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Effects of Combined Treatment of Lactic Acid Bacteria and Cell Wall
Degrading Enzymes on Fermentation and Composition of Rhodesgrass
(Chloris gayana Kunth.) Silage

M. Ridla!

and S. Uchida®

Faculty of Agriculture, Okayama University, Tsushima naka 1-1-1, Okayama 700, Japan

ABSTRACT : This experiment was conducted to study
the effects of lactic acid bacteria (LAB) inoculation either
alone or in combination with cell wall degrading enzymes
on the fermentation characteristics and chemical composi-
tions of Rhodesgrass silage. Over to 1 kg of fresh
Rhodesgrass sample a treatment of inoculant LAB with or
without addition of an enzyme of Acremoniumecellulase
(A) or Meicelase (M) or a mixture of both enzymes (AM)
was applied. The treatments were control untreated, LAB-
treated (application rate 1.0 x 10° cfu/g fresh sample),
LAB+A 0.005%, LAB+A 0.01%, LAB+A 0.02%,
LAB+M 0.005%, LAB+M 0.01%, LAB+M 0.02 %,
LAB+AM 0.005%, LAB+AM 0.01%, and LAB+
AM 0.02%. The sample was ensiled into 2-L vinyl bottle
silo, with 9 silages of each treatment were made. Three
silages of each treatment were incubated at 20, 30 and
40T for 2-months of storage period. All silages were
well preserved with their fermentation quality has low pH
values (3.91-4.26) and high lactic acid concentrations
(4.11-9.89 %DM). No differences were found in

fermentation quality and chemical composition of the
control untreated silage as compared to the LAB-treated
silage. Combined treatment of LAB+cellulases improved
the fermentation quality of silages measured in terms of
lower (p < 0.01) pH values and higher (p < 0.05) lactic
concentrations than those of LAB-treated silages.
Increasing amount of cellulase addition resulted in
decrease (p < 0.05) of pH value and increase (p < 0.05)
of lactic acid concentration. LAB+cellulase treatrnents
(all cellulase types) reduced (p < 0.01) NDF, ADF and in
vitro dry matter digestibility of silages compared with the
control untreated silages. The fermentation quality and the
rate of cell wall reduction were higher (p < 0.01) in the
silages treated with LAB +cellulase A than in the silages
treated with either LAB+cellulase M or LAB +cellulase
AM. Incubation temperature of 40°C was likely to be
more appropriate environment for stimulating the fermen-
tation of Rhodesgrass silages than those of 20 and 30°C.
(Key Words: Rhodesgrass Silage, Lactic Acid Bacteria,
Cellulases, Fermentation Quality, Digestibility)

INTRODUCTION

The use of cell wall degrading enzymes (cellulolytic
and hemicellulolytic) as silage additives, ideally would
have a dual action in the silo. Firstly, the degradation of
plant fibre by enzyme will provide the extra fermentable
sugars or water soluble carbohydrate (WSC) as substrate
for rapidly growing of lactic acid bacteria (LAB) to
increase fermentation quality and enhance preservation.

Secondly, the breakdown of fibre component as a result

of enzyme action may improve the silage digestibility
(Kung, Jr, et al, 1990; McDonald et al, 1991;
Chamberlain and Robertson, 1992; Hoffman et al., 1993).
According to Kung, Jr,, et al. (1990), to achieve the first
goal, the rate and extent of hydrolysis of the cell wall
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must coincide with early growth of lactic acid bacteria,
and to improve the digestibility in the animal, alteration
in the cellulose or hemicellulose-lignin relationship of
silage must occur.

It was well documented that the added enzymes to
silages were capable of degrading the component of
structural carbohydrates during ensiling, and provided
more WSC as substrate for the silage fermentation
(Jaakkola, 1990; McDonald et al, 1991; Jacobs and
McAllan, 1992; Jacobs et al., 1992; Stokes, 1992; Ridla
and Uchida, 1993; Ridla and Uchida, 1997). The
reduction of cell wall components due to cellulase
addition, however, was not followed by the improving of
silage digestibility, since many researchers have found
that cellulase addition did not affect the silage
digestibility (van Vuuren et al, 1989; Jaakkola et al.,
1991; Jacobs et al., 1991; Ridla and Uchida, 1993; Ridla
and Uchida, 1997). The lowered silage digestibility which
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might be due to cellulase addition was also reported by
Jaakkola (1990), Jaakkola and Huhtanen (1990), and
Jacobs and McAllan (1991).

Weinberg et al. (1993) reported that the efficiency of
biological additives (inoculants and enzymes) for silages
depended very much on the chemical and microbiological
composition of the fresh crops, and on environmental
condition such as ambient temperature and air that
penetrated into the silage during storage. In addition,
Kung, Jr., et al. (1990) reported that the differences in
application rate, enzyme activity, pH, temperature,
hydrolysis rate, and ensiling time could have major effects
on the usefulness of cellulase enzymes added to silage.

This experiment was conducted to study the effects of
combined treatments of lactic acid bacteria inoculation
with different types and levels of cellulase addition,
incubated at different temperatures, on the fermentation
characteristics and chemical compositions of Rhodesgrass
(Chloris gayana Kunt.) silage.

MATERIALS AND METHODS

Silage additives

All additives used in this experiment were provided
by Yukijirushi Syubyo Co. Ltd, Hokkaido, Japan.
The cellulase enzymes used were Acremoniumcellulase
(cellulase A, derived from Acremonium cellulolyticus),
Meicelase (cellulase M, derived from Tricoderma viride),
and the mixture of cellulase A and M at 1:2 ratio
(cellulase AM). The LAB inoculant (Snow Lact-L) was
guaranteed by supplier to contain a minimum of 2.5 X 10"
cfug™' powder of Lactobacillus casei. Each cellulase
enzyme was applied at rate of 0.005, 0.01, and 0.02%
fresh sample. Inoculant LAB was added at a theoretical
rate of 1.0 X 10° cfu.g™! fresh forage sample. On the day
of the experiment a certain amount of each cellulase
preparation or inoculant LAB was diluted with distilled
water designed to achieve the required concentration, and
keep for silage production.

Silage production

The silages produced in this experiment were made
from a primary growth of Rhodesgrass harvested at the
heading stage with a hand cutter on August 9, 1995. The
grass was firstly chopped into approximately 1.3 cm
lengths and then lacerated with a chopper-cracker
(Taninaka Co. Ltd.). The chemical composition and in
vitro dry matter digestibility of the grass is shown in table
1. Over a 1 kg grass sample treatment of 1 ml LAB
inoculant solution with or without 1 ml cellulase solution
was sprayed with 2.5-ml syringe followed by thorough
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mixing. The sample then ensiled into 2-L vinyl bottle silo.
The silage additives were used as following design :

Treatment Silage additive
1 Non additive {control untreated)
2 LAB (application rate 1.0 x 10° cfug™’

fresh sample)
LAB+A 0.005%
LAB+A 0.01%
LAB+A 0.02%
LAB+M 0.005%
LAB+M 0.01%
LAB+M 0.02%

9 LAB+AM 0.005%

10 LAB+AM 0.01%

11 LAB+AM 0.02%
Nine silages were made for each treatment. Three silages
of each treatment were incubated at 20, 30 and 40°C for 2
-months of storage period. After the incubation period the
silages were opened and the upper part 1/5 of silages
were discarded before sampling. The samples were
collected and kept frozen at —32°C until used for further
analysis.

0~ AW bW

Table 1. The chemical composition and in vitro dry
matter digestibility of Rhodesgrass material prior to
ensiling

Composition Contents
Dry matter (%) 21.76
Organic matter (¢% DM) 98.72
Crude protein (% DM) 10.38
Crude fiber (% DM) 28.15
NDF (% DM) 66.42
ADF (% DM) 38.18
ADL (% DM) 7.14
Hemicellulose (% DM) 28.24
Cellulose (% DM) 31.04
WSC (% DM) 5.01
IVDMD (%) 69.10

Note :NDF=Neutral detergent fibre, ADF=Acid detergent fibre,
ADL=Acid detergent lignin, WSC= Water soluble carbohydrate,
IVDMD = /n vitro dry matter digestibility.

Hemicellulose =NDF — ADF, Cellulose=ADF — ADL.

Chemical analysis

Procedures for sampling and chemical analysis of all
samples were the same as those described by Ridla and
Uchida (1993). In summary, dry matter content of grass
and silages was determined by a vacuum freeze-drying
method (Uchida, 1986). The dried samples were ground
and then crude protein was determined by the Kjeldahl
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method, Neutral detergent fibre (NDF), acid detergent
fibre (ADF), and acid detergent lignin (ADL) were
measured by the method of Goering and Van Soest (1970).
WSC was evaluated by using the method of Deriaz (1961),
and in viro dry matter digestibility (IVDMD) was
determined by the method of Tilley and Terry (1963).

Water soluble extracts were prepared by macerating of
40 g fresh silage sample in 400 ml distilled water. The
pH of the extracts were measured by electric pH-meter
(Horiba F-12). Organic acids. and ethanol were
determined by gas chromatography (GC-14A, Shimadzu)
as described by Uchida and Hayashi (1985). Lactic acid
was analyzed by the method of Barker and Summerson
(1941) and volatile basic nitrogen (VBN) was measured
by steam distillation method.

Statistical analysis

Analysis of variance was applied to all data by using
a general linear model procedure for factorial experiment
to analyze the effects of additive treatments on silage
fermentation characteristics and chemical compositions
(Steel and Torrte, 1960).

RESULTS AND DISCUSSION

All silages were well preserved as indicated by their
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low pH values (3.91-4.26), high lactic acid concentrations
(4.11-9.79% DM), low of butyric acid (0.01-0.77% DM),
acetic acid (0.75-2.24) and propionic acid (0.01-0.17%
DM) concentrations, regardless of treatment and incu-
bation temperature (tables 2, 3, 4 and 5). The good
fermentation in this silages was also shown by low VBN
concentrations  (1.92-3.05% of total nitrogen). This
ammonia-N content was lower than the concentration
recommended by Henderson (1993) that a well preserved
silage should have less than 8% TN. This findings are not
in agreement with the data of Kim and Uchida (1990)
who reported that the acetic acid was the main end-
product of Rhodesgrass silages that caused on a high pH
value. The ideal level of dry matter content (above 20%
DM) and sufficient substrate of WSC (5,01% DM) in
grass used in this study might lead to a good fermentation
of resulting silages.

LAB inoculation

There no mark differences were found in all
fermentation characteristics and chemical compositions
between the control untreated and LAB-treated silages in
all incubation temperatures (table 2). The absence of
effect of LAB inoculation on fermentation quality in this
silages might be due to the WSC content in original grass
(5.01% DM) was not enough to allow the LAB to

Table 2. The chemical composition and in viro dry matter digestibility of control untreated (Ctl) and LAB-treated

(LAB) silages at incubation temperature 20, 30 and 40°C

Incubation temperature 20T 30°C 40C t test results

Treatments Ctl LAB Ctl LAB Ctl LAB 20T 30C 40°C
pH 422 426 4.26 4.18 4.16 420 NS NS NS
Dry matter (%) 2223 2235 21.65 21.88 2206 2283 NS NS NS
Crude protein (% .DM) 9.89 9.73 10.79  10.79 9.49 9.59 NS NS NS
NDF (% DM) 6422 6421 65.34 6537 64.56 64.13 NS NS NS
ADF (% DM) 39.15 38.81 40.51 4020 3944 3926 NS NS NS
ADL (g/kg DM) 3.59 3.64 3.57 398 3.92 3.76 NS NS NS
Hemicellulose (% DM) 25.08 2540 24.83 2517 2512 24.87 NS NS NS
Cellulose (% DM) 3556 35.18 36.94 36.23 35.52  35.50 NS NS NS
WSC (% DM) 0.95 0.93 1.06 1.03 1.06 0.92 NS NS NS
Ethanol (% DM} 0.40 0.42 0.24 0.35 0.57 0.51 NS NS NS
Lactic acid (% DM) 463 431 4.39 4,74 8.89 8.22 NS NS NS
Acetic acid (% DM) 1.66 1.66 1.52 1.32 0.87 1.00 NS NS NS
Propionic acid (% DM) 0.07 0.06 0.01 0.01 0.17 0.09 NS NS NS
Butyric acid (% DM) 0.17 0.15 0.02 0.02 0.28 023 NS NS NS
VBN (% TN) 2.09 248 2.59 2.20 2.66 1.93 NS NS NS
IVDMD (%) 67.64 68.01 67.27 68.93 6832 6745 NS NS NS

Note : NDF=Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, WSC=Water soluble carbohydrate,
YBN=Volatile basic nitrogen, IVDMD =/n vitre dry maiter digestibility.

Hemicellulose =NDF — ADF, Cellulose=ADF —ADL.
Levels of significance = ** p < 0.01, *p < 0.05, NS p > 0.05.
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Table 3. The chemical composition and in vitro dry matter digestibility of combined treatment LAB + Cellulase silages
at incubation temperature 20C

Cellulase type LAB + A 1AB + M LAB + AM )
SEM"
Cellulase level (%) 0 0005 001 002 0 0005001 002 0 0005 001 0.2
pH 426 413 4.04 407 426 4.19 427 402 426 4.09 438 399 0.038
Dry matier (%) 2235 2251 2231 2223 2235 2228 22.61 2256 2235 2235 2221 2229 0.123
Crude protein (% DM) 9.73 976 9.89 10.15 9.73 990 987 10.01 973 10.12 1025 10.08 ¢.i110
NDF (% DM) 64.21 60.80 61.20 5993 64.21 63.08 62.54 61.83 64.21 62.09 61.88 61.78 0.198
ADF (% DM) 38.81 37.75 3745 3645 38.81 38.62 37.87 3747 3881 3823 3742 37.08 0.135
ADL (% DM) 364 381 393 382 364 381 385 396 364 335 396 4.13 0.084
Hemicellulose (% DM) 2540 23.05 23.74 2349 2540 24.66 24.67 2436 2540 23.86 2446 2470 0.163
Cellulose (% DM) 35.18 3394 33,52 3263 35.18 34.61 34.02 33.51 35.18 34.87 33.46 3296 0.236
WSC (% DM) 093 132 124 168 093 133 104 134 093 141 109 121 0.067
Ethanol (% DM) 042 030 033 038 042 034 039 042 042 032 063 0.66 0.053
Lactic acid (% DM) 431 511 582 698 431 465 534 534 431 678 393 6.59 0460
Acetic acid (% DM) 166 094 075 115 166 132 1.29 132 166 129 1.72 224 0.095
Propionic acid (% DM) 0.06 004 0.02 001 006 0.04 004 004 006 001 005 0.06 0.006
Butyric acid (% DM) 015 010 006 008 0.5 012 010 011 015 0.12 012 0.13 0.026
VBN (% TN) 248 19 231 207 248 206 281 221 248 234 265 2.14 0.128
IVDMD (%) 6801 6764 66.74 6744 6801 66.58 64.01 6444 6801 68.11 65.14 6561 0.669
Note : NDF =Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, WSC=Water soluble carbohydrate,
VBN=Volatile basic nitrogen, TN = Total nitrogen, [VDMD =Jn vitro dry matter digestibility.
Hemicellulose =NDF — ADF, Cellulose=ADF —ADL.
* Standard error of means.

‘ Table 4. The chemical composition and in vitro dry matter digestibility of combined treatment LAB + Cellulase silages
' at incubation temperature 30°C

Cellulase type

LAB + A

LAB + M

LAB + AM

)
Cellulase level (%) 0 0005 001 002 0 0005 001 002 ¢ 0005 001 002 SEN_F
pH 4.18 396 4.09 391 4.18 4.09 418 411 4.18 398 407 4.15 0.031
Dry matier (%) 21.88 21.48 21.77 21.85 21.88 21.18 21.81 2134 21.88 21.82 21.80 22.32 0.141
Crude protein (% DM) 10.79 10.16 10.84 10.70 10.79 10.68 10.53 10.61 10.79 10.64 10.79 10.87 0.127
NDF (% DM) 65.37 62.66 63.03 60.89 6537 65.11 64.84 6332 6537 62.96 63.40 61.80 0222
ADF (% DM) 4020 37.60 3824 36.53 4020 39.64 38.88 37.35 4020 3894 38.57 33.64 0.125
ADL (% DM) 398 307 371 332 398 4.15 3.51 387 398 409 414 424 0088
Hemicellulose (% DM) 25.17 25.06 24.79 24.37 25.17 2547 2596 2598 25.17 24.02 24.94 28.16 0.156
Cellulose (% DM) 3623 34.53 3454 3321 3623 3549 3537 3348 3623 34.84 3443 2940 0.174
WSC (% DM) 1.03 114 094 126 103 1.10 100 103 103 125 099 111 0.024
Ethanol (% DM) 035 054 036 043 035 030 027 050 035 035 045 0.54 0.108
Lactic acid (% DM) 474 466 595 705 474 485 411 609 474 494 412 528 0354
Acetic acid (% DM) 132 159 123 153 132 148 140 139 132 129 135 175 0.109
Propionic acid (% DM) 0.01 0.01 00! 001 00! 00!l 00l 00l 001 001 001 001 0008
Butyric acid (% DM) 002 002 002 001 002 002 002 002 002 002 002 001 0.03%
VBN (% TN) 220 216 280 260 220 211 221 284 220 190 1.85 233 0.134
IVDMD (%) 6893 71.13 6840 68.00 68.93 69.93 68.53 6590 6893 69.10 66.43 6567 0.818
Abbreviated :NDF=Neutra! detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, WSC=Water soluble

carbohydrate, VBN=Volatile basic nitrogen, TN = Total nitrogen, [IVDMD = I vifro dry matter digestibility.

Hemicellulose =NDF — ADF, Cellulose=ADF —ADL.
* Standard error of means.
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Table S, The chemical compeosition and in vitro dry matter digestibility of combined treatment LAB + Cellulase silages

at incubation temperature 40°C

Cellulase type LAB + A LAB + M LAB + AM

SEM”
Cellulase level (%) 0 0005 001 002 0 0005 001 002 0 0005 001 0.02
pH 420 396 424 396 420 408 429 416 420 406 4.13 394 0.058
Dry matter (%) 22.83 22.68 21.69 22.07 22.83 2234 2235 21.74 2283 22.00 22.00 22.19 0.120
Crude protein (% DM)  9.59 945 1004 997 959 9.66 995 992 959 988 1003 9.87 0092
NDF (% DM) 64.13 60.37 62.48 58.12 64.13 63.48 63.69 64.42 64.13 62.30 61.60 5968 0378
ADF (% DM) 39.26 37.14 3863 35.83 3926 38.65 39.19 3853 3926 37.88 37.88 36.37 0.268
ADL (g/kg DM) 376 399 488 440 376 401 435 450 376 3888 427 3.99 0.105
Hemicellulose (% DM) 24.87 2323 23.85 2229 2487 24.83 24.50 2590 24.87 2442 2372 2331 0285
Cellulose (% DM) 35.50 33,15 33.75 31.44 3550 34.65 34.84 34.03 3550 34.00 33.61 32.38 0242
WSC (% DM) 092 154 1.17 1.74 092 122 091 1.16 092 138 123 142 0047
Ethanol (% DM) 051 064 126 09 051 073 084 116 051 059 0.84 084 0.068
Lactic acid (% DM) 822 772 669 620 822 979 532 841 822 413 7.4 526 0837
Acetic acid (% DM) 100 .03 095 096 1.00 097 1.4 1.09 1.00 099 104 1.00 0.099
Propionic acid (% DM) 009 0.04 005 002 009 008 009 005 009 002 001 002 0.006
Butyric acid (% DM) 020 024 077 028 020 0.19 032 003 020 021 030 029 0019
VBN (% TN) 1.93 255 335 242 193 250 3.05 3.02 193 178 206 256 0278
IVDMD (%) 67.45 67.65 64.75 64.18 6745 66.68 63.78 64.52 67.45 6595 65.03 65.35 0.588

Note : NDF=Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, WSC=Water soluble carbohydrate,
VBN=Volatile basic nitrogen, TN = Total nitrogen, IVDMD = /n vitro dry matter digestibility.

Hemicellulose =NDF — ADF, Cellulose= ADF —ADL.
) Standard error of means.

produce more lactic acid to further reduce the final pH
value. This result is in line with the data of Tamada et al.
(1996) in napier grass silage in term of the addition of
LAB inoculant was not effective on lowering pH value
and increasing lactic acid concentration was due to the
low WSC content in original grass. The numbers of
epiphytic LAB in original grass might have also affected
the fermentation quality of this silages. Although the
investigation of microflora was not carried out in this trial,
it is assumed that the initial numbers of LAB in grass
material prior to ensiling was high enough to sustain a
satisfactory fermentation in the silo without the need of
LAB inoculation. According to Henderson (1993) the
LAB in the standing crop are present in dormant state,
and the harvesting procedures which lacerate the crop and
release cell contents from the rmuptured plant tissue
resulting in the recovery of LAB. McDonald et al. (1991)
reported that increasing use of inoculant additives in the
field and improvements in harvesting machinery might
have .encouraged the higher number of LAB. In addition,
Henderson (1993) reported that the numbers of the
epiphytic LAB on grass can increase during the summer
months and may be as high as 107 colony forming unit
(cfu).g™! grass.

Cellulase addition

The combined treatments of LAB +cellulases (all
cellulase types) produced the silages which contain lower
pH values (p < 0.01) and higher (p < 0.05) lactic acid
concentrations than those of the LAB-treated silages, in
all incubation temperatures. The increasing amount of
cellulase addition resulted in a significant decrease (p < 0.05)
in pH value and increase in lactic acid concentration in
all enzymes types and incubation temperatures (tables 3, 4,
5 and 6). These results are similar with our previous
findings (Ridla and Uchida, 1993; Ridla and Uchida,
1997} and in agreement with the results of Henderson and
McDonald (1977), van Vuuren et al. (1989), Jacobs et al.
(1991), and Selmer-Olsen et al. (1993) that celiuiase
addition improved the fermentation quality of silages by
decreasing pH value and increasing lactic acid
concentration. [t might be due to more substrate of
fermentable carbohydrates (WSC) were provided from the
hydrolysis of cell wall components, which stimulate a
good fermentation by lactic acid bacteria.

The combine treatments of LAB +cellulases reduced
(p < 0.01) the cell wall components (NDF and ADF) of
silages, in all cellulase types and incubation temperatures,
continuously with the increase amount of cellulase
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Table 6. Statistical significant of effect of the treatments

Cellulase  Cellulase  Incubation CT vs. CT vs. CLvs. CT vs. CL

Type (CT) Level (CL) Temp. (IT) CL IT IT vs, IT
pH * ** NS NS NS * NS
Dry matter (%) NS NS NS NS NS NS NS
Crude protein (% DM) NS NS NS NS NS NS NS
NDF (% DM) *x * NS ** NS NS NS
ADL (g/kg DM) NS *% NS ** ok ook ¥k
Hemicellulose (% DM) ** *x* NS ** ** ** **
Cellulose (% DM) ** ** NS ** *e * **
WSC (% DM) ** *& NS *k ** * NS
Ethanol (% DM) NS *x ** NS *
Lactic acid (% DM) NS * *x NS * *
Acetic acid (% DM) ** * * * K * NS
PI‘DpiOI'llC acid ('D/a DM) * ¥ *% *% *% xR xR * K
Butyric acid (% DM) *% *% K NS aok *ok *%
VBN (% TN) NS * NS NS NS *k NS
IVDMD (%) NS **x NS NS$S NS NS NS

Note : NDF =Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, WSC=Water soluble carbohydrate,
VBN=Volatile basic nitrogen, TN=Total nitrogen, IVDMD = /i vitro dry matter digestibility.

Hemicellulose =NDF — ADF, Cellulose=ADF —ADL.
Levels of significance = ¥* p < 0.01, *p < 0.05, NS p > 0.05.

addition. Silages with the highest level of 0.02% added
cellulase contain the lowest (p < 0.05) of NDF and ADF
contents. Compare to the LAB-freated silages, the NDF
reduction of these silages were 3.62, 1.27 and 2.75 (unit
%) for silages treated with LAB +cellulase A, LAB+
cellulase M and LAB+cellulase AM, respectively,
regardless of the cellulase level and incubation
temperature. Similarly, the ADF contents reduction were
242, 1.29 and 2.37 (unit %).

Unlike in LAB-treated silages, the reduction of cell
wall components in combined treatments of LAB+
cellulases silages was followed by the increasing residual
WSC (p < 0.01), in all cellulase types and incubation
temperatures. It might indicate that enzyme action upon
cell wall components reduction was able to provide more
WSC, which ultimately could give an addition substrate
for sustaining the fermentation by LAB. These results are
in agreement with the findings of Jaakkola (1990),
McDonald et al. (1991), Jacobs and McAllan (1992),
Jacobs et al. (1992), Stokes (1992), Ridla and Uchida
(1993), and Ridla and Uchida (1997), who reported that
enzymes addition was capable to breakdown the
component of structural carbohydrates during ensiling and
provide more WSC as substrate for the silage
fermentation.

The reduction of c¢ell wall components due to
cellulase addition did not enhance the digestibility of
silages. It was indicated by the in viro dry matter
digestibility IVDMD) of silages was lower (p < 0.01) in
combine treatments of LAB + cellulases than that in LAB-
treated silages, in all cellulase types and incubation
temperaturcs. The decreased silage digestibility which
might be resulted from cellulase addition was reporied by
Jaakkola (1990), Jazkkola and Huhtanen (1990), and
Jacobs and McAllan (1991). It was likely that the
cellulase enzymes reduced only the same cell wall
structures in the silo as would be degraded in the rumen
(Jaakkola and Huhtanen, 1990), or the cellulase enzymes
were not able to degrade the lignin-polysaccharide
complexes or plant cell walls, which are indigestible by
the rumen microbes (Jaakkola, 1990). On the other hand,
Sheperd et al. (1995) and Sheperd and Kung, Jr. (1996)
reported that the lower in vitro digestion in enzymes-
treated silages than in untreated silages might be due to
the fact the added enzymes had already hydrolyzed the
most readily digestible portion of forage in the silo.

Cellulase type
Silages treated with LAB+cellulase A resulted in
higher (p < 0.05) fermentation quality and greater losses
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of cell wall components than with LAB +cellulase M, and
silages treated with LAB +cellulase AM had an inter-
mediate effect. The results showed that the silages treated
with LAB+cellulase A and LAB-+cellulase AM had
lower pH values (p < 0.05) and higher (p < 0.05) lactic
acid concentrations than silages treated with LAB+
cellulase M, The silages treated with LAB-+cellulase A
and LAB +cellulase AM had also lower (p < 0.01) cell
wall components (NDF, ADF) than silages treated with
LAB +cellulase (tables 3, 4, 5 and 6). These results are
consistent with the data of Tomoda et al. (1996) and
Zhang et al. (i997ab) who reported that the silages
treated with a cellulase preparation originating from
Acremonium cellulolyticus resulted in a lower pH and a
higher lactic acid concentration than was obtained with a
cellulase preparation originating from Tricoderma viride.

[ncubation temperature

Organic acids concentrations of silages were different
due to incubation temperature and these temperatures
might be independent of silage additive. Silages incubated
at 40C resulted in higher (p < 0.01) lactic acid and
ethanol concentrations, and lower acetic acid (p < 0.01)
and propionic acid (p < 0.05) concentrations than those
of silages incubated at either 20°C or 30C (tables 3, 4, 5
and 6). It was likely that the most appropriate incubation
temperature for the best fermentation in Rhodesgrass
silages was at 40C rather than at 20 or 30°C.

In conclusion, LAB inoculation did not affect the
silage quality, but the combined treatments of LAB+
cellulases to Rhodesgrass silage improved their ferment-
ation quality by reducing pH value, increasing lactic acid
and decreasing acetic acid concentrations, The increased
solubility of cell wall components was caused by cellulase
addition and continue to increase with the increasing
amount of cellulase addition. Since the cellulase addition
did not enhance the silage digestibility, the lowest level of
0.005% seen io be enough for supporting the fermeniation
by lactic acid bacteria in the silo.
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