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Microbial degradation in the rumen
of wheat straw and anhydrous ammonia treated
wheat straw observed by electron microscopy
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Summary &horbar; With the exception of the phloem and the crown of the parenchyma, which borders
the medullary lacuna, the walls of the tissues of both treated and untreated straw were lignified. The
walls of the treated straw were not fluorescent in the ultraviolet probably because the treatment had
modified the phenolic acids. They also had a stronger reaction to Schiff reagent particularly in the
sclerenchyma indicating that their polysaccharides were more accessible. The tissues of the treated
straw degraded faster in the rumen. The walls of the sclerenchyma of the treated straw were at-
tacked by micro-organisms. Both treated and normal straw were abundantly colonized by rumen fun-
gi, especially in the sclerenchyma. The increase in the digestibility of the treated straw was due to
the greater access the micro-organisms had to the polysaccharides of the lignified walls.
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Résumé &horbar; Observation au microscope électronique de la dégradation microbienne dans le
rumen de la pallie de blé traitée ou non à l’ammoniac anhydre. Les parois de tous les tissus de
la paille, qu’elle soit traitée ou non, sont lignifiées, à l’exception de celles du phloème et de la cou-
ronne de parenchyme qui borde la lacune médullaire. Les parois de la paille traitée ne sont pas fluo-
rescentes dans l’ultra-violet, confrairement à celles de la paille normale probablement parce que le
traitement a modifié les acides phénoliques. La réaction des parois de la paille traitée au réactif de
Schiff est plus intense, au niveau du sclérenchyme en particulier, que celle de la paille normale, ce
qui montre que les glucides de ces parois sont plus accessibles. La dégradation dans le rumen des
tissus de la paille traitée est plus rapide que celle de la paille normale. Les parois du sclérenchyme
de la paille traitée sont attaquées par les micro-organismes, contrairement à celles de la paille nor-
male. Nous avons observé une colonisation très abondante de la paille normale et de la paille traitée
par les champignons du rumen, particulièrement au niveau du sclérenchyme. En conclusion, l’aug-
mentation de digestibilité de la paille traitée s’explique par une plus grande accessibilité des glucides
des parois lignifiées par les micro-organismes.
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INTRODUCTION

Although wheat straw is abundantly avail-
able in temperate regions it is seldom
used as a feed. It is particularly rich in cell
walls, which, according to Chesson and
fDrskov.(1984), account for 80% of straw
dry matter (DM). Only about 40% of these
walls are digestible (Jarrige, 1981), be-
cause they are highly lignified; non-

lignified cellulose and hemicelluloses are
readily degradable in the rumen but be-
come resistant to microbial attack as the
wall lignifies. Covalent bonds are estab-
lished between the hemicelluloses and lig-
nin (Chesson et al, 1983a) and the ligni-
fied cell wall becomes indigestible.

To improve the digestibility of straw,
technological treatments have been devel-
oped (see Chenost and Dulphy, 1987) that
allow rumen micro-organisms greater ac-
cess to the polysaccharides of lignified
walls. Sodium hydroxide treatment, for ex-
ample, was used with success (Dulphy et
al, 1982) but because of certain draw-
backs (difficult to realize, high sodium con-
tent in feed) it has gradually been aban-
doned and replaced by anhydrous
ammonia treatment (Sundstol et al, 1978),
which is easy to implement and has the
advantage of considerably increasing the
small amount of nitrogen in straw (Dulphy
et al, 1984). The organic matter digestibili-
ty is increased by 10 to 12%. The mode of
action of alkalis in general and of ammonia
in particular is not yet understood. It is
known that the ester linkages between the
hemicelluloses and phenolic acids in the
wall are alkali-labile (Hartley and Jones,
1978; Hartley, 1981). Cleavage of these
linkages occurs (Chesson et al, 1983b)
enabling the micro-organisms to attack the
hemicelluloses.

We studied the mechanisms of action of

anhydrous ammonia on straw cell walls
and on their degradation in the rumen by
light and electron microscopy.

MATERIALS AND METHODS

The straws and their treatment

Wheat straw (Hardy variety) was used, untreat-
ed or treated for 2 months in stacks with anhy-
drous ammonia (50 g/kg straw) (Sundstol et al,
1978).

The digestibility of the straws was measured
in a group of 6 sheep (Ramihone, 1987; Rami-
hone and Chenost, 1988; Chenost, in press).
The in vivo digestibility of the organic matter of
treated straw was 51.6% as against 34.8% in
normal straw and crude fibre digestibility in-
creased from 41.2 to 59.1% (Ramihone and
Chenost, unpublished). These values indicate
that the NH3 treatment had a positive effect.

The rate of dry matter loss was measured in
sacco by the method of Demarquilly and Che-
nost (1969) in 2 fistulated sheep fed luceme hay
ad libitum (Ramihone, 1987; Ramihone and
Chenost, 1988; Chenost, in press). The extent
of disappearance of straw was greater after
treatment than before (Ramihone and Chenost,
unpublished) and the difference increased with
incubation time, reaching 9% after 72 h (fig 1 ).

The internode beneath the flag leaf was re-
moved by hand and cylindrical samples 0.5 cm
long cut halfway along it for microscopic exami-
nation.

Nylon bag method

The kinetic study of the degradation of the plant
tissues was made with the nylon bag method of
Demarquilly and Chenost (1969). Ten internode
fragments from normal and treated straw were
placed in nylon bags, which were then intro-
duced for 8, 24, 48 and 72 h into the rumen of a
fistulated sheep fitted with a permanent cannula
and fed lucerne hay ad libitum. On removal from
the rumen the bags were rinsed in water and
residues of the plant fragments reserved and
prepared for microscopic examination.



Preparation of internode samples for
microscopic examination

Light microscopy

Free-hand sections were taken from 3 control

samples to evidence lignin rich in syringyl, as in-
dicated by reaction to the MaDle test (Langeron,
1949). Six control samples and 5 samples taken
from the rumen were fixed for 3 h at ambient

temperature with 1.5% glutaraldehyde in 0.2
mol/l cacodylate buffer at pH 7.4, then post-fixed
in 1% osmic acid for 3 h and dehydrated in in-
creasingly concentrated alcohol solutions (Gre-
net and Barry, 1988). Three of the control sam-
ples were then embedded in paraffin (Langeron,
1949) and sections were cut at 16 6 pm thickness
with a microtome. The other samples were em-
bedded in Epon 812 resin. Six micrometer semi
thin sections were cut with an ultra-microtome
(Reichert-Jung Ultracut).

The 16 !m sections were stained with acid

phloroglucinol (Johansen, 1940) to evidence lig-
nin rich in cinnamaldehyde units. The 6 pm
semi-thin sections were treated with Schiffs rea-

gent (Gabe, 1968) to evidence the wall poly-
osides. Phenolic compounds in the semi-thin

sections were revealed by autofluorescence in
the ultra-violet (Harris and Hartley, 1976).

Electron microscopy

Three control samples and 5 samples from the
rumen were prepared for scanning electron mi-
croscopy (SEM) and for transmission electron
microscopy (TEM) as previously described (Gre-
net and Barry, 1988). Ultra-thin sections cut at
80 nm thickness were contrasted with uranyl ac-
etate and lead citrate.

RESULTS AND DISCUSSION

Observation of samples by light
microscopy

All straw tissues were stained violet by
Schiff’s reagent. The walls of treated straw
stained more intensely, especially in the

sclerenchyma, both before and after pas-
sage in the rumen.



With the exception of the phloem and
the crown of the parenchyma which bor-
ders the medullary lacuna, the walls of the
tissues of both treated and untreated straw
were lignified. This was indicated by posi-
tive reaction to acid phloroglucinol and
Ma31e reagent, the former staining more
particularly the primary walls of the scle-
renchyma and parenchyma and the latter
the secondary walls.

Phenolic compounds were revealed in
all the untreated straw walls by fluores-
cence in the ultra-violet. After incubation
times in the rumen of up to 72 h the tis-
sues which had resisted degradation were
still fluorescent in the ultra-violet. In con-

trast, the walls of the treated straw were
fluorescent neither before nor after incuba-
tion in the rumen.

Straw is a substrate that has practically
no cell content and almost all of its walls
are lignified. Alkalis act on lignified walls
by removing the phenolic acids (Hartley
and Jones, 1977; Chesson, 1981; Besle et
al, 1988). NH3 modifies phenolics, so they
possibly lose fluorescence in the ultra-
violet. Hartley and Jones (1978) and Ches-
son (1981) have shown a relation between
the loss of phenolic acids and the increase

in digestibility that occurs when cereal
straw is treated with alkalis. Likewise, Be-
sle et al (1989) have shown that the digest-
ibility of straw can be predicted from the
concentration of aromatic compounds re-

leased by the treatment, as measured by
optical density.

Electron microscope observation of the
degradation of normal and treated straw
in the rumen

Observation of samples by SEM before in-
cubation in the rumen (figs 2 and 3)
showed the following arrangement of cell
layers from the exterior of the stem in-
wards: the epidermis, thick-walled scleren-
chyma, the parenchyma containing vascu-
lar bundles and, in the centre, the

medullary lacuna.
After 8 h in the rumen, the cell walls

were clearly degraded (figs 4 and 5) in

both treatments; the phloem had disap-
peared and half of the cell walls of the pa-
renchyma were degraded. Bacteria were
attached to the cell walls, and the scleren-
chyma of both normal straw (fig 6) and
treated straw (fig 7) were abundantly colo-







nized by fungi. At this stage it was a[-ready
possible to observe difference in the extent
of degradation between treated and un-
treated straw.

After 24 h degradation was more ad-
vanced (figs 8 and 9). The walls of the in-
ternal parenchyma were beginning to de-
grade and this part of the stem had
become separated from the rest.

After 48 h only the external crown of the
stem remained; it was still abundantly colo-
nized by anaerobic fungi (figs 10 and 11 ).
The treated straw was more degraded
since part of the medullary parenchyma of
the normal straw still remained.

After 72 h (figs 12 and 13) there was a
disorganization of the sclerenchyma cells
of the treated straw (figs 14 and 15) not
observed with normal straw.

Transmission electron microscopy also
clearly showed degradation of the scleren-
chyma secondary wall, which was colo-
nized by bacteria.

This increase in the digestibility of treat-
ed straw can be explained by the greater
access the micro-organisms have to the

polysaccharides of the walls. For probably
the same reason, staining with Schiff’s rea-
gent is stronger, provided that the size of
the molecules of the microbial enzymes is
the same as that of the reagents used
(Tarkov and Feist, 1969). Treatment with
alkali therefore results in the breakage of
covalent bonds, which limit the accessibili-
ty of the polysaccharides. From our results
this breakage occurs particularly in the
walls of sclerenchyma cells, which in treat-
ed straw were colonized by bacteria. Har-
bers et al (1982) have also described a
separation of the sclerenchyma cells after
straw was treated with 10% sodium hy-
droxide, while Latham et al (1979) have
shown that the lignified walls of sodium hy-
droxide treated straw are colonized by bac-
teria. Spencer and Akin (1980) observed a
disorganization of the primary wall of a

tropical grass, Cynodon dactylon, treated
with potassium hydroxide. It would appear
therefore that the increase in digestibility
produced by treatment with ammonia, as
by treatment with other alkalis, can be ex-
plained by a greater accessibility of the

polysaccharides of the lignified walls.
To confirm this conclusion, other specif-

ic methods, such as immunological meth-
ods, should be used to assess the amount
of polysaccharides and phenolic acids re-
leased by alkali treatment or, more inter-
estingly, to determine the linkages be-
tween polysaccharides and polyphenolics.
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