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Summary

This experiment was conducted to study the effect of additien of Incerre juice (L)) ohiained by
mechacical extraction of freshly harvested crcp on the nutritive value af rice straw silage. Rice straw
(RY) was ensiled with intact, NaOH or N, treated L) at 3:7 ratio on ivesh weight basis (L) - RS,
L] - NaOH - RS and 1.J - NH, - RS, respectively). Fach alkali was mixed wilh fresh juice at a Jevel
ef 4%, of rice straw dey matter just kefore ensiling Rice straw ensiled with water was prepared as
the control (W - RS). In (he digestion tnal, goats were allccaled in a 4 X 4 Latin-square design and
fed the diet containing thrce paris of RS silage and ane part of wheat bran (DM basis) For the
geats receiving the centrel silage, urea was supplemented at feedieg time so as to adjust the nitrogen
mtake except for goats an LI - NH; - RS silage

Crude protein conteni of RS silape was increased {ram 5.2 to 9.19 (DM hasis) hy the addition
af intact L) and to ahout 249 by NH; treated [J. The control W - RS silage confained only trace
amount of lactic acid and was dominated by acelic and hutyric acid. The addition of intact L)
reduced kutyr:c acid content and NIL-N/TN of 1he silage whereas the addition of alkalized
creased those valucs and shilied 1c a butyrale type lermentation.

Nulrient digestibilities ond nitrogen balance cf poats were almost the same when they were fed
W - RS and 1) - RS silage indicating the addition of intact [.J did not improve the nudritive valve.
The additica of alkalized L) signilicantly increased the fiber digesiibilities of RS silage and NH,
treatment was omore eflective than NaOH trcatment. Pestprandial ruominal NH-N and hlced urea
nitrogen (BUN) concentrations were decrcased hy feeding LI - NaOFl - RS silape suggesting ruminal
protein synthesis was cnhanced along with the increase of energy supply for rumen microbes by the
alkali treatment. The advantageous fiber digestibilities of L) - NH, - RS silage compared with those
of LJ - NaOH - RS silage rmight be attributable to a suofficient nitrogen supply for micrabial (iber
digestion in the romen.
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ssed cake) without much DM

Introduction

loss  which

Frequent cutting of [orages at immature stape
cnables us 1o recover & maximum nutsient from
of such
forages is usuvally greater than the level required
hy ruminants. These cxcessive protcin can be
separated ntilized through the process of
green crap fractionation, which jnvolves macer
ating the material, squeczing out forage juice and
dividing the ‘wice inla leal protein concentrate
(LPC) and brown juice. Partial dejuicing of [reshly
harvested forage gives us a fibrous residue (pre-

the ficld. The erude protein content

and
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normally associaled with field wilting (Dumont
and Boyce, 1976) Pressed cake is easily ensiled
because of considerably high DM content and
low bullering capacity (Ohshima and  Oouchi,
1979) Thus, the process allows forages to be
harvested and conserved at proper times inde-
pendent of weather. Althcugh pressed cake has
lower pretein and higher celi wall constituents
than the material, it is utilized as a nutritions
feedstuff as the original material by ruminants
(Houseman and Connell, 1976: Ohshima et al,
1988. 1991). The LPC contains over 509 of
protein in DM and plays as a highly available
protein source for non-ruminant animals. Hew-
ever, preparation af LPC frcm farage joice,
usually by heal cospulation and soccessive drying
the caagulum, needs much energy consumption.
Therelore, dircet use of the juice as amimal feed
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could substantially reduce the economy of the
whole process (Heker et al., 1983). There have
been many experiments on feeding pigs (Barber
et al.,, 1979; Ohshima and Ueda. 1982) and rats
{Hanczakowski, 1979). The Juice extracted from
herbages of vegetative stage contains much saluble
companents besides protcin.  Therefore, the
addition of it to low quality roughages at the
time of ensiling is very effective in improving the
chemical and nutritional qualities of the silage.
And the alkahzation of forage juice prior to the
addition would improve the digestibility of fibrous
comporncents. To obtain forage juice, a facility
is necessary. But once the facility is established,
forage juice can eastly Dc obtained by pressing
herbage mechanically. The labour for the apphi-
cation of alkalized juice depends an the scale of
sitage making. Mechanical spraying demands very
little labour.

Rice straw is a most abundant resource for
ruminants in Asia bot, unfortunately, low protein
content and highly crystallized fiber of it limit
its availability. When animals are fed such low
quality roughages, nitrogen supplementation is
effective  for increasing digestihility, volunlary
intake and successive animal performance {(Cam-
pling et al, 1962; Smith et al., 1980). Moreover,
chemical treaiment of the roughage has been
recently focused on because greater effects could
be cxpected and it has been considered as a most
applicable technique for practical use (Barreveld,
1989),

The present experiment was cenducted to study
the effect of addition of intact or alkalized lucerne
juice at ensiling on improving the nutritive value
and fermentation quality of rice straw silage.

Materials and Meathods

Preparation of lucerne juice (LJ)

Second growth of lucerne (Medicago sativa
L.) at carly bloomirg stage was harvested on
July 21st, 1988. The fresh crop was roughly dis-
rupted with a herbage crusher (Nihon Sharyo
Ltd.) and squcezed out 1.5 with a twin roll screw
press (Stord Bartz Japan Ltd., TP-24-2). The
LJ, obtained 550 { by pressing 830 kg of the
material, was stored in a bulk cooler at 4% until
the next day when preparation ol silage has been
made.
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Preparation of rice straw silage

Rice straw (RS) cul into 2 cm length was
mixed with intact {fresh), NaOH or NH, treated
{alkalized) L] at 3:7 ratio oo fresh weight basis
and ensiled into polyethylene bag as to be 15
kg per bag. Those were referred to L)+ RS,
L) - NaOH - RS and L3 - NH, - RS, respectively.
Each alkali was added at a level of 4%, of RS
dry matter by mixing its solution with fresh LJ
Just before ensiling. Rice straw ensiled with water
was also prepared as the control (W - RS). All
bags were preserved in a dark room at ambient
temperature and opened one by one afler about
one year when animal tral was started.

Animal irial

Four Japanese pigmy castrated male goats
weighing about 11.2 kg were individually housed
in metabolism cages and were continuously  fed
4 kinds af diets for 12 days each according (o
4 x 4 Llatin-square design. The whole duration
of the animal trials was 48 days. Diets, each
being oftered at 2.5% of the body weight daily
i dry matter basis, were composed of 3
mixture (DM basis) of RS silage and wheal bran
so that the goats could receive enough protein
to maintain their body weights. Feeds were of-
fered in two equal meals at 09:00 and [7:00 hours.
For the poats receiving the controlsilage, 1.5g
of urea supplying as  an equivalent nitrogen
ag intact or NaOH treated L1} was supplemented
at each feeding to investigate that the L) could
have efficacy on improving the nutritive value
rather than non protein nitrogen additon. Two
grams of sodium chloride and 10 g of dicalcium
phosphate were fed with the morning meal. Water
was freely accessible at all times. Feces and urine
were collected for the last S days of each exper-
imental period. Al feces were coliected, dried
and composited as S5-day pooled samples. Urine
was preserved with concentrated sulfuric acid and
also composited. Rumen fluid was taken at 4
hoars after morning meal by mecans of a stomach
tube on a day during the collection period.
Jugular blood sample was taken inio heparini-
zed tube at the same time.

Analyses

The toluene dry matter (Dewar and McDon-
ald, 1961) and nitrogen content of silage were
determined with fresh silage sampic. Other chem-
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ical components of feeds and feces were deter-
mined using samples dried in a forced air oven
at €0°C for 4% hours. Analyses of nitrogen and
ash  were carried out according to AQAC (1984)
procedure. Ash [ree neutral detergent fiber (NDF),
acid detergent fiber (ADF) and acid detergent
lignin (ADL) were determined by the methods
of Van Soest and Wine (1967) and Van Soest
(1963), respectively. Starch hydrolysis by a-amylase
(Abe and Honi, t979) preceding neutral detergent
digestion ot wheat bran was made to facilitate
filtering its residue. Hemicellulose and celiulose
were considered as NIDF minus ADE, and ADIY
minus ADL, respectively. Calary content was
measured using ¢ bomb calorimeter (Shimadzu,
CA-3). Water soluble carhohydrate contents in
L) and RS were determined by the method of
McDonald and Henderson (1964),

Chemical quality of silages was determined
on cold water extract of each silage. Analyses
of rumen fluid were carried out with the filtrates
through double gauze. The pH value by a grass
elcctrode pH meter (Horiba, F-12) aad total
cencentrations of VFA and NH;-N by steam
distillation, were analyzed using these samples.
Individual VFAs were  gaschromatographycally
determined on the distillates of the samples. Lactic
acid in silages was determined according to the
method of Barnett (1951). Blood urea nitrogen
(BUN) concenlration was measured with blood
plasma using a ccmmerctal kit (Chugai Pharma-
ceutical, Lid.). Data werc subjected to analysis
of variance and treatment means were compared
using Duncan’s multiple range test.

Results and Discussion

Dry matter, crude protein and water soluble
carbohydrate (WSC) contents of intact 1.J were

6.04, 2.02 and 0719, respectively (table 1). The
crude protein content was about two times higher
than, but WSC was as only onc-fourth as that
of ryeprass green ‘uwice (GJ) used in the previous
study {Nishino et al., 1991). Generally, L1 is high
in protein but low in WSC content compared
with GJ while their contents are greatly influenced
by fertilizer application (Cheeseman, 1977). Crude
pratein content of RS silage was increased from
5.2% to 9.1% (DM basis) by ensiling with ntact
LT and to about 247 with NH, treated LJ (lable
2). The fiher conlents of W - RS silage were
higher than those of RS ensiled with various L)
reflecting the composition of LJ. The addition
of NaOH or NH; treated LJ significantly reduced
hemicellulose content of the silages showing the
solubility of hemicellulose was increased by the
alkali treatment. Althcugh it have been considered
that NH, trcatment did not affect ADF and
cellulose contents of the treated roughage (Klop-
fenstein ¢t al., 1972; lioh, 1983), those contents
of LI - NI, RS silage were higher than those
of Ll + RS silage. These observations were as-
cribed to underestimation of sample dry matter
determined with aven drying procedure. The loss
of volatile materials during drying was probably
high in LJ- NH;- RS silage becavse of the
highest NH, and butyric acid contents of the
silage (lable 3).

Chemical quality of the silage is described n
table 3. The control W . RS silage showed a trace
of lactic acid content and the dominance of acelic
and butyric acid conlents. The addition of intact
LJ impreved chemical quality of RS silage wilh
reduction of butyric acid content and NH;N/TN
of the silage, hawever, it did nol alfect the lactic
acid content and the pH value of RS silage. The
WSC content of the silage material was increased
from 3.84 to 4919 of DM by the LJ addition,

TARIF 1. CHEMICAL COMFOSITION OF [UCERNE IUICE (LJ) ANC RICE STRAW

lem Intact - LJ (reated with Rice
L) NaOH 3 NH, straw
pH 5.90 13.6 1.0
Dry matter” 6.04 7.71 6.25 876
Crude protein” 202 1.97 9.25 4,72
Ash" 1.64 3.75 1.70 154
Watcr soluble carbohydrate® 0.71 - - 336

¥ Percen1 of fresh matter.
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TARLE 2. CHEMICAL COMPOSITION OF THE SILAGES

_lem . W-RS"
Crude protein (%, DM) 518
Ash (9, DM) 17.9¢
NDF (% DM) 70.48
ADF (% DM) 4308
ADL (% DM) 8.208
Hemicellulose (% DM) 2748
Cellulose (% DM) 34.82
Gross energy (calig DM) 3973

4

LI RS LI NaOH RS LI NaOH RS_

9.06b 9.20% 23.8%

19.8® 21.6* 20.2°

64.1° 60.6¢ 63.5

38.4° 39.3¢ 413

6.90° 7.330 7.48P
23.7° 21.3¢ 22.2¢
31.58 32.00 33.82

022 4022 3966

"W - RS; Rice straw ensiled with water. 1.J - RS; Recie straw ensiled with intact LJ. L) - NaOU - RS: Rice
straw ensiled with NaQH treated LJ. L2 - NH, - RS; Rice straw enstled with NH, wrealed L)
# Means of 4 bag silages. Values in the same row with different superscript leiters are significantly different

{p < 005).

TABLE 3. CHEMICAL QUALITY OF THE SILAGES

; » Pooled
lem W RS LJ-RS L1-NaOH RS L) Ela RS  SEM

Moisture (%) 74,17 69.6" £9.9° 70.9° 0.48
pH 4.67° 4.77¢ 6.02° 7.038 0.05
Lactic acid (% DM) 0.093¢ 0.142 0.112 0.030 0.02
Acctic acid (%, DM) 3.28¢ 6.03° 5.44v 533k 0.15
Propionic acid (% DM) 0.25¢ 0812 ().744b 0.63% 0.05
tso-Butyric acid (% DM) 0.15¢ 0.068 037 0.542 0.03
r-Butyric acid (%, DM) 2.57¢ 0.97¢ 4.94b 818 0.39
Total acids® (%, DM) 6.729 R 18 1210 15.78 04)
Protein-N? (%, DM) 0.53¢ 0.66° 0.74% 0g8le 0.02
NH, N/TN (%) 26.8° 16.3¢ 40.7> 71.08 1.74

» See the foatnotes of table 2.

? Means of 4 bap silages. Values in the same row with different superseript leuers are significanily different

(p < 0.05).

¥ I'he sum of lactic and volatile fatty acids including valeric and capronic acids.
“ Trichloroacetic acid precipilable N determined with oven dried samgle.

hut i was still deficient 1o get a rapid lactic acid
production which lead to a pH reduction, High
buffering capacity of LI might also prevent phi
reduction because some buffering components were
extracted into the juice by mechanical disinteg-
ration of leguminous plant (Ohshima and Oouchi,
1979). Acetate type fermentation might be attrib-
utable to a  dominance of coliform bacterial
growth caused under aerobic condition which
lasted for a long period due to the use of tough
straw as the silage matenal. The addition of
NaOH or NH, treated L) significantly increased
the pH value of the silage with increase of butyric
acid content and NHyN/TN. The LJ- NH, - RS
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silage, in particular, contained the lowest lactic
acid and showed a butyrate type fermentation.
The above results could be attributable ta initial
high tH wvalue of the treated juice (table 1),
additional buffering component with atkali and
subscquent clostridial growth of the silage The
NaOH or NH, treated RS silage showed higher
total acid contents than thc other two RS silages.
The increase of acid contents might he resulted
from the increase of free carboxyl group contents
by alkali treatment (Terashima et al, 1984).
Protein-N content of RS silages was increased
by the addition of LJ. Although thc addilion
of NaOH or NH, treated LI increased butyric
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acid and NH; N contents of the silage, protein-IN
content wdas not decreased. These observations
were not consistent with general consideration
in which clostridial fermentation causes prolein
and amino acid breakdown of silage (Ohshima
and McDonald, 1978). The above resulls were
in agrecment with the experiment of Ueinrichs
and Conrad (1984) which showed that NH; treat-
ment decreased proteolysis during  ensilage while
VFAs production shifted to less acetic and more
butyric acid.

Results of digestion and nitrogen balance trial
are shown in table 4. While crude protein digest-
ihility of W - RS silage was higher than thal
of LJ - RS silage, the goats receiving the latler
silage tended to excrete Icss urinary nitrogen and
showed similar nitrogen retention to goals fed
the former siage. Digestibilities of fibrons com-
panents of these two sifages were almost the same
and the values were quite similar lo thase of
respective silages obtained in the previous study.
T'he goats were provided miore nitrogen with [.)

TABLE 4. DIGESTIBIIITIES OF SOME NUTRIENTS AND NITROGFN BAIANCE IN GOATS GIVEN THF 3:1
MIXED RATION CF RICE STRAW SILAGE AND WHEAT BRAN

Yo Diets contzining Pooled
W RS LJ-RS LJ NaOH RS L) NH; RS SFEM
Digestibilsity (%)
Dry matter Sb.gem 51.6° 58.7¢ 60.08 0.93
Organic matteyr 55.50 553k 62.9° 65.00 0.94
Crude protein 70,20 63.2¢ 61.0¢ 77.58 083
NDE 4670 49 0> 59.9% 64 6% .65
ADF 47.1¢ 45.8¢ 56.8P 6].5% 1.52
Hemicellulosc 45.2b 53.4% 5498 69.8° 290
Cellulose 54.6° 53.8° 6670 71.5% 1 38
DE/GE" 53.5% 54.5b 61.6% 62.20 0.9¢
Nitrogen balance (g/day)
Intake N 5.57° 5.34% 5.40v 1n2a 0.14
Fecal N 1.654 1.9 2.10P 2.298 0.04
Urinary N 3 588 316 2.74° 6.61% 0.20
Retained N 0.24> 0.21" 0.568" 1.308 0.28

U See the footnotes of table 2.

¥ Urea was supplemented at fecding tine to adjust the niltogen intake except for that of NH, treated silage.
T Mceans of 4 goals. Values in the same row with different superseript letters are significantly different (p <

0.03).
“ Digestible encrgy/Gross energy.

than with GJ, however, the digestibilities of fi-
brous components of RS ensiled with walter or
intact juice were not different. Therc have been

many evidences that the f[iber digestibilities of

low quality roughage were improved by supple-
mentation with nitrogen. On the other kand, the
inprovement could be observed under relatjvely
low level of nitrogen intake (8.5% of dict DM,
Smith et al, 1980). Higher level of nitrogen
supplement did not result a higher fiber digest-
icility (Lin et al., 1988). The extent of fiber di-
gestion of the roughage was potentially
due to the highly crystailized cell wall constituents

limited
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such as lignin  and silica (Kawamura ct al., 1973),
The above facts might suggest thal cnergy
availability of the roughage was considerably low
for supporting microkial nitrogen incorporation
tnto protein, and potential deficiency of nitrogen
weuld be easily compensated with relatively low
nitrogen intake. The cell wall constituents were
swollen by the alkali trcatment (Shinoda ct al,,
1984; Terashima et al., 1984), which could assure
the microbial invasion into the inner tissues.
According to the facts, the L} - NaOH - RS and
L) - NH, - RS silages showed significantly higher
digestibilitics of fitrous components than the other
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sitages. All the fiber digestibilities of I.J + NaOH
RS silage were lower than those of LI - NH;
- RS silage. However, the dilferences of NDE
and hemicellulose digestibilities betwcen NaOH
treated and NH; treated silages were not signifi-
canl, while in the previous experiment the differ-
ences were significant. . The NH; treatment had
a similar effect on improving the fiber digestibi-
lities in the two experiments. These results sug-
gested the potential fiber digestibilities of NaOH
treated roughage were not fuily shown in the
previous experiment duc to a nitrogen dcficiency
for rumen microbes but the deficiency was almost
made vp with additional pitrogen supply from
LI in this experiment. Takahashi (1985) also
reported that the fiber digestibilities of NaOH
treated roughage were improved with graded level
of supplementary nitrogen.

Rumen fluid characteristics and BUN concen-
trations are presented in takle 5. There were no
sigonificant differences of ruminal pH value, total
VFA concentration and the VFA proportion
among the goats fed four RS silages. llowever,
compared with the goats receiving W - RS silage,
those on the other RS silages tended to show
higher ruminal total VFA concentrations suggest
ing inereased cnergy  supply  from L) added.
Feeding 1) - NaOtl - RS or 1.J - NH, - RS silage
appeared o furthsr increase the concentralion
than LJ - RS silage feeding showing digestible
componenis in the rumen were increased by the
alkali treatment. Ruminal NH:-N and BUN
concentrations in goats fed W - RS silage were
higher than goats on L)+ RS and L] - NaOH -
RS silages reflecting that urea was  rapidly de-
gruded in the rumen.  The goats receiving L) -

TABLE 5. RUMEN FLUID CHARACTERISTICS AND BLOOD UREA NITROGEN (BUN) CONCFNTRATIONS OF
GOATS GIVEN THE 3:1 MXED RATION OF RICE STRAW SILAGE AND WHEAT BRAN"

ftem Dicls comtaining Pooled
e W-RS" 1J-RS L) NaOHRS__LINH. RS _ SEM
pH 635" 6.37 644 0.46 0.0
Total VFA (mmol/dl) .63 7,68 K68 .81 085
Molar % of VFA

Acetic acid 70.5 T 724 T0.5 RS

Propionic acid 204 87 173 Ins (0

iso-Butyric acid .10 1.05 | 00 1.00 0.14

n-Butyric acid 6.90 TiU LR a4 173
NH,-N (mg/dl) 287 pa Wl 13.8¢ sy 110
BUN (mg/dl) 2500 163¢ 124 “y [ 87

“ Samples were taken 4 haurs afler morning meal.
¥ See 1he fooinctes of table 2.

P Urea was supplemented at leeding time to adjust the aitrogen intake except for that of NIy 1reajed siage.
Y Means of 4 goats. Values in she same row with dilferent superscript letters are significanily different (p <

0.03).

NaOH - RS silage showed significant reduction
of (hese concentrations compared with goats on
W < RS and LI - RS silages. These results night
indicate that higher energy availability of LJ .
NaQOH - RS silage than those of W - RS and
1.} - RS silages enhanced nifrogen ircotporation
into microbial protein (Sriskandarajah and Kel-
laway, 1984). The goats Ied LI - NH, - RS silage
showed the highest concentrations of ruminal NH,
N and BUN due to the highest nitrogen intake
consisted mainly of ammonia. The ruminal NH,-
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N concentration  ([3.8 mgfdl) of goats fed
LJ - NaOH - RS silage was relatively high com-
pared with the recommended lcvel at which
riminal microbial prolein production could he
optimized in wvitro (S mgfdl, Satter and Slyter,
1974) or animals efficiently digested dry matter
in site (10 mgfdl, Leng, 1989). However, lower
ADF and cellulose digestibilities of L.J - NaOQH
- RS than those of LJ - NH;- RS silage were
obtamned. This difference might be atiributable
to a pitrogen deficiency for rumen microbes from
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L) - NaQOH - RS silage. The NDF and hemicel-
lulose digestibilities of NaOH treated RS silage
were evidently this study when
compared with those in the previaus experiment.

impraved in

These observaticns were probably because maore
nitrogen was supplied for the rumen micrabes
frem 1] than from GJ. Therefere, ADF and
cellulose digestibilities of NaOH treated RS silage
could ke further increasedd when animals were
provided mare nitrogen than that cof present
expenment.  In conclusion, the additicn of LI
at ensiling improved the chemical quaiity of RS
silage, but did not shcw any advantagecus effecls
digestihility and nitecgen bhalance of goats
compared with W - RS silage supplemented with

an

urca at feeding time. When RS was ensiled with
alkalized LI, the fiber digestikilities were greatly
increased. And the goals fed it was also improved
nitrogen bhalance through being  provided
mare availakle energy than goats on untreated
one for supporting nitrogen uptake into microbial
cells in the rumen

their
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