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intake and digestion characteristics of cows grazing winter wheat pasture
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INTRODUCTION

Winter wheat pasture (WWP; triticum aes-
tivum) is commonly used in the Southern Great
Plains of the United States to develop cattle.
Cattle grazing WWP develop frame and muscle
fairly fast while fat deposition is restricted at
moderate cost (Torell et al., 1999; Hersom et al.,
2004). The nutritional value of WWP is high be-
cause it contains above 20% crude protein (CP),
and over 70% digestible dry matter (DM) (Mader
and Horn, 1986; Branine and Galyean, 1990;
Torell et al., 1999). However, cattle grazing WWP
might be deficient in metabolizable protein be-
cause its protein is highly soluble (Beever, 1984;
Vogel et al., 1989; Chabot et al., 2008), and most
of it can be excreted in urine (Poos et al., 1979).
The protein absorbed by ruminants (metaboliz-
able protein) is supplied by both undigested in-
take protein and microbial protein (NRC, 2000).
Furthermore, microbial protein synthesis requires
N-containing compounds and organic matter
(OM) for fermentation (Hespell, 1979). Although
cattle grazing WWP frequently meet the recom-
mended level of digestible intake protein; [DIP;
13% of total digestible nutrients (TDN); NRC,
2000], some ruminal microbes require other nitro-
genous compounds such as peptides and amino
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acids (Zinn and Owens, 1983; Garrett et al., 1987;
Russell et al., 1992). Thus, supplementation of
feedstuffs like cottonseed meal (CSM) that pro-
vides peptides and amino acids in addition to
ammonia (NRC, 2000), could improve microbial
growth and (or) digestion. Hence, objectives of
this experiment were to determine effects of CSM
supplementation on forage intake, digestion char-
acteristics, and metabolizable protein of cattle
grazing WWP.

MATERIALS AND METHODS

All procedures and experimental protocols
were approved by the New Mexico State University
Institutional Animal Care and Use Committee.

Eight mixed-breed mature cows [736 £ 32.6 kg
of body weight (BW)] fitted with cannulas in the
rumen and proximal duodenum were used in a
split-plot design. Supplemental treatment was
the main plot, and experimental period was the
subplot.

Experimental Design and Treatments

Cows were randomly assigned to 1 of 2 sup-
plemental treatments: 1) Control (CON; un-sup-
plemented), and 2) CSM supplementation [41.9%
CP; 12.0% acid detergent fiber (ADF), and 23.5%
neutral detergent fiber (NDF), DM basis] offered
at 106 g/d to provide 25 g of DIP daily. The ex-
periment consisted of two 14-d experimental
periods; the first 10 d were used for adaptation to
wheat pasture grazing and supplement, the last 4
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d for sample collection. Experimental period oc-
curred during late February and late March. Cows
grazed a single wheat pasture (Weathermaster, West
Gaines Seed, Inc., Seminole, TX; beardless wheat;
Triticum aestivum). Supplemental CSM was placed
into their rumens through the rumen cannula at
0700 h daily. Gelatin capsules containing chromic
oxide (8 g) were dosed ruminally twice daily (at
0700 and 1900 h) on d 6 to 14 of the experimental
periods. Chromic oxide was used as digesta marker.
Because cows received the supplement individually,
cow was considered the experimental unit. For each
supplementation, chromic oxide dosing or sample
collection, cows were gathered into a holding pen
and secured to a fence post with 1-m long halter.

Sample Collection

Eight fecal samples from rectal grabs and eight
duodenal samples from duodenal cannula were col-
lected on d 11, 0700 and 1300 h; d 12, 0100 and
1900 h; d 13, 1000, 1600 and 2200 h; and d 14,
0400 h. The 8 collection times represent 1 collection
each 3 h in a 24-h cycle. Individual samples con-
sisted of approximately 100 mL of duodenal chyme
and 200 g of fecal matter. Samples from each cow
and within each collection period were composited
for analysis.

Ruminal fluid samples were collected directly
from the rumen cannula with a suction strainer on
d 12 at 0700 (before supplementation), 0900, 1100,
1300, 1500, 1700 and 1900 h. Ruminal fluid pH was
determined immediately after collection, and the
samples were then acidified with 7.2 N H,SO, at
a rate of 1 mL/25 mL of rumen fluid and frozen
(=10 °C) in 50-mL polypropylene conical tubes
(VWR International, Radnor, PA) for later analysis
of VFA and ammonia.

On d 14 of each period at 1200 h after the last
duodenal and fecal sample collection, one ran-
domly selected cow from each treatment was rumi-
nally evacuated. Digesta was placed in plastic bags
lining 133-L plastic containers. A 2-kg subsample
of ruminal content was obtained and mixed with
1 L of saline solution (0.9% NaCl; wt/vol) for iso-
lation of bacterial cells (Zinn and Owens, 1986).
Ruminal content samples were frozen (—10 °C)
for bacterial isolation at a later time. After evacu-
ations, cows returned to pastures and were allowed
to graze for 60 min. Masticate samples were subse-
quently collected and 10% subsample was retained
to estimate in vitro digestibility and forage quality.
Masticate samples were dried in a forced-air oven
(50 °C) to a constant weight, and ground in a Wiley
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mill (2-mm screen; Thomas Scientific, Swedesboro,
NJ), and composited on an equal, dry weight basis.

Laboratory Analysis

Duodenal samples were lyophilized (VirTis
LyoTroll; SP Scienctific, Garnier, NY), and ground
with a microgrinder (Model CM4; Salton/Maxim
Houseware Inc., Mt. Prospect, IL). Masticate, sup-
plemental CSM, duodenal and fecal samples were
analyzed for DM, OM, and CP (Methods 930.15,
942.05, and 990.02, respectively; AOAC, 1997).
Also, NDF (with heat stable amylase addition)
and ADF analysis were performed according to
Robertson and Van Soest (1991) using an ANKOM
200 fiber analyzer (ANKOM Technology, Macedon,
NY), sequentially. Lyophilized duodenal samples
were analyzed for purines (Zinn and Owens, 1986),
and ammonia (Broderick and Kang, 1980). Fecal
and duodenal samples were analyzed for Cr with
an air-plus acetylene flame using atomic absorption
spectroscopy Cr (Hill and Anderson, 1958).

In vitro OM digestibility of masticate and sup-
plemental CSM samples were determined according
to the procedure described by Tilley and Terry
(1963) adapted to a Daisy incubator (ANKOM
Technology). Composited inoculate from two
ruminally cannulated cows fed a grass hay diet was
used for in vitro incubation.

Ruminal bacteria were isolated from saline-
treated ruminal contents (2 kg). Ruminal contents
were blended on high speed in a food processor for
1 min, and the mixture was strained through four
layers of cheesecloth. Feed particles and protozoa in
ruminal samples were removed via centrifugation at
1,000 x g for 10 min. Bacteria were separated from
supernatant by centrifugation at 27,000 x g for
20 min. Isolated bacteria were lyophilized (VirTis
Lyotroll) and analyzed for DM, ash, CP, and pur-
ines (as previously described).

Acidified rumen fluid samples were centrifu-
gated at 20,000 X g for 20 min and analyzed for am-
monia concentration by the phenol-hypochlorite
method (Broderick and Kang, 1980). Ruminal VFA
concentrations were determined using 2-ethyl bu-
tyric acid as internal standard (Erwin et al., 1961).

Calculations

Fecal output and duodenal DM flow were
calculated using fecal and duodenal Cr con-
centration, respectively. Fecal DM output was
calculated by dividing Cr dose by fecal Cr concen-
tration. Similarly, DM flowing to the duodenum
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was calculated by dividing Cr dose by Cr concentra-
tion in duodenal chime. Forage fecal output on DM
basis was determined by subtracting the indigestible
fraction of the supplement from total fecal output
of cows using the in vitro indigestibility of CSM.

Forage DMI was estimated by dividing forage fecal
DM output by forage in vitro DM indigestibility.
Microbial OM and N flowing to duodenum were
calculated using purines as microbial marker (Zinn
and Owens, 1986). Organic matter truly fermented

Table 1. Effects of cottonseed meal supplementation! and forage maturity? on DM and OM intake and
characteristics of digestion of beef cows grazing wheat pasture

Supplementation Forage maturity P- value®
Item CON CSM SE FEB MAR SE SUP FM SxF
DML, kg/d

Forage 14.2 18.8 1.35 16.6 16.4 1.27 0.03 0.89 0.14

CSM — 0.1 — 0.1 0.1 — — — —

Total 14.2 18.9 1.35 16.7 16.4 1.26 0.03 0.89 0.14

OMI, kg/d

Forage 11.3 15.1 1.08 13.2 13.2 1.01 0.03 0.99 0.13

CSM — 0.01 — 0.05 0.1 — — — —

Total 11.3 15.1 1.08 13.2 13.2 1.01 0.03 0.99 0.13

CP intake, kg/d 22 2.9 0.20 2.6 2.4 0.19 0.02 0.48 0.15
NDF intake, kg/d 8.1 10.8 0.80 8.8 10.0 0.75 0.03 0.29 0.11
ADF intake, kg/d 4.5 6.0 0.45 5.0 5.6 0.42 0.03 0.30 0.11
OMI, g/kg of BW* 15.4 21.1 2.05 18.2 18.2 1.92 0.06 0.99 0.26
Flow to duodenum, kg/d

DM 7.1 9.4 0.70 7.1 9.3 0.61 0.03 0.04 0.38

OM 4.5 6.1 0.65 4.9 5.6 0.61 0.10 0.43 0.90
Microbial OM 1.6 2.3 0.25 1.9 2.0 0.24 0.07 0.70 0.73
Feed OM 29 3.8 0.42 3.0 3.6 0.40 0.15 0.33 0.99

CP 1.6 22 0.23 1.8 2.0 0.21 0.09 0.47 0.74
Microbial 1.0 1.5 0.16 1.2 1.3 0.15 0.07 0.70 0.73
Feed 0.6 0.7 0.07 0.6 0.7 0.07 0.21 0.24 0.80

NDF 2.0 2.4 0.20 2.0 2.4 0.19 0.20 0.13 0.65

ADF 1.3 1.4 0.17 1.1 1.6 0.16 0.54 0.08 0.40

True ruminal digestion, %

DM 78.9 81.8 1.89 89.5 71.2 1.77 0.28 0.01 0.10
FEB 90.3 88.6 2.68 — — — 0.66 — —
MAR 67.5 74.9 2.68 — — — 0.06 — —

OM 74.3 74.6 2.72 77.4 71.5 2.55 0.92 0.13 0.26

Fecal excretion, kg/d
DM 43 4.9 0.36 3.9 5.3 0.37 0.27 0.04 0.30
OM 2.4 2.7 0.33 2.4 2.7 0.31 0.50 0.43 0.90
Total tract digestion, %
DM 69.2 74.4 — 76.9 66.7 — — — —
OM 79.0 81.8 2.05 82.3 78.5 1.91 0.33 0.19 0.34
Total tract digestion, kg/d

DM 9.9 14.0 0.97 12.8 11.1 091 0.01 0.21 0.11

OM 8.9 124 0.94 10.8 10.5 0.88 0.02 0.77 0.10
FEB 10.3 114 1.34 — — — 0.53 — —
MAR 7.6 133 1.34 — — — 0.01 — —

CP 1.6 2.3 0.18 2.1 1.9 0.17 0.02 0.39 0.13

NDF 6.0 8.4 0.64 7.1 7.4 0.60 0.02 0.70 0.14

ADF 3.2 4.6 0.34 39 3.9 0.32 0.31 0.92 0.15

'Supplemental treatment were supplemented control (CON), and supplemented cows that received 106 g/d of cottonseed meal intraruminally to

provide 60 g of DIP daily (CSM).

*Forage stage of maturity consisted of allowing beef cows to graze winter wheat pasture during late February (FEB), and late March (MAR).

3Probability values associated with CSM supplementation (SUP), forage maturity (FM), and supplementation x forage maturity interaction

(SXF).
“Total OM intake (forage + supplement), g/kg of BW.
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in the rumen was calculated as OM intake minus
the difference between the total OM leaving the
abomasum and the microbial OM leaving the abo-
masum. Feed N escape to the small intestine was
considered equal to total N leaving the abomasum
minus NH-N and microbial-N and, thus includes
endogenous N additions. Microbial efficiency was
calculated as g of microbial N divided by kg of OM
truly fermented in the rumen.

Statistical Analysis

Data collected as a single point collection were
analyzed as a split-plot design using the mixed pro-
cedures of SAS (SAS Inst. Inc., Cary, NC). The stat-
istical model included CSM supplementation in the
main plot, and forage stage of maturity and CSM
supplementation X forage stage of maturity inter-
action in the subplot. Forage stage of maturity was
considered repeated effect, and cow within CSM
supplementation was used to test supplementation
effects. The covariance structure used was com-
pound symmetry. When CSM supplementation X
forage stage of maturity interaction was significant
(P <0.10), the effects (LSD; P < 0.10) of CSM sup-
plementation were tested within each forage stage
of maturity. When such interaction was not signifi-
cant (P > 0.10), only main effects were reported.
When significant (P < 0.10) F-statistics were noted,
means were separated using LSD.

The mixed procedure of SAS was also used to
analyze the ruminal fermentation data (pH, NH,-N,
and VFA) using a split-split-plot design. The statistical
model included CSM supplementation, forage stage
of maturity, and forage stage of maturity X CSM sup-
plementation interaction. Time of sample collection
was considered repeated effect, and cow within forage
stage of maturity X supplementation was used as the
error term for split-split-plot. Individual cow was the
experimental unit in all analyses. A compound sym-
metry covariance structure was used.

RESULTS AND DISCUSSION

Supplementation of CSM increased (P < 0.10)
forage and total intake of DM, OM, CP, NDF, and
ADF, increased (P < 0.10) the flow of nutrients to the
small intestine (DM, OM, CP, NDEF, and ADF), in-
creased (P < 0.03) total tract digestibility of DM, CP,
NDF, and ADF (kg/d). On the other hand, forage
maturity did not affect nutrient intake (P < 0.29), nu-
trient flow to the small intestine (P < 0.29), or total
tract digestibility of nutrients (P < 0.39). The CP
flowing to the small intestine from microbial origin
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increased (P < 0.07) with CSM supplementation and
was not affected (P = 0.70) by stage of forage maturity.
Supplementation of CSM decreased (P = 0.08) propi-
onate (20.58 and 18.74 £ 0.71 mol/100 mol), increased
(P = 0.01) butyrate (11.48 and 15.45 * 0.97 mol/
100 mol), while butyrate decreased (P = 0.0.09) with
advancing stage of maturity (14.65 and 12.27 *
0.91 mol/100 mol). Improvements on microbial syn-
thesis and digestibility were not expected with CSM
supplementation because WWP provided more than
the recommended DIP required for optimal rumen
fermentation (NRC, 2000). The reason for the positive
response to CSM is not certain. A possibility is that
CSM provided amino acids and peptides required by
ruminal microorganisms. Some ruminal microbes re-
quire other nitrogenous compounds such as peptides
and amino acids (Zinn and Owens, 1983; Garrettet al.,
1987; Russell et al., 1992). Solubility of WWP protein
is very rapidly, 50% to 75% disappears at rates of 16%
to %/h (Vogel et al., 1989), and 25% to 37% of the N
content on WWP is the form of nonprotein N (Horn
et al., 1977). Therefore, WWP might not provide the
appropriate peptides and amino acids required by
ruminal microbes for appropriate microbial growth
and digestibility. Another possibility is that CSM im-
proved microbial synthesis by providing energy (75%
TDN; NRC, 2000). Because WWP is low in fiber con-
tent, it is considered deficient in energy (Mader and
Horn, 1986; Branine and Galyean, 1990). However,
CSM supplementation was only 106 g, which only ex-
plains 10 g of microbial protein synthesis if used as
energy source (NRC, 2000). In the present experiment
microbial protein synthesis increased approximately
700 g with CSM supplementation.

IMPLICATIONS

Results from this experiment imply that the
DIP present in WWP is deficient in amino acids in
peptides required by some ruminal microbes, and
supplementation of feedstuffs like CSM provides
such peptides and amino acids in addition to am-
monia to optimize microbial protein synthesis and
digestibility.

Conflict of interest statement. None declared.

LITERATURE CITED

AOAC. 1997. Official Method of Analysis. 16th ed. Assoc. Off.
Anal. Chem., Arlington, VA.

Beever, D. E. 1984. Utilization of the energy and protein com-
ponents of forages by ruminants-a United Kingdom
perspective. In G. W. Horn, editor. Proceedings of the
National Wheat Pasture Symposium. Oklahoma Agric.
Exp. Stn. MP-115, Stillwater. p. 65-97

Translate basic science to industry innovation



1668

Branine, M. E., and M. L. Galyean. 1990. Influence of grain
and monensin supplementation on ruminal fermenta-
tion, intake, digesta kinetics and incidence and severity
of frothy bloat in steers grazing winter wheat pastures. J.
Anim. Sci. 68:1139-1150. doi:10.2527/1990.6841139x

Broderick, G. A., and J. H. Kang. 1980. Automated simultan-
eous determination of ammonia and total amino acids in
ruminal fluid and in vitro media. J. Dairy Sci. 63:64-75.
doi:10.3168/jds.S0022-0302(80)82888-8

Chabot, D. A., C. D. Chabot, L. K. Conway, and S. A. Soto-
Navarro. 2008. Effect of fat supplementation and wheat
pasture maturity on forage intake and digestion char-
acteristics of steers grazing wheat pasture. J. Anim. Sci.
86:1263-1270. doi:10.2527/jas.2007-0388

Erwin, E. S., G. J. Marco, and E. M. Emery. 1961. Volatile
fatty acids analysis of blood and rumen fluid by gas chro-
matography. J. dairy Sci. 44:1768-1771. doi:10.3168/jds.
S0022-0302(61)89956-6

Garrett, J. E., R. D. Goodrich, J. C. Meiske, and M. D. Stern.
1987. Influence of supplemental nitrogen source on diges-
tion of nitrogen, dry matter and organic matter and on
in vivo rate of ruminal protein degradation. J. Anim. Sci.
64:1801-1812. d0i:10.2527/jas1987.6461801x

Hersom, M. J., G. W. Horn, C. R. Krehbiel, and W. A. Phillips.
2004. Effect of live weight gain of steers during winter
grazing: 1. Feedlot performance, carcass characteristics,
and body composition of beef steers. J. Anim. Sci. 82:262—
272. d0i:10.2527/2004.821262x

Hespell, R. B. 1979. Efficiency of growth by ruminal bacteria.
Fed. Proc. 38:2707-2712.

Hill, F. W,, and D. L. Anderson. 1958. Comparison of me-
tabolizable energy and productive energy determinations
with growing chicks. J. Nutr. 64:587-603. doi:10.1093/
jn/64.4.587

Horn, G. H., B. R. Clay, and L. I. Croy. 1977. Wheat pasture
bloat of stockers. Anim. Sci. Res. Rep. MP-101:26-31.
Oklahoma Agric. Exp. Stn., Stillwater.

Urias et al.

Mader, T. L., and G. W. Horn. 1986. Low-quality roughages for
steers grazing wheat pasture. Effect of wheat forage intake
and utilization. J. Anim. Sci. 62:1113-1119. doi:10.2527/
jas1986.6241113x

NRC. 2000. Nutrient requirements of beef cattle, 7th ed.
Update 2000. Natl. Acad. Press, Washington, DC.

Poos, M. 1., T. L. Hanson, and T. J. Klopfenstein. 1979.
Monensin effects on diet digestibility, ruminal protein
bypass and microbial protein synthesis. J. Anim. Sci.
48:1516-1524. doi:10.2527/jas1979.4861516x

Robertson, J. B. and P. J. Van Soest. 1991. Methods for dietary
fiber, neutral detergent fiber, and non-starch polysacchar-
ides in relation to animal nutrition. J. Dairy Sci. 74:3583—
3597. doi:10.3168/jds.S0022-0302(91)78551-2

Russell, J. B., J. D. O’Connor, D. G. Fox, P. J. Van Soest, and
C. J. Sniffen. 1992. A net carbohydrate and protein sys-
tem for evaluating cattle diets: I. Ruminal fermentation.
J. Anim. Sci. 70:3551-3561. doi:10.2527/1992.70113551x

Tilley, J. M. A., and R. A. Terry. 1963. A two-stage technique for
the in vitro digestion of forages. J. Br. Grassl. Soc. 18:104-111.

Torell, R., W. Riggs, D. B. Bruce, and D. B. Kuasnicka.1999.
How good is wheat pasture for winter grazing lightweight
calves? Nevada Cooperative Extension Fact Sheet 99-40.
University of Nevada, Reno. https://www.unce.unr.edu/
publications/files/ag/other/fs9940.pdf

Vogel, G. J., G. W. Horn, W. A. Phillips, C. A. Strasia, and
J. J. Martin. 1989. Effects of supplemental protein on per-
formance of stocker cattle grazing wheat pasture. Anim.
Sci. Res. Rep. MP-127:208-216. Oklahoma Agric. Exp.
Stn, Stillwater.

Zinn, R. A., and F. N. Owens. 1983. Site of protein diges-
tion in steers: predictability. J. Anim. Sci. 56:707-716.
doi:10.2527/jas1983.563707x

Zinn, R. A., and F. N. Owens. 1986. A rapid procedure for
purine measurement and its use for estimating net rumi-
nal protein synthesis. Can. J. Anim. Sci. 66:157-166.
doi:10.4141/cjas86-017

Translate basic science to industry innovation


https://www.unce.unr.edu/publications/files/ag/other/fs9940.pdf﻿
https://www.unce.unr.edu/publications/files/ag/other/fs9940.pdf﻿

