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Fishmeal (FM) and soy meal (SM) are the most common

protein sources used in fish feed, but they are associated with

environmental, economic or production problems. Insects

could be an interesting alternative source of protein. This

work investigates the nutritive value of Tenebrio molitor meal

(TM) and the effect of total replacement of SM by TM (TM/

FM diet) or partial replacement of FM by TM (TM/FM/SM

diet) versus a diet based in SM and FM (FM/SM diet) for

tilapia. We studied the chitin content in TM, the in vitro pro-

tein digestibility, protease activity, oxidative stress and anti-

oxidant defences, growth performance and nutrient

utilization. The results indicate that an inclusion up to 500 g

kg�1 of TM in the diet did not affect feed intake, in vitro pro-

tein digestibility, muscle amino acid composition or biomet-

ric indexes. However, their inclusion reduced growth

performance and affected the muscle fatty acid profile. The

lowest values for protease activity, elevated FRAP in diges-

tive tracts and ROS level in muscle and higher SOD activity

were observed in fish fed with SM/FM diet. The use of TM

requires better understanding of the role of chitin in diges-

tion and the study of toxins that might affect fish growth.
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Feeding in aquaculture is heavily dependent on fishmeal,

even with supplementation with other protein sources.

Many studies have focused on a nutritional perspective,

and the benefits and weaknesses of plant and animal

protein sources are reasonably well known to date.

In addition to the nutritional criteria, protein sources

should meet certain conditions for their production, such

as regular availability in quantity, economic value, non-

competition with resources for humans (water, land, or

even the same source, as occurs with soy) and environmen-

tal sustainability.

Along with their derivative protein concentrates, fishmeal

and soy meal are two of the most protein sources used as

ingredients in fish feed. Both of them are associated with

environmental (overexploitation of natural resources), eco-

nomic (fluctuation of feedstuff prices) or production (vari-

able quality) problems.

Insects could be an interesting source of protein. Mass

rearing of insects could ensure a constant production in

quantity, with high quality and stability of supply and

price. Other advantages of using insects in fish feed are

diverse. Mass rearing of insects does not compete with feed

resources or land use and maximizes the benefits of waste

management using ‘waste nutrients’ for insect growth

sources. Insects can be grown in industrial plants and do

not need much land or water, especially when compared to

crops such as soybeans. Use of insects contributes to natu-

ral recycling of nutrients and could be a high-quality ani-

mal protein feedstuff using environmentally sustainable

technology.

Regarding nutritive value, there are several facts support-

ing consideration of insects as a component of animal

feeds: the natural diets of many species, such as poultry,

pig, and all cultivated species of fish, include invertebrates

such as oligochaetes, crustaceans and insects (Weir 1972;

Bell et al. 1994; Matthews 1998; Matsuno et al. 1999;

Khan & Panikkar 2009). Studies on insect body composi-

tion show large differences between species. The species
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with high crude protein (CP) levels show a value of 650–

800 g kg�1 such as Chinese grasshopper (Acrida cinerea),

654 g kg�1 CP (Wang et al. 2007); house cricket (Acheta

domesticus), 620 g kg�1 CP (Nakagaki & Defoliart 1991);

and migratory grasshopper (Melanoplus mexicanus),

770 g kg�1 CP (Ramos Elourdy et al. 1998).

The amino acid profiles are very different between spe-

cies. Acrida cinerea has 17 g kg�1 methionine, 7 g kg�1

lysine and 38 g kg�1 cysteine, which is similar to or better

than fishmeal, with 16 g kg�1 methionine, 5 g kg�1 lysine

and 16 g kg�1 cysteine (Wang et al. 2007), while the Mor-

mon (Anabrus simplex) and house crickets (Acheta domesti-

cus) are deficient in methionine (DeFoliart et al. 1982;

Finke et al. 1985; Nakagaki & DeFoliart 1987).

Energy content depends mainly on fat content, which

varies widely by species (Cerda et al. 1999) and life stage.

The caloric value has been determined in several species

and is generally high, varying between 16.62 and

25.58 MJ kg�1 of DM (Ashiru 1938; Malaisse & Parent

1980).

The fatty acid composition of insect fat shows similar

levels of unsaturation to poultry or fish (DeFoliart 1992).

However, insect meal is rich in n-6, and fishmeal is rich in

n-3 fatty acids. In Acrida cinerea, Wang et al. (2007) found

high levels of polyunsaturated fatty acids (PUFAs), espe-

cially for linoleic and linolenic acids, at levels of 31.4%,

40.8% and 12.2% of total fatty acids.

The use in animals was tested in broilers (Wang et al.

2007), where it was observed that the inclusion of up to

15% of insect meal did not affect growth. These results are

consistent with those obtained by Finke et al. (1985), who

also found no significant difference in weight gain among

chickens fed a corn–insect mixture or a control diet.

Fish are the cultured animals with major exigencies of

quality and quantity of protein. Published results about the

use of insect meal in fish feeding indicate that their inclu-

sion is possible. However, replacement of high levels of

fishmeal, over 25–50%, decreased growth (Wing-Keong

et al. 2001; St-Hilaire et al. 2007b; Alegbeleye et al. 2012).

Nevertheless, these studies had focused on production

parameters, and the nutritive properties of insect meal and

its in vitro digestibility and oxidative stress caused by feed-

ing have not been studied in fish.

Tenebrio molitor is a coleopteran widely cultured for use

as pet feed. This work addressed the nutritive quality of

T. molitor larvae in Nile tilapia (Oreochromis niloticus) as

an alternative to fishmeal and soy meal as a protein source.

We studied the meal composition and in vitro digestibility

of protein. The meal obtained from dried larvae was used

to replace fishmeal or soy meal in diets for tilapia, and its

effect in nutrient utilization, chemical composition and

amino acid profile in muscle, fatty acid profile in muscle

and liver, chitin content in diets, digestive protease activity,

in vitro protein digestibility, oxidative stress and antioxi-

dant defences was evaluated.

Tenebrio molitor larvae were used as a partial protein

replacement of fishmeal (FM) and soy meal (SM) in fish

diets. T. molitor, fed with cereal brans, was purchased from

a pet store called ‘La griller�ıa’, (Valencia, Spain). In our

installations, T. molitor were frozen, lyophilized and

ground to homogeneity to make T. molitor larvae meal

(TM). Proximate composition, crude protein (CP), ether

extracts, ash and nitrogen-free extractives (NFE) of TM,

FM and SM used in this trial were analysed (Table 1) to

assist in diet formulation (Table 2). The rest of the ingredi-

ents for the diets were purchased from specialized

suppliers.

The experimental diets were designed to observe the sub-

stitution of FM and SM by TM. The maximum level of

substitution was limited by amino acid content to maintain

the amino acid balance among the diets. In two experimen-

tal diets, 50% of protein from FM was replaced with

Table 1 Proximate composition of protein feedstuffs evaluated in

this study, g kg�1

Feedstuff

FM SM TM

Dry matter 900.0 879.0 349.6

Ash 177.3 78.4 48.3

Ether extract 81.6 30.4 300.9

Crude protein (Nx6.25) 730.3 504.1 584.2

NFE1 10.8 387.2 66.6

ADF2 1.1 76.5 65.7

ADIN3 n.d. 8.2 23.6

CPc4 n.d. 495.8 560.6

Results show the mean (n = 3) in g kg�1 of wet matter basis for

the result of dry matter and in dry matter basis for the rest.

n.d., Not determined.
1 NFE = Nitrogen-free extractives = 100 – (ash + ether extract

+ crude protein).
2 ADF = Acid detergent fibre.
3 ADIN = Insoluble nitrogen content in ADF.
4 CPc = Crude protein corrected = CPi-ADIN (where ‘CPi’ repre-

sents the initial crude protein analysed (Nx6.25) and ‘ADIN’ the

acid detergent-insoluble nitrogen content in ADF fraction

(Nx6.25)).
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protein from SM (FM/SM diet, used as control) or with

protein from TM (TM/FM diet); in other diet, 75% of FM

protein was replaced with SM (50%) and TM (25%) (TM/

FM/SM). The different diets were made in the Technical

Services of University of Almer�ıa (Spain).

A proximate analysis was conducted on each diet

(Table 2). Gross energy (GE) was also calculated according

to Jobling (1994). Finally, the amino acid profiles (Table 3)

were analysed in protein sources and calculated for the

experimental diets. Fatty acid profiles (Table 4) were analy-

sed in diets and protein sources.

The percentage of chitin inclusion was determined as

acid detergent fibre (ADF) (Stelmock et al. 1985) and the

acid detergent-insoluble nitrogen content in the acid

detergent-insoluble residue as ADIN (Finke 2007). The

initial protein (CPi) and initial gross energy (GEi) of

protein sources and diets were recalculated as crude pro-

tein corrected (CPc) and gross energy corrected (GEc),

considering the percentage of ADF and ADIN (Tables 1

and 2) (see below Chemical composition of diets and fish

section). Diets were also analysed for ferric reducing anti-

oxidant power (FRAP) and reactive oxygen species levels

(ROS).

The Nile tilapias were provided by Valenciana de Acuicul-

tura S.A. (Valencia, Spain) at 15 days after hatching. The

experimental trial was conducted in an aquarium of the

University of Almer�ıa, located in south-eastern Spain (36°

49038.08″N 2° 29020.96″W). All procedures were conducted

according to the guidelines of Council Directive 86/609/

EEC (European Communities, 1986) on the protection of

animals used for experimental and other scientific

purposes.

When fish reached a weight of 32.09 � 1.42 g

(mean � SD), nine fish were sacrificed. The intestines were

immediately removed and kept at -20 °C to determine the

in vitro digestibility of each experimental diet. The fish were

weighed, measured and placed in nine experimental tanks

(3 tanks/diet and 11 fish/tank) with a volume of 250 L and

replacement rate of 10.4 L h�1. Fish were maintained at

27 °C with a natural photoperiod (12L:12D). Animals were

fed with the appropriate experimental diet, ad libitum twice

per day, at 09:30 and at 13:30 for 42 days. The feed was

weighed before and after feeding the fish; after 15 min,

uneaten pellets were removed by aspiration, dried and

weighed to calculate the daily feed intake.

DGC = Daily growth coefficient = [(Wf
1/3�Wi

1/3)/t] 9 100.

Being Wf = final weight, Wi = initial weight and ‘t’ the

time in days of the experiment.

Table 2 Ingredients, proximate composition and gross energy on

dry matter basis (DM) of the experimental diets

Diets

FM/SM TM/FM/SM TM/FM

Ingredients (g kg�1 DM)

Fishmeal (FM)1 310 150 300

Tenebrio larvae meal (TM)2 0 210 430

Soy meal (SM)3 500 500 0

Fish oil1 85 40 0

Cellulose4 20 20 20

Wheat1 65 60 230

Premix5 20 20 20

Analysed composition (g kg�1 DM)

Dry matter 929.5 913.4 906.3

Ash 129.8 88.1 105.2

Ether extract 107.6 108.8 120.9

Crude Protein (Nx6.25) 492.2 475.6 503.8

NFE6 210.3 267.6 243.1

ADF7 49.2 61.8 35.0

ADIN8 10.6 14.6 17.6

CPc9 481.6 461.0 486.1

Gross energy10 (MJ kg�1) 19.5 20.1 20.8

GEc (MJ kg�1)11 19.4 19.9 20.4

1 Local supplier (Almer�ıa, Espa~na).
2 La griller�ıa, Valencia, Spain.
3 Bunge Canada (Oakville, ON, Canada).
4 Sigma, Spain.
5 Vitamin and mineral mix (values are g kg�1 except to those in

parenthesis): Premix: 25; Choline, 10; DL-a-tocoferol, 5; ascorbic

acid, 5; (PO4)2Ca3, 5. Premix composition: retinol acetate,

1 000 000 IU kg�1; calciferol, 500 IU kg�1; DL-a-tocoferol, 10;

menadione sodium bisulphite, 0.8; thiamin hydrochloride, 2.3;

riboflavin, 2.3; pyridoxine hydrochloride, 15; cyanocobalamin, 25;

nicotinamide, 15; pantothenic acid, 6; folic acid, 0.65; biotin,

0.07; ascorbic acid, 75; inositol, 15; betaine, 100; polypeptides,

12; Zn, 5; Se, 0.02; I, 0,5; Fe, 0.2; CuO, 15; Mg, 5.75; Co, 0.02;

Met, 1.2; Cys, 0.8; Lys, 1.3; Arg, 0.6; Phe, 0.4; Tryp, 0.7; except

1000 g (Dibaq-Diproteg).
6 NFE = Nitrogen-free extractives = 100 – (ash + ether extract

+ crude protein + gross fibre).
7 ADF = Acid detergent fibre.
8 ADIN = Insoluble nitrogen content in ADF.
9 CPc = Crude protein corrected = CPi-ADIN (where ‘CPi’ repre-

sents the initial crude protein analysed (Nx6.25) and ‘ADIN’ the

acid detergent-insoluble nitrogen contented in ADF fraction

(Nx6.25)).
10 Gross energy of the diets was calculated according to Jobling

(1994) based on an estimated of 23.64 MJ kg�1 for protein,

39.33 MJ kg�1 for ether extract and 17.20 MJ kg�1 for carbohy-

drates.
11 GEc = Gross energy corrected = CPc 9 23.64 MJ kg�1 + ether

extract 9 39.33 MJ kg�1 + carbohydrates (take account TM as

ADF-ADIN) 9 17.20 MJ kg�1.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aquaculture Nutrition ª 2015 John Wiley & Sons Ltd



FI = Feed intake (%) = (Daily feed intake/average body

weight*) 9 100. *Average between final and initial weight.

FCE = Feed conversion efficiency = wet weight gain/dry

feed intake.

PER = Protein efficiency ratio = wet weight gain/crude

protein intake.

Condition factor = 100 9 body weight/total length3.

Table 3 Amino acid composition (g kg�1) of FM, SM, TM and of the three different diets formulated

Amino acids

Protein source Experimental diet

FM SM TM FM/SM TM/FM/SM TM/FM

Arginine1 22.99 16.95 18.04 15.60 15.71 14.66

Histidine1 13.89 8.18 11.97 8.39 8.68 9.31

Isoleucine1 13.77 9.79 16.12 9.16 10.34 11.06

Leucine1 29.45 22.05 31.39 20.15 22.03 22.33

Lysine1 31.21 19.68 22.87 19.52 19.32 19.20

Methionine1 13.88 2.70 5.12 5.65 4.50 6.36

Phenylalanine1 18.01 18.30 14.28 14.73 14.85 11.54

Threonine1 15.66 11.27 16.17 10.49 11.38 11.65

Valine1 17.10 11.62 24.35 11.11 13.49 15.60

Alanine 29.80 16.48 41.30 17.48 21.38 26.70

Aspartic acid 38.07 37.68 31.66 30.64 31.20 25.03

Glutamic acid 51.86 60.38 44.45 46.27 47.30 34.67

Glycine 27.44 15.50 24.72 16.26 17.06 18.86

Proline 17.88 17.12 29.67 14.10 17.47 18.12

Serine 16.87 17.91 21.39 14.18 15.98 14.26

Tyrosine 13.59 7.32 22.65 7.87 10.45 13.82

EAA/NEAA2 0.90 0.70 0.74 0.78 0.75 0.80

Results of protein source show the mean on a dry matter basis of three replications. The values of the experimental diets are obtained

theoretically with the percentage of inclusion of FM, SM and TM and without to take account the rest of the ingredients.
1 Essential amino acid.
2 Balance of essential amino acids (EAA) and not essential amino acids (NEAA).

Table 4 Fatty acid composition of FM, SM, TM and of the three different diets

Fatty acid

Protein sources Experimental diets

FM SM TM FM/SM TM/FM/SM TM/FM

14:0 7.85 n.d. 2.20 5.75 3.55 3.30

16:0 22.95 15.05 16.60 24.40 21.55 21.35

16:1n-7 7.90 n.d. 2.20 6.20 2.90 2.35

18:0 5.30 4.80 3.40 5.55 4.80 4.25

18:1n-7 4.00 0.80 n.d. 2.50 1.15 0.60

18:1n-9 8.40 14.30 43.55 13.95 25.70 33.70

18:2n-6 1.05 48.50 30.35 10.80 23.60 26.00

18:3n-3 0.20 6.85 1.10 1.70 2.05 1.35

18:4n-3 1.90 n.d. n.d. 1.05 0.50 0.15

20:1n-9 0.30 n.d. n.d. 1.50 0.85 0.15

20:4n-6 1.40 n.d. n.d. 1.25 0.60 0.10

20:5n-3 14.05 n.d. n.d. 6.60 3.25 2.35

22:5n-3 2.65 n.d. n.d. 1.45 0.75 0.25

22:6n-3 16.05 n.d. n.d. 12.65 6.45 2.60

Others 6.00 5.60 0.60 4.45 2.30 1.50

Monounsaturated 20.60 15.10 45.75 24.35 30.60 36.80

n-3 34.85 6.85 1.10 23.45 13.00 6.70

n-6 2.45 48.50 30.35 12.05 24.20 26.10

Saturated 36.10 23.95 22.20 35.70 29.90 28.90

Total PUFAs 37.30 55.35 31.45 35.50 37.20 32.80

n-3/n-6 14.22 0.14 0.04 1.95 0.54 0.26

The values show the mean in percentage of the total fatty acids analysed. All analyses were performed by triplicate.

n.d., Not detected.
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At the end of the experiment, fish were fasted for 24 h

before sampling. All fish of each tank were lightly anaes-

thetized and quickly weighed and measured. Nine animals/

diet were sacrificed by overdose of anaesthesia (a solution

of clove oil 100 mg L�1), and immediately, eviscerated car-

cass, liver, intestine, stomach, spleen, gonads, head and

muscle were removed and weighed to monitor changes in

the main morphometric indexes. Different components of

fish fed with each different diet were stored at -20 °C

(intestine, liver, muscle and stomachs) and -80 °C

(intestine, liver and muscle) for subsequent analysis.

Chemical composition of diets and fish All analyses for

proximate composition were performed according to the

Association of Official Analytical Chemists (AOAC 2000).

Dry matter (DM) and ash were determined gravimetrically

after drying at 105 � 0.5 °C and after combustion at

500 °C in mufla oven, respectively, until they reached a

constant weight. Content of crude protein (Nx6.25) was

determined by the Kjeldahl method, and total lipid content

was determined by ethyl ether extraction (Soxhlet tech-

nique). All analysis was performed in triplicate.

Amino acid profiles The amino acid profiles of FM, SM

and TM and in the muscle of the fish fed with the experi-

mental diets were obtained through the Protein Chemistry

Service of Biological Research Centre (CSIC, Madrid,

Spain), following the basic principle of operation devel-

oped by Spackman et al. (1958) via continuous flow chro-

matography (Biochrom 30 series). Tryptophan was not

detected. The asparagine and glutamine are deaminated

and detected as aspartic and glutamic acid, respectively.

The analyses were performed in triplicate. The amino acid

composition for the three different diets was calculated

theoretically from the percentage of FM, TM and SM

inclusion.

Fatty acid profiles For fatty acid analysis, all samples

were transmethylated by the method described by Lepage

& Roy (1984), with minor modifications from Venegas-

Venegas et al. (2011): 1 mL of freshly prepared transesteri-

fication reagents (methanol/acetyl chloride, 20:1, v v�1) was

added to 50 mg of each sample. The hexane phase was col-

lected for gas–liquid chromatography (GLC) analysis. The

analyses were performed in triplicate.

Chitin content Chitin was determined using the method

described by Stelmock et al. (1985) as ADF, and the ADIN

content in the acid detergent-insoluble residue for feedstuff

and diets was calculated by the Kjeldahl method (AOAC

2000) and was used to correct the initial crude protein

(CPi) and protein efficiency ratio (PER) and to recalculate

the gross energy (GE) in diets. All analyses were performed

in triplicate.

CPc = crude protein corrected = CPi-ADIN

‘CPi’ represents the initial crude protein analysed

(Nx6.25) and ‘ADIN’ the acid detergent-insoluble nitro-

gen contained in the ADF fraction (Nx6.25).

PERc = Protein efficiency ratio corrected = wet

weight gain/crude protein intake corrected with CPc

value.

GEc = Gross energy corrected = CPc 923.64 MJ kg�1

+ Ether extract 9 39.33 MJ kg�1 + carbohydrates

(take account TM as ADF-ADIN) 9 17.20 MJ kg�1.

Protease activity The samples of intestines and stomachs

were homogenized with distilled water in a ratio of

250 mg mL�1, using a Polytron PT 2100 homogenizer,

before being centrifuged and diluted 5 times in distilled

water for the determination of acid protease activity. For

assaying alkaline protease activity, centrifuged samples

were not diluted. Soluble protein content of the superna-

tant for each tissue was calculated using a fast measure-

ment set, Pierce BCA TM Protein Assay Kit (Thermo

ScientificTM, Rockford, IL, USA).

The acidic protease activity of stomach extracts was

measured by a modification of the method of Anson

(1938), at pH 2 using haemoglobin as a substrate

(D�ıaz-L�opez et al. 1998). Alkaline protease activity in

the gut extract was measured using the method devel-

oped by Kunitz (1947), subsequently modified by Wal-

ter (1984), at pH 9 using casein as substrate. All these

analyses were performed in triplicate. One unit of pro-

tease activity was defined as 1 lg of tyrosine released

per minute.

In vitro protein digestibility For the study of in vitro pro-

tein digestibility of the diets, the released amino acids were

quantified during the hydrolysis of the protein by intestinal

proteases using the method described by Church et al.

(1983). In vitro digestibility was measured in intestines of ti-

lapias fed with only the commercial diet (Le gouessant au-

rea-miet AL1, Lamballe, France). The results are expressed

as g hydrolysed protein kg�1 DM after 90 min of in vitro

hydrolysis.
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Oxidative stress For ROS, FRAP and enzymatic assays,

tissue samples were homogenized in ice-cold buffer

(100 mMTris–HCl, 0.1 mM EDTA, and 0.1% triton X-100

[v v�1], pH 7.8) at a ratio of 1:9 (w v�1). Homogenates

were centrifuged at 30 000 g for 30 min, and the superna-

tant was collected and frozen at �80 °C until analysis.

The analysis of ROS was performed as previously

described by Hayashi et al. (2007), based on the joining of

free radical of peroxide to the chromogenic solution. The

absorbance was measured at 505 nm. The calibration curve

was calculated and expressed in terms of equivalent levels

of hydrogen peroxide (1 unit = 1.0 mg H2O2 L�1).

The FRAP test was performed as previously described

by C�akatay & Kayali (2006).The absorbance change is

translated into a FRAP value (in lM) by relating the

change in absorbance at 593 nm of the test sample to that

of a standard solution of known FRAP value (500–

1200 lmol L�1).

All enzymatic assays were carried out at 25 � 0.5 °C

using a Power Wavex microplate scanning spectrophotome-

ter (Bio-Tek Instruments, Winooski, VT, USA) in duplicate

in 96-well microplates (UVStar�; Greiner Bio-One, Fric-

kenhausen, Germany). The enzymatic reactions were

started by the addition of the tissue extract, except for

superoxide dismutase, SOD (EC 1.15.1.1), where xanthine

oxidase was used. Catalase, CAT (EC 1.11.1.6), activity

was determined by measuring the decrease of H2O2 concen-

tration at 240 nm, according to Aebi (1984); SOD activity

was measured spectrophotochemically by the ferricyto-

chrome c method using xanthine/xanthine oxidase as the

source of superoxide radicals. One activity unit was defined

as the amount of enzyme necessary to produce a 50% inhi-

bition of the ferricytochrome c reduction rate measured at

550 nm (McCord & Fridovich 1969); glutathione peroxi-

dase, GPX (EC 1.11.1.9), activity was measured following

the method of Floh�e & G€unzler (1984); glutathione reduc-

tase, GR (EC 1.6.4.2), activity was assayed as described by

Calberg & Mannervik (1975), with some modifications, by

measuring the oxidation of NADPH at 340 nm; glutathi-

one S-transferase, GST (EC 2.5.1.18), activity was deter-

mined by the method of Habig et al. (1974), adapted to

microplates. GST activity was monitored at 340 nm by the

formation of glutathione-CDNB-conjugate; DT-diaphorase,

DTD (EC 1.6.99.2), activity was measured as described

bySturve et al. (2005). DTD activity was defined as the dif-

ference between sample and control dichlorophenolind-

ophenol DCPIP reduction. Except for SOD, for which the

arbitrary units have already been mentioned, one unit of

activity is defined as the amount of enzyme required to

transform 1 lmol of substrate per minute under the above-

mentioned assay conditions. The protein content of the

supernatant solutions was determined by the Bradford

(1976) method, using bovine serum albumins as a standard.

The statistical software used was JMP 7.0.2. The results

were analysed using one-way analysis of variance (ANOVA)

followed by the Tukey–Kramer HSD test. The results are

expressed as means � SEM (standard error of mean) with

probabilities of P < 0.05 considered significant.

The correlation of n-3/n-6 ratio between the diet and

muscle and liver was quantified using Spearman rank order

correlation. The significance of the Spearmen rank order

correlation can be assessed for data with any underlying

distribution and was thus calculated using untransformed

variables.

The proximate composition showed significant differences

among raw sources (Table 1). TM has the lowest and high-

est values of ash and ether extract, respectively. The crude

protein content of TM was lower than FM and higher than

SM. The NFE extract content of TM was lower than SM.

The amino acid composition analysis (Table 3) shows

higher percentages of isoleucine, leucine, threonine, valine,

proline, serine and tyrosine for TM. The balance of essen-

tial amino acids and non-essential amino acids (EAA/

NEAA) was similar for SM and TM and among the diets

(0.78 for FM/SM, 0.75 for FM/TM/SM and 0.80 for TM/

FM).

Compared to FM, the fatty acid analysis of TM

(Table 4) showed elevated levels of monounsaturated (espe-

cially 18:1n-9) and n-6 fatty acids (especially 18:2n-6) and

lower levels of n-3 fatty acids (especially 20:5n-3 and 22:6n-

3). The ratio of the n-3/n-6 series was much higher in FM

than TM and SM, and the latter showed a slightly higher

ratio than TM. The fatty acid profile of the diets (Table 4)

reflects the TM inclusion.

The ADF included lignin and minerals and the chitin of

exoskeleton of insect. The results (Table 1) show the highest

values for SM (due to lignin), followed by TM (due to chi-

tin); in FM, the percentage was small and based on miner-

als. The ADF in diet reflects the inclusion of SM and TM,

as well as the wheat meal or cellulose. Considering the pro-

portion of ADF in TM and its inclusion within each experi-

mental diet, this represents 13.7 g kg�1 for the TM/FM/SM
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diet and 28.2 g kg�1 for the TM/FM diet, with an ADIN

inclusion of 4.9 g kg�1 and 10.1 g kg�1 from TM, respec-

tively. The correction of values CPi affects TM, which

decreased the CP content by 23.6 g kg�1 and energy.

The values of in vitro protein digestibility were

32.6 � 1.4% of DM for FM/SM diet, 23.8 � 2.8% of DM

for TM/FM/SM diet and 27.2 � 2.3% of DM for TM/FM

diet. No significant differences were detected for in vitro

digestibility values among the diets at 90 min.

The highest values for protease activity in stomach and

intestine (Table 5) were observed in fish fed with less fish-

meal (TM/FM/SM diet), followed by fish fed with the TM/

FM diet.

To evaluate the nutritive effect of TM, the growth per-

formance, nutrient utilization and morphometric parame-

ters related to fish production were determined. No

differences were found in feed intake levels (Table 6), but

DGC, FCE and PER were lower in fish fed with diets with

TM than in fish fed with the control diet (FM/SM)

(Table 6). PER corrected with CPc data improved values

slightly in all groups, but significant differences were main-

tained (P < 0.05).

No significant differences in morphometric indexes were

found among the treatments, except for the hepatosomatic

index, which is higher in fish fed with diets TM/FM

(Table 6).

No differences in the macronutrient composition of mus-

cle were observed among the experimental diets (Table 6).

Regarding essential amino acids in muscle (Fig. 1), the

composition, expressed as a percentage of total amino

acids analysed, was similar in fish fed with the three experi-

mental diets, except for higher values of histidine and argi-

nine and lower values of leucine in fish fed on diet FM/

SM.

The fatty acid profile of muscle (Table 7) reflects the

fatty acid profile of the diet (Table 4) with higher levels of

18:1n-9 and 18:2n-6 in fish fed with TM. The fish fed with

control diet (FM/SM) presented higher levels of eicosapen-

taenoic acid (20:5n-3; EPA) and lower levels of n-6 fatty

acids than fish fed with TM diets. The levels of docosa-

hexaenoic acid (22:6n-3; DHA) were only significantly

lower for fish fed with TM/FM diet. Fish fed with TM also

had the highest percentages of monounsaturated fatty acids

and the lowest levels of saturated fatty acids.

Regarding fatty acids in liver (Table 7), the profile was

similar to that of muscle, but there were major differences

between fish fed with FM/SM and fish fed with FM/TM.

The results also show significant differences for DHA with

the TM/FM/SM diet that did not appear in muscle, and

EPA was not found in the liver of the fish fed with the

TM/FM diet.

The n-3/n-6 ratio in muscle was significantly different

between fish fed with the FM/SM and FM/TM diets,

reflecting the higher level of n-3 in fishmeal, but no differ-

ences were found in fish fed with FM/TM/SM (Table 7).

In liver, however, the n-3/n-6 ratio was significantly differ-

ent among the three different diets (Table 7). There is a sig-

nificant and positive correlation of the n-3/n-6 ratio

between the diet and muscle (y = 1.5431x + 0.4288

R2 = 0.9949) and liver of the fish (y = 1.1985x + 0.041

R2 = 0.979).

The total oxidant and antioxidant power of diet and oxi-

dant and antioxidant response of muscle and digestive

tracts have been determined via ROS and FRAP (Fig. 2a

and b). No differences were observed in FRAP content in

diet or FRAP production in muscle. The highest FRAP

production was obtained in the digestive tracts of fish fed

with the FM/SM diet. ROS levels (Fig. 2a), however, were

higher in the FM/SM diet and in muscle of fish fed with

this diet.

The results of liver antioxidant enzyme activities

(Table 8) showed significant differences in SOD only

between fish fed with and without TM, with the highest

value for fish fed with the FM/SM diet. The other enzyme

activities assayed showed no significant differences.

The analysis of the composition of TM (Table 1) reveals a

protein percentage higher than SM but lower than FM and

higher in fat than either SM or FM. The amino acid com-

position (Table 3) is worse than FM but better than SM,

showing high percentages of all essential amino acids for

fish except phenylalanine. The values of two non-essential

amino acids, glutamic acid and aspartic acid, were also

Table 5 Activity units (AU) of protease in Nile tilapias fed with

three experimental diets at the end of the experiment

AU mg prot�1

Diets

FM/SM TM/FM/SM TM/FM

Stomach 12.46 � 1.01c 44.28 � 2.93a 27.64 � 0.99b

Intestine 17.00 � 2.58c 54.87 � 1.19a 47.05 � 0.71b

Mean � SEM of three intestine and stomach replicates of fish fed

with the different experimental diets. Different letters indicate

significant differences (P < 0.05) based on the Tukey–Kramer HSD

test. One unit of protease activity (AU) was defined as 1.0 lg of

tyrosine released per minute.
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lower in TM than in SM. The results obtained caused an

EAA/NEAA balance in TM lower than FM but similar to

SM. The differences in amino acids limited the percentage

of substitution at a maximum of 50% of fishmeal to main-

tain the amino acid balance. Nevertheless, this level of sub-

stitution affects the fatty acid profile of the experimental

diet, decreasing n-3 and increasing n-6 with the decrease in

fishmeal inclusion because the composition of fatty acids

(Table 4) is quite different, with SM or FM being TM

richer in 18:2n-6 and lower in 18:3n-3 than FM.

Insect exoskeletons contain chitin. Chitin content has

been determined as ADF, which also includes lignin from

vegetable sources. The ADF level of SM is due to lignin,

while it is due to chitin in TM. Both TM and SM are

higher in ADF than in FM (Table 1), in which ADF is

zero. The b1,4 bond in chitin is indigestible for several fish

species (Rust 2002). However, chitinase activity has been

described in the digestive tracts of some species of fish,

with the chitinase produced by the fish (Smith et al. 1989)

or by digestive bacteria (Krogdahl et al. 2005). Neverthe-

less, the presence of chitinase and the ability to digest it are

discussed in several species. In red tilapia (O. niloticus x

O. hornorum) and Nile tilapia, dietary fishmeal can be

replaced with shrimp meal, which is rich in chitin, at levels

of 50% or 100% without significant retardation in weight

gain and feed efficiency (El-Sayed 1998; Mansour 1998).

Conversely, in other species of tilapia (O. niloticus x

O. aureus), the inclusion of chitin depresses growth (Shiau

Table 6 Growth performance, somatic indexes and body composition of Nile tilapia fed a control diet (FM/SM) and experimental diets

(TM/FM/SM and TM/FM)

Diet

FM/SM TM/FM/SM TM/FM

Growth performance

FBW1 (g) 84.73 � 4.40a 60.24 � 3.20b 60.2 � 1.33b

DGC2 (%) 2.74 � 0.18a 1.84 � 0.16b 1.83 � 0.06b

FI3 (%) 1.98 � 0.08 2.05 � 0.03 2.05 � 0.03

FCE4 1.03 � 0.03a 0.74 � 0.06b 0.74 � 0.02b

PER5 2.08 � 0.06a 1.55 � 0.13b 1.46 � 0.03b

PERc6 2.13 � 0.07a 1.60 � 0.13b 1.51 � 0.03b

Somatic indexes (%)

Carcass 86.85 � 0.57 79.4 � 4.75 86.68 � 1.97

Liver 1.47 � 0.20ab 1.32 � 0.16b 1.92 � 0.15a

Intestine 3.29 � 0.33 3.71 � 0.60 2.80 � 0.28

Stomach 0.82 � 0.14 0.67 � 0.13 0.48 � 0.05

Spleen 0.11 � 0.03 0.06 � 0.01 0.10 � 0.03

Head 23.18 � 0.93 23.16 � 1.21 22.91 � 0.44

Muscle 34.17 � 2.57 32.14 � 2.76 33.26 � 1.27

Gonads 2.26 � 0.59 2.58 � 0.74 2.99 � 0.61

Condition Factor7 1.72 � 0.05 1.63 � 0.06 1.58 � 0.02

Body composition (g kg�1)

Dry matter8 977.7 � 4.4 970.6 � 8.3 971.1 � 2.7

Ash 64.8 � 1.1 72.7 � 4.4 68.2 � 0.9

Ether extract 42.3 � 12.2 45.9 � 12.2 50.3 � 6.9

Crude protein (Nx6.25) 877.2 � 10.5 880.5 � 9.7 873.3 � 7.2

Grow performance: Mean � SEM of three replicate tanks (11 fish/tank) at the end of the experiment. Different letters indicate signifi-

cant differences (P < 0.05) based on the Tukey–Kramer HSD test.

Somatic indexes: Results show, in % of total fish weight, the mean � SEM (n = 9); different letters indicate significant differences

(P < 0.05) based on the Tukey–Kramer HSD test.

Body composition: Results show, in g kg�1 of dry matter of the muscle of Nile tilapia, the mean � SEM (n = 6); different letters indicate

significant differences (P < 0.05) based on the Tukey–Kramer HSD test.
1 FBW (final body weight).
2 DGC = Daily growth coefficient = [(Wf

1/3�Wi
1/3)/t] 9 100.

3 FI (feed intake) = (feed daily intake/average body weight) 9 100.
4 FCE (feed conversion efficency) = wet weight gain/dry feed intake.
5 PER (protein efficiency ratio) = wet weight gain/crude protein intake.
6 PERc = Protein efficiency ratio corrected considering the crude protein corrected – CPc – presented in Table 2.
7 Condition factor = 100 9 body weight/total length3.
8 Dry matter sample of lyophilized muscle.
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& Yu 1999). Chitinolytic activity was present in the serum,

stomach, and intestine of Nile tilapia, with the serum hav-

ing the highest specific activity (Molinari et al. 2007). In

this experiment, diets were formulated without considering

chitin and its nitrogen content, but these were both

determined to help understand the growth and nutritive

utilization rates. The ADIN was higher in TM, due to the

nitrogen atoms present in the chitin molecules. However,

that nitrogen did not significantly affect the protein content

initially valued in the diets (Table 2) or PER (Table 6).

The in vitro digestibility of protein was similar for the

three sources of protein analysed. Low digestibility of soy
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Figure 1 Essential amino acids in fish’s

muscle fed with three different diets.

Results show the mean � SEM (n = 6)

of percentage of total amino acids anal-

ysed; different letters indicate signifi-

cant differences (P < 0.05) based on

the Tukey–Kramer HSD test. ARG:

Arginine; HIS: Histidine; ILE: Isoleu-

cine. LEU: Leucine; LYS: Lysine;

MET: Methionine; PHE: Phenylala-

nine; THR: Threonine. VAL: Valine.

Table 7 Fatty acids profile (% total fatty acids analysed) in muscle and liver of Nile tilapia fed a control diet (FM/SM) and experimental

diets (TM/FM/SM and TM/FM)

Fatty acid/Diet

Muscle Liver

FM/SM TM/FM/SM TM/FM FM/SM TM/FM/SM TM/FM

14:00 3.08 � 0.61 2.03 � 0.24 2.43 � 0.30 3.05 � 0.05 2.4 � 0.65 2.43 � 0.07

16:00 22.5 � 0.36 18.92 � 0.77 18.72 � 1.35 21.80 � 2.10x 16.5 � 1.89xy 10.70 � 0.51y

16:1n-7 3.55 � 0.86 1.72 � 0.3 1.93 � 0.47 3.90 � 0.70 2.87 � 0.55 2.90 � 0.23

18:00 8.90 � 0.8 8.42 � 1.03 6.85 � 1.08 11.70 � 0.20 7.53 � 1.01 4.67 � 0.70

18:1n-9 13.03 � 1.35b 17.9 � 2.40ab 26.65 � 3.03a 15.45 � 3.75y 25.27 � 3.29y 39.03 � 2.02x

18:1n-7 3.42 � 0.65 2.60 � 0.23 1.58 � 0.30 3.20 � 0.60x 1.77 � 0.41xy 0.87 � 0.26y

18:2n-6 6.47 � 0.56b 15.55 � 1.98a 19.05 � 1.46a 6.25 � 3.55z 12.87 � 0.23y 18.53 � 1.07x

18:3n-3 0.53 � 0.17 0.48 � 0.34 0.33 � 0.22 0.25 � 0.25 0.50 � 0.06 0.50 � 0.06

18:3n-6 n.d. n.d. n.d. n.d. 0.30 � 0.3 0.60 � 0.15

18:4n-3 0.20 � 0.2 0.07 � 0.07 0.08 � 0.08 n.d. n.d. n.d.

20:1n-9 1.25 � 0.06a 0.58 � 0.07b 0.57 � 0.11b 1.45 � 0.15 0.67 � 0.35 0.87 � 0.07

20:4n-3 n.d. n.d. n.d. n.d. 0.67 � 0.67 n.d.

20:4n-6 2.72 � 0.43 2.40 � 0.38 2.32 � 0.51 3.50 � 0.40x 1.67 � 0.63xy 1.00 � 0.15y

20:5n-3 2.83 � 0.12a 1.23 � 0.15b 0.47 � 0.26b 1.50 � 0.40x 0.30 � 0.06y n.d.

22:1n-11 n.d. n.d. n.d. n.d. 0.17 � 0.17 n.d.

22:5n-3 4.85 � 0.32a 3.68 � 0.19ab 2.88 � 0.46b 1.25 � 1.15 1.07 � 0.19 0.40 � 0.10

22:5n-6 n.d. n.d. n.d. 0.45 � 0.45 0.33 � 0.18 n.d.

22:6n-3 22.77 � 2.15a 18.22 � 2.38ab 11.70 � 1.81b 21.00 � 2.20x 10.67 � 2.65y 3.27 � 0.28y

Others 3.90 � 0.08b 6.20 � 0.56a 4.67 � 0.63ab 5.25 � 2.45y 14.47 � 1.91x 14.23 � 1.55x

Monounsaturated 21.25 � 1.55 22.8 � 2.51 30.73 � 3.38 24.00 � 5.20y 30.73 � 3.94xy 43.67 � 2.22x

n-3 31.18 � 1.71a 23.68 � 2.30ab 15.47 � 1.94b 24.00 � 0.90x 13.20 � 2.86y 4.17 � 0.23z

n-6 9.18 � 0.45b 17.95 � 1.60a 21.37 � 1.15a 10.20 � 0.01z 15.17 � 0.43y 20.13 � 0.90x

Saturated 34.48 � 0.12a 29.37 � 1.48b 28.00 � 2.12b 36.55 � 1.85x 26.43 � 2.34y 17.80 � 1.05z

Total PUFAs 40.37 � 1.57 41.63 � 0.79 36.83 � 0.87 34.20 � 0.90 28.37 � 3.29 24.30 � 0.86

n-3/n-6 3.42 � 0.29a 1.37 � 0.26b 0.74 � 0.13b 2.35 � 0.09x 0.86 � 0.17y 0.21 � 0.02z

Results show the mean � SEM (n = 6); different letters indicate significant differences (P < 0.05) based on the Tukey–Kramer HSD test

with ‘a’ or ‘b’ for muscle and ‘x’, ‘y’ or ‘z’ for liver.

n.d., Not detected.
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protein has been described due to the presence of protease

inhibitors (Rodiles et al. 2012); nevertheless, in this experi-

ment, the in vitro digestibility of protein is less in SM but

is not significantly different from TM and FM. This,

together with the high values of alkaline and acid proteases

observed (Table 5) in fish fed with the TM-based diets,

could indicate a high potential for digesting dietary pro-

teins, but we cannot affirm a high digestibility of TM

because the digestibility was determined in diet but not in

meal.

Current practice has achieved a high percentage of sub-

stitution of FM with plant sources. El-Sayed et al. (2003)

reported that growth performance was not significantly

impaired in tilapia fed with a diet in which 100% of the

dietary protein came from a complex mixture of vegetable

sources. Nevertheless, feeds based on individual plant pro-

teins have generally resulted in a decrease in fish growth

performance (Mbahinzirek et al. 2001; Sklan et al. 2004),

which has been attributed to the presence of antinutritional

factors in plant protein, particularly soybean meal (Bureau

et al. 2000). Currently, commercial fish diets have a high

percentage of soy meal. Nevertheless, a loss of integrity of

the villus tips and increased inflammatory cell infiltration

into the lamina propia have been observed upon feeding

diets containing 600–700 g kg�1 of soybean meal to rain-

bow trout (Burrells et al. 1999), causing the inclusion of

soybean meal to be limited. The experimental diets replaced

50% of the fishmeal with SM, for a 500 g soy kg�1 diet in

TM/FM/SM and FM/SM diets, and the intestine histology

has not analysed. However, the growth rate in fish fed with

the control diet is similar to that described for this species

(Edwards et al. 2000).

The experimental diets were well accepted, with similar

feed intake levels among the three experimental diets

(Table 6); the inclusion of TM at the percentages tested in

this experiment did not affect the palatability of the diet.

Nevertheless, tilapias fed with TM were observed to

decrease their nutritive utilization and growth index com-

pared to fish fed the diet without TM (FM/SM). Similar

results were obtained for Ictalurus punctatus (cat fish), and

Oreochromis aureus (blue tilapia) fed with Hermetia illucens

(black soldier fly) prepupa ate a 34% substitution (Bondari

& Sheppard 1981, 1987; Newton et al. 2005).

The lower growth (Table 6) in fish fed with insect meal

could be due to the chitin content in the diet. In tilapia

(O. niloticus x O. aureus) fed diets with chitin, a growth
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Figure 2 ROS (a) and FRAP (b) levels in the three experimental diets and muscle and intestine of the fish fed with each diet. Results show

the mean � SEM (n = 6); different letters indicate significant differences (P < 0.05) based on the Tukey–Kramer HSD test.

Table 8 Effects of different experimental diets based in TM on liver antioxidant activity in Nile tilapias

Antioxidant enzymes in liver

Diets

FM/SM TM/FM/SM TM/FM

SOD1 467.56 � 37.39a 368.31 � 17.15b 383.47 � 28.08b

CAT1 228.77 � 20.67 215.82 � 15.57 200.10 � 22.50

GPX2 48.77 � 3.38 45.79 � 3.07 48.42 � 1.64

GR2 6.19 � 0.69 5.98 � 0.50 4.85 � 0.59

GST2 179.95 � 29.76 147.44 � 13.82 205.01 � 23.57

DTD2 21.36 � 4.06 11.67 � 2.88 16.90 � 4.03

Results show the mean � SEM (n = 9); different letters indicate significant differences (P < 0.05) based on the Tukey–Kramer HSD test

for superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR), glutathione peroxidase (GPX), glutathione transferase (GST)

and DT-diaphorase (DTD).
1 U mg�1 protein
2 mU mg�1 protein.
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decrease has been described (Shiau & Yu 1999). Similarly,

in Atlantic salmon, the inclusion of chitin, at a percentage

of 1% or higher, decreased fish growth (Shiau & Yu 1999;

Gopalakannan & Arul 2006; Olsen et al. 2006). In our

study, the proportion of ADF evaluated as chitin in TM

and its inclusion within each experimental diet represented

1.37% for the TM/FM/SM diet and 2.82% for the TM/

FM diet, which might explain the cause of decreased

growth and nutrient utilization in tilapia fed TM-contain-

ing diets versus the fish that were fed with the control diet

(FM/SM). Low lipid utilization and the low lipid retention

can be attributed to the presence of chitin and its negative

influence on lipid digestibility (Kroeckel et al. 2012). How-

ever, we note that the growth and nutritive indexes wors-

ened independently of the percentage of inclusion of the

insect meal, suggesting a negative effect of some com-

pounds in T. molitor. These could be chitin, which exceeds

1% in the experimental diets, or it may be some other

toxin. For example, the endogenous production of 1, 4

benzoquinone has been described in Tenebrio sp. (El-Kash-

lan et al. 1996).

The biometric indexes (Table 6) show normal develop-

ment of fish, with no differences among diets except for the

hepatosomatic index (HI), which is higher in the TM/SM

diet than the TM/FM/SM diet, but there are no significant

differences from the control diet (FM/SM). This is not due

to the presence of TM because the TM/FM/SM diet also

contains T. molitor and induced a lower HI than the con-

trol.

The muscle proximate composition (Table 6) was not

affected by any of the experimental diets. In Clarias gari-

epinus, the replacement of FM with TM shows a slight

increase in the total lipid level without significant changes

in protein levels compared to control fish (Wing-Keong

et al. 2001). The results of our experiment show no change

in body composition, but our data are only for muscle. In

rainbow trout (Onchrynchus mykiss) fed with diets contain-

ing housefly (Musca domestica) or black soldier fly (Herme-

tia illucens), the body protein is also unchanged, while

lipids decrease in fish fed with diets containing black sol-

dier fly (St-Hilaire et al. 2007a).

The amino acid composition of muscle is similar for all

experimental diets, and the amino acids profile seem to be a

characteristic of the each species rather than a consequence

of feeding. However, the muscle fatty acid composition

(Table 7) reflects the fatty acid composition of the diets,

and the percentage of n-3 fatty acids was significantly lower

in fish fed with TM. Nevertheless, from a human nutritional

perspective, n-3 fatty acids (15.47%) and n-3/n-6 ratio

(0.74) from muscle of fish fed with TM/FM diet are higher

than that obtained for chicken breast (1.19% of n-3 and

0.05 n-3/n-6 ratio) (Rule et al. 2002) but with lack in con-

tent of EPA and DHA. The percentages of EPA and DHA

in muscle of fish fed with TM are lower than that observed

from the control diet. The data for liver fatty acids suggest

a greater use and/or mobilization to the muscle of these

fatty acids because at 42 days of experimentation, no EPA

or DHA was detected in the liver of fish fed the diet with

more TM (TM/FM). This effect is less evident in fish fed

with a lower percentage of substitution (TM/FM/SM),

which may be a consequence of the inclusion of fish oil in

the diet formulation. On the other hand, synthesis of highly

unsaturated fatty acids (HUFA) from precursors such as

18:3n-3 has been described in some freshwater fish species,

such as tilapia, which are able to convert the C18 essential

fatty acid (EFA), 18:3n-3 and 18:2n-6, to the longer chain,

more unsaturated and physiologically important, HUFA.

EPA, DHA and arachidonic acid (20:4n-6; AA) are synthe-

sized via a series of fatty acid desaturations and elonga-

tions, so they only require the C18 PUFA (Henderson &

Tocher 1987; Sargent et al. 1989, 1995).

The oxidative stress and antioxidant defence results

(Fig. 2a and b) show that FRAP in muscle and intestine of

fish (Fig. 2b) matches the increased SOD activity in liver

(Table 8), as well as the main antioxidant enzymes that ini-

tiate the cascade of reductive reactions, indicating that the

animals fed with a greater amount of FM (FM/SM) are

those who need to increase their antioxidant defences. Both

circumstances, along with the highest level of ROS found

in the muscle of animals fed with FM/SM diet and FM

(Fig. 2a), indicate that the probable cause is the higher

level of PUFAs and HUFAs, indicating a high response

capacity of these two organs, as it has been described

under multiple stress conditions (S�anchez-Muros et al.

2013).

The possible presence of toxins could have resulted in

increased activity of GST and DTD. Nevertheless, no sig-

nificant changes were found in DTD and GST activities

among the diets.

In summary, the results of this work indicate that TM

has a composition comparable to SM and that the partial

replacement of FM or total replacement of SM with TM

does not affect feed intake, in vitro protein digestibility, the

amino acid composition of the muscle or biometric indexes.

However, the inclusion of TM at either level tested (25 and

50%) decreased growth by approximately 29% and

affected the fatty acid profile of muscle. TM is a protein

source that cannot be used at high rates of substitution,
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and need to improve the lipid profile. The use of TM

requires better understanding of the role of chitin in diges-

tion and better detection of toxins that might affect fish

growth.
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