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Summary

The experiment was carned oul to siudy the digestikility of notrients in the neutralized urea-treated rice straw
when it was fed singly or i combination with concentrates. & 101al of § crossbred Holslein steers were randowmly
allocated in a 4 X 4 Lauin square design consisted of 4 treatmenls, in which {he neurnralized sirawfconcentrates ratio
on DM basis varied as 100/0, 90/10. 80/20 and 70/30. The results indicated Ihat (he digestitality ¢f DM, cther extract
and NFE, and TDN and DE ol the diets tended to increase with an increase in the level of concentrates. Regression
analysis showed that the values cf intercepts should be used lor estimating DM digestibility, TDN and DE of
neatralized straw, when it was fed with concentrates. Digestibilitics of crude fiber, NDF and ADF tended to be higher
when it was fed singly than when fed with concentrates. Digestibilities of orgapic matter and CP were not so much
changed with the increasing level of concentraies. Although ihe animals singly fed the neutralized straw showed
positive body weight guin and N balance, it should ke necessary to supplement the concentrates to gel more body
weight pain and N-talance 10 the crossbred Holstein steers.
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Introduction

Rice straw is widely produced in the tropical
regions and commonly used as an anmimal feed,
however, the straw is not suitable for dairy cattle
feeding because of its low nutritive value. Urea
treatment of rice straw increased crude proicin
(CP) content and dry matfer {IDM) dipestibility
to some extent (Javasuriya and Perera, 1982;
Wanapat ct al., [982; Promma ct al., 1985), how-
ever, the increased CP was reduced by exposing
the treated straw to the open air because of the
evaporation of free ammonia. Promma et al
(1994) recently demonstrated that (he neutralization
of free ammonia in the treated straw with sulfuric
acil well fixed ammonia and could stabilize CI?
content of the treated straw. Moyeover, the neu-
tralization increased the in vitro DM digestibility
of the treated straw, and the neutralized straw
could be stored as a dry form for 3 months
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without a large loss of CP. The CP content of
dried ncutralized 6%, urea-treated rice straw was
12.3% on DM basis, and even after 3 months of
storage it was kept at a level as high as 9,19,
The major [raction of increased CI* was in the
form of ammaonium sulfate, and if this compound
could be effectively utilized by dairy cattle, it might
be used as a useful roughage for the dairy cattle.

In order to investigate the possibility of effective
vse of the neutralized vres-treated rice straw to
the dairy cattle, nutrient digestibility and energy
content of the treated straw were determined using
the crossbred Holstein steers. The utilization of
energy and CP was also estimated hy measuring
the body weight gain and nitrogen balance.

Materials and Methods

A total of 8 6-7 month-old crosshred (50%
blood level) Holstein steers with average body
weight of 135 kg were used in this experiment.
They were dewormed prior to the experiment. In
a 4 X 4 Latin square design, 2 animals were used
as a representative of one experimental unit and
they were randomly allocated into 4 treatments
for 4 periods. Each period consisted of 10 days
for prefiminary feeding and 10 days for collection
of excrcta. Feces and urine were collected separa-
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tely, and the total outputs were recorded every-
day. Ten percenm of daily excremenis were accu-
mulatively stored 1n 4 [reezer throughout the exper-
tnent. When 100 m| of 9
N sulfuric acid was used as a preservative.

urine was collected,

The neutralized straw was fed with concentrates
at ratios of 10040, 90/10, 80/20 and 70/30 respec-
tively on DM bkasis, and the total amoum of the
mixed rations was fixed to 3.0 kg DM/{day. so
that the plane of nutrition was raised accordingly.
The amounts of neutralized straw to be fed singly
were designed to cover the maintenance levels of
TDN and CP., which were estimated by the egu-
ation of NRC (198&) with the assumption that
TDN of neutralized straw was approximately 50
7% on DM basis. During the experimental periods,
feeds were given twice a day at a constanl amount,
and feed residues, iIf' remained, were weighed and
checked on DM content. Water was given at 4
constant volume of 30 1fday during the ccllection
period. Calcium- and phosphorus-[ree mineral vila-
min blocks were supplied as a free choice.

Neutralized 69, urea-trealed rice straw used in
this expersment was prepared as follows: 1,000 kg
of rice straw was sprayed with 1,000 | of water
containing 60 kg urea, and kept airtight uvsing
polythene sheets for 21 days. The stack was then
opened. and the straw was immediately sprayed
with ah acid-inolasses solution, which contained
40 kg of conc. sulfuric acid and 100 kg of mola-
sses in 500 | of water, and mixed well using a
turning machine, then the straw was again kept
airtight with polythene sheets fer another 24 hours.
The neutralized urea-treated rice straw thus pro-
duced was sun-dried for approximately 8 hours
with regular tuning. Dried nentralized straw was
then baled using a baling machine. The baled
neutralized straw was stored under roof through-
oul the experiment.

The concentrate mixture used (n this experiment
was prepared once a week by mixing 45% rice
bran, 27% ground corn, 5% soybean oil meal,
209% kapck seed oil meal, 3% mineral mixture and
10 g/100 kg of vitamin mixture. The mineral
mixture contained (in %) Ca 175, P 73, Na
13.5, S 2.1, (in PPM) Zn 2,071, Cu 986, Mn S,
900, Co 414, Sc 4.5 and 1 6.8, and the vitamin
mixture contained A 10° 1U/kg, D 300,000 1U/kg
and E 80 g/kg.

Daily rations were checked on DM content,
and proximale analysis was performed weekly.
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Samples of feces collected everyday were swixed
thoroughly and dried in an oven at 60C. then
the chemical analysis was performed. DM. organic
matter (OM). CP. cther extract (EE), crude fiber
(CF) and nitrogen free exwwact (NFE) were anal-
yzed by the method of AOAC (1975), and neutral
Getergent fiber (NDF) and acid detergent fiber
{ADF) were determined by the method of Coerimg
and Van Soest (1970) For the analysis of CP in
the fcees and urine, fresh samples were used to
avoid the loss of mitrogen in drving. GE content
of feeds and leces was determined using a bomb
calorimeter (Shimadze model CA-3P).

Data of digestion 1rial and nitrogen balance
statistically  analyzed by the methed of van-
ance analysis 1 a 4 X 4 Laun square design. The
differences between trealment means were checked
by Duncan's new multiple range test (Steel and
Toreic, 1984). The data of digestibitity. TDN, DE
and N-balance obtained in the trials using the
mixed rations were subjected to the regression
analysis in order 1o estimate he digestibility of
neutralized urea-rreated straw.

were

Results and Discussion

The chemical compositions of dried neutral-
ized urca-treated ricc straw and concentraies used
1 this experiment are shown in table 1. 1t was
shown that when neutralized straw was produced
in the practcal scale, the average CP content
obtained from weekly analysis throughout the
experimental period was 1029 on DM hbasis. This
value was lower than the average value of 12.395
which was obtained in the laboratary scale expe-
riment (Promma et al., 1994). In order to compare
the contents of nutrients other than CP with those
previously indicated by Promma et al. (1994), the
values shown in table 1 were recalculated on
CP-free DM basis, and the (ollowing values were
obtaimed (in 2); Ash 21.9, EE 1.8, N¥L 364, CF
398, NDF 658 and ADF 51.3. EE content was
very similar in bath experiments, but NFE showed
iower value but Ash, CF, NDF and ADF chowed
higher values than those previcusly obtained in
the laboratory scale experiment (Promma ¢t al.,
1994). Such differences might be due to the dif
ferent set of rice straw used or to the differeni
effect of neutralization in the practical scale in this
experiment and the laboratory scale in the previous
cxperiment. The concentrates used in this experi-
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ment had 16.5% of CP and 19.8 MJ GEfkg. which
were both in the normal range for dairy cattle
feccding. The other nutrients in the concentrates
were also in the normal range.

TABLE 1. CHEMICAL COMPOSITION (DM %) OF
NEUTRALIZED 6% URFA-TRFATED RICE
STRAW AND CONCENTRATES FED TC
CROSSBRED HOLSTEIN STEERS (Mean +
SE, N—8)

Neulraltzed .
Concentrates

e Straw .
DM (fresh %) 89.3 + 29 899 + 2.6
Ash 19.7 + 0.3 97+ 05
OM 30.2 + 0.5 993404
Cp 10.2 £ 0.3 165 4+ 0.4
EE 1.6 +£0.2 97 £ 08
NI 26322 545 4 1.6
CF 58+ 14 974+ 0.6
NDF 392142 200 £ 1.0
ADF 462 £+ 1.6 153410
GE (MJ/kg) 159 + 0.1 19.8 + 0.1

The results of the digestion trials are given v
table 2. Since Schneider and Flatt {1975) descrited
that the digestibility of roughages could be esti-
mated using the rcgression cqualion which  was
caleulated with the digestibilities of mixed rations,
the regression analysis was performed using the
data of table 2, and the results are shown in table

3. As seen in table 2, DM digestibility was not
siguificantly different among the diets containing
0, 10, 20 and 309 conocentrates, however, the
regression was significant as indicated in fable 3
when calculated with the data of mixed rations.
This means that the value of intercept, 54.1%,
would be better to use instead of the value obta-
ined with the 1006/0 ration, 56.0%, for the calcu-
lation of DM digestibility of neutralized straw when
it was fed with concentrates. OM digestibility
showed u  significant difference between the 70/30
and  80/20 rations, but the rcgression analysis
showed no significant trend. The digestibilities of
EE and NFE were significantly decreased when
the level of concentrates was reduced, and consc-
quently the regressions were significant. This means
that the values of intecept, 47.5% and 47.99%,
respectively, might be applicable as the digestibjlity
of EE and NFE of the straw. The digestibilities
of CF, NDF and ADF tended to increased with
a decrease in the level of concentrales, particularly
that of ADF was signilicantly higher in the single
feeding of straw. According to the regression
analysis, however, no significant trend was obser-
ved, and the average values of 75, 67 and 66%
in CF, NDF and ADF, tcspectively, could be used
for the mixed rations. The digestibitity of CP
showed some fluctuations among the diets, and
no significant regression was obtained. TDN and
DE were both increased with the increase in the
level of concentrates, and the regressions were
significant. The values of the intercepts, however,

TABLE 2. DIGEST BILITY OF NUTRIENTS, TOTAL DIGESTIBLE NUTRIENTS, DIGESTIBLE ENERGY VALUE AND

NITROGEN BAIANCF (N=8)

Strawfconcenirates - 70/30
Digestibility (%
DM 57.8
oM 64,20
cPp 52.7
EE 73.2¢
NFE 58.0¢
CF 7407
NDF 65.0°
ADF 65.68
TN (%) 56.6°
DE (Mlikg) 10.3b
N-balance (g/day) 18.8¢

80/20 90/10 10010 SEM
57.2 55.2 56.0 1.0
59.7 61.588 62.6%0 11
54.2 49.5 47.7 27
€6.2% 56.4" 38.28 4.4
54.20 51.47 49 4» 1.0
76.0%0 75.8% 79.30 1.1
66.9%0 68,220 72.10 S
66.2° 65.42 71.2b 1.1
54.4b¢ SI 4% 50.5" 1.0
98" 9.32 9.2% 0.2
15.4¢ 11.3% 7.6 1.6

O Wethin row, means with dillerent snperscripts differ (p < C.0%).
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TABLE 3. REGRESSION ANALYS S" GF THE DATA GIVFN IN TABLE 2 (N=8)

Intercept Caetficient N " Slgnfﬁcancc

Y (x = 0) of X R RSD levle _of
_— TEEression
DM (%) 54.1 0.13 0.53 i.8 0.008
OM (=) 394 0.12 0.24 4.1 0.260
CP (:.) 489 0.16 0.28 4.5 0170
EE (7)) 475 0.9] 0.57 10.7 0.003
NEE (7)) 479 0.34 0.69 30 <0.001
CF (%) 76.9 —=0.10 0.28 24 0,180
NDF (% 69.0 —0.12 037 3.6 0.430
ADF (%) 65.5 0.01 0.03 34 0.890
TDN (7) 489 27 0.82 1.5 0,001
DE (MJ/kg) 8.7 0.05 0.76 4 < 0.001
N-balauce {piday) 6.8 0.47 0.39 9.2 0.060

" X: ralio of concentrates, Y: digestitbility, energy value 01 nitrcgen balance.

" RSD- residual standard deviation.

were a little lower than thase abtained in the single
feeding of straw {lable 2).

When the digestibilitics and energy values of
concentrates were estimated using the regression
equations, they were 677 in DM. 138.5% in EE,
&1.9% in NFE, 7597% in TDN and 13.7 MlJ/kg
in DE. These values were almosl reasonable excepl
for the case of EE. The residual standard deviation
for EE was very high, which indicated the big
variation of the data, and some other effects such
as tat and protein contents ol the diets would he
associated with as discussed by Schneider and Flatt
(1975).

The N-balance seemed lo be increased by the
increased  level of concentrates,  although the signi-
ficance level was a litile higher than the level of
0.05, and even by the single leeding of neutral-
izcd straw, positive N-balance was observed in the
crosshred Holstein steers. it might be interpreted
from this fact that the steers could well utilize the
non-prolein nitrogen such as ammonium snlfate
nresent in the neutralized straw, which was
produced by the neutralization of ammonia with
sulfuric acid. De Aliva (1985) indicated that N-
balance would be increased with an jncrease
CP Jevel of the diet. In the present cxperiment,
the digestible CP level was increased by the sup-
plementation  of concentrates  and  subsequently
N-balance was increased as discussed later.

The actual DM :ntake and levels of digestible
CP, CF and TDN are shown in table 4. The

in
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animals offered neutralized straw alonc maintained
or slightly increased their body weight during 10
days of the experimental period. since they con-
siimed more TN than the maintenance level by
10 percent, and their N-balance were positive. The
animals given neutrabized straw with concentrales
also gained body weight according to the level of
concentrates, since the plane of nutrinon incressed
with the same crder. The amounts of ncutralized
straw given 10 the animals were not always con-
sumed completely, and the actual level of neulral-
ized straw in the dict was calculated to be 899
and 799, instead of 907, and 807, respectively.
According to the observation, the refusal straw
was mostly the top part or finely ground part of
the straw, and these parts were considered to be
nct palatable. Consumed TDN and digesiible CP
were increased with the level of concentrates. and
directly resolted in an increase o the plane of
nutrition and N-balance. TDN cantent of neutrai-
jzed straw was around 50%, which was very similar
10 1he assumed value. The density of boibh TDN
and CP of the ralions was increased with an
increase in the ratio of concentrates, and the
density of CF was contrary. Although the steers
maintained their body weight with the single feed-
ing of neutralized straw, neutralized straw alone
s ot cnough to optimize the growth ol dany
cattle and supplemeniation of concentrates is in-
evitable. What planes of nutrition in terms of TDN.
CP and CF are most suitable to optimize the
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TABLE 4. DRY MATTER INTAXE ANC PLANE OF NUTRITION {N=8)

Strawjconcentrales 70430 80/20 90/10 100/0
Mear BW (kg) 134.7 134.4 136.1 136.3
BW change (kg/10 days) 1.6 1.4 1.3 08
DM intake (kgfday)
Newralized straw {A) 24 23 2.5 26
Concentrates 0.9 0.6 03 0.0
Tolat (B) 30 2.9 2.8 2.6
7 oef live weight 22 22 2. 1.9
A/B () 70.0 79.3 893 100
TDN intake (kg/day) 1.71 1.58 1.45 .31
Plane of nutrition' 1.4 3 1.2 1.1
Digestihle P inake (g/day) 190 179 149 129
N-balance (g/day) 18.8 154 11.3 7.6
Level of nutrients (DM =)
TDN 56.6 344 51.4 50.5
CP 12.0 11.4 10.9 10.2
CF 283 30.7 333 358

' Kg TDN consumedikg TDN for maintenance.

growth of dauy cattle must be fuither investigated.

It be caoncluded from the results  that
neutrahzed 67, urea-treated rice straw had 549
DM digest:bility, 5022 TDN and 9 MJ DEjkg.
The CP content of neutralized urea-treated
steaw was (07, on DM basis and its digestibility
was arcund 48% irrespective ef the level of sup-
Although
C1in the nemralized siraw is non-prolein nitrogen,
the animals cac utilize it elficently. Hence, neu-
tralized urea-treated sice straw could be
a preserved feed lor supporting the preduction cf
grewing crosshred Holstein cantle dering the dry
seasen

<an

o

plemented  concentrates. the increased

used as
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