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Abstract

This work was carried out to study the effects of replacing corn by different levels of cassava starch (0;
12.5; 22.8 and 32.7%) on performance and carcass characteristics of bulls finished in feedlot. Thirty-
two crossbred bulls (Y2 Aberdeen Angus vs. %2 Nellore) with 18 months old and 380 + 24 kg live weight
were used in a completely randomized experimental design with four treatments and eight replications.
The experiment was realized during 56 days with 14 days for adaptation. The complete diets [roughage
(cottonseed hulls) + concentrate (corn, soybean meal and cassava starch)] were given at 8 am and at
4 pm to bulls. It was analyzed the initial weight (IW), final weight (FW), average daily gain (ADG),
dry matter intake (DMI), feed conversion (FC), hot carcass dressing (HCD), fat thickness (FAT),
Longissimus muscle area (LMA), leg length (LL) and cushion thickness (CT). The IW, FW, ADG, FC,
HCW, HCD, FT, LMA, LL and CT did not present difference (P > 0.05) among levels of replacing corn
by cassava starch. The results obtained on performance and carcass traits using cassava starch by-products
as a replacement for corn can be considered satisfactory.
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Resumo

Objetivou-se com este trabalho avaliar o efeito do nivel de substituicao (0; 12,5; 22,8 e 32,7%) do milho
pelo residuo de fecularia de mandioca sobre o desempenho e caracteristicas de carcaca de bovinos em
confinamento. Trinta e dois machos inteiros mestigos (> Aberdeen Angus vs. %2 Nelore) com 18 meses
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de idade e 380 + 24 kg de peso vivo foram utilizados em delineamento experimental inteiramente
casualizado, com quatro tratamentos e oito repeti¢des. O experimento foi desenvolvido durante 56 dias
com 14 dias de adaptagdo. As ra¢des completas [volumoso (casca de algoddo) + concentrado (milho,
farelo de soja e residuo desidratado de fecularia de mandioca)] foram fornecidas as 8§ h e 16 h aos
animais. Foi analisado o peso inicial (PI), peso final (PF) ganho médio diario (GMD), ingestdo de
matéria seca (IMS), conversdo alimentar da matéria seca (CAMS), peso de carcaca quente (PCQ),
rendimento de carcaga quente (RCQ), espessura de gordura de cobertura (EGC), area de olho de lombo
(AOL), comprimento de perna (CP) e espessura de coxao (EC). Os resultados observados para PI, PF,
GMD, CAMS, RCQ, EGC, AOL, CP ¢ EC nio apresentaram diferencas (P > 0,05) entre os tratamentos.
Os resultados obtidos para desempenho ¢ caracteristicas de carcaga foram satisfatorios.
Palavras-chave: Carne bovina, casca de algoddo, confinamento, desempenho animal, mandioca

Introduction

As a result of price increases in conventional
feedstuffs for ruminants, increased interest has been
observed in other, alternative, types of feed for
these animals (PRADO et al., 1995; D’OLIVEIRA
et al., 1997). Nevertheless, a few factors should be
highlighted regarding the use of these products:
availability and quality, in order to enable their use in
animal feeding. In addition to these factors, attention
must be given to the cost of these feedstuffs. Some
by-products of manufacturing, such as those from
the production of cassava flour (cassava scrapings
and hulls) could be alternative energy sources in
ruminant feeding (MARQUES et al., 2000; PRADO
etal., 2000). There are also cassava starch by-products
(the result of milling cassava in order to extract the
starch), which is dried and used in ruminant feeding
(ABRAHADO et al., 2005; 2006). The results of cattle
performance with the use of cassava by-products
were similar to the conventional sources used to finish
cattle in feedlot (MARQUES et al., 2000; PRADO
et al., 2000; JORGE et al., 2002; ABRAHAO et al.,
2006).

Cottonseed hull is a by-product obtained after the
oil extraction process, prior to the flaking process
that produces cottonseed meal. It features a variable
chemical composition, due to the many different
processes available; it can feature varying amounts
of linter in the hull and can be used an alternative
roughage source (KAZAMA et al., 2008). However,
few studies have been performed on its efficiency
in ruminant feeding. This residue features inferior

nutritional characteristics when compared to the
more traditional roughage sources used in feedlot.
Cottonseed hulls are used in the diets of cattle
finished in feedlot in other countries, and is in some
situations the main source of roughage available to
the animals (HALE et al., 1969; VERNLUND et
al., 1980). As a result of its ease of handling, low
cost (VERNLUND et al., 1980), availability (HSU
et al., 1987) and acceptance (ROGERS et al., 2002)
cottonseed hulls have been used for animals in
feedlot (KAZAMA et al., 2008).

There are some factors that are responsible for
the carcass quality. Hot carcass weight, hot carcass
dressing, leg length, cushion thickness, Longissimus
muscle area, fat thickness are characteristics
responsible by carcass quality (MOREIRA et al.,
2003; MACEDO et al., 2008; PRADO et al., 2008a;
b; ¢; d; MAGGIONI et al., 2009; PRADO et al.,

2009a; b; ¢; ROTTA et al., 2009a; b).

The objective of this study was to evaluate animal
performance, feed intake, feed conversion and carcass
traits of crossbred bulls that received four diets with
varying levels of corn replacement (0; 12.5; 22.8 and
32.7%) by dehydrated cassava by-products starch
using cottonseed hulls as roughage.

Materials and methods
Animal management and sampling

The State University of Maringa animal care and
ethics committee approved the use of bulls in this
study (CIOMS/OMS, 1985).

Semina: Ciéncias Agrdrias, Londrina, v. 31, n. 2, p. 497-506, abr./jun. 2010



Levels of replacing corn by cassava starch on performance and carcass characteristics of bulls finished in feedlot

This study was carried out at the Experimental
Farm of Iguatemi, Parand. The analyses of diets
were realized in Laboratory of Feed Analyses and
Animal Nutrition of State University of Maringa.
Thirty-two crossbred bulls (2 Aberdeen Angus
vs. Y2 Nellore) with an initial age of 18 months
were used. The initial live weigh of these animals
were 380 + 24kg. The animals were kept separate
in individual pens (10 m? for each animal), and
fed twice a day. They were given access to a diet
formulated to meet requirements for fattening beef
cattle for a gain of 1.50 kg/day (NRC, 1996). Four
diets were formulated to attend the requirements of
the animals.

The complete diets [roughage (cottonseed hulls)
+ concentrate (corn, soybean meal and cassava

Table 1. Composition of the ingredients (%/DM).

starch)] were given at 8 am and at 4 pm to animals.
Water was given ad libitum.

Dry matter (DM), crude protein (CP), organic
matter (OM), ash, neutral detergent fiber (NDF), acid
detergent fiber (ADF), calcium (C) and phosphorus
(P) were analyzed, according to Silva and Queiroz
(2002).

Composition of the ingredients (%DM) and
chemical composition of the ingredients (%DM) are
presented in Table 1 and 2, respectively.

It was analyzed the initial weight (IW), final
weight (FW), average daily gain (ADG), dry matter
intake (DMI), feed conversion ratio (FCR), hot
carcass weight (HCW) hot carcass dressing (HCD),
fatthickness (FAT), Longissimus muscle area (LMA),
leg length (LEL) and cushion thickness (CUT).

Ingredients Levels of replacing

R0.0 R12.5 R22.8 R32.7
Ground corn grain 43.2 32.0 22.5 12.5
Cassava starch 0.00 12.5 22.8 32.7
Soybean meal 7.40 9.03 11.7 13.3
Mineral salt 0.70 0.70 0.70 0.70
Phosphate dicalcium 0.00 0.05 0.11 0.19
Limestone 0.68 0.67 0.59 0.53
Lasalocid 0.02 0.02 0.02 0.02
Cottonseed hulls 48.0 45.0 41.7 40.0
Total 100 100 100 100

Table 2. Chemical composition of ingredients in diets (%/DM).

Ingredients DM! GE* CP? om* MM’  NDF¢  ADF’ Ca® P?
Ground corn graind 89.1 4.32 8.00 99.0 1.04 12.6 3.11 0.03 0.32
Cassava starch 88.9 4.06 1.93 98.3 1.67 32.8 24.9 0.40 0.10
Soybean meal 88.6 4.71 50.8 95.1 491 15.0 11.1 0.46 0.73
Cottonseed hulls 89.2 4.58 5.55 96.7 3.30 90.2 67.7 0.20 0.10
Mineral salt 98.7 - - 10.7 89.3 - - 17.4 0.30
Phosphate dicalcium 98.2 - - 8.34 91.7 - - 23.5 18.0
Limestone 99.9 - - 0.46 99.5 - - 34.0 -
Levels of replacing DM! GE* CP? MO* MM’  NDF¢  ADF’ Ca® P?
R0.0 89.2 441 9.88 96.2 3.81 49.9 34.7 0.50 0.24
R12.5 89.1 4.37 9.65 96.1 3.91 50.1 35.6 0.55 0.24
R22.8 89.2 4.34 10.0 96.0 3.97 49.6 35.9 0.58 0.24
R32.7 89.2 431 10.0 95.9 4.09 50.4 37.1 0.62 0.25

“Mcal/kg of DM. 'Dry matter, >Gross energy, *Crude protein, *Organic matter, *Mineral matter, ‘Neutral detergent

fiber, “Acid detergent fiber, 3Calcium, °Phospphorum.
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The bulls were weighed in the beginning of the
study and every 28 days, and on the day before
slaughter, after 12-hour fasting. The duration of
this experiment was of 56 days with 14 days for
adaptation. The weightings were realized during the
morning, animals were in fasting with solids feed.

Carcass characteristics

The animals were slaughtered at a commercial
slaughterhouse in Maringa, Parand according to
industrial practices in Brazil. Following slaughter,
the carcasses were identified and chilled for 24h at
4°C. After chilling, the right part of the carcass was
used to determine the quantitative characteristics.
Twenty-four hours later, Longissimus muscle (LM)
samples were taken by a complete cross-section
between the 12" and 13™ ribs. The fat thickness
was discarded and the muscle portion was frozen at
-20°C for further analyses.

Hot carcass weight (HCW): It was determined
before chilling.

Hot carcass dressing: The percentage of
individual animal dressing was defined by the ratio
of hot carcass weight to live weight determined 14
hours before.

Fat thickness (FAT): It was taken by a caliper
averaging three points between the 12 and 13" ribs
on the LM.

Longissimus muscle area (LMA): The right part
of the carcass was measured after a cross-section
cut was made between the 12" and 13™ ribs using a
compensating planimeter, which measures the areas
of objects with irregular shapes.

Leg length (LEL): It was evaluated using a wood
compass with metallic edges that measures the
distance from the anterior border of the pubis bone
to a middle point at the tarsus bone.

Cushion thickness (CUT): It was taken by a
wood compass with metallic edges that measure the
distance between the lateral face and the median at
the superior part of the cushion.

Experimental design and statistical analysis

The data set were submitted to the analysis of
variance and regression by using the SAS software
(SAS, 2000). The ANOVA followed the model:
Yi_ik
observations in T, which were the treatment effects p

=u+tT +e, in which Y, were the individual

were the constant, and e, were the error terms. The
coefficients of determination were calculated by the
ratio SSR/SST and the F test at 5% of probability
were used to identify significant statistical models.

Results and Discussion

No difference was observed (P>0.05) for initial
weight (IW), final weight (FW), average daily gain
(ADG) and feed conversion (FC) among the four
different treatments (Table 3). However, dry matter
intake (kg/day) and dry mater intake per 100 kg of
live weight (DMI/LW) showed a linear reduction
(P<0.05), with an increase in the levels of cassava
starch by-products as replacements for corn.

Theaveragefinalweight(498kg)canbeconsidered
adequate for the finishing and commercialization
of crossbred cattle (F1 — 2 Nellore vs. 2 Angus)
finished in feedlot fed with high density diet energy.
The same group of researchers (ARICETTI et al.,
2008; PRADO et al., 2008a; b; c) observed similar
final weights in crossbred cattle with similar breeds
and age as those in this experiment and finished
under high density diets energy.
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Table 3. Replacement levels of corn by dehydrated start cassava by-products on initial weight (IW), final weight (FW),
average daily gain (ADG), dry matter intake (DMI), dry matter intake /live weight (DMI/LW) and feed conversion

(FC).
Levels of replacing
Parameters Mean CV',%
RO.0 R12.5 R22.8 R32.7 r’
ILW, kg 380 378 383 381 Y =381 9.48
FLWkg 496 498 510 486 Y =498 8.34
ADG, kg/day 1.99 2.05 2.17 1.93 Y =2.04 14.4
DMI, kg/day 13.6 12.4 12.5 10.1 Y =122-1.05x 0.87 7.63
DMI/LW, % 3.10 2.84 2.77 2.33 Y =2.76-021x 0.92 5.78
FC, kg/kg LW 6.96 6.12 5.79 6.06 V=623 18.8

ICoefficient of variation.

On the other hand, the observed average daily
weight gain (2.03 kg) is above the weight gains
observed in cattle with similar genetic groups and
age as those in this experiment and finished in feedlot
or in high-quality pasture systems (ARICETTI et
al., 2008; PRADO et al., 2008a; b; ¢; ROTTA et
al., 2009a; b). This elevated average daily weight
gain could be explained by the good adaptation of
animals in feedlot, high heterosis (F1), short feedlot
period (56 days) and high energy density in the diet
(55% concentrate and 45% roughage). In reality, the
highest heterosis rate (100%) is observed in the first
generation to undergo industrial crossbreeding (Bos
indicus vs. Bos taurus). Likewise, the short feedlot
period (56 days) could have favored the effect of
compensatory gains, which occurs during the first
few weeks of confinement under high density diets
energy. The high rate of concentrate (55.0%) also
contributed to the high average daily weight gain.

The linear reduction observed in dry matter
intake with increase in cassava residue, both in
absolute values (kg/day) or relative values (kg dry
matter/ per 100 kg of live weight) can be explained
by the increase in cassava by-products in cattle
diet. Marques et al. (2000) and Abrahdo et al.
(2006) observed that the inclusion of cassava by-
products in cattle diets reduces feed intake. These
authors concluded that the reduction in feed intake
is caused by the rough aspect of cassava by-

products, which makes chewing and swallowing
more difficult. During the experimental period,
diet selectivity by the animals was observed. In
some cases, there was a higher ratio of leftovers
from concentrate than roughage in diets containing
higher levels of replacement of corn by dehydrated
cassava residue (32.7%). The reduction in DMI
as a function of the increase in the replacement of
corn by dehydrated cassava residue can be partly
attributed to the lesser palatability of the residue as
compared to corn. According to Hill (1970), when
entering the mouth, this feedstuff stimulates saliva
secretion, which is attributed to the reflex stimulus of
the salivary glands, though the mouth receptors. In
general, traditional feedstuffs used in animal feeding
cause secretion of saliva that is rich in mucin and
enzymes, which facilitated swallowing, whereas
highly dehydrated feedstuffs cause a considerable
flow of mucin-deficient saliva. Consequently, less
saliva with high mucin levels is secreted, possibly
leading to swallowing deficiencies and decreased
intake. The high DMI levels found, regardless of
treatment (average 2.75% of LW), may be related
to the type of roughage used, meaning cottonseed
hulls. Several authors, after including increasing
levels of cottonseed meal (0, 10, 20 and 30%) in
the diets of cattle, reported a linear increase in DM
intake (BARTLE et al., 1994; MAGALHAES et al.,
2005; GU and MOSS, 2006). Likewise, OLTJEN
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et al. (1977) while evaluating the performance of
calves fed different by-products (chopped oat straw,
whole corn plant and cottonseed hulls), observed
higher DM intake for animals that had been fed the
hulls (3.10% of LW).

Feed conversion ratio of dry matter was 6.22
kg per kg of live weight gain. This conversion
can be considered excellent and is better than the
conversions observed for animals finished in feedlot
(MARQUES et al., 2000; ABRAHAO et al., 2006;
KAZAMA et al., 2008). Good feed conversion ratio

may be related to the age and genetic quality of the
animals, to the high average daily weight gain, and
to the elevated energy density of the diet. Generally,
feed conversion ratio is improved when weight gain
increases, as FC is the ratio between intake and
weight gain, and feature a positive correlation with
average daily weight gain.

Hot carcass weight (HCW), hot carcass dressing
(HCD), fat thickness (FAT), leg length (LEL) and

cushion thickness (CUT) were similar (P>0.05)
among treatments (Table 4).

Table 4. Replacement levels of corn by dehydrated start cassava by-products on hot carcass weight (HCW), hot
carcass dressing (HCD), fat thickness (FAT), Longissimus muscle area (LMA), leg length (LEL) and cushion thickness

(CUT).
Levels of replacing
Parameters Mean CV'!, %
RO.0 R12.5 R22.8 R32.7
HCW, kg 267 272 276 269 Y =271 8.85
HCD, % 54.0 54.6 54.1 55.1 Y =545 3.31
FAT, mm 4.06 4.34 4.63 4.75 Y =4.44 18.5
LMA, cm? 80.0 78.9 88.1 86.8 Y =835 12.6
LEL, cm 72.6 73.2 73.5 72.6 Y =73.0 2.49
CUT, cm 24.6 25.0 25.7 25.6 Y =252 8.45

Coefficient of variation.

The high hot carcass weight observed (271 kg)
is due the high slaughter weight (498 kg). In reality,
hot carcass weight is partly determined by slaughter
weight and carcass dressing. However, some studies
using crossbred animals finished in feedlot have
presented similar or even higher slaughter weights
(MOREIRA et al., 2003; ABRAHAO et al., 2005).

Average HCD observed in all four treatments
was 54.4%. HCD can be considered satisfactory
for the crossbred animal finishing system (feedlot).
Likewise, this result was similar to those observed
by the same research group in several studies using
crossbred animals finished in feedlot (MARQUES
et al., 2000; ABRAHAO et al., 2006; KAZAMA et
al., 2008).

The average fat thickness (FAT) of 4.45 mm
for all four treatments is in accordance with the
minimum desired by the beef industry in Brazil,
which can vary from 3 to 6 mm. The observed 4.45
mm FAT is related to the slaughter weight of the
animals. In general, FAT is normally higher when
the animals are slaughtered at a higher live weight.
Furthermore, similar FAT was recorded under
similar conditions of finishing systems for animals
originated from industrial crossbreeding (PRADO
et al., 2008a, b).

The average Longissimus muscle area (LMA)
(87.0 cm?) observed indicated that the animals were
well finished at slaughter time and featured adequate
musculature for commercialization, meeting the

Semina: Ciéncias Agrdrias, Londrina, v. 31, n. 2, p. 497-506, abr./jun. 2010



Levels of replacing corn by cassava starch on performance and carcass characteristics of bulls finished in feedlot

requirements of the Brazilian beef market. The
observed LMA was similar to the data obtained by
researchers working with animals originated from
industrial crossbreeding and finished in feedlot
(PRADO et al., 2008a, b).

Leg length (73.0 cm) and cushion thickness (25.2
cm) are close to the values observed by other authors
working with crossbred animals finished in feedlot
(ABRAHAO et al., 2006; PRADO et al., 2008a, b).
In general, diet has little effect on these traits.

Conclusions

The results obtained for performance and
carcass traits using cassava starch by-products as a
replacement for corn can be considered satisfactory.
The determinant factor to be applied is the market
price for corn and cassava starch by-products, as
well as the availability of the latter, which is an
industrial by-products and is not available in all
regions. As such, in regions where there is wide
availability of cassava starch residue, it can be
used as a replacement for corn (32%/DM), as it
is generally cheaper and does not present adverse
effects for animal performance.
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