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ABSTRACT - The present study aimed to evaluate the effectiveness of the grain
processing carried out by a device containing round and oblong holes attached to the
inside of the forage harvester and evaluate its impact on the nutrient composition of
corn silage, animal productivity, feeding behavior, apparent digestibility of the diet,
and carcass traits of feedlot finished steers. The silages tested were: silage subjected
to the grain processor (SGP) and silage not subjected to the grain processor (SNGP),
which also made up the diet given to the animals. For animal assessment, we used 32
crossbred steers (half Angus, half Nellore), with an average age of 11+2 months and an
initial average body weight of 350+9.06 kg. The experiment was a randomized block
design, consisting of two treatments and eight repetitions each, represented by a pen
with two animals. The SGP showed a greater accumulation of grains at the bottom of the
particle separator system, that is, the processor promoted a reduction in particle size,
which led to a 42% higher starch content in the lower layer. At the end of the 112 days
of evaluation, the animals that received the diet composed of SGP achieved higher daily
weight gain (1.627 kg/day) than those fed SNGP (1.427 kg/day), better feed efficiency,
and higher carcass gain during the experimental period (116.3 vs 105.5 kg). The use of
the grain processing system improves the use of the diet by the animals and makes a
greater fraction of starch available, resulting in higher animal weight gain.

Keywords: feedlot cattle, fermentation process, kernel processing score, nutrient
composition, starch

1. Introduction

Corn silage is the roughage most commonly used on Brazilian properties, supplied alone or in
combination with other roughage to make up the animal diet (Ferraretto et al., 2018; Silvestre and

Millen, 2021).

In Brazil, dairy production systems predominate in areas ranging from 2 to 20 ha, and for beef cattle
farming, areas from 7 to 50 ha are intended for the cultivation of corn for silage. This leads to the
predominant use of small tractor-driven harvesting machines, which, for the most part, do not have
efficient grain processing systems like those found in large machines (Buriol et al., 2021).
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Aiming to increase the energy content of the silage, plants are harvested at more advanced stages since
this longer time the plant remains in the field favors the conversion of sugars into starch, which is
deposited in the corn grain (Opsi et al,, 2013). However, this aging makes the plant and its grains harder,
which makes processing difficult (Khan et al., 2015).

The use of tools capable of breaking the grains of the mass to be ensiled and, at the same time,
making the starch more available for rumen bacteria can be a key element in optimizing ruminant
production (Silveira et al., 2013). Higher availability of energy in the diet can increase the metabolizable
energy, i.e., a greater fraction of the energy consumed in the diet can be converted into carcass gain
(Paulino et al,, 2013).

In this context, the present study aimed to evaluate a grain processing system coupled to a rear-wheel
drive forage harvester with a total cutting area, model JF C120 AT S4®. The evaluation focused on the
physical characteristics and nutrient composition of the forage particles, as well as the performance,
dry matter intake (DMI), and carcass traits of cattle fed in confinement with the resulting silages.

2. Material and methods

The ruminal degradation of dry matter (DM) of silages evaluated was estimated by the in situ
technique in a steer with a rumen cannula inserted by rumenotomy previously approved by the
Animal Research Ethics Committee (019/2023). To evaluate animal performance, the research project
was previously submitted and approved by the ethics committee (004/2020).

The experiment was conducted in Guarapuava, Parang, Brazil (25°22'55" S 51°29'48" W; 1,018 m).
The climate of the Guarapuava region is Cfb, with an average annual rainfall of 1,944 mm, average
annual minimum and maximum temperatures of 12.7 and 23.5 °C, respectively, and relative air
humidity of 77.9%. The soil in the experimental area is classified, according to the Brazilian Soil
Classification System, as Latossolo Bruno Aluminico (EMBRAPA, 2013). Upon corn planting, the soil
presented the following chemical properties (0 to 20 cm layer): pH CaCl, 0.01M = 5.98; P-Mehlich-1 =
15.30 mg dm3; K = 0.43 cmolc dm3; OM = 23.73 g dm3; Al = 0.21 cmolc dm3; H*Al = 6.42 cmolc dm3;
Ca = 6.33 cmolc dm?3; Mg = 1.67 cmolc dm3; and base saturation (V%) = 56.75%.

The area where corn was planted has been used in recent years with annual pastures in the winter
and corn crops in the summer, received fertilizers at each growing season following the Fertilization
and Liming Manual for the state of Parana (Pavinato, 2017).

Management before planting the corn crop was based on controlling weeds using glyphosate
(commercial product Shadow®: 7.3 L/ha), combined with methomyl (commercial product Bazuka®:
1 L/ha) to control insect pests plus mineral oil (commercial product Assist®: 0.33 L/ha) as an adjuvant.
Management after planting, with the same purpose, was conducted with the application of
glyphosate (commercial product Shadow®: 5 L/ha) combined with pyrethrin (commercial product
Turbo®: 0.1 L/ha) and mineral oil (commercial product Assist®: 0.33 L/ha). Sanitary management of
the crop was also carried out using a fungicide based on pyraclostrobin + fluxapyroxad (commercial
product Orkestra®: 0.25 L/ha).

Corn hybrid P3565 PWU (Corteva®; semi-hard grain texture, early cycle) was sown in a no-till system
targeting a population of approximately 70 thousand plants/ha, with a basal fertilization of 410 kg/ha
of N-P-K (8-20-20). When corn plants had five fully expanded leaves, urea topdressing was applied
in the amount of 420 kg/ha (N-45%).

Corn was harvested between the dough (R4) and dent (R5) stages, with 35.30% of DM. The forages
were harvested 20 cm from the ground and chopped to a theoretical cutting length of 12 mm using a JF
C120 AT S4 forage harvester. The machine is tractor-driven and equipped with two pick-up drums,
with high-speed discs and knives on each drum; transmission is via crown and pinion with an armored
box containing four internal rollers, of which two are pick-up rollers, one smooth and one movable,
with an adjustable rotor with 15 knives in a “C” profile. It also has six launchers and an articulated
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platform containing gears with 24 theoretical cutting length settings (2 to 36 mm). Sharpening is
carried out using a rectangular stone; the machine comprises a fixed rotor counter knife with two
lives, two cleaners per rotor, and a folding outlet spout made of cross-link polyethylene with internal
protection.

The platform box is lubricated with lithium-based grease; the rotor and rollers are driven by a cardan,
spout, and jet break adjusted by a hydraulic system. The machine requires 540 revolutions per minute
(RPM) at the power take-off and power of 65 to 95 hp (JF MAQUINAS AGRICOLAS®).

The evaluated grain processing system was coupled to the forage harvester, composed of two curved
plates, one smooth (conventional) and the other with round and oblong holes (tested), made of special
high-strength steel (JF MAQUINAS AGRICOLAS® sells the machine with these two curved plates; the
operator decides which to use).

Later, the forages (subjected to the grain processor or not) were transported from the field and
deposited in a previously leveled and well-drained place in trench silos measuring 3.5 m wide, 10 m
long, and 1.2 m high, completely sealed, and protected with 200 pm double-sided plastic tarpaulin.

Upon silage making, eight whole plant samples with 20 plants each (original material) were collected in
a homogeneous and representative way to characterize the crop; all were used to determine the plant
height, the first ear height, and the number of dry leaves per plant. Then, 10 plants from each sample
were weighed and separated into the structural components stem, leaves, bracts plus cob, and grains.
These samples were weighed, pre-dried in a forced-air oven at 55 °C for 72 h, and weighed again to
determine the partial DM content, according to AOAC (1984). This procedure allowed estimating the
productive potential of ensilable DM (kg/ha), as well as the physical structure of the plant and the DM
content of the plant and its structural components for the agronomic characterization of the crop.

The experimental design for chemical assessment of silage and animal performance evaluations was
randomized blocks, consisting of two treatments (SGP - silage produced using a grain processor; and
SNGP - silage produced without the use of a grain processor) and eight repetitions. In the animal
evaluation, each repetition was represented by a pen with two animals, thus 32 crossbred steers (half
Angus, half Nellore), with an average age of 11+2 months and an average initial body weight (BW) of
350+9.06 kg, were used.

During the silo feed-out, the temperature of silages subjected or not to grain processing was measured
daily at nine points in each silo (three points at the bottom, three points in the middle, and three points
at the top), at 06:00 and 17:00 h, as well as the ambient temperature, using a digital thermometer with
a metal rod, timer, and current reading range between -50 and 250 °C (INCOTERM®). Temperature
readings in the silage were taken at a depth of 7 cm in the structured mass on the face of the silos.

During the animal feeding period (112 days), homogeneous samples of silage from the silo feed-out
face were collected twice a week to measure pH using a digital potentiometer ECNAL Tec-5®, with a
scale ranging from 0 to 25 °C, according to the methodology of Cherney and Cherney (2003). Silage
samples were weighed, pre-dried in a forced air oven at 55 °C for 72 h, and weighed again to determine
the partial DM content, according to AOAC (1984).

In sequence, these samples were ground to 1 mm. After pre-drying and grinding, samples were
analyzed for total DM in an oven at 105 °C; crude protein, using the micro Kjeldahl method; ether
extract and mineral matter; according to Silva and Queiroz (2009); neutral detergent fiber (NDF), using
thermostable a-amylase (Termamyl 120L, Novozymes Latin America Ltda.) according to Van Soest et al.
(1991); and acid detergent fiber and lignin, according to Goering and Van Soest (1970). The starch
analysis was carried out following the Hendrix method (1993), which involves the hydrolysis of the
starch in the sample after the extraction of soluble carbohydrates through successive washing with
80% alcohol, followed by a colorimetric analysis of the reducing sugars (glucose), and the result
converted to the amount of starch present.

The content of total digestible nutrients was calculated according to equations proposed by Weiss et al.
(1992). To determine P and Ca levels, analyses were carried out according to Tedesco et al. (1995).
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In the physical analysis of silages, we adopted the methodology adapted from Kononoff and Heinrichs
(2003) to determine particle size, using a system of sieves and manual agitation to separate particles
larger than 19 mm, particles between 19.00 and 7.80 mm, between 7.80 and 4.75 mm, and smaller
than 4.75 mm. These sieves were made up of a metal aluminum box and three acrylic sieves, with
dimensions of 32 x 32 x 22 cm (width x length x height) and a distance of 7 cm between sieves; the
capacity of the metal box is to accommodate a 500-g sample.

Two separation methods were used. In the first, a wet sample was dried after particle separation; in
the other method, the sample was dried before separation. For these two methods, the sample particle
separation parameter was obtained on a wet basis, on a dry basis, and on a previously dried basis.

After shaking, the grains in the two intermediate classes (19.00-7.80 mm and 7.80-4.75 mm) were
quantified and classified as unprocessed. After counting and qualifying the grains, they were dried in a
forced-air oven at 55 °C to obtain the partial DM of the processed and unprocessed grains.

To evaluate the Kernel Processing Score (KPS), silage samples were previously dried in a forced-air
oven at 55 °C for 72 h and manually shaken in a system of three sieves to separate particles larger than
19.00 mm, particles between 19.00 and 7.80 mm, particles between 7.80 and 4.75 mm, and particles
smaller than 4.75 mm. To determine the KPS, all material retained above the 4.75 mm sieve (19.00,
7.80, and 4.75 mm sieves) was subjected to chemical analysis to determine the starch content. The
same procedure was adopted for the material at the bottom of the system (<4.75 mm) following the
methodology adapted from Mertens (2005). From this point, it was possible to determine how much
starch was deposited at the bottom of the sieve set and qualify grain processing.

The ruminal DM degradation of silages was estimated by the in situ technique using nylon bags
measuring 12 x 8 cm, 40-60 pm mesh size, containing 5 g dry sample of each material ground to 1 mm,
for subsequent incubation in the rumen (Nocek, 1988). The incubation times were 12, 24, 36, and 48 h
in the rumen of a Jersey castrated male bovine with a ruminal cannula implanted by rumenotomy. The
feeding of this animal was based on corn silage and mineral supplements to meet its daily requirements.

The kinetic parameters for DM were estimated as proposed by @rskov and McDonald (1979).

To assess animal performance, 32 crossbred steers, half Angus, half Nellore from the same herd,
with an average initial weight of 350£9.06 kg and an average initial age of 11+2 months were
dewormed and housed in 16 semi-covered feedlot pens of 15 m? area, equipped with a concrete
feeder and waterer regulated by an automatic float. Animals were distributed into the experimental
units considering their BW, rib eye area (REA), rump fat thickness, ratio, and marbling, measured by
ultrasound (Aloka® SSD-500 Vet) consisting of an echo camera coupled to a 17 cm and 3.5 MHz probe.

To evaluate animal performance, eight repetitions were adopted in each treatment, in which each
repetition consisted of a pen with two animals. The finishing period of the animals in the feedlot
was 128 d, with 16 d for adaptation to the diets and experimental facilities and, sequentially, four
evaluation periods of 28 days.

Animals were fed ad libitum twice a day, at 06:00 and 17:00 h. Voluntary feed intake was recorded
daily by weighing the quantity offered and the leftovers from the previous day, considering daily intake
adjustments, to keep leftovers at 5% DM.

The diets consisted of corn silages subjected to grain processing or not (SGP and SNGP, respectively)
in a constant ratio of 40% roughage and 60% concentrate on a DM basis. The concentrate was prepared
in a commercial feed factory, formulated based on soybean meal (6.00%), wheat bran (10.00%), malt
radicle (22.00%), ground corn grain (7.87%), ground oat grain (8.0%), ground barley grain (28.00%),
corn germ (12.00%), calcitic limestone (3.10%), common salt (0.60%), livestock urea (1.63%), and
vitamin-mineral premix (0.80%), supplied as pellets. These isoproteic diets were formulated based
on the NRC (2016) to provide the animals with an average daily weight gain (ADG) of 1.700 kg/day.
Table 1 lists the nutrient composition of the used feeds and the mean values of the experimental diet
on a total DM basis.
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Table 1 - Chemical composition of corn silages and experimental diets (with and without grain processing) used
to feed animals, on a total dry matter basis

Corn silage

Parameter (% DM)

With processor Without processor
Dry matter (% NM) 34.95 34.22
Mineral matter 2.64 2.51
Crude protein 6.88 6.22
Ether extract 2.53 2.15
Neutral detergent fiber 44.37 45.24
Acid detergent fiber 25.90 26.76
Lignin 3.80 3.81
Starch 33.85 31.36
Non-fiber carbohydrates 43.58 43.88
Total digestible nutrients 69.71 69.11
Ca 0.14 0.13
P 0.24 0.25
Experimental diet
Parameter (% DM)
With processor Without processor

Dry matter (% NM) 69.16 68.87
Mineral matter 4.87 4.82
Crude protein 14.87 14.61
Ether extract 2.24 2.09
Neutral detergent fiber 36.63 36.98
Acid detergent fiber 18.21 18.55
Lignin 4.32 4.32
Starch 36.29 35.30
Non-fiber carbohydrates 41.38 41.50
Total digestible nutrients 75.09 74.85
Ca 1.06 1.05
P 0.44 0.45

Premix guarantee level per kg of concentrate: vitamin A, 16,000 IU; vitamin D3, 2000 IU; vitamin E, 25 IU; S, 0.36 g; Mg, 0.74 g; Na, 3.6 g; Co, 0.52 mg;
Cu, 22.01 mg; F, 18.00 mg; I, 1.07 mg; Mn, 72.80 mg; Se, 0.64 mg; Zn, 95.20 mg.

In addition to adjusting intake, the qualitative score of trough leftovers in each pen was evaluated
daily through visual observation. Scores were graded using scales ranging from 1 to 5, in which
1 = 60% silage and 40% concentrate; 2 = 50% silage and 50% concentrate; 3 = 40% silage and 60%
concentrate; 4 = 30% silage and 70% concentrate; and 5 = 20% silage and 80% concentrate, with
score 3 considered ideal.

During the experiment, the fecal score of each pen was also graded daily through visual observation.
Feces were graded using scores ranging from 1 to 5, based on the methodology adapted from Looper
etal. (2001) and Ferreira et al. (2013), with 1 = liquid feces, without consistency; 2 = runny feces, with
few ripples, without shape definition; 3 = pasty feces with 1-1.5 cm high piles, with 2 to 4 concentric
rings; 4 = soft feces with 5-7.5 cm high piles; 5 = hardened feces with more than 7.6 cm high piles. Score
3 is considered ideal.

The qualitative assessments of trough score and feces score were performed by six previously trained
evaluators, who took turns to perform this assessment throughout the experimental period.

Performance was assessed every 28 days, sequentially, totaling four assessment moments. These
evaluations were carried out after a 10-h solid fasting to weigh the animals individually. The variables
evaluated were BW; average DM, expressed in kg/animal/day (kg/day); average DMI, expressed as
a percentage of BW (ADMI, % BW); average daily weight gain (ADG, kg/day); and feed efficiency

(FE, kg/kg).
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Average dry matter intake (kg/day) was measured through the difference between the daily amount
of feed provided and the amount of leftovers from the previous day. Average dry matter intake (% BW)
was obtained by the ratio of ADMI (kg/day) to the average BW for the period, multiplied by 100:

ADMI (kg/day)
S —— X

ADMI (% BW) = 100

(1)

Average daily weight gain was calculated by the difference between the final (BWf) and initial (BWi)
BW of the experimental period divided by the days evaluated:

BWTf - BWi
ADG=———
28 (2)
Feed efficiency was obtained by the ratio of ADG to ADMI:
_ ADG
ADMI (kg/day) 3)

The animal feeding behavior was evaluated in the middle phase of the experiment (between the
second and third moments of animal evaluation) over a continuous period of 48 h, starting at noon on
the first day and ending at noon on the third assessment day. Observations were registered by seven
observers per shift for 48 h, taking turns every 6 h, with readings taken at regular intervals of 3 min.

Data on feeding behavior, represented by activities of idling, ruminating, drinking, and feeding, were
expressed in h/day. The frequency of occurrence of feeding, drinking, urinating, and defecating
activities expressed in number of times per day was also observed, following the same methodology.
During night observation, the environment was maintained under artificial lighting.

The digestibility analysis was based on the determination of the apparent digestibility of the diet,
which was carried out while finishing the animals in the feedlot. For this, composite samples of the
diets of each treatment were taken during the experimental period.

Feed collections were carried out once a day, following the four consecutive day collection methodology,
and stored in a freezer. After the end of the evaluation, samples were thawed, homogenized to form a
composite sample per pen and treatment, and stored at —15 °C. Together, the daily intake of feed and
leftovers for two consecutive days (48 h) was measured.

During the apparent digestibility test, the total feces produced every six hours was collected; thereafter,
a homogeneous sample of 0.5 kg of this total was collected and stored under refrigeration. After two
consecutive days of collection, these were mixed and homogenized to obtain a composite sample of
each pen for laboratory analysis.

To determine the fecal output/day, the total feces produced during each six hours were added together.

Diet and fecal samples were dried in a forced air oven at 55 °C to constant weight and corrected
for total DM at 105 °C to determine DM content. The DM and NDF of leftovers and feces from each
experimental unit were determined using the same procedures adopted in the diet analysis.

The apparent digestibility coefficient (AD) of DM and NDF of the experimental diets was determined
according to the following formula:

g nutrient ingested - g nutrient excreted
AD (%) = x 100
g nutrient ingested (4)

All assessments regarding feeding behavior and digestibility were carried out according to the
methodology developed by Michels et al. (2018).

At the beginning of the experimental period and prior to slaughtering the animals, REA and
subcutaneous fat thickness, rump fat, ratio, and marbling were assessed using a set of equipment
consisting of an echo camera (Aloka® SSD-500 Vet) coupled to a 17 cm probe, 3.5 MHz. Measurements
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were taken in the region between the 12th and 13th ribs over the longissimus dorsi muscle, following
the recommendations of Herring et al. (1994).

From the REA measurements, the ratio was calculated, which represents the relationship between
height and width. Images were interpreted by the laboratory responsible for ensuring data quality
(Designer Genes Technology) using the BIA/DGT Brasil software. Marbling was assessed through the
existence of fat pads between muscle fibers in longissimus dorsi and scored using increasing indices
ranging from 1 (non-existent) to 9 (excessive) adapted from the system proposed by Muller (1987).

At the end of feedlot, animals were subjected to 10 h of solid fasting for the last weighing relative to
the last evaluation period, and after that, they were fed and weighed before being transported to the
slaughterhouse, to obtain their farm weight.

Carcass gain during the feedlot period (CG, expressed in kg) was obtained by the difference between
the hot carcass weight at slaughter and the initial BW (BWi) of the animals under a theoretical carcass
yield of 50%. Based on the period of 112 feedlot days, the average carcass gain (ACG, expressed in
kg/day) was also calculated, which is obtained by the ratio of CG to BW, as well as the efficiency of
transformation of the DM consumed into carcass (expressed in kg DM kg/carcass) and the efficiency
of transformation of weight gain into carcass, which is obtained by the ratio of ACG to ADG (ACG:ADG,
expressed in %). For the calculations, hot carcass weight was considered.

Five development measurements were taken on the carcasses: carcass length, which is the distance
between the medial cranial edge of the pubic bone and the medial cranial edge of the first rib; leg
length, which is the distance between the medial cranial edge of the pubic bone and the tibiotarsal
joint; arm length, which is the distance between the olecranon tuberosity and the radiocarpal joint;
arm perimeter, obtained in the median region of the arm by circling it with a measuring tape; round
thickness, measured using a compass, perpendicular to the carcass length, taking the largest distance
between the section that separates the two half carcasses and the lateral muscles of the thigh; and
subcutaneous fat thickness (longissimus dorsi, forequarter, rib, and hindquarter), according to the
methodologies suggested by Muller (1987).

Data were subjected to the Shapiro-Wilk and Bartlett tests to check the assumptions of normality
and homogeneity of variance, respectively. Once these assumptions were met, the F-test was applied
at a 5% probability of error, through Analysis of Variance (ANOVA) in the statistical program SAS
(Statistical Analysis System, 1993).

The analysis of each variable followed the statistical model:
Yij =% + Pi + Bj + Eij, (5)

in which Yij = dependent variables; X = overall mean of all observations; Pi = effect of grain processor
of order i, in which 1 = silage subjected to the processor, and 2 = silage not subjected to the processor;
Bj = effect of block of order j, with 1 = first, 2 = second, 3 = third, 4 = fourth, 5 = fifth, 6 = sixth, 7 =
seventh, and 8 = eighth; and Eij = residual random effect.

3. Results

The productive agronomic data of the corn plant upon ensiling characterized the crop with mean
values of plant height of 2.18 m, ear height of 1.13 m, high stay green with 0.87 dry leaves per plant,
production of 20,132 kg/ha DM, and physical structural participation, on a DM basis of 20.4% stem,
13.4% leaves, 20.7% bracts plus cob, and 45.5% grains. Regarding DM contents, mean values were
32.79% for the whole plant, 28.70% in the plant without grains, 22.94% in the stem, 37.76% in the
leaves, 37.26% in the bracts plus cob, and 54.05% in the grains.

The corn plants harvested and subjected or not to the grain processor resulted in silages with similar
nutrient composition (Table 1), with mean values of 34.59% DM, 2.58% mineral matter, 6.55% crude
protein, 2.34% ether extract, 44.81% NDF, 26.33% acid detergent fiber, 3.81% lignin, and 32.61%
starch.
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In the overall mean, the stability of SGP during the period of use for animal feeding showed lower pH
and temperature (P<0.05) in the upper layer of the silo (3.88 and 22.12 °C versus 4.01 and 24.44 °C,
respectively) than SNGP. There were no variations (P>0.05) in pH and temperature in the middle
layer (3.82 and 20.11 °C versus 3.84 and 20.92 °C), as well as at the bottom (3.71 and 20.22 °C
versus 3.79 and 20.52 °C) of SGP or SNGP, respectively.

The data regarding the separation of silage particles into different classes (Table 2), on a wet basis,
showed a statistical difference (P<0.05), in which the SGP had lower particle retention on the 7.8 mm
sieve and a higher deposition above 4.75 mm.

Considering the stratification, on a dry basis and the dry sample, the lowest deposition on the
7.8 mm sieve was not observed; however, the pattern of greater deposition on the 4.75 mm sieve was
maintained in the SGP treatment. There was a greater deposition of grains for SGP for the three types
of segregation (Table 2), with values of total grains of 11.78 and 15.06%, 27.42 and 34.87%, 16.39 and
21.74%, and superiority for grain processing of 3.28, 7.45, and 5.35 percentage points, respectively,
for this parameter.

Table 2 - Separation of corn silage particles according to size, with and without a grain processor

Particle separation
Parameter SEM Prob.
With processor Without processor

Stratification (% wet basis)*

>19 mm 4.01 4.53 0.533 0.3775
> 7.8 mm 59.08 63.08 1.404 0.0195
>4.75 mm 23.76 23.30 0.939 0.6556
<4.75 mm 13.16 9.10 0.844 0.0006
Grains > 7.8 mm 8.13 11.66 0.465 0.0001
Grains > 4.75 mm 3.65 3.41 0.153 0.1618
TG > 4.75 mm 11.78 15.06 0.529 0.0001
Stratification (% dry basis)?
>19 mm 437 5.04 0.586 0.3049
> 7.8 mm 56.05 57.59 1.296 0.2841
>4.75 mm 22.40 23.83 1.002 0.2030
<4.75 mm 17.19 13.54 0.696 0.0003
Grains > 7.8 mm 18.61 28.01 1.462 0.0001
Grains > 4.75 mm 8.82 6.86 0.643 0.0138
TG >4.75 mm 27.42 34.87 1.857 0.0024
Stratification (% dry sample)?
>19 mm 1.68 1.74 0.361 0.9026
> 7.8 mm 31.82 29.74 1.154 0.1670
>4.75 mm 32.09 38.78 0.767 0.0001
<4.75 mm 34.41 29.74 1.324 0.0152
Grains > 7.8 mm 6.87 8.14 0.509 0.0495
Grains > 4.75 mm 9.51 13.60 0.426 0.0001
TG >4.75 mm 16.39 21.74 0.573 0.0001
Stratification of starch (% dry basis)
>4.75 mm 18.38 21.86 0.413 0.0001
<4.75 mm 13.91 9.71 0.690 0.0005
Kernel Processing Score
% starch < 4.75 mm 42.95 30.67 1.222 0.0001

TG - total grains; SEM - standard error of the mean.

! Fresh sample.

2 Dry sample after particle separation.

3 Sample previously dried at 55 °C.

Mean values, in the same row, with probability <0.05 are significantly different from each other by F-test at 5%.
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The grain processor proved effective when considering the data specifically related to grains for the
three methods evaluated. The total value of grains larger than 4.75 mm was higher (P<0.05) in the
unprocessed silage. This indicates that these grains were better processed and reached the bottom of
the sieve system.

As for the starch analysis of particles retained on the 4.75 mm sieve and those smaller than 4.75 mm,
there was a greater deposition of starch (P<0.05) in the class smaller than 4.75 mm of SGP. Such a result
points to a greater grain disruption (4.20 percentage points) in particles smaller than 4.75 mm.

For the KPS parameter, the SGP was superior, with 42.95% against 30.67% of the SNGP, i.e., a 40.03%
higher grain processing.

Regarding the ruminal DM degradability (Table 3), there was a statistical difference (P<0.05) between
incubation times of 12 and 24 h. For 12 h, the treatment subjected to grain processing reached
higher degradability than the treatment without grain processing, with values of 42.40 and 37.36%,
respectively, culminating in an increase of 13.49%. This pattern remained constant over the 24 h, with
values of 49.95% for the SGP and 46.97% for SNGP, again demonstrating an increase of 6.34% in
ruminal degradability. Evaluating the times of 36 and 48 h, a similar effect was found between the two
treatments in their degradability curves, with mean values of 58.23% for 36 h and 66.86% for 48 h.

As for the in situ NDF degradability, there was no change (P>0.05) resulting from the use or not of the
grain processor for any of the incubation periods tested. For the ruminal kinetics (Table 3) referring to
fraction a, the SGP had a greater value (P<0.05; 34.43%) than the SNGP (28.48%), thus, increasing by
11.76% the soluble fraction of corn silage. Regarding fraction b, a statistical difference was observed
(P<0.05); however, the SGP showed a lower fraction (40.84%) than the SNGP (59.50%). Observing
the kd attribute, no significant difference was detected, in which the mean value was 0.029%/h.
The same pattern was found for fraction ¢ and PD parameter, with mean values of 23.37 and 75.90%,
respectively. The same also occurred for effective degradability at passage rates of 2, 5, and 8%/h,
presenting mean values of 31.75, 23.57, and 19.07%, respectively.

Table 3 - In situ degradability of dry matter and neutral detergent fiber in 12, 24, 36, and 48 h of incubation, and
ruminal kinetics of corn silage, with and without a grain process

Parameter Silage
SEM Prob.
Incubation time With processor Without processor
In situ degradability of dry matter
12h 42.40 37.36 0.822 0.0450
24h 49.95 46.97 0.908 0.0200
36h 59.05 57.41 0.795 0.0771
48h 66.81 66.91 0.740 0.9229
In situ degradability of neutral detergent fiber
12h 68.56 66.10 3.209 0.6254
24h 65.32 65.59 1.438 0.9037
36h 73.48 74.98 0.789 0.2703
48 h 79.11 76.90 0.778 0.1389
Ruminal kinetics
a (%) 34.43 28.48 0.306 0.0418
b (%) 40.84 59.50 0.213 0.0380
kd (%/h) 0.026 0.032 0.001 0.3424
c (%) 24.73 22.02 2.521 0.3448
PD (%) 79.55 72.28 0.207 0.0745
ED 2%/h 30.34 33.17 1.179 0.5518
ED 5%/h 21.65 25.49 0.994 0.6157
ED 8%/h 17.18 20.96 0.822 0.6393

a - soluble fraction; b - potentially degradable fraction of the insoluble fraction; kd - degradation rate of fraction b; c - indigestible fraction; PD - potential
degradability; ED - effective degradability; SEM - standard error of the mean.
Mean values, in the same row, with probability <0.05 are significantly different from each other by F-test at 5%.
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In general, animals fed SGP from the beginning to the end of the feedlot period had higher ADG and
better FE, presenting a superiority of 14 and 11%, respectively, to animals on the diet with SNGP
(Table 4). Also, DM], expressed in kg/day or % BW did not change (P>0.05).

Animals that received SGP exhibited no improvement (P>0.05) in the efficiency of transforming
the DM ingested into weight gain in the periods from 0 to 28 days, from 0 to 56, and from 0 to 84
days (Table 4). However, evaluating the total feedlot period (0 to 112 days), FE was higher (P<0.05)
by 11.11% for animals on SGP. When evaluating the trough score and fecal score, there were no
variations (P>0.05) due to the use of the SGP during the feedlot of the animals.

There was no influence of the processing of silage grains (P>0.05) regarding the efficiency of
transforming weight gain into carcass, with a mean value of 69.14% (Table 5).

Animals fed corn silage subjected to grain processing included in their diet had higher average daily
carcass gains (1.107 versus 0.986 kg/day) and, consequently, higher carcass gains in the total feedlot
period (116.3 versus 103.5 kg), in addition to better efficiency of transformation of the DM consumed
into carcasses (8.69 versus 9.49 kg DM kg carcass gain) compared with SNGP (Table 5). In this way, a

Table 4 - Average daily weight gain (ADG), dry matter intake expressed in kg/day (DMID) or per 100 kg body
weight (DMIB), feed efficiency (FE), and qualitative score of trough and feces of feedlot finished steers
fed corn silage subjected or not to a grain processor

Experimental diet
Parameter SEM Prob.
With processor Without processor

ADG (kg/day)

0 to 28 days 1.688 1.473 0.0680 0.0415
0 to 56 days 1.599 1.480 0.0396 0.0398
0 to 84 days 1.619 1.461 0.0327 0.0402
0to 112 days 1.627 1.427 0.0512 0.0471
DMID (kg/day)
0 to 28 days 9.05 8.73 0.420 0.6140
0 to 56 days 9.36 9.07 0.350 0.5747
0 to 84 days 9.50 9.22 0.338 0.5695
0to 112 days 9.59 9.26 0.315 0.4818
DMIB (% body weight)
0 to 28 days 2.28 2.23 0.075 0.7090
0 to 56 days 2.24 2.21 0.052 0.6837
0 to 84 days 2.16 2.14 0.044 0.7731
0to 112 days 2.10 2.07 0.036 0.6604
FE (ADG:DMID; kg/kg)
0 to 28 days 0.188 0.167 0.0058 0.0579
0 to 56 days 0.172 0.163 0.0085 0.4711
0 to 84 days 0.171 0.158 0.0070 0.0825
0to 112 days 0.170 0.153 0.0051 0.0436
Trough score
0 to 28 days 3.18 3.34 0.103 0.3086
0 to 56 days 3.14 3.28 0.086 0.2740
0 to 84 days 3.11 3.32 0.096 0.1697
0to 112 days 3.14 3.30 0.076 0.1615
Fecal score
0 to 28 days 2.96 3.04 0.029 0.0682
0 to 56 days 2.92 2.96 0.031 0.3589
0 to 84 days 2.99 3.02 0.021 0.3207
0to 112 days 2.99 3.01 0.011 0.4512

SEM - standard error of the mean.
Mean values, in the same row, with probability <0.05 are significantly different from each other by F-test at 5%.

R. Bras. Zootec., 54:¢20240024, 2025



11

Effect of a new grain processor in harvesting on the final quality of corn silage
Sidor et al.

statistical difference (P<0.05) was detected for BW at slaughter and hot carcass weight, with higher
values in animals fed SGP (543.1 kg and 302.4 kg, respectively) than SNGP (519.4 kg and 288.3 kg,
respectively).

Fecal output (kg/day) in both DM and natural matter and the DM content of feces did not change with
the two experimental diets (Table 5). As for DMD, it improved (P<0.05) when the animals fed SGP
(74.84%) compared with the control diet (72.53%).

As for the feeding behavior, the times spent drinking water, ruminating, and idling were not changed
(P>0.05) by corn silage processing. In turn, a difference was detected (P<0.05) for the time animals
remained feeding. When evaluating the feeding behavior, expressed in the number of times/day,
there was no significant difference (P>0.05) between treatments.

Both at slaughter and in gain during the feedlot period, REA, ratio, marbling, subcutaneous fat thickness,
and rump fat thickness values were not altered by the use of the grain processor (Table 6). Likewise,
the grain processor used in the production of corn silage did not promote changes (P>0.05) in the
degree of carcass finishing, expressed in measurements of fat thickness on the longissimus dorsi, in
the forequarter, rib, and hindquarter compared with the control diet.

Regarding the parameters of carcass yield, carcass length, round thickness, arm length, and arm
perimeter, there was no significant difference (P>0.05) between treatments, with mean values of
55.59%, 128.9 cm, 27.6 cm, 38.7 cm, and 40.6 cm, respectively.

When evaluating the weights of vital organs (Table 6), expressed as % BW, there was also no significant
difference (P>0.05) between treatments.

Table 5 - Carcass performance and digestive and ingestive behavior of feedlot finished steers fed corn silage
subjected or not to a grain process

Experimental diet
Parameter SEM Prob.
With processor Without processor

Carcass performance

CG (kg) 116.3 103.5 4461 0.0433
ACG (kg/day) 1.107 0.986 0.043 0.0430
ACG/ADG (%) 68.56 69.72 1.398 0.5706
ETC 8.69 9.49 0.297 0.0273
Digestive behavior
FWNM (kg/day) 13.55 13.83 0.410 0.5065
FDM (%) 17.76 18.05 0.228 0.2220
FWDM (kg/day) 2.40 2.50 0.076 0.2189
DMD (%) 74.84 72.53 0.641 0.0075
NDFD (%) 85.74 84.98 0.341 0.1565
Feeding behavior (h/day)
Feeding 2.48 2.15 0.106 0.0048
Drinking 0.27 0.23 0.040 0.2044
Ruminating 5.14 5.50 0.316 0.2718
Idling 16.14 16.16 0.347 0.9560
Feeding behavior (times/day)
Feeding 16.40 15.50 0.910 0.3153
Drinking 5.90 5.30 0.320 0.2805
Defecating 5.90 5.00 0.496 0.0705
Urinating 4.30 4.80 0.653 0.4503

CG - carcass gain in the total period; ACG - average carcass gain; ACG/ADG - efficiency of transformation of weight gain into carcass; ETC - efficiency
of transformation of dry matter consumed into carcass; FWNM - fecal weight in natural matter; FDM - fecal dry matter; FWDM - fecal weight
in dry matter; DMD - apparent dry matter digestibility; NDFD - apparent neutral detergent fiber digestibility; SEM - standard error of the mean.
Mean values, in the same row, with probability <0.05 are significantly different from each other by F-test at 5%.
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Table 6 - Values at slaughter and gain during the feedlot period of the rib eye area (REA), ratio, marbling,
subcutaneous fat thickness (SFT), rump fat thickness (RFT), quantitative traits of the carcass, and vital
organs of feedlot finished steers fed corn silage subjected or not to a grain processor

Experimental diet
Parameter SEM Prob.
With processor Without processor

Ultrasound at slaughter

REA 88.42 84.70 2.151 0.2415
Ratio 0.56 0.55 0.009 0.5056
Marbling 3.59 3.53 0.130 0.7385
SFT 8.00 7.32 0.512 0.3649
RFT 11.78 10.84 0.619 0.3011
Gain in the finishing period
REA 20.39 18.85 1.312 0.4201
Ratio 0.079 0.083 0.005 0.7029
Marbling 0.49 0.47 0.057 0.8740
SFT 3.08 2.67 0.157 0.4287
RFT 5.59 5.18 0.250 0.5216
Fat thickness (mm)
Longissimus dorsi 5.56 4.85 0.224 0.2591
Forequarter 4.19 3.69 0.245 0.3876
Rib 6.19 5.38 0.243 0.2404
Hindquarter 6.31 5.50 0.291 0.2880
Quantitative traits (cm)
Carcass length 128.9 128.8 1.171 0.9855
Round thickness 28.0 27.2 0.408 0.2219
Arm length 38.7 38.8 0.577 0.8946
Arm perimeter 40.9 40.2 0.336 0.1995
Vital organs (% body weight)
Heart 0.33 0.35 0.007 0.1689
Liver 1.16 1.15 0.017 0.9613
Lings 0.90 0.92 0.021 0.2699
Kidneys 0.20 0.20 0.004 0.1334

SEM - standard error of the mean.
Mean values, in the same row, with probability <0.05 are significantly different from each other by F-test at 5%.

4. Discussion

Results found for particle separation (Table 2) corroborate Saylor et al. (2021), who observed that
the processing of grains in corn silage did not change the particle size of the vegetative portion of the
whole plant, with an influence only on the grain portion.

Evaluating starch stratification (Table 2), the greater accumulation of starch at the bottom of the
system confirmed the ability of the processor to efficiently reduce grain particles in corn silage.

The grain processor receives the chopped material thrown by the forage harvester through the
high-speed rotor. It hits the holes in the concave plate and causes the particles to rupture, resulting
in greater availability of starch in the SGP.

For the KPS parameter, our findings are in line with Mertens (2005) to arrive at the KPS result, which
takes into account the starch content that passed through the 4.75 mm sieve so that better processing
will result in a higher KPS value for silage. The same was confirmed by Zwald et al. (2008), who
reported a strong relationship between the stratified starch content smaller than 4.75 mm and the
degree of processing of corn silage.

Analyzing the in situ degradability (Table 3), this outstanding degradability for the grain processor
at 12 and 24 h is because the processor removes the physical barrier formed by the protein matrix
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surrounding the starch granules of the grains, accelerating the degradation process at this first stage
(Hoffman et al.,, 2011).

Another important point is that grain processing provides greater adhesion of the ruminal
microbiota, while the intact pericarp makes it difficult for bacteria to adhere to the grain and degrade it
(McAllister et al.,, 1994).

Marafon et al. (2015) observed similar behavior with the use of the grain processor, in which regardless
of the harvest time, the hybrids subjected to the grain processor showed higher DM degradability.

For the in situ NDF degradability, the lack of difference (P>0.05) between treatments is probably due
to the direct relationship between fiber degradability and NDF hydrolysis during storage as explained
by Young et al. (2012), for whom adequate grain processing should not affect this parameter. This is
elucidated in the similar content of NDF between the two experimental diets (Table 1), making it
clear that the grain processor did not influence the fiber portion of the silage.

The results for ruminal kinetics are supported by Neumann et al. (2021), who evaluated ruminal
degradation kinetics of various energy sources and concluded that corn grain presents a slower starch
degradation due to the protein matrix covering starch granules. Therefore, the grain processing tested
here was effective in increasing the soluble portion of corn silage, corroborating Goes et al. (2011),
who concluded that feeds with smaller particles show greater solubilization in the rumen. Considering
that fraction b is directly related to the soluble portion, it is evident that silage subjected to a processor
contains a lower participation of this fraction.

In animal performance (Table 4), higher ADG values can be explained by pericarp rupture, starch
exposure, and partial gelatinization, in which the mass of grains properly processed and exposed in
silage may be influenced during initial ensiling when the temperature rises. Hydrogen bonds between
starch granules partially break between 40 and 60 °C (Rooney and Pflugfelder, 1996; Souza and
Andrade, 2000). These data are confirmed by particle separation (Table 2), in which the influence of
the processor on the smaller grain particle size became clear.

The similar DMI between treatments can be because the grain processor did not change fiber
diameter, only reduced the grain size. These results agree with Factori et al. (2012), who studied whole
corn plant silage and concluded that the change in the size of fiber particles directly influences DMI.
This evidences the importance of maintaining the ideal fiber size, as explained by Passini et al. (2002),
who demonstrated that highly processed particles increase the ruminal passage rate and reduce
effective digestion.

In line with what has been reported, the lack of difference in DMI (Table 4) can be elucidated by the
similar passage rate of both treatments (Table 3), in which the grain processor did not cause damage
to the vegetative portion, which was also proven by Gomes et al. (2012). These authors argue that the
processing of the fiber portion of the feed has a direct impact on rumen filling, as well as on the passage
rate of this material, directly affecting the DMI and the passage rate through the gastrointestinal tract.

The best FE found is in line with the study carried out by Marafon et al. (2015), who evaluated corn
silages subjected or not to grain processing at two different harvest times, resulting in improvements
of 10.49% in feed conversion in the group of animals fed silage subjected to the processor. The best
FE is inferred to be the result of the higher ADG of animals receiving silage subjected to the grain
processor related to the stability in DMI.

For trough score data, the lack of difference indicates no dietary selectivity of the animals that could be
related to its expression or absence in the results obtained.

When evaluating the fecal score, the lack of difference indicates that there were no gastrointestinal
disorders resulting from the experimental diets, since the fecal scores were considered within the
range established as normal.

Results found for carcass were similar to those of Neumann et al. (2018), who reported that higher
ADG (Table 4) related to higher apparent DM digestibility (Table 5) had a positive effect on the carcass
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parameters evaluated. As a consequence, data from CG, ACG, and efficiency of transformation of the
DM consumed into carcass showed improvements in percentage gains, with values of 12.36, 12.27, and
8.42%, respectively, in the silage not subjected to grain processing. There was no interference from
silage grain processing (P>0.05) regarding the efficiency of transformation of weight gain into carcass,
with a mean value of 69.14%.

Freitas et al. (2021) investigated the influence of dry-rolled corn grain compared to whole corn grain
without pericarp on carcass traits. Their study presented similar data for slaughter BW and hot carcass
weight, in which greater grain processing resulted in higher values. This is because processing corn
increases the growth rate of animals compared with unprocessed corn, as it increases the net energy
content of the diet.

The higher DM degradability and unchanged fecal production is justified by the higher supply of starch
available for ruminal fermentation. This is probably not related to dietary NDF since it did not present
a statistical difference in apparent digestibility (P>0.05) between the treatments tested.

These factors indicate that the animals evaluated maintained similar DMI regardless of using the
grain processor, and the DMD was higher (P<0.05) for the grain processor, thus increasing production
efficiency. This is because the tested treatment provided less loss of nutrients through excretion in
feces (Mendes and Campos, 2016).

Feeding behavior data, evaluated in hour per day, can be related to the higher energy density caused by
the change in the proportions of short-chain fatty acids (SCFA), leading to a greater supply of propionic
acid, regulating the animal intake by satiation due to energy supply (Ellis et al., 2012). In this way, the
animal tends to remain longer consuming feed in smaller quantities.

The results of feeding behavior, considering the frequency of each activity per day, may be linked to
what has been previously explained regarding similar NDF content (Table 1) and similar DMI between
the diets (Table 4). By correlating the two variables, a similar feed intake frequency behavior is expected
between treatments.

The lack of statistical difference between data related to carcass ultrasound characteristics and the
degree of carcass finishing are inferred to be related to the genetics and sexual class of the animals
rather than the diet (Itavo et al., 2014). Another inherent factor that may explain this lack of
difference in fat deposition despite the higher ADG found is the predisposition of non-castrated male
cattle to mainly present the deposition of lean tissue (musculature) as a physiological characteristic
(Paulino et al., 2008).

The lack of difference in the vital organ weight is because the grain processor, despite providing fast
fermenting starch, did not cause damage to the animals’ organs. According to Neto et al. (2014), the
higher energy density in the diet can result in metabolic disorders, leading to organ overload and,
consequently, morphological changes.

5. Conclusions

Corn silage prepared by using the grain processor shows an improved KPS and better ruminal
degradation of fraction a, which results in greater animal weight gain, better feed efficiency, and
better efficiency in transforming ingested dry matter into weight gain.
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