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Roughage Energy and Degradability Estimation with Aspergillus oryzae
Inclusion Using Daisy® In vitro Fermentation

C. R. Chen, B, Yu and P, W, 8, Chiou*
Department of Animal Science, National Chung-Hsing University, 250 Kuo-Kuang Road Taichung, R.O.C

ABSTRACT : The aim of this study was to predict the energy value and dynamic degradation of roughage in Taiwan using the Daisy®
i vitro fermentation method to provide information on one of the very important nutrients for ration formulation. The second objective
was to studyv the effects of .dspergillus orvzae (AFE) inclusion on nutrient utilization. Three ruminal fistulated dry dairy cows were used
for rumen fluid and fifteen conventional forages used in dairy cattle were collected around this island. The degradability of these
feedstuffs with and without AFE (Amaferm™) treatment was measured using the Daisy”™ in virro method. The roughage energy values,
including TDN and NEL, were calculated according to Robinson (2000). Results from the 30 h in vitre neutral detergent fiber (NDF)
degradability and predicted energy evaluations showed that alfalfa (among the forages) contamned the highest degradability and energy
values, Bermuda straw having the lowest. Peanut vines and com silage contamned higher energy values and the lowest value found m
Pangola and Napier grasses among the locally produced forages. Pangola and Napier grasses had lower values than most imported
forages except Bermuda straw. Among the bv-products, wheat middling contained the highest NDF degradability, while rice bran
contained the richest energy value due to its high oil content. From the dynamic dry matter (DM), organic matter (OM), acid detergent
fiber (ADF) and neutral detergent tiber (NDF) degradation, com silage contained the highest effective degradation among the local
forages: wheat middling (among the by-products) degraded the fastest in DM, OM, ADF and NDF and showed the highest effective
degradability. AFE inclusion was meonsistent among the forages. Alfalfa hay showed significantly increased 30 h NDF degradability
and energy values, Pangola hay, Napier grass and brewer’s grains showed decreased degradability and energy values. AFE mclusion
increased the DM, OM and NDF degradation rate in most forage, but only increased the DM degradation rate in sorghum distiller’s
grains, the OM degradation rate in bean curd pomace and the NDF and ADF degradation rates in soy pomace (among the by-products).

(dsian-dust. J. Anim. Sci. 2004, Vol 17, No. 1: 53-62)
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INTRODUCTION

Forage energy content is a specific nutrient used as an
index in evaluating the economic value of forages.
Metabolizable or net energy is one of the most critical
nutrients and is most difficult to measure because it is not a
chemical constituent and cannot be obtained through
chemical analyses. Great variations in the energy content of
forage due to various factors including cultivation. growth
condition. climate. fertilizations. harvesting and processing
make energy value estimations more difficult. By-product
feedstuffs also contain variable energy content according to
the raw material source and processing procedures. The
conventional dairy cattle roughage used in Taiwan includes
imported forage (alfalfa hav, Timothv hav. oat hav and
Bermuda hay and straw) and locally produced forage (corn
silage. Pangola grass, Napier grass and peanut vines) and
by-products (wheat middling, bean curd pomace, sov
pomace, brewer’s grains, sorghum distiller’s grains and rice
distiller’s grains). The roughage energy values are taken
from the NRC table values or estimated from the proximate
composition. Dairy farmers in this country formulate their
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total mixed rations (TMR) based on unreliable energy
values. Precise estimation of the most critical nutrients-
(energy content in conventional forage) is very important in
improving dairy farming efficiency here in Taiwan.

Aspergilius orvzae has been used as human food for
centuries and is as safe as most food from nature. Gomez-
Alarcon et al. (1990) concluded from three lactation trials
that AFE improved total tract DM. ADF and neutral
detergent fiber (NDF) digestibility. They also indicated that
Aspergilins fermentation extract (AFE) improved total tract
digestibility and rate of digestion in alfalfa hay. This
digestive rate increase in alfalfa hay may be attributed to the
increase in DM intake and production performance. Using
an in sir nylon bag trial, Fondevila et al. (1990)
demonstrated an increased rate in wheat straw degradation
with AFE inclusion. Using the same ir sit method. Chiou
et al. (2000) examined the effects of AFE inclusion on 21
conventional feedstuffs and found an increase in ADF
degradation after 24 and 48 h rumen incubation.

The conventional in vifro Tilley and Terry (1963) two-
stage method has also gained worldwide acceptance for
nutrient evaluation for ruminant feedstuff due to its
simplicity and precise DM degradation estimation. This
method is still regarded as time consuming and samples
must be individually measured. The improved Daisy® in
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Table 1. Basal diet formulation for the # vitro trial, %

Ingredients Basal diet
Bermuda hay 30.00
Sovbean meal 12.25
Com 24.90
Wheat bran 10.00
Limestone 1.00
Dicalcium phosphate 1.30
Salt 0.25
Premix! 0.10
Total 100.00
Calculated value
CP (%) 15.40
NEL (Mcal/kg) 1.40
ADF (%) 43.30
NDF (%0) 24.50
Ca (%) 0.90
P (%) 0.70

"Each kilogram contain: Vit. A, 10,000 KIU: Vit, Dy 1,600 KIU; Vit E, 70
KIU: Feo 30 mg: Zn. 40 ma: Mn, 40 ma: [, 0.3 mg: Co. 0.1 mg: Cu, 10
mg; Se, 0.1 mg.

vifro incubator and fiber analvzer method saves labor and
time. Holden (1999) and Mabjeesh et al. (2000) conducted a
comparison trial using the conventional /n virro Tilley and
Terry (1963) two-stage fermentation and Daisy® in virro
incubation methods and found no significant differences in
analvtical values between the two methods. The multi-
sample incubation method within same incubator did not
create a significant interaction that influenced the
degradation result. This new method requires no filtration
processing after incubation in addition to the continued
agitation in the incubator to mix the substrates with the
rumen fluid. The aim of this study was to predict the energy
values and dvnamic degradation of forage in Taiwan using
the Daisy™ in vitro fermentation method. The second
objective was to studyv the effects of dspergillus ornzae
(AFE) inclusion on the nutrient utilization on various
roughages.

MATERIALS AND METHODS

The traditional feedstuffs. commonly used forage and
byproduct were collected from various locations in Taiwan.
Samples of approximately 3 kg (in drv weight) were dried
in a 60°C air-driven oven for 24-72 h. depending on the
moisture content. Samples were ground through a 1 mm
mesh screen and stored at -18°C for further analysis. All
feedstuff samples were placed into two incubation
treatments; the control and treatment with Amaferm®
(BioZvme) inclusion 04 g/L incubation solution as
described by Martin and Nisbet (1990).

Three ruminal fistulated drv 700 kg live-weight
Holstein cows were selected and fed total mixed ration
(TMR) with roughage at a 1:1 concentrate ratio. as
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presented in Table 1. After 8 days adaptation, the cows were
fed 8 kg (as fed) of evenly divided TMR amounts twice
(8:00 am and 8:00 pm) daily. Water was accessible to the
cows all of the time. Rumen fluid was taken from the fistula
2 h. After feeding. filtrated through 4 layers of cheesecloth
and mixed with McDougall's buffer at a 14 ratio as
incubation solution. 0.4 g Amaferm® was added to each
litter of incubation solution in the treatment group.

The Daisy® in viro incubation procedure was
performed according to the ANKOM technology bulletin.
The Daisy® in vitro incubator was pre-set at 39°C with a
rolling speed of 49 sec. per round. CO- was pumped into
the incubator for 30 sec. before the sample was inserted.
Approximately 0.5 g of feedstuff sample was placed into
the Daisy* nylon bag (ANKOM Co. Ltd.. Spencerport. NY).
sealed and placed into the incubator jar. Four jars with 24
sample nylon bags in each jar were evenly distributed
within each digestion jar divider and placed into the
incubator. By-product feedstuffs were incubated at 0, 6, 12.
24 and 30 h. Forage was incubated an additional 48 h. in
addition to the 6 incubation periods. After incubation.
sample bags were completely water rinsed. and dried in a
60°C air-driven oven for 48 h and stored at -18°C for
further analysis.

The incubated nylon bag forage samples were analyzed
for DM and OM according to AQAC (1984) and NDF and
ADF according to the method of Van Soest et al. (1991)
using an ANKOM fiber analyzer. The feedstuff energy
content was calculated using the following prediction
equations based on the proximate composition and 30 h. In
vitro degradation according to Robinson (2000):

TDN (LxM)=((CP-ADICP)x(FT/5)x0.98)
+((CP-ADICP)x(1-(FT/5))x0.8)+((EE-1)
x0.98x 2.25)+NDFxdNDF
+(0.98x(100-ASH-EE-NDF-CP)))

NEL (1xM)=(TDN(1xM)x0.0266)-0.12

Discount=((0.033+(0.132xNDF(% of DM)))- (0.033
«NEL(1xM. Mcal/kg)))+NFC(%0f DM)x0.05)

NEL (1x3M)=NEL(1xM)«(NEL (1xM)x(Discountx2/100))

Where CP=crude protein (%DM). ADICP=acid
detergent insoluble CP (%DM). FT=feed type (silage=1,
wet by-products=2. others=3). EE=ether extract (% of DM).
NDF=ash-free NDF assaved with sodium sulfate and
amylase (% of DM). dNDF=in vitro or in sacco NDF
digestibility at 30 h (% of DM). ASH=ash (% of DM).
NEL=¢nergy value at IxM intake. NFC=non-fiber
carbohydrate calculated as: 100-ASH-EE-NDF-CP.
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Table 2. The in virro NDF digestibility and energy value of forage in Taiwan with or without supplementation of Aspergilius orvzae
fermentation extract

1 ros : DE;| ME,; v NEL,| i NELz i
DNDE” (%) TDNuan(%6) (Mealke) (Mcalke) (Mcalke) (Mcalke)

Alfalfa hay

-AD* 41.57° 64.88° 3.08° 266" 161° 1.34°

+A0 46.10° 67.18° 3.18° 2.76° 1.67° 1.39°

SEM 1.272 0.643 0.028 0.029 0.017 0.014
Peanut vine

-AD 39.84 62.18 287 243 1.33 1.29

+AO 38.38 61.32 284 242 1.52 1.27

SEM 0.721 0.326 0014 0.015 0.009 0.007
Timothy hay

-AD 36.12 4918 2.26 1.84 1.19 0.93

+AO 3821 50.36 233 1.90 1.22 (.98

SEM 1.330 1.030 (1.043 0.046 0.027 0.022
Qats hay

-AO 2936 4245 1.94 1.51 1.01 (.80

+AO 2792 4142 1.89 146 (.98 0.78

SEM 0.637 .466 0.021 0.021 0.012 0.010
Bermuda hay

-AO 33.50 49 37 228 1.85 1.20 0.95

+AO 31.23 4789 221 1.78 1.15 0.91

SEM 1.086 (1.804 (.033 0.036 0.021 0.017
Bermuda straw

-AO 2377 41.33 1.91 148 (.98 0.78

+A0O 332 41.03 1.90 1.47 0.97 0.78

SEM (1.378 ().389 0.017 0.017 0.010 0.008
Pangola hay

-AO 38.68° 44.30° 2.08° 1.63¢ 1.06° 082°

+AD 33820 40.48° 1.91° 148" 0.96" 0.74°

SEM 0.997 0.783 0.035 0.035 0.021 0.016
Napier grass

-AD 33.96° 42.56° 1.97° 1.34° 1.01° 0.79°

+AO 30.50° 30.88° 1.85° 1.42° 0.94° 0.74°

SEM 1.069 0.826 0.036 0.037 0.022 0.017
Com silage

-AD 35.87 37.03 2.26 220 1.40 1.14

+AO 36.21 5725 263 221 1.40 1.14

SEM 0.988 0.388 0.026 0.026 0.016 0.013

! In virro NDF digestibility at 30 h (°s of NDF).
" Means within the same column without the same superseripts are significantly ditferent (p=0.05).
* —AO: represents the dspergifing oryzae melusion. ~AO: without the Aspergiifus orrzae inclusion.

The dvnamic degradation model was performed
according to @rskov and McDonald (1979) and calculated

Analysis of variance was calculated using the general
linear model procedure (GLM) of the Statistical Analysis

from the DM. OM. NDF and ADF disappearance rate at
each time point using iterative least square procedures
according to SAS (1985). The nutrient degradation rate is
from the slope (b) of the degradation curve from the
degradation model, P=a+b(1-e*") where “P” is the actual
degradation after time “t". “a” is the soluble portion
(percentage) at incubation initiation. “b” is the potentially
degradable portion in the rumen. and “¢” is the degradation
rate constant (%/h) of “b” or the slope of the degradation
curve. The available nutrient or the effective degradability
(ED) of the nutrient. ED=a+bxc/(c+k) was calculated at the
rumen solid outflow rates of 2. 5 and 8%/h (k).

Systems Institute Inc. (1983). Least square means were
used to compare the differences between the treatment
effects.

RESULTS AND DISCUSSION

Predictenergy value from 30 h in vitre NDF degradability

NDF degradability can be regarded as NDF digestibility
as no more NDF digestion in the GI tract bevond the rumen.
The in vitro NDF degradability or digestibility and energy
value for the respective forage and by-product feedstuff in
Taiwan included those with or without AFE treatment and
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Table 3. The in virro NDF digestibility and energy value of bv-products in Taiwan with or without supplementation of .dspesrgillus onzae

fermentation extract

DNDF' DNy h DEi;.na ME, .y NEL; .na NELia.na
(%) (%) (Mcal/kg) (Mcal/kg) (Mcal/kg) (Mcal/kg)

Wheat middling

-AO* 66.32 8241 3.89 348 2.07 1.82

+AO 63.31 82.18 3.88 3.47 2.07 1.81

SEM 0.867 0.242 0.011 0.011 0.006 0.006
Sov pomace

-AO 45.91 7231 346 305 1.80 1.56

+AO 47.36 72.90 3.49 3.07 1.82 1.57

SEM 0.781 (0.283 0.012 0.013 0.008 0.007
Beancurd pomace

-AC 34.39 7341 3.50 308 1.83 1.55

+AO 33.67 73.94 3.52 3.10 1.85 1.36

SEM 0.937 0.384 0.017 0017 0.010 0.009
Rice distiller grain

-AO 34.93 88.13 4.13 3.72 222 1.88

+AO 34.84 88.08 413 3.72 2.22 1.88

SEM 0.447 0239 0.011 0.011 0.006 0.005
Brewers’ grain

-AO 41.29° 63.97° 314® 2.72° 1.38° 1.28°

+AO 39.52° 62.82" 3.09° 267" 1.55° 1.25"

SEM 0.439 0297 0.013 0013 0.008 0.006
Sorghum distiller grain

-AO 39.00 81.51 380 3.39 2.03 1.75

+AO 38.53 81.36 3.80 338 2.04 1.75

SEM 0.488 0.163 0.007 0.007 0.004 0.004

Yan vitro NDF digestibility at 30 h (% of NDF).

*¥ Means within the same column without the same superscripts are significantly different (p=0.03).
" +AO; represents the Aspergillus oryzae inclusion. - AO; without the dspergifius oryzae inclusion.

presented in Table 2 and 3. In general, NDF degradability
was higher in legumes than in grasses and alfalfa was
higher than peanut vines among the legumes. The alfalfa
hay (CP 18.9%) sampled in this study was supposedly
harvested at pre- to mid-blossom and graded to 124 to
140% relative nutritional value (Van Soest, 1994) according
to the proximate composition. Peanut vines (CP 11.2%). on
the other hand. are tropical legumes and are by-products
after harvesting losing the leaves during the post-harvesting
process.

Com silage contains nonstructural carbohydrate (NFC)
from its grain content, hence it has the richest in energy
value although in the NDF degradability was not the highest
among the forage. Corn silage contained lower NEL;gy
value (3xM) in this study compared to the value obtained
by Robinson (2000) (1.14 vs. 1.43 Mcal’kg DM) relatively
highest NDF with lower degradability than the corn silage
used in this trial. This is probably attributed to the different
corn strains with different cultivation methods. climate.
fertilization and harvesting. The NDF degradability and
energy value was greatest in Timothy hay among the
imported forages. The imported Timothy hay still contained
lower CP (7.5%) and energy compared to the average
quality hay. reflecting the fact that the imported hay was
post-head harvested with a relative feed value lower than

83% (Van Soest, 1994). Next to Timothy, Bermuda hay
(among the imported forages) comtained betier NDF
degradability and predicted energy value. Although oat is
temperate C3 type forage. the oat hay used in this study
contained relatively lower CP (5.2%) with higher NDF. This
revealed late harvesting in low forage quality. The energy
content of oat hay in this trial was 27.7% lower than the
value obtained by Robinson (2000). Bermuda is tropical C-
4 type forage and Bermuda straw is the by-product after
seed harvesting. Bermuda hay therefore contained the
poorest NDF degradability and estimated energy value
among the imported forages. Bermuda straw is therefore
used only to fill dry cows during the winter roughage
shortage season.

Except for com silage with rich energy, locally
produced grasses including Pangola and Napier grasses
contained low energy value. These two forages are tropical
C4 type forages cultivated under tropical high temperatures
in a high humidity climate. This grass grows at different
maturity levels within the same plant, with rapid maturation
during the hot summer (Van Soest. 1994). The quality of
these grasses deteriorates fast without harvesting at the right
time.

AFE inclusion significantly increased (p<0.05) NDF
degradability in alfalfa. but decreased (p<0.05) in Pangola
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and Napier grasses. These results agreed with Chiou et al.
(2000) in their in sife nvlon bag measurements. AFE
inclusion did not show significantly increased NDF
degradability in peanut vines or a decrease in corn silage in
this study. Our values were also lower than those described
in Chiou et al. (2000). The lower values obtained from the
in vitro compared to /n sifir methods may be attributed to
the methodology differences described by Dewhurst et al.
(1993). The higher values derived from /» sit# incubation
may be attributed to two reasons. In addition to the small
feed particles that passed through the nylon bag pores in the
in sify incubation (regarded as an instantly soluble or
degradable fraction), parts of these particles were, in fact,
not degraded in the rumen. The three nylon bag texture
dimensions used in ANKOM incubation make it difficult
for the feed particles to pass through the pores in the in vitro
incubation. The increased NDF degradation which enhances
the energy content in alfalfa hay might be attributed to the
improvement in lactating performance by AFE inclusion
obtained from our previous lactation trial (Chiou et al.
2002).

The TDN values for most grasses calculated from 30 h.
in virro NDF digestibility. in addition to the proximate
composition in this study. were lower than the NRC
tabulated values predicted from the proximate analysis.
except for the alfalfa hay values (64.9 vs. 63.2%) and
peanut vines (62.2 vs. 38.8%). Weiss (1998) pointed outa 7
to 8% over-gstimate for TDN and NEL using the current
prediction equation for proximate composition (NRC, 2001)
with an over-estimation for low digestible and an under-
estimation for high digestible forages. The disadvantage of
the current energy value predictions from the proximate
composition is using unreliable lignin content values in
estimating NDF digestibility. due to large error in lignin
analvsis (Weiss. 1993). Therefore. either the in vifro or in
site method is more reliable than the proximate composition
using the lignin content to evaluate NDF digestibility.

The predicted forage NEL;.,; “discount value™ at
production levels was subtracted twice from the NEL,, .y, at
maintenance level in this study according to the equations
from Robinson (2000). Eight percent was subtracted for the
decrease in digestibility. or 10% for forage TDN content

below 60% in the NRC (2001) estimation (19.68 vs. 10.0%).

The discount value in this study was calculated from the
NDF and NFC content of the feedstuff and was greater than
the value subtracted from the maintenance level in the NRC
calculation. This resulted in lower predicted NEL;;.\q
values in this study than those from the NRC (2001). The
lower NEL;., values reflect a more precise NEL

prediction at production levels as described by Weiss (1998).

Rice distiller’'s grains contained lower NDF
degradability. with the highest energy value among the by-
product feedstuffs. The lower NDF degradability in dried
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rice distiller’s grains might be attributed to 1) increased
CHO fraction C (non-degradable and non-available
fraction) during distillation in the winery process due to
heat damage and 2) high lipid content in dried rice
distiller’s grains (31% of DM). Although the predicted NEL
value in dried rice distiller’s grain was high. the inclusion
level in lactating cows was limited to 10% for safety
reasons due to the high fat content. as described by Huang
et al. (1999). Wheat middling and sorghum distiller’s grains
contained richer TDN among the byv-product feedstuffs.
Wheat middling contained slightly higher TDN than
sorghum distiller’s grains (82.4 vs. 81.3%). The NDF
degradability was close. while wheat middling contained
higher NDF digestibility and lower CP content than
sorghum distiller’s grains (19.9 vs. 21.3). The TDN contents
in the two by-product feedstuffs were quite close, but
slightly lower in wheat middling compared to sorghum
distiller’s grains (74.3 vs. 76.3%). according to the NRC
(2001) calculation from the proximate composition.

Two factors have long been regarded as the
determinants for forage energy content, lipid content (high
energy density) and structural carbohydrate digestibility.
This leads to under-estimating the energy value in high
NDF digestible forage and over estimating it in low NDF
digestible forage. using the proximate composition for the
energy  prediction.  Therefore. NDF  digestibility
determination is required in precise forage TDN content
predictions.

The estimated NEL, 1.\, in brewer’s grains in this study
was considerably lower than that obtained by Robinson
(2000) (1.28 vs. 1.83 Mcal/kg). This is probably due to the
different brewery process because of the higher NDF
content with lower NDF digestibility observed in the locally
produced by-products used in this study. Bean-curd pomace
contained richer energy than soy pomace. although both by-
products were produced from the same raw matenal-
sovbeans. The different processing and high acid detergent
insoluble nitrogen (ADIN) probably caused the lower
energy content in soy pomace. Bean curd pomace is an
excellent source of roughage for dairy cattle because of the
dietary inclusion improved lactation performance (Chiou et
al.. 1998).

When energy values in locally produced by-products
feedstuff are compared to the NRC (2001) values. TDN
values were larger in this study than NRC when the by-
product NDF degradability was relatively high. as shown in
wheat middling (82.4 vs. 74.3) and sorghum distiller’s
grains (81.53 vs. 76.5). Conversely, the TDN values were
lower in this study than the NRC values when the by-
product NDF degradability was low, i.e.. soy pomace (72.3
vs. 75.1%). bean-curd pomace (73.4 vs. 84.1%). brewer's
graing (64.0 vs. 74.9%) and rice distiller’s grains (88.1 vs.
98.9%). The heat damage via Maillard reaction during the
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Table 4. The DM and OM degradabilitv parameters and effective degradability of forage in Taiwan with or without supplementation of

Aspergillies orvzae fermentation extract

DM parameter EDDM (%h) OM parameter EDOM (%h)
a b C 2 5 8 a b c 2 3 8

Altalfa hav

-AO* 2721 3432 343 61.52 4931 4351 2686 5240 4.34 6273 51.21 5.29

+AO 2740  48.29 4.11 59.88 4919 4379 2687 4805 5.04 6127 3099 4544
Peanut vine

-AO 853 3576 4.96 4827 36.30 29.87 773 5764 5.80 5039 3868 3196

+AO 774 3553 5.37 4820 36.50 30.04 697 5719 6.23 5026 3870 3201
Timothy hay

-AO 2366 46.35 283 5101 4036 35389 2228 4636 3.57 51,99 4139 36.58

+AO 2353 5674 2.01 51.97 3980 3492 2248 35348 2.63 52,86 4091 3571
Oats hay

-AO 21.87 2780 6.38 4310 3738 3433 21.17 2988 7.38 44,68  38.98 3331

+AO 2137 2728 7.08 4264 3736 3418 2075 2935 7.77 4409 3861 3521
Bennuda hav

-AO 1712 3971 3.37 42,37 3366 2937 1852 3926 408 44.87  36.16 31.78

+AO 1747 3261 4,49 40.03 0 3290 2919 1838 3316 331 4247 3346 3161
Bennuda straw

-AO 10.81 3345 357 3225 2474 2123 1161 3376 4.56 3508 2771 2387

+AO 1022 3309 339 3229 2440 20.66 1141 36.40 3.93 3533 2743 2340
Pangola hay

-AO 751 4017 5.38 36.79 2833 2366 827 4303 5.83 4031 3143 2641

+AO 736 36.32 6.97 3374 2863 2436 731 39H 7.74 39.09 5 2703
Napier grass

-AO 645 4854 5.34 4176 31.52 2588 699 5063 6.05 4504 3471 2879

+AO 7.99 48.06 4.92 42,16 31.83 2629 828 5035 574 4562 3519 2931
Corn silage

-AO 2197 3943 4.04 48.34 3939 3320 2204 39.82 4,85 3023 4165 37.07

+AO 2066 3329 5.86 4548 3862 3474 1730 36.62 6.64 4544  38.19 3391

' Dry matter degradability described by the exponential equation p=a+b{ 1-e™") for incubation time of 0. 6, 12, 24. 30 and 48 h with 3 replicate in each time
point. a= fraction of soluble dry matter: b=fraction of potentially degradable dry matter: c=rate of degradation for fraction b. *EDDM calculate on k=2, 5
and 8 (%o’h) solid outflow rate. * +AO: represents the dAspergiilus oryzae inclusion, - AO; without the 4spergillies oryzae inclusion.

distillation process mayv influence the nutrient availability,
hence the energy content in by-products like distiller’s
grains. In fact. damaged protein was not highly correlated to
the ADIN. ADIN partially available to post-muminal
digestion in ruminants as indicated by many researches
(Nakamura et al., 1994; Rogers et al., 1986; Weiss et al.,
1989) using an /» vitro post mminal digestion assay. Chiou
(2002) also confirmed a 40 to 78% ADIN post-ruminal
digestion using the mobile nvlon bag method on the mumen
and duodenum in fistulated cows. The actual available
energy, or NEL. in distiller’s grains might be much greater
than that estimated from TDN.

Except for the significantly decreased (p<0.05) NDF
degradability. hence decreased 1.8% NEL, s, value in
brewer’s grains, AFE inclusion did not show any significant
influence on NDF digestion in the other by-product
feedstuffs. AFE inclusion also did not promote NDF
digestibility in dry rice distiller’s grains from our previous
in siry trial (Chion et al.. 2000). The effectiveness of AFE
inclusion apparently depends on many factors other than the
feedstuff characteristics.

Forage DM and OM degradation

Table 4 presents forage DM and OM degradability
parameters and effective degradability with or without AFE
treatment. The DM and OM degradation rate was fastest in
oat hay, followed by Pangola and Napier grasses. while
Timothy was the slowest. Alfalfa hay was the largest in the
DM and OM soluble portion and degradability effect.
followed by Timothy hay. The least degradability was found
in Bermuda straw among the imported forage. Com silage
was the largest in the DM and OM soluble portion and
degradability among the locally produced forage. The DM
degradation rate observed in this trial agreed with the values
obtained by Mandebvu et al. (1998) (4.04 vs. 3.99).

AFE inclusion significantly increased the DM and OM
degradation rate in alfalfa hav. oat hay. Pangola hay. peanut
vines. Bermuda straw and corn silage with an average of a
19.3% (7.1 to 31.1%) and 18.1% (5.0 to 27.0%) rate
increase in DM and OM degradation. respectively. The
most prominent rate increase was in corn silage. and the
least in oat hay. Fondevila et al. (1990) observed an increase
in the viable bacteria counts and rate of DM degradation in
straw using AFE inclusion. Gomez-Alarcon et al. (1990)
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Table 5. The ADF and NDF degradability parameters and effective degradability of forage in Taiwan with or without supplementation of

Aspergillies orvzae fermentation extract

ADF parameter’ EDADF (%h)’ NDF parameter EDNDF(%h)
a b C 2 3 8 a b ¢ 2 3 8

Altalfa hav

-AO* 1451 4430 4.13 4436 3435 2959 555 4171 19 4378 3457 2989

+AO 1373 3925 5.08 41.8% 3331 2897 13.39  40.59 5.72 4346 3505 3031
Peanut vine

-AO 485 3438 3.02 3756 2333 1975 783 5297 2.80 3873 2684 2156

+AO 636 3453 275 3794 2372 2031 6.56  46.89 3.68 36.94 2644 2133
Timothy hay

-AO 471 3016 3.62 37.02 2577 2034 6.03 3212 343 3895 2724 21.67

+AO 516 3539 251 3599 2367 1839 884 5757 235 39.94 2725 2191
Oats hay

-AO 2231 1719 495 3475 3106 2908 2118 1927 43539 360 3040 2821

+AO 2386 1476 4,34 3411 3088 2920 1972 1894 325 3344 2042 2722
Bennuda hav

-AO 17.81  43.05 1.85 3830 2944 2390 1621 3743 170 4261 3079 2628

+AO 18.02 424 1.67 37.31 2864 2334 1625 4446 220 3934 2084 2584
Bennuda straw

-AO 729 36.67 1.96 2544 17.62 1451 589 3221 4.06 2747 2032 1673

+AO 635 4226 1.37 2323 1675 1338 340 3423 379 2782 2017 1641
Pangola hay

-AO 530 3140 2.30 3279 2149 1678 510 46.88 3.59 3521 2469 1962

+AQ 339 4441 2.70 31.10 2116 16.80 327 4048 4.39 3346 2464 2003
Napier grass

-AO 363 5708 4.07 41.90 2924 2288 4.07 5786 3.38 40.31 2733 21.20

+AO 508 6031 352 4354 30.00 235l 555 68.37 2.37 4263 2754 2118
Corn silage

-AO 2049 38.03 212 40.06  31.81 2846 2130 39.12 264 4376 3302 3121

+AO 19503 3297 2.96 3871 3129 2793 2020 3441 378 4270 3501 3124

' Acid detergent fiber degradability deseribed by the exponential equation p=a+b(1-¢"") for incubation time of 0. 6. 12, 24, 30 and 48 h with 3 replicate in
each time point. a=fraction of soluble dry matter: b=tfraction of potentially degradable acid detergent fiber: c=rate of degradation for fraction b. * EDADF
caleulate on k=2, 5 and 8 (%o/h) solid outtlow rate. * +AO: represents the Aspergillus oryzae inclusion, —AO; without the 4spergilis oryzae inclusion.

demonstrated an improvement in lactation performance
using dietary AFE inclusion. This was probably due to the
increase in the DM degradation rate in one of the ration
ingredients - alfalfa hay. The effect of AFE inclusion on the
DM and OM degradation increase rate in alfalfa hay and
com silage in this study was also confirmed from our
previous jn vivo total tract digestion trial. The in vivo trial
showed that dietary AFE inclusion increased the apparent
DM and OM digestibility when alfalfa hav and comn silage
were used as the roughage source (Chiou. unpublished data).
The AFE inclusion positive responses were reflected in the
lactation performance and proven in our previous lactation
trial (Chiou et al. 2002). Therefore. AFE inclusion
increased the rate of DM and OM degradation: however. it
did not increase DM and OM degradability.

Forage NDF and ADF degradation

Table 5 presents forage ADF and NDF degradability
parameters and effective degradability with or without AFE
treatment. The NDF and ADF degradation rate was fastest
and degradability was highest in both alfalfa hay and oat
hav. with the least degradability found in Bermuda straw.

Among the legumes. alfalfa hay was better in ADF and
NDF degradation than peanut vines. both in rate and
effective degradability. because peanut vine is a by-product
of peanut harvesting. The vines contain high lignified-fiber
and high nitrate salts. This may lead to a decrease in the
NDF degradation rate. The NDF degradation rate observed
in this study was lower than that obtained by Bruno-Soars
et al. (2000) from their i# situ trial (2.80 vs. 3.60%/h).

AFE inclusion increased the NDF degradation rate in
alfalfa hay. oat hay. Pangola hay. peanut vines. Bermuda
straw and com silage. AFE inclusion also increased the
ADF degradation rate in alfalfa hay, Pangola hay and com
silage and was most prominent in corn silage. Because AFE
contained cellulolytic enzymes (Saddler. 1986) and also
promoted viable cellulolvtic bacteria counts (Weidmeier et
al.. 1987. Frumholtz et al. 1989). it promoted fiber
digestion. Beharka and Nagartaja (1993) indicated that AFE
promotes bacteria activity in rumen fermentation and
therefore increased NDF and ADF degradability. AFE
inclusion in this study was positive to the NDF and ADF
rate  without a positive response on the effective
degradability in some forage.
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Table 6. The DM and OM degradability parameters and effective degradability of by-products in Taiwan with or without
supplementation of .dspergilins orvzae fermentation extract

DM parameter EDDM (%) OM parameter EDOM(%h)
a b c 2 3 8 a b ¢ 2 3 8

Wheat middling

-AO¥ 2470 5791 1431 7551 6762 6184 2568 5741 1424 7602 6817 6244

+AO 2328 6104 1196 7558 6632 59.86 2420 6041 1205 76.01 6689 6051
Soy pomace

-AO 3945 2332 623 57.10 5239 4966 3776 2360 8.54 56.88 35265 49.95

+AO 3761 2729 566 53777 5210 4892 3558 27.00 8.26 5732 3240 49.30
Beancurd pomace

-AO 331 7398 294 4734 3070 2319 393 7012 3.58 4892 3319 2361

+AO 408 7251 305 4787 3155 2409 521 7192 3.79 5229 3622 2833
Rice distiller grain

-AO 439 3398 276 2409 1648 1311 518 2894 4.18 2475 1836 1311

+AO 726 29.64 361 2633 1969 1648 334 3293 343 26.19 1878 1326
Brewers’ grain

-AO 6.88  32.3¢ 309 0 3013 2322 1947 725 2032 7.48 30.38 2482 2142

+AO 868 3947 307 0 3238 2370 19.63 8.60 2938 6.20 3097 2497 21.32
Sorghum distiller grain

-AO 2787 36.1l 1062 3826 5242 4847 2846 3660 11.33 5958 5387 49.93

+AO 2869 3369 9.69 3827 3223 4824 2009 3384 1074 39.30 3353 4963

"Dry matter degradabilits described by the exponential equation p=a—b(1-¢™) for incubation time of 0. 6, 12. 24 and 30 h with 3 replicatz in ach time
point. a=fraction of soluble drv matter; b=fraction of potentially degradable dry matter: c=rate of degradation for fraction b. “EDDM calculate on k=2, 5
and 8 (%o/h) solid outflow rate, * +AOQ: represents the dspergiifus oryzae inclusion. -AQ without the 4Aspergilins oryzae inclusion,

Table 7. The ADF and NDF degradabilitv parameters and effective degradability of by-products in Taiwan with or without
supplementation of Aspergillirs orvzae fermentation extract

ADF parameter’ EDADF (%h)” NDF parameter EDNDF (%h)
a b c 2 3 8 a b c 2 3 8

Wheat middling

-AO* 928 4345 12.02 4825  41.38  36.57 2026 46.74 15.00 61.50 5532 5074

+AO 1199 4934 727 3068 4122 3348 19.39 4930 1164 61.66 3408 4881
Soyv pomace

-AO 4049 2776 203 3447 4851 461l 42.00 13.13 6.35 51.99 4935 478l

+AO 3636 2343 5.30 3337 4842 4570 37.36 18.03 9.34 5221 49.10 47.07
Beancurd pomace

-AO 338 2754 303 2309 1719 14.01 3534 4332 345 33.09 2331 1865

+AO 333 28535 4.39 23.14 16.88 13.65 459 4201 4.02 3264 2331 1864
Rice distiller gram

-AO 489 3923 321 3325 2492 203 4352 43017 7.29 3840 3013 2310

+AO 338 3746 4.50 3151 2332 19.07 450 4531 6.26 3884 2969 2439
Brewers’ grain

-AO 730 50.52 1.6 2975 1935 1372 362 3138 2.32 3332 2197 1722

+AO 804 5242 1.86 3330 2225 1793 384 3377 2.1 3344 2180 17.06
Sorghum distiller grain

-AO 19435 2437 929 3930 3329 3254 1430 4373 8.31 4957 4180 3678

+AO 13.63 302 916 3234 2834 2594 1431 43.07 836 4927 4146 36.32

" Acid detergent fiber degradability described by the exponential equation p=a+b(1-¢") for incubation time of (1. 6. 12. 24 and 30 h with 3 replicate in
cach time point, a=fraction of soluble dry matter: b=fraction of potentially degradable acid detergent fiber: c=rate of degradation for fraction b.

“EDADF calculate on k=2. 3 and 8 (®o/h) solid outflow rate. * —AOQ: represents the 4spergiiius orvzae inclusion, -AQ; without the Asperaiiius oryzae
inclusion.

By-product DM and OM degradation probably due to the high NFC content in wheat middling.

Table 6 presents the DM and OM degradability Sorghum distiller’s grains contained the most rapidly
parameters and effective degradability for by-product degradable and effective DM and OM degradability among
feedstuffs with or without AFE treatment. Wheat middling the winery by-products. and was almost twice as fast as the
exhibited a faster degradation rate and higher effective DM other distillation by-products. Rice distiller's grain
and OM degradability among the by-product feedstuffs. contained the lowest DM and OM degradation. This was
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probably due to the different raw material grain source used
in distillation. Because sorghum contains starch granules
that are harder to break down in the GI tract or during the
distillation process, hence much richer partially hyvdrolvzed
starch granules are contained in this by-product than other
grains. The DM and OM degradation rate and effective
degradability between sov pomace and bean curd pomace
were different. The former was two times greater than the
later, although the two by-products come from the same raw
material, sovbeans. This again reflected the process effect
on DM and OM degradation.

AFE inclusion increased both rice distiller’s grains and
bean curd pomace in the DM degradation rate. Bean curd
pomace was increased. while rice distiller’'s grain was
depressed in OM degradability. The AFE inclusion on the
DM degradation rate was most prominent on rice distiller’s
grain. reaching 23.6%. Effective degradability was also
promoted in rice distiller’s grains by AFE inclusion.

By-product NDF and ADF degradation

Table 7 presents the ADF and NDF degradability
parameters and effective degradability for by-products with
or without AFE treatment. Wheat middling contained the
fastest rate of NDF and ADF degradation and the highest
effective degradability among the by-products. Soy pomace
exhibited NDF and ADF degradation three times faster than
bean curd pomace from the same raw material byv-product.
Sorghum distiller’s grains contained the fastest and greatest.
while brewer’s grains the slowest and least in NDF and
ADF degradation rate and degradability among distillation
by -products.

AFE inclusion in by-product feedstuff greatly increased
(2.6 times) soy pomace and slightly increased brewer’s
grains ADF degradation rate in addition to promoting the
NDF degradation rate in sov pomace. bean curd pomace
and sorghum distiller’'s grains with soy pomace the most
prominent with a 47% rate increase. AFE inclusion,
however, decreased NDF and ADF degradation in wheat
middling. both in rate and degradability. Bertrand and
Grimes (1997) indicated that dietary inclusion of
unprotected lipid depressed the cellulolvtic bacteria on fiber
degradation. The promotion effect of dietary AFE inclusion
on cellulolytic bacteria has not vet compensated for the
negative effect from dietary lipid inclusion. The AFE
inclusion result on fat rich rice distiller's grains for NDF
and ADF degradation reflected this phenomenon.

CONCLUSION

The Daisv® in vitro fermentation method can provide
important nutrient information in predicting the energy
value and dynamic degradation of forage in ration
formulation for dairy cattle. AFE inclusion promoted NEL
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in alfalfa and the DM, OM and NDF degradation rate for
most forage.
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