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ABSTRACT

Fredrickson, E.L., Galyean, M.L., Betty, R.G. and Cheema, A.U., 1993. Effects of four cereal grains
on intake and ruminal digestion of harvested forage by beef steers. Anim. Feed Sci. Technol., 40:
93-107.

Effects of grain supplements on intake and digestion of roughage diets have been studied exten-
sively, but studies comparing these effects among different grains are limited. Our experiment com-
pared the effects of four cereal grains on roughage intake and ruminal digestion. Five separately penned
ruminally cannulated beef steers (average body weight (BW) 194 kg) were used in a 53X 5 Latin
square design; treatments included prairie hay, or prairie hay plus supplemental barley, corn, sorghum
or wheat. Each grain was dry rolled and fed to provide 0.25% BW as starch to a basal diet of prairie
hay (in vitro organic matter digestibility, 56 g 100 g~!; crude protein, 10.8 g 100 g~! of organic
matter). Urea was added to grains to ensure that supplements were isonitrogenous. Grain supplemen-
tation did not affect (P> 0.10) hay organic matter intake, although digestible organic matter intake
was increased (P<0.10) by supplementation. Ruminal pH was not affected (P> 0.10) by grain sup-
plementation. Ruminal ammonia-nitrogen was increased (P<0.10) by grain supplements containing
urea (barley, corn, and sorghum ). Ruminal fluid volume and dilution rate was not affected (P> 0.10)
by grain supplementation, nor were particulate passage rate, ruminal or intestinal retention time, or
gastrointestinal dry matter fill. Total tract mean retention time was decreased (P<0.10) by barley,
corn and wheat supplementation, but unaffected (P> 0.10) by sorghum. A treatment X sampling time
interaction (P<0.05) was detected for proportions of ruminal acetate and propionate. Acetate was
decreased (P<0.01) by barley and increased (P<0.01) by sorghum, 4 h after supplementation. At
8 h after supplementation, wheat decreased (P<0.10) acetate proportions, while sorghum increased
acetate proportions (P<0.01). Propionate proportions were not affected (P>0.10) by treatments.
Wheat supplementation increased (P<0.01) ruminal butyrate at 2 and 12 h after supplementation,
but sorghum decreased butyrate proportions at 2, 8 and 12 h after supplementation. Barley increased
(P<0.10) total volatile fatty acid (VFA) concentrations at 4 h after supplementation, but VFA con-
centrations were not affected by other grains. Grain supplementation increased (P<0.10) in sacco
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organic matter disappearance of prairie hay at 48 h of incubation. We conclude that grain supplemen-
tation, to provide 0.25% of BW as starch, did not affect hay intake adversely, and slightly increased
in sacco digestion of hay organic matter. More readily fermentable grains (barley and wheat) affected
ruminal VFA proportions and concentrations.

INTRODUCTION

Grains vary widely in pericarp and seed coat morphology, nature and
amount of protein matrix, relative weights of pericarp, germ and endosperm
fractions and size, shape and properties of starch granules (Hoseney, 1986).
These differences affect bacterial species and rate of bacterial attachment in
ruminants consuming grains; as a result, the rate of ruminal starch digestion
varies among grains (McAllister et al., 1989). The site and extent of starch
digestion are also affected by these properties (Waldo, 1973).

Providing grain supplements to ruminants consuming forage-based diets
shifts ruminal microbial populations and feeding preferences that may elicit
either positive or negative effects on forage digestion (Yokoyama and John-
son, 1988). The effects of barley and corn fed at high levels (1% of body
weight (BW)) on ruminal forage digestion have been examined, and differ-
ences have been detected (Brake et al., 1989). Nonetheless, direct compari-
sons among the major feed grains used in North America have not been eval-
uated. Our study was designed to compare the effects of four different grains,
fed at low levels with respect to BW, on forage intake, ruminal particulate and
fluid digesta kinetics, and forage in sacco digestibility. Depending on manage-
ment goals, limited grain supplementation of forage diets at levels that in-
crease metabolizable energy intake while either reducing, increasing, or not
affecting forage intake may be desired. Knowledge of how different grains
affect forage intake and digestion, in conjunction with economic considera-
tions, should help beef cattle producers in choosing supplemental grains to
meet management goals.

MATERIALS AND METHODS

Five ruminally cannulated crossbred (Hereford X Angus) steers with an av-
erage BW of 194 kg were used in a 5X 5 Latin square design. Grain supple-
ments used were barley, corn, sorghum, and wheat; all grains were dry rolled.
One steer in each collection period received no grain (CON). Each grain was
fed to provide 0.25% of BW as starch. Varying amounts of urea were included
to insure that grain supplements were isonitrogenous. The basal diet was prai-
rie hay, which consisted primarily of blue grama (Bouteloua gracilis), west-
ern wheatgrass (Agropyron smithii), sideoats grama (Bouteloua curtipen-
dula), and silver bluestem (Andropogon saccharoides). Minor components
of the hay were western ragweed (Ambrosia psilostachya), kochia (Kochia



EFFECTS OF FOUR CEREAL GRAINS ON FORAGE DIGESTION BY CATTLE 95

scoparia) and threadleaf snakeweed (Gutierrezia microcephala). The chem-
ical composition of the hay and grains is shown in Table 1.

Each of the five collection periods was 21 days long. On Day 1, each steer
was weighed, and the amount of grain supplement to be fed was calculated
based on BW. A period of 14 days was allowed for ruminal adaptation to each
supplement. Steers receiving grain were supplemented daily at 07:00 h. Be-
cause preliminary observations indicated that the rate of supplement intake
varied widely among individual steers, supplements were provided via the
ruminal cannula throughout each period. Hay was weighed and fed at 07:00
and 19:00 h; orts were removed and weighed just before feeding. Steers were
housed in separate pens measuring 3 m X 10 m, one-third of which was shaded
and enclosed on three sides. Mineral blocks (Morton Trace Mineral Block,
Morton Salt Division of Morton Thiokol, Chicago, IL; composition of the
blocks was 95-98% NaCl, 0.35% Zn, 0.28% Mn, 0.18% Fe, 0.035% Cu, 0.007%
I and 0.007% Co) and water were available at all times.

On Day 15 of each period at 05:00 h, steers were dosed with 200 ml of Co-
EDTA (Uden et al., 1980) as a fluid-phase marker. Ruminal fluid was ob-
tained from within the mat of the dorsal sacat —2,0,1, 2,4, 6, 8, 12, 24 and
36 h relative to supplementation for determination of pH, volatile fatty acids
(VFA) and ammonia-nitrogen (NH;) concentrations. Ruminal contents were
strained through four layers of cheesecloth, after which pH was measured us-
ing a combination electrode. Samples were acidified using 1 ml of 7.2 N sul-
furic acid per 100 ml of strained ruminal fluid and frozen at —20°C.

Nylon bags were placed in the rumen at 07:00 h on Day 17. Duplicate

TABLE 1

Chemical composition and in vitro organic matter disappearance (IVOMD) of hay and grain
supplements

Hay Barley Corn Sorghum Wheat
Organic matter (g per 100 g DM) 82.7 86.7 84.8 86.3 87.1
Starch (g 100g~! OM) 4.7 60.9 67.0 73.7 60.4
Total N (g 100 g~! OM) 1.72 2.11 1.41 1.68 2.54
Crude protein! (g 100 g=! OM) 10.8 13.2 8.8 10.5 15.9
NDF (g 100 g~' OM) 76.5 20.0 13.1 10.8 13.1
ADF (g 100g~! OM) 47.5
ADL (g 100 g~! OM) 5.3
ADIN (g 100 g~ OM) 0.2
Available N2 1.5
IVOMD (g 100g~!) 56 94 88 82 94

!Total Kjeldahl N x 6.25.

2Total Kjeldahl N-ADIN,

NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin; ADIN, acid
detergent insoluble N.
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nylon bags containing 3 g of prairie hay ground to pass a 2 mm screen and a
blank were removed from the rumen to achieve incubation times of 0, 2, 4, 8,
12, 16, 24, 36, 48, 72 and 96 h. Nylon bags were 7 cm X 16 cm in size, with an
average pore size of 27 um X 47 um. After removal from the rumen, bags were
frozen until all bags had been removed, then thawed and rinsed in tap water
until water passing through the bags was clear.

Ytterbium was used as a marker to estimate ruminal particulate kinetics.
Hay for Yb labeling was obtained by feeding prairie hay to two ruminally
evacuated steers. Masticate was then removed from the rumen, dried at 45°C
for 48 h, and immersed in a solution containing 2.5 mg YbCl; 17! of distilled
H,O for 24 h (McCollum and Galyean, 1985). Masticate was then rinsed
thoroughly, air dried at 45°C for 48 h, and dried at 50°C for 24 h. Steers were
dosed ruminally with 200 g (dry matter (DM) basis) of water-saturated la-
beled masticate via the ruminal cannula on Day 17 at 07:00 h. Fecal grab
samples were collected at 0, 4, 8, 16, 24, 28, 32, 36, 42, 48, 54, 60, 72, 84, 96,
108, and 120 h after dosing and frozen at —20°C.

Dry matter, ash, and N contents of prairie hay and grain supplements were
determined by standard procedures (Association of Official Analytical
Chemists, 1984). In vitro organic matter disappearance (IVOMD) of forage
and grain supplements (ground in a Wiley mill to pass a 2 mm screen) were
estimated each period by techniques described by Tilley and Terry (1963)
using inoculum from each steer within a treatment on Day 21 of each period.
The starch content of the grains and prairie hay was analyzed according to
procedures described by MacRae and Armstrong (1968). Neutral detergent
fiber (NDF), acid detergent fiber (ADF), acid detergent insoluble N
(ADIN), and acid detergent lignin (ADL) contents of the hay were deter-
mined according to non-sequential procedures described by Goering and Van
Soest (1970). The NDF of the grains was determined using modifications of
the NDF procedure (Van Soest, 1990) for samples containing resistant starch.
The particle size distribution of each grain was determined with 20.3 cm sieves
(Fisherbrand, Fisher Scientific, Pittsburgh, PA) by placing a 300 g aliquot on
the top sieve and agitating for 15 min with an elliptical gyratory motion in a
horizontal plane at a rate of 60 gyrations min~!; the distance between the
vertices was approximately 30 cm (see Table 2).

Ruminal samples were thawed at room temperature and a 50 ml aliquot
centrifuged at 10 000X g for 12 min. Supernatant fluid obtained 0, 1, 2, 4, 6,
8, 12, 24 and 36 h after dosing was analyzed for Co concentration by atomic
absorption spectrophotometry with an air-plus-acetylene flame (McCollum
and Galyean, 1985). Fluid passage rates were calculated by regressing the
natural logarithm of Co concentration on time after dosing. Ruminal fluid
volume was estimated by dividing marker dose by ruminal marker concentra-
tion extrapolated to time of dosing (0 h). Volatile fatty acid (VFA) concen-
trations were measured by gas chromatography using 2-ethyl butyric acid as
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TABLE 2

Percentage of grain supplements retained on different sieves

Sieve opening size Barley Corn Sorghum Wheat
4.75 mm 8.5 11.7 1.5 20.3
2.36 mm 41.2 61.1 79.4 66.2
1.18 mm 44.6 18.2 16.7 10.8
0.6 um 4.3 7.5 1.9 2.3
0.3 um 1.6 1.3 0.9 0.7
0.15 um 0.3 0.3 0.3 0.2
Pan 0.1 0.1 0.2 0.1

an internal standard (Goetsch and Galyean, 1983). Ruminal NH, was as-
sayed colorimetrically using a phenol-hypochlorite procedure (Broderick and
Kang, 1980).

Nylon bag contents were analyzed for DM and ash (Association of Official
Analytical Chemists, 1984). The rate of organic matter (OM) disappearance
from nylon bags was calculated using the model described by @rskov and
McDonald (1979).

Fecal grab samples were dried at 50°C for 96 h and ground to pass a 2 mm
screen. Ytterbium was extracted from fecal samples using EDTA (Hart and
Polan, 1984), and analyzed for Yb concentration by atomic absorption spec-
trophotometry (nitrous oxide plus acetylene flame). Fecal Yb concentration
data were fitted to a one-compartment model (Krysl et al., 1988) to estimate
particulate digesta kinetics.

Particulate and fluid passage rates, hay intake, and in sacco disappearance
rates were analyzed as a replicated 5 5 Latin square using GLM procedures
of the Statistical Analysis Systems Institute (SAS, 1985) with the model in-
cluding effects for steer within square, period within square, treatment, square
and residual. Ruminal pH, NH;, VFA, and in sacco OM disappearance were
analyzed by analysis of variance for a Latin square using a split plot with
treatment in the main plot and sampling time in the subplot. Means were
separated by predicted difference (SAS, 1985) when treatment X time inter-
actions (P<0.05) were not detected. Where significant (P<0.05) treat-
ment X time interactions existed, data were analyzed within sampling time.

RESULTS AND DISCUSSION

Analysis of the prairie hay (Table 1) indicated that it was of moderate
quality with adequate amounts of available N (Van Soest, 1982). The IVOMD
values of wheat and barley were greater than those for corn and sorghum.
Wheat and barley starch granules are smaller, with less covalent bonding
among starch molecules, and are not as tightly bound to the protein matrix as
are corn and sorghum starch granules (Hoseney, 1986); these differences pre-
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sumably account for the greater ruminal rate and extent of digestion of wheat
and barley. Sorghum contains a greater proportion of peripheral endosperm
than corn. Peripheral endosperm is dense, and resistant to water penetration
and digestion. In addition, the protein matrix of sorghum has more cross-
linked karafins than corn, which reduces the starch digestibility (Rooney and
Pflugfelder, 1986) of sorghum.

Although IVOMD values of grains (Table 1) are in general agreement with
ruminal digestibility values reported by Theurer (1986), they may vary from
actual ruminal digestion. Grains were ground to pass a 2 mm screen before
IVOMD analysis, whereas supplement grains were fed dry rolled and had
larger particle sizes (Table 2). Increased surface area and the highly buffered
in vitro environment might result in greater OM disappearance than would
occur in vivo. Galyean et al. (1979, 1981) reported that in sacco disappear-
ance of corn increased with decreasing particle size.

Hay OM intake was not affected (P> 0.10) by grain supplementation (Ta-
ble 3). Digestible OM intake (based on IVOMD) of hay also was unaffected
(P>0.10) by treatment. Addition of grain to the diet increased (P<0.001)
total digestible OM intake compared with that of CON steers. Differences in
total digestible OM intake were related to the amount of digestible OM sup-
plemented as grain. Total digestible OM intake was greater (P<0.10) for bar-
ley and wheat treatments and least for the sorghum diet, with corn being in-
termediate and not different (P> 0.10) from the other grains. A substitution
effect of grain was not apparent, rather an increase in digestible energy intake
occurred as a result of supplementation with no effect on forage intake. Horn
and McCollum (1987) reviewed effects of grain supplementation on forage
intake and concluded that concentrates may be fed up to 30 g DM kg—! BW%73
without affecting forage intake. Grain supplementation was below this level

TABLE 3

Organic matter (OM) intake of hay, and digestible OM intake of hay and hay plus supplement
(gOM kg~—! BW)

Item Control Barley Corn Sorghum Wheat SE!

Hay intake 14.3 14.1 14.4 14.0 13.8 0.7

Supplement OM intake 0.0 4.0 3.7 33 4.0

Digestible OM hay 8.0 7.9 8.0 7.8 7.7 0.4
intake?

Digestible OM hay+ 8.0* 12.3° 11.9%° 11.0° 12.1° 0.4

grain intake?

!Standard error of least squares means (n=5).

2Estimated from in vitro OM digestibility of hay.

3Estimated from in vitro OM digestibility of hay and grain supplement.
2b°Row means with different superscripts differ (P<0.10).
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in our study. For example, wheat was supplemented at 17.3 gkg—! BW%"* on
a DM basis.

Ruminal pH was not affected (P>0.10) by grain supplementation. Main
effect means were 6.6, 6.3, 6.5, 6.4, and 6.4 for CON, barley, corn, sorghum,
and wheat, respectively (data not shown). Although a treatment X sampling
time interaction was not detected (P> 0.10), treatment means for pH by hour
are listed in Table 4. At —2 h, supplementation with barley and wheat tended
(P=0.18) to depress pH compared with CON, but this trend was not ob-
served at other sampling times. Negative associative effects have been re-
ported when barley was supplemented to straw diets and pH fell below 6.2
(Mould et al., 1983). Russell and Dombrowski (1980) found that ruminal
cellulolytic bacteria in continuous culture were decreased or washed out at
pH values ranging from 5.7 to 6.15.

A treatment X sampling time interaction was detected (P<0.001) for rum-
inal NH; concentrations; therefore, data are presented by sampling time in
Table 5. At 1 h after supplementation, ruminal NH, concentrations were in-
creased (P<0.10) for steers receiving barley, corn and sorghum. Ruminal
NH; was greatest for corn, intermediate for sorghum and least for barley, CON
and wheat (P<0.10). This pattern was similar at 2 h after supplementation
(P<0.05) and diminished with time until 12 h when ruminal ammonia-N
concentrations were not different (P>0.10) among treatments. Corn,
sorghum and barley contained less N than wheat; therefore, urea was added
so supplements would be isonitrogenous. Corn, with the least N content, re-
quired the most added urea, followed by sorghum and barley. Ruminal NH;
concentrations tended (P=0.12) to be less for wheat at 8 h and sorghum
(P=0.11) at 12 h compared with CON. During these times, ruminal NH;
concentrations were less than the values other researchers have reported as
optimal (5.0 mg per 100 ml; Satter and Slyter, 1974 ) for microbial growth.

TABLE 4

Ruminal pH in relation to time of supplementation of beef steers fed prairie hay and supplemented
with grain

Hours after Control Barley Corn Sorghum Wheat SE!
supplementation

-2 6.6 6.4 6.5 6.5 6.5 0.06
0 6.5 6.5 6.5 6.4 6.6 0.11
1 6.6 6.6 6.7 6.5 6.4 0.11
2 6.6 6.5 6.7 6.6 6.5 0.11
4 6.6 6.3 6.5 6.5 6.3 0.11
6 6.5 6.1 6.4 6.3 6.2 0.14
8 6.5 6.2 6.2 6.3 6.3 0.11
12 6.5 6.2 6.3 6.3 6.3 0.1

'Standard error of least squares means (n=>5).
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TABLE 5

Ruminal ammonia-nitrogen concentration (mg per 100 ml) in relation to time of supplementation
of beef steers fed prairie hay and supplemented with grain

Hours after Control Barley Corn Sorghum Wheat SE!
supplementation
=2 5.5 7.0 7.1 7.0 7.5 1.05
0 6.1 6.1 6.8 6.0 7.0 0.89
1 6.22 19.4* 58.3° 37.6° 8.22 7.13
2 6.2¢ 32.1F 44.08 27.7¢ 8.9¢ 3.21
4 6.3¢ 18.9° 21.7F 18.6f 5.8° 2.65
6 4.9% 8.6%¢ 10.5¢ 6.5% 2.6° 1.11
8 4.42 4.3 6.8° 3.4 2.2% 0.92
12 4.8 5.0 4.3 3.1 34 0.67

!Standard error of least squares means (n=35).
abedRow means with different superscripts differ (P<0.10).
efeRow means with different superscripts differ (P<0.05).

TABLE 6

Ruminal fluid and particulate dynamics in steers fed prairie hay and supplemented with grain

Control Barley Corn Sorghum Wheat SE!
Dilution rate (% h~") 9.0 9.6 9.5 10.4 9.5 0.64
Volume (1) 22.9 259 24.8 25.3 31.0 3.10
Volume (1kg=!' BW) 0.11 0.13 0.12 0.11 0.14 0.01
Particulate passage 2.4 2.7 2.7 2.5 2.9 0.15
rate (% h~!)
Ruminal particulate 50.1 44.7 45.8 47.6 42.1 2.20
retention time (h)
Intestinal particulate 18.4 15.2 16.1 15.6 14.5 1.06
retention time (h)
Total mean 68.5% 60.0°¢ 61.9% 63.3% 56.6° 2.23
particulate retention
time (h)
DM fill (gkg~' BW) 21.4 21.2 21.7 21.2 18.6 0.83

'Standard error of least squares means (n=35).
2bcRow means with different superscripts differ (P<0.10).

Ruminal fluid dilution rate and volume were not affected by grain supple-
mentation (P> 0.10; Table 6 ). Studies by Henning et al. (1980), Branine and
Galyean (1985) and Krysl et al. (1989) reported no effect of grain supple-
mentation on fluid passage rates, while Pordomingo et al. (1991) noted a
tendency for increased fluid dilution rates in grazing steers supplemented with
whole corn at 0.2% of BW. Krysl et al. (1989) found that steam-flaked
sorghum grain increased ruminal fluid volume, but other studies have not
found any effects of grain supplementation on fluid volume (Branine and
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Galyean, 1985; Freeman, 1987; Pordomingo et al., 1991). Changes in fluid
dilution rate with grain supplementation might alter ruminal microbial pop-
ulations and site of digestion. At present, however, effects of limited amounts
of grain supplementation (up to and including 0.4% of BW) on ruminal fluid
dynamics appear minimal.

Particulate passage rate and ruminal DM fill were not affected (P>0.10)
by grain supplements (Table 6); however, ruminal retention time tended
(P=0.18) to be decreased with wheat supplementation compared with CON.
In addition, there was a tendency (P=0.16) for both wheat and barley to
decrease intestinal retention time. These tendencies resulted in decreased
(P<0.10) total tract mean retention times with barley, corn and wheat
supplementation compared with CON. Wheat supplementation caused the
greatest (P<0.10) decrease in total tract mean retention time. The retention
time with barley or corn did not differ (P> 0.10) from wheat, but retention
time with wheat was less (P<0.10) than for sorghum. These data suggest that
the differences in passage rates, although not statistically significant, were re-
lated to supplementation. Feed intake in forage-fed ruminants is most likely
controlled by ruminal fill and passage rates when forage OM digestibility is
less than 65% (Ellis, 1978). Steers receiving grain supplements also had greater
total feed intake; therefore, to accommodate greater feed intake, an increase
in either ruminal fill or passage rate was expected. Except in the case of wheat,
gastrointestinal DM fill in supplemented steers did not greatly differ from
those on the CON diet. However, numerical differences in particulate passage
rates reflect differences in total tract mean retention time and amount of OM
consumed. These data agree with those of Pordomingo et al. (1991) for corn
and reports by Krysl et al. (1989) for sorghum.

Treatment X sampling time interactions (P <0.05) were detected for molar
proportions of acetate and propionate. Hence, for clarity of presentation, all
VFA data are presented by sampling time. Molar proportion of acetate (Ta-
ble 7) tended (P=0.07 for overall model) to be increased (P<0.10) by
sorghum supplementation compared with CON, barley, corn, and wheat at
24 h after supplementation (0 h). At 2 h after supplementation, the acetate
proportion tended (P=0.06 for overall model) to be less (P<0.10) for wheat
and was greater (P<0.10) for sorghum compared with CON. Acetate pro-
portions for barley and corn did not differ from either CON or wheat. Barley
decreased (P<0.10) acetate proportions at 4 h relative to CON, but sorghum
increased (P<0.10) acetate proportions compared with CON. Corn did not
differ from either CON or wheat. At 8 h after supplementation, the same trends
(P=0.07 for overall model) as at 2 h after supplementation were observed
(P<0.05). Decreased (P<0.10) acetate with wheat and elevated acetate
(P<0.10) with sorghum were observed at 12 h after supplementation. Ace-
tate proportions with barley did not differ (P>0.10) from CON, while corn
did not differ (P>0.10) from either CON or wheat.
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Ruminal proportionate proportions were not affected (P>0.10) by grain
supplementation (Table 7). Butyrate proportions were increased (P<0.10;
Table 7) by wheat and decreased (P<0.10) by sorghum at 2 h after supple-
mentation, while barley did not differ (P> 0.10) from either CON, wheat or
corn. Further, corn did not differ (P> 0.10) from CON or barley. At 8 h after
supplementation, sorghum decreased (P<0.01) ruminal butyrate propor-
tions compared with the other treatments. The same pattern was evident
(P<0.10) at 12 h. Grain treatments did not affect (P> 0.10) ruminal butyr-
ate proportions at 0 and 4 h.

Grain supplementation did not alter (P> 0.01) ruminal isobutyrate or iso-
valerate proportions (data not shown ). Barley increased (P<0.10) valerate
proportions at 4 h after supplementation compared with CON, corn and
sorghum (Table 8). Sorghum decreased (P>0.10) valerate proportions
compared with the other grains. At 8§ h after supplementation, both barley
and wheat increased (P<0.10) valerate compared with other treatments,
while sorghum decreased (P<0.01) valerate compared with other grains.
Ruminal valerate was not affected (P>0.10) by grain type at other sampling
times.

Total VFA concentrations (Table 8) were increased (P<0.10) by barley

TABLE 7

Ruminal proportions (mol. %) of major volatile fatty acids in relation to time of supplementation of
beef steers fed prairie hay and supplemented with grain

Hours after Control Barley Corn Sorghum Wheat SE!
supplementation
Acetate
0 71.5 71.3 70.6 73.2 70.7 0.60
2 71.0 69.4 70.0 73.1 68.4 0.70
4 70.6* 68.8° 69.9%° 73.0° 69.0%° 0.68
8 70.3 69.5 69.4 72.9 67.8 0.80
12 70.82 70.4% 69.22¢ 72.9° 67.6° 0.76
Propionate
0 15.2 15.1 15.9 15.4 15.2 0.46
2 15.4 15.8 15.8 15.3 16.5 0.44
4 15.6 16.2 16.0 15.3 16.7 0.43
8 15.9 16.1 16.4 15.1 17.7 0.69
12 15.5 15.7 16.8 15.2 17.5 0.60
Butyrate
0 11.2 11.1 10.0 9.1 11.0 0.55
2 i1.12 12.1% 11.22 9.3° 12.2¢ 0.42
4 11.5 12.3 10.7 9.6 11.9 0.49
8 12.12 12.12 11.92 9.6° 12,22 0.29
12 12,22 12.12 12.07 9.9° 12.9¢ 0.28

!Standard error of least square means (n=>5).
*b°Row means with different superscripts differ (P<0.10).
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TABLE 8

Ruminal proportions of valerate (mol. %) and total ruminal volatile fatty acid (VFA) concentration
(mM) in relation to time of supplementation of beef steers fed prairie hay and supplemented with
grain

Hours after Control Barley Corn Sorghum Wheat SE!
supplementation
Valerate
0 0.67 0.82 0.82 0.57 0.81 0.08
2 0.76 0.99 1.02 0.55 1.00 0.12
4 0.713¢ 1.15* 0.88¢ 0.54¢ 1.06%¢ 0.10
8 0.51% 0.98° 0.732 0.34° 1.03® 0.10
12 0.53 0.75 0.62 0.46 0.82 0.10
Total VFA
0 82.2 94.4 96.8 86.4 88.3 8.3
2 91.4 103.5 92.9 84.8 80.4 8.0
4 90.0* 103.9° 85.0* §1.22 74.5% 6.9
8 82.0 84.6 88.0 83.2 84.0 9.9
12 82.3 83.7 78.1 86.7 84.8 7.1

!Standard error of least squares means (n=75).
*b.odRow means with different superscripts differ (P<0.10).

at 4 h after supplementation compared with other treatments. Total VFA con-
centrations were not affected (P>0.10) by grain supplementation at other
times. Because wheat and barley are more readily fermentable than the other
grains studied, wheat also would be expected to result in a greater total VFA
concentration; this expected result may have been diminished by ruminal NH;
concentration because urea was not supplemented with wheat. Additionally,
numerical differences in acetate:propionate ratios and acetate:butyrate ra-
tios suggest that more carbon was incorporated into longer-chain VFA with
wheat, which may affect total VFA production. It also is apparent that sorghum
generally increased acetate proportions, largely at the expense of butyrate.
This is contrary to reports of Krysl et al. (1989), in which sorghum supple-
mentation of steers grazing native rangelands increased butyrate and de-
creased acetate proportions. Differences may be explained by differences in
grain digestibility because Krysl et al. (1989) fed steam-flaked sorghum, which
has a greater digestibility than dry-rolled sorghum (Garcia et al., 1981, as
cited by Theurer, 1986). Corn supplementation did not affect VFA ratios or
concentrations, compared with CON. Volatile fatty acid concentrations were
affected, however, when whole corn was supplemented to steers grazing blue
grama rangeland (Pordomingo et al., 1991); it is unclear why this response
was not observed in our study.

In sacco OM disappearance of hay is presented in Table 9. Initially, barley
decreased (P<0.10) OM disappearance compared with CON and corn. This
decrease may have resulted from the relatively smaller particle size of barley
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TABLE 9

Extent of in sacco organic disappearance (mg g~! OM) in beef steers fed prairie hay and supple-
mented grain

Incubation Treatment
time (h)
Control Barley Corn Sorghum Wheat SE!
2 1355 1212 141° 123 1312° 4.9
4 134 137 144 138 138 5.5
8 149 169 174 171 167 7.1
12 191 205 220 212 208 9.2
16 235 233 265 245 226 12.7
24 306 331 347 323 301 18.5
36 378 404 447 392 388 24.8
48 4112 492° 495° 467° 456° 17
72 522 559 581 583 520 26.4
96 602 619 649 637 579 21.8

!Standard error of least squares means (n=>5).
2b<R ow means with different superscripts differ (P<0.10).

(Table 2), which might encourage bacteria (i.e. Bacteriodes succinogenes)
and protozoans (i.e. Diplodinium spp.) to preferentially degrade starch rather
than cellulose (Yokoyama and Johnson, 1988 ). More importantly, all grains
studied increased (P<0.10) OM disappearance of hay relative to CON when
incubated in the rumen for 48 h. This positive associative effect corresponds
with the particulate mean ruminal retention time data, and indicates poten-
tial increased utilization of the hay with low-level grain supplementation.
Similar results were described by Pordomingo et al. (1991) when corn was
fed at 0.2% of BW to steers grazing warm-season grassland. Forage type and
maturity are probable factors determining the presence or absence of associ-
ative effects with limited grain supplementation. Sheep studies reported by
Meissner et al. (1991) demonstrated that limited grain supplementation (0.3
or 0.6% of BW) reduced in sacco dry matter and NDF disappearance of al-
falfa and kikiyu grass, while small positive effects of grain supplementation
were described for dry matter and NDF disappearance of Smuts finger, pan-
icum, and eragrostis grasses. Alfalfa and kikuyu grass had greater IVOMD
and less NDF content than the other species examined. They concluded that
negative associative effects are unlikely when limited grain supplementation
is provided to sheep consuming forages having a NDF content greater than
55-60 g per 100 g DM, while digestion of forages containing less NDF may
be negatively impacted. Our study offers support to their conclusion because
forage used in our study was greater than 55-60 g NDF per 100 g DM (68 g
NDF per 100 g DM) and in sacco OM disappearance was somewhat im-
proved by limited grain supplementation.
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The rate of in sacco OM disappearance was not affected (P>0.10) by
treatment (1.4%h~!,1.8%h~', 1.9% h~!,1.7%h~!, and 1.7% h~! for CON,
barley, corn, sorghum and wheat, respectively; standard error of least squares
means 0.17, n=5). Numerically, it appears that grain supplementation in-
creased the rate of OM disappearance at levels fed in our study; however, the
effects of barley, corn, and sorghum in our study are confounded with addi-
tion of urea. Urea was added to account for differences in N content of grains,
so effects of starch digestion on hay intake and utilization could be identified.
Because the influence of grains containing urea on ruminal NH; concentra-
tions was greatly different from that of supplements not containing urea
(wheat), it is possible that the urea exerted an additional effect on ruminal
digestion of hay.

CONCLUSIONS

From the results of our study, it appears that grains of varying starch con-
tent and structure can be supplemented, when fed at 0.25% of BW (starch
basis) to cattle, without negatively affecting intake of harvested forages. In
addition to increasing energy intake, in sacco forage OM disappearance may
be enhanced by low-level grain supplementation. Furthermore, favorable de-
creases in the acetate:propionate ratio may be obtained when wheat is sup-
plemented. Because grains are commonly fed to grazing beef cattle without
urea, future studies making comparisons among grains without urea addition
would be useful.

REFERENCES

Association of Official Analytical Chemists, 1984, Official Methods of Analysis, 14th edn. AOAC,
Washington, DC.

Brake, A.C., Goetsch, A.L., Forster, Jr., L.A. and Landis, K.M., 1989. Feed intake, digestion
and digesta characteristics of cattle fed bermudagrass or orchardgrass alone or with ground
barley or corn. J. Anim. Sci., 67: 3425-3436.

Branine, M.E. and Galyean, M.L., 1985. Influence of supplemental grain on forage intake, rate
of passage and rumen fermentation in steers grazing summer blue grama rangeland. Proc.
West. Sect. Am. Soc. Anim. Sci., 36: 290-294.

Broderick, G.A. and Kang, J.H., 1980. Automated simultaneous determinations of ammonia
and total amino acids in ruminal fluid and in vitro media. J. Dairy Sci., 63: 64-75.

Ellis, W.C., 1978. Determinants of grazed forage intake and digestibility. J. Dairy Sci., 61: 1828-
1840.

Freeman, A.S., 1987. Effects of protein and energy supplementation on intake, digestibility,
ruminal fermentation and digesta kinetics in beef steers fed low-quality prairie hay. Ph.D.
Dissertation, New Mexico State University, Las Cruces, NM, p. 95.

Galyean, M.L., Wagner, D.G. and Owens, F.N., 1979. Corn particle size and extent of digestion
in steers. J. Anim. Sci., 49: 204-210.



106 E.L. FREDRICKSON ET AL.

Galyean, M.L., Wagner, D.G. and Owens, F.N., 1981. Dry matter and starch disappearance of
corn and sorghum as influenced by particle size and processing. J. Dairy Sci., 64: 1804-1812.

Goering, H.D. and Van Soest, P.J., 1970. Forage Fiber Analyses (Apparatus, Reagents, Proce-
dures, and some Applications). Agricultural Handbook No. 379. ARS, USDA, Washington,
DC, pp. 1-20.

Goetsch, A.L. and Galyean, M.L., 1983. Influence of feeding frequency on passage of fluid and
particulate markers in steers fed a concentrate diet. Can. J. Anim. Sci., 63: 727-730.

Hart, S.P. and Polan, C.E., 1984. Simultaneous extraction and determination of ytterbium and
cobalt ethylenediaminetetraacetate complex in feces. J. Dairy Sci., 67: 888-892.

Henning, P.A,, van der Linden, Y., Mattheyse, M.E., Nauhaus, W.K. and Schwartz, HM., 1980.
Factors affecting the intake and digestion of roughage by sheep fed maize straw supple-
mented with maize grain. J. Agric. Sci., 94: 565-573.

Horn, G.W. and McCollum, F.T., 1987. Energy supplementation of grazing ruminants. Proc.
Grazing Livestock Nutrition Conference, Jackson Hole, Wyoming, University of Wyoming,
Laramie, pp. 125-136.

Hoseney, R.C., 1986. Principles of Cereal Science and Technology. Am. Assoc. Cereal Chem.,
St. Paul, MN, pp. 33-110.

Krys], L.J., Galyean, M.L., Estell, R.E. and Sowell, B.F., 1988. Estimating digestibility and fae-
cal output in lambs using internal and external markers. J. Agric. Sci., 111: 19-25.

Krysl, L.J., Branine, M.E., Cheema, A.U., Funk, M.A. and Galyean, M.L., 1989. Influence of
soybean meal and sorghum grain supplementation on intake, digesta kinetics, ruminal fer-
mentation, site and extent of digestion and microbial protein synthesis in beef steers grazing
blue grama rangeland. J. Anim. Sci., 67: 3040-5051.

MacRae, J.C. and Armstrong, D.G., 1968. Enzyme method for determination of alpha-linked
glucose polymers in biological materials. J. Sci. Food Agric., 19: 578-581.

McAllister, T.A., Rode, L M., Cheng, K.-J. and Buchanan-Smith, J.G., 1989. A study of the
sequential digestion of barley, corn, sorghum and wheat by rumen microorganisms. Proc.
West. Sect. Am. Soc. Anim. Sci., 40: 436-439.

McCollum, F.T. and Galyean, M.L., 1985. Influence of cottonseed meal supplementation on
voluntary intake, rumen fermentation, and rate of passage of prairie hay in beef steers. J.
Anim. Sci., 60: 570-577.

Meissner, H.H., Koster, H.H., Nieuwoudt, S.H. and Coertze, R.J., 1991. Effect of energy sup-
plementation on intake and digestion of early and mid-season ryegrass and Panicum/Smuts
finger hay, and on in sacco disappearance of various forage species. S. Afr. J. Anim. Sci., 21:
33-42.

Mould, F., Orskov, E.R. and Gauld, S.A., 1983. Associative effects of mixed feeds. 2. The effects
of dietary additions of bicarbonate salts on the voluntary intake and digestibility of diets
containing various proportions of hay and barley. Anim. Feed Sci. Technol., 10: 31-47.

Jrskov, E.R. and McDonald, 1., 1979. The estimation of protein degradability in the rumen
from incubation measurements weighted according to rate of passage. J. Agric. Sci., 92: 499-
503.

Pordomingo, A.J., Branine, M.E., Freeman, A.S., Galyean, M.L. and Wallace, J.D., 1991. Sup-
plemental corn grain for steer grazing native rangeland during summer. J. Anim. Sci., 69:
1678-1687.

Rooney, L.W. and Pflugfelder, R.L., 1986. Factors affecting starch digestibility with special
emphasis on sorghum and corn. J. Anim. Sci., 63: 1607-1623.

Russell, J.B. and Dombrowski, D.B., 1980. Effect of pH on the efficiency of growth by pure
cultures of rumen bacteria in continuous culture. Appl. Environ. Microbiol., 39: 604-610.

Satter, L.D. and Slyter, L.L., 1974. Effect of ammonia concentration on rumen microbial pro-
duction in vitro. Br. J. Nutr., 32: 199-208.

Statistical Analysis Systems Institute, 1985. SAS User’s Guide. Statistics. SAS Institute, Cary,
NC, pp. 433-506.



EFFECTS OF FOUR CEREAL GRAINS ON FORAGE DIGESTION BY CATTLE 107

Theurer, C.B., 1986. Grain processing effects on starch utilization by ruminants. J. Anim. Sci.,
63: 1649-1662.

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

Uden, P.D., Colucci, E. and van Soest, P.J., 1980. Investigation of chromium, cerium, and co-
balt as markers of digesta rate of passage studies. J. Sci. Food Agric., 31: 625-632.

Van Soest, P.J., 1982, Nutritional Ecology of the Ruminant. O & B Books, Corvallis, OR, p.
236.

Van Soest, P.J., 1990. Methods for dietary fiber, NDF and non starch polysaccharides. J. Dairy
Sci., 73 (Suppl. 1): 225. (Abstr.)

Waldo, D.R., 1973. Extent and partition of cereal grain starch digestion in ruminants. J. Anim.
Sci., 37: 1062-1074.

Yokoyama, M.T. and Johnson, K.A., 1988. Microbiology of the rumen and intestine. In: D.C.
Church (Editor), The Ruminant Animal. Prentice Hall, Englewood Cliffs, NJ, pp. 145-171.



