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Abstract
A study was conducted to examine the effects of inoculating Lactobacillus plantarum and adding
molasses and urea on the fermentation of whole crop rice silage (WCRS). Three treatments
were included in the study: Treatment 1 - a total amount of lactic acid bacteria (LAB) 1x105
CFU/g L. plantarum isolated from WCRS was sprayed onto whole crop rice chips, Treatment 2 L. plantarum, 5% molasses and 0.5% urea were added to whole crop rice chips, Treatment 3 Chikuso (containing L. plantarum) was added to the whole crop rice chips and Treatment 4
(Control) - no L. plantarum and additives were added to the whole crop rice chips. All samples
were ensiled for 60 days and analyses of water soluble carbohydrate, buffer capacity, pH, lactic
acid and acetic acid were conducted at 10-day intervals. LAB Treatment 1 showed the lowest pH
value throughout the ensiling period with pH values of 3.50 and 3.80 at days10 and 60,
respectively. The water soluble carbohydrate of Chikuso of Treatment 3 recorded the lowest
value (0.38% DM, P < 0.05) followed by Treatment 1 (0.66% DM). Buffer capacity of Treatment
2 of LAB with urea and molasses increased significantly from day 0 (1.98 meq/L) to day 60
(10.33 meq/L) of the ensiling period. Lactic acid content in Treatment 1 was higher (P>0.05) than
those of Treatment 2 and the Control treatments. Acetic acid content of the Control treatment
recorded the highest value at day 60 (1.38% DM) compared to the treatments using LAB (1.32%
DM) and LAB with urea and molasses (1.24% DM).
Keywords: Lactobacillus plantarum, urea, molasses, additives, whole-crop rice silage
compared to rice straw. Many researchers
have reported the use of lactic acid bacteria
for the production of WCRS (Cai, 2005;
Cai, 2006 and Kim et al., 2005). Silage
feeding is a way of enhancing livestock
production in the tropics during periods of
inadequate supply of fresh forage. As good
quality silage requires production of lactic
acid to rapidly reduce pH, the plant material
should contain sufficient fermentable
carbohydrate for fermentation purposes
(McDonald et al., 1995). Several studies
have shown the beneficial effects of
bacterial inoculation on corn silage

Introduction
In Malaysia, rice straw is one of the
most abundant agricultural by-products.
Traditionally the farmers fed the fresh rice
straw to the ruminants. Many studies have
been conducted on this material for
ruminant feed especially through ensilaging
process. Whole crop rice silage (WCRS) is
currently being used as animal feed in
Japan, Taiwan, China and Korea, especially
for dairy cattle. WCRS is different from rice
straw because it also contains grain, thus
WCRS can provide better nutrition
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preservation (Higginbotham et al., 1998;
Ranjit and Kung, 2000). Bacterial inoculants
work by increasing the rate and extent of
lactic acid fermentation which lower the pH
of silage, thus reducing the likelihood of
clostridia activity that produces butyric acid.
Additives are used to improve silage
preservation by ensuring lactic acid bacteria
dominating the fermentation phase in the
ensiling process (Titterton and Bareeba,
1999). Molasses is often added to silage as a
sugar additive and is well known to increase
fermentation and feeding quality (Bolsen et
al., 1996; Humphreys, 1991; Yokota et al.,
1992). The addition of four percent
molasses to the ensiled material generally
improve silage quality by increasing lactic
acid content (Aminah et al., 1999).
Addition of urea is a common and cheap
method of increasing nitrogen supply to
ruminants fed with silage. Although urea
addition raised total nitrogen content, it
decreased the fermentation quality of silage
by increasing pH with the release of
ammonia (Pancholy et al., 1994). The aim
of this study was to evaluate the effect of
Lactobacillus plantarum isolated from
WCRS, molasses and urea on the
fermentation of WCRS.

containing L. plantarum was
used as
Treatment 3 (Chikuso). No additive was
added to Treatment 4 of the rice straw chips
and it served as a control treatment
(Control). The experiment was conducted
using a complete randomised design with 3
replicates. L.
plantarum used in this
experiment was formerly isolated from
WCRS of MR 219 variety. The rice straw
chips and additives were mixed thoroughly
and sealed in plastic pouch bags using a
vacuum pack sealer. Each bag contained
600g of the mixture. All samples were
ensiled for 60 days. Determination of water
soluble carbohydrate (Dubois et al.,1956),
buffer capacity (Moharrery, 2007), pH,
lactic acid and acetic acid (Anon, 2001)
were carried out on the samples at 0, 10, 20,
40 and 60 days of fermentation.
Data on pH, buffer capacity, lactic
acid and volatile fatty acid were analysed
using one-way ANOVA with Duncan
Multiple Range Test for mean comparison
upon significant F test at P<0.05 using SAS
programe version 9.1 (SAS Institute, Inc.,
Cary, NC, USA).
Results and Discussion
The value of pH decreased in all
treatments as the duration of ensiling
increased (Figure 1).
LAB treatment
showed the lowest pH value throughout the
ensiling period with pH values of 3.50 and
3.80 at day 10 and 60, respectively. Chikuso
treatment showed the second lowest pH
value after LAB treatment with pH value of
3.82 and 4.02 at days 10 and 60,
respectively. Similar results were reported
previously where the pH of silage reduced
significantly as compared to the control
treatment, which was attributed to
L.
plantarum inoculation (Adesogan, 2008;
Gao et al., 2008; Huisden, et al., 2009).
Lactic acid bacteria used in this experiment
was the L. plantarum that was formerly

Materials and Methods
Fresh whole crop rice plants (paddy
straw with grain) of MR 219 variety at
matured stage were chopped into small
pieces (2-3 cm in length) using an OTOSIL
shredding machine. Moisture content was
fixed at approximately 60% by air drying.
The rice straw chips were divided into 4
parts. In Treatment 1, 1x105 CFU/g (fresh
weight of silage L. plantarum ) lactic acid
bacteria (LAB) was sprayed to the rice
straw chips. Other than L. plantarum, 5%
molasses and 0.5% urea were added to the
rice straw chips in Treatment 2 (LAB+UM).
Chikuso, a commercial silage innoculant
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isolated from WCRS. This lactic acid
bacteria was the best isolate selected after
screening in the whole crop rice extract
medium.
Water soluble carbohydrate content
(WSC) decreased in all treatments
throughout the ensiling period (Figure 2).
WSC content in LAB, LAB+UM and
Chikuso were not significantly different at
day 10, (Table 1) nevertheless control
treatment recorded the highest value of
WSC (3.94% DM). The WSC of Chikuso
treatment recorded the lowest value (0.38%
DM) and significantly different compared
with control treatment (1.43% DM). LAB

treatment showed the second lowest value of
WSC (0.66% DM) followed by LAB+UM
treatment (0.81% DM) at day 60. The WSC
content in silage is positively correlated to
pH reduction in silage (Jones, 1970). During
fermentation, water soluble carbohydrate
was converted to lactic acid resulting in
reduced pH.
In this experiment, L.
plantarum in Chikuso and LAB treatments
converted WSC to lactic acid effectively, as
shown by WSC (0.66%) and pH value (3.8)
on LAB treatment and the WSC (0.38%
DM) and pH value (3.82) of Chikuso
treatment at day 60. This result was similar
to those reported by McDonald (1991).

Figure 1: pH profile of WCRS silage
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Figure 2: Water soluble carbohydrate profile of WCRS silage

Figure 3: Buffer capacity profile of WCRS silage
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Table 1: Profile of fermentation products by treatments in
whole crop rice silage
Fermentation
end products
Day 0
WSC (%)
pH (%)
LA (%)
AA(%)
BC (%)
Day 10
WSC (%)
pH (%)
LA (%)
AA(%)
BC (%)
Day 20
WSC (%)
pH (%)
LA (%)
AA(%)
BC (%)
Day 40
WSC (%)
pH (%)
LA (%)
AA(%)
BC (%)
Day 60
WSC (%)
pH (%)
LA (%)
AA(%)
BC (%)

LAB+
UM1

Control

LAB

Chikuso

6.29b
6.28a
1.43a
0.65a
0.88b

6.52b
5.88b
1.41a
0.69a
1.02b

7.29a
7.27a
1.52a
0.45a
1.98a

6.67b
5.87b
1.06a
0.52a
1.42ab

3.94a
4.17a
3.89b
1.11a
1.56c

3.41b
3.50c
4.37a
0.99ab
2.23bc

3.29b
3.71c
3.72b
0.74c
3.43a

3.28b
3.82b
4.50a
0.81bc
2.78ab

2.48a
4.06a
3.99c
1.28a
2.60c

2.50a
3.53c
4.93a
1.17a
3.41b

2.54a
3.67b
4.33bc
1.14a
4.82a

2.38a
3.57c
4.79ab
1.18a
3.09bc

1.89a
4.67a
3.57b
1.38a
7.28b

1.12b
3.65d
4.52a
1.31ab
5.50c

1.41a
4.08b
3.96ab
1.21b
8.98a

1.06b
4.02a
4.20a
1.18b
5.31c

1.43a
5.02a
3.30b
1.38a
8.56b

0.66b
3.80c
4.45a
1.32b
6.78c

0.81b
4.46a
3.65b
1.24b
10.33a

0.38c
3.82b
4.10a
1.12c
6.25c

abc

Means with different superscripts within rows are
significantly different (p<0.05)
1
LAB+UM = Lactic acid bacteria + urea-molasses

Buffering capacity (BC) in silage can be
defined as the degree to which forage
material resists change in pH (Playne 1963:
McDonald 1991). Silage with higher BC
value could inhibit pH reduction. BC
(meq/L) was increased in all treatments

(Figure 3). BC value of LAB+UM increased
significantly from day 0 (1.98 meq/L) to day
60 (10.33 meq/L) of the ensiling period.
Chikuso treatment recorded the lowest value
of BC at day 60 compared with the other
treatments. pH value is related to BC in the
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silage. In this experiment, it could likely that
the elevation of BC value be attributed to
the urea in LAB+UM treatment. During
ensilation process, plant cell urease converts

urea into ammonia. The alkaline property of
ammonia can delay the drop of pH (Andre et
al., 2011).

Figure 4: Lactic acid profile in WCPS

Figure 5: Acetic acid profile in WCPS

Lactic acid content increased from days 0 to
10 but leveled thereafter and all treatment
groups showed similar trend (Figure 4).
Lactic acid content in LAB treatment was
insignificantly higher than those of
LAB+UM and the control treatments. As
shown in Figure 5, acetic acid content of
control treatment recorded the highest DM

value at day 60 (1.38% DM) compared to
LAB (1.32% DM) and LAB+UM (1.24%
DM). Acetic acid begins to be produced in
the second phase of silage fermentation by
acetic acid bacteria. The increasing acid
inhibits acetic acid bacteria, causing
termination of phase II. Lower pH enhances
the growth and development of another

80

Mal. J. Anim. Sci. 16(2):75-82 (2013)

Malaysian Society of Animal Production

anaerobic group of bacteria, those producing
lactic acid (Danner et al., 2003). Under the
condition of the experiment, the increment
of lactic acid in silage treated with bacterial
inoculants clearly indicated that the L.
plantarum which was isolated from WCRS
could enhance lactic acid production. This
result is in agreement to that reported by
McDonald (1991).
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Conclusion
Inoculation of L. plantarum isolated
from WCRS enhanced the fermentation of
whole crop rice silage. Water soluble
carbohydrate content was the main causal
factor for reduced pH in the silage. Addition
of urea increased the buffer capacity in
whole crop rice silage. The performance of
L. plantarum used in this experiment was
comparable with Chikuso, a commercial
silage inoculant containing L. plantarum.
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