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A B S T R A C T

In this study, we evaluated the effects of starch level in supplement, with/without whole soybean (oil source), on
diet intake and apparent digestibility, rumen microbial population, and fermentation parameters in Nellore
steers grazing Brachiaria brizantha cultivar Xaraés during the finishing phase. Eight ruminal cannulated Nellore
steers (514 kg± 30) were used in a replicate 4 × 4 Latin square with a 2 × 2 factorial arrangement of treat-
ments. The diets used had different levels of supplemented starch [corn (high) or soybean hulls (SH: low)] with/
without a source of oil (soybean grain). There were no interactions between starch level and oil in supplements
on the intake of DM (% of body weight, P= 0.602; kg/d, P= 0.703), forage DM (P= 0.630), supplement DM (P
= 0.501), OM (P = 0.669), CP (P = 0.420), aNDFom (P = 0.380), EE (P = 0.199) and GE (P = 0.620).
However, intake and total apparent digestibility of DM, OM, and aNDFom (P<0.050) decreased with oil
supplementation, whereas the intake and digestibility of aNDFom were increased (P<0.010) with low-starch
supplementation. There were no interactions between starch supplement and oil source supplementation for pH
(P = 0.391), NH3-N (P = 0.473), and total volatile fatty acids (P = 0.441). The inclusion of an oil source in
supplements decreased (P<0.010) the acetate concentration in the rumen when compared with supplements
without oil, independent of starch level. Supplementation with high-starch increased the numbers of Entodinium
(P<0.010), and total protozoa (P<0.010). Furthermore, independently of starch level, the addition of an oil
source decreased the population of Dasytricha (P<0.010), Polyplastron (P<0.010), and Diploplastron (P =
0.040). Supplementing animals with low-starch (SH) without oil resulted in a higher proportion of Ruminococcus
albus (P=0.012) compared with the other supplements. Moreover, low-starch (SH) supplement, with or without
oil, decreased the relative population of Selenomonas ruminantium (P = 0.003). The addition of oil in supple-
ments decreased the number of Fibrobacter succinogenes (P<0.001), Ruminococcus flavefasciens (P<0.001), and
Archeas (P<0.001), but increased Anaerovibrio lipolytica populations (P<0.001). Oil supplement decreased
intake, digestibility, acetate production, protozoan populations, and fibrolytic rumen bacteria. The use of soy-
bean hulls without whole soybean supplementation may be effective in increasing the digestibility of CP and R.
albus in finishing Nellore steers grazing B. brizantha during the dry season.

1. Introduction

The nutritional strategy to increase uptake of nitrogen by rumen
microorganisms in pasture-based systems has focused on improving the
energy supply to animals. Dietary energy promotes ammonia in-
corporation into microbial protein, and thereby increases the amino
acid flow to the small intestine (Moorby et al., 2006).

Ammonia is the preferred nitrogen source of fibrolytic bacteria in

the rumen, and supply of ruminal degradable fibre (e.g. pectin) may
stabilize ruminal pH and increase ruminal ammonia utilization (Russell
et al., 1992). Nevertheless, the rate of absorption of ammonia by ru-
minants suggests that energy availability, or lack of synchrony between
energy and nitrogen supplies, limits the use of available nitrogen by
ruminal microorganisms (Huntington, 1997).

Although the inclusion of lipid in diets can be one source of energy,
it decreases ruminal organic matter (OM) digestibility and changes the
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site of digestion to the lower parts of the gastrointestinal tract
(Plascencia et al., 2003). Consequently, short-chain fatty acid (FA)
production in the rumen can be reduced, thereby reducing the risk of
metabolic disorders and improving ruminal fermentation parameters
(Aschenbach et al., 2011). Moreover, a decrease in the population of
protozoa, which predate on ruminal bacteria, may occur when lipids
are supplemented, thereby promoting bacterial growth (Kayouli et al.,
1986).

Currently, there is a lack of information on starch supplementation
combined with whole soybean (oil source) on the rumen microbial
populations and fermentation parameters of Nellore steers finishing by
grazing tropical grass. The hypothesis of the present study is that when
combined with oil, soybean hulls could replace corn as a source of
energy and improve fermentation parameters and ruminal microbiota
without affecting feed intake. In this study, we accordingly evaluated
the effects of starch level [corn (high) or soybean hulls (low)] in sup-
plement with or without whole soybean (oil source) on intake, digest-
ibility, rumen microbial population, and fermentation parameters in
Nellore steers grazing Brachiaria brizantha cultivar Xaraés.

2. Materials and methods

The protocol used in this experiment was in accordance with the
guidelines of the Brazilian College of Animal Experimentation (Colégio
Brasileiro de Experimentação Animal) and was approved by the Ethics,
Bioethics, and Animal Welfare Committee (Comissão de Ética e Bem
Estar Animal) of the São Paulo State University (Unesp), School of
Agricultural and Veterinarian Sciences, Jaboticabal, campus (Protocol
no. 021119/11).

2.1. Animals and management

The experiment was conducted at the UNESP (Jaboticabal, SP,
Brazil) from May to July 2013, during the dry season. Under the in-
ternational Köppen classification, the climate is characterized as tro-
pical type Aw with summer rains and a relatively dry winter. The local
altitude is 595 m above sea level, at 21°15′22′′S, 48°18′58′′W. The
average maximum and minimum annual temperatures are 29.1 °C and
16.5 °C, respectively, and the average annual precipitation is 105 mm,
with 85% of the rainfall occurring between the months of October and
March.

A replicated 4 × 4 Latin square experiment, using eight (two steers
per treatment) ruminal cannulated Nellore steers (514 kg± 30) at 24
months of age, was used to evaluate the effects of starch level in sup-
plement, with or without whole soybean (oil source), on intake, nu-
trient digestibility, ruminal pH, ammonia-N (NH3-N) and volatile fatty
acid (VFA) concentrations, and ruminal microbiology over four 21-d
periods. Each period consisted of 14 d for adaptation to the supplement
and 7 d of sampling.

Initially, the animals were weighed, identified, treated against ecto-
and endoparasites by administration of ivermectin (Ivomec, Merial,
Paulínia, BR), and allocated to four paddocks, each of 0.25 ha. The
pasture area was established in 2011, with planting of B. brizantha
cultivar Xaraés. During the initial study, there was a single application
of fertilizer to each paddock, as N:P2O5:K2O (20:05:20) at a rate of
200 kg/ha, at the end of the rainy season (May 2013). The paddocks
were fitted with smooth wire fencing, waterers (with free access for the
animals), and a pair of individual feed bunks.

The experimental treatments were ground corn (high starch) com-
bined with whole soybean; corn without whole soybean; soybean hulls
(low starch) combined with whole soybean; and soybean hulls without
whole soybean. Crude glycerin was used in all supplements [28% of dry
matter (DM)] as an energy source. Crude glycerin is a byproduct of the
biodiesel agroindustry and can be used in ruminant diets without
compromising intake or performance (Parsons et al., 2009; Drouillard,
2012). The crude glycerin [83.90% glycerol, 1.75% ether extract (EE),

4.30% ash, and 12.01% water] used in the present study was acquired
from a soybean oil-based biodiesel production company (Cargill, Três
Lagoas, Mato Grosso do Sul, Brazil). The proportions of ingredients and
chemical compositions of supplements are presented in Table 1.

Animals were provided with experimental supplements at the rate
of 1.0% body weight (BW), daily at 10:00 a.m., in a part of the feed
bunks arranged in each paddock, and had ad libitum access to water.
The BW of individual steers was recorded at the initiation of each
period without a fasting period, to adjust the amount of supplement
provided.

Forage mass in each paddock was estimated in each period during
the grazing study. The average sward height was estimated by taking
readings at 50 sampling points in each paddock, using a stick with cm
graduations (Barthram, 1985). Every 21 d, forage was collected from
paddocks at four sites with average sward height to represent the mean
forage mass of the paddocks. At these sites, all forage included within
the perimeter of a rising plate (0.25 m2) was collected by clipping at
5 cm above soil level. The clipping samples were dried to a constant
weight under forced air at 55 °C. The dry weights of these clippings
were multiplied by the paddock area to estimate the forage mass.
Paddocks had an average forage mass of 8350.9 kg/ha±865.7 and an
average sward height of 32.0 cm±5.7. The grazing method used was
the continuous grazing system (Allen et al., 2011), and the initial
average sward height was 39.0±4.6 cm. Forage samples were col-
lected to be representative of the diets consumed by grazing steers from
all pastures in each period during the grazing studies by hand plucking
to mimic the forage selected by grazing steers (Johnson, 1978). Hand
plucking was performed on the same days as the estimation of dry

Table 1
Chemical composition of the ingredients, ingredient proportions and chemical composi-
tion of supplements and pasture (% DM basis).

Chemical composition Corn Soybean
meal

Soybean hulls Whole
soybean

Dry matter 89.79 91.34 90.56 91.23
Organic matter 98.76 93.69 95.71 95.11
Crude protein 9.61 50.27 15.36 41.37
ANDFom 14.65 22.04 53.75 18.82
Ether extract 4.94 1.71 1.60 19.80
Gross energy, MJ/kg DM 20.42 19.71 18.16 23.64

Itema High starch Low starch Pastureb

Oil No oil Oil No oil

Ingredient proportions
Corn 18.5 31.0 0.00 0.00 –
Soybean meal 0.00 38.5 0.00 37.0 –
Soybean hulls 0.00 0.00 18.5 32.5 –
Whole soybean 51.0 0.00 51.0 0.00 –
Crude glycerin 28.0 28.0 28.0 28.0 –
Commercial premixc 2.50 2.50 2.50 2.50 –
Chemical composition
Dry matter 90.2 89.3 90.3 89.4 –
Organic matter 92.3 92.2 91.7 91.3 92.6
Crude protein 22.9 22.3 23.9 23.6 12.1
ANDFom 12.7 11.1 21.9 27.1 60.4
Starchd 17.2 24.7 4.45 3.29 –
Ether extract 12.4 3.62 11.8 2.58 2.16
Gross energy, MJ/kg DM 21.2 19.3 20.8 18.6 18.9
Metabolizable energy,

MJ/kg DMe
10.5 10.0 10.5 9.62 –

a High starch = supplement with corn; Low starch = supplement with soybean hulls;
Oil = supplement with whole soybean and No Oil = supplement without whole soybean.

b Average and standard deviation of the mean of samples obtained by technique of
simulated grazing in five periods.

c 120 g Calcium, 30 g phosphorus, 25 g sulfur, 80 g sodium, 330 mg copper, 950 mg
manganese, 1220 mg zinc, 24 mg iodine, 20 mg cobalt, 6 mg selenium, and 300 mg
fluorine.

d Calculated based on ingredient values from Valadares Filho et al. (2010).
e Metabolizable energy = total apparent digestibility of gross energy × 0·82.
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matter intake (DMI) (described later). Samples were dried to a constant
weight at 55 °C under forced air and stored before chemical analysis.

2.2. Intake estimation

Intake and nutrient digestibility were estimated in all periods, using
the marker method. Lignin isolated, purified, and enriched from
Eucalyptus grandis (LIPE®; Simões Saliba Research Products, Florestal,
Brazil) and indigestible neutral detergent fibre (iNDF) were used to
estimate the excretion of faecal matter (as dry weight), and forage in-
take, respectively. Faecal samples were collected directly from the
rectum on days 19, 20, and 21 of each period, at 11:00 and 17:00, 09:00
and 15:00, and 07:00 and 13:00 h, during the first, second, and third
days of collection, respectively. The faecal samples were dried at 55 °C
for 72 h and ground in a Wiley mill (Thomas Scientific, Swedesboro,
NJ) to pass through a 1-mm screen and composited proportionately on
each of the 3 d and at each time of sampling, for each animal, based on
faecal dry weights. Approximately 10 g of each composited faecal
sample was sent to the Federal University of Minas Gerais (Belo
Horizonte, MG, Brazil) for estimation of the total daily faecal output by
LIPE® measurement using an infrared spectroscopy method (Saliba
et al., 2013).

The samples of faeces, forage, and concentrate were placed in
Ankom bags (Filter bag F57; Ankom Technology Corporation) and in-
cubated in the rumen of a cannulated Nellore animal for a period of
288 h (Valente et al., 2011). The bags were attached to a 20-cm metal
chain when placed in the rumen of each steer. When the bags were
withdrawn from the rumen, they were soaked in water for 30 min and
gently washed by hand under running water until the wash water ran
clear. The bags were then placed in an Ankom200 Fibre Analyzer
(Ankom Technology, Fairport, NY, USA), according to the methods
described by Van Soest et al. (1991), and the indigestible neutral de-
tergent fibre (iNDF) was determined by weighing the bags with a digital
scale after drying in an oven, initially at 55 °C for 72 h and then at
105 °C for 12 h. The residue was considered to be the iNDF. The intake
of concentrate was determined from the individual supply of supple-
ment, calculated according to the body weight of the animal. Lignin
isolated, purified, and enriched from Eucalyptus grandis was provided
for 7 d by cannula infusion of a 500-mg bolus, with 4 d to stabilize
faecal excretion of the marker, and during the last 3 d for sample col-
lection (Santos et al., 2011).

Individual forage intakes were estimated by subtracting marker
excretion from the concentrate from the total iNDF excretion and di-
viding the difference by the concentration of the marker in the forage.

2.3. Proximate analysis

Diet ingredients, supplements, forage, and faeces were dried at
55 °C for 72 h, for subsequent chemical analysis. Samples were ground
in a Wiley mill (Thomas Scientific, Swedesboro, NJ, USA) to pass
through a 1-mm screen, and analysed for DM (method 934.01), OM
(method 942.05), and EE (method 920.85) according to the Association
of Official Analytical Chemists AOAC (1995). Concentrations of ni-
trogen were determined by rapid combustion (850 °C), conversion of all
nitrogen-combustion products to N2, and subsequent measurement
using a thermal conductivity cell (Leco® model FP-528; LECO Cor-
poration, St. Joseph, MI). Crude protein was calculated as the percen-
tage of nitrogen in the sample multiplied by 6.25. The gross energy (GE)
content of supplements, forage, and faeces was determined using an
adiabatic bomb calorimeter (model 6300; Parr Instrument Company,
Moline, IL). Analyses of NDF were conducted using heat-stable α-
amylase and expressed exclusive of residual ash without the addition of
sodium sulphite, according to Van Soest et al. (1991) and adapted for
the Ankom200 Fibre Analyzer.

2.4. Ruminal fermentation

Rumen pH, NH3-N, and VFA were measured on day 18 of each
period, when rumen fluid samples (approx. 80 mL) were collected by
hand through a cannulated rumen at 0, 3, 6, 12, and 18 h after sup-
plementation (10:00 a.m.). Rumen fluid was obtained from several sites
within the rumen and was subsequently strained through two layers of
cheesecloth. Immediately after collection, the pH of the rumen fluid
was determined using a digital potentiometer (ORION 710A, Boston,
MA). An aliquot of the collected fluid (50 mL) was poured into a plastic
bottle and frozen at −20 °C for subsequent analysis of NH3-N con-
centration. Ruminal fluid NH3-N was analysed by distilling with 2 M
KOH in a micro-Kjeldahl system, according to the original procedures of
Fenner (1965). The samples collected for analysis of VFA were cen-
trifuged at 13.000×g (4 °C) for 30 min and quantified by gas chroma-
tography (GC Shimatzu model 20-10, automatic injection) using a ca-
pillary column (SP-2560, 100 m × 0.25 mm in diameter and 0.02 mm
in thickness, Supelco, Bellefonte, PA) according to the methodology of
Palmquist and Conrad (1971).

2.5. Rumen microbial profile

Ruminal microbial (bacteria, archea, and protozoa) samples were
collected on day 18, after 3 h of supplementation (1000 h). For pro-
tozoa, population cell counts were determined from aliquots of rumen
content, by taking handfuls of rumen contents from the midpoint of the
rumen, which were preserved in formalin (a solution of equal parts
water and 370 mL/L formaldehyde) according to D'Agosto and Carneiro
(1999). Ciliate protozoan species were identified and quantified in a
chamber of a Sedgewick-Rafter cell, according to Dehority (1984). Each
sample was homogenized and 1 mL of ruminal content was pipetted
and transferred to vials containing Lugol's solution, according to the
modified methodology of D’ Agosto and Carneiro (1999). After 15 min,
9 mL of 30% glycerin was added to the vials. To quantify the protozoa,
1 mL of the contents of each vial was pipetted to fill the chamber of the
Sedgewick-Rafter cell. The ciliates were counted according to Dehority
(1984).

For the quantification and identification of rumen bacteria, 50 g of
the ruminal contents was obtained by taking a handful of rumen con-
tents from the midpoint of the rumen and placing it in a container. A
second handful of rumen contents was squeezed to obtain the liquid,
which was added to the same container (Henderson et al., 2013). The
samples were weighed and then 50 mL of phosphate saline buffer (pH
7.4) was immediately added, followed by vigorous stirring for 3 min,
and subsequent filtration with a mesh fabric (100 µm). The filtrate was
subjected to centrifugation at 16,000×g for 10 min at 4 °C. The su-
pernatant was discarded and the remaining precipitate was re-
suspended in 4 mL of Tris-EDTA buffer (10×, pH 8.0). The resuspended
contents were centrifuged at 16,000×g for 10 min at 4 °C, the super-
natant was discarded, and the precipitate was immediately stored at
−20 °C for 2 months. DNA extraction (pellet) was conducted in 250 mg
of sample using a FastDNA® SPIN Kit for Soil (MP Biomedical, LLC). The
integrity and quantity of the DNA was checked by electrophoresis on
agarose gel (0.8%), and complementary DNA was assessed by spec-
trophotometry (Thermo Scientific NanoDrop™ 1000) for evaluation of
its quality and quantity. We used qPCR for quantification of total bac-
teria and relative quantification of cellulolytic bacteria [Fibrobacter
succinogenes, Ruminococcus albus, Ruminococcus flavefasciens, Anaerovi-
brio lipolytica, Selenomonas ruminantium, and Methanogens (Archeas)].
The primers used in this study are shown in Table 2.

Three concentrations (400, 600, and 800 nM) of forward and re-
verse primers were tested to determine the minimum primer con-
centration giving the lowest threshold cycle and to reduce non-specific
amplification before starting the reaction.

The amplifications were performed in triplicate and negative con-
trols (containing no DNA template) were run in the assay. The reactions
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were conducted using a 7500 Real Time PCR System (Applied
Biosystems, Foster City, California 94404, USA). Rox was used as a
passive reference dye. The qPCR reaction was carried out using 100 ng
of total DNA in a reaction mixture containing the following reagents:
7.5 μL of SYBR® Green PCR Master Mix (Bio-Rad, Hercules, California,
USA), 10 pmol of each primer, and H2O to a final volume of 12.5 μL.
Cycling conditions were 50 °C for 2 min; 95 °C for 10 min; and 40 cycles
with denaturation at 95 °C for 15 s, annealing at 60 °C for 1 min, and
extension at 78 °C for 30 s. After the amplification cycles, a final step
was added in which the temperature was increased from 60 to 95 °C to
obtain a dissociation curve of the reaction products, which was used for
analysing the specificity of amplification.

Relative quantification was used to determine species proportions.
The results were expressed as a 16S rDNA ratio of general bacteria,
using the following equation:

=
−Relative quantification 2 ,(Ct target–Ct total bacteria)

where Ct is defined as the number of cycles required for the fluorescent
signal to cross the threshold.

2.6. Microbial protein yield

To determine the microbial protein yield, spot samples of urine were
collected on day 21 of each experimental period. The urine samples
were collected from each steer 4 h after feeding (supplement), as de-
scribed by Barbosa et al. (2006). The samples were collected in 50-mL
polypropylene containers during voluntary urination. The samples were
filtered through two layers of cheesecloth and 10-mL aliquots were
diluted in 40 mL of 0.036 N sulphuric acid to prevent bacterial de-
gradation of purine derivatives and uric acid precipitation (Valadares
et al., 1997), and subsequently used for the quantification of urinary
levels of urea nitrogen, creatinine, and allantoin.

Allantoin in the diluted urine was analysed using the colorimetric
method as described by Chen and Gomes (1992). The final point col-
orimetric method was used to determine uric acid concentrations in
urine (Labtest Diagnostic S.A., Lagoa Santa, Brazil). The total excretion
of purine derivatives was calculated from the sum of the quantities of
allantoin and uric acid excreted in the urine, expressed as mmol/d.

Absorbed purines (X, mmol/d) were estimated from the excretion of
purine derivatives (Y, mmol/d) using the following equation:

= +Y 0.85X 0.385BW ,0.75

where 0.85 is the recovery of absorbed purine as purine derivatives,
and 0.385BW0.75 is the endogenous contribution to purine excretion

(Verbic et al., 1990).
The ruminal synthesis of nitrogenous compounds (Pabs, mmol/d)

was calculated based on the amount of absorbed purines (X, mmol/d)
according to the equation proposed by Chen and Gomes (1992):

= × × ×gNmic ( /day) (70 Pabs)/(0.83 0.134 1.000),

where 70 is the N content in purines (mg/mol of N); 0.134 is the
average Npurines:N-total ratio in the bacteria that were isolated from
the rumen; and 0.83 is the intestinal digestibility of microbial purines.
The microbial efficiency was calculated as total microbial biomass per
total digestible nutrient (TDN) intake (Valadares Filho et al., 2010).

Total urinary volume was estimated using the ratio of creatinine
excretion per unit of BW to its concentration in the urine (Chizzotti
et al., 2006). Urinary creatinine excretion (UCE) is related to the shrunk
body weight (SBW), and estimated according to the equation proposed
by Costa and Silva et al. (2012):

= ×gUCE ( /day) 00.0345 SBW0.9491

Daily excretion of nitrogen in the urine and faeces was calculated as
the product of nitrogen concentration and the urinary volume and
faeces production after 24 h. Samples of faeces and urine were eval-
uated for nitrogen content using a LECO FP-528 nitrogen analyzer
(LECO Corp., St. Joseph, MI). The amount of nitrogen absorbed was
obtained from the difference between the nitrogen ingested and the
nitrogen excreted in the faeces, whereas the nitrogen balance (N re-
tained, g/day) was calculated as follows:

= − −N retained (g) N consumed (g) N faeces (g) N urine (g)

where N retained = nitrogen retained in the organism; N consumed =
nitrogen consumed by the animal; N faeces = nitrogen excreted in the
faeces; and N urine = nitrogen excreted in the urine.

2.7. Statistical analysis

The experimental design was a replicated 4 × 4 Latin square with a
2 × 2 factorial arrangement of treatments [high (corn) or low (soybean
hulls) starch, with or without a source of oil (whole soybean)]. Data on
intake and apparent digestibility were analysed considering a replicated
Latin square design using the MIXED procedures (SAS, version 9.2, Inst.
Inc., Cary, NC, USA, 2009). The model included the fixed effect of
treatment and Latin square, and random effects of period, animal, and
error.

Repeated measurements ANOVA was conducted using the mixed
model procedure of SAS (SAS, version 9.2, Inst. Inc., Cary, NC) for a

Table 2
PCR primers used in this study for the quantification of specific rumen microbes by qPCR.

Primer Sequence (5′ to 3′) Product size (bp) Efficiency (%)

Total bacteriaa,b F: CGGCAACGACAACCC 130 99
R: CCATTGTAGCACCTGTGTAGCC

Fibrobacter succinogenesb F: GGTATGGGATGAGCTTGC 121 98
R: GCCTGCCCCTGAACTATC

Ruminococcus flavefasciensb F: GGACGATAATGACGGTACTT 132 96
R: GCAATC(CT)GAACTGGGACAAT

Ruminococcus albusb F: CCCTAAAAGCAGTCTTAGTTCG 175 96
R: CCTCCTTGCGGTTAGAACA

Total Archeasc F: TTC GGT GGA TCD CAR AGR GC 140 95
R:GBA RGT CGW AWC CGT AGA ATC C

Anaerovibrio lipolyticae F:TGGGTGTTAGAAATGGATTCTAGTG 82 98
R: TCGAAATGT TGTCCCCAT CTG

Selenomonas ruminantiumd F: GGCGGGAAGGCAAGTCAGTC 83 98
R: CTCTCCTGCACTCAAGAAAGACAG

a Primers used for qPCR normalization; F = “forward”; R = “reverse”.
b Denman and McSweeney (2006).
c Denman et al. (2007).
d Khafipour et al. (2009).
e Fuentes et al. (2009).
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factorial analysis of time and treatment effects on data of pH, NH3-N,
and VFA. The model included the fixed effect of treatment, time, and
treatment × time interaction, and random effects of period, animal,
and error.

Data on protozoa were transformed to log10, plus a drive to meet the
requirements of the SAS analysis. The analysis considered a replicated
Latin square design using the MIXED procedures (SAS, version 9.2). The
model included the fixed effect of treatment and Latin square, and
random effects of period, animal, and error. Statistical analyses for
bacterial populations were performed using the MIXED procedures. The
model included the fixed effect of treatment, and random effects of
period, animal, and error.

Homogeneity of the data was verified using the UNIVARIATE pro-
cedure of SAS. Studentized residuals were plotted against the predicted
values using the plot procedure to analyse data for outliers. The
LSMEANS command of the mixed procedure of SAS was used to cal-
culate mean values. When the treatments were significant, the means
were compared with Fisher's tests using the PDIFF option in the
LSMEANS command. The level of significance used to assess differences
among means was α = 0.05.

3. Results

There were no interactions between starch level and oil source
(whole soybean) in supplements on intake of DM (% of BW, P = 0.602;
kg/d, P = 0.703), forage DM (P = 0.630), total supplement DM (P =
0.501), OM (P = 0.669), CP (P = 0.420), aNDFom (P = 0.380), EE (P
= 0.199), and GE (P = 0.620). However, there was an effect of starch
level supplements alone on intake of aNDFom (P<0.010) and EE
(P<0.010). The addition of an oil source decreased the intake of DM
(P<0.010), forage DM (P = 0.010), OM (P = 0.010), and NDF
(P<0.010) independently of starch supplements (Table 3).

No interactions were observed between starch level in supplements
and oil supplementation on digestibility of DM (P = 0.269), OM (P =
0.161), aNDFom (P = 0.321), EE (P = 0.130), and GE (P = 0.273).
However, there was an interaction between starch and oil supple-
mentation on CP digestibility (P = 0.010). Thus, animals supplemented
with low-starch (soybean hulls) and without oil (no whole soybean)
showed greater (10.77%) digestibility of CP than those supplemented
with high-starch (corn) and without oil. The digestibility of DM
(P<0.010), OM (P<0.010), aNDFom (P = 0.031), and GE (P =

0.022) decreased with oil source supplementation, but digestibility of
EE (P<0.010) increased with the inclusion of an oil source, in-
dependent of starch (corn or soybean hulls) supplements (Table 3).

There were no interactions between starch and oil source supple-
ments for pH (P = 0.391), NH3-N (P = 0.473), total VFA (P = 0.441),
acetate (P = 0.950), propionate (P = 0.881), butyrate (P = 0.922),
isobutyrate (P = 0.421), valerate (P = 0.790), isovalerate (P = 0.859),
and A:P ratio (P = 0.080, Table 4). Nevertheless, the inclusion of an oil
source in the supplement decreased (9.25%, P<0.010) the acetate
concentration when compared with supplementation without oil, in-
dependent of starch level. Furthermore, there was an effect of time on
pH, NH3-N, and VFA concentrations of Nellore steers grazed on pasture
during the finishing phase (P<0.010).

In relation to numbers of protozoa, there were no interactions be-
tween starch level in supplements and oil source supplementation on
populations of Entodinium (P = 0.750), Dasytricha (P = 0.942),
Isotricha (P = 0.693), Polyplastron (P = 0.221), Diploplastron (P =
0.592), and total protozoa (P = 0.801). However, animals fed with
high-starch (corn) supplements showed greater Entodinium populations
(3.79%, P<0.010) and total protozoa (3.26%, P<0.010) than those
supplemented with low-starch (soybean hulls). Furthermore, the addi-
tion of oil in the supplements, independently of starch level supplement
used, decreased the population of Dasytricha (P<0.010), Polyplastron
(P<0.010), and Diploplastron (P = 0.043; Table 5).

A significant interaction between starch level and oil source sup-
plements was observed for Ruminococcus albus (P = 0.0120).
Supplementing the animals with low-starch (soybean hulls) without oil
(whole soybean) increased the relative proportion of R. albus compared
with the other supplements. In addition, there was also interaction
between starch level and oil source supplements for S. ruminantium (P
= 0.003), where, low-starch (soybean hulls) supplement, with or
without oil, decreased the rumen population of S. ruminantium of
Nellore steers. Moreover, the addition of whole soybean in supplements
decreased the number of F. succinogenes (P<0.001), R. flavefasciens
(P<0.001), and Archeas (P<0.001), but increased the number of A.
lipolytica (P<0.001), independently of starch supplements. In contrast,
supplementation with high-starch (corn) decreased the population of
Archeas when compared with supplementation with low-starch
(P<0.001; Table 6).

The production of rumen microbial N and microbial protein yield,
estimated from the urinary excretion of purine derivatives, did not

Table 3
Effect of supplements containing high or low starch with or without whole soybean (Oil or No Oil) on intake and digestibility of Nellore steers on pasture during finishing phase.

Item High starcha Low starchb SEM P-value

Oil No oil Oil No oil Starch Oil Starch × Oil

Intake, % of BW
DM 2.37 2.50 2.39 2.47 0.12 0.840 0.042 0.602
Intake, kg/d
DM 12.2 13.0 12.1 12.7 0.59 0.541 <0.010 0.703
Forage DM 7.04 7.81 7.02 7.55 0.85 0.572 0.010 0.630
Suppl. DM 5.12 5.17 5.09 5.18 0.05 0.763 0.051 0.501
OM 11.2 12.0 11.2 11.7 0.65 0.450 0.010 0.669
CP 2.08 2.20 2.18 2.23 0.23 0.150 0.051 0.420
aNDFom 4.89 5.24 5.31 5.91 0.28 < 0.010 <0.010 0.380
EE 0.78 0.35 0.76 0.29 0.02 < 0.010 <0.010 0.199
GE, MJ/d 243 248 239 241 12.1 0.240 0.491 0.620
Digestibility, g/kg DM
DM 623 656 619 665 1.99 0.730 <0.010 0.269
OM 648 679 641 690 1.88 0.712 <0.010 0.161
CP 577bc 559c 592b 627a 4.80 < 0.010 0.400 0.010
aNDFom 519 535 542 583 2.99 < 0.010 0.031 0.321
EE 708 545 687 611 2.72 0.430 <0.010 0.130
GE 603 632 612 623 2.13 0.971 0.022 0.273

Means within a row with different superscripts differ (P<0.050).
a High starch (supplement with corn): range from 172 to 247 g/kg of starch in DM supplement.
b Low starch (supplement with soybean hulls): range from 32.9 to 44.5 g/kg of starch in DM supplement.

A.J. Neto et al. Livestock Science 202 (2017) 171–179

175



differ among treatments (g/d: P = 0.852 and g/kg TDN: P = 0.801).
Additionally, there were no interactions between starch level and oil
supplementation on crude protein intake relative to digestible OM in-
take (g CP/kg DOMI; P = 0.529; Table 7).

4. Discussion

The reduction of intake in animals fed with oil supplements may be
due to a depressive effect on rumen microbial populations and ruminal
digestion or to a low palatability of lipids in the whole grain (Patra and
Yu, 2013). It was the case in the present study, since the animals sup-
plemented with oil reduced the intake of DM (5.59%), OM (5.48%), and
aNDFom (8.52%) independently of starch supplement. In addition,
there was a reduction in the digestibility of DM (6.01%) and aNDFom
(5.12%) when compared with supplements without an oil source.

The reduction in intake when feed was supplemented with an oil
source (whole soybean) may be due to a decline in three main fibrolytic
bacteria assessed in this study (F. succinogenes, R. flavefasciens, and R.
albus), as well as certain fibrolytic protozoa, such as those in the genus
Polyplastron, which may result in an increase rumen retention time due
to reduced fibre digestion and particle outflow rates (Demeyer, 1987).

Additionally, another factor that can affect nutrient digestibility
with lipid supplementation is the type of basal diet (type and quantity
of lipids). Thus, for grazing animals, forage content, and the association
between forage and supplement are important factors to be considered
(Nörnberg et al., 2004). In this sense, the effect of adding an oil source
to whole soybean in the diet (2.48% to 6.34% EE) was confirmed in
terms of the reduction of intake forage DM (8.46%) of animals grazing

tropical pasture. The dietary addition of oil at levels greater than 2–3%
of DM may decrease the digestibility of fibrous feedstuffs such as soy-
bean hulls and forage DM, by inhibiting fibrolytic bacteria (Palmquist,
1988). Shain et al. (1993) reported that the rate of digestion of aNDFom
was lower for a combination of soybean hulls (low-starch) with oil than
for soybean hulls alone when provided in a forage-based diet. However,
the energy provided by an oil source may compensate for the potential
reduction in energy derived from fermentation of soybean hull fibre.
Consequently, the intake of digestible energy may be unaffected, or
even improved, with higher amounts of dietary oil (Ludden et al.,
1995).

In contrast, animals supplemented with low-starch (soybean hulls)
showed a greater (9.80%) intake of aNDFom than those supplemented
with high-starch (corn). This may be explained by the greater aNDFom
digestibility (6.36%) in low-starch diets than in high-starch diets.
Soybean hulls are high in aNDFom and ADFom, but are low in lignin
(2% lignin; NRC, 1996), resulting in an in vitro DM digestibility that
may exceed 90% (Ludden et al., 1995). In addition, soybean hulls have
a small feed particle size and high specific gravity (Mertens, 1997) re-
sulting in a more rapid ruminal scape and reduction of ruminal fill
(Iraira et al., 2013).

Moreover, when starch supplementation was combined with oil,
there was a modification in ruminal protein metabolism. The rate of
degradation of soybean hulls (e.g. pectin; Ludden et al., 1995) may
explain the increase in the digestibility of CP in supplements with low-
starch and without oil. The carbohydrate composition (pectin) of soy-
bean hulls results in a better synchronization between protein and en-
ergy supplies, increasing the efficiency of microbial protein yield in the

Table 4
Effects of supplements containing high- or low-starch sources with or without whole soybean (Oil or No Oil) on pH, NH3-N and volatile fatty acids concentrations of Nellore steers on
pasture during finishing phase.

Item High starcha Low starchb SEM P-value

Oil No oil Oil No oil Starch Oil Starch × Oil Time Starch × Time Oil × Time

pH 6.48 6.49 6.43 6.49 0.05 0.53 0.44 0.391 < 0.010 0.020 0.710
NH3-N, mg/dL 19.5 20.3 20.7 20.2 1.37 0.64 0.86 0.473 0.160 0.359 0.730
VFA, mM
Total VFA 84.2 89.3 87.5 89.0 5.73 0.58 0.24 0.441 < 0.010 <0.010 0.541
Acetate 41.5 45.8 43.6 48.0 1.85 0.19 < 0.01 0.950 < 0.010 <0.010 0.060
Propionate 20.6 21.9 21.8 23.0 2.06 0.57 0.55 0.881 < 0.010 0.039 0.923
Butyrate 17.6 15.7 15.9 13.8 1.40 0.17 0.12 0.922 < 0.010 0.131 0.070
Isobutyrate 1.10 1.22 1.09 1.12 0.09 0.45 0.32 0.421 < 0.010 0.499 0.412
Valerate 1.95 1.95 1.88 1.90 0.13 0.57 0.94 0.790 < 0.010 0.181 0.731
Isovalerate 1.75 1.91 1.65 1.79 0.15 0.24 0.11 0.859 < 0.010 0.393 0.090
A:P ratioc 2.29 2.49 2.43 2.45 0.09 0.35 0.10 0.080 < 0.010 0.231 0.130

Means within a row with different superscripts differ (P< 0.050).
a High starch (supplement with corn): range from 172 to 247 g/kg of starch in DM supplement.
b Low starch (supplement with soybean hulls): range from 32.9 to 44.5 g/kg of starch in DM supplement.
c Acetate to propionate ratio.

Table 5
Effect of supplements containing high- or low-starch sources with or without soybean grain (Oil or No Oil) on rumen fluid protozoa numbers of Nellore steers on pasture during finishing
phase.

Protozoa (n × 104 mL-1)c High starcha Low starchb SEM P-value

Oil No oil Oil No oil Starch Oil Starch × Oil

Entodinium 5.75 5.83 5.55 5.60 0.07 < 0.010 0.281 0.750
Dasytricha 4.13 4.48 4.32 4.66 0.11 0.104 <0.010 0.942
Isotricha 3.41 3.64 3.53 3.64 0.15 0.661 0.240 0.693
Polyplastron 3.63 3.89 3.48 4.01 0.14 0.882 <0.010 0.221
Diploplastron 3.64 3.95 3.60 4.12 0.19 0.713 0.043 0.592
Total protozoa 5.77 5.88 5.59 5.67 0.06 < 0.010 0.113 0.801

Means within a row with different superscripts differ (P<0.050).
a High starch (supplement with corn): range from 172 to 247 g/kg of starch in DM supplement.
b Low starch (supplement with soybean hulls): range from 32.9 to 44.5 g/kg of starch in DM supplement.
c Log10 of number of protozoa.
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rumen of animals on grazing pasture (Russell et al., 1992).
However, our results showed that the production of rumen micro-

bial N and microbial protein yield, estimated from the urinary excretion
of purine derivatives, did not differ among all supplement combina-
tions. These findings in relation to microbial protein yield are in ac-
cordance with those reported by Henning et al. (1993), who showed
that synchronization between energy and N availability may be of less
importance to bacterial growth efficiency than the energy supply pat-
tern. This may be explained by the fact that recycling of N by the animal
can be used to synchronize the ruminal supply of these nutrients. Thus,
the recycling of N to the rumen and subsequent incorporation of re-
cycled N into microbial protein may well be central to the success of
lower N content diets in animal production (Calsamiglia et al., 2010).

In this study, the mean crude protein intake relative to digestible
OM intake was 285.22 g of CP/kg of DOMI. Poppi and McLennan
(1995) stated that losses of dietary protein, as ammonia absorbed from
the rumen and excreted as urea in urine, will occur when the CP content
of forage exceeds 210 g/kg digestible OM.

Since the fermentability of diet is dependent on the extent and rate
of OM digestibility, the use of feedstuffs high in sugars, starch, and
potentially digestible aNDFom (e.g. pectin) in the diet of ruminants can
increase the concentration of fermentable OM (Allen, 1997). Highly
fermentable feeds result in a rapid production of VFA that reduce
ruminal pH when the rate of production exceeds the buffering capacity
and absorption (Aschenbach et al., 2011). However, the current results
showed that whole soybean supplementation reduced OM digestibility,
but there was no effect of starch, oil, or interactions between starch and
oil supplements on rumen pH. This may be due to the fact that the

starch-based supplements used in our experiment increased the number
of Entodinium and total protozoa. The presence of a high population of
protozoa, particularly Entodioniomorphs, may contribute to stabilizing
ruminal pH and slowing the ruminal fermentation of carbohydrates
(Kurihara et al., 1978). Because protozoa readily engulf ruminal bac-
teria and starch granules, they may reduce the formation of bacterial
slime in the rumen and modulate acid production (Dehority, 1998).

Regarding protozoan populations, animals fed an oil source (whole
soybean) in supplements had decreased numbers of Dasytricha (7.55%),
Polyplastron (10.00%), and Diploplastron (10.28%) in the rumen in re-
lation to the other treatments. Several studies have shown that dietary
lipids reduce protozoa concentrations in the rumen (Newbold and
Chamberlain, 1988; Firkins et al., 2007). The toxicity of high dietary oil
concentrations to rumen protozoa is due to their limited ability to ab-
sorb and transform lipids, resulting in swelling and consequent rupture
of the protozoan cells (Williams, 1989).

In addition, studies with faunated and defaunated ruminants have
shown that when protozoa are present, protein digestion is increased
compared with digestion by bacteria alone, particularly if the dietary
protein is of low degradability (Kayouli et al., 1986). In this sense, our
results are in agreement with these studies, in which the reduction in
protozoan populations also caused a reduction of apparent N digested
in animals fed with oil supplementation.

In our study, ruminal NH3-N concentrations ranged between 19.46
and 20.71 mg/dL. These concentrations were above the threshold
(15 mg/dL) suggested by Detmann et al. (2009) for maximizing pro-
ductive efficiency for cattle fed low-quality tropical forage.

Oil source supplementation reduced acetate concentration (9.25%)
in the rumen fluid of animals. This may indicate the inhibitory activity
of oil on ruminal cellulolytic bacteria, resulting in an incomplete di-
gestion of aNDFom (Doreau and Ferlay, 1995). Moreover, concentra-
tions of total VFA, acetate, propionate, butyrate, and valerate increased
immediately after feeding, which would typically be expected in ani-
mals supplemented on grazing pasture, because manipulation of the
diet by increasing the proportion of concentrate is a strategy to opti-
mize ruminal fermentation by increasing the amount of digestible OM,
and consequently providing more substrate for the rumen microbial
population (Doreau et al., 2011).

Additionally, in the present study, we found a high proportion of R.
albus in the rumen of steers fed with low-starch without oil, which may
be due to the growth or the activity of fibrolytic bacteria that have been
positively favoured by this diet, because the low-starch (soybean hulls)
diets had more fibrous material than the high-starch (corn) diets.

High-starch diets lead to a decreased efficiency of fibre digestion,
associated with a decreased number of certain fibrolytic bacteria, i.e. R.
flavefasciens (Tajima et al., 2001), F. succinogenes (Tajima et al., 2001;
Brown et al., 2006; Fernando et al., 2010), and Butyrivibrio fibrisolvens
(Fernando et al., 2010), and a shift towards more lactate producers such
as lactobacilli (Brown et al., 2006). Moreover, there was also an in-
teractive effect between starch and oil (whole soybean) supplements on

Table 6
Effect of supplements containing high- or low-starch sources with or without whole soybean (Oil or No oil) on relative proportion (%) of cellulolytic bacteria and methanogenic arqueas of
Nellore steers on pasture during finishing phase.

Item High starch1 Low starch2 SEM P-value

Oil No oil Oil No oil Starch Oil Starch × Oil

Fibrobacter succinogenes 0.078 0.107 0.070 0.103 0.0034 0.108 < 0.001 0.522
Ruminococcus albus 0.003c 0.009b 0.003c 0.010a 0.0001 0.002 < 0.001 0.012
Ruminococcus flavefaciens 0.003 0.021 0.003 0.021 0.0003 0.212 < 0.001 0.746
Anaerovibrio lipolytica 0.019 0.002 0.021 0.002 0.0004 0.242 < 0.001 0.111
Selenomonas ruminantium 0.069b 0.079a 0.030c 0.030c 0.0007 <0.001 0.003 0.003
Archeas 0.714 0.876 0.818 1.004 0.0065 <0.001 <0.001 0.124

Means within a row with different superscripts differ (P<0.050).
1High starch (supplement with corn): range from 172 to 247 g/kg of starch in DM supplement.
2Low starch (supplement with soybean hulls): range from 32.9 to 44.5 g/kg of starch in DM supplement.

Table 7
Effect of supplements containing high- or low-starch sources with or without whole
soybean (Oil or No oil) on urinary excretion of total purines, absorbed microbial purine,
and ruminal microbial protein yield of Nellore steers on pasture during finishing phase.

Item High starcha Low starchb SEM P-value

Oil No oil Oil No oil Starch Oil Starch ×
Oil

Microbial N,
g/d 278 251 257 247 49.7 0.791 0.730 0.862
g/kg TDN 37.2 31.3 34.6 31.7 6.28 0.861 0.483 0.801
Microbial protein yield,
g/d 1740 1569 1604 1545 311 0.801 0.710 0.852
g/kg TDN 233 196 216 198 39.3 0.862 0.480 0.801
CP intake per DOMIc,
g/kg 268 286 292 294 25.4 0.441 0.452 0.529

Means within a row with different superscripts differ (P<0.050).
a High starch (supplement with corn): range from 172 to 247 g/kg of starch in DM

supplement.
b Low starch (supplement with soybean hulls): range from 32.9 to 44.5 g/kg of starch

in DM supplement.
c DOMI: Digestible organic matter intake.
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the proportion of S. ruminantium, where, low-starch supplements com-
bined with oil supplements decreased the rumen population of S. ru-
minantium of Nellore steers. This may be due the fact that Selenomonas
utilize starch for growth (Tajima et al., 2001). Consequently, if this
bacterium has more substrate available, the diets with high-starch in-
creases (SFC) its numbers compared to the other diets.

5. Conclusion

High (corn)- or low (soybean hulls)-starch supplements with or
without oil (whole soybean) have a similar feeding value when used for
animals grazing pasture, as indicated by the similar diet intake and
digestibility, rumen fermentation parameters, and protozoa populations
of cattle fed these supplements. Whole soybean supplementation de-
creases intake, digestibility, acetate production, protozoa population,
and fibrolytic rumen bacteria. The use of soybean hulls without oil
supplementation may be effective for increasing the digestibility of CP
and the rumen population of R. albus in finishing Nellore steers grazing
B. brizantha cultivar Xaraés during the dry season.
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