LIVESTOCK
PRODUCTION
SCIENCE

www.elsevier.com/locate/livprodsci

> {).
A

Jo T

i

e Y ANPA RS
ELSEVIER Livestock Production Science 86 (2004) 55—59

Effect of feeding Aspergillus oryzae extract on milk production
and rumen parameters

Gerald E. Higginbotham®*, José E.P. Santos”, Sérgio O. Juchem®, Edward J. DePeters®

@ University of California Cooperative Extension, 1720 S. Maple Avenue, Fresno, CA 93702, USA
b University of California, Davis, VMTRC-18830 Road 112, Tulare, CA 93274, USA
¢ Department of Animal Science, University of California, Davis, One Shields Avenue, Davis, CA 95616-8521, USA

Received 21 October 2002; received in revised form 7 May 2003; accepted 20 May 2003

Abstract

The objective of this study was to examine the effects of an Aspergillus oryzae extract on milk production and
composition and rumen metabolites in a commercial dairy herd. Early lactation Holstein cows, 282, in their second or greater
lactation were used in a 60-day trial from August to October 2001. Cows were assigned to one of two treatments in a
switchback design with two 30-day treatment periods. Treatments were control (no additive) or 5 g/day of 4. oryzae extract.
Both groups were fed the same total mixed ration (TMR). 4. oryzae extract was blended with the TMR and fed once daily.
Feeding a culture of A. oryzae had no effect on yields of milk and 3.5% fat-corrected milk. Milk components were also
unaffected by A. oryzae extract, but cows fed with the control diet had higher concentration and yield of milk true protein.
Rumen pH, rumen concentrations of volatile fatty acids, and NH3—N, as well as blood urea N, were similar for both
treatment groups. Feeding 5 g/day of A. oryzae extract to early lactation multiparous Holstein cows had no effect on lactation
performance and rumen parameters.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction concentrate diets through enhanced fiber digestion

(Van Horn et al., 1984; Weidmeier et al., 1987;

There is continued interest in the use of nonbacte-
rial direct-fed microbials (DFM) as feed additives for
lactating cows. The use of a DFM such as Aspergillus
oryzae (Amaferm®, Biozyme, St. Joseph, MO) has
been shown to increase DM digestibility of high
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Gomez-Alarcon et al., 1990). The increased number
of cellulolytic bacteria present in the rumen fluid and
the more stable rumen environment when cows are
fed 4. oryzae might account for the increased fiber
digestibility. Moreover, higher milk or fat-corrected
milk yields and milk protein, and solids-not-fat per-
centages resulted from feeding Amaferm to lactating
cows (Gomez-Alarcon et al., 1991; Kellems et al.,
1990; Higginbotham et al., 1993).

Previous studies on feeding Amaferm to lactating
cows used 3 g/day of an A. oryzae culture. When Yu
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et al. (1997) fed lactating dairy cows 3 g/day of a
culture of 4. oryzae in diets containing either steam-
flaked or steam-rolled corn, they observed an increase
in milk solids nonfat content and a tendency for
higher milk protein content in cows fed 4. oryzae.
Denigan et al. (1992) evaluated the top dressing of a
culture of A. oryzae to dairy cows at levels of 0, 1.5, 3,
and 6 g/day in two lactation trials, and they observed
that none of the levels of A. oryzae culture fed affected
the performance of lactating cows. This is the only
study that evaluated doses higher than 3 g/day of a
culture of A. oryzae in the diet of high-producing
lactating dairy cows.

The supplementation of a culture of 4. oryzae
incorporated into the total mixed ration (TMR) at a high
dose rate has not been investigated with large number
of high-producing cows fed high concentrate diets.
The objective of this study was to determine the effects
of feeding 5 g/day of a culture of 4. oryzae on yields
of milk and milk components and on rumen param-
eters of early lactation multiparous Holstein cows.

2. Materials and methods
2.1. Cows and management

The study was conducted on a 1500-cow commer-
cial dairy farm located in the central valley of Cal-
ifornia. Multiparous Holstein cows (n=282) at 86
DIM (S.E.M. = 3.1) with an average lactation num-
ber 0of 2.90 (S.E.M.= =% 0.07) were randomly assigned
to one of two treatments in a switchback design. The
study was conducted from August to October 2001
and it lasted 60 days, with two 30-day treatment
periods. Measurements were taken during the last
week of the 30-day treatment period.

At the beginning of the study, cows were randomly
assigned to be housed in one of the two study pens,
and milk yield and DIM were similar for the two
groups. The pens were identical in size, location,
design, located just across each other, and housed
the same number of animals. Both pens were located
in the same free-stall barn and they had access to an
open dirt exercise yard. Treatments were control (no
additive) or 5 g/cow/day of a culture of A. oryzae
incorporated into the TMR during the afternoon
feeding. Cows were milked three times daily.

2.2. Experimental diets and feeding

A TMR containing on a DM basis 14.6% alfalfa
hay, 7.2% alfalfa silage, 16.8% corn silage, 56.8%
concentrate mix, and 4.6% mineral supplement was
fed to all cows twice daily. The nutrient content of the
diet offered (DM basis) was 1.68 Mcal NE'/kg, 17.8%
CP, 6.2% crude fat, 37.0% NFC, 30.6% NDF, 21.1%
ADF, 37.3% UIP, and 8.4% ash. Cows fed A. oryzae
extract received a daily premix containing 5 g of
Amaferm mixed with the TMR once daily, in the
afternoon feeding. Cows were fed for ad libitum
intake with an expected 3—5% of the daily amount
offered to be left as refusal the next day.

2.3. Milk sampling

Yields of milk were recorded by measuring milk
weights from two consecutive milkings for 3 days
during the last week of each period. At the same time,
individual milk samples were collected from each
milking, composited within each day, and analyzed
for the concentration of fat, true protein, lactose,
solids-not-fat (SNF), and SCC (Foss 303 Milk-O-
Scan®; Foss Foods, Eden Prairie, MN) at the DHIA
Laboratory in Fresno, CA.

2.4. Rumen and blood metabolites determination

In the last week of each period, rumen contents
were sampled by rumenocentesis using 16-gauge, 14-
cm needle, 2—3 h after the morning feeding from 20
cows selected randomly, which represented 10 cows/
treatment in each period. Upon collection, a 5-ml
aliquot of rumen fluid was acidified with 1 ml of
25% metaphosphoric acid and allowed to stand for 30
min. Rumen fluid was then centrifuged at 2000 X g
for 10 min. Supernatant was collected and frozen for
later analysis of NH;—N (Noel and Hambleton, 1975),
and for the analysis of VFA by GLC (Baker, 1966). At
the same time of rumen sampling, blood was sampled
by puncture of the coccygeal vein or artery using
Vacutainer serum tubes (Becton Dickinson, Franklin
Lakes, NJ). Samples were immediately placed on ice
and transported to the laboratory within 6 h of col-
lection. Blood was centrifuged at 2000 X g, and serum
was frozen at — 5 °C until analysis of urea N (Marsh
et al., 1957).
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2.5. Experimental design and statistical analysis

The study was conducted following a switchback
design using two pens in the same free-stall barn.
Within each of the 30-day period, each pen was
assigned to one of the two treatment diets, with
treatments being switched at the end of the first 30-
day period.

Within each period, data collected during the last
week of treatment were averaged into a single mean
and then analyzed by ANOVA using the GLM proce-
dure of SAS (2001) with observed mean, treatment,
period, and interaction between treatment and period.
Treatment differences with P < 0.05 were considered
significant, and 0.05<P <0.15 were considered a
trend.

3. Results

Yields of milk were not different between the two
treatment groups, and they averaged 47.6 and 46.8 kg/

Table 1
Effect of feeding yeast culture on lactation performance of dairy
cows

Treatment® S.E.M. Effect”
Control AO TRT Period TRT X
period
(P<)
Milk yield, 47.6 46.8 045 0.17 0.01 0.0l
kg/day
3.5% FCM, 44.0 441 035 0.88 0.01 0.84
kg/day
Milk fat
% 3.16 3.19 0.03 041 0.01 0.001
Yield, 1.50 1.48 0.02 052 0.01 094
kg/day
Milk true protein
% 3.14 3.06 0.01 0.001 0.08 0.001
Yield, 1.50 1.43 0.03  0.001 0.001 0.41
kg/day
Lactose, % 4.71 472 001 0.62 0.001 0.94
SNE, % 8.77 8.73 0.02 024 0.08 0.0l
SCC, 254.6  256.6
X 10%/ml
Linear SCC 3.29 3.11 0.10 021 0.78 0.0l

* AO = Aspergillus oryzae extract.
® TRT = treatment; TRT X period = interaction between TRT and
period.

Table 2
Effect of feeding yeast culture on rumen and blood parameters of
dairy cows

Treatment” S.EM. Effect®
Control AO TRT Period TRT X
period
(P<)
VFA,® mmol
Total 126.9 1244 7.10 0.81 0.86 0.92
Acetic 77.6 764  4.09 0.84 0.95 0.69
Propionic 32.6 31.9  2.09 0.82 0.89 0.46
Butyric 13.4 12.8  0.88 0.66 0.26 0.45
Isovaleric 1.54 145 0.10 0.49 0.08 0.64
Valeric 1.90 1.90 0.16 0.99 0.68 0.79
Acetic/ 2.43 243 0.06 0.99 0.60 0.01
propionic
Blood 20.6 20.6  0.86 097 0.18 0.01
urea—N,
mg/dl
Rumen pH 5.85 6.02 0.10 0.21 0.001 0.77
Rumen 16.38 1585 1.13 0.74 0.01 0.01
NH;-N,
mg/dl

* AO = Aspergillus oryzae extract.

® TRT =treatment; TRT X period = interaction between TRT and
period.

¢ VFA =volatile fatty acids.

day for controls and A. oryzae extract fed cows.
Similarly, daily production of 3.5% fat-corrected milk
did not differ between the treatment groups and they
averaged 44.1 kg/day (Table 1).

Compared to control cows, feeding 5 g/day of a
culture of 4. oryzae had no effect on content and yield
of milk fat. Similarly, lactose and SNF content of
milk were similar between the two treatment groups.
However, cows fed 4. oryzae extract produced milk
with a lower true protein content, which resulted in a
lower milk protein yield. Interaction between treat-
ment and period for yields of milk and concentrations
in milk of fat, true protein, SNF, and linear SCC
indicates that responses of cows to treatments varied
with period. It is not clear to us why responses to
treatments differed with period, mainly considering
that a switchback design was utilized to eliminate any
possible pen grouping effect.

Blood urea N, rumen pH and rumen concentration
of VFA and NH3;—N were unaffected by treatment
(Table 2).
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4. Discussion
4.1. Milk production and composition

Gomez-Alarcon et al. (1991) reported that cows in
early lactation consuming high concentrate diets had
increased DMI and milk yields when fed 4. oryzae
extract. In addition, Kellems et al. (1990) observed the
greatest effect of feeding A. oryzae extract during the
early stages of the lactation cycle. Although cows in
the current study were in early lactation and consum-
ing a high concentrate diet, only milk protein content
and yield were affected, and no other changes in
lactation performance occurred when a culture of A.
oryzae was added to the diet. Results from the current
study confirm a previous report by Denigan et al.
(1992) that failed to show increases in milk yields
when 4. oryzae extract was fed at levels higher than
3 g/day.

No difference was observed between treatments for
any of the milk constituents except for milk true
protein being higher for cows receiving the control
diet. Previous reports (Denigan et al., 1992; Huber et
al., 1994; Yu et al., 1997) have shown little or no
differences in responses in milk components when
feeding A. oryzae extract including milk protein.
Higginbotham et al. (1993) reported higher milk
protein and SNF percentages in cows fed 4. oryzae.
Williams and Newbold (1990) proposed that the
addition of 4. oryzae increases energy supply to the
lactating cow by stabilizing the ruminal environment
and increasing fiber digestion, thus increasing the
energy available from the diet for productive purpo-
ses. These effects can potentially improve DM
intakes. Huber et al. (1994) summarized 17 compar-
isons in which 4. oryzae extract was fed to lactating
dairy cows, and they concluded that DM intake was
similar between controls and cows receiving A. ory-
zae. Differences in feed components among trials may
contribute to the differences in response to 4. oryzae
feeding.

4.2. Rumen and blood metabolites

The current study failed to detect differences in
serum urea N, rumen VFA, or rumen NH;—N con-
centrations. Higginbotham et al. (1993) found that A4.
oryzae significantly reduced blood urea N concentra-

tions. Previous reports (Fondevila et al., 1990; New-
bold et al., 1990) on fungal cultures have shown that
yeast cultures, but not 4. oryzae products, reduced the
concentrations of rumen NH;—N. It was suggested
that the improved rumen fermentation might be re-
sponsible for the lower concentrations of NH;—N in
the rumen fluid as a consequence of improved nitro-
gen utilization by rumen microorganisms. Gomez-
Alarcon et al. (1990) found that 4. oryzae supplemen-
tation increased rumen and total tract digestibility of
fiber fractions, but rumen VFA and NH;—N concen-
trations were not affected. Because A. oryzae has
proteolytic activity (Arambel et al., 1987), rumen
NH;—N concentrations might increase with the use
of A. oryzae when digestion of carbohydrates is not
improved and asynchrony of energy and N availability
in the rumen occurs.

Rumen pH was not affected by feeding a culture of
A. oryzae. Stabilization of rumen pH is reported to be
an important property of direct fed microbials, and
that is usually an argument to justify improvements in
fiber digestion. Frumholtz et al. (1989) using the
rumen simulation technique (Rusitec) observed a
reduction in the post-feeding pH drop with 4. oryzae
supplementation. Rumen pH is controlled by the
concentrations of the commonly found VFA, in asso-
ciation with the presence of lactate. Since no differ-
ences in total VFA concentrations in the rumen fluid
were observed for cows fed A. oryzae compared to
cows fed the control diet in the present study, changes
in rumen pH would not be expected. Martin (1990)
proposed that changes in rumen pH when direct feed
microbials were fed might be related to lactate avail-
ability in the rumen. Because no changes in rumen pH
were observed for cows in the current study, it is
unlikely that lactate concentrations in the rumen fluid
differed between cows fed 4. oryzae or the control
diet.

5. Conclusion

Addition of an 4. oryzae extract to a dairy diet high
in concentrate ingredients did not have significant
effects on production of milk or milk components
with the exception of decreased milk true protein
percentage and yield. Similarly, feeding 4. oryzae
extract at 5 g/cow/day did not affect rumen parameters
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and serum concentrations of urea N. Our findings do
not support the benefits of feeding A. oryzae extract in
the diet of lactating dairy cows.
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