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Simple Summary: Annually, various corn hybrids are introduced to the market for cultivation.
Companies engaged in developing these technologies aim to enhance genetic traits, with a focus
on creating productive hybrids capable of addressing the challenges of agriculture. The global corn
market predominantly concerns livestock feed production, particularly for poultry farming, which
seeks nutrient-rich raw materials with high digestibility for broilers. Nevertheless, when compar-
ing the diverse transgenic technologies of corn, even when cultivated under the same conditions,
significant differences were observed. Surprisingly, in the present study, the most productive corn
transgenic technology in the field exhibited increased contamination by mycotoxins and a lower
content of some important nutrients for poultry. This outcome highlights the critical need for a com-
prehensive assessment of the implications of transgenic technologies for nutritional composition and
agricultural product safety, especially when intended for animal feed. Consequently, we concluded
that the integration of nutritional considerations into the genetic improvement of transgenic corn,
along with detailed information about resistance to Fusarium, holds great significance and may yield
positive outcomes in the future. This approach ensures the production of nutritionally balanced,
mycotoxin-safe, and economically viable livestock feed.

Abstract: Corn is one of the most produced cereals in the world and plays a major role in poultry
nutrition. As there is limited scientific information regarding the impact of transgenic technology on
the quality and nutrient composition of the grains, this study investigated the effect of three major
transgenic corn varieties—VT PRO3®, PowerCore® ULTRA, and Agrisure® Viptera 3—on the field
traits, nutrient composition, and mycotoxin contamination of corn grains cultivated in southern Brazil
during three consecutive harvests. VT PRO3®, while demonstrating superior crop yield, showed
susceptibility to mycotoxins, particularly fumonisins. In contrast, PowerCore® ULTRA, with the
lowest yield, consistently exhibited lower levels of fumonisins. VT PRO3® had higher AME,, than the
other varieties, while PowerCore® ULTRA had the highest total and digestible amino acid contents
over the three years. The study’s comprehensive analysis reveals the distinct impact of transgenic
corn technologies on both productivity and nutritional levels. Balancing the crops yield, mycotoxin
resistance, and nutritional content of corn is crucial to meet the demands of the poultry feed industry.
Such insights are essential for decision-making, ensuring sustainability and efficiency in agricultural
production as well as meeting the demands of the poultry industry.
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1. Introduction

Corn ranks among the most globally cultivated cereals, with the production of more
than 1200 million tons in the 2022 /2023 harvest, mainly concentrated in the United States,
China, and Brazil [1]. In Brazil, corn is the second most produced grain, following soybeans.
For the 2023/2024 harvest, the estimated production in Brazil will exceed 118 million
tons [2]. In the Brazilian market, the diversity of corn cultivars is substantial, whereby
98, 259, and 98 different cultivars were available for commercialization in the 2020, 2021,
and 2022 harvests, respectively [3-5]. Remarkably, the presence of transgenic cultivars has
increased, accounting for 76%, 71%, and 95% of the total for the corresponding harvests.
Among the transgenic cultivars, VT PRO3®, PowerCore® ULTRA, and Agrisure® Viptera
3 have emerged as the primary transgenic events, together representing 46% of available
technologies in 2020, 64% in 2021 and 56% in 2022 [3-5].

Opver the last decade, corn has consistently constituted approximately 80% of the total
volume in the global trade of cereal grains, which includes corn, sorghum, barley, and
oats [1]. The relevance of corn for the feed industry is evident, as around 70% of the corn
marketed in Brazil is intended for animal nutrition [5], with it being mainly consumed by
the poultry and swine industries. Corn is considered a high nutritional value ingredient,
which contributes approximately 65% of the metabolizable energy and 20% of the protein
to a broiler’s diet [6]. In addition to its recognized nutritional value, corn is also known as
a natural source of carotenoids and xanthophyll [7], important pigments for the poultry
industry, with them being deposited into the poultry skin and egg yolk. Despite being
marketed as a commodity, there is substantial variability in its nutritional characteristics
caused by several factors such as seed genetics, endosperm texture, cultivation location,
climatic conditions, post-harvest management, and storage [8,9]. The current scenario
emphasizes the importance of understanding the nutritional nuances of corn and the main
factors involved.

The genetic improvement of corn has mainly been targeting high-productivity cul-
tivars, with resistance to root lodging, and specific pathogens. However, there is an
information gap concerning resistance to Fusarium in the corn hybrids currently marketed.
In the 2020, 2021, and 2022 harvests, 82%, 99%, and 96% of hybrids, respectively, lacked
information on Fusarium resistance [3-5]. Various strains of filamentous fungi, including
Aspergillus, Fusarium, and Penicillium, are prevalent contaminants in corn crops. These fun-
gal groups produce mycotoxins, secondary metabolites associated with well-documented
toxic, mutagenic, and carcinogenic effects, leading to significant impacts on animal health
as well as economic losses [10-12]. South American countries typically have high occur-
rences of fumonisins in corn, mycotoxins produced by Fusarium fungi that were found to
contaminate more than 90% of the corn samples evaluated in different studies [13-15].

The management of mycotoxicological contamination in the animal feed chain in-
volves several strategies. Reducing the moisture content of grains before storage as well
as controlling and monitoring humidity and temperature during storage can significantly
reduce the production of mycotoxins [11]. Other common strategies are the utilization of
organic acids to reduce fungal contamination in grains and feeds [12], as well as the inclu-
sion of antimycotoxin additives in the diet, which are capable of reducing the absorption of
mycotoxins by the animals” gastrointestinal tract [16].

Since there are no certified corn transgenic technologies regarding nutritional quality
and susceptibility to mycotoxin-producing fungi, this study aims to fill part of this gap by
analyzing the differences among the major transgenic events available for cultivation in the
Southern region of Brazil (VT PRO3®, PowerCore® ULTRA, and Agrisure® Viptera 3) with
respect to agronomic traits, nutrient composition, and contamination by mycotoxins.

2. Materials and Methods
2.1. Classification of Corn Types

Different commercial corn hybrids of each transgenic technology were chosen based
on their commercialization rate in the region of the study and grouped into three cate-
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gories of transgenic events: VT PRO3®, PowerCore® ULTRA, and Agrisure® Viptera 3.
A total of 87 corn samples were evaluated (VT PRO3® = 30, PowerCore® ULTRA =42,
Agrisure® Viptera 3 = 15) in 2020, 80 corn samples were evaluated (VT PRO3® =44,
PowerCore Ultra = 36) in 2021, and 48 corn samples were evaluated (VT PRO3® = 28,
PowerCore® ULTRA = 20) in 2022. The Agrisure® Viptera 3 technology did not have com-
mercial representation in 2021 and 2022 and, therefore, was not evaluated in these two years.
To maintain confidentiality, the designations of the corn hybrids were kept undisclosed.

2.2. Field Experiments

The samples of corn from the three years of the study were obtained from experimen-
tal field plots cultivated at the Agricultural Research Center of the Cooperativa Agroin-
dustrial Consolata (COPACOL), located in the state of Parana, Brazil (24°37'01.800" S,
53°18'02.000” W, 580 m altitude). The region features dystrophic red latosol as its predomi-
nant soil type. Fertilization of crops was guided by chemical analyses and the nutritional
requirements of the soil. Meteorological information such as precipitation, air tempera-
ture (°C), and relative humidity (%) was obtained over the three years of cultivation by
a weather station positioned 50 m away from the experimental plots. The recorded data
corresponded to the months when corn cultivation took place each year.

Corn crops from the three years were cultivated in a consolidated no-till system, under
the same soil type. The field trials were arranged in a randomized block design, with
each corn hybrid being a block with three replications by corn hybrid in 2020 and four
replications by corn hybrid in both 2021 and 2022. In 2020, cultivation took place in the
second half of January, with experimental plots containing four corn rows spaced 0.68 m
apart and extending 14 m in length. In 2021 and 2022, cultivation occurred in the initial
half of February, and the experimental plots contained four corn rows spaced 0.70 m apart
and extending 6 m in length.

Treatment of seeds was implemented consistently during the three-year period, em-
ploying 300 mL/ha of thiodicarb + imidacloprid (Cropstar, Bayer, Sao Paulo, SP, Brazil).
Insecticides and herbicides were administered following the guidelines provided by the
manufacturers. These included 250 mL/ha of thiamethoxam + lambda-cyhalothrin (Engeo-
Pleno, Syngenta, Sao Paulo, SP, Brazil), 2 L/ha of mesotrione + atrazine (Calaris, Syngenta,
Sao Paulo, SP, Brazil), 150 mL/ha of lambda-cyhalothrin + chlorantraniliprole (Ampligo,
Syngenta, Sao Paulo, SP, Brazil), and 100 mL/ha of spinetoram (Exalt, Corteva, Barueri,
SP, Brazil), applied at the vegetative growth stages V1, V2, V3, and V5, respectively. Har-
vesting took place in the second half of June 2020 and the first half of July 2021 and 2022.
The central two rows of each plot were harvested utilizing a Wintersteiger® experimental
plot harvester.

The mass of grains and moisture content were automatically determined by the Easy
Harvest weighing system (Wintersteiger, Ried im Innkreis, OO, Austria), with the assistance
of data collection systems Grain Gage® (HarvestMaster, Logan, UT, USA) coupled with the
harvesting system. The crop yield of the plots was calculated in kg/ha and adjusted for
13% moisture. Damaged grains were classified according to MAPA recommendations [17]
and the percentage was obtained by the equation: [weight of damaged grains (g)/weight
of the sample (g)] x 100.

2.3. Quantification of Mycotoxins via High-Performance Liquid Chromatography Coupled with
Tandem Mass Spectrometry (HPLC-MS/MS)

After harvest, the samples were dried in a forced-air oven. A temperature of 55 °C
was maintained for a period of 12 h, aiming to reduce the moisture content of the sam-
ples to approximately 13%. The dried samples (£1 kg) were sent to the Laboratory of
Mycotoxicological Analysis at the Federal University of Santa Maria, Brazil. The samples
were ground at 1 mm in an ultracentrifugal mill, model ZM 200(RETSCH®, Haan, NRW,
Germany), homogenized, and subsequently analyzed for the presence and concentration
of mycotoxins.
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2.3.1. Chemical Reagents

Analytical standards for aflatoxins (AF), fumonisins (FUM), deoxynivalenol (DON),
and zearalenone (ZEA) were obtained from Sigma Aldrich (St. Louis, MO, USA). Acetoni-
trile, ammonium acetate, formic acid, and methanol (HPLC grade) were acquired from JT
Baker (Center Valley, PA, USA). Ultra-pure water was obtained from a Milli-Q Advantage
A10 Water Purification System (Merck KGaA, Darmstadt, HE, Germany).

2.3.2. Aflatoxins (AFBq, AFB,, AFG,, and AFGy,)

The method described by Mallmann et al. [18] was conducted for AF analyses. A
sample of 5 g was mixed with 20 mL of an acetonitrile:water solution (84:16, v/v) and shaken
for 60 min on a shaking table. The resulting extract was centrifuged (Eppendorf 5804R) at
2500 rpm, 20 °C, for 5 min. Then, 60 uL was diluted in 840 pL of a methanol:water solution
(1:1, v/v) in a vial, and 20 pL of the obtained solution was then injected into an HPLC
Infinity Series 1200 instrument (Agilent, Palo Alto, CA, USA) coupled to a 5500 QTRAP
mass spectrometer (Applied Biosystems, Foster City, CA, USA). This system was equipped
with an electrospray ionization (ESI) source in positive mode. Chromatographic separation
was carried out at 30 °C using an Eclipse XDB-C8 column (4.6 x 150 mm, particle size
5 um) (Agilent). The mobile phases consisted of water:ammonium acetate (99:1, v/v) and
methanol:water:ammonium acetate (95:4:1, v/v/v).

2.3.3. Deoxynivalenol and Zearalenone

For the assessment of DON and ZEA, the method described by Berthiller et al. [19]
was applied. In this procedure, a 3 g sample was combined with 24 mL of a methanol:water
mixture (70:30, v/v) and stirred for 20 min on an orbital shaker. Following this, the resultant
extract was submitted to centrifugation at 2500 rpm, 20 °C, for 5 min. Subsequently, 40 pL
of the centrifuged extract was diluted in 960 uL of a methanol:water:ammonium acetate
solution (90:9:1, v/v/v) in a vial. A 10 pL aliquot of this solution was introduced into
an HPLC Infinity Series 1200 instrument (Agilent Technologies, Santa Clara, CA, USA)
coupled to a 5500 QTRAP mass spectrometer (Applied Biosystems, Waltham, MA, USA),
featuring an ESI source in positive mode. Chromatographic separation was carried out at
40 °C using a Zorbax SB-C18 column (4.6 x 150 mm, particle diameter of 5 um). The mobile
phases were methanol:water:ammonium acetate (90:9:1, v/v/v) and water:ammonium
acetate (90:10, v/v).

2.3.4. Fumonisins (FB; and FBy)

The analyses of FUM were performed according to the method of Mallmann et al. [18].
A 3 g sample was added to a Falcon tube with 15 mL of a solution with acetonitrile and
water in a 1:1 ratio (v/v). The tube was shaken for 20 min using an orbital shaker. Afterward,
the resultant mixture was centrifuged at 2500 rpm, 20 °C, for 5 min, and 20 pL was diluted
in 980 pL of a solution containing acetonitrile, water, and formic acid in a 50:40:10 ratio
(v/v/v). Then, 10 uL of the obtained solution was introduced into an HPLC Infinity Series
1200 apparatus (Agilent), connected to an API 5000 mass spectrometer (Applied Biosystems)
featuring an ESI source in positive mode. Chromatographic separation was conducted at
40 °C using an Eclipse XDB-C8 column (4.6 x 150 mm, particle diameter of 5 um). The
mobile phases comprised acetonitrile and formic acid (95:5, v/v) and water and formic acid
(95:5, v/v).

2.3.5. Parameters of Method Performance

The quantification limits (LOQ) and detection limits (LOD) of each mycotoxin were
determined by evaluating the signal-to-noise ratio (LOQ =10/1; LOD = 3/1). The recovery
rate (%) of each method (AF, FUM, DON, and ZEA) was based on the mean concentra-
tion obtained from corn-fortified samples with three different levels of the target analyte
(mycotoxin) with seven replicates each. The linearity of the analytical curves from each
mycotoxin was examined by utilizing the coefficient of determination (R?), which was
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computed following triplicate injections of the analytical curves at seven distinct concentra-
tion levels.

2.4. Near-Infrared Spectroscopy Nutritional Predictions

For predictions using near-infrared spectroscopy (NIRS), samples were milled at
0.5 mm in an ultra-centrifugal mill, placed in plastic bags, and left for 15 min to reach
room temperature (between 18 °C and 22 °C) and humidity (between 40% and 60%).
Subsequently, manual homogenization of each sample was performed for two minutes
using circular movements. Nutritional predictions were performed by reading the spectra
of the samples in a Bruker® instrument, model Tango-R, with a wavelength range of
3952-11,536 cm ™1, using the calibration curves from the AMINONRG® and AMINONir®
programs (Evonik Nutrition & Care GmbH, Hanau, Germany). The following variables
were predicted: dry matter (DM) (%), crude protein (CP) (%), ether extract (EE) (%), ash
(%), total P (%), phytic P (%), total and digestible (dig.) amino acids (AA, %), and apparent
metabolizable energy (AME,) (kcal/kg) for poultry. For study and comparison purposes,
all values were adjusted to an 87% DM basis.

2.5. Statistical Analysis

The statistical analysis was conducted using SAS software, version 9.4, 2015 (SAS
Institute, Cary, NC, USA). The normality of the data was tested through the use of the
Shapiro-Wilk test prior to other analyses. The contamination data of all mycotoxins from
the three years were transformed by logj(x + 1). Data were subjected to ANOVA using the
GLIMMIX procedure. Means of mycotoxin contamination, field data, and nutritional vari-
ables from different transgenic technologies were compared using Tukey’s test. Significance
was accepted at p < 0.05. The following statistical model was utilized:

Yijk = n+ i + Bj+ eijk

where Vijk represents the observed response of the i-th transgenic technology in the j-th
commercial hybrid and k-th replicate; p is the overall mean; i is the fixed effect of the i-th
transgenic technology; 3; is the random effect of the j-th commercial hybrid; and eijk is the
residual error.

3. Results
3.1. Meteorological Data

The analysis of meteorological data in 2020, 2021, and 2022 is represented in Figure 1.
Daily average temperature (°C) and relative humidity (%) are presented on a monthly basis,
while precipitation is expressed in cumulative millimeters (mm) per month.

The annual average temperature indicated overall stability among the years (21 °C
in 2020, 20 °C in 2021, and 21 °C in 2022). In 2020, the monthly maximum and minimum
averages were 25.1 and 17.4 °C, observed in February and July, respectively. In 2021, March
exhibited the highest monthly average at 24.3 °C, whereas a minimum average of 16.5 °C
was measured in June. For 2022, February had the highest monthly average at 25.9 °C, and
the minimum average of 16.2 °C was measured in June.

In 2020, the average relative humidity was 69%, increasing to 72% in 2021 and reaching
a maximum of 79% in 2022. The maximum and minimum averages for the periods were,
respectively: 84% in June and 60% in April 2020; 84% in June and 62% in July 2021; and
87% in June and 66% in February 2022. Regarding accumulated precipitation, there was
notable variation among the years, with 568 mm in 2020, 412 mm in 2021, and 824 mm in
2022. Monthly distribution also varied, as shown in the circle charts of Figure 1.
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Figure 1. Climatic conditions during the cultivation of different transgenic technologies of corn in
2020, 2021, and 2022.

3.2. Damaged Grains, Crop Yield, and Mycotoxin Contamination

The R? of the analytical curves for mycotoxin analyses presented values greater than
0.99. The LOD and LOQ (in pg/kg) for the evaluated mycotoxins were, respectively: 0.4
and 1 for AFB1; 0.6 and 1 for AFB,, AFG;, and AFG,; 10 and 125 for FBq; 20 and 125 for
FBy; 50 and 200 for DON; and 3 and 20 for ZEA. The results for the damaged grains, crop
yield, and mycotoxin concentration for different corn transgenic events from 2020, 2021,
and 2022 are presented in Table 1.

In 2020, a significant difference in crop yield was observed among the three technolo-
gies, with VT PRO3® exhibiting a higher yield (9029 kg/ha) compared to PowerCore®
ULTRA (8591 kg /ha) (p = 0.0411). Agrisure® Viptera 3 presented intermediate productivity
results (8767 kg/ha). Additionally, the occurrence of damaged grains was not different
among corn transgenic events (p = 0.6283). The means of AF were not different among the
transgenic technologies (p > 0.05) whereas DON and ZEA did not occur (<LOQ). However,
total FUM (FB; + FB;) was significantly higher in VT PRO3® (1180 pg/kg) compared to
PowerCore® ULTRA (280.8 ug/kg) and Agrisure® Viptera 3 (8.33 pg/kg) (p = 0.0001).

In 2021, an increase in the percentage of damaged grains was observed in the VT
PRO3® technology (1.66%) compared to PowerCore® ULTRA (0.75%) (p = 0.0005). Sim-
ilarly to the previous year, crop yield was higher in VT PRO3® (5085 kg/ha) than in
PowerCore® ULTRA (4166 kg/ha) (p = 0.0002). Regarding mycotoxins, total FUM lev-
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els were again higher in VT PRO3® (1657 ug/kg) compared to PowerCore® ULTRA
(414.0 ug/kg) (p = 0.0008), with a difference greater than 1000 ug/kg. The means of AF,
DON, and ZEA were not different between the two corn transgenic technologies (p > 0.05).

Table 1. Damaged grains, crop yield, and mycotoxin concentration in the different transgenic
technologies of corn: 2020, 2021, and 2022.

2020

Transgenic Technology

PowerCore® Agrisure®
® 8 -
Item VT PRO3 ULTRA Viptera 3 SEM p-Value
Damaged grains, % 0.21 0.15 0.22 0.034 0.6283
Crop yield, kg/ha 9029 2 8591 b 8767 2P 85.81 0.0411
Total aflatoxins 1 (ug/kg) 1.49 0.29 0.28 0.393 0.3518
Deoxynivalenol (ug/kg) <LOQ?3 <LOQ <LOQ
Total fumonisins 2 (ug/kg) 11802 280.8 b 8.33b 94.22 0.0001
Zearalenone (ug/kg) <LOQ <LOQ <LOQ
2021
Transgenic Technology
Item VT PRO3® PowerCore® ULTRA SEM p-Value
Damaged grains, % 1.66 7 0.75° 0.134 0.0005
Crop yield, kg/ha 5085 2 4166 ° 127.2 0.0002
Total aflatoxins (ug/kg) 0.256 0.194 0.054 0.5705
Deoxynivalenol (ng/kg) 21.75 19.00 7.634 0.8591
Total fumonisins (ug/kg) 1657 @ 414.0b 190.0 0.0008
Zearalenone (ug/kg) 11.80 1.56 2.728 0.0717
2022
Transgenic Technology
Item VT PRO3® PowerCore® ULTRA SEM p-Value
Damaged grains, % 2.23 3.35 0.363 0.1304
Crop yield, kg/ha 9411 2 8806 © 107.8 0.0045
Total aflatoxins (ug/kg) 0.800 0.580 0.178 0.5491
Deoxynivalenol (ng/kg) 138.8P 481.02 70.28 0.0147
Total fumonisins (ug/kg) 2566 2 990.6 b 317.2 0.0127
Zearalenone (ug/kg) 131.7 345.5 57.57 0.0766

2 Means with different superscript letters differ (p < 0.05) based on Tukey’s honestly significant difference test.
1 Sum of aflatoxins By, By, Gy, and Gy. 2 Sum of fumonisins By and By. 3 LOQ, limit of quantification.

In 2022, crop yield differences persisted, with VT PRO3® presenting higher perfor-
mance (9411 kg/ha) compared to PowerCore® ULTRA (8806 kg/ha) (p = 0.0045). Addi-
tionally, a difference was observed in the concentration of DON, with it being higher in the
PowerCore® ULTRA technology (481.0 ug/kg) compared to the VT PRO3® (138.8 pg/kg)
(p = 0.0147). Regarding total FUM, consistent with the previous years’ results, VT PRO3®
(2566 ng/kg) presented higher means than PowerCore® ULTRA (990.6 ug/kg) (p = 0.0127),
representing a difference greater than 1500 pg/kg.

3.3. Proximal Composition and Phosphorus Values

The nutritional composition results for the different transgenic events of corn in the
2020, 2021, and 2022 crops are presented in Table 2. In 2020, although CP showed only a
slight tendency among the technologies (p = 0.0603), CF and EE were statistically different
(p = 0.0104 and p = 0.0001, respectively). Crude fiber and EE were higher in the VT PRO3®
technology than in PowerCore® ULTRA and Agrisure® Viptera 3. Other components, such
as ash and P, were not different among the corn technologies (p > 0.05).
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Table 2. Nutrient composition in the different transgenic technologies of corn: 2020, 2021, and 2022.

2020

Transgenic Technology

PowerCore® Agrisure®
. ® g -
Variable VT PRO3 ULTRA Viptera 3 SEM p-Value
Crude protein, % 8.21 8.44 8.44 0.046 0.0603
Crude fiber, % 2122 2.03b 2.09 2P 0.014 0.0104
Ash, % 1.14 1.15 1.13 0.006 0.3168
Ether extract, % 4.032 3.77b 3.69b 0.030 0.0001
Total P, mg/kg 1965 1959 1963 13.11 0.9761
Phytic P, mg/kg 1474 1469 1472 9.83 0.9750
2021
Transgenic Technology
Variable VT PRO3® PowerCore® ULTRA SEM p-Value
Crude protein, % 9.29b 10.022 0.082 0.0001
Crude fiber, % 1.99 2.00 0.021 0.8422
Ash, % 1.19P 1272 0.008 0.0001
Ether extract, % 3.754 358b 0.033 0.0113
Total P, mg/kg 2012° 2094 2 15.70 0.0084
Phytic P, mg/kg 1509 P 15712 11.78 0.0084
2022
Transgenic Technology
Variable VT PRO3® PowerCore® ULTRA SEM p-Value
Crude protein, % 7.95b 8.874 0.093 0.0001
Crude fiber, % 1.96 1.91 0.022 0.3069
Ash, % 1.19P 1.232 0.009 0.0326
Ether extract, % 3.702 3.36P 0.038 0.0001
Total P, mg/kg 1970 b 20452 18.83 0.0480
Phytic P, mg/kg 1477 ® 1533 2 14.14 0.0483

ab Means with different superscript letters differ (p < 0.05) based on Tukey’s honestly significant difference test.

In 2021, there were significant variations in the concentrations of CP, ash, and EE
between the corn technologies. Crude protein was higher in PowerCore® ULTRA (10.02%)
compared to VT PRO3® (9.29%) (p = 0.0001). Ether extract was higher in VT PRO3® (3.75%)
compared to PowerCore® ULTRA (3.58%) (p = 0.0113). The technologies also differed in
their ash values (p = 0.0001), with VT PRO3® showing the lowest content. Furthermore,
PowerCore® ULTRA presented higher levels of total (p = 0.0480) and phytic (p = 0.0483) P
compared to VT PRO3®.

Differences in nutritional characteristics between corn transgenic technologies were also
observed in 2022, with this being consistent with the results observed in the previous years.
PowerCore® ULTRA had a higher concentration of CP and ash and higher p-values than
VTPRO3 (p < 0.05), whereas VT PRO3® had the highest concentration of EE (p = 0.0001).

3.4. Amino Acids and Metabolizable Energy for Poultry

In 2020, corn transgenic events exhibited significant differences in certain total and
dig. AA and in the AME,, as observed in Table 3. Total and dig. Ile, Leu, and Phe were
higher in PowerCore® ULTRA compared to VT PRO3® and Agrisure® Viptera 3 (p = 0.0338
and p = 0.0376; p = 0.0252 and p = 0.0255; and p = 0.0269 and p = 0.0193, respectively).
Additionally, AME, differed significantly among technologies, being higher in VT PRO3®
than in PowerCore® ULTRA and Agrisure® Viptera 3 (p = 0.0007). In 2021, all the total
and dig. AA was significantly different between the corn technologies (p < 0.05), with
higher concentrations in PowerCore® ULTRA compared to VT PRO3®. In addition, AME,,
was higher in VT PRO3® compared to PowerCore® ULTRA (p = 0.0014). In 2022, the
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PowerCore® ULTRA technology had a higher concentration of most of the total and dig.
AA than VT PRO3® (p < 0.05), with the exception of total Lys (p = 0.1480) and dig. Trp
(p = 0.0909). Furthermore, AME, was significantly higher in VT PRO3® compared to
PowerCore® ULTRA (p = 0.0001).

Table 3. Total and digestible amino acids and metabolizable energy for poultry in different transgenic
technologies of corn: 2020, 2021, and 2022.

2020

Transgenic Technology

Variable VT PRO3® P°I‘}’f;§‘ze® %?;‘;‘::‘*3 SEM p-Value
Total Met + Cys, % 0.354 0.359 0.363 0.0015 0.0700
Dig . Met + Cys, % 0.326 0.331 0.334 0.0014 0.0915
Total Lys, % 0.231 0.230 0.231 0.0009 0.8598
Dig. Lys, % 0.210 0.210 0.211 0.0008 0.9845
Total Thr, % 0.291 0.298 0.299 0.0015 0.0954
Dig. Thr, % 0.259 0.265 0.266 0.0013 0.1082
Total Trp, % 0.061 0.061 0.062 0.0002 0.7187
Dig. Trp, % 0.051 0.050 0.050 0.0001 0.1465
Total Arg, % 0.379 0.383 0.385 0.0017 0.4068
Dig. Arg, % 0.338 0.341 0.342 0.0014 0.4358
Total Val, % 0.390 0.399 0.401 0.0020 0.0808
Dig. Val, % 0.371 0.380 0.378 0.0019 0.1122
Total Tle, % 0.281° 0.290 2 0.2912 0.0018 0.0338
Dig. Tle, % 0.276 © 0.2852 0.2882 0.0017 0.0376
Total Leu, % 1.021° 1.064 2 1.0702 0.0079 0.0252
Dig. Leu, % 0.950 0.990 2 0.995 2 0.0074 0.0255
Total His, % 0.241 0.246 0.246 0.0011 0.1089
Dig. His, % 0.233 0.238 0.239 0.0011 0.0677
Total Phe, % 0.386 ° 0.4122 0.4142 0.0029 0.0269
Dig. Phe, % 0.368 P 0.3832 0.386 2 0.0027 0.0193
AMEj 2, kcal/kg 33402 3330 ° 33260 1.4952 0.0007

2021
Transgenic Technology

Variable VT PRO3® PowerCore® ULTRA SEM p-Value
Total Met + Cys, % 0.367° 0.3842 0.0029 0.0043
Dig. Met + Cys, % 0.334° 0.350 0.0026 0.0025
Total Lys, % 0.242° 0.2512 0.0014 0.0030
Dig. Lys, % 0.213° 02212 0.0013 0.0020
Total Thr, % 0.321° 0.3452 0.0028 0.0001
Dig. Thr, % 0.277b 0.297 2 0.0023 0.0001
Total Trp, % 0.064 P 0.067 0.0003 0.0005
Dig. Trp, % 0.053 P 0.057 2 0.0005 0.0016
Total Arg, % 0.406 © 0.426 2 0.0028 0.0004
Dig. Arg, % 0.361° 0.379 2 0.0025 0.0004
Total Val, % 0430 04622 0.0036 0.0001
Dig. Val, % 0.400 P 04302 0.0034 0.0001
Total Tle, % 0.319° 0.3472 0.0031 0.0001
Dig. Ile, % 0.307 P 0.3332 0.0029 0.0001
Total Leu, % 1.169° 1.2882 0.0137 0.0001
Dig. Leu, % 1.076 ® 1.1852 0.0127 0.0001
Total His, % 0.256 P 0.2722 0.0020 0.0002
Dig. His, % 0.244° 0.2572 0.0019 0.0005
Total Phe, % 0.453 P 0.498 2 0.0052 0.0001
Dig. Phe, % 0.417P 0.459 2 0.0048 0.0001
AME,, kcal/kg 33282 3317 1.8655 0.0014
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2022
Transgenic Technology

Variable VT PRO3® PowerCore® ULTRA SEM p-value
Total Met + Cys, % 0.349 0.367 2 0.0038 0.0226
Dig. Met + Cys, % 0.310° 0.3382 0.0034 0.0001
Total Lys, % 0.240 0.248 0.0016 0.1480
Dig. Lys, % 0.209 ® 0.2172 0.0015 0.0071
Total Thr, % 0.285° 0.304 2 0.0032 0.0014
Dig. Thr, % 0.241° 0.266 2 0.0020 0.0001
Total Trp, % 0.060 0.063 2 0.0004 0.0117
Dig. Trp, % 0.050 0.051 0.0002 0.0909
Total Arg, % 0.371° 0.3882 0.0033 0.0089
Dig. Arg, % 0.325P 0.348 2 0.0029 0.0001
Total Val, % 0.381P 0.407 0.0041 0.0017
Dig. Val, % 0.347° 0.386 2 0.0038 0.0001
Total Ile, % 0.278° 0.309 2 0.0036 0.0014
Dig. Tle, % 0.260 P 0.295 2 0.0035 0.0001
Total Leu, % 0.983 b 1.088 0.0171 0.0017
Dig. Leu, % 0.873b 1.0212 0.0151 0.0001
Total His, % 0.239 b 0.248 2 0.0025 0.0012
Dig. His, % 0.220° 0.239 2 0.0024 0.0001
Total Phe, % 0.388° 0.4272 0.0063 0.0017
Dig. Phe, % 0.356 P 0.4012 0.0060 0.0001
AME,, kcal/kg 33292 3311P 1.9347 0.0001

ab Means with different superscript letters differ (p < 0.05) based on Tukey’s honestly significant difference test.
! Tleal digestible amino acids for poultry (predicted using AMINONIR® calibration curves). 2 AME, = apparent
metabolizable energy for poultry (predicted using AMINONRG?® calibration curves).

4. Discussion

The maximization of productivity per hectare in corn cultivation assumes significant
relevance, given the evolution of human and animal nutrition, as well as the concern
for environmental preservation [20]. Efficiency in the utilization of cultivated land plays
a crucial role in meeting global food needs [21]. When it comes to corn intended for
poultry feed, it is therefore important to consider materials with high safety, nutritional
concentration, and nutrient digestibility [22].

Agricultural production is intrinsically dependent on climatic conditions. Climatic
fluctuation has negative impacts on crop development, grain yield, and quality, influencing
processes such as vegetative development, flowering, and grain maturation, as well as the
incidence of pests and diseases [8]. The analysis of meteorological data collected in the
experimental field over the three years of the present study enabled the identification of
variability among the years and the discussion of the potential impact of these conditions
on crop yield and grain quality. It has already been demonstrated that the meteorological
variables from different years exert some influence on the nutritional and mycotoxicological
composition of different corn hybrids [23,24]. Data from 2020, 2021, and 2022 reveal
challenging climatic conditions for corn cultivation in the region where the present study
was conducted.

Temperature is crucial for the corn cycle and should range between 24 °C and 30 °C
from emergence to the flowering period. A daily average temperature of 21 °C is optimal for
the highest grain yield, according to a study by EMBRAPA [25]. Despite the stability of the
annual mean temperature over the three years of study, monthly variations were recorded,
with maximum temperatures exceeding 25 °C in February and March and minimums
below 17 °C in June and July. The optimal relative humidity range for corn cultivation
is between 60% and 80% [26]. This variable plays a crucial role in plant transpiration,
soil water availability, and the occurrence of fungal diseases. Our data indicated that the
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average relative humidity in the study region was within the expected range over the
three years analyzed (69% in 2020, 72% in 2021, and 79% in 2022). However, values above
80% in June for all three years may have compromised crop health and grain quality and
favored some mycotoxins’ occurrence. Notable variations in accumulated precipitation
were observed over the three years (568 mm in 2020, 412 mm in 2021, and 824 mm in 2022),
potentially impacting corn production, as well as fungal development favored by high
humidity levels.

Opverall, fluctuations in temperature, high relative humidity, and irregular precipitation
were observed and are possibly related to the increase in FUM concentration from 2020
to 2022 as well as the higher levels of DON and ZEA observed in 2022, which could be
explained by the higher precipitation observed in this last year. In 2020 and 2021, the lower
temperature variation, coupled with humidity below 80%, except in June of both years,
may have alleviated fungal stress, consequently leading to values below the LOQ for ZEA
and DON in 2020 and low concentrations of these mycotoxins in 2021. Additionally, the
temperature variation between April and May of 2022, coupled with an average humidity
close to 90%, may have served as a stress factor for Fusarium fungi, triggering the production
of FUM, DON, and ZEA in that year.

Data from the present study demonstrated that distinct transgenic technologies
applied to corn influenced crop yield, the incidence of damaged grains, and the con-
centration of mycotoxins during the 2020, 2021, and 2022 harvests. Notably, the VT
PRO3® technology demonstrated superior yield in all years of the study, possibly re-
lated to the three Bt genes of this technology (Cry1A.105, Cry2Ab2, and Cry3Bb1) [27],
which together promote resistance to insect pests (Spodoptera frugiperda, Diatraea saccharalis,
Helicoverpa zea, Elasmopalpus lignosellus, and Diabrotica speciosa), in addition to herbicide
tolerance (glyphosate) [5]. However, a higher concentration of fumonisins, mycotox-
ins mainly produced by Fusarium verticillioides and F. proliferatum, was observed. This
result may indicate a higher susceptibility of VT PRO3® to infection by fumonisins-
producing fungi. In contrast to VT PRO3®, the PowerCore® ULTRA technology exhib-
ited a lower yield but a low concentration of total fumonisins. This technology carries
four Bt genes (CrylF, CrylA.105, Cry2Ab2, and Vip3Aa20) [28], which provide resis-
tance to different insect pests (S. frugiperda, D. saccharalis, Helicoverpa armigera, H. zea,
Elasmopalpus lignosellus, Agrotis ipsilon, S. eridania, and S. cosmioides), in addition to herbi-
cide tolerance (glyphosate) [5].

In 2022, PowerCore® ULTRA had a high concentration of DON, a type B trichothecene
mainly produced by Fusarium graminearum and F. culmorum. This result suggests a possible
higher susceptibility of PowerCore® ULTRA to DON-producing species. Alternatively,
Agrisure® Viptera 3 presented intermediate results among the three transgenic events, with
comparable crop yield to PowerCore® ULTRA and low concentration of total fumonisins.
Agrisure® Viptera 3 has three Bt genes (CrylAb, Vip3Aa20, and Cp4-EPSPS) [29], confer-
ring resistance to various insect pests (S. frugiperda, D. saccharalis, H. zea, E. lignosellus, and
A. ipsilon) and herbicide tolerance (glyphosate) [5]. In 2020, this transgenic technology
presented, numerically, the lowest concentration of total fumonisins among the evalu-
ated events. This finding suggests a possible resistance against fumonisins-producing
Fusarium species.

The mycotoxicological results from the present study emphasize the imperative need
to monitor the factors related to FUM production in different transgenic corn. This group of
mycotoxins has a significant prevalence in Brazilian and South American corn, as evidenced
by various prior surveys [13,30]. Poultry exposed to fumonisins typically manifest mild
to moderate toxicity, characterized by notable changes such as liver pathology, increased
intestinal permeability, and decreased growth performance [31,32].

The insertion of genes in transgenic events of corn, intended to improve agronomic
traits such as resistance to herbicides, insects, abiotic stresses, and diseases, may affect
its nutritional composition compared to conventional corn [33]. The results regarding
concentrations of CP, CF, ash, and EE in the present study revealed differences in nutritional
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characteristics among transgenic technologies within each year and a consistent pattern
over the years, especially regarding CP and EE. In 2020, despite the numerical difference,
CP was the same among the technologies, while CF and EE had higher concentrations in
the VT PRO3® technology. In 2021 and 2022, all components were significantly different
between the transgenic events, except for CF. Consistent results on nutrient compositions
were observed over the years in the present study; PowerCore® ULTRA presented higher
levels of CP, ash, and P values compared to VT PRO3® in 2021 and 2022 whereas VT PRO3®
had the highest EE content during the three years. Such differences can be attributed
to environmental and genetic factors and their interactions, influencing the metabolism
and composition of corn grains [34]. Piovesan et al. [35] and Vieira et al. [36] observed
that protein is influenced by the corn hybrid, production year, cultivation region, and
meteorological data. Variations in the concentrations of CP, CF, ash, and ether extract
among corn technologies highlight the need for constant monitoring of corn nutritional
composition since different corn varieties are consumed at poultry feed mills on a daily
basis. In addition, results from the present study demonstrate that the choice of one
transgenic technology can thus directly influence the nutritional density of the final feed.
According to Cowieson [6], corn can represent around 65% and 20% of the energy and
protein supplies in broiler starter diets, respectively. Therefore, any difference observed in
the composition of this ingredient impacts the cost of feed formulation. The results of total
and digestible amino acids as well as metabolizable energy indicated remarkable variations
among the transgenic technologies. These differences can be attributed not only to the
genetic characteristics but also tissue structure of corn grains [9]. In 2020, a significant
difference in the dig. Ile, Leu, and Phe were observed among corn technologies, with
PowerCore® ULTRA and Agrisure® Viptera 3 standing out with the highest levels. In 2021,
reinforcing the data obtained in 2020, all dig. AA in the PowerCore® ULTRA technology
was higher compared to the VT PRO3® technology. In 2022, only dig. Trp was not different
between the transgenic events, while the other dig. AA had the highest concentration in
PowerCore® ULTRA, corroborating the findings of 2020 and 2021. Additionally, VT PRO3®
presented the highest levels of AME, in the three years of the study. It is possible that the
high AME, levels in VT PRO3® are related to the higher EE content in the grains of this
transgenic technology, which was also observed during the three years of the present study.

5. Conclusions

The quality of corn is influenced by climatic, technological, and genetic factors. The
transgenic technologies evaluated herein have played distinct roles, with VT PRO3® stand-
ing out in crop yield but also showing potential susceptibility to fumonisin contamination.
In spite of the lower crop yield, PowerCore® ULTRA had lower concentrations of total
fumonisins. The variation in nutritional characteristics among corn technologies over the
years and notable differences in digestible amino acids and metabolizable energy highlight
the importance of constant evaluations of corn nutritional composition to optimize the feed
efficiency of poultry. The differences among corn technologies, both in productivity and
nutritional levels, demonstrate the importance of incorporating the “nutritional content”
bias in the selection and improvement process of corn hybrids/genetics.

In conclusion, selecting transgenic events for corn production intended for poultry
feed formulation should be based not only on crop yield but also on the quality of grains,
the presence of mycotoxins, and specific nutritional characteristics. This well-informed
decision-making is essential to ensure sustainability and efficiency in agricultural produc-
tion and to meet the demands of the poultry industry.

Author Contributions: Conceptualization, ].K.V. and C.T.S.; methodology, ].K.V. and H.V.P,; formal
analysis, ].K.V,, C.T.S. and H.V.P; investigation, ] K.V., C.T.S. and H.V.P; resources, A.O.M., D.T.
and C.A.M,; data curation, ].K.V. and C.T.S.; writing—original draft preparation, ] K.V. and C.T.S,;
writing—review and editing, ] K.V,, C.T.S., A.O.M., D.T. and C.A.M,; supervision, A.O.M., D.T. and
C.A.M,; project administration, C.A.M.; funding acquisition, C.A.M. and H.V.P. All authors have read
and agreed to the published version of the manuscript.



Vet. Sci. 2024, 11, 97 13 of 14

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data related to this research are available within the article.

Acknowledgments: The authors acknowledge the Copacol cooperative for providing the experi-
mental field and assisting in the project’s development. J.K. Vidal and C.T. Simoes are grateful to
the Coordination for the Improvement of Higher Education Personnel (CAPES) for providing their
graduate fellowships.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. USDA. U.S. Department of Agriculture. Available online: https:/ /ipad.fas.usda.gov/cropexplorer/cropview /commodity View.
aspx?cropid=0440000 (accessed on 20 September 2023).

2. CONAB. Companhia Nacional de Abastecimento. Available online: https://www.conab.gov.br/info-agro/safras/graos/boletim-
da-safra-de-graos (accessed on 18 September 2023).

3. EMBRAPA. Empresa Brasileira de Pesquisa Agropecuaria. Levantamento de Cultivares de Milho Para o Mercado de Sementes:
Safra 2020/2021. Available online: https:/ /ainfo.cnptia.embrapa.br/digital /bitstream /item /225301 /1/Doc-263-Levantamento-
cultivares-milh-2020-2021.pdf (accessed on 12 September 2023).

4. EMBRAPA. Empresa Brasileira de Pesquisa Agropecuaria. Disponibilidade de Cultivares de Milho Para o Mercado de Sementes
do Brasil: Safra 2021/2022. Available online: https:/ /ainfo.cnptia.embrapa.br/digital /bitstream /item /237270/1/Documentos-
268-Disponibilidade-de-cultivares-de-milho-para-o-mercado-safra-2021-2022.pdf (accessed on 12 September 2023).

5. EMBRAPA. Empresa Brasileira de Pesquisa Agropecuaria. Cultivares de Milho Para Safra 2022/2023. Available online: https://
ainfo.cnptia.embrapa.br/digital /bitstream/doc/1150188/1/Documentos-272-Cultivares-de-milho-para-safra-2022-2023.pdf (ac-
cessed on 12 September 2023).

6. Cowieson, A.]. Factors that affect the nutritional value of maize for broilers. Anim. Feed Sci. Tech. 2005, 119, 293-305. [CrossRef]

7. Loy, D.; Lundy, E. Nutritional properties and feeding value of corn and its coproducts. In Corn: Chemistry and Technology;
Serna-Saldivar, 5.0., Ed.; AACC International Press: St. Paul, MN, USA, 2019; pp. 633-659, ISSN 978-0-12-811971-6.

8. Eyng, C.; Nunes, R.V;; Pozza, P.C.; Pozza, M.; Nunes, C.G.V.; Navarini, FC.; Silva, W.T.M. Composi¢ao quimica e valores
energéticos de cultivares de milho para 362 aves. Rev. Bras. Satide Prod. 2009, 10, 60-72.

9.  Simdes, C.T; Vidal, ] K; Tyska, D.; Mallmann, A.O.; Madalosso, T.; Mallmann, C.A. Assessment of field traits, nutrient composition
and digestible amino acids of corns with different endosperm textures for poultry and swine. Anim. Feed Sci. Technol. 2023,
295, 115510. [CrossRef]

10.  Vardon, PJ. Mycotoxins: Risks in Plant, Animal, Human Systems; Council for Agricultural: Ames, IA, USA, 2003.

11.  Bryden, W.L. Mycotoxin contamination of the feed supply chain: Implications for animal productivity and feed security. Anim.
Feed Sci. Technol. 2012, 173, 134-158. [CrossRef]

12. Munkvold, G.P,; Arias, S.; Taschl, I.; Gruber-Dorninger, C. Mycotoxins in corn: Occurrence, impacts, and management. Chem.
Technol. 2019, 9, 235-287. [CrossRef]

13. Oliveira, M.S.; Rocha, A.; Sulyok, M.; Krska, R.; Mallmann, C.A. Natural mycotoxin contamination of maize (Zea mays L.) in the
South region of Brazil. Food Control 2017, 73, 127-132. [CrossRef]

14. Tyska, D.; Mallman, A.O.; Vidal, ] K.; Simdes, C.T.; Mallmann, C.A. Nearinfrared spectroscopy to assess mycotoxins contamination
and nutritional composition of maize marketed in South America, years 2020-2021. World Mycot. J. 2022, 15, 1-12. [CrossRef]

15. Rodrigues, I.; Naehrer, K.A. Three-Year Survey on the Worldwide Occurrence of Mycotoxins in Feedstuffs and Feed. Toxins 2012,
4, 663-675. [CrossRef] [PubMed]

16. Wielogorska, E.; Macdonald, S.; Elliot, C.T. A review of the efficacy of mycotoxin detoxifying agents used in feed in light of
changing global environment and legislation. World Mycot. |. 2016, 9, 419-433. [CrossRef]

17.  BRASIL; MAPA. Ministério De Agricultura, Pecudria e Abastecimento. Instru¢do Normativa 60/2011. Available online: http://
sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visualizarAtoPortalMapa&chave=1739574738 (accessed
on 12 September 2023).

18. Mallmann, C.A ; Tyska, D.; Almeida, C.A.A; Oliveira, M.; Gressler, L.T. Mycotoxicological monitoring of breakfast and infant
cereals marketed in Brazil. Int. |. Food Microbiol. 2020, 331, 108628. [CrossRef]

19. Berthiller, F.; Schuhmacher, R.; Buttinger, G.; Krska, R. Rapid simultaneous determination of major type A- and B-trichothecenes
as well as zearalenone in maize by high performance liquid chromatography-tandem mass spectrometry. J. Chromatogr. A 2005,
1062, 209-216. [CrossRef]

20. Alves, B.M,; Filho, A.C. Linear relationships between agronomic and nutritional traits in transgenic genotypes of maize. J. Cereal

Sci. 2017, 76, 35-41. [CrossRef]


https://ipad.fas.usda.gov/cropexplorer/cropview/commodityView.aspx?cropid=0440000
https://ipad.fas.usda.gov/cropexplorer/cropview/commodityView.aspx?cropid=0440000
https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos
https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/225301/1/Doc-263-Levantamento-cultivares-milh-2020-2021.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/225301/1/Doc-263-Levantamento-cultivares-milh-2020-2021.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/237270/1/Documentos-268-Disponibilidade-de-cultivares-de-milho-para-o-mercado-safra-2021-2022.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/237270/1/Documentos-268-Disponibilidade-de-cultivares-de-milho-para-o-mercado-safra-2021-2022.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/doc/1150188/1/Documentos-272-Cultivares-de-milho-para-safra-2022-2023.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/doc/1150188/1/Documentos-272-Cultivares-de-milho-para-safra-2022-2023.pdf
https://doi.org/10.1016/j.anifeedsci.2004.12.017
https://doi.org/10.1016/j.anifeedsci.2022.115510
https://doi.org/10.1016/j.anifeedsci.2011.12.014
https://doi.org/10.1016/B978-0-12-811971-6.00009-7
https://doi.org/10.1016/j.foodcont.2016.07.033
https://doi.org/10.3920/WMJ2022.2774
https://doi.org/10.3390/toxins4090663
https://www.ncbi.nlm.nih.gov/pubmed/23105974
https://doi.org/10.3920/WMJ2015.1919
http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visualizarAtoPortalMapa&chave=1739574738
http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visualizarAtoPortalMapa&chave=1739574738
https://doi.org/10.1016/j.ijfoodmicro.2020.108628
https://doi.org/10.1016/j.chroma.2004.11.011
https://doi.org/10.1016/j.jcs.2017.05.010

Vet. Sci. 2024, 11, 97 14 of 14

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Saath, K.C.O.; Fachinello, A.L. Crescimento da Demanda Mundial de Alimentos e Restrigdes do Fator Terra no Brasil. Rev. Econ.
Sociol. Rural 2017, 56, 195-212. [CrossRef]

Melo-Duran, D.; Perez, J.F.; Gonzélez-Ortiz, G.; Villagémez-Estrada, S.; Bedford, M.R.; Graham, H.; Sola-Oriol, D. Growth
performance and total tract digestibility in broiler chickens fed different corn hybrids. Poult. Sci. 2021, 100, 101218. [CrossRef]
[PubMed]

Mallmann, A.O.; Dilkin, P; Vidal, ] K.; Meinerz, G.R.; Oliveira, M.S.; Mallmann, C.A. Influéncia da qualidade micotoxicoldgica e
nutricional de hibridos de milho no custo da racao de frangos de corte. Arq. Bras. Med. Vet. Zootec. 2019, 71, 1659-1668. [CrossRef]
Simoes, C.T.; Vidal, ].K,; Silva, C.R.; Sarturi, ].A.; Laber, L.F.; Madalosso, T.; Mallmann, C.A. A two-year study on the occurrence
and concentration of mycotoxins in corn varieties with different endosperm textures. J. Sci. Food Agric. 2023, 103, 7199-7206.
[CrossRef]

EMBRAPA. Empresa Brasileira de Pesquisa Agropecuaria. Relagdo Com o Clima na Produgao de Milho. Available on-
line: https:/ /www.embrapa.br /agencia-de-informacao-tecnologica/cultivos /milho/pre-producao/caracteristicas-da-especie-
e-relacoes-com-o-ambiente /relacoes-com-o-clima (accessed on 12 September 2023).

EMBRAPA. Empresa Brasileira de Pesquisa Agropecuaria. Milho: 500 Perguntas-500 Respostas. Available online: https:
/ /mais500p500r.sct.embrapa.br/view /pdfs/90000022-ebook-pdf.pdf (accessed on 12 September 2023).

Monsanto. VT PRO3. Available online: https:/ /www.agro.bayer.com.br/conteudos/milho-vtpro4-e-mais-tecnologia (accessed
on 23 September 2023).

Corteva Agriscience. PowerCore Ultra. Available online: https://www.corteva.com.br/produtos-e-servicos/tecnologias/
powercore-ultra-pwu.html (accessed on 23 September 2023).

Syngenta. Agrisure Viptera 3. Available online: https://portal.syngenta.com.br/sementes/agrisure-viptera-3 (accessed on 23
September 2023).

Ono, E.Y.S,; Silva, M.; Hashimoto, E.H.; Vizoni, E.; Kawamura, O.; Sugiura, Y.; Hirooka, E.Y. Mycotoxicological quality evaluation
of corn samples used by processing industries in the Northern region of Parana State, Brazil. Food Addit. Contam. 2008, 25,
1392-1399. [CrossRef] [PubMed]

Antonissen, G.; Immerseel, F.V,; Pasmans, F.; Janssens, G.P]J.; Baere, S.; Mountzouris, K.C.; Su, S.; Wong, E.A.; Meulenaer, B.;
Verlinden, M.; et al. Mycotoxins Deoxynivalenol and Fumonisins Alter the Extrinsic Component of Intestinal Barrier in Broiler
Chickens. J. Agric. Food Chem. 2015, 63, 10846—10855. [CrossRef] [PubMed]

Wang, Y,; Quan, H.; Li, X,; Li, Q.; Haque, M.A; Shi, Q.; Fu, Q.; He, C. Contamination with Fumonisin B and Deoxynivalenol Is a
Threat to Egg Safety and Contributes to Gizzard Ulcerations of Newborn Chickens. Front. Microbiol. 2021, 12, 676671. [CrossRef]
Alvarez-Iglesias, L.; Malvar, R.A.; Garzon, R.; Rosell, C.M.; Revilla, P. Nutritional Value of Whole Maize Kernels from Diverse
Endosperm Types and Effects on Rheological Quality. Agronomy 2021, 11, 2509. [CrossRef]

Khalafi, A.; Gholami, A.; Barzegari, M. Corn (Zea mays L.) Growth, Yield and Nutritional Properties Affected by Fertilization
Methods and Micronutrient Use. Int. J. Plant Prod. 2021, 15, 589-597. [CrossRef]

Piovesan, V.; Oliveira, V.; Gewehr, C.E. The effect of corn kernel texture and alpha-amylase addition in performance and
digestibility of diets for weaned pigs. Cienc. Rural. 2011, 41, 2014-2019. [CrossRef]

Vieira, R.O.; Rodrigues, P.B.; Freitas, R.T.F.; Nascimento, G.A.J; Silva, E.L.; Hespanhol, R. Composi¢ao quimica e energia
metabolizavel de hibridos de milho para frangos de corte. Rev. Bras. Zootec. 2007, 36, 832-838. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1590/1234-56781806-94790560201
https://doi.org/10.1016/j.psj.2021.101218
https://www.ncbi.nlm.nih.gov/pubmed/34198097
https://doi.org/10.1590/1678-4162-10675
https://doi.org/10.1002/jsfa.12801
https://www.embrapa.br/agencia-de-informacao-tecnologica/cultivos/milho/pre-producao/caracteristicas-da-especie-e-relacoes-com-o-ambiente/relacoes-com-o-clima
https://www.embrapa.br/agencia-de-informacao-tecnologica/cultivos/milho/pre-producao/caracteristicas-da-especie-e-relacoes-com-o-ambiente/relacoes-com-o-clima
https://mais500p500r.sct.embrapa.br/view/pdfs/90000022-ebook-pdf.pdf
https://mais500p500r.sct.embrapa.br/view/pdfs/90000022-ebook-pdf.pdf
https://www.agro.bayer.com.br/conteudos/milho-vtpro4-e-mais-tecnologia
https://www.corteva.com.br/produtos-e-servicos/tecnologias/powercore-ultra-pwu.html
https://www.corteva.com.br/produtos-e-servicos/tecnologias/powercore-ultra-pwu.html
https://portal.syngenta.com.br/sementes/agrisure-viptera-3
https://doi.org/10.1080/02652030802136204
https://www.ncbi.nlm.nih.gov/pubmed/19680847
https://doi.org/10.1021/acs.jafc.5b04119
https://www.ncbi.nlm.nih.gov/pubmed/26632976
https://doi.org/10.3389/fmicb.2021.676671
https://doi.org/10.3390/agronomy11122509
https://doi.org/10.1007/s42106-021-00148-2
https://doi.org/10.1590/S0103-84782011005000134
https://doi.org/10.1590/S1516-35982007000400012

	Introduction 
	Materials and Methods 
	Classification of Corn Types 
	Field Experiments 
	Quantification of Mycotoxins via High-Performance Liquid Chromatography Coupled with Tandem Mass Spectrometry (HPLC-MS/MS) 
	Chemical Reagents 
	Aflatoxins (AFB1, AFB2, AFG1, and AFG2) 
	Deoxynivalenol and Zearalenone 
	Fumonisins (FB1 and FB2) 
	Parameters of Method Performance 

	Near-Infrared Spectroscopy Nutritional Predictions 
	Statistical Analysis 

	Results 
	Meteorological Data 
	Damaged Grains, Crop Yield, and Mycotoxin Contamination 
	Proximal Composition and Phosphorus Values 
	Amino Acids and Metabolizable Energy for Poultry 

	Discussion 
	Conclusions 
	References

