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Summary

Ammonia and/or sulphur dioxide treated and untreated wheat leaf sheaths were compared for cell 
wall digestion by incubation with rumen liquor for 24 and 48 hours. Scanning electron microscope 
(SEM) was used to study the relative rate and extent of cell wall digestion. Treated wheat straw leaf 
sheaths were distorted, with more distortion observed in ammonia and sulphur dioxide combined 
treatment than any other treatment. Rumen liquor digestion for 24 hours of untreated leaf sheath 
showed disrupted phloem, partially ruptured parenchyma and vascular tissues and further partially 
distorted inner bundle sheaths and vascular bundle after 48 hours incubation. Sulphurated leaf sheaths 
showed extensive degraded parenchyma and sclerenchyma material in 24 hours incubation, however, 
all tissues were irregulary shaped in 48 hours incubation. In ammoniation, epidermal cell walls and 
small vascular bundles began to disintegrate by 24 hours incubation, extensively changed structure 
and degraded epidermal tissue by 48 hours incubation. Combination treatment of leaf sheaths deg
raded all cell walls of parenchyma, phloem and vascular bundle by 24 hours incubation, however, 
structures only of inner bundles sheath with extended land, sclerenchyma and cutinized epidermal cell 
walls remained.
(Key Words : Morphological, Scanning Electron Microscopy, Rumen Liquor, Wheat Straw, Ammonia, 
Sulphur Dioxide)

Introduction

The extent of improvement in rumen degra
dability of cereal straws treated with ammonia 
was due to a greater response in the degradability 
of stem fraction, associated with enhanced 
microbial degradation of sclerenchyma and paren
chyma cells (Goto, 1989). Ammonium hydroxide 
ruptured the inner cuticle and separated paren
chyma cells, but had no effect on vascular bundles, 
thick-walled sclerenchyma and epidermal silica 
(Harbes et al., 1982). Ammonia and sulphur 
dioxide pretreatment of cereal straws has been 
shown to improve their nutritive value by in
creasing crude protein content and digestibility 
(Dryden and Leng, 1988; Song et al., 1991c).

Anatomical studies on ruminal digestion of cereal 
straws have been reported for ammoniation (Itoh 
et al., 1981; Harbers, 1982; Goto, 1989; Horn 
et al., 1989; Song et al., 1993).

The objective of this experiment was the 
observation by scanning electron microscopy 
(SEM) of ruminal digestion of wheat straw treated 
by ammonia and/or sulphur dioxide.

Materials and Methods

Wheat straw (Japonica type, var. Nourin No. 
61) collected at the Kyushu University Farm in 
1989 was dried for 48 hr at 70prior to cutting 
of the internodes of the midportion of the straw 
into about 2-3 cm length. The straw was mois
tened with water (450 g/kg DM) and incubated 
at 20X3 for 4 days in a polyvinyl jar. Sulphur 
dioxide (40 g/kg DM) was injected into the jar 
for storing at 70 for 3 days or anhydrous 
ammonia (30 g/kg DM) at 20°C for 28 days and 
their combination treatment of ammoniation 
following by sulphuration was performed. The 
treated straw was aired for 3 days to exclude 
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excess chemicals and cut into cross sections of 
2 to 5 mm in length. The leaf sheaths of wheat 
straw were incubated in the rumen liquor (Minson 
and McLeod, 1972) of three Tokara goats fitted 
with rumen cannulae and fed on alfalfa hay. 
Digested leaf sheats were retrieved for microscopy 
(WET-SEM) by the modified method of Akin 
and Amos (1975). The intact and incubated 
materials were washed with distilled water and 
then kept in a refrigerator to restore for a few 
days. Thereafter, leaves sheaths were placed in 
4% glutaraldehyde in 0.1 M cacodylate buffer 
and then postfixed in 1.5% buffered osmium 
tetraoxide at 4°C for 3 days. Specimens were 
washed in buffer and dehydrated for 5 minutes 
in 65%, 10 minutes in 75%, 15 minutes each in 
85, 95, 99% and four times in 100% ethanol 
(v/v). Specimens were dried in a desiccator and 
then observed at 15 kv using a Akishi Beam 
Tech. (ABT-32).

Results and Discussion

1. Micrographs of cross section of untreated and 
treated wheat straw before incubation

Cross section of untreated leaf sheath showed 
that all cell walls of tissues are intact and 

maintained structural integrity. Sulphur dioxide 
(SO2) treatment of leaf sheaths distorted paren
chyma (arrow), and degraded part of phloem 
(figure 4). Ammonia (NH3) treatment of leaf 
sheaths disrupted parenchyma, vascular tissues 
appeared to be distorted, and a part of the 
phloem degraded (figure 7). Potassium hydroxide 
treatment separated：parenchyma and inner bundle 
sheath and lignified sclerenchyma and inner sheath 
tissues (Akin, et al., 1977). However, bermuda 
grass treated with potassium hydroxide did not 
separated sclerenchyma cells (Spencer and Akin, 
1980). NH3 and SO2 treatment of leaf sheaths 
had little effect on the epidermis and sclerenchy - 
ma, however parenchyma (arrow), vascular tissues 
and phloem were degraded or more distorted than 
other treatment (figure 8). Rice straw showed 
similar response to ammonia and sulphur dioxide 
treatment (Song et al., 1993).

2. Micrographs of cross section of untreated and 
treated wheat straw incubated for 24 hr

Untreated wheat leaf sheath after 24 hr 
incubation showed that phloem was disrupted, 
and parenchyma and vascular tissues were partially 
ruptured, however, lignified tissues were not 
degraded (figure 2). The phloem tissue in fescue

Figure 1. Cross section of untreated wheat straw. The parenchyma (Pa), phloem (P) and vascular tissue 
(V) maintained structural integrity.

Figure 2. Cross section of untreated wheat straw incubated with rumen liquor for 24 hr. The parenchyma 
tissue (arrow) and phloem were greasy collapsed. The sclerenchyma and epidermal cell walls 
were extended.
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appeared to be in the initial stages of digestion 
(Akin et al., 1973).

Sulphur dioxide-treated leaf sheaths maintained 
internal structure after 24 hr digestion, however 
degradation of parenchyma (arrow) and scleren

chyma material was extensive (figure 5). The 
epidermal cell walls and small vascular bundles 
began to be removed, phloem tissue was com
pletely removed and vascular tissues lacked st
ructural integrity, although removal was not com-

Hgure 3. Cross section of untreated wheat straw incubated with rumen liquor for 48 hr. The parenchyma 
tissue (arrow) and phloem were greatly collapsed. The sclerenchyma and epidermal cell walls 
were extended.

Figure 4. Cross section of 4% S02 treated wheat straw. The parenchyma (arrow), and phloem were 
slightly shrinked.

Figure 5. Cross section of 4% S02 treated wheat straw incubated with rumen liquor for 24 hr. Extensively 
degraded parenchyma (arrow), and sclerenchyma, vascular bundle and phloem were sligh히y 
collapsed.

Figure 6. Cross section of 4% S02 treated wheat straw incubation with rumen liquor for 48 hr. It shows 
that all tissues (especially parenchyma; arrow) were more degraded than 24 hr incubation.
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plete after 24 hr incubation of ammonia-treated 
leaf sheaths (figure 8). NH3 and SO2 treatment 
of leaf sheaths showed degradation of all cell 
tissues of parenchyma (arrow), phloem and vas

cular bundles removed by 24 hr incubation (figure 
9). However, rigid residue remained even after 
48 hr (epidermis, scleranchyma ring) in wheat 
stems (Horn et al., 1989).

Figure 7. Cross section of 3% NH3 treated wheat straw. The tissues of parenchyma (arrow), phloem, 
sclerenchyma were extended than S02 treated wheat straw leaf sheath.

Figure 8. Cross section of 3% NH3 treated wheat straw with rumen liquor for 24 hr. The parenchyma 
tissues (arrow), vascular bundle and phloem were extended than wheat leaf sheath not 
incubated.

Figure 9. Cross section of 3% NH3 treated wheat straw incubation with rumen liquor for 48 hr. Additional 
structural changes (especially parenchyma: arrow) were observed.

Figure 10. Cross section of 4% SO2 + 3% NH3 treated wheat straw. It shows more distortion of tissues 
(especially parenchyma: arrow) than any other treatment.
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Figure 11. Cross section of 4% S02 + 3% NH3 treated wheat straw incubated with rumen liquor for 
24 hr. All tissues of parenchyma (arrow), phloem and vascular bundle were degraded. The 
sclerenchyma was extended and the inner layer was removed from the outer layer.

Figure 12. Cross section of 4% S02 + 3% NH3 treated wheat straw incubated with rumen liquor for 
48 hr. The tissue of epidermis, sclerenchyma and rigid portion of vascular bundle were left.

3. Micrographs of cross section of untreated and 
treated wheat straw incubated for 48 hrs.

Untreated leaf sheath showed sclerenchyma 
ruptured, however inner bundle sheath (arrow) 
and vascular bundles were partially distorted 
(figure 3). Sulphur dioxide-treated leaf sheaths 
(figure 6) showed all tissues were largely coloni
zed by the anaerobic rumen fungi after 24 and 
48 hrs, but they were no longer present after 
72 hrs (Grenet and Barry, 1988). Extensively 
degraded epidermal tissues were observed in 
ammoniated leaf sheaths resulted in degradation 
of internal tissue (figure 9). Ammonia and sulphur 
dioxide treated leaf incubated for 48 hr showed 
more degradation than any other treatment: the 
only remaining structures were inner bundle 
sheaths with extended band, sclerenchyma and 
the cutinized epidermal cell walls (figure 12). 
These rusults suggest that the cutinized epidermis 
and lignified tissue usually resist microbial degra
dation.

Spencer and Akin (1980) found that potassium 
hydroxide treatment of bermuda grass disrupted 
tissues and seperated lignified thick-walled cells 
(bundle sheath and sclerenchyma). Different mode 
of microbial attack on the highly lignified tissues 
because of their separation suggested that loss 

of intercellular material (possibly pectins) may 
enhance digestion, as reported by Spencer and 
Akin (1980). Silica and cuticle may be a barrier 
to microbial penetration of leaf tissue. Lignin 
prevents digestion of vascular tissue and slows 
down the hydrolysis of solerenchyma and epider
mal tissues (Harbers et al., 1981). Increases in 
surface area and decreases in lignin content and 
crystallinity index by a wide variety of physical 
and chemical pretreatments of wheat straw en
hance the rate of enzymatic hydrolysis of wheat 
straw.

Literature Cited

Akin, D. E., H. E. Amos, F. E. Barton, JI and D. 
Burdick. 1973. Rumen microbial degradation of 
grass tissue revealed by scanning electron micro
scopy. Argon. J. 65:825-828.

Akin, D. E. and H. E. Amos. 1975. Rumen bacterial 
degradation of forage walls investigated by electron 
microscopy. Appl. Microbiol. 27:692-701.

Akin, D. E., E. L. Robinson, F. E. Barton, K and 
D. S. Himmelsbach. 1977. Changes with maturity 
in anatomy, histochemistry, chemistry, and tissue 
digestibility of bermuda grass plant parts. J. Agric. 
Food Chem. 25:179-186.

Dryden, G. McL. and R. A. Leng. 1988. Effects of 
ammonia and sulphur dioxide gases on the com- 

269



SONG AND SHIMOJO

positon and digestion of barley straw. Anin. Feed 
Sci. and Technol. 19:121-133.

Goto, M. 1989. Anatomical variations of different barley 
cultivars related to straw degradability before and 
after ammoniation treatment. Final Reports for 
Research Grants for Meat and Meat Production. 
8:119-125.

Grenet, E. and P. Barry. 1988. Colonization of thick
walled plant tissues by anaerobic fungi. Anim. Feed 
Sci. Technol. 19:25-31.

Hanna, W. W.» W. G. Monson and G. W. Burton. 
1973. Histological examination of fresh forage 
leaves after in vitro digestion. Crop Sci. 13: 
98-102.

Harbers, L. H・，F. K. Brazle, D. J. Raiten and C. E. 
Owensly. 1981. Microbial degradation of smooth 
brome and tall fescue observed by scanning electron 
microscopy. J. Anim. Sci. 51:439-446.

Harbers, L. H., G. L. Kreitma and A. Hayashigaki. 
1982. Ruminal digestion of ammonium hydroxide 
treated wheat straw observed by scanning electron 
microscopy. J. Anim. Sci. 54:1309-1319.

Horn, G「W・,J. ZorrilJa-Rios and D. E. Akin, 1989. 
Influence of stage maturity and ammoniation of 

wheat straw on ruminal degradation of wheat 
tissues. Anim. Feed Sci. Technol. 24:201-218.

Itoh, H., Y. Terashima and A. Hayashizaki. 1981. 
Ammoniation rice straw and rice hulls rumen 
microbial degradation investigated by scanning 
electron microscopy. Jpn. J. Zootech. Sci. 52:671- 
679.

Minson, D. J. and M. N, McLeod. 1972. The in vitro 
technique; its modification for estimation for 
estimating digestibility of large number of tropical 
pasture samples. CSIRO Division of Tropical 
Pastures Technical Paper, No. 8:1-15.

Song, Y. H・,M. Shimojo and I. Goto. 1991c. Improve
ment of nutritive value of wheat straw by treat
ment with ammonia and sulphur dioxide. J. Fac. 
Agr. Kyshu Univ. 36:157-164.

Song, Y. H., M. Shimojo and I. Goto. 1993. Morpho
logical study on the digestion of rice straw by 
treatment with. ammonia and sulphur dioxide. 
Asian-Australasian J. of Anim시 Sciences 6:259-264.

Spencer, R. R. and D. E. Akin. 1980. Rumen microbial 
degradation of potassium hydroxide treated coastal 
bennuda grass leaf blades examined by electron 
microscopy. J. Anim. Sci. 51:1189-1196.

270


