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ABSTRACT: Brassica carinata is a new oilseed crop
with the potential of producing high-quality jet bio-
fuel. A high-protein meal (~40% crude protein) is
obtained as a byproduct of hexane-solvent oil extrac-
tion; however, limited research is available on the use
of this meal as a protein supplement for beef cat-
tle. A duplicated 4 X 4 Latin square design was used
to determine the effects of supplementation with
B. carinata meal on ruminal fermentation, digestibil-
ity, and blood metabolites in beef cattle consuming
bahiagrass hay (Paspalum notatum Fliiggé), com-
pared with frequently used protein supplements.
Eight Angus crossbred steers (473 £ 119 kg initial
BW) were randomly allocated to 8 pens, over 4
periods of 28-d each. Within period, steers were
assigned to 1 of 4 treatments: 1) 1.62 kg/d cotton-
seed meal (CSM); 2) 2.15 kg/d dry distillers grains
plus solubles (DDGS); 3) 1.39 kg/d B. carinata meal
pellets (BCM); or 4) 1.17 kg/d soybean meal (SBM),
supplemented daily, on an isonitrogenous basis.
Steers had ad libitum access to bahiagrass hay and
water. Intake was measured using the GrowSafe
system. Following a 14-d adaptation, feed and fecal
samples were collected to determine apparent total
tract nutrient digestibility using indigestible NDF as

an internal marker. Blood and ruminal fluid samples
were collected before providing the protein supple-
ments and then every 3 h, during a 24-h period, to
analyze urea nitrogen (PUN) and glucose in plasma,
as well as ruminal pH, ammonia nitrogen (NH,-N),
and VFA concentrations. Data were analyzed using
PROC MIXED of SAS with repeated measures.
Model included the fixed effects of treatment, time,
treatment X time, square, and period, and the ran-
dom effects of steer(square) and steer(treatment).
No effect of treatment (P > 0.05) was observed for
pH, NH.-N, or glucose concentration. An effect of
treatment (P < 0.01) was observed for PUN, with
steers receiving SBM having greater concentra-
tions. A treatment X time interaction was observed
(P < 0.05) for total VFA concentration, acetate to
propionate ratio, and molar proportions of acetate,
propionate, butyrate, and valerate. Steers consuming
SBM had greater molar proportions of branched-
chain VFA (P < 0.01) compared with CSM and
DDGS. There was no effect of treatment (P > 0.05)
on intake or apparent total tract digestibility of
nutrients. Brassica carinata performed similarly to
commonly used protein supplements indicating its
viability as a protein supplement for beef cattle.
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INTRODUCTION

Brassica carinata is a nonfood oilseed crop with
a favorable very long-chain fatty acid composition
for conversion to biofuel (Marillia et al., 2013).
Oil extracted from the seed has been utilized as
a 100% drop-in jet biofuel, promoting the use of
B. carinata as a renewable and potentially sustain-
able resource (Agriculture and Agri-Food Canada
[AAFC], 2015). In the southeastern United States,
B. carinata would be an ideal candidate for use in
crop rotation and cover crop due to its heat and
drought tolerance, and cold and disease resistance
(AAFC, 2015; Seepaul et al., 2016). A high-protein
meal residue (~40% crude protein; CP) is obtained
as a byproduct of hexane-solvent oil extraction.

As the southeastern United States is typically
comprised of cow-calf operations, cattle often
graze warm-season C4 grass pastures of limited
nutritive value, which are inadequate in supporting
high levels of production, especially during criti-
cal periods such as winter and various growth and
production stages of cattle, requiring supplementa-
tion of protein (Hersom et al., 2011; McBride and
Matthews, 2011). Common protein supplements in
this region, such as cottonseed and soybean meal,
result from byproducts of various industries and
in conjunction with the poor-quality hay availa-
ble during winter, provide an opportunity to meet
the nutritional requirements of growing cattle
(Schulmeister et al., 2015). Brassica carinata meal
has been evaluated as a high-quality source of CP
for ruminants utilizing an in situ procedure (Xin
and Yu, 2014), a feeding trial utilizing Holstein
heifers (Rodriguez-Hernandez and Anderson,
2018), and a regulatory study utilizing weaned
steer calves (McKinnon and Damiran, 2015,
unpublished research report); however, research
in feeding B. carinata to beef cattle is limited. We
hypothesized that feeding B. carinata would result
in similar effects on intake, digestibility, ruminal
fermentation parameters, and blood profile as
common protein supplements. The objective of
this study was to evaluate the effects of supplemen-
tation with B. carinata meal in comparison with
common protein supplements on ruminant metab-
olism, blood metabolites, and apparent total tract
digestibility of nutrients in Angus crossbred steers
consuming bahiagrass hay.

MATERIALS AND METHODS

All procedures involving animals were approved
by the University of Florida Institutional Animal
Care and Use Committee, study #201308011.

Experimental Design, Animals, and Treatments

The experiment was conducted at the University
of Florida, Feed Efficiency Facility (FEF) in
Marianna, FL, beginning in October 2014. Eight
ruminally cannulated Angus crossbred steers (473 *
119 kg of initial BW) were used in a duplicated 4 X
4 Latin square design conducted over 4 consecutive
28-d periods. Steers were randomly allocated to 8
pens, and within each period, steers were randomly
assigned to 1 of 4 treatments: 1) 1.39 kg/d B. cari-
nata meal pellets [BCM; hexane-solvent extracted,
low glucosinolate carinata meal (Agrisoma
Biosciences, Inc., Gatlineau, Quebec)]; 2) 1.62 kg/d
cottonseed meal (CSM); 3) 2.15 kg/d dry distillers
grain plus solubles (DDGS); or 4) 1.17 kg/d soy-
bean meal (SBM), supplemented daily. Diets were
formulated to meet or exceed nutrient require-
ments of mature beef steers (National Academies
of Sciences, Engineering, and Medicine [NASEM],
2016). Treatments were calculated to be isonitrog-
enous based on total nitrogen provided by sup-
plementation of 1.39 kg/d of BCM at 0.3% of the
steers’ average BW. On day 0, after 16 h of feed and
water withdrawal, steers were shrunk weighed and
housed individually in pens at the FEF with ad
libitum access to water and bahiagrass hay. Each
pen at the FEF was equipped with 2 GrowSafe feed
bunks (GrowSafe System, Ltd., Airdrie, Alberta,
Canada) to record individual hay intake by weight
change measured to the nearest gram. Steers were
acclimated to the facility, hay, and supplements
from days 0 to 14, and days 14 through 18 consisted
of a digestibility measurement period in which hay
and fecal samples were collected twice daily for 4
d each. Day 19 involved the collection of ruminal
fluid, ruminal pH, and blood every 3 h during a
24-h collection period. All procedures described
were performed similarly for each of the 4 periods.

Ruminal Fluid, pH, and Blood Sampling

Ruminal fluid and blood samples were col-
lected before feeding (0 h) and every 3 h postfeed-
ing for 24 h. Ruminal fluid was strained from a
representative sample of digesta through 4 layers
of cheesecloth and pH was immediately measured
using a manual pH meter (Corning Pinnacle M 530,
Corning, Inc., Corning, NY). A 10-mL sample was
taken and 0.1 mL of a 20% (vol/vol) H,SO, solu-
tion was added to stop fermentation. Ruminal fluid
samples were immediately placed in ice and later
stored at —20 °C for further analysis. Blood sam-
ples were collected from jugular venipuncture in
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10-mL evacuated tubes containing sodium heparin,
placed on ice following collection, and centrifuged
for 15 min at 4,000 X g at 4 °C. After centrifuga-
tion, plasma was transferred into polypropylene
vials (12 X 75 mm; Fisherbrand; Thermo Fisher
Scientific, Inc., Waltham, MA) and stored at
—20 °C for further analysis.

Beginning on days 14 and 15, hay and fecal sam-
ples were collected, respectively, for 4 consecutive
days to determine apparent total tract digestibility
of DM, OM, CP, NDF, and ADF. Hay samples
were collected twice daily immediately after deliv-
ery of protein supplement and stored at —20 °C.
Fecal samples were collected twice daily at 0800
and 1600 h from the ground, inside the pen, imme-
diately after the animal defecated. After collection,
fecal samples were immediately placed in ice and
later stored at —20 °C. At the end of each period,
hay and fecal samples were thawed and dried at
55 °C for 48 h in a forced-air oven, ground in a
Wiley mill (Arthur H. Thomas Co., Philadelphia,
PA) to pass a 2-mm screen, and pooled within steer
for further determination of nutrient composition
and digestibility marker concentration. Indigestible
NDF (iNDF) was used as an internal indigestible
marker (Cole et al., 2011; Krizsan and Huhtanen,
2013).

Laboratory Analyses

Supplement subsamples were weighed (0.50 g)
in duplicate, dried in a forced-air oven at 100 °C
overnight to calculate sample DM, and subse-
quently ashed in a muffle furnace at 650 °C for 6 h
to calculate OM. To determine NDF concentra-
tion, samples were weighed (0.50 g) in duplicate in
F57 filter bags and analyzed in an Ankom 200 Fiber
Analyzer (Ankom Technology Corp., Macedon,
NY) using sodium sulfite and heat-stable a-amylase.
Samples were subsequently analyzed for ADF con-
centration as described by Van Soest et al. (1991).
Concentration of iNDF in hay and feces was deter-
mined as described by Cole et al. (2011) with modifi-
cations proposed by Krizsan and Huhtanen (2013).
Briefly, samples were weighed (0.50 g) into Ankom
F57 filter bags and then incubated at 39 °C using
a 4:1 ratio of McDougall’s buffer:ruminal fluid in
a Daisy" incubator (Ankom Technology Corp.) for
288 h to ensure complete digestion of potentially
digestible NDF fraction. After incubation, samples
were rinsed and analyzed for NDF concentration
as described previously. Concentrations of nitro-
gen (N) in feed and feces were determined by rapid
combustion using a micro elemental N analyzer

(Vario Micro cube, Elementar Analysensysteme
GmbH., Langenselbold, Germany), following
official method 992.15 (Association of Analytical
Communities [AOAC], 1995) with CP calculated
as concentrations of N multiplied by 6.25. Protein
supplements and bahiagrass hay were analyzed for
nutrient composition by a commercial laboratory
(Dairy One Forage Laboratory, Ithaca, NY). Total
digestible nutrients (TDN) were calculated by Dairy
One Forage Laboratory, and nonfibrous carbohy-
drate (NFC, %) was calculated as NFC = 100 —
(CP, % + NDF, % + Ash, % + EE, %).

Ruminal Fluid and Blood Profile Assay Procedures

Concentration of VFA in ruminal fluid samples
was determined in a liquid-liquid solvent extrac-
tion using ethyl acetate (Ruiz-Moreno et al., 2015).
Samples were centrifuged for 15 min at 10,000 x
g. Ruminal fluid supernatant was mixed with a
meta-phosphoric acid:crotonic acid (internal stand-
ard) solution at a 5:1 ratio and samples were frozen
overnight, thawed, and centrifuged for 15 min at
10,000 X g. Supernatant was transferred into glass
tubes and mixed with ethyl acetate in a 2:1 ratio of
ethyl acetate to supernatant. After shaking tubes
vigorously and allowing the fractions to separate,
the ethyl acetate fraction (top layer) was transferred
to vials. Samples were analyzed by gas chromatog-
raphy (Agilent 7820A GC, Agilent Technologies,
Palo Alto, CA) using a flame ionization detector
and a capillary column (CP-WAX 58 FFAP 25
m 0.53 mm, Varian CP7767, Varian Analytical
Instruments, Walnut Creek, CA). Column tem-
perature was maintained at 110 °C, and injector
and detector temperatures were 200 and 220 °C,
respectively.

Concentration of ruminal NH,-N was meas-
ured after centrifuging ruminal fluid samples at
10,000 X g for 15 min at 4 °C (Avanti J-E, Beckman
Coulter, Inc., Palo Alto, CA) following the phe-
nol-hypochlorite technique described by Broderick
and Kang (1980) with the following modification:
absorbance was read on 200-pL samples at 620 nm
in flat-bottom 96-well plates using a plate reader
(DU-500, Beckman Coulter, Inc.). Plasma was
analyzed for concentration of urea nitrogen (PUN)
using a quantitative colorimetric kit (B7551-120;
Pointe Scientific, Inc., Canton, MI), with the fol-
lowing modification: absorbance was read on
200-pL samples at 500 nm in flat-bottom 96-well
plates using a plate reader (DU-500, Beckman
Coulter, Inc.). Plasma was analyzed for concentra-
tion of glucose using a quantitative colorimetric
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kit (G7521-1L; Pointe Scientific, Inc., Canton,
MI), with the following modification: absorbance
was read on 200-pL samples at 520 nm in flat-bot-
tom 96-well plates using a plate reader (DU-500,
Beckman Coulter, Inc.). All assays were conducted
in duplicate determinations with subsequent analy-
ses performed when CV were above 5%. Intra- and
inter-assay CV were 1.8% and 1.3%, respectively,
for NH,-N, 1.8% and 0.5%, respectively, for plasma
concentrations of glucose, and 4.4% and 4.3%,
respectively, for PUN.

Statistical Analysis

Data were analyzed as a duplicated 4 X 4 Latin
square with repeated measures for the ruminal
fermentation parameters (NH,-N, pH, and VFA)
and plasma variables (PUN and glucose) using
the MIXED procedure of SAS (SAS Institute,
Inc., Cary, NC), with steer as the experimental
unit (n = 8/treatment). The model for ruminal fer-
mentation parameters included the fixed effects of
treatment, time, the treatment X time interactions,
square, and period; random effects included effects
of steer within square, and steer within treatment.
Covariance structures for repeated measures were
autoregressive and variance components, based
upon the smallest Akaike Information Criterion
values (Littell et al., 1998). The model for intake
and digestibility included the fixed effects of treat-
ment, square, and period, and the random effects
of steer within square. Steer within period was
the subject for repeated measures. In the repeated
measures analysis, when significant time postfeed-
ing effects or time X treatment interactions were

observed, least square means were separated and
compared. Differences between treatment means
were identified by Tukey’s least squares means com-
parison and significance was declared at P < 0.05,
with tendencies considered at 0.05 < P <0.10.

RESULTS AND DISCUSSION

The chemical and nutrient composition of hay
and protein supplements fed to steers is presented
in Table 1. Bahiagrass is a common perennial grass
grown in Florida and is often utilized for grazing
beef cattle or production of hay (Chambliss and
Sollenberger, 1991), despite the poor quality; thus,
additional supplementation with energy and protein
is often necessary to meet the nutritional demands
of cattle (Moore et al., 1991). Common protein
supplements in the Southeast include cottonseed
and soybean meal; yet, the interest in renewable and
sustainable energy has introduced B. carinata meal
as an alternative source of protein for beef cattle.
As a member of the mustard family, Brassicaceae,
which is known for containing high concentrations
of glucosinolates, B. carinata has been developed
to have decreased concentration of glucosinolates
(28 pmol/g; Table 2). Lardy and Kerley (1994) sug-
gested 90 to 140 ymol/g as high concentrations of
glucosinolates in growing crossbred beef steers,
with elevated concentrations potentially resulting
in negative effects on growth performance; as upon
digestion, bacterial myrosinases will degrade the
stable, intact compound possibly resulting in dele-
terious byproducts (Duncan and Milne, 1992).

The nutritive value of the bahiagrass hay
fed to steers in this study was poor as illustrated

Table 1. Analyzed' chemical and nutrient composition (DM basis) of hay and protein supplements fed to

ruminally cannulated Angus crossbred steers

Treatment?

Item Bahiagrass hay? BCM CSM DDGS SBM
DM, % 94.0 89.8 88.9 86.3 90.7
OM, % 94.0 91.6 90.7 91.8 92.3
CP, % 7.2 433 49.2 32.8 52.9
NFC%, % - 21.7 13.2 20.2 28.7
NDEF, % 71.4 23.5 28.6 30.7 10.2
ADF, % 41.8 12.8 18.7 14.3 8.4
TDN?, % 56 80 67 83 79

S, % 0.35 1.75 0.35 0.43 0.39

'Dairy One Forage Testing Laboratory, Ithaca, NY.
*Bahiagrass hay (Paspalum notatum Fliggé).

SBCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);

SBM = soybean meal (1.17 kg/d); composited over 4 periods.
“NFC = nonfibrous carbohydrates.
STDN = total digestible nutrients.
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by the digestible OM or TDN:CP ratio; however,
supplementation with protein would be expected
to increase intake (Moore et al., 1995). Neither
intake nor apparent total tract digestibility of
nutrients was affected (P > 0.10) by protein sup-
plementation (Table 3). Rodriguez-Hernandez and
Anderson (2018) observed a decrease in intake
between heifers consuming 10% of carinata meal
and DDGS during the first week of supplementa-
tion, with intake for the remainder of the study not
affected by treatment. The meal fed to the heifers in
the study of Rodriguez-Hernandez and Anderson
(2018) was produced through the cold pressed

Table 2. The analyzed' content of glucosinolates
derived from Brassica carinata meal

Glucosinolate BCM? (pmol/g) SEM3
Allyl 26.86 1.771
3-butenyl 0.51 0.044
4-pentenyl 0.09 0.013
2-OH-3-butenyl 0.45 0.043
CH3-thiobutenyl 0.09 0.032
Phenylethyl 0.12 0.006
CH3-thiopentenyl 0.19 0.046
3-CH3-indolyl 0.08 0.004
4-OH-3-CH3-indolyl 0.21 0.019

'Analysis conducted by POS Bio-Science (Saskatoon, SK, Canada).
BCM= Brassica carinata meal pellets.
*Pooled standard error of treatment means, n = 5.

extraction method, whereas the meal from the cur-
rent study was produced using the hexane-solvent
extraction, which may affect palatability and con-
sequently intake, as well as digestibility of nutri-
ents. Rodriguez-Hernandez and Anderson (2018)
reported the total tract digestibility of nutrients in
heifers receiving carinata meal were decreased for
DM, OM, NDF, and ADF, compared with heifers
receiving DDGS. Although the digestibility of CP
was similar for the treatments, comparing those
results with the current study is difficult as the diets
fed by Rodriguez-Hernandez and Anderson (2018)
included a 10.51% and 12.01% inclusion of SBM
for carinata meal and DDGS treatments, respec-
tively, and the current study employed only one
source of protein. The 3-step in vitro procedure
was conducted by Xin and Yu (2014), using 3 dry
Holstein cows consuming a total mixed ration of
78% forage to 22% concentrate and 2 sources of
carinata and canola meal, which is not comparable
to the current study. A performance study was con-
ducted by McKinnon and Damiran (2015), unpub-
lished research report, in which canola and carinata
meal were fed to 360 recently weaned calves, with a
similar concentration of glucosinolates in the cari-
nata meal as the current study. Dry matter intake of
the recently weaned steers consuming carinata meal
was 7.35 to 7.61 kg/d, comparable to the 6.83 kg/d
observed in the steers in the current study.

Table 3. Effect of protein supplementation on nutrient intake and apparent total tract digestibility' of
ruminally cannulated Angus crossbred steers fed bahiagrass hay ad libitum with iNDF? utilized as an inter-

nal marker

Treatment?
Item BCM CSM DDGS SBM SEM* P value®
Intake, kg/d
DM 6.83 6.87 6.23 7.19 0.771 0.49
oM 6.37 6.42 5.79 6.73 0.727 0.48
CP 0.37 0.37 0.33 0.37 0.053 0.47
NDF 5.08 5.06 4.53 5.27 0.555 0.48
ADF 2.54 2.51 2.28 2.63 0.246 0.46
Digestibility, %
DM 51.52 51.11 50.90 51.37 1.968 0.99
oM 53.59 53.22 52.74 53.42 1.939 0.98
CP 67.10 69.03 63.64 65.53 4.934 0.39
NDF 50.03 48.69 49.57 47.45 2.464 0.65
ADF 51.24 50.92 52.67 49.24 3.403 0.45

"Hay and fecal samples were collected 2xd"! for 4 d; intake of bahiagrass hay was measured using the GrowSafe System Ltd., Airdrie, Alberta,

Canada.

%INDF = indigestible NDF after 288 h of ruminal incubation.
SBCM: Brassica carinata meal pellets (1.39 kg/d); CSM: cottonseed meal (1.62 kg/d); DDGS: dry distillers grain plus solubles (2.15 kg/d); SBM:

soybean meal (1.17 kg/d); composited over 4 periods.

“Pooled standard error of treatment means, n = 8 steers/treatment.

*Observed significance levels for treatment.
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No effects of treatment (P = 0.65) or treatment
X time interaction (P = 0.37) were observed for
ruminal pH (Table 4), with averaged values ranging
from 6.61 to 6.67, indicating a favorable ruminal
environment for cellulolytic microorganism activ-
ity (Russell and Wilson, 1996). An effect of time
postfeeding of supplement (P < 0.01; Figure 1) was
observed for ruminal pH. Steers were provided ad
libitum access to bahiagrass hay and water, and as a
result, the initial pH was greater at 0 h. Upon con-
sumption of the protein supplements, a decrease
in pH was observed between 3 and 9 h, followed
by a slow increase leading to an acclimated plateau
through 18 h, and an increase through 24 h. It is
speculated that the protein supplements decreased
the pH partially due to other constituents of the
supplements, such as nonfiber carbohydrates, and
the inclination of the steers to consume the protein
supplements immediately upon arrival. The accli-
mation of pH may be related to an achieved balance
after supplements were consumed, followed by an
increase in pH due to consumption of bahiagrass
hay alone, coupled with rumination and subse-
quent buffering effects. Concentrations of ruminal
NH,-N were not affected by treatments (P = 0.37);
however, an effect of time (P < 0.01; Figure 1) was
observed; yet, no treatment X time interaction
(P = 0.60) was detected. Concentration of rumi-
nal NH,-N peaked at 3 h and steadily declined
through 21 h and remained unchanged between
21 and 24 h postfeeding. Conversely to pH, the
concentration of ruminal NH,-N increased after
consumption of protein supplements, which was
expected and indicative of microbial degradation
of provisional protein. The progression of ruminal
pH after protein supplementation is illustrated in
Figure 1. Upon consumption of protein supple-
ments, pH decreases and concentration of NH,-N

increases, yet as fermentation continues a stability
is reached until, presumably, protein has been either
completely degraded or removed from the rumen.
Concentrations of ruminal NH,-N, ranging from
2.27 to 3.18 mM, are lower than the value of 3.57
mM often quoted in reference to Satter and Slyter
to maximize microbial protein synthesis. Satter
and Slyter (1974) suggest that the “precise limiting
concentration is 1.43 mAM, but use of the higher
value gives a slight margin of excess.” In this study,
ruminal NH,-N concentration was above the cited
threshold of 3.57 mM (Satter and Slyter, 1974) only
at 3 h postfeeding (Figure 1). Because microbial CP
synthesis was not directly measured in the current
study, it is uncertain whether the concentrations of
NH,-N throughout the day were limiting in terms
of optimal ruminal function.

An effect of treatment (P < 0.01) was observed
for concentrations of PUN, with steers supple-
mented with SBM having the greatest and DDGS
having the least concentrations. Concentrations of

Ruminal pH
S = N W A 1N ®

0 3 6 9 12 15 18 21 24
Time post-feeding, h

++®<-Ruminal pH —e—NH3-N

Figure 1. Effect of time postfeeding on ruminal pH (P = 0.65;
dotted line; SEM = 0.0402; n = 8 steers/treatment) and concentration
of ruminal ammonia—nitrogen (NH,-N, mM; P < 0.01; solid line;
SEM = 0.3465; n = 8 steers/treatment) in ruminally cannulated Angus
crossbred steers fed bahiagrass hay ad libitum and supplemented with
different sources of protein.

Table 4. Effect of protein supplementation on ruminal fermentation parameters and blood profile of rumi-
nally cannulated Angus crossbred steers fed bahiagrass hay ad libitum

Treatment? P-value*
Item' BCM CSM DDGS SBM SEM3 TRT TIME TRT x TIME
Ruminal pH 6.63 6.63 6.61 0.044 0.65 <0.01 0.38
NH,-N, mM 2.27 2.75 2.37 0.458 0.38 <0.01 0.60
PUN, mg/dL 8.87° 9.21° 6.85¢ 10.86° 0.532 <0.01 0.09 0.09
Glucose, mM 3.67 3.63 3.63 0.045 0.37 <0.01 0.99

~*Within a row, means with different superscripts differ, P < 0.05.

'Ruminal fluid and blood samples were collected every 3 h for 24 h; NH,-N = ruminal ammonia nitrogen, PUN = plasma urea nitrogen, glu-

cose = plasma glucose.

BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);

SBM = soybean meal (1.17 kg/d); composited over 4 periods.
3Pooled standard error of treatment means, n = 8 steers/treatment.

4Observed significance levels for treatment (TRT) and time postfeeding (TIME) effects, and for their interaction (TRT x TIME).
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ruminal NH,-N and blood urea nitrogen (BUN)
are highly correlated and indicative of the energy
to protein ratio in healthy cattle (Hammond, 1992).
Supplementation of protein in steers grazing bahia-
grass and limpograss pastures resulted in concen-
trations of BUN between 9 and 12 mg/dL, thus
indicating a transition range in which concentration
of BUN is correlated to ADG and N efficiency (i.e.,
N utilization was more efficient in steers with con-
centrations of BUN below the 9 mg/dL value, as evi-
denced by greater ADG, and less efficient in steers
with concentrations above the 12 mg/dL value, as
evidenced by decreased ADG; Hammond, 1997).
The increase in concentrations of PUN observed in
steers supplemented with SBM in the current study
may be a result of poor synchronization of energy
and protein when feeding a low-quality forage and
a protein source readily degradable in the rumen.
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Figure 2. Effect of time postfeeding on concentration of plasma
glucose (P < 0.01; SEM = 0.0583; n = 8 steers/treatment) in ruminally
cannulated Angus crossbred steers fed bahiagrass hay ad libitum and
supplemented with different sources of protein.

However, BCM and DDGS values are within the
range of 7 to 8 mg/dL suggested by Preston et al.
(1978) for finishing steers and are therefore poten-
tially more favorable in terms of maximizing ADG
while decreasing N loss.

Concentrations of plasma glucose (P = 0.37)
were not different between treatments though an
effect of time (P < 0.01; Figure 2) was observed,
with no treatment X time interaction (P = 0.99)
detected. Plasma glucose concentrations are tightly
regulated; however, an increase may result follow-
ing a high-carbohydrate meal or endogenous syn-
thesis of glucose in the liver (Dukes et al., 1993).
Moreover, glucose is not readily absorbed; thus, as
ruminal NH-N decreases, an increase in glucose is
observed (Van Soest, 1994). Both ruminal NH,-N
concentrations and plasma glucose had an effect of
time postfeeding (P < 0.01); however, the potential
connection between these variables is not clear.

Treatment X time interactions (P < 0.01) were
observed for molar proportions of acetate (Table
5; Figure 3), propionate (Figure 4), and butyrate
(Figure 5). A decrease in molar proportions of ace-
tate at 3 h postfeeding was observed in steers con-
suming DDGS, followed by a gradual increase until
12 h, in which no differences were detected between
DDGS, SBM, and BCM. At 6 h postfeeding, molar
proportions of acetate were greater in steers sup-
plemented with CSM, differing from all treatments
except for 18 and 24 h postfeeding. Consequently,
an increase in molar proportions of propion-
ate and butyrate at 3 h postfeeding was observed
for DDGS supplementation, compared with the
remaining protein supplements. As the treatments

Table 5. Effect of protein supplementation on proportions of VFA (mol/100 mol), total VFA concentra-
tions (mAM), and acetate to propionate ratio (A:P) in ruminally cannulated Angus crossbred steers fed
bahiagrass hay ad libitum

Treatment! P-value?
Ttem BCM CSM DDGS SBM SEM? TRT TIME TRT x TIME
Acetate 74.18 75.40 72.39 74.25 0.316 <0.01 <0.01 <0.01
Propionate 15.75 15.03 16.23 15.37 0.205 <0.01 <0.01 <0.01
Butyrate 7.95 7.57 9.47 8.01 0.144 <0.01 <0.01 <0.01
BCVFA* 1.34% 1.20° 1.14° 1.57¢ 0.063 <0.01 <0.01 0.30
Valerate 0.63 0.59 0.60 0.62 0.016 0.20 <0.01 <0.01
Caproate 0.13 0.18 0.15 0.16 0.016 0.40 0.55 0.15
Total VFA 98.31 99.90 98.72 94.89 5.854 0.93 0.03 0.30
A:P 4.71 5.03 4.49 4.84 0.084 <0.01 <0.01 <0.01

**Within a row, means with different superscripts differ, P < 0.05.
'BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);

SBM = soybean meal (1.17 kg/d); composited over 4 periods.

2Observed significance levels for treatment (TRT) and time effects, and for their interaction (TRT x TIME).

3Pooled standard error of treatment means, n = 8 steers/treatment.

“BCVFA = branched-chain volatile fatty acids: isobutyrate + isovalerate + 2-methylbutyrate.
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were provided on an isonitrogenous basis and not
isoenergetic, we speculate that the increase in molar
proportions of propionate and butyrate together
with the simultaneous decrease in molar propor-
tions of acetate at 3 h postfeeding may be related
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Figure 3. Effect of protein supplementation postfeeding on molar
proportions of acetate (mol/100 mol) in ruminally cannulated Angus
crossbred steers fed bahiagrass hay ad libitum. Treatment X time
interaction observed (P < 0.01; SEM = 0.316; n = 8 steers/treatment).
BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed
meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);
SBM = soybean meal (1.17 kg/d).
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Figure 4. Effect of protein supplementation postfeeding on molar
proportions of propionate (mol/100 mol) in ruminally cannulated
Angus crossbred steers fed bahiagrass hay ad libitum. Treatment X
time interaction observed (P < 0.01; SEM = 0.205; n = 8 steers/treat-
ment). BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cot-
tonseed meal (1.62 kg/d); DDGS = dry distillers grain plus solubles
(2.15 kg/d); SBM = soybean meal (1.17 kg/d).
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Figure 5. Effect of protein supplementation postfeeding on molar
proportions of butyrate (mol/100 mol) in ruminally cannulated Angus
crossbred steers fed bahiagrass hay ad libitum. Treatment X time
interaction observed (P < 0.01; SEM = 0.144; n = 8 steers/treatment).
BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed
meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);
SBM = soybean meal (1.17 kg/d).

to the additional provision of energy available in
DDGS. Molar proportions of propionate gradu-
ally declined in DDGS until 12 h, in which no fur-
ther differences were detected compared with SBM
and BCM. Despite the effect of supplementation
over time, the increase in molar proportions of pro-
pionate did not seem to affect the concentration of
plasma glucose, as there was not an effect of treat-
ment. As previously stated, endogenous secretions
of glucose from the liver result from ruminal activ-
ity, with gluconeogenic precursors including pro-
pionate, amino acids, glycerol, and lactate (Dukes
et al., 1993); therefore, the increase in plasma glu-
cose during certain times of the day may be related
to one of the other precursors, however this was not
evaluated.

Molar proportions of butyrate were similar in
behavior to propionate with an increase observed
in DDGS at 3 h and a gradual decline through
15 h postfeeding in which no further differences
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Figure 6. Effect of protein supplementation postfeeding on molar
proportions of branched-chain volatile fatty acids (BCVFA; isobu-
tyrate + 2-methylbutyrate; P < 0.01; SEM = 0.063; n = § steers/treat-
ment) in ruminally cannulated Angus crossbred steers fed bahiagrass
hay ad libitum.
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Figure 7. Effect of protein supplementation postfeeding on molar
proportions of valerate (mol/100 mol) in ruminally cannulated Angus
crossbred steers fed bahiagrass hay ad libitum. Treatment X time
interaction observed (P < 0.01; SEM = 0.02; n = 8 steers/treatment).
BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed
meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);
SBM = soybean meal (1.17 kg/d).
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were detected in treatments. An effect of treatment
(P < 0.01) and time (P < 0.01) was observed for
molar proportions of branched-chain volatile fatty
acid (BCVFA) while no treatment X time interac-
tion (P = 0.30) was detected. Molar proportions of
BCVFA were greater (P < 0.01) in SBM compared
with CSM and DDGS and gradually decreased
postfeeding (P < 0.01; Figure 6) for all treatments
until 12 h. Production of BCVFA results from fer-
mentation of branched-chain amino acid (BCAA),
which are either used for AA resynthesis, or as
growth factors for other microbial species (Allison,
1978); however, BCVFA production is mediated
through the availability of glucose, depending upon
microbial species. Thus, an increase in concentra-
tion of BCVFA in steers supplemented with SBM
and BCM may indicate a greater availability of
BCAA within the rumen.

No treatment (P = 0.40) or time (P = 0.55)
effects, or treatment X time interaction (P = 0.15)
was observed for molar proportions of caproate.
A treatment X time interaction (P < 0.01; Figure
7) was observed for molar proportions of valer-
ate, with a peak at 3 h postfeeding for DDGS, and
no further differences detected. Concentrations
of total VFA were not affected by treatment
(P = 0.93), nor was a treatment X time interaction
(P = 0.30) observed; however, an effect of time was
observed (P = 0.03; Figure 8) as concentrations of
total VFA decreased after feeding through 9 h and
increased through 18 h postfeeding. Absorption
rates of individual VFA vary with concentrations
of VFA or changes in ruminal pH (Dijkstra, 1994);
therefore, the differences observed in concentration
of total VFA may be related to the fluctuations
observed in ruminal pH and subsequent absorp-
tion of VFA. Despite differences observed in time
postfeeding, concentration of total VFA did not
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Figure 8. Effect of protein supplementation postfeeding on con-
centrations of total volatile fatty acids (VFA; P = 0.03; SEM = 5.854;
n = 8 steers/treatment) in ruminally cannulated Angus crossbred steers
fed bahiagrass hay ad libitum.

differ among treatments, indicating similar fermen-
tation patterns, and as the fermentation rate of feed
is positively associated with microbial efficiency
(Van Soest, 1994), BCM performed similarly to
commonly provided protein supplements. A treat-
ment X time interaction (P < 0.01; Figure 9) was
observed for the acetate to propionate ratio (A:P),
which further reflects the relationship of DDGS
and CSM with regards to production of acetate
and propionate.

As a novel oilseed crop, B. carinata has poten-
tial as a renewable and sustainable source of energy
due to the favorable fatty acid profile of the oil.
The meal would be considered a waste after oil
extraction for biofuel production, yet it possesses
a high protein concentration, which enables its use
as a potential feed byproduct for livestock. There is
concern over the adverse effects of glucosinolates
when feeding carinata meal, as glucosinolates
and subsequent metabolites may negatively affect
reproduction, growth, and performance (European
Food Safety Authority [EFSA], 2008). The meal
used in the current study was low in glucosinolates
(28 pmol/g), and as such performed similarly to
commonly used protein supplements in the south-
eastern United States, as it was hypothesized. It is
concluded that carinata meal is a viable alterna-
tive as a protein supplement when fed daily in for-
age-fed beef cattle systems. Future studies should
determine the fractionation of protein, both rumi-
nally and postruminally, and delineate the amino
acid profile of protein reaching the small intestine,
contributing to the metabolizable protein available
to the ruminant, in an effort to determine the most
appropriate use of carinata in various stages of
growth and development in cattle.
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Figure 9. Effect of protein supplementation postfeeding on
acetate to propionate ratio (A:P) in ruminally cannulated Angus
crossbred steers fed bahiagrass hay ad libitum. Treatment X time
interaction observed (P < 0.01; SEM = 0.084; n = 8 steers/treatment).
BCM = Brassica carinata meal pellets (1.39 kg/d); CSM = cottonseed
meal (1.62 kg/d); DDGS = dry distillers grain plus solubles (2.15 kg/d);
SBM = soybean meal (1.17 kg/d).
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