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Change in Nitrogen Fractions and Ruminal Nitrogen Degradability of
Orchardgrass and Alfalfa during the Ensiling Process and the Subsequent
Effects on Nitrogen Utilization by Sheep

H. V. Nguven', M. Kawai, J. Takahashi and §. Matsuoka*
Department of Amimal Science, Obiliro Umversity of Agriculture and Veterinary Medicine
Obihiro. Hokkaido 080-8333 Japan

ABSTRACT : In order to determine the extent of change in nitrogen fractions and i vitro ruminal degradability of forage protein
during ensilage and the influence on nitrogen utilization by sheep. orchardgrass (Dactviis glomerata L.) and alfalfa (Afedicago satwva L)
were ensiled in separate 120 L silos for 5, 21 and 56 days. With respect to nitrogen fractions, fraction 1 (buffer solution soluble
nitrogen). fraction 2 (buffer solution msoluble nitrogen-neutral detergent insoluble nitrogen). fraction 3 (neutral detergent insolubls
nitrogen-acid detergent insoluble mitrogen). and fraction 4 (acid detergent insoluble nitrogen) were determined. Fractions 1 and 2
accounted for more than 80% of total nitrogen in orchardgrass and 20% of that in alfalta. The proportion of fraction 1 in orchardgrass
increased from 33.0% at day 0 to 52.0% after dav 56 of ensiling. In the case of alfalfa silage it was 41.7% and 62.9%. respectively.
Seventy percent of this increase occurred within the first § days of ensiling. A similar change of 7 vifro ruminal degradability of total
nitrogen was also observed in both forages. Nitrogen retention in sheep tended to decrease as the length of ensiling increased. with a
significantly positive correlation between urinary nitrogen and fraction 1, and in vitro ruminal degradability of total nitrogsn. (1sian-

Aust J. Anim. Sci. 2004. Vol 17, No. 11 : 1524-1528)

Kev Words : Orchardgrass, Alfalfa, Ensiling. Nitrogen Fractions, Ruminal Degradability. Nitrogen Utilization

INTRODUCTION

Qualitative changes m forage protemn occur during the
ensiling process to a variable extent. For example. more
than half of the original forage protein mav breakdown to
non-protein mtrogen (NPN). such an extensive breakdown
of proteins mav result in mefticient nitrogen utilization by
ruminants {McDonald et al., 1991: Chamberlain and
Wilkinson, 1996). Normallyv. about three weeks are required
betore the silage enters stable stage. There are fwo mam
stages during this period: the tirst is plant cell respiratory-
aerobic nucrobal active stage and the second 15 lactic acid
bacterial active stage. which are completed within the first
few days and 21 davs, respectively (Bamett, 1934,
Ensminger et al.. 1990: McDonald et al.. 1991).

The recent methods to evaluate protein quality of

feedstufls are based on the estimation of their ruminal
degradabihity and the partition of them mto several fractions
that are assumed to be well correlated with ruminal
degradability data (Krishanamoorthy et al.. 1983: Sniften et
al.. 1992; Calsamigia et al.. 2000). However, the degree to
which nitrogen fractions and degradability of forage proten
changes as the ensiling process advances is still not clear.

In this study, orchardgrass and alfalfa were ensiled for 5,
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21 and 36 davs in order to determine the extent of change in
nitrogen fractions and i vitro ruminal degradability of
torage protem during each stage, i.e. the first. second and
stable stages. In addition. the subsequent etfects on nitragen
utilization bv sheep were also investigated.

MATERIALS AND METHODS

Forage preparation and ensilage

Orchardgrass (Dactvlis glomerata L) and Alfalfa
(Medicago sativa L.) were the first cut. harvested in the
earlv heading and tlowering stage. respectively. from the
experimental tarn1 of Obihiro University of Agriculture and
Vetermary Medicine (Hokkaido, Japan). The two forages
were wilted for 8 h and picked up using a precision chop
torage harvester (theoretical chop length 2 ¢m). The twvo
forages were treated individually using the following
procedures: about 1 ton of parental material was nuixed and
sampled. One fourth was then stored immediately at -15°C
for later use as material grass in nitrogen balance trials.
Chemical composition of the matenal grasses 1s shown in
Table 1. The remaining three fourths was ensiled in nine
120 L capacity laboratory silas. Three silos trom each
torage tvpe were opened after 3, 21, 36 davs of ensiling. A
representative sample from each silo was mixed and sub-
sampled. The remaiming content of the three silos was
mixed and trozen at -15°C before being fed to the animals
in the nitrogen balance trials.
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Table 1. Chemical composition of material grasses Table 2. Fermentation characteristics of silages*®
Orchardgrass  Alfalfa Silages

Dry matter (%5) ild 289 3d 214 56d SE
Crude protein (%o DM) 11.3 18.8 Orchardgrass
Neutral detergent fiber (%o D\) 55.8 46.4 pH 4.72° 434° 419 000
Acid detergent fiber (%o DM) 321 316 Lactic acid (*«DM) 2.5° 4.4° 5.3 0.04
Acid detergent lignin (%5 DM) 2.6 9.6 Acetic acid (*DM) 0.5° 0.7 107 0.01
Water soluble carbohydrates (s DM ) 9.5 6.2 Propionic acid {2aDN) - - - -
Gross energy (MIkg DM) 18.28 16.90 Butyric acid (®aDN) 0.1° 0.2 0.4 0.00

Ammonia-N {%TN) 4.8 6.6" 80"  0.08
Fractionation of forage nitrogen WSC (“uDM) .47 L7 12 0.01

The fractionation scheme applied was basicallv from the  gjfa1fa

Comell Net Carbohydrate and Protein System (Sniffen etal.  pH 503 434% 4195 0.00
1992) where feed proteins are partitioned into five frachons  Lactic acid (%DM 2.6 S0 6.4" 0.02
(A. B). Bo. Bs and €). However. in this studv A and B, were Acetic acid (®eDA) 1.2 o8 0.4 0.01
not separated since the proportion of By 1s a verv small part  Propionic acid (%<DM) - - - -
of the total nitrogen of forages and 1t1s also assumed to be Butyric acid (2aDN) 0.2 - - -
totally degraded in the rumen as is the A fraction  Ammonia-N (®¢TN) 4.4° 5.1° ig 0.01
(Krshnamoorthy et al. 1982: Sniffen et al., 1992). WS (“oDM) 1.6° 1.4° 1.3 0.01

Theretore. the following four fractions were studied:
Fraction 1 {TN-BSIN). Fraction 2 (BSIN-NDIN). Fraction
3 (NDIN-ADIN): and Fraction 4 (ADIN). Butfer solution
insoluble nitrogen (BSIN) was determined by the method of
Krishnamoorthy et al. (1982). Neutral and acid detergent
residues (Van Soest et al.. 1991) were analvzed for N to
determine the neutral detergent insoluble nitrogen (NDIN)
and acid detergent insoluble nitrogen {ADIN), respectively.

Estimation of ruminal degradability of forage nitrogen
frt vitro procedure of Coblentz et al. (1999) was applied

to estimate the degradability of forage nitrogen in the rumen.

The protease enzyvime Actimase E from Strepronnces griseus,
(Kaken Pharnmaceutical Inc.. Tokvo. Japan). which
contained 10° activity umits'y of solid. was used i this
study, The fresh enzvime solution was prepared in a borate-
phosphate buffer (pH 8.0). Samples contamingl3 mg of
nitrogen were put mto 80 ml capacity glass bottles with
screw caps and incubated for 1 h at 39°C in a 40 ml borate-
phosphate bufer. Following the 1 h bufer incubation, 10
ml of prepared protease solution. containmg 33 activity
wmtsanl, was added to each bottle vielding the final enzyme
activity concentration of 6.6 umits'ml in the mcubation
medium. The bottles were then continuously icubated tor 4
h at 39°C. After incubation. samples were filtered
immediately through Tovo No.3A filter paper (Tovo Roshi
Kaisha. Ltd.. Japan) and the N content of each residue was
determined by Kjeldahl's method.

Nitrogen balance trials

Two trials were conducted separately for the two
forages. For each forage trial. four treatments (i.e. matenal
grass and the three silages obtained after 5 davs, 21 davs
and 56 davs of ensihng) were assigned to four wethers m a

* Values are mean of three silos.
+t<hdean within rows with unlike superscripts are significantly different
(=0 O8]

4x4 Latin square design. Animals were kept in metabolism
cages with free access to water and mineral block
{Nihonzenvaku Inc., Tokvo. Japan). The feeds were offered
to the annmnal at the maintenance energy level (2% of body
weight on a drv matter basis). available in two equal
teedhngs at 08:00 and 17:00 hours dailv. Each experimental
period consisted of 7 davs of adaptation to the respective
experimental feed and 3 days of recording feed intake. fecal
and urnal output. Fecal and urine samples were
mnnediately stored in a freezer at -15°C afier collection.

Chemical analyses

Matenal grasses and silages were dried for 24 h in a
initially dried in a forced air aven at 60°C for 72 h, and the
sub-samples were then dried in a drving oven at 135°C for 2
I to determine DM content. Samples of dried feed and feces
were ground in a Wilev mill (1 mm screen) for subsequent
analvses, Total mitrogen (TN) was determined by Kjeldahl's
method using an automatic apparatus (UDK 130 D/VELP
Scientitica, Italia) and crude protein (CP) was calculated as
Nx6.25. Neutral detergent fibre (NDF). acid detergent fibre
{ADF). and acid detergent lignin (ADL) were determined as
desenibed by Van Soest et al. (1991). Water soluble
carbohydrate (WSC) was detennined colonmetrically using
the Anthrone method of Masaki (1971). The silage extract
was prepared for measuring pH (pH meter‘Horiba F-7AD).
lactic acid (Barker and Summerson, 1961), volatile faity
acids  (VFA: capillary column  gas  chromatography?
Shimadzu CG-14A). and ammonia mtrogen (Conway and
O Mallev. 1942). Gross energy (GE) content in feed was
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Table 3. Nitrogen fractions (%e of TN) of material grasses and
silages*

\Material Silages
grass 5d 21d $6d SE

Orchardgrass

Fraction 1 230 3 5L 5207 0.64

Fraction 2 402 300 3530 a5 0.76

Fraction 3 6.9 32 1.3" 0.8 0.36

Fraction 3 11.0 11.6° 12,32 12.1 0.16
Alfalfa

Fraction 1 1.7 3595 392" 6297 0.57

Fraction 2 485 3540 22 200 0.65

Fraction 3 35 26 2.6 1.9 0.35

Fraction 4 6.3 6.2 6.0 6.1 0.18

Fraction 1=10 BISK. Fraction 2=BSIN.NDIN. Fraction 3=NDIN-ADIN,
Fraction 4=ADIN.

* \ilues are mean of three silos except for material grass.

+* Phfean within rows with unlike superscripts are significantly different
P03,

determined by adiabatic bomb calorimeter (CA-4P.

Shimadzu. Japan).

Statistical analysis

Differences between feeds were analvzed by analvsis of
variance (ANOVA) according to the General Linear Model
(GLM) procedures of Statistical Analvsis Svstem (SAS)
Institute Inc. (1997) with mean separation by Duncan’s
multi-range test (p<20.05). Pearson correlation coefficients
between variables were also computed using procedures of
SAS Institute Inc. (1997).

RESULTS AND DISCUSSION

The fermentation charactenstics of silages are shown m
Table 2. WSC plays a main role as a substrate tor silage
fermentation and WSC contents of both silages were
significantly lower at day 3 of the fermentation process
compared with fresh matenal (Table 1), and continuously
decreased (p<0.03) as the length of ensilng increased. As a
result. lactic acid concentration increased (p=0.03). thereby
pH values decreased (p<0.03) m both forage silages.
Yahaya et al. (2002) and Guan et al. (2002) also reported
the smmlar observations on orchardgrass silage and
sorghum silage. respectively. The silages obtained from day
36 of the fermentation process of both forages were judeed
to be as good as those specified by McDonald and
Winttenbury (1973), Woolford (1984). McDonald et al.
{1991), Chamberlain and Wilkinson (1996).

The nitrogen fractions of material grasses and
subsequent silages are shown in Table 3. Fraction | consists
of mostlv’ NPN (NHa amines. amides, amino acids.
peptides) and a small amount of true protein (globulins.
some albumins) that are rapidly degraded in the rumen
(Krishmamoorthy et al.. 1982, Sniffen et al. 1992).
Generally, the proportion of total nitrogen that is present as

NGUYEN ETAL.

NPN is lower in grass than leguminous herbage (Oshima
and MceDonald. 1978. Sanderson and Wedin,  1989).
Hergaty and Peterson (1973) reparted that about 10-25% of
the N n fresh herbages is present in NPN form. In this
studv. the proportion of fraction 1 i material grass was
33.0% and 41.7% for orchardgrass and alfalfa, respectively.
being substantially higher than those values. This is mainly
because proteolvsis took place dunng the 8 h wilting period
on the field before ensiling (McDonald et al.. 1991: Nguven
et al.. 2004). The propartion of fraction | was higher in
silages than in material grass of either orchardgrass or
alfalta. and increased (p=0.03) as ensiling advanced. This
merease could be the result of the degradation of true
protein in fraction 2 and fraction 3 during the ensiling
process (McDonald et al.. 1991). After 36 davs of ensiling.
the proportion of fraction | reached 52.0% and 62.9% in
orcharderass and alfalfa silage, respectively of which, 70%
of this increase accurred within the first 5 days of ensiling.
Oshima and McDonald (1978) and Woolford (1984 ) pointed
out that extensive protein breakdown accurs during the
early stages of ensilage. and plant enzvmes have a dominant
role while micrabial enzymes contribute ta a lesser extent in
this breakdown. Fraction 2 mamly consists of albuming and
glutelins that are partially degraded in the rumen and
partially degraded in the small intestine (Sniffen et al.
1992). Although the proportion of fraction 2 was largest
among the tour fractions in the material grasses. it became
smaller than that of fraction 1 n the silages of both forages.
After 36 days of ensiling. it decreased ta 35.1 and 29.1% in
orcharderass and alfalfa silage. respectively. in contrast to
traction 1, which saw a 70% decrease within the first 5 days
of ensiling. Fraction 3 is prolamines that are slowly
degraded in the rumen. part of which is cell wall protein
{Snitfen et al.. 1992). In this study, the fraction 3 proportion
was the smallest among the four fractions in material grass
and silages of both forages, and was smaller in silages than
material grass. Five days after ensiling it was 3.2% and
26% 1 silage of orchardgrass and alfalfa. respectively.
Fraction 4 is bound or unavailable protemns associated with
the ADF in teeds (Snitten et al., 1992). In this study, it was
11.0% and 6.3% i matenal grass of orchardgrass and
alfalfa. respectively. No considerable change in prapartion
was observed in either of the forages after ensiling.
Although all i vitro techniques currently available for
protem quahty evaluation have linutations (Sterm et al..
1997), in vitro enzyvmatic methods may still be acceptable in
many situations. particularly when the determmation of
relative ditferences between forages. rather than absaclute
accuracy. are the most important consilerations (Coblentz
et al.. 1999). Iz vitro ruminal degradability of total N and
msoluble N of matenal grasses and silages are shown n
Table 4. Total N degradability was higher in silages than
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Table 4. /»n vitro ruminal degradability (%w) of total N and
inseluble N of material grasses and silages*

Material Silages

grass 5d 21d 36d SE
Orchardgrass
Total N degradability 67.4  TL1° 725" 738" 035
Insoluble N degradability 514 46.1° 33.7° 453® 068
Alfalfa
Total N degradability 683 726" 736" 755" 052
Insoluble N degradability 457 38.0° 382% 339 1.03

Total N degradability = TN-undegraded N) TN - 100

Inscluble N depradability =(BSIN-undegracled NIBSIN - 10,

* \ilues are mean of three silos except for material grass.

" Means within rows with unlike superseripts are significantly different
[pr=QL3.

that of material grass, and creased (p=0.05) as ensiling
advanced in both forages. These increases could be the
result of the increase of fraction 1 during ensiling which is
subsequently  totally  degraded in  the  rumen
(Krislmamoorthy et al., 1982, Smifen et al., 1992, Chalupa
and Snitten. 1996). In contrast. the insoluble N
degradabihty was lower in silages than that of matenal
grass and tended to decrease as ensiling progressed in both
forages. Tns change 1s probably due to the decrease of
easily degradable proteins in fraction 2 and 3 caused by the
proteolyvtic activities that oceur durg the ensiling process
{Oshima and McDonald, 1978).
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The nitrogen balance in sheep fed an material grasses
and subsequent silages, and the carrelation coetlicient
between the nitrogen balance parameters and nitrogen
tractions and in vitro rumimal nitrogen degradability are
shown in Table 5 and 6. respectively. In sheep fed on
orcharderass silages. N retention tended to decrease as
ensiling advanced, and was sigmficantly lower (p=0.03) for
56 day old silage than tor the material grass. A similar trend
was also observed in sheep fed on alfalfa silages, although
there was no significant difference between that for 56 day
old silage and for the material grass. With respect to the
percentage of N excreted in feces and unne, which directly
mfluences N retention. tor fecal N there was no significant
diference among treatments in either of the forages.
However, urinary N for silage increased as ensiling
advanced. with a sigmificant difference (p=0.03) between
for 36 day old silage and for the material grass in
orchardgrass. A similar trend was also observed in sheep
fed on altalfa silages. This increase of urinary N is thaught
to be due to the increase of traction | and total N
degradability that resulted in the rapid release of a larger
amount of animonia-N in the rumen. The ammonia-N that
exceeds the rumen niicrabes’ capacity to assimilate will be
absorbed into the bload, carried to the liver and canverted
into urea. Although some of this urea is recycled to the
rumen. generally most of it is excreted in the urine and
consequently, is a waste of nitragen (MacDonald et al.,

Table 5. Nitrogen balance in sheep fed on material grasses and silages™

Material grass Silages SE
54 214d 56d
Orchardgrass
N intake (g:day) 20.1° 19.7% 19.3% 19.0° 0.21
Fecal N (®v of \ intake) 38.2 373 36.2 376 1.32
Urinarv N (% of N intake) 45.8° 6.0 57.9% 65.3° 3.62
Retained N (%o of N intake) 16.0° 6.7 5.9% 229 3.34
Alfalfa
N intake (g:day) 36.9° st 3419 34.9° 0.07
Fecal N (®hof N intake) 25.0" 26.2° 26.6" 26.0° 22
Urinary N (%0 of \ intake) 46.9 538 54.4 56.0 291
Retained N (%0 of N intake) 28.1 200 19.0 18.0 2.93

* Vlues are mean of four sheep. * b Means within rows with unlike superscri

pts are significantly different {p=0.05).

Table 6. The correlation coefficient between nitrogen fractions. i vifro ruminal nitrogen degradability and nitrogen balance parameters

Nitrogen fractions Degradability
1 2 3 4 Total N Insoluble N

Orchardgrass

Fecal N -0.220 0.226 0.212 -0.251 -0.163 0.263

Urinary N 0.663%* -0.655%F -).672%* 0.599% 0.700%* -0.553%

Retained N -0.604% 0.595* 0.615* ~0.534% -0.654% 0.486
Alfalfa

Fecal N 031 -0514 -0.243 -0.33 0.312 -0.287

Urinary N 0.633%* -0.635%* -0.603* -0.575% 0.620%* -0.628%+

Retained N -0.647%* 0.648%* 0.602* 0.602* -0.644%= 0.636%=

* =D OS8R p=D Q1 Nitrogen balance parameters are calculated as percent of

nutrogen ntake
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1991). Results of this study also strongly contirm that there
was a positive correlation between urinary N and fraction 1.
and 1 vitro ruminal degradability of total N. In contrast.
there was a negative correlation between N retention and
those parameters for both forage silages. It is well known
that soluble nitrogen in silage can only supply ammonia-N
for rumen microbes tor a short time after feeding because it
15 rapidly degraded in the rumen. Thereafter. insoluble
mtrogen, which is slowly degraded in the rumen. 1s the
maimn source of ammoma-N supply for growth of rumen
nucrobes. The merease of ammonia-N supply during late
phase nught mcrease the efficiency of nitrogen utihzation
by rumen microbes. and subsequently by the runumant. In
agreentent with this finding, there was a positive correlation
between mitrogen utihzation and fractions 2 and 3. and in
vitro vummal degradability of insoluble N for both forage
silages in this study,

CONCLUSION

This study found that the proportion of fraction |
increased while that of fraction 2 decreased as ensiling
advanced in both torages. Of the overall increase of traction
1 during 56 days of ensiling. about 70%5 occurred during the
first 3 days. which could mainly be the result of the
proteolytic activity of plant enzymes. This increased
fraction | was thought to be the cause of the increase of
total N degradability in the rumen. leading to the decreased
tendency of nitrogen retention by sheep fed either solelv
orchardgrass silage or alfalfa silage.
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