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ABSTRACT

Four steers fitted with indwellng ruminal
cannulag were arranged in a 4 x 4 Latin square to
evaluate the effects of Aspergillus oryzae (AO)
fermentation extract and barley supplementation on in
sita forage nutrient utihzation and ruminal pH.
Steers were fed a basal hay (8.1% CP) ad libitum.
Treatments were arranged in a 2 x 2 factorial with
Amaferm (AQ; 2 g/head daily) and barley (2.73 kg/head
daily) supplementation. Dacron bags contaiming basal
forage were ruminally incubated at 0, 4, 8, 12, 16, 24,
36, 48 and 72 h. Ruminal fluid samples were taken
at -2, 0,1, 3, 6 9, 12, 15 and 24 h after feeding.
Main effect means for 1n situ dz matter (DM) and
neutral detergent fiber (NDF) degradabilities were
lower (P<.05) 1n barley compared with non-barley
supplemented steers at 16, 36, 48 and 72 h. Steers
fed AO had higher (P<.08) i;n stu DM and NDF
degradabilities at 16 h compared with non-AO
sups:emented steers. In addition, AQ supplementation
tended (P<.16) to enhance in mtu NDF degradabihty
above controls at 8 and 36 h of incubabon. Moreaver,
AQ supplementation resulted in higher (P<.04) crude
protein (CP) in mitu degradabiity at 16 h compared
with steers not fed AQ. Barley supplementation had
no influence (P>.10) on in situ forage CP degradability.
Ruminal pH was depressed in steers fed barley (P<.10)
at 3, 6 and 9 h post supplementation compared with
steers not fed barley In addition, AO supplementation
increased (P<10} ruminal pH above non-AOQ
supplemented steers at 1 and 24 h post AQ feeding.
Supplementation of AQ tended (P<.16) to evaluate
ruminat pH at 9 h after supplementation. These data
indicate that barley supplementation reduces (P<.10)
DM and NDF in mtu degradation and ruminal pH at
varicus tmes measured. Feeding AQ resulted in
higher DM, NDF' and CP degradabilites at 16 h of
incubation and occasionally altered ruminal pH.
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Introduction

Use of low quality forages in pen fed cattle rations
have often been lhmited to mid-gestation, where
nutrient requirements are low. In addithon, cattle
grazing native range in the northern great plains may
be consuming low quality forage from fall dormancy
unt] spring. Limiting nutrient characteristics of these
forages prevents optimal production and often dictates
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the use of supplements regardless of stage of
production. Research 1s needed in the area of
supplementation to find ways to improve the utilization
of low to medium quahty roughages while at the same
time increaming the energy content of the diet (Lusby
and Wagner, 1987). However, supplementing large
amounts of readily fermentable energy sources such as
barley, corn or molasses can reduce both forage intake
and rate and extent of fiber digestion (Chose and
Hibberd, 1985; Mould et al., 1988). These results may
partially be explained by decreased rurminal pH, which
in turn adversely effect cellulolytic bacteria (E] Shazly
et al,, 1961; Mould and Orskov, 1983).

Forage intake, digestibihity and cellulolytic
bacteria have been shown to increase with the addition
of AO (Caton et al, 1990; Wiedmeier ot al., 1987).
Conversely, fungal additives have not altered rates of
passage (Arambel and Wiedmeier, 1986; Wiadmeier et
al, 1987). Recent 1n situ work (Fondewvila et al., 1990;
Gomez-Alarcon et al., 1990) has shown that AO can
increase the rate of digestion of highly fibrous
feedstuffs. Several experiments concerning the
influence of AO on nutrient digestion and utilization by
dairy cattle at both high and low planes of nutrition
have been reported, while relatively foew exist for beef
cattle.  Therefore, the objectives of the current
experiment were to determune the effects of barley and
AO supplementation on in situ nutrient degradability
and ruminal pH in steers fod a low-quality hay.

Matenals and Methods

Four Hereford steers (293 kg) fitted with
ruminal cannulae were arranged in & 4 x 4 Latin
square. Each period of the Latin square consisted of
a 14 d adaptabon penod and an 8 & collection period.
Treatments were arranged as a 2 x 2 factorial within
the Latin square with Aspergillus oryzae (AO;
2g-head.d’) fermentation extract (Amaferm) and barley
(2.78 kg-head-d™) supplements as the main eflects.
Both supplements were offered once daily at 0900.
Steers were housed individually and fed praine grasa
hay (81% CP) ad hbitum as the basal forage.
Isonitrogenous supplements were formulated to meet
NRC (1984) requirements for 9 kg of daily gain.
Protein levels were adjusted using soybean meal (SMB;
Teable 1). Limestone was added daily (25 g and 45 g
to control and barley fod steers, respectively) to
balance ealcium and phosphorus, and trace muneral
blocks were offered free choice.

Dacron bags (10 x 20 cm; pore &ize
appromimately 50 microns), purchased from Ankom*,
were filled with approximately 6 g ground (2 mm
screen) prairie grass hay, sealed with a rubber stopper

‘Ankom Inec., Spencerport, NY 14559,



and incubated in the rumen for 0, 4, 8, 12, 16, 24, 36,
48 snd 72 h. After incubation, all bags were removed
from the rumen and washed in tap water until rinse
water was clear. Bags were then dried (60°C),
dessicated and reweighed. Crab samples of distary
forage and grain were taken from each period and
analyzed separately. Samples of refused hay were
taken periodically throughout each collection period
and analyzed. Forage and diet samples were analyzed
for DM and CP content (AOAC, 1984). In situ forage
NDF and dietary NDF and ADF were measured by the

non-sequential method of Goering and Van Soest
{1870).

Rumen samples were taken at -2, 0, 1, 3, 6, 9, 12,
15 and 24 h post supplementation. Samples were
immediately analyzed for pH using a combination
electrode.

Data were analyzed by analyms of variance
(Cechran and Cox, 1957). Rumen samples measured
over time were handled as a split-plot within a Latin
square (Gill and Hafr, 1971) All data were analyzed
ugsing a general linear model of statistical analysis
systems (SAS, 1982).

Results and Discussion

No barley x AO interactions were detecied;
therefore, main effect means are reported except in
Table 5. Barley supplementation decreased (P<10) 1n
gitu DM at 4 h and DM and NDF (P<.05) forage
degradab:hty ot 16, 36, 48 and 72 h post-
supplementation compared with non-barley
supplemented steers (Tables 2 and 3). There was also
a tendency (P<.13) for barley supplementation to
decrease both DM and NDF degradabihty at 24 h.
Depressions in DM degradabihty agree with results
found by Ulmer et al. (1990) when pen fed steers were
fed gimilar amounts of barley. Mould et al. (1983) also
showed decreases in DM degradation (in situ) but not
untl barley supplementation reached 50% of the diet.
Decreases 1n BM and NDF degradabilhity of forage
could possibly be attributed to changes in the bacterial
pg?’%nhon due to grain supplementation (Stewart,
1 .

Barley suppiementation had no effect (P>.10) on in
gitu CP degradability. Correction for mcrobial
attachment has the potential to alter these values,
especially with forage residues (Varvikko and Lindberg,
1985). Microbial N correction was shown to have a
major influence on estimates of feed N disappearance
for reed canary grass but had only a minor effect on
lucerne hay estimates (Kennedy et al., 1984). True N
disappearance of reed canary grass was greater than
the apparent feed N dizappearance from washed nylon
bags. Y)ocreases in cellulose digestion 1n mtu are often
accompanied by a decrease in 1n situ N digestion
(Lindberg, 1981: Lindberg and Vervikko, 1982)

In contrast to barley treatments, AO
supplementation increased (P<.10) in situ DM, NDF
and CP degradability of forage at 16 h compared with
the non-AO supplemented steers (Tables 2, 3 and 4).
In addiion, AO supplementation tended (P<.16) to
enhance in situ DM and NDF degradabilities at 8 and
36 h, and CP degradability at 8 h.

In steers grazing cool season pasture, AO
supplementation resulted in lower in situ DM
degradobilities 1n June and August, but had higher in
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mtu DM disappearance in July at 48 h of incubation
{(Caton et al., 1990). Conversely, n vitro DM
digestibility was enhanced (P<.10) by AQ in all periods
{Caton et al.,, 1990). Other studies have indicated
enhanced in vitro digestbilities of varous diets
(Gomez-Alarcon et al., 1990) as well as increased rate
of in situ degradability (Fondewla et al., 1990; Gomez-
Alarcon et al, 1990) resulting from AO
supplementation.

Simple effect means at 16 h (Table 5) indicate
that AO increased (P<.07) DM and NDF degradability
compared with other treatments. Crude protein
degradahility at 16 h was increased {P<.10) by AO
supplementation compared with hay and barley
treatments. Reasons for AO affects at only 16 h are
unknown. Error 1in dacron bag residual mtrogen
resulting from bacterial contamination can be high,
especially 1n forages (Nocek, 1988). Correction for
microbial contamination and calculation of rate of
digestion may give more msight into differences
observed in this study.

Spht-plot analysis revealed treatment by time
interactions for pH, therefore rumnal pH values are
presented by time (Table 6) Steers fed barley
exhibited a charactenstic depression (P<.10) in ruminal
PH at 8, 6 and 9 h post-supplementation compared
with steers not fed barley Lowered rumnal pH is the
result of the production of volatile fatty acids (VFA) as
well as other acids (such as lactic) and weaker
buffering power of concentrates compared with that of
forages (Slyter, 1976). Less production and recycling
of sahva, an 1mportant phymological buffer, 13 required
with the consumption of concentrates. Concentrates
generally 1increase the production of propionate which
has a lower pKa than that of acetate, thus further
lowenng the buffening capacity of rumen fluid.

In contrast to barley supplementation, addition
of AO increased (P<.10) ruminal pH above non-AO
supplemented steers at 1 and 24 h past AO feeding,
and had a tendency (P<.14) to elevate ruminal pH at
9h Although not significant, ruminal pH values were
numencally hgher for AO compared with control
steers at all times measured and would appear to
indicate a quicker recovery from postfeeding ruminal
pH depression

In vitro results reported by Frumholtz et al.
(1989) suggested that AO elimipated the fall 1n pH
associated with the addibion of grain. Conversely, at
most times measured, the results of this expenment
tend to agree with those of Arambel and Wicdmeler
(1986), Gomez-Alarcon et al. (1990) and Wiedmeier et
al. (1987) who sugpgested that AO supplementation had
no effect on ruminal pH.

Implications

Data from the present study appears to confirm
reductions in in situ digestion of DM and NDF
associated with supplementation of a lighly
fermentable starch as well as reductions 1n ruminal
pH. These data also indicate that AO supplementation
in beef steers fod a low-quality hay may only have
marginal affects on in situ forage degradshility and
rumnal pH.
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TABLE 1. DAILY SUPPLEMENTAL INTAKE AND CHEMICAL COMPOSITION OF DIETARY COMPONENTS
FED STEERS (DRY MATTER BASIS).

Item Hay Barley SBM
Composition (%)
DM 94.8 91.1 93.6
ASH 8.9 25 6.6
NDF 74.3 180 140
ADF 441 5.5 8.9
CP 8.1 16.3 48.8
OM 91.1 97.5 934
Amount fed (g)
Supplemented ad b 2727 157
Control ad lib 0 877

TABLE 2. INFLUENCE OF BARLEY AND AMAFERM (AQ) SUPPLEMENTATION ON IN SITU DRY
MATTER DEGRADABILITY OF PRAIRIE GRASS HAY INCUBATED IN THE RUMEN OF
STEERS (MAIN EFFECT MEANS).

y Amaferm
Time, h Control Barley Contrel AO SE*
%

0 21.00 21.06 20.88 21.17 22
4 2241 2298° 22.59 22.80 29
8 25.79 26.06 25.32 26.53 .70
12 30.31 29.39 29.03 30.67 1.76
16 35.26" 31.81° 31.76¢" 35.11° 1.46
24 43.67 39.70 40.28 42.46 2.65
36 54.46" 48.08° 49.13 63.42 2.54
48 60.46" 54.55* 56.43 58.58 2.09
72 67.84" 64.34" 66.06 66.13 142

*Standard error of main effect means, n = 8,
MMain effect means within barley or AQ having differing superscript differ (P<.05).

TABLE 3. INFLUENCE OF BARLEY AND AMAFERM (AO) SUPPLEMENTATION ON IN SITU
NEUTRAL DETERGENT FIBER (NDF} DEGRADABILITY OF PRAIRIEGRASS HAY
INCUBATED IN THE RUMEN OF STEERS (MAIN EFFECT MEANS).

—Barley —  Amaferm
Time, h Control Barley Control AO SE*
%

0 7.01 8.14 8.09 7.06 1.23
4 8.16 8.3 823 828 52
8 12 30 12.94 11.88 13.35 K: 3]
12 1799 17.00 16.28 18.71 2,98
16 24.43" 19.41" 19.42° 24.40° 2.04
24 35.33 28.65 30.29 83.70 8.67
36 4937 3996* 41.60 4773 3.68
48 56.68" 4827 50.89 54.06 3.04
72 67.7¢" 60.95' 63.29 63.42 1.78

*Standard error of main effect means, n = 8.
“Main effect means within barley or AO having differing superscript differ (P<.05).
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TABLE 4. INFLUENCE OF BARLEY AND AMAFERM (AO) SUPPLEMENTATION ON IN SITU CRUDE

PROTEIN DEGRADATION OF PRAIRIEGRASS HAY INCUBATED IN THE RUMEN OF
S8TEERS (MAIN EFFECT MEANS).

— .. Barley — Amaferm

Time, h Control Barley Control A0 SE
0 30.73 31.19 3041* 81.62° 44
4 29.79 30.50 80.67 20.62 87
8 30.99 32.92 30.87 33.04 1.28
12 85.16 86.98 35.34 36.79 1.37
16 4022 37.98 37.00" 41.20° 1.63
24 47.26 44.75 45.19 46.82 2.00
36 56.38 54.54 53.92 57.00 2.26
48 62.77 59.64 59.99 62.42 2.25
72 69.66 68.32 69.42 68.56 1.32

*Standard error of main effect means, n = 8.
“Main effect means within barley or AO having differing superscript differ (P<.05).

TABLE 5. INFLUENCE OF BARLEY AND AMAFERM (AO) SUPPLEMENTATION ON 16 H IN SITU
DM, NDF AND CP DEGRADABILITIES (SIMPLE EFFECT MEANS).
Jtem Hay Barley AO Barley + AO SE*
%
DM 83.08* 30.45" 8745 a2.79" 1.46
NDF 21.23* 17.62" 27.63 21.20* 2.04
CcpP 37.32* 3667 43.13° 39.29" 1.63

*Standard error of simple effect means, n = 4.
*Simple effect means within a row having different superscript differ (P<.10).

TABLE 6 INFLUENCE OF BARLEY AND AMAFERM (AO) SUPPLEMENTATION ON RUMINAL PH
OF STEERS (MAIN EFFECT MEANS).
— Barley —Amaferm

Time, h Control Barley Control AO SE*
-2 6.54 6.58 6.53 6.58 06
0 6.46 649 6.44 6.50 05
1 6.40 6.42 6.36" 64T .03
8 6.16" 587 597 6.06 .09
6 8.10* 5.63 5.84 5.88 13
;] 6.02* 5.69" 6.73 6.87 14
12 6.11 6.00 594 6.17 .18
16 6.16 6.04 6.08 612 13
24 6.34 6.40 628" 6.46° 07

*Standard error of main effect means, n = 8.
MMain effect means within barley or AO having differing superscript differ (P<.10).



