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SUMMARY 

 

In the present study, we investigated the 
digestibility of wheat and its coproducts in 
extruded diets for juvenile Nile tilapia. 
Specifically, we evaluated the apparent 
digestibility coefficients (ADCs) of dry matter 
(ADCDM), gross energy (ADCGE), crude 
protein (ADCCP), essential amino acids 
(EAAs), and non-essential amino acids 
(NEAAs) in winter wheat, spring wheat, wheat 
middling, wheat bran, and wheat germ in a diet 
fed Nile tilapia. A reference diet and test diets 
were used, with 5.0g/kg chromic oxide (Cr2O3) 
as the external indicator. The ADCDM, 
ADCCP, and ADCGE were higher (P< 0.05) in 
winter wheat, spring wheat, and wheat germ 
than for wheat middling and wheat bran. The 
ADCs of all amino acids (AAs) were >80%, 
except for threonine in wheat middling and 
wheat bran, exceeding 90% for winter wheat 
and wheat germ. The values of all investigated 
ingredients were high for ADCCP, and the 
ADCs of EAAs and NEAAs. A strong negative 
correlation was detected for crude fiber and ash 
with the ADCs of dry matter, gross energy, and 
crude protein. In general, wheat ingredients 
have good digestibility of protein and amino 
acids, but high fiber content reduces CDAMS 
and CDAEB in extruded diets for Nile tilapia.  
 
Keywords: amino acids, cereal, chemical 
composition, nutritional value, omnivorous fish 
 

RESUMO 
 

A digestibilidade do trigo e seus co-produtos foi 
avaliada em dietas extrusadas para juvenis de 
tilápia do Nilo. Foram avaliados os coeficientes 
de digestibilidade aparente (CDAs) de matéria 
seca (CDAMS), energia bruta (CDAEB), 
proteína bruta (CDAPB), aminoácidos 
essenciais (AAEs) e aminoácidos não essenciais 
(AANEs) do triguilho, trigo, farelo de trigo, 
fibra grossa de trigo e gérmen de trigo. Utilizou-
se uma dieta de referência e dietas de teste, com 
5,0g/kg de óxido crômico (Cr2O3) como 
indicador externo. O CDAMS, CDAPB e 
CDAEB foram maiores (P< 0,05) no triguilho, 
trigo e germen de trigo do que para farelo de 
trigo e fibra grossa de trigo. Os CDAs de todos 
os aminoácidos (AAs) foram maiores que 80%, 
exceto para treonina no farelo de trigo e fibra 
grossa de trigo, superior a 90% para triguilho e 
germen de trigo. Os valores de todos os 
ingredientes investigados foram elevados para 
CDAPB, e os CDAs de AAEs e AANEs. Uma 
forte correlação negativa foi detectada para fibra 
bruta e cinzas com os ADCs de matéria seca, 
energia bruta e proteína bruta.  De maneira 
geral, os ingredientes provenientes do trigo 
possuem boa digestibilidade da proteína e 
aminoácidos, porém o alto conteúdo fibroso 
reduz os CDAMS e CDAEB, em dietas 
extrusadas para a tilápia do Nilo.  
 
Palavras-chave: aminoácidos, cereais, 
composição química, valor nutricional, peixe 
onívoro 
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INTRODUCTION 
 

Wheat is the world’s most widely grown 
cereal, and is important for human 
nutrition. Wheat milling primarily 
produces flour, with co-products 
representing 25 % of the parent grain, 
which tend to be used in animal feeds 
(JONDREVILLE et al. 2000). Many 
agronomical parameters influence the 
proximate composition of wheat, while 
milling influences the composition of 
flour. Wheat, flour, and its coproducts 
are mainly used as energy sources 
because they have relatively low protein 
content and the proteins, in terms of 
amino acids, are not well balanced 
(HERTRAMPF & PIEDAD-PASCUAL, 
2000).  
Proximate composition of a dietary 
ingredient, as well as the variation in 
digestion and absorption of energy and 
nutrients among species is the primary 
information required to determine the 
potential use of a dietary ingredient 
(HEPHER, 1988). Consequently, it is 
important to determine the nutritional 
value of ingredients for farmed species 
to generate economically and 
environmentally effective diets (NRC, 
2011). Furthermore, the extrusion of 
aquaculture diets is particularly 
beneficial for plant ingredients because it 
causes starch gelatinization, inactivates 
antinutritional factors and cell disruptors, 
and improves the accessibility of 
nutrients to digestive enzymes 
(ALONSO et al., 1998; ALONSO et al. 
2000). 
The nutritional value of wheat and its 
coproducts have previously been 
reported for Nile tilapia feed 
(FONTAÍNHAS-FERNANDES et al., 
1999; FURUYA et al., 2001; 
BOSCOLO et al., 2002; SIGNOR et al., 
2007; GONÇALVES et al., 2009); 
however, only one previous study has 

investigated this aspect in extruded diets, 
and only for wheat middlings 
(GUIMARÃES et al., 2008a). Therefore, 
further studies are required to understand 
the proximate composition and 
nutritional value of wheat and its 
coproducts.  
In the present study, were evaluated the 
apparent digestibility coefficients 
(ADCs) of dry matter (ADCDM), gross 
energy (ADCGE), crude protein 
(ADCCP), and essential amino acids 
(EAAs) and non-essential amino acids 
(NEAAs) in wheat and 4 of its 
coproducts in the extruded diet for Nile 
tilapia. Our results are expected to 
provide baseline information towards the 
development of more efficient diets of 
this economically important aquaculture 
species. 
 

MATERIALS AND METHODS 
 

A reference diet was formulated to meet 
the minimum dietary requirements of 
Nile tilapia as described by the NRC 
(2011) (Table 1 and 2). This diet 
contained 325.8 g/kg crude protein, 
4613 kcal/kg digestible energy, and 5.0 
g/kg chromic oxide (Cr2O3) as an inert 
external marker (Table 1). The 
macroingredients were thoroughly 
mixed and ground using a hammer mill 
(0.8mm screen). The 5 test diets 
included winter wheat, spring wheat, 
wheat middling, wheat bran, and wheat 
germ, all of which were provided by 
Moinho Toledense (Toledo, Paraná, 
Brazil). 
Each test diet contained 70 % of the 
reference diet and 30 % of the test 
ingredients (GUIMARÃES et al., 
2008b). All ingredients were ground 
and passed through a sieve (500-µm 
mesh). The test ingredients were mixed 
in a Y-mixer (TE 200/5, Tecnal, 
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Piracicaba, São Paulo, Brazil), passed 
through an experimental single-screw 
extruder (1-mm diameter; Extrutec®, 
Riberião Preto, São Paulo, Brazil), and 
dehydrated in a forced convection oven 
(TE 391-1, Tecnal) at 55 °C for 48 h. 
The feed was stored at 5 °C until use. 
 

Table 1. Formulation and composition of 
the reference diet 

 
Ingredient g kg-1 

Poultry by-product meal1 220.0 
Soybean meal  349.4 
Corn flour 385.4 
Dicalcium phosphate 15.0 
Soybean oil  10.0 
NaCl 5.0 
Mineral and vitamin premix2 8.0 
Ascorbic acid phosphate (350 g kg-1)2 1.0 
Antioxidant3 0.2 
Antifungal agent4 1.0 
Chromic oxide (Cr2O3) 5.0 
1Industry Farima, Tupãci, Paraná, Brazil. 
Composition: crude protein, 670 g kg-1; dry 
matter, 948 g kg-1; ash, 131 g kg-1; gross 
energy, 4744 kcal kg-1. 
2Composition (IU or mg kg-1 of diet): Vitamin 
A (retinyl palmitate), 1,200,000 IU; vitamin 
D3, (cholecalciferol), 200,000 IU; vitamin E 
(DL-α-tocopherol), 12,000 mg; vitamin K3 
(menadione), 2400 mg; vitamin B1 (thiamine 
HCl), 4800 mg; vitamin B2 (riboflavin), 4800 
mg; vitamin B6 (pyridoxine HCl), 4000 mg; 
vitamin B12 (cyanocobalamin), 4.8 mg; folic 
acid, 1200 mg; D-calcium pantothenate, 
12,000 mg; vitamin C (ascorbic acid), 48,000 
mg; D-biotin, 48 mg; choline chloride, 65,000 
mg; niacin, 24,000 mg; ferrous sulfate 
(FeSO4·H2O·7H2O), 10,000 mg; copper 
sulfate (CuSO4·7H2O), 600 mg; manganous 
sulfate (MnSO4·H2O), 4000 mg; zinc sulfate 
(ZnSO4·7H2O), 6000 mg; cobalt sulfate 
(CoSO4·4H2O), 2 mg; sodium selenite 
(Na2SeO3), 20mg.  
3Butylated hydroxytoluene (BHT), 15 mg. 
4Butylated hydroxyanisole (BHA), 15 mg.  
 

The digestibility assay was conducted at 
the Aquaculture Laboratory of the 
Universidade Estadual de Maringá 
(Maringá, Paraná, Brazil). Juvenile Nile 

tilapia (GIFT strain, n = 180; mean body 
weight = 30.4 ± 4.6 g) were obtained 
from the Aquaculture Laboratory, and 
were randomly assigned to 12 cylindrical 
fiberglass aquaria (120 L, 15 fish per 
aquarium). The aquaria were connected to 
a closed recirculation system consisting 
of three 500 L reservoir tanks. Oxygen 
was maintained at 5 ± 1 mg/L throughout 
the experiment by blowers and diffusers 
that supplied air to each aquarium and 
storage tank. A natural photoperiod of 12-
h light: 12 h dark was provided.  
Before the digestibility assay, fish were 
allowed to acclimate to the laboratory 
conditions for 4 weeks, and were fed a 
commercial extruded diet (320 g/kg crude 
protein; Pirá Ideal® Tilápias, Guabi, 
Campinas, São Paulo, Brazil) to apparent 
satiety.  
Each of the 6 diets was initially assigned 
to one of the 12 aquaria. Fish were fed the 
experimental diets to apparent satiation 
twice daily for 7 days prior to feces 
collection. After this period, feces were 
collected once daily, using the modified 
Guelph system (GUIMARÃES et al., 
2008b), for 7 days. Each aquarium was 
then assigned a different diet for a second 
trial period. To avoid contamination from 
the previous trial period, feces from the 
first 5 days of feeding the new diet were 
discarded (SUGIURA et al., 1998). This 
practice was followed for the third and 
final trial period. Feces were therefore 
collected during three periods (n = 3 
replicates per diet), with each of these 
three replicates coming from a different 
trial period and a different aquarium. 
The dry matter and ash content of the 
ingredients, diets, and feces were 
analyzed using standard methods 
(AOAC, 2005). Moisture content was 
determined by drying samples at 105°C in 
an oven (TE-391-1, Tecnal) until a 
constant weight was obtained. Nitrogen 
content was determined using micro-
Kjeldahl apparatus (Tecnal). Crude 
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protein content was estimated by 
multiplying the nitrogen content by 6.25 
(SILVA & QUEIROZ 2002). Lipid 
content was determined by ether 
extraction in a multi-unit Soxhlet 
apparatus (TE-188/6, Tecnal) for 16 h. 
Ash content was determined by the 
combustion of dry samples in a muffle 
furnace (TE-1100-1P, Tecnal) at 550 °C 
for 6 h. Gross energy content was 
assessed using an adiabatic bomb 
calorimeter (Parr 1266, Parr Instruments 
Co., Moline, Illinois, USA). Amino acids 
were analyzed by Ajinomoto do Brasil 
Indústria e Comércio de Alimentos-
Animal Nutrition Division (São Paulo, 
Brazil), by hydrolyzing 0.3 mg of sample 
in 1 mL of 6 N HCl for 22 h. The 
obtained sample was diluted in 0.02 N 
HCl and injected into an automatic AA 
analyzer (Hitachi L-888, Tokyo, Japan). 
Hydrolysis recovery was performed in 4 
N methanesulfonic acid for the analysis of 
tryptophan and in performic acid for 
sulfur-containing AAs. Chromic oxide 
(Cr2O3) was determined using inductively 
coupled plasma-atomic emission 
spectrophotometry (ICP-AES; Vista-
MPX, Varian, Palo Alto, California, 
USA) after perchloric acid digestion, 
following the modified technique 
described by Furukawa & Tsukahara 
(1966). 
The ADCs of dry matter (DM), gross 
energy (GE), crude protein (CP), and 
EAAs and NEAAs were calculated 
according to the (NRC, 2011), in which: 
ADC (%) = (100 - [% chromium in 
feed/% chromium in feces] × [% crude 
protein or amino acid in feces/% crude 
protein or amino acids in feed] × 100). 
The ADC values in wheat and its 
coproducts were calculated according to 
the NRC (2011), in which: ADC of test 
ingredient (%) = ADCtest diet + [(ADCtest diet 
- ADCreference diet) × (0.7 × Dreference/0.3 × 
Dingredient)], where Dreference and Dingredient 
are the percentages of the nutrients or kcal 

g-1 gross energy in the reference diet and 
test ingredients, respectively. 
All results were expressed as means. The 
data were subjected to one-way ANOVA 
analyses, followed by Duncan’s multiple 
range tests. We used Pearson’s correlation 
coefficients to assess how the chemical 
composition of the ingredients was 
correlated with ADCDM, ADCGE, and 
ADCCP. All statistical analyses were 
performed using SPSS 13.0 for Windows 
(SPSS Inc., Chicago, Il, USA). A 
significance level of 5 % was used for all 
comparisons.  
 

RESULTS 
 

The proximate compositions of wheat and 
its coproducts varied. Variation in EAA, 
NEAA, and crude protein content 
followed the same pattern (Table 2).  
The ADCDM was significantly higher 
(P< 0.05) in winter wheat, spring wheat, 
and wheat germ than in the other 
ingredients (Table 3). The ADCGE was 
significantly higher (P< 0.05) in winter 
wheat, spring wheat, and wheat germ 
compared to wheat middling and wheat 
bran. Wheat middling had the lowest 
ADCGE value (P< 0.05), which 
significantly differed to the other 4 
ingredients. Winter wheat, spring wheat, 
and wheat germ had significantly higher 
ADCCP than the other 2 ingredients (P< 
0.05). 
The ADCs of the EAAs and NEAAs did 
not reflect the ADCCP in any of the 5 
ingredients, but a trend was observed. The 
ADCs of all EAAs and NEAAs were >80 
% for most coproducts, with winter wheat 
and spring wheat having the highest 
values. Crude fiber and ash had a strong 
negative correlation with the ADCs of 
energy and nutrients (Table 4). 
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Table 2. Proximate composition (g/kg of dry matter), gross energy content (kcal/kg of dry matter), and amino acid profiles (g/kg of dry 
matter) of wheat and its coproducts, and the reference diet 
 

Ingredient Winter wheat Spring wheat Wheat middling Wheat bran Wheat germ Reference diet  

International feed number 4-05-268 4-05-258 4-05-205 4-05-190   
Crude protein 163.1 163.6 200.6 195.8 308.8 325.8 
Crude fiber 31.2 22.8 85.1 87.5 27.2 35.4 
Crude lipid 16.6 15.4 30.4 37.9 87.1 60.3 
Ash 16.5 17.9 51.1 54.4 47.1 63.2 
Gross energy  4423 4391 4506 4555 4837 4612 

Essential amino acids 
Arginine 7.4 7.1 12.6 12.2 22.9 27.2 
Histidine 3.5 3.5 4.9 4.9 7.2 6.1 
Isoleucine 5.5 5.4 5.9 5.7 9.3 13.2 
Leucine 10.5 10.5 12.1 11.7 18.3 26.1 
Lysine 4.3 4.0 7.2 7.5 17.2 19. 6 
Methionine 2.6 2.5 3.1 2.8 5.1 5.9 
Phenylalanine 7.4 7.2 7.8 7.6 10.8 15.5 
Threonine 4.8 4.7 6.5 6.3 11.4 13.1 
Tryptophan 4.5 1.8 2.6 2.5 3.2 3.6 
Valine 6.6 6.5 8.4 8.5 13.8 15.0 
Non-essential amino acids 
Alanine 7.7 7.8 13.1 13.1 23.5 19.0 
Aspartic acid 5.4 5.4 8.7 8.8 16.7 32.4 
Cystine 3.7 3.7 4.1 3.8 4.5 4.2 
Glutamic acid 48.5 48.7 42.1 38.5 47.0 55.0 
Glycine 6.5 6.4 9.9 9.7 15.9 22.53 
Serine 7.5 7.5 8.9 8.3 12.7 15.5 
Tyrosine 4.0 3.9 4.4 4.5 7.0 10.7 
Crude protein = N × 6.25. 
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Table 3. Apparent digestibility coefficients (ADCs) of dry matter, gross energy, crude protein, and amino acids in wheat and its 
coproducts fed to Nile tilapia 
 

Ingredient Winter wheat Spring wheat Wheat middlings Wheat bran Wheat germ SEM 
Dry matter 91.6a 91.6a 55.9b 61.9b 87.2a 4.3 
Gross energy 91.5a 91.6a 57.5c 66.1b 89.0a 4.0 
Crude protein 96.3a 95.7a 84.2b 85.2b 93.7a 1.5 

Essential amino acids 
Arginine 96.1a 92.2bc 89.3c 85.5d 95.4ab 1.1 
Histidine 92.2bc 96.0ab 87.1d 89.7cd 97.5a 1.2 
Isoleucine 94.7a 96.3a 83.1b 82.7b 94.6a 1.7 
Leucine 96.1a 96.7a 83.4b 82.8b 94.9a 1.7 
Lysine 93.4b 93.9ab 85.1c 80.7d 96.4a 1.6 
Methionine 96.3a 94.4a 84.5b 82.1b 94.4a 1.7 
Phenylalanine 95.7a 96.6a 82.6b 82.8b 94.8a 1.8 
Threonine 95.3a 89.1b 77.9c 78.8c 92.9a 2.0 
Tryptophan 96.3a 98.5a 84.8b 87.8b 97.0a 1.5 
Valine 96.5a 94.1a 80.7b 83.0b 94.4a 1.8 

Non-essential amino acids 
Alanine 98.9a 93.5b 82.7c 85.6c 93.9b 1.6 
Aspartic acid 98.9a 96.4a 86.1b 83.4c 96.8a 1.7 
Cystine 97.8a 97.3a 86.9b 88.7b 97.0a 1.3 
Glutamic acid 99.0a 99.1a 94.7d 93.0d 97.7c 0.7 
Glycine 107.6a 98.0b 86.7c 88.6bc 92.8ab 2.1 
Serine 97.7a 96.8a 86.3b 85.7b 95.9a 1.5 
Tyrosine 96.3a 97.4a 88.5b 84.4b 94.8a 1.5 
Mean 97.0a 95.7a 85.3b 85.1b 95.4a 1.5 
All values are the means of 3 replicates. Means in each column followed by different superscript letters differ significantly (P < 0.05); SEM = standard error of the 
mean. 
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Table 4. Correlation between the chemical components and apparent digestibility 
coefficients (ADC) of dry matter, gross energy, and crude protein 
 

Variable ADC of dry matter ADC of gross energy ADC of crude protein 
Crude 
protein 

0.016 0.050 -0.037 

Crude fiber -0.952** -0.941** -0.917** 
Crude lipid 0.011 0.052 -0.049 
Ash -0.780** -0.745** -0.793** 
Gross 
energy 

-0.029 0.013 -0.086 

Correlation** is significant at the 0.01 level (two-tailed). 

 

DISCUSSION 
 

The results demonstrate that the 
components of wheat and its coproducts 
vary depending on the parts of the wheat 
that are removed from the parent grain 
during processing, based on the analysis 
of proximate and AA compositions. 
Specifically, gross energy, crude protein, 
crude lipid, and AA content varied with 
respect to the 5 tested diets. These results 
support those obtained by previous 
studies (HERTRAMPF & PIEDAD-
PASCUAL, 2000). Wheat middling and 
wheat bran are obtained by the wheat 
milling process (HUANG et al., 1999), 
resulting in their having the highest fiber 
content. Wheat germ is the reproductive 
part of the wheat grain (BEWLEY et al., 
2006), and is removed during milling to 
improve the shelf life of flour 
(POMERANZ, 1987).  
The ADCDM, ADCGE, and ADCCP 
values obtained in the present study 
differ to those reported by previous 
studies on the wheat and coproducts used 
in Nile tilapia and hybrid tilapia diets. 
Fontaínhas-Fernandes et al. (1999) 
obtained 59.90 %, 82.60 %, and 88.60 % 
for the ADCDM, ADCGE, and ADCCP 
of winter wheat, respectively, in Nile 
tilapia diets. Vásquez-Torres et al. 
(2010) obtained 79.60 %, 85.40 %, and 
59.20 % for the ADCDM, ADCGE, and 

ADCCP of winter wheat, respectively in 
hybrid red tilapia diets. Boscolo et al. 
(2002) obtained 86.51 %, 87.70 %, and 
96.30 % for the ADCDM, ADCGE, and 
ADCCP of spring wheat, respectively, in 
Nile tilapia diets. (VÁSQUEZ-TORRES 
et al., 2010) obtained 66.00%, 83.50 %, 
and 61.40 % for the ADCDM, ADCGE, 
and ADCCP of spring wheat, 
respectively, for hybrid red tilapia diets.  
In comparison with the present study, 
Guimarães et al. (2008a) obtained lower 
ADCDM (45.88 %), ADCGE (48.94 %), 
and ADCCP (66.04 %) for wheat 
middling used in Nile tilapia diets. In 
contrast, Boscolo et al. (2002) and 
Guimarães et al. (2008a) obtained higher 
wheat middling ADCDM (66.79 % and 
70.37 %), ADCGE (68.81 % and 72.83 
%), and ADCCP (91.00 % and 93.54 %) 
than the current study. In comparison, 
Rodrigues et al. (2012) obtained lower 
wheat bran ADCDM (40.10 %), 
ADCGE (40.30 %), and ADCCP (67.80 
%) in Nile tilapia diets than the current 
study. Sklan et al. (2004) obtained lower 
wheat bran ADCGE (38.80%) but 
similar ADCCP (83.60%) to the current 
study.  
We were unable to locate any published 
data about the energetics and 
digestibility of wheat germ nutrients for 
Nile tilapia or its hybrids. Compared to 
the current study, Takeuchi (1991) 
obtained lower ADCGE (77.0 %) and 
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similar ADCCP (94.0 %) for defatted 
wheat germ used in the diet of common 
carp, Cyprinus carpio (Linnaeus, 1758), 
when reared at 25 °C.  
With the exception of wheat middling, 
data about the ADC of AAs of wheat 
coproducts used for Nile tilapia diets are 
limited (FURUYA et al., 2001; 
GUIMARÃES et al., 2008a; 
GONÇALVES et al., 2009). The mean 
wheat middling ADC of AAs obtained in 
the present study (85.3 %) was higher 
than that reported by Guimarães et al. 
(2008a) (62.10 %) and Furuya et al. 
(2001) (77.40 %), but was similar to that 
reported by Gonçalves et al. (2009) 
(84.41 %). 
Extrusion increases the ADCDM, 
ADCGE, and ADCCP of plant-based 
ingredients (HARDY & BARROWS, 
2002; VENOU et al., 2003). 
Consequently, extrusion may have 
enhanced the nutritional value of wheat 
and its coproducts in this study compared 
to other studies where extrusion was not 
conducted for tilapia diets. 
Here, we detected higher fiber content 
for wheat middling and wheat bran 
compared to the other ingredients. 
Variability in the ADCs of energy and 
nutrients of wheat and its coproducts 
may be influenced by differences in 
proximate composition. Similar results 
have been obtained for swine and poultry 
(NUNES et al., 2001; BORGES et al., 
2003; WESENDONCK et al., 2013a; 
WESENDONCK et al., 2013b). 
Ingredients with higher fiber content had 
lower ADCs in the present study. 
Guimarães et al. (2008b) reported that 
high-fiber cottonseed meal fed to Nile 
tilapia has lower ADCCP and ADCs of 
AAs (78.6 % and 73.4 %, respectively) 
than low-fiber cottonseed meal (81.8 % 
and 80.7 %, respectively). Guimarães et 
al. (2008a) observed that broken rice fed 
to Nile tilapia had higher ADCs (62.23 
%) than rice bran (59.50 %). Crude fiber 

cannot be digested by fish, and may 
cause differences in how fish utilize 
energy and nutrients (KRONTVEIT et 
al., 2014). The crude fiber decreases the 
ADCDM, and consequently the 
ingredient nutritional value decreases. As 
an indirect effect the speed of the bolus 
in the gastrointestinal tract increases, 
which decreases the action time of 
digestive enzymes and consequently all 
ADCs (LANNA et al., 2004; BAKKE et 
al. 2011). In the present study, dietary 
fiber had a stronger influence on 
ADCDM and ADCGE than ADCCP 
(BOOTH et al., 2001; KÖPRÜCÜ, 
2012).  
Consistent with our observations for fish, 
crude fiber has a negative correlation 
with the ADCs of energy and nutrients in 
plant ingredients fed to poultry 
(VILLAMIDE & FRAGA, 1998) and 
pigs (LEKULE et al., 1990). Ash is also 
negatively correlated with the 
digestibility of energy and nutrients. 
However, a biological explanation for 
the correlation between the ash and the 
ADCs of energy and nutrients in the 
plant ingredients of animal feeds was not 
found in the published literature. Yet, the 
correlation between the crude fiber and 
ash contents of the evaluated ingredients 
may explain this phenomenon 
(JONDREVILLE et al., 2000). Pearson's 
correlation estimates the linear 
relationship that may exist between two 
variables (BHUJEL, 2008). When the 
effects of more than one independent 
variable (chemical composition) are 
estimated on the dependent variable 
(ADCs), the consequence of the 
relationship between the independent 
variables may be inferred, in addition to 
how direct effects influence indirect 
effects (WRIGHT, 1921). Most of the 
ash obtained from wheat is on the fibrous 
part of the grain (WAN et al., 2009). 
Therefore, the correlation between ash 
and the ADCs of energy and nutrients 
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for wheat and its coproducts may have 
an indirect effect on the effectiveness for 
Nile tilapia. 
In the present study, dietary fiber had a 
stronger influence on ADCDM and 
ADCGE than ADCCP, supporting 
previous studies (BOOTH et al., 2001; 
KÖPRÜCÜ, 2012). Consistent with our 
observations for fish, crude fiber was also 
negatively correlated with the ADCs of 
energy and nutrients in plant ingredients 
fed to poultry (VILLAMIDE & FRAGA, 
1998) and pigs (LEKULE et al., 1990).  
The ADCs of energy and nutrients in 
wheat coproducts have been determined 
for fish with different feeding habits, 
including some carnivorous species. For 
instance, compared to our results, Silva et 
al. (2013) obtained much lower ADCGE 
(40.45 %) and ADCCP (53.65 %) values 
for wheat bran in extruded diets fed to 
striped surubim, Pseudoplatystoma 

reticulatum. González-Félix et al. (2010) 
also obtained lower ADCGE values for 
whole wheat (55.4 %), wheat bran (44.9 
%), and wheat middling (8.2 %) in 
pelleted diets fed to Florida pompano, 
Trachinotus carolinus, than what we 
obtained here. In contrast, Guimarães et 
al. (2014) obtained higher ADCDM 
(62.60 %), ADCGE (68.20 %), and 
ADCCP (84.40 %) for wheat middling in 
pelleted diets fed to tambaqui, Colossoma 
macropomum, which is omnivorous with 
herbivorous tendencies. Logically, 
carnivorous fish and omnivores with 
carnivorous tendencies have greater 
difficulty digesting plant-derived nutrients 
than herbivorous fish or omnivores with 
herbivorous tendencies (NRC, 2011; 
RODRIGUES et al., 2012). The level of 
amylolytic and proteolytic activity in the 
digestive tract varies widely among fish 
with different feeding habits (HIDALGO 
et al., 1999). This variation may reflects 
their differential ability to digest energy 
and nutrients from plant materials 
(BAKKE et al., 2011). Carbohydrates are 

the most abundant nutrients of vegetable 
origin, and may entrap other nutrients 
(NRC, 2011). Therefore, the ability of a 
given species to digest carbohydrates 
(RODRIGUES et al., 2012; GOMINHO-
ROSA et al., 2015) may increase the 
utilization of carbohydrate and other 
nutrients in the diet. Such information 
helps researchers and managers determine 
the ability of different species with 
different habitats to process diets 
maximally (MA et al., 2016). 
The ADC values for proteins are the 
fractional sums of the ADC values for 
AAs and other nitrogenous compounds in 
feed ingredients (NRC, 2011). Despite the 
ADCs of AAs being strongly correlated 
with ADCCP (GLENCROSS et al., 
2008), the 2 components may not exactly 
match; thus, it is important to determine 
the individual AAs ADCs acids 
(GUIMARÃES et al., 2008b; 
GUIMARÃES et al., 2008a; 
GONÇALVES et al., 2009; DONG et al., 
2010; RIBEIRO et al., 2011). However, a 
trend appeared to be present between 
these variables in the current study.  
Overall wheat and its coproducts in 
extruded diets for Nile tilapia contain 
high ADCCP and ADCs of AAs. In 
contrast, the presence of high-fiber 
coproducts resulted in low ADCDM and 
ADCGE, which may limit the use of 
these ingredients in Nile tilapia feed. In 
conclusion, our results contribute 
important information towards enhancing 
the nutritional content of extruded diets 
for farmed Nile tilapia. 
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