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Abstract

The aim of this study was to evaluate the chemical composition, energy values and nutrient 
metabolizability coefficients of corn grown using different organic fertilizers and its use for feeding 
slow-growing broilers. Two experiments were conducted. In the first experiment, two hundred 21-day-
old broilers were distributed in a completely randomized design, with five treatments and four replicates 
of 10 birds per experimental unit. The treatments were a control diet and four test diets (corn fertilized 
with crotalaria, corn fertilized with millet, corn fertilized with humus, and corn without fertilization), 
including corn at 30% in the control diet. The apparent metabolizable energy, apparent metabolizable 
energy corrected for nitrogen balance, and apparent metabolizability coefficients of dry matter, crude 
protein and gross energy were determined. In the performance trial, two hundred and fifty 1-day-old 
chicks were distributed in a completely randomized design into five treatments (T1 – control diet with 
commercial corn, T2 – corn without fertilization, T3 – corn fertilized with humus, T4 – corn fertilized 
with millet and T5 – corn fertilized with crotalaria) and five replicates of 10 birds per experimental unit. 
Weight gain, feed intake, feed conversion and final weight at 20 days were evaluated. The AME and 
AMEn values of corn fertilized with crotalaria, millet, humus and corn without fertilization were 3246 
and 3239 kcal kg−1; 2965 and 2954 kcal kg−1; 2909 and 2877 kcal kg−1; and 3265 and 3201 kcal kg−1, 
respectively. The apparent metabolizable coefficients of DM, CP and GE were: 89.75%, 66.88% and 
88.5% for corn fertilized with crotalaria; 84.38%, 58.73% and 81.4% for corn fertilized with millet; 
80.38%, 53.45% and 78.95% for corn fertilized with humus; and 89.48%, 68.95% and 87.85% for 
corn without fertilization, respectively. Feeding broilers with corn cultivated with different fertilizers 
affected (P < 0.05) weight gain, feed intake, feed conversion and final weight. The treatments using 
corn fertilized with crotalaria, millet, humus and commercial corn did not differ, with better results in 
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relation to corn crop cultivated without fertilization. The use of crotalaria and millet as a green manure, 
and humus derived from dairy manure are alternatives that can be used on corn crop as they resulted 
in grains with adequate nutritional composition, energy values and metabolizable coefficients for slow-
growing broilers from 1 to 20 days of age.
Key words: Green manure. Metabolizable energy. Productive performance.

Resumo

Objetivou-se no presente trabalho avaliar o milho cultivado com diferentes adubos orgânicos sobre 
a composição química, valores energéticos, coeficientes de metabolizabilidade dos nutrientes e sua 
utilização na alimentação de frangos de crescimento lento. Foram realizados dois experimentos, no 
primeiro experimento foram utilizadas duzentas aves de 21 dias de idade, distribuídas em delineamento 
inteiramente casualizado, com cinco tratamentos, 4 repetições de 10 aves por unidade experimental. Os 
tratamentos consistiram de dieta referência e testes (milho adubado com crotalária, milho adubado com 
milheto, milho adubado com húmus e milho sem adubação), nas quais os milhos substituíram 30% da 
dieta referência. Foram determinados avaliados a energia metabolizável aparente, energia metabolizável 
aparente corrigida para o balanço de nitrogênio, os coeficientes de metabolizabilidade aparente da 
matéria seca, proteína bruta e energia bruta. No ensaio de desempenho, foram utilizados duzentos e 
cinquenta pintos de 1 dia, distribuídos em delineamento experimental inteiramente casualizado, com 
cinco tratamentos (T1 – ração referência com milho comercial, T2 – ração com milho sem adubação, T3 
– ração com milho adubado com húmus, T4 – ração com milho adubado com milheto e T5 – ração com 
milho adubado com crotalária) e cinco repetições de 10 aves por unidade experimental. Foram avaliados 
o ganho de peso, consumo de ração, conversão alimentar e o peso final aos 20 dias de idade. Os valores 
determinados de EMA e EMAn dos milhos adubados com crotalária, milheto, húmus e sem adubação 
foram: 3246 e 3239 Kcal kg−1; 2965 e 2954 Kcal kg−1; 2909 e 2877 Kcal kg−1; 3265 e 3201 Kcal kg−1, 
respectivamente, e os coeficientes de metabolizabilidade aparente da MS, PB e EB foram: 89,75%, 
66,88% e 88,5% para o milho adubado com crotalária; 84,38%, 58,73% e 81,4% para o adubado com 
milheto; 80,38%, 53,45% e 78,95% para o adubado com húmus e 89,48%, 68,95% e 87,85% para o sem 
adubação, respectivamente. Observou-se que os milhos cultivados com diferentes adubações afetaram 
(P < 0,05) o ganho de peso, consumo de ração, conversão alimentar e peso final. O tratamento do milho 
adubado com crotalária, milheto, húmus e o milho comercial não diferiram, com melhores resultados 
em relação ao milho cultivado sem adubação. A adubação verde com crotalária e milheto, seguido do 
uso de húmus são alternativas que podem ser utilizadas no cultivo do milho, pois propiciaram grãos 
com composição nutricional, valores energéticos e coeficientes de metabolizabilidade adequados ao 
desempenho de frangos de crescimento lento de 1 a 20 dias.
Palavras-chave: Adubação verde. Energia metabolizável. Desempenho produtivo.

Introduction

The improvement of sustainable agricultural 
practices is a challenge for food production in 
harmony with the environment. It arose initially as 
a response to the industrialization process, marked 
by technification. In the 1980s, as a result of social 
pressure to reduce the use of fertilizers and pesticides, 
the population’s eating habits changed, and the 
search for a better quality of life aroused the interest 
of consumers, farmers and environmentalists.

Agroecology is a production system that differs 
from conventional agriculture mainly because 
it conserves biodiversity, cycles and biological 
activities of the soil, seeks to promote human health 
and environmental balance, and is ecologically 
correct, economically viable and socially just 
(BARROS; SILVA, 2010).

According to the Comunidade Econômica 
Européia – CEE (1991), the fertility and biological 
activity of soils can be adequately conserved 
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or improved through the use of green manure, 
incorporation of animal manure into soils and 
composting. The action of microorganisms on 
biodegradable compounds existing or incorporated 
into the soil allows the supply of chemical elements 
indispensable to the development of cultivated 
plants.

Organic fertilizers lead to an adequate balance 
of mineral nutrition in the plants, in addition to 
providing better soil conditioning. However, due 
to their different C/N ratios, they influence the 
mineralization rate of residues and, consequently, 
the release of nutrients to crops grown in succession 
(NICOLARDOT et al., 2001).

Knowledge of fertilization is an essential 
aspect to improve the quality of cereal grains. If 
it is not appropriate, it can influence the chemical 
composition of feedstuffs (FRANCESCHI et al., 
2009; SILVA et al., 2015). Corn (Zea mays) stands 
out as one of the main cereals grown in Brazil, 
mainly in the Midwest, Southeast and South regions. 
Corn grows under different production systems 
and has widespread use in poultry feeding due to 
its productive potential, chemical composition and 
nutritional value (BRASIL, 2017).

Raising backyard poultry is one of the segments 
of alternative poultry that has shown promise 
in Brazil as it adds value to the product through 
a breeding system that respects animal welfare 
standards, allowing the bird to express its natural 
behaviour. This production system serves both small 
and medium farms as well as large-scale production 
(MADEIRA et al., 2010; MORAIS et al., 2015).

There is a lack of published information on 
the use of corn grown with different fertilizers 
for feeding backyard poultry, as regards chemical 
composition and energy values, as well as animal 
performance. Considering this, the aim was to 
evaluate the effect of different organic fertilizers 
on the chemical composition, energy values and 
nutrient metabolizability coefficients of corn grains 
and their use for feeding slow-growing broilers.

Material and Methods

Two trials were conducted at the Poultry Research 
Centre of the School of Veterinary Medicine and 
Animal Science, Federal University of Tocantins, 
Araguaína – TO. The first trial was carried out from 
July 27th to August 3rd 2014, and the second from 
September 15th to November 4th 2014. The study was 
conducted in accordance with the rules of the Ethics 
Committee on Animal Use, Federal University of 
Tocantins (CEUA-UFT) under protocol number 
23101.003578 2016-51.

The average annual air temperature and 
precipitation range from 28 °C and 1800 mm, 
respectively. The climate is classified as Aw (hot 
and humid) according to Köppen classification. 
The corn experimental area has a typical Eutrophic 
Brown soil and it was in the third crop year.

Soil preparation for corn cultivation

Establishment of the system started with soil 
correction with dolomitic limestone at 400 kg ha−1 
and division into four plots of 840 m2 each. Soil 
preparation was done with subsoil tillage to a depth 
of 30 cm.

Three plots received one type of fertilization 
(millet, crotalaria and humus), and one plot did 
not receive fertilization (control). Millet and 
crotalaria sowing was carried out in rows spaced 
1.0 m apart. At the early stages of inflorescence 
(80 days after sowing), the two cultures were cut 
and later incorporated into the soil using a disk 
plough. Humus (dairy manure vermicompost) was 
distributed (250 kg) by hand.

After the resting period of 10 days (chopped 
material), application of natural rock phosphate at 
50 kg ha−1 of P2O5 was carried out. Subsequently, 
the Bandeirantes corn cultivar was sown in shallow 
pits spaced 20 cm apart, with 80 cm between rows.

Corn was harvested at physiological maturity, 
when the grains were dry. After harvesting the 
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panicles, the grains were removed, cleaned and 
stored in bags identified according to the treatment, 
to prepare the experimental diets. Corn used in the 
control diet was cultivated following conventional 
methods.

Trial I: Chemical composition (DM, CP, MM, GE 
and CF), energy values (AME and AMEn) and 
apparent metabolizability coefficients (DM, CP 
and GE) of corn grains from crops cultivated using 
different organic fertilizers

A total of 200 slow-growing (Red Naked 
Neck) broilers of both sexes, 21 days old, were 
used to determine the apparent metabolizable 
energy (AME), apparent metabolizable energy 
corrected for nitrogen balance (AMEn) and 
apparent metabolizable coefficients of dry matter 
(AMCDM), crude protein (AMCCP) and gross 
energy (AMCGE) of corn grown using different 

fertilizers, by the traditional method of total excreta 
collection (ALBINO et al., 1992; SIBBALD, 1976; 
SIBBALD; SLINGER, 1963).

Broilers were housed in experimental cages 
(1.00 × 1.00 × 0.40 m) equipped with trough-type 
feeders and drinkers, a heating system for chicks 
until the 14th day of life and metal trays immediately 
below the cages to remove excreta.

On the 21st day, birds with a mean weight of 370 
± 11.74 g were randomly distributed in experimental 
cages in a completely randomized design with 
five treatments, four replicates and 10 birds per 
experimental unit, with the following treatments:

T1: Control diet based on corn and soybean meal 
formulated to meet the nutritional requirements 
of semi-heavy chickens in the growing phase, 
corrected for the average temperature in Araguaína, 
according to Rostagno et al. (2011) (Table 1).

Table 1. Composition of control diet (organic matter basis).

Ingredients (%)
Corn 61.813
Soybean meal (45%) 32.559
Soybean oil 1.787
Dicalcium phosphate 1.697
Limestone 0.853
Salt 0.474
DL-methionine 0.218
L-lysine HCl 0.181
Choline chloride (60%) 0.125
Premix1 0.250
L-threonine 0.033
BHT 0.010

Calculated nutritional composition
ME (kcal kg−1) 3000
Crude protein (%) 20.17
Calcium (%) 0.840
Available phosphorus (%) 0.422

continue
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Chlorine (%) 0.330
Potassium (%) 0.769
Sodium (%) 0.207
Digestible lysine (%) 1.096
Digestible methionine (%) 0.491
Digestible methionine + cysteine (%) 0.852
Digestible threonine (%) 0.722

1Composition ton−1: folic acid: 150.00 mg; cobalt: 178.00 mg; copper: 2,675.00 mg; choline: 120.00 g; iron: 11.00 g; iodine: 535.00 
mg; manganese: 31.00 g; mineral matter: 350.00 g; niacin: 7,200.00 mg; calcium pantothenate: 2,400.00 mg; selenium: 60.00 mg; 
vitamin A: 1,920,000.00 IU; vitamin B1: 300.00 mg; vitamin B12: 3,600.00 mg; vitamin B2: 1,200.00 mg; vitamin B6: 450.00 mg; 
vitamin D3: 360,000.00 IU; vitamin E: 3,600.00 IU; vitamin H: 18.00 mg; vitamin K: 480.00 mg; zinc: 22.00 g.

continuation

T2: 70% control diet + 30% test ingredient (corn fertilized with crotalaria).

T3: 70% control diet + 30% test ingredient (corn fertilized with millet).

T4: 70% control diet + 30% test ingredient (corn fertilized with humus).

T5: 70% control diet + 30% test ingredient (corn without fertilization).

The experimental period lasted 7 days. Broilers 
went through a period of adaptation to experimental 
diets for 4 days, and total excreta collection 
was carried out during the 3 subsequent days 
(RODRIGUES et al., 2005).

During the sampling period, the cage floor was 
covered with plastic to avoid contamination and any 
loss of excreta. Samples were collected twice a day 
(8 a.m. and 4 p.m.) to prevent fermentation. After 
each sampling, excreta were packed in plastic bags, 
properly identified and then finally were frozen for 
further analysis. At the end of the experimental 
period, the total amount of feed consumed and 
excreta produced were determined according to the 
methodology proposed by Sakomura and Rostagno 
(2016).

For analysis, 400 g of excreta from each 
treatment was defrosted at room temperature and 
homogenized. Subsequently, the samples were 
partially dried in a forced-ventilation oven at 55 °C 
for 72 h to determine the oven-dry sample weight. 
Subsequently, the samples were processed in a 
knife-type mill with a 1-mm sieve and transported 
to the laboratory, along with feed samples.

Experimental diets and excreta samples were 
analysed at the laboratory of Tropical Animal 
Science at UFT, following the procedures described 
by Silva and Queiroz (2006). The dry matter (DM), 
crude protein (CP) and gross energy (GE) of the feed, 
experimental diets and excreta were determined.

After laboratory analysis, AME and AMEn 
were determined using the equations proposed by 
Matterson et al. (1965).

g; iron: 11.00 g; iodine: 535.00 mg; manganese: 31.00 g; mineral matter: 350.00 g; niacin: 7,200.00 
mg; calcium pantothenate: 2,400.00 mg; selenium: 60.00 mg; vitamin A: 1,920,000.00 IU; vitamin 
B1: 300.00 mg; vitamin B12: 3,600.00 mg; vitamin B2: 1,200.00 mg; vitamin B6: 450.00 mg; vitamin 
D3: 360,000.00 IU; vitamin E: 3,600.00 IU; vitamin H: 18.00 mg; vitamin K: 480.00 mg; zinc: 22.00 
g. 
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experimental diets for 4 days, and total excreta collection was carried out during the 3 subsequent days 

(RODRIGUES et al., 2005). 

During the sampling period, the cage floor was covered with plastic to avoid contamination and 

any loss of excreta. Samples were collected twice a day (8 a.m. and 4 p.m.) to prevent fermentation. After 

each sampling, excreta were packed in plastic bags, properly identified and then finally were frozen for 

further analysis. At the end of the experimental period, the total amount of feed consumed and excreta 

produced were determined according to the methodology proposed by Sakomura and Rostagno (2016). 

For analysis, 400 g of excreta from each treatment was defrosted at room temperature and 

homogenized. Subsequently, the samples were partially dried in a forced-ventilation oven at 55 °C for 72 h 

to determine the oven-dry sample weight. Subsequently, the samples were processed in a knife-type mill 

with a 1-mm sieve and transported to the laboratory, along with feed samples. 

Experimental diets and excreta samples were analysed at the laboratory of Tropical Animal Science 

at UFT, following the procedures described by Silva and Queiroz (2006). The dry matter (DM), crude 

protein (CP) and gross energy (GE) of the feed, experimental diets and excreta were determined. 

After laboratory analysis, AME and AMEn were determined using the equations proposed by 

Matterson et al. (1965). 

 

 

 
in which: AME = apparent metabolizable energy (kcal kg−1); AMEn = corrected apparent metabolizable 

energy (kcal kg−1); EMARR = apparent metabolizable energy of the reference diet; EMART = apparent 

metabolizable energy of the test ration; and % substitution = food g ration−1. 

The AMCDM, AMCCP and AMCGE of corn grown using different fertilizers were determined 

according to the equation described by Sakomura and Rostagno (2016): 

Dietary AME (kcal kg−1) = EMARR + (EMART − EMARR) 

% replacement 

Dietary AMEn (kcal kg−1) = EMARRn + (EMARTn − EMARRn) 

% replacement 
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in which: AME = apparent metabolizable 
energy (kcal kg−1); AMEn = corrected apparent 
metabolizable energy (kcal kg−1); EMARR = 
apparent metabolizable energy of the reference diet; 
EMART = apparent metabolizable energy of the test 
ration; and % substitution = food g ration−1.

The AMCDM, AMCCP and AMCGE of corn 
grown using different fertilizers were determined 
according to the equation described by Sakomura 
and Rostagno (2016):

 
Data for energetic value and AMCDM, AMCCP and AMCGE of corn grown using different 

fertilizers were subjected to tests for normality (Cramer–Von Mises) and homoscedasticity (Levene). 

Variables for which these assumptions were met were subjected to analysis of variance. Means were 

compared by Student–Newman–Keuls (SNK) test at 5% significance. Statistical analyses were performed 

using SAS 9.0 software (2002). 

 

Trial II: Effect of different organic fertilizers in corn cultivation on performance of slow-growing broilers 

A total of 250 slow-growing chicks (Red Naked Neck), 1 to 20 days old, and a mean initial weight 

of 38.3 ± 3.15 g were used. Broilers were housed in experimental cages (1.00 × 1.00 × 0.40 m) located inside 

an experimental shed with a concrete floor, covered with Babassu straw and equipped with adjustable side 

curtains according to temperature and animal behaviour. The experimental cages were equipped with trough-

type feeders and cup-type drinkers, which were cleaned and refilled twice a day to ensure free access to 

water and feed throughout the experimental period. 

Broilers were distributed in a completely randomized experimental design (CRD) with five 

treatments (T1 – control diet with commercial corn, T2 – diet using corn without fertilization, T3 – diet using 

corn fertilized with humus, T4 – diet using corn fertilized with millet and T5 – diet using corn fertilized with 

crotalaria) and five replicates of 10 birds per experimental unit. 

Experimental diets were formulated to meet the nutritional requirements of semi-heavy chickens in 

the growing phase, corrected for the average temperature in Araguaína, according to Rostagno et al. (2011) 

(Table 2). 

Until 14 days old, broilers were heated artificially, using incandescent lamps (60 W) located inside 

the cages. 

The performance variables evaluated were feed intake (FI), weight gain (WG), feed conversion 

(FC) and weight at 20 days. Feed intake was based on the amount of feed supplied and that remaining in the 

feeders; weight gain was measured by the difference between the final weight at the end of the trial and the 

initial weight. Feed conversion was the ratio of feed intake to weight gain. 

Data were subjected to tests for normality (Cramer–Von Mises) and homoscedasticity (Levene). 

Variables for which these assumptions were met were subjected to analysis of variance. Means were 

compared by SNK test at 5% significance. Statistical analyses were performed using SAS 9.0 software 

(2002). 

 

 

 

 

 

AMC (%) = (g of ingested nutrient − g of excreted nutrient) × 100 

g of ingested nutrient 

Data for energetic value and AMCDM, AMCCP 
and AMCGE of corn grown using different 
fertilizers were subjected to tests for normality 
(Cramer–Von Mises) and homoscedasticity 
(Levene). Variables for which these assumptions 
were met were subjected to analysis of variance. 
Means were compared by Student–Newman–Keuls 
(SNK) test at 5% significance. Statistical analyses 
were performed using SAS 9.0 software (2002).

Trial II: Effect of different organic fertilizers in 
corn cultivation on performance of slow-growing 
broilers

A total of 250 slow-growing chicks (Red Naked 
Neck), 1 to 20 days old, and a mean initial weight 
of 38.3 ± 3.15 g were used. Broilers were housed in 
experimental cages (1.00 × 1.00 × 0.40 m) located 
inside an experimental shed with a concrete floor, 
covered with Babassu straw and equipped with 
adjustable side curtains according to temperature 
and animal behaviour. The experimental cages 
were equipped with trough-type feeders and cup-
type drinkers, which were cleaned and refilled 
twice a day to ensure free access to water and feed 
throughout the experimental period.

Broilers were distributed in a completely 
randomized experimental design (CRD) with five 
treatments (T1 – control diet with commercial corn, 

T2 – diet using corn without fertilization, T3 – diet 
using corn fertilized with humus, T4 – diet using 
corn fertilized with millet and T5 – diet using corn 
fertilized with crotalaria) and five replicates of 10 
birds per experimental unit.

Experimental diets were formulated to meet the 
nutritional requirements of semi-heavy chickens 
in the growing phase, corrected for the average 
temperature in Araguaína, according to Rostagno et 
al. (2011) (Table 2).

Until 14 days old, broilers were heated artificially, 
using incandescent lamps (60 W) located inside the 
cages.

The performance variables evaluated were feed 
intake (FI), weight gain (WG), feed conversion 
(FC) and weight at 20 days. Feed intake was based 
on the amount of feed supplied and that remaining 
in the feeders; weight gain was measured by the 
difference between the final weight at the end of the 
trial and the initial weight. Feed conversion was the 
ratio of feed intake to weight gain.

Data were subjected to tests for normality 
(Cramer–Von Mises) and homoscedasticity 
(Levene). Variables for which these assumptions 
were met were subjected to analysis of variance. 
Means were compared by SNK test at 5% 
significance. Statistical analyses were performed 
using SAS 9.0 software (2002).
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Table 2. Composition of experimental diets with corn grown using different organic fertilizers for slow-growing 
broilers from 1 to 20 days of age.

Ingredients
Treatments

Control2

diet
Corn3

test
Corn4

hum
Corn5

Millet
Corn6

crot
Corn 61.81 61.81 61.81 61.81 61.81
Soybean meal (45%) 32.56 32.56 32.56 32.56 32.56
Soybean oil 1.787 1.787 1.787 1.787 1.787
Dicalcium phosphate 1.697 1.697 1.697 1.697 1.697
Limestone 0.853 0.853 0.853 0.853 0.853
Salt 0.474 0.474 0.474 0.474 0.474
DL-methionine 0.218 0.218 0.218 0.218 0.218
L-lysine HCl 0.181 0.181 0.181 0.181 0.181
Choline chloride (60%) 0.125 0.125 0.125 0.125 0.125
Premix1 0.250 0.250 0.250 0.250 0.250
L-threonine 0.033 0.033 0.033 0.033 0.033
BHT 0.010 0.010 0.010 0.010 0.010
Total 100.00 100.00 100.00 100.00 100.00

Calculated nutritional composition
ME (kcal kg−1) 3000.0 3000.0 3000.0 3000.0 3000.0
Crude protein (%) 20.17 20.17 20.17 20.17 20.17
Calcium (%) 0.840 0.840 0.840 0.840 0.840
Available phosphorus (%) 0.422 0.422 0.422 0.422 0.422
Potassium (%) 0.769 0.769 0.769 0.769 0.769
Sodium (%) 0.207 0.207 0.207 0.207 0.207
Digestible lysine (%) 1.096 1.096 1.096 1.096 1.096
Digestible methionine (%) 0.491 0.491 0.491 0.491 0.491
Digestible threonine (%) 0.722 0.722 0.722 0.722 0.722
Digestible methionine + cysteine (%) 0.852 0.852 0.852 0.852 0.852
Crude fibre (%) 2.828 2.828 2.828 2.828 2.828
Neutral detergent fibre (%) 11.864 11.864 11.864 11.864 11.864
Acid detergent fibre (%) 4.717 4.717 4.717 4.717 4.717

1Composition ton−1: folic acid: 150.00 mg; cobalt: 178.00 mg; copper: 2,675.00 mg; choline: 120.00 g; iron: 11.00 g; iodine: 535.00 
mg; manganese: 31.00 g; mineral matter: 350.00 g; niacin: 7,200.00 mg; calcium pantothenate: 2,400.00 mg; selenium: 60.00 mg; 
vitamin A: 1,920,000.00 IU; vitamin B1: 300.00 mg; vitamin B12: 3,600.00 mg; vitamin B2: 1,200.00 mg; vitamin B6: 450.00 mg; 
vitamin D3: 360,000.00 IU; vitamin E: 3,600.00 IU; vitamin H: 18.00 mg; vitamin K: 480.00 mg; zinc: 22.00 g.
2Nutritional composition of the diet based on AMEn of Rostagno et al. (2011). Only the control ration was formulated according to 
Rostagno; the others were added to the different corns following the control standard.
3Corn test: corn without fertilization.
4Corn hum: corn fertilized with humus.
5Corn millet: corn fertilized with millet.
6Corn crot: corn fertilized with crotalaria.
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Results and Discussion

Chemical composition, energy values and 
metabolizable coefficients of corn grown using 
different organic fertilizers

The average nutritional values of corn grains 
from crops fertilized with crotalaria, millet, humus, 
without fertilization and commercial corn (Table 

3) were similar to those reported by Rostagno et 
al. (2011) for dry matter (87.33% vs 87.48%) but 
lower for gross energy (3830.6 vs 3940 kcal kg−1) 
and crude fibre (1.63% vs 1.73%), whereas values 
were higher for crude protein (8.58% vs 7.88%) 
and mineral matter (1.42% vs 1.27%), in due order 
(Table 3).

Table 3. Nutritional composition of commercial corn and corn grown using different organic fertilizers1.

Item DM2 (%) CP3 (%) MM4 (%) GE5 (kcal kg−1) CF6 (%)
Commercial 89.26 7.76 0.96 3912.53 1.68
Fertilized with crotalaria 85.31 8.31 1.69 3815.21 1.38
Fertilized with millet 88.31 7.32 1.63 3786.83 1.71
Fertilized with humus 88.00 10.02 1.54 3851.59 1.81
Without fertilization 85.76 9.50 1.26 3786.83 1.57
Mean 87.33 8.58 1.42 3830.60 1.63
Maximum value 89.26 10.02 1.69 3912.50 1.81
Minimum value 85.31 7.32 0.96 3786.83 1.38
CV7 (%) 1.96 13.35 21.44 1.38 10.16

1Values expressed on a dry matter basis.
2DM = dry matter.
3CP = crude protein.
4MM = mineral matter.
5GE = gross energy.
6CF = crude fibre.
7Coefficient of variation (%).

Dry matter values ranged from 85.31% to 
89.26%, similar to those reported by Vieira et al. 
(2007) for 45 corn hybrids (85.25% to 88.59%) 
and by Nunes et al. (2008) (88.65%). On the other 
hand, the values were lower than those reported by 
Henz et al. (2013) studying corn varieties under an 
organic system (84.37% to 86.46%).

The gross energy values for the corns evaluated 
were lower than those reported by Vieira et al. 
(2014) studying corn hybrids, which varied from 
3855 to 3967 kcal kg−1.

The average crude protein in the corns evaluated 
was 8.58%, ranging from 7.32% to 10.02%. These 
values were similar to those obtained by Agustini et 
al. (2015) for eight corn varieties that ranged from 

7.79% to 9.52%, and to those reported by Vieira et 
al. (2014), Santos et al. (2005) and Piovesan et al. 
(2010), of 7.56%, 8.20% and 9.79%, respectively.

The chemical composition of corn grains 
probably varied due to the different fertilization 
used in cultivation. The efficiency of organic 
fertilizers depends on their chemical composition, 
mineralization rate and nitrogen content which, in 
turn, are influenced by climatic conditions as they 
can be lost by volatilization (SILVA et al., 2015).

Crotalaria as a green manure, since it immobilizes 
in its tissues the nitrogen from biological fixation 
by the associated Rhizobium, has a lower C/N ratio. 
It favours mineralization of its residues with less 
immobilization of the N by the soil microbiota, 
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increasing the nutrient supply to the plants. On the 
other hand, millet as a green manure has greater 
immobilization of N by the microbial biomass 
of the soil during the decomposition of vegetal 
residues. It happens due to the high C/N ratio of the 
material left on the soil surface, releasing nutrients 
in the medium and long term (CRUZ et al., 2018; 
SILVEIRA; FREITAS, 2007). The C/N ratio of 
cover crops influences the mineralization rate of 
residues and, consequently, the release of N to 
crops grown in succession (DUCHENE et al., 2017; 
NICOLARDOT et al., 2001).

Humus was possibly partially mineralized, 
with a lower C/N ratio, providing nutrients for the 
subsequent crop with lower N immobilization by the 

soil microbiota (KUMADA, 1987). This explains 
the highest value of protein found for corn fertilized 
with humus in the present study.

Relative to the soil without fertilization, since 
the experiment was in the third crop year, there 
was a biomass accumulation of previous crops in 
this plot. Then, in the medium and long term, the 
nutrients were made available for further cultivation 
cycles. This helps to explain the results obtained for 
the treatment of corn without fertilization.

There was a significant difference (P < 0.05) 
between AMCDM and AMCGE (Table 4), which 
ranged from 80.38% to 89.75% and 78.95% to 
88.5%, respectively.

Table 4. Mean (± standard error) of apparent metabolizable coefficients of dry matter (AMCDM), crude protein 
(AMCCP) and gross energy (AMCGE) of corn grown using different organic fertilizers.

Treatments
Variables

AMCDM1 AMCCP1 AMCGE1

Corn fertilized with crotalaria 89.75 ± 2.69ª 66.88 ± 0.87 88.5 ± 2.24ª
Corn fertilized with millet 84.38 ± 5.17ab 58.73 ± 9.20 81.4 ± 4.88ab

Corn fertilized with humus 80.38 ± 3.58b 53.45 ± 10.73 78.95 ± 2.83b

Corn without fertilization 89.48 ± 4.43a 68.95 ± 8.95 87.85 ± 4.42a

CV2 (%) 4.75 13.51 4.48
P > F3 0.0222 0.0749 0.0082

1Means followed by same letters in the column did not differ by SNK test (P > 0.05).
2Coefficient of variation (%).
3ANOVA F-test.

Corn fertilized with crotalaria and without 
fertilization had greater AMCDM and AMCGE 
than corn fertilized with humus, but neither differed 
from corn fertilized with millet.

The AMCGE values for corn grown using 
different organic fertilizers were higher than 70%, 
which demonstrated a suitable use of metabolizable 
energy. According to Conte et al. (2002), corn has a 
high AME coefficient because it is rich in starch and 
poor in structural carbohydrates.

The AME and AMEn differed (P < 0.05) among 
treatments, ranging from 2909 to 3246 kcal kg−1 
and 2877 to 3239 kcal kg−1 (Table 5), respectively. 
The values were lower than those found by Henz 
et al. (2013) in five corn cultivars under organic 
fertilization for 21-day-old broilers, of 3113 to 3325 
kcal kg−1 for AME and 3059 to 3287 kcal kg−1 for 
AMEn.

Corn fertilized with crotalaria and without 
fertilization had the highest values for AME and 
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AMEn, whereas corn fertilized with millet and 
humus had the lowest values. This probably 
happened because organic fertilizers have different 
mineralization rates, varying nutrient availability 
to crops and, consequently, affecting their energy 
values.

Crotalaria, when incorporated into the soil, 
probably increased nutrient supply to corn due to 
the lower C/N ratio, favouring the mineralization of 

its residues, with lower N immobilization by the soil 
microbiota. Corn cultivated without fertilization, 
considering the experiment in the third crop year, 
favoured the biomass accumulation of previous 
corn crops, and in the medium and long term, the 
nutrients were made available for further cultivation 
cycles. This fact explains the high AME and AMEn 
results obtained for treatment with corn fertilized 
with crotalaria and corn without fertilization.

Table 5. Mean (± standard error) of apparent metabolizable energy (AME) and apparent metabolizable energy 
corrected for nitrogen balance (AMEn) of corn grown using different organic fertilizers1.

Treatments
Variables

AME (kcal kg−1)2 AMEn (kcal kg−1)2

Corn fertilized with crotalaria 3246 ± 43a 3239 ± 44a

Corn fertilized with millet 2954 ± 94b 2965 ± 88b

Corn fertilized with humus 2909 ± 55b 2877 ± 45b

Corn without fertilization 3265 ± 85a 3201 ± 78a

CV3 (%) 4.67 4.34
P > F4 0.0063 0.0055

1Values expressed on an organic matter basis.
2Means followed by same letters in the column did not differ by SNK test (P > 0.05).
3Coefficient of variation (%).
4ANOVA F-test.

Performance of slow-growing broilers fed corn 
grown using different organic fertilizers

Feeding corn grown with different organic 

fertilizers to slow-growing broilers affected (P < 
0.05) the feed intake, weight gain, feed conversion 
and the weight at 20 days in the 1- to 20-days-old 
phase (Table 6).

Table 6. Average feed intake (FI), weight gain (WG), feed conversion (FC) and weight at 20 days (W20d) in slow-
growing broilers fed corn grown using different organic fertilizers.

Treatments
Variables

FI (g) WG (g) FC (g g−1) W20d (g)
Control diet 565.42a 327.28a 1.73a 366.44a

Corn without fertilization 347.17b 180.29b 1.94b 233.61b

Corn fertilized with humus 537.8a 320.16a 1.68a 358.46a

Corn fertilized with millet 564.9a 342.32a 1.65a 380.7a

Corn fertilized with crotalaria 538.9a 332.28a 1.62ª 364.3a

CV1 (%) 5.21 5.04 6.01 5.19
P > F2 0.0001 0.0001 0.0017 0.0001

1Coefficient of variation (%).
2ANOVA F-test.
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Corn fertilized with humus, millet, crotalaria 
and commercial corn did not differ and had the best 
results for the variables evaluated, the worst results 
being verified for the treatment using corn cultivated 
without fertilization. This probably happened 
due to fungus development and the production 
of mycotoxins during crop development; it was 
evidenced when the corn was ground and stored in 
cold rooms, negatively influencing the treatment 
using corn without fertilization.

The presence of aflatoxin (127.20 ppb) above 
the maximum admissible concentration limits in 
Brazil (20 ppb) according to the current legislation 
(BRASIL, 2011) was verified in the CBO laboratory 
(Campinas, SP). Therefore, broilers fed corn 
without fertilization had decreased performance due 
to the reduction in feed intake, possibly caused by 
the production of aflatoxin.

Unfavourable storage conditions (high 
temperatures and inadequate humidity) and fungus 
action may change the free fatty acid content and 
may also lead to grain heating and mycotoxin 
production, compromising the nutritional quality 
of grains and causing metabolic disturbances in the 
animals (HENZ et al., 2013; PINTO, 2007).

Performance data confirmed the result of 
the metabolic assay, in which the metabolizable 
coefficients of dry matter and crude energy were 
ranked in descending order for the treatments as 
follows: crotalaria, without fertilization, millet and 
humus. Treatment using corn cultivated without 
fertilization could have a better performance result, 
but it was compromised by the fungus action as 
evidenced by the aflatoxin analysis.

Corn grown using different fertilizers has the 
potential to be used for feeding slow-growing 
broilers in the initial phase (from 1 to 20 days old), 
not differing from the commercial diet but with 
the advantage of not using chemical fertilizers. 
However, more research on the use of grains grown 
with different fertilizers for feeding backyard 
poultry in all breeding phases is necessary.

Conclusion

The use of crotalaria and millet as green 
manure, and humus derived from dairy manure 
are alternatives that may be used on corn crop as 
they resulted in grains with adequate nutritional 
composition, energy values and metabolizable 
coefficients for slow-growing broilers from 1 to 20 
days of age.
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