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Abstract
Sea trout (Salmo trutta m. trutta) is a species for which effective methods of rearing are still be-
ing developed. They need high-quality protein in their diet, but, considering the ecological conse-
quences of fishmeal production, new sources of protein are needed. Presently, insect meal is one of 
the most promising alternative sources of protein in the diets of farm animals. Insect production 
does not result in excessive gas emissions, waste generation or the risk of obtaining low-quality 
dietary protein. The study on sea trout larvae was carried out for 60 days. Four diets were given 
to the fish: one control (C), without the inclusion of insect meal, and three experimental, with one 
unhydrolysed Tenebrio molitor meal (TM) and two hydrolysed Tenebrio molitor meal treatments. 
The effects of the diets were evaluated on the basis of growth performance (weight and length of 
the fish, SR, SGR, RGR, FCR and PER), somatic indices (HSI and VSI) and fish condition (CF). 
We observed that the highest body mass and weight gain were obtained in the control group. How-
ever, the lowest mortality and the highest values of RGR were observed only in groups fed diets 
containing mealworm meal. The results for the hepato- and viscerosomatic indices showed a lack 
of statistically significant differences between the control group and the unhydrolysed Tenebrio 
molitor meal group in terms of the enzymatic activities of amylase, lipase and trypsin in the fish 
intestine and both aminotransferases in the liver. Our study demonstrated that the inclusion of 
20% mealworm meal in practical diets for sea trout did not negatively affect growth performance 
or gastrointestinal tract (GIT) enzyme activity. The hydrolysed mealworm meal and the non-pro-
cessed mealworm meal had similar effects.
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Aquaculture is a constantly growing area of animal farming worldwide; in the 
last decade (2008–2018), it increased by 5.8% (FAO, 2018). Currently, 598 species 
of animals are bred in aquaculture, of which almost 62% are fish. Some of these fish 
constitute an alternative to well-known and widely cultured species. Sea trout (Salmo 
trutta m. trutta) is one of these species; despite its high economic value, it is still 
harvested mainly from the wild.

For that reason, sea trout, as well as other salmonid fish species, require captive 
breeding programmes to conserve their biodiversity for the future (Fraser, 2008). 
Although its Red List status indicates that it is a species of least concern (CITES, 
2017), in Poland, the sea trout is treated as a conservation-dependent (CD) species 
(Witkowski et al., 2009) despite numerous breeding programmes (Domagała et al., 
2014). This is undoubtedly due to the biology of the species; migration causes sig-
nificant losses in the population, and high environmental requirements. Decreasing 
water quality and fragmentation of habitats also leads to the disappearance of natural 
spawning grounds (Freeman et al., 2003).

In order to effectively rear sea trout, there is a strong emphasis on the first stages 
of development of this species, namely, hatching and larvae-rearing (Hansen, 1985; 
Was and Wenne, 2002; Alp et al., 2010). The survival of the larvae depends on bi-
otic and abiotic conditions, which are correlated with proper growth and develop-
ment (Hamre et al., 2013). Another commonly studied aspect of breeding sea trout 
is developing balanced, practical diets for the fry stage. The quality of the diet is 
crucial, especially the amino acid (AA) profile (Salze and Davis, 2015), as well as 
the origin of the protein source. Based on the well-known protein requirements of 
other morphs of the genus Salmo trutta, the most highly absorbable source of protein 
is fishmeal (Arzel et al., 1995). Fishmeal is still one of the most absorbable sources 
of protein, and thus, the majority of marine fish stocks have been overfished, which 
has resulted in reduced abundance and biodiversity (FAO, 2016). Fishmeal content 
in diets for fish is decreasing, and the use of soybean meal is constantly increasing 
(Stamer, 2015). To prevent the deforestation of rainforests for soybean crops, other 
available sources of protein should be used (Fearnside, 2001). Insects have major 
potential for animal nutrition. Although insects have modest fatty acid compositions 
in comparison to fishmeal, their utility as a component of aquaculture diets has been 
proven (Rumpold et al., 2017).

Currently, the mealworm (Tenebrio molitor) is an innovative and one of the most 
popular components of human diets and animal feeds (Van Huis et al., 2013). Meal-
worms are commonly used in breeding juvenile forms of fish as well as in the pre-
growth stages in salmonids (Antonopoulou et al., 2019; Le Féon et al., 2019). Insects 
in animal feeds can be used for any livestock feed (Sánchez-Muros et al., 2014) 
because of their lower greenhouse gas emissions (Oonincx et al., 2010); insects can 
also be used for the bioconversion of manure into biodiesel (Li et al., 2011), the 
production of antimicrobial peptides (Hull et al., 2012) or the provision of chitin for 
medical purposes (Muzzarelli, 2010). The inclusion of mealworms in aquaculture 
diets varies, from about a few percent even up to 50%, but in most studies, satisfying 
rearing results occurred with inclusion at a level above 25% (Henry et al., 2015). The 
key to effective and feasible fish farming using insect meals may be the hydrolysis 
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of their protein, which improves the retention of the protein in the digestive sys-
tem (Gilbert et al., 2008). Most hydrolysed proteins originate from marine resources 
and they are widely used in feeds for livestock (Pasupuleti and Braun, 2010; Chala-
maiah et al., 2012). However, there are limited data on the hydrolysis of insect ma- 
terial, despite the fact that insects are rich in bioactive peptides (Vercruysse et al., 
2009).

Considering the facts mentioned above, the aim of this research was to examine 
hydrolysed and unhydrolysed mealworm protein in diets for sea trout (Salmo trutta 
m. trutta) fry. The effects were evaluated in terms of the growth performance and 
visceral and condition indices as well as laboratory analyses of changes in the enzy-
matic activities in the liver and intestine.

Material and methods

Ethics statement
The study was carried out in strict accordance with the recommendations of the 

National Ethics Commission (Warsaw, Poland). All procedures and experiments 
complied with the guidelines of the Local Ethics Commission of the Poznań Univer-
sity of Life Sciences (Poznań, Poland) with respect to animal experimentation and 
the care of the animals in the study, and all efforts were made to minimize animal 
suffering, strictly following the guidelines of the Polish law and the EU directive (no 
2010/63/EU).

Insect meal preparation
The mealworm (Tenebrio molitor) larvae were fed with organic vegetable by-

products at Hipromine S.A. (Robakowo, Poland). All insects were hatched for ex-
perimental purposes, reared at 28°C and fed vegetable by-products. The obtained 
insect biomass was frozen at –20°C and air-dried at 50°C until it reached a constant 
weight (24–48 h). The dried insects were finely ground with no additional condition-
ing. The chemical composition of full-fat insect meal and fishmeal were analysed 
by the independent and certified laboratory (JSH Hamilton Poland) and the results 
are shown in the table (Table 1) together with the amino acid composition of both 
protein components.

Table 1. Chemical composition of fish meal (FM) and Tenebrio molitor (TM) meals used in the experi-
mental diets

Nutrients FM TM

1 2 3

Dry matter 90.5 92.3

Crude protein (% DM) 71.4 47.0

Alanine 4.28 3.99

Arginine 3.72 2.40
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Table 1 – contd.

1 2 3

Aspartic acid 6.11 3.65

Glutamic acid 9.18 5.76

Glycine 4.13 2.53

Histidine 1.34 1.35

Isoleucine 3.02 1.99

Leucine 5.03 3.61

Lysine 5.03 2.53

Methionine 1.96 0.70

Phenylalanine 2.51 1.84

Proline 2.71 2.99

Serine 2.80 2.18

Threonine 2.77 1.87

Tyrosine 1.95 3.00

Valine 3.63 3.18

Crude fat (% DM) 12.1 29.6

Crude ash (% DM) 14.0 4.51

Phosphorus 0.49 0.69

Calcium 0.31 0.047

Explanations: % DM – percentage share of dry matter.

Hydrolysis procedure
The mealworm meal used in the study was hydrolysed using two endopeptidases: 

Colorase 7090 (AB Enzymes, Germany) and Flavourzyme (Novozymes, USA). The 
selection of hydrolysis parameters and of the assortment of enzymes used were made 
according to the literature (Ovissipour et al., 2010; Zheng et al., 2012; Wang et al., 
2013; Minh, 2015).

Both enzymes were added to the insect meal in liquid form. Each enzyme was 
diluted with 500 ml of deionized water at 30°C. The enzymes were added to the in-
sect meal at 0.5% (0.75 g/kg–1 of protein) in the TMH0.5 diet and at 1.0% (1.5 g/kg–1 
of protein) in the TMH1.0 diet. The pH of the insect meal was measured three times: 
before adding enzymes and after adding each enzyme. The mean pH of the insect 
meal was 7.0, which is the optimum value for the activity of Colorase 7090® and 
Flavourzyme®. The insect meal with enzymes was placed in an incubator (Pol-Eko-
Aparatura type ST 3 COMF), and the temperature was set at 50°C. The insect meal 
with Colorase 7090® spent 4 h in the incubator, and that with Flavourzyme® spent 3 
h in the incubator. The order of enzyme addition was crucial because Flavourzyme® 
is an endopeptidase that removes a bitter taste from animal feed after enzymatic 
hydrolysis (based on the manufacturer’s data). Therefore, Flavourzyme® was added 
as the second enzyme after the hydrolysis of the insect meal with Colorase 7090®.
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Diets
Four diets were designed for sea trout fry: control (labelled as C; without in-

sect meal) and three experimental diets with mealworm meal (TM) from the larval 
stage of the mealworm (Tenebrio molitor Linnaeus 1758), labelled TM, TMH0.5 and 
TMH1.0. The TM diet included the unprocessed mealworm meal, while the TMH0.5 
and TMH1.0 diets included the insect meal hydrolysed using endopeptidases at 0.5 
and 1.0%. The diets for the sea trout fry were formulated using commercial ingre-
dients, and the inclusion levels of full-fat insect meal in the experimental diets were 
200 g · kg–1 (Table 2).

Table 2. Experimental diet composition

Ingredients (g · kg–1) C TM TMH0.5 TMH1.0

Fish meal1 306 276 276 276

Mealworm meal – 200 – –

Hydrolysed mealworm meal – – 200 200

Red blood cells (dried)2 80 80 80 80

Casein 70 70 70 70

Squid meal 44 44 44 44

Krill meal 57 57 57 57

Wheat gluten 200 200 200 200

Whey meal 210 40 40 40

Fish oil 5 5 5 5

Lecithin 10 10 10 10

Premix3 15 15 15 15

Vitazol AD3E
4 1 1 1 1

Choline chloride5 2 2 2 2

TOTAL 1000 1000 1000 1000
1Danish fishmeal, type F, 720 g kg–1 protein, 120 g kg–1  fat, FFSkagen, Denmark. 2Spray dried, 900 g kg–1 

protein, APC Europe, Spain. 3Polfamix W, BASF Polska Ltd. Kutno, Poland – containing per 1 kg: vitamin A 
1 000 000 IU, vitamin D3 200 000 IU, vitamin E 1.5 g, vitamin K 0.2 g, vitamin B1 0.05 g, vitamin B2 0.4 g, 
vitamin B12 0.001 g, nicotinic acid 2.5 g, D-calcium pantothenate 1.0 g, choline chloride 7.5 g, folic acid 0.1 g, 
methionine 150.0 g, lysine 150.0 g, Fe 2.5 g, Mn 6.5 g, Cu 0.8 g, Co 0.04 g, Zn 4.0 g, I 0.008 g.4Vitamin premix 
AD3EC, BIOWET Drwalew, Poland – contains in 1 kg: vitamin A 50 000 IU, vitamin D3 5000 IU, vitamin E  
30.0 mg, vitamin C 100.0 mg. 5Shandong Aocter Chemical Co. Ltd, Shandong , China, 60% corn cob.

All the experimental diets were formulated to reach levels of protein and energy 
advised in the literature and practical diets: 55–60% of protein and 20–23 MJ/kg of 
gross energy (Arzel et al., 1995; Storebakken, 2002). The chosen nutrient require-
ments were also taken into consideration with other scientific literature (Cowey and 
Sargent, 1972; Hasan, 2001; National Research Council, 1981; National Research 
Council, 1993).
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Table 3. Nutritional value of the experimental diets

Nutrient
Diet

C TM TMH0.5 TMH1.0

Dry matter (%) 93.50 93.90 93.69 93.73

Crude protein (% DM) 60.75 64.20 62.21 60.18

Crude fat (% DM) 6.09 4.56 6.51 6.67

Crude fibre (% DM) 1.61 2.85 3.60 3.57

Crude ash (% DM) 6.04 4.33 5.10 5.09

Gross energy (MJ kg–1) 19.95 19.97 19.98 19.91

Explanations: % DM – percentage share of dry matter.

The diets were prepared by extrusion processing with a single-screw warm ex-
truder (Metalchem S-60 Gliwice, Poland). The processing conditions were as fol-
lows: 90°C cylinder temperature in the increasing pressure zone, 100°C cylinder 
temperature in the high-pressure zone, 110°C head temperature, 52 rpm speed screw 
and 6 mm nozzle diameter. After that, each feed was ground separately using a me-
chanical grinder and sieved with a sieve shaker (LPzE-3e, Multiserw, Brzeźnica, Po-
land) to obtain the correct granule sizes with final diameters of 0.5, 1.0 and 1.5 mm.

Technical conditions of the growth trial
The study was carried out in the internal fish rearing hall in open flow tanks, and 

the growth trial lasted for 60 days. The applied water temperature was 15° ± 1°C, 
controlled by a thermostat (temperature regulator type R-3001, KS, Luboń, Poland). 
The content of dissolved oxygen in the water, above 70%, was established by a HI-
BLOW HP-40 membrane blower (Hiblow, Japan).

All of the tanks for the fish were made of fibreglass with a capacity of 60 dm3. 
The construction of all the tanks allowed the maintenance of the maximum water 
level with a constant water flow, while the individual water inlet and outflow systems 
allowed cyclic control catches for all fish. Every day at 8 a.m., all residues from the 
bottom of the tanks were removed. During the growth trial, artificial light in the rear-
ing hall was applied using a Bemko type TSGE2 digital programmed timer (Bemko, 
Warsaw, Poland). The applied photoperiod was 16 h of light (from 7 a.m. to 9 p.m.) 
and 8 h of darkness.

At the beginning and end of the growth trial and at the end of every 10-day pe-
riod, the fish were measured and weighed with a solution of MS-222. The total body 
length (longitudo totalis) was measured from the mouth to the end of the caudal fin 
using a S_Cal PRO IP67 digital calliper (Sylvac, Switzerland) for a sample of 20 fish 
per tank. The body weight was recorded on the basis of the total number of fish and 
their entire biomass in each tank.

Fish
The study was carried out on sea trout fry (Salmo trutta m. trutta, Linnaeus 1758). 

A total of 2400 sea trout larvae of 0.14 g indiv.-1 mean body weight were randomly 
allocated per experimental tank. All animals were divided into four groups in three 
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replicates for each diet (200 fish per tank). The experimental design of the study is 
shown in Figure 1.

Figure 1. Experimental design of sea trout feeding experiment
Explanations: Diet C – control diet with fishmeal instead of insect meal as protein source; TM – diet with 
unhydrolysed full-fat insect meal, consisting of mealworm beetle (Tenebrio molitor); TMH0.5 – diet with 
hydrolysed above-mentioned full-fat insect meal using 0.5% mixture of enzymes; TMH1.0 – diet with 

hydrolysed mealworm beetle, using 1.0% mixture of enzymes

Tissue sampling
At the end of the experiment, fish were euthanized using an overdose of MS-222 

(Leary et al., 2013) and decapitated for dissection and sampling for further analysis. 
Three samples of liver and intestine per tank were taken and immediately frozen at  
–80°C.

Growth performance and visceral and condition indices
The effects of the diets were evaluated on the basis of stock biomass, diet utiliza-

tion and dissection of the digestive system. The equations recommended by Hardy 
and Barrows (2002) were used to calculate factors such as SR, SGR, RGR, FCR and 
PER:
1. Survival rate (SR, %):

SR = (Nt × No
–1) × 100

where Nt is the final number of fish (pc) and No is the initial number of fish (pc).
2. Specific growth rate (SGR, % day–1):

SGR = (100 × (ln wt – ln wo) × t–1)
where wo is the initial mean fish weight (g), wt is the final mean fish weight (g), 
and t is the number of study days.

3. Relative growth rate (RGR, %):
RGR = [100 × (wt – wo) –1]
where wo is the initial mean fish weight (g) and wt is the final mean fish weight  
(g).
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4. Feed Conversion Ratio (FCR): 
FCR = fd ∙ (wt – wo) –1 
where fd is the weight of the diet (g), wt is the final mean fish weight (g), and wo is 
the initial mean fish weight (g).

5. Protein Efficiency Ratio (PER):
PER = (wt – wo) × P–1

where wo is the initial mean fish weight (g), wt is the final mean fish weight (g), 
and P is the weight of the protein in the fish diet (g).

The indices for the evaluation of the effect of diet on the liver and viscera and 
on fish condition were calculated as described by Piccolo et al. (2017) with some 
modifications as follows:
1. Hepatosomatic Index (HSI, %):

HSI = (lt × wt
–1) × 100

where lt is the final liver weight (g) and wt is the final mean fish weight (g).
2. Viscerosomatic Index (VSI, %):

VSI = (vt × wt
–1) × 100

where vt is the final viscera weight (g) and wt is the final mean fish weight (g).
3. Fulton’s Condition Factor (CF):

CF = [wt / (lg)3] ×100
where wt is the final mean fish weight (g) and lg is the total length of the body 
(cm).

Aminotransferase activity in liver
The determination of aminotransferase activity in the liver was performed as pre-

viously described by González et al. (2012) with some modifications. In brief, liver 
samples were homogenized with cell lysis buffer (50 mM Tris–HCl, pH 7.5, 4 mM 
EDTA, 50 mM NaF, 0.5 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM dithi-
othreitol and 250 mM sucrose) and centrifuged at 12000 × g for 30 minutes at 4°C. 
Moreover, the activity of both transaminases (alanine aminotransferase, ALT and 
aspartate aminotransferase, AST) were analysed using commercial Pointe Scientific 
kits (Canton, United States) and were expressed in IU per g of tissue.

GIT enzymatic activity 
For the enzymatic activity in the intestine, the inner part of the intestinal sample 

was frozen, homogenized using PBS buffer and centrifuged at 9000 × g for 20 min-
utes at 4°C. Next, the supernatant was transferred into new tubes, divided into parts 
and stored for analysis.

For amylase, the supernatant was diluted 1 000 times using a commercially sup-
plied buffer. Amylase activity was measured with an amylase activity colorimetric 
assay kit from Alpha Diagnostic (Warsaw, Poland). For lipase activity, the superna-
tant was diluted 100 times in PBS buffer, and its activity was measured with a lipase 
activity colorimetric assay kit from Pointe Scientific (Warsaw, Poland). The trypsin 
activity was measured using a trypsin activity colorimetric assay kit from BioVision 
(Milpitas, USA). The supernatant was diluted 10 times using PBS and incubated for 
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30 minutes at 37°C with 1% enterokinase from Sigma–Aldrich (St. Louis, United 
States) and diluted in 0.1 M Tris-HCl with 0.1 M CaCl2, pH 7.2 to convert the 
trypsinogen. All procedures were performed according to the manufacturer’s instruc-
tions. The results are shown as % of the control.

Statistical analysis
All obtained data were tested for normality of distribution using the Kolmogo-

rov-Smirnov test. Analysis of variance was conducted using Bartlett’s test. The sig-
nificance of differences among groups was determined by Duncan’s multiple range 
test (for growth performance and diet utilization) at the significance level of P≤0.05. 
The calculations were tested using SAS® Studio 3.5 software (SAS Institute Inc., 
2016). The following general model was used:

Yi = μ + αi + δij
 
where Yi was the observed dependent variable, μ was the overall mean, αi was the 

effect of the diet, and δij was the random error.
For the GIT enzymatic activity, the calculations and graphs were performed in 

GraphPad Prism, version 5 (GraphPad Software, San Diego, USA) as well as the 
above-mentioned parameters.

Results

Growth performance and diet utilization
There were no statistically significant differences in the average body length (for 

the whole period of the experiment), weight or increase in body mass at the first 
phase of the experiment (Table 4). During the second month of the growth trial, 
the statistically significant differences occurred only in the increase in body mass 
between the control and the experimental treatments (P=0.0046). At the end of the 
experiment, statistically significant differences were noted for average body mass 
and its increase with P-values of 0.0104 and 0.0134, respectively. Despite the dif-
ferences between the control group and the experimental treatments, there were no 
statistically significant differences among the experimental groups.

The highest survival of the fish during the whole experiment (days 1–60) was 
noted in the group fed the TM diet (71.00%), while the lowest survival was observed 
in the control group (54.67%) (Table 5). However, there were no statistically signifi-
cant differences in the mortality in the group fed the control diet, which increased by 
over 16%. Furthermore, SGR and FCR showed a similar tendency: the only statisti-
cally significant differences were noted during the second month of the experiment. 
Despite the fact that the highest final result of SGR and the lowest value of the FCR 
were found in the control group, the P-value was more than 0.05 (P=0.0730 for SGR 
and P=0.0755 for FCR, respectively). In the case of RGR and PER, there were no 
statistically significant differences among the groups.
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Hepatosomatic Index (Table 6) showed statistically significant differences be-
tween groups C and TMH0.5 (P=0.0168) at the end of the experiment. The TM and 
TMH1.0 diets had similar results as the control. In the case of the Viscerosomatic 
Index, the results showed statistically significant differences between all treatments, 
except the groups fed diets containing hydrolysed insect meal (TMH0.5 and TMH1.0). 
Fulton’s Condition Factor showed a lack of statistically significant differences be-
tween groups C, TM and TMH1.0 (P=0.0013).

Table 6. Results of somatic and condition indices after 60 days of feeding1

Index
Diet

SEM P-value
C TM TMH0.5 TMH1.0

HSI 1.18 a±0.06 1.42 ab±0.12 1.55 b±0.06 1.38 ab±0.05 0.0444 0.0168

VSI 8.99 a±0.15 10.41 b±0.22 11.49 c±0.28 11.65 c±0.38 0.2226 0.0032

CF 1.11 a±0.09 1.06 a±0.07 0.98 b±0.07 1.09 a±0.07 0.0134 0.0013
1Mean values in each row with different letters are significantly different (P<0.05).
Explanations: HSI – hepatosomatic index, VSI – viscerosomatic index, CF – Fulton’s condition factor.

GIT enzymatic activity 
The results for the changes in the GIT enzymatic activity in sea trout fry are 

shown in the figure below (Figure 2). There were no statistically significant differ-
ences among treatments in the values of intestinal amylase (P-value=0.7577), li-
pase (P-value=0.8859) or trypsin (P-value=0.5254). In the case of trypsin, the lowest 
amount of the enzyme occurred in the TMH1.0 group because less trypsin is required 
for the digestion of smaller proteins (e.g., the feed after enzymatic hydrolysis). The 
values of both aminotransferases obtained similar values, and there were no statisti-
cally significant differences among the treatments (P-value > 0.05).

Figure 2. Enzymatic activity of sea trout GIT
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Discussion

Insect meal and growth, somatic and condition indices
Belforti et al. (2015) examined a partial replacement of fishmeal (FM) with 

mealworm (TM) in diets for rainbow trout (Oncorhynchus mykiss, Walbaum 1792). 
The authors found that the replacement of 25% FM with TM improved weight gain 
(WG), FCR, SGR and SR. The mortality in fish fed with TM meal was approximate-
ly 10–11% lower than that in fish fed with a control diet, which is in good agreement 
with the results of the present study. The PER index showed a similar tendency as 
in the above-mentioned study; it was increased by the presence of the insect meal in 
the fish diet, which decreased the feed intake. However, the analysis of the HSI and 
VSI indices showed an opposite trend. Belforti et al. (2015) showed decreased values 
of the HSI and VSI indices for TM diets in comparison to those for a diet composed 
mainly of FM. The reduced feed intake and the results of the somatic indices were 
probably affected by the high levels of valuable fats and the unique composition of 
fatty acids in mealworm meal. The same FM substitution model was used by Gasco 
et al. (2016) in a study on a European sea bass (Dicentrarchus labrax Linnaeus 
1758). The lowest mortality was observed in the control group, but there were no 
statistically significant differences among treatments. In contrast, the results of the 
SGR index showed statistically significant differences between all groups, with the 
highest value in the group fed the FM diet. Interestingly, the FCR was similar for 
all treatments. On the other hand, the PER index was not affected by the presence 
of insect meal in the experimental diets, which corresponds to the discussed study. 
Likewise, Belforti et al. (2015) and Gasco et al. (2016) underlined that a diet with 
more than 50% mealworm meal does not cover the requirements of PUFA for some 
species of fish. Similar findings to those of Belforti et al. (2015) were made in a study 
by Ng et al. (2001), carried out on African catfish (Clarias gariepinus Burchell); 
after 20% replacement of FM by TM, the highest WG and SGR were observed, with 
mortality of approximately 7%. Nevertheless, when the level of FM replacement 
exceeded 40%, the growth performance, in particular, weight gain, SGR, FER (Feed 
Efficiency Ratio) and PER, was decreased. The authors suggested that the results 
might be caused by the increased level of chitin in the diet. In a study of black bull-
head (Ameiurus melas Rafinesque 1820), Roncarati et al. (2015) showed statistically 
significant differences between treatments with fishmeal and mealworm meal. Not-
withstanding, the authors noted that insect meal did not inhibit fish growth, whereas 
the mortality and final body weight were lower in the group fed TM. Another study, 
also carried out on the Siluriformes, was performed by Su et al. (2017) on yellowhead 
catfish (Pelteobagrus fulvidraco). The authors used three different levels of TM in 
the fish diets, and they observed the highest Feed Conversion Efficiency (FCE) and 
Feed Rate (FR) with the inclusion 9% of mealworm meal. However, as the authors 
emphasized, the obtained differences were not statistically significant, though their 
results correspond to those obtained by Belforti et al. (2015). Studies carried out by 
Piccolo et al. (2017) on gilthead seabream (Sparus aurata Linnaeus 1758) showed  
a higher percentage of viscera in the TM treatments and a lower biomass of the liver 
in the control group. SGR, PER, FCR and Fulton’s Condition Factor (CF) obtained 
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the most satisfactory results when mealworm inclusion was 25%; this corresponds 
to the previous studies (despite the decreased digestibility of the proteins) and the 
present investigation. In the studies performed on the omnivorous blackspot sea-
bream (Pagellus bogaraveo Brünnich 1768), Iaconisi et al. (2017) examined a partial 
substitution of FM with TM. In comparison to the previous findings, there were no 
statistically significant differences in the FCR, SGR or final body weight among the 
treatments. Interestingly, the values of HSI, VSI and CF indices showed the same 
tendencies as in the above-mentioned studies and the present study. Sánchez-Muros 
et al. (2016) examined a partial replacement of soybean meal (SBM) with mealworm 
meal. The results showed that inclusion at 430 g kg–1 did not inhibit feed intake but 
significantly reduced growth performance. The highest CFs were obtained for the 
group with the substitution of soybean meal with mealworm meal, but there were 
no statistically significant differences. Nevertheless, the authors suggest that the use 
of insects in growth trials for fish requires a better understanding of the digestion of 
chitin in the gastrointestinal tract.

Hydrolysed material used in fish feeds
To obtain easily digestible proteins, enzymatic or acidic hydrolysis can be car-

ried out. Hydrolysis of insect material was conducted by Vercruysse et al. (2009), 
who used endopeptidase on the cotton leafworm, Spodoptera littoralis. The authors 
suggested that insect proteins may contain biologically active peptides, which can be 
used as a source of natural antioxidants. Another study conducted on housefly (Mus-
ca domestica) larvae showed the functional properties of its hydrolysate using two 
endopeptidases (Wang et al., 2013). On the other hand, Fasakin et al. (2003) fed an 
African catfish with hydrolysed maggot meal, processed with a combination of min-
eral and carboxylic acids. Increased crude protein and reduced lipid levels were ob-
served as well as an increased level of mineralization in the maggot meal. Moreover, 
the hydrolysed maggot meal improved the growth performance of the fish, which is 
in good agreement with the results of the present study. Another growth trial with 
hydrolysed material was carried out by Gildberg et al. (1995) on the Atlantic salmon 
(Salmo salar, Linnaeus 1758) fry. Fish were fed unhydrolysed and hydrolysed cod 
muscle (mixed with a concentrate of metalloprotease) and a hydrolysate culture of 
lactic acid bacteria (LAB) isolated from salmon intestines. The results showed that, 
despite low colonization of the salmon intestine by the LAB, the mortality of the fry 
was lower in the group fed hydrolysed and unhydrolysed cod fillets. An alternative 
study carried out on post-smolt salmon (Refstie et al., 2004) showed improved SGR 
and final weight in fish fed a fish protein hydrolysate (FPM) from pollock hydrolysed 
with protease. However, the authors underlined the higher feed intake (FI) and FER 
in the groups fed the FPM diets. Hevrøy et al. (2005) also fed post-smolts of Atlantic 
salmon with FPM from herring (Clupea harengus) processed with endopeptidase. 
The SGR was significantly different in the group fed with 18 and 24% FPH, but other 
indices (FCR, FI, HSI, CF) did not show the above-mentioned tendency. However, 
the authors recommended FPH as an ingredient that has no negative impacts on the 
health of the fish. Studies by Aksnes et al. (2006) and the results for SGR, SR and CF 
showed that the hydrolysed fish and plant material in feed for rainbow trout could 
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be used as a replacement for fishmeal in diets. Murray et al. (2003) worked on the 
juvenile Coho salmon (Oncorhynchus kisutch) and tested a hydrolysed or cooked 
raw material, which was a partial substitute for FM. The authors observed the high-
est CF in groups fed with the hydrolysed diets as well as the length and weight of 
the fish body.

GIT enzymatic activity 
Based on the study of Torrissen et al. (1994), the weight of the fish is crucial in 

terms of the individual enzymatic activity in the GIT – as the fish weight increases, 
the enzymatic activity of the gastrointestinal tract also increases. The fish diet protein 
source is also important in digestion processes. Dąbrowski et al. (1989) showed the 
negative effects of replacing fishmeal with soybean meal; later studies showed that 
soybean meal could lead to histological changes in the salmonid intestine and de-
crease its absorption (Baeverfjord and Krogdahl, 1996; Kaushik et al., 1995; Krog-
dahl et al., 1994). The activity of amylase depends on the feeding behaviour, spe-
cies, pH and temperature (Krogdahl et al., 1999). Herbivorous or omnivorous fish 
species have a lower amount of digestive protease enzymes (Hidalgo et al., 1999), 
which should be taken into consideration during comparisons of the GIT enzymatic 
activity. Sea trout, like other salmonids, is a carnivorous species, and the enzymatic 
activity of amylase will be lower than that in non-predator fish (Hidalgo et al., 1999). 
In a study evaluating dehulled lupin in diets for rainbow trout (Farhangi and Carter, 
2001), the authors did not observe any statistically significant differences in the ac-
tivities of amylase and trypsin (P-value > 0.05), even if the content of dehulled lupin 
in the diet was over 50%. Moreover, the SR for the groups fed the experimental diets 
was 100%, and the value of the HSI index was similar in all treatments. In a study by 
Furné et al. (2005), the authors observed that in the case of rainbow trout, the activity 
of amylase was a few times greater than the activities of lipase and proteases, which 
is in good agreement with the results of the present study. Moreover, in comparison 
to the Adriatic sturgeon (Acipenser naccarii), the authors emphasized that the above-
mentioned species is characterized by poorer utilization of nutrients. After 60 days 
of starvation in both species (Furné et al., 2008), the amylase activity was affected 
faster than those of the other enzymes (lipases or proteases), but the recovery of the 
salmonid fish was faster. Frøystad et al. (2006) cloned α-amylase in Atlantic salmon 
and noticed its high similarity to the amylases in the other fish species, but with 
a sequence including a seven-amino acid deletion. The authors suggested that this 
could be the reason for lower activity of α-amylase in the Atlantic salmon. In another 
study carried out on Atlantic salmon, Refstie et al. (2006 a) showed the effects of 
supplementing the fish diet with inulin and oxytetracycline, which did not modify the 
influence of SBM on the gut morphology or enzymatic activity (amylase, trypsin). 
Santigosa et al. (2008) studied a replacement of FM with a mixture of plant protein 
sources, and Refstie et al. (2006 a) observed decreases in α-amylase and protease 
activity in rainbow trout and increasing levels of trypsin in gilthead seabream, which 
occurred, in the authors’ opinion, in order to obtain a digestive balance. Azarm et 
al. (2013) studied the addition of two types of phospholipid to the diets of rainbow 
trout. They showed that the inclusion of soybean or egg lecithin did not affect the 
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growth performance (CF, FCR, SR, SGR, and WG), but increased the specific activ-
ity of amylase or lipase in the experimental groups; the authors suggested that this 
is caused by decreased lipid droplet accumulation in the intestine. Sajjadi and Carter 
(2004) focused on the effects of phytic acid and phytase on i.a. trypsin activity, and 
there were no statistically significant differences between all treatments. The authors 
underlined the fact that protease activity could be blocked by phytic acid, but it is 
still a poorly understood issue in fish. In a study carried out on Atlantic salmon (Ref-
stie et al., 2006 b), trypsin activity varied in different parts of the intestine, and it was 
also correlated with diet. Soybean meal increased the amount of trypsin in faeces and 
reduced the nutrient absorption mechanisms. The i.a. trypsin activity was examined 
by Penn et al. (2011) as well as Refstie et al. (2006 b), and the authors showed the 
increased trypsin activity in the distal part of the intestine and the enteropathy caused 
by a high inclusion level of the pea protein concentration. There are few papers about 
the influence of diet (especially with the inclusion of insect meal) on the levels of 
aminotransferases in salmonids. Hevrøy et al. (2005) showed that the addition of 
hydrolysed material in the diet did not negatively affect the levels of ALT and AST. 
In earlier findings (Martin et al., 2003), it was emphasized that the source of protein 
in the diet could impact amino acid metabolism, e.g., the plant protein increased the 
levels of some aminotransferases. According to Sánchez-Muros et al. (1998), a diet 
rich in protein will be reflected in high levels of ALT in salmonids, which is in good 
agreement with our study. The differences between the levels of ALT and AST were 
reported as normal in Sandnes et al. (1988), as observed in the current study.

Conclusion
This study has shown that the inclusion of 20% insect meal from Tenebrio molitor 

does not negatively affect growth performance or GIT enzymatic activity. Despite 
slightly reduced growth (in terms of SGR and body weight), the groups fed insect 
meal were characterized by the highest survival rate, which is extremely important 
at the first stage of fish development. The findings suggest that the GIT enzymatic 
activity in sea trout fry could be moderated by their diet. In the case of trypsin, it 
was demonstrated that some part of the dietary protein (after hydrolysis) could be 
digested without the participation of enzymes. Nevertheless, future work is needed 
to establish the proper dose of insect meal and its influence on fish health. However, 
mealworm meal in a proportion of 20% could be applied in practical diets for sal-
monids.
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