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Ouellet, D. R., Faucitano, L., Pellerin, D., D’Amours, M. and Berthiaume, R. 2008. Feeding strategies for improving
productivity of growing steers fed grass silage. Can. J. Anim. Sci. 88: 685-692. Two experiments were conducted to
determine the relationship between corn particle size and soybean meal treatment on growth, diet digestibility, and
nitrogen balance of growing steers. In the first experiment, 40 medium-frame beef steers (250 + 11 kg) were fed individually
for 140 d a diet based on grass silage offered for ad libitum consumption and supplemented with either 3.5 kg of DM d !
of cracked corn (CC) or ground corn (GC) and with 450 g of DM d ' of solvent extracted (SS) or lignosulfonate-treated
soybean meal (Soypass™; SP). Dry matter intake was not affected by treatments and averaged 8.6 +0.3 kg d ! (P >0.10).
Average daily gain was higher for animals receiving the ground corn than those fed cracked corn. Feed to gain ratio was
not affected by treatments. There was an interaction between treatments for plasma urea-N concentration, with source of
soybean meal having no effect with CC. When compared with SS, SP supplement reduced plasma urea-N when fed with
GC. No effect of soybean meal and its interaction with corn processing was observed on growth performance. In the
second experiment four additional steers were used in a 4 x 4 Latin square design to evaluate diet digestibility and nitrogen
balance. There was an interaction between treatments for starch apparent digestibility and N retained, the values being
respectively, 90, 86, 93, and 92% (SEM =1.2; P <0.01) and 36, 42, 44 and 41 g d~' (SEM =2.8; P <0.03) for CCSS,
CCSP, GCSS and GCSP, respectively. Altogether, the results indicate a slight advantage to reduce particle size of corn in
growing steers fed grass silage. However, soybean meal treatment resulted in limited effects on growth and digestion.
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Ouellet, D. R., Faucitano, L., Pellerin, D., D’Amours, M. et Berthiaume, R. 2008. Stratégies alimentaires pour améliorer la
productivité des bouvillons alimentés avec de ’ensilage d’herbe. Can. J. Anim. Sci. 88: 685-692. Deux expériences ont été
réalisées pour déterminer la relation entre la taille des particules de mais grain et le traitement du tourteau de soya sur la
digestibilité de la ration, la croissance et le bilan azoté de bouvillons. Dans la premiére expérience, quarante bouvillons
d’ossature moyenne (250+11 kg) ont été alimentés individuellement durant 140 jours avec une di¢te a base d’ensilage
d’herbe offerte pour une consommation a volonté et complémentée avec soit 3,5 kg de matiére séche par jour de mais
moulu (MM) ou de mais cass¢ (MC) et avec 450 g par jour de tourteau de soya extrait au solvant (SS) ou traitée au
lignosulfonate (Soypass TM; SL). La matiére seche ingérée (8,6 +0,3 kg par jour) n’a pas été affectée par les traitements
(P >0,10). Le gain moyen quotidien a été supérieur pour les animaux recevant le mais moulu que pour ceux alimentés avec
le mais cassé. L’efficacité alimentaire (ingestion sur gain) n’a pas été affectée par les traitements. Il y a eu une interaction
entre les traitements pour la concentration de ’azote uréique plasmatique. La source de tourteau de soya n’ayant pas
d’effet sur la concentration de 1'urée plasmatique avec le mais cassé. Alors que, comparé au SS, le supplément SL réduisait
I'urée plasmatique lorsque alimenté avec le mais moulu. Dans la seconde expérience, quatre bouvillons additionnels ont été
utilisés dans un dispositif en carré latin 4 x4 pour évaluer la digestibilité de la diéte et le bilan azoté. Il y a eu une
interaction entre les traitements pour la digestibilit¢ apparente de I'amidon et I'azote retenue, les valeurs étant
respectivement, 90, 86, 93, et 92% (erreur-type =1,2; P <0,01) et 36, 42, 44 et 41 g d-! (erreur-type =2,8; P <0,03) for
MCSS, MCSL, MMSS et MMSL, respectivement. L’ensemble des résultats présentés dans cette ¢tude indique un léger
avantage de réduire la taille des particules du mais pour des bouvillons en croissance alors que des effets limités du
traitement du tourteau de soya furent observés.

Mots clés: Hydrate de carbone, protéines non dégradées, performance, bouvillons

Abbreviations: AA, amino acids; ADF, acid
detergent fiber; ADG, average daily gain; CC,
cracked corn; CP, crude protein; DM, dry matter;
DMI, dry matter intake; GC, ground corn; MP,
metabolizable protein; MPS, microbial protein

Sustained growth rate of steers is conditional on the
important contribution of metabolizable protein (MP)
at the duodenum and energy supply. The MP is
composed predominantly of microbial protein and the
diectary N that escapes ruminal degradation (National synthesis; NPN, non-protein nitrogen; RUP, rumen
Research Council 1996). On the other hand, energy undegraded protein; SS, solvent extracted soybean
supply refers mainly to fermentable organic matter meal; SP, lignosulfonate-treated soybean meal
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digested in the rumen to allow microbial growth and to
produce volatile fatty acids or nutrients digested post-
rumenally (Firkins et al. 2006). Still today, results from
the interactions between dietary protein and energy
supply are difficult to predict (Schroeder and Titge-
meyer, 2008; Keane 2005) and they need to be investi-
gated to define better feeding strategies to balance
nutrients and insurance optimum use of them.

In growing steers fed grass silage, MP supply has been
shown to be limited mainly because of the large fraction
of N that rapidly generates ammonia in the rumen. This
ammonia can be captured to produce microbial protein
if fermentable energy is provided (Taniguchi et al. 1995).
In beef production systems, corn is largely used as a
dietary energy source (Galyean et al. 1979) but ruminal
digestion of starch from dry corn has been reported to
be low as compared with other grain sources (Hunting-
ton 1997). Galyean et al. (1979), however, reported that
reduction of dry corn particle size increased starch
digestion in the rumen, which in turn could improve
microbial protein synthesis (MPS) from energy released
from starch fermentation (Huntington 1997).

Another approach to improve growing performance
of steers fed grass silage has been the addition of a
supplement high in rumen undegraded protein (RUP) to
the diet (Veira et al. 1994). This directly provides
additional feed protein at the duodenum level (Bateman
et al. 2005) although it may decrease MPS (Ipharra-
guerre and Clark 2005). As mentioned above, to
capitalize on true protein at the duodenum level and
on energy supply, diet formulation systems should
combine maximal MPS, adequate RUP, and maximize
energy utilization.

Thus, the objective of the present experiment was to
compare the effect of combining two different sources of
carbohydrate and protein supplements having different
ruminal degradation rates on gain, efficiency and energy
of the diet for growing steers fed grass silage. Diet
digestibility, N balance and plasma amino acid (AA)
profile were also evaluated.

MATERIALS AND METHODS

Animals and Treatments

This study was approved by the Kapuskasing Research
Centre Animal Care Committee and was conducted in
accordance with the guidelines of the Canadian Council
on Animal Care (1993). Forty medium-frame beef steers
(250 £+ 11 kg) were used in an experiment designed as a
rrandomized complete block with a 2 x2 factorial
arrangement of treatments. The treatments included
two types of grain processing and two types of soybean
meal: 3.5 kg of DM d ! of cracked (CC) or ground corn
(GC) and with 450 g of DM d ' of solvent extracted
(SS) or lignosulfonate-treated soybean meal (Soypass®;
SP). All feed supplements were bought from the same lot
at a local feed manufacturer. Diets of steers were
completed by offering grass silage for ad libitum

consumption during a growing phase of 20 wk. The
silage was made from the primary growth of a mixed
sward containing mainly orchard grass (Dactylis glo-
mereta L.). The grass was at the mid- to end elongation
stage at the time of harvest. The material was ensiled
with an 85% solution of formic acid applied at
approximately 2 kg t ' of fresh material before being
stored in a horizontal silo. Silage was offered in the
morning and half of the supplement was put on the top
of the silage in the feed bunk and mixed together by
hand. The remainder of the supplement was fed at 1600
and mixed with the silage already present in the feed
bunk. Water was continuously available.

Steers were housed in an unheated but insulated
enclosed barn with wood shavings as bedding. Five
pens of eight animals were used with two replicates
within each pen. Pens were equipped with electronic
head gates to allow measurement of individual feed
intake, which was recorded daily throughout the experi-
ment. Steers were adapted to the experimental silage and
the Calan gate feeders for 14 d prior to day 0 when
supplements were fed for the first time. On day 2, steers
were injected with 500 000 IU of vitamin A and 75 000
IU of vitamin D. Cattle were also treated for external
parasites [Cydectin®; moxidectin, Wyeth Santé Ani-
male, Guelph, ON, MSD Agvet Division of Merck
Frosst Canada Inc., QC (now Merial Canada, Mon-
treal, QC)]. The steers received anabolic implants
(Synovex-S; Syntex Agribusiness Inc.) on day 14 and
were fed daily a feed additive (300 mg head ' of
lasalocid sodium; Bovatec, Hoffmann-La Roche Lim-
ited, Canada), salt and a mineral supplement to meet
requirements (National Research Council 1996). Silage
was sampled twice a week while other diet ingredients
and orts were sampled once a week. Two-week compo-
site samples were prepared and kept frozen for further
analyses.

Individual steers were weighed (unshrunk) on 3
consecutive days upon initiation and completion of the
trial. Mean weights were reduced 4% to account for
digestive tract fill (Zinn and Shen 1998). Body condition
score was assessed on days 0, 70, and 140 using a six-
point scale (where 0 =emaciated and 5 =obese; Low-
man et al. 1973). A blood sample was taken from all
animals on day 0, before the first experimental meal,
and on dsy 140 before the morning meal. Blood was
obtained by jugular venipuncture into evacuated tubes
containing heparin. Blood samples were immediately
placed on ice and were centrifuged (2500 x g for 12 min
at 4°C) and plasma was frozen at —20°C until analyzed.
Net energy values for each diet were estimated from
National Research Council (1996) and calculated from
observed performance as described by Zinn and Shen
(1998).

Dry matter, nitrogen, energy and starch apparent
digestibility were measured in four additional steers
(initial weight: 248 kg+9) used in a 4 x4 Latin square
design balanced for residual effect. Collection periods
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ran concurrently with the growing phase. Each period
lasted 21 d. Steers were entered into the metabolic crates
for a 7-d period to allow for adaptation to the crates and
the diets. Steer weight was recorded on days 6 and 7.
Based on expected intake and gain of the CCSS diet
(National Research Council 1996), ingredient propor-
tions were set at 54% for grass silage, 40% for corn
source, 5% for soybean meal source, and 1% for
mineral for all periods. On day 8 through day 21, diet
offered to steers was fixed. Ninety percent of the lowest
average intake (% kg DMI kg BW ') recorded during
the ad libitum period, was offered to all steers. A 7-d
total collection of feces and urine was conducted
between day 15 and day 21. Urine was directed by
gravity into a stainless steel pan containing enough
concentrated sulfuric acid to decrease pH below 2.
Representative samples of silage, feces (5%) and urine
(1%) were collected daily and pooled on a weekly basis.
In addition, 20 mL of acidified urine was diluted with 80
mL of distilled water and pooled on a weekly basis for
analysis of purine derivatives.

Chemical Analyses

Corn particle distributions was determined by sieving
samples into five different pore sizes, 8, 5.4, 3.8, 2.0, and
0.8 mm. The pH of grass silage samples was determined
according to Playne and McDonald (1966). Dry matter
of feed was obtained by drying at 100°C for 48 h.
Concentrations of D- and L-lactate in silage were
determined according to the methods of Gawehn and
Bergmeyer (1974) and Gutmann and Wahlefeld (1974),
respectively, with the following modifications: 3 mL of
hydrazine-glycine buffer with NAD were mixed with 60
pL of silage extract (2 g of fresh silage mixed with 20 mL
of 0.1 N HCI kept at 21°C overnight). Readings were
taken at 340 nm (blank); then 25 pL of D-L LDH
solution were added, and samples were sealed and left at
21°C for 1 h before reading at the same wavelength.
Volatile fatty acids in silage were determined by gas
chromatography (Varian model 3400; Varian Canada,
Inc., Mississauga, ON) on an aliquot of the deprotei-
nized extract using 2-ethyl-butyric acid as the internal
standard. Protein N in silage was analyzed using an
acidified extract (20 g of fresh sample in 200 mL of 0.01
N HCI agitated at 21°C for 22 h) and deproteinized with
TCA (Siddons et al. 1979). Nitrogen determinations (N,
protein N and NH;-N) were done by the Kjeldahl
method [Association of Official Analytical Chemists
(1995), method 954.01]. The acid detergent fiber com-
ponent was analyzed by refluxing [Association of
Official Analytical Chemists (1995), method 973.18]
and the neutral detergent fiber component was mea-
sured according to the procedures of Van Soest et al.
(1991) with heat-stable a-amylase and without sodium
sulfite. Gross energy of wet silage, wet feces, and wet
urine was measured with an adiabatic bomb calorimeter
(model 1241; Parr Instrument Co., Moline, IL). Starch
in dietary ingredients (kit 207 748; Boehringer Man-

heim, Xygen Diagnostics, Burgersville, ON) and plasma
urea concentration [Stanbio Enzymatic Urea Nitrogen
(PUN) procedure no. 2050, Stanbio Laboratory, TX]
were analyzed by colorimetric methods. Ash content
was determined by burning samples in an electric muffle
furnace at 550°C for 24 h. For AA concentration, 200
pL of norleucine (0.5 M) were added to 1 mL of plasma
and the mixture was deproteinized with 25 mg sulfosa-
lisylic acid for 1 h at 4°C. The mixture was centrifuged at
25 000 x g for 15 min at 4°C and then the supernatant
was analyzed by ion-exchange chromatography with
ninhydrin as the colorimetric reagent (LKB 4400 Amino
Acid Analyzer, LKB Biochrom Ltd., Cambridge, UK).
Purine derivatives in urine were analyzed by HPLC
(Balcells et al. 1992) and bacterial nitrogen entering the
duodenum was estimated using the calculation as
described by Chen and Gomez (1992).

Statistical Analyses

Data measured daily were averaged by week and
analyzed using the mixed linear model (SAS Institute,
Inc. 2000) according to a randomized complete block
design with treatments and time as fixed factors, and
block (pen) as random factor. For body condition score,
plasma urea and AA concentrations, various variance-
covariance matrices were attempted to perform the
repeated measure analysis, and the one that produced
the lowest Akaike Information Criterion value was used
in the final analysis for each variable.

Coefficients of digestibility and data from nitrogen
balance were tested using the 4 x4 Latin square design
with the mixed linear model with experimental period
and treatment as fixed factors, and animal as a random
factor.

RESULTS AND DISCUSSION
Concentration of CP and fiber in the grass silage
indicated that the forage was harvested at an early stage
of maturity (Table 1). The observed concentration of
VFA and ammonia-N in the silage suggested adequate
fermentation had occurred (Demarquilly 1990). More
than 82% of particles in cracked corn were between 2
and 8 mm whereas 96% of particles in ground corn were
smaller than 2 mm, of which 60% were smaller than 0.8
mm. There were no differences in chemical composition
between the two sources of corn, except for the soluble
protein content which was slightly lower for the ground
corn and this fraction contained less non-protein nitro-
gen (NPN). As compared with SS, SP contained similar
N, but was lower in soluble N and NPN; N bound to
fiber increased. Steers ingested on average between 4.3
and 5.2 kg of silage per day resulting in CP intakes
differing by less than 300 g d ~'. Intakes of NE,, and
NE, were similar between treatments as estimated
according to National Research Council (1996; Table 2).

As compared with steers fed cracked corn, final
shrunk body weight (BW) was higher (P <0.05) and
total DMI tended to be higher (P =0.09) for steers
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Table 1. Chemical composition of the feeds

Grass silage” Cracked corn

Ground corn

Solvent extracted
soybean meal

Lignosulfonate-treated
soybean meal (Soypass®)

DM (g kg™ 23.5 88.8
N x6.25 (% DM) 15.1 8.7
ADF (% DM) 30.7 3.0
NDF (%DM) 42.7 11.6
ADF-N (% DM) 0.10 0.02
NDF-N (% DM) 0.33 0.11
Starch (% DM) 0.23 62.0
ADL (% DM) 4.5 —
Ash (% DM) 8.5 1.5
Soluble protein (% CP) 50.5 27.1
NPN (% soluble protein) 94.5 27.4

87.1 88.7 90.9
9.5 50.8 48.6
3.5 6.3 8.6

11.5 7.6 24.7
0.03 0.3 0.4
0.13 0.6 2.3

61.9 4.9 3.8
1.4 6.3 6.5

23.6 22.1 4.5

11.8 37.8 5.1

“Grass silage had (% DM basis); 0.14% ammonia-N, 8.10% D-L-Lactic acid, 8.7% acetic acid, 0.01% propionic acid and 0.12% butyric acid. Silage

pH was 3.9.

supplemented with ground corn resulting in similar total
DMI between corn sources when expressed as a g per kg
of metabolic body weight (Table 3). In an experiment
where steers were fed 1:1 ground alfalfa hay and ground
or cracked corn, Embry et al. (1966) reported no effect
of corn particle size on BW and intake. An increase of
starch digested in the rumen, often observed after
reduction of particle size (Nocek and Tamminga
1991), may cause a decline in DMI (Huntington 1997).
However, this was not observed in the present study
when GC was compared with CC. Forage:corn ratio
combined with the mode of distribution may have

Table 2. Feed ingredients intake and chemicals composition of diets

Treatment”

CCSS CCSP  GCSS  GCSp

DM intake (kg d~")

Grass silage 4.32 4.59 4.59 5.22
Corn grain source 3.5 3.5 3.5 3.5
Soybean meal source 0.45 0.45 0.45 0.45
Mineral® 0.077  0.077 0.077  0.077
Composition

DM (%) 36.2 36.2 35.6 34.4
N x6.25 (% DM) 14.3 14.3 14.8 14.7

Degradable N (% of total N)* 74.2 67.8 73.6 67.6

NE (Mcal kg= )"
Maintenance 1.94 1.91 1.95 1.90
Gain 1.11 1.09 1.12 1.08

“CCSS =supplement of cracked corn and solvent extracted soybean
meal, CCSP =supplement of cracked corn and lignosulfonate-treated
soybean meal, GCSS =supplement of ground corn and solvent
extracted soybean meal, GCSP =supplement of ground corn and
lignosulfonate-treated soybean meal.

YMineral =64.9% trace mineralized salt, 13% mono-dicalcium phos-
phate, 19.5% premix selenium 200, and 2.6% Bovatec.

*Degradable N estimated from National Research Council (1996). The
rumen undegradable protein for the SS and SP were estimated at 35
and 72% of total protein (National Research Council 2001).
“Estimated based on National Research Council (1996) Level 2.

limited overconsumption of rapidly fermentable starch
thus reducing the negative effect on total DMI.

As compared with steers receiving SS, animals sup-
plemented with SP tended to have higher BW (P =0.07)
and this can be partly explained by a tendency of higher
intake (P <0.10), expressed as kg per d or g per kg of
metabolic body weight (Table 3). As compared with
unsupplemented grass silage, Huhtanen (1998) observed
an increase in DMI with no improvement in diet organic
matter digestibility of grass silage supplemented with
rapeseed meal, suggesting that post-ruminal mechan-
isms were involved in regulation of silage DMI.

Average daily gain tended to be higher (P =0.06) for
steers fed GC vs. CC source. When intake was not
negatively affected by reduction of grain particle size,
positive effects of particle size reduction have been
observed on ADG (Embry et al. 1966). This could be
partly explained by a greater use of dietary starch and
energy (Wilkerson et al. 1997). The estimations of the
net energy of maintenance and gain of the GC diet were
numerically higher than that of the CC diet; however,
these differences were not statistically different. Body
condition score was similar at the beginning of the
experiment but tended to be higher (P =0.06) at day 70
for animals fed GC vs. those fed CC (Table 3). However
at day 140, body condition score tended to be higher
(P <0.09) for animals fed SP as compared with steers
fed SS. These observations suggest that more fat
deposition occurred between days 0 and 70 for animals
fed GC than for those fed CC, then afterwards, although
animals fed GC had a reduction in their body condition
score, the animals fed CCSS were unable to compensate,
while those fed CCSP showed a stable body condition
score between day 70 and 140.

On average, 2.03% kg DMI kg BW ! was offered
during the feces and urine collection period. This level of
intake represented 84% of DMI of steers kept in pens.
There was an interaction (P <0.01) between supplement
sources for the apparent digestibility of starch (Table 4).
For steers fed CC the substitution of SP for SS
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Table 3. Performance of steers fed grass silage supplemented with different sources of corn and soybean meal

Treatment” Probability
Item CCSS CCSP GCSS GCSP SEM Cornsource Soybean meal source Corn X Soybean meal
Initial body weight (kg)* 248 252 249 11.2 0.98 0.15 0.87
Final body weight (kg)¥ 431 440 442 12.0 0.04 0.08 0.99
Intake (kg d ") 8.3 8.5 8.5 92 027 0.09 0.09 0.47
Intake (g kg body weight ~%7%) 1049 1084 1068 1139  3.02 0.22 0.09 0.56
ADG (kg d™ 1) 1.31 .36 1.39 145 0.05 0.06 0.22 0.92
Feed to gain ratio (kg of DMI kgof gain™") 632  6.31 6.16 6.40 0.18 0.82 0.46 0.43
Body condition score®
Day 0 2.55 266 255 260 0.06 0.64 0.20 0.64
Day 70 315 325 335 334 0.08 0.06 0.55 0.49
Day 140 3.00 321 320 321 0.06 0.11 0.09 0.11
Dietary net energy (Mcal kg~ )"
Maintenance 1.83  1.83 1.87 0.03 0.74 0.38 0.48
Gain .20 1.19 1.23 0.04 0.74 0.38 0.48
Observed/expected dietary net energy (Mcal kg~ ")
Maintenance 095 096 096 096 0.02 0.74 0.80 0.67
Gain 1.08 1.09 1.10 1.09 0.03 0.74 0.82 0.74
Estimated urinary N loss (g d ~')" 56 57 61 3 0.10 0.84 0.68

“CCSS =supplement of cracked corn and solvent extracted soybean meal, CCSP =supplement of cracked corn and lignosulfonate-treated soybean
meal, GCSS =supplement of ground corn and solvent extracted soybean meal, GCSP =supplement of ground corn and lignosulfonate-treated

soybean meal.
YBody weight reduced 4% to account for fill.

*Body condition score was assessed using a six-point scale (from 0 =emaciated to 5 =obese; Lowman et al. 1973).

“Calculated as described by Zinn and Shen (1998).

YCalculated as described by Kohn et al. (2005; Urinary N =renal clearance rate x final blood urea N/final body weight).

decreased starch digestibility from 90.2 to 85.9%, while,
for steers fed GC, there was no change related to protein
sources, resulting in an average value of 92.5%. Theurer
et al. (1999) reported that ruminal starch digestibility
was highly correlated with total tract starch digestibility.
Thus, this suggests a negative effect on ruminal starch
degradability when removing ruminal N provided by the
SS supplement, although the basal diet was providing
substantial soluble N from silage. In contrast, higher
total tract digestibility of total non-structural carbohy-
drate was observed when dietary undegradable CP was
increased (Bruckental et al. 2002) or following abomasal
infusion of casein (Richards et al. 2002).

Apparent digestibility of NDF tended to be lower
(P =0.07) and was numerically lower for ADF for GC
than for CC supplemented diets (Table 4). Overton et al.
(1995) suggested that differences in fiber digestibility in
the total tract are similar to differences found in ruminal
fiber digestibility. This result agrees with the observation
made by Firkins et al. (2001), who reported that
increasing the digestibility of the grain by grinding
decreased ruminal NDF digestibility.

There was no effect of treatment on apparent digest-
ibility of N, but there was an interaction (P <0.05;
Table 4) between treatments for N retained. Although it
is recognized that balance studies may overestimate N
retention, results showed that for steers fed CC, the
substitution of SP for SS increased N retention, while a
small decrease was observed for animals fed GC. This
beneficial effect of SP with CC diet is in agreement with

ADG observed for steers during the growth experiment
although steers fed CCSP ingested 200 g DM more as
compared with those fed CCSS. Estimates of MP
calculated from National Research Council (1996)
indicated that MP originating from bacteria was slightly
higher for CCSP and CCSS (647 and 636 g d™ ' for
CCSP and CCSS, respectively) and MP from UIP was
74 g d " more for steers fed CCSP (327 vs. 253 gd !,
for CCSP and CCSS, respectively). Using the model
developed by Kohn et al. (2005) to evaluate urinary N
loss from renal clearance, blood urea N and BW, our
results at the end of the growing phase indicated that
there were a tendency (P <0.10) for steers fed GC to
lose more urinary N than those fed CC (Table 3). When
N loss was expressed as percent of N intake, an
interaction (P <0.03) between corn and protein sources
was observed (74.5, 70.8, 69.8 and 71.3 SEM =2.3 for
CCSS, CCSP, GCSS, and GCSP, respectively) indicat-
ing that the diet that minimized N loss was GCSS; on
the other hand, the diet maximizing N loss was CCSS.

Using urinary purine derivatives to estimate bacterial-
N flux at the duodenum indicated that steers fed SP
tended to have higher (P =0.09) flows as compared with
steers fed SS (78 and 71 ¢ N d~' SEM =5 for SP and
SS, respectively). None of the measurements examined
during the balance experiment could explain this ob-
servation. However, a meta-analysis presenting the
impacts of dietary RUP on microbial N reaching the
duodenum indicated an increased outflow of microbial
N with heated or extruded soybean meal as compared
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Table 4. Apparent total tract nutrient digestibility and nitrogen (N) balance of steers fed grass silage supplemented with different sources of corn and

soybean meal

Treatment” Probability
Item CCSS CCSP GCSS GCSP SEM Corn source  Soybean meal source  Corn x soybean meal
DM (%) 713 719 73.3 719 12 0.12 0.48 0.10
Starch (%) 90.2 859 92.6 923 12 <0.001 0.01 0.01
N (%) 60.0 624  64.0 624 1.6 0.20 0.77 0.20
ADF (%) 672 683 66.3 648 23 0.33 0.92 0.55
NDF (%) 66.2  68.7 65.4 63.1 1.5 0.07 0.93 0.14
N intake (g d ") 143 146 148 143 5.0 0.78 0.82 0.36
Feces (g d 1) 57 55 54 55 2.9 0.37 0.86 0.43
Urine (g d ") 50 49 50 47 4.4 0.82 0.47 0.77
N retained (g d ") 36 42 44 41 2.8 0.06 0.35 0.03
Total purine derivatives (mmol d ~1) 113 120 110 121 6 0.85 0.08 0.62
Allantoin (mmol d ") 89 92 86 96 5 0.86 0.15 0.35
Uric acid (mmol d ") 24 28 24 24 3 0.33 0.32 0.31
Duodenal microbial N (g of N d 1) 72 78 69 79 5 0.83 0.09 0.64

“CCSS =supplement of cracked corn and solvent extracted soybean meal, CCSP =supplement of cracked corn and lignosulfonate-treated soybean
meal, GCSS =supplement of ground corn and solvent extracted soybean meal, GCSP =supplement of ground corn and lignosulfonate-treated

soybean meal.

with solvent-extracted soybean meal, while corn gluten
meal, fishmeal or animal meal sources decreased micro-
bial N (Ipharraguerre and Clark 2005). Still, results
presented in the present study should be taken with
caution given that feedstuffs containing high RUP may
interfere with the purine derivatives method (Vicente et
al. 2004).

An interaction (P <0.05) between treatments was
observed for the average value of plasma urea-N
concentration (Table 5); steers receiving GCSS and
GCSP having, respectively, the highest and lowest

concentration of plasma urea-N as compared with
CCSS and CCSP. There was, however, no interaction
(P >0.10) observed between day x treatment indicating
a similar decrease of plasma urea-N concentration
during the experimental period. Metabolizable protein
intake was similar between diets given that the highest
difference was only 190 g d~' (889 to 1082 g d~';
National Research Council 1996). Similarly, in lactating
dairy cows, Blouin et al. (2002) observed no difference in
plasma urea-N concentration with an intake difference
of 275 g per d of MP (1654 and 1930 gd ~ ' of MP). This

Table 5. Plasma urea-N (mg 100 mL~") and amino acid (uM) concentration on day 0 and 140 of steers fed grass silage supplemented with different

sources of corn and soybean meal

Treatment” Probability”

CCSS CCSP GCSS GCSP SEM  Corn Soybean Corn x

source meal source soybean
meal

Item do d 140 do d 140 do d 140 do d 140

Urea-N 14.45 9.96 14.49 10.16 15.98 10.65 13.56 1020  0.54 0.38 0.09 0.05
Total AA 2180 1781 2199 1862 2154 1792 2388 1783 14 0.76 0.30 0.68
Essential AA 723 748 743 860 773 793 842 790 54 0.32 0.12 0.60
Non-essential AA 1446 1006 1457 1034 1374 990.0 1549 1004 89 0.90 0.27 0.46
Branched-chain AA 388 455 389 502 392 470 446 452 22 0.68 0.15 0.79
Leucine 116.9 162.6 1154 170.4 1154 164.2 131.0 148.1 7.0 0.73 0.76 0.72
Valine 192.3 206.8 193.4 231.7 195.4 220.1 226.0 215.8 11.8 0.27 0.09 0.99
Isoleucine 78.7 86.1 80.1 100.0 81.7 85.6 88.8 85.7 6.3 0.86 0.19 0.64
Arginine 85.3 65.4 98.7 85.9 81.8 66.4 112.5 86.7 16.2 0.77 0.05 0.68
Histidine 47.1 46.8 51.0 54.9 66.2 52.1 58.6 67.3 11.8 0.15 0.51 0.89
Lysine 98.8 88.2 96.4 119.7 103.5 114.2 106.6 98.8 152 0.61 0.67 0.29
Methionine 11.5 11.3 11.8 14.5 9.6 11.8 13.4 8.9 2.1 0.29 0.41 0.63

“CCSS =supplement of cracked corn and solvent extracted soybean meal, CCSP =supplement of cracked corn and lignosulfonate-treated soybean
meal, GCSS =supplement of ground corn and solvent extracted soybean meal, GCSP =supplement of ground corn and lignosulfonate-treated

soybean meal.

YTime effect (P <0.05) was observed for the concentration of urea-N, total AA, non essential AA, branched-chain AA, leucine, valine, arginine, and
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contrasts with results presented with steers fed rations
formulated from low to moderate MP (i.e., 369 to 561 g
d~'; Huntington et al. 2001).

Plasma concentration of total AA decreased (P <
0.01) from day 0 to day 140. This was mainly caused
by the decline in non-essential AA (P <0.01). This may
be associated with rapid growth due to tissue uptake of
AA (Oltjen and Putnam 1966). The plasma concentra-
tion of branched-chain AA increased during the experi-
ment (P <0.01). This resulted from an increased
concentration of leucine, valine and isoleucine (P <
0.01, P<0.08, and P <0.04, respectively). There was
an interaction (P =0.04) between treatment and sam-
pling day for branched-chain AA and leucine indicating
that steers fed SS had a higher increase as compared
with those fed SP. In steers fed purified diets supple-
mented with urea as compared with isolated soy protein,
a limited amount of volatile fatty acids were produced in
the rumen explaining a decline in plasma concentration
of branched-chain AA (Oltjen and Putnam 1966).
Between day 0 and day 140, plasma concentration of
arginine tended to decrease. Plasma concentration of
arginine was higher (P <0.05) in steers fed SP than those
fed SS. This can be associated with the increase in
plasma leucine concentration (Delaney et al. 2001).
There was no effect of treatment, time or treatment x
time interaction on plasma concentration of histidine,
lysine, and methionine.

CONCLUSIONS

Supplementing ground corn to growing steers fed grass
silage diet had a positive effect on average daily gain
when compared with cracked corn. There was no
beneficial effect of substituting lignosulfonate soybean
meal for solvent-extracted soybean meal on animal
performance. No interaction was observed between
treatments on intake, ADG or feed to gain ratio
measured during the growing phase of steers. During
the digestion experiment, a slight advantage was ob-
served when lignosulfonate soybean meal was fed in
combination with ground corn on nitrogen retention.
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