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ABSTRACT: This study was conducted to evalu-
ate the effects of flint corn processing method (CPM) 
and level of NDF from roughage (rNDF) on perfor-
mance, carcass characteristics, and starch utilization 
by finishing Nellore-based cattle fed high-concentrate, 
flint corn–based diets. In this study, 112 Nellore type 
bulls (initial BW 384.07 ± 29.53 kg and 24–36 mo of 
age) were individually fed using Calan gates or indi-
vidual pens. The animals were used in a randomized 
complete block design in a 2 × 4 factorial arrange-
ment with 2 CPM, high-moisture flint corn (HMC) or 
finely ground dry flint corn (FGC), with 1 of 4 levels 
of rNDF, 3, 8, 13, and 18% (DM basis), using sugar-
cane silage (SS) as roughage. Bulls were adapted to 
the finishing diet over a 21-d period and fed for a total 
of 81 d. Fecal starch (FS) concentration was deter-
mined on d 46 and 74 of the feeding period. There 
was a quadratic effect of rNDF on final BW (P < 0.01) 
and ADG (P = 0.01). Optimal concentrations of rNDF 
were estimated using the first derivative of second 
order polynomials, indicating that final BW and ADG 
were maximized with 13.3 and 13.0% rNDF, respec-
tively. An interaction was observed between CPM and 

rNDF (P = 0.05) for DMI, with peak DMI occurring 
at 11.3 and 13.7% rNDF with FGC and HMC, respec-
tively. Cattle fed HMC had 13.9% greater G:F (P < 
0.01) compared with those fed FGC (0.172 vs. 0.151, 
respectively). There were quadratic effects of rNDF 
on HCW (P = 0.04) and ME intake (P < 0.01); heavi-
est carcass weights were estimated, in both cases, to 
be achieved with 12.8% rNDF. A quadratic effect of 
rNDF for renal, pelvic, and inguinal fat weight (P = 
0.04) was observed, with a peak estimated to occur at 
12.6% rNDF. An interaction between CPM and rNDF 
also was observed for FS (P < 0.05). Bulls fed FGC 
with 3% rNDF had greater FS content, and FS linearly 
decreased as concentration of rNDF increased. For 
bulls fed HMC, FS was 3.0% of DM and was unaf-
fected by rNDF in the diet. Lower FS from bulls fed 
HMC suggests that availability of starch from flint 
corn was greater than that of FGC. For Nellore-based 
cattle fed a flint corn–based diet containing SS and 
8% whole lint cottonseed, performance was optimized 
with 12.8% rNDF. In the absence of cottonseed addi-
tion to diets, optimal performance would be expected 
with about 14.5% rNDF.
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INTRODUCTION

When compared on a DE basis, forages generally 
are more costly than grains, but roughages are essential 
for avoidance of metabolic disorders and to optimize 
daily gains of cattle fed grain-based diets (Stock et al., 
1990). The range in roughage levels is much larger in 
Brazilian feedlots than in North America (Millen et 
al., 2009). Cattle performance and DMI responses to 
different roughage sources vary in proportion to their 
NDF concentration (Shain et al., 1999; Galyean and 
Defoor, 2003). Therefore, the content of NDF from 
roughage (rNDF) should be considered when for-
mulating feedlot diets (Galyean and Defoor, 2003). 
Nellore cattle are the predominant beef breed type in 
Brazil. Feedlot performance of Nellore-based cattle of-
ten is poorer than that of Bos taurus crossbred cattle 
(Marcondes et al., 2011). When fed high-grain diets, 
relatively high fecal loss of starch has been observed 
in Bos indicus cattle (Olbrich, 1996). Grain processing 
frequently has been the subject of feedlot cattle experi-
ments, but the corn used in these experiments normally 
has consisted of soft endosperm types rather than the 
flint corn that makes up over 78% of grain produced in 
Brazil (Cruz et al., 2012). Flint corn is characterized by 
slower ruminal starch degradation (Correa et al., 2002) 
and, consequently, poorer cattle growth and efficien-
cy. High-moisture ensiling improves starch digestion 
by ruminants when compared with dry grain process-
ing methods such as grinding or cracking (Owens and 
Zinn, 2005). High-moisture flint corn (HMC) should 
be a viable method to improve utilization of flint corn 
by Nellore cattle. The objectives of this study were to 
evaluate effects of various levels of rNDF on feedlot 
performance, carcass characteristics, and starch utiliza-
tion by Nellore-based cattle fed flint corn diets contain-
ing either HMC or finely ground dry flint corn (FGC).

MATERIALS AND METHODS

Animal care and handling techniques were approved 
by Animal Care and Committee of the University of 
São Paulo, Luiz de Queiroz College of Agriculture. The 
trial was conducted at University of São Paulo, College 
of Animal Science and Food Engineering (USP/FZEA) 
in Pirassununga, São Paulo, Brazil.

Sugarcane Silage and Corn Processing Method

Sugarcane silage (SS; SP91-1049) to be used as a 
roughage source was harvested and chopped, 10 mo 
after planting, using a Colhiflex 2008 MFC-1 chopper 
(Menta Mit Máquina Agrícolas Ltda, Cajuru, SP, Brazil). 
During the process of packing the SS into the silo, it was 

sprayed with a solution containing Lactobacillus buch-
neri (strain NCIMB 40788-LALSIL Cana; Lallemand 
Animal Nutrition, Aparecida de Goiânia, GO, Brazil) at 
a rate of 5 × 1010 cfu/t, and the stack was covered with 
a double layer silage pit cover (150 μm thick).

The corn hybrid, DOW 2B707 from Dow 
AgroScience (Santo Amaro, SP, Brazil), was planted 
in sufficient quantity for the entire experiment at USP/
FZEA. For HMC, half of the field was harvested when 
the corn kernels contained 40% moisture, at 109 d af-
ter planting. The HMC was ground using a Silotress 
Poelter OP20 model series 00200 grinder (Heritage 
UNESP–Botucatu; Boelter, Gravataí, RS, Brazil), 
packed into a silage bag (double layer, 150 μm thick), 
and stored for 6 mo before being fed. Moisture content 
of the ensiled corn was 39.9%.

For FGC, the remaining half of the field was har-
vested 157 d after planting at a kernel moisture con-
tent of 19%. The grain was dried to 13% moisture and 
stored in metal grain bins.

Animals and Feedlot

One hundred twelve Nellore type bulls (384.1 ± 
29.53 kg initial BW; 24 to 36 mo of age) were used in 
a randomized complete block (initial BW) design, with 
a 2 × 4 factorial arrangement of treatments to test inter-
actions between corn processing method (CPM; HMC 
and FGC) and level of roughage (3, 8, 13, and 18% of 
NDF from SS), using 14 replications per treatment.

Before shipment to the feedlot, bulls received iver-
mectin (Jofadel Indústria Farmacêutica, Varginha, MG, 
Brazil); vitamins A, D, and E (Hertape Calier, Juatuba, 
MG, Brazil); clostridial vaccine (OuroFino, Cravinhos, 
SP, Brazil); and, 30 d after arrival, albendazole (OuroFino). 
During the experiment, animals were vaccinated against 
foot and mouth disease (Vallée, São Paulo, SP, Brazil) in 
accordance with Brazilian national immunization dates. 
One day before the study began, bulls were identified 
with an ear tag and BW, wither height, and hip height 
were measured. Bulls were blocked by initial BW and 
randomly assigned, within block, to treatments and in-
dividual gates and pens. There were 2 blocks with 48 
animals each and 1 block with 16 animals. One bull did 
not complete the study for reasons unrelated to treatment 
(sciatic nerve trauma).

On arrival to the feedlot, before step-up diets, bulls 
were fed a diet containing (DM basis) 42.5% sugarcane 
bagasse, 21% SS, 20% FGC, 15% soybean meal, 0.80% 
limestone, and 0.70% urea. Bulls were gradually adapt-
ed to high-grain diets over a 21-d period using 2 step-up 
diets. The 2 different CPM were applied from the first 
day of adaptation until the last day of this study. The first 
6 d of adaptation, bulls were fed a diet containing (DM 
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basis) 40% SS, 22.17% processed corn, 15.55% soy-
bean hulls, 12% whole lint cottonseed (WLC), 7.50% 
soybean meal, 1.25% limestone, 0.70% urea, 0.52% 
mineral premix, 0.21% sodium chloride, and 0.10% di-
calcium phosphate. The second diet, fed from 7 until 12 
d, contained (DM basis) 30.11% SS, 40.57% processed 
corn, 10% soybean hulls, 10.77% WLC, 5.30% soybean 
meal, 1.43% limestone, 1.00% urea, 0.52% mineral 
premix, 0.20% sodium chloride, and 0.10% dicalcium 
phosphate. The mineral premix contained, per kilogram, 
45.4 g Ca,73.4 g S, 34.9 g P, 30.9 g Mg, 213.1 g Na, 82 
mg Co, 1,871 mg Cu, 1,000 mg Fe, 130 mg I, 3,670 mg 
Mn, 26 mg Se, 5,564 mg Zn, 290,000 IU vitamin A, and 
2,533 mg salinomycin (equivalent to 13 mg/kg of diet 
DM). For the last 9 d of adaptation, a gradual change 
to higher energy density diets was made every 3 d. This 
was performed only for bulls assigned to treatments with 
lower inclusions of rNDF, and by d 22, all bulls were 
consuming their final finishing diets (Table 1).

Bulls were fed fresh feed twice daily at 0700 and 
1630 h. Orts were removed twice weekly or as neces-
sary due to rain. The quantity of feed provided daily for 
each bull was estimated using bunk scores (Pritchard, 
1998) to provide near ad libitum access to feed.

Samples of all ingredients and diets were collect-
ed weekly throughout the study to determine chemical 
composition, mainly for SS, HMC, and FGC (Table 2). 
The DM contents of SS, HMC, and FGC and NDF 
content of SS were used to adjust diets each week.

Performance Traits

Bulls were weighed 5 times during the experiment 
without shrink. Rate of gain was determined by linear 
regression of full BW over time (Ferreiro and Preston, 
1976). On d 46 and 74 of the feeding period, fecal sam-
ples were collected directly from the rectum of each 
animal. A blood sample from each bull was collected 
using jugular venipuncture on d 74 to measure blood 
lactate and pH using an i-STAT Clinical Analyzer with 
CG4+ cartridges (i-STAT Corp., Princeton, NJ).

After 81 d from the start of adaptation, bulls were har-
vested in a commercial abattoir located 132 km from the 
feedlot. Shrunk BW was calculated as final BW × 0.96. 
Estimates of the percentage of renal, pelvic, and inguinal 
fats were obtained from the left half of carcass and HCW 
(without internal organs and kidney and pelvic fats) was 
determined as the sum of weights for the 2 carcass halves. 
Livers were weighed and incidence and severity of liver 

Table 1. Composition of experimental diets1 (DM basis)

 
 
Ingredient, %

High-moisture corn Finely ground corn
rNDF,2 %

3 8 13 18 3 8 13 18
Sugarcane silage 4.64 12.37 20.10 27.83 4.64 12.37 20.10 27.83
Corn3 79.83 71.71 63.28 55.20 79.83 71.71 63.28 55.20
Cottonseed 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Soybean meal 3.20 3.80 4.55 5.22 3.20 3.80 4.55 5.22
Limestone 1.79 1.73 1.66 1.60 1.79 1.73 1.66 1.60
Urea 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
Mineral premix4 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52
Sodium chloride – – 0.18 0.07 – – 0.18 0.07
Dicalcium phosphate 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Potassium chloride 0.62 0.47 0.31 0.16 0.62 0.47 0.31 0.16
Nutrient, %

TDN5 85.95 83.21 79.67 77.17 84.96 81.46 79.55 76.45
CP 12.94 13.01 13.24 13.01 13.07 13.76 13.45 12.89
Ether extract 4.98 4.51 4.21 3.79 4.68 3.78 3.46 3.44
NDF 17.41 20.40 24.24 29.54 20.13 24.91 28.52 31.99
ADF 7.44 9.94 12.58 17.97 8.15 9.04 12.28 16.06
Lignin 0.55 0.96 1.59 2.08 0.41 0.83 1.03 1.87
Ash 4.09 4.49 5.09 5.02 5.16 5.43 4.89 4.81
Starch 55.85 50.64 45.29 42.47 51.69 50.72 40.95 36.98

1One composite sample of each diet was analyzed.
2rNDF = NDF from roughage.
3Fed as high-moisture corn or finely ground dry corn.
4Mineral premix contained, per kilogram, 45.4 g of Ca, 73.4 g of S, 34.9 g of P, 30.9 g of Mg, 213.1 g of Na, 82 mg of Co, 1,871 mg of Cu, 1,000 mg of Fe, 

130 mg of I, 3,670 mg of Mn, 26 mg of Se, 5,564 mg of Zn, 290,000 IU of vitamin A, and 2,533 mg of salinomycin, which was equal to 13 mg/kg of diet DM.
5TDN calculated according to Weiss et al. (1992).
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abscesses were determined (Brown et al., 1975). Weight 
of each rumen was measured and incidence of ruminitis 
was scored (Bigham and McManus, 1975).

Twenty-four hours after slaughter, the left sides 
of 7 carcasses randomly selected from each treatment 
were sectioned in the region between the 12th and 
13th ribs to obtain digital images of the LM surface for 
measurement of LM area and subcutaneous fat thick-
ness using the software Lince (M&S Consultoria Ltda, 
Pirassununga, SP, Brazil).

Sample Analyses

The vitreousness of the corn starch was 77.2 ± 
5.5% based on dissection of 100 kernels (Dombrink-
Kurtzman and Bietz, 1993). Mean particle size of 
HMC (n = 3) and FGC (n = 3) was evaluated using 
methods adapted from Yu et al. (1998; Table 3). For 
the particle size of the SS (n = 2) and the complete di-
ets (n = 4 each), the Penn State Particle Size Separator 
was used (Lammers et al., 1996), with 1 additional 
sieve with a 1.18-mm pore size (Table 4).

Samples of total diets, orts, and ingredients were 
dried at 55°C, ground in a Wiley mill using a 1-mm 
screen before forming a composite sample, and then 
analyzed for chemical composition; TDN values were 
estimated (Weiss et al., 1992). Maintenance energy re-
quirements (Lofgreen and Garrett, 1968) were calculated 
and multiplied by a correction factor of 0.9 for Bos indi-
cus breeds (NRC, 1996); energy gain (NRC, 1984) was 
calculated to estimate the NEm and NEg that bulls ob-
tained from their diets (Zinn and Shen, 1998). The NEg 
was used to calculate ME (NRC, 1996); total ME intake 
thereby was estimated. Samples were analyzed for DM, 
ash, and ether extract (934.01, 942.05, 920.29; AOAC, 
1995); CP (Leco nitrogen analyzer, FP-528; Leco Corp., 
St. Joseph, MI); NDF, ADF, and lignin (Van Soest et al., 
1991); NDIN and ADIN (Licitra et al., 1996); and starch 
(Knudsen, 1997). Concentrations of NDF were deter-

mined using α-amylase (Termamyl 120L; Novozymes, 
Bagsvaerd, Denmark) and sodium sulfite.

Fecal densities were measured before samples 
were dried at 55°C and ground in a Wiley mill using a 
1-mm screen. The fecal samples were analyzed for DM 
(934.01; AOAC, 1995) and starch content was estimated 
by near-infrared reflectance spectroscopy (NIRSystem 
5000; Foss NIRSystems Inc., Silver Spring, MD) using 
an equation developed by Caetano et al. (2009). Fecal 
pH was measured following the method suggested 
by Haaland et al. (1982) as adapted by Channon et al. 
(2004). Corn NEm (NEmcorn) and corn NEg (NEgcorn) 
also were estimated from fecal starch (FS) as described 
by Zinn et al. (2002).

Statistical Analysis

Performance data, blood measures, carcass charac-
teristics, and fecal parameters were analyzed using the 
MIXED procedure (SAS Inst. Inc., Cary, NC). Corn 
processing, rNDF concentration in the diet, sampling 

Table 4. Characterization of particle size distribution 
of sugarcane silage (SS) and experimental diets con-
taining either high-moisture flint corn (HMC) or finely 
ground dry flint corn (FGC) 

 
 
Item

 
rNDF,1  

%

Screen mesh size, mm  
MPS,2  

cm
19 8 1.18 <1.18

Percent retained
SS – 9.28 57.40 25.07 8.12 1.08
HMC 3 7.90 42.62 38.30 11.18 0.85

8 7.67 48.66 33.78 9.90 0.92
13 7.28 50.30 32.29 10.03 0.94
18 7.06 50.00 30.91 12.03 0.93

FGC 3 6.79 21.57 27.24 44.40 0.69
8 6.81 23.09 29.59 40.52 0.69
13 7.32 29.77 32.32 30.60 0.75
18 7.28 33.51 33.58 25.64 0.78

1rNDF = NDF from roughage.
2MPS = mean particle size. Mean particle size of 2 samples of the SS and 4 

samples of each diet were evaluated using the Penn State Particle Size Separator 
(Lammers et al., 1996) with 1 additional sieve with a 1.18-mm pore size.

Table 2. Composition (DM basis) of sugarcane silage 
(SS), high-moisture flint corn (HMC), and finely 
ground dry flint corn (FGC)
Composition, % SS1 HMC1 FGC1

DM 25.04 60.12 87.30
CP 4.18 7.60 9.48
Ether extract 1.46 4.58 3.31
NDF 64.01 8.40 12.95
ADF 43.58 3.43 3.91
Lignin 7.39 1.69 1.03
Ash 3.31 0.86 1.46
Starch – 72.40 66.75

1One composite sample of each ingredient was analyzed.

Table 3. Characterization of particle size distribution 
of high-moisture flint corn (HMC) and finely ground 
dry flint corn (FGC)

 
 
Item

Screen mesh size, mm  
MPS,1 

mm
4.00 2.00 1.00 0.84 0.42 0.25 <0.25

Percent retained
HMC 95.58 2.72 1.44 0.28 0.29 0.19 0.00 5.84
FGC 0.11 7.04 60.53 3.74 17.27 6.81 6.04 1.30

1MPS = mean particle size. Mean particle size of 3 samples of HMC 
and FGC were evaluated using methods adapted from Yu et al. (1998), 
with removal of the 0.60-mm sieve porosity and replacement of 0.85- and 
0.43-mm porosity sieves with 0.84- and 0.42-mm sieves.
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period (only for fecal traits), and first-, second-, and 
third-order interactions were used as fixed effects; block 
(initial BW) was included as a random effect, and animal 
was the experimental unit. Treatment means were deter-
mined using the LSMEANS statement. Nonparametric 
binomial proportional data of ruminitis score and liver 
abscess were analyzed using the GLIMMIX procedure 
(SAS Inst. Inc.) with the same overall model described 
above. When significant effects of rNDF concentrations 
were observed, optimal rNDF concentrations were esti-
mated using the first derivative of second order polyno-
mial regression equations. For analysis of correlation 
between FS content and other parameters, the CORR 
procedure was used (SAS Inst. Inc.). Tests for fixed ef-
fects with P ≤ 0.05 were declared significant and those 
with P > 0.05 and P ≤ 0.10 were considered a tendency.

RESULTS

Performance
No significant interactions were observed between 

grain processing and rNDF for performance character-
istics except DMI. Initial BW was not different among 
treatments (Table 5), and final BW and ADG were not 
affected by grain processing method.

An interaction between CPM and rNDF was ob-
served for DMI (P = 0.05). When bulls were fed HMC, 
DMI was optimized at 13.7% rNDF, but when bulls 
were fed FGC, optimum rNDF level was 11.3% (Fig. 1). 
The requirement of rNDF for maximum DMI for HMC 
was 21.2% higher than with FGC; however, DMI for 
bulls fed HMC was 14.6% less than for bulls fed FGC 
and presumably is attributable to differences in grain 
processing methods. Bulls fed HMC had 13.9% greater 
G:F compared with bulls fed FGC (P < 0.01).

Dietary NEm and NEg (Mcal/kg) were 12.3 and 
16.4% greater, respectively, for bulls fed HMC in com-
parison to bulls fed FGC (P < 0.01). Similarly, ME 
was greater for bulls fed HMC compared with bulls 
fed FGC (P < 0.01). The HMC diets had 9.6% more 
ME per kilogram of diet than FGC (P < 0.01). On the 
other hand, ME intake (Mcal/d) was 6.1% less for bulls 
fed HMC (P = 0.02) compared with those fed FGC. 
Increased DMI by bulls fed FGC can be ascribed to the 
lower availability of energy when compared with HMC.

Final BW was quadratically impacted in response 
to rNDF concentration (final BW = –0.2951rNDF2 + 
7.8579rNDF + 457.0700; r2 = 0.12, P < 0.01), with the 
greatest final BW estimated to occur at 13.3% rNDF. 
Similarly, quadratic regression equations indicated 
that the greatest ADG was achieved with 13.0% rNDF 
(ADG = –0.0031rNDF2 + 0.0803rNDF + 1.0212; r2 = 
0.12, P = 0.01). The 13% rNDF for ADG was 21.4, 
10.7, and 8.8% greater compared with treatments con-
taining 3, 8, and 18% rNDF, respectively. The level 

Table 5. Effects of corn processing method (CPM) and NDF from roughage (rNDF), and the interaction between 
CPM and rNDF on performance of Nellore type bulls

 
 
Item

High-moisture corn Finely ground dry corn  
 

SEM

 
P-valuerNDF, %

3 8 13 18 3 8 13 18 CPM rNDF Linear Quadratic CPM × rNDF
Initial BW, kg 380.3 378.6 382.6 378.25 374.6 385.2 380.3 386.6 15.65 0.64 0.77 – – 0.47
Final BW, kg 478.4 494.1 518.5 492.2 479.7 500.7 507.0 510.3 13.21 0.52 <0.01 <0.01 <0.01 0.31
ADG, kg/d 1.22 1.42 1.62 1.39 1.28 1.42 1.56 1.51 0.09 0.65 <0.01 <0.01 0.01 0.73
G:F 0.166 0.179 0.180 0.165 0.145 0.140 0.159 0.160 0.01 <0.01 0.38 – – 0.25
NEm, Mcal/kg 2.00 2.06 2.03 1.93 1.74 1.70 1.84 1.87 0.06 <0.01 0.68 – – 0.08
NEg, Mcal, kg 1.34 1.40 1.37 1.28 1.12 1.08 1.20 1.23 0.05 <0.01 0.68 – – 0.08
ME, Mcal/kg 2.96 3.04 3.01 2.88 2.65 2.60 2.76 2.80 0.07 <0.01 0.71 – – 0.08
ME intake, Mcal/d 21.91 24.21 27.34 24.27 23.74 26.42 27.26 26.61 0.96 0.02 <0.01 <0.01 <0.01 0.55

Figure 1. Interaction between grain processing (high-moisture flint 
corn [HMC] and finely ground dry flint corn [FGC]) and NDF from rough-
age (rNDF) for DMI (P = 0.05). Vertical bars represent SEM. Vertical lines 
show the optimal rNDF level estimated using the first derivative of second 
order polynomial regression equations. 
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of rNDF that maximizes ADG and final BW was very 
close to the level required for maximum DMI.

The G:F, NEm, NEg, and ME were not affected 
by increasing level of rNDF in the diet. Metabolizable 
energy intake was affected by rNDF (P < 0.01), and 
the quadratic regression showed the optimum level oc-
curred at 12.8% rNDF (ME intake = –0.0430rNDF2 + 
1.1032rNDF + 19.7393; r2 = 0.16, P < 0.01).

No interactions between CPM and rNDF were ob-
served for blood constituents. Lactate (data not shown) 
was numerically greater for bulls fed HMC compared 
with those fed FGC (3.61 vs. 2.92 mM, respectively), 
but differences were not significant (P = 0.14). Blood 
pH was unaffected by CPM (7.43 vs. 7.44 for bulls fed 
HMC and FGC, respectively).

Level of rNDF did not affect lactate; however, 
there was a linear tendency of rNDF to reduce blood 
pH with decreasing levels of rNDF (blood pH = 
0.0023rNDF + 7.4080; r2 = 0.06, P < 0.09). These re-
sults may reflect subclinical problems with metabolic 
disorders for bulls fed the lowest rNDF concentrations.

Starch

The starch content of orts revealed an interac-
tion between CPM and rNDF (P < 0.01; Table 6). 
Decreases in rNDF level resulted in linear increases 
in the starch content of orts for both HMC (starch 
content of orts for HMC = –1.3909rNDF + 64.1177; 
r2 = 0.89, P < 0.01) and FGC (starch content of orts 
for FGC = –1.0032rNDF + 58.9599; r2 = 0.63, P < 
0.01). However, orts from HMC diets had more starch 
compared with orts from FGC diets (49.51 vs. 48.43%, 
respectively). Starch content of orts was greater than 
that of diets, not only for HMC but also for FGC (P < 
0.05) except for HMC with 18% rNDF (less orts starch 

compared with the dietary starch content; P < 0.01) 
and HMC with 13% rNDF and FGC with 8% rNDF 
(where no difference between orts starch and dietary 
starch content was detected). These results suggest 
the Nellore type cattle select for roughage, particularly 
when the diets have a high content of concentrate.

Starch intake, when expressed as a percentage of DM, 
also revealed an interaction between CPM and rNDF 
(P < 0.01). Bulls fed both HMC and FGC consumed di-
ets with a lower starch percent as rNDF of diets increased 
(starch intake for HMC = –0.8465rNDF + 57.2529; r2 = 
0.97, P < 0.01; starch intake for FGC = –1.0709rNDF + 
55.9356; r2 = 0.89, P < 0.01).

Fecal characteristics were not affected by sam-
pling period, except for fecal pH. With the first fecal 
collection, bulls fed HMC had greater fecal pH than 
bulls fed FGC (P < 0.01). At the second collection, the 
difference between HMC and FGC disappeared (P = 

Table 6. Effects of corn processing method (CPM), NDF from roughage (rNDF), and the interaction between 
CPM and rNDF on starch content of Nellore type bulls

 
 
Item

High-moisture corn Finely ground dry corn  
 

SEM

 
P-valuerNDF, %

3 8 13 18 3 8 13 18 CPM rNDF CPM × rNDF
Orts starch,1 % 59.75a 53.12bc 46.36d 38.80e 55.18b 51.00c 48.09d 39.43e 0.98 0.12 <0.01 <0.01
Starch intake,1 % 55.12a 50.25c 45.19d 42.74e 51.11b 50.58c 40.16f 36.73g 0.18 <0.01 <0.01 <0.01
Fecal pH, d 46 7.14 7.42 7.35 7.60 6.56 6.61 6.72 6.74 0.18 <0.01 0.35 0.83
Fecal pH, d 74 5.58 5.75 5.74 5.73 5.73 5.86 5.79 5.88 0.11 0.13 0.50 0.97
Fecal DM, % 17.10cd 14.65ef 13.11f 13.72f 22.93a 19.34b 17.74bc 15.53de 0.73 <0.01 <0.01 <0.01
Fecal density, g of OM/mL 1.117 1.102 1.089 1.114 1.132 1.118 1.129 1.124 0.01 <0.01 0.17 0.25
NEmcorn,2 Mcal/kg 2.43ab 2.45ab 2.46a 2.45ab 2.14d 2.19d 2.28c 2.38b 0.03 <0.01 <0.01 <0.01
NEgcorn,3 Mcal/kg 1.72ab 1.74ab 1.75a 1.74ab 1.47d 1.51d 1.59c 1.67b 0.03 <0.01 <0.01 <0.01

a–gWithin row, data with subscripts differ (P ≤ 0.05).
1Samples from Day 22 to 81.
2NEmcorn = corn NEm; estimated from fecal starch as described by Zinn et al. (2002).
3NEgcorn = corn NEg; estimated from fecal starch as described by Zinn et al. (2002).

Figure 2. Interaction between grain processing (high-moisture flint 
corn [HMC] and finely ground dry flint corn [FGC]) and NDF from roughage 
(rNDF) for fecal starch content (P < 0.01). Vertical bars represent SEM. 
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0.13), but average fecal pH was lower for both types 
of corn when compared with the first collection period.

The interaction of CPM and rNDF was significant for 
FS (P < 0.01; Fig. 2). Bulls fed HMC had an average FS 
content of 3.0%, whereas the average for bulls fed FGC 
was 13.3%. No difference in FS was observed among 
levels of rNDF for HMC despite the difference in starch 
intake between treatments. However, FS content linearly 
decreased as level of rNDF increased in the FGC diets.

An interaction between grain processing method and 
NDF level also was observed for fecal DM (P < 0.01). 
The fecal DM of bulls fed HMC was 21.5% lower than 
those fed the FGC diets. This is consistent with the hy-
pothesis that less starch reached the hindgut in HMC di-
ets to be fermented therein. Increases in the level of rNDF 
resulted in linear decreases in fecal DM for FGC (fecal 
DM for FGC= –0.4765rNDF + 23.8744; r2 = 0.53, P < 
0.01). However, fecal DM of bulls fed the HMC treat-
ment were not affected by rNDF level except for those 
fed 3% rNDF where feces had a higher DM content than 
the other HMC diets. Density of feces was greater for 
bulls fed FGC compared with those fed HMC (1.126 vs. 
1.107 g/mL, respectively; P < 0.01).

An interaction between CPM and rNDF also was 
observed for NEmcorn and NEgcorn calculated from FS 
(P < 0.01). There was no effect of percent rNDF on 
NEmcorn or NEgcorn for bulls fed HMC; however, a 
linear effect was observed for animals fed FGC (P < 
0.01). Therefore, the NEmcorn and the NEgcorn in FGC 
diets increased as more rNDF was included in diets 
(NEmcorn for FGC = 0.0159rNDF + 2.0780; r2 = 0.29; 
NEgcorn for FGC = 0.0140rNDF + 1.4126; r2 = 0.29). 
Values for NEmcorn and NEgcorn reflect results similar 
to FS, because these values are calculated from FS.

Correlations between FS and fecal DM (r = 0.83, 
P < 0.01), fecal density (r = 0.38, P < 0.01), and fe-
cal pH at the first sampling period were detected (r = 
–0.61, P < 0.01).

Carcass Characteristics

No significant interactions between CPM and 
rNDF with respect to carcass characteristics were de-
tected (Table 7). The CPM did not affect HCW, dress-
ing percentage, LM area, 12th-rib fat, or percentage 
of renal, pelvic, and inguinal fat. Liver and rumen 
weights were affected only by CPM, with liver (P = 
0.02) and rumen weights (P = 0.03) being about 5% 
heavier for bulls fed HMC.

Liver scores tended to be affected by CPM (P = 
0.08). Five bulls fed HMC had liver abscesses: 1 with 
the 18% rNDF diet (A+ score), 2 with the 8% rNDF 
diet (both A– score), and 2 with the 3% rNDF diet (1 A– 
and 1 A+) compared with only 1 bull with a liver score 
of A– when fed FGC and 13% rNDF (data not shown).

Bulls fed HMC had a tendency (P = 0.08) to develop 
more ruminitis and parakeratosis compared with their 
counterparts fed FGC (12 vs. 6 bulls; data not shown). 
For bulls HMC with 3% rNDF, 7 had ruminitis and para-
keratosis, which is half of the bulls fed that diet. With 
other diets, no more than 2 animals exhibited ruminitis 
and parakeratosis, and the cases also were less severe.

For HCW, optimum rNDF was 12.8% (HCW = 
–0.1352rNDF2 + 3.4710rNDF + 248.6800; r2 = 0.06, 
P = 0.04). This is similar to the dietary fiber level that 
optimized ME intake.

A quadratic effect of rNDF on the percentage of 
renal, pelvic, and inguinal fat (P = 0.05) was detected; 
inclusion of 12.6% rNDF maximized fat (renal, pel-
vic, and inguinal fat = –0.0070rNDF2 + 0.1764rNDF + 
3.1356; r2 = 0.06). No significant effects of rNDF lev-
el on for LM area or 12th-rib fat were detected.

Ruminitis score was affected by rNDF (P = 0.03). 
The lowest incidence of ruminitis and parakeratosis oc-
curred at 12.4% rNDF (ruminitis score = 0.0098rNDF2 
– 0.2435rNDF + 1.6415; r2 = 0.07, P = 0.02). Liver ab-
scess score was not affected by rNDF level (P = 0.81).

Table 7. Effects of corn processing method (CPM) and NDF from roughage (rNDF), and the interaction between 
CPM and rNDF on carcass characteristics of Nellore type bulls

 
 
Item

High-moisture corn Finely ground dry corn  
 

SEM

P-value
rNDF, %  

CPM
 

rNDF
 

Linear
 

Quadratic
CPM × 
rNDF3 8 13 18 3 8 13 18

HCW, kg 258.0 263.9 279.6 262.8 260.1 264.0 269.7 269.0 7.81 0.92 0.01 0.04 0.04 0.37
Dressing, % 56.1 55.6 56.1 55.6 56.4 54.9 55.4 54.9 0.52 0.11 0.02 0.03 0.36 0.48
LM area, cm2 50.1 53.1 51.0 52.8 49.5 50.1 51.2 52.5 2.04 0.52 0.55 – – 0.85
12th-rib fat, mm 3.52 3.96 3.45 3.52 2.66 3.88 3.19 3.54 0.44 0.29 0.20 – – 0.69
Renal, pelvic, and inguinal fat, kg 3.46 3.83 4.65 3.84 3.80 4.20 4.00 4.15 0.35 0.59 0.05 0.07 0.04 0.11
Liver weight, kg 5.50 5.51 5.91 5.41 5.20 5.33 5.52 5.25 0.18 0.02 0.06 – – 0.88
Liver score, units 0.28 0.14 0.00 0.23 0.00 0.00 0.07 0.00 0.12 0.08 0.81 – – 0.44
Rumen weight, kg 9.77 9.43 9.50 9.39 8.66 9.13 9.38 9.11 0.39 0.03 0.88 – – 0.36
Ruminitis score, units 1.68 0.11 0.25 0.67 0.40 0.33 0.25 0.18 0.36 0.08 0.03 0.07 0.02 0.08
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DISCUSSION

Performance and Carcass Characteristics
Including between 10 and 15% of roughage in the 

total mixed ration (DM basis) appears necessary to main-
tain health of the ruminal epithelium (Wise et al., 1968). 
However, considering the high cost per unit of energy 
and extra effort in handling roughage, nutritionists com-
monly provide the minimum roughage level that allows 
adequate animal performance (Zinn et al., 2004). Gill et 
al. (1981) evaluated 5 roughage levels (8, 12, 16, 20, and 
24% of diet DM) using a mixture of alfalfa and corn silage 
(1:2 on DM basis). They suggested that roughage levels 
of 8, 12, and 16% were needed to optimize ADG and 
G:F in diets that used steam-flaked corn, a 50:50 mixture 
(steam-flaked:high-moisture corn), and high-moisture 
corn, respectively. Alvarez et al. (2004) suggested that 
levels of rNDF in the finishing diets should be between 6 
and 9%; including less than 6% rNDF depressed energy 
intake and ADG, whereas diets that contained more than 
9% rNDF often limited energy intake and ADG due to 
excessive ruminal fill. In the present experiment, despite 
low coefficients of determination observed, approxi-
mately 13% rNDF yielded optimal results for final BW, 
ADG, HCW, ruminitis score, and renal, pelvic, and in-
guinal fat. Moreover, ME intake and HCW were greater 
with 12.8% of rNDF. Because cattle owners typically are 
paid on the basis of HCW, and because the same level of 
rNDF was found for ME intake that showed one of the 
greatest variance accounted by rNDF level, the optimum 
carcass value in the present study would be achieved 
with 12.8% rNDF. When Brahman steers were fed diets 
containing high, medium, and low energy, the digest-
ible DM intakes did not differ. However, with Bos tau-
rus steers fed these same diets, digestible DM increased 
with each increase in energy level (Moore et al., 1975). 
Another study showed the same ADG (1.19 kg/d) for 
Brahman cattle fed with 60 or 15% of corn silage in the 
total mixed ration (Olbrich, 1996). Leme et al. (2003) did 
not find any difference in final BW, ADG, and G:F for 
Nellore steers fed 15, 21, and 27% sugarcane bagasse in 
the total mixed ration (DM basis), but the DMI was de-
creased with the highest level of bagasse sugarcane. This 
reduction in DMI was associated with the high NDF con-
tent of sugarcane bagasse and low roughage quality that 
presumably exceeded the physical limits of the rumen. 
Several trials have shown that DMI linearly increases 
(Gill et al., 1981; Kreikemeier et al., 1990; Hales et al., 
2010; MacDonald et al., 2011) as DM and OM digestibil-
ity of the diet decreases as diet forage content increases. 
However, all these trials included up to 15% of forage 
(DM basis) in the total mixed ration. Gill et al. (1981) 
included 8, 12, 16, 20, and 24% (DM basis) of alfalfa hay 

(one-third) and corn silage (two-thirds) mixture with dif-
ferent CPM (HMC, steam flaked, and a 50:50 mixture). 
These authors also observed that DMI linearly increased 
with increased forage in the diet. Forage level in their di-
ets was lower when compared with the 18% rNDF used 
in the current study.

In the present study, the rNDF level for maximum 
DMI differed between FGC and HMC. A higher rough-
age inclusion was necessary for the HMC. Greater di-
etary roughage level decreased DMI in another trial 
with Nellore steers fed diets with 9 and 27% of DM 
from corn silage (Nuñez et al., 2013). These authors ob-
served that DMI, ME intake, and ADG all were lower 
for animals fed diets with 27% corn silage than for ani-
mals fed diets with 9% corn silage. This reduced DMI 
by animals fed more roughage can be explained by in-
creased physical fill associated with higher NDF con-
tent of the diet, as was observed in our study for bulls 
fed 18% rNDF (27.8% of SS). In the present study, even 
low inclusion of rNDF reduced DMI, presumably due 
to greater availability of starch, which met the physi-
ological energy demands of bulls and thus depressed in-
take. Consistent with energy intake limitation, HMC of-
ten decreases DMI and improves G:F with little change 
in ADG (Silva et al., 2007).

Energy

Even with low rNDF, decreases in feed intake 
sometimes exceed the increase in energy digestibility, 
thereby resulting in decreased ME intakes and ADG. 
This is often associated with very low fiber diets or with 
highly digestible starch sources. In the present study, 
lower energy intake and daily gain were observed for 
the 3% rNDF and may have been the consequence of 
subclinical or clinical metabolic disturbances.

According to the NRC (1996), NEm and NEg are 
2.33 and 1.62 Mcal/kg for HMC, respectively, and 2.18 
and 1.50 Mcal/kg for ground corn, respectively. Therefore, 
the NRC for estimates NEm and NEg are 6.9 and 8.0% 
greater, respectively, for HMC than for finely ground 
corn. Based on performance of bulls in the present study, 
NEm and NEg were 12.3 and 16.4% greater, respectively, 
for steers fed HMC than for those fed FGC. Greater than 
expected response may be related to the texture of the 
flint corn in this trial; most data used by the NRC relates 
to dent, not flint, corn. Furthermore, NRC values may be 
underestimated for processed corn, a claim that has some 
support in the literature (Zinn et al., 2002).

In the current study, dietary NEm and NEg calcu-
lated from performance were not affected by rNDF 
(Table 5). This can be explained by an increased inci-
dence of metabolic problems with low rNDF diets. Also, 
zebu animals may have greater FS loss with low NDF 
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diets. Kreikemeier et al. (1990) fed steam-rolled wheat 
to British breed and crossbred steers and observed a qua-
dratic effect of roughage on NEm and NEg for diets with 
0, 5, 10, and 15% of alfalfa hay. Parsons et al. (2007), 
using NRC (1996) equations, observed that NEm and 
NEg linearly increased as alfalfa hay level decreased 
with a steam-flaked corn–based diet fed to crossbred 
steers (Brangus and Angus). May et al. (2011) evaluated 
British crossbred fed a steam-flaked corn–based diet with 
3 inclusion levels of alfalfa hay (7.5, 10, and 12.5% of 
DM) and wet distillers grains with solubles (15 and 30%). 
These authors observed that NEm and NEg calculated 
from performance data increased when dietary roughage 
was reduced. In the present study, estimated ME intake, 
calculated from dietary NEg, was affected by rNDF (P < 
0.01), with the highest ME intake being at 12.8% rNDF.

Bulls fed HMC had lower ME intake than bulls 
fed FGC, because although DMI was reduced, ME 
per kilogram of diet was greater for HMC. The greater 
ME content for HMC over FGC diets may explain the 
higher rumen and liver weight. Even though rumen 
and liver are the organs responsible for the most of the 
energy expended by cattle (Baldwin, 1995), efficiency 
of bulls fed HMC, based on NEg, was not affected.

Liver and Ruminitis

Liver score and blood lactate did not differ among 
treatments. Differences were expected as the use of 
older aged animals, the shorter finishing period, and the 
type of pens (individual feeding or small pens) may be 
responsible. Having a less developed immune system, 
younger cattle may be more susceptible to ruminitis and 
bacterial infection. Animals in the present study were 24 
to 36 mo of age. Animals fed finishing diets for a longer 
period are more likely to exhibit acidosis, ruminitis, and 
liver abscesses, but in Brazil, most feedlots feed con-
centrate diets for only a relatively short period, similar 
to the duration of feeding used in this trial. Moreover, 
cattle housed in collective pens may have a higher inci-
dence of liver abscess than those in individual pens due 
competition for feed. Rumen abnormalities may be the 
variable associated most closely with low performance 
in Bos indicus fed high grain basis diets for a short pe-
riod of time. Ruminitis scores for bulls fed 3% rNDF 
had a greater incidence of ruminitis/parakeratosis, and 
this is supported by blood pH values.

Starch

Our data are consistent with the suggestion that 
HMC has greater total tract starch digestibility (Owens 
et al., 1986; Cooper et al., 2002) compared with FGC, 
because FS content was lower for HMC than FGC. This 

reflects breakdown of the protein matrix in the endo-
sperm of HMC or the fact that it is not fully consolidated 
at harvest. In addition, the HMC was allowed to ferment 
in a silo for 6 mo. Extending ensiling time increases the 
degradation of hydrophobic zein proteins in the starch–
protein matrix in vitro (Hoffman et al., 2011). Increases 
in starch digestibility in the rumen were expected with 
HMC diets, but with HMC, more forage (around 13% of 
rNDF) was required to promote rumen health.

More vitreous corn dry kernels usually have lower 
in situ ruminal starch degradation (Philippeau et al., 
1999; Correa et al., 2002). However, vitreousness is 
altered by corn processing. Fecal starch content is 
useful as a tool to estimate total tract starch digest-
ibility (Zinn et al., 2002). When sources of corn dif-
fering in vitreousness were steam flaked, FS contents 
(% of DM) were unaffected by grain vitreousness; 
however, when dry-rolled corn was fed, FS percent-
age increased as grain vitreousness increased (Corona 
et al., 2006). In the present study, the high vitreous-
ness of the Brazilian flint corn did not affect the di-
gestibility of HMC, because the FS content remained 
quite low and was similar among HMC diets (3.0% 
of DM). This suggests the ensiling eliminated vitre-
ousness differences, similar to the effects noted with 
steam flaking (Owens and Zinn, 2005). On the other 
hand, fine grinding of dry corn did not overcome ef-
fects of grain vitreousness because the average loss of 
starch in feces was much higher (13.3% of DM) and 
when flint corn content of the diet increased, FS con-
tent increased. Ensiling increased starch availability.

Physically Effective NDF

The rNDF requirements for Nellore type bulls dis-
cussed above are based only on SS. However, diet DM 
also contained 8% WLC. Whole cottonseed is a non-
forage fiber source used most commonly in Brazil as 
a source of protein and fat but also can be used to re-
place roughage. Clark and Armentano (1993) compared 
WLC to alfalfa haylage with mean particle length of 7.6 
mm and determined that effective NDF content of the 
WLC was 1.3 times that of the haylage. Mooney and 
Allen (1997) estimated physical effectiveness of NDF 
in WLC to be 50 and 127% that of alfalfa silage cut long 
(11.4 mm) or short (5.8 mm), respectively. Sugarcane 
silage in the present study was cut at particle length of 
10.8 mm. Therefore, we estimated that the NDF effec-
tiveness factor of WLC was 0.50 in the present study. 
The NDF content of WLC was 43.04% (DM basis), 
suggesting that diets without WLC should contain an 
additional 1.7% rNDF beyond the rNDF from SS to 
achieve the optimal performance of Nellore type bulls.
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The performance of Nellore type bulls was opti-
mum at 12.8% rNDF when fed high-concentrate di-
ets based on flint corn with 8% whole cottonseeds. 
Because the diets fed contained cottonseed, we esti-
mate that performance should be optimized with about 
14.5% rNDF without cottonseeds.
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