leaf powder is the presence of anti-nutritional factors that reduce growth 

performance, palatability, and digestibility. Moreover, these plant-based diets also 

showed a degraded liver and intestinal histology in the tested fish species (Hlophe and 

Moyo, 2014). In plant-based protein sources, soybean meal is deemed the most 

promising plant-based protein source in the animal feed industry (Moyo and Rapatsa 

-Malatji, 2023). This is attributed to its high protein content and a balanced amino acid 
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profile that meets the fish requirement and its wide availability (Liu et al., 2020; Shukla 

et al., 2019;). However, the limitations associated with soybean meal and other plant-

based protein sources are their deficiency in sulphur-containing amino acids 

(methionine and cysteine), the presence of anti-nutrients such as protease inhibitors, 

lack of taurine and low palatability (El-Sayed, 2020, Novriadi, 2017). Moreover, an 

increase in demand for protein sources in the animal feed industry has resulted in an 

increase in soybean meal prices. Thus, plant-based protein sources are not a feasible 

solution in the aquaculture feed industry.  

 

 1.1.4 Insects as novel ingredient in aqua feed. 

 

Insects have recently gained attention from researchers as novel ingredients for 

substituting fishmeal in aquafeeds. The European Union (EU) regulation has 

authorised the use of insect protein originating from seven insect species (Regulation 

2017/893, Annex X) in animal feed production including aquaculture. These insects 

include black soldier fly (Hermetia illucens), common housefly (Musca domestica), 

yellow mealworm (Tenebrio molitor), lesser mealworm (Alphitobius diaperinus), house 

cricket (Acheta domesticus), banded cricket (Gryllodes sigillatus), and field cricket 

(Gryllus assimilis). The EU legislation further authorised silkworm (Bombyx mori) in 

2021 November (European Union, 2021; European Union, 2017). The authorisation 

has also driven an increase in the number of trials using insect meals as fishmeal 

replacement. The major reason for the delay in authorising insect-derived protein 

sources in animal feed is the potential risk of mad cow disease (Bovine Spongiform 

Encephalopathy) (Renna et al., 2023). This is an incurable neurodegenerative disease 

of cattle transmissible to humans which occurred in the late ‘90s of the last century 

(Renna et al., 2022). 

 

Insects form part of the natural diet of both marine and freshwater fish species (Makkar 

2014; van Huis 2013) and different orders exhibit different nutritional compositions 

(Hua, 2021). They contain high quality protein content, fat content and a balanced 

amino acid and fatty acid profile (Alfiko et al., 2022; Henry et al., 2015). Insects also 

have a small ecological footprint and a high feed conversion efficiency (Makkar et al., 

2014). Some of the insects that have been used in aquafeed include the black soldier 

fly larvae (Hermetia illucens) (Fischer et al. 2022; Mohan et al. 2022; Guerreiro et al. 
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2020), mealworm larvae (Tenebrio molitor) (Tran et al. 2022; Coutinho et al. 2021; 

Jeong et al. 2020;), housefly larvae (Musca domestica) (Akinwole et al., 2020; Saleh, 

2020; Gbai et al. 2019), mopane worm (Imbrasia belina) (Nyuliwe et al., 2022; Rapatsa 

and Moyo 2019; Rapatsa and Moyo 2017), and superworm (Zophobas morio) (Henry 

et al. 2022; Prachom et al. 2021; Jabir et al. 2012). These insects have been used in 

different fish species (marine and freshwater) with varying degrees of success. 

However, in southern Africa, there are very few published articles where insects have 

been used as fishmeal replacements, especially in South Africa.  

Southern Africa is a sub-tropical region that is endowed with a variety of insects that 

has the potential to replace fishmeal in aquafeed. However, there is very little that has 

been done in evaluating these insects as fishmeal substitutes. One of the insects that 

showed promising results is the Mopane worm (Imbrasia belina). Mopane worm 

contains 56.8% protein content and 12.9% fat content (Rapatsa and Moyo, 2017). The 

protein and fat content of Mopane worm is comparable to fishmeal (65.5% protein and 

12% fat). This insect showed high growth rates when incorporated into the diets of O. 

mossambicus in South Africa (Rapatsa and Moyo, 2017). However, a decline in growth 

performance and nutrient utilisation have been observed in C. gariepinus when fed the 

same diet (Rapatsa and Moyo, 2019). The Mozambique tilapia (O. mossambicus) and 

C. gariepinus are warm freshwater species with different feeding habits. This explains 

their different response towards the Mopane worm-based diet. The limitation 

associated with the Mopane worm is its seasonal availability. It is bivoltine and the first 

generation is harvested between October and January whilst the second generation 

is harvested between February and May (Dube and Dube, 2010). Another limitation of 

Mopane worm is bioaccumulation of heavy metals. Greenfield et al. (2014) showed 

that metal concentrations in Mopane worms were higher than the European Union and 

United Kingdom recommended legal limits for human consumption. This is mainly 

because Mopane trees are found in mineral rich areas containing heavy metals. It is 

thus important to evaluate other insect species in southern Africa, especially in the 

rural communities where there is poor access to commercial feed. Some of the locally 

available insect species are the Stinkbugs (E. delegorguei), Soldier termites, and 

Alates termites (M. falciger). The effect of these insects as potential substitute of 

fishmeal in O. mossambicus and C. gariepinus has not been investigated before. 
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Stinkbugs (E. delegorguei, Spinola, 1850) are edible insects from the Hemiptera 

Order. They are predominantly found in the northern part of South Africa (Limpopo 

and Mpumalanga Provinces), southern parts of Zimbabwe, Mozambique, Botswana, 

Eswatini, and Namibia (Makore et al. 2015, Dzerefos et al. 2013). Stinkbugs are 

phytophagous insects that mainly feed on sub-tropical plants such as Dodonaea 

viscosa and Diospyros mespiliformis (Dzerefos et al. 2009). Their protein content 

ranges between 35.2% and 37.7%, whilst the fat content ranges between 51% and 

57.7% (Musundire et al., 2016; Makore et al., 2015; Teffo et al., 2007). Teffo et al. 

(2007) reported that Stinkbugs contain essential amino acids, fatty acids, vitamins, 

and minerals. Stinkbugs are harvested during the dry season (May, June, and July) 

and have a long shelf life. Although Stinkbugs have rich nutritional content, they have 

not been evaluated as feed in the animal feed industry.  

Solder termites and Alates (winged) termites (M. falciger) are also some of the insects 

that are locally available. Both Soldier and Alates termites are also commonly eaten 

insects in southern Africa. They mainly feed on cellulose, which is obtainable from 

wood, grass, leaves and humus. Most termites of the family termitidae are humivores. 

These insects are rich in proteins, fats, essential amino acids, and vitamins 

(Netshifhefhe et al., 2018). They contain minerals such as phosphorus, calcium, iron, 

and magnesium (Mbah and Elekima, 2007). Sogbesan and Ugwumba (2008) reported 

that Alates termite meal contains 46.3% crude protein, 30% lipids, 7.3% fibre, 3.6% 

ash, and 2 457.61 KJ/100g gross energy.  The literature on Soldier and Alates termites 

in the animal feed industry is also patchy. These insects have the potential to serve 

as a novel ingredient in substituting fishmeal in the diet of common cultured warmwater 

fish species in southern Africa.  

The two commonly cultured warm freshwater fish species in southern Africa are the 

Mozambique tilapia (O. mossambicus) and the African catfish (C. gariepinus) (DAFF, 

2019). Oreochromis mossambicus gained its preference due to its wide-ranging 

tolerance to ecological conditions, generalist dietary requirements, and rapid 

reproduction in captivity (Russell et al., 2012). Clarias gariepinus is one of the species 

of interest due to its high degree of hardiness, its rapid growth, and survival in low-

oxygen water (Kari et al., 2021). Clarias gariepinus is an opportunistic predator 

species that feeds on various items such as fish, plankton, invertebrates, and insects 



 

8 
 

(Henry et al., 2015). Insects form part of the natural diet for both O. mossambicus and 

C. gariepinus. Thus, it is speculated that both species are pre-adapted to utilising 

insect-based diets. Moreover, O. mossambicus and C. gariepinus have different 

feeding habits. It is important to determine the response of fish with different feeding 

habits on insect-based diets.  

 1.1.5 Research Problem 

Due to the escalating price, unreliable supply, and current fishmeal scarcity, insects 

have been deemed potential novel ingredient in replacing fishmeal in aqua feed. Some 

insects contain high protein content, balanced amino acid and fatty acid profile 

comparable to fishmeal. Insects such as Hermetia illucens, Musca domestica, 

Tenebrio molitor, Acheta domesticus, Imbrasia bellina, and Zophobas morio have 

been explored as substitutes for fishmeal in different fish species. Most insects 

showed promising results, depending on fish and insect species. It is of paramount 

importance to evaluate locally available insects as fishmeal substitutes in the diet of 

commonly cultured fish species of economic importance in southern Africa. The 

literature showed that fish with different feeding habits responds differently towards an 

insect-based diet. However, results from different studies are not comparable due to 

differences in diet formulations, dietary nutrient compositions, insect processing 

methods and rearing conditions. Thus, it is prudent to compare the response of two 

species with different feeding habits under the same experimental conditions for 

comparable results.  

1.1.6 Aim, objectives and research questions 

The aim of this study was to investigate the potential of enhancing freshwater fish 

production through replacement of fishmeal with insect meals. 

Objectives of the study were: 

I. To determine the effect of substituting fishmeal with Stinkbug meal, Alates 

termite meal and Soldier termite meal on the growth performance of O. 

mossambicus and C. gariepinus. 
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II. To determine serum chemistry of O. mossambicus and C. gariepinus fed diets 

with Stinkbug meal, Alates termite meal and Soldier termite meal as substitutes 

for fishmeal. 

III. To determine the effect of Stinkbug meal, Alates termite meal and Soldier 

termite meal as fishmeal replacements in the liver and intestine histology of O. 

mossambicus and C. gariepinus. 

IV. To determine enzyme profile of O. mossambicus and C. gariepinus fed diets 

with Stinkbug meal, Alates termite meal and Soldier termite meal as fishmeal 

replacements. 

V. To determine the cost benefit analysis of replacing fishmeal with Stinkbug 

meal, Alates termite meal and Soldier termite meal in O. mossambicus and C. 

gariepinus diets. 

The research questions to be addressed in this study were: 

I. To what extent can Stinkbug meal, Alates termite meal and Soldier termite meal 

replace fishmeal in the diets of O. mossambicus and C. gariepinus? 

II. How will insect-based diets (Stinkbug meal, Alates termite meal and Soldier 

termite meal) affect the blood serum chemistry of O. mossambicus and C. 

gariepinus? 

III. Will insect-based diets affect the histomorphology of O. mossambicus and C. 

gariepinus? 

IV. Does insect-based diet have an effect on the digestive enzyme profile of tested 

fish species? 

V. Is it economically feasible to replace fishmeal with insect meals in the diets of 

O. mossambicus and C. gariepinus? 

1.1.7 Thesis layout 

The thesis is divided into seven chapters.  

Chapter 1: Covers the general introduction and research problem. 

Chapter 2: The literature of using insects as fishmeal replacement in fish diets has 

been reviewed in this chapter.  
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Chapter 3: The growth performance, blood chemistry, liver and intestinal histology 

and digestive enzyme activity of Oreochromis mossambicus and Clarias gariepinus 

fed diets with full-fat Stinkbug (Encosternum delegorguei) meal. 

 Chapter 4: A comparative study on the utilisation of an Alate (Macrotermes falciger) 

based diet by a herbivorous fish (Oreochromis mossambicus) and an opportunistic 

predator (Clarias gariepinus). 

Chapter 5: Partial replacement of fishmeal with Soldier termite (Macrotermes falciger) 

in juvenile Oreochromis mossambicus and Clarias gariepinus fingerlings was 

evaluated. The effects on growth performance, blood serum chemistry, 

histomorphology and digestive enzymes were also assessed. 

Chapter 6: The chapter covers the general summary of the findings and specific 

recommendations. 

Chapter 7: The references of the study are outlined in this chapter. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Insects as food 

Insects have been utilised as both food and feed for millennia. Beetles, caterpillars, 

ants, locusts, crickets, bugs and termites are the most commonly eaten groups of 

insects (FAO, 2013). This is due to their nutritional value, rich protein, fats, and 

essential macronutrients (Rumpold and Schlüter, 2013). Insects are also consumed 

for health benefits, and economic viability (Tang et al., 2019; FAO, 2013). Most of 

these edible insects are harvested from the field. However, many countries have 

already begun innovative mass-rearing systems for these insects (FAO, 2013). 

Different countries have a varied number of edible insects (Figure 2.1). South Africa 

is one of the countries in Africa that has over 200 edible insects.  

 

Figure 2.1: Recorded number of edible insect species in the world (FAO, 2013). 

2.2 Use of insects in animal feed 

Insects have been widely used as feed in poultry (Mutungi et al., 2017; Ssepuuya et 

al., 2017; Kenis et al., 2014), piggery (Hong and Kim, 2022; DiGiacomo and Leury, 

2019) and fishery industries (Mastoraki et al., 2022; Shekarabi et al., 2021; Nogales-
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Mérida et al., 2019 Stadtlander et al., 2017) and showed promising results. Insects are 

a part of the natural diet of both marine and freshwater fish species (Nogales-Mérida 

et al., 2019; Henry et al., 2015). Insects contain substantial amounts of high-quality 

protein of between 50 and 82% on a dry matter basis (Rumpold and Schlüter, 2013). 

Some insects have been reported to be rich in mono- and poly-unsaturated fatty acids 

such as oleic and linoleic acid. Insects of the Diptera order have an amino acid profile 

comparable to fishmeal (Tran et al., 2015). This shows that some insects have an 

amino acid profile that correlates with fish requirements (Alegbeleye et al., 2012; NRC, 

2011). Insects are rich in minerals and vitamins (Arru et al., 2019; Henry et al., 2015). 

These includes iron, phosphorus, magnesium, calcium, selenium, and zinc (Mastoraki 

et al., 2022). Vitamins includes vitamin A, D, and B complex (Rumpold and Schlüter, 

2013). Insects can be used as substitutes for fishmeal at either larvae, pupae, or adult 

stages. However, the larval stage is most preferred. Apart from these factors, most 

insects have specific physiological traits such as high reproduction rate, short life 

cycle, rapid growth and are easy to handle and manipulate (Rumbos and Athanassiou, 

2021). Most insects used in fish feeds belong to the order Orthoptera, Coleoptera, 

Lepidoptera and Diptera (Henry et al., 2015). 

Studies have also shown that several insects contain a valuable amount of taurine and 

hydroxyproline, which are essential for fish growth and health (Pinto et al., 2013). 

These are some of the aspects that make insects a promising protein source in 

replacing fishmeal in animal feeds. In aquaculture, some of the widely used insects in 

replacement of fishmeal in fish diets include the black soldier fly (Hermetia illucens), 

common housefly (Musca domestica), mealworm (Tenebrio molitor), silkworm 

(Bombyx mori) and mopane worm (Imbrasia belina) and superworm (Zophobas 

morio). These insects are from the orders Diptera, Tenebrionidae and Lepidoptera. 

The use of insect meals in aqua feed is associated with a number of limitations. These 

includes chitin content. Chitin is a polysaccharide of glucosamine and N-

acetylglucosamine containing nitrogen atoms (Nogales-Mérida et al., 2019). It serves 

as a protective and structural component in arthropod exoskeletons such as insects 

and crustacean. Generally, chitin in insects is principally considered as fibre due to its 

similar structure to cellulose. Several studies have shown that a decline in growth 

performance and nutrient utilisation in fish fed an insect-based diet is attributed to 
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chitin levels in the insect meal (Azri et al., 2022; Adeoye et al., 2019). Kroeckel et al., 

(2012) also reported that chitin hinders diet digestibility. Caimi et al., (2020) showed 

that chitin could affect liver lipid accumulation and may induce intestinal inflammation. 

Finke (2007) estimated that chitin content in insects ranges between 11.6 and 137.2 

mg/kg (DM), which is not high enough to reduce the growth performance and nutrient 

utilisation in fish species. Thus, an insect-based diet will only transfer a very small 

amount of chitin to the fish. There are studies that reported the benefits of chitin in fish 

diets and also elaborated that chitin content has no effects on fish growth and health 

(Priyadarshana et al., 2022; Abdel-Tawwab et al., 2020; Elia et al., 2018). Moreover, 

other studies reported that chitin promote growth of potentially beneficial gut microbes 

that in vitro inhibit the growth of common fish pathogens (Askarian et al., 2012). Chitin 

has also been reported as a beneficial factor regulating blood parameters such as 

plasma haemoglobin content, red blood cells, and white blood cells (Priyadarshana et 

al., 2022). The contradictory results and findings regarding chitin content may be due 

to the different insect species, their larval stage, and processing methods (Finke, 

2007). The use of insects in animal feed has the potential to raise competition with 

human food. In western societies, insect consumption is not widely practiced, unlike 

in Africa where insects have long served as traditional foods (Sogari et al., 2023; 

DeFoliart, 1999). Thus, it is of paramount importance to consider using insects that 

serve no competition with human food, especially in African societies.  

2.3 Insects used to substitute fishmeal and factors affecting their utilisation. 

 

2.3.1 Black Soldier Fly (Hermetia illucens) 

The black solider fly is one of the few insects approved for use in animal feed by the 

European Union (European Union, 2017). It belongs to the order Diptera of the 

Stratiomyidae family.  It is one of the most promising insect species in replacing 

fishmeal in aquafeeds. This is mainly due to its nutritional profile which makes it the 

best candidate for use in animal feed. It is one of the insects where a 100% inclusion 

level has been achieved in fish species (Tippayadara et al., 2021). Its nutritional 

composition is highly dependent on the substrates it feeds on and the processing 

methods. The BSFL (black soldier fly larvae) is one of the insects that has the ability 

to assimilate nutrients from a variety of organic wastes.  
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The crude protein content in the BSFL has been reported by several authors. 

Barragan-Fonseca (2017) reported that its crude protein ranges from 37 to 63%, 

Nogales-Mérida et al. (2019) reported a range of 30 to 58%, whilst Makkar et al. (2014) 

reported a crude protein range of 40 to 44%. These protein content ranges are 

comparable to, and in some cases even higher than that of traditional protein sources 

such as soybean. The protein content of the BSFL may be improved by defatting 

(Alfiko et al., 2022). An increase in crude protein from 42.1% to 56.9% has been 

reported when BSFL was defatted (Alfiko et al., 2022).  

The black soldier fly larvae is one of the insects that have an amino acid profile 

comparable to fishmeal (English et al., 2021; Fisher et al., 2020; Henry et al., 2015). 

Alfiko et al. (2022) showed that the BSFL had valine, isoleucine, leucine, 

phenylalanine, tyrosine, histidine, aspartic acid, and alanine amino acids higher than 

fishmeal. This insect contains both essential and non-essential amino acids. The 

essential amino acids that are most abundant in the BSFL meal are leucine, 

isoleucine, lysine, valine, and arginine, whereas the most abundant non-essential 

amino acids are alanine, aspartate, and glycine (Abdel-Tawwab et al., 2020).  

The fat content of insect meals is affected by factors such as the stage of development 

and the substrate the insect is fed on (Barroso et al., 2019). However, the lipid content 

of insect meals can be improved by manipulating its substrate composition. The BSFL 

meal contains a lipid content between 10 and 30%, depending on the growth media 

(Diener et al., 2009). The major fatty acid constituents of BSFL are saturated fatty 

acids and monounsaturated fatty acids (Ewald et al., 2020). Its most dominant fatty 

acid is lauric acid, which contributes from 13% to 52% of the total fatty acid profile 

(Oonincx et al., 2019). The unsaturated fatty acid constitutes 19-37% (Gasco et al., 

2021). There is dichotomy in fatty acid profile between terrestrial and aquatic insects. 

Several algal groups can synthesise polyunsaturated fatty acids. Most terrestrial 

insects lack PUFA compared to aquatic insects. The eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) levels of BSFL are less than fish oil (van Huis, 2022).  

Chitin is a polymer of glucosamine in the exoskeleton of insects (Lindsay et al., 1984). 

Thus, insects contain a certain amount of chitin. The chitin content in insects is 

species-specific and varies with stages of development (Mousavi et al., 2020). Chitin 

has been described as the limiting factor in using insects as fishmeal substitutes in 
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aquafeed (Ng et al., 2001). Several studies reported a decline in growth performance 

and nutrient utilisation on fish-fed diets with higher BSFL inclusion levels (Fischer et 

al., 2022; Zarantoniello et al., 2021; Caimi et al., 2020). Insects are known to contain 

an estimated chitin content between 11.6 and 137.2 mg/kg (Finke, 2007). Abdel-

Tawwab et al. (2020) recorded a chitin content of 5.11 g/kg in BSFL meal. The effect 

of chitin on the growth performance of fish species is species-specific. It is also based 

on the presence of chitinase enzyme activity in the gastrointestinal tract of fish species. 

Chitin content limits the incorporation of BSFL in fish diets at higher inclusion levels. 

Thus, the inclusion of this insect may not be suitable for fish species that lack chitin-

digesting enzymes such as chitinase. However, studies have shown that microbes of 

the genus Bacillus are chitinase producers (Schallmey et al., 2004). They are known 

for their potential to secrete degradative enzymes such as chitinases. Thus, they may 

be a viable solution to inclusion of BSFL in fish diets.   

The BSFL originated in the tropical, subtropical, and warm temperate zones of 

America (Makkar et al., 2014). However, this insect has now been introduced to 

various parts of the world including the tropical and warmer temperate regions. The 

BSFL is not native to southern Africa. Thus, it is not readily available in South Africa. 

The current level of adoption for producing BSFL is poor. Although this insect is one 

of the most promising protein sources in aquafeed, there has not been any commercial 

uptake in southern Africa. To the best of the authors' knowledge, there is only one 

commercial farm that produces the BSFL meal that is in the City of Cape Town, 

Western Cape Province. Its location is one major limitation for farmers who are in rural 

communities. 

Black soldier fly larvae has been extensively used as a fishmeal replacement in the 

animal feed industry. Its potential to substitute fishmeal in aquafeed has been 

evaluated in different fish species with different feeding habits. Adeoye et al. (2019) 

showed that Hermetia illucens can replace fishmeal up to 50% in the diet of an 

opportunistic predator (C. gariepinus) fingerlings. The growth performance observed 

at a 50% inclusion level was attributed to the pattern of essential amino acids of BSFL, 

which is similar to fishmeal. The inclusion levels were 0, 25, 50, and 100%. The 

experimental trial was conducted in 30L capacity tanks in a flow-through system for 6 

weeks and fish were fed to apparent satiation. The study showed that inclusion levels 
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beyond 50% showed a reduction in the growth, feed intake, and protein efficiency ratio 

of C. gariepinus. The reduced growth performance was associated with the low feed 

intake and poor acceptability of the diet. Thus, reducing the protein and energy intake 

the species requires. The hematological parameters were not influenced by the H. 

illucens inclusion across the diets. This showed that dietary replacement of fishmeal 

with BSFL did not have deleterious effects on the health and welfare of C. gariepinus.  

 

Fawole et al. (2020) also showed that H. illucens can replace fishmeal up to 50% in 

the diet of C. gariepinus fingerlings without impairing growth, nutrient utilisation, and 

health status. A slight depression in growth performance was also observed at 

inclusion levels above 50%. The study attributed the decline to chitin content.  

Moreover, the blood parameters and differential leucocyte counts were not 

significantly different. The fish were reared in static tanks and fed diets with 25, 50, 

and 75% inclusion levels for 8 weeks. These studies showed that C. gariepinus grows 

best at 50% inclusion levels. C. gariepinus is an opportunistic predator and is known 

to feed on a variety of items. Both these studies show that this species can only utilise 

up to 50% inclusion level of BSFL. However, different observations were recorded 

when species of different feeding habits were fed a BSFL-based diet.  

 

Black soldier fly larvae showed the potential to completely replace fishmeal in the diets 

of O. niloticus, which is an omnivore (Kishawy et al., 2022; Tippayadara et al., 2021). 

Tippayadara et al. (2021) assessed the replacement of fishmeal with black soldier fly 

larvae meal in the diet of sub-adult O. niloticus. Black soldier fly larvae meal inclusion 

levels used were 10, 20, 40, 60, 80 and 100%. Fish were reared in a glass tank. The 

study showed that specific growth rate, feed utilisation efficiency, feed intake, and 

survival rate was not significantly different between fish fed the control diet (0% black 

soldier fly larvae meal) and fish fed diets with BSFL meal. Furthermore, assessed 

blood parameters were not affected by the inclusion of black soldier fly larvae meal in 

the diets. The study further concluded that BSFL meal can substitute fishmeal up to 

100% inclusion level without compromising the growth, feed efficiency, and health of 

O. niloticus. Kishawy et al., (2022) also showed that H. illucens can completely replace 

fishmeal in the diet of Nile tilapia (O. niloticus) without compromising the growth rate 

and feed efficiency. The inclusion levels used were 25, 50, and 100% and sub-adult 

O. niloticus were reared in a glass aquarium for 12 weeks. The study further showed 
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that the inclusion of H. illucens boosted the serum immune parameters and modulated 

cytokines expression. 

 

Replacement of fishmeal with BSFL has also been evaluated in carnivorous species 

such as rainbow trout (Oncorhynchus mykiss). Biasato et al. (2022) recorded the best 

growth performance at 32% when H. illucens replaced fishmeal in the diet of O. mykiss 

without affecting the growth performance, nutrient digestibility, somatic indices, and 

histology. The inclusion levels used in the study were 25, 50, and 100%. In another 

study, H. illucens showed that it can replace fishmeal up to only 15% in the diet of O. 

mykiss without showing adverse effects on growth performance, fillet’s physical 

characteristics, gut and liver health, and digestibility (Caimi et al., 2021). 

 

These studies show that species with different feeding habits respond differently 

towards an insect-based diet. The BSFL was able to completely replace fishmeal in 

the diet of an omnivorous species (O. niloticus). In an opportunistic predator, BSFL 

could only replace up to 50% inclusion level. In carnivorous species, lower inclusion 

levels were observed. Due to the different inclusion levels used, different processing 

methods of the insect, larval stage and reading prospects, fish rearing systems, these 

studies are not directly comparable. Moreover, BSFL is not easily accessible in 

southern Africa, especially to fish farmers who are based in remote and rural 

communities. South Africa has one well-established black soldier fly larvae farm 

(Agriprotein) located in the City of Cape Town, Western Cape Province. Its location 

may be a huge hindrance to rural fish farmer’s access. It is thus important to search 

for alternative insects, especially locally available insects that have the potential to 

substitute fishmeal in the diet of commonly cultured fish species of economic 

importance in southern Africa. It is also important to investigate the response of fish 

species with different feeding habits under the same experimental setup. 

 

2.3.2 Common housefly (Musca domestica)  

The common housefly (Musca domestica) has been extensively used in fish diets 

(Wang et al., 2017; Ezewudo et al., 2015; Ogunji et al, 2008). It is one of the species 

approved to produce feed in aquaculture under the European Union legislation (Alfiko 

et al., 2022). Like black soldier fly larvae, the common housefly maggot feeds on a 
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wide range of substrates. These include manure and any decaying organic matter. 

Poultry droppings have been listed as the major substrate to grow maggots. Musca 

domestica is regarded as one of the most promising insect ingredients in fish diets 

along with black soldier fly (Sogari et al., 2019). 

Housefly maggots (Musca domestica) contain crude protein between 40 and 60% 

(Llagostera et al., 2019). A crude protein range of 28 to 70% has also been reported 

(Nogales-Mérida et al., 2019). The crude protein range of maggot meal is comparable 

to fishmeal. However, the protein content also varies based on the substrate fed the 

insect.   

Musca domestica contains a lipid content between 9 to 26% (Llagostera et al., 2019). 

The saturated fatty acid component of this insect is approximately 32.66%, which is 

higher than fish oil and soybean meal oil (Nogales-Mérida et al., 2019). Its 

monounsaturated fatty acid content ranges between 22.22% and 73.20%. With 

respect to polyunsaturated fatty acid, terrestrial insects generally contain lower levels 

of EPA and DHA than fish oil but higher than soybean oil. This is also the case with 

M. domestica. 

Musca domestica belongs to the order Diptera. Insects from this order are known to 

contain amino acid profiles comparable to fishmeal (Hameed et al., 2022). Musca 

domestica contains all essential and non-essential amino acids. This insect is high in 

methionine and lysine, which are some of the most common limiting amino acids in 

fish. It has a methionine level of 2.2 g/100g and a cysteine level of 0.7 g/100g (Rapatsa 

and Moyo, 2022). Lysine levels in M. domestica are higher than in fishmeal. In a review 

and a meta-analysis of the effects of replacing fishmeal with insect meals on the 

growth of Tilapias and Sharptooth Catfish, M. domestica was reported to have the 

highest essential amino acid index (EAAI, 3.26) (Rapatsa and Moyo, 2022). 

Musca domestica has a wide distribution, including faecal matter, and garbage heaps 

(Saleh, 2020). This makes it one of the most available insects used in aqua feed. It is 

also cheap and easy to rear and has a nutritional index that is comparable to fishmeal 

(Rapatsa and Moyo, 2022).  
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Replacement of fishmeal with maggot meal has been evaluated in species of different 

feeding habits. The most tested fish species are C. gariepinus (Okore et al., 2016; 

Adewolu et al., 2010; Aniebo et al., 2009; Fasakin et al., 2003; Idowu et al., 2003) and 

O. niloticus (Gbai et al., 2019; Mustapha and Kolawole, 2019; Ezewudo et al., 2015; 

Ogunji et al., 2008). 

Ezewudo et al. (2015) evaluated the substitution of fishmeal with maggot meal (MM) 

in the diet of omnivore (O. niloticus) fingerlings. The inclusion levels were 0, 20, 30, 

40, 50, 60, 70, and 80% and fish were reared in 40 L plastic tanks for 10 weeks. The 

study recorded the highest mean weight gain, relative growth rate and specific growth 

rate in O. niloticus fingerlings fed a diet with a 50% MM inclusion level. The study 

concluded that fishmeal can be replaced with MM at 50 to 60% for optimal growth 

performance, nutrient utilisation, and survival of O. niloticus fingerlings. Wang et al. 

(2017) also assessed MM as a substitute for fishmeal in the diet of O. niloticus. The 

study reported that fish that have been fed diets with up to 75% inclusion level showed 

no effect on growth performance, feed utilisation, and survival. Feed intake and 

apparent digestibility coefficient were also not significantly different between inclusion 

levels. However, at the 100% inclusion level, significant retardation was observed in 

fish performance and survival. The study further suggested that the best inclusion level 

of MM in the diet of O. niloticus is 50%. In an omnivore species, the highest inclusion 

level of 50% was achieved (Wang et al., 2017; Ezewudo et al., 2015). 

Substitution of fishmeal with maggot meal has also been evaluated in an opportunistic 

predator (C. gariepinus) juvenile (Idowu and Afolayan, 2013). The inclusion levels 

were 0, 10, 20, 30, 40, and 50%. The study showed that fish fed the 50% inclusion 

level diet recorded the highest mean weight gain, specific growth performance, and 

protein efficiency ratio. Thus, optimal growth and high nutrient utilisation of C. 

gariepinus juvenile were obtained at a 50% inclusion level. Another study that 

evaluated the substitution of fishmeal with maggot meal in the diet of C. gariepinus 

juveniles showed that the best growth performance and improved health conditions 

were observed in fish fed 45% inclusion level (Okore et al., 2016). Both these studies 

suggest that the best inclusion level of Maggot meal in the diet of an opportunistic 

predator is achieved at 50%. These studies suggest that higher inclusion levels of 

maggot meal may be achieved in omnivorous fish species than in carnivorous species. 
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However, different experimental conditions make it challenging to deduce the 

conclusion.   

Maggot meal has also been widely used to feed fish species as whole, frozen, live or 

chopped (Henry et al., 2015; Makkar et al., 2014). Ebenso and Udo (2003) fed O. 

niloticus a mixture of wheat bran and 20% live maggots. The study showed that the 

best growth performance, specific growth performance, feed conversion ratio, and 

survival were recorded in fish fed the mixture than fish fed wheat bran only. This 

observation was also recorded in C. gariepinus fed 50% live maggots and 50% 

artificial diet with low (3.5%) fishmeal (Oyelese, 2007). The study showed that fish fed 

a combination diet (50% maggot meal and 50% artificial diet) recorded the best growth 

performance indices than fish fed an artificial diet only. Similar results were also 

reported in C. gariepinus (Achionye-Nzeh and Ngwudo, 2003). 

Although M. domestica is deemed as the potential insect in aquafeed, there are factors 

that may pose as limitation to its use. Musca domestica is regarded as a nuisance 

since it is associated with rotting materials. It is a major transmitter of diseases and its 

use in aquafeed may raise health and fish consumers' acceptability concerns. Thus, a 

consumer survey study should be carried out before any commercial uptake is 

implemented.  

2.3.3 Mopane worm (Imbrasia belina) 

Mopane worm is one of the few locally available insects that has been extensively 

investigated as a potential replacement of fishmeal. It is a larval stage of the mopane 

worm moth and belongs to the Lepidoptera order and Saturniidae family.  The worm 

is found in its host plant, mopane (Colophospermum mopane), which is found in the 

southern region of Africa (Moyo et al., 2019; Moreki et al., 2012). The southern African 

countries in which Mopane worm is found include South Africa, Botswana, Namibia, 

Zambia, Angola, Mozambique, Zimbabwe, and Malawi (Makhado et al., 2012). The 

Mopane worm is known to be bivoltine, consisting of two generations per annum (Kwiri 

et al., 2014). The first generation occurs during the rainy season between November 

and January, whilst the second occurs between March and May.  
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The nutritional content of the Mopane worm (Imbrasia bellina), like any other insect 

varies based on the stage of metamorphosis, insect origin, and its diet (Finke and 

Oonincx, 2014). Mopane worms are a good source of high-quality protein. The protein 

content of I. bellina ranges between 54-59% (Manyeula et al., 2013; Moreki et al., 

2012; Dube and Dube, 2010; Madibela et al., 2009). However, a lower protein content 

of 48.3% has also been reported (Glew et al., 1999). The protein content of I. bellina 

is higher than soybean meal but lower than fishmeal (Moyo et al., 2019).  

 

Mopane worm meal was reported to contain an amino acid profile comparable to 

fishmeal (Rapatsa and Moyo, 2017; Nobo et al., 2012). Mojeremane and Lumbile 

(2005) reported a higher concentration of threonine, valine, tryptophan, and 

phenylalanine in the Mopane worm meal than in fishmeal and soybean meal. 

Moreover, lysine and methionine amino acid content are comparable to fishmeal 

(Nobo et al., 2012). Rapatsa and Moyo (2022) reported that the Mopane worm has an 

essential amino acid index (EAAI) of 2.26, a nutritional index of 6.57, and a feed value 

of 14.12.  

 

The fat content of the Mopane worm ranges between 12.9% to 16.7% (Manyeula et 

al., 2013; Moreki et al., 2012; Dube and Dube, 2010; Madibela et al., 2009). Rapatsa 

and Moyo (2019) recorded the same value of fat content (12%) as fishmeal. Its fatty 

acid profile is dominated by polyunsaturated fatty acids and α-linolenic acid constitutes 

the highest percentage (Rapatsa and Moyo, 2019; Yeboah and Mitei, 2009). The 

saturated fatty acid is dominated by the palmitic acid. Mopane worm has a 54:49 ratio 

of total unsaturated fatty acid to total saturated fatty acid (Moyo et al., 2019). However, 

this insect lacks EPA (C20:5n3) and DHA (C22:6n3), which are the essential fatty 

acids for fish species.  

 

Mopane worm is known to be bivoltine, consisting of two generations per annum (Kwiri 

et al., 2014). The first generation occurs during the rainy season between November 

and January, whilst the second occurs between March and May. This shows that the 

Mopane worm availability is seasonal. Its prevalence is highly influenced by prevailing 

environmental conditions such as high temperatures and the amount of rain (Makhado 

et al., 2012). Thus, the Mopane worm availability cannot be guaranteed. Mopane worm 

is also a delicacy to some of the tribes in southern Africa. This makes it one of the 
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most expensive insects on the market. Furthermore, the Mopane worm has been 

described as the most expensive insect whose price is similar to that of fishmeal (1.49 

$/kg) (Rapatsa and Moyo, 2022).  

 

Mopane worm has recently gained attention as a substitute for fishmeal in animal feed 

such as poultry (Marareni and Mnisi, 2020; Chiripasi et al., 2013; Moreki et al., 2012; 

Mareko et al., 2010). Several studies have attempted substituting fishmeal with the 

Mopane worm meal in both freshwater and marine fish species with different feeding 

habits (Nyuliwe et al., 2022; Rapatsa and Moyo, 2019; Rapatsa and Moyo, 2017; 

Mwimanzi and Musuka, 2014;). Rapatsa and Moyo (2019) substituted fishmeal with 

Mopane worm meal at 0, 10, 20, 40, and 60% inclusion levels in the diets of an 

opportunistic predator (C. gariepinus). The study reported that an increase in Mopane 

worm meal inclusion levels resulted in a decrease in C. gariepinus growth performance 

indices. The inclusion of Mopane worm meal in fish diets showed negative effects on 

the liver of C. gariepinus, which was confirmed by the liver degradation score and 

histological alterations. The study concluded that although the Mopane worm meal 

has high nutritional value, it is not easily digested by C. gariepinus. However, positive 

findings were observed when the same diet was fed herbivorous O. mossambicus 

(Rapatsa and Moyo, 2017). The study showed that increasing Mopane worm meal 

resulted in an increase in specific growth rate, thermal-unit growth coefficient, protein 

efficiency ratio, and apparent digestibility coefficient in O. mossambicus (Rapatsa and 

Moyo, 2017). The study reported no histological alterations in the liver and intestines 

of O. mossambicus. The growth performance observed was attributed to the nutritional 

composition of the Mopane worm and that O. mossambicus possesses pre-requisite 

enzymes for efficient digestibility. However, the different responses of the two species 

(O. mossambicus and C. gariepinus) towards the Mopane worm meal may also be 

due to their feeding habits. Although the Mopane worm has a high nutritional value, 

one of its major limitations is its seasonal availability and high feed value. Moreover, 

a review and a meta-analysis showed that the Mopane worm is the most expensive 

insect (1.49 $/kg) and is the most poorly available among the five assessed insects of 

southern Africa (Rapatsa and Moyo, 2022). Moreover, the Mopane worm meal 

contains high levels of chitin (27%), which is known to affect feed digestibility and 

impede protein utilisation (Kwiri et al., 2014). Bioaccumulation of heavy metals is also 

one of the limitations of Mopane worm inclusion in fish diets (Greenfield et al., 2014). 



 

24 
 

2.3.4 Mealworm (Tenebrio molitor) 

Mealworms (Tenebrio molitor) are darkling beetles of the Tenebrionidae family. They 

are known as pests of grain and flour and are native to Europe and are now found 

worldwide. Mealworms are usually commercially grown for feeding animals including 

chickens and fish. They are one of the seven insect species that have been authorized 

for use in fish feeds by the European Union in 2017 (Basto et al., 2020; European 

Union, 2017).  

Tenebrio molitor protein content ranges from 47-60 (Llagostera et al., 2019; Makkar 

et al., 2014). Yellow mealworm is one of the insects that have amino acids comparable 

to fishmeal (Gasco et al., 2016). Its valine, isoleucine, leucine, phenylalanine, tyrosine, 

histidine, serine, proline, and alanine are higher than fishmeal (Alfiko et al., 2022). This 

makes T. molitor a suitable candidate to use in animal feed as a replacement for 

fishmeal in both poultry and fishery. 

 

The lipid content range of T. molitor is between 31 and 43% (Llagostera et al., 2019). 

The monounsaturated fatty acid constitutes the highest percentage of fatty acid in this 

insect, dominated by oleic acid (Alfiko et al., 2022). Moreover, the T. molitor also 

contains polyunsaturated fatty acid, which is dominated by linoleic acid (C18:2n-6). 

The main challenge with this insect is its fatty acid profile (Llagostera et al., 2019). The 

fatty acid profile is much richer in omega 6 and poor in omega 3. This often results in 

fish species adapting to fatty acid profile of the supplied diet (Renna et al., 2017). This 

makes the fish fillets contain n-3/n-6 ratio that is significantly lower than the desired 

one and low polyunsaturated fatty acid levels. This ratio depreciates the fish quality 

for human consumption.  

 

Mealworms are widely available worldwide. Unlike terrestrial insects that are 

harvested by traditional methods, the mealworm is easy to breed and does not require 

a large area for production (Selaledi et al., 2020). Moreover, mealworm produces 

much less greenhouse gas compared to other animals (Oonincx and De Broer, 2012). 

The mealworm is one of the insects that are already produced on a large scale in 

countries like China. Although some countries have shown willingness to accept the 

use of insects in animal feed, the willingness of fish farmers to incorporate this insect 
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in their aquafeed in South Africa is not clear. Gasco et al., (2016) showed that 

mealworm contains a chitin content of 5.90%, which is one of the limiting factors of 

incorporating insect meals in aquafeed.  

 

In fish feed, mealworm meal has been widely used as a potential substitution for 

fishmeal in fish species with different feeding habits (Chemello et al., 2020; Gasco et 

al., 2016; Ng et al., 2001). However, contradictory results have been observed. Jeong 

et al., (2020) substituted fishmeal with mealworm in the diets of carnivorous species 

(Oncorhynchus mykiss). Isonitrogenous and isocaloric diets consisting of 0, 7, 14, 21, 

and 28% inclusion levels were formulated. Fish fed the 28% inclusion level diet 

showed the highest specific growth rate and weight gain. Moreover, fish-fed diets with 

mealworm as an alternate protein source recorded a higher protein efficiency ratio and 

lower feed conversion ratio compared to fish fed the control diet (0% MWM). The study 

suggested that a 28% inclusion level in O. mykiss diets does not compromise the 

growth performance, nutrient composition, and health status of fish. 

 

In another carnivore species (Argyrosomus regius), T. molitor could only replace 

fishmeal up to 10% inclusion level without affecting the growth performance and 

nutrient utilisation (Coutinho et al., 2021). Furthermore, the inclusion of T. molitor had 

no influence on the mortality, hepatosomatic indices, AA catabolism enzyme activity. 

Another carnivore species that showed low inclusion levels is the largemouth bass 

(Micropterus salmoides) (Gu et al., 2022). The study replaced fishmeal at 0, 11.1, 22.2, 

33.3, 44.4, 55.5 and 66.6% T. molitor inclusion levels. Fish were fed isonitrogenous 

(47%), and isocaloric (19 MJ/Kg) diets for 8 weeks. Fish fed diet with 11.1% inclusion 

level showed no significant difference in the weight gain rate and specific growth rate 

with fish fed the control diet. Higher inclusion levels (55.5% and 66.6%) significantly 

decreased the plasma total protein, triglyceride, and albumin contents. The study 

concluded that the T. molitor inclusion levels in the diet of M. salmoides should not 

exceed 11.1%. The low inclusion levels have been attributed to high chitin content in 

the T. molitor meal, which is one of the major limiting factors in substituting fishmeal 

with insect. These studies shows that in carnivore species, T. molitor can replace 

fishmeal at relatively low inclusion levels. However, these studies are not comparable.  
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In African catfish (C. gariepinus) diets, T. molitor was also used as a novel ingredient 

(Ng et al., 2001). The study showed that T. molitor may replace fishmeal up to 40% 

inclusion level without any significant reduction in growth performance and feed 

efficiency ratio. These studies showed that the inclusion of T. molitor in fish diets highly 

depends on the feeding habits of fish species. There is no account of studies that 

compared the growth performance and nutrient utilisation of T. molitor in fish species 

with different feeding habits.  

 

2.3.5 Locust/grasshoppers 

Locusts are major crop pests that belong to the order Orthoptera. They belong to the 

grasshopper family of Acrididae, which contains 6, 787 known species (Cullen et al., 

2017). Locusts are known to transform between a cryptic solitarious phase and a 

swarming gregarious phase, which can swarm for long distances (Egonyu et al., 

2021). The four most common locust species found in southern Africa are the desert 

locust (Schistocerca gregaria), the migratory locust (Locusta migratoria), the red locust 

(Nomadacris septemfasciata), and the brown locust (Locustana pardalina) (van Huis 

et al., 2013). They have been described as the major agricultural pests and their main 

outbreak areas are the semi-arid Karoo region (Todd et al., 2002). In South Africa, 

locust outbreaks have been recorded in the Eastern Cape, Northern Cape, Western 

Cape, and Free State provinces in 2021. Unlike plant protein-based meals, locusts 

contain a negligible amount of anti-nutritional factors. These attributes have made 

them novel ingredients in the animal feed industry. 

Locusts are highly nutritious and contain crude protein between 50 and 76% on a dry 

matter basis (Tran et al., 2015; Makkar et al., 2014). The protein content of locusts 

varies based on the developmental stage and adults are known to contain higher 

protein content than pupa and larvae (Mariod, 2020). The protein content of locusts is 

comparable to fishmeal (Henry et al., 2015). 

Locusts also contain an acceptable essential amino acid profile (Alegbeleye et al., 

2012). Although they contain low levels of lysine, locusts have high levels of cysteine 

and methionine (Alegbeleye et al., 2012). A meta-analysis study showed that 

Schistocerca gregaria contains cystine, histidine, isoleucine, phenylalanine, threonine, 

and valine levels higher than fishmeal (Rapatsa and Moyo, 2022). The study further 
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showed that its essential amino acid index (EAAI) was also higher (2.95) than fishmeal 

(2.68). 

The fat content of locusts has been reported to range between 6.1 to 32.3% (Egonyu 

et al., 2021). Schistocerca gregaria contains 13% total fat, which is slightly higher than 

fishmeal (12%). This is one of the species that contain high levels of linolenic acid, 

which is a polyunsaturated fatty acid that most insects lack. The dominant fatty acid in 

S. gregaria is oleic acid, palmitic acid, linoleic, and α-linolenic acid, respectively 

(Rapatsa and Moyo, 2022). The Oxya hyla hyla species is dominated by linoleic acid, 

oleic acid, and α-linolenic acid (Das and Mandal, 2014). Its amino acid profile is 

equivalently comparable to fishmeal. Moreover, several amino acids were higher than 

in fishmeal.  

Locusts are some of the insects that are already produced at a commercial scale in 

southeast Asia (Makkar et al., 2014). In India, mass-rearing of grasshopper species 

such as Oxya fuscovittata, O. hyla, and Spathosternum prasiniferumis is already 

taking place. However, South Africa has not achieved a commercial up-take of 

producing locusts. Their availability in this region is determined by outbreaks, which 

are not guaranteed. Moreover, locusts are prone to bioaccumulate heavy meals from 

the surrounding environment (Handley et al., 2007). 

There is poor documentation of the use of the four common locust species as fishmeal 

substitutes in the animal feed industry. However, several species have been used to 

replace fishmeal in the diet of different fish species. Mohammed et al. (2020) assessed 

the effect of substituting fishmeal with different levels of locust meal in O. niloticus fry. 

The Nile tilapia (O. niloticus) is an omnivore species that has become the most-reared 

tilapia species globally. The study replaced fishmeal at 0, 25, 50, and 100% inclusion 

levels. The fish fed diet containing 50% locust meal showed the highest level of 

absolute weight gain and a low feed conversion ratio. The study concluded that O. 

niloticus fry grows best when fed a diet with a 50% locust meal. Ghosh and Mandal 

(2019) also evaluated the inclusion of grasshopper meal in the diet of an omnivore 

species (Labeo rohita). The inclusion levels of the study were 0, 17, 33, 50, 67, 83, 

100% and the trial was conducted for 100 days. The study also recorded the best 

growth performance, apparent protein digestibility, nitrogen metabolism, feed 

conversion ratio (FCR), and protein efficiency ratio (PER) on fish-fed diet with a 50% 
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grasshopper meal inclusion level. Furthermore, replacement levels above 50% 

showed poor FCR and PER.  

When Zonocerus variegatus L. replaced fishmeal in the diet of an opportunistic 

predator (C. gariepinus), the best growth performance was reported at 25% inclusion 

level, which did not differ significantly with fish fed the control diet. The study showed 

that the essential amino acid profile of Z. variegatus was close to the C. gariepinus 

requirement (Alegbeleye et al., 2012). Lower inclusion levels of locusts in aqua feed 

have also been reported. In other studies, grasshopper meal could only replace 

fishmeal with 10% in the diet of C. gariepinus without adverse effects on growth 

performance and nutrient utilisation (Tsado et al., 2021) The findings in these studies 

are inconclusive. This is due to the different insect species of grasshopper/locust and 

the different feeding habits of tested fish species. However, locusts in southern Africa 

are not viable fishmeal replacement due to their poor availability and lack of mass-

production. It is thus important to search for locally available insects that have the 

potential to substitute fishmeal in aquafeed without posing health concerns. 

 

2.4 The potential of locally available insects in aqua feed 

 

Several insect species are consumed in Africa. However, species consumed vary with 

regions, countries and geographical areas (Hlongwane et al., 2022). This is mainly 

due to consumer preferences, socio-economic status and insect availability and 

acceptability. In the northern part of South Africa, commonly available and edible 

insects include Imbrasia bellina, Gynanisa maja, Carebata vidua, Sternocera orissa, 

Cirina forda and various species of locusts and grasshoppers (Nemadodzi et al., 

2023). Most of these insects have the potential to replace fishmeal in aqua feed due 

to their nutritional composition. Insects such as Imbrasia bellina, Cirina forda, and 

locusts have been evaluated as potential fishmeal substitutes (Rapatsa and Moyo, 

2019; Oyegoke et al., 2013; Alegbeleye et al., 2012). Encosternum delegorguei, and 

Soldier and Alates termites (M. falciger) are also some of the locally available insects 

that have the potential to substitute fishmeal in animal feed. Furthermore, the potential 

for these insects has not been explored.  
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2.4.1 Stinkbug (E. delegorguei) 

Stinkbugs (E. delegorguei) are edible insects of the order Hemiptera and 

Tessaratomidae family. The name Stinkbug was derived from a smell that the insect 

secretes as a defence mechanism (Aldrich, 1988). Stinkbugs are known to inhabit 

subtropical, open woodland and bushveld (Teffo et al., 2007). They are found in 

southern parts of Zimbabwe and northern parts of South Africa and Mozambique 

(Makore et al., 2015). In Limpopo Province, the Stinkbugs are mainly found in 

Thohoyandou (Vhembe District), Ga-Modjadji (Mopani District), and Bushbuckridge 

(Ehlanzeni District) (Dzerefos et al., 2009). They are considered a delicacy in the 

northern part of Limpopo Province mainly by the Venda tribe and are commonly known 

as Thongolifha in vernacular. 

Their distribution is highly dependent on a number of environmental factors. During 

the dry season (winter), they congregate at high altitudes and lower altitudes during 

the wet season (Summer). Stinkbugs are harvested in the dry season (May to August) 

and are found aggregating on their host plant (Dzerefos et al., 2009). They play a 

major role in the livelihood of local communities as a source of nutrition and income 

for harvesters. Makuku (1993) reported that Stinkbugs are a valuable source of income 

in the Norumedzo community in Zimbabwe.  Stinkbugs mainly feed on plants and 

grass. Their plant hosts are mainly Dodonaea viscosa Jacq. var. Angustifolia (L.f.) 

Benth.  and Diospyros mespiliformis (Teffo et al., 2007). Moreover, plants such as 

Combretum imberbe, Combretum molle, Peltophorum africanum and Pennisetum 

grass have been reported to host Stinkbugs (Mawanza, 1999).  

 

The nutritional composition of the Stinkbug is not adequately documented. The 

Stinkbug contains protein content between 33.2% and 35.34% (Musundire et al., 2016; 

Makore et al., 2015; Teffo et al., 2007). The fat content ranges from 50.5% to 62.4%. 

Stinkbug has been reported to contain minerals such as iron, calcium, potassium, 

magnesium and phosphorous and vitamins. The amino acid profile of the Stinkbug 

meal is poorly documented. However, Musundire et al., (2016) reported that it contains 

essential amino acids, including the most limiting (lysine and methionine) amino acids. 

Teffo et al., (2007) showed that amino acids that dominated this insect were valine, 

leucine, and lysine. The fatty acid profile of the Stinkbug is poorly understood. 
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However, this insect contains linoleic acid, which is a vital polyunsaturated fatty acid 

for growth (Musundire et al., 2016). Of the ten fatty acids identified, seven were 

unsaturated fatty acid derivatives while three were saturated fatty acid derivatives. The 

Stinkbug has been a delicacy for most tribes in the northern provinces of South Africa 

for ages. However, its nutritional profile is still patchy in the published literature.  

Although Stinkbug has a good nutritional composition, there are no studies that 

documented its use as a feed in the animal feed industry. Moreover, their use as 

fishmeal substitution in fish diets has also not been evaluated. Thus, the Stinkbug meal 

will be used as a fishmeal substitution in the diet of O. mossambicus and C. gariepinus. 

Moreover, the distribution of the Stinkbug in most cases coincides with the distribution 

of O. mossambicus and C. gariepinus. The response of these two species towards the 

diet will also be evaluated and compared.  

 

2.4.2 Alates termite meal (M. falciger) 

The Alates termites are the winged queens and kings that emerge at the onset of the 

rainy season (van Huis, 2017). They are the reproductive caste and after shedding 

their wings, they mate and start new colonies. Alates termite feeds on cellulose which 

is mainly obtained from wood, grass, leaves and manure of herbivorous animals. 

Alates termites are collected using lamps placed above buckets with water 

(Netshifhefhe et al., 2018). The most commonly found Alates termite belong to the 

genus Macrotermes, Termitidae family, and Blattodea order (Netshifhefhe and 

Duncan, 2022). These include Macrotermes falciger, Macrotermes bellicosus, 

Macrotermes nigeriensis, Macrotermes natalensis, and Macrotermes subhyalinus.  

The nutritional composition of these species is well documented in west Africa. Akullo 

et al., (2018), Adepoju and Omotayo (2014), Kinyuru et al., (2013), Ekpo and 

Onigbinde (2007) and Banjo et al., (2006) have evaluated the nutritional composition 

of Alates of the Macrotermes bellicosus. These studies reported a crude protein range 

of 21.1% and 40.74%. The nutritional profile of Alates of M. falciger showed that their 

protein content ranges from 23% to 43.26 (Chulu, 2015; Siulapwa et al., 2012; Phelps 

et al., 1975).  

The Alates termites are known for their high fat content which was reported to range 

from 43.0% to 46.03%. The M. falciger fatty acid profile comprises mainly of 
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unsaturated fatty acid, which accounts for 60.3% (Chulu, 2015). The fatty acid is 

dominated by oleic acid, palmitic acid, and stearic, respectively (Chulu, 2015). This 

species has been described as one of the commonly consumed in the Vhembe 

District, Limpopo Province, South Africa (Netshifhefhe and Duncan 2022). It is also 

one of the main insect species that are found at the Thohoyandou Town open market. 

However, there is little information available on its nutritional profile and its potential to 

use in animal feed industry, especially aquafeed.  

The Macrotermes subhyalinus is one of the Alate species that has been used as 

fishmeal substitute in the diet of African catfish (C. gariepinus) (Olaniyi et al., 2016). It 

contains protein content ranging from 39.34% to 47% (Olaniyi et al., 2016; Kinyuru et 

al., 2013). The best growth performance was observed in fish fed the diet with 40% M. 

subhyalinus. A similar study was also conducted, where M. subhyalinus meal 

substituted fishmeal in the diet of a mud catfish (Heterobrunchus longifilis) (Sogbesan 

and Ugwumba, 2008). Fish fed diet with 50% Alates meal showed the highest weight 

gain, relative growth rate, and specific growth rate. Fish fed this diet also recorded the 

lowest feed conversion ratio and highest protein efficiency ratio. The diet with a 50% 

inclusion level proved to be economically viable since it recorded the lowest incidence 

of cost, the highest profit index, and the best benefit-cost ratio. These studies suggest 

that Alates termites of Macrotermes species have the potential to replace fishmeal in 

the diet of C. gariepinus. The current study will use Alates of the M. falciger to replace 

fishmeal in the diets of O. mossambicus and C. gariepinus. There is no literature on 

the use of M. falciger as a fishmeal replacement in animal feed, especially in aquafeed 

formulations. The response of a herbivorous and an opportunistic predator fish species 

towards an Alate-based diet will be evaluated.  

2.4.3. Soldier termite (M. Falciger) 

Termites belong to the order Blattodea. They are consumed in many parts of Africa 

and are classified as social insects. Africa has over 1000 termite species (van Huis, 

2017). They are mainly found in tropical and sub-tropical regions. In sub-Saharan 

Africa, over 14 species of the Macrotermitidae family are edible (Netshifhefhe et al., 

2018). Soldier termites are the second most consumed insects in South Africa, 

especially in Limpopo and Kwazulu-Natal Provinces (Egan et al., 2021). Macrotermes 

falciger, Macrotermes natalensis, and Macrotermes michaelseni are the three 
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commonly consumed termite species in South Africa (Netshifhefhe and Duncan, 

2022). They are collected from the mounds by inserting succulent grass into holes or 

shafts of a termite mound where Soldier termites attack the grass with their mandibles 

and get entrapped (Musundire et al., 2021).  

The Soldier termite’s nutritional composition of the Macrotermes species is poorly 

documented. The protein content recorded was 54.69% (Ntukuyoh et al., 2012), 

19.3% and 14.4% (Netshifhefhe and Duncan, 2022), and 69.75% (Hlongwane et al., 

2022). The Macrotermes species have relatively low-fat content ranging between 2.03 

and 7.97% (Hlongwane et al., 2022; Netshifhefhe and Duncan, 2022). There is no 

study that determined the fatty acid profile of Soldier termites of the Macrotermes 

species Hlongwane et al., (2022) reported that Soldier termites of the Macrotermes 

species contain essential amino acids. 

Unlike most terrestrial insects that are seasonal, the Soldier termites are harvested 

throughout the year. This makes them the most locally available insect. Soldier 

termites are also one the insects that can be found in the local open market. Moreover, 

nutritional information on Soldier termites of M. falciger species is scarce in the 

literature. It is thus important to determine the nutritional profile of this species and 

evaluate its potential to replace fishmeal in the diet of commonly cultured fish species.  

Solder termites are used as feed in the poultry sector, especially in rural communities 

(Dao et al., 2022; Dao et al., 2020; Boafo et al., 2019). This shows that their use in 

animal feed is well accepted. Although the Soldier termite meal has good protein and 

a balanced amino acid profile, there are no studies that evaluated this insect as a novel 

ingredient in replacing fishmeal in aquafeed. Their year-round availability makes them 

an insect of interest. The current study will use Soldier termite meal (M. falciger) as a 

fishmeal replacement in the diets of two commonly cultured warm freshwater species 

in southern Africa with different feeding habits.  

2.5  Commonly cultured freshwater fish species in South Africa 

Freshwater aquaculture species that are mainly cultured in South Africa include trout 

(Oncorhynchus mykiss and Salmo trutta), Cyprinus carpio, O. mossambicus, C. 

gariepinus, O. niloticus and Micropterus salmoides (Adeleke et al., 2021; DAFF 2017). 
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These fish species are currently operating at a commercial scale apart from O. 

mossambicus and C. gariepinus. Moreover, these two species are the commonly 

cultured species in the northern part of South Africa. Assessing their potential to utilise 

an insect-based diet may increase their production and improve their operational 

scale. 

2.5.1 The African catfish (C. gariepinus) 

Clarias gariepinus (Burchell 1822) is one of the commonly cultured freshwater species 

globally (Figure 2.2; Skelton, 2001). In South Africa, its natural distribution is 

northwards of the Orange river system in the west and northwards of the Umtamvuna 

river in the east (Figure 2.3).   

 

 

Figure 2.2:  The African catfish, C. gariepinus (Skelton, 2001). 
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Figure 2.3: The map of the distribution of C. gariepinus in South Africa. The red colour 

shows where it has been introduced while the green shows where it is native (Picker 

and Griffiths, 2011). 

Clarias gariepinus is known as an opportunistic and omnivorous feeder, feeding on 

items such as zooplankton, fish, detritus, macrophytes, insects and detritus (Tesfahun, 

2018). A study conducted in Lake Babogaya, Ethiopia showed that insects had the 

highest frequency of occurrence in C. gariepinus stomach (Admassu et al., 2015).  

Adewumi et al. (2014) found that C. gariepinus from the Egbe Reservoir fed mostly on 

phytoplankton (Cyanophyceae, Chlorophyceae, Euglenophyceae) which constituted 

97.10%. Insects, zooplankton, detritus, and crustaceans were also found in the 

stomach. In other studies, fish constituted a major part of the food components in C. 

gariepinus (Adeyemi et al., 2009). In South Africa, Kadye and Booth (2012) showed 

that insects constituted 87% of the total diet composition in C. gariepinus from the 

Great Fish River in the Eastern Cape Province. The literature affirms that insects form 

a huge part in the diet of C. gariepinus. Thus, it has the potential to utilise insect-based 

protein sources as fishmeal replacements in its diet (Anvo et al., 2017).  

 

It has been reported that feed composition of C. gariepinus changes as the fish grows 

(Munro, 1967). Smaller fish tends to feed on insects of the Diptera order, particularly 

chironomid pupae and zooplankton as the fish grows. Moreover, the diet composition 

of C. gariepinus also depends on the habitat, photoperiod, and season change 



 

35 
 

(Tesfahun and Alebachew, 2023; Houlihan et al., 2001). In Lake Sibaya, South Africa, 

C. gariepinus ignored preying on fish during daylight and feed mainly on invertebrates, 

which are easy to catch and in abundance. At night, it preys on fish since they were 

vulnerable (Bruton, 1979). For C. gariepinus to feed on wide variety of food organisms, 

it is equipped with anatomical adaptations which includes a wide mouth that is capable 

of considerable vertical displacement for engulfing large prey (Tekle-Giorgis et al., 

2016; FAO, 1996). A broad band of recurved teeth on the jaws and pharyngeal teeth 

that keep prey from escaping. Clarias gariepinus also has several sensory organs on 

the body, head, lips and barbels. The digestive system of the African catfish comprises 

of the oropharyngeal cavity, oesophagus, stomach, intestine, rectum, and anus. All 

these organs are involved in the breaking down of ingested food into absorbable 

micromolecules which plays a role in maintenance, growth, and energy needs of its 

body.  

Clarias gariepinus has been widely tested on a variety of insect-based diets, with 

different degrees of success (Adeoye et al., 2019; Anvo et al., 2017; Alegbeleye et al., 

2012; Aniebo et al., 2009; Fasakin et al., 2003). Most studies showed that C. 

gariepinus can utilise an insect-based diet up to 50% inclusion levels without affecting 

its growth, nutrient utilisation, and health status. Moreover, most studies were carried 

out in west Africa and in some studies the authors’ mixed-up replacement levels with 

inclusion levels (Akinwole et al., 2020; Aniebo et al., 2009). The current study will 

compare the effects of an insect-based diet on C. gariepinus (opportunistic predator) 

with O. mossambicus (herbivore) on their growth performance, nutrient utilisation, 

blood serum chemistry, liver and intestine histology and their digestive enzyme profile.  

2.5.2 The Mozambique tilapia (O. mossambicus) 

The Mozambique tilapia (O. mossambicus) (Peters,1852) is also one of the freshwater 

species of economic importance in southern Africa (Figure 2.4). This fish species is 

mainly distributed in the east coastal rivers from the lower Zambezi system south to 

the Bushmans system in South Africa (Figure 2.5). In South Africa, O. mossambicus 

is mainly farmed in tropical regions of the country where high temperatures are 

prominent throughout the year. These include Limpopo, Mpumalanga, and Kwazulu 

Natal Provinces (FAO, 2016). The Mozambique tilapia is classified as vulnerable on 
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the International Union for Conservation in Nature (IUCN) red list (Waiyamitra et al., 

2021) 

 

 

Figure 2.4: The Mozambique tilapia, O. mossambicus. 

 

 

Figure 2.5: Distribution of O. mossambicus in South Africa (Skelton, 2001). 

 

Oreochromis mossambicus is a herbivore and primarily feeds on phytoplankton, 

periphyton, zooplankton, macrophytes, detritus, insects and aquatic vegetation, 
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(Russell et al., 2012). A study conducted in Borna Reservoir, Maharashtra showed 

that rotifers (35%) constituted the main food item in juvenile O. mossambicus, followed 

by copepods (30%) (Sakhare and Jetithor, 2016). Morphological features such as jaw 

structure, mouth size and shape, dentition, and gill raker’s size and number allow this 

species to occupy a wider range of feeding niches (El-Sayed, 2020). Furthermore, 

their diet preference depends on species size, time of the day, photoperiod, and 

geographical locations (El-Sayed, 2020).  

 

The digestive system of O. mossambicus is simple, consisting of a short oesophagus 

which is connected to a small, saclike stomach and a long-coiled intestine which can 

reach up to 7-13 times the total fish length (El-Sayed, 2020; Balarin and Hatton, 1979). 

Based on its long intestine, O. mossambicus is regarded as herbivorous. This fish 

species also has the potential to utilise diets with insects-based protein sources as 

fishmeal replacement (Rapatsa and Moyo, 2017). 

 

2.6  Literature Review Summary 

Insects have been utilised as both food and feed for millennia. Beetles, caterpillars, 

ants, locusts, crickets, bugs and termites are the most commonly eaten groups of 

insects. They are mainly eaten for their nutritional value, health benefits and economic 

viability. Insects have gained attention as potential fishmeal replacements in the 

animal feed industry. This is due to their high protein content, balanced amino acid 

and fatty acid profile, lipids, vitamins, and minerals comparable to fishmeal. Insects 

also form part of the natural diet for both freshwater and marine fish species. The most 

widely used insects in fishmeal replacement studies are the black soldier fly, common 

housefly, mopane worm, mealworm, locusts and have been reviewed in this study. 

These insects have been evaluated in different fish species. These studies have 

shown that insects can partially or completely replace fishmeal in fish diets. However, 

there are factors that affect the utilisation of insect-based diets in fish species. These 

includes their crude protein content, fat content, amino acid and fatty acid profile, the 

developmental stage of the insect and its feeding substrate. Studies have shown that 

fish with different feeding habits response differently towards an insect-based diet. 

Herbivorous species showed that they can utilise insect-based diets at higher inclusion 

levels than predatory species. Complete replacement of fishmeal with insect-based 
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diets has also been observed in herbivorous species. However, these findings are not 

comparable. Mainly because researchers used different inclusion ration, insects were 

processed differently; affecting the proximate composition, and fish were reared in 

different systems. Thus, it is important to compare the effects of an insect-based diet 

in fish species of different feeding habits under the same rearing conditions. Some of 

the locally available insect species in southern Africa are Stinkbugs, Soldier termites, 

and Alates termites. These insects have the potential to replace fishmeal in the diets 

of commonly cultured fish species. These insects will be tested in O. mossambicus 

and C. gariepinus diets. These are the two commonly cultured warm freshwater 

species of economic importance in southern Africa. They are widely distributed and 

have different feeding habits. The Mozambique tilapia is herbivorous, whilst the African 

catfish is an opportunistic predator. Studies have shown that these two fish species 

have the potential to utilise insect-based diets. This study will thus increase 

aquaculture production, alleviate poverty, increase food security, and improve the 

livelihood of fish farmers in the rural Limpopo Province and other regions. 
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Chapter 3: 

Dietary full-fat Stinkbug (Encosternum delegorguei) 
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digestive enzyme profile of juvenile Mozambique 

tilapia (Oreochromis mossambicus) and African 

catfish (Clarias gariepinus). 



 

40 
 

CHAPTER 3: Dietary full-fat Stinkbug (Encosternum delegorguei) meal effects on 

growth performance, blood chemistry, liver and intestinal histology, and digestive 

enzyme profile of juvenile Mozambique tilapia (Oreochromis mossambicus) and 

African catfish (Clarias gariepinus). 

3.1 INTRODUCTION 

The use of insect meal in aquafeed has recently become a research priority in the 

aquaculture sector (Abdel-Tawwab et al., 2020; Llagostera et al., 2019). Several 

insects have partially and completely replaced fishmeal in different fish species. It is 

thus important to search for insects within our geographical area with the potential to 

substitute fishmeal in fish species that are commonly cultured. In southern Africa, one 

of the insects that can be used to replace fishmeal is the Stinkbug (E. delegorguei). 

The Stinkbugs are one of the three groups frequently consumed in the order 

Hemiptera (Feng et al., 2018). Some of the Stinkbugs in the Hemiptera that have been 

evaluated for nutrition include Aspongopus chinensis, Cyclopelta parva, Dolycoris 

baccarum, E. delegorguei, Eurostus validus, Eusthenes saevus, Lethocerus indicus, 

Mictis tenebrosa, Monosteria unicostata, Halyomorpha picus, Sphaerodema rustica, 

Tessaratoma papillosa, Urochela luteovaria (Gao et al., 2022). Among these 

Stinkbugs, E. delegorguei is one of the most popular edible Stinkbug that several 

studies attempted to document its nutritional profile (Teffo et al., 2017; Musundire et 

al., 2016; Dzerefos et al., 2009). Stinkbugs of the order Hemiptera such as Bathycoelia 

distincta, Nezara viridula, and Chinavia pallidoconspersa are known as pests on 

Macadamia trees in South Africa (Sonnekus et al., 2022). However, E. delegorguei is 

not considered an agricultural pest (Athey et al., 2019; Koch et al., 2017). It is widely 

distributed in subtropical, open wood and bushveld of southern regions of Zimbabwe 

and northern provinces of South Africa (Makore et al., 2015). In South Africa, this 

insect is mostly harvested in Thohoyandou, Ga-Modjadji and Bushbuckridge (Figure 

3.1). 
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Figure 3.1: The map showing harvesting sites of E. delegorguei in South Africa: 

Thohoyandou, Ga-Modjadji and Bushbuckridge (Dzerefos et al., 2013).  

Seasonal availability is one of the challenges associated with the replacement of 

fishmeal with insects (van Huis, 2022). Most insects are available during the rainy 

season (October to March). However, E. delegorguei is one of the insects that is 

harvested during the dry season (April to September), when other insects are scarce. 

The lifecycle of the Stinkbug comprises the eggs, nymphs, and adults (Mapendembe 

and Mujere, 2014) (Figure 3.2). The hard-shelled eggs are laid on stems and twigs of 

host plants at the beginning of the Spring season and hatch in Summer. The nymphs 

develop into five instars before moulting into winged adults. The fully grown insect is 

ready and harvested in winter. The Stinkbug is known to contain a high-fat content 

(Teffo et al., 2007). However, its protein content, fatty acid profile and amino acid 

profiles are poorly understood. Its nutritional composition is influenced by factors such 

as sex, reproduction stage, diet, season, and habitat (Dandadzi et al., 2023). The 

Stinkbug is a phytophagous terrestrial insect that feeds on sub-tropical savannah 

plants. The Stinkbug is also one of the insects sold at the open market in Thohoyandou 
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Town. Unlike the Mopane worm, the Stinkbug is cheap. It plays a role in the income 

generation of local harvesters and a source of protein for local communities.  

 

Figure 3.2: The life cycle of E. delegorguei showing developmental stages 

(Kobayashi, 1967). 

The potential for Stinkbug as a fishmeal substitute in animal feed has not been 

investigated. Reviews on the use of insects in animal feed have focused on orders 

such as Coleoptera, Diptera, Orthoptera, and Lepidoptera, (Henry et al., 2015; Barroso 

et al., 2014), However, the order Hemiptera has been largely ignored. In a recent meta-

analysis, E. delegorguei was not reviewed due to a lack of information on published 

literature (Rapatsa and Moyo, 2022). Most insects are used in their larvae/pupae 

developmental stage. However, the Stinkbug is utilised at its adult stage like most 

insects in the Orthoptera order. It is therefore imperative to carry out a detailed study 

on the effect of dietary full-fat Stinkbug (E. delegorguei) meal as a fishmeal 

replacement on some aspects of the physiology of O. mossambicus and C. gariepinus. 

The Mozambique tilapia and the African catfish are native species of economic 

importance in southern Africa. They both have shown the potential to utilise insect-

based diets and higher inclusion levels have been recorded (Adeoye et al., 2019; 

Rapatsa and Moyo, 2017). These species have different feeding habits and their 

response towards an insect-based diet will promote and improve feed formulation. 
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Moreover, the response of these species when fed an insect-based diet has not been 

compared before.
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3.2 OBJECTIVES AND NULL HYPOTHESES 

The objectives of this chapter were: 

I. To determine the effect of replacing fishmeal with Stinkbug meal on the growth 

performance of O. mossambicus and C. gariepinus. 

II. To determine the effect of replacing fishmeal with Stinkbug meal on the blood 

serum chemistry of O. mossambicus and C. gariepinus. 

III. To evaluate the liver and intestinal histology of O. mossambicus and C. 

gariepinus fed diets with an insect-based diet. 

IV. To determine the effect of digestive enzyme profile on the distal intestine of O. 

mossambicus and C. gariepinus fed diets with Stinkbug meal as a substitute 

for fishmeal. 

V. To determine cost benefit analysis of replacing fishmeal with Stinkbug meal on 

the diets of O. mossambicus and C. gariepinus. 

Null Hypotheses: 

I. There is no effect on the growth performance of O. mossambicus and C. 

gariepinus fed diets with Stinkbug meal as a fishmeal replacement. 

II. There is no effect on the blood serum chemistry in O. mossambicus and C. 

gariepinus fed an insect-based diet. 

III. There is no effect on the liver and intestine histology of O. mossambicus and 

C. gariepinus fed diets with Stinkbug meal as a fishmeal replacement. 

IV. There is no effect on the digestive enzyme profile on the distal intestine of O. 

mossambicus and C. gariepinus fed diets with Stinkbug as a fishmeal 

replacement. 

V. There is no effect on the cost benefit analysis of replacing fishmeal with 

Stinkbug meal on the diets of O. mossambicus and C. gariepinus. 
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3.3 MATERIALS AND METHODS 

 

3.3.1 Diet formulation 

Stinkbugs were purchased from the Thohoyandou Town open market, in the Vhembe 

District of Limpopo Province, South Africa. Stinkbugs were ground using a miller.  Five 

diets were formulated to partially substitute fishmeal at 0, 10, 30, 50, and 70% (Table 

3.1). The 0% diet contained 30% fishmeal and served as a control, with no Stinkbug 

meal. The diets were named D1, D2, D3, D4, and D5, denoting 0, 10, 30, 50, and 70% 

replacement levels, respectively (Table 3.1). The diets were formulated to be 

isonitrogenous (30% crude protein), isocaloric (15 MJ/Kg), and isolipidic (12% fat). 

The Winfeed 3, EFG (Natal) program was used to formulate diets. The yellow maize, 

wheat bran, sunflower meal, and sunflower oil were purchased from a local market. 

Methionine and lysine were purchased from Nutroteq Pty Ltd. Vitamin/Mineral premix, 

fishmeal, and binder from Irvines Africa (Pty) Ltd. Chromic oxide was purchased from 

Sigma Aldrich. All the ingredients were ground and screened through a sieve and 

mixed thoroughly using a planetary mixer (Hobart, Troy, OH, USA) until they were well 

mixed. Chromic oxide (Cr2O3) was used as an inert marker in each diet at (10 g/kg). 

During mixing, water was added (10-20% v/w) occasionally until the desired dough 

thickness was reached. The dough was pelleted through a meat grinder (SLP-45 

Shang Hai Taiyi, China) and pushed through to produce extruded strands (2 mm 

diameter). Pelleted strands were sun-dried and then stored in polyethylene buckets 

with lids separately at 4°C. The proximate composition for experimental diets is 

illustrated in Table 3.1 
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Table 3.1: Ingredients (g/kg, DM) used to formulate experimental diets where Stinkbug 

meal replaced fishmeal at different replacement levels and proximate composition. 

Ingredients Experimental diets 

 D1  D2  D3 D4  D5 

Fishmeala 300 270 210 150 90 

Stinkbug 0 30 90 150 210 

Yellow Maize 221 222 233 230 228 

Wheat bran 219 218 207 210 212 

Sunflower meal 100 100 100 100 100 

Sunflower oil 60 60 60 60 60 

Methionine 20 20 20 20 20 

Lysine 20 20 20 20 20 

Vitamin/Mineral premix 20 20 20 20 20 

Binder 30 30 30 30 30 

Chromic oxide 10 10 10 10 10 

Total 1000 1000 1000 1000 1000 

Proximate composition      

Dry matter (%) 92.24 92.40 92.97 92.78 92.10 

Crude protein (%DM) 30.18 30.02 30.33 30.49  30.21 

Fat (%DM) 12.06 12.91 12.25 12.11 12.65 

Ash (%DM) 10.59 10.60 10.83 10.25 10.20 

Gross Energy (MJ/Kg of DM) 15.78 15.85 15.11 15.52 15.22 

aFishmeal (crude protein: 65.5%, fat: 12.0%). 

bVitamin/Mineral premix: Vit. A, 12 000 IU; Vit. D3, 1 200 IU; Vit. E, 120 IU; Vit. B4, 10000g; Vit. C, 

120g; Vit. B3, 25g; Vit. B5, 15g; Vit. B2, 6g; Vit. B6, 5g; Vit. B1, 4g; Vit. K3, 2g; Vit. B9, 1g; Vit. H, 0.25g; 

Vit. B12, 0.04g. ZnO, 200g; FeSO4; CuSO4, 7g; MnO, 5g; KI, 2g; Na2SeO3, 0.15g; CoSO4, 0.05g. D1 

(0%), D2 (10%), D3 (30%), D4 (50%), D5 (70%). 

 

3.3.2 Proximate composition 

Stinkbug meal was analysed for dry matter by drying samples using an oven at 105°C 

until a constant weight was reached. Moisture content was determined by obtaining 

the difference between the initial weight and the weight lost after samples were dried 
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in the oven at 105°C for 24 h. Crude protein (AOAC #984.13) was determined using 

the Micro-Kjeldahl method, and the content was estimated by multiplying nitrogen with 

6.25 (Foss 2400 Kjeltec analyser unit, Denmark) (AOAC, 2003). Fat content (AOAC 

#954.02) was determined using solvent extraction with petroleum ether (Soxtec 

system, Foss Tecator lipid analyser (AOAC, 2003). Ash content (AOAC #942.05) was 

determined by incinerating samples at 550°C for 6 hours in a muffle furnace (Heraeus 

K1252, Germany) (AOAC, 2003). The crude fibre was determined by digesting dried 

lipid-free residues with 1.25% H2SO4 and 1.25% NaOH. The loss on ignition was 

recorded as crude fibre (Hlophe-Ginindza et al., 2015). Gross energy was analysed 

using a DDS Isothermal CP 500 bomb calorimeter. Neutral detergent fibre (NDF) and 

Acid detergent fibre (ADF) were determined by boiling samples with a neutral 

detergent solution and acid detergent solution, respectively (van Soest et al., 1991).  

3.3.3 Mineral composition 

Selected minerals (iron, potassium, and sodium) were analysed in the Stinkbug meal. 

Samples were hydrolysed with 65% concentrated nitric acid and 37% hydrochloric 

acid. Hydrogen peroxide was used to remove nitrous vapours. The mineral content 

was then determined using inductively coupled plasma-optical emission spectrometry 

(ICP-OES) (Manditsera et al., 2019). The analysis was performed using standard 

solutions of known concentrations. All chemicals used were analytical reagent grade. 

3.3.4 Amino acid profile analysis 

Stinkbug meal was analysed for amino acids at the Central Analytical Facilities (CAF) 

of Stellenbosch University (South Africa). Samples (20 mg) were hydrolysed with 6M 

HCI at 110°C for 4 hours in sealed tubes (Ishida et al., 1981). About 130 µL was 

transferred into a 2 ml tube and dried under a gentle stream of nitrogen. The samples 

were reconstituted and derivatized with 30 µL MTBSTFA and 100 µL acetonitrile at 

100°C for 1 hour. The samples were allowed to cool down to room temperature and 

injected into the gas chromatograph (6890N, Agilent technologies network). 

Separation was performed on a gas chromatograph coupled to Agilent technologies 

inert XL EI/CI Mass Selective Detector (MSD) (5975, Agilent Technologies Inc., Palo 

Alto, CA).  
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The Essential amino acid Index (EAAI) of the Stinkbug meal was calculated using the 

Peńaflorida (1989) formula:  

 

Where aa is the amount of the amino acid in the Stinkbug meal, AA is the amino acid 

requirement of the fish, and n is the total number of amino acids used in the calculation.  

3.3.5 Fatty acid profile 

The fatty acid methyl esters (FAMEs) for Stinkbug meal were also analysed at the 

Central Analytical Facilities (CAF) of Stellenbosch University (South Africa). This was 

done by adding 2 ml of 2:1 chloroform: methanol solution to 100 mg of the sample 

(Folch et al., 1957). The sample was vortexed and sonicated at room temperature for 

30 min. The sample was then centrifuged at 3000 rpm for 1 min. Chloroform (200 µl) 

was dried completely with a gentle stream of nitrogen, reconstituted, and vortexed with 

170 µl of methyl tert-butyl ether (MTBE) and 30 µl of trimethylsulfonium hydroxide 

(TMSH). One µl of the derivatized sample was injected in a 5:1 split ratio onto the GC-

FID. Separation was performed on a gas chromatograph (6890N, Agilent 

Technologies) coupled to a flame ionization detector (FID). Separation of the FAMEs 

was performed on a polar RT-2560 (100 m, 0.25 mm ID, 0.20 µm film thickness) 

(Restek, USA) capillary column. Hydrogen was used as the carrier gas at a flow rate 

of 1.2 ml/min. The injector temperature was maintained at 240°C.  One µl of the 

sample was injected in a 5:1 split ratio. The oven temperature was programmed as 

follows: 100°C for 4 min, ramped to 240°C at a rate of 3 °C/min for 10 min.  

3.3.6 Experimental design 

Feeding trials were conducted at the Aquaculture Research Unit (ARU), University of 

Limpopo, South Africa. Mozambique tilapia (O. mossambicus) juveniles were bred at 

the Aquaculture Research Unit and kept in the hatchery tanks until use. African catfish 

(C. gariepinus) fingerlings were also obtained from the Aquaculture Research Unit. 
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Before the experiment commenced, fish were collected from the hatchery tanks and 

separately placed in a 100L container with water that was mixed with 2 

phenoxyethanol (1 ml/ L) as an anaesthetic. For O. mossambicus, fish size of 4.2±0.3 

g/fish were used. Fish were weighed in bulk (initial body weight) and stocked (15 fish 

per tank) in experimental tanks in triplicates. The average initial body weight of fish 

per diet ranged between 64.04±5.07g and 69.29±4.07g. A completely randomised 

design was used to run the experiment using 15 tanks. Each diet (D1-D5) was 

randomly allocated to tanks in triplicates into 500 L capacity fiberglass experimental 

tanks in a recirculating system (Filled to 400 L mark).  

 

For C. gariepinus, fish size used was 6.4±1.02 g/fish. Clarias gariepinus fish were 

stocked at 5 fish per tank in triplicates. The average initial body weight of fish per diet 

ranged between 28.15±4.25g and 34.48±4.20g. The tanks were connected to a sump 

and pump that supplied the tanks with water at 10 L/min. The tanks were individually 

heated with a submersible aquarium heater (ViaAqua Glass heater, 200 W) and 

aerated with air stones. Fish were left to acclimatise in experimental tanks for 2 weeks 

while feeding on commercial pellets (Aqua-plus, Avi Products (Pty) Ltd). After the 

acclimatisation period, fish were anaesthetised, and the initial body weight was 

recorded for each tank. Fish were then randomly allocated to tanks in triplicates and 

allocated their diets. 

 

3.3.7 Feeding procedure 

Fish were fed their allocated experimental diets to apparent satiation for 8 weeks twice 

a day (09:00 h and 15:00 h). Fish were considered satiated when 2 pellets were left 

uneaten for 5 min in a tank. Feed intake for each tank was recorded daily. Fish tanks 

were fitted with the Guelph system, with mild modifications (Cho et al., 1982). Faecal 

matter samples were collected two weeks after the commencement of the experiment 

from the collection tube. The faecal matter samples were used for the apparent 

digestibility coefficient of a protein. 

3.3.8 Water quality maintenance 

Water temperature was kept between 27 and 29°C, dissolved oxygen (6.5 - 8.0 mg/l), 

ammonia (<1 mg/l), and pH (6.8 - 8.0). These parameters were monitored on a weekly 



 

50 
 

basis using a handheld multiparameter meter (Professional plus YSI 605000). The 

experiment was conducted under a natural photoperiod. 

3.3.9 Growth performance indices. 

Fish were weighed at the commencement of the trial, after every two weeks, and at 

the end of the feeding trial. At the end of the experiment, fish were starved for 24 hours 

before growth performance indices were measured. Three fish from each replica (9 

fish per treatment) were randomly selected for measurement of growth parameter 

indices.  

For growth performance, the following parameters were calculated: 

Specific growth rate (SGR): 

SGR (g/day) = [
In Wt− InW0

t
] ×100% 

Where In, Wt, W0, and t are the natural logarithm, the final body weight (g), initial body 

weight (g), and time feeding period (days), respectively. 

 

Thermal-unit growth coefficient (TGC) :  

TGC = 1000×
Final weight (g)

1
3- Initial weight (g)

1
3

Temperature (°C)  ×  Days
 

Feed conversation ratio (FCR): FCR = 
feed consumed (g) 

weight gained (g)
 

Protein efficiency ratio (PER): PER = 
Increase in body mass (g)

Protein consumed (g)
 

Fish survival=
Final number of fish

Initial number of fish
× 100 

Weight gain (g) = final weight (g) - initial weight (g) 

Feed intake (g/fish/day) = weight of eaten feed (g) / number of fish / feeding period 

(day). 
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Apparent protein digestibility coefficient (APDC) was determined according to Cho et 

al., (1982). Chromic oxide in diets and faeces was determined by adding concentrated 

nitric acid (HNO3) into the samples and then 70% perchloric acid (HCIO4) was added 

to oxidize chromic oxide until the colour orange appeared. The samples were then 

read for absorbance at 350 nm, using ultrapure water as a blank. Chromic oxide was 

then calculated as follows:  

Weight of chromic oxide in sample =
Absorbance − 0.0032

0.2089
 

Chromic oxide (%) = (weight of chromic oxide / sample weight (mg)) x100 

APDC (%) = 100 [1 − (
Cr2O3 in diet

Cr2O3 in faeces
) × (

 protein in faeces

protein in diet
)] 

3.3.10  Organosomatic indices 

Fish were collected from experimental tanks and sedated with 2-phenoxyethanol (1 

ml/L). Three fish from each dietary replicate (9 fish/diet) were used for organosomatic 

indices.  The condition factor, hepato-somatic index, and viscero-somatic index were 

calculated. 

CF =
Body weight (g)

(Fish length)3(cm)
× 100 

 

HSI =
Liver weight (g)

Fish weight (g)
× 100 

 

VSI =
viscera weight (g)

Fish weight (g)
× 100 

 

3.3.11 Blood serum chemistry 

Three fish samples from each dietary replicate (9 fish/diet) were randomly selected 

and sedated with 2-phenoxyethanol (1 ml/L). Blood samples were drawn from the 

caudal vasculature into vials using heparinised syringes and centrifuged for 10 min at 

3500 rpm. The serum was used for the analysis of aspartate aminotransferase (AST), 
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alanine aminotransferase (ALT), cholesterol, triglyceride, and glucose. The analyses 

were conducted using a commercial automatic biochemical kit (Sigma-Aldrich, USA). 

3.3.12 Liver and intestinal histological analysis 

Three fish from each dietary replicate (9 fish/diet) were used for liver and intestinal 

histomorphology. The liver samples from each fish were separately fixed in a 10% 

buffered formalin solution in sampling bottles. The distal intestine of each fish was also 

separately preserved in 10% formalin solution in sampling bottles. During analysis, 

liver samples were cut into 1 cm3 blocks, whilst intestine samples were cut into 1 cm 

lengths. All samples were washed for 2 h in distilled water. Samples were then 

dehydrated in ethanol solution of 70, 80, 96, and 100% levels concentrations. Liver 

and intestine samples were then made transparent using xylene. Samples were then 

infiltrated using Tissue-Tek® III wax in an oven at 60°C. Samples were further 

embedded in Tissue-Tek® III wax blocks, sectioned at 5 µm thickness (Leica: RM 

2155, Madrid, Spain). The sectioned samples were placed in microscope slides and 

left to dry. After drying, slides were stained with haematoxylin and eosin (H&E) and 

covered with coverslips as described by van Dyk and Pieterse (2008). 

3.3.13 Liver and intestinal histological assessment. 

Liver and intestine slides were assessed using a light microscope (Leica Microsystems 

model DM750, Leica, Bannockburn, IL, USA) which was equipped with a digital 

camera (Digital Video Camera Company, Austin, TX, USA). Slides micrographs, 

intestinal villi height, and villi thickness were captured using the digital image analysis 

software ANALYSIS™ (Soft Imaging Systems GmbH, Münster, Germany). The 

intestine histology was quantified using a modified scoring system according to Baeza-

Arińo et al. (2014). For villi length and villi thickness, six measurements per slide were 

taken to establish mean values (n = 6). Goblet cells were quantified by counting the 

number present in each villus. Six villi per slide were quantified to establish mean 

values (n = 6). 

 

Liver histology slides were quantified by analysing the liver hepatocyte condition 

according to McFadzen et al. (1997). The grading was from 1-3, where 1 describes a 

healthy liver, 2 (intermediate), and 3 (degraded). Dietary replicates were allocated an 
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average grade value based on the dominant histological alterations observed (Table 

3.2).
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Table 3.2: Liver histological scoring criteria used in O. mossambicus and C. gariepinus (McFadzen et al., 1997). 

 Grade 

Tissue 1 (Healthy) 2 (Intermediate) 3 (Degraded) 

Liver nuclei Nuclei lightly granular, small, and distinct Nuclei with abundant dark 

granules, nucleoli enlarged or 

indistinct. 

Nuclei small dark and pyknotic 

Liver 

hepatocyte 

cytoplasm 

Structured: Varied texture, scattered 

granules with eosin-positive patches 

Homogenous: Granular, slight 

variability in staining property 

Hyaline: Lacking texture, dark 

small and often separated from 

the cell boundary 

Hepatic 

vacuolation 

Extensive: large cytoplasmic vacuoles 

following cell boundary and encroaching on 

the nucleus, PAS positive vacuoles 

Slight: Occasional small PAS 

positive vacuoles, often in 

patches 

None: cell devoid of PAS 

positive vacuoles, often large 

sinusoidal spaces 
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3.3.14 Gastrointestinal enzyme profile 

Three fish from each dietary replicate were sedated in a 2-phenoxyethanol solution 

and sacrificed. Fish samples were dissected, distal intestines were removed and 

stored in sampling bottles at -80°C until analysis. During analysis, samples were 

homogenised (1:9 tissue/buffer) in ice using a 0.01 M Tris buffer (pH 7.4), and the 

samples were then centrifuged at 3000 x g for 10 min at 4°C. The supernatant was 

used for enzyme activity analysis. 

Amylase activity was determined as described by Bernfeld (2006). The method uses 

3,5-dinitrosalicylic acid (DNS) and starch as a substrate, which was prepared in 0.1 M 

phosphate buffer (pH 7). Substrate solution (33 µL), enzyme extract (3 µL), and buffer 

solution (27 µL) were incubated at 30°C for 10 minutes. The reaction was stopped by 

adding 100 µL of DNS solution. The solution was then boiled for 5 minutes and read 

at 540 nm using a Multimode analysis software version 3.3.0.9. These samples were 

prepared concurrently with blanks (without enzyme extract). 

Lipase activity was determined according to Markweg et al. (1995). The substrate used 

in this method was 0.01 M para-nitrophenyl palmitate (pNNP). The substrate (10 µL), 

enzyme extract (12.5 µL), and buffer (0.1 M phosphate buffer, pH 7) were added 

together. The solution absorbance was read at 410 nm. These samples were also 

prepared concurrently with a blank. 

Protease enzyme activity was determined by homogenising 40 mg of each sample in 

a 0.9% (w/v) NaCl using a Teflon pestle and glass mortar. The samples were 

centrifuged at 10 000 x g for 10 min at 4°C. The supernatant was used to determine 

protein content (Bezerra et al., 2005). Azocasein (50 µm; Sigma Aldrich) was used as 

a substrate and Trichloroacetic Acid (TCA) was used to stop the reaction. The 

absorbance of the solution was read on a microtiter plate reader (Bio-rad 550). The 

analyses were conducted along the blank. The enzyme activity was defined as one 

unit (U) of an enzyme capable of hydrolysing Azocasein to produce a 0.001 change in 

absorbance per minute. The analyses were performed for both O. mossambicus and 

C. gariepinus experiments.  
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3.3.15 Cost benefit analysis 

The cost benefit analysis was determined according to Bahnasawy et al. (2003).  

Incidence cost =
Cost of feed 

Quantity of fish produced (kg)
 

Profit index=
Local market value of fish 

Cost of feed
 

The underlying assumption is that all operating costs are constant, and the cost of 

ingredients was the only variable cost. The prices (USD) were set according to the 

local market retail prices (at the current time) of diets. The prices were as follows 

(USD/kg): Fishmeal, 1.81; insects, 0.43; yellow maize, 0.40; wheat bran, 0.20; 

sunflower meal, 0.91; sunflower oil, 0.71; methionine, 0.15; lysine, 0.15; 

vitamin/mineral premix, 0.35; binder, 0.19; chromic oxide, 0.12. The market price for 

fish in the study area was 2.63 USD. 

3.4 STATISTICAL ANALYSIS 

Shapiro-Wilk and Barlett’s tests were used to test data for normality of distribution and 

homogeneity of variance, respectively. One-way analysis of variance (ANOVA) was 

used to test significant differences in growth parameter indices, organosomatic 

indices, blood serum chemistry, and histology. The data was significantly different 

when P<0.05. Tukey’s HSD post hoc test was used to determine mean differences. 

The data was analysed using the SPSS version 28.0 software package (Statistical 

Package and Service Solutions, IBM, Chicago, IL, USA). Linear regression model was 

used to test the relationship between SGR, FCR and APDC and inclusion levels of 

insect meals (Stinkbug, Alates termite & Soldier termite) using SPSS. 
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3.5 RESULTS 

 

3.5.1 Proximate composition 

Stinkbug meal contained 29.53% protein and 48.59% fat content (Table 3.3). The ash 

content was 3.14%. Fibre content was 8.70%. The highest mineral recorded in the 

Stinkbug meal was sodium (69.2 mg/l).  

The Stinkbug meal comprised high levels (7.46 g/kg) of saturated fatty acids (SFA) 

and monounsaturated fatty acid (MUFA) (7.45 g/kg), respectively (Table 3.3). Palmitic 

fatty acid dominated the SFA, whilst oleic fatty acid dominated the MUFA. 

Furthermore, Stinkbug meal contained polyunsaturated fatty acid (PUFA), linoleic acid 

which is one of the most essential omega-6 fatty acids. 

 

Table 3.3: Proximate composition, mineral content, and fatty acid profile of the 

Stinkbug meal 

Proximate composition  %DM Fatty acids g/kg of TFA 

Dry matter (%) 88.75 C8:0  0.01 

Moisture  11.25 C12:0  0.02 

Protein  29.53 C13:0  0.02 

Fat  48.59 C14:0  0.39 

Ash  3.14 C16:0  6.62 

Fibre  8.70 C18:0  0.40 

NDF  27.11 C20:0  0.03 

ADF  50.84 C14:1  0.32 

Carbohydrates  7.76 C16:1  2.82 

  C18:1n-9 3.76 

Minerals mg/l C20:1  0.55 

Iron (Fe) 0.91 C18:2n-6  1.17 

Potassium (K) 21.7 ƩSFA 7.46 

Sodium (Na) 69.2 ƩMUFA 7.45 

  ƩPUFA 1.17 

NDF: neutral detergent fibre; ADF: acid detergent fibre; DM: dry matter; SFA: saturated fatty acids, 

MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acid. TFA: total fatty acids. 
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The experimental diets showed that the fatty acid profile was dominated by C18:2 cis 

(linoleic acid), C18:1 cis (oleic acid), C16 (palmitic acid), and C16:1 (palmitoleic acid) 

(Table 3.4). Palmitic acid, oleic acid, and palmitoleic acid were the fatty acids that 

increased in experimental diets with an increase in Stinkbug meal.  

Table 3.4: The fatty acid profile of Stinkbug-based experimental diets (g/kg). 

Fatty acid D1 D2 D3 D4 D5 

C12 0.02 0.02 0.03 0.02 0.03 

C13 0.02 0.02 0.02 0.02 0.03 

C14 1.26 1.58 1.79 1.37 1.58 

C14:1 0.02 0.11 0.39 0.48 0.76 

C15 0.13 0.15 0.14 0.09 0.07 

C16 12.84 18.07 32.46 33.30 48.47 

C16:1 2.11 7.87 22.36 26.55 41.79 

C17 0.16 0.17 0.13 0.08 0.07 

C17:1 0.11 0.16 0.11 0.06 0.05 

C18 4.57 5.57 8.73 8.32 11.48 

C18:1 (cis) 17.77 21.22 38.27 40.56 59.11 

C18:2 (cis) 38.15 41.38 68.85 67.44 94.92 

C20 0.30 0.29 0.60 0.64 0.81 

C20:1 & C18:3n3 2.25 1.81 1.60 1.20 1.17 

C21 0.01 0.02 0.02 0.01 0.01 

C20:2 0.05 0.05 0.05 0.02 0.02 

C22 0.52 0.60 1.04 0.97 1.42 

C20:3n6 0.01 0.01 0.01 0.01 0.03 

C22:1 0.67 0.76 0.68 0.34 0.23 

C20:4n6 0.05 0.06 0.05 0.02 0.01 

C23 0.03 0.01 0.03 0.03 0.04 

C20:5n3 2.73 2.95 2.67 1.36 0.88 

C24 0.15 0.16 0.24 0.20 0.30 

C24:1 0.16 0.17 0.15 0.07 0.04 

C22:6n3 4.36 4.57 4.14 2.01 1.31 
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The essential amino acids (EAA) composition of the Stinkbug meal showed that lysine 

(6.85 g/kg), leucine (4.77 g/kg), and valine (4.07 g/kg), were the most abundant (Table 

3.5). On the other hand, cystine (15.31 g/kg), glutamic acid (10.19 g/kg), and aspartic 

acid (6.70 g/kg) showed the highest concentration of non-essential amino acids, 

respectively (Table 3.5). Moreover, the amino acid profile of the Stinkbug meal was 

relatively lower than fishmeal. The amino acid profile of the Stinkbug meal did not meet 

the requirements for O. mossambicus and C. gariepinus except tryptophan (Table 

3.5). The Stinkbug meal recorded the EAAI of 0.11. 

 

Table 3.5 Amino acid profile of the Stinkbug meal, fishmeal, amino acid requirements 

for O. mossambicus, and C. gariepinus (g/kg). 

Essential AA g/kg 

(DM) 

Fishmeal* Requirements for 

O. mossambicus** 

Requirements for 

C. gariepinus*** 

Lysine 6.85 42.2 37.8 12-14.3 

Methionine 1.76 19.4 09.9 6-6.4 

Phenylalanine 4.07 37.4 25.0 12-14 

Valine 4.77 27.7 22.0 7.1-8.4 

Tryptophan 3.56 5.7 0.43 1.2-14 

Threonine 2.50 23.1 29.3 5-5.6 

Isoleucine 2.87 24.5 20.1 6-7.3 

Histidine 0.08 17.5 10.5 4-4.2 

Leucine 2.70 37.9 34.0 8-9.8 

EAAI 0.1165    

Non-essential AA     

Tyrosine 4.04    

Glycine 4.76    

Aspartic acid 6.70    

Serine 3.82    

Proline 3.80    

Glutamic acid 10.19    

Alanine 4.80    

Cystine 15.31    

*Djissou et al. (2016); **Santiago and Lovell (1988); ***NRC (1993) 
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3.5.2 Growth performance parameters 

In O. mossambicus, there was a decrease in growth performance with increasing 

Stinkbug meal inclusion (Table 3.6). The highest WG (167.37 g), SGR (2.16), TGC 

(1.30), and PER (2.95) were recorded in fish fed the control diet (D1). The fish fed the 

control diet (D1) also had the lowest FCR (1.42). A significant decline in feed intake 

has been observed with an increase in Stinkbug meal inclusion across diets (P<0.05). 

The APDC of fish fed the control diet (79.67%) was higher (P<0.05) than the rest of 

the diets. However, diets D2 to D5 showed no significant difference in APDC (P>0.05). 

Above 30% inclusion level, growth performance and nutrient utilisation indices 

declined (Table 3.6). Organosomatic indices (CF, VSI, HSI) were not influenced by 

Stinkbug meal inclusion (P>0.05).  

In C. gariepinus, the control diet and diet D3 recorded the best growth performance, 

respectively (Table 3.7). The control diet recorded the highest WG (167.37 g), SGR 

(2.16), TGC (1.30), FI (0.74 g/fish/day), and PER (2.95). The WG, TGC, FI, and APDC 

recorded on the control diet were not significantly different to diet D3 (P>0.05). At the 

inclusion level beyond 30%, growth performance declined significantly (P<0.05). The 

organosomatic indices showed no discernible pattern and were not influenced by the 

inclusion of Stinkbug meal (P<0.05). 
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Table 3.6: Growth parameters and organosomatic indices (Mean ± SD) of O. mossambicus fed diets with Stinkbug meal as a fishmeal 

replacement at increasing substitution levels for 8 weeks. n=9. 

Dietary groups D1 (0%) D2 (10%) D3(30%) D4(50%) D5 (70%) 

Indices      

IBW (g) 68.74±4.73 75.47±3.81 76.68±6.29 64.04±5.07 69.29±4.07 

FBW (g) 236.11±6.08 218.01±2.03 205.79±3.90 166.16±5.05 145.38±2.30 

WG (g) 167.37±4.32a 143.53±3.93b 128.32±2.35c 103.12±2.33d 75.09±1.52e 

SGR (%) 2.16±0.07a 1.86±0.17b 1.73±0.25c 1.68±0.33c 1.28±0.10d 

TGC 1.30±0.03a 1.12±0.11b 1.04±0.18c 0.95±0.19d 0.72±0.06e 

FCR  1.42±0.15a 1.56±0.30b 1.72±1.25c 1.77±0.0.54c 2.15±0.43d 

FI (g/fish/day) 0.74±0.05a 0.55±0.09b 0.42±0.04c 0.39±0.11c 0.36±0.15c 

PER 2.95±0.09a 2.87±0.46ab 2.82±0.65b 2.28±0.47c 1.66±0.14d 

APDC (%) 79.67±2.55a 70.89±2.10b 70.21±2.25b 69.14±1.93b 65.57±1.48b 

Organosomatic Indices 

CF (g/cm3) 2.30±0.13a 2.02±0.19a 1.82±0.38a 1.74±0.06a 1.54±0.25a 

VSI (%) 12.85±0.79a 12.33±4.53a 12.97±2.01a 12.85±1.15a 11.51±5.00a 

HSI (%) 4.03±0.24a 3.64±0.49a 3.54±1.82a 3.36±3.81a 3.35±0.41a 

Survival (%) 100 100 100 100 100 

Means in a row with different superscripts were significantly different (P<0.05). IBW: Initial body weight, FBW: Final body weight, WG: Weight gain, SGR: 

Specific growth rate, TGC: Thermal-unit growth coefficient, FCR: Food conversion ratio, FI: Feed intake, PER: Protein efficiency ratio, APDC: Apparent protein 

digestibility coefficient, CF: Condition factor, VSI: Viscero-somatic index, HSI: Hepatosomatic index.
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Table 3.7: Growth performance, protein utilisation, and organosomatic indices of C. gariepinus fed diets with Stinkbug meal as 

fishmeal replacement at different inclusion levels. Values expressed as Mean ± SD (n=9). The Means with different superscripts are 

significantly different (P<0.05, ANOVA). 

Dietary groups D1 (0%) D2 (10%) D3(30%) D4(50%) D5 (70%) 

Indices      

IBW (g) 30.65±5.96 30.78±3.35 34.48±4.20 29.76±1.08 28.15±4.25 

FBW (g) 65.34±12.84 57.37±5.77 67.76±6.22 53.77±1.97 50.41±6.21 

WG (g) 35.68±6.87a 26.59±2.41b 33.28±2.02a 24.01±0.89b 22.26±1.96b 

SGR (%/day) 1.35±0.07a 1.11±0.02c 1.20±0.04b 1.06±0.00c 1.04±0.04c 

FCR  1.12±0.05a 1.61±0.03c 1.43±0.03b 1.86±0.01d 1.93±0.01d 

TGC 0.57±0.06a 0.46±0.00b 0.52±0.04a 0.43±0.02b 0.41±0.01b 

FI (g/fish/day) 0.80±0.08a 0.71±0.16a 0.75±0.09a 0.57±0.04b 0.53±0.06b 

PER 1.95±0.04a 1.64±0.0b 1.75±0.01c 1.28±0.00d 1.26±0.01d 

APDC (%) 71.25±2.11a 57.25±2.00b 67.41±1.63a 52.41±2.36bc 49.52±1.01bc 

Organosomatic Indices 

CF 0.59±0.01a 0.60±0.01a 0.51±0.08a 0.66±0.06a 0.64±0.01a 

VSI (%) 8.62±2.46a 9.43±2.45a 10.03±2.61a 10.22±0.77a 6.10±0.36a 

HSI (%) 1.25±0.16a 1.11±0.11a 1.44±0.54a 1.30±0.17a 1.15±0.28a 

Survival (%) 100 100 100 100 100 
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3.5.3 Regression analysis of SGR, FCR and APDC of O. mossambicus and C. 

gariepinus. 

The SGR was highest in the control diet for both O. mossambicus and C. gariepinus 

(Figure 3.3 A & B). A decline in SGR with an increase in Stinkbug meal inclusion was 

observed in both fish species. However, higher SGR was recorded in O. mossambicus 

than C. gariepinus. The FCR increased with an increase in Stinkbug meal inclusion in 

both species (Figure 3.3 C & D). The APDC showed a negative linear relationship with 

Stinkbug meal inclusion levels in both species (Figure 3.3 E & F). Furthermore, O. 

mossambicus was able to digest Stinkbug-based diets better than C. gariepinus. 

 

 

Figure 3.3: Linear regression analysis of SGR, FCR and APDC of O. mossambicus 

and C. gariepinus. 
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3.5.4 Blood serum chemistry 

In O. mossambicus, the ALT value of fish fed the control diet (22.66 U/L) did not differ 

(P>0.05) from diets D2, D3, and D4 (Table 3.8). The diet with the highest inclusion 

level (D5) recorded the highest ALT level (32.66 U/L), which differed significantly 

(P<0.05) from the rest of the diets. The AST values showed no discernible pattern. 

However, the highest AST level was recorded in diet D5 (318.33 U/L) and differed 

(P<0.05) from other diets. Stinkbug meal did not influence (P>0.05) the cholesterol, 

triglyceride, and glucose levels in O. mossambicus. 

In C. gariepinus, the control diet recorded an ALT level (21.25 U/L) not significantly 

(P>0.05) different from diets D3, and D4 (Table 3.8). At the highest inclusion level, the 

ALT level increased significantly (43.32 U/L). The AST level followed a similar trend 

(Table 3.8). Cholesterol, triglyceride, and glucose were not influenced by Stinkbug 

meal inclusion. 

 

Table 3.8: Blood serum chemistry (Mean ± SD) of O. mossambicus and C. gariepinus 

fed diets with Stinkbug meal at different replacement levels, n=9. 

Diets ALT (U/L) AST (U/L) Chol 

(mmol/l) 

Trig 

(mmol/l) 

Glucose 

(mmol/l) 

 O. mossambicus 

D1 22.66±3.51a 221.33±3.21a 0.35±0.00a 0.02±0.00a 3.11±0.12a 

D2 20.63±4.50a 224.33±3.51a 0.32±0.02a 0.03±0.00a 4.20±0.33a 

D3 24.33±4.93a 213.00±3.00b 0.33±0.01a 0.02±0.00a 6.31±0.41a 

D4 23.33±5.68a 225.33±2.30a 0.31±0.04a 0.03±0.00a 5.41±0.24a 

D5 32.66±2.51b 318.33±2.08c 0.30±0.01a 0.02±0.00a 5.31±0.36a 

 C. gariepinus 

D1 21.25±0.6a 78.11±2.00a 3.37±0.04a 2.04±0.02a 3.86±1.30a 

D2 39.91±0.07b 115.4±3.50b 3.03±0.05a 2.03±0.04a 4.51±0.60a 

D3 22.63±1.20a 81.5±2.50a 3.27±0.02a 2.07±0.01a 4.85±0.95a 

D4 26.25±1.50a 84.5±1.50a 3.14±0.02a 2.12±0.02a 4.12±0.80a 

D5 43.32±0.50b 120.4±1.50b 3.48±0.06a 2.08±0.07a 4.80±0.40a 

ALT: alanine aminotransferase; AST: aspartate aminotransferase; Chol: cholesterol; Trig: triglyceride; 

Different superscripts on each column are significantly different (P<0.05, ANOVA).
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3.5.5 Liver and intestinal histology. 

Oreochromis mossambicus showed no significant difference in the intestine villi height 

across the diets (P>0.05) (Table 3.9). However, a numerically higher villi height was 

recorded in diet D1 (201 µm). Villi thickness also did not differ significantly (P>0.05) 

across diets.  

The villi height and thickness in C. gariepinus showed no discernible pattern (Table 

3.9).  

 

Substituting fishmeal with Stinkbug meal had no influence on the number of goblet 

cells in the intestine of both O. mossambicus and C. gariepinus across diets (P>0.05). 

Moreover, the goblet cell number in C. gariepinus was numerically higher than in O. 

mossambicus. The liver hepatocyte scored 1 across all diets in both O. mossambicus 

and C. gariepinus (Table 3.9). 
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Table 3.9: The score for the distal intestine of O. mossambicus and C. gariepinus fed diets with stinkbug meal at different 

replacement levels. Villi height and thickness are expressed as Mean ± SD. n=9. 

Diets D1 D2 D3 D4 D5 

Species                                                                           Villi height (µm) 

O. mossambicus 

C. gariepinus 

201.00±6.92a 193.00±4.04a 177.33±4.09a 182.66±7.51a 179.66±2.96a 

138.39±3.48a 109.19±4.86b 173.06±5.02c 140.87±4.39a 162.41±3.58d 

Villi thickness (µm) 

O. mossambicus 

C. gariepinus 

64.66±5.20a 61.33±0.88a 61.00±1.52a 54.33±3.84a 62.66±0.88a 

44.57±2.24a 33.15±3.20b 68.63±6.27c 57.89±4.04d 64.57±6.57c 

Goblet cell (no) 

O. mossambicus 

C. gariepinus 

45.00±3.05a 50.00±3.00a 50.00±4.61a 46.00±2.96a 48.00±1.76a 

61.00±2.10a 63.00±2.00a 60.00±3.14a 64.00±2.30a 66.00±1.20a 

Hepatocyte score 

O. mossambicus 

C. gariepinus 

1 1 1 1 1 

1 1 1 1 1 
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The inclusion of Stinkbug meal in the diets of O. mossambicus and C. gariepinus did 

not affect the distal intestinal histology (Figure 3.3 and Figure 3.4). The micrographs 

showed a normal intestine with distinguishable villi, lamina propria, goblet cells, 

epithelial lifting, serosa, and submucosa. Furthermore, the micrographs showed 

normal liver histology at different inclusion levels in both species across all diets 

(Figure 3.5 and Figure 3.6).  

 

 

Figure 3.4: Micrographs of O. mossambicus fed Stinkbug meal as fishmeal 

replacement at different inclusion levels stained with H& E. A: Diet D1 (0%), B: Diet 

D2 (10%), C: Diet D3 (30%), D: Diets D4 (50%), E: Diet D5 (70%). V: Villi, LP: Lamina 

propria, GC: Goblet cell, EL: Epithelial layer, SM: Submucosa, S: Serosa. Scale bar: 

20 µm.
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Figure 3.5: The micrographs of C. gariepinus distal intestine fed diets with Stinkbug 

meal as a fishmeal replacement at different inclusion levels. A (Diet 1), B (Diet 2), C 

(Diet 3), D (Diet 4), and E (Diet 5). GC: Goblet cell; V: Villus; LP: Lamina propria; S: 

Serosa. Scale bar: 20 µm. 
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Figure 3.6: Liver micrographs of O. mossambicus fed diets with Stinkbug meal as a 

fishmeal replacement. A (Control: 0%), B (Diet D2; 25%), C (Diet D3: 30%), D (Diet 

D4: 50%), and E (Diet D5; 75%). V: Vacuolisation, N: Nucleus, ND: Nuclear 

displacement, HP: Hepatic plate, KC: Kupffer cell. Scale bar: 20 µm 
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Figure 3.7: The micrographs of C. gariepinus liver fed diets with Stinkbug meal as a 

fishmeal replacement at different inclusion levels. A (Diet 1), B (Diet 2), C (Diet 3), D 

(Diet 4), and E (Diet 5). Long arrow: Nucleolus; ND: Nuclear displacement. Scale bar: 

20 µm. 

3.5.6 Gastrointestinal enzyme activity 

Amylase enzyme activity in O. mossambicus showed no discernible trend (Figure 3.5, 

A). This was also the case in C. gariepinus. However, amylase activity was higher in 

O. mossambicus than in C. gariepinus across all diets.  

 

Protease activity in O. mossambicus and C. gariepinus also showed no pattern across 

diets (Figure 3.5, B). The protease activity was higher in C. gariepinus than in O. 

mossambicus.  

 

Lipase activity in O. mossambicus showed no significant difference (P>0.05) (Figure 

3.5, C). C. gariepinus showed no pattern in lipase activity and the levels were higher 

than in O. mossambicus. 
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Figure 3.8:  Amylase (A), Protease (B), and Lipase (C) enzyme activity in the distal 

intestine of O. mossambicus (O.moss) and C. gariepinus (C.gar) fed diets with 

Stinkbug meal as a fishmeal replacement. Bars represent standard error. Different 

letters in bars of the same species shows significant difference (P<0.05). 

3.5.7 Cost benefit analysis 

A decline in incidence cost with an increase in Stinkbug meal inclusion was observed 

(Table 3.10). On the other hand, the inclusion of Stinkbug meal in the diets of O. 

mossambicus and C. gariepinus increased the profit index. 

Table 3.10: Cost benefit analysis of replacing fishmeal with Stinkbug in the diets of 

O. mossambicus and C. gariepinus. 

Cost benefit indices D1 (0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

Incidence cost 0.16 0.10 0.07 0.06 0.06 

Profit index 1.23 1.26 1.31 1.33 1.37 
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3.6 DISCUSSION 

There was a decline in the growth performance of O. mossambicus and C. gariepinus 

with increasing Stinkbug meal inclusion. A decline in growth performance was more 

evident in inclusion levels above 30% in both species. This is consistent with most 

previous studies where inclusion levels above 25% led to a decline in the growth 

performance of most fish species when insect meal was used to replace fishmeal (Xiao 

et al., 2018; Gasco et al., 2016). The decline in growth performance with higher insect 

meal inclusion levels has been attributed to different factors such as chitin levels. 

Chitin interferes with the digestion and absorption of nutrients in fish species, thus 

compromising fish growth (Gu et al., 2022; Tran et al., 2022). Stinkbug meal protein 

level was 29%. This is much lower than in most insect species where the protein levels 

were mainly above 50% (Ghosh and Mandal, 2019; Elia et al., 2018; Anvo et al., 2017). 

Although fish do not have specific requirements for protein levels, higher protein levels 

are indicative of the nutritional quality of the diet (Henry et al., 2015). The linear 

regression model showed that the decline in growth performance was more evident in 

O. mossambicus than in C. gariepinus. This can possibly be explained by the amino 

acid requirements of different fish species. O. mossambicus requires higher levels of 

methionine and lysine. It is thus plausible that the low methionine and lysine levels in 

the Stinkbug meal affected the growth performance of O. mossambicus. High 

methionine and lysine levels have been recorded in Hermetia illucens meal and growth 

performance was not compromised (Abdel-Tawwab et al., 2020). Moreover, the 

Stinkbug meal showed low EAAI compared to other terrestrial insects.  

One of the unique features of the Stinkbug meal is its high-fat content. In comparison 

to commonly used insects in aqua feed, Stinkbug meal fat content is much higher 

(Nogales-Mérida et al., 2019). The high-fat level might also have led to a decline in 

growth performance in both species. Lipids are an important source of energy, and 

they also assist in the absorption of fat-soluble vitamins (NRC, 1993). However, high-

fat levels are known to affect nutrient digestibility. Moreover, the Stinkbug meal 

showed an imbalance in the fatty acid profile. Although it contains a polyunsaturated 

omega-6 fatty acid (linoleic acid), this insect lacks omega-3 fatty acids such as α-

linolenic acid, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), which 

are essential fatty acids for growth and health maintenance. A more pronounced 
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decline in the growth performance of O. mossambicus may be due to the digestive 

enzyme profile. It must be noted that lipase activity was higher in C. gariepinus than 

in O. mossambicus. This shows that C. gariepinus was probably able to tolerate a 

high-fat content diet than O. mossambicus. Opportunistic predator species such as C. 

gariepinus are known to possess higher lipase activity than herbivorous species 

(Sankar et al., 2014; Tengjaroenkul et al., 2000). Similar observations were recorded 

when C. gariepinus was fed an insect-based diet (Rapatsa and Moyo, 2019). 

There was a noticeable reduction in feed intake with an increase in Stinkbug meal 

inclusion in both fish species. A decline in voluntary FI was more evident in O. 

mossambicus than in C. gariepinus. The reduced feed intake may be attributed to 

trans-2-decenal and trans-2-octenal compounds that the Stinkbug releases as a 

defence mechanism (Sagun et al., 2016). These compounds are known to cause an 

unpleasant odour that repels predators. The pungent smell was also observed in diets 

with Stinkbug meal. It is speculated that the odour reduced voluntary feed intake. Diet 

palatability is one major factor that has the potential to affect feed intake in fish species. 

C. gariepinus is known as an opportunistic predator and utilises a variety of feed items 

in the wild. Thus, it has a greater tolerance to diets that have poor palatability. At a 

high inclusion level, O. mossambicus was occasionally observed grabbing and spitting 

the diet. This may imply poor palatability of the diet when the Stinkbug meal inclusion 

level is high. A decline in growth performance due to poor palatability has been 

observed when insect meal is incorporated into fish diets of different species and 

feeding habits (Coutinho et al., 2021). 

The study also observed a decline in nutrient utilisation with an increase in Stinkbug 

meal inclusion in both O. mossambicus and C. gariepinus. The PER and APDC were 

used as protein utilisation measures. The protein utilisation was more efficient in C. 

gariepinus than O. mossambicus. The PER in O. mossambicus declined significantly 

from a 30% inclusion level whilst the APDC declined from a 10% inclusion level. On 

the other hand, C. gariepinus showed that the control and diet D3 (30%) APDC were 

comparable. The higher protein utilisation in C. gariepinus may be due to its protease 

enzyme activity. C. gariepinus recorded higher protease activity than O. mossambicus. 

This observation reflects the feeding habit of C. gariepinus. Its digestive system is 

designed to utilise a high-protein diet. Protease activity in fish species is also affected 
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by feed, fish size and pH (Lazzari et al., 2010; Hidalgo et al., 1999). Dietary protein 

plays an important role in determining the rate of fish growth in fish species. For 

maximum growth, fish species should efficiently synthesise protein. Protein 

digestibility is highly influenced by the protein quality of the dietary ingredients, and it 

is usually the leading factor affecting fish performance (Rahman et al., 2016).  

Although there was a decline in the growth performance, organosomatic indices (CF, 

HSI, VSI) were not significantly different across all diets in both species. This shows 

that fish from all experimental diets were in good health condition. Furthermore, 

utilising diets with Stinkbug meal as a fishmeal replacement did not cause any 

metabolic or liver deficiencies in O. mossambicus and C. gariepinus. The VSI 

confirmed that no excessive hepatic fat was accumulated in fish from all diets. Similar 

findings were observed in fish that have been fed insect meal as a fishmeal substitute 

(Tippayadara et al., 2021; Xiao et al., 2018; Renna et al., 2017). This suggests that 

Stinkbug meal had no negative effect on the health status of the two fish species. 

The AST and ALT levels further confirmed that O. mossambicus and C. gariepinus 

were in good health. The ALT and AST are liver enzymes that often leak into the 

bloodstream when there is hepatic damage or increased stress level (Adeoye et al., 

2019). One of the factors that makes these two species to be commonly cultured is 

their stress resistance (El-Sayed, 2020). Oreochromis mossambicus and C. 

gariepinus feed on insects as part of their diet in the wild (El-Sayed, 2020; Dadebo et 

al., 2014). It is speculated that these species are pre-adapted to utilise an insect-based 

diet. Belghit et al. (2018) indicated that feeding an Atlantic salmon (Salmo salar) a diet 

with H. illucens as a fishmeal substitute did not affect the ALT and AST levels. Salmo 

salar is one of the fish species that feed on aquatic insects in nature, and it is reportedly 

pre-adapted to utilising insect-based diets (Henry et al., 2015). However, at a higher 

inclusion level (70%), these enzymes were elevated. This shows that the inclusion of 

Stinkbug meal at a 70% inclusion level may pose mild stress to fish species. 

Substituting fishmeal with Stinkbug meal did not affect the intestine histology of O. 

mossambicus from all experimental diets. In C. gariepinus, the villi height and 

thickness showed no discernible pattern. The intestine is an organ where feed 

digestion, nutrient absorption and transportation of nutrients take place (Elia et al., 

2018). Its change in morphological structure may signal a nutritional deficiency. The 
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goblet cell prevalence was also not influenced by the Stinkbug meal in all experimental 

diets in both species. Goblet cells are responsible for secreting mucus as a protective 

compound (Kim and Ho, 2010). Stinkbug-based diet did not affect the gastrointestinal 

tract of both species. Furthermore, no sign of inflammation was observed. This was 

affirmed by the normal histology micrographs which showed distinguishable villi, 

lamina propria, serosa, submucosa, and epithelial lifting.  

The inclusion of the Stinkbug meal had no influence on the liver health of O. 

mossambicus and C. gariepinus. The hepatocyte of fish across all diets scored 1. 

Grade 1 score reflects a normal liver with vacuoles that follow the cell boundary, 

distinguishable nuclei, and Kupfer cells (McFadzen et al., 1997). The liver is an organ 

involved in nutrient metabolism (Rašković et al., 2011). It is also a good bioindicator 

of the nutritional status of the fish. Changes in its morphological structure are 

paramount in determining the capacity of a species to digest and effectively utilise a 

diet. Similar observations were reported when O. mossambicus was fed an insect-

based diet (Rapatsa and Moyo, 2017). The study recorded normal liver histology in 

fish across all diets. The lack of liver histological alterations shows that these species 

can utilise an insect-based diet. 

The cost benefit analysis showed that the inclusion of Stinkbug meal in the diets of O. 

mossambicus and C. gariepinus may yield higher returns than fishmeal-based diets. 

Although a decline in growth performance was observed, the study shows that 

Stinkbug meal inclusion in fish diets is economically viable and superior to fishmeal-

based diet. Stinkbug is one of the cheap insects available at the Thohoyandou open 

market. This insect can also be harvested for free at Thohoyandou, Ga-Modjadji, and 

Bushbuckridge. Fishmeal is not only expensive but it’s becoming less available and 

no longer sustainable.  

The limitation associated with using Stinkbug meal as a fishmeal substitute is its 

limited availability and seasonal variation. Preservation of Stinkbugs when they are in 

season is recommended. This may extend their shelf-life and increase their availability 

even when they are out of season. Moreover, it is important to search for other insects 

within our geographical area that are harvested during the rainy season. They will thus 

alternate with the Stinkbug, granting fish farmers access to insects throughout the 

year. Another limitation of using Stinkbug meal is that it contains high fat content which 
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may cause oxidation in the diets. It is thus recommended to defatten the Stinkbug 

meal prior to use. Defattening insects have been reported to improve their nutritional 

profile (Li et al., 2022; Renna et al., 2017). Unlike H. illucens and M. domestica, the 

Stinkbug is not easy to culture. However, rearing trials have been attempted in 

Haenertsburg, Mopane District, Limpopo Province, South Africa (Dzerefos et al., 

2009). It is thus recommended to improve trials for mass production. During mass 

production, different substrates may be introduced to improve its nutritional 

composition. Digestibility of the Stinkbug-based diets may be improved by introducing 

microbes that have the potential to synthesise chitin.  

To the best of the author's knowledge, no study evaluated using Stinkbug meal as a 

fishmeal replacement in aqua feeds. Thus, there are no comparable results for this 

study. Inclusion levels above 30% negatively affected the growth performance of both 

O. mossambicus and C. gariepinus. The decline in growth performance was more 

pronounced in O. mossambicus. It therefore appears that C. gariepinus is 

physiologically better equipped to handle the Stinkbug meal. The organosomatic 

indices did not vary between the species. They were also not significantly affected by 

the high Stinkbug meal inclusion level. The intestine and liver histology did not show 

any significant alterations with a high Stinkbug meal inclusion level. This shows that 

the health status of both species was not affected by high Stinkbug meal inclusion 

levels. However, AST and ALT were significantly higher at inclusion levels of 70%. 

This suggests that the fish were stressed at high inclusion levels. However, the health 

status was not affected. Despite the decline in growth performance, cost-benefit 

analysis shows that Stinkbug meal can sustainably replace fishmeal. Replacing 

fishmeal with E. delegorguei meal had an effect on growth performance, liver and 

intestine histology, digestive enzyme profile and cost benefit analysis in O. 

mossambicus and C. gariepinus. Thus, the null hypothesis is rejected.  
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CHAPTER 4: A comparative study on the utilisation of Macrotermes falciger (winged 

termite) diet by a herbivorous fish (Oreochromis mossambicus) and an opportunistic 

predator (Clarias gariepinus). 

4.1 INTRODUCTION 

From the previous chapter, it was clear that growth performance declined at high 

Stinkbug meal inclusion levels. This was partly attributed to its protein content which 

is relatively lower than commonly used insect meals. The Stinkbug meal had several 

limitations which included seasonal variation. It is thus prudent to search for alternative 

insects that are found locally and have the potential to substitute fishmeal in the diets 

of commonly cultured freshwater species in southern Africa. In this chapter, winged 

termites of M. falciger species will be evaluated as a potential replacement for fishmeal 

in the diets of herbivorous (O. mossambicus) and opportunistic predator (C. 

gariepinus). 

In Africa, over 1000 termite species have been recorded. The family Termitidae is 

divided into five subfamilies, of which Macrotermitinae is the most popular. The Genus 

Macrotermes is the most preferred and well-known (Egan et al., 2021). From the 

Macrotermes genus, Macrotermes falciger, Macrotermes subhyalinus, Macrotermes 

bellicosus, Macrotermes natalensis, Macrotermes vitrialatus, and Macrotermes 

nigeriensis have been reported to be widely consumed in Africa (Egan et al., 2021). 

Winged termites are the second most consumed insect group in the world, surpassed 

by grasshoppers, crickets, and locusts (De Figueirédo et al., 2015). The most 

consumed species in South Africa are M. falciger, M. michaelseni, and M. nigeriensis 

(Netshifhefhe and Duncan, 2022). Among these three species, M. falciger is the most 

preferred, mainly due to its larger size and nutritional composition (Netshifhefhe and 

Duncan, 2022). 

Several studies on the nutritional composition of Alates termite of the Macrotermes 

species have been carried out in western Africa (Igwe et al., 2011; Banjo et al., 2006; 

Mbah and Elekima, 2007). However, in southern Africa, very limited studies have been 

carried out. There is limited published literature on the nutritional composition of 

winged M. falciger species. One of the few studies conducted in southern Africa 

showed that M. falciger Alates contains 41.8% crude protein content (Phelps et al., 
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1975), which is relatively higher than the Stinkbug meal (29%). The M. falciger is one 

of the winged termite species that have a higher protein content than most 

Macrotermes species (Fombong and Kinyuru, 2018). This makes it one of the species 

that has the potential to substitute fishmeal in aqua feed. 

One of the unique features of the Stinkbug meal is its high-fat content (48%) and 

defatting was recommended. However, M. falciger Alates contain a lower fat content 

(44%) than Stinkbug meal. Although it contains a lower fat content than Stinkbug meal, 

its fat content is still higher than the requirement for O. mossambicus (5-6%) and C. 

gariepinus (9-12%) (Hecht et al., 1988; Jauncey et al., 1983). The M. falciger Alates 

also contains essential and non-essential amino acids and a valuable amount of 

minerals that are more bioavailable than plant-based minerals (Siulapwa et al., 2012). 

Moreover, the fatty acid profile of M. falciger Alates is poorly documented. 

The nutritional composition of insects is influenced by their stage of metamorphosis, 

insect origin, and their diet (Inje et al., 2018). Alates termites are the reproductive caste 

of the colony and have a unique feeding mode. They depend on Workers for nutrients 

since they cannot feed themselves directly. Termites feed mainly on cellulose, which 

is obtained from wood, grass, leaves, humus, lichens, and soil rich in organic matter 

(Siddaiah et al., 2023). Digestion of cellulose depends on symbiotic flagellate 

protozoa, which is found in the termite hindgut and secretes cellulase and cellobiase 

that breaks down cellulose into glucose and acetic acid. The Workers transfer food to 

Alates through mouth or anal feeding. Feed transferred by mouth may consist of either 

paste-like regurgitated chewed wood and saliva or a clear liquid. The liquid food 

consists of hindgut fluid containing protozoans, products of digestion, and wood 

fragments (O’Brien and Slaytor, 1982). Thus, the nutritional composition of Alates 

termites is dependent on the nutritional composition of the Workers. 

The lifecycle of termites comprises eggs, larvae, nymphs, workers, and soldiers. The 

nymph develops into a reproductive caste, which are alates (Figure 4.1). Incubated 

eggs hatch and develop into larvae which then develop into any member of the castes 

(soldier, worker, nymph). The caste differentiation is mainly determined during the 

postembryonic development and is influenced by abiotic and biotic factors (Watanabe 

et al., 2014). The nymphs develop into Alates. The matured Alates swarm during the 

onset of the rainy season (October and April), and male and the female Alates pair, 
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shed their wings, and start searching for a place to initiate a new colony. The 

availability of Alates termites is one factor that has to be considered when they are 

used in fishmeal replacement studies. 

 

Figure 4.1: The life cycle of M. falciger. 

The distribution of M. falciger is wider than Stinkbug. In South Africa, stinkbugs are 

mainly harvested at three localities in the Limpopo and Mpumalanga Provinces. On 

the other hand, termites are widely distributed in tropical and subtropical regions, 

spreading from humid forests to savannas and even arid areas. The Macrotermes 

falciger species are known to be predominantly found in woodlands and are widely 

distributed in eastern and southern Africa (Mujinya et al., 2014). The wide distribution 

of M. falciger makes it a viable insect to replace fishmeal in aquafeed.  

The harvest of M. falciger Alates is much more convenient and less laborious than 

harvesting Stinkbugs. Van Huis (2013) investigated various methods of Alates termite 

collection around Africa. The most popular and easy method was placing a basin of 

water under the light source. Alates termites are attracted to a source of illumination 

at night during their swarming season, making it easier to harvest. In comparison to 

the Stinkbug, Alates termites can easily be processed. They are collected, fried in a 

pan with salt, de-winged and sun-dried. On the other hand, Stinkbugs are prepared by 

shaking vigorously in a bag, rinsing with hot water, and stirring to release the 

unpleasant odour (Dzerefos et al., 2013).  
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Although M. falciger Alates contain a good nutritional composition, their use as feed 

and as a fishmeal replacement in the animal feed industry is not documented. Thus, 

Alates of the M. falciger may be used as a novel ingredient in the diet of O. 

mossambicus and C. gariepinus. These are the two most widely cultured warm 

freshwater fish species in South Africa. 
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4.2 OBJECTIVES AND NULL HYPOTHESIS 

Objectives 

I. To compare growth performance of O. mossambicus and C. gariepinus fed a 

diet with an Alates termite meal as a fishmeal substitute. 

II. To compare the blood serum chemistry of O. mossambicus and C. gariepinus 

fed a diet with Alates termite meal as a fishmeal substitute. 

III. To determine the effect of Alates termite meal as a fishmeal replacement on 

the liver and intestine histology of a herbivorous and an opportunistic predator 

fish species. 

IV. To determine the effect of Alates termite meal in digestive enzyme profile of a 

herbivorous and an opportunistic predator species 

V. To determine the cost benefit analysis of replacing fishmeal with Alates termite 

meal in O. mossambicus and C. gariepinus diets. 

 

Null hypothesis 

I. There is no difference in growth performance of O. mossambicus and C. 

gariepinus fed diet with an Alates termite meal as a fishmeal substitute. 

II. The is no difference in blood serum chemistry of O. mossambicus and C. 

gariepinus fed a diet with an Alates termite meal as a fishmeal substitute. 

III. Replacing fishmeal with Alates termite meal has no effect on the liver and 

intestine histology of a herbivorous and an opportunistic predator fish species 

IV. Replacing fishmeal with Alates termite meal has no effect on the digestive 

enzyme profile of a herbivorous and an opportunistic predator fish species.  

V. There is no effect on the cost benefit analysis of replacing fishmeal with Alates 

termite meal on the diets of O. mossambicus and C. gariepinus. 
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4.3 MATERIALS AND METHODS 

4.3.1 Diet formulation 

The Alates termites (de-winged) were purchased from the Thohoyandou Open Market 

in the Vhembe District of Limpopo Province, South Africa. The Alates termites were 

ground to powder and replaced fishmeal at 0, 10, 30, 50, and 70%, which were 

designated as D1, D2, D3, D4, and D5, respectively (Table 4.1). The diets were 

formulated to be isonitrogenous (30% protein), isolipidic (12% fat), and isocaloric (15 

MJ/Kg), this was done using Winfeed 3, EFG (Natal) software. The control diet 

contained 30% fishmeal and no insect meal. The feed ingredients were weighed and 

mixed using a planetary mixer (Hobart, Troy, OH, USA). During mixing, water (10-20% 

v/w) was added as required until the desired dough thickness was reached. The 

mixture was pelleted into a 3 mm diameter size using a meat mincer connected to the 

planetary mixer. The pellets were labelled and separately sun-dried and stored in 

polyethylene buckets at 4°C. Yellow maize, wheat bran, sunflower meal, and 

sunflower oil were purchased from a local market. Fishmeal, Binder, and 

Vitamin/Mineral premix were purchased from Irvin’s Africa (Pty) Ltd, Gauteng 

Province, South Africa. Lysine and Methionine were purchased from Nutroteq, 

Gauteng Province, South Africa.  
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Table 4.1: Feed ingredients (g/kg) mixed to formulate experimental diets where Alates 

termite meal substituted fishmeal at increasing levels. The proximate composition of 

the diets is listed. 

Inclusion levels 0%  10% 30% 50% 70% 

Ingredients D1  D2  D3 D4 D5 

Fishmeal 300 270 210 150 90 

Alates meal 0 30 90 150 210 

Yellow Maize 205 205 205 185 155 

Wheat bran 242.7 234.0 212.7 202.9 229.4 

Sunflower meal 102.0 110.7 131.8 161.3 164.9 

Sunflower oil 60.3 60.3 60.5 60.8 60.7 

Methionine 20 20 20 20 20 

Lysine 20 20 20 20 20 

Vitamin/Mineral premixa 20 20 20 20 20 

Binder 30 30 30 30 30 

Total 1000 1000 1000 1000 1000 

Proximate composition      

Crude protein (%DM) 30.00 30.00 30.00 30.00 30.00 

Fat (%DM) 12.49 12.13 12.68 12.32 12.27 

Gross Energy (MJ/Kg) 15.02 15.08 15.00 15.01 15.03 

Dry matter (%DM) 92.89 93.01 93.49 93.81 94.05 

Ash (%DM) 10.53 10.20 9.62 9.00 8.71 

aVitamin/Mineral premix: Vit. A, 12 000 IU; Vit. D3, 1 200 IU; Vit. E, 120 IU; Vit. B4, 10000g; Vit. C, 
120g; Vit. B3, 25g; Vit. B5, 15g; Vit. B2, 6g; Vit. B6, 5g; Vit. B1, 4g; Vit. K3, 2g; Vit. B9, 1g; Vit. H, 0.25g; 
Vit. B12, 0.04g. ZnO, 200g; FeSO4; CuSO4, 7g; MnO, 5g; KI, 2g; Na2SeO3, 0.15g; CoSO4, 0.05g. 
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4.3.2 Proximate composition of the Alates termite meal and experimental 

diets. 

The Alates termite meal and experimental diets were analysed for the proximate 

composition according to AOAC (2003) and as described in Chapter 3, section 3.3.2. 

4.3.3 Mineral content  

The mineral content of the Alates termite meal was determined using Inductively 

coupled plasma-optical emission spectrometry (ICP-OES) as described by Manditsera 

et al., (2019).  

4.3.4 Amino acid and fatty acid analysis 

Alates termite meal was analysed for amino acids and fatty acids profiles at the Central 

Analytical Facilities (CAF) of Stellenbosch University, Western Cape Province (South 

Africa) as described in Chapter 3, section 3.3.4 and 3.3.5. 

The Essential amino acid Index (EAAI) of the Alates termite meal was calculated using 

the Peńaflorida (1989) formula:  

 

Where aa is the amount of the amino acid in the Alates termite, AA is the amino acid 

requirement of the fish, and n is the total number of amino acids used in the calculation.  

4.3.5 Fish stocking and experimental design  

The experiment was undertaken at the University of Limpopo, Aquaculture Research 

Unit (ARU), Limpopo Province, South Africa. The Mozambique tilapia (O. 

mossambicus) juveniles were collected from the hatchery at ARU. The African catfish 

(C. gariepinus) sub-adults were also collected from the holding tanks in the ARU 

hatchery. These species were both bred at the ARU. The study was approved for 

ethical clearance by the University of Limpopo Animal Research Ethical Committee 

(AREC/09/2022:PG). 
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The experiment was conducted in a Recirculating aquaculture system (RAS) using 

500 L size fibreglass tanks filled to the 400 L mark. The tanks were connected to a 

sump and a pump that supplied the tanks with water at 10 L/min. Each tank was heated 

with a submersible aquarium heater (ViaAqua Glass heater, 200W) and aerated with 

airstones. The tanks were fitted with the Guelph system with mild modifications for 

faecal matter collection (Cho et al., 1982). Fish species were sedated with 2-

phenoxyethanol (1 ml/L) prior to stocking in experimental tanks. A completely 

randomised design was used to stock the fish in experimental tanks. Clarias 

gariepinus (205 ± 4.3 g/fish) were stocked at 5 fish per tank in triplicates, whilst O. 

mossambicus (7.4 ±3.1 g/fish) were stocked at 10 fish per tank in triplicates. The initial 

body weight of fish per diet ranged between 61.18 ± 3.19 g and 76.06 ± 4.77 g for O. 

mossambicus and 997.19 ± 6.36 g – 1060.50 ± 3.50 g for C. gariepinus.  

4.3.6 Feeding procedure 

Both fish species were fed a commercial diet (Aqua-plus, Avi Products (pty) ltd for two 

weeks during the acclimatization period. Fish were then weighed (Initial weight) per 

tank and re-stocked back to experimental tanks and fed allocated diets to apparent 

satiation for 8 weeks at 09h:00 and 15h:00.  Feed intake was recorded on a daily basis 

for each tank. Faecal matter samples were collected from the collection tube 1 week 

after the commencement of the experiment and stored at -20°C until the desired 

quantity was reached. The faecal matter was used for apparent digestibility coefficient 

analysis.  

4.3.7 Water quality management 

Water quality parameters were monitored on a weekly basis using a handheld 

multiparameter meter (Professional plus YSI 605000). The measured parameters 

were temperature, dissolved oxygen, ammonia, and pH to meet the optimal 

requirements for O. mossambicus and C. gariepinus. 

4.3.8 Growth performance parameters 

Fish were weighed at the commencement of the experiment, after every two weeks, 

and at the end of the feeding trial. Fish were starved for 24 h before final growth 

parameters were taken. The following parameters were measured for both O. 
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mossambicus and C. gariepinus: SGR, TGC, FCR, PER, WG, FI, APDC and Fish 

survival as described in Chapter 3, section 3.3.9. 

4.3.9 Organosomatic indices  

Three fish from each dietary replicate (9 fish/diet) were used to measure 

organosomatic indices. The condition factor (CF), Hepato-somatic index (HSI), and 

Viscero-somatic index (VSI) were calculated as described in Chapter 3, section 3.3.10. 

4.3.10 Blood serum chemistry 

Three fish samples from each dietary replicate were randomly selected and sedated 

with 2-phenoxyethanol (1 ml/L). Blood samples were collected and analysed as 

described in Chapter 3, section 3.3.11. The same procedure was employed for both 

experiments (O. mossambicus and C. gariepinus). 

4.3.11 Liver and intestinal histological analysis of O. mossambicus and C. 

gariepinus 

Three fish from each dietary replicate (9 fish/diet) were used for liver and intestinal 

histology. The liver samples from each fish were separately fixed in a 10% formalin 

solution using sampling bottles and analysed and quantified as described in Chapter 

3, section 3.3.12 and 3.3.13. 

 

4.3.12 Digestive enzyme profile of O. mossambicus and C. gariepinus 

Three fish from each dietary replicate were sedated in a 2-phenoxyethanol (1 ml/l) 

solution and sacrificed. Fish samples were dissected, and distal intestines were 

removed and stored in sterile sampling bottles at -80°C until analysis. Samples were 

analysed for amylase, protease and lipase activity as described in Chapter 3, section 

3.3.14. 

4.3.13 Cost benefit analysis 

The cost benefit analysis was determined according to Bahnasawy et al. (2003).  

Incidence cost =
Cost of feed 

Quantity of fish produced (kg)
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Profit index=
Local market value of fish 

Cost of feed
 

The underlying assumption is that all operating costs are constant, and the cost of 

ingredients was the only variable cost. The prices used were described in chapter 3, 

section 3.3.14. 

4.4 STATISTICAL ANALYSIS 

Statistical analysis was carried out as described in Chapter 3, section 3.4. 

4.5 RESULTS 

 

4.5.1 Proximate composition 

Alates termite meal contained 40.46% protein content, 40.40% fat content, and 6.14% 

ash content. The NDF and ADF of the Alates termite meal were 56.19% and 22.09%, 

respectively. The highest concentrations of essential amino acids recorded in the 

Alates termite meal were lysine (12.99 g/kg), leucine (6.98 g/kg), and histidine (5.15 

g/kg), respectively (Table 4.2). The non-essential amino acids were dominated by 

cystine (22.82 g/kg), glutamic acid (12.48 g/kg), and aspartic acid (8.17). The Alates 

termite meal recorded an Essential amino acid index (EAAI) of 1.87 (Table 4.2). 

Sodium constituted the highest value for minerals (41.6 mg/l), followed by potassium 

(33.8 mg/l), and iron (1.93 mg/l). The fatty acids that dominated the Alates termite meal 

were palmitic (6.5781 mg/g), oleic (6.5714 mg/g), and stearic (3.1547 mg/g), which 

are all SFA. This insect also contained linoleic acid and α-linolenic acid, which are 

PUFA. The fatty acid profile of the experimental diets was dominated by C18:1 cis, 

C18:2 cis, and C16 (Table 4.3). 
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Table 4.2: Proximate composition, mineral content, fatty acids profile and amino acid 

profile of the Alates termite meal. 

Proximate 

composition  

%DM Fatty acids mg/g Essential AA g/kg 

(DM) 

Dry matter (%)  93.51 C12:0 0.02 Lysine 12.99 

Ash (%DM) 6.14 C14:0 0.27 Methionine 3.76 

Fat (%DM) 40.40 C16:0 6.57 Phenylalanine 4.79 

Protein (%DM) 40.46 C18:0 3.15 Valine 4.69 

Carbohydrates (%DM) 6.54 C16:1 0.34 Tryptophan 0.37 

Crude fibre (%DM) 8.70 C17:1n-10 0.07 Threonine 4.94 

NDF (%DM) 56.19 C18:1n-9(cis) 6.57 Isoleucine 4.25 

ADF (%DM) 22.09 C18:2n-6 (cis) 2.73 Histidine 5.15 

Energy (KJ/100g) 2301 C18:3n-3 0.32 Leucine 6.98 

Minerals  (mg/l) Ʃ SFA 10.03 Non-essential AA  

Iron 1.93 Ʃ MUFA 6.99 Tyrosine 3.86 

Potassium 33.8 Ʃ PUFA 3.06 Glycine 4.99 

Sodium 41.6   Aspartic acid 8.17 

    Serine 6.04 

    Proline 6.29 

    Glutamic acid 12.48 

    Alanine 6.09 

    Cystine 22.82 

    EAAI 1.87 

NDF: Neutral detergent fibre; ADF: Acid detergent fibre; SFA: saturated fatty acids, MUFA: monounsaturated fatty 

acids; PUFA: polyunsaturated fatty acids. AA: Amino acids; EAAI: Essential amino acid Index. 
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Table 4.3: Fatty acid profile in Alates termite-based experimental diets (g/kg). 

Fatty acid D1 D2 D3 D4 D5 

C12 0.07 0.03 0.04 0.03 0.07 

C14 1.21 1.30 1.13 0.85 1.27 

C15 0.34 0.18 0.20 0.19 0.36 

C16 42.53 17.96 22.74 23.40 44.60 

C16:1 2.29 1.29 1.43 1.34 2.10 

C17 0.30 0.16 0.18 0.20 0.32 

C17:1 0.20 0.08 0.07 0.05 0.02 

C18 15.98 6.63 8.39 8.86 16.76 

C18:1 cis 85.08 31.65 42.83 46.37 89.22 

C18:2 cis 80.35 50.11 54.24 50.12 84.26 

C20 0.80 0.44 0.52 0.47 0.84 

C20:1 & 

C18:3n3 

3.82 3.34 3.15 2.52 4.00 

C21 0.02 0.01 0.01 0.01 0.02 

C20:2 0.04 0.05 0.04 0.03 0.05 

C22 0.04 0.05 0.04 0.03 0.05 

C22:1 0.37 0.84 0.61 0.37 0.39 

C20:3n3 0.01 0.04 0.02 0.01 0.01 

C20:4n6 0.20 0.17 0.14 0.09 0.21 

C23 0.05 0.03 0.03 0.02 0.05 

C20:5n3 0.89 2.30 1.65 0.95 0.94 

C24 0.26 0.18 0.19 0.17 0.27 

C24:1 0.05 0.17 0.10 0.06 0.05 

C22:6n3 1.47 3.89 2.89 1.56 1.54 

 

4.5.2 Growth performance indices 

The SGR significantly declined when the inclusion level was above 50% (P<0.05) in 

O. mossambicus (Table 4.4). The WG, TGC, FI, PER, and APDC followed a similar 

trend.  
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The FCR increased at inclusion level higher than 50%. The CF and VSI declined at 

the inclusion level beyond 50%. However, HSI did not show a discernible pattern.  

 

In C. gariepinus, SGR also significantly declined at inclusion level above 50% (P<0.05) 

(Table 4.5). A similar trend was observed in WG, TGC, FI, PER, and APDC. The CF, 

VSI, and HSI also declined at an inclusion level above 50%.  
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Table 4.4: Growth performance indices of O. mossambicus fed diets with Alates termite meal as a fishmeal replacement. Values 

are expressed as mean ± standard error.  Different superscripts in a row show a significant difference (P<0.05, ANOVA). n=9. 

Dietary groups D1 (0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

IBW (g) 61.18±3.19 73.84±3.82 76.06±4.77 71.43±2.90 74.04±1.25 

FBW (g) 137.31±3.28 165.29±4.17 165.49±6.33 174.12±5.39 133.15±4.34 

WG (g) 76.13±3.52 91.45±2.59 93.16±2.05 102.69±3.35 59.11±2.38 

SGR (%/day) 1.45±0.06a 1.44±0.19a 1.40±0.06a 1.60±0.01b 1.06±0.16c 

FCR  1.65±0.82a 1.72±0.32a 1.72±0.37a 1.66±0.45a 1.77±0.12a 

TGC 0.73±0.08a 0.79±0.32a 0.75±0.12a 0.85±0.37b 0.53±0.45c 

FI (g/fish/day) 0.42±0.00a 0.49±0.01b 0.53±0.04b 0.53±0.00b  0.30±0.01c 

PER 2.53±0.11a 3.04±0.61a 2.97±0.12a 3.43±0.87a 1.96±0.37a 

APDC (%) 72.11±2.01a 68.05±1.14a 68.01±2.32a 67.35±1.11a 60.56±2.14b 

Organosomatic indices 

CF 2.26±0.14a 1.43±0.10a 1.69±0.01a 1.66±0.12a 1.50±0.04a 

VSI (%) 11.92±1.10a 9.82±1.91a 9.02±1.13a 10.34±1.69a 9.25±0.04a 

HSI (%) 1.28±0.23a 2.53±0.72a 1.96±0.75a 1.60±0.55a 2.43±0.19a 

Survival (%) 100 100 100 100 100 
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Table 4.5: Growth performance indices of C. gariepinus fed diets with Alates termite meal as a fishmeal replacement. Values are 

expressed as means ± standard error. Different superscripts in a row show a significant difference (P<0.05, ANOVA). n = 9 

Dietary groups D1 (0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

IBW (g) 1060.50±3.50 1060.10±4.00 1000.24±4.50 1020.13±3.25 997.19±6.36 

FBW (g) 2083.61±3.22 1810.39±2.12 1830.85±5.38 2010.59±4.18 1581.04±6.58 

WG (g) 1023.11±3.23 750.29±2.00 830.61±5.63 990.46±7.21 584.85±2.41 

SGR (%/day) 1.20±0.06a 1.03±0.10b 1.07±0.05b 1.22±0.12a 0.86±0.23c 

FCR  1.68±0.01a 1.96±0.02b 1.85±0.00c 1.78±0.02c 2.40±0.04d 

TGC 1.61±0.02a 1.24±0.06b 1.39±0.04c 1.60±0.01a 1.03±0.06e 

FI (g/fish/day) 6.14±0.22a 5.18±0.15a 5.39±0.12a 6.18±0.09a 4.9±0.14a 

PER 3.41±0.04a 2.50±0.03a 2.76±0.06a 3.30±0.03a 1.94±0.11a 

APDC (%) 67.58±2.74a 65.41±1.25a 64.36±2.05a 64.10±1.51a 60.88±3.63b 

Organosomatic indices 

CF 0.67±0.01a 0.74±0.05a 0.75±0.02a 0.77±0.01a 0.66±0.02a 

VSI (%) 7.08±0.44a 8.02±1.23a 7.37±1.72a 7.74±1.03a 7.20±0.48a 

HSI (%) 1.82±0.03a 2.14±0.27a 2.07±0.39a 1.99±0.09a 1.75±0.21a 

Survival (%) 100 100 100 100 100 
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4.5.3 Regression analysis of SGR, FCR and APDC of O. mossambicus and C. 

gariepinus. 

A negative linear relationship between SGR and inclusion levels of Alates termite meal 

was observed in both O. mossambicus and C. gariepinus (Figure 4.2 A & B). 

Oreochromis mossambicus showed higher SGR than C. gariepinus. The FCR showed 

a positive linear relationship with Alates termite meal inclusion levels in both species 

(Figure 4.2 C & D). The FCR was higher in C. gariepinus than O. mossambicus. The 

APDC recorded a negative relationship with inclusion of Alates termite meal and was 

similar in both species (Figure 4.2 E & F). 

 

 
Figure 4.2 : Linear regression analysis of SGR, FCR and APDC of O. mossambicus 

and C. gariepinus. 
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4.5.4 Blood serum chemistry 

The AST level in O. mossambicus was not influenced by the diets (P>0.05, Figure 

4.2A). However, the AST level in C. gariepinus increased at an inclusion level higher 

than 50%.  

In O. mossambicus, the ALT level did not change with a higher inclusion level (P>0.05, 

Figure 4.2B). However, the C. gariepinus ALT level significantly increased at an 

inclusion level above 50% (P<0.05).  

 

Triglyceride levels did not change with an increase in inclusion levels in both species 

(P>0.05, Figure 4.2C). Cholesterol followed a similar trend (Figure 4.2D). 

 

The glucose level in O. mossambicus showed no discernible pattern (Figure 4.2E). 

Similar findings were observed in C. gariepinus. 
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Figure 4.3: Blood serum chemistry of O. mossambicus (O. moss) and C. gariepinus (C. gar) fed diets with Alates termite meal as a 

fishmeal replacement at increasing levels. n = 9. Different letters on each species bar represent a significant difference (P<0.05, 

ANOVA). AST: alanine aminotransferase; ALT: aspartate aminotransferase. Bars represent standard error. 
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4.5.5 Liver and intestine histology 

In O. mossambicus, the villi height and villi thickness significantly decreased above 

50% inclusion level (Table 4.6). A similar trend was observed in C. gariepinus. 

The goblet cell in O. mossambicus increased at an inclusion level above 50%. In C. 

gariepinus, goblet cells increased significantly at inclusion level above 50% (P<0.05).  

The hepatic score in O. mossambicus liver was scored 1 across all diets. But above 

50% inclusion level, hepatic score in C. gariepinus was scored 2. 
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Table 4.6: Intestine histology and the liver hepatocyte score of O. mossambicus and C. gariepinus fed diets with Alates termite meal 

as a fishmeal replacement at increasing inclusion levels. n = 9. Values are expressed as mean ± standard error. 

Diets D1 D2 D3 D4 D5 

Species                                                                           Villi height (µm) 

O. mossambicus 

C. gariepinus 

212.25±2.41a 

205.26±4.28a 

121.60±7.41b 

158.06±5.00b 

136.99±3.44c 

193.59±2.34c 

215.80±8.83a 

230.31±8.30d 

112.95±3.65d 

103.05±4.05e 

Villi thickness (µm) 

O. mossambicus 

C. gariepinus 

126.10±8.56a 

51.56±2.41a 

98.76±9.18b 

43.32 ±3.85b 

117.37±7.79c 

49.36±3.57ab 

141.08±4.56d 

62.21±2.36c 

93.98±6.53b 

34.56±1.56d 

Goblet cell (no) 

O. mossambicus 

C. gariepinus 

19±1.93a 

54±5.05a 

20±3.81a 

63±3.70a 

18±2.59a 

60±5.00a 

17±2.48a 

58±6.68a 

22±2.59a 

74±2.72b 

Hepatocyte score 

O. mossambicus 

C. gariepinus 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

Different superscripts in a row are significantly different (P<0.05, ANOVA) 
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The hepatocyte scores of O. mossambicus and C. gariepinus were confirmed by the 

normal liver morphology sections (Figure 4.3 and Figure 4.4). However, C. gariepinus 

fed diet D5 showed nuclear displacement alteration (Figure 4.4E). 

 

 

Figure 4.4: Morphological sections of the liver of O. mossambicus (stained with H&E) 

fed diets with Alates termite meal as a fishmeal replacement at increasing inclusion 

levels. A denotes diet D1, B: diet D2, C: diet D3, D: diets D4, and E: diet D5. Scale bar 

:20 µm. 
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Figure 4.5: Morphological sections of the liver of C. gariepinus (stained with H&E) fed 

diets with Alates termite meal as a fishmeal replacement at increasing inclusion levels. 

A denotes diet D1, B: diet D2, C: diet D3, D: diet D4, and E: diet D5. Scale bar :20 µm. 

Arrows: nuclei, dotted circle: nuclear displacement.  

 

The inclusion of the Alates termite meal in the diet of O. mossambicus and C. 

gariepinus had no effect on intestinal morphology across all diets (Figure 4.5; Figure 

4.6). The intestinal morphology showed normal morphology, which had 

distinguishable nuclei, lamina propria, epithelia lifting, villus, goblet cell, epithelial cell, 

internal muscular layer, and external muscular layer in both species (Figure 4.5 and 

Figure 4.6).  
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Figure 4.6: Morphological sections of the distal intestine of O. mossambicus (Stained 

with H&E) fed diets with Alates termite meal as a fishmeal replacement at increasing 

inclusion levels. A denotes diet D1, B: diet D2, C: diet D3, D: diet D4, and E: diet D5. 

Scale bar :20 µm. V: Villus, EL: Epithelial lifting, LP: Lamina propria, IML: Internal 

muscular layer, EML: External muscular layer. Arrow: Epithelial cell. 
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Figure 4.7: Morphological sections of the distal intestine of C. gariepinus (Stained with 

H&E, 200X) fed diets with Alates termite meal as a fishmeal replacement at increasing 

inclusion levels. A denotes diet D1, B: diet D2, C: diet D3, D: diet D4, and E: diet D5. 

Scale bar :20 µm. V: Villus, GC: Goblet cell, EL: Epithelial lifting, LP: Lamina propria, 

Short arrow: Epithelial cell. 

 

4.5.6 Digestive enzymes 

Protease activity recorded in O. mossambicus did not differ significantly across diets 

(P>0.05) (Figure 4.7A). C. gariepinus also showed no discernible pattern. 

Amylase activity increased with Alates termite inclusion level in O. mossambicus 

(Figure 4.7B). In C. gariepinus, no pattern was observed. 

 

In O. mossambicus, there was no discernible pattern with respect to lipase activity 

(Figure 4.7C). However, C. gariepinus lipase activity significantly declined above 50% 

inclusion level.  
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Figure 4.8: Protease (A), amylase (B), and lipase (C) enzyme activity in the distal 

intestine of O. mossambicus (O. moss) and C. gariepinus (C. gari) fed diets with Alate 

termite meal as a fishmeal replacement. Bars represent standard error. Different 

letters in bars of the same species shows significant difference (P<0.05, ANOVA).  

4.5.7 Cost benefit analysis 

The incidence cost decreased with an increase in inclusion of Alates termite meal 

(Table 4.7). On the other hand, profit index increased with increasing inclusion level 

of Alates termite meal. 

Table 4.7: Cost benefit analysis of replacing fishmeal with Alates termite in the diets 

of O. mossambicus and C. gariepinus. 

Cost benefit indices D1(0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

Incidence cost 0.16 0.09 0.07 0.05 0.05 

Profit index 1.23 1.31 1.36 1.39 1.42 
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4.6 DISCUSSION 

Growth performance and nutrient utilisation declined at an inclusion level above 50% 

in both O. mossambicus and C. gariepinus. This inclusion level limit is higher than the 

Stinkbug meal inclusion level limit (30%). The higher inclusion level in Alates termite 

meal may be partly attributed to its protein content. The Alates termite meal recorded 

a protein content of 40.46%, which meets the requirements for O. mossambicus (30%) 

and C. gariepinus (40%) (Santiago and Lovell, 1988). Protein requirement in aquafeed 

is an essential component for the optimal growth of fish species. Moreover, the Alates 

termite meal recorded an EAAI (1.87) that was higher than the Stinkbug meal (0.11). 

This shows that the Alates termite meal provided fish species with a better amino acid 

profile than the Stinkbug meal. The higher inclusion levels in Alates termite meal may 

also be ascribed to its polyunsaturated fatty acids (PUFA). It contained 3.06 mg/g of 

the total PUFA, which is above the PUFA recorded in the Stinkbug meal (1.17 mg/g). 

The PUFA play an important role in fish growth, cellular synthesis, ionic regulation, 

proper development, and functioning of the neural system (Carr et al., 2023).  

Inclusion levels of 50% have also been observed in previous studies when O. 

mossambicus and C. gariepinus were fed insect-based diets. The Mozambique tilapia 

has been reported to utilise insect-based diets up to 60% inclusion level without 

compromising growth performance (Rapatsa and Moyo, 2017). The study used the 

Mopane worm (Imbrasia bellina) as a fishmeal replacement and the maximum 

inclusion level was 60%. The growth performance of O. mossambicus continued to 

increase even at the highest (60%) inclusion level. However, it is not immediately clear 

if the inclusion levels above 60% will lead to a decline in growth performance.  The 

linear regression analysis showed that O. mossambicus utilised Alates-based diet 

better than C. gariepinus. Fawole et al. (2020) recorded a decline in growth 

performance at an inclusion level above 50% in C. gariepinus fed Hermetia illucens-

based diet. The decline in growth performance at an inclusion level above 50% in C. 

gariepinus was attributed to chitin. However, the study did not measure the chitin 

content in H. illucens and experimental diets. 

The organosomatic indices (CF, VSI, and HSI) declined at inclusion level beyond 50% 

in both species. This shows that Alates termite meal had no negative effect on the 

health status of O. mossambicus and C. gariepinus at inclusion level below 50%. The 
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organosomatic indices have been widely used to evaluate the health status of fish 

species. The limitation of using organosomatic indices is their lack of standard ranges. 

Piccolo et al. (2017) reported that the normal range for hepatosomatic index is 

between 1 and 2%. Values higher than these show that the liver health status has 

been compromised. However, this range is not species-specific. Different fish species 

respond differently to fish diets. Thus, their range will differ based on fish species. For 

the condition factor, Bagenal and Tesch (1978) stated that a fish is in good condition 

when the condition factor is ≥0.5. The condition factor reflects the well-being of fish 

with the hypothesis that heavier fish of a given length are in better physiological 

condition than the less robust in relation to their welfare (Begenal and Tesch, 1978). 

However, this may not be the case with all fish species. Furthermore, the condition 

factor cannot be compared between different species. The relationship between 

organosomatic indices and fish health status is not apparent in most studies (Piccolo 

et al., 2017). Thus, organosomatic indices are not a reliable tool to evaluate the health 

status of fish species. It was therefore prudent to evaluate the fish’s health status using 

blood serum chemistry. 

The AST and ALT levels in O. mossambicus were not influenced by Alates termite 

meal inclusion. The AST and ALT enzymes are biomarkers of liver damage in fish 

species (Belghit et al., 2018). This implies that O. mossambicus maintained a healthy 

liver during the feeding trial. O. mossambicus is one of the tilapia species that is 

resistant to stress, and it has been reported to be pre-adapted to utilising insect-based 

diets (Rapatsa and Moyo, 2022; El-Sayed, 2020). These findings agree with the AST 

and ALT results observed in the previous chapter. The inclusion of the Stinkbug meal 

in the diets of O. mossambicus did not influence the liver status of the fish. Although 

these liver enzymes increased at the highest inclusion level, they did not affect the 

fish’s health status. When H. illucens replaced fishmeal in the diet of a herbivorous (O. 

niloticus) species, the ALT and AST levels did not differ across diets (Kishawy et al., 

2022). This shows that the ALT and AST levels may be influenced by the insect used. 

However, the AST and ALT levels in C. gariepinus increased significantly at the 

inclusion level above 50%. This entails that replacing fishmeal with Alates termite meal 

above 50% may cause a mild effect on the health status of the liver of C. gariepinus. 

Thus, O. mossambicus was more tolerant to Alates termite meal-based diet than C. 

gariepinus. An elevation in AST and ALT at inclusion levels above 50% has also been 
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recorded when C. gariepinus was fed H. illucens based diets (Fawole et al., 2020). 

Generally, predatory/ carnivorous species can tolerate lower levels of insect inclusion 

in their diet than herbivorous species (Mohan et al., 2022; Devic et al., 2017). In the 

previous chapter, AST and ALT levels also increased at inclusion levels above 50%. 

The histological assessment of the intestine morphology in O. mossambicus showed 

no discernible pattern. A decline in villi height and thickness at inclusion level above 

50% was observed in O. mossambicus.  A short villi height and thickness reduces the 

surface area for digestion and absorption of nutrients in the intestine, thus 

compromising growth performance in fish species (Zhang et al., 2022). Clarias 

gariepinus also recorded a decline in villi height and thickness at inclusion levels above 

50%. Furthermore, substituting fishmeal with Alates termite meal did not have an 

influence on the number of goblet cells in O. mossambicus. This shows that higher 

inclusion levels of Alates termite meal did not compromise its gastrointestinal tract. On 

the other hand, C. gariepinus recorded a significantly higher number of goblet cells in 

fish-fed the highest inclusion level (70%). This may suggest that inclusion levels that 

exceed 50% may induce irritation and inflammation in the gastrointestinal tract of C. 

gariepinus. Goblet cells play a role in maintaining the functional and structural integrity 

of the intestinal epithelium (Fawole et al., 2020). Thus, changes in their density may 

signal intestinal damage. 

The liver hepatocytes of O. mossambicus scored 1 across all diets, which implies a 

healthy liver. The liver hepatocytes were polygonal in shape, with centrally located 

nuclei and clear cell boundaries in healthy fish. This was affirmed by the normal liver 

micrographs observed. Thus, substituting fishmeal with Alates termite meal did not 

have a negative influence on the liver health of O. mossambicus. Normal liver 

micrographs were also observed in O. mossambicus fed a Stinkbug meal-based diet. 

In C. gariepinus, diets D1 to D4 scored 1 which implies a normal liver micrograph. 

However, C. gariepinus fed diet D5 scored 2, indicating an intermediate liver. This was 

further affirmed by the slight alteration observed in the micrographs of C. gariepinus 

liver in D5. Substituting fishmeal with Alates termite meal at inclusion levels exceeding 

50% may have a slight effect on the liver tissue of C. gariepinus. Contrary observations 

were recorded in C. gariepinus fed Stinkbug meal-based diets. The liver histology 

analysis is consistent with the results of the blood serum chemistry. Although O. 



 

107 
 

mossambicus and C. gariepinus showed similar growth performance and nutrient 

utilisation, their response in liver histology marginally differed.  

Digestive enzymes explain the capacity of the fish to utilise feed (Li et al., 2019). They 

are also essential in optimising diet formulation. Protease, amylase, and lipase 

enzymes play a pivotal role in the digestive process of nutrients in fish species. 

Enzyme activity differs in different fish species. The protease activity in both species 

showed no discernible pattern across diets. This is consistent with the protease activity 

observed in the previous chapter, where there was no discernible pattern across diets. 

Opportunistic predator like C. gariepinus exhibit higher proteolytic enzyme activity in 

their gastrointestinal tract (Adewumi et al., 2019). This is mainly due to their high 

protein requirement in their diet. The protease activity in O. mossambicus was 

marginally higher than in C. gariepinus in several diets. Although O. mossambicus is 

an herbivore, it has been reported that this species can adjust its diet to accommodate 

the prevailing food availability. Doupé et al. (2009) reported piscivory behaviour in O. 

mossambicus. This then explains its high protease enzyme activity. The amylase 

activity was higher in O. mossambicus than in C. gariepinus. The amylase activity was 

also higher in O. mossambicus than in C. gariepinus when fed a Stinkbug meal-based 

diet. Herbivorous fish species have been reported to produce higher amylase activities 

in their gut than omnivorous (El-Sayed. 2020; Moore et al., 1986). This is mainly due 

to their diet that fundamentally comprises carbohydrates. Thus, O. mossambicus may 

be physiologically adapted to utilise high carbohydrate-based diets. The lower 

amylase activity recorded in C. gariepinus reflects its opportunistic predator feeding 

habit. It is principally dependent on animal-based diets and not equipped to produce 

amylase enzymes. Although O. mossambicus showed no discernible pattern in lipase 

activity, the values were lower than those recorded in C. gariepinus. Similar 

observations were also reported in the previous chapter. C. gariepinus is an 

opportunistic feeder that is known to feed on a variety of items (Adewumi et al., 2014). 

Its high lipase activity may be attributed to its high consumption of fat-rich food (Moor 

et al., 1986). Moreover, herbivorous species such as O. mossambicus are known to 

excrete lower lipase activity than carnivorous species. Thus, higher lipase activities 

are expected in C. gariepinus than in O. mossambicus. Digestive enzymes have a 

positive influence on feed utilisation in fish species and their activities differ from 

species to species. These two species have the pre-requisite enzymes to digest an 



 

108 
 

insect-based diet. The cost-benefit analysis showed that replacing fishmeal with Alates 

termite meal in the diets of O. mossambicus and C. gariepinus is economically viable. 

It is noted that the price of Alates termite is lower than the Stinkbug. The wide 

distribution, easy harvesting and processing method makes Alates termites cheaper 

than Stinkbug in the market. Thus, their profit index is higher than Stinkbug meal 

inclusion.  

The study showed that Alates termite meal can replace fishmeal up to 50% inclusion 

level without significantly affecting the growth performance and feed utilisation of O. 

mossambicus and C. gariepinus. The decline in growth performance was not 

distinguishable between fish species. The organosomatic indices declined at inclusion 

levels above 50% in both species. Thus, at inclusion levels above 50%, the health 

status of O. mossambicus and C. gariepinus may be compromised. In O. 

mossambicus, the blood serum chemistry was not affected by the inclusion of Alates 

termite meal. On the other hand, AST and ALT significantly declined at inclusion levels 

above 50%. Thus, O. mossambicus was more tolerant to Alates termite meal-based 

diets than C. gariepinus. This was more evident on the liver histology of C. gariepinus 

which recorded mild alterations. The cost-benefit analysis showed that the inclusion 

of Alates termite meal in the diets of these two species has economic benefits. 

Replacing fishmeal with Alates termite meal had an effect on growth performance, liver 

and intestine histology, digestive enzyme profile and cost benefit analysis in O. 

mossambicus and C. gariepinus. Thus, the null hypothesis is rejected. 
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CHAPTER 5: Partial replacement of fishmeal with Soldier termite (Macrotermes 

falciger) meal in Oreochromis mossambicus and Clarias gariepinus: A comparative 

study.   

5.1 INTRODUCTION 

The previous chapter showed that Alates termite meal has the potential to replace 

fishmeal up to 50% inclusion level in the diets of O. mossambicus and C. gariepinus 

without affecting growth performance and health status. Although Alates termites had 

a good nutritional profile, their main limitation is seasonal variability. Alates termites 

are the reproductive cast of the colony. It is thus interesting to evaluate other castes 

in the colony as potential fishmeal substitutes in the diets of commonly cultured warm 

freshwater species. This chapter will thus evaluate Soldier termites as a potential 

fishmeal substitute in the diets of the Mozambique tilapia (O. mossambicus) and the 

African catfish (C. gariepinus). Soldier and Alates termites (M. falciger) were formerly 

under the Isoptera order but have now been reclassified into the Blattodea order 

(Evangelista et al., 2019). 

Soldier termites have the same feeding mode as Alates termites. Their nutritional 

profile is dependent on what they receive from the workers' caste. Proximate and 

nutritional composition data are scarce on Soldier termites (M. falciger) in the 

published literature in contrast with the Alates termites. The Soldier termites are an 

ideal insect to use in aqua feed due to their high protein content, vitamins, minerals, 

and good amino acid profile (Hlongwane et al., 2022; Netshifhefhe and Duncan, 2022).  

A high (69.75%) protein content in Soldier termites of Macrotermes species has been 

reported (Hlongwane et al., 2022), which is comparable to fishmeal. The Soldier 

termites have a higher protein content than Alates termites (40.46%). These castes 

(Alates and Soldier termites) depend on workers for feeding and they receive the same 

food. However, the Soldier termites have a higher protein content. This may be due to 

their different digestive system. The Soldier termites have a higher nutrient utilisation 

efficiency, particularly with regard to protein. Protein is one of the most expensive 

dietary sources in aquafeed. It represents over 50% of the total feed costs (El-Sayed, 

2020). Therefore, it is essential to evaluate its potential as a fishmeal substitute. The 

amino acid profile of the Soldier termites of Macrotermes species is not well 
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documented. The few studies that evaluated their nutritional composition showed that 

they contain a good amino acid profile, minerals, and vitamins (Hlongwane et al., 2022; 

Ntukuyoh et al., 2012). 

The fat content of Soldier termites ranges between 2.03% and 7.97% (Hlongwane et 

al., 2021; Ntukuyoh et al., 2012). The fat content range of Soldier termites is relatively 

lower than Alates termites (40.40%) and Stinkbugs (48.59%). It will thus not be 

necessary to defatten the Soldier termites. This factor makes it an ideal insect to 

replace fishmeal in aqua feed. The fatty acid profile of Soldier termites is also not well 

documented. However, this insect contains high levels of linoleic acid, which is one of 

the essential fatty acids in fish growth. Soldier termites are also one of the insects that 

are easy to prepare. They are prepared by blanching in boiling water and then drying 

in the sun (Kinyuru et al., 2013). 

One major advantage of Soldier termites is that they are harvested throughout the 

year, in contrast to the Alates termites which are harvested at the onset of the rainy 

season during their swarming phase (Netshifhefhe and Duncan, 2022). Soldier 

termites are harvested by inserting grass into the openings or shafts of a termite 

mound. The Soldier termites attack the intruding grass with their mandibles and get 

entrapped on the grass (Figure 5.1). 

 

Figure 5.1: Soldier termites entrapped on the succulent grass (Musundire et al., 
2021) 



 

112 
 

Different countries employ different insect harvesting techniques (Dao et al., 2022). 

Soldier termites may also be harvested by removing part of the termitarium (Boafo et 

al., 2019). The method of trapping Soldier termites by using containers such as terra 

cotta pots, calabashes or baskets and filling them with plant material such as crop 

residues has been reported in Burkina Faso (Dao et al., 2020).  

The distribution of the M. falciger Soldier termites is the same as that of Alates termites 

discussed in the previous chapter. Thus, they are more widely distributed than the 

Stinkbugs. Most terrestrial insects such as Mopane worm (Imbrasia belina) and 

Stinkbug (E. delegorguei) are confined to specific regions. However, Soldier termites 

are widely distributed across Africa. This makes them easily accessible to farmers 

both in urban and rural communities. 

Amongst the local terrestrial insects that are found at the market, Soldier termites are 

one of the cheap and affordable insects. The use of Soldier termites as feed in poultry 

has been reported in Burkina Faso and Ghana (Boafo et al., 2019; Sankara et al., 

2018). This shows that Soldier termites have the potential to replace fishmeal in the 

animal feed industry. However, their potential in aqua feed has not been explored. 

Thus, the current chapter will evaluate the growth performance, nutrient utilisation, 

blood serum chemistry, liver and intestinal histology, and digestive enzyme profile of 

O. mossambicus and C. gariepinus diets.  
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5.2 OBJECTIVES AND HYPOTHESES 

The objectives of this chapter were: 

I. To determine the effect of substituting fishmeal with Soldier termite meal on 

the growth performance of O. mossambicus and C. gariepinus. 

II. To determine blood serum chemistry of O. mossambicus and C. gariepinus 

fed diets with Soldier termite meal as fishmeal replacement. 

III. To determine the effect of Soldier termite meal as a fishmeal replacement 

in the liver and intestine histology of O. mossambicus and C. gariepinus 

IV. To determine the digestive enzyme profile in O. mossambicus and C. 

gariepinus fed diets with Soldier termite meal as fishmeal replacement. 

V. To determine the cost-benefit analysis of replacing fishmeal with Soldier 

termite in O. mossambicus and C. gariepinus. 

Hypotheses: 

I. Substituting fishmeal with Soldier termite meal has no effect on the growth 

performance of O. mossambicus and C. gariepinus. 

II. There is no effect in blood serum chemistry of O. mossambicus and C. 

gariepinus fed diets with Soldier termite meal as a fishmeal replacement. 

III. Substituting fishmeal with Soldier termite meal has no effect on the liver and 

intestine histology of O. mossambicus and C. gariepinus. 

IV. There is no effect in the digestive enzyme profile of O. mossambicus and C. 

gariepinus fed diets with Soldier termite meal as a fishmeal replacement. 

V. There is no effect on the cost benefit analysis of replacing fishmeal with Soldier 

termite meal in the diets of O. mossambicus and C. gariepinus.
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5.3 MATERIAL AND METHODS 

5.3.1 Diet preparation 

The Soldier termites (sun-dried) were purchased from the Thohoyandou Open Market 

in the Vhembe District of Limpopo Province, South Africa. Soldier termites were 

ground to powder and replaced fishmeal at 0, 10, 30, 50, and 70%, which were labelled 

as D1, D2, D3, D4, and D5, respectively (Table 5.1). The diets were formulated to be 

isonitrogenous (30% protein), isolipidic (12% fat), and isocaloric (15 MJ/Kg) using 

Winfeed 3, EFG (Natal) software. The control diet contained 30% fishmeal and no 

insect meal. The feed ingredients were weighed and mixed using a planetary mixer 

(Hobart, Troy, OH, USA). During mixing, water (10-20% v/w) was added as required 

until the desired dough thickness was reached. The mixture was pelleted into a 3 mm 

diameter size using a meat mincer connected to the planetary mixer. The pellets were 

separately collected in trays labelled with the respective diets and sun-dried. After 

drying, the dried pellets were stored in polyethylene buckets which were also marked 

with the corresponding diet. 
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Table 5.1: Ingredients (g/kg) and proximate composition of experimental diets 

replacing fishmeal with Soldier termite meal at different inclusion levels. 

Fishmeal 

replacement 

0% 

(Control) 

10% 30% 50% 70% 

Diets D1 D2 D3 D4 D5 

Fishmeala 300 270 210 150 90 

Soldier termites 0 30 90 150 210 

Maize 211.8 204.8 219 224.8 200 

Wheat bran 196 185.9 166.1 180.1 160.1 

Sunflower meal 78.5 96 102.3 82.8 126 

Soybean meal 50 50 50 50 50 

Sunflower oil 63.7 63.3 62.6 62.3 63.9 

Methionineb 20 20 20 20 20 

Lysineb 20 20 20 20 20 

Vit/Min premixc 20 20 20 20 20 

Binderd 30 30 30 30 30 

Chromic oxidee 10 10 10 10 10 

Total 1000 1000 1000 1000 1000 

Proximate 

composition 

     

Crude protein 30.56 30.87 30.08 30.19 30.39 

Fat 12.32 12.07 12.02 12.03 12.39 

Gross Energy 15.12 15.08 15.41 15.03 15.33 

Dry matter 91.60 91.86 92.33 92.56 92.80 

aFishmeal :65.5%; 12% fat; 18% ash (Irvine’s Africa pty ltd; South Africa) 

bMethionine and lysine (Nutroteq: South Africa) 

cVitamin/Mineral premix: Vit. A, 12 000MIJ; Vit. D3, 1 200 MIJ; Vit. E, 120 MIJ; Vit. B4, 10000g; Vit. C, 120g; Vit. 

B3, 25g; Vit. B5, 15g; Vit. B2, 6g; Vit. B6, 5g; Vit. B1, 4g; Vit. K3, 2g; Vit. B9, 1g; Vit. H, 0.25g; Vit. B12, 0.04g. ZnO, 

200g; FeSO4; CuSO4, 7g; MnO, 5g; KI, 2g; Na2SeO3, 0.15g; CoSO4, 0.05g (Irvine’s Africa pty ltd: South Africa) 

dBinder (Irvine’s Africa pty ltd: South Africa) 

eChromium (III) oxide (Sigma-Aldrich) 
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5.3.2 Fish stocking  

The experiment was undertaken at the Aquaculture Research Unit (ARU), University 

of Limpopo, Limpopo Province, South Africa. The Mozambique tilapia (O. 

mossambicus) juveniles and the African catfish (C. gariepinus) fingerlings were 

obtained from the ARU hatchery.  

Both groups of fish were fed a commercial diet (Aqua-plus, Avi Products (pty) ltd) for 

two weeks during the acclimatisation period. During stocking, fish species were 

sedated in a 2-phenoxyethanol (1ml/5L) solution prior to stocking in experimental 

tanks. Fish were weighed prior commencement of the experimental feeding trials. 

A total of 150 juvenile O. mossambicus with uniform size (average individual weight 

9.70 ± 1.2 g/fish) were randomly assigned to 5 diets (D1, D2, D3, D4, and D5) in 

triplicates at a stocking density of 10 fish per tank. The initial body weight of 10 fish in 

each tank was recorded in bulk. The average initial body weight of O. mossambicus 

in the diets ranged between 97.5±3.58 g and 97.83±2.23 g. 

On the other hand, a total of 75 C. gariepinus fingerlings (average individual weight 

5.0± 0.8 g) were also randomly assigned to 5 diets in triplicates at a stocking density 

of 5 fish per tank. The average initial body weight of C. gariepinus in the diets ranged 

between 23.85±0.57 g and 25.61±2.49 g. 

5.3.3 Experimental design 

The experiment was conducted in an indoor Recirculating Aquaculture System (RAS) 

using 500L size fibreglass tanks filled to the 400L mark. The tanks were connected to 

a sump and a pump that supplied the tanks with water at 10 L/min. Each tank was 

heated with a submersible aquarium heater (ViaAqua Glass heater, 200W) and 

aerated with air stones. Fish were fed allocated diets to apparent satiation for 8 weeks 

at 09h:00 and 15h:00. Fish were regarded as satiated when 2 sinking pellets were left 

uneaten for 5 minutes. The experiment was conducted under natural photoperiod. 

Feed intake was recorded on daily basis for each tank. The study was approved for 

ethical clearance by the University of Limpopo Animal Research Ethical Committee 

(AREC/09/2022:PG). 
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5.3.4 Water quality management 

Water quality parameters were monitored on a weekly basis using a handheld 

multiparameter meter (Professional plus YSI 605000). The water temperature was 

kept between 27 and 29°C, dissolved oxygen (6.5-8.0 mg/l), ammonia (<1 mg/l), and 

pH (6.8 - 8.0). 

5.3.5 Proximate composition  

The dry matter, moisture, ash content, fat content, crude protein and gross energy 

were analysed according to AOAC (2012). Neutral detergent fibre (NDF) and Acid 

detergent fibre (ADF) were determined by boiling the sample with a neutral detergent 

solution and acid detergent solution, respectively (van Soest et al.,1991) 

5.3.6 Mineral composition  

The mineral content was determined using Inductively coupled plasma-optical 

emission spectrometry (ICP-OES) as described by Manditsera et al., (2019). Samples 

were hydrolyzed with 65% concentrated nitric acid and 37% hydrochloric acid. 

Hydrogen peroxide was used to remove nitrous vapours. The analysis was performed 

using standard solutions of known concentrations. All chemicals used were analytical 

reagent grade. 

5.3.7 Amino acids and fatty acids analyses 

Soldier termite meal was analysed for amino acids and fatty acids profile at the Central 

Analytical Facilities (CAF) of Stellenbosch University (South Africa). The amino acid 

profile and fatty acid profile were analysed as described in Chapter 3, sections 3.3.4 

and 3.3.5. 

The Essential amino acid Index (EAAI) of the Soldier termite was calculated using the 

Peńaflorida (1989) formula:  

 



 

118 
 

Where aa is the amount of the amino acid in the Soldier termite, AA is the amino acid 

requirement of the fish, and n is the total number of amino acids used in the calculation.  

5.3.8 Growth performance indices  

Growth parameters such as specific growth rate (SGR), thermal-unit growth coefficient 

(TGC), feed conversion ratio (FCR), protein efficiency ratio (PER), and apparent 

protein digestibility coefficient (APDC) were calculated using formulas listed in Chapter 

3, section 3.3.9. 

5.3.9 Organosomatic indices 

Condition factor (CF), hepatosomatic index (HSI) and viscerosomatic index (VSI) were 

also calculated using formulas listed in Chapter 3, section 3.3.10. 

5.3.10 Blood serum chemistry  

The blood serum chemistry was assessed as described in Chapter 3, section 3.3.11. 

5.3.11 Liver and intestinal histomorphology analysis  

Three fish from each dietary replicate (9 fish/diet) were used for liver and intestinal 

histomorphology. The liver samples from each fish were separately fixed in a 10% 

buffered formalin solution in sampling bottles. The distal intestine of each fish was also 

separately preserved in 10% formalin solution in sampling bottles. Analysis was 

performed as described in Chapter 3, section 3.3.12. 

5.3.12 Liver and intestinal histomorphology assessment  

Liver and intestine slides were assessed using a light microscope (Leica Microsystems 

model DM750, Leica, Bannockburn, IL, USA) which was equipped with a digital 

camera (Digital Video Camera Company, Austin, TX, USA). This was done as 

described in Chapter 3, section 3.3.13. 
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5.3.13 Gastrointestinal enzyme profile 

Three fish from each dietary replicate were sedated in a 2-phenoxyethanol solution 

and sacrificed. Fish samples were dissected, distal intestines were removed and 

stored in sampling bottles at -80°C until analysis. The analysis of amylase, lipase, and 

protease was done as described in Chapter 3, Section 3.3.14. 

5.3.14 Cost benefit analysis 

The cost benefit analysis was determined according to Bahnasawy et al. (2003).  

Incidence cost =
Cost of feed 

Quantity of fish produced (kg)
 

Profit index=
Local market value of fish 

Cost of feed
 

The underlying assumption is that all operating costs are constant, and the cost of 

ingredients was the only variable cost. The prices used were listed in chapter 3, section 

3.3.15. 

5.4 STATISTICAL ANALYSIS 

The data was statistically analysed as described in Chapter 3, Section 3.4. 

5.5 RESULTS 

5.5.1 Proximate composition 

The Soldier termite contained 57.58% protein content, 7.29% fat, and 5.05% ash 

content (Table 5.2). The NDF and ADF were 61.99% and 20.27%, respectively. The 

mineral content that dominated the Soldier termite meal were potassium and sodium, 

respectively.  

The fatty acid profile showed that saturated fatty acids, monounsaturated fatty acids, 

and polyunsaturated fatty acids dominated the Soldier termite meal (Table 5.2). Oleic 

acid (0.47 g/kg), stearic acid (0.28 g/kg), and linoleic acid (0.22g/kg) dominated the 

Soldier termite meal fatty acid profile (Table 5.2). Although in small quantity, the Soldier 

termite meal recorded α-linolenic acid (0.02 g/kg), which is one of the limiting fatty 

acids in fish diets.  
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Table 5.2: Proximate composition, mineral content, and the fatty acid profile of 

Soldier termite meal. 

Proximate 

composition  

%DM Fatty acids g/kg 

Dry matter (%)  85.47 C14:0 Myristic acid 0.01 

Ash (%DM) 5.05 C16:0 Palmitic acid 0.17 

Fat (%DM) 7.29 C17:0 Margaric acid 0.04 

Protein (%DM) 57.58 C18:0 Stearic acid 0.28 

Carbohydrates (%DM) 16.25 C20:0 Arachidic acid 0.02 

NDF (%DM) 61.99 C17:1n-10 Heptadecenoic acid 0.02 

ADF (%DM) 20.27 C18:1n-9(cis) Oleic acid 0.47 

Energy (KJ/100g) 1 581 C18:2n-6 (cis) Linoleic acid 0.22 

Minerals  (mg/l) C18:3n-3 α-linolenic acid 0.02 

Iron 3.4 Ʃ Saturated fatty acid 0.54 

Potassium 46.3 Ʃ Monounsaturated fatty acid  0.49 

Sodium 23.3 Ʃ Polyunsaturated fatty acid  0.24 

 

Soldier termites meal contained both essential and non-essential amino acids (Table 

5.3). Lysine (14.06 g/kg), histidine (9.57 g/kg) and leucine (8.11 g/kg) dominated the 

essential amino acid profile, respectively. The Soldier termite also contained 5.50 g/kg 

methionine (Table 5.3). Soldier termite amino acid profile was relatively lower than in 

fishmeal. Its profile did not meet the requirement for O. mossambicus. However, amino 

acids such as histidine, tryptophan, and methionine were comparable to fishmeal. On 

the other hand, lysine, isoleucine, histidine, and leucine amino acids in Soldier termite 

meal met the requirements for C. gariepinus (Table 5.3). The EAAI recorded in the 

Soldier termite meal was 6.78 (Table 5.3). 
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Table 5.3: Amino acid profile of the Soldier termite meal, fishmeal, requirements for 

O. mossambicus, and requirements for C. gariepinus (g/kg). 

Essential AA g/kg 

(DM) 

Fishmeal* Requirements for O. 

mossambicus** 

Requirements for C. 

gariepinus*** 

Lysine 14.06 42.2 37.8 12-14.3 

Methionine 5.50 19.4 09.9 6-6.4 

Phenylalanine 7.39 37.4 25.0 12-14 

Valine 6.43 27.7 22.0 7.1-8.4 

Tryptophan 0.31 5.7 0.43 1.2-14 

Threonine 7.00 23.1 29.3 5-5.6 

Isoleucine 6.45 24.5 20.1 6-7.3 

Histidine 9.57 17.5 10.5 4-4.2 

Leucine 8.11 37.9 34.0 8-9.8 

EAAI 6.78    

Non-essential AA     

Tyrosine 5.89    

Glycine 6.79    

Aspartic acid 8.98    

Serine 9.24    

Proline 6.24    

Glutamic acid 24.88    

Alanine 7.68    

Cystine 17.77    

*Djssou et al., (2016); **Santiago and Lovell (1988); ***NRC (1993) 
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Table 5.4:Fatty acid profile of experimental diets (g/kg). 

Fatty acid (g/kg) D1 D2 D3 D4 D5 

C14 Myristic acid 1.25 1.23 0.91 0.53 0.54 

C15 Pentadecanoic acid 0.14 0.14 0.13 0.09 0.07 

C16 Palmitic acid 10.33 11.43 11.73 8.75 14.36 

C16:1 Palmitoleic acid 1.37 1.45 0.94 0.50 0.62 

C17 Margaric acid 0.15 0.15 0.10 0.07 0.10 

C17:1 Heptadecenoic acid 0.16 0.12 0.07 0.04 0.05 

C18 Stearic acid 2.43 3.32 5.47 4.71 8.00 

C18:1 (t) Elaidic acid 0.05 0.01 0.00 0.00 0.01 

C18:1 (c) Oleic acid 9.13 12.51 20.15 16.06 30.06 

C18:2 (t) Linoleic acid 0.00 0.02 0.07 0.11 0.12 

C18:2 (c) Linoleic acid 16.11 24.01 47.36 39.28 71.34 

C20 Arachidic acid 0.15 0.26 0.44 0.33 0.55 

C18:3n6 y-Linolenic acid 0.01 0.31 0.96 1.17 2.14 

C20:1 & C18:3n3  2.30 2.43 2.06 1.41 2.48 

C20:2 Decosadienoic acid 0.05 0.05 0.04 0.02 0.05 

C22 Decosanoic acid 0.21 0.31 0.65 0.52 0.98 

C22:1 Erucic acid 0.79 0.83 0.58 0.29 0.34 

C20:3n3 Eicosatrienoic acid 0.04 0.07 0.04 0.03 0.03 

C20:4n6 Arachidonic acid 0.18 0.22 0.13 0.05 0.06 

C23 Tricosanoic acid 0.01 0.02 0.04 0.03 0.07 

C20:5n3 Eicosapentaenoic acid 3.07 3.08 2.10 1.02 1.12 

C24 Lignoceric acid 0.09 0.09 0.18 0.11 0.24 

C24:1 Nervonic acid 0.21 0.18 0.12 0.05 0.07 

C22:6n3 Docosahexaenoic acid 4.97 4.88 3.26 1.60 1.56 

 

5.5.2 Growth performance 

In O. mossambicus, fish fed the control diet recorded the best growth performance 

(SGR, TGC, FI, PER, and APDC) (Table 5.5). Amongst the diets with Soldier termite 

meal, diet D4 showed the best growth performance. However, growth performance 
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significantly declined at inclusion levels above 50% (P<0.05). Feed intake did not differ 

significantly across all diets (P>0.05) in O. mossambicus.  

In C. gariepinus, an increase in Soldier termite meal resulted in a decrease in growth 

performance parameters (WG, SGR, TGC, FI, PER, and APDC) (Table 5.6). The diet 

with the highest inclusion level (D5) recorded the lowest growth performance 

parameters. In C. gariepinus feed intake declined significantly at inclusion level above 

30%. 

Somatic indices showed no discernible pattern across diets (Table 5.5). Moreover, the 

CF, VSI, and HSI were not influenced by Soldier termite meal inclusion (P>0.05). 

Somatic indices in C. gariepinus followed a similar trend (Table 5.6) 

There was no mortality recorded across all diets in the O. mossambicus and C. 

gariepinus experimental trials.  
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Table 5.5:Growth performance and somatic indices (Mean ± SE) of O. mossambicus fed Soldier termite meal as fishmeal 

replacement at different inclusion levels for 8 weeks. n = 9. 

Diets D1 (0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

IBW (g) 97.83±2.23 98.00±3.80 98.73±2.32 97.5±3.58 98.4±1.91 

FBW (g) 310.50±3.99 207.91±4.57 239.08±2.88 268.17±2.66 173.00±3.76 

WG (g) 212.67±2.24a 109.92±2.52d 140.27±2.44c 171.24±3.05b 74.68±1.53e 

SGR (%/day) 2.02±0.09a 1.31±0.05d 1.55±0.11c 1.77±0.07b 0.98±0.03e 

FCR 1.58±0.09e 2.93±0.05b 2.22±0.11c 1.96±0.07d 3.84±0.03a 

TGC 1.35±0.10a 0.82±0.04d 0.99±0.05c 1.15±0.11b 0.59±0.04e 

FI (g/fish/day) 3.16±0.03a 2.02±0.06a 2.19±0.02a 2.89±0.06a 1.62±0.01a 

PER 1.53±0.11a 1.31±0.05a 1.34±0.27a 1.43±0.21a 1.24±0.03a 

APDC (%) 80.20±1.96a 78.57±3.25a 77.36±2.21a 75.33±3.81a 75.16±1.47a 

  Somatic Indices    

CF  2.31±0.96a 1.48±0.02a 1.32±0.35a 1.63±0.04a 1.37±0.11a 

VSI (%) 11.69±1.43a 12.26±1.78a 10.51±1.70a 12.30±2.35a 7.66±1.62a 

HSI (%) 1.79±0.24a 1.80±0.19a 3.00±0.81a 2.61±0.26a 2.47±1.04a 

Survival (%) 100 100 100 100 100 

IBW: Initial body weight, FBW: Final body weight, WG: Weight gain, SGR: Specific growth rate, FCR: Food conversion ratio, TGC: Thermal-growth coefficient, 

FI: Feed intake, PER: Protein efficiency ratio: CF: Condition factor, VSI: Viscerosomatic Index, HSI: Hepatosomatic Index. D1: Diet 1 (0%), D2: Diet 2 (10%), 

D3: Diet 3 (30%), D4: Diet 4 (50%), D5: Diet 5 (70%).  
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Table 5.6:Growth parameters and somatic indices (Mean ± SE) of C. gariepinus fed diets with Soldier termite meal as a fishmeal 

replacement at different inclusion levels for 8 weeks. n = 9. 

Dietary groups D1 (0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

IBW (g) 24.86±2.02 24.44±1.04 25.04±1.54 23.85±0.57 25.61±2.49 

FBW (g) 46.80±1.16 44.41±2.91 41.97±0.45 37.28±1.62 34.99±3.61 

WG (g) 21.94±2.10a 19.97±2.49a 16.94±1.31ab 13.43±0.26ab 10.38±1.31b 

SGR (%/day) 1.26±0.17a 1.19±0.23a 1.03±0.10b 0.89±0.01c 0.71±0.18d 

FCR  1.44±0.02a 1.44±0.04a 1.29±0.01b 1.50±0.00ac 1.56±0.08ac 

TGC 0.50±0.01a 0.47±0.01a 0.40±0.02b 0.34±0.01c 0.26±0.0d 

FI (g/fish/day) 0.79±0.01a 0.75±0.08a 0.73±0.05a 0.68±0.04b 0.59±0.07c 

PER 1.27±0.14a 0.92±0.17b 0.84±0.08b 0.83±0.01b 0.36±0.08c 

APDC (%) 78.41±1.36a 61.10±2.14b 57.95±1.25b 56.47±2.44b 51.02±1.68b 

 Somatic Indices 

CF 0.55±0.01a 0.57±0.01a 0.56±0.09a 0.52±0.01a 0.53±0.01a 

VSI (%) 8.18±0.18a 7.83±1.33a 6.54±0.69a 7.37±2.07a 6.99±1.42a 

HSI (%) 1.22±0.16a 1.47±0.22a 1.63±0.17a 1.82±0.65a 1.12±0.11a 

Survival (%) 100 100 100 100 100 

IBW: Initial body weight, FBW: Final body weight, WG: Weight gain, SGR: Specific growth rate, FCR: Food conversion ratio, TGC: Thermal-growth coefficient, 

FI: Feed intake, ADC: Apparent digestibility coefficient, CF: Condition factor, VSI: Viscero-somatic Index, HSI: Hepato-somatic Index. D1: Diets 1 (0%), D2: Diet 

2 (10%), D3: Diet 3 (30%), D4: Diet 4 (50%), D5: Diet 5 (70%). 
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5.5.3 Regression analysis of SGR, FCR and APDC of O. mossambicus and C. 

gariepinus. 

The SGR in O. mossambicus was higher than in C. gariepinus (Figure 5.2 A & B). 

Furthermore, the SGR showed a negative linear relationship with inclusion of Soldier 

termite meal in both species. On the other hand, a positive relationship between FCR 

and inclusion of Soldier termite meal was recorded in both species (Figure 5.2 C & D). 

Regression analysis showed that O. mossambicus digested Soldier termite-based 

diets better than C. gariepinus (Figure 5.2 E & F). 

 

 
Figure 5.2: Linear regression analysis of SGR, FCR and APDC of O. mossambicus 

and C. gariepinus. 
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5.5.4 Blood serum chemistry 

The AST and ALT levels in O. mossambicus increased significantly (P<0.05) at 

inclusion levels above 50% (Table 5.7).  

In C. gariepinus, increasing Soldier termite meal resulted in an increase in ALT and 

AST values (Table 5.7). At the highest inclusion level (70%), the ALT and AST levels 

significantly increased (P<0.05). 

The cholesterol, triglyceride, and glucose levels had no significant difference (P>0.05) 

across diets in both O. mossambicus and C. gariepinus (Table 5.7). 

Table 5.7:Blood serum chemistry (Mean ± SE) of O. mossambicus and C. gariepinus 

fed diets with Soldier termite meal as fishmeal replacement at different inclusion levels. 

n = 9. 

Diets ALT (U/L) AST (U/L) Chol 

(mmol/l) 

Trig 

(mmol/l) 

Glu (mmol/l) 

O. mossambicus 

D1 30.00±2.33a 101.14±3.24a 1.32±0.02a 2.05±0.01a 4.37±0.14a 

D2 81.30±3.17b 131.11±4.65b 1.29±0.02a 2.04±0.02a 5.35±0.12a 

D3 54.10±2.40c 122.64±1.76c 1.40±0.01a 2.10±0.02a 3.32±0.11a 

D4 35.21±5.56a 107.51±3.28a 1.41±0.02a 2.04±0.01a 4.39±0.12a 

D5 100.41±3.47d 141.5±2.33d 1.29±0.09a 2.26±0.01a 4.74±0.12a 

C. gariepinus 

D1 77.36±3.11a 105.26±6.20a 1.73±0.01a 1.34±0.02a 5.05±0.10a 

D2 125.33±5.68b 120.14±4.00b 2.08±0.03a 1.67±0.04a 5.95±0.13a 

D3 131.45±4.57c 149.54±3.41c 3.25±0.05a 1.11±0.01a 4.05±0.14a 

D4 139.92±4.36d 232.36±4.65d 3.34±0.02a 1.13±0.01a 5.55±0.11a 

D5 160.16±3.88e 303.54±6.85e 2.87±0.01a 2.14±0.02a 6.15±0.12a 

ALT: alanine aminotransferase, AST: aspartate aminotransferase, Chol.: cholesterol, Trig.: triglyceride, Glu.: 

glucose. Different superscripts in a column are significantly different (P<0.05). 
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5.5.5 Liver and intestinal histomorphology 

In O. mossambicus, the villi showed no discernible pattern, whilst the villi thickness 

was not influenced by the incorporation of Soldier termite meal across all diets 

(P>0.05). In C. gariepinus, both the villi height and villi thickness showed no discernible 

pattern (Table 5.8). 

The goblet cell number in O. mossambicus was not influenced by Solider termite meal 

inclusion (P>0.05) (Table 5.8). In C. gariepinus, the goblet cell number increased with 

an increase in inclusion levels (Table 5.8). 

The liver hepatocyte of fish across all diets scored 1 in both O. mossambicus and C. 

gariepinus (Table 5.8). 

The inclusion of Soldier termite meal in the diets of O. mossambicus and C. gariepinus 

had no marked effects on the intestine histomorphology (Figure 5.2; Figure 5.3). Fish 

across all diets showed normal intestinal histomorphology with distinguishable villus, 

lamina propria, submucosa, and epithelial cells.  

The liver histomorphology was also normal in both O. mossambicus and C. gariepinus 

across all diets (Figure 5.4; Figure 5.5). The liver showed well-defined nucleus, Kupfer 

cells and vacuolation in D5 (Figure 5.4E). 
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Table 5.8:Intestine histology and the liver hepatocyte score of O. mossambicus and C. gariepinus fed diets with Soldier termite 

meal as a fishmeal replacement at increasing inclusion levels. n=9. Values are expressed as mean±SE. 

Diets D1 D2 D3 D4 D5 

Species                                                                           Villi height (µm) 

O. mossambicus 

C. gariepinus 

98.12±1.62a 

236.32±3.25a 

100.25±3.11a 

189.35±2.58b 

104.63±2.69a 

180.38±2.00c 

144.85±1.25b 

217.75±2.78d 

116.25±1.30c 

230.80±2.44a 

Villi thickness (µm) 

O. mossambicus 

C. gariepinus 

56.36±1.20a 

65.30±2.00a 

52.66±1.36a 

78.03±2.71b 

50.10±1.55a 

86.97±2.14c 

52.41±1.62a 

67.70±2.69a 

55.15±1.45a 

98.57±3.27d 

Goblet cell (no) 

O. mossambicus 

C. gariepinus 

12±2.36a 

41±3.57a 

14±1.20a 

46±3.69ab 

16±3.41a 

48±2.48b 

15±2.00a 

48±4.21b 

 18±1.17a 

58±3.60c 

Hepatocyte score 

O. mossambicus 

C. gariepinus 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Different superscripts in a row are significantly different (P<0.05). 
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Figure 5.3: Micrographs of O. mossambicus fed diets with Soldier termite meal as a 

fishmeal replacement. A (diet D1), B (Diet D2), C (Diet D3), D (Diet D4) and E (Diet 

5). V: Villi, LP: Lamina propria, GC: Goblet cell, SM: Submucosa, S: Serosa, EC: 

Epithelial cells, Scale bar: 20 µm.  

 

 

Figure 5.4: Micrographs of C. gariepinus fed diets with Soldier termite meal as a 

fishmeal replacement. A (diet D1), B (Diet D2), C (Diet D3), D (Diet D4) and E (Diet 

5). V: Villi, LP: Lamina propria, GC: Goblet cell, EC: Epithelial cells, Scale bar: 20 µm.  
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Figure 5.5: Liver micrographs of O. mossambicus fed diets with Soldier termite meal 

as a substitute for fishmeal. A (Diet 1, control,), B (Diet 2), C (Diet 3), D (Diet 4), E 

(Diet 5). N: Nucleous, KC: Kupfer cell, *: Vacuolation. Scale bar: 20 µm. 

 

 

Figure 5.6: Liver micrographs of C. gariepinus fed diets with Soldier termite meal as 

a substitute for fishmeal. A (Diet 1, control,), B (Diet 2), C (Diet 3), D (Diet 4), E (Diet 

5). N: Nucleous, KC: Kupfer cell. Scale bar: 20 µm. 
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5.5.6 Gastrointestinal enzyme profile 

Oreochromis mossambicus showed increasing amylase activity with an increase in 

Soldier termite meal inclusion (Figure 5.6A), whilst C. gariepinus showed no 

discernible pattern. However, amylase activity was higher in O. mossambicus than in 

C. gariepinus.  

Protease activity was the lowest in the control diet in O. mossambicus (Figure 5.6B). 

Diets with Soldier termite meal (D2, D3, D4 and D5) showed protease activity that did 

not differ significantly (P>0.05).  

Clarias gariepinus recorded an increase in protease activity with an increase in Soldier 

termite meal inclusion (Figure 5.6B). The protease activity was higher in O. 

mossambicus than in C. gariepinus. 

Both O. mossambicus and C. gariepinus showed lipase activity increasing with an 

increase in Soldier termite meal inclusion (Figure 5.6C). However, lipase activity was 

higher in C. gariepinus than O. mossambicus.  
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Figure 5.7: Amylase, protease and lipase activity of O. mossambicus and C. 

gariepinus fed diets with Soldier termite meal at increasing inclusion levels. C. gar: C. 

gariepinus; O. moss: O. mossambicus. D1 (0%), D2 (10%), D3 (25%), D4 (50%), D5 

(70%). 

5.5.7 Cost benefit analysis 

The incidence cost decreased with an increase in the inclusion of Soldier termite 

meal (Table 5.9). On the other hand, the profit index increased with increasing 

inclusion level of Soldier termite meal. 

  

Table 5.9:Cost benefit analysis of replacing fishmeal with Soldier termite in the diets 

of O. mossambicus and C. gariepinus. 

Cost benefit indices D1(0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%) 

Incidence cost 0.15 0.11 0.09 0.07 0.06 

Profit index 1.18 1.21 1.26 1.32 1.38 
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5.6 DISCUSSION 

The study showed that the best inclusion level of Soldier termite meal in the diets of 

O. mossambicus is 50%. The growth performance of fish fed 50% inclusion level was 

not significantly different from the control. This implies that the Soldier termite meal 

may be a potentially viable alternative in the replacement of fishmeal. However, it must 

be noted that growth performance declined at the highest inclusion level. Linear 

regression analysis showed that the decline in growth performance was more evident 

in C. gariepinus. However, in O. mossambicus the decline only became evident at 70% 

inclusion level. The 50% inclusion level has also been observed in the previous 

chapter, where Alates termite replaced fishmeal in the diets of O. mossambicus.  

The difference in growth performance of these two species may be ascribed to their 

feeding habit. Herbivorous fish species have shown the potential to utilise diets with 

higher insect meal inclusion levels. A complete replacement of fishmeal with insect 

meal without adverse effects on growth performance and nutrient utilisation has been 

reported in O. niloticus (Tippayadara et al., 2021). A decline in growth performance 

with an increase in insect meal in C. gariepinus has also been previously reported 

(Rapatsa and Moyo, 2019). The study partly attributed the decline in growth 

performance to the presence of anti-nutritional factors in the Mopane worm. To the 

best of the author's knowledge, there is no study that recorded a complete 

replacement of insect meal without compromising the growth performance and nutrient 

utilisation in the diet of an opportunistic predator.  

A decline in growth performance in C. gariepinus may also be partly attributed to a 

lack of taurine in Soldier termite meal. Soldier termites belong to the order 

Isoptera/Blattodea. Insects from this order have not been explored as potential 

fishmeal substitutes in aqua feed. However, in O. mossambicus its enzyme profile 

played a significant role in overcoming the lack of taurine. Taurine (2-aminoethane 

sulfonic acid) is a non-proteinaceous beta-amino acid that is essential for growth in 

fish species (Hameed et al., 2022). Moreover, it has been shown that O. mossambicus 

exhibits chitinase enzyme that breakdown chitin. It is known that age and or stage of 

development significantly influences the digestive enzyme activity in different fish 

species.  
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The blood serum chemistry showed that the incorporation of Soldier termite meal as 

a fishmeal replacement has no influence on the cholesterol, triglyceride, and glucose 

levels in O. mossambicus and C. gariepinus. This shows that fish fed diets with Soldier 

termite meal were not exposed to stress. Glucose levels are known to increase when 

organisms are under stressful conditions, probably due to catecholamine action on 

stored glycogen in fish tissues. One of the good traits of O. mossambicus is its ability 

to tolerate stressful conditions (El-Sayed, 2022). Similar observations were recorded 

when O. niloticus was fed an insect-based diet (Ogunji et al., 2008). Triglyceride and 

cholesterol were also not influenced by Soldier termite inclusion in both species. The 

serum triglyceride and total cholesterol are predominant free lipids that are distributed 

in the fish, and they serve as indicators of fat metabolism (Hu et al., 2020). This shows 

that the incorporation of Soldier termite meal did not affect fat metabolism. Moreover, 

Soldier termites contain low (7.29%) fat content, which is lower than Alates termite 

meal and the Stinkbug. The Solder termite meal influenced the AST and ALT levels in 

O. mossambicus and C. gariepinus. At higher inclusion levels (70%), AST and ALT 

levels were significantly elevated. The AST and ALT are the main indices used to 

evaluate liver injury. When the liver is damaged, it increases the cell membrane 

permeability, and these two enzymes are secreted from cells into the bloodstream. 

Thus, the elevation of these two enzymes signals liver damage (Belghit et al., 2018). 

A decline in feed intake was also observed in C. gariepinus and this suggests that 

Soldier termite meal might have anti-nutritional factors that might have caused an 

elevation in AST and ALT. Ntukuyoh et al. (2012) reported anti-nutritional factors 

(hydrocyanic acid, oxalate, phytic acid) in Macrotermes bellicosus. The presence of 

anti-nutritional factors in Macrotermes species may be linked to the undigested 

cellulose in the intestine of Soldier termites. Soldier termites receive unprocessed food 

from the workers, it is possible that the food contains anti-nutritional factors. Although 

anti-nutritional factors were not determined in this study, it is important for anti-

nutritional factors to be determined in the insect. Histomorphology showed that fish 

across all diets in both species scored 1, which represents a healthy liver. The 

micrographs also showed no marked alterations.  
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The intestine histomorphology was not influenced by the incorporation of Solider 

termite meal in both species across all diets. This indicates that the gastrointestinal 

tract of both species was not affected even at the highest inclusion level. This is 

consistent with most studies where insect meal replaced fishmeal (Bosi et al., 2021; 

Zarantoniello et al., 2021). The intestine is a region where nutrient digestion and 

assimilation take place. The intestine also reflects the nutritional status of the fish when 

a novel ingredient is introduced into fish diets. Moreover, O. mossambicus possesses 

pre-requisite enzymes to digest an insect-based diet. Although C. gariepinus growth 

performance declined with an increase in Soldier termite meal, the intestine 

histomorphology supports that its health status was not compromised.  The goblet cell 

number in O. mossambicus was not affected by the inclusion of Soldier termite meal. 

On the other hand, goblet cell number increased with an increase in Solder termite 

inclusion level. This is consistent with the decline in growth performance observed in 

C. gariepinus. It further implies that C. gariepinus may be prone to inflammation in the 

gastrointestinal tract with higher Soldier termite inclusion level.  

Higher amylase activity was observed in O. mossambicus than C. gariepinus.  An 

increase in amylase activity in the gut of O. mossambicus is a common phenomenon 

(Hlophe et al., 2014). Tilapias are herbivorous and are well equipped to utilise dietary 

carbohydrates more efficiently than carnivorous species (El-sayed, 2020). Tilapias are 

also known to utilise digestible carbohydrate of between 35% and 40% (El-Sayed and 

Garling, 1988). The diet fed these species comprised mainly of ingredients with high 

carbohydrate levels (maize, wheat bran). De Silva and Anderson (1995) also reported 

that amylase activity levels increased in O. mossambicus fed a starch rich diet. A 

higher amylase activity in O. mossambicus than in C. gariepinus was also reported in 

the previous chapter.  

Clarias gariepinus showed amylase activity with no discernible pattern. Clarias 

gariepinus is an opportunistic predator and it has a limited capacity to digest a high 

carbohydrate-based diet. On the other hand, its protease activity showed an 

increasing trend. The anatomy and physiology of C. gariepinus reflect its dependency 

on animal-based diets for growth. Opportunistic predators are well-equipped to digest 

a rich-protein diet. Moreover, C. gariepinus feeds on rich-protein items in nature. Its 

protein requirement (40%) is also higher than O. mossambicus (30%) (Koch et al., 

2017). Both species showed that fat content in the diets did not significantly affect its 
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metabolism. Thus, these fish species are capable of utilising lipids in their diets. 

However, O. mossambicus recorded a lower level of lipase activity than C. gariepinus. 

Opuszynski and Shireman (1995) also reported a lower lipase activity in herbivorous 

fish species than carnivorous ones.  

The cost benefit analysis showed that the incorporation of Soldier termite meal in the 

diets of O. mossambicus and C. gariepinus may yield higher profit margins than 

fishmeal-based diets. This suggests that Soldier termites may be a viable substitute 

for fishmeal in these two fish species. 

The study showed that Soldier termite meal may substitute fishmeal up to 50% 

inclusion level without adverse effects on growth performance and nutrient utilisation 

of O. mossambicus.  On the contrary, the inclusion of Soldier termite in the diets of C. 

gariepinus resulted in a decline in growth performance. This was attributed to the 

feeding habits and digestive enzyme profiles of these species. Although a decline in 

growth performance was observed in C. gariepinus, its health status was not affected. 

The AST and ALT levels significantly increased at the highest inclusion level in both 

species. Reflecting that higher inclusion levels may expose the fish to stress. The liver 

and intestinal histomorphology confirmed that both fish species were in good health. 

Replacing fishmeal with Soldier termite meal has higher profit potential than fishmeal-

based diets. Replacing fishmeal with Soldier termite meal had an effect on growth 

performance, liver and intestine histology, digestive enzyme profile and cost benefit 

analysis in O. mossambicus and C. gariepinus. Thus, the null hypothesis is rejected.



 

138 
 

 

 

 

 

General discussion, 

recommendations, and 

conclusion 



 

139 
 

CHAPTER 6: General discussion, recommendations, and conclusion. 

In recent years, insect meals have received growing attention as a sustainable 

ingredient for aquafeed production. The use of insect meals in the animal feed industry 

was approved by the European Commission (Regulation 2017/893/EC, 2017) in 2017. 

Several studies have used insects as fishmeal substitutes in different fish species. 

This thesis looked at the potential of using locally available insects (Encosternum 

delegorguei, Macrotermes falciger-Alates, Macrotermes falciger-Soldier) within the 

context of southern Africa. The sub-tropical temperatures in southern Africa are ideal 

for the proliferation of different insect species including the ones used in this study. 

Previous studies mainly focused on insects from the orders Diptera, Orthoptera, 

Lepidoptera, and Coleoptera. Insects from these orders have been widely evaluated 

as potential fishmeal substitutes and their nutritional composition is well known. This 

is the first study that focused on the order Isoptera/Blattodea and Hemiptera. The 

insects used in this study are commonly consumed by people. However, their 

nutritional composition is poorly documented.  

In southern Africa, one of the terrestrial and locally available insects that have been 

widely evaluated is the Mopane worm. This insect has a high nutritional index that is 

comparable to fishmeal (Rapatsa and Moyo, 2022). The main limitation of the Mopane 

worm is that it is prohibitively expensive, and its current price is higher than fishmeal. 

From an economic perspective, the use of Mopane worms in aqua feed is 

unsustainable. Furthermore, in the last few years, poor Mopane worm harvest have 

been recorded particularly in the Limpopo Basin. This has been attributed to climate 

change. The insects that have been investigated in this study have been consistently 

available at the local insect market in southern Africa.  

The insects evaluated in this study have different benefits and limitations (Table 6.1). 

These factors make it easy to identify the suitable insect to use at different seasons.
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Table 6.1: Benefits, limitations, and possible solutions of the Stinkbug, Alates termites, and Soldier termites. 

Insect Benefits Limitations Possible solutions 

Stinkbug Locally available High-fat content Defatting 
 Protein content meets the requirements for 

Tilapia and catfish 
Laborious processing method  

  Unpleasant odour  
  High price at the market  
  Seasonal variability  
  Limited distribution  
  Poor amino acid profile  

Alates termites High protein content High-fat content Defatting 
 Simple processing method Seasonal variability  
 Simple harvesting method   
 Good amino acid and fatty acid profiles   

Soldier termite High protein content Harvesting method not suitable for 
large quantities 

Develop new 
harvesting methods 

 Good amino acid and fatty acid profiles Abundance differs with season  
 Availability and wide distribution  Preservation during 

season of 
abundance 

 Simple harvesting process   
 Simple processing method   
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The study showed that Stinkbug meal can replace fishmeal up to 30% inclusion level 

in the diets of O. mossambicus and C. gariepinus. The Alates termite meal can replace 

up to 50% inclusion level in both species and Soldier termite can replace 50% in O. 

mossambicus. The Stinkbug and Alates termites are seasonal insects. On the other 

hand, Soldier termites are available throughout the year. This gives farmers an 

opportunity to have access to insects throughout the year. Among the evaluated 

insects, the Soldier termite showed higher protein content, lower fat content, and 

higher EAAI (Table 6.2). It is one of the insects that have few limitations. It is thus the 

best-performing insect in this study. It is recommended to incorporate this insect into 

the diet of O. mossambicus. Significantly, this study showed that different fish species 

respond differently to insect-based diets. Although the Soldier termite replaced 

fishmeal up to 50% in O. mossambicus, it could only replace up to 10% in C. 

gariepinus. It is thus recommended that Alates termite be used to replace fishmeal in 

C. gariepinus.  

Table 6.2: The nutritional profile summary of the Stinkbug meal, Alates termite meal, 

and Soldier termite meal. 

Nutritional profile Stinkbug Alates termite Soldier termite 

Crude protein(%DM) 29.53 40.46 57.58 

Fat (%DM) 48.59 40.40 7.29 

Ash (%DM) 3.14 6.14 5.05 

EAAI 0.11 1.87 6.78 

Energy (Kj/100g) 2 514 2 301 1 581 

Availability Dry season Wet season Dry and wet season 

The amino acid profile is more important in fishmeal replacement studies than the 

protein content. Methionine, lysine, and cysteine are normally the main limiting amino 

acids in fish diets. It is noted in this study that in all the insects evaluated, methionine 

levels were below the requirement of both O. mossambicus and C. gariepinus. In this 

study, methionine and lysine were added to the formulated diets. It is thus 

recommended that crystalline methionine and lysine amino acids be added to diets 

when any of the evaluated insects are used to substitute fishmeal.  
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In most studies that used insect meals, chitin has been cited as a major limitation that 

reduces the digestion of insect meals. One of the limitations of this study was that 

chitin content was not determined. However, surrogate measures of chitin (ADF and 

NDF) were determined. The NDF was highest in the Soldier termite meal and the ADF 

was highest in the Stinkbug meal. The digestibility of both the Soldier termite meal and 

Stinkbug meal can be enhanced if methods of reducing chitin in the insect meal can 

be implemented. The methods include introducing chitinase in the formulated diets 

and introducing microbes that have the potential to break down chitin. Hlophe-

Ginindza et al. (2015) showed that supplementation of kikuyu-based diets with 

Natuzyme50® improved the digestibility of the kikuyu diets in O. mossambicus. 

Natuzyme50® is a highly effective multi-enzyme feed additive that contains enzymes 

such as cellulase, xylanase, and phytase that are not naturally produced by fish. The 

presence of these enzymes releases bound nutrients that would have not been 

available to the fish. It is thus recommended that Natuzyme50® be added to diets 

formulated with the evaluated insects.  

One of the main limitations of terrestrial insects is their lack of essential fatty acids 

such as EPA and DHA. The insect that recorded the highest PUFA value is the Alates 

termite (3.06 mg/g), Stinkbug meal (1.17 mg/g), and Soldier termite (0.24 mg/g). The 

fatty acid profile of insects may be improved by manipulating the insect diet through 

introducing high fatty acid feed. The insect that recorded the highest fat content was 

the Stinkbug (48.59%) and Alates termite (40.40%), respectively. The Solder termite 

recorded the lowest (7.29%) fat content. The crude fat requirements of O. 

mossambicus and C. gariepinus are estimated to be between 5-6% and 9-12%, 

respectively (Hecht et al.,1988; Jauncey et al., 1983). Lipid content higher than 20% 

has been reported to impair fish immunity (Henry and Fountoulaki, 2014). Thus, there 

is a need to defatten the Stinkbug meal and Alates termites meal prior to incorporating 

them into fish diets. Moreover, defatting insect meals has been reported to improve 

the nutritional composition,  

Most studies that evaluated insect meals as fishmeal substitutes focused mainly on 

the nutritional profile of the insect. The insect availability and pricing have been largely 

ignored. The Stinkbugs and the Alates termites are harvested seasonally. On the other 

hand, Soldier termites are harvested throughout the year. These insects are also 
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available at the insect market at an affordable price. Some of the insect markets that 

have been operational for over a decade are in Thohoyandou and Giyani Towns. 

These markets have the potential to meet the demand for different insects during both 

the rainy season and dry season. Moreover, the insect quality in these markets is of 

good quality.  

The use of insect meals is one of the viable solutions to reduce aquaculture production 

costs. The current study showed that the inclusion of insect meals in the diets of O. 

mossambicus and C. gariepinus may reduce incidence costs while increasing profit 

margins. This will increase aquaculture production, improve the profit margins and 

transform the livelihood of fish farmers. Moreover, it is recommended that rural fish 

farmers work hand in hand with extension officers and aquaculture researchers to 

formulate their own feed at the farm using locally available ingredients. This can be 

done using the least-cost feed formulation function (The SOLVER) in Excel. This 

approach requires a basic knowledge of Excel. The government is also encouraged 

to support farmers with computers and training through extension officers. This 

approach may reduce production costs, reduce transportation costs, and save time, 

thus increasing their aquaculture profitability.  

The Mozambique tilapia and the African catfish have different nutritional requirements. 

It is thus advisable to formulate separate diets for each species to meet their different 

nutritional need. Moreover, protein and amino acid requirements differ with age and 

fish size in each species.  The larval, juvenile, and adult fish species have different 

protein and amino acid requirements. It is thus important to keep in mind the size, age, 

and stage of fish before formulating diets for optimal growth. This study showed that 

O. mossambicus and C. gariepinus responded differently to an insect-based diet. This 

is mainly due to their feeding habits. Generally, herbivorous fish species have shown 

the efficiency to utilise insect-based diets better than opportunistic predators. 

When considering feed formulation, the processing of insect meal, particularly 

defatting is an additional cost. It is important to incorporate an insect that requires a 

simple processing method for cost-efficiency. Insects with high fat content require 

defatting before incorporating into fish diets. The use of full-fat insect meals can be a 

challenge since high lipid content can interfere with the extrusion process 
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(Weththasinghe et al., 2021), hence reducing the pellet quality. Moreover, High-

temperature processing can reduce the nutritional quality of protein feed resources. 

The Stinkbug and Alates termites recorded higher fat content than Soldier termites. 

The use of Stinkbug meal and Alates termites in aqua feed may require defatting. It is 

thus recommended to use Soldier termites, which recorded only 7% fat content and 

require no defatting.  

Each of the evaluated insects has its own limitations. All these insects showed no 

effect on the health status of O. mossambicus and C. gariepinus. It is recommended 

to combine two or more insects in fish diets to improve the nutritional composition and 

compensate for the missing essential components such as amino acids and fatty 

acids. Combining dietary proteins in fish diets may help prevent deficiencies caused 

by using a single protein source (Henry et al., 2015). Insects such as Macrotermes 

bellicosus are deficient in amino acids such as methionine, lysine and threonine. This 

insect may be mixed with an insect rich in these lacking amino acids. Thus, 

equilibrating the amino acid profile of the diets. Insect meals may also be combined 

with other dietary protein sources that are available within the geographical area of the 

farmer.   

The European Commission only approved the use of insects in the animal feed 

industry in 2017. One of the factors that discouraged the use of insect meals is the 

bioaccumulation of metals, especially in terrestrial insects. Greenfield et al., (2014) 

reported the bioaccumulation of metals in Mopane worms harvested from Mopane 

trees located in an area contaminated with heavy metals. There is no study that 

assessed the bioaccumulation of heavy metals in Stinkbugs. The Stinkbug mainly 

feeds on Dodonaea viscosa, Combretum imberbe, Combretum molle, and 

Peltophorum africanum (Dzerefos et al., 2009). It is thus recommended to evaluate 

heavy metal concentrations in insects prior to incorporating them in aqua feed. Another 

factor that delayed the approval of insect meals in animal feed is the outbreak of 

Bovine Spongiform Encephalopathy (BSE), which is also known as “mad cow disease” 

(Renna et al., 2022). It is thus advisable to assess the bacterial and viral load in insects 

prior to use in aqua feed. Insects evaluated in this study, none of them are vectors of 

any diseases. Insects such as Musca domestica are mechanical vectors of 
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transmission of pathogens including parasites, bacteria, fungi, and viruses (Issa, 

2019).  

Consumer acceptability is one of the factors to consider when incorporating insects in 

aqua feed. Fish-fed diets incorporated with Musca domestica may raise concerns 

regarding consumer acceptability. However, insects evaluated in this study are known 

for human consumption. It is speculated that fish-fed diets incorporated with these 

insects will be well accepted by consumers. Thus, there is a need to carry out a 

consumer survey on insect acceptability before incorporating into aqua feed.  

 

CONCLUSION 

This study showed the potential for locally available insect meals to substitute fishmeal 

in the diets of two commonly cultured warm freshwater species. The Stinkbug meal 

replaced 30% fishmeal in both O. mossambicus and C. gariepinus. The Alates termite 

meal could replace 50% of fishmeal in both O. mossambicus and C. gariepinus. The 

Soldier termite meal replaced 50% of fishmeal in O. mossambicus. However, it could 

only replace up to 10% in C. gariepinus. The Alates termite meal is recommended for 

inclusion in fish diets at the farm level. The liver and intestinal histology of fish species 

were not influenced by the inclusion of insect meals. It was noted that O. mossambicus 

and C. gariepinus responded differently to an insect-based diet. Herbivorous O. 

mossambicus showed a greater potential to efficiently utilise insect-based diets than 

an opportunistic predator (C. gariepinus). The cost-benefit analysis showed that the 

incorporation of these insects in aqua feed is economically viable. 

 

RECOMMENDATIONS 

It is recommended that Stinkbug meal be defatten prior use in aqua feed. The 

Natuzyme50® is recommended to be used to enhance digestibility in Alates termite 

meal and Soldier termite meal. It also recommended that future studies be undertaken 

to assess the chitin level of the Alates termite meal, Soldier termite meal, and the 

Stinkbug meal. A more comprehensive study should be undertaken to accurately 

access the availability and cost of the Stinkbug, Alates termite, and Soldier termite 

insects. It is also recommended to combine different insect meals to enhance the 

growth of the fish species. 
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Dietary full-fat Stinkbug (Encosternum 
delegorguei) meal effects on growth 
performance, blood chemistry, liver and 
intestinal histology of juvenile Mozambique 
tilapia (Oreochromis mossambicus)
Livhuwani E. Nephale1*, Ngonidzashe A.G. Moyo1 and Mmaditshaba M. Rapatsa1

Abstract:  The main objective in this study was to evaluate full-fat Stinkbug as an 
alternative protein source in the diet of Oreochromis mossambicus. Five diets were 
formulated to partially replace fishmeal at 0, 10, 30, 50, and 70% levels and were 
denoted as D1, D2, D3, D4, and D5, respectively. The diets were formulated to be 
isonitrogenous, isocaloric, and isolipidic. Each diet was fed to triplicate groups of fish 
for 8 weeks. All growth performance indices declined with an increase in Stinkbug 
meal inclusion. The specific growth rate declined from 2.16% in the control to 1.28% 
in D5 (P < 0.05). The thermal-unit growth coefficient declined from 1.30 in the 
control to 0.72 in diet D5 (P < 0.05). The protein efficiency ratio declined from 2.95 in 
the control to 1.66 in D5 (P < 0.05). However, organosomatic indices did not differ 
across the fish diets. The aspartate aminotransferase (AST) and alanine amino
transferase (ALT) activities did not differ significantly (P > 0.05) across diets D1 to 
D4. No histological alterations were evident in the liver and intestine across diets. It 
was therefore concluded that Stinkbug meal may partially replace fishmeal at 30% 
replacement level in the diet of O. mossambicus without adverse effects on growth 
performance and nutrient utilisation indices.
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1. Introduction
The use of insect meals in aquafeed has recently become a research priority in the aquaculture sector 
(Abdel-Tawwab et al., 2020; Llagostera et al., 2019). This is mainly due to their nutritional composition 
and high feed conversion efficiency (Bruni et al., 2018; Fawole et al., 2020). Insects form part of the 
natural diet of both marine and freshwater fish species (Makkar et al., 2014; van Huis, 2013) and 
different orders exhibit different nutritional compositions (Hua, 2021). The insect meal protein con
tent ranges between 50 and 82% on a dry matter basis, whilst the fat content ranges from 10 to 30% 
(Henry et al., 2015; Rumpold & Schlüter, 2013). The amino acid profile and the fatty acid composition 
of insect meal are highly dependent on the insect diet, larval stage, and size (Alfiko et al., 2022). 
Insect meals are also rich in minerals and vitamins (Terova et al., 2021). Insects that have been used 
in aquafeed include black soldier fly larvae (Hermetia illucens) (Fischer et al., 2022; Guerreiro et al.,  
2020; Mohan et al., 2022), mealworm larvae (Tenebrio molitor) (Coutinho et al., 2021; Jeong et al.,  
2020; Tran et al., 2022), housefly larvae (Musca domestica) (Akinwole et al., 2020; Gbai et al., 2019; 
Saleh, 2020), mopane worm (Imbrasia belina) (Nyuliwe et al., 2022; Rapatsa & Moyo, 2017, 2019), and 
superworm (Zophobas morio) (Henry et al., 2022; Jabir et al., 2012; Prachom et al., 2021). These 
insects have been used in different fish species (marine and freshwater) with varying degrees of 
success. In a recent review, Rapatsa and Moyo (2022) recommended the use of locally available 
insects in the replacement of fishmeal in the diets of O. mossambicus.

Some of these insects have been tested on Tilapia sp. such as O. mossambicus and Oreochromis 
niloticus. Rapatsa and Moyo (2017) showed that substituting fishmeal with I. belina meal increased the 
growth performance of O. mossambicus with an increase in I. belina meal inclusion. Additionally, 
studies showed that H. illucens can completely replace fishmeal in the diets of O. niloticus without any 
adverse effects on growth performance and nutrient utilisation (Kishawy et al., 2022; Tippayadara 
et al., 2021). However, Devic et al. (2017) showed that the best growth performance of O. niloticus fed 
diets with H. illucens was at 30% inclusion level. Furthermore, inclusion levels beyond 30% showed 
a compromised growth performance and poor nutrient utilisation. The varied results may be due to the 
processing method of insect meal, the insect larval stage, fish size, and fish species (Tschirner & Simon,  
2015). The use of insect-based protein sources in aquafeed was prompted by the escalating cost of 
fishmeal, which is the main protein component in animal feed. Thus, there is a need to investigate the 
potential use of locally available insects in aquafeed.

In Southern Africa, one of the insects that can be used to replace fishmeal is the Stinkbug 
(Encosternum delegorguei). It is widely distributed in subtropical, open wood and bushveld of Southern 
regions of Zimbabwe and Northern Provinces of South Africa (Makore et al., 2015). The Stinkbug is mainly 
sold at the open market in Thohoyandou Town between May and October. Seasonal availability is one of 
the challenges associated with the replacement of fishmeal with insects (van Huis, 2022). Most insects 
are available during the rainy season. However, the Stinkbug is one of the insects that is harvested during 
the dry season, when there are no other insects available. The Stinkbug contains a high fat content (Teffo 
et al., 2007). However, its protein content and amino acid profile are poorly understood. Furthermore, the 
distribution of Stinkbugs coincides with the distribution of the Mozambique tilapia (Oreochromis mos
sambicus), which is one of the commonly cultured warmwater species in Southern Africa. This makes 
Stinkbug an ideal candidate for the replacement of fishmeal in Southern Africa.

The Mozambique tilapia (Oreochromis mossambicus) is one of the most widely cultured warm 
freshwater species in Southern Africa. It is a species of economic importance and plays a role in 
the gross domestic product of South Africa. However, its production has not yet reached its full 
potential. Oreochromis mossambicus is a good aquaculture candidate species (El-Sayed, 2020). Its 
capacity to utilize insect meals was recently reviewed and showed that it is pre-adapted to utilise 
insect-based diets (Rapatsa & Moyo, 2022). It is therefore imperative to carry out a detailed study 
on the effect of dietary full-fat Stinkbug meal as a fishmeal replacement on some aspects of the 
physiology of O. mossambicus. Therefore, the objective of this study was to determine the effect of 
dietary full-fat Stinkbug meal on growth performance, blood serum chemistry, liver and intestine 
histology of juvenile O. mossambicus.
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2. Materials and methods

2.1. Proximate composition
Stinkbugs were purchased from Thohoyandou Town open market, in the Vhembe District of 
Limpopo Province, South Africa. Stinkbugs (dried) were ground using a miller. Stinkbug meal was 
analysed for proximate and nutrient composition (Table 1).

Dry matter was determined by drying samples using an oven at 105°C until a constant weight 
was reached. Moisture content was determined by obtaining the difference between the initial 
weight and the weight lost after samples were dried in the oven at 105°C for 24 h. Crude protein 
(AOAC #984.13) was determined using the Micro-Kjeldahl method, and the content was estimated 
by multiplying nitrogen by 6.25 (Foss 2400 Kjeltec analyser unit, Denmark) (Association of Official 
Analytical Chemists AOAC, 2003). Fat content (AOAC #954.02) was determined using solvent 
extraction with petroleum ether (Soxtec system, Foss Tecator lipid analyser (AOAC, 2003). Ash 
content (AOAC #942.05) was determined by incinerating samples at 550°C for 6 hours in a muffle 
furnace (Heraeus K1252, Germany) (AOAC, 2003). The crude fibre was determined by digesting 
dried lipid-free residues with 1.25% H2SO4 and 1.25% NaOH. The loss on ignition was recorded as 
crude fibre (Hlophe-Ginindza et al., 2015). Gross energy was analysed using DDS Isothermal CP 500 
bomb calorimeter. Neutral detergent fibre (NDF) and Acid detergent fibre (ADF) were determined 
by boiling sample with a neutral detergent solution and acid detergent solution, respectively (van 
Soest et al., 1991).

2.2. Mineral composition
Selected minerals (Iron, potassium, and sodium) were analysed in the Stinkbug meal. Samples 
were hydrolysed with 65% concentrated nitric acid and 37% hydrochloric acid. Hydrogen peroxide 
was used to remove nitrous vapours. The mineral content was then determined using Inductively 

Table 1. Proximate composition, mineral content, and amino acid profile of the Stinkbug meal 
compared to fishmeal
Proximate 
composition

SBM %DM FM %DM Essential 
amino acid

SBM g/kg 
(DM)

FM* g/kg 
(DM)

Dry matter (%) 88.75 86.02a Lysine 6.85 25.58

Moisture 11.25 13.98a Methionine 1.76 2.23

Protein 29.53 65.5b Valine 4.07 19.38

Fat 48.59 12.0b Leucine 4.77 33.54

Ash 3.14 18.0b Histidine 3.56 10.45

Fibre 8.70 1.8b Isoleucine 2.50 19.04

NDF 27.11 0.0b Threonine 2.87 16.74

ADF 50.84 0.0b Tryptophan 0.08 5.70c

GE (KJ/100 g) 2 514 - Phenylalanine 2.70 17.24

Minerals mg/l Non-essential amino acid
Iron (Fe) 0.91 - Tyrosine 4.04 7.92

Potassium (K) 21.7 - Glycine 4.76 21.17

Sodium (Na) 69.2 - Aspartic acid 6.70 41.48

Serine 3.82 17.29

Proline 3.80 19.90

Glutamic acid 10.19 62.40

Alanine 4.80 25.44

Cystine 15.31 1.09

NDF: neutral detergent fibre; ADF: acid detergent fibre, DM: dry matter. GE: gross energy, aMuin and Taufek (2022), 
bRapatsa and Moyo (2017). *Hu et al. (2020). SBM: Stinkbug meal; FM: Fishmeal. -: not available, cDjissou et al. (2016). 
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coupled plasma-optical emission spectrometry (ICP-OES) (Manditsera et al., 2019). The analysis 
was performed using standard solutions of known concentrations. All chemicals used were analy
tical reagent grade. The selected mineral content of Stinkbug meal is outlined in Table 1.

2.3. Amino acid profile
Stinkbug meal was analysed for amino acids at the Central Analytical Facilities (CAF) of the 
Stellenbosch University (South Africa). Samples were hydrolysed with 6 M HCI at 110°C for 22 h 
in sealed tubes (Ishida et al., 1981). Separation was performed on a gas chromatograph (6890N, 
Agilent Technologies Network) coupled to an Agilent technologies inert XL EI/CI Mass Selective 
Detector (MSD) (5975, Agilent Technologies Inc., Palo Alto, CA). Amino acid profile of the Stinkbug 
meal is outlined in Table 1. The amino acid profile of experimental diets was calculated based on 
the amino acid profile of the feed ingredients used in experimental diets formulation (Table 3).

2.4. Fatty acid profile
The fatty acid methyl esters (FAMEs) for Stinkbug meal were also analysed at the Central Analytical 
Facilities (CAF) of the Stellenbosch University (South Africa). This was done by adding 2 ml of 2:1 
chloroform: methanol solution to 100 mg of the sample (Folch et al., 1957). The sample was 
vortexed and sonicated at room temperature for 30 min. The sample was then centrifuged at 
3000 rpm for 1 min. Chloroform (200 µl) was dried completely with a gentle stream of nitrogen and 
reconstituted and vortexed with 170 µl of methyl tert-butyl ether (MTBE) and 30 µl of trimethyl
sulfonium hydroxide (TMSH). One µl of the derivitised sample was injected in a 5:1 split ratio onto 
the GC-FID. Separation was performed on a gas chromatograph (6890N, Agilent Technologies) 
coupled to flame ionization detector (FID). Separation of the FAMEs was performed on a polar RT- 
2560 (100 m, 0.25 mm ID, 0.20 µm film thickness) (Restek, USA) capillary column. Hydrogen was 
used as the carrier gas at a flow rate of 1.2 ml/min. The injector temperature was maintained at 
240°C. One µl of the sample was injected in a 5:1 split ratio. The oven temperature was pro
grammed as follows: 100°C for 4 min, ramped to 240°C at a rate of 3 °C/min for 10 min. The fatty 
acid profile of the Stinkbug meal is outlined in Table 4. The fatty acid profile of the experimental 
diets (D1, D2, D3, D4 & D5) is outlined in Table 5.

2.5. Feed formulation
Five diets were formulated to partially substitute fishmeal at 0, 10, 30, 50, and 70% (Table 2). The 
0% diet contained 30% fishmeal and served as a control, with no Stinkbug meal. The diets were 
named D1, D2, D3, D4, and D5, denoting 0, 10, 30, 50, and 70% replacement levels, respectively 
(Table 2). The diets were formulated to be isonitrogenous (30% crude protein), isocaloric (15 MJ/ 
Kg), and isolipidic (12% fat). The Winfeed 3, EFG (Natal) program was used to formulate diets. The 
Stinkbugs (dried) were purchased from Thohoyandou Town open market. The yellow maize, wheat 
bran, sunflower meal, and sunflower oil were purchased from a local market. Vitamin/Mineral 
premix, fishmeal, and binder were purchased from Irvines Africa (Pty) Ltd. Chromic oxide was 
purchased from Sigma Aldrich. Several studies that used insect meals as fishmeal substitutes have 
added methionine and lysine in the diets (Cho et al., 2022; Djissou et al., 2016; Gai et al., 2023). To 
make this study comparable, methionine and lysine were also added in the diets. Moreover, the 
proximate composition of the Stinkbug meal recorded extremely low levels of methionine (1.76 g/ 
kg) and lysine (6.85 g/kg) that do not meet the requirement for O. mossambicus (methionine: 9.9 g/ 
kg and lysine: 37.8 g/kg). Thus, experimental diets were supplemented with crystalline methionine 
and lysine which were purchased from Nutroteq Pty Ltd. Chromic oxide (Cr2O3) was used as an 
inert marker in each diet at 10 g/kg. The ingredients were ground and screened through a 60-mesh 
size sieve and mixed thoroughly using a planetary mixer (Hobart, Troy, OH, USA) until they were 
well mixed. During mixing, water was added (10–20% v/w) occasionally until the desired dough 
thickness was reached. The dough was pelleted through a meat grinder (SLP-45 Shang Hai Taiyi, 
China) and pushed through to produce extruded strands (2 mm diameter). Pelleted strands were 
sun-dried and then stored in polyethylene buckets with lids separately at 4°C. The proximate 
composition of experimental diets is outlined in Table 2.
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Table 2. Ingredients (g/kg, DM) used to formulate experimental diets where Stinkbug meal 
replaced fishmeal at different replacement levels and the proximate composition of experi
mental diets
Ingredients Experimental diets

D1 D2 D3 D4 D5
Fishmeala 300 270 210 150 90

Stinkbug 0 30 90 150 210

Yellow Maize 221 222 233 230 228

Wheat bran 219 218 207 210 212

Sunflower meal 100 100 100 100 100

Sunflower oil 60 60 60 60 60

Methionine 20 20 20 20 20

Lysine 20 20 20 20 20

Vitamin/Mineral 
premixb

20 20 20 20 20

Binder 30 30 30 30 30

Chromic oxide 10 10 10 10 10

Total 1000 1000 1000 1000 1000

Proximate 
composition
Dry matter (%) 92.24 92.40 92.97 92.78 92.10

Crude protein 
(%DM)

30.18 30.02 30.33 30.49 30.21

Fat (%DM) 12.06 12.91 12.25 12.11 12.65

Ash (%DM) 10.59 10.60 10.83 10.25 10.20

Gross Energy 
(MJ/Kg of DM)

15.78 15.85 15.11 15.52 15.22

aFishmeal (crude protein: 65.5%, fat: 12.0%). 
bVitamin/Mineral premix: Vit. A, 12 000 IU; Vit. D3, 1 200 IU; Vit. E, 120 IU; Vit. B4, 10000 g; Vit. C, 120 g; Vit. B3, 25 g; 
Vit. B5, 15 g; Vit. B2, 6 g; Vit. B6, 5 g; Vit. B1, 4 g; Vit. K3, 2 g; Vit. B9, 1 g; Vit. H, 0.25 g; Vit. B12, 0.04 g. ZnO, 200 g; FeSO4; 
CuSO4, 7 g; MnO, 5 g; KI, 2 g; Na2SeO3, 0.15 g; CoSO4, 0.05 g. D1 (0%), D2 (10%), D3 (30%), D4 (50%), D5 (70%). 

Table 3. Calculated amino acid profile of experimental diets (% of dry matter)
Amino acids* D1 D2 D3 D4 D5
Lysine 4.93 4.41 4.40 4.37 4.17

Methionine 1.01 1.11 1.26 1.41 1.33

Valine 2.56 2.33 2.24 2.69 2.41

Leucine 3.60 3.68 3.54 3.71 3.39

Histidine 1.20 1.12 1.36 1.05 1.01

Isoleucine 2.08 2.11 2.14 2.12 2.15

Threonine 3.00 3.02 3.01 3.04 3.05

Tryptophan 0.56 0.41 0.40 0.44 0.36

Phenylalanine 2.24 2.24 2.43 2.55 2.62

*Amino acids were calculated based on the amino acid profile of the feed ingredients that were used in experimental 
diets formulation 
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2.6. Experimental design
Feeding trials were conducted at the Aquaculture Research Unit (ARU), University of Limpopo, 
South Africa. Mozambique tilapia (Oreochromis mossambicus) juveniles were bred at the 
Aquaculture Research Unit and kept in the hatchery tanks. Before the experiment commenced, 
fish were collected from the hatchery tanks and placed in a 100 L container with water that was 
mixed with 2 phenoxyethanol (1 ml/L) as an anaesthetic. Fifteen fish were randomly stocked into 
500 L capacity fiberglass experimental tanks in a recirculating system (Filled to 400 L mark). The 
tanks were connected to a sump and pump that supplied the tanks with water at 10 L/min. The 
tanks were individually heated with a submersible aquarium heater (ViaAqua Glass heater, 200 W) 
and aerated with airstones. Fish were left to acclimatise in experimental tanks for 2 weeks while 
feeding on commercial pellets (Aqua-plus, Avi Products (Pty) Ltd). After the acclimatisation period, 
fish were anesthetised, and the initial body weight was recorded for each tank. Fish were then 
randomly allocated to tanks in triplicates and allocated their diets. A total of 15 tanks were used to 
stock the fish at 15 fish per tank (Stocking density). Fish were fed experimental diets to apparent 
satiation for 8 weeks twice a day (09:00 h and 15:00 h). Fish were considered satiated when two 
pellets were left uneaten for 5 min in a tank. Feed intake for each tank was recorded on daily basis. 
Fish tanks were fitted with the Guelph system, with mild modifications (Cho et al., 1982). Faecal 
matter samples were collected two weeks after the commencement of the experiment from the 
collection tube. The faecal matter samples were used for protein apparent digestibility coefficient 
analysis. Water temperature was kept between 27 and 29°C, dissolved oxygen (6.5–8.0 mg/l), 
ammonia (<1 mg/l), and pH (6.8–8.0). These parameters were monitored on weekly basis using 
a handheld multiparameter meter (Professional plus YSI 605,000). The experiment was conducted 
under natural photoperiod. All ethical protocols were observed and approved by the University of 
Limpopo Animal Research Ethical Committee (AREC/09/2022:PG).

2.7. Growth performance indices
Fish were weighed at the commencement of the trial, after every two weeks, and at the end of the 
feeding trial. At the end of the experiment, fish were starved for 24 h before growth performance 
indices were measured. Three fish from each replica (9 fish per treatment) were randomly selected 
for measurement of growth parameter indices.

Table 4. Fatty acid profile of the Stinkbug meal
Fatty acids g/kg of TFA
C8:0 (Caprylic acid) 0.01

C12:0 (Lauric acid) 0.02

C13:0 (Tridecanoic acid) 0.02

C14:0 (Myristic acid) 0.39

C16:0 (Palmitic acid) 6.62

C18:0 (Stearic acid) 0.40

C20:0 (Arachidic acid) 0.03

C14:1 (Myristoleic acid) 0.32

C16:1 (Palmitic acid) 2.82

C18:1n-9 (Oleic) 3.76

C20:1 (Gondoic) 0.55

C18:2n-6 (linoleic acid) 1.17

ƩSFA 7.46

ƩMUFA 7.45

ƩPUFA 1.17

SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acid. TFA: total fatty 
acids. 
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For growth performance, the following parameters were calculated:

Specific growth rate (SGR) : SGR ¼ InWt� InW0
t

h i
�100%

Where In, Wt, W0, and t are the natural logarithm, the final body weight (g), initial body weight (g), 
and time feeding period (days), respectively.

Thermal-unit growth coefficient : TGC ¼ 1000� Final weight
1
3 � Initial weight

1
3

Temperatureð�CÞ�days

Feed conversion ratio (FCR)= feed consumed (g)/weight gained (g)

Protein efficiency ratio (PER)= increase in body mass (g)/protein consumed (g)

Weight gain (g) = final weight (g)-initial weight(g)

Feed intake (g/fish/day) = weight of eaten feed (g)/number of fish/feeding period (day).

Fish survival rate (%) = (final number of fish/initial number of fish) × 100

Apparent protein digestibility coefficient (APDC) was determined according to Cho et al. (1982)

Table 5. The fatty acid profile of experimental diets (g/kg)
Fatty acid D1 D2 D3 D4 D5
C12 0.02 0.02 0.03 0.02 0.03

C13 0.02 0.02 0.02 0.02 0.03

C14 1.26 1.58 1.79 1.37 1.58

C14:1 0.02 0.11 0.39 0.48 0.76

C15 0.13 0.15 0.14 0.09 0.07

C16 12.84 18.07 32.46 33.30 48.47

C16:1 2.11 7.87 22.36 26.55 41.79

C17 0.16 0.17 0.13 0.08 0.07

C17:1 0.11 0.16 0.11 0.06 0.05

C18 4.57 5.57 8.73 8.32 11.48

C18:1 (cis) 17.77 21.22 38.27 40.56 59.11

C18:2 (cis) 38.15 41.38 68.85 67.44 94.92

C20 0.30 0.29 0.60 0.64 0.81

C20:1 & 
C18:3n3

2.25 1.81 1.60 1.20 1.17

C21 0.01 0.02 0.02 0.01 0.01

C20:2 0.05 0.05 0.05 0.02 0.02

C22 0.52 0.60 1.04 0.97 1.42

C20:3n6 0.01 0.01 0.01 0.01 0.03

C22:1 0.67 0.76 0.68 0.34 0.23

C20:4n6 0.05 0.06 0.05 0.02 0.01

C23 0.03 0.01 0.03 0.03 0.04

C20:5n3 2.73 2.95 2.67 1.36 0.88

C24 0.15 0.16 0.24 0.20 0.30

C24:1 0.16 0.17 0.15 0.07 0.04

C22:6n3 4.36 4.57 4.14 2.01 1.31
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Chromic oxide in diets and faeces was determined by adding concentrated nitric acid (HNO3) into 
the samples and then 70% perchloric acid (HCIO4) was added to oxidize chromic oxide until the 
colour orange appear. The samples were then read for absorbance at 350 nm, using ultrapure 
water as a blank. Chromic oxide was then calculated as follows:

Weight of chromic oxide in sample = Absorbance − 0.0032/0.2089

Chromic oxide (%) = (weight of chromic oxide/sample weight (mg)) ×100

APDC (%) = 100 1 � Cr2O3 in diet
Cr2O3 in faeces
� �

�
protein in faeces

protein in diet

� �h i

2.8. Organosomatic indices
Fish were collected from experimental tanks and sedated with 2-phenoxyethanol (1 ml/L). Three 
fish from each dietary replica (9 fish/diet) were used for organosomatic indices. The condition 
factor, hepato-somatic index, and viscero-somatic index were calculated.

CF= final body weight(g)/fish length(cm)3 ×100

Hepato-somatic index (HSI)= liver weight(g)/fish weight(g) × 100

Viscero-somatic index (VSI)= viscera weight(g)/fish weight(g) × 100

2.9. Blood chemistry
At the end of the feeding trial, fish were fasted for 24 h. Three fish samples from each dietary 
replica were randomly selected and sedated with 2-phenoxyethanol (1 ml/L). Blood samples (~3  
ml) were drawn from the caudal vasculature into vials using heparinised syringes and centrifuged 
for 15 min at 3000 rpm (Kishawy et al., 2022). Blood samples from each replica were pooled. The 
serum was used for the analysis of triglyceride, cholesterol, aspartate aminotransferase (AST), and 
alanine aminotransferase (ALT). The analyses were conducted using a commercial automatic 
biochemical kit and according to the manufacturers protocol (Sigma-Aldrich, USA).

2.10. Liver and intestinal histological analysis
In each dietary replicate, three fish were randomly selected, anaesthetised, weighed, and sacri
ficed. Fish liver and intestines (distal) were removed and separately fixed in 10% formalin solution 
until analysis. During analysis, liver samples were cut into 1 cm3 blocks, whilst intestine samples 
were cut into 1 cm length. All samples were washed for 2 h in distilled water. Samples were then 
dehydrated in ethanol solution of 70, 80, 96, and 100% levels concentrations. Liver and intestine 
samples were made transparent using xylene. Samples were infiltrated using Tissue-Tek® III wax 
in an oven at 60°C. Samples were further embedded in Tissue-Tek® III wax blocks, sectioned at 5  
µm thickness (Leica: RM2125 RTS). The sectioned samples were placed in microscope slides and 
left to dry. After drying, slides were stained with haematoxylin and eosin (H&E) and covered with 
coverslips as described by van Dyk and Pieterse (2008).

2.11. Liver and intestinal histological assessment
Liver and intestine slides were assessed using a light microscope at different magnifications (Leica 
Microsystems model DM750, Leica, Bannockburn, IL, USA). The intestine histology was quantified 
using a modified scoring system from (Baeza-Arińo et al., 2014). For villi length and villi thickness, 
six measurements per slide were taken to establish mean values. Three slides were assessed per 
treatment. Goblet cells were quantified by counting the number present in each villus. Six villi per 
slide were quantified to establish mean values. Liver histology was quantified by analysing the liver 
hepatocyte condition according to McFadzen et al. (1997). The grading was from 1–3, where 1 
describes a healthy liver, 2 as intermediate, and 3 as a degraded liver. Dietary replicates were 
allocated an average grade value based on the dominant histological alterations observed. Three 
slides were assessed for each replicate.
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3. Statistical analysis
Shapiro-Wilk and Barlett’s tests were used to test data for normality of distribution and homo
geneity of variance, respectively. One-way analysis of variance (ANOVA) was used to test signifi
cant differences in growth parameter indices, organosomatic indices, blood serum chemistry, and 
histology. The data was significantly different when P < 0.05. Tukey’s HSD post hoc test was used to 
determine mean differences. The data was analysed using SPSS version 28.0 software package 
(Statistical Package and Service Solutions, IBM, Chicago, IL, USA).

4. Results

4.1. Proximate composition
Stinkbug meal contained 29.53% protein and 48.59% fat content (Table 1). The protein content of 
the Stinkbug meal was relatively lower than fishmeal (65%). The ash content of the Stinkbug meal 
was 3.14%, whilst the ash content of fishmeal was 18%. The highest mineral recorded in the 
Stinkbug meal was sodium (69.2 mg/l).

The essential amino acids (EAA) composition of the Stinkbug meal showed that lysine (6.85 g/ 
kg), leucine (4.77 g/kg), and valine (4.07 g/kg), were the most abundant (Table 1). On the other 
hand, cystine (15.31 g/kg), glutamic acid (10.19 g/kg), and aspartic acid (6.70 g/kg) showed the 
highest concentration of non-essential amino acids, respectively (Table 1). Fishmeal recorded 
relatively higher amino acid profile than the Stinkbug meal (Table 1). Experimental diets contained 
nine essential amino acids (Table 3).

The Stinkbug meal comprised high levels (7.46 mg/g) of saturated fatty acids (SFA) and 
monounsaturated fatty acid (MUFA) (7.45 mg/g), respectively (Table 4). Palmitic fatty acid 
dominated the SFA, whilst oleic fatty acid dominated the MUFA. Furthermore, Stinkbug meal 
contained PUFA, linoleic acid which is one of the most essential omega-6 fatty acids. The 
experimental diets showed that the fatty acid profile was dominated by C18:2 cis (linoleic 
acid), C18:1 cis (oleic acid), C16 (palmitic acid), and C16:1 (palmitoleic acid) (Table 5). Palmitic 
acid, oleic acid and palmitoleic acid were the fatty acids that increased in experimental diets 
with an increase in Stinkbug meal.

4.2. Growth performance parameters
There was a decrease in growth performance with increasing Stinkbug meal inclusion (Table 6). 
The highest WG (167.37 g), SGR (2.16%), TGC (1.30), and PER (2.95) were recorded in fish fed the 
control diet (D1). The fish fed the control diet (D1) also had the lowest FCR (1.42). The APDC of fish 
fed the control diet (79.67%) was higher (P < 0.05) than the rest of the diets. However, diets D2 to 
D5 showed no significant difference in APDC (P > 0.05). Diet D5 recorded the lowest growth 
performance and nutrient utilisation indices (Table 6). Organosomatic indices (CF, VSI, HSI) were 
not influenced by Stinkbug meal inclusion (P > 0.05).

4.3. Blood serum chemistry
The ALT values of fish fed the control diet (22.66 U/L) did not differ (P > 0.05) from diets D2, D3, and 
D4 (Table 7). The diet with the highest inclusion level (D5) recorded the highest ALT level (32.66 U/ 
L), which differed significantly (P < 0.05) from the rest of the diets. The AST values showed no 
discernible pattern. However, the highest AST level was recorded in diet D5 (318.33 U/L) and 
differed (P < 0.05) from other diets. Stinkbug meal did not influence (P > 0.05) the cholesterol and 
triglyceride levels among the diets.

4.4. Liver and intestinal histology
There was no significant difference in the intestine villi height across the diets (P > 0.05) (Table 8). 
However, a numerically higher villi height was recorded in diet D1 (201 µm). Villi thickness also did 
not differ significantly (P > 0.05) across different diets. However, Diet D1 also recorded the thickest 
villi (64.66 µm). Substituting fishmeal with stinkbug meal had no influence on the number of goblet 
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Table 6. Growth parameters and organosomatic indices (mean ± SD) of Oreochromis mossam
bicus fed diets with Stinkbug meal as a fishmeal replacement at increasing substitution levels 
for 8 weeks. n = 9
Dietary 
groups

D1 (0%) D2 (10%) D3(30%) D4(50%) D5 (70%)

Indices

IBW (g) 68.74 ± 4.73 75.47 ± 3.81 76.68 ± 6.29 64.04 ± 5.07 69.29 ± 4.07

FBW (g) 236.11 ± 6.08 218.01 ± 2.03 205.79 ± 3.90 166.16 ± 5.05 145.38 ± 2.30

WG (g) 167.37 ± 4.32a 143.53 ± 3.93b 128.32 ± 2.35c 103.12 ± 2.33d 75.09 ± 1.52e

SGR (%) 2.16 ± 0.07a 1.86 ± 0.17b 1.73 ± 0.25c 1.68 ± 0.33c 1.28 ± 0.10d

TGC 1.30 ± 0.03a 1.12 ± 0.11b 1.04 ± 0.18c 0.95 ± 0.19d 0.72 ± 0.06e

FCR 1.42 ± 0.15a 1.56 ± 0.30b 1.72 ± 1.25c 1.77 ± 0.0.54c 2.15 ± 0.43d

FI (g/fish/day) 0.74 ± 0.05a 0.55 ± 0.09b 0.42 ± 0.04c 0.39 ± 0.11c 0.36 ± 0.15c

PER 2.95 ± 0.09a 2.87 ± 0.46ab 2.82 ± 0.65b 2.28 ± 0.47c 1.66 ± 0.14d

APDC (%) 79.67 ± 2.55a 70.89 ± 2.10b 70.21 ± 2.25b 69.14 ± 1.93b 65.57 ± 1.48b

Organosomatic Indices

CF (g/cm3) 2.30 ± 0.13a 2.02 ± 0.19a 1.82 ± 0.38a 1.74 ± 0.06a 1.54 ± 0.25a

VSI (%) 12.85 ± 0.79a 12.33 ± 4.53a 12.97 ± 2.01a 12.85 ± 1.15a 11.51 ± 5.00a

HSI (%) 4.03 ± 0.24a 3.64 ± 0.49a 3.54 ± 1.82a 3.36 ± 3.81a 3.35 ± 0.41a

Survival (%) 100 100 100 100 100

Means in a row with different superscripts were significantly different (P < 0.05). IBW: Initial body weight, FBW: Final 
body weight, WG: Weight gain, SGR: Specific growth rate, TGC: Thermal-unit growth coefficient, FCR: Food conversion 
ratio, FI: Feed intake, PER: Protein efficiency ratio, APDC: Apparent protein digestibility coefficient, CF: Condition factor, 
VSI: Viscero-somatic index, HSI: Hepatosomatic index 

Table 7. Blood chemistry (mean ± SD) of Oreochromis mossambicus fed diets with Stinkbug 
meal at different replacement levels, n = 3
Diets ALT (U/L) AST (U/L) Chol (mmol/l) Trig (mmol/l)
D1 22.66 ± 3.51a 221.33 ± 3.21a 0.35 ± 0.00a 0.02 ± 0.00a

D2 20.63 ± 4.50a 224.33 ± 3.51a 0.32 ± 0.02a 0.03 ± 0.00a

D3 24.33 ± 4.93a 213.00 ± 3.00b 0.33 ± 0.01a 0.02 ± 0.00a

D4 23.33 ± 5.68a 225.33 ± 2.30a 0.31 ± 0.04a 0.03 ± 0.00a

D5 32.66 ± 2.51b 318.33 ± 2.08c 0.30 ± 0.01a 0.02 ± 0.00a

ALT: alanine aminotransferase; AST: aspartate aminotransferase; Chol: cholesterol; Trig: triglyceride; Different super
scripts on each column are significantly different (P < 0.05, ANOVA). 

Table 8. The score for the distal intestine of O. mossambicus fed diets with stinkbug meal at 
different replacement levels. Villi height and thickness are expressed as mean±SD. n = 9
Diets Villi height (µm) Villi thickness 

(µm)
Goblet cell (no) Hepatocyte 

score
D1 201.00 ± 6.92a 64.66 ± 5.20a 45.00 ± 3.05a 1

D2 193.00 ± 4.04a 61.33 ± 0.88a 50.00 ± 3.00a 1

D3 177.33 ± 4.09a 61.00 ± 1.52a 50.00 ± 4.61a 1

D4 182.66 ± 7.51a 54.33 ± 3.84a 46.00 ± 2.96a 1

D5 179.66 ± 2.96a 62.66 ± 0.88a 48.00 ± 1.76a 1

Different superscripts in a column are significantly different (P < 0.05, ANOVA). 
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cell in the intestine (P > 0.05). Furthermore, the micrographs showed normal intestine at different 
inclusion levels (Figure 1). The liver hepatocyte score was 1 across all diets (Table 8). This was 
confirmed by the normal liver micrographs of fish from all diets (Figure 2).

5. Discussion
There was a decrease in the growth performance of O. mossambicus with increasing Stinkbug meal 
inclusion. The observed decline in growth performance may be linked to an imbalance in the amino 
acid profile of the Stinkbug meal. Although the Stinkbug meal contained all the essential amino 
acids, the concentrations recorded did not meet the requirements of O. mossambicus. Methionine 
and lysine are known to be the most limiting amino acids in fish growth (Inje et al., 2018). The 
study recorded 1.76 g/kg methionine and 6.85 g/kg lysine levels in the Stinkbug meal. These values 
are relatively lower than the requirement for O. mossambicus. Methionine and lysine requirements 
for O. mossambicus are 9.9 g/kg and 37.8 g/kg, respectively (Santiago & Lovell, 1988). It was thus 
deemed necessary to supplement experimental diets with crystalline methionine and lysine. The 
decline in growth performance may also be attributed to an imbalance in the fatty acid profile of 
the Stinkbug meal. Although Stinkbug meal contains linoleic acid, the study showed that this insect 
lacks omega-3 fatty acids such as α-linolenic acid, eicosapentaenoic acid (EPA) and docosahex
aenoic acid (DHA), which are essential fatty acids for growth. Like most other terrestrial insects, 

Figure 1. Micrographs of 
O. mossambicus fed Stinkbug 
meal as fishmeal replacement 
at different inclusion levels 
stained with H& E. A: diet D1 
(0%), B: diet D2 (10%), C: diet 
D3 (30%), D: diets D4 (50%), E: 
diet D5 (70%). V: villi, LP: 
Lamina propria, GC: goblet cell, 
EL: epithelial layer, SM: 
Submucosa, S: Serosa. Scale 
bar: 20 µm.
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Stinkbug lacks EPA and DHA when compared to aquatic insects (Parmar et al., 2022; Twining et al.,  
2016). It is also possible that chitin might have contributed to the decrease in growth performance. 
Although chitin was not determined, NDF and ADF are taken as surrogate measures of chitin 
(Finke, 2007). Furthermore, chitin interferes with the digestion and absorption of nutrients in fish 
species, thus compromising fish growth (Gu et al., 2022; Tran et al., 2022). This phenomenon was 
also reported in studies where insect meal replaced fishmeal in aquafeed (Anvo et al., 2017; 
Fawole et al., 2020; Zarantoniello et al., 2021).

There was a noticeable reduction in feed intake with an increase in Stinkbug meal inclusion. This 
may also have contributed to the reduced growth performance that was observed in fish species. 
The reduced feed intake may be attributed to trans-2-decenal and trans-2-octenal compounds 
that the Stinkbug releases as a defence mechanism (Sagun et al., 2016). These compounds are 
known to cause an unpleasant odour that repels predators. The pungent smell was also observed 
in diets with Stinkbug meal. It is speculated that the Stinkbug odour reduced voluntary feed intake. 
Although there was a decline in the growth performance, organosomatic indices (CF, HSI, VSI) 
were not significantly different across all diets. The condition factor (CF) explains the well-being of 
fish species. In this study, Stinkbug meal did not influence the condition factor. This shows that fish 
from all experimental diets were in good health. The hepatosomatic index followed a similar trend. 

Figure 2. Liver micrographs of 
O. mossambicus fed diets with 
Stinkbug meal as a fishmeal 
replacement. A (control: 0%), 
B (diet D2; 25%), C (diet D3: 
30%), D (diet D4: 50%), and 
E (diet D5; 75%). V: vacuolisa
tion, N: nucleus, ND: nuclear 
displacement, HP: Hepatic 
plate, KC: Kupffer cell. Scale 
bar: 20 µm.
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This index reveals the health status of the liver. Thus, utilising diets with Stinkbug meal as 
a fishmeal replacement did not cause any metabolic or liver deficiencies in O. mossambicus. The 
Viscero-somatic index also did not differ significantly among diets. This confirms that no excessive 
hepatic fat was accumulated in fish from all diets. Similar findings were observed in fish that have 
been fed insect meal as a fishmeal substitute (Renna et al., 2017; Tippayadara et al., 2021; Xiao 
et al., 2018). This suggests that Stinkbug meal had no negative effects on the health status of 
O. mossambicus.

The Stinkbug meal had no influence on the ALT and AST levels. The ALT and AST are liver 
enzymes that often leak into the bloodstream when there is hepatic damage or increased stress 
level (Adeoye et al., 2020). Belghit et al. (2018) indicated that feeding an Atlantic salmon (Salmo 
salar) a diet with H. illucens as a fishmeal substitute did not affect the ALT and AST levels. Salmo 
salar is one of the fish species that feed on aquatic insects in nature, and it is reportedly pre- 
adapted to utilising insect-based diets (Henry et al., 2015). In the wild, O. mossambicus also feeds 
on insects (El-Sayed, 2020). It is probably also pre-adapted to utilising insect-based diets. The 
Stinkbug meal had no effect on the cholesterol and triglyceride levels across diets. Cholesterol 
levels in fish fed insect-based diets are known to be reduced due to chitin level (Belghit et al.,  
2018). However, in this study the levels of cholesterol may have not been affected by the chitin 
level. Similar observations were recorded when Argyrosomus japonicus was fed diets with 
H. illucens as a fishmeal replacement (Madibana et al., 2020).

Substituting fishmeal with Stinkbug meal did not affect the liver and intestine histology of 
O. mossambicus from all experimental diets. The liver is an organ involved in nutrient metabolism 
(Rašković et al., 2011). It is also a good indicator of the nutritional status of the fish. Changes in its 
morphological structure is paramount in determining the capacity of a species to digest and 
effectively utilise a diet. Lack of liver histological alterations shows that O. mossambicus can utilise 
an insect-based diet. The intestine villi and thickness across diets did not differ significantly. The 
goblet cell prevalence was not influenced by the Stinkbug meal in all experimental diets. Goblet 
cells are responsible for secreting mucus as a protective compound (Kim & Ho, 2010). This shows 
that the Stinkbug meal did not have detrimental effects on the intestine histology of 
O. mossambicus. The intestine is an organ where feed digestion and nutrient absorption take 
place (Elia et al., 2018). This further shows that O. mossambicus utilised an insect-based diet 
without adverse effects. This is probably because this species has requisites digestive enzymes to 
handle an insect-based diet. This agrees with a study where O. mossambicus successfully utilised 
a diet where mopane worm replaced fishmeal (Rapatsa & Moyo, 2017). The study shows that the 
Stinkbug meal may partially replace fishmeal at 30% inclusion level. This is because at inclusion 
levels beyond 30%, the growth performance and nutrient utilisation declined significantly. 
Moreover, at 70% inclusion level, the AST and ALT levels increased significantly. High levels of 
these liver enzymes may have moderate metabolic effects on juvenile O. mossambicus. 
Furthermore, the FCR recorded at 30% inclusion level (1.72) showed that fish fed this diet were 
able to convert feed intake into body weight gain. To the best of the authors knowledge, there is no 
study that evaluated using Stinkbug meal as fishmeal replacement in aqua feeds. Thus, there are 
no comparable results for this study. The limitation associated with feeding O. mossambicus diets 
with Stinkbug meal is its poor growth performance at higher inclusion levels. Another limitation of 
using Stinkbug meal is its limited availability and seasonal variation. Stinkbug meal also contain 
high fat content which may cause oxidation in the diets.

6. Conclusion
This study evaluated the effects of dietary full-fat Stinkbug meal on the growth performance, blood 
serum chemistry, and liver and intestinal histology of juvenile O. mossambicus. The study showed that 
growth performance declined with an increase in Stinkbug meal. However, the organosomatic indices 
were not influenced by the inclusion of Stinkbug meal in O. mossambicus diets. The AST and ALT values 
were also not influenced by the Stinkbug meal inclusion. However, at the highest inclusion level, these 
enzymes were elevated. The liver and intestine were also not influenced by the Stinkbug meal 
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inclusion. The main limitation with using Stinkbug meal as a fishmeal replacement is its high fat 
content and an imbalance in fatty acid profile. A cost benefit analysis to determine the economic 
viability of using Stinkbug meal as a fishmeal replacement is recommended.

Acknowledgments
The National Research Foundation (NRF) and the 
University of Limpopo, Aquaculture Research Unit are 
recognised for financial support. Mr. Gavin Geldenhuys is 
appreciated for his technical assistance.

Funding
This work was supported by the National Research 
Foundation (NRF) and the University of Limpopo 
(Aquaculture Research Unit).

Author details
Livhuwani E. Nephale1 

E-mail: nephale.eva@gmail.com 
Ngonidzashe A.G. Moyo1 

Mmaditshaba M. Rapatsa1 

1 Aquaculture Research Unit, School of Agricultural and 
Environmental Sciences, Faculty of Science and 
Agriculture, University of Limpopo (Turfloop Campus), 
Polokwane, South Africa. 

Disclosure statement
No potential conflict of interest was reported by the 
author(s).

Data availability statement
Data is available upon request from the corresponding 
author(s).

Authors’ contributions
Moyo N.A.G. and Rapatsa M.M. conceptualized the study. 
Nephale L.E. conducted experimental trials, analysed and 
interpreted the data. The manuscript was drafted by 
Nephale L.E. and all authors read and revised the manu
script. All authors approved the final manuscript.

Citation information 
Cite this article as: Dietary full-fat Stinkbug (Encosternum 
delegorguei) meal effects on growth performance, blood 
chemistry, liver and intestinal histology of juvenile 
Mozambique tilapia (Oreochromis mossambicus), 
Livhuwani E. Nephale, Ngonidzashe A.G. Moyo & 
Mmaditshaba M. Rapatsa, Cogent Food & Agriculture 
(2023), 9: 2253717.

References
Abdel-Tawwab, M., Khalil, R. H., Metwally, A. A., 

Shakweer, M. S., Khallaf, M. A., & Abdel-Latif, H. M. R. 
(2020). Effects of black soldier fly (Hermetia illucens 
L.) larvae meal on growth performance, 
organs-somatic indices, body composition, and 
hematobiochemical variables of European sea bass, 
Dicentrarchus labrax. Aquaculture 522, 735136. 
Article 735136. https://doi.org/10.1016/j.aquaculture. 
2020.735136

Adeoye, A. A., Akegbejo-Samsons, Y., Fawole, F. J., & 
Davies, S. J. (2020). Preliminary assessment of 
black soldier fly (Hermetia illucens) larval meal in 
the diet of African catfish (Clarias gariepinus): 
Impact on growth, body index, and hematological 
parameters. Journal of the World Aquaculture 
Society, 51(4), 1024–1033. https://doi.org/10.1111/ 
jwas.12691

Akinwole, A. O., Dauda, A. B., & Ogunkunle, V. O. (2020). 
Growth performance, nutrient utilization, survival 
and body indices of African catfish (Clarias gariepi
nus, Burchell 1822) reared on maggot meal based 

diet. FUDMA Journal of Sciences, 4(2), 53–59. https:// 
doi.org/10.33003/fjs-2020-0402-109

Alfiko, Y., Xie, D., Astuti, R. T., Wong, J., & Wang, L. (2022). 
Insects as a feed ingredient for fish culture: Status 
and trends. Aquaculture and Fisheries, 7(2), 166–178.  
https://doi.org/10.1016/j.aaf.2021.10.004

Anvo, M. P. M., Aboua, B. R. D., Compaoré, I., Siaaao, R., 
Zoungrana-Kaboré, C. Y., Kouamelan, E. P., & 
Toguyéni, A. (2017). Fish meal replacement by Cirina 
butyrospermi caterpillar’s meal in practical diets for 
Clarias gariepinus fingerlings. Aquaculture Research, 
48(10), 5243–5250. https://doi.org/10.1111/are. 
13337

AOAC International. (2003). Official methods of analysis of 
AOAC International (17th ed.). Gaithersburg, MD, USA, 
Association of Analytical Communities.

Baeza-Arińo, R., Martĩnez-Llorens, S., Nogales-Merida, S., 
Jover-Cerda, M., & Tomas-Vidal, A. (2014). Study of 
liver and gut alterations in sea bream, Sparus aurata 
L., fed a mixture of vegetable protein concentrate. 
Aquaculture Research, 47(2), 460–471. https://doi. 
org/10.1111/are.12507

Belghit, I., Liland, N. S., Gjesdal, P., Biancarosa, I., 
Menchetti, E., Li, Y., Waagobo, R., & Krogdahl, E. L. 
(2018). Black soldier fly larvae meal can replace fish 
meal in diets of sea-water phase Atlantic salmon 
(Salmo salar). Aquaculture, 503, 609–619. https://doi. 
org/10.1016/j.aquaculture.2018.12.032

Bruni, L., Pastorelli, R., Viti, C., Gasco, L., & Parisi, G. (2018). 
Characterisation of the intestinal microbial commu
nities of rainbow trout (Oncorhynchus mykiss) fed 
with Hermetia illucens (black soldier fly) partially 
defatted larva meal as partial dietary protein source. 
Aquaculture, 487, 56–63. https://doi.org/10.1016/j. 
aquaculture.2018.01.006

Cho, J., Bae, J., & Hwang, I. (2022). Effects of black soldier fly 
(Hermetia illucens) pre-pupae meal on the growth, 
stress, and immune responses of juvenile rainbow trout 
(Oncorhynchus mykiss) reared at different stocking 
densities. Aquaculture Reports, 25, Article ID 101202.

Cho, C. Y., Slinger, S. J., & Bayley, H. S. (1982). 
Bioenergetics of salmonid fishes energy intake, 
expenditure and productivity. Comparative 
Biochemistry and Physiology, 73(1), 25–41. https:// 
doi.org/10.1016/0305-0491(82)90198-5

Coutinho, F., Castro, C., Guerreiro, I., Rangel, F., Couto, A., 
Serra, C. R., Peres, H., Pousão-Ferreira, P., Rawski, M., 
Oliva-Teles, A., & Enes, P. (2021). Mealworm larvae 
meal in diets for meagre juveniles: Growth, nutrient 
digestibility and digestive enzymes activity. 
Aquaculture 535, 736362. Article 736362. https://doi. 
org/10.1016/j.aquaculture.2021.736362

Devic, E., Leschen, W., Murray, F., & Little, D. C. (2017). 
Growth performance, feed utilization and body com
position of advanced nursing Nile tilapia 
(Oreochromis niloticus) fed diets containing black 
soldier fly (Hermetia illucens) larvae meal. 
Aquaculture Nutrition, 24(1), 416–423. https://doi.org/ 
10.1111/anu.12573

Djissou, A. S. M., Adjahouinou, D. C., Koshio, S., & 
Fiogbe, E. D. (2016). Complete replacement of fish 
meal by other animal protein sources on growth 
performance of Clarias gariepinus fingerlings. 
International Aquatic Research, 8(4), 333–341.  
https://doi.org/10.1007/s40071-016-0146-x

Elia, A. C., Capucchio, M. T., Caldaroni, B., Magara, G., 
Dörr, A. J. M., Biasato, I., Biasibetti, E., Righetti, M., 

Nephale et al., Cogent Food & Agriculture (2023), 9: 2253717                                                                                                                                          
https://doi.org/10.1080/23311932.2023.2253717

Page 14 of 17

https://doi.org/https://doi.org/10.1016/j.aquaculture.2020.735136
https://doi.org/https://doi.org/10.1016/j.aquaculture.2020.735136
https://doi.org/https://doi.org/10.1111/jwas.12691
https://doi.org/https://doi.org/10.1111/jwas.12691
https://doi.org/https://doi.org/10.33003/fjs-2020-0402-109
https://doi.org/https://doi.org/10.33003/fjs-2020-0402-109
https://doi.org/https://doi.org/10.1016/j.aaf.2021.10.004
https://doi.org/https://doi.org/10.1016/j.aaf.2021.10.004
https://doi.org/https://doi.org/10.1111/are.13337
https://doi.org/https://doi.org/10.1111/are.13337
https://doi.org/https://doi.org/10.1111/are.12507
https://doi.org/https://doi.org/10.1111/are.12507
https://doi.org/https://doi.org/10.1016/j.aquaculture.2018.12.032
https://doi.org/https://doi.org/10.1016/j.aquaculture.2018.12.032
https://doi.org/https://doi.org/10.1016/j.aquaculture.2018.01.006
https://doi.org/https://doi.org/10.1016/j.aquaculture.2018.01.006
https://doi.org/https://doi.org/10.1016/0305-0491(82)90198-5
https://doi.org/https://doi.org/10.1016/0305-0491(82)90198-5
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.736362
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.736362
https://doi.org/https://doi.org/10.1111/anu.12573
https://doi.org/https://doi.org/10.1111/anu.12573
https://doi.org/https://doi.org/10.1007/s40071-016-0146-x
https://doi.org/https://doi.org/10.1007/s40071-016-0146-x


Pastorino, P., Prearo, M., Gai, F., Schiavone, A., & 
Gasco, L. (2018). Influence of Hermetia illucens meal 
dietary inclusion on the histological traits, gut mucin 
composition and the oxidative stress biomarkers in 
rainbow trout (Oncorhynchus mykiss). Aquaculture, 
496, 50–57. https://doi.org/10.1016/j.aquaculture. 
2018.07.009

El-Sayed, A. F. M. (2020). Tilapia culture (2nd ed.). 
Academic Press.

Fawole, F. J., Adeoye, A. A., Tiamiyu, L. O., Ajala, K. I., 
Obadara, S. O., & Ganiyu, I. O. (2020). Substituting 
fishmeal with Hermetia illucens in the diets of African 
catfish (Clarias gariepinus): Effects on growth, nutri
ent utilization, haemato-physiological response, and 
oxidative stress biomarker. Aquaculture 518, 734849. 
Article 734849. https://doi.org/10.1016/j.aquaculture. 
2019.734849

Finke, M. D. (2007). Estimate of chitin in raw whole 
insects. Zoo Biology, 26(2), 105–115. https://doi.org/ 
10.1002/zoo.20123

Fischer, H., Romano, N., Renukdas, N., Kumar, V., & 
Sinha, A. K. (2022). Comparing black soldier fly 
(Hermetia illucens) larvae versus prepupae in the 
diets of largemouth bass, Micropterus salmoides: 
Effects on their growth, biochemical composition, 
histopathology, and gene expression. Aquaculture 
546, 737323. Article 737323. https://doi.org/10.1016/ 
j.aquaculture.2021.737323

Folch, J., Lees, M., & Stanley, G. H. S. (1957). A simple 
method for the isolation and purification of total 
lipids from animal tissues. Journal of Biological 
Chemistry, 226(1), 497–509. https://doi.org/10.1016/ 
S0021-9258(18)64849-5

Gai, F., Cusimano, G. M., Maricchiolo, G., Caccamo, L., 
Caimi, C., Macchi, E., Meola, M., Perdichizzi, A., 
Tartarisco, G., & Gasco, L. (2023). Defatted black sol
dier fly meal in diet for grow-out gilthead seabream 
(Sparus aurata L. 1758): Effects on growth perfor
mance, Gill Cortisol level, digestive enzyme activities, 
and intestinal histological structure. Aquaculture 
Research, ID, 3465335. https://doi.org/10.1155/2023/ 
3465335

Gbai, M., Ouattara, N., Bamba, Y., Ouattara, M., 
Ouattara, A., & Yao, K. (2019). Substitution of the 
fishmeal by maggot meal in the feed of Nile tilapia 
Oreochromis niloticus at different stages of growth. 
International Journal of Fisheries and Aquaculture 
Research, 5(4), 25–39. 2397-7507. www.eajournals. 
org

Guerreiro, I., Serra, C. R., Coutinho, F., Couto, A., Castro, C., 
Rangel, F., Pres, H., Pousão-Ferreira, P., Matos, E., 
Gasco, L., Gai, F., Olivia-Teles, A., & Enes, P. (2020). 
Digestive enzyme activity and nutrient digestibility in 
meagre (Argyrosomus regius) fed increasing levels of 
black soldier fly meal (Hermetia illucens). Aquaculture 
Nutrition, 27(1), 142–152. https://doi.org/10.1111/ 
anu.13172

Gu, J., Liang, H., Ge, X., Xia, D., Pan, L., Mi, H., & Ren, M. 
(2022). A study of the potential effect of yellow 
mealworm (Tenebrio molitor) substitution for fish 
meal on growth, immune and antioxidant capacity 
in juvenile largemouth bass (Micropterus salmoides). 
Fish and Shellfish Immunology, 120, 214–221. 
https://doi.org/10.1016/j.fsi.2021.11.024

Henry, M., Gasco, L., Piccolo, G., & Fountoulaki, E. (2015). 
Review on the use of insects in the diet of farmed 
fish: Past and future. Animal Feed Science and 
Technology, 203, 1–22. https://doi.org/10.1016/j.ani 
feedsci.2015.03.001

Henry, M. A., Golomazou, E., Asimaki, A., Psofakis, P., 
Fountoulaki, E., Mente, E., Rumbos, C. I., 

Athanassiou, C. G., & Karapanagiotidis, I. T. (2022). 
Partial dietary fishmeal replacement with full-fat or 
defatted superworm (Zophobas morio) larvae meals 
modulates the innate immune system of gilthead 
seabream, Sparus aurata. Aquaculture Reports, 27, 
Article 101347.

Hlophe-Ginindza, S. N., Moyo, N. A. G., & Ngambi, J. W. 
(2015). The effect of exogenous enzyme supple
mentation on growth and digestive enzyme activities 
in Oreochromis mossambicus fed kikuyu-based diets. 
Aquaculture Research, 47(12), 3777–3787. https://doi. 
org/10.1111/are.12828

Hua, K. (2021). A meta-analysis of the effects of replacing 
fish meals with insect meals on growth performance 
of fish. Aquaculture 530, 735732. Article 735732.  
https://doi.org/10.1016/j.aquaculture.2020.735732

Hu, Y., Huang, Y., Tang, T., Zhong, L., Chu, W., Dai, Z., Chen, 
Hu, Y., & Chen, K. (2020). Effect of partial black soldier 
fly (Hermetia illucens L.) larvae meal replacement of 
fish meal in practical diets on the growth, digestive 
enzyme and related gene expression for rice field eel 
(Monopterus albus). Aquaculture Reports 17, 100345. 
Article 100345. https://doi.org/10.1016/j.aqrep.2020. 
100345

Inje, O. F., Olufunmilayo, A. H., Audu, J. A., Ndaman, S. A., 
& Chidi, E. E. (2018). Protein quality of four indigen
ous edible insect species in Nigeria. Food Science and 
Human Wellness, 7(2), 175–183. https://doi.org/10. 
1016/j.fshw.2018.05.003

Ishida, Y., Fujita, T., & Asai, K. (1981). New detection and 
separation method for amino acids by 
high-performance liquid chromatography. Journal of 
Chromatography A, 204, 143–148. https://doi.org/10. 
1016/S0021-9673(00)81650-7

Jabir, A. R., Razak, S. A., & Vikineswary, S. (2012). Nutritive 
potential and utilization of super worm (Zophobas 
morio) meal in the diet of Nile tilapia (Oreochromis 
niloticus) juvenile. African Journal of Biotechnology, 11 
(24), 6592–6598. https://doi.org/10.5897/AJB11.1084

Jeong, S. M., Khosravi, S., Mauliasari, I. R., & Lee, S. M. 
(2020). Dietary inclusion of mealworm (Tenebrio 
molitor) meal as an alternative protein source in 
practical diets for rainbow trout (Oncorhynchus 
mykiss) fry. Fisheries and Aquatic Sciences, 23(1), 12.  
https://doi.org/10.1186/s41240-020-00158-7

Kim, Y. S., & Ho, S. B. (2010). Intestinal goblet cells and 
mucins in health and disease: Recent insights and 
progress. Current Gastroenterology Reports, 12(5), 
319–330. https://doi.org/10.1007/s11894-010-0131-2

Kishawy, A. T. Y., Mohammed, H. A., Zaglool, A. W., 
Attia, M. S., Hassan, F. A. M., Roushdy, E. M., 
Ismail, T. A., & Ibrahim, D. (2022). Partial defatted 
black solider larvae meal as a promising strategy to 
replace fish meal protein in diet for Nile tilapia 
(Oreochromis niloticus): Performance, expression of 
protein and fat transporters, and cytokines related 
genes and economic efficiency. Aquaculture 555, 
738195. Article 738195. https://doi.org/10.1016/j. 
aquaculture.2022.738195

Llagostera, P. F., Kallas, Z., Reig, L., & Amores de Gea, D. 
(2019). The use of insect meal as a sustainable 
feeding alternative in aquaculture: Current situation, 
Spanish consumers’ perceptions and willingness to 
pay. Journal of Cleaner Production, 229, 10–21. 
https://doi.org/10.1016/j.jclepro.2019.05.012

Madibana, M. J., Mwanza, M., Lewis, B. R., Fouché, C. H., 
Toefy, R., & Mlambo, V. (2020). Black soldier fly larvae 
meal as a fishmeal substitute in juvenile dusky kob 
diets: Effect on feed utilization, growth performance, 
and Blood parameters. Sustainability, 12(22), 9460.  
https://doi.org/10.3390/su12229460

Nephale et al., Cogent Food & Agriculture (2023), 9: 2253717                                                                                                                                          
https://doi.org/10.1080/23311932.2023.2253717                                                                                                                                                       

Page 15 of 17

https://doi.org/https://doi.org/10.1016/j.aquaculture.2018.07.009
https://doi.org/https://doi.org/10.1016/j.aquaculture.2018.07.009
https://doi.org/https://doi.org/10.1016/j.aquaculture.2019.734849
https://doi.org/https://doi.org/10.1016/j.aquaculture.2019.734849
https://doi.org/10.1002/zoo.20123
https://doi.org/10.1002/zoo.20123
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.737323
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.737323
https://doi.org/https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/https://doi.org/10.1155/2023/3465335
https://doi.org/https://doi.org/10.1155/2023/3465335
http://www.eajournals.org
http://www.eajournals.org
https://doi.org/https://doi.org/10.1111/anu.13172
https://doi.org/https://doi.org/10.1111/anu.13172
https://doi.org/10.1016/j.fsi.2021.11.024
https://doi.org/https://doi.org/10.1016/j.anifeedsci.2015.03.001
https://doi.org/https://doi.org/10.1016/j.anifeedsci.2015.03.001
https://doi.org/https://doi.org/10.1111/are.12828
https://doi.org/https://doi.org/10.1111/are.12828
https://doi.org/https://doi.org/10.1016/j.aquaculture.2020.735732
https://doi.org/https://doi.org/10.1016/j.aquaculture.2020.735732
https://doi.org/https://doi.org/10.1016/j.aqrep.2020.100345
https://doi.org/https://doi.org/10.1016/j.aqrep.2020.100345
https://doi.org/https://doi.org/10.1016/j.fshw.2018.05.003
https://doi.org/https://doi.org/10.1016/j.fshw.2018.05.003
https://doi.org/10.1016/S0021-9673(00)81650-7
https://doi.org/10.1016/S0021-9673(00)81650-7
https://doi.org/https://doi.org/10.5897/AJB11.1084
https://doi.org/https://doi.org/10.1186/s41240-020-00158-7
https://doi.org/https://doi.org/10.1186/s41240-020-00158-7
https://doi.org/https://doi.org/10.1007/s11894-010-0131-2
https://doi.org/https://doi.org/10.1016/j.aquaculture.2022.738195
https://doi.org/https://doi.org/10.1016/j.aquaculture.2022.738195
https://doi.org/10.1016/j.jclepro.2019.05.012
https://doi.org/https://doi.org/10.3390/su12229460
https://doi.org/https://doi.org/10.3390/su12229460


Makkar, H. P. S., Tran, G., Heuze, V., & Ankers, P. (2014). 
State-of-the-art on use of insects as animal feed. 
Animal Feed Science and Technology, 197, 1–33.  
https://doi.org/10.1016/j.anifeedsci.2014.07.008

Makore, T. A., Garamumhango, P., Chirikure, T., & 
Chikambi, S. D. (2015). Determination of nutritional 
composition of Encosternum delegorguei caught in 
Nerumedzo community of Bikita, Zimbabwe. 
International Journal of Biology, 7(4), 4. https://doi. 
org/10.5539/ijb.v7n4p13

Manditsera, F. A., Luning, P. A., Fogliano, V., & 
Lakemond, C. M. M. (2019). The contribution of wild 
harvested edible insects (Eulepida mashona and 
Henicus whellani) to nutrition security in Zimbabwe. 
Journal of Food Composition and Analysis, 75, 17–25. 
https://doi.org/10.1016/j.jfca.2018.09.013

McFadzen, I. R. B., Coombs, S. H., & Halliday, N. C. (1997). 
Histological indices of the nutritional condition of 
sardine, Sardina pilchardus (walbaum) larvae of the 
north coast of Spain. Journal of Experimental Marine 
Biology and Ecology, 212(2), 239–258. https://doi.org/ 
10.1016/S0022-0981(96)02755-4

Mohan, K., Rajan, D. K., Muralisankar, T., Ganesan, A. R., 
Sathishkumar, P., & Revathi, N. (2022). Use of black 
soldier fly (Hermetia illucens L.) larvae meal in aqua
feeds for a sustainable aquaculture industry: 
A review of past and future needs. Aquaculture 553, 
738095. Article 738095. https://doi.org/10.1016/j. 
aquaculture.2022.738095

Muin, H., & Taufek, N. M. (2022). Evaluation of growth 
performance, feed efficiency and nutrient digestibil
ity of red hybrid tilapia fed dietary inclusion of black 
soldier fly larvae (Hermetia illucens). Aquaculture and 
Fisheries. https://doi.org/10.1016/j.aaf.2022.09.006

Nyuliwe, T. C., Mlambo, V., Madibana, M. J., Mwanza, M., & 
Wokadala, O. C. (2022). Partial substitution of fish
meal with mopane worm meal in dusky kob finger
ling (Argyrosomus japonicus) diets: Feed utilization, 
digestive enzyme activity, Blood parameters, and 
growth performance. Aquaculture Journal, 2(2), 
59–71. https://doi.org/10.3390/aquacj2020006

Parmar, T. P., Kindinger, A. L., Mathieu-Resuge, M., 
Twining, C. W., Shipley, J. R., Kainz, M. J., & Martin- 
Creuzburg, D. (2022). Fatty acid composition differs 
between emergent aquatic and terrestrial 
insects-A detailed single system approach. Frontiers 
in Ecology and Evolution, 10. Article 952292. https:// 
doi.org/10.3389/fevo.2022.952292

Prachom, N., Boonyoung, S., Hassaan, M. S., El-Haroun, E., 
& Davies, S. J. (2021). Preliminary evaluation of 
superworm (Zophobas morio) larval meal as a partial 
protein source in experimental diets for juvenile 
Asian sea bass, lates calcarifer. Aquaculture Nutrition, 
27(5), 1-1304–1314. https://doi.org/10.1111/anu. 
13269

Rapatsa, M. M., & Moyo, N. A. G. (2017). Evaluation of 
Imbrasia belina meal as a fishmeal substitute in 
Oreochromis mossambicus diets: Growth perfor
mance, histological analysis and enzyme activity. 
Aquaculture Reports, 5, 18–26. https://doi.org/10. 
1016/j.aqrep.2016.11.004

Rapatsa, M. M., & Moyo, N. A. G. (2019). Enzyme activity 
and histological analysis of Clarias gariepinus fed on 
Imbrasia belina meal used for partial replacement of 
fishmeal. Fish Physiology and Biochemistry, 45(4), 
1309–1320. https://doi.org/10.1007/s10695-019- 
00652-3

Rapatsa, M. M., Moyo, N. A. G. (2022). A review and 
meta-analysis of the effects of Replacing fishmeal 
with insect meals on growth of tilapias and sharp
tooth catfish. Aquaculture Nutrition 2022, 1–10. 

Article 9367587. https://doi.org/10.1155/2022/ 
9367587

Rašković, B. S., Stanković, M. B., Marković, Z. Z., & 
Poleksić, V. D. (2011). Histological methods in the 
assessment of different feed effects on liver and 
intestine of fish. Journal of Agricultural Sciences, 
56(1), 87–100. https://doi.org/10.2298/ 
JAS1101087R

Renna, M., Schiavone, A., Gai, F., Dabbou, S., 
Lussiana, C., Malfatto, V., Prearo, M., 
Capucchio, M. T., Biasato, I., Biasibetti, E., De 
Marco, M., Brugiapaglia, A., Zoccarato, I., & 
Gasco, L. (2017). Evaluation of the suitability of 
a partially defatted black soldier fly (Hermetia illu
cens L.) larvae meal as ingredient for rainbow trout 
(Oncorhynchus mykiss walbaum) diets. Journal of 
Animal Science and Biotechnology, 8(1). Article 57.  
https://doi.org/10.1186/s40104-017-0191-3

Rumpold, B. A., & Schlüter, O. K. (2013). Potential and 
challenges of insects as an innovative source for food 
and feed production. Innovative Food Science and 
Emerging Technologies, 17, 1–11. https://doi.org/10. 
1016/j.ifset.2012.11.005

Sagun, S., Collins, E., Martin, C., Nolan, E. J., & Horzempa, J. 
(2016). Alarm odor compounds of the brown mar
morated stink bug exhibit antibacterial activity. 
Journal of Pharmacognosy and Natural Products, 2(3), 
119. https://doi.org/10.4172/2472-0992.1000119

Saleh, H. H. E. (2020). Effect of feeding on fresh (wet) 
housefly maggots (Musca domestica) with or without 
Artificial diet on water Quality and growth Rates of 
African catfish (Clarias gariepinus Burchell, 1822) fry 
under laboratory conditions. Journal of Zoological 
Research, 2(2). https://doi.org/10.30564/jzr.v2i2.2053

Santiago, C. B., & Lovell, R. T. (1988). Amino acid require
ments for growth of Nile tilapia. Journal of Nutrition, 
188(12), 1540–1546. https://doi.org/10.1093/jn/118. 
12.1540

Teffo, L. S., Toms, R. B., & Eloff, J. N. (2007). Preliminary 
data on the nutritional composition of the composi
tion of the edible stink-bug, ncosternum delegorguei 
Spinola, consumed in Limpopo province, South 
Africa. South African Journal of Science, 103, 434– 
436. https://hdl.handle.net/10520/EJC96630

Terova, G., Gini, E., Gasco, L., Moroni, F., Antonini, M., & 
Rimoldi, S. (2021). Effects of full replacement of diet
ary fishmeal with insect meal from Tenebrio molitor 
on rainbow trout gut and skin microbiota. Journal of 
Animal Science and Biotechnology, 12(1). Article 30.  
https://doi.org/10.1186/s40104-021-00551-9

Tippayadara, N., Dawood, M. A. O., Krutmuang, P., 
Hoseinifar, S. H., Doan, H. V., & Paolucci, M. (2021). 
Replacement of fish meal by black soldier fly 
(Hermetia illucens) larvae meal: Effects on growth, 
haematology, and skin mucus immunity of Nile tila
pia, Oreochromis niloticus. Animals, 11(1), 193.  
https://doi.org/10.3390/ani11010193

Tran, H. Q., Prokešová, M., Zare, M., Matoušek, J., 
Ferrocino, I., Gasco, L., & Stejskal, V. (2022). 
Production performance, nutrient digestibility, serum 
biochemistry, fillet composition, intestinal microbiota 
and environmental impacts of European perch (Perca 
fluviatilis) fed defatted mealworm (Tenebrio molitor). 
Aquaculture 547, 737499. Article 737499. https://doi. 
org/10.1016/j.aquaculture.2021.737499

Tschirner, M., & Simon, A. (2015). Influence of different 
growing substrates and processing on the nutrient 
composition of black soldier fly larvae destined for 
animal feed. Journal of Insects as Food and Feed, 
1(4), 249–259. https://doi.org/10.3920/JIFF2014. 
0008

Nephale et al., Cogent Food & Agriculture (2023), 9: 2253717                                                                                                                                          
https://doi.org/10.1080/23311932.2023.2253717

Page 16 of 17

https://doi.org/https://doi.org/10.1016/j.anifeedsci.2014.07.008
https://doi.org/https://doi.org/10.1016/j.anifeedsci.2014.07.008
https://doi.org/https://doi.org/10.5539/ijb.v7n4p13
https://doi.org/https://doi.org/10.5539/ijb.v7n4p13
https://doi.org/10.1016/j.jfca.2018.09.013
https://doi.org/https://doi.org/10.1016/S0022-0981(96)02755-4
https://doi.org/https://doi.org/10.1016/S0022-0981(96)02755-4
https://doi.org/https://doi.org/10.1016/j.aquaculture.2022.738095
https://doi.org/https://doi.org/10.1016/j.aquaculture.2022.738095
https://doi.org/https://doi.org/10.1016/j.aaf.2022.09.006
https://doi.org/https://doi.org/10.3390/aquacj2020006
https://doi.org/https://doi.org/10.3389/fevo.2022.952292
https://doi.org/https://doi.org/10.3389/fevo.2022.952292
https://doi.org/https://doi.org/10.1111/anu.13269
https://doi.org/https://doi.org/10.1111/anu.13269
https://doi.org/https://doi.org/10.1016/j.aqrep.2016.11.004
https://doi.org/https://doi.org/10.1016/j.aqrep.2016.11.004
https://doi.org/10.1007/s10695-019-00652-3
https://doi.org/10.1007/s10695-019-00652-3
https://doi.org/https://doi.org/10.1155/2022/9367587
https://doi.org/https://doi.org/10.1155/2022/9367587
https://doi.org/https://doi.org/10.2298/JAS1101087R
https://doi.org/https://doi.org/10.2298/JAS1101087R
https://doi.org/https://doi.org/10.1186/s40104-017-0191-3
https://doi.org/https://doi.org/10.1186/s40104-017-0191-3
https://doi.org/10.1016/j.ifset.2012.11.005
https://doi.org/10.1016/j.ifset.2012.11.005
https://doi.org/https://doi.org/10.4172/2472-0992.1000119
https://doi.org/https://doi.org/10.30564/jzr.v2i2.2053
https://doi.org/https://doi.org/10.1093/jn/118.12.1540
https://doi.org/https://doi.org/10.1093/jn/118.12.1540
https://hdl.handle.net/10520/EJC96630
https://doi.org/https://doi.org/10.1186/s40104-021-00551-9
https://doi.org/https://doi.org/10.1186/s40104-021-00551-9
https://doi.org/https://doi.org/10.3390/ani11010193
https://doi.org/https://doi.org/10.3390/ani11010193
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.737499
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.737499
https://doi.org/https://doi.org/10.3920/JIFF2014.0008
https://doi.org/https://doi.org/10.3920/JIFF2014.0008


Twining, C. W., Brenna, J. T., Lawrence, P., Shipley, J. R., 
Tollefson, T. N., & Winkler, D. W. (2016). Omega-3 
long-chain polyunsaturated fatty acids support aerial 
insectivore performance more than food quantity. 
Proceedings of the National Academy of Sciences, 113 
(39), 10920–10925. https://doi.org/10.1073/pnas. 
1603998113

van Dyk, J. C., & Pieterse, G. M. (2008). A 
histo-morphological study of the testis of the sharp
tooth catfish (Clarias gariepinus) as reference for 
future toxicological assessments. Journal of Applied 
Ichthyology, 24(4), 415–422. https://doi.org/10.1111/ 
j.1439-0426.2008.01127.x

van Huis, A. (2013). Potential of insects as food and feed 
in assuring food security. Annual Review of 
Entomology, 58(1), 563–583. https://doi.org/10.1146/ 
annurev-ento-120811-153704

van Huis, A. (2022). Edible insects: Challenges and 
prospects. Entomological Research, 52(4), 161–177.  
https://doi.org/10.1111/1748-5967.12582

van Soest, P. J., Robertson, J. B., & Lewis, B. A. (1991). 
Methods for dietary fiber, neutral detergent fiber and 
nonstarch polysaccharides in relation to animal 
nutrition. Journal of Dairy Science, 74(10), 
3583–3597. https://doi.org/10.3168/jds.S0022- 
0302(91)78551-2

Xiao, X., Jin, P., Zheng, L., Cai, M., Yu, Z., Yu, J., & 
Zhang, J. (2018). Effects of black soldier fly 
(Hermetia illucens) larvae meal protein as 
a fishmeal replacement on the growth and 
immune index of yellow catfish (Pelteobagrus 
fulvidraco). Aquaculture Research, 49(4), 1–9.  
https://doi.org/10.1111/are.13611

Zarantoniello, M., Randazzo, B., Secci, G., 
Notarstefano, V., Giorgini, E., Lock, E. J., Parisi, G., & 
Olivotto, I. (2021). Application of laboratory meth
ods for understanding fish responses to black sol
dier fly (Hermetia illucens) based diets. Journal of 
Insects as Food and Feed, 8(11), 1173–1195. https:// 
doi.org/10.3920/JIFF2020.0135

Nephale et al., Cogent Food & Agriculture (2023), 9: 2253717                                                                                                                                          
https://doi.org/10.1080/23311932.2023.2253717                                                                                                                                                       

Page 17 of 17

https://doi.org/https://doi.org/10.1073/pnas.1603998113
https://doi.org/https://doi.org/10.1073/pnas.1603998113
https://doi.org/https://doi.org/10.1111/j.1439-0426.2008.01127.x
https://doi.org/https://doi.org/10.1111/j.1439-0426.2008.01127.x
https://doi.org/10.1146/annurev-ento-120811-153704
https://doi.org/10.1146/annurev-ento-120811-153704
https://doi.org/https://doi.org/10.1111/1748-5967.12582
https://doi.org/https://doi.org/10.1111/1748-5967.12582
https://doi.org/https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/https://doi.org/10.1111/are.13611
https://doi.org/https://doi.org/10.1111/are.13611
https://doi.org/https://doi.org/10.3920/JIFF2020.0135
https://doi.org/https://doi.org/10.3920/JIFF2020.0135


 

181 
 

 

 

APPENDIX B 

 

 

 

 



Journal of Animal and Feed Sciences, 33, 2, 2024, 243–252,  https://doi.org/10.22358/jafs/175919/2024 
The Kielanowski Institute of Animal Physiology and Nutrition, Polish Academy of Sciences, Jabłonna

Partial replacement of fish meal with soldier termite in juvenile 
Mozambique tilapia: Effects on growth performance, blood serum 

chemistry and histomorphology 

L.E. Nephale*, N.A.G. Moyo and M.M. Rapatsa-Malatji

University of Limpopo, School of Agricultural and Environmental Sciences, Faculty of Science and Agriculture,  
Aquaculture Research Unit, Sovenga, 0727, South Africa

KEY WORDS:  ALT, AST, histomorphology, 
Macrotermes falciger, Oreochromis 
mossambicus

Introduction

The Mozambique tilapia (Oreochromis  mos-
sambicus) is one of the species of economic im-
portance in southern Africa. It is a valuable source 
of animal protein, especially in rural communities. 
O. mossambicus also plays a role in generating in-
come for local fish farmers. This species is well-
suited for aquaculture due to its adaptability to ad-
verse environmental conditions, rapid growth rate, 
stress and disease resistance, reproductive capabil-

ity in captivity, and versatile dietary preferences 
(El-Sayed, 2006). It is therefore one of the com-
monly cultured warm freshwater species in southern 
Africa. In South Africa, O. mossambicus culture is 
mainly practiced in the economically disadvantaged 
rural communities of Limpopo and Mpumalanga 
Provinces. O.  mossambicus production in South  
Africa has not yet reached its full potential. Nonethe-
less, the aquaculture sector in the country achieved 
a noteworthy total production of 5 418 tons in 2015, 
valued at R  696  million (Adeleke et  al., 2021).  

ABSTRACT. Insect-based meals have emerged as a viable global scale 
alternative to fish meal in aquafeed. This is mainly due to their high protein 
content, balanced amino acid composition, and fatty acid profile, which closely 
resembles that of fish meal. An 8-week trial was conducted to evaluate the growth 
performance, blood serum chemistry, and histomorphology of Mozambique 
tilapia (Oreochromis mossambicus) fed diets containing soldier termite meal as 
a partial substitute for fish meal. Five isonitrogenous, isolipidic, and isocaloric 
diets were formulated to partially replace fish meal with soldier termite meal at 0, 
10, 30, 50, and 70%, labelled as D1, D2, D3, D4, and D5, respectively. The study 
showed that soldier termite meal could replace fish meal up to a 50% inclusion 
level. The growth performance and nutrient utilisation of fish fed diet D4 (50%) 
were comparable to fish fed the control diet. Fish fed the diet with the highest 
proportion of soldier termite meal (70%) showed significantly higher alanine 
aminotransferase and aspartate aminotransferase levels (P < 0.05). Cholesterol, 
triglyceride, and glucose levels were not influenced by the inclusion of soldier 
termite meal in the diet of Mozambique tilapia (P > 0.05). The histomorphological 
examination of the intestines revealed no discernible alterations. The current 
study has demonstrated that soldier termite meal can replace fish meal up to 
50% of the feed content without inducing adverse effects on growth performance 
and health status of O. mossambicus. The cost-benefit analysis showed that 
substituting fish meal with soldier termite meal was economically sustainable.
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Moyo and Rapatsa (2021) have identified the cost 
and feed quality as one of the major factors affecting 
tilapia production in southern Africa. Fish feed ac-
counts for over 70% of the total costs of aquaculture 
operations. Thus, cheap alternatives can significant-
ly improve aquaculture production.

Fish meal has been recognised as the main pro-
tein source in the aquaculture industry. This is pri-
marily due to its high protein content, balanced ami-
no acid and fatty acid profiles, high digestibility, and 
palatability (Abdel-Tawwab et al., 2020). However, 
the depletion of wild fish catch heightened the de-
mand for fish meal, and its rising cost (1851.82 USD/
Metric ton) and limited availability have rendered 
fish meal an unsustainable protein source (Adeoye 
et al., 2019). This has led to escalating commercial 
pellet prices, placing a financial burden on many rural 
fish farmers. This pressing challenge necessitates the 
exploration of fish meal substitutes to provide cost-
effective and nutritionally reach diets for rural fish 
farmers. Insect meals have gained recognition glob-
ally as a promising alternative for fish meal (Alfiko 
et al., 2022; Rapatsa and Moyo, 2022; Gebremichael 
et al., 2023). Most insect meals have a rich nutritional 
composition, balanced fatty acid composition, and fa-
vourable amino acid profile (Hua et al., 2021). More-
over, insects have a low carbon footprint compared to 
other meat industries (Gasco et al., 2021). Diptera is 
one of the orders known to contain protein and amino 
acid profiles comparable to fish meal. Therefore, it is 
imperative to search for insects with the potential to 
partially replace fish meal without compromising fish 
growth performance and their nutrient utilisation.

Rapatsa and Moyo (2017) evaluated the Mo-
pane worm (Imbrasia  belina) as a  potential fish 
meal substitute in the diet of O. mossambicus. The 
Mopane worm is a commonly found insect widely 
distributed in South Africa and neighbouring coun-
tries. The study assessed the growth performance, 
histology, and enzyme activity of O. mossambicus 
fed diets containing Mopane worms. The latter 
study showed that specific growth rate (SGR), ther-
mal unit growth coefficient (TGC), protein efficien-
cy ratio (PER), and apparent digestibility coefficient 
of protein (ADCP) increased with raising levels of 
Mopane worm meal supplementation. Importantly, 
the liver and intestine histology of O. mossambicus 
showed no alterations across all diets tested. It was 
concluded that Mopane worm meal could be a vi-
able candidate for fish meal replacement in the diet 
of O. mossambicus. Additionally, it highlighted the 
potential of O. mossambicus to effectively utilise an 
insect-based diet. Despite the positive nutritional 

index, the challenge associated with Mopane worm 
meal as a fish meal substitute is its high cost, lim-
iting its overall feed value. Consequently, there is 
a  paramount need to explore locally available in-
sects that can serve as partial replacements for fish 
meal in the diet of O. mossambicus.

The Southern African Development Community 
(SADC) is abundantly endowed with a diverse range 
of insects (Mariod, 2020). These insects are primarily 
valued as a  rich protein source, and extensive 
exploration has been conducted on their nutritional 
composition. Among them, the soldier termite  
(Macrotermes  falciger) is one of the commonly 
found and consumed insects in Africa (Netshifhefhe 
and Duncan, 2022). There is a noticeable scarcity of 
proximate and nutritional composition data on soldier 
termite in the published literature. The soldier termite 
is an ideal candidate for incorporation into aquafeed 
due to its high protein content, vitamins, minerals, 
and beneficial amino acid profile (Netshifhefhe 
and Duncan, 2022). Although the fatty acid profile 
of M.  falciger is not extensively documented, it is 
noteworthy that this insect contains elevated levels 
of linoleic acid  –  an essential fatty acid crucial for 
fish growth. Unlike most insects, which are only 
harvested during the rainy season, soldier termites 
are collected throughout the year. This significantly 
increases their availability for use in the animal 
feed industry. In contrast to most terrestrial insects, 
such as the Mopane worm (I. belina) and stink bug 
(Encosternum  delegorguei), which are confined 
to specific regions, soldier termites are widely 
distributed across Africa. This makes them readily 
accessible to farmers in both urban and rural 
communities. Amongst the local terrestrial insects 
available on the market, soldier termites stand out as 
a  cost-effective and affordable option. While there 
have been reports of the use of soldier termites as 
poultry feed in Burkina Faso and Ghana (Boafo et al., 
2019), their potential to replace fish meal in aquafeed 
remains unexplored. Therefore, the null hypothesis of 
the study posited that replacing fish meal with soldier 
termite meal would have no discernible effect on the 
growth performance, blood serum chemistry, and 
histomorphology of juvenile O. mossambicus. 

Material and methods 

Ethical approval
The study has received ethical approval from 

the University of Limpopo Animal Research Ethical 
Committee (AREC/09/2022:PG).
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Experimental diets
Soldier termites (sun-dried) were purchased 

from the Thohoyandou Open market in South Af-
rica. Soldier termite meal was ground to powder and 
subsequently used to substitute fish meal at varying 
proportions: 0, 10, 30, 50, and 70%. These dietary 
formulations were designated as D1, D2, D3, D4, 
and D5, respectively (Table 1). The diets were for-
mulated to be isonitrogenous (30% protein), iso-
lipidic (12% fat), and isocaloric (15  MJ/kg) using 
Winfeed 3, EFG (Natal) software. The control diet 
(D1) contained 30% fishmeal and no insect meal. 
Feed ingredients were weighed and mixed using 
a planetary mixer (Hobart, Troy, OH, USA). During 
mixing, water (10–20% v/w) was added as required 
until the desired dough thickness was reached. The 
mixture was granulated into a  3-mm pellets using 
a meat mincer connected to a planetary mixer. The 
pellets were separately collected on trays labelled 
with the respective diet names and sun-dried. Af-
ter drying, the pellets were stored in polyethylene 
containers, which were also marked with the cor-
responding names of the diets. 

Proximate composition 
Soldier termite meal and experimental diets 

were analysed for the proximate composition ac-
cording to AOAC (2012). Dry matter and moisture 
contents were analysed by drying the samples for 
24 h at 105 °C until constant weight was reached. 
Ash content was determined by weight loss after in-
cinerating the samples in a muffle furnace for 6 h 
at 550  °C (Heraeus Instruments K1252, Hanau,  
Germany). Fat content was determined by petroleum 
ether extraction using a Soxhlet apparatus for 16 h 
(Soxtec system, Foss Tecator Lipid Analyser, FOSS, 
Hillerød, Denmark). Crude protein was determined 
using a  Micro-Kjeldahl apparatus (Foss 2400, 
Kjeltec Analyser Unit, FOSS, Hillerød, Denmark), 
and protein content was calculated as N  × 6.25. 
Neutral detergent fibre (NDF) and acid detergent fi-
bre (ADF) were determined by boiling the samples 
with a neutral detergent solution and an acid deter-
gent solution, respectively (van Soest et  al.,1991). 
Gross energy was analysed using a  Digital Data 
Systems (DDS) Isothermal CP 500 bomb calorim-
eter (DDS Calorimeters, Digital Data Systems (Pty) 
Ltd., Randburg, South Africa). The proximate com-
position of experimental diets is outlined in Table 1, 
while the proximate composition of soldier termite 
meal is listed in Table 2.

Mineral content
Concentrations of selected minerals (iron, po-

tassium, and sodium) in soldier termite meal were 
analysed by hydrolysing the samples with 65% 
concentrated nitric acid and 37% hydrochloric acid.  
Hydrogen peroxide was used to remove nitrous 
vapour. The mineral content was subsequently de-
termined using Inductively coupled plasma-optical 
emission spectrometry (ICP-OES, ICPE-9800, 
Shimadzu® Europa GmbH, Duisburg, Germany)  
(Manditsera et  al., 2019). The analysis was per-
formed using standard solutions of predetermined 
concentrations. All chemicals used were of analyti-
cal reagent grade. The mineral content of soldier ter-
mite meal is shown in Table 2.

Amino acid and fatty acid analysis
Soldier termite meal was analysed for amino ac-

ids and fatty acid profiles at the Central Analytical 
Facility (CAF) of Stellenbosch University (South 
Africa). For amino acid analysis: samples (20 mg) 
were hydrolysed with 6 M HCl at 110  °C for 4 h 
in sealed tubes (Ishida et al., 1981). Approximately 
130 µl was transferred into a  2-ml tube and dried 
under a  gentle stream of nitrogen. The samples 
were reconstituted and derivatised with 30  µl of  

Table 1. Ingredients (g/kg) and proximate composition of experimental 
diets replacing fish meal with soldier termite meal at different inclusion 
levels

Fish meal  
replacement

0%  
(Control) 10% 30% 50% 70%

Diets D1 D2 D3 D4 D5
Fish meal1   300   270   210   150     90
Soldier termites       0     30     90   150   210
Maize   211.8   204.8   219   224.8   200
Wheat bran   196   185.9   166.1   180.1   160.1
Sunflower meal     78.5     96   102.3     82.8   126
Soybean meal     60     60     60     60     60
Sunflower oil     63.7     63.3     62.6     62.3     63.9
Methionine2     20     20     20     20     20
Lysine2     20     20     20     20     20
Vit/min premix3     20     20     20     20     20
Binder4     30     30     30     30     30
Total 1000 1000 1000 1000 1000
Proximate composition

crude protein, %DM  30.56 30.87 30.08 30.19     30.39
fat, %DM  12.32 12.07 12.02 12.03 12.39
GE, MJ/kg  15.12 15.08 15.41 15.03 15.33
DM, %  91.60 91.86 92.33 92.56 92.80

D1 – diet  1 (0% of soldier termite), D2 – diet  2 (10%), D3 – diet  3 
(30%), D4  – diet  4 (50%), D5  – diet  5 (70%), GE  – gross energy,  
DM – dry matter; 1 fish meal: 65.5% crude protein, 12% fat, 18% ash  
(Irvine’s Africa Pty Ltd., South Africa); 2 methionine and lysine (Nutroteq; 
South Africa); 3 vitamin/mineral premix composed of: IU: vit. A 12 000,  
vit. D3 1 200, vit. E 120; g: vit. B4 1 000, vit. C 120, vit. B3 25, vit. B5 
15, vit. B2 6, vit. B6 5, vit. B1 4, vit. K3 2, vit. B9 1, vit. H 0.25, vit. B12 
0.04, ZnO 200, FeSO4 65, CuSO4 7, MnO 5, KI 2, Na2SeO3 0.15,  
CoSO4 0.05 (Irvine’s Africa (Pty) Ltd., South Africa); 4 Binder (Irvine’s 
Africa (Pty) Ltd., South Africa)
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N-tert-butyldimethylsilyl-N-methyltrifluoroacet-
amide (MTBSTFA) and 100  µl of acetonitrile at 
100 °C for 1 h, cooled down to room temperature, 
and injected into a 6890N gas chromatograph (Agi-
lent technologies network). Separation was per-
formed using a gas chromatograph coupled to an in-
ert XL EI/CI Mass Selective Detector (MSD) (5975, 
Agilent Technologies Inc., Santa Clara, CA, USA). 
The amino acid profile of soldier termite meal is 
outlined in Table 2.

For the analysis of fatty acids, a methodology 
of Folch et al. (1957) was employed, where 2 ml of 
a  2:1 chloroform:methanol mixture was combined 
with 100 mg of the sample (Folch et al., 1957). The 
sample was vortexed and sonicated at room tempera-
ture for 30 min, and then centrifuged at 3000 rpm for 
1 min. Chloroform (200 µl) was completely evapo-
rated with a gentle stream of nitrogen, reconstituted 
with 170 µl of methyl tert-butyl ether (MTBE) and 
30 µl of trimethylsulfonium hydroxide (TMSH) and 
vortexed. The derivatised sample (1 µl) was injected 
in a 5:1 split ratio into a gas chromatography-flame 
ionization detector (GC-FID). Separation was per-
formed using a 6890N gas chromatograph (Agilent 
Technologies, Santa Clara, United States) coupled to 
a flame ionization detector (FID). Separation of fat-
ty acid methyl esters (FAME) was performed using 
a polar RT-2560 capillary column (100 m, 0.25 mm 
ID, 0.20  µm film thickness) (Restek, Bellefonte, 
PA, USA). Hydrogen was used as the carrier gas at 
a flow rate of 1.2 ml/min, and the injector tempera-

ture was maintained at 240 °C. One microlitre of the 
sample was injected at a  5:1 split ratio. The oven 
temperature was programmed as follows: 100 °C for 
4 min, ramped up to 240 °C at a rate of 3 °C/min for 
10 min. The fatty acid profile of soldier termite meal 
is presented in Table 3.

Fish stocking 
The experiment was conducted at the Aquacul-

ture Research Unit (ARU) of the University of Lim-
popo, Limpopo Province, South Africa. Male Mo-
zambique tilapia (O. mossambicus) juveniles were 
obtained from the ARU hatchery. During the accli-
matisation period, fish were fed a  commercial diet 
(Aqua-plus, Avi Products (Pty) Ltd.) for two weeks. 
During stocking, fish were sedated using 2-phenoxy-
ethanol (1  ml/5  l) solution prior to stocking in the 
experimental tanks. Fish were weighed prior to the 
commencement of the experimental feeding trial.

Experimental design
A total of 150 juvenile male O. mossambicus of 

uniform size (average initial weight 9.70  ± 1.2  g) 
were randomly assigned to 5  dietary groups in 
triplicate at a stocking density of 10 fish per tank. 
The weight of 10  fish in each tank was recorded 
(bulk weight). The experiment was conducted in 
a  recirculating aquaculture system (RAS) using 
500 l fiberglass tanks filled to a level of 400 l. The 
tanks were connected to a  sump and a  pump that 
supplied the tanks with water at a rate of 10 l/min. 

Table 2. Proximate composition, mineral content, and amino acid profile of soldier termite meal compared to fish meal, and Oreochromis  
mossambicus requirements

Proximate composition, %DM Amino acid profile, g/kg
Soldier termite meal       Soldier termite meal *Fishmeal **Requirement for O. mossambicus
DM, %      85.47 Lysine 14.06 42.2 37.8
Ash, %DM        5.05 Methionine   5.50 19.4 09.9
Fat, %DM        7.29 Phenylalanine   7.39 37.4 25.0
Protein, %DM      57.58 Valine   6.43 27.7 22.0
Carbohydrates      16.25 Tryptophan   0.31   5.7   0.43
NDF, %DM      61.99 Threonine   7.00 23.1 29.3
ADF, %DM      20.27 Isoleucine   6.45 24.5 20.1
Energy, KJ/100g 1 581 Histidine   9.57 17.5 10.5
Minerals, mg/l Leucine   8.11 37.9 34.0
Fe        3.4 Tyrosine   5.89
P      46.3 Glycine   6.79
Na      23.3 Aspartic acid   8.98

Serine   9.24
Proline   6.24
Glutamic acid 24.88
Alanine   7.68
Cystine 17.77

DM – dry matter, NDF – neutral detergent fibre, ADF – acid detergent fibre; * Djssou et al. (2016); ** Santiago and Lovell (1988)
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Each tank was heated with a submersible aquarium 
heater (ViaAqua Glass heater, 200W, Commodity 
Axis Inc., Camarillo, CA, USA) and aerated with 
an air stone. Fish were fed their assigned diets to 
apparent satiation for 8 weeks at 09:00 and 15:00. 
Fish were considered satiated when 2 sinking pellets 
were left uneaten for 3  min. The experiment was 
conducted under a natural photoperiod. Feed intake 
was recorded daily for each tank by weighing the 
pellets in a Petri dish and feeding the fish in a specific 
tank to apparent satiation twice daily. Feed intake 
per day was calculated by subtracting the final feed 
weight from its initial weight. 

Water quality management
Water quality parameters were monitored daily 

using a  Professional plus YSI  605000 handheld 
multiparameter meter (YSI Inc., Yellow Springs, 
OH, USA). Water temperature was maintained 
within the range of 27–29  °C, dissolved oxygen 
levels between 6.5 and 8.0 mg/l, ammonia <1 mg/l, 
and pH at 6.8–8.0. 

Growth performance parameters
At the end of the feeding trial, fish were starved for 

24 h before final measurement of growth parameters. 
Fish from each tank were collected, anesthetised 
(2-phenoxyethanol, 1 ml/5  l), and weighed in bulk. 
The following parameters were calculated:

where: In, Wt, W0, and t are natural logarithm, final 
body weight (g), initial body weight (g), and feeding 
time (days), respectively;

where:   feed conversion ratio (FCR) = feed 
consumed (g) / weight gain (g);  

protein efficiency ratio (PER) = weight gain (g) / 
protein consumed (g);  

weight gain (WG) = final weight (g) −  
initial weight (g);  

feed intake (FI) = weight of feed consumed (g) / 
fish/day;  

fish survival = (final number of fish / initial number 
of fish) × 100.

Organosomatic indices
Three fish from each dietary replicate (9 fish/

diet) were used to measure the following organo-

somatic indices: condition factor (CF), hepato-
somatic index (HSI), and viscero-somatic index 
(VSI), which were calculated as follows:
    CF = body weight (g) / fish length (cm)3 × 100; 
                 HSI = liver weight (g) / fish weight (g) × 100;

         VSI = visceral weight (g) / fish weight (g) × 100,
visceral weight includes the liver.

Blood serum chemistry 
Three fish from each dietary replicate were ran-

domly selected and sedated with 2-phenoxyethanol 
(1 ml/5 l). Blood samples (± 3 ml) were drawn from 
the caudal vasculature into vials using heparinised 
syringes and centrifuged for 10  min at 3500  rpm. 
Blood samples from each replica were labelled 
based on their respective dietary groups. Serum was 
used for the analysis of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), triglycer-
ides, cholesterol, and glucose. The analyses were 
conducted using a commercial automatic biochemi-
cal kit (Sigma-Aldrich, Burlington, MA, USA). 

Intestinal histomorphology analysis 
For the analysis of intestinal histomorphology, 

three fish were selected from each dietary replicate 
(9 fish/diet). The distal part of the intestine of each 
fish was individually preserved in 10% formalin solu-
tion in sampling bottles. During analysis, the intestine 
samples were cut into 1-cm-long sections. All samples 
were washed for 2 h in distilled water, and subsequent-
ly dehydrated in a graded ethanol series (70–96%) and 
cleared using xylene. Tissue-Tek® III wax (Sakura 
Finetek, Torrance, CA, USA) was used to infiltrate 
the samples in an oven at 60 °C. The samples were 
then embedded in Tissue-Tek® III wax blocks, and cut 
into 5-µm-thick sections using a  microtome (Leica: 
RM2155, Madrid, Spain). The sectioned samples 
were placed onto microscope slides and allowed to 
dry. Following this step, the slides were stained with 
haematoxylin and eosin (H&E) and covered with cov-
erslips as described by van Dyk and Pieterse (2008).

Intestinal histomorphology assessment 
Intestine slides were assessed using a light mi-

croscope (Leica Microsystems model DM750, Lei-
ca, Bannockburn, IL, USA) equipped with a digital 
camera (Digital Video Camera Company, Austin, 
TX, USA). Slide micrographs and intestinal villus 
height and thickness were captured using ANALY-
SIS™ digital image analysis software (Soft Imag-
ing Systems GmbH, Münster, Germany). Intestinal 
histology was assessed by measuring villus length 
and thickness; six measurements per slide were 

specific growth rate (SGR) = �InWt – InW0
t

�× 100%,

 

thermal-unit growth coefficient (TGC) = 1000 × final weight (g)
1
3  - initial weight (g)

1
3

temperature (°C) × days
;

thermal-unit growth coefficient (TGC) = 1000 × final weight (g)
1
3  - initial weight (g)

1
3

temperature (°C) × days
;
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taken to establish mean values (n = 6). Slides from 
each replicate were labelled according to their re-
spective diets.  

Cost-benefit analysis
The cost-benefit analysis was determined fol-

lowing the methodology outlined by Bahnasawy 
et al. (2003): 

The underlying assumption in this analysis is 
the constancy of all operating costs, with the cost of 
ingredients being the sole variable cost.

Statistical analysis
Prior to statistical analyses, the Shapiro-Wilk 

and Levene tests were used to examine data for 
normality of distribution and homogeneity of 
variance, respectively. One-way analysis of variance  
(ANOVA) was used to test for significant 
differences in growth parameter indices, blood 
serum chemistry, and histomorphology. Significant 
differences between means were determined using 
the Tukey HSD post hoc test. All statistical data 
was considered significant at P  < 0.05. The data 
were statistically analysed using the SPSS software 
package version  28.0 (Statistical Package and 
Service Solutions, IBM, Chicago, IL, USA). 

Results
Proximate composition

Soldier termite meal contained approx. 58% 
protein and 5% ash (Table 2), while NDF and ADF at 
approx. 62% and 20%, respectively. Potassium was 
the dominant mineral in soldier termite meal.

Soldier termite meal also contained both 
essential and non-essential amino acids (Table  2). 
Lysine (14.06  g/kg), histidine (9.57  g/kg), and 
leucine (8.11  g/kg) dominated the essential 
amino acid profile, but the meal also contained  
5.50 g/kg methionine. The amino acid profile of fish 
meal was higher compared to soldier termite meal 
and amino acid requirement for O. mossambicus.

The fatty acid profile analysis revealed that 
soldier termite meal was rich in saturated fatty acids, 
monounsaturated fatty acids, and polyunsaturated 
fatty acids (Table  3). Key components of the fatty 
acid profile included oleic acid (0.47  g/kg), stearic 
acid (0.28 g/kg), and linoleic acid (0.22 g/kg), which 
dominated the composition (Table  3). Although in 

small quantities, soldier termite meal contained 
α-linolenic acid (0.02  g/kg), which is one of the 
limiting fatty acids in fish diets. 

Growth performance indices
The best results concerning the growth perfor-

mance (SGR, TGC, FI, PER) were obtained for fish 
fed the control diet (Table 4); the lowest FCR values 
were also recorded for this group of fish (1.58). Of the 
diets with soldier termite meal as a substitute for fish 
meal, diet D4 showed the highest SGR, TGC, and 
PER, and these values were significantly different 
from the other diets (P < 0.05) (Table 4). All growth 
performance indices declined at inclusion levels 
above 50% (P < 0.05). The addition of soldier termite 
meal had no effect on somatic indices (P > 0.05). No 
mortality was recorded in any dietary groups. 
Blood serum chemistry

The lowest ALT values, not significantly differ-
ent from each other (P > 0.05), were obtained for 
the control diet (D1) and diet D4 (Table 5). A simi-
lar trend was observed for AST values. However, at 
inclusion levels exceeding 50%, both ALT and AST 
values showed a  significant increase (P  < 0.05). 
Cholesterol, triglyceride, and glucose levels were 
not affected by soldier termite meal supplementa-
tion (P > 0.05) in any of the dietary groups (Table 5).

Intestinal histomorphology 
The analysis of villus height showed no discern-

ible pattern, while villus thickness was not influ-
enced by the incorporation of soldier termite meal 
in the diet of O. mossambicus (Table 6). 

The inclusion of soldier termite meal in the diet 
of O. mossambicus exerted no marked effect on in-
testinal histomorphology (Figure 1). Fish across all 

incidence cost = cost of feed 
quantity of fish produced (kg)

;

profit index = local market value of fish 
cost of feed

.

 

Table 3. Fatty acid profile of soldier termite meal (Macrotermes falciger)

Fatty acids g/kg
C14:0 myristic acid 0.01
C16:0 palmitic acid 0.17
C17:0 margaric acid 0.04
C18:0 stearic acid 0.28
C20:0 arachidic acid 0.02
C17:1n-10 heptadecenoic acid 0.02
C18:1n-9(cis) oleic acid 0.47
C18:2n-6 (cis) linoleic acid 0.22
C18:3n-3 α-linolenic acid 0.02
Ʃ SFA 0.54
Ʃ MUFA 0.49
Ʃ PUFA 0.24
SFA  – saturated fatty acid, MUFA  – monounsaturated fatty acid, 
PUFA – polyunsaturated fatty acid

incidence cost = cost of feed 
quantity of fish produced (kg)

;

profit index = local market value of fish 
cost of feed

.

 

 .
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Table 4. Growth performance and somatic indices (mean ± standard error) of Oreochromis mossambicus fed soldier termite meal as a fish meal 
replacement at different inclusion levels for 8 weeks; n = 9

Parameters
Diets

       D1 (0%)    D2 (10%)     D3 (30%)    D4 (50%)      D5 (70%)
IBW, g   97.83 ± 2.23 98.00 ± 3.80   98.73 ± 2.32   97.5 ± 3.58     98.4 ± 1.91
FBW, g 310.50 ± 3.99 207.9 ± 4.57 239.00 ± 2.88 268.7 ± 2.66 173.00 ± 3.76
WG, g 212.67 ± 5.24a 109.9 ± 2.52d 140.27 ± 2.44c 171.2 ± 3.5b     74.6 ± 1.53e

SGR, %/day     2.02 ± 0.09a   1.31 ± 0.05d     1.55 ± 0.11c   1.77 ± 0.07b     0.98 ± 0.03e

FCR     1.58 ± 0.09e   2.93 ± 0.05b     2.22 ± 0.11c   1.96 ± 0.07d     3.84 ± 0.03a

TGC     1.35 ± 0.10a   0.82 ± 0.04d     0.99 ± 0.05c   1.15 ± 0.11b     0.59 ± 0.04e

FI, g/fish/day     0.79 ± 0.03a   0.68 ± 0.06b     0.73 ± 0.02a   0.75 ± 0.06a     0.59 ± 0.01c

PER     1.53 ± 0.11   1.31 ± 0.05     1.34 ± 0.27   1.43 ± 0.21     1.24 ± 0.03
Somatic indices

CF, g/cm3     2.31 ± 0.96   1.48 ± 0.02     1.32 ± 0.35   1.63 ± 0.04     1.37 ± 0.11
VSI, %   11.69  ± 1.43 12.26 ± 1.78   10.51 ± 1.70 12.30 ± 2.35     7.66 ± 1.62
HIS, %     1.79 ± 0.24   1.80 ± 0.19     3.00 ± 0.81   2.61 ± 0.26     2.47 ± 1.04
survival, % 100 100 100 100 100

D1 – diet 1 (0% of soldier termite), D2 – diet 2 (10%), D3 – diet 3 (30%), D4 – diet 4 (50%), D5 – diet 5 (70%), IBW – initial body weight,  
FBW  – final body weight, WG  – weight gain, SGR  – specific growth rate, FCR  – food conversion ratio, TGC  – thermal growth coefficient,  
FI  – feed intake, PER  – protein efficiency ratio, CF  – condition factor, VSI  – viscero-somatic index, HIS  – hepato-somatic index;  
a–e – means within a row with different superscripts are significantly different at P < 0.05

Table 5. Blood serum chemistry (mean  ± standard error) of Oreochromis mossambicus fed diets with soldier termite meal as a  fish meal 
replacement at different inclusion levels; n =9

Diets        ALT, U/l      AST, U/l Chol, mmol/l  Trig, mmol/l Glu, mmol/l
D1   30.00 ± 2.33a 101.14 ± 3.24a 1.32 ± 0.02 2.05 ± 0.01 4.37 ± 0.14
D2   81.30 ± 3.17b 131.11 ± 4.65b 1.29 ± 0.02 2.04 ± 0.02 5.35 ± 0.12
D3   54.10 ± 2.40c 122.64 ± 1.76c 1.40 ± 0.01 2.10 ± 0.02 3.32 ± 0.11
D4   35.21 ± 5.56a 107.51 ± 3.28a 1.41 ± 0.02 2.04 ± 0.01 4.39 ± 0.12
D5 100.41 ± 3.47d 141.5   ± 2.33d 1.29 ± 0.03 2.26 ± 0.01 4.74 ± 0.12
D1 – diet 1 (0% of soldier termite), D2 – diet 2 (10%), D3 – diet 3 (30%), D4 – diet 4 (50%), D5 – diet 5 (70%), ALT – alanine transaminase, 
AST – aspartate transaminase, Chol – cholesterol, Trig – triglyceride, Glu – glucose; a–d – means within a column with different superscripts are 
significantly different at P < 0.05

Table 6. Intestine histomorphology of Oreochromis mossambicus fed diets with soldier termite meal as a fish meal replacement at increasing 
inclusion levels; n = 9 

Villi, µm Diets
    D1 (0%)     D2 (10%)     D3 (30%)     D4 (50%)     D5 (70%)

Height 98.12 ± 1.62a 100.25 ± 3.11a 104.63 ± 2.69a 144.85 ± 1.25b 116.25 ± 1.30c

Thickness 56.36 ± 1.20   54.66 ± 1.36   50.10 ± 1.55   52.41 ± 1.62   55.15 ± 1.45
D1 – diet 1 (0% of soldier termite), D2 – diet 2 (10%), D3 – diet 3 (30%), D4 – diet 4 (50%), D5 – diet 5 (70%); values are expressed as mean ± 
standard error; abc – means within a row with different superscripts are significantly different at P < 0.05

Figure 1. Micrograph of Oreochromis mossambicus fed diets with soldier termite meal as a fish meal replacement (A) diet D1 (0% of soldier 
termite), (B) diet D2 (10%), (C) diet D3 (30%), (D) diet D4 (50%), (E) diet D5 (70%)
V – villi, LP – lamina propria, GC – goblet cell, SM – submucosa, S – serosa, EC – epithelial cells; scale bar: 20 µm

A

D
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dietary treatments showed normal intestinal histo-
morphology with distinguishable villi, lamina pro-
pria, submucosa, and epithelial cells. 

Cost-benefit analysis
The cost-benefit analysis showed that increas-

ing the proportion of soldier termite meal resulted 
in an increase in the profit index, with a decrease in 
incidental costs (Table 7).

Discussion

The study demonstrated that the optimal in-
clusion level of soldier termite meal in the diet of 
O.  mossambicus was 50%. Fish fed a  diet with 
a 50% inclusion level exhibited growth performance 
parameters and nutrient utilisation comparable to 
fish fed the control diet (fish meal-based). Soldier 
termite meal contained 57% protein, which met the 
requirements for O. mossambicus (30%). Moreover, 
the growth performance recorded at the 50% inclu-
sion level could be attributed to the favourable amino 
acid profile of soldier termite meal, containing all 
essential amino acids, including methionine and ly-
sine, which are the most limiting amino acids in fish 
growth (Lovel, 1989). The growth performance and 
nutrient utilisation recorded in the 50% diet could be 
also influenced by the fatty acid profile of soldier ter-
mite meal, which contained PUFAs (linoleic acid and 
α-linolenic acid), i.e., essential fatty acids. Linoleic 
acid and α-linolenic acid play an important role in 
growth, development, and energy production of fish 
species. The fatty acid requirements of Tilapia sp. are 
poorly understood. Li et al. (2013) reported that lin-
oleic acid alone could meet the essential fatty acid 
requirements of juvenile tilapia hybrids. On the other 
hand, Chou et  al. (2001) demonstrated that tilapia 
species required both omega-6 and omega-3 fatty ac-
ids in their diets. Currently, the comprehensive fatty 
acid requirements for Tilapia sp. are not well-estab-
lished. According to the authors’ knowledge, there 
are no existing studies that have assessed the utilisa-
tion of soldier termite meal as a fish meal replace-
ment in fish species. However, farmers in Ghana and 

Burkina Faso have been reported to use soldier ter-
mites as feed for poultry (Boafo et al., 2019).

Supplementation of soldier termite meal above 
50% resulted in a  decline in growth performance 
parameters. This phenomenon is common in fish fed 
insect-based diets (Fawole et  al., 2020). It is well 
established that the decrease in growth performance 
at higher inclusion levels of insect-based diets is 
mainly caused by the presence of chitin (Shekarabi 
et al., 2021; Weththasinghe et al., 2022; Zhao et al., 
2023). Insects contain close to 10% chitin (Belluco 
et  al., 2013; Kinyuru et  al., 2015;), and this com-
pound has been reported to affect digestibility in fish 
species (Shekarabi et al., 2021). Most fish species 
lack chitinhydrolysing enzymes (chitinases). How-
ever, chitin has also been reported to exert potential 
positive effects such as improving the fish immune 
system or their performance (Saavedra et al., 2023). 
In the current study, the observed decline in growth 
performance parameters at a  higher termite meal 
supplementation (70%) may not be entirely due to 
the increased chitin content. Furthermore, Rapatsa 
and Moyo (2017) observed the presence of chitinase 
activity in the gastrointestinal tract of O. mossam-
bicus, suggesting a potential mechanism for chitin 
breakdown and utilisation.

The blood serum chemistry indicated that in-
corporating soldier termite meal as a fish meal re-
placement had no influence on cholesterol, triglyc-
eride, and glucose levels. This showed that fish fed 
diets with soldier termite meal were not exposed to 
stress. Glucose levels are known to increase when 
organisms are under stressful conditions, probably 
due to the action of catecholamine on stored glyco-
gen in fish tissues. Similar observations were made 
in a  study involving fish fed an insect-based diet 
(Ogunji et  al., 2008). Serum triglycerides and to-
tal cholesterol are the predominant free lipids that 
are distributed in fish and serve as indicators of fat 
metabolism (Hu et al., 2020). This shows that the 
incorporation of soldier termite meal in the diet of 
O. mossambicus did not affect its fat metabolism. 
However, the meal examined did influence AST 
and ALT levels in O.  mossambicus, which were 
significantly elevated at higher inclusion levels. 
AST and ALT are the main indices used to evaluate 
liver injury. Liver damage can lead to an increase 
in cell membrane permeability, causing enzymes 
like AST and ALT to be released from cells into 
the bloodstream. Consequently, elevated levels of 
these two enzymes signal liver damage (Belghit 
et al., 2018). This further demonstrates that the in-
clusion of soldier termite meal can have a signifi-

Table 7. Cost-benefit analysis of substituting fish meal with soldier 
termite meal in the diet of Oreochromis mossambicus

Cost-benefit  
indices

Diets
D1 (0%) D2 (10%) D3 (30%) D4 (50%) D5 (70%)

Incidence cost 0.15 0.11 0.09 0.07 0.06
Profit index 1.18 1.21 1.26 1.32 1.38
D1 – diet  1 (0% of soldier termite), D2 – diet  2 (10%), D3 – diet  3 
(30%), D4 – diet 4 (50%), D5 – diet 5 (70%)
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cant impact on fish liver health. On the other hand, 
the histomorphology of the fish intestine remained 
unaffected across all dietary groups, indicating that 
the incorporation of soldier termite meal did not 
influence the structural characteristics of the gut. 
The intestine is a  region where nutrient digestion 
and assimilation occur, and it also reflects the nu-
tritional status of the fish when a novel ingredient 
is introduced into the fish diet. The normal intesti-
nal histomorphology observed in the present study 
may be attributed to the ability of O. mossambicus 
to digest an insect-based diet (Rapatsa and Moyo, 
2017). In the wild, O. mossambicus includes insects 
as a  significant part of its diet at various growth 
stages. Furthermore, O.  mossambicus possesses 
the enzymes necessary to digest a feed containing 
up to 50% of insect-based meal. The cost-benefit 
analysis showed that replacing fish meal with sol-
dier termite meal could yield higher profit margins 
than using fish meal-based diets. This shift could 
contribute to increased aquaculture production, im-
proved livelihood of fish farmers, and positively 
impact the country’s economy.

Conclusions

The study has demonstrated that soldier termite 
meal can replace fish meal up to a 50% inclusion 
level, without adversely affecting the growth per-
formance and nutrient utilisation of juvenile Oreo-
chromis mossambicus. The addition of termite meal 
in proportions higher than 50% reduced growth per-
formance and deteriorated the health status of ju-
venile O. mossambicus. Substituting fish meal with 
soldier termite meal is economically sustainable. It 
is recommended to evaluate the potential for mass 
rearing and commercial use of soldier termites. The 
study rejected the null hypothesis. 
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A B S T R A C T   

An 8-week feeding trial was conducted to evaluate the effect of Alates termite (Macrotermes 
falciger) based diet in a herbivorous (Oreochromis mossambicus) and an opportunistic predator 
(Clarias gariepinus). Five diets were formulated to replace fishmeal at 0, 10, 30, 50, and 70 % and 
were denoted D1, D2, D3, D4, and D5, respectively. Clarias gariepinus sub-adults (209.24 ± 2.41 
g/fish) were stocked at 5 fish per tank in recirculating fibreglass tanks (400 L) in triplicates. 
Oreochromis mossambicus juveniles (7.4 ± 4.78 g/fish) were randomly stocked at 10 fish per tank 
in recirculating fibreglass tanks (400 L) in triplicates. Fish were fed their allocated diets, twice a 
day to apparent satiation. Growth performance indices (specific growth rate, thermal-unit growth 
coefficient) were lowest at inclusion level above 50 % in both species (P < 0.05). The nutrient 
utilization indices (feed intake, protein efficiency ratio) were lowest at inclusion level above 50 % 
in both species. The organosomatic indices (condition factor, hepato-somatic index, viscero- 
somatic index) were not influenced by the inclusion of Alates termite meal in both species. The 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were not influenced by 
Alates termite meal in O. mossambicus (P > 0.05). However, AST and ALT levels significantly 
increased at inclusion levels above 50 % in C. gariepinus (P < 0.05). The triglyceride, cholesterol, 
and glucose levels showed no significant difference across diets in both fish species (P > 0.05). 
The study showed that both species may utilize an insect-based diet up to 50 % inclusion levels 
without adverse effects on growth performance and nutrient utilization.   

Introduction 

Insects have been described as a promising alternative protein source in aqua feed globally [1]. This is mainly due to their high feed 
conversion efficiency, lower environmental impact, and high nutritional composition [2,3]. The use of insect meals in different fish 
species has been extensively reviewed [4–6] with different findings. When a black soldier fly larvae (Hermetia illucens) replaced 
fishmeal at different inclusion levels, a rainbow trout (Oncorhynchus mykiss) recorded the best growth performance and nutrient 
utilization at 15 % [7], an African catfish (Clarias gariepinus) at 50 % [8,9] whilst Nile Tilapia (Oreochromis niloticus) showed that 
H. illucens can completely replace fishmeal without adverse effects on the growth performance and health status [10,11]. These results 
may be due to the different feeding habits of these species. Furthermore, these studies are not comparable because researchers used 
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different processing methods of the insect meal and fish were fed different ration levels. The rearing conditions were also not the same 
across the studies. 

Utilization of Alates termite meal by O. mossambicus and C. gariepinus fish species is not adequately documented. These species have 
different feeding habits, and it is important to determine their potential to utilize Alates termite meal-based diets. Rapatsa and Moyo 
[12] reported an increase in the growth performance of a herbivorous Oreochromis mossambicus with an increase in Mopane worm 
(Imbrasia bellina) meal inclusion. However, a decline in growth performance was observed in an opportunistic predator Clarias gar
iepinus when fed the same diet and reared under the same experimental conditions [13]. These studies showed that a herbivorous 
species can effectively utilize an insect-based diet better than an opportunistic predator. Thus, it is paramount to evaluate the response 
of two species with different feeding habits under the same experimental conditions. The research question to be addressed in this 
study is: how does an insect-based diet affect the growth performance and blood serum chemistry of a herbivorous fish 
(O. mossambicus) and an opportunistic predator (C. gariepinus)? 

The Mozambique tilapia (Oreochromis mossambicus) and the African catfish (Clarias gariepinus) are some of the warm freshwater 
species of economic importance in southern Africa [14]. Oreochromis mossambicus is a herbivore, whilst Clarias gariepinus is an 
opportunistic predator. Feeding fish with different feeding habits an insect-based diet has resulted in different growth performance. 
Thus, the current study will assess the growth performance of O. mossambicus and C. gariepinus fed a diet with a locally available insect 
as a fishmeal substitute. Furthermore, insect-based diets may influence the health and nutritional status of the fish. These parameters 
may be evaluated through an assessment of the blood serum chemistry. Thus, the current study will evaluate the growth performance 
and blood serum chemistry of O. mossambicus and C. gariepinus fed an insect-based diet. 

In southern Africa, Macrotermes falciger Alates (winged termites) are one of the dominant edible insects, especially in rural com
munities [15,16]. Alates termites swarm seasonally at the onset of the rainy season, usually between October and April. The nutritional 
composition of Alates termite of the Macrotermes sp. is well documented [17–19]. These studies have reported that Macrotermes sp. 
contains protein content between 20.4 % and 42.25 %, fat content above 46.5 %, rich minerals and vitamins, and a balanced fatty acid 
profile [18,20,21]. Netshifhefhe and Duncan [15] reported that Macrotermes falciger are the most preferred termite species, mainly due 
to their larger size and nutritional composition. The Macrotermes falciger Alates contain 41.8 % crude protein, 44.3 % fat content, and a 
balanced amino acid profile [22]. Although Macrotermes falciger Alates contain a good nutritional composition, their use as feed and as 
a fishmeal replacement in the animal feed industry is not documented. Thus, Alates of the Macrotermes falciger may be used as a novel 
ingredient in the diet of O. mossambicus and C. gariepinus. The main objective of this study was to investigate the utilization of an 
insect-based diet by a herbivorous and an opportunistic predator under the same experimental conditions. The inclusion of the insect 
meal may lower feed costs in the culturing of O. mossambicus and C. gariepinus. 

Materials and methods 

Diet formulation 

The Alates termite (de-winged) were purchased from the Thohoyandou Open Market in the Vhembe District of Limpopo Province, 
South Africa. The Alates termite was ground to powder and replaced fishmeal at 0, 10, 30, 50, and 70 %, which were designated as D1, 
D2, D3, D4, and D5, respectively (Table 1). The diets were formulated to be isonitrogenous (30 % protein), isolipidic (12 % fat), and 

Table 1 
Feed ingredients (g/kg) mixed to formulate experimental diets where Alates termite meal substituted fishmeal at increasing levels.  

Inclusion levels 0 % 10 % 30 % 50 % 70 % 

Ingredients D1 D2 D3 D4 D5 
Fishmeal 300 270 210 150 90 
Alates meal 0 30 90 150 210 
Yellow maize 205 205 205 185 155 
Wheat bran 242.7 234.0 212.7 202.9 229.4 
Sunflower meal 102.0 110.7 131.8 161.3 164.9 
Sunflower oil 60.3 60.3 60.5 60.8 60.7 
Methionine 20 20 20 20 20 
Lysine 20 20 20 20 20 
Vitamin/Mineral premixa 20 20 20 20 20 
Binder 30 30 30 30 30 
Total 1000 1000 1000 1000 1000 

Fishmeal: 65.5 % CP; 12.0 % fat; 18.9 GE (MJ/kg); 92.1 % DM; 18.0 % ash. 
Alates meal: 40.46 % CP; 40.40 % fat; 2 301 GE (KJ/100 g); 93.51 % DM; 6.14 % ash. 
Yellow maize: 12.82 % CP; 2.24 % fat; 16.1 GE (MJ/kg); 87.55 % DM; 1.93 % ash. 
Wheat bran: 15.3 % CP; 3.3 % fat; 16.4 GE (MJ/kg); 86.9 % DM; 4.8 % ash. 
Sunflower: 20.01 % CP; 24.98 % fat; 19.7 GE (MJ/kg); 97.65 % DM; 3.87 % ash. 
CP: crude protein; GE: gross energy; DM: dry matter. 

a Vitamin/Mineral premix: Vit. A, 12 000 IU; Vit. D3, 1 200 IU; Vit. E, 120 IU; Vit. B4, 10,000 g; Vit. C, 120 g; Vit. B3, 25 g; Vit. B5, 15 g; Vit. B2, 6 g; 
Vit. B6, 5 g; Vit. B1, 4 g; Vit. K3, 2 g; Vit. B9, 1 g; Vit. H, 0.25 g; Vit. B12, 0.04 g. ZnO, 200 g; FeSO4; CuSO4, 7 g; MnO, 5 g; KI, 2 g; Na2SeO3, 0.15 g; 
CoSO4, 0.05 g. 
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isocaloric (15 MJ/kg), this was done using Winfeed 3, EFG (Natal) software. The control diet contained 30 % fishmeal and no insect 
meal. The feed ingredients were weighed and mixed using a planetary mixer (Hobart, Troy, OH, USA). During mixing, water (10–20 % 
v/w) was added as required until the desired dough thickness was attained. The mixture was pelleted into 3 mm diameter size using a 
meat mincer connected to the planetary mixer. The pellets were labelled and separately sun-dried and stored in polyethylene buckets 
at 4 ◦C. 

Proximate composition of the Alates termite meal and experimental diets 

The experimental diets (Table 2) and Alates termite meal (Table 3) were analysed for the proximate composition according to 
AOAC [23]. Crude protein was determined using Micro-Kjeldahl apparatus (Foss 2400 Kjeltec analyser unit, Denmark). Protein content 
was calculated as N × 6.25. Fat content was determined by petroleum ether extraction using Soxhlet apparatus for 16 h (Soxtec system, 
Foss Tecator lipid analyser). Gross energy was analysed using DDS Isothermal CP 500 bomb calorimeter. Dry matter and moisture 
content were analysed by drying the sample for 24 h at 105 ◦C until a constant weight was reached. Ash content was determined by the 
weight loss after incinerating samples in a muffle furnace for 6 h at 550 ◦C. Dietary fibre was determined by digesting dried lipid-free 
residues with 1.25 % H2SO4 and 1.25 % NaOH. The loss on ignition was recorded as dietary fibre [24]. Neutral detergent fibre (NDF) 
and Acid detergent fibre (ADF) were determined by boiling the sample with a neutral detergent solution and acid detergent solution, 
respectively [25]. 

Alates termite meal contained 40.46 % protein content, 40.40 % fat content, and 6.14 % ash content (Table 3). The NDF and ADF of 
the Alates termite meal were 56.19 % and 22.09 %, respectively. The highest concentration of essential amino acids recorded in the 
Alate termite meal were lysine (12.99 g/kg), leucine (6.98 g/kg), and histidine (5.15 g/kg), respectively (Table 3). The non-essential 
amino acids were dominated by cystine (22.82 g/kg), glutamic acid (12.48 g/kg), and aspartic acid (8.17). Sodium constituted the 
highest value for minerals (41.6 mg/l), followed by potassium (33.8 mg/l), and iron (1.93 mg/l). The fatty acids that dominated the 
Alates termite meal were palmitic (6.5781 mg/g), oleic (6.5714 mg/g), and stearic (3.1547 mg/g), which are all SFA. This insect also 
contained linoleic acid and α-linolenic acid, which are polyunsaturated fatty acids (PUFA). 

Mineral content 

The mineral content was determined using Inductively coupled plasma-optical emission spectrometry (ICP-OES) as described by 
Manditsera et al. [26]. Samples were hydrolyzed with 65 % concentrated nitric acid and 37 % hydrochloric acid. Hydrogen peroxide 
was used to remove nitrous vapours. The analysis was performed using standard solutions of known concentrations. All chemicals used 
were analytical reagent grade. 

Amino acid analysis 

Alates termite meal was analysed for amino acids at the Central Analytical Facilities (CAF) of Stellenbosch University (South 
Africa). Samples (20 mg) were hydrolysed with 6 M HCI at 110 ◦C for 4 h in sealed tubes [27]. About 130 µL was transferred into a 2 ml 
tube and dried under a gentle stream of nitrogen. The samples were reconstituted and derivitized with 30 µL MTBSTFA and 100 µL 
acetonitrile at 100 ◦C for 1 hour, cooled down to room temperature and injected into the gas chromatograph (6890 N, Agilent 
technologies network). Separation was performed on gas chromatograph coupled to an Agilent technologies inert XL EI/CI Mass 
Selective Detector (MSD) (5975, Agilent technologies Inc., Palo Alto, CA). 

Fatty acid analysis 

Fatty acid analysis for Alates termite meal was also analysed at the Central Analytical Facilities (CAF) of Stellenbosch University 
(South Africa). The analysis was performed by adding 2 ml of 2:1 chloroform: methanol to 100 mg of the sample [28]. The fatty acid 
profile of the Alate termite meal is presented in Table 3. 

Fish stocking and experimental design 

The experiment was undertaken at the University of Limpopo, Aquaculture Research Unit (ARU), Limpopo Province, South Africa. 
The fish species used in the study were obtained from the ARU. The study was approved for ethical clearance by the University of 

Table 2 
The proximate composition of experimental diets.  

Proximate composition D1 D2 D3 D4 D5 

Crude protein (%DM) 30.00 30.00 30.00 30.00 30.00 
Fat (%DM) 12.49 12.13 12.68 12.32 12.27 
Gross Energy (MJ/Kg) 15.02 15.08 15.00 15.01 15.03 
Dry matter (%DM) 92.89 93.01 93.49 93.81 94.05 
Ash (%DM) 10.53 10.20 9.62 9.00 8.71  
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Limpopo Animal Research Ethical Committee (AREC/09/2022:PG). 
The experiment was conducted in a Recirculating aquaculture system (RAS) using 500 L size fibreglass tanks filled to the 400 L 

mark. The tanks were connected to a sump and a pump that supplied the tanks with water at 10 L/min. Each tank was heated with a 
submersible aquarium heater (ViaAqua Glass heater, 200 W) and aerated with airstones. Fish species were sedated with 2-phenoxye
thanol (1 ml/L) prior to stocking in experimental tanks as stipulated in the ethical clearance certificate (AREC/09/2022:PG). This was 
done by mixing water from the experimental system with 2-phenoxyethanol at 1 ml/L in a separate tank. This was also done to 
minimise stress levels and physical damage during the handling of fish species. A completely randomised design was used to stock the 
fish in experimental tanks. Clarias gariepinus (209.24 ± 2.41 g/fish) were stocked at 5 fish per tank in triplicates, whilst O. mossambicus 
(7.4 ± 4.78 g/fish) were stocked at 10 fish per tank in triplicates. The stocking densities used do not affect the growth performance of 
both fish species used in the study. Higher stocking densities than the one used in the current study have been previously used without 
affecting the growth performance of C. gariepinus [13,29] and Oreochromis species [10,30]. 

Feeding procedure 

Both fish species were fed a commercial diet (Aqua-plus, Avi Products (pty) ltd for two weeks during the acclimatization period. 
Fish were then weighed (Initial weight) per tank and re-stocked back to experimental tanks and fed allocated diets to apparent satiation 
for 8 weeks at 09h:00 and 15h:00. Feed intake was recorded on daily basis for each tank. 

Water quality management 

Water quality parameters were monitored on a weekly basis using a handheld multiparameter meter (Professional plus YSI 
605,000). The water temperature was kept between 27 and 29 ◦C, dissolved oxygen (6.5–8.0 mg/l), ammonia (<1 mg/l), and pH 
(6.8–8.0). The experiment was conducted under natural photoperiod. Water quality parameters were kept the same for both 
O. mossambicus and C. gariepinus experimental tanks. 

Growth performance parameters 

Fish were weighed at the commencement of the experiment, after every two weeks, and at the end of the feeding trial. Fish samples 
were sedated (2-phenoxyethanol (1 ml/L) at each weighing interval. Fish were starved for 24 h before final growth parameters were 
taken. The 24 h starvation gives accurate fish weight without feed in the gut. 

The following parameters were measured for both O. mossambicus and C. gariepinus: 
Specific growth rate (SGR) : 

SGR =

[
In Wt− InW0

t

]

×100%  

Where In, Wt, W0, and t are the natural logarithm, the final body weight (g), initial body weight (g), and time feeding period (days), 
respectively [31]. 

Thermal-unit growth coefficient (TGC) [32]: 

Table 3 
Proximate composition, mineral content, fatty acids profile and amino acid profile of the Alates termite meal.  

Proximate composition %DM Fatty acids mg/g Essential AA g/kg (DM) 

Dry matter (%) 93.51 C12:0 0.02 Lysine 12.99 
Ash (%DM) 6.14 C14:0 0.27 Methionine 3.76 
Fat (%DM) 40.40 C16:0 6.57 Phenylalanine 4.79 
Protein (%DM) 40.46 C18:0 3.15 Valine 4.69 
Carbohydrates (%DM) 6.54 C16:1 0.34 Tryptophan 0.37 
Crude fibre (%DM) 8.70 C17:1n-10 0.07 Threonine 4.94 
NDF (%DM) 56.19 C18:1n-9(cis) 6.57 Isoleucine 4.25 
ADF (%DM) 22.09 C18:2n-6 (cis) 2.73 Histidine 5.15 
Energy (KJ/100 g) 2301 C18:3n-3 0.32 Leucine 6.98 
Minerals (mg/l) Ʃ SFA 10.03 Non-essential AA  
Iron 1.93 Ʃ MUFA 6.99 Tyrosine 3.86 
Potassium 33.8 Ʃ PUFA 3.05 Glycine 4.99 
Sodium 41.6   Aspartic acid 8.17     

Serine 6.04     
Proline 6.29     
Glutamic acid 12.48     
Alanine 6.09     
Cystine 22.82 

NDF: Neutral detergent fibre; ADF: Acid detergent fibre; DM: dry matter; SFA: saturated fatty acids, MUFA: monounsaturated fatty acids; PUFA: 
polyunsaturated fatty acids. AA: Amino acids. 
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TGC= 1000 ×
Final weight(g)

1
3 − Initial weight(g)

1
3

Temperature(∘C) × Days 

Feed conversion ratio (FCR) = feed eaten (g) / weight gained (g) [33] 
Protein efficiency ratio (PER) = weight gain (g) / protein consumed (g) [33] 
Weight gain (WG) = final weight (g) - initial weight (g) 
Feed intake (FI) = weight of eaten feed (g) / fish / day 
Fish survival = (final number of fish / initial number of fish) x 100 

Organosomatic indices 
Three fish from each dietary replicate (9 fish/diet) were used to measure organosomatic indices. The condition factor (CF), Hepato- 

somatic index (HSI), and Viscero-somatic index (VSI) were calculated as follows: 

CF = body weight (g) / fish length (cm)3 x 100 [34] 
HSI = liver weight (g) / fish weight (g) x 100 [8] 
VSI = visceral weight (g) / fish weight (g) x 100, viscera weight includes the liver [8]. 

Blood serum chemistry 

Three fish samples from each dietary replicate were randomly selected and sedated with 2-phenoxyethanol (1 ml/L). Blood samples 
were drawn from the caudal vasculature into vials using heparinised syringes and centrifuged for 10 min at 3500 rpm. Blood samples 
from each replica were pooled (n = 3). The serum was used for the analysis of aspartate aminotransferase (AST), alanine amino
transferase (ALT), triglyceride, cholesterol, and glucose. The analyses were conducted using a commercial automatic biochemical kit 
(Sigma-Aldrich, St. Louis, USA). The same procedure was employed for both experiments (O. mossambicus and C. gariepinus). 

Statistical analysis 

Shapiro-Wilk and Barlett’s tests were used to test data for normality of distribution and homogeneity of variance, respectively. One- 
way analysis of variance (ANOVA) was used to test significant differences in growth parameter indices (SGR, TGC), nutrient utilization 
indices (FCR, PER, FI), organosomatic indices (CF, VSI, HSI) and blood serum chemistry (AST, ALT, triglyceride, cholesterol, glucose). 
The data was significant when P < 0.05. Significant differences between means were determined by Tukey’s HSD post hoc test. The 
data was analysed using SPSS version 28.0 software package (Statistical Package and Service Solutions, IBM, Chicago, IL, USA). The 
statistical analysis was similar for both O. mossambicus and C. gariepinus. 

Results 

Growth performance indices 

The WG increased with an increase in inclusion levels in O. mossambicus (Table 4A). However, the WG significantly dropped at the 
highest inclusion level (P < 0.05). The SGR and TGC were highest at the 50 % inclusion level in O. mossambicus (Table 4A). 

The FI and PER were lowest at the inclusion level above 50 % (P < 0.05) in O. mossambicus. The highest FCR was also recorded at 
inclusion level above 50 % (P < 0.05). 

The organosomatic indices (CF, VSI, HSI) were not influenced by inclusion of Alates termite meal in O. mossambicus (P > 0.05). No 
mortalities were recorded throughout the feeding trial. 

Table 4A 
Growth performance indices of O. mossambicus fed diets with Alates termite meal as a fishmeal replacement. Values are expressed as mean ± SD. 
Different superscripts in a row show a significant difference (P < 0.05, ANOVA). n = 9.  

Dietary groups D1 (0 %) D2 (10 %) D3(30 %) D4(50 %) D5 (70 %) P value 

IBW (g) 61.18±5.53 73.84±6.62 76.06±8.26 71.43±5.02 74.04±2.64 0.075 
FBW (g) 137.31±5.69a 165.29±3.91a 165.49±1.93a 174.12±5.65a 133.15±7.61b <0.001 
WG (g) 76.13±0.88a 91.45±2.94b 93.16±2.82b 102.69±2.76b 59.11±4.02c <0.001 
SGR (%/day) 1.45±0.11a 1.44±0.06a 1.40±0.04a 1.60±0.06b 1.06±0.02c <0.001 
TGC 0.73±0.06 0.79±0.21 0.75±0.5 0.85±0.29 0.53±0.15 0.340 
FI (g/fish/day) 0.42±0.01a 0.49±0.02b 0.53±0.04b 0.53±0.01b 0.30±0.02c <0.001 
PER 2.53±0.11a 3.04±0.24a 2.97±0.17a 3.43±0.19b 1.96±0.17c <0.001 
FCR 1.65±0.82a 1.72±0.32b 1.72±0.37b 1.66±0.45a 1.77±0.12b <0.001 
Organosomatic indices  
CF 2.26±0.24 1.43±0.18 1.69±0.02 1.66±0.22 1.50±0.8 0.411 
VSI (%) 11.92±1.90 9.82±3.31 9.02±1.97 10.34±2.93 9.25±0.07 0.588 
HSI (%) 1.28±0.40 2.53±1.25 1.96±1.30 1.60±0.96 2.43±0.33 0.470 
Survival (%) 100 100 100 100 100 –  
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In C. gariepinus, WG was lowest at the inclusion level above 50 % (Table 4B). The highest SGR was recorded at the 50 % inclusion 
level. The TGC in fish fed the control diet and 50 % inclusion level diet did not differ significantly (P > 0.05) in C. gariepinus. 

There was no significant difference in FI across diets in C. gariepinus (P > 0.05). However, fish fed diet D5 recorded the lowest FI. 
The PER dropped significantly at the highest inclusion level (P < 0.05). 

The organosomatic indices were also not influenced by the inclusion of Alates termite meal in the diet of C. gariepinus. No mor
talities were recorded throughout the feeding trial. 

Blood serum chemistry 

The AST level in O. mossambicus was not influenced by the inclusion of Alates termite meal in fish diets (P > 0.05, Fig. 1A). 
However, the AST level in C. gariepinus increased at inclusion level higher than 50 %. 

In O. mossambicus, the ALT level did not change with higher inclusion level (P > 0.05, Fig. 1B). However, C. gariepinus ALT level 
significantly increased at inclusion level above 50 % (P < 0.05). 

Triglyceride level did not change with an increase in inclusion levels in both species (P > 0.05, Fig. 1C). Cholesterol followed a 
similar trend (Fig. 1D). 

Glucose level in O. mossambicus showed no discernible pattern (Fig. 1E). Similar findings were observed in C. gariepinus. 

Discussion 

The 50 % inclusion level recorded the highest growth performance indices (WG, SGR, TGC) and nutrient utilization (PER) in 
O. mossambicus. However, at inclusion level of 70 %, growth performance and nutrient utilization declined significantly. A decline in 
growth performance and nutrient utilization can be attributed to intrinsic and extrinsic factors. It is possible that chitin content 
affected the growth performance and nutrient utilization of O. mossambicus. Chitin forms part of the exoskeleton of insects and has 
been reported to induce growth depression by reducing nutrient bioavailability in fish species [35]. Several studies have shown that 
insect meal inclusion levels of more than 30 % lead to a decline in growth performance due to higher chitin levels [36–38]. However, it 
has also been shown that chitin may have beneficial activity on the fish immune system and improve gut health due to its immu
nostimulant characteristics [39–41]. The decline in growth performance and nutrient utilization may also be attributed to the increase 
in Alates termite meal inclusion levels. Higher insect meal inclusion levels are often associated with a decline in growth performance 
and nutrient utilization. Feed intake was significantly different between the control and the 70 % inclusion level in O. mossambicus. It is 
speculated that the lower feed intake in fish fed D5 may have contributed to the poor growth performance and nutrient utilization 
reported in diet D5. The lowest PER was also recorded in diet D5 (70 %). This may be due to the anti-protease activity reported in insect 
meals [42]. The decline in growth performance and nutrient utilization in fish fed diet D5 was also evident in C. gariepinus. The decline 
in growth performance and nutrient utilization in C. gariepinus may also be attributed to the same factors in O. mossambicus. The 
combined effect of chitin and anti-protease action may have led to a high FCR registered in both species. 

The organosomatic indices (CF, VSI, and HSI) were not influenced by the substitution of fishmeal with Alates termite meal in 
O. mossambicus and C. gariepinus. This shows that the health status of both fish species was not affected by substitution of fishmeal with 
Alates termite meal. This gives further credence that chitin played a positive role in these two fish species. The organosomatic indices 
suggest that both species were not stressed, and these assertions were supported by the blood serum chemistry. 

The AST and ALT levels in O. mossambicus were not influenced by Alates termite meal inclusion. The AST and ALT enzymes are 
biomarkers of liver damage in fish species [43]. This implies that O. mossambicus may have maintained a healthy liver during the 
feeding trial. Oreochromis mossambicus is one of the tilapia species that has been reported to be pre-adapted to utilizing insect-based 
diets [44,45]. Furthermore, all inclusion levels did not affect the health status of O. mossambicus. On the other hand, the AST and ALT 
levels in C. gariepinus increased significantly at the 70 % inclusion level. This entails that replacing fishmeal with 70 % Alates termite 
meal may have a mild effect on the health status of C. gariepinus. A significant increase in the activities of these enzymes could imply 

Table 4B 
Growth performance indices of C. gariepinus fed diets with Alates termite meal as a fishmeal replacement. Values are expressed as means ± SD. 
Different superscripts in a row show a significant difference (P < 0.05, ANOVA). n = 9.  

Dietary groups D1 (0 %) D2 (10 %) D3(30 %) D4(50 %) D5 (70 %) P value 

IBW (g) 1060.50±2.88a 1060.10±2.55a 1000.24±1.24b 1020.13±5.67c 997.19±2.85d <0.001 
FBW (g) 2083.61±3.22a 1810.39±2.12b 1830.85±5.38c 2010.59±4.18d 1581.04±6.58e <0.001 
WG (g) 1023.11±5.79a 750.29±4.10b 830.61±3.40c 990.46±5.57d 584.85±2.94e <0.001 
SGR (%/day) 1.20±0.14a 1.03±0.09b 1.07±0.02b 1.22±0.19a 0.86±0.02c 0.039 
TGC 1.61±0.15a 1.24±0.02b 1.39±0.13c 1.60±0.14a 1.03±0.0.08d 0.018 
FI (g/fish/day) 6.14±1.38 5.18±1.32 5.39±1.36 6.18±1.36 4.9 ± 1.14 0.771 
PER 3.41±0.04a 2.50±0.05a 2.76±0.02a 3.30±0.11a 1.94±0.05b <0.001 
FCR 1.68±0.03a 1.96±0.03b 1.85±0.09c 1.78±0.09d 2.40±0.12e 0.004 
Organosomatic indices  
CF 0.67±0.01 0.74±0.07 0.75±0.03 0.77±0.0 0.66±0.02 0.101 
VSI (%) 7.08±0.62 8.02±1.73 7.37±2.43 7.74±1.46 7.20±0.68 0.966 
HSI (%) 1.82±0.04 2.14±0.38 2.07±0.55 1.99±0.12 1.75±0.30 0.754 
Survival (%) 100 100 100 100 100 –  
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stress-induced tissue damage [46]. The AST and ALT enzyme levels further show that O. mossambicus was more tolerant to Alates 
termite meal inclusion than C. gariepinus. However, for both O. mossambicus and C. gariepinus, the higher AST and ALT levels were 
recorded in D5. High AST and ALT levels have been recorded in fish fed the highest inclusion level of an insect-based diet [47]. The 
study attributed these findings to an increase in chitin content with an increase in insect meal inclusion. 

The triglyceride, cholesterol, and glucose levels in both species were not influenced by the inclusion of Alates termite meal. This 
further confirms that O. mossambicus and C. gariepinus were not exposed to stressful conditions. When fish species are under stressful 
conditions, glucose levels are known to increase significantly [48]. The current study showed that Alates termite meal inclusion levels 
up to 70 % has no substantial changes on glucose levels. These findings correspond with Ogunji et al. [49], where glucose levels did not 
differ significantly across diets in fish fed Musca domestica (magmeal) based diets. The cholesterol levels in both species were not 
influenced by replacing fishmeal with insect meal. Madibana et al. [50] also observed similar results when Argyrosomus japonicus was 
fed Hermetia illucens based diets. The triglyceride levels showed that substitution of fishmeal with Alates termite meal did not affect fat 
metabolism in O. mossambicus and C. gariepinus. Serum triglyceride serves as a fat metabolism biomarker [51]. The study showed that 
Alates termite meal can replace fishmeal up to 50 % inclusion level without negatively affecting the growth performance and nutrient 
utilization of O. mossambicus and C. gariepinus. However, inclusion level of 70 % may have a mild effect on the health status of Clarias 
gariepinus. One of the major drawbacks of using Alates termite meal as an alternative protein source is its seasonal variability. 

Conclusion 

Alates termite meal can replace fishmeal up to 50 % in both O. mossambicus and C. gariepinus. An inclusion level of 70 % elicited 
adverse effects on growth performance and nutrient utilization. Blood serum chemistry showed that replacing fishmeal with Alates 
termite meal has no negative effect on the health status of O. mossambicus. However, higher inclusion levels may cause stress in 
C. gariepinus. It is recommended that cost-benefit analysis of replacing fishmeal with Alates termite meal be undertaken to determine 
its economic viability. More studies on cultivation of termites have to be undertaken although several trials have failed. 

Data availability 

The data used in this study is available upon request from the corresponding author. 
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Fig. 1. Blood serum chemistry of Oreochromis mossambicus (O. moss) and Clarias gariepinus (C. gar) fed diets with Alates termite meal as a fishmeal 
replacement at increasing levels. n = 3. Different letters on each species bar represent a significant difference (P < 0.05, ANOVA). AST: alanine 
aminotransferase; ALT: aspartate aminotransferase. Bars represent standard error. 
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