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Abstract
The present study evaluated possible differences in production perfor-
mance and egg quality parameters in laying hens and broiler chickens fed 
diets formulated with corn produced in Colombia or corn imported from the 
United States. For the laying hen trial, eighty 24-week-old Hy-Line Brown 
hens were randomly distributed into two treatments, each with 40 indi-
vidually caged birds. The diets contained 56.7% corn and were provided ad 
libitum for 20 weeks. For the broiler chicken trial, 352 male one-day-old Ross 
308 AP chicks were randomly distributed into two dietary treatments, with 
8 replicate pens of 22 birds each. The diets contained between 51.0 (starter) 
and 59.6% (finisher) corn and were provided ad libitum for 35 days. Data 
from the 20 experimental weeks from the laying hen trial showed a trend 
for higher egg weight (p = 0.06) in the hens fed the diet containing national 
corn (61.4 vs. 59.9 g), coupled with a slightly lower feed conversion rate 
(1.95 vs. 1.97). In regard to egg quality, yolk color showed higher values 
(p < 0.01) for the eggs from the hens fed national corn at weeks 4 and 12, 
but lower at week 20. Haugh units were significantly higher (p = 0.002) in 
the eggs from the birds fed national corn (106 vs. 102). The broiler chicken 
trial showed a significantly lower (p = 0.04) cumulative feed conversion 
rate for the chickens fed the diet containing national corn compared with 
those fed the imported corn (1.37 vs. 1.42). Carcass yield showed a signifi-
cantly (p < 0.01) higher breast percentage in the chickens fed the imported 
corn (27.9% vs. 26.3%). The results of two trials showed some differences 
in production parameters in layers and broilers that favored the use of 
national corn compared with imported corn. More studies are needed to 
determine if these differences are seen in full production cycles (laying 
hens) and to investigate possible differences in complete diets for other 
domestic species.
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Resumen
Este estudio evaluó posibles diferencias en el rendimiento zootécnico y los paráme-
tros de calidad del huevo en gallinas ponedoras y pollos de engorde alimentados 
con dietas formuladas con maíz producido en Colombia o maíz importado de los 
Estados Unidos. Para el ensayo con gallinas ponedoras, se utilizaron 80 gallinas 
Hy-Line Brown de 24 semanas de edad que se distribuyeron aleatoriamente en dos 
tratamientos, cada uno con 40 aves enjauladas individualmente. Las dietas conte-
nían 56,7% de maíz y se proporcionó ad libitum durante 20 semanas. Para el ensayo 
con pollos de engorde, se utilizaron 352 pollos Ross 308 AP machos de un día de 
edad que se distribuyeron aleatoriamente en dos tratamientos, con 8 réplicas de 
22 aves cada una. Las dietas contenían 51,0% (iniciador) a 59,6% (finalizador) de 
maíz y se proporcionaron ad libitum durante 35 días. Durante las 20 semanas ex-
perimentales del ensayo con las ponedoras se observó una tendencia a un mayor 
peso del huevo (p=0,06) en las gallinas alimentadas con la dieta que contenía maíz 
nacional (61,4 vs. 59,9 g), acompañada de una conversión alimenticia ligeramente 
inferior (1,95 vs.1,97). En cuanto a la calidad del huevo, el color de la yema mostró 
valores más altos (p < 0,01) para los huevos de las gallinas alimentadas con maíz 
nacional en las semanas 4 y 12, pero más bajos en la semana 20. Las unidades de 
Haugh fueron significativamente más altas (p= 0,002) en los huevos de las aves ali-
mentadas con maíz nacional (106 vs. 102). El ensayo con pollos de engorde mostró 
una conversión alimenticia acumulada significativamente menor (p=0,04) para los 
pollos alimentados con la dieta que contenía maíz nacional en comparación con los 
alimentados con el maíz importado (1,37 vs. 1,42). El rendimiento en canal para la 
pechuga fue significativamente mayor (p < 0,01) en los pollos alimentados con el 
maíz importado (27,9% vs. 26,3%). Los resultados de estos dos ensayos mostraron 
algunas diferencias en los parámetros de producción en gallinas y pollos de engorde 
que favorecieron el uso de maíz nacional en comparación con el maíz importado. Sin 
embargo, se requieren más estudios para determinar si estas diferencias se observan 
en ciclos de producción completos (gallinas ponedoras) e investigar posibles diferencias 
utilizando como modelo experimental otras especies animales.

Palabras clave: rendimiento en canal, calidad de huevo, ácidos grasos, micotoxinas, 
producción avícola, análisis proximal.

Resumo
O estudo avaliou possíveis diferenças nos parâmetros de desempenho zootécnico e a 
qualidade dos ovos em galinhas poedeiras e frangos de corte alimentados com die-
tas formuladas com milho produzido na Colômbia ou milho importado dos Estados 
Unidos. Para o ensaio de poedeiras, 80 galinhas da linhagem Hy-Line Brown de 24 
semanas de idade foram distribuídas aleatoriamente em dois tratamentos, cada um 
com 40 aves em gaiolas individuais. As dietas foram à base de 56,7% de milho e o 
fornecimento ad libitum foi durante 20 semanas. Para o teste de frango de corte, 352 
machos de um dia de idade, da linhagem Ross 308 AP, foram distribuídos aleatoria-
mente em dois tratamentos, com 8 repetições de 22 aves cada. As dietas continham 
entre 51,0% (iniciador) e 59,6% (finalizador) de milho e foram fornecidas ad libitum 
por 35 dias. Os dados das 20 semanas experimentais do ensaio com poedeiras mos-
traram uma tendência de um maior peso do ovo (P=0,06) em galinhas alimentadas 
com a dieta de milho nacional (61,4 vs. 59,9 g), junto com a conversão alimentar que 
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foi ligeiramente menor (1,95 vs.1,97). Em termos de qualidade do ovo, a coloração 
da gema apresentou valores mais elevados (P < 0,01) para ovos de aves alimen-
tadas com milho nacional nas semanas 4 e 12, porém foi menor na semana 20. 
As unidades Haugh foram significativamente maiores (P=0,002) nos ovos de aves 
alimentadas com milho nacional (106 vs.102). O teste de frango de corte mostrou 
uma conversão alimentar cumulativa significativamente menor (P=0,04) em frangos 
alimentados com dieta contendo milho nacional em comparação com os alimentados 
com milho importado (1,37 vs. 1,42). O rendimento de carcaça apresentou uma por-
centagem de peito significativamente (p <0,01) maior em frangos alimentados com 
milho importado (27,9% vs. 26,3%). Os resultados dos estudos mostraram algumas 
diferenças nos parâmetros de produção em poedeiras e frangos de corte que favore-
ceram o uso de milho nacional em relação ao importado. No entanto, mais estudos são 
necessários para determinar se essas diferenças são observadas em ciclos com-
pletos de produção (galinhas poedeiras) e para investigar possíveis diferenças em 
dietas completas para outras espécies animais.

Palavras-chave: rendimento de carcaça, qualidade do ovo, ácidos graxos, micotoxinas, 
produção avícola, análise proximal.

Introduction
In Colombia, the poultry industry has an important role in the economy and food sa-
fety of the country. In 2019, commercial egg production was estimated at 14, 383,000 
million eggs, representing an annual per capita intake of approximately 291 eggs. 
The estimated chicken meat production for the same year was 1,693,178 tons, for a 
per capita intake of about 36.5 kg/year (Fenavi 2020). This amount of chicken meat 
is about twice as much as the estimated beef intake for the same year (18.6 kg/per 
capita, FEDEGAN 2020). The Colombian poultry agribusiness depends almost entirely 
on imported corn to produce complete feeds. Annual corn production in Colombia is 
very low (about 1.6 million tons) compared with the annual demand of approximately 
7 million tonnes (Fenalce 2020). The difference between supply and demand results 
in the need for animal feed producers to import corn, mostly from the United States.

Corn is quantitatively the major ingredient in poultry diets (with inclusion levels up to 
50-60%) and corn quality is expected to have a significant impact on poultry health and 
performance. Transport of imported corn to local feed mills involves long journey dis-
tances and long storage times that create a risk for grain quality deterioration and 
contamination. Further, corn is known to be the cereal at highest risk of contamina-
tion with fungal toxins known as mycotoxins, which can be produced both in the field 
and during storage. Depending on their concentration in feed, mycotoxins may affect 
the productive performance and/or the health of birds (Aguillón-Páez et al. 2020; 
Diaz 2020). However, no studies have been conducted comparing the performance 
of laying hens or broilers chickens fed diets formulated with Colombian or imported 
corn. The objective of the current study was to evaluate selected performance pa-
rameters in laying hens and broiler chickens receiving diets formulated with either 
locally grown corn or corn imported from the United States.

Materials and methods
The trials were conducted at the Poultry Research Facility of the College of Veterinary 
Medicine and Animal Science, National University of Colombia. Chemical analyses 
were carried out at the Toxicology and Animal Nutrition laboratories of the same 
college. The experiments were approved by the Ethics Committee of the College of 
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Veterinary Medicine of the National University of Colombia under approval No. CB-
FMVZ-UN-010–19.

Corn lots used to prepare the diets
Three batches were experimental corn samples were provided by the “Federación 
Nacional de Cultivadores de Cereales y Leguminosas” (FENALCE).  The national corn 
was harvested in the Department of Tolima, while the corn from the United States 
was obtained at the Santa Marta seaport. Both imported and national corn were US2 
grade according to the grain classification stablished in the “Official United States 
Standards for Grain” of the USDA-GIPSA (1996).

Proximate composition and mycotoxin determination
Proximal analyses were carried out on a subsample collected from the national 
and imported corn lots used in the experimental diets. These analyses included the 
determination of percent dry matter (Method 2001.12), ash (Method 935.12), crude 
protein (Method 968.06), crude fat (Method 920.39) and crude fiber (Method 962.09). 
All methods used were carried out according to methodologies described by the 
AOAC (Association of Official Analytical Chemists International 2006). The following 
mycotoxins were determined by high-performance liquid chromatography (HPLC) 
in accordance with Colombian technical standards (NTC): aflatoxins B1, B2, G1 y G2 
(NTC 1232), zearalenone (ZEA) (NTC 4881), ochratoxin A (NTC 5472), T-2 and HT-2 
toxins (NTC 6027) and deoxynivalenol (NTC 5961). These analyses were conduc- 
ted on a Shimadzu Prominence system (Shimadzu Scientific Instruments, Columbia, 
MD, USA) equipped with a DGU-20A3R degassing unit, two LC-20AD pumps, a SIL-
20ACHT autosampler, a CTO-20A column oven, an RF-20AXS fluorescence detector, 
an SPD-20AV visible-ultraviolet spectrophotometric detector and a CBM-20A bus 
module, all controlled by “LC Solutions” software. Fumonisins B1, B2, and B3 were 
analyzed by HPLC-tandem mass spectrometry (LC-MS/MS) according to the method 
described by Martos et al. (2010).

Laying hen trial
In the first trial, eighty hens 24-week-old Hy-Line Brown were randomly distributed 
into two treatments, each with 40 individually caged birds. Each treatment group 
received a different experimental corn-soybean diet formulated with either locally 
grown or imported corn with the Rationmix program. The diets reached or exceeded 
the nutritional requirements of laying hens (NRC,1994) (Table 1). The diets were pro-
vided ad libitum for 20 weeks (weeks 24 to 43 of age). The response variables mea-
sured were body weight (at the beginning and the end of the trial), egg weight (daily), 
feed intake (weekly), egg production (weekly), egg mass (weekly) and feed conver-
sion (weekly). For data reduction and data analysis the 20 experimental weeks were 
separated into 5 periods of 4 weeks each. Eggshell strength and egg yolk color were 
evaluated at the end of each period using the yellow-orange tone scale (1 to 15) 
developed by Roche Laboratories (currently DSM) (weeks 4, 8, 12, 16 and 20 of the 
experiment) to 60 eggs sampled at random from each treatment. At week 20, Haugh 
units were measured to 30 eggs per treatment collected at random, according to the 
methodology described by Dudusola (2010). Also, at week 20, a total of 30 eggs per 
treatment were open to determine the possible presence of blood and flesh stains.

Broiler chicken trial
A total of 352 male one-day-old Ross 308 AP chicks was randomly distributed into 
two dietary treatments, with 8 replicate pens of 22 birds each. Each treatment re-
ceived a complete diet containing or exceeding the required nutrients for chickens 
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according to their age with the Rationmix program. The diets reached or exceeded 
the nutritional requirements of broiler chickens (NRC,1994) (Table 2), in which the 
same percentage of either locally grown or imported corn was included. For this trial 
the following response variables were measured: body weight (days 7, 14, 21, 28 and 
35), feed intake (weekly), feed conversion (weekly), weight gain and mortality rate. At 
day 30 of age the CIELab color space of the breast and the fat vein (lateral apterium 
region) of each bird; this area was chosen because it does not contain any feathers 
or major blood vessels (Castañeda et al., 2005). Were measured in 6 birds selected 
at random from each replica using a Konica-Minolta CR-400 colorimeter, (Chiyoda, 
Tokio, Japón). The CIELab color space (also known as CIE L*a*b*, abbreviated L*a*b* 
or Lab) are the visible spectrum colors defined by the International Commission on 
Lighting (CIE) since 1976 (Manresa González and Vicente, 2007). 

Table 1. Composition of the experimental diets for laying hens.

Ingredients (%) National corn Imported corn

National or imported corn 56.68 56.68

Soybean meal 18.0 18.0

Full-fat soybean (extruded) 14.0 14.0

Sodium chloride 0.30 0.30

Calcium carbonate fine 5.5 5.5

Calcium carbonate coarse 3.7 3.7

Calcium phosphate 1.3 1.3

Sodium bicarbonate 0.04 0.04

V.M.P* 0.20 0.20

Choline chloride 0.07 0.07

L-threonine 0.02 0.02

DL-methionine 0.30 0.30

Calculated analyses (%)

Metabolizable energy (kcal/kg) 2838

Crude protein 18.2

Crude fat 5.3

Crude fiber 2.5

Calcium 4.1

Linoleic acid 1.15

α-linolenic acid 0.03

Total phosphorus 0.54

Available phosphorus 0.72

Digestible methionine 0.48

Digestible lysine 1.03

Digestible threonine 0.73

Digestible tryptophan 0.24

Digestible methionine + cysteine 0.60

V.M.P = vitamin-mineral premix*Content per kg: IU: vit. A 800; ICU: vit. D
3 
1300; mg: vit. E 5. vit. K 2 

vit. B
1 
0.7. vit. B

2
 3. vit. B

6 
1.5. vit. B

12
 7, biotin 0.1, folic acid 1, Mn 60, Zn 50, Cu 6, I 1, Se 0.5, Co 1; g: 

Pantothenic acid 6, niacin 30.
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It expresses color as three values: L* for lightness from black (0) to white (100), a* 
from green (-) to red (+) or redness and b* from blue (-) to yellow (+) or yellowness. 
Carcass yield (breast, leg and fat) were determined at day 35 to 4 chickens selected 
at random from each replicate pen (64 in total). Performance variables were ana-
lyzed using the replicate pen as the experimental unit.

Fatty acid profile determination of corn oil, egg yolk and broiler chicken muscle
A 5 g sample of each type of corn used 10 eggs selected at random from each dietary 
laying hen treatment and 9 samples of breast muscle from each broiler chicken 
treatment were analyzed for fatty acid composition. The lipid extraction of both the yolk 
and muscle fat was performed according to the method described by Folch et al. (1957). 

Table 2. Composition of the experimental diets for the broiler chicken trial.

*Contet per kg: zinc 20.000 mg; iron: 8.400 mg; manganese: 35.000 mg; copper: 1.700 mg; iodo: 430 mg; selenium: 60 mg; vitamin A: 3.440.00UI; vitamin 
D3: 680.000UI; vitamin E: 4.000UI; choline: 172.000 mg; niacin: 9.000 mg; calcium pantotheate: 3.060 mg; vitamin B2: 1.430 mg; vitamin B2: 1.430 mg; 
vitamin K3: 856 mg; vitamin B12: 4.6 mg.

Ingredient (%) Starter (1-7 days) Grower (8-21 days) Finisher (22-35 days)

Corn (national or imported) 51.0 51.9 59.55

Full-fat soybean (extruded) 11.7 9.45 6.95

Fish meal 3.00 2.00 --

Soybean meal 30.0 30.0 31.25

Vegetable oil 0.10 2.26 3.18

Calcium carbonate 0.92 0.85 0.89

Bicalcium phosphate 1.48 1.41 1.50

Sodium bicarbonate 0.30 0.30 0.52

Choline chloride 0.70 0.90 0.10

Sodium chloride 0.30 0.30 0.31

Vitamin mix* 0.05 0.05 0.05

Mineral mix* 0.05 0.05 0.10

L-threonine 0.03 0.06 0.03

Lysine 0.10 0.16 0.16

DL-methionine 0.32 0.32 0.28

Calculated analyses (%)

Metabolizable energy (kcal/kg) 3144 3154 3330

Crude protein 24.7 23.3 22.1

Crude fat 5.25 4.75 4.39

Crude fiber 2.71 2.61 2.66

Linoleic acid 1.39 1.43 1.64

α-linolenic acid 0.22 0.19 0.15

Calcium 0.96 0.88 0.86

Total phosphorus 0.67 0.63 0.61

Available phosphorus 0.36 0.32 0.30

Digestible lysine 1.51 1.40 1.29

Digestible methionine 0.52 0.85 0.42

Digestible threonine 0.96 0.89 0.84

Digestible tryptophan 0.14 0.29 0.27

Digestible methionine + cysteine 0.79 0.73 0.72
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Corn kernel oil was extracted by shaking finely ground kernel samples with diethyl 
ether for 12 hours. The percentage fatty acids of the extracted lipids were deter-
mined by gas chromatography according to the methodology described by Agui-
llón-Páez et al. (2020). In brief, about 20 µL of the extract (containing about 2 mg of 
lipids) were taken and added to 160 µL of toluene and 20 µL of Meth-Prep II tran-
sesterification reagent (Alltech Associates, Inc., Deerfield, IL, USA). The mix was left 
at room temperature for 30 min and then 1 µL of the solution was injected into the 
gas chromatograph for the determination of the fatty acid methyl esters (FAME). The 
FAME were separated on an SGE BPX70 capillary gas chromatograph (GC) column 
(SGE Analytical Science, Australia) with a 30 m × 0.32 mm inside diameter × 0.25 µm 
film thickness using a Shimadzu GC-2014 Gas Chromatograph (Shimadzu Scientific 
Instruments, Columbia, MD, USA) equipped with a flame ionization detector. Sepa-
ration was obtained with a temperature ramp (initial temperature 80 °C for 2 min, 
30 °C/min until 140 °C, then 10 min at 140 °C, 2.9 °C/min to 200 °C, and finally 2.9 
min at 200 °C) using helium as the carrier gas and nitrogen as the make-up gas. 
The injection was made in split mode with a split ratio of 1:30. Retention times were 
compared with those of known standards (Supelco, Inc., Bellefonte, PA, USA).

Statistical analysis
The normality of the residuals was investigated with the Shapiro-Wilk test. Homoge-
neity of variances was determined by the Levene test. When variance was found to 
be non-homogenous, a non-parametric test was performed. Qualitative variables (e.g. 
mortality and presence of blood and flesh stains) were analyzed using the Chi-square 
test. For the performance parameters a completely randomized experimental design 
was used with the repetition as experimental unit. Statistical analyses were carried 
out using the STATISTIX version 9 program, under a significance level of 0.05. 

Results
Proximate composition and mycotoxin content
Results of the proximal analysis, the fatty acid composition, and the mycotoxin content 
of the national and imported corns used in experimental diets are shown in Table 
3. National corn had a higher value of dry matter when compared to imported corn 
(87.7% vs. 85.5%, respectively); however, the crude protein content of the imported 
corn was 0.7% higher compared to the national corn (8.4% vs. 7.1%, respectively). 
Crude fat was 1.2% higher in the national corn than in imported corn (4.5% vs. 3.2%, 
respectively), while the ash content differed by 0.2% (0.7% vs. 0.9%, respectively). 
Crude fiber content was 64% higher in the national corn compared to the imported 
(1.8% vs. 1.1%, respectively). The fatty acid composition of the oil extracted from 
both the national and imported corn were very similar. The most abundant fatty acid 
corresponded to linoleic acid (56.8 and 55.8% for the imported and national corn 
samples, respectively), followed by oleic (27.0 and 26.9%), palmitic (11.5 and 12.6%), 
stearic (1.7 and 2.0%) and α-linolenic acid (1.12 and 1.01%). No mycotoxins produced 
by Aspergillus spp. fungi were detected in any of the two samples (aflatoxins or ochra-
toxin A), but fusariotoxins were found in both. Imported corn contained deoxynivalenol, 
zearalenone and fumonisinas while national corn contained only fumonisinas.
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Laying hen trial

Performance parameters
No significant differences (p >0.05) in average body weight was observed at the be-
ginning or at the end of the experiment. The average body weights at the start of the 
experiment (week 24 of age) were 1834 ± 17 and 1794 ± 17 g for the hens fed the 
diets containing local or imported corn, respectively. The respective values for the 
end of the experiment (week 43 of age) were 2261 ± 28 g and 2185 ± 28 g. Also, no 
significant differences (p >0.05) were observed in feed intake, egg production, rate 
of lay or egg mass production in any of the 5 experimental periods evaluated (Table 
4). However, egg weight was significantly higher (p = 0.025) at weeks 28-31 in the 
hens fed the diet containing locally-grown corn vs. imported corn (60.6 vs. 58.9 g, 
respectively); further, average egg mass was also significantly higher for the same 
weeks (p = 0.012) in the national corn treatment compared with the imported corn 
(1.65 vs. 1.61 kg/hen, respectively). Feed conversion differed significantly (p< 0.05) 
only during weeks 36-39, when it was lower for the hens fed the diet containing lo-
cally-grown corn (1.89 vs.1.96). When the data from the 20 experimental weeks was 
pooled, no significant differences were seen in any of the variables evaluated (Table 
4). However, egg weight tended to be higher (p=0.062) for the hens fed the diet con-
taining national corn (61.4 vs. 59.9 g) and feed conversion showed a slightly lower 
value for the same treatment (1.95 vs. 1.97).

Table 3. Proximal analysis, percent fatty acid composition and mycotoxin 
content in the national and imported corn lots used in the experimental diets.

Variables National corn Imported corn

Proximal analysis (%)

Dry matter 87.7 85.5

Crude protein 7.1 8.4

Crude fat 4.5 3.2

Ash 0.7 0.9

Crude fiber 1.8 1.1

Fatty acids (%)

C16:0 (palmitic) 11.5 12.6

C18:0 (stearic) 1.7 2.0

C18:1 n-9c (oleic) 27.0 26.9

C18:2 n-6c (linoleic) 56.8 55.8

C18:3, n-3 (α-linolenic) 1.12 1.01

Mycotoxins (µg/kg)

Aflatoxins (B1, B2, G1, G2) N.D. N.D.

Ochratoxin A N.D. N.D.

Deoxynivalenol N.D. 484

Zearalenone N.D. 40

Toxins T-2 y HT-2 N.D. N.D.

Total fumonisins (FB1 +FB2 + FB3) 1048 500

N.D. = Not detected
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Egg quality
Egg yolk color showed significant differences (p < 0.05) in the eggs collected at weeks 
4, 12 and 20 of the trial (Table 5). Yolk color had higher values for the eggs from the 
hens fed locally-grown corn at weeks 4 and 12, but lower at week 20. Eggshell strength 
showed no significant differences between treatments at any of the sampling times tes-
ted. Haugh units were significantly higher in the eggs from the birds fed locally-grown 
corn compared with those fed imported corn (106 vs. 102). No differences (p = 0.519) 
were seen in the number of eggs with yolk or albumen stains between treatments.

Table 4. Performance parameters of laying hens fed diets containing national or 
imported corn for 20 weeks (weeks 24 to 43 of age).

Variable

Weeks 24 - 27 Weeks 28 - 31 Weeks 32 - 35 Weeks 36 - 39 Weeks 40 - 43

Feed intake (g/hen/day)

National 114 ± 1.3a 118 ± 0.9a 116 ± 1.7a 113 ± 1.0a 111 ± 1.8b

Imported 111 ± 0.6a 115 ± 1.3a 113 ± 1.6a 115 ± 0.7a 115 ± 0.7a

p 0.178 0.376 0.250 0.133 0.097

Egg weight (g)

National 59.1 ± 0.7a 60.6 ± 0.5a 61.6 ± 0.6a 62.6 ± 0.7a 63.3 ± 0.7a

Imported 58.1 ± 0.2a 58.9 ± 0.5b 60.1 ± 0.5a 61.0 ± 0.5a 61.6 ± 0.6a

p 0.203 0.025 0.101 0.069 0.077

Egg production (number of eggs)

National 27.3 ± 0.2a 27.3 ± 0.2a 26.9 ± 0.2a 26.8 ± 0.2a 26.4 ± 0.2a

Imported 27.6 ± 0.1a 27.5 ± 0.1a 26.8 ± 0.2a 27.1 ± 0.1a 26.8 ± 0.2a

p 0.083 0.539 0.752 0.395 0.107

Rate of lay (%)

National 97.3 ± 0.6a 97.7 ± 0.6a 95.9 ± 0.8a 95.6 ± 0.9a 94.3 ± 0.7a

Imported 98.4 ± 0.4a 98.1 ± 0.4a 96.0 ± 0.9a 96.7 ± 0.3a 95.0 ± 0.6a

p 0.124 0.540 0.941 0.261 0.108

Egg mass (kg/hen)

National 1.60 ± 0.02a 1.65 ± 0.02a 1.66 ± 0.02a 1.68 0.02a 1.67 ± 0.02a

Imported 1.59 ± 0.01a 1.61 ± 0.01b 1.63 ± 0.02a 1.64 0.01a 1.64 ± 0.02a

p 0.639 0.012 0.187 0.124 0.435

Feed conversion rate (FCR, kg of feed intake /kg of egg production)

National 2.00 ± 0.02a 2.01 ± 0.02a 1.97 ± 0.04a 1.89 ± 0.01a 1.88 ± 0.04a

Imported 1.98 ± 0.02a 2.01 ± 0.03a 1.96 ± 0.03a 1.96 ± 0.01b 1.97 ± 0.03a

p 0.418 0.881 0.841 0.002 0.062

Cumulated (weeks 24 – 43)

National Imported p

Feed intake (g/day) 16.1 ± 0.1a 16.0 ± 0.1a 0.597

Egg mass (kg/hen) 8.26 ± 0.08a 8.10 ± 0.06a 0.149

FCR (kg of feed /kg of egg) 1.95 ± 0.02a 1.97 ± 0.02a 0.347

Egg weight (g) 61.4 ± 0.6a 59.9 ± 0.5a 0.062

Rate of lay (%) 96.2 ± 0.5a 97.0 ± 0.3a 0.159

Egg production per hen 
(number of eggs)

135 ± 0.7a 136 ± 0.4a 0.225

Values are means ± S.E.M. of 40 replicate pens per treatment. Within a raw and column, values with different superscripts differ significantly 
(p<0.05). FCR = feed conversion rate.
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Yolk fatty acid composition
Overall, the percentage composition of fatty acids was very similar in the fat extracted 
from the eggs from either of the two treatments (Table 6); however, minor but sig-
nificant differences (p< 0.05) were found for some fatty acids. In the eggs collected 
during week 12 there were significant differences between the national and imported 
corn treatments for the following fatty acids: myristic (0.28 vs. 0.30%), oleic (38.9 vs. 
37.8%), α- linolenic (0.74 vs. 0.83%), and docosapentaenoic (0.32 vs 0.26%); the total 
percentage of n-3 fatty acids was also significantly different (1.84 vs. 1.96%), but not 
the n-6/n-3 fatty acid ratio. At week 16, significant differences were found between 
α- linolenic (0.71 vs. 0.81%) and docosapentaenoic acids (0.44 vs. 0.30%), and again 
in the total n-3 fatty acid content (1.92 vs. 2.08%); further, the n-6/n-3 ratio also 
differed significantly (11.4 vs. 10.6%). At week 20, significant differences were only 
found for α- linolenic (0.74 vs. 0.91%) and docosapentaenoic acids (0.40 vs. 0.32%).

Table 5. Egg yolk color, eggshell strength, Haugh units and presence 
of blood and flesh stains in eggs laid by hens fed diets containing 

national or imported corn.

Egg quality

Egg yolk color (Roche scale)

Weeks National Imported p

4 7.8 ± 0.0a 7.5 ± 0.1b 0.001

8 4.8 ± 0.2a 4.6 ± 0.1a 0.326

12 5.7 ± 0.3a 4.7 ± 0.1b 0.006

16 4.4 ± 0.0a 4.5 ± 0.1a 0.446

20 5.9 ± 0.1b 6.4 ± 0.1a 0.008

Eggshell strength (kgf/cm2)

4 3969 ± 104.6a 3753 ± 83.6a 0.124

8 4164 ± 82.5a 4348 ± 89.7a 0.148

12 4223 ± 143.4a 4041 ± 117.9a 0.340

16 3978 ± 63.4a 3898 ± 95.1a 0.493

20 3389 ± 94.4a 3444 ± 122.2a 0.730

Haugh units

20 106 ± 0.90a 102 ± 0.94b 0.002

Presence of blood and flesh stains

With stains 5 7
0.519

No stains 25 23

Except for Haugh units and presence of blood and flesh stains (30 observations per treatment. 
Values are means ± S.E.M. of 300 replicate per treatment. Within a raw and column, values with 
different superscripts differ significantly (p<0.05). 
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Performance trial with broiler chickens
No significant differences in weekly feed intake were found between the two treat-
ments, however, body weight was significantly higher (p < 0.05) in the chickens re-
ceiving the diet containing national corn at days 21 and 28 of age (1024 vs. 988 g and 
1778 vs. 1737 g, respectively) (Table 7). Further, on day 21 the feed conversion ratio 
was significantly lower in the chickens receiving the diet containing locally-grown 
corn compared to those fed the imported corn diet (1.30 vs. 1.40). No significant 
differences were found in cumulative (35-day) feed intake, body weight gain, or mor-
tality rate; however, the cumulative feed conversion rate was significantly (P < 0.05) 
lower in the chickens fed the diet containing national corn compared with those 
fed the imported corn (1.37 vs. 1.42). None of the so-called “color spaces” (L*a*b*) 
showed significant differences in the fat vein or breast skin color; however, the color 
space b* (yellow) had a tendency to show higher values in the chickens fed imported 
corn (2.09 vs. 2.0, and 6.71 vs. 6.63 in the fat vein and breast skin, respectively). 
Carcass yield values showed a significant difference (p = 0.009) only for breast per-
centage, which was 27.9% in the chickens fed the imported corn vs. 26.3% in those 
fed the national corn. 

Table 6. Fatty acid composition of egg yolks fat from eggs laid by laying hens fed diets containing 
national or imported maize (experimental weeks 12, 16 and 20).

Fatty acid
Week 12 Week 16 Week 20

National Imported p National Imported p National Imported p

C14:0 (myristic) 0.28 ± 0.01b 0.30 ± 0.00a 0.012 0.32 ± 0.01a 0.31 ± 0.01a 0.760 0.30 ± 0.01a 0.31 ± 0.02a 0.594

C16:0 (palmitic) 24.9 ± 0.20a 24.9 ± 0.19a 0.848 24.4 ± 0.21a 23.9 ± 0.26a 0.192 24.2 ± 0.41a 24.8 ± 1.29a 0.681

C16:1 (palmitoleic) 2.18 ± 0.05a 2.30 ± 0.06a 0.144 2.38 ± 0.07a 2.49 ± 0.06a 0.245 2.24 ± 0.25a 2.57 ± 0.13a 0.257

C18:0 (stearic) 7.69 ± 0.09a 7.70 ± 0.07a 0.972 8.07 ± 0.07a 8.08 ± 0.09a 0.903 7.78 ± 0.08a 8.30 ± 0.41a 0.239

C18:1 n-9c (oleic) 38.9 ± 0.44a 37.8± 0.33b 0.048 38.7 ± 0.42a 38.4 ± 0.39a 0.629 39.2 ± 0.54a 35.2 ± 3.24a 0.245

C18:2 n-6c (linoleic) 19.9 ± 0.36a 20.7 ± 0.35a 0.133 19.4 ± 0.40a 19.7± 0.38 a 0.552 19.3 ± 0.34a 21.5 ± 1.16a 0.099

C18:3 n-3 (α-linolenic) 0.74 ± 0.02b 0.83 ± 0.02a 0.004 0.71 ± 0.03b 0.81 ± 0.02a 0.006 0.74 ± 0.03b 0.91 ± 0.05a 0.006

C20:4 n-6 (arachidonic) 1.90 ± 0.03a 1.92 ± 0.04a 0.674 2.09 ± 0.03a 2.10 ± 0.04a 0.898 2.05 ± 0.04a 2.15 ± 0.11a 0.425

C22:5 n-6 

(docosapentaenoic)
0.32 ± 0.02a 0.26 ± 0.01b 0.010 0.44 ± 0.06a 0.30 ± 0.02b 0.038 0.40 ± 0.03a 0.32 ± 0.02b 0.021

C22:6 n-3 

(docosahexaenoic)
1.10 ± 0.03a 1.13 ± 0.02a 0.353 1.21 ± 0.03a 1.27 ± 0.03a 0.138 1.22 ± 0.04a 1.33 ± 0.07a 0.205

SFAS 32.9 ± 0.19a 32.6 ± 0.21a 0.749 32.8 ± 0.19a 32.3 ± 0.24a 0.165 32.3 ± 0.41a 33.4 ±1.69a 0.534

MUFAS 41.1 ± 0.42a 40.1 ± 0.34b 0.098 41.1 ± 0.43a 40.9 ± 0.44a 0.835 41.4 ± 0.50a 37.8 ± 3.05a 0.276

PUFAS 24.0 ± 0.34a 24.8 ± 0.36a 0.201 23.8 ± 0.48a 24.2 ± 0.42a 0.878 23.7 ± 0.44a 26.2 ± 1.37a 0.153

n-6 22.1 ± 0.34a 22.9 ± 0.35a 0.273 21.9 ± 0.45a 22.1 ± 0.41a 0.948 21.8 ± 0.39a 24.0 ± 1.26a 0.163

n-3 1.84 ± 0.02b 1.96 ± 0.03a 0.005 1.92 ± 0.05b 2.08 ± 0.03a 0.027 1.96 ± 0.06b 2.24 ± 0.12a 0.077

n-6/n-3 12.0 ± 0.25a 11.7 ± 0.13a 0.240 11.4 ± 0.15b 10.6 ± 0.17a 0.004 11.0 ± 0.20a 10.7 ± 0.22a 0.345

Values are means ± S.E.M. of 10 samples. Within a raw, means with different superscripts differ significantly (p<0.05). SFAS: saturated fatty acids; MUFAS: monounsaturated fatty acids; PUFAS: polyunsaturated 
fatty acids; n-6: omega-6 fatty acids; n-3: omega-3 fatty acids.
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Table 7. Performance parameters, skin pigmentation and carcass yield in broiler chickens 
fed diets containing national or imported corn.

Performance parameters and days of age Corn source

Feed intake (g/day) National Imported p

7 25.0 ± 0.18a 24.8 ± 0.16a 0.334

14 59.4 ± 0.56a 58.8 ± 0.39a  0.481

21 93.1 ± 0.58a 93.8 ± 0.64a 0.484

28 133.8 ± 4.20a  141.8 ± 3.97a 0.188

35 178.8 ± 4.40a 179.8 ± 2.40a 0.845

Body weight (g)

7 184 ± 1.20a 182 ± 1.06a 0.188

14 510 ± 6.72a 513 ± 3.78a 0.696

21 1024 ± 7.27a 988 ± 5.87b <0.001

28 1778 ± 11.5a 1737 ± 8.85b 0.004

35 2552 ± 17.7a 2518 ±16.8a 0.166

Feed conversion rate (g/g)

7 1.29 ± 0.01a 1.31 ± 0.01a 0.320

14 1.24 ± 0.01a 1.25 ± 0.01a 0.621

21 1.30 ±  0.02b 1.40 ± 0.02a 0.009

28 1.24 ± 0.02a 1.33 ± 0.03a 0.073

35 1.60 ± 0.03a 1.62 ± 0.03a  0.796

35-days cumulated performance

Feed intake 3442 ± 52.8a 3509 ± 34.1a 0.307

Weight gain 2511 ± 25.5a 2471 ± 20.5a 0.243

Feed conversion rate 1.37 ± 0.01b 1.42 ± 0.01a 0.040

Mortality rate (%) 19 (34/176)a 15 (26/176)a 0.257

Skin pigmentation (at 30 days of age)

Color space   Fat vein

L* 65.0 ± 0.25a 64.7 ± 0.15a 0.430

a* 4.67 ± 0.19a 4.39 ± 0.23a 0.259

b* 2.00 ± 0.21a  2.09 ± 0.28a 0.788

Breast

L* 61.75 ± 0.46a 61.54 ± 0.37a 0.731

a* 4.64 ± 0.34a 4.45 ± 0.38a  0.730

b* 6.63 ± 0.20a 6.71 ± 0.32a 0.852

Carcass yield (at 35 days of age)

Breast (%) 26.8 ± 0.24b 27.9 ± 0.31a 0.009

Legs (%) 19.4 ± 0.17a 19.7 ± 0.21a 0.285

Fat (%) 1.05 ± 0.05a 0.91 ± 0.07a 0.114

Values are means ± S.E.M. of 8- 48-40 respectively replicate per treatment. Within a column, values with different superscripts differ significantly 
(p<0.05).
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Regarding the fatty acid composition of the breast muscle fat, significant differences 
(p < 0.05) were found in percent linoleic acid and total monounsaturated fatty acids 
(MUFAS). Even though the n-6/n-3 ratio did not differ significantly, the chickens fed 
locally-grown corn had a lower ratio (13.2) than those fed the imported corn (15.7) 
(Table 8).

Discussion
From the results of the laying hen trial it can be concluded that there are no signifi-
cant differences in egg production or quality parameters when hens are fed diets 
containing corn from Colombia or from the United States (US2 grade). However, feed 
conversion, an important parameter in economic terms, presented significant di- 
fferences to the locally-grown corn at weeks 36 to 39. The better feed conversion 
obtained with national corn could be related to the higher crude fat content of the 
national corn compared to imported corn. Another possible explanation may be the 
different mycotoxin content found in the two lots of corn evaluated. The inclusion 
of imported corn (containing 484 ppb of deoxynivalenol) in a percentage of 56.68% 
in the diet results in DON levels in dietary levels of 274 ppb. In previous studies no 
effects in weight gain, food consumption, food efficiency, egg production the height 
of the white, specific gravity or resistance were found in layers receiving a diet con-
taining 350-700 ppb of DON for 10 weeks (Hamilton et al. 1981 a,b). In the present 
study there was a trend towards a higher egg weight in the hens receiving national 
corn versus imported corn (61.4 vs. 59.9, p=0.06). In the studies mentioned before 
(Hamilton et al. 1981a,b) decreased egg weight proportional to the DON level in the 
diet (350-700 ppb) was observed, as well as a decrease in weight and shell thick-
ness. Unfortunately, neither shell weight nor thickness were determined in the present 
study. The zearalenone found in the imported corn (40 ppb) do not pose a risk to 
birds. In 30-week-old laying birds receiving pure ZEA in the diet at concentrations of 

Table 8. Fatty acid composition of muscle (breast) fat in broiler chickens fed diets containing 
national or imported corn (at 35 days of age).

Corn source

Fatty acid National Imported p

C16:0, palmitic 20.3 ± 0.90a 21.0 ± 0.80a 0.532

C16:1, palmitoleic 1.96 ± 0.19a 2.98 ± 0.57a 0.150

C18:0, stearic 9.66 ± 0.52a 8.60 ± 0.60a 0.205

C18:1, oleic 25.5 ± 0.77a 27.5 ± 1.57a 0.266

C18:1, n-7 vaccenic 2.08 ± 0.17a 1.88 ± 0.18a 0.435

C18:2, n-6 linoleic 34.2 ± 0.08a 30.5 ± 1.06b 0.012

C18:3, n-3 α-linolenic 3.03 ± 0.42a 2.27 ± 0.19a 0.099

C20:4, n-6 arachidonic 5.84 ± 0.50a 5.17 ± 0.98a 0.586

SFAS 29.9 ± 1.21a 29.6 ± 0.89a 0.850

MUFAS 29.5 ± 0.53a 32.4 ± 1.34b 0.028

PUFAS 43.3 ± 1.29a 37.9 ± 1.11a 0.079

n-6 40.0 ± 1.00a 35.7 ± 0.99b 0.104

n-3 3.03 ± 0.42a 2.22 ± 0.19a 0.100

n-6/n-3 13.2 ± 1.44a 15.7 ± 1.62a 0.248

Values are means ± S.E.M. of 9 samples. Within a raw, means with different superscripts differ significantly (p<0.05). SFAS: saturated fatty acids; MUFAS: 
monounsaturated fatty acids; PUFAS: polyunsaturated fatty acids; n-6: omega 6 fatty acids; n-3: omega 3 fatty acids.
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0, 10, 25, 50, 100, 200,400 and 800 ppm, no effects on feed intake, body weight, egg 
production, Haugh units or shell thickness were found (Allen et al. 1981b).

Egg quality may be affected by factors such as bird lineage, feeding, handling and 
age of the bird, among others (García et al. 2016). The color of the yolk is determined 
by the content and transferability of carotenoids from the feed to the oocyte in for-
mation; in turn, the degree of transfer depends on the particular liposolubility of 
each compound (Karunajeewa et al. 1984; Phillip et al. 1976). The main carotenoids 
of corn are zeaxanthin and lutein and the amount present in the grain seems to de-
pend on the origin of the corn. The differences in egg yolk color found in the present 
study could be due to differences in carotenoid content between national and im-
ported corn.

The so-called Haugh units (HU) are a means to estimate the egg protein quality by 
correlating the dense albumen height of the albumen surrounding the yolk with the 
egg weight. The test was developed by Raymond Haugh in 1937 (Haugh 1937) and it 
associates higher HU values with higher egg quality. The average values obtained in 
the two treatments of the present study can be both classified as “excellent”, since 
in both cases the value was greater than 90 (Arrué-Tobar 2018). However, although 
the values of HU were “excellent” in both treatments, there was a significant diffe- 
rence (p=0.002) in the actual values obtained when national and imported corn was 
included (106 vs. 102 HU, respectively). Differences in HU after feeding diets containing 
different varieties of corn (60% corn inclusion for 16 weeks) were reported in a pre-
vious study (Scheideler et al. 2008).

In contrast to egg production performance and egg quality variables, significant di-
fferences were observed in the percentage content of some fatty acids in egg yolk 
fat. The relevance of some of these differences, however, is difficult to establish. 
For example, what are the consequences of a myristic acid content higher in 0.02% 
when using imported corn compared to national corn (0.30 vs. 0.28%, respectively)? 
However, an interesting finding regarding the fatty acid profile was the consistently 
higher concentration (p<0.05) of linolenic acid in the egg yolks from the birds fed 
imported corn (0.83 vs. 0.74; 0.81 vs. 0.71 and 0.91 vs. 0.74% at weeks 12, 16 and 
20, respectively). These higher ALA values were correlated with higher DHA values 
in the same eggs, which is related to the biochemical processes of elongation and 
desaturation of ALA towards DHA (Aguillón-Páez et al. 2020). These differences in 
ALA and DHA content resulted in a higher omega-3 fatty acid content and a better 
n-6/n-3 ratio in eggs of imported corn-fed birds compared to national corn-fed birds 
(11.4 vs. 10.6 at week 16, respectively). These ratios are similar to those found in la-
yers fed diets with the addition of fatty acid sources meant to improve their n-6/n-3 
ratio (10.5; Aguillón-Páez et al. 2020). The differences in the fatty acid composition 
of the corn can be attributed to differences in ambient temperature during the de-
velopment of the plants that can lead to stress either by heat or by cold (Harwood 
1998); even mild changes in lipid metabolism can lead to different profiles in both 
lipids and their fatty acid composition. In addition, differences in the deposition of 
fatty acids in the grain may also be associated with the variety of corn and soil type 
(Agama-Acevedo et al. 2011).

From the results of the broiler chicken trial it can be concluded that there are signifi-
cant differences in body weight were observed at days 21 and 28 of age, and in feed 
conversion rate at day 21; however, the cumulative 35-day performance showed a sig-
nificant difference only for feed conversion rate. The difference in 0.05 feed conversion 
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units in favor of the national corn might be of economic relevance, provided that the 
purchase price of both national and imported corn is similar. The higher feed conver-
sion rate could be related to the higher crude fat content found in the national corn 
compared to the imported corn. Another possible explanation could be the different 
mycotoxin content found in the two corn lots. Even though the mycotoxin concen-
trations found are not expected to exert adverse effects in chickens, the presence 
of the fusariotoxins DON and ZEA in the imported corn (not found in the national 
corn) could have been associated with grain deterioration since fungi use the corn 
kernel nutrients as a source of energy (Christensen and Kaufman 1965; Diaz 2020). 
Although no significant differences in skin color were recorded, the magnitude of 
space b* (yellow tone) was higher for both breast and the fat vein skin in the chickens 
fed national corn. This difference might be due to a lower content of carotenoids in 
imported corn compared to national corn.

The carcass yield measurements showed a higher breast yield (p<0.05) in chickens 
fed the diet with imported corn (27.9 vs. 26.8%), while the other two carcass yield 
variables (leg yield and fat) showed no significant differences. Interestingly, it was 
found that the breast yield obtained in this trial was much higher than the one re-
ported in a previous study in which 35 days old broiler chickens fed corn-soy diets 
had a yield of just 22.2% (Café et al. 2002); in this same study the percentage of 
abdominal fat was 2.43%, which was more than double the values obtained in the 
present trial (1.05 and 0.91% for the national and imported corn diets, respectively). 
These differences may be related to the different breeds used in these trials or to the 
formulation of the experimental diets.

The breast fatty acid profile showed a significantly higher linoleic acid (C18:2, n-6) 
content in the chickens fed the imported corn; further, the percentage of the only 
n-3 fatty acid found in breast fat, α-linolenic acid was higher in the birds fed national 
corn (3.03 vs. 2.22%). These two factors led to a better (lower) n-6/n-3 ratio in the 
breast fat in the chickens fed the national corn diet (13.2 vs. 15.7). Low n-6/n-3 ratios 
(4/1 to 5/1) are considered ideal for humans to prevent coronary heart disease and 
other illnesses (Simopoulus 2009; Valencak et al. 2015).

Conclusions
Taken together, the results of the present studies indicate that the are some diffe-
rences in performance parameters that favor the use of national corn in poultry 
diets instead of imported corn. These differences, however, must be analyzed in the 
context of the purchase price of grain, which varies over time but generally favors 
the imported corn.
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