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EVALUATION OF ORGANIC WASTES AS SUBSTRATES FOR 

REARING ZOPHOBAS MORIO, TENEBRIO MOLITOR, AND 

ACHETA DOMESTICUS LARVAE AS ALTERNATIVE FEED 

SUPPLEMENTS  

RICHÁRD PINTÉR – GYÖRGY FEKETE – ZSOLT ISTVÁN VARGA –  

CSABA GYURICZA – LÁSZLÓ ALEKSZA 

Abstract 

Studies have focused on identifying combinations of insects and organic waste to optimise bio-

conversion. Here, the effects of different diets (10% chicken feed complemented with 90% 

vegetable waste, garden waste, cattle manure, or horse manure) on growth and survival rates 

and nutritional value of Zophobas morio and Tenebrio molitor larvae, and Acheta domesticus 

were investigated. Compared with chicken feed, organic waste decreased the individual larval 

weight, although green waste showed fewer negative effects than the manure. The 

macronutrient concentrations in garden waste were moderate compared with chicken feed, and 

vegetable waste was the poorest diet in terms of nutrient concentration. There was no difference 

in weight between larvae reared on garden waste and those reared on vegetable waste. 

Tenebrio molitor and A. domesticus showed the maximum growth rates at 71–101 and 36–66 

days of age at 22.5 ± 2.5 °C, respectively. Acheta domesticus was rich in proteins, whereas Z. 

morio and T. molitor were rich in fat. Feeding nutrient-poor diets resulted in a lower protein 

and a higher fat concentration in the larvae. 

Keywords: larva, growth, survival rates, nutritional value, feed 

ZOPHOBAS MORIO, TENEBRIO MOLITOR ÉS ACHETA 
DOMESTICUS LÁRVÁK TENYÉSZTÉSÉNEK ÉRTÉKELÉSE 

SZERVES HULLADÉKOKBÓL ÁLLÓ SZUBSZTRÁTOK, MINT 

ALTERNATÍV TAKARMÁNYKIEGÉSZÍTŐK HOZZÁADÁSÁVAL 

Összefoglalás 

A tanulmány célja különböző takarmányok hatásának vizsgálata volt Zophobas morio és 

Tenebrio molitor lárvák, valamint az Acheta domesticus növekedési és túlélési arányára, 

valamint beltartalmi jellemzőjükre. A kontroll csoportok takarmányként csak csirketápot 

kaptak, a vizsgált takarmány keverékek 10% csirketáp és 90% szerves hulladék keverékéből 

álltak (növényi hulladék, zöldség hulladék, szarvasmarha trágya és lótrágya). A 

csirketakarmánnyal összehasonlítva a szerves hulladék csökkentette az egyes lárvák tömegét, 

bár a zöldhulladék kevesebb negatív hatást mutatott, mint a trágya. A kerti hulladék 

makrotápanyag-koncentrációja mérsékelt volt, összehasonlítva a csirketakarmánnyal, és a 

növényi hulladék volt a tápanyagkoncentráció szempontjából a legszegényebb étrend. 

Tömegben nem volt különbség a kerti hulladékon és a növényi hulladékon nevelt rovarok között. 

A Tenebrio molitor és az A. domesticus a maximális növekedési sebességet 71-101, illetve 36-

66 napos korban 22,5 ± 2,5 °C-on mutatta. Eredményeink megerősítették, hogy a vegyes 
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növényi hulladék, több faj zöld biomasszájú kerti hulladék, illetve a szarvasmarha- és lótrágya 

magas aránya nem tekinthető optimális tenyésztési szubsztrátumnak az A. domesticus, T. 

molitor és Z. morio lárvák termesztésére. A tápanyag-szegény étrend etetése alacsonyabb 

fehérjetartalmat és magasabb zsírkoncentrációt eredményezett a lárvákban. 

Kulcsszavak: lárva, növekedés, túlélési arány, tápérték, takarmány 

JEL code: Q53 

Introduction 

Edible insects are of high nutritional value, and they can be used to partially replace protein 

ingredients in compound feeds for common livestock and aquaculture. Furthermore, insects of 

different compositions can be considered an ingredient in feed formulations (BENZERTIHA et 

al., 2020). The most common commercial insect species are the yellow mealworm (Tenebrio 

molitor L.), super worm (Zophobas morio Fab.), housefly (Musca domestica L.), black soldier 

fly (Hermetia illucens L.), house cricket (Acheta domesticus L.), and greater wax moth 

(Galleria mellonella L.) (ORTIZ et al., 2016; VARELAS, 2019). The composition of insect 

larvae varies with species, and it may be either species-specific or modified by their diet. 

For large-scale production of insect-based feed supplements, the cost of rearing substrates is 

a key issue. The major expenses in insect rearing are related to procuring raw materials used 

for feeding the insects (CADINU et al.,2020) and maintaining elevated temperature for most 

species (MORALES-RAMOS et al., 2018). In the European Union, edible insects can be fed 

only materials of vegetable origin and certain materials of animal origin. However, they can 

grow efficiently on bio-waste and by-products such as restaurant and household waste, 

slaughterhouse by-products, animal manure, and gardening waste (LÄHTEENMÄKI-

UUTELA – GRMELOVÁ, 2016). Thus, feed regulations should be revised to encompass these 

alternatives in the circular economy; these raw materials should be authorised for utilisation. 

Studies have focused on rearing insects on low-value substrates, such as organic wastes and by-

products, and indicated their advantages and limitations. VARELAS and LANGTON (2017) 

reviewed the potential of forest biomass by-products for rearing edible insects and provided 

examples of unbalanced feeding and its negative consequences on growth and nutritional 

values. KIM et al. (2014) investigated the effect of agricultural waste as a feed for T. molitor 

by replacing mushroom substrates with wheat bran feed. Although the larvae thus reared were 

lighter and required longer development periods than the control group larvae, their survival 

rate was similar to that of larvae reared on mushroom substrates.  

Oonicx et al. (OONICX et al., 2015) fed by-products of the food industry to T. molitor and 

A. domesticus, identified diets that can be as efficiently converted by the larvae as pigs, and 

concluded that when fed optimal diets, larvae can convert their feed as efficiently as poultry, 

after correcting to the edible portion. Especially for nitrogen efficiency, their performance was 

higher than that of conventional production animals. Diet affected the survival and development 

period of T. molitor; furthermore, feeding carrots increased the dry matter content and nitrogen 

efficiency, and decreased the development period. LUNDY and PARRELLA (2015) measured 

the biomass output and feed conversion ratio of A. domesticus reared on diets ranging from 

grain-based to highly cellulosic diets, and concluded that the nitrogen concentration, N-to-acid 

detergent fibre concentration ratio, and crude fat concentration explained most of the 

variabilities among feed treatments. However, the mortality rate of crickets fed minimally 

processed, municipal-scale food waste and diets composed largely of straw was >99% without 

reaching a harvestable size. Some studies have revealed that low-value diets may be effective 

even at temperatures lower than the optimal range (ADÁMKOVÁ et al., 2017a; BOOTH – 

KIDDELL, 2007). 
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On the basis of the above findings, the following can be inferred: the growth of larvae can be 

maximised by nutrition; chemical composition can be functionally pre-designed; and low-

value, organic by-products and waste have great potential as substrates for increasing economic 

feasibility in insect rearing. Larval performance and waste biotransformation depend on the 

chemical composition of the organic by-products selected. Therefore, the objective of the 

current study was to compare the effects of two types of green waste and two types of manure 

as rearing substrate on the larval performance of three edible species, T. molitor, Z. morio, and 

A. domesticus, under the same environmental conditions, during their intensive growing period. 

The substrates were evaluated for their effect on the growth, nutritional values, and mortality 

of the larvae. 

Materials and Methods 

Insects and Diets 

For the study, the superworm (Zophobas morio, Coleoptera: Tenebrionidae), yellow mealworm 

(Tenebrio molitor, Coleoptera: Tenebrionidae), and house cricket (Acheta domesticus, 

Orthoptera: Gryllidae) were selected among the seven commercially available insect species 

for feeding animals in the EU. Acheta domesticus and T. molitor are among the most intensively 

investigated species, whereas Z. morio has not been extensively studied, although it is also 

mass-produced. The insects were procured from BUGS-WORLD Ltd. (Tiszakécske, Hungary).  

The organic wastes were: 

• Vegetable waste (mixed peels of 10% onion, 25% potato, 25% sweet potato, 30% carrot, 

and 10% cucumber, with a total water content of 91.4%); 

• Green garden waste with grass (50% Poaceae species and other common weeds, 25% tree 

leaves, and 25% branches (Populus, Salix, Pinus, and Corylus species), and a mixture of 

stone fruits, and other ornamental plant parts, with a water content of 36.2%; 

• 55% cattle manure with faeces and urine, and 45% cereal straw with a water content of 

45.7%; 

• 35% horse manure with faeces and urine, and 65% cereal straw with a water content of 

28.3%. 

For the experiments, the larvae were fed diets (henceforth called substrates) containing 90% 

of the given organic waste and 10% of chicken feed. The green waste was chopped into 2–4-

cm long pieces and manures were broken into small pieces. Mashed chicken feed, produced by 

VITAFORT Plc. (Dabas, Hungary) for intensive broiler breeding (13.05% water, 0.80% lysine, 

and 0.30% methionine) was mixed with the substrates and was used as a control. Chicken feed 

was chosen considering both industrial practice and recommendations and previous study 

results (MIECH et al., 2016; RUMBOS et al., 2020). Preliminary tests showed a high mortality 

of insects with all combinations of the selected organic waste in pure form. However, providing 

a limited amount of balanced feed improved larval survival; 10% chicken feed supplementation 

generally resulted in a low mortality rate. 

Experimental Design 

Before starting the feeding experiments, the newly hatched larvae of T. molitor and Z. morio 

and those of A. domesticus were reared on chicken feed, fresh carrots, and cucumber (70%, 

20%, and 10%, respectively) for 56 and 21 days, respectively, when they started to grow 

intensively. The diet provided during this period ensured that the larvae were in good condition 

at the start of the experiment. Air humidity was maintained at 60% ± 4% for T. molitor and Z. 
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morio and 80%, 70%, and 60% for A. domesticus during the subsequent weeks to provide 

optimal conditions for healthy insect development. In the rearing environment, the temperature 

was 22.5 ± 2.5 °C and humidity was 60% ± 4%, with a 12:12-h light/dark cycle. We focused 

on the intensive growing period of the selected species under the given rearing conditions. The 

experiments lasted for 45 days with all three insects. The initial number of larvae was 100 in 

each trial, with three replications. The larvae were fed ad libitum throughout the experimental 

period. Fresh substrates of weight equivalent to 25× the net weight of live larvae were added, 

and the residues and excreta were removed on days 15 and 30 when recording the weight of the 

larvae. The size of the plastic box (width × length × height) for T. molitor and Z. morio was 30 

× 38 × 10 cm, and that for A. domesticus was 18.1 × 25.6 × 13.6 cm; egg cartons with a surface 

area of approximately 1800 cm2 were used in each trial. 

Measured Parameters 

Mortality, growth, and weight of live larvae were recorded on days 15, 30, and 45. After 

maintaining the larvae at 4 °C for 60 min, they were separated from the remaining substrate and 

excreta with a spatula in the first period (later by sieving with the mesh of size 2 mm), and then 

further separated as dead and alive. Only live individuals from each experimental unit were 

considered when recording. The larvae were weighed using a pre-calibrated KERN ABT 320-

4NM analytical balance of 0.1 g weighing accuracy, with a measuring range of 10 mg–320 g. 

The nutritional composition of the larvae, including crude protein, crude fat, fibre, ash, and 

energy, was measured after 45 days of the experiment. The substrates were analysed for the 

total organic content, and total nitrogen, protein, carbohydrate, fat, total phosphorous, 

potassium, and calcium concentrations. All chemicals and reagents were of analytical grade. 

Total nitrogen concentration was determined using the Kjeldahl method according to the 

standard ISO 5983-1:2005 method for animal feedstuff. Crude protein concentration (P) was 

calculated using Equation 1 

 

P = total Kjeldahl nitrogen × CF, (1) 

 

Where CF is the conversion factor, which is 4.76 for the larvae and 6.25 for the substrates. 

JANSSEN et al. (2017) proved that nonprotein N in insects leads to an overestimation of protein 

concentration. They reported comparable CF values among larvae belonging to different orders; 

the CF for T. molitor was 4.76 ± 0.09. Crude fat concentration in the substrates and the larvae 

was determined using the standard ISO 11085:2015 method for cereals, cereal-based products, 

and animal feedstuffs using an automated extractor (VELP Scientific, Randall ). Carbohydrate 

concentration was determined using a spectrophotometer (Hach DR6000), according to the 

method of DUBOIS et al. (1956). Fibre concentration was measured according to the method 

of BORDEREAU and ANDERSEN (1978) for termite species. Total ash concentration was 

determined using the standard ISO 936:2000 method for meat and meat products. Gross 

calorific value was determined using the standard ISO 9831:1998 method with a Parr 6400 

automatic isoperibol oxygen bomb calorimeter. Substrate extracts were prepared using the 

microwave-assisted digestion method with 2 mol/dm3 nitric acid and 30% m/m hydrogen 

peroxide, on a Milestone MLS 1200 Mega high-performance microwave digestion unit. The 

concentration of total organic carbon (TOC), phosphorous, and potassium was determined 

using the Hach DR6000 spectrophotometer following the LCK 381, LCK 350, and LCK 228 

tests, respectively. Calcium concentration in the extracts was measured using a Jenway PFP7 

type low-temperature, single-channel, flame photometer. 
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Data Analyses 

The changes in mortality and individual weight of the larvae over time were analysed using a 

repeated-measures ANOVA, where the larval characteristics were considered the dependent 

variables, whereas species and rearing substrates were considered the independent variables. 

The dependent variables were continuous, whereas the responding ones were categorical. The 

four-time points (days 0, 15, 30, and 45) were chosen as the repeated measure factor. Time, 

species, and substrate interactions were considered statistically different at the significance 

level of 5%. When the F-test results were significant, Duncan’s new multiple range tests were 

used for post-hoc comparison of the differences between the pairs of means at a level of α = 

0.05. Statistical computing was carried out using R software. Data were analysed using R 

version 3.6.3 (2020-02-29).  

Results 

Effect of Substrates on Larval Weight 

An increase in the weight of individual larvae was monitored for each species and substrate. 

There were significant differences between the weights recorded every 15 days for all diets and 

species (Figure 1). The Duncan test differentiated the three homogenous groups (p < 0.10). 

There were no significant differences in weight among larvae of the three species and between 

the experimental diets. 

 
Figure 1. Mean individual larval weight of T. molitor and Z. morio at the age of 56–101 

days, and A. domesticus at the age of 21–66 days, by substrates (the bars indicate the 

95% confidence interval). Different letters indicate statistically significant differences 

between only the species (lowercase and uppercase does not indicate differences, just to 

visually separate days) 
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Considering the increase in larval weight during the 45-day experiment period, regardless of 

the species and rearing substrate, Z. morio showed the highest growth rate, followed by A. 

domesticus, and T. molitor. The difference in the growth rate between the latter two species 

changed the order of individual weight between days 15 and 30; it is noteworthy that the initial 

ages of the larvae were different (21 and 56 days), respectively (Figure 2). 

 

 

 
 

Figure 2. Mean individual larval weight (common mean of larval weight reared on 

different substrates) of T. molitor, Z. morio, and A. domesticus when reared on the 

different substrates, by time (the bars indicate the 95% confidence interval). Different 

letters show statistically significant differences among the species. 

 

A comparison between the two species belonging to the family Tenebrionidae revealed that Z. 

morio was significantly heavier than T. molitor at the age of 56 days (1st day of experimente) 

(α = 0.05), and this difference increased with time. Acheta domesticus larvae were the lightest, 

but they showed the highest relative increase in individual weight. However, during the 

experimental period of 45 days, the rate of growth with time, expressed as a rate of change 

[(mt/mt-1) × 100], increased for Z. morio, and started to decrease between days 30 and 45 for 

T. molitor, and peaked between days 15 and 45 for A. domesticus (Figure 3). 
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Figure 3. Rate growth of T. molitor and Z. morio larvae and A. domesticus when reared 

on the different substrates (the bars indicate the 95% confidence interval). Different 

letters show statistically significant differences among the species (calculated from 

common mean of larval weight reared on different substrates) 

Nutritional Compositions of the Substrates 

The nutrient composition of the substrates used in the experiment is presented in Table 1. The 

mean dietary ranges for different components were as follows: 9.43–30.08% TOC, 0.16–1.28% 

N, 27.88–212.80 g/kg protein, 13.35–125.70 g/kg carbohydrate, 2.34–5.58 g/kg fat, 0.10–

0.43% K, and 0.79–1.38% Ca. Chicken feed had the highest total nitrogen, protein, and 

carbohydrate concentrations. The carbohydrate concentration of vegetable waste was 

comparable with that of other wastes. Fat concentration in the chicken feed was not significantly 

different from that in vegetable waste and cattle manure, and it was lower than that in garden 

waste and horse manure. The phosphorous concentration was different in all substrates, whereas 

the potassium concentration did not differ between the cattle and horse manure. The chicken 

feed contained the highest concentration of protein, nitrogen, carbohydrate, and phosphorous 

compared with the other four substrates. The fat and carbon concentrations were relatively 

higher in horse manure, but they were comparable between cattle manure and garden waste. 

Vegetable waste had the lowest concentration of fat and carbon. 

 

Table 1. Nutrient composition of the substrates used as diets for rearing Zophobas 

morio, Tenebrio molitor, and Acheta domesticus larvae. 

Components CF CF/VW 1:9 CF/GW 1:9 CF/CM 1:9 CF/HM 1:9 
Total organic 

carbon (C%) 
19.74 ± 3.38 b 9.43 ± 1.71 d 16.63 ± 2.25 c 19.66 ± 1.70 b 30.08 ± 2.16 a 

Total nitrogen 

(N%) 
1.28 ± 0.12 a 0.16 ± 0.01 d 0.60 ± 0.05 b 0.37 ± 0.03 c 0.30 ± 0.03 c 

Protein (g/kg) 212.8 ± 8.31 a 27.88 ± 4.78 e 76.18 ± 7.74 b 39.65 ± 7.11 d 50.33 ± 5.84 e 

Carbohydrate 

(g/kg) 
125.7 ± 1.74 a 19.25 ± 0.70 b 14.01 ± 1.03 d 13.35 ± 0.71 d 16.90 ± 0.93 c 

Fat (g/kg) 3.22 ± 1.08 c 2.34 ± 0.99 c 4.24 ± 0.70 b 3.19 ± 0.64 c 5.58 ± 0.60 a 
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Phosphorous 

(P%) 
0.43 ± 0.02 a 0.10 ± 0.01 e 0.18 ± 0.02 c 0.16 ± 0.01 d 0.21 ± 0.02 b 

Potassium 

(K%) 
0.49 ± 0.04 b 0.10 ± 0.05 d 0.64 ± 0.06 a 0.37 ± 0.04 c 0.42 ± 0.05 c 

Calcium (Ca%) 1.02 ± 0.02 c 0.97 ± 0.07 c 1.38 ± 0.03 a 1.15 ± 0.06 b 0.79 ± 0.03 d 

Abbreviations: CF: chicken feed (control), VW: vegetable waste, GW: garden waste, CM: cattle manure, HM: 

horse manure; 1:9 is the ratio of CF and the given organic waste. The values are presented as mean ± SD in dry 

weight %, n = 6. Means within a row with the same letter are not significantly different. 

Nutrient Value of the Larvae 

The nutrient composition of the larval species, evaluated at the end of the experiments, showed 

differences with the diets (Table 2). 

The crude protein concentration in A. domesticus was 57.8% when fed cattle manure, 

followed by 56.4% when fed horse manure; the protein concentration was the highest, that is, 

67%, when fed chicken feed. The crude fat concentration was 14.4–19.4%, with the lowest and 

highest concentrations in larvae-fed chicken feed and horse manure, respectively. There were 

no significant differences between the larvae-fed manure and those fed garden waste. The fibre 

concentration ranged from 15.7–19.2%, with the lowest and highest concentrations in larvae 

fed chicken feed and manures, respectively. The ash concentration was the highest when the 

larvae were fed garden waste (6.2%), whereas it was the lowest when the larvae were fed the 

other diets. The larva- fed chicken feed presented the lowest energy level, whereas that fed 

manure exhibited the highest energy level, with a range of 17.4–18.8 MJ/kg. The crude protein 

concentration of T. molitor was lower, whereas its crude fat concentration was higher than those 

of A. domesticus, with a range of 37.9–47.2% and 43.1–47.5%, respectively. The fibre and ash 

concentrations were lower in T. molitor, whose fibre concentration was half of that of A. 

domesticus. Considering the differences in the nutrient composition of T. molitor, rearing the 

larvae on chicken feed resulted in the highest crude protein and the lowest crude fat 

concentrations, whereas rearing on horse manure resulted in the highest fat and the lowest 

protein concentration. Furthermore, the fibre and ash concentrations of the larvae were the 

lowest when reared on chicken feed, whereas they were the highest when the larvae were reared 

on the manures. Zophobas morio was comparable to T. molitor in terms of protein, fat, and ash 

concentrations. The order of change was similar, with the larvae reared on manure presenting 

the lowest protein and highest fat concentrations. Only the fibre concentration differed between 

the diets, wherein garden waste resulted in the highest fibre concentration, whereas horse 

manure resulted in a low fibre concentration compared with chicken feed. The mean ash 

concentration of A. domesticus was higher and less variable than that of T. molitor and Z. morio. 

The ash concentration of A. domesticus was independent of the substrate composition, but the 

manure diet increased and the green waste diet decreased the ash concentration in T. molitor 

and Z. morio. 

 

 

Table 2: Analysed nutrient composition of Zophobas morio, Tenebrio molitor, and 

Acheta domesticus larvae by diet (the values are presented as mean ± SD in dry weight 

%, n = 3). 
Components CF CF/VW 1:9 CF/GW 1:9 CF/CM 1:9 CF/HM 1:9 

A. domesticus 

Crude protein (g/kg) 67.25 ± 0.10 a 61.20 ± 0.57 c 65.30 ± 0.50 b 57.80 ± 0.10 d 56.40 ± 0.40 e 

Crude fat (g/kg) 14.41 ± 0.03 c 17.10 ± 0.65 b 19.30 ± 0.53 a 18.60 ± 0.29 a 19.40 ± 0.43 a 

Fibre (g/kg) 15.72 ± 0.03 c 17.50 ± 0.66 b 17.83 ± 0.38 b 18.60 ± 0.29 a 19.20 ± 0.37 a 

Ash (g/kg) 4.80 ± 0.04 b 5.40 ± 0.54 b 6.20 ± 0.39 a 5.20 ± 0.32 b 4.98 ± 0.32 b 

Energy (MJ/kg) 17.35 ± 0.10 e 18.22 ± 0.01 d 18.27 ± 0.02 c 18.64 ± 0.01 b 18.78 ± 0.02 a 
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T. molitor 

Crude protein (g/kg) 47.18 ± 0.04 a 46.30 ± 0.47 b 42.30 ± 0.27 c 38.92 ± 0.48 d 37.90 ± 0.29 e 

Crude fat (g/kg) 43.08 ± 0.05 e 43.30 ± 0.24 d 45.20 ± 0.43 c 46.70 ± 0.31 b 47.50 ± 0.36 a 

Fibre (g/kg) 7.44 ± 0.02 d 8.01 ± 0.37 c 8.90 ± 0.41 b 9.50 ± 0.23 ab 9.30 ± 0.16 a 

Ash (g/kg) 3.08 ± 0.05 b 3.01 ± 0.39 b 3.20 ± 0.38 b 4.85 ± 0.21 a 5.30 ± 0.33 a 

Energy (MJ/kg) 24.17 ± 0.01 d 24.39 ± 0.02 c 24.59 ± 0.01 b 24.68 ± 0.01 a 24.60 ± 0.02 b 

Z. morio 

Crude protein (g/kg) 46.79 ± 1.03 a 45.70 ± 0.48 b 41.20 ± 0.31 c 39.40 ± 0.34 d 38.70 ± 0.39 d 

Crude fat (g/kg) 42.04 ± 0.74 d 43.20 ± 0.31 c 44.30 ± 0.37 b 45.70 ± 0.41 a 46.30 ± 0.42 a 

Fibre (g/kg) 9.26 ± 0.04 c 9.43 ± 0.30 c 11.30 ± 0.11 a 10.20 ± 0.48 b 9.32 ± 0.20 c 

Ash (g/kg) 2.61 ± 0.03 b 2.89 ± 0.31 b 3.01 ± 0.15 b 4.70 ± 0.34 a 4.89 ± 0.27 a 

Energy (MJ/kg) 24.10 ± 0.02 d 24.43 ± 0.01 b 24.38 ± 0.01 c 24.75 ± 0.01 a 24.75 ± 0.01 a 

Abbreviations: CF: chicken feed (control), VW: vegetable waste, GW: garden waste, CM: cattle 

manure, HM: horse manure; 1:9 is the ratio of CF and the given organic waste. Means within a row with 

the same letter are not significantly different. 

Evaluation of the Effect of Substrates and Rearing Time on the Survival of Larvae 

After 45 days of rearing, the highest recorded mortality of Z. morio and T. molitor larvae was 

6.67% ± 0.58% and 2.76% ± 0.58%, respectively. At the end of the experiment, the mortality 

rate of A. domesticus fed chicken feed was 5.30% ± 1.53%. However, after 45 days of rearing, 

the percentage of live A. domesticus larvae was 77.67% ± 1.53% for vegetable waste, 68.00% 

± 4.36% for garden waste, 64.33% ± 1.53% for horse manure, and 54.67% ± 1.53% for cattle 

manure. When fed green garden waste and vegetables, there was a considerable drop in the 

number of live larvae only on day 45. The results of Duncan’s multiple range test showed 

significant differences (α = 0.1) in mortality among the larvae reared on chicken feed, garden 

waste, and manures. The effect of cattle and horse manure on mortality was not different, but 

that of chicken feed and garden waste was comparable. Although the number of live A. 

domesticus larvae was significantly lower (α = 0.05) than that of the two species belonging to 

Tenebrionidae, there were no significant differences between T. molitor and Z. morio. The 

number of live larvae of all three species significantly decreased with time, and the results of 

the variance analysis revealed a significant difference in the mortality rate among the species. 

The effect of the substrates on the mass of live larvae was significantly different (α = 0.1) among 

the larvae reared on chicken feed, green wastes, and manures. The effects of vegetable waste 

and garden waste were similar to those of cattle and horse manure. After 45 days, the mass of 

live A. domesticus larvae was not significantly different from that of T. molitor when fed 

vegetable and garden waste, but it was significantly lower than that of T. molitor when fed the 

manure substrates. The net weight of A. domesticus significantly increased between days 30 

and 45 only in larvae fed chicken feed and vegetable waste. On day 45, the minimum weight 

of live A. domesticus larvae reared on cattle manure was 18.92 ± 0.60 g, representing 39.0% of 

larvae fed chicken feed (48.47 ± 0.77 g). The maximum mass of live larvae was produced by 

Z. morio reared on chicken feed (81.44 ± 1.69 g); however, with only 2.76% mortality, this 

species produced a live larval mass of 63.65 ± 0.39 g and 63.75 ± 0.77 g when reared on cattle 

and horse manure, respectively. 

Discussion 

Nutritional Value of the Larvae 

With the hypothesis that diet has a significant effect on the macronutrient composition of larvae, 

the protein or fat concentrations in the diet for a given species can be tailored. It is necessary to 
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test diets that represent a wide range of in nutrient concentrations. In this study, chicken feed 

had the highest protein and carbohydrate concentrations, whereas vegetable waste had the 

lowest protein concentration with a low carbohydrate concentration, with a difference in means 

of 86.9% and 84.7%, respectively. The carbohydrate concentration in the waste was not 

considerably different, whereas the fat concentration in the horse manure diet was 2.38 times 

higher than that in the vegetable waste. Acheta domesticus was rich in proteins and fibre, and 

poor in fat, whereas T. molitor and Z. morio were rich in fat and relatively poor in proteins. The 

different species showed significantly different nutritional composition when reared on 

different diets, and all low-nutrient value substrates resulted in reduced protein concentrations 

and increased fat concentration in all three species. 

For T. molitor and Z. morio, BROEKHOVEN et al. (2014) found that the larval protein 

concentration was relatively stable in diets that differed 2–3-fold in protein concentration and 

that dietary fat has a significant effect on larval fat concentration. In the present study, the 

variation in the protein and fat concentrations was low despite the considerable differences in 

the dietary compositions. Furthermore, the differences between the protein and fat 

concentrations were lower than the findings of ADÁMKOVÁ et al. (2017b) in the last and 

penultimate instar stages for both species. They found the protein concentration in T. molitor 

larvae purchased from insect farms (assuming optimal rearing conditions) was 52% (calculated 

with a CF of 6.25), with a low fat concentration of 31%, whereas the concentration of protein 

and fat in Z. morio was 46% and 35%, respectively. In the case of T. molitor, GONZÁLEZ et 

al. (2019) also reported 48.8% protein and 30.7% fat concentrations. ADÁMKOVÁ et al. 

(2017a) conducted experiments at 17, 23, and 28 °C, and observed the maximum fat 

concentration at 23 °C in the last and penultimate instar stages. In Z. morio larvae reared on 

wheat, corn, soybean meal, water, fruits, and vegetables, ARAUJO et al. (2019) reported 46.8% 

protein and 43.3% lipid concentrations, which are similar to the concentrations recorded in 

larvae reared on chicken feed in this study. In the case of A. domesticus lavae, RUMPOLD and 

SCHLÜTER (2013) reported 71% protein and 18% fat concentrations, which were obtained 

from a commercial supplier. This was the closest to our findings when the larvae were reared 

on chicken feed. Despite the wide range of macronutrient concentrations in the substrates, the 

nutritional composition of A. domesticus, T. molitor, and Z. morio was species-specific. Overall, 

to produce larvae with a relatively high fat concentration, T. molitor and Z. morio are good 

candidates, whereas A. domesticus is predominantly a protein source. However, in agreement 

with the findings of OONINCX et al. (2015), by choosing an appropriate rearing material, the 

composition can, to a certain extent, be tailored. 

Mass of Live Larvae during Rearing 

When MIECH et al. (2016) tested the performance of Cambodian field crickets (Teleogryllus 

testaceus), they found that the larval survival rates on chicken feed, cereals, and green biomass 

of different plants were similar to those on mono diets, except that certain weeds resulted in 

lower weights. VEENENBOS and OONINCX (2017) did not find any advantage in feeding 

additional carrots to improve the survival of A. domesticus. A 40% decrease in the survival rate 

of A. domesticus just before adulthood was recorded by VAGA et al. (2020) in a control 

substrate. In this study, the survival of A. domesticus larvae was influenced by the diet. The 

survival rate was similar to the findings of SORJONEN et al. (2019) for insects reared on 

alternative diets at the age of 15–45 days, and similarly, low-protein alternative diets resulted 

in higher mortality. Contrary to our findings, COLLAVO et al. (2005) recorded an almost linear 

decrease in survival with time at the age of 1–81 days, with a survival rate of 47.5% on human 

refuse waste, as an example. The effect of temperature lower than the optimal range was 

presumably low, based on the findings of LACHENICHT et al. (2010). OONINCX et al. (2015) 

found that the survival of T. molitor on low-protein diets (12.9–14.4%), compared with that on 
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high-protein diets (21.9–22.9%), was low. In this study, T. molitor and Z. morio did not show 

a considerable increase in mortality when reared on low-protein diets. The growth rate, biomass 

accumulation, and population viability were strongly determined by food substrate composition 

in A. domesticus, and the N concentration explained 68% of the variation across treatments, 

whereas the ratio of N-to-acid detergent fibre explained another 28% of the overall treatment 

variability (BORDEREAU – ANDERSEN, 1978). The mass of Z. morio and A. domesticus 

increased more than that of T. molitor, although the weight of the same number of A. domesticus 

larvae was significantly lower than that of T. molitor on day 1 of the experiment. The final net 

mass was still comparable despite the increase in mortality of A. domesticus over time. The 

mass of live larvae is determined by the mortality and the weight of the individual larvae, and 

their ratio gives the absolute order of the candidates. In this study, Z. morio reared on low-value 

waste showed the highest performance. 

Conclusions 

Our results confirmed that a high percentage of mixed vegetable waste, garden waste with green 

biomass of several species, or cattle manure and horse manure could not be considered an 

optimal rearing substrate to grow A. domesticus, T. molitor, and Z. morio larvae. All low-

nutrient value substrates decreased the protein concentration and increased the fat concentration 

in all three species. Despite the wide range of macronutrient concentrations in the substrates, 

the nutritional composition of A. domesticus, T. molitor, and Z. morio was species-specific, 

although the nutritional value of the larvae from the three species was significantly affected by 

the composition of the rearing substrate. We identified protein and fat combinations for the 

three species that can be suitable for the feeding programs of animals. In the future, we will 

evaluate means to prolong the survivability of the larvae at 45 days and relate this to the possible 

frequency of substrate provision. 
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