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The Effects of Different Moisture Content and Ensiling Time on
Silo Degradation of Structural Carbohydrate of Orchardgrass

M. S. Yahaya', M. Kawai, J. Takahashi and S, Matsuoka
Department of Animal Science. Obihiro University of Agriculture and Veterinary Medicine. Hokkaido 080-8555. Japan

ABSTRACT : This studv determined the influence of moisture, ensiling time and their interactions on the losses of hemicellulose and
cellulose during ensiling of orchardgrass. Orchardgrass containing 80 (HMj, 70 (MM) and 55% (LM) moisture was ensiled in 3
laberatory silos of 300 ml capacity for 3. 7, 21 and 91 days. The dry matter (DM), water-soluble carbohyvdrates (WSC), hemicellulose
and cellulose contents of the ensiled orchardgrass was lowered than that of the untreated grass regardless of moisture content. Ensiling
orchardgrass for 21 days (d) decreased {p<0.01) hemicellulose contents from 19 to 15%, 20 to 15% and 18 to 12% and cellulose from 31
to 29%, 29 to 26% and 27 to 26% for LM, MM and HM silage, respectively. Results from fermentation of LM and MM silages were
withm acceptable guidelines except for butyric acid and anunenia after 3 weeks of ensiling of MM which appeared to be lower than
ideal. The results of the fermentation of HM silages were poor showing higher concentration of acetic, propionic and butyric acids and
traces of isovaleric, valeric and caproic acids with ammonia at all stage of time. While the DM losses from LM and MM silages over the
ensiling period were acceptable, that for HM silage mereased to 13% after 91 d ensiling, confirming a poor fermentation process
oceurred, The greatest WSC losses oceurred within 7 d of ensiling and the lowest losses occurred after 3 weeks of ensiling. Except in
HM silage, the hemicellulose and cellulose losses were highest (p<0.01) in the first 3 weeks of ensiling. Hemicellulose losses were
between 19 and 22% and 4.2 and 3.9% up to 3 weeks and after 3 weeks of ensiling LM and MM silages, respectively. Cellulose losses
were small. In contrast, hemicellulose losses after 3 weeks of ensiling of HM silage was abowt 30% higher than over the first 3 weeks
possiblv due to clostridial tvpe fermentation. The results showed that increasing ensiling time of high moisture orchardgrass would
result in the excessive losses of DM, WSC, hemicellulose and cellulose in the silage. (dsian-Aust J. Anim. Sci. 2002. Vol 15, No. 2:
213-217)
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INTRODUCTION

Measurement of the breakdown of structural
carbohvdrate during ensiling is difficult and depends on
many factors. which are not fully understood. Similarly.
information available on the effect of moisture content on
the breakdown during ensiling of the structural
carbohydrates. hemicellulose and cellulose is scarce.
relative to that for non-structural carbohvdrates. Previous
studies have reported that high moisture content lowers the
critical pH value of silage providing an environment
conducive to the growth of clostridial bacterial that are
responsible for the undesirable breakdown of nutrients such
as WSC (Perry et al.. 1967: Sullivan. 1973 and Gary. 1992).
However. little is known about the effect of moisture
content and ensiling time on the degradation of cellulose
and hemicellulose.

Most reports indicate that the acids produced during
ensiling arise from the fermentation of WSC alone
(McDonald and Whittenbury. 1977 and Butler et al., 1973).
Recent studies revealed that other substances could also act
as substrates (McDonald et al.. 1991 and Yahava et al.
2000). It is expected that cellulose and hemicellulose could
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be degraded by enzyme (cellulase and hemicellulase)
bacterial action and organic acids produced during
fermentation (Yahava et al., 2001 and McDonald et al..
1991).

Generally. when forage is ensiled. plant cell respiration
plus aerobic nicrobial fermentation and lactic acid bacterial
activity take place before activity stabilises (Butler and
Bailey. 1973: McDonald et al.. 1991). Studies have shown
that plant cell respiration plus aerobic microbial
fermentation and the lactic acid bacterial activity stages are
completed within 3 and 21 days of ensiling (Stephen and
Micheal. 1960; Sullivan. 1973 and Gary, 1992). But little is
known about the amounts of hemicellulose and cellulose
lost during the 3 weeks during ensiling.

This study aimed to evaluate the extent of hemicellulose
and cellulose losses in low (55%). medium (70%) and high
(80%) moisture content orchardgrass forage after 3. 7. 21
and 91 days of ensiling. To examine whether any
interactions between moisture content and ensiling time
influenced the losses of hemicellulose and cellulose during
ensiling.

MATERIALS AND METHODS

Silage preparation
Orchardgrass (Dactvlis glomerara L.) was harvested
during the early heading stage at the Obihiro University
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Farm, Japan. The grass was cut into 2 to 3 cm lengths using
a mechanical forage cutter. and was thoroughly mixed
before dividing into three equal parts. One part (327 g)
fresh matter (80% moisture content) was ensiled in
laboratory glass silo of 300 ml capacity. The second (283 g)
and third (203 g) parts were wilted to moisture contents of
70% and 33%, respectively, and were ensiled in similar
laboratory glass silos. Twele silos of each silage tvpe were
prepared. Three silos from the three groups representing
80%. 70% and 55% moisture content were opened after 3.
7. 21 and 91 days (d) of ensiling. and were weighed to
determine the extent of losses during ensiling A
representative sample from each silo was mixed, and frozen
at -15°C for chemical analysis.

Chemical analyses

The dry matter (DM) content of harvested material and
silage from the three groups was determined by freeze
drving for a minimum of 24 h. The chemical composition of
fresh material orchardgrass is shown in table L. The crude
protein (CP) and ether extract (EE) were determined by
standard procedures (AOAC. 1990). Neutral detergent fiber
(NDF). acid detergent fiber (ADF) and acid detergent lignin
(ADL) were determined as described by Goering and Van
Soest (1970) (modified by Van Soest et al. 1991).
Cellulose and hemicellulose contents were calculated by
subtracting ADL from ADF and ADF from NDF
respectively. Silage pH was immediately determined on a
prepared extract from the silages. using a pH meter.
Standard procedures were applied to estimate water-soluble
carbohydrates (WSC; Deriaz. 1961). lactic acid (Baker and
Summerson. 1961), volatile fatty acids (VFA: gas
chromatography according to George and Melvin. 1979),
and ammonia (Conway and O'Malley. 1942).

Table 1. Chemical composition (%) in fresh harvested
orchardgrass

LM MM HM
PH 6.33 6.23 6.28
Dry matter 4429 3288 2035

mmmmmeececcee % DM meccccecnnnas
Crude protein 13.42 12.85 113
Ether extract 2.99 3.22 334
Neutral detergent fiber 33.2 33.95 30.81
Acid detergent fiber  36.71 33.92 3242
Acid detergent lignin 581 546 517
Water soluble 7.75 6.68 6.66
carbohydrates

Hemicellulose 18.49 20.03 18.39
Cellulose 30.9 28.46 27.25

LM=Low moisture, MM=Medium moisture, HM=High moisture.
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Statistical analysis

Data obtained from silage fermentation were treated by
analysis of variance of two-way factorial randomized block
design with moisture and ensiling time. respectively. at 3
and 4 levels. Means differences between ensiling time were
determined using multiple range test procedures (Duncan.
1955 and Snedecor and Cochran. 1980).

RESULTS AND DISCUSSION

Silage chemical composition and fermentation quality

The chemical compositions of the silages are shown in
table 2. The dry matter (DM). crude protein (CP). water-
soluble carbohydrates (WSC), hemicellulose. and cellulose
contents over the ensiling periods within the low moisture
(LM). medium moisture (MM) and high moisture (HM)
silages were lower than that of the fresh grass (table 1).
Ensiling orchardgrass from 0 to 91 d resulted in decreased
(p<0.01) hemicellulose content from 18 to 15%. 20 to 15%
and 18 to 12% and cellulose from 31 to 29%, 28 to 26%
and 27 to 26% respectively for LM. MM and HM silage.
Similarly. comparing hemicellulose and cellulose contents
at any ensiling time reveals a gradual decreased in
hemicellolose and cellulose contents as the ensiling time
and moisture content of the orchardgrass increased
(p<0.01). In contrast to cellulose, the hemicellulose content
fell from 18 to 12% after 91 d of ensiling in HM silage.
compared with LM and MM silages (table 2) and the
original herbage.

The fermentation qualities of the three silages are shown
in table 3. Except in HM silage the pH values within LM
and MM silages were progressively lowered (p<0.01),
while lactic acid % increased as the ensiling process
advanced. The results obtained from fermentation of LM
and MM silages were within acceptable guidelines except
for butyric acid and ammonia after 3 weeks of ensiling of
MM which appeared to be lower than ideal (Butler and
Bailey. 1973: McDonald et al.. 1991 and Chamberlain and
Wilkinson. 1996). Low moisture content probably
influenced the relative growth of homofermentative and
heterofermentative lactic acid bacteria during ensiling.
which in turn lowered the pH of silage. minimizing
deterioration (Wilkins et al.. 1971; Morgan et al.. 1980;
McDonald et al.. 1991 and Wayne et al.. 1998). However.
the result of fermentation of HM silage was poor due to
clostridial type of fermentation indicated by the higher
concentration of acetic. propionic and butyric acids
compared to LM and MM silages (table 3). The
concentration of ammonia. as % total nitrogen. in HM
silage was always about 300% higher than that for LM and
MM silages. indicating a defective type of preservation
(Flynn. 1981). Similarly. no isovaleric. valeric and caproic
acids were noticed in LM and MM silages. compared to
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Table 2. Chemical composition (%) of orchardgrass silages
LM MM HM Contrast
3d 7d 21d 91d 3d 7d 21d 9ld 3d 7d 21d 9ld SEM L M LxM
P
Dry matter 441 435 431 429 326 323 323 316 204 198 192 183 018 ++ ++ ++
Crude protein' 127 12,1 116 112 121 1l6 110 105 109 105 104 103 006 NS ++ ++
Ether extract 20 20 25 26 19 2353 27 30 20 26 28 33 014 ++ +H+ 4+
Neutral detergent 349 524 506 494 534 505 483 465 503 483 467 439 023 ++ ++ ++
fiber
Acid detergent  36.7 332 350 3435 338 326 32.1 323 323 316 314 321 023 + ++ 4+
fiber
Acid detergent 6.1 38 37 34 39 37 335 33 33 34 36 38 015 + + +
lignin
Water soluble 71 539 46 47 50 31 29 14 12 10 10 11 015 ++ ++ ++
carbohvdrate
Hemicellulose 181 171 156 150 196 179 161 152 179 167 153 119 027 ++ ++ ++
Cellulose 30,7 295 294 291 279 269 267 259 270 262 258 263 023 4+ ++ 4+

L=Ensilmg time, LM=Low moisture, MM=Medimm moeisture, HM=High moisture, M=Moisture content, SEM=Standard error of means.
LxM=Interaction of length of ensiling and moisture content, d=day of ensiling, Each value in the table represent a mean over three silo.

NS=Not sigmficant. " p<0.05, " p<0.01.

Table 3, Fermentation quality of orchardgrass silages (%)

LM MM HM Contrast
- SEM
3d 7d 21d 91d 3d 7d 21d 91d 3d 7d 21d 91d L M  LxM
P

pH 630 622 571 510 615 546 497 473 548 5352 580 586 004 ++ 4+ 4+
Lacticacid 1.10 1.29 408 434 317 35369 674 716 2358 177 184 184 034 ++ ++ ++
Aceticacid 002 009 0.17 020 009 0.16 015 030 030 053 135 191 006 ++ ++ ++
Propionic 0.03 0.0l 004 006 006 005 024 019 009 030 067 093 003 +H+ ++ ++

acid
Butyric acid 000 000 000 000 000 006 163 112 033 238 367 447 014 ++ ++ ++
Isovaleric 0.00 0.00 000 000 000 000 000 000 000 004 037 049 003 ++ ++ ++

acid
Valeric acid 000 000 000 000 000 000 000 000 000 000 012 023 <001 ++ ++ ++
Caproic acid 0.00 0.00 0.00 000 0.00 000 0.00 000 000 007 069 093 001 ++ ++ ++
Ammonia 346 382 576 954 6.75 896 1097 2167 1091 21.13 51.51 6403 069 ++ ++ ++
(% Total N)

L=Ensilmg time, LM=Low moisture, MM=Medimm moeisture, HM=High moisture, M=Moisture content, SEM=Standard error of means.
LxM=Interaction of length of ensiling and moisture content, d=day of ensiling. Each value in the table represent a mean over three silo.

NS=Not sigmficant. " p<0.05, " p<0.01.

HM sialge. This was probably because the pH of HM silage
was not sufficient to prevent clostridial growths, as they are
more sensitive to low pH than are lactic acid bacteria and
veast (Wieringa. 1958) (table 3). High moisture content
favored clostidia and other microorganisms resulting in
excessive utilization of plant WSC. hemicellulose.
cellulose, as energy sources to degrade lactic acid to acetic,
butvric, propionic acids and other VFAs (Stephen and
Micheal. 1960: Perry et al.. 1967: Sullivan. 1973 Morgan
et al.. 1980 and Gary. 1992).

Similarly. extensive degradation of protein occurred in
HM silage was reflected by high contents of ammonia and

low CP (McDonald and Whittenbury. 1977: Wayne et al..
1998 and Micheal. 1984).

The results of the silage fermentation at any stage of
ensiling period. showed that increasing ensiling time of
high moisture orchardgrass would result in the excessive
losses of DM. WSC. hemicellulose and cellulose in the
silage.

Losses during ensiling

The DM. WSC. hemicellulose and cellulose losses are
shown in table 4. The DM losses increased (p<0.01) across
the length of ensiling and appeared highest after 91 d of
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Table 4. Losses of drv matter (DM). water soluble carbohyvdrates (WSC) and structural carbohydrates during ensiling (%)

LM MM HM Contrast
3d 7d 21d 91d 3d 7d  21d 91d 3d 7d  21d 9ld SEM L M LxM
P
DM 07 21 34 45 12 27 35 57 07 46 82 127 06 ++ ++ ++
WSC 86 254 422 424 475 562 602 810 823 857 8.3 86.2 1.7 ++ ++ ++
Hemicellulose 2.7 9.3 185 227 33 129 223 282 32 13 24 44 16 +H=+ ++ ++
Cellulose 14 67 82 102 31 81 96 141 16 82 13 L6 0.9 ++ et ++

L=Ensiling time, LM=Low moisture, MM=Medium moisture, HM=High moisture, M=Moisture content, SEM=Standard error of means.
LxM=Interaction of length of ensilng and moisutre content, Each value in the table represent a mean over three silo.

NS=Not sigmficant. ~p<0.03, 7 p<0.01

ensiling regardless of moisture content. Except in HM
silage. the DM losses in LM and MM silages over the
ensiling period were small and within the acceptable range
(McDonald et al.. 1991). At all ensiling times DM losses for
the HM silage increased by about 4% reaching 12% by 91
d. confirming a poor fermentation process (Xiccoto et al..
1998). Higher DM losses (18.6%) was obtained in unwilted
silages (Watson and Nash. 1960). This indicated that higher
moisture contents and increasing ensiling times were
associated with higher DM losses (Wavne et al.. 1998).

The WSC losses for all silages evaluated increased with
increasing ensiling time. The greater losses of WSC
occurred within 0 to 7 d of ensiling and least after 21 to 91
d of ensiling. Increasing the ensiling time of a high moisture
crop resulted in the loss of almost all the WSC confirming
the finding of Matsuoka et al. (1993). Higher moisture
provided an environment conducive to clostridial tvpe of
fermentation likely resulting in excessive utilization of
WSC as the main substrate for energy for microbial growth
(Garv. 1992). However, the WSC loss recorded in HM
silage in this study was similar to that obtained (86%) for
lucerne after 22 d ensiling (Avako et al., 2000). But lower
than the 83 and 92.4% in orchardgrass ensiled for 35 d
respectively. by Yahava et al. (2001) and Matsuoka et al.
(1997).

Hemicellulose and cellulose losses increased (p<0.03)
with ensiling time as a result of microbial activity during
fermentation (Dewar et al., 1963). Losses of hemicellulose
and cellulose in LM and MM silages were higher during
first 3 weeks of ensiling compared with losses from d 21 to
91 after enmsiling. This could have been due to the
cumulative activity of plant cell respiration. enzymes
(hemicellulase and cellulase) and aerobic and anaerobic
facultative bacteria in the fresh ensiled forage (McDonald et
al.. 1962). The cellulose losses were small compared to
hemicellulose and the amount lost was 8 to 10% during the
first 21 d and 2.0 to 4.3% during 21 to 91 d of ensiling LM
and MM silages. respectively. The hemicellulose and
cellulose losses after 21 to 91 d of ensiling in LM and MM
silages were small, probably due to organic acid hyvdrolysis
during fermentation (McDonald et al.. 1960). However.

comparing the hemicellulose and cellulose in HM silage.
showed the value obtained over 21 to 91 d was about 30%
lower than during 0 to 21 d of ensiling. This indicates a
clostridial type fermentation (Dewar et al.. 1963. table 3).

CONCLUSION

The DM, CP and WSC contents were lowered during
ensiling regardless of silage moisture content. However. the
losses of DM. WSC. hemicellulose and cellulose were
increased as ensiling time and silage moisture content
increased. Similarly. at all ensiling time losses from HM
silages were highest causing a significant interaction
betwween moisture content and ensiling time. The results
revealed that increasing the ensiling time of high moisture
orchardgrass would result in the excessive losses of DM,
WSC. hemicellulose and cellulose and higher levels of
ammonia (% total nitrogen) in the silage.
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