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Stimmary

Nutritive values and fermentation rates of rice straw treated with 3% anhydrous and 3% agueous
ammonia were evaluated both in vitro and sheep metabolism triaks. Daily gain, feed efficiency and fecd
cost per gain were also determined with growing Holstcin bulls fed anhydrous and aqueous ammonia
treated rice straw.

Crude protein was increased 2.4 fold and NDF was decreased 6.5%, but ADF and cellulose were not
different betwgen untreated and ammonia treated rice straw. An average of 35.5% of total added
ammonia-N retained in the rice straw and other 64.5% was not retained in the rice straw.

Ammonia treatment incteased in vitro DM, NDF, ADF and cellulose digestibilities by 44 .8%, 43.3%,
49.4% and 42.4%, respectively, and fermentation rates by 63.3%, 132.4%, 49.4% and 42.4'%, respec-
tively.

In sheep metabolism trials, DM digestibilities of rice straw treated with anhydrous and agueous
ammonia were increased 22% and 25%, respectively over untreated rice straw. Dry matter intakes were
increased 22% and 36%, respectively, and digestible DM intakes by 48% and 70%, respectively in sheep
fed anhydrous and aqueous ammonia treated rice straw over untreated gice straw. Rumen ammonia
and blood urea were considerably higher in shecp fed ammonia treated rice straw than sheep fed un-
treated rice straw.

Daily gain of Halstein bulls was increased 20.8% and 29.9% and rice straw intakes were increased
28.4% and 44.3% in anhydrcus and aqueous ammonia treated rice straw over untreated rice straw. Feed
conversion was improved 9.5% and 10.3% and feed cost/gain was reduced 7.1% and 9.2% respectively
in anhydrous and aqueouns ammonia treated rice straw group as compared with untreated rice straw

group.
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{ntroduction

Considerable quantities of low quality roughage
or crop residues are available and camgprise a large
potential source of feed for ruminant animals
throughout the world, tut they have not becn
utiized well as a roughage source because aof its
low digestibility and low rate of digestion which
limits feed consumption.

Treatment of these crop residues with ammonia
can increase digestibility of dry matter by 20 te 40
percent, crude protein content by 2 to 3 fold
and increase voluntary consumption by 20 to 35%
(Sundstgl and Coxworth, 1984; Maeng and Kim,
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1984; Zorrilla-Rio ¢t al., 1986). The development
of the ammonia treatment has been described by
Sundstgl (1983/84).

Each year about 7 million tons of rice straw is
produced in Korea and {rcatment with ammonia
is one of the most attractive ways to make better
use of this material {(Han and Garrett, 1986).

The objectives of these studies were to deter-
mine the chemical composition, digestibility
and fermentation rate of rice straw treatcd with
anhydrous and aqueous ammonia in vitro and
sheep nectabolism trials. Growth response, feed
efficiency and feed cost per gain were also deter-
mincd with growing Holstein bulis.

Materials and Methods
The rice sfraw was treated with ecither 3%

anhydrous ammonia or 1.5 and 3% aqueous
ammonia on an air dry hasis and stored in stacks
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covered with plastic as described by Sundstgi
(1983/84).

[n vitro digestibility was determined by the
method of Tilley and Terry (1963) using rumen
inoculum prepared as described by Maeng et al
(1971). [ermentation rates were determined as
the slope of regression of the natural log of residue
upon incubation times from O to 72 hours {Maeng
and Raldwin, 1976 Relyea et al., 1579).

Three yearling fistulated weathers averaging
35.2 kg body weight were nsed in a 3x2 latin
square desipn and fed ad libitium untreated rice
straw, 3% anhydrous ammonia treated rice straw
and 3% aqueous ammonia treated rice straw. Free
access to a mineral salt block and water were
provided. Trials were conducted in metabolism
crates with a 14 day preliminary and a 7 day
collection period. Rumen samples and blood were
collected at different time after feeding or the 7th
day of the collection period.

Growth ftrial was conducted with Holstein bulls
weighing average of 231 kg body weight for 90
days. Eight animals per each treatment were fed ad
libitum of either untreated rice straw, 3% anhy-

drous ammonia treated rice straw or 3% aqueous
ammonia treated rice straw. All animals also
recefved a commercial formula concentrate feed
containing 15% crude prolcin at the rate of 1.5%
of body weight.

Samples werc analyzed by the following proce-
dures; dry matter ty ovea drying at 105°C for 24
hours; nitrogen by the Kjeldahl method; rumen
ammonja concentration by Chaney and Marbach
(1962); blood urey by digital photomeler; neutral
detergent fiber {NDF) and acid detergent fiber
(ADF) by Goering and Van Soest (1970) and
cellulose by Crampton and Maynard (1938); and
volatile fatty acid (VFA) ty Gas-liquid chromato-
graphy. All resulis were tested by standard analysis
of variance procedure and Duncan’s multiple
range test was used to separate means (Steel and
Terrie, 1980),

Results and Discussion
Chemical composition of the uptreated and

treated rice straw is shown in table ]. Ammonia
treatment increased by crude protein 2.4 foid

TABLE 1. CHEMICAL COMPOSITION OF AMMONIA TREATED RICE STRAW' 2 (DM Basis)

Chemical composition (%)

Treatment -—
Crude protein NDF ADE Cellulose
Untreated 4.210.02“\ 80\3i0.{]3a 53.6+0.05 37.710.06
NH, treated

3.0% 10.120.103 75.3+0.07° 50.5+0.04 39.7+0.10

NH;OH treated
1.5% 9.9+0.058 76.9+0.03° 51.440.07 37.1+0.08
3.0% 9.2:0.098 75.120.04° 50.4+0.05 37.840.08

"Mcan of teipiicate + standacd ersar.

2Mean of different superscript differ significantly (4.8 P<0.01: b p<0.05).

and decreased NDF by 6.5%. ADF and cellulose
wer¢ not changed by treatment with ammonia.
Similar results were also reported in previous ex-
periments with ammonia treated rice straw (Maeng
and Kim, 1984; Kim et al., 1986). Crude protein
content and other chemical composition were
similar for the anhydrous and aqueaus ammonia
treated rice straw, This is in contrast with Sundstdl

and Coxworth (1984) who reported that agqueous
ammonia had a greater cffect than anhydrous
ammonia.

Of the anhydrous and aqueous ammonia-N
applicd during trcatment of the rice straw 38.5%
and 32.4% was retained at the time it was fed
respectively. The amount of ammonia-N retained
in the treated straw depends c¢n the source of
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TABLE 2. TOTAL NITRQGEN RETAINED IN THE RICE STRAW BY AMMONIA TREATMENT

Total NH;3-N Total N content Total NH,-N Total NH4-N
Treatment added in straw retained not retained
(%) (%) (% of added) (% of added)
Unireated - 0.67 - —
3% NHj Lreated 2.47 1.62 389 61.5
3% NH4OH treated 2.47 1.47 324 67.8

straw, treatment methed and moisture content of
straw (Hartley and Jones, 1978; Waiss et al.,
1972) and in other stuclies 18% to 57% cf added
ammonia-N was retained in the straw {Buettner
et al.,, 1982; Saenger ct al,, 1982; Herrern-Saldana
et al., 1982),

In vitro dry maiter, NDF, ADE and cellulose
digestibilities were improved by 39.9%, 38.9%,
49.5% and 49.2% on the anhydrous ammoma
treatment and by 47.9%, 47.6%, 38.9% and
49.5% by the aqueous ammonia treatment (tahle
3). Fermentation rates of DM, NDF, ADF and
ceflulose of untreated rice straw were 0.64, 051,
0.54 and 0.93%/ht {table 4). This was increased

to 1.03, §.16, 0.95 and 1.65%/hr by anhydrous
ammonia and 106, 121, 0.95 and 1.66%/hr
by aqueous ammonia with an average improve-
ment of 64% in DM, 131% in NDIF, 76% in ADF
and 79% in cellulose compared with the untreated
rice straw. Maeng and Kim (1984) also showed
that ammonia treatment of rice straw consider-
ably improved digestibilities as well as rate of
digesticn.

In sheep metabolism trials, dry matter digesti-
bility was increased by 22% and 25%, intake
22% and 36% and digestible dry matter intake
48% and 76%, respectively by the anhydrous and
agueous ammonia treatment straw {tabhle 5). Kim

TABLE3. IN VITRO DIGESTIBILITIES OF AMMONIA TREATED RICE STRAW! <*

In vitro digestibilities (%)

Treatment DM NDF ADE Cellulose
Untreated 40.1+0.82 41.4+0.22 32.1+0.52 50.0+0°
NH, tracted

3.0% $6.1£0.4° 57.5+0.8° 48.0£0.4° 71.0%0.2°
NH4OH treated :
1.5% 50.00.8° 46.840.2° 38.740.5" 59.3+0.7°
3.0% 59.3+0.7¢ 61.1+0.49 47.9+0.3° 71.4%0.9¢
Liean of triplicate + standard errar.
2Mean of different suparseript diffex significantly (P < 0.01).
TABIFE 4. FERMFNTATION RATE ON AMMONIA TREATED RICE STRAW
Fermentation rate (%/hr)

Treatment DM NDF ADF Celluiose
Untreated 0.64 .51 0.54 0.93
3% NH; treated 1.03 1.16 0.95 1.65
3% NH4OH treated 1.06 t.21 0.95 1.66
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TABLES, INTAKE AND OIGESTIBILITY OF AMMONIA TREATED RICE STRAW

Treatment Untreated 3% NH, treated 3% NH,OH treated
DM digestibility (%) 44.0% 53.5° 54.8%
Improvement (%) 100 122 125
Intake (DM)
g/day 6462 785P 879
[mprovement (%) 100 122 136
igestible DM intake
g/day 2843 420° 4820
Improvement (%} 106G 148 170

a 'b’cMean of 3 sheep without same superscript differ significantly (P <(0.05).

et al. (1984) also reported similar improvement
in feeding value of rice straw by ammonia treat-
ment of rice straw. Garrett et al. (1979) showed
that digestion coefficients for organic matter,
ADF, cellulose and cnergy were higher for thosc
diet cantaining 72% ammonia treated rice straw
compared to unireated control diet.

Rumen ammonia-N concentration in sheep
fed untreated rice straw was 1.56 mg/100 mi
(0.8-2.8 mg), but increased to 13.3 mg (4.3-18.7
mg) by the 3% anhydrous ammonia treatment
and 9.9 mg (4.0-13.1 mg) by the 3% agueous
ammonia treatment (figure 1).

The highest blocod urea-N was 15 mg/100 ml
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Figure 1. Rumen ammonia concentration of

sheep fed untreated, anhydrous and
agueous asmmonia treeted rice straw.
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Figure 2. Blood urea-N concentration of sheep
fed untreated, anhydrous and aqueous
ammania treated rice straw.

at 2 hours after fecding in sheep fed untreated rice
straw, but was 21-26 mg at 3 hours after feeding
ammonia treated rice straw (figure 2).

Intakc and growth responsc of growing Holstein
bulls fed atumaonia treated rice straw are shown in
table 6. Concentrate containing 15% crude pratein
were fed on the basis of 1.5% of hody weight with
ad libitum rice straw. Rice straw intake was in-
creased 28.4% by the anhydrous ammonia treat-
ment and 44.3% by the aqueous ammonia
treatment. Daily gain was improved 20.8% and
29.9%, respectively for the anhydrous and aqueous
ammonia treatment. Feed efficiency was improved
9.5% and 10.3%, and feed cost/gain was reduced
7.1% and 9.2%. respectively for the anhydrous and
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TABLE €. INTAKE AND CROWTH RATE OF GROWING HOLSTEIN BULL FED AMMONIA TREATED
RICE STRAW
Treatment Untreated 3% NH; treated 3% NH, OH treated
No. of Animals & 8 8
Experimental period {(day) 90 90 90
Initial body weight (kg) 234.50 232.57 226.25
Final body weight (kp) 303.67 316.76 316.08
Total gain (kg) 69.17¢ 83.60° 89.83°
Daily gain (kg) 0.772 0.93b 1.000
Relative increase (%) 100 120.8 1299
teed Intake
Concentrate (kg/day) 3.39 3.39 3.31
Rice straw (kg/day) 2.452 3.14b 3.51P
Relative increase (%) 100 128.4 144.3

a'bl‘v'{ezms without samne superseript differ significantly (P <0.05).

TARIF 7. FFED EFFICIENCY AND FFFD COST PFR GAIN OF GROWING HOLSTEIN BULLS FED

AMMCNIA TREATED RICE STRAW

Treatment Untreated 3% NHjy treated 3% NH4OH treated
Feed conversion (kg feed D.M/kg gain) 7.688 6.95° 6.890
Improvement (%) 0 9.5 10.3
Feed cast (Won/day) 976.29% 1095 20° 1151.57°
Improvement (%) 0 12.2 18.0
Feed cost/gain (Won/kg gain) 1267.91% ]177.63b l]S].ST’b
Improvement (%) 0 7.1 9.2

a’hMcans without same superscript differ significantly (P <C.05).

agueous ammonia treatment (table 7). Creek et al.
(198 4) also found that ammonia treated rice straw
gave 27% increase in intake and 45% increase in
daily live weight gain. Garett et al. {1979) also
reported that steers fed diets containing 72%
ammaonia treated rice straw gained more weight
and ate mare feed and required less feed per unit
of gain than those receiving the untreated cantral
dict. Throughout these studies there were na
health problems in animals fed ammenia treated
rice straw.
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