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An experiment was carried out to investigate the effects on the nutritive value of rice
straw treated with anhydrous ammonia (30 g/kg DM) for 28 days at 20°C and/or sulphur
dioxide (40 g/kg DM) for 24 hours at 20°C. Rice straw was moistened with water (300 or 450
g/kg) prior to the treatment. In sacco digestibility of the sample was measured by
suspending 5 nylon bags each for 48 hours in the rumen of Tokara goats fitted with a rumen
cannular  and fed on alfalfa hay. Ammonia and NH,*SO,  treatments improved the crude
protein content of rice straw approximately by 4mfold  to 45fold and the latter treatment
gave slightly higher value than the former. Contents of NDF and hemicellulose were
reduced by ammoniation and NH,.SO,  treatment, however ADF and cellulose contents
were little affected. Lignin and silica contents were reduced by ammonia and NH,*SOz
treatments. These two treatments improved the digestibility in sacco of rice straw and its
cell wall components, and straw digestibility was slightly improved with NH,*SO,  than
with NH,. Improvement in digestibility was correlated with decrease in contents of lignin
and silica and increased digestibility of lignin. Sulphuration alone less affected the
nutritive value of rice straw compared to the other treatments.

INTRODUCTION

In Asia abundant quantities of rice straws are produced as a by-product of rice.
Rice straw has a potential as feed for ruminants, however the production of animals
fed on it is actually low.

Ammonia treatment of straws improves their digestibilities by up to 20% and
increases non-protein nitrogen contents (Waagepetersen and Vestergaard Thomsen,
1977). Ammoniation process is enhanced through the addition of water to straws
(Waiss et al., 1972). Ben-Ghedalia and Miron (1981, 1984) reported that sulphur dioxide
treatment also increases the digestibility in vitro of moist wheat straw by 40%.
Recently, combination uses of some chemicals have been investigated to give greater
improvements in the nutritive values of cereal straws (Borhami and Sundstdl,  1982 ;
Borhami et al., 1982 ; Horton et al., 1982 ; Streeter and Horn, 1982 ; Fahmy and @
rskov, 1984 ; Ben-Ghedalia and Miron, 1984). Ammoniation followed by sulphuration,
compared to ammoniation alone, retained a higher amount of NH,-N in the straw and
further increased straw digestibility by hydrolyzing cellulose and reducing cell wall
organic matter (Dryden and Leng, 1986, 1988). It is also important to investigate the
effects of these treatments on lignin and silica, the removal of which increases straw
digestibility. More detailed studies are needed to elucidate the process of improvement
in digestion of rice straws treated with NH, and SO,.

The objective of this study is to investigate the effects of anhydrous ammonia,

143



144 Y-H Song et al.

sulphur dioxide and combinations of them on nutritive value of rice straw.

MATERIALS AND METHODS

Straw samples
Straw from rice plants Cjaponica  type, var. Nihonbare) was collected at the

Kyushu University Farm in 1989. The straw was dried for 48 hr at 70°C and cut in l-
2 cm length.

Treatments
Rice straw was moistened with water (300 or 450 g/kg DM) and incubated at 20°C

for 4 days in a sealed polyvinyl bag. The prepared straw was then treated with
anhydrous ammonia (0 or 30 g/kg DM) for 28 days at 20°C and followed by sulphur
dioxide treatment (0 or 40 g/kg DM) for 24 hr at 20°C.

L
,

s
Analytical methods
The treated straws were aired for 3 days to exclude excess chemicals and ground

through a 1 mm aperture screen. Crude protein content was determined by the
Kjeldahl method (AOAC, 1984) and ash content by combustion at 600°C for 3 hr. Cell
wall components were determined by the methods of Georing and van Soest (1970).
Lignin was determined by Morrison’s method (1972). The straw digestibility in the
rumen for 48 hr was determined by suspending 5 nylon bags each for 48 hr in the rumen
(Mehrez and Qrskov,  1977) using two Tokara goats fitted with rumen cannulae and fed
on alfalfa hay.

Statistical analysis
The digestibility and chemical components were fitted to analysis of variance

difference and the least significant difference (LSD). The relations between diges-
tibility and content of lignin or silica were discussed using linear regression analysis.

RESULTS AND DISCUSSION

1. Effects of ammonia and sulphur dioxide treatments on chemical composi-
tion of rice straw

The chemical composition of untreated rice straw and moist rice straw treated
with NH, and SO, is shown in Table 1. Ammoniation improved the crude protein
content approximately by 4-fold. Sulphuration did not affect the crude protein
content, however SO, application after ammoniation increased it by 4.5 times slightly
higher than in the ammonia treatment. Crude protein content was slightly more
improved with a 45% moisture level than with a 30% level, because a higher moisture
content retained a higher amount of nitrogen in the straw.

Neutral detergent fibre (NDF) and hemicellulose contents were reduced greatly by
ammoniation and NH3*SOz  treatment. Acid detergent fibre (ADF) and cellulose were
slightly reduced by ammonia and NHB*S02  treatments.

Contents of lignin and silica were reduced by ammonia and NH, l SO2 treatments.
These two treatments decreased silica more than they decreased lignin. Silica is more
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easily removed by alkali than is lignin (Jackson, 1977). Sulphuration seemed to have
little effect on cell wall components due to its mild condition (40 g/kg for 24 hr at 2O”C),
although there was a slight decrease in silica content.

2. Effects of ammonia and sulphur dioxide treatments on in S~CCO  digestibility
of rice straw

Table 2 shows the digestibilities of dry matter (DM), organic matter (OM) and cell
wall components of rice straw treated chemically. Ammoniation increased the diges-
tibilities of DM and OM by approximately 30%, respectively. Application of SO, after
ammonia treatment gave slightly higher straw digestibilities compared to ammonia-
tion.

Treatment with NH, or NH3*SOz  greatly increased the digestibilities of NDF,
ADF, hemicellulose and cellulose. Sulphuration after ammoniation, compared to
ammonia alone, produced higher digestibilities of all four fibres with a 30 % moisture

Table 1. Effect of NH, and SOz treatments on chemical composition’) of rice straw with different
moisture contents.

Moisture (%) 0 30 45
NH, (%) 0 0 3 0 3
SOZ (%) 0 ~0 4 0 4 0 4 0 4

Crude protein 4. 6b5’ 4.4”b 4.2” 17.7” 19.7d 4.7b 4.5ab 20.4” 21.0’
NDF*’ 67.Zb 67.9” 65.9’ 56.0” 56.gd 66.8b 65.6’ 55.7” 52.1’
ADF3’ 39.2’ 41.3” 38.9’ 36.8” 37.8d 40.8b 38.8’ 36.8” 34.1’
Hemicellulose 28.1” 26.6”b  27.0ab  1 9 . 2 ’ 19.2’ 26.0b 26.8”b  1 8 . 9 ” 18.0’
Cellulose 34.8’ 37.1” 34.9b 33.2” 34.8b 37.0a 35.0b 33.6” 31.gd
ABL4’ 9.3” 9.7” 9.4” 7.4” 8.Zb 9.7” 9.Y 7.7’ 8.4b
Silica 8.7” 8.0b 7.4’ 6.1e 6.4d” 7.6bc 6.7d 4.9‘ 3.3g

I) % Dry matter basis, 2, Neutral detergent fibre, 3, Acid detergent fiber,
4, Acetyl bromide lignin,
5, Figures with different superscripts in the same row differ significantly (P<O.Ol).

Table 2. Effect of NH, and SO, treatments on digestibilites in sacco of rice straw with different
moisture contents.

fJo$sture  (%) 0 30 45

soz3
(%) 0 0 3 0 3
(%) 0 0 4 0 4 0 4 0 4

DM” 47.5”b6’ 46.5” 50.l”b 78.1” 80.9” 48.1ab 51.2b 77.2’ 80.0’
0M2’ 51.0” 50.1” 52.6” 81.4’ 81.5’ 53.1a 57.5b 80.5’ 83.5’
NDF3’ 40.0” 40.2” 40.3” 72.3” 76.0f 41.lb 43.0’ 71.1* 72.6e
ADF4’ 38.4” 39.6b 41.0d 69.5g 73.5h 40.0’ 41.4” 68.3f 68.1’
Hemicellulose 42.1b 39.6” 39.4” 77.5d 81.0” 42.4’ 45.4” 76.6d 81.0”
Cellulose 41.0” 42.8b 41.7” 71.2” 75.5d 42.8’ 43.0b 70.8’ 70.4’
ABL5’ 31.2”b 35.0b’ 40.6’ 67.3” 76.0f 25.6” 32.4b 58.8d 65.5”

‘) Dry matter, 2, Organic matter, 3, Neutral detergent fibre, 4, Acid detergent fibre,
5, Acetyl bromide lignin,
6, Figures with different superscripts in the same row differ significantly (P<O.Ol).
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level and of hemicellulose and NDF with a 45 % level. Digestibility of acetyl bromide
lignin (ABL) was increased greatly by NH, and NH,=SO,  treatments, and the latter
gave higher values than the former.

Ammonia may saponify ester bonds between lignin and hemicellulose (Chesson,
1988) and saturate H bonds linking the matrix polysaccharides (Dryden and Leng,
1988). Ammoniation increases the digestibility of the cell wall, perhaps partly by
allowing intra-crystalline swelling of cellulose microfibrils (Millet et al., 1976).

The degree of improvement in straw digestibility tends to be higher with NH, l SO,
treatment compared to NH, treatment. Dryden  and Leng (1986) suggested that SO,
injection after ammoniation increased treatment temperature to about 45°C causing
an enhancement of the ammoniation process. Sulphuration alone had less effect on the
digestibility of rice straw than that of NH, or NH3*SOz  treatment due to the mild
condition (40 g SO,/kg DM straw for 24 hr at 2o”C),  as reported by Dryden  and Leng
(1986).

3. Relation between in succo  digestibility and lignin or silica of rice straw
Dry matter digestibility in sacco of rice straw was negatively correlated with

lignin content (Fig. 1). Organic matter digestibility also had a inverse correlation with
lignin content (r= -0.915, p< 0.01). Dry matter digestibility in sacc~  was positively
correlated with lignin digestibility (Fig. 2). Lignin content is likely to be the major
constraint on potential degradability (Smith et al., 1972). Chesson (1981) reported that
when about 50% of the straw was degraded, further digestion of the cellulose and
hemicellulose depended on the prior removal of lignin.
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Fig. 1. Relation between in sacco dry matter (DM) digestibility and lignin content of
rice straw.
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Fig. 2. Relation between in sacco dry matter (%) digestibility and lignin digestibility
of rice straw.
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Fig. 3. Relation between in sacco dry matter (%) digestibility and silica content of
rice straw.

Digestibility in S~CCO  of rice straw was negatively correlated with silica content
(Fig. 3). Silica is a major factor limiting the digestibility of rice straw, which is
relatively unlignified. The relationship of silica to digestibility is often affected by a
compensatory association with lignin (Van Soest, 1982). Silica also complexes with
essential mineral elements and influences their availability to rumen bacteria (Smith
et al., 1975) and the activity of cellulolytic enzymes (Shimojo and Goto, 1989). Improve-
ment in digestion of rice straw may be mainly caused by the decreases in content of
lignin and silica and by the increased digestibility of lignin.
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From the results of this study, application of sulphur dioxide after ammonia
treatment of rice straw was considered to be more effective than ammoniation alone
for improving crude protein content and digestibility.
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