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The proportion of fine particles in pelleted diets does not affect the
performance of slow-growing broiler chickens

La proporcion de particulas finas en dietas peletizadas no afecta el desempeiio del pollo de engorde de
lento crecimiento
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Abstract

Background: The slow-growing chicken strains have particular nutritional and digestive needs, so they may digest pelleted
feeds differently compared to commercial strains. Objective: To evaluate performance, digestibility, serum biochemical profile,
digestive morphometry, carcass and cut yields of slow-growing broiler chickens fed pelleted feed with different concentrations
of fine particles. Methods: A total of 180 slow-growing broiler chicks (Isa Label strain) aged one day were used. The animals
were distributed in a completely randomized design with a 2 x 3 factorial scheme (Sex: male or female; Proportion of fine
particles: 0, 50, or 100%), with six repetitions of five birds/cage. The birds received water and feed ad libitum during the 28-day
experimental period. Results: The proportion of fine particles did not affect the metabolic, digestive or productive variables
evaluated. Males showed better overall performance, while females produced better thigh and liver yields. Conclusion: The
proportion of fine particles in pelleted feeds did not affect productive or metabolic parameters. Thus, improving pellet quality
for slow-growing broilers during the initial rearing phase may not be justified.

Keywords: alternative production; broiler chickens, digestibility; digestive development; feed fines, Isa Label; pelleted
feed; performance, pellet quality,; poultry; serum biochemistry.
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Resumen

Antecedentes: Los linajes de pollo de crecimiento lento presentan particularidades nutricionales y digestivas; por lo
tanto, es posible que aprovechen los alimentos peletizados de manera diferente a los linajes comerciales. Objetivo: evaluar el
desempeilo, digestibilidad, perfil sérico bioquimico, morfometria digestiva, rendimiento de la carcasa y los cortes de pollos
de engorde de crecimiento lento alimentados con raciones peletizadas con diferentes concentraciones de particulas finas.
Métodos: Se utilizaron 180 pollitos machos y hembras, de crecimiento lento, de un dia de edad, del linaje Isa Label. Los
animales se distribuyeron en un disefio completamente aleatorizado y en un esquema factorial 2 x 3 (Sexo: macho y hembras;
Proporcién de particulas finas en la racion: 0, 50, y 100%) con seis repeticiones de cinco aves/jaula. Las aves recibieron
agua y racion ad libitum durante el periodo de prueba de 28 dias. Resultados: la proporcion de particulas finas no afectod
las variables metabolicas, digestibles y productivas evaluadas. Los machos presentaron mejor desempeiio, mientras que las
hembras tuvieron mayor rendimiento de muslos e higado. Conclusion: la proporcion de particulas finas en raciones peletizadas
no afecta los pardmetros productivos y metabolicos. Por lo tanto, probablemente no se justifica mejorar la calidad del pelet para
pollos de crecimiento lento en la fase inicial de cria.

Palabras clave: avicultura, bioquimica sérica, calidad del peletizado; desarrollo digestivo, digestibilidad, Isa Label;
particulas finas, pollo de engorde; produccion alternativa; racion peletizada; rendimiento.

Resumo

Antecedentes: linhagens de crescimento lento apresentam particularidades nutricionais e digestivas, portanto é possivel
que aproveitem os alimentos peletizados de maneira diferente das linhagens comerciais. Objetivo: avaliar o desempenho,
digestibilidade dos alimentos, o perfil sérico bioquimico, a morfometria digestiva, rendimento de carcaga e cortes de frangos de
corte com crescimento lento alimentados com ragdes peletizadas com diferentes concentragdes de particulas finas. Métodos:
Foram utilizados 180 pintos de corte, machos e fémeas de crescimento lento, com um dia de idade, da linhagem Isa Label.
Os animais foram distribuidos em delineamento inteiramente casualizado em esquema fatorial 2 x 3 (Sexo: macho e fémeas;
Proporgao de particulas finas na ragdo: 0, 50, e 100%) com seis repeti¢des de cinco aves/gaiola. As aves receberam agua e
racdo ad libtum durante o periodo experimental de 28 dias. Resultados: a propor¢ao de particulas finas ndo afetou as variaveis
metabolicas, digestorias e produtivas avaliadas. Os machos apresentaram melhor desempenho, enquanto as fémeas tiverem maior
rendimento de coxas e figado. Conclusfo: a proporcao de particulas finas nas ragdes peletizadas ndo afetaram os parametros
produtivos e metabolicos e, portanto, nao justifica-se melhorias na qualidade de peletes de ragdes para frangos de crescimento
lento na fase inicial de criag@o.

Palavras-chave: avicultura; bioquimica sérica,; desempenho, desenvolvimento digestivo, digestibilidade; Isa Label;
frangos de corte; particulas finas; produgdo alternativa, qualidade do peletes; ragdo peletizada.

Rev Colomb Cienc Pecu 2021; 34(2, Apr-Jun):84-94
https://doi.org/10.17533/udea.rccp.v34n2a0l


https://doi.org/10.17533/udea.rccp.v34n2a01

Fines in pelleted diets for slow-growing broilers 86

Introduction

The pelleting process is the agglomeration of
small particles by mechanical pressure combined
with moisture and heat. The advantages of this
process on poultry performance are well known,
but it is challenging for feed factories to produce
good quality pellets. Physical quality of pellets
depends on their ability to resist fragmentation
and abrasion during storage and transport to
the feeding troughs without disintegrating, thus
preventing a high proportion of small particles
called "fines" (Lowe, 2005; Amerah, 2007).
Chickens given pelleted diets show higher feed
consumption and conversion, hence greater
weight gain (Freitas et al., 2008; Corzo et al.,
2011; Abdollahi et al., 2013). However, if the
proportion of fines is high, the benefits offered
by pelleted diets can disappear when compared
to mash feed (Klein, 1996; McKinney & Teeter,
2004). The benefits of pelleted feeds for fast-
growing broilers have been demonstrated, but
research is scarce on the effects of supplying
pelleted feeds to slow-growing animals,
especially when dealing with performance,
metabolism, and nutrient digestibility. Breeding
of slow-growing chickens in alternative systems
-free-range or organic- is attracting more
attention from farmers, not only as they require
low initial investments but also due to higher
sale price for the final product (Nascimento et
al., 2009). In these systems, the birds are reared
in confinement during the initial phase, lasting
between 28 and 42 days, and then have access to
pasture areas where they reach slaughter weight
at an age greater than 85 days (Fanatico et al.,
2008; Fantico & Born, 2002).

Slow-growing chicken strains have different
growth rates, nutritional demands, and
development of the digestive system compared
to fast-growing strains reared industrially in total
confinement (Santos et al., 2015a; Mendonga et
al., 2008; Santos et al., 2005). Therefore, given
the particularities of these free-ranging birds,
they may transform pellet feeds into body mass
differently than regular commercial strains.
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The objective of this study was to evaluate
performance, feed digestibility, serum biochemical
profile, digestive morphometry, carcass and cut
yields of slow-growing broiler chickens fed pelleted
feeds with different concentrations of fines.

Materials and Methods
Ethical considerations

The study was approved by the Committee
on Ethical Used of Animals at Instituto Federal
Goiano (Rio Verde, Brazil) under protocol
number 7662220217.

Location and animals

The metabolism and performance trial was
conducted at the experimental aviary of Instituto
Federal Goiano, Rio Verde Campus, in the state
of Goias, Brazil.

We used 180, one day old, slow-growing
broiler chicks, males and females, of the Isa
Label® strain. The initial weight of birds was
39.4+1.2 g. The experiment lasted 28 days.
The chicks were initially kept in a conventional
shed, in galvanized (0.9 x 0.6 x 0.4 m) wire
cages. Each cage was equipped with trough-
type feeders and waterer. The average minimum
and maximum temperature (°C) and relative
humidity (%) values were 38.6£2.1 °C; 61+1.8%
and 18.2+1.4 °C; 90+1.3%, respectively.

Experimental design

The experimental design was completely
randomized in a 2 x 3 factorial scheme (Sex: male
or female; Proportion of fines: 0, 50, or 100%),
with six repetitions of five birds/cage. The initial
pelleted feed was passed through a 2 mm mesh
to obtain the experimental feed with the various
fine proportions, and the portion retained was
considered whole pellets, while the disintegrated
grains that passed through were classified as fines.
The experimental feed was formulated according
to the nutritional requirements used by the local
industry, adapted from the Brazilian Tables
(2011) for broilers in starter and growing phase (1
to 21 days old) (Table 1). The feed was supplied
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by an integrator located in the Rio Verde region
of Goias, Brazil. The average particle diameters
were 0.432, 0.673, and 0.918 mm for feeds with
100, 50 and 0% fines, respectively (Zanotto &
Bellaver, 1996).

Table 1. Composition and nutritional parameters of
the experimental feed.

Ingredients %
Corn 73.950
Soybean meal 22.368
Dicalcium phosphate 1.609
Limestone 0.926
Salt 0.481
DL-methionine (99%) 0.146
L-lysine (78.5%) 0.168
L-threonine (98.5%) 0.001
Mineral supplement 0.110
Vitamin supplement? 0.110
Choline chloride (60%) 0.100
Colistin 0.055
Butyl-hydroxytoluene 0.010
(BHT)

Nicarbazin 0.005
Total 100.000
Calculated values

Metabolizable energy (kcal/ 3.000
kg)

Crude protein (%) 22.132
Calcium (%) 0.819
Available phosphorus (%) 0.391
Sodium (%) 0.210
Digestible lysine (%) 0.847
Dig. Met + Cis (%) 0.610
Digestible threonine (%) 0.550
Digestible tryptophan (%) 0.166

Mineral premix — Quantity per kg of feed: Mn, 77 mg; Fe,
55.0 mg; Zn, 71.5 mg; Cu, 11.0 mg; I, 1.10 mg; Se,0.330 mg.
2Vitamin premix — Quantity per kg of feed: vitamin A, 8,250 IU;
vitamin D3, 2,090 IU; vitamin E, 31 IU; vitamin K3, 1.65 mg;
vitamin B1, 2.20 mg; vitamin B2, 5.50 mg; vitamin B6, 3.08
mg; vitamin B12, 13 mcg; pantothenic acid, 11.0 mg; biotin,
0.077 mg; folic acid, 0.770 g; nicotinic acid, 33.0 g.

The birds received water and feed ad [libitum.
Animal performance was measured by weighing

birds and feed at the start and end of the
experiment. At 28 days of age, after a 12-hour
fast, two birds per repetition were weighed and
slaughtered by cutting the carotid artery and
jugular vein. Carcass, abdominal fat, breasts,
thigh, and drumstick were weighed (g) to
determine carcass and cuts yield.

Morphometry of digestive organs

After evisceration, the gastrointestinal tract
was measured from the esophagus to the large
intestine connection with the cloaca (cm). The
relative weight of the digestive system (%)
(proventriculus and gizzard, pancreas, small
intestine, large intestine, and liver) was obtained
in proportion to the live weight of the bird.

Biochemical profile of serum

At slaughter, approximately 3 mL of blood
was collected from each of the two birds per
repetition. The samples were centrifuged at 5,000
rpm for 10 minutes. The serum samples were
placed in Eppendorf micro-tubes and frozen.
The serum levels of total proteins, cholesterol,
and triglycerides were measured in triplicate
with Doles commercial kits (Goidnia, Goias,
Brazil) using a Bel Photonics spectrophotometer
model UV-MSI1 (Piracicaba, Sao Paulo, Brazil).

Assessment of nutritional efficiency

Apparent metabolizable energy corrected for
zero nitrogen balance (AMEn) and coefficients
of apparent metabolizable dry matter (CMDM),
gross energy (CMCE), and crude protein
(CMCP) were determined using the method
of total excreta collection, as proposed by
Sakomura and Rostagno (2016).

Excreta collections were performed on
chicks at 14 to 18 days of age. The excreta were
homogenized and dried in a forced-air oven at
55 °C for 72 hours (ICNT-CA G-001/1 method).
The excreta and feed were ground and analyzed
for dry matter (ICNT-CA G-003/1 method) and
nitrogen (ICNT-CA N-001/1 method) according
to the techniques described by Detmann et al.
(2012). Gross energy was determined with an
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IKA model C200 calorimeter (BioVera, Rio de
Janeiro, RJ, Brazil). The AMEn and coefficients
of apparent metabolization of nutrients were
calculated by the equations described by
Sakomura and Rostagno (2016).

Statistical analysis

Data were submitted to analysis of variance
at 5% probability using the ExpDes.pt statistical

analysis package, available in the R-Project
software. The Scott-Knott test was used to
compare differences between means.

Results

No significant interaction was observed
between proportion of fines and sex for
performance variables, carcass yield, digestive
organ biometry, serum biochemical profile, and
nutritional efficiency (Tables 2, 3, 4, 5 and 6).

Table 2. Performance of slow-growing male and female broilers fed different proportions of fines during the

first 28 days of age.

MW (kg) FC (kg) WG (Kg) FConv (kg:kg)
Proportion of fines (%)
0 0.841 1.482 0.803 1.861
50 0.829 1.472 0.791 1.863
100 0.786 1.421 0.748 1.903
Sex
Males 0.8532 1.482 0.815° 1.828b
Females 0.784° 1.434 0.747% 1.9242
Probabilities’
Fines (F) 0.074 0.2765 0.075 0.6519
Sex (S) 0.0018 0.1535 0.0019 0.0286
FxS 0.9611 0.482 0.9641 0.449
CV (%)’ 7.34 6.74 7.71 6.69

!(p<0.05); *Coefficient of variation; MW: Mean weight; FC: Feed consumption; WG: Weight gain; FConv: Feed conversion.
Different superscript letters (* ) in the same column indicate different means according to the Scott-Knott test at 5% probability.

Table 3. Yield of carcass and cuts of slow-growing male and female broilers fed different proportions of fines

during the first 28 days of age.

Yield (%) Fat Breast Thighs Drumstick Carcass
Proportion of fines (%)

0 1.63 19.62 10.13b 11.06 71.66
50 1.47 19.84 10.69* 10.89 70.96
100 1.59 19.69 10.582 10.73 70.94
Sex

Males 1.52 19.56 10.51 10.51° 71.89
Females 1.61 19.87 10.43 11.28° 70.45
Probabilities’

Fines (F) 0.7438 0.9300 0.0269 0.7159 0.8399
Sex (S) 0.6311 0.5123 0.6213 0.0284 0.2079
FxS 0.3955 0.8164 0.1403 0.2057 0.9511
CV (%)’ 23.7300 7.110 4.880 9.210 4.710

1(p<0.05); 2Coefficient of variation; Different superscript letters (* ) within the same column indicate different means according

to the Scott-Knott test at 5% probability.
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Greater mean weight (MW), weight gain
(WG) and better feed conversion (FConv) were
observed for male compared to female birds.
However, the proportion of fines did not affect
chicks during the initial rearing phase (Table 2).

Relative weight of the liver was higher for
females than males (Table 4). The proportion of

fines did not affect morphometry of digestive
organs.

No significant correlation was found between
proportion of fines in feed and sex of the birds
for serum cholesterol, triglycerides, and total
proteins at 28 days of age (Table 5).

Table 4. Performance of slow-growing male and female broilers fed different proportions of fines during the

first 28 days of age.
Relative weight (%)

GIT (m) SI Prov+Gizz Pancreas Liver
Proportion of fines (%)
0 1.24 3.27 0.79 3.21 0.31 2.34
50 1.25 3.39 0.94 3.17 0.32 2.39
100 1.22 3.27 0.82 3.26 0.33 2.18
Sex
Males 1.24 3.35 0.83 3.21 0.33 2.42°
Females 1.24 3.28 0.88 3.22 0.31 2.18b
Probabilities’
Fines 0.8166 0.5278 0.1004 0.8495 0.7319 0.1452
Sex 0.9959 0.4652 0.4126 0.9348 0.3814 0.0085
FxS 0.7057 0.3815 0.6749 0.3882 0.0847 0.0980
CV (%)* 7.74 8.90 20.38 11.30 22.08 11.28

!(p<0.05); *Coefficient of variation; GIT: Gastrointestinal tract; SI: Small intestine; LI: Large intestine; Prov+Gizz: Proventriculus
plus gizzard. Different superscript letters () within the same column indicate different means according to the Scott-Knott test

at 5% probability.
Table 5. Serum profile of slow-growing male and female broilers fed different proportions of fines during the
first 28 days of age.
Cholesterol (mg/dL) Triglycerides (mg/dL) Total Proteins (g/dL)
Proportion of fines (%)
0 178.90 126.22 3.87
50 176.61 146.83 4.00
100 197.12 133.34 4.16
Sex
Males 19062 132.24 4.03
Females 177.18 138.55 3.98
Probabilities’
Fines (F) 0.7748 0.2433 0.4463
Sex (S) 0.6183 0.5397 0.7742
FxS 0.5881 0.6892 0.6428
CV (%)’ 21.6100 11.970 13.780

!(p<0.05); “Coefficient of variation.
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The proportion of fines and sex of birds did
not affect the AMEn and coefficients of apparent

metabolization of nutrients in broilers at 14 to
18 days of age (Table 6).

Table 6. Energy and nutritional metabolizability of slow-growing male and female broilers fed different

proportions of fines during 28 days of age’.

AMEn (Kcal/g) CMCE (%) CMDM (%) CMCP (%)
Proportion of fines (%)
0 3.162 86.07 82.76 39.97
50 3.150 85.78 83.08 42.52
100 3.183 86.71 83.71 47.06
Sex
Males 3.171 86.36 83.41 43.24
Females 3.159 86.02 82.96 43.29
Probabilities’
Fines 0.7673 0.7671 0.8121 0.3406
Sex 0.7572 0.7523 0.7137 0.8805
FxS 0.7662 0.7685 0.6188 0.9994
CV (%)’ 7.34 7.71 6.69

Data in natural matter: Apparent metabolizable energy corrected for zero nitrogen balance (AMEn) and coefficients of apparent
metabolizable dry matter (CMDM), gross energy (CMCE) and crude protein (CMCP); 2(p<0.05); *Coefficient of variation.

Discussion

A difference in performance between male
and female broilers was expected. According
to Santos et al., (2005), growth rate of males
and females of slow-growing strains is similar
up to 21 days of age, and starting at 28 days
male broilers grow faster, indicating greater
efficiency. Api et al., (2017), working with three
fast-growing strains (Cobb, Hubbard and Ross)
also observed greater development in males than
females in the third week of life. According to
them, animal growth is determined by growth of
the nervous system, bone, muscle and adipose
tissues. Since females reach puberty sooner
than males, growth of the adipose tissue occurs
sooner, in detriment to muscle tissue, causing
lower weight gain. It is known that fast-growing
broilers fed diets with high-quality pellets
perform better than those receiving mash feeds
due to a greater ease of feeding, besides lower
waste of feed and less energy expenditure during
consumption (Abdollahi, 2011; Corzo et al.,
2011; Zohair et al., 2012). However, that effect
was not observed in the present study with Isa
Label strain. Slow-growing birds have specific
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traits, and their slower growth means lower
nutritional demands compared to commercial
broiler strains, in addition to greater weight of
the gastrointestinal tract and organs with less
occurrence of bone problems (Santos et al.,
2005; Mendonga et al., 2008; Santos et al.,
2015a). These peculiar characteristics influence
the nutritional efficiency and performance of
these strains in relation to fast-growing birds.

Regarding carcass characteristics, as
verified in the present study, Lara et al., (2008),
investigating on mash and pellet feeds, found
that treatments did not influence yield of cuts
and carcass. Similarly, Lopez & Baido (2002)
did not find differences when comparing
carcasses of broilers slaughtered at 43 days of
age fed mash or pellet diets.

Typically, consumption of good-quality
pellets can influence the development of
digestive organs, especially the size and weight
of the gizzard. The study by Freitas et al. (2008)
-working with mash, pellet, and ground feeds-
did not find an effect concerning the physical
form of feed on the relative weight of digestive
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organs, except for the gizzard, which was larger
inthe birds receiving mash feeds. The mechanism
by which the physical characteristics of the feed
affect gizzard size is not entirely understood. A
leading hypothesis is that lower consumption
of pelleted feed in relation to mash feed can
cause lower passage rate. Thus, lower muscular
stimulation occurs by the mechanical action
promoted by the presence of feed in this organ
(Engberg et al., 2002; Lopez & Baido, 2004).
Therefore, the lack of effects of feed quality on
consumption in this study can explain the similar
relative weight of digestive organs, especially
the gizzard. On the other hand, there is evidence
that, irrespective of the physical form of feed,
slow-growing birds have lower carcass weight
and greater relative weight of digestive organs
than conventional bird strains (Santos et al.,
2015a; Santos et al., 2005). Studies have related
greater weight of the gastric compartment
(proventriculus + gizzard) to better extraction of
energy from feed (Rougiére ef al., 2009; Verdal
et al., 2010). Therefore, high relative weight of
the proventriculus and gizzard in slow-growing
birds can enhance the energy extraction and
consequently withdraw the positive effects
pelleted feed may have concerning digestive
development and nutrient digestibility, as seen
in this study.

We stress that the increased performance of
birds associated with consumption of pelleted
feeds is mainly due to the greater ability for
feeding, resulting in less energy expenditure for
this activity, along with improved digestibility of
nutrients-like starch and proteins-as well as energy
utilization (Moran Jr., 1987; McCraken, 2002).
These positive effects on nutrient digestibility are
attributed to the mechanical action, temperature,
and moisture used during the pelleting process,
which among other factors help to breakdown
amylose and amylopectin granules and promote
changes in the tertiary structure of proteins,
facilitating the enzymatic action (Lopez, 2007).
Therefore, although feeds with high proportions
of fines can require greater energy expenditure
for consumption, they benefited from the thermal
processing, which can explain the absence of
effects of diets with 0, 50, and 100% fines on

nutritional efficiency and overall performance
observed in this study. Additionally, according to
Santos et al. (2015b), Isa Label birds are more
efficient in extracting energy from cornmeal and
soybean meal than birds of the Cobb 500 strain.
Therefore, the results obtained in this study
indicate that due to a greater nutritional efficiency
of slow-growing broilers, pellet quality was not
a limiting factor in terms of performance during
the initial rearing phase.

Santos et al. (2015a), in a study investigating
the serum biochemical constituents of slow-
growing broilers aged 21 days and given
mash feed, observed worse results than those
obtained in the present study for cholesterol
(173.63 mg dL'), and better for triglycerides
and total proteins (244.35 and 5.72 mg dL!).
Laboratory analyses of blood samples are used
to monitor broiler health by enabling diagnosis
and subsequent treatment of diseases. However,
few studies have been published on the levels
of serum constituents to establish references
for industrially-bred birds. Additionally, studies
presenting serum biochemical parameters for
slow-growing strains are also limited. One of
them was conducted by Barbosa et al. (2011),
who postulated that age, strain, nutrition, and
environmental conditions can affect serum
parameters. Thus, the results obtained in the
present study can serve as a reference for the Isa
Label strain at 28 days of age fed pelleted feeds.

In conclusion, pellet rations with high
proportion of fines do not affect the performance
or metabolic parameters of slow-growing birds;
therefore, the use of pellet rations for these
strains in the initial phase is not justified.
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