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Abstract

The objective of this study was to evaluate the inclusion of dry residue of cassava (DRC) with or without 
supplementation of carbohydrases on performance, carcass yield, cuts and organs, blood parameters and 
meat quality of broiler chickens. Birds were distributed in a completely randomised design in a 2 x 5 
factorial scheme, with or without addition of carbohydrases and five levels of DRC inclusion, resulting 
in 10 treatments with 5 replicates of 22 birds each. At 21 days of age, two birds of each treatment 
were fasted for 6 hours for blood brachial puncture. At 42 days, four birds per pen were slaughtered 
to determine carcass yield, cuts, organs, percentage of abdominal fat and meat quality. Between 1-21 
days of age, there was an interaction (P < 0.05) between carbohydrase and DRC supplementation on 
weight gain (WG) and feed intake, which showed a decreasing linear effect without the inclusion of 
carbohydrases. In the period from 1 to 42 days, there was an interaction (P < 0.05) between carbohydrase 
supplementation and DRC inclusion on the variables WG and feed conversion. Carbohydrase inclusion 
provided an increase (P < 0.05) in the concentrations of cholesterol, triglycerides, creatinine, gamma GT 
and blood glucose. Concentrations of gamma GT were increased and levels of alanine aminotransferase 
and creatinine were decreased (P < 0.05) with DRC inclusion. At 24 hours post mortem, there was 
a significant interaction (P < 0.05) for breast meat between carbohydrase supplementation and DRC 
inclusion for the variable L. The analysed values of pH, water holding capacity and shear force of 
the breast meat were not affected (P > 0.05) by DRC inclusion and carbohydrase addition. However, 
cooking loss was influenced (P < 0.05) by levels of inclusion of DRC. The L and a* variable and the feet 
of broiler chickens were not affected (P > 0.05) by DRC levels and carbohydrase addition. The colour 
variable b* showed a decrease (P < 0.05) from 5% level of inclusion. The results of this study show that 
DRC can be used in the diets of broiler chickens from 1 to 21 days old to the assessed level of 10%, 
provided that carbohydrase is added.
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Resumo

O objetivo do trabalho foi avaliar a inclusão do resíduo seco de fecularia (RSF) com ou sem a suplementação 
de carboidrases sobre o desempenho, o rendimento de carcaça, cortes e órgãos, parâmetros sanguíneos 
e qualidade da carne de frangos de corte. As aves foram distribuídas em um delineamento inteiramente 
casualizado, em esquema fatorial 2x5, constituído da combinação da adição ou não de carboidrases e 
cinco níveis de inclusão de RSF, resultando em 10 tratamentos, com cinco repetições de 22 aves cada. 
Aos 21 dias de idade, duas aves por unidade experimental foram mantidas em jejum por 6 horas, para 
coleta de sangue via punção braquial. Aos 42 dias de idade, quatro aves por unidade experimental 
foram abatidas para determinação do rendimento de carcaça, cortes, órgãos, porcentagem de gordura 
abdominal e avaliação da qualidade da carne. No período de 1 a 21 dias de idade houve interação (P 
< 0,05) entre a suplementação de carboidrases e o RSF para ganho de peso e consumo de ração, que 
apresentaram comportamento linear decrescente sem a inclusão de carboidrases. No período de 1 a 
42 dias houve interação (P < 0,05) entre a suplementação de carboidrases e a inclusão do RSF para as 
variáveis GP e conversão alimentar. A inclusão das carboidrases proporcionou um aumento (P < 0,05) 
na concentração de colesterol, triglicerídeos, creatinina, gama GT e glicose no sangue. A concentração 
da Gama GT apresentou um acréscimo e da alanina aminotransferase e creatinina apresentaram um 
decréscimo (P < 0,05) com a inclusão do RSF. Na análise 24 horas post mortem da carne do peito houve 
interação significativa (P < 0,05) entre a suplementação de carboidrases e a inclusão do RSF para a 
variável L. Os valores analisados de pH, capacidade de retenção de água e força de cisalhamento da 
carne do peito não foram influenciados (P > 0,05) pela inclusão do RSF e adição ou não de carboidrases. 
A perda por cocção foi influenciada (P < 0,05) pelos níveis de inclusão do RSF. As variáveis L e a* 
dos pés dos frangos de corte não foram influenciadas (P > 0,05) pelos níveis do RSF e adição ou não 
de carboidrases. A variável de cor b* apresentou um decréscimo (P < 0,05) a partir do nível de 5% de 
inclusão. O RSF pode ser utilizado nas dietas de frangos de corte de 1 a 21 dias de idade até o nível 
avaliado de 10%, desde que associado ao uso de carboidrases.
Palavras-chave: Aves. Complexo enzimático. Mandioca. Nutrição.

Cabello (2010), who also stress the importance 
of using such co-products because of their low 
pigment capacity, high soluble and insoluble fibre 
content and the presence of NSP.

Non-starch polysaccharides are the main 
constituents of plant cell walls and cannot be 
digested by birds, because their binding is resistant to 
hydrolysis in the digestive tract. The indigestibility 
of these components can reduce the energy of the 
food and negatively interfere with the use of other 
nutrients, impeding animal performance (CONTE 
et al., 2003).

The use of carbohydrases such as amylase, 
glucanase and xylanase in poultry diets has been 
prominent over the last few years. Its benefits are 
related to the hydrolysis of the food components, 
improving the digesta use and starch degradation 

Introduction

The use of co-products in agricultural production 
system has made it possible to reduce feed costs 
with in animal production. Dry starch residue is a 
coproduct of cassava processing and characterised 
by large amounts of fibre which cannot be extracted 
during processing (RAUPP et al., 1999).

Because cassava is produced in great quantities 
and has high nutritional qualities, it has great 
potential to partially replace corn in broiler diet. 
According to studies on the evaluation of nutritional 
and energy values, DRC contains 3,519 kcal kg-1 of 
crude energy, 0.98% of protein, 27.0% of neutral 
detergent fiber and 19.5% acid detergent fibre.

Picoli et al. (2014) emphasise the relevance 
of the high content of non-starch polysaccharides 
(NSP) and lignin in DRC, similar to Silva and 
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and reducing the viscosity of the diets, contributing 
to the use of energy and, consequently, improving 
the zootechnical production parameters (YU; 
CHUNG, 2004).

In this context, it is believed that carbohydrase 
supplementation in diets containing DRC can 
promote a better productive efficiency of the 
birds by improving the digestion of low quality 
components, such as NSP, or even by increasing 
the availability of other nutrients (TORRES et al., 
2003). The objective of this study was to evaluate 
the inclusion of dry residue of cassava in broiler 
diets with or without carbohydrase supplementation 
on performance, carcass yield, cuts and organ 
quality, blood parameters and meat quality.

Material and Methods

This work was carried out in the poultry sector of 
the Experimental Station of the State University of 
the West of Paraná - UNIOESTE. The experiments 
were approved by the ethics and biosafety committee 
of the institution, according to Protocol N° 19/13. 
The birds were housed in a box (experimental unit 
- EU) with a tubular feeder, a nipple type water 
fountain, a heating source (250 watt infrared lamps) 
and a concrete floor coated with pine wood.

A total of 1,100 one-day-old Cobb 500 male 
broiler chicks were distributed in a completely 
randomised design in a 2 x 5 factorial scheme 
consisting of the combination of the addition of 
carbohydrases and five inclusion levels of DRC (0, 
2.5, 5.0, 7.5 and 10%), resulting in 10 treatments 
with five replicates and 22 birds each.

Dry residue of cassava and enzyme 
supplementation were used in poultry rations from 
1 to 21 days of age. Feed and water were provided 
ad libito and illumination (natural and artificial) 
was 24 hours.

The experimental diets, isoproteic and isocaloric, 
were formulated with corn and soybean meal 
according to the food composition and nutritional 

requirements proposed by Rostagno et al. (2011) for 
phases 1 to 7 (Table 1) and 8 to 21 (Table 2) days of 
age for broiler chickens. The DRC used had 89.86% 
of dry matter (DM), 0.98% of crude protein (CP), 
3,519 kcal kg-1 of gross energy (GE), 0.19% of ether 
extract (EE), 27% of neutral detergent fiber (NDF), 
19.5% of acid detergent fiber (ADF) in the natural 
composition.

Carbohydrate inclusion was performed according 
to the manufacturer’s recommendation: Ronozyme 
A®, amylase-based enzyme with inclusion of 0.04% 
(400 g ton-1 of feed), Ronozyme VP®, xylanase 
with inclusion of 0.02% (200 g ton-1 of feed) and 
Ronozyme WX 2000®, a beta-glucanase enzyme 
with inclusion of 0.005% (50 g ton-1 of feed). For 
the use of carbohydrases, metabolizable energy was 
valued at 50 kcal kg-1.

Feed weight and consumption were recorded at 
7, 21 and 42 days of age to evaluate the zootechnical 
performance of the birds. Mortality was determined 
daily for the correction of feed intake and feed 
conversion, according to Sakomura and Rostagno 
(2007).

At 21 days of age, two birds per experimental 
unit (EU) were randomly chosen, fasted for 6 
hours, and blood samples were collected via 
brachial puncture. The samples were centrifuged 
and the serum separated and frozen for analysis 
of cholesterol, triglycerides (TGY), glucose, 
total protein, creatinine, uric acid (UA), aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT) and gamma-glutamyltransferase 
(GammaGT). The readings were performed 
using commercial kits, Elitech, and an automatic 
spectrophotometer with automatic calibration and 
high performance reading (Flexor Biochemical 
Analyzer EL 200).

In the period from 22 to 42 days, the animals 
received the same ration, the so-called “control 
ration” (CR), without inclusion of DRC and without 
carbohydrase supplementation. The growth and 
finishing rations were formulated with corn and 
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soybean meal to meet the requirements of broiler 
chickens from 22 to 35 and 36 to 42 days of age 
(ROSTAGNO et al., 2011).

At 42 days of age, four birds per EU, with mean 
group weight (± 5%), were individually weighed 
and killed by cervical dislocation and subsequent 
bleeding, in accordance with CFMV Resolution 
No. 1000/2012. The animals were slaughtered 
according to Normative Instruction N°. 3 of January 

17, 2000, of the DSA/MAPA, which establishes 
the methods of desensitisation for humanitarian 
abatement. Subsequently, carcass yield, yield of 
breast, thigh, overcoat, wing and back, relative liver 
weight without the gallbladder and empty gizzard 
were determined. The percentage of abdominal fat 
was obtained from fat removed from the cloaca and 
around the gizzard.

Table 1. Percentage and calculated composition of the experimental diets used during the pre-initial phase, 1 to 7 age 
old days, for broiler chick.

Ingredient (%)
 Diets without carboydrases  Diets with carboydrases

0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5 10.0
Corn 54.72 50.66 46.0 42.54 38.49 55.74 51.68 47.63 43.57 39.52
Soybean meal 45% 36.57 37.27 37.98 38.68 39.38 36.39 37.09 37.80 38.50 39.20
Poultry by-product meal 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Soybean oil 2.08 2.96 3.85 4.73 5.62 1.16 2.05 2.93 3.81 4.70
DRC 0.00 2.50 5.00 7.50 10.00 0.00 2.50 5.00 7.50 10.00
Monobicalcium phosphate 1.58 1.58 1.59 1.58 1.59 1.58 1.58 1.59 1.59 1.59
Limestone 0.85 0.83 0.82 0.80 0.79 0.85 0.83 0.82 0.80 0.79
Common salt 0.48 0.48 0.49 0.48 0.49 0.48 0.48 0.49 0.49 0.49
Byo-Lys (51.7%) 0.439 0.419 0.399 0.378 0.358 0.444 0.424 0.400 0.383 0.363
DL-Methionine (98%) 0.341 0.345 0.349 0.353 0.357 0.340 0.344 0.348 0.352 0.356
L-Threonine (99%) 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089
L-Valine (99%) 0.047 0.047 0.046 0.046 0.045 0.047 0.047 0.046 0.046 0.045
Vitaminic1 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120
Choline chloride (60%) 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060
Salinomycin % 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055
Mineral2 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
BHT 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Avilamycin % 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Carboydrases3 0.000 0.000 0.000 0.000 0.000 0.065 0.065 0.065 0.065 0.065
Calculated composition
Metabolizable energy (kcal kg-1) 2,960 2,960 2,960 2,960 2,960 2,960 2,960 2,960 2,960 2,960
Crude protein (%) 22.60 22.60 22.60 22.60 22.60 22.60 22.60 22.60 22.60 22.60
Calcium(%) 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Available phosphorus (%) 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Sodium (%) 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22
Dig. lysine (%) 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32
Dig. met+ cyst (%) 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

Continue...
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Dig. threonine (%) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Dig. trypt. (%) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Dig. valine (%) 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
Dig. isoleucine (%) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89

1 Vitaminic premix for birds (Lot BR00014639), Levels per kilogram product: Vit. A (min) 9000000 UI, Vit. D3 (min) 
2500000 UI, Vit. E (min) 200000 UI, Vit. K3 (min) 2500 mg, Vit. B1 (min) 1500 mg, Vit. B2(min) 6000 mg, Vit. B6 
(min) 3000 mg, Vit. B12 (min) 12000 µg. Pantothenic acid (min) 12 g, Niacin (min) 25g, Folic acid (min) 800 mg, 
Biotin (min) 60 mg, Selenium (min) 250 mg. 2ROLIGOMIX - Mineral premix for birds (Lot BR00013863), Levels per 
kilogram product: Copper (min) 20g, Iron (min) 100g, Manganese (min) 160g, Cobalt (min) 2000 mg, Iodine (min) 
2000 mg, Zinc (min) 100g. 3Carboydrases - Ronozyme A® (400 g ton-1 de ração), Ronozyme VP® (200 g ton-1 de ração) 
e Ronozyme WX 2000® (50 g ton-1 de ração).

Continue...

Continuation...

Meat quality was evaluated in the right and left 
breast muscle (pectoralis major) of two birds per 
EU. The pH was determined directly on the right 
chest fillet, 15 min and 24 h “post mortem” (OLIVO 
et al., 2001), with the help of the HI 99163 portable 
peg diameter.

Breast colour was measured 15 min and 24 h 
and 15 min post-mortem, using the portable CR-

400 colorimeter (Konica Minolta Sensing, São 
Paulo, Brazil). The components L * (luminosity - 
dark to light level), a * (intensity of red/green) and 
b * (intensity of yellow/blue) were expressed in the 
Cielab colour system.

The left breast muscle was used to evaluate water 
retention capacity in the carcass (WRC), weight loss 
by cooking (WLC) and shear force (SF).

Table 2. Percentage and calculated composition of the experimental diets used during the initial phase, 8 to 21 age old 
days, for broiler chick.

Ingredient
 Diets without carboydrases  Diets with carboydrases

0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5 10.0
Corn 57.49 53.47 49.44 45.42 41.39 58.51 54.45 50.46 46.44 42.41
Soybean meal 45% 30.58 31.26 31.93 32.60 33.28 30.41 31.09 31.76 32.44 33.11
Poultry by-product meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
DRC 0.00 2.50 5.00 7.50 10.00 0.00 2.50 5.00 7.50 10.00
Soybean oil 2.72 3.60 4.48 5.36 6.24 1.80 2.69 3.56 4.44 5.32
Dicalcium Phosphate 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Limestone 0.81 0.79 0.78 0.76 0.75 0.81 0.79 0.78 0.76 0.75
Common salt 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
ByoLys (51.7%) 0.408 0.389 0.370 0.350 0.330 0.413 0.393 0.374 0.355 0.336
DL-Methionine (98%) 0.276 0.280 0.285 0.289 0.293 0.275 0.279 0.283 0.287 0.292
L-Threonine (99%) 0.055 0.055 0.055 0.055 0.056 0.055 0.055 0.055 0.055 0.055
Vitaminic1 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Choline chloride (60%) 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060
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Salinomycin % 0.055 0.055 0.055 0.055 0.055 0.050 0.055 0.055 0.055 0.055
Mineral2 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
BHT 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Avilamycin % 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.050 0.005 0.005
Carboydrases3 0.000 0.000 0.000 0.000 0.000 0.065 0.065 0.065 0.065 0.065
Celite (indicator) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Calculated composition
Metabolizable energy (kcal kg-1) 3,050 3,050 3,050 3,050 3,050 3,050 3,050 3,050 3,050 3,050
Crude protein (%) 21.45 21.44 21.43 21.42 21.41 21.45 21.44 21.43 21.42 21.41
Calcium(%) 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Available phosphorus (%) 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Dig. lysine (%) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21
Sodium (%) 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21
Dig. met + cyst (%) 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Dig. threonine (%) 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Dig. tryptophan (%) 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
Dig. valine (%) 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Dig. isoleucine (%) 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

1 Vitaminic premix (Lot BR00014639), Levels per kilogram product: Vit. A (min) 9000000 UI, Vit. D3 (min) 2500000 UI, Vit. E 
(min) 20000 UI, Vit. K3 (min) 2500 mg, Vit. B1 (min) 1500 mg, Vit. B2 (min) 6000 mg, Vit. B6 (min) 3000 mg, Vit. B12 (min) 
12000 µg, Pantothenic acid (min) 12 g, Niacin (min) 25g, Folic acid (min) 800 mg, Biotin (min) 60 mg, Selenium (min) 250 mg. 
2ROLIGOMIX - Mineral premix (Lot BR00013863), Levels per kilogram product: Copper (min) 20g, Iron (min) 100g, Manganese 
(min) 160g, Cobalt (min) 2000 mg, Iodine (min) 2000 mg, Zinc (min) 100g. 3Carboydrases - Ronozyme A® (400 g ton-1 de ração), 
Ronozyme VP® (200 g ton-1 de ração) e Ronozyme WX 2000® (50 g ton-1 de ração).

Texture Analyzer, coupled with a TA 3/100 probe, 
TA - SBA fixture, calibrated at 0.01 kg force, 20 mm 
strain, 2.5 mm s-1 test velocity.

Analysis of variance and subsequent polynomial 
regression were performed between inclusion levels, 
excluding basal ration (0% DRC). In addition, 
the Dunnett test was applied at 5% probability to 
compare the basal diet with the other treatments. 
Statistical analyzes were performed using the 
SAEG - System for Statistical and Genetic Analysis 
(UFV, 1997).

Results and Discussion

There was an interaction (P < 0.05) between 
carbohydrase supplementation and the different 

The WRC was performed by centrifugation as 
proposed by Nakamura and Katok (1985). Samples 
of approximately 1 g of chest muscle (pectoralis 
major) “in natura” were wrapped in filter paper, 
centrifuged at 2,000 rpm for 4 min, weighed, oven-
dried at 70°C for 12 h and weighed again for WRC 
calculation. For the determination of the WLC, the 
breast fillets were weighed, packed in laminated 
paper and baked in commercial plates at 180°C 
until reaching an internal temperature of 80°C in 
the centre of the sample. Subsequently, the samples 
were allowed to stabilise at room temperature and 
then weighed again (HONIKEL, 1998). For the SF 
analysis, the samples were cut into three rectangles 
(1.0 x 1.0 x 2.0 cm) and placed with the fibers 
oriented perpendicular to the blade to determine HR 
in kilograms (kgf cm-2), using a Brookifield CT3 

Continuation...
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inclusion levels of DRC for weight gain (WG) and 
feed intake (FI) (Table 3). Without carbohydrase 
inclusion, WG and FI showed a linear decreasing 

behaviour. However, with the addition of 
carbohydrases, no effect was observed (P > 0.05).

Table 3. Supplementation or no carbohydrases and inclusion levels of dry residue of cassava in the performance of 
broiler chick from 1 to 21 age old days.

Weight gain (g) Feed intake (g) Feed conversion

Inclusion (%) Without
CHO’se

With
CHO’se

Without
CHO’se

With
CHO’se

Without
CHO’se

With 
CHO’se

0.0 947 935 1346 1344 1.355 1.373
2.5 934 930 1307* 1311 1.343 1.346
5.0 933 928 1297* 1305* 1.322 1.342
7.5 909* 920 1272* 1265* 1.334 1.347
10.0 881* 934 1241* 1298* 1.341 1.327
Means 9201 929 1293 1305 1.339 1.340
Cho’se 0.182 0.106 0.965
Inclusion 0.007 <0.001 0.244
Interaction 0.014 0.043 0.457
CV (%) 2.344 1.907 2.190
EPM 4.425 5.474 0.005
Interaction 0.025 0.036 0.364
Inclusion 0.058 0.001 0.949
Linear <0.0011 - <0.0012 0.120 - -
Quadratic 0.185 - 0.355 0.094 - -

Cho’se: carboydrases
* Means followed by * differ to inclusion level “0” by the Dunnett test, at the 5% probability level;
1Y= -7,32*DRC+960 (R2 =0,84);
2Y= -8.92*DRC+1335 (R2 =0,93).

There was a linear reduction (P < 0.05) in the 
WG of the animals with increased DRC inclusion 
without carbohydrase inclusion. Inclusion levels of 
7.5 and 10% differed (P < 0.05) from the control 
treatment by the Dunnett test, presenting a lower 
WG in relation to the control. Supplementation with 
carbohydrases provided birds with a WG similar to 
those that did not receive supplementation.

It can be inferred that carbohydrase 
supplementation was responsible for overcoming 
the negative effects of DRC, providing similar 
performance among birds. According to Sartori 
et al. (2007), exogenous enzymes have the ability 

to maintain or even improve the performance of 
animals by helping to digest substandard products. 
These benefits are related to improvements in the 
digestion process and absorption of the undigested 
fraction of dietary starch and fat and the regulation 
of several digestive secretions (ROMERO et al., 
2013).

Inclusion of DRC without the addition of 
carbohydrates in the diet caused a linear reduction 
(P < 0.05) in the FI with the increase of inclusion 
levels. This may have occurred because increased 
inclusion of DRC provides an increase in the 
amount of dietary fiber, resulting in a higher 
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viscosity of the digesta, thus reducing consumption 
and, consequently, nutrient digestibility and bird 
performance.

With carbohydrase supplementation, the 
reduction of FI was not that significant with the 
increase of the DRC inclusion levels. Carbohydrases 
contributed to an improvement in consumption up 
to the inclusion level of 2.5% of DRC; from the 5% 
inclusion level, there was a decrease in consumption 
in relation to the control ration by the Dunnett test 
(P < 0.05). There was no difference (P > 0.05) in 
feed conversion (FC).

According to Calderano et al. (2010) and 
González-Alvarado et al. (2007), decreased WG 
and FI levels with increased DRC inclusion levels 
may be related to the increased fibre content in the 

diet, combined with the low digestion capacity, as 
well as the sensation of satiety caused by the fibre.

Dry residue of cassava, because of its high 
content of acid-detergent fibre (ADF), may be 
responsible for increasing water absorption capacity 
of the diet, with an increase in feed density. The 
results of this work show that the fibre content of 
the diets increased with increasing inclusion levels 
of DRC, which may have led to a greater drag and a 
lower nutrient use (SOUSA et al., 2014).

Between 1 to 42 days of age, there was an 
interaction (P < 0.05) between carbohydrase 
supplementation and inclusion level of RSF for the 
variables WG and FC; however, these did not fit the 
proposed polynomial model (Table 4).

Table 4. Supplementation or no carbohydrases and inclusion levels of dry residue of cassava in the performance of 
broiler chicken from 1 to 42 age old days.

Weight gain (g) Feed intake (g) Feed conversion
Inclusion (%) Without

CHO’se
With 

CHO’se
Without
CHO’se

With 
CHO’se

Without
CHO’se

With 
CHO’se

0.0 2795 2688 4495 4413 1.583 1.615
2.5 2669* 2712 4473 4404 1.648* 1.598
5.0 2695* 2706 4467 4431 1.631* 1.611
7.5 2664* 2727 4420 4365 1.632* 1.575
10.0 2694* 2725 4533 4405 1.655* 1.590
Means 2704 2711 4477 4404 1.630 1.598
CHO’se   0.496 0.002 0.001

Inclusion 0.025 0.248 0.156
Interaction <0.001 0.737 0.011
CV (%) 1.183 1.739 2.048
EPM 9.485 11.990 0.006
Interaction 0.578 0.593 0.441
Inclusion 0.767 0.181 0.473
Linear 0.384 0.752 0.687
Quadratic 0.869 0.191 0.300

CHO’se: carboydrase
* Means followed by * differ to inclusion level “0” by the Dunnett test, at the 5% probability level.
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In terms of WG and FC, the birds that received 
no carbohydrase supplementation from the 2.5% 
inclusion level of the DRC presented a difference 
(P < 0.05) in relation to the control ration. The 
inclusion of DRC was responsible for the decrease 
in WG and worsening in the FC.

With carbohydrase supplementation, the 
variables WG, FI and FC did not differ (P > 
0.05) from those obtained with the control diet. 
However, carbohydrates may have contributed 
to the availability of DRC nutrients, since their 
inclusion resulted in a similar animal performance 
compared to the group that did not receive such 
supplementation.

The use of co-products or ingredients of 
inferior nutritional quality may adversely affect the 

performance of broilers; however, when combined 
with carbohydrases, this effect can be mitigated or 
reversed.

It is likely that carbohydrases facilitate the 
digestibility of fibre and starch, thereby improving 
nutrient absorption and favouring high bird 
performance. According to Bedford and Apajalahti 
(2001), such high performance obtained with the 
use of a combination of carbohydrases is a result of 
the improvement in nutrient use and the balance of 
the intestinal microbial population of the birds.

Regarding the variables carcass, breast, 
thigh, overcoat and wing performance, these 
were not influenced (P > 0.05) by carbohydrase 
supplementation and inclusion levels of DRC 
between 1 and 21 days (Table 5).

Table 5. Carcass yield and cuts of broiler chicken from 1 to 42 age old days feed dry residue of cassava with or without 
carbohydrase supplementation.

CHO’se Carcass (%) Breast (%) Thigh (%) Overcoat (%) Wing (%)
Without 72.20 39.24 13.73 16.60 10.88
With 72.94 39.50 13.73 16.77 10.86
P 0.074 0.542 0.999 0.520 0.880
Inclusion (%)
0.0 72.50 39.95 13.78 16.49 10.80
2.5 73.02 39.49 13.64 16.82 10.89
5.0 72.47 39.56 13.74 16.85 10.82
7.5 73.03 39.50 13.35 16.47 10.66
10.0 71.84 38.34 14.15 16.79 11.17
Dunnett 0.332 0.196 0.100 0.778 0.292
Interaction 0.187 0.531 0.069 0.467 0.881
CV (%) 2.800 5.516 6.466 7.571 6.836
Inclusion 0.237 0.266 0.060 0.746 0.215
Interaction 0.165 0.466 0.054 0.325 0.791

CHO’se: carboydrases.

Although bird performance was adversely 
affected by the inclusion of DRC, carcass yield and 
cuts were similar. This may have occurred due to 

the amino acid balance of the diets being adequate, 
since amino acids participate in the composition 
of muscle protein (BARBOZA et al., 2000). In 
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addition, the energetic contents of the different 
treatments were kept similar, according to the 
recommendation of the phase.

These results demonstrate that DRC does not 
affect carcass characteristics and weight of the main 
cuts when the diet is properly balanced. The results 
of this study are in agreement with those of Cardoso 
et al. (2011), who evaluated the effect of enzyme 
complex use on broiler feeds and did not find 

differences in carcass yield and cut rates. Similarly, 
Torres et al. (2003) and Ferreira et al. (2012) did not 
observe a positive effect of exogenous enzymes on 
the analysed variables.

There was no interaction (P > 0.05) between 
carbohydrase supplementation and inclusion level 
of DRC in terms of percentage of abdominal fat and 
organ yield (Table 6).

Table 6. Relative weight of organs and percentage of abdominal fat of broiler chicken to 42 old age days feed dry 
residue of cassava supplemented or without carbohydrases.

CHO’se Abdominal fat (%) Gizzard (%) Liver (%) Intestine (%)
Without 1.27 1.48b 1.86 5.21
With 1.21 1.67a 1.85 4.92
P 0.417 0.026 0.611 0.089
Inclusion (%)
0.0 1.23 1.53 1.80 4.97 
2.5 1.46* 1.45 1.82 4.95 
5.0 1.19 1.70 1.97 5.33 
7.5 1.22 1.55 1.85 5.01 
10.0 1.11 1.65 1.86 5.06 
Dunnett 0.021 0.302 0.368 0.419
Interaction 0.218 0.210 0.606 0.260
CV (%) 26.496 25.659 15.721 16.725
Interaction 0.159 0.195 0.611 0.533
Inclusion 0.015 0.204 0.365 0.520
Linear 0.0041 0.275 0.965 0.975
Quadratic 0.310 0.394 0.266 0.387

CHO’se: carboydrase
* Means followed by * differ to inclusion level “0” by the Dunnett test. at the 5% probability level;
AF= -0.020225DRC + 1.4969 (R2 =0.77).

Percentage of abdominal fat and relative 
liver and intestine weight were not significantly 
different (P> 0.05) between supplemented or non-
supplemented birds. In relation to the gizzard 
presented higher relative weight in the chickens that 
received carbohydrase supplementation.

Inclusion of DRC had a linear decreasing effect 
on the percentage of abdominal fat. The inclusion 

level of 2.5% presented a difference (P < 0.05) in 
relation to the control ration by the Dunnett test, 
with an increase in the percentage of abdominal fat 
at this level.

Similarly, Torres et al. (2003), analysing the 
efficiency of enzymes (amylase, xylanase and 
protease) in the production of broilers, did not find 
significant differences in abdominal fat.
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There was an interaction (P < 0.05) between 
carbohydrase supplementation and the different 
inclusion levels of DRC in terms of uric acid. 
However, this did not fit any predefined model 
(Table 7).

Carbohydrase inclusion resulted in increased 
levels of cholesterol, triglycerides, glucose, 
creatinine, uric acid and gamma GT (P < 0.05) in 
the blood. Alanine aminotransferase levels were 
significantly higher without carbohydrase inclusion 

(P < 0.05), while AST and total proteins were not 
influenced by carbohydrase (P > 0.05).

Although the concentrations of these variables 
increased with carbohydrase inclusion, they are 
within the reference values described by Schmidt et 
al. (2007), namely: cholesterol, 100 to 250 mg dL-

1; triglycerides, 37 to 115 mg dL-1; glucose, 200 to 
500 mg dL-1; creatinine, 100 to 250 IU L-1; uric acid 
values, > 15 mg dL-1; GT, 0 to 10 IU L-1.

Table 7. Blood parameters of broiler chick at 21 old age days feed with dry residue of cassava supplemented or 
without carbohydrases. 

CHO’se
Choles-

terol
(mg dL-1)

Trigly-
cerides

(mg dL-1)

Glu-
cose

(mg dL-1)

Total 
proteins 
(g dL-1)

Creati-
nine

(mg dL-1)

Uric 
acid

(mg dL-1)

AST 
(UI L-!)

ALT 
(UI L-1)

Gam-
ma GT 
(UI L-1)

Without 104.32b 26.16b 199.76b 2.59 0.18b 1.92b 150.72 17.28a 6.20b

With 112.08ª 30.84ª 215.28ª 2.63 0.20ª 2.66ª 162.20 10.84b 8.60ª
P 0.027 0.003 0.007 0.645 0.018 0.002 0.057 <0.001 <0.001
Inclusion (%)
0.0 110.10 29.70 203.00 2.64 0.19 2.27 144.50 16.40 6.20
2.5 105.40 27.20 202.90 2.48 0.17* 2.00 147.90 14.70 6.30
5.0 117.20 31.10 217.20 2.81 0.20 2.61 163.00 14.20* 8.40*
7.5 104.70 26.20 207.60 2.50 0.20 2.26 164.20 12.80* 8.10*
10.0 103.60 28.30 206.90 2.62 0.20 2.30 162.70 12.20* 8.00*
Dunnett 0.088 0.246 0.471 0.127 0.020 0.572 0.100 <0.001 0.015
Interaction 0.740 0.427 0.874 0.457 0.157 0.022 0.136 0.689 0.989
CV (%) 11.078 18.188 9.342 11.644 10.827 34.864 13.213 14.714 24.174
Interaction 0.564 0.271 0.894 0.818 0.060 0.135 0.492 0.637 0.985
Inclusion 0.045 0.178 0.474 0.099 0.004 0.405 0.274 0.038 0.064
Linear 0.283 0.824 0.934 0.828 0.005 0.626 0.134 0.0054 0.074
Quadratic 0.0482 0.578 0.261 0.322  0.02413 0.263 0.220 0.939 0.067

CHO’se: carboydrases;
* Means followed by * differ to inclusion level “0” by the Dunnett test. at the 5% probability level;
2Chol= 96.0750 + 0.5734DRC - 0.00516DRC2 (R2 = 0.47);
3Cre= 0.1355 + 0.0172DRC - 0.00112DRC2 (R2= 0.92);
4ALT = 15.7- 0.356DRC (R2=0.96). 

According to Alonso-Alvarez et al. (2002), in 
sea gulls, cholesterol levels are positively correlated 
with bird weights; which is in agreement with the 
results found in this work.

Increased values of creatinine and uric acid 
indicate muscle damage due to catabolism and use of 

muscle proteins as an energy source (GONZÁLEZ; 
SCHEFFER, 2002); this was, however, not observed 
in this study, since these variables increased with 
increased bird weight.

As DRC is a fibrous food, it can be assumed 
that the use of carbohydrases has contributed to the 
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reduction of antinutritional factors caused by fibre, 
thus enhancing nutrient digestibility and absorption 
and increasing the analysed variables.

There was an effect of DRC inclusion (P < 
0.05) on creatinine concentration; the 2.5% DRC 
level presented a difference when compared to 
the control ration. The results of the Dunnett test 
showed that ALT significantly decreased (P < 0.05) 
with increased DRC levels (5.0, 7.5 and 10%). At 
these levels, there was also an increase (P < 0.05) in 
the GT concentration when compared to the control 
ration. In contrast, DRC inclusion had no effect (P 
> 0.05) on cholesterol, TYG, glucose, total proteins, 
uric acid and AST.

Although DRC inclusion resulted in decreased 
creatinine and ALT concentrations and increased GT 
ranges, these values were still within the reference 
ranges, i.e. 100 to 250 IU L-1 for creatinine, 19 to 50 
IU L-1 for ALT (LUMEIJ, 1997) and 0-10 U L-1 for 
the GT range (SCHMIDT et al., 2007).

The inclusion of DRC had a quadratic effect on 
cholesterol levels, and the level that determined the 
maximum response value was 5.57%. Cholesterol 
levels increased with a subsequent fall from the 5% 
inclusion level of DRC. This could be explained 
by the increase in the original fibre amount, which 
may have provided an increase in the viscosity of 
the food cake and a consequent drop in digestibility, 
especially in terms of fat.

In addition, inclusion of DRC had a quadratic 
effect on creatinine levels, and the level that 
determined the maximum response value was 
7.67%. Creatinine is widely used as an indicator 
of glomerular filtration, originating from muscle 
creatinine and being excreted with urine after 
glomerular filtration. Creatinine is less influenced 
by extra-renal factors and, therefore, would be a 
more realistic indicator of glomerular filtration rates 
(GREENE et al., 2006).

There was a negative linear effect of increasing 
DRC levels on ALT concentrations; ALT is 
found mainly in the hepatocyte cytoplasm and is 

considered a specific hepatoid enzyme. In this way, 
it assists in the diagnosis and prognosis of liver 
diseases (MOTTA, 2003).

Accelerated bird growth due to genetic selection 
is responsible for the occurrence of myopathies and 
the influx of liver enzymes such as creatinine kinase, 
ALT and AST into the circulatory system. Reducing 
the growth rate by limiting feeding reduces muscle 
damage and, consequently, the influx of enzymes 
(RAJMAN et al., 2006). This could be observed 
in this study, since birds fed with DRC inclusion 
without enzymatic supplementation showed lower 
weight gain, that is, decreased muscular deposition.

According to Savón (2002), fibre and its 
equivalents in diets act directly on fat metabolism, 
decreasing intestine absorption capacity for lipids 
and cholesterol, which can cause reduction in plasma 
TYG and cholesterol values, since the increase in 
the viscosity of the food bolus decreases the action 
of bile salts and increases the excretion of bile salts 
and dietary lipids (MOURÃO et al., 2005).

Barbosa et al. (2008) reported that enzymes 
reduce the antinutritional factors of foods, aiding in 
fibre breakage. As DRC is a fibrous food, it can be 
inferred that the enzymes caused a reduction in the 
antinutritional properties of the fibre, improving the 
digestibility of the diet and the absorption of some 
nutrients, including cholesterol and lipids, which 
provided an increase in the analysed variables 
(CAIRES et al., 2008).

The values of L, a * and b * of the breast meat 
at 15 minutes post mortem evaluation showed 
no difference (P > 0.05) with DRC inclusion and 
carbohydrase addition. In the 24-hour post-mortem 
analysis, there was an interaction (P < 0.05) between 
carbohydrase supplementation and inclusion of 
DRC for the variable L; however, it did not fit 
any predefined model. With the inclusion of 2.5% 
of DRC, luminosity was decreased (P < 0.05) in 
relation to CR by Dunnett’s test. At other levels of 
DRC inclusion, there was no difference (P > 0.05), 
irrespective of the carbohydrase addition (Table 8).
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Colour uniformity is an important attribute 
because it is indicative of the quality of the final 
product, thereby influencing selection by customers 
(QIAO et al., 2002).

Du and Ahn (2002) stated that environmental 
conditions and food are factors that can affect the 
colour of meat. In contrast, other studies have shown 
that meat colour, as opposed to skin colour, is only 
slightly influenced by the food quality. According 
to Qiao et al. (2002), meat colour is influenced 
mainly by the conditions caused by accelerated 
post-mortem muscle metabolism and is related to 
heredity.

Qiao et al. (2001) have performed a colour 
classification for breast meat of broilers. According 
to this classification, the meat samples in the 
15-minute post-mortem evaluation can be classified 
into meat with normal colour and in the 24-hour 
post-mortem evaluation into lighter meat than 
normal.

The analysed values of pH, water retention 
capacity (WRC) and shear force (SF) of the breast 
meat were not influenced (P > 0.05) by DRC 
inclusion and carbohydrase addition. Weight loss 
by cooking (WLC) was influenced (P < 0.05) by 
inclusion levels of the DRC, presenting a quadratic 
behaviour, and the inclusion level of the DRC 
that determined the maximum response value was 

6.51%, which reflected 27.7% of WLC (Table 9).

Meat quality can be affected by factors related 
to the animal, nutrition, environmental and sanitary 
conditions, management techniques and procedures 
before and after slaughter. Criteria such as colour, 
pH, WRC, SF and WLC can be used to evaluate 
meat quality (MENDES; KOMIYAMA, 2011).

The pH of the meat is considered a determinant 
factor in the quality of the final product. Likewise, 
WRC is an important factor because it is associated 
with the characteristics of the meat before and 
during cooking and its palatability. This variable can 
be correlated with pH, and the lower the WRC, the 
lower the final pH of the meat as well as the softness 
of the breast meat (MENDES; KOMIYAMA, 2011).

According to Ramos and Gomide (2007), the 
texture, which corresponds to SF, is classified in 
values below 3.62 kgf for extremely tender meats, 
from 6.62 to 9.60 kgf for slightly soft to slightly 
hard meat and above 12.60 kgf for extremely hard 
meats. In this study, the texture of the breast meat 
can be considered extremely soft, which applies for 
all levels of DRC inclusion.

The factors brightness (L) and colour a * were 
not influenced (P > 0.05) by DRC inclusion and 
carbohydrase addition (Table 10).
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Table 9. Quantitative characteristics of breast meat of broiler chicken feed with dry residue of cassava supplemented 
or without carbohydrases. 

Inclusion (%) pH 15’ post mor-
tem 

pH 24h post 
mortem

Water retention 
capacity (%)

Weight loss by 
cooking (%) Shear force (kgf)

0.0 6.10 6.10 54.74 27.16 2.71
2.5 6.12 5.96 58.11 23.95 3.00
5.0 6.16 5.93 56.82 25.88 3.25
7.5 6.14 5.98 54.79 28.64 3.41
10.0 6.12 5.97 53.81 24.15 2.87
Mean 6.13 5.99 55.66 25.96 3.05
CHO’se 0.662 0.366 0.370 0.923 0.312
Inclusion 0.912 0.154 0.104 0.004 0.265
Interaction 0.367 0.214 0.904 0.581 0.686
CV(%) 3.12 3.66 14.29 17.05 36.13
EPM 0.133 0.212 1.203 1.247 0.475
Inclusion 0.915 0.289 0.105 0.004 0.411
Linear 0.997 0.505 0.064 0.448 0.836
Quadratic 0.498 0.600 0.906 0.002 0.113

CHO’se: carboydrases;
WLC= 16.784625 + 3.34765DRC - 0.2571DRC2 (R2 = 0.77).

Table 10. Color of the feet of broiler chicken feed with dry residue of cassava supplemented or without carbohydrases.

Inclusion (%) L a* b*

0.0 72.92 -0.39 29.65
2.5 71.51 -0.72 27.87
5.0 73.49 -1.30 25.48*
7.5 69.74 -0.06 25.67*
10.0 73.11 -1.12 24.55*
Mean 72.15 -0.75 26.79
CHO’se 0.418 0.216 0.940
Inclusion 0.426 0.060 0.016
Interaction 0.133 0.153 0.915
CV (%) 9.69 20.10 17.99
EPM 1.106 0.657 1.255
Inclusion 0.364 0.407 0.241
Linear - - 0.088
Quadratic - - 0.491

CHO’se: carboidrases;
* Means followed by * differ to inclusion level “0” by the Dunnett test, at the 5% probability level.
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The negative values of a * indicate the tendency 
of the meat to take on a green color, as opposed to 
the positive values, which represent a red colour 
(MINOLTA, 2007). Coloration can vary according 
to the muscle or organ evaluated and also to 
the physical activities performed by the animal 
(FLETCHER, 2002).

The colour variable b * was not influenced by 
carbohydrase addition (P > 0.05); however, with 
the increase of inclusion levels of RSF, there was 
a decrease of b * values (P < 0. 05) from the 5% 
level when compared to the control treatment. 
This indicates a depigmentation in the color of the 
food and may be related to the lack of pigments in 
cassava and its co-products (SOUZA et al., 2011).

Conclusion

Dry residue of cassava can effectively be used 
in the diet of broilers from 1 to 21 days of age 
until the evaluated level of 10%, provided that it is 
associated with the use of carbohydrases, without 
any damage to the performance or carcass yield and 
cuts. At slaughter age, meat quality is not negatively 
impacted. The blood parameters analysed were 
within the reference values for broiler chickens.
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