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Abstract
The objective of this study was to evaluate the effect of using
increasing levels of cassava root meal in the diet of broilers,
estimated by the performance and yield of carcasses, cuts, and
viscera over, in the period 10 to 42 days of life. A completely
randomized design was carried out, with four treatments and
four repetitions. The experimental unit consisted of 16male and
female Cobb 500 chickens (a total of 256 birds) that were 10 to
42 days old. The treatments consisted of four diets with 0%,
7.5%, 15%, and 22.5% of cassava root meal (CRM) in three
feeding programs. At 42 days old, four birds per unit were
slaughtered and the carcass yield, main cuts, and edible viscera
were evaluated. The inclusion of levels of 15% and 22.5% of CRM
in the diet of broiler had a negative influence on weight gain,
food consumption, and feed conversion in the initial period and
in the overall growth of the birds. Carcass yield, cuts, and viscera
were not influenced by the diet. Based on the results, it is
recommended that amaximum of 7.5% of the cassava root bran
may be used in the diet of broilers of the Cobb 500 strain, over
10 to 42 days, without compromising the zootechnical
performance of the birds or the yield of edible carcasses, cuts,
and viscera.
Keywords: Carcass yield, food, Manihot esculenta crantz, poultry
farming, weight gain.

Resumo
Objetivou-se avaliar o efeito da utilização de níveis crescentes
do farelo de raiz de mandioca (FRM) na ração de frangos de
corte sob o desempenho e o rendimento de carcaças, cortes e
vísceras, no período 10 a 42 dias de vida. Foi realizado um
delineamento inteiramente ao acaso, com quatro tratamentos e
quatro repetições. A unidade experimental foi representada por
16 frangos machos e fêmeas da linhagem Cobb 500. Os
tratamentos consistiram em quatro rações com 0%, 7,5%, 15% e
22,5% de farelo de raiz de mandioca em três programas de
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alimentação. Aos 42 dias, quatro aves por unidade foram
abatidas e avaliados o rendimento de carcaça, principais cortes
e vísceras comestíveis. A inclusão dos níveis de 15% e 22,5% de
FRM na dieta dos frangos influenciou negativamente no ganho
de peso, no consumo e na conversão alimentar no período
inicial e de crescimento das aves. O rendimento de carcaça,
cortes e vísceras não foram influenciados pela dieta. Com base
nos resultados obtidos, recomenda-se o uso de até 7,5% do
farelo de raiz de mandioca na dieta de frangos de corte da
linhagem Cobb 500, no período de 10 a 42 dias, sem
comprometer o desempenho zootécnico das aves e o
rendimento de carcaças, dos cortes e vísceras comestíveis.
Palavras-chave: alimentação; avicultura; ganho de peso;
Manihot esculenta crantz; rendimento de carcaça.

Introduction

The Brazilian poultry industry occupies a prominent position on the world stage,
ranking third among the largest producers and first in exports(1). The agricultural sector
has been adopting strategies to make production more efficient and at a lower cost.
One of those strategies is the use of a variety of ingredients in poultry feed to improve
animal performance and reduce costs(2).
The sources and energy content of chicken feed are considered the areas of the
greatest challenge for poultry farming, which directly influence the economic success
of production(3). Corn is the most widely used energy ingredient in the formulation of
poultry feed, but it is expensive and competes with use in human food especially in
regions with low availability(4). This reality stimulates the need to search for new food
alternatives to replace the traditional energy sources used in poultry-diet formulations.
Cassava (Manihot esculenta crantz) and its products stand out as viable sources for
inclusion in poultry feed in Brazil, as its crop production is high and widely spread
throughout the country. Cassava is rich in highly digestible starch and has a low level of
lipids(5). The use of cassava root meal in animal feed is the most growing form of use in
the world(6). It is obtained from washed, grated, dried, and ground root(7).
Studies on the use of cassava root meal in broiler chicken feed have been described in
recent decades(7; 8; 9; 10). There is considerable variation in the results (5% to 50%),
regarding the inclusion levels, to obtain zootechnical performance and carcass quality
compatible with those obtained with a corn-based diet.
The level of inclusion of cassava meal in non-ruminant animal feed is limited by several
intrinsic factors, such as a high fiber content, its cyanogenic glycoside content, and the
presence of starchy polysaccharides(11; 12). These factors can affect palatability, feed
intake, weight gain, carcass weight, and even viability(13). Other disadvantages of
cassava include the low content of protein (0.7% to 1.3%); carotenes; and
micronutrients such as vitamin A, iron, and zinc, when compared to corn(13;14). The
drying of roots in the sun, and the addition of protein sources and micronutrients have
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been used as efficient processing methods that can reduce the effects of cyanogenic
glycosides and improve the nutritional value of cassava for birds(15).
The inclusion of cassava meal in poultry farming has been described as promising,
especially in regions with insufficient production or high competition for the use of corn
in human and animal food(16). Therefore, the objective of this work is to evaluate the
performance and yield of the carcasses, cuts, and viscera of broiler chickens fed diets
containing increasing amounts of cassava root meal from 10 to 42 days of the broiler’s
life.

Material and methods

The experiment was carried out from September to October 2019 in the poultry sector
of the Federal Institute of Education, Science and Technology of Maranhão (IFMA),
Maracanã campus, in the municipality of São Luís, Maranhão. The experimental design
was completely randomized (DIC), with the birds distributed in four treatments and
four replicates of 16 birds each, totaling 16 plots and 256 birds. The tested diets
included cassava root meal at 0% (control treatment), 7.5%, 15%, and 22.5%.
The study involved 128 male and 128 female chickens of the commercial Cobb lineage,
vaccinated against Marek, Gumboro, and Newcastle. The birds were housed in a
masonry shed divided into boxes measuring 1.0 x 2.0 m, with a cement floor covered
with wood shavings. Each division was equipped with an automatic pendular drinker
and a tubular feeder, and the birds received water and feed ad libitum throughout the
experimental period. A continuous lighting program (natural and artificial) was
adopted, and the temperature and humidity of the experimental unit's environment
were monitored.
The experimental diets were based on corn, soybean meal, and nucleus (synthetic
amino acids, vitamins, minerals, and soybean oil), with or without whole cassava root
bran. Cassava roots were acquired from a plantation located in the municipality of
Marabá in the state of Pará. The preparation of cassava root meal (CRM) was performed
using the Santos and Granjeiro method (17). The whole roots or pieces of cassava were
washed and crushed, then the mass was spread on a canvas and left for 24 hours in the
shade for the volatilization of the cyanogenic compounds. The material was then
exposed to the sun for dehydration, then crushed again, and sieved to obtain bran of a
smaller diameter.
The formulation of recommended levels for broilers was planned as described by
Rostagno et al.(18) After bromatological analyses of the feed components for crude
protein, crude fiber, crude energy, ether extract, mineral matter, calcium, and
phosphorus, according to the Brazilian Compendium of Animal Feed(19), three feeding
programs were formulated. These were: 10 to 21 days of life (Table 1), 22 to 34 days of
life (Table 2), and 35 to 42 days of life (Table 3).
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Table 1. Proximate chemical and energetic composition of the diets offered to broilers
from 10 to 21 days of age

1Composition per kg of core: folic acid – 15 mg, pantothenic acid – 257 mg, copper – 142 mg, choline –
7625 mg, cobalt - 2.5 mg, iron – 1250 mg, fluor – 412.5 mg, calcium – 211240 mg, phosphorus 41250 mg,
sodium - 49110 mg, iodine - 25 mg, manganese - 1543 mg, lysine - 14309 mg, methionine - 29700 mg,
niacin - 875 mg, selenium - 5.0 mg, zinc - 1068 mg, vitamin A – 250,000 iu/kg, vitamin B1 – 37 mg, vitamin
B12 – 300 mcg, vitamin B2 – 125 mg, vitamin B6 – 25 mg, vitamin D3 – 50,000 IU/kg, vitamin e – 375 IU/kg
, vitamin K – 62.5 mg, biotin 1 mg, phytase – 12500 u, virginiamycin – 375.0 mg, nicarbazine – 1100 mg,
semduramycin 412.5 mg and Bacillus subtilis 7,5 x109 CFU.
2Based on Rostagno et al., 2011.

Ingredients
Cassava root bran inclusion levels (%)

0% 7,50% 15% 22,50%

Crushed corn grain (%) 59,9 51,2 42,8 34,3

Soybean meal (%) 36,41 37,3 38,2 39,2

Cassava Root Bran (%) 0 7,5 15 22,5
1Nucleus (%) 4 4 4 4

Total 100 100 100 100

Chemical composition calculated per kg of feed2

Metabolizable energy (Kcal/kg) 3050 3050 3050 3050

Crude protein (%) 21,14 21,14 21,14 21,14

Calcium (%) 0,899 0,899 0,899 0,899

Available match (%) 0,449 0,449 0,449 0,449

Chlorine (%) 0,193 0,193 0,193 0,193

Potassium (%) 0,598 0,598 0,598 0,598

Sodium (%) 0,218 0,218 0,218 0,218

Digestible lysine (%) 1,189 1,189 1,189 1,189

Digestible Methionine+Cystine (%) 0,844 0,844 0,844 0,844

Digestible methionine (%) 0,464 0,464 0,464 0,464

Tryptophan (%) 0,19 0,19 0,19 0,19
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Table 2. Proximate, chemical and energetic composition of the diets offered to broilers
from 22 to 34 days of age

1 Composition per kg of core: folic acid – 20 mg, pantothenic acid – 300 mg, copper – 250 mg, choline –
2000 mg, iron – 1250 mg, fluor – 325 mg, calcium – 214000 mg, phosphorus – 32500 mg, sodium 36700
mg, iodine – 30mg, manganese – 2000 mg, lysine – 12214 mg, methionine – 26500 mg, niacin – 800 mg,
selenium – 7.0 mg, zinc – 1500 mg, vitamin a – 175,000ui/kg, vitamin b1 –40mg , vitamin B1 – 40 mg,
vitamin B12 – 250mcg, vitamin B2 – 112mg, vitamin B6 – 55 mg, vitamin D3 – 50,000 IU/kg, vitamin E –
275 IU/kg, vitamin K – 40 mg, 6-phytase – 12500 mg, halquinol- 750.0 and salinomycin - 1500 mg.
2Based on Rostagno et al., 2011.

Ingredients
Cassava root bran inclusion levels (%)

0% 7,50% 15% 22,50%

Crushed corn grain (%) 59,9 51,2 42,8 34,3

Soybean meal (%) 36,41 37,3 38,2 39,2

Cassava Root Bran (%) 0 7,5 15 22,5
1Nucleus (%) 4 4 4 4

Total 100 100 100 100

Chemical composition calculated per kg of feed2

Metabolizable energy (Kcal/kg) 3050 3050 3050 3050

Crude protein (%) 21,14 21,14 21,14 21,14

Calcium (%) 0,899 0,899 0,899 0,899

Available match (%) 0,449 0,449 0,449 0,449

Chlorine (%) 0,193 0,193 0,193 0,193

Potassium (%) 0,598 0,598 0,598 0,598

Sodium (%) 0,218 0,218 0,218 0,218

Digestible lysine (%) 1,189 1,189 1,189 1,189

Digestible Methionine+Cystine (%) 0,844 0,844 0,844 0,844

Digestible methionine (%) 0,464 0,464 0,464 0,464

Tryptophan (%) 0,19 0,19 0,19 0,19
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Table 3. Proximate, chemical and energetic composition of the diets offered to broilers
from 35 to 42 days of age

1Composition per kg of core: folic acid - 4 mg, pantothenic acid - 139 mg, cobalt - 1 mg, copper – 142 mg,
choline - 3275mg, iron - 1250 mg, fluor - 600 mg, calcium - 216780 mg, phosphorus - 60000 mg , sodium
49110 mg, iodine – 21mg, manganese – 1234 mg, methionine – 17320mg, niacin – 425mg, selenium – 5.5
mg, vitamin A – 125,000 UI/kg, vitamin B1 –8mg, vitamin B12 – 150mcg, vitamin B2 – 60 mg, vitamin B6 –
14 mg, vitamin D3 – 25,000 IU/kg, vitamin E – 175 IU/kg, vitamin K – 29 mg, zinc – 854 mg, biotin – 0.5 mg
and Bacillus subtilis 7.5 x109 CFU.
2Based on Rostagno et al., 2011.

The birds were weighed on the 10th, 22nd, 28th, 34th, and 42nd day of life. Weighing of
leftover feed from each experimental plot was performed daily. Records of dead birds
were noted. The parameters evaluated were weight gain (WG), feed intake (FI), and feed
conversion (FC). Weight gain was determined by the difference in final weight and the
initial weight of each stage of life. The average feed intake was calculated by the

Ingredients
Cassava root bran inclusion levels (%)

0% 7,50% 15% 22,50%

Crushed corn grain (%) 67,63 59,03 50,42 41,83

Soybean meal (%) 28,37 29,47 30,58 31,67

Cassava Root Bran (%) 0 7,5 15 22,5
1Nucleus (%) 4 4 4 4

Total 100 100 100 100

Chemical composition calculated per kg of feed2

Metabolizable energy (Kcal/kg) 3200 3200 3200 3200

Crude protein (%) 18,31 18,31 18,31 18,31

Calcium (%) 0,775 0,775 0,775 0,775

Available match (%) 0,386 0,386 0,386 0,386

Chlorine (%) 0,172 0,172 0,172 0,172

Potassium (%) 0,593 0,593 0,593 0,593

Sodium (%) 0,198 0,198 0,198 0,198

Digestible lysine (%) 1,048 1,048 1,048 1,048

Digestible Methionine+Cystine (%) 0,755 0,755 0,755 0,755

Digestible methionine (%) 0,419 0,419 0,419 0,419

Tryptophan (%) 0,178 0,178 0,178 0,178
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difference between the amount of feed provided, and the waste and leftovers of the
experimental feed.
Feed conversion was calculated from the ratio of feed intake and weight gain for each
treatment during the feeding program period, in kg/kg. Viability was determined
individually per plot by the number of birds housed on day 10 and the number of birds
alive at day 42, expressed as a percentage, with mortality being recorded daily and
following the formula:
VB = [1 - (MORT/AA) × 100]
where VB = viability; MORT =mortality that occurred in the period; AA = number of birds
in the housing. The Productive Efficiency (PE) was evaluated according to the formula:
[(WG × VB) / (days until the end of the experiment × FC)] × 100.
The carcasses were plucked, eviscerated without feet, head, and neck, weighed, and the
carcass yield was calculated by the ratio of newly prepared carcass weight and body
weight at slaughter. The carcasses were sectioned into the breast, wing, thigh and
drumstick, back, paws, neck, and head cuts. The cuts, viscera (heart, gizzard, liver,
intestine), and abdominal fat were weighed. The yield of the cuts was determined
relative to the newly prepared carcass weight. All income data were expressed in grams
for weight and percentages(20; 21).
Data were subjected to analysis of variance and means were compared by Tukey’s test
using the InStat statistical program (Graphpad Instat: GraphPad Software Oberlin, San
Diego-CA, USA). Regression analysis was performed as a function of cassava root meal
inclusion levels using the statistical program Past 4.07b.
The work was approved by the Ethics Committee on Animal Use in Education and
Research (CEUA) of the IFMA, n° 23249.038473.2018-18.

Results and discussion

The average temperature values obtained during the day (from 8 am to 4 pm) and night
were 30.99 °C and 26.77 °C, respectively, and the relative humidity was 61.40% and
74.73%, respectively. Therefore, the study was carried out in a high-temperature
environment, with the birds subjected to heat stress according to the classification by
the Cobb broiler manual(22). Similar results were found by Ferreira et al.(7) when
evaluating the performance of broiler pullets fed with diets containing different
amounts of cassava root meal.
The broilers that had the diet of 7.5% of CRM had higher weight gain (WG = 652.18g),
lower feed conversion (FC = 1.37), and better production efficiency (PE = 417.3), with
significant differences when compared to treatments with higher levels of CRM
inclusion (Table 4). Regression analysis showed a decreasing linear behavior for weight
gain and production efficiency, while feed intake showed an increasing linear effect up
to 21 days of growth, as represented by the equations in Table 5. It was observed that
birds fed diets containing CRM with levels above 7.5% showed lower performance in
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these parameters. Feed intake and viability were not influenced by the inclusion of CRM
in broilers feed for up to 21 days (Table 4).

Table 4. Performance of broilers from mixed batches fed with rations containing
increasing levels of cassava root meal (CRM) from 10 to 42 days

Means with equal letters, in the lines, do not differ in Tukey's Test (p> 0,05); CV= coefficient of variation,
BW = avarage body weight, WG= avarage weight gain, FI = avarage feed intake, FC = feed conversion, VB
= viability and PE = production efficiency.

Days Parameters
WCM inclusion levels

CV* (%) P
0% 7,50% 15% 22,50%

10 -21

Initial BW (g) 167,68 167,67 165,67 167,43 0,83 0,919

WG (g) 642,8ac 652,2a 610,2b 614,9bc 3,5 0,004*

FI (g) 860 897,2 875,5 890,5 2,42 0,519

FC 1,36a 1,37a 1,43b 1,44b 3,05 0,005*

VB (%) 100 96,88 100 98,44 3,43 0,6

PE 426,9a 417,3ab 386,7b 380,1bc 6,29 0,024*

Final BW (g) 810,46ac 819,88a 775,87b 782,88bc 2,85 0,012

22 - 34

WG (g) 1.135 1.135 1.077 1.078 3,56 0,063

FI (g) 1.921a 1.975b 1.976b 1.963ab 1,57 0,022*

FC 1,69a 1,74ab 1,83b 1,82b 4,32 0,009*

VB (%) 98,43 100 100 100 3,14 0,791

PE 502,3 502,1 452 455 7,38 0,112

Final BW (g) 1.945a 1.954a 1.853b 1.860b 2,89 0,001

35 - 42

WG (g) 535,5 559,4 531,3 585,1 8,55 0,398

FI (g) 1.410 1.477 1.441 1.482 3,29 0,114

FC 2,64 2,67 2,7 2,53 6,89 0,6

VB (%) 100 100 100a 98,33 1,56 0,791

PE 254,8 267 246,8 285,8 14,05 0,661

Final BW (g) 2.480ab 2.517a 2.384b 2.445ab 2,9 0,031



2021, Cienc. Anim. Bras., V22, e-69289

Utilization of increasing levels of cassava root meal in the diet of broiler
Ferreira B L et al.

Table 5. Regression equations for performance parameters of broilers from 10 to 34
days of age

BW = avarage weight, WG= avarage weight gain, FI = avarage feed intake, FC = feed conversion, VB =
viability and PE= production efficiency.

These results are in agreement with those reported by Ferreira et al.(7) who used 8.81%
inclusion and Ferreira et al.(8) who used levels of up to 5.1% in the broiler feed in the
initial phase, showing better results for feed conversion in this period.
The influence of diets containing cassava on the weight gain of broilers studied in other
studies corroborates with the observation that an increased amount of cassava in the
diet of broilers may reduce weight gain and worsen feed conversion(12). This is possibly
because of the lower efficiency in the use of starch contained in cassava root flour by
birds in the initial stage of life(23). Young broiler chickens still do not have villi that are of
an adequate height and size, and they have low enzymatic efficiency making it harder
for them to make good use of foods with low digestibility(12; 10).
In the period from 22 to 34 days, there was an increase in the average feed intake of
CRM, with significant differences in the intake of the diet containing 7.5% and 15% of
CRM compared to that without CRM (0%). These results may suggest that the increase
in the level of fibrous foods, such as CRM, significantly increased consumption, a factor
that directly influenced the feed conversion by birds (Table 4). The regression analysis
shows an increasing linear relationship between feed intake and feed conversion (see
equations in Table 5).
It is known that in the growth phase, the bird consumes themost food as it is the period
during which its digestive system enters the final period of maturation, consequently
leading to the final growth and development of the bird(24). Thus, it is assumed that the
increase in feed intake of diets with CRM reflects the maturation of the low diet-
digesting ability from the initial phase of the broiler’s life.
The results of the feed intake by the birds determined the differences in feed
conversion. These results are important, as feed conversion is economically significant,
being considered the most important parameter for broiler rearing.

Days Parameters Regression Equation p value R2

WG Y=658,74-2,5528X 0,0002 0,43

out.-21 FI Y=1919.2+3.5534X 0 0,22

FC Y=1,315+0,0049X 2,49x10-5 0,63

PE Y=435,67-2,9262X 3,50x10-5 0,6

22 - 34 FC Y=1,6735+0,0088466X 7,9x10-5 0,53
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It was observed that the performance parameters were not influenced by different
diets in the period of 35 to 42 days (Table 4), suggesting that there may be a
compensatory gain in birds during this time of life as there were no differences
between the means. Distinct results for the final phase differ from the results of
Nascimento et al.(10) who observed a decreasing effect on weight gain as the amount of
scrapings of cassava root was increased in the finishing phase of the chickens’ feed.
However, the worst performance for feed conversion and weight gain was at the level
of 15% of cassava root scrapings instead of corn, which is similar to what was found in
this study (Table 4).
There were significant differences in body weight at slaughter (BWS) for males and
females, and the carcass weight (CW) of females associated with the 15% cassava feed
(Table 6). In males, the weight reduction was around 300 g compared to the diet without
CRM. However, females gained weight (~162 grams) when fed a diet containing 7.5% of
CRM.
Table 6. The yield of carcasses, cuts, and offals of chickens on diets containing different
levels of cassava root meal

Means with equal letters in the lines do not differ in Tukey Test (p>0.05). Lowercase letters: different
letters show significant differences between males and females within the same treatment; capital
letters: different letters show significant differences between males and females between treatments.
BWS= cody weight at slaughter; CW= carcass weight; CY= carcass yield; T+D= thigh and drumstick; PNH =
paws neck head; V= viscera; AF= abdominal fat; I= intestine

Parameters
Cassava Root Meal Levels

0% 7,50% 15% 22,50%
Males Females Males Females Males Females Males Females

BWS (g) 2675aA 2138bB 2538aA 2300bA 2363aB 2113bB 2400aB 2150bB

CW (g) 1939aA 1570bA 1860aA 1686bA 1699aB 1535bB 1741aA 1557bB

CY (%) 72,4aA 73,5aA 73,3aA 73,3aA 71,8aA 72,7aA 72,5aA 72,4aA

Breast (%) 29,3aA 33,6bA 29,9aA 31,1aA 29,7aA 32,0bA 30,1aA 31,9aA

T+D (%) 26,9aA 27,1aA 29,3aA 28,1aA 30,1aA 28,3bA 30,3aA 28,0bA

Back (%) 19,0aA 20,2aA 18,9aA 18,7aA 17,2aA 17,4aA 17,8aA 17,6aA

Wing (%) 5,2aA 5,5aA 5,1aA 4,9aA 4,8aA 5,1aA 5,2aA 5,1aA

PNH (%) 9,7aA 9,0aA 10,1aA 9,5aA 10,4aA 9,6aA 10,1aA 9,6aA

Viscera (%) 10,4aA 11,2aA 10,8aA 11,0aA 11,5aA 11,6aA 11,7aA 11,7aA

AF (%) 0,7aA 0,8aA 0,7aA 0,8aA 0,7aA 0,9aA 0,8aA 1,0aA

Liver (%) 1,8aA 1,9aA 2,0aA 2,3bA 2,0aA 2,2aA 1,7aA 1,9aA

Heart (%) 0,4aA 0,4aA 0,5aA 0,4aA 0,4aA 0,4aA 0,5aA 0,4aA

Gizzard (%) 1,5aA 1,6aA 1,6aA 1,6aA 1,7aA 1,6aA 1,6aA 1,6aA

I (%) 9,2aA 9,3aA 9,5aA 8,6bB 10,4aA 9,8aA 10,5aA 10,1aA
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The carcass yield, main cuts, and edible viscera were not influenced (p > 0.05) by diets
with different levels of CRM (Table 5). Similarly, Ferreira et al.(7) observed that the whole
cassava scraping used in broiler chickens from 1 to 42 days of age did not affect carcass
characteristics, the weight of the main cuts, or the viscera when the diet was properly
balanced.

Conclusion

Cassava root meal can be used in the diet of broiler chickens of the Cobb 500 lineage,
for a period of 10 to 42 days of life, up to 7.5% of the content without affecting the
broiler performance, carcass yield, cuts, and edible viscera yield.
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