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Lactic acid bacteria inoculants are employed to accelerate
forage ensiling ensuring silage quality. Inoculants for
ensiling are not produced locally and are restricted for
importation in Sri Lanka. This study evaluated the potential
of locally produced, freeze-dried Lactobacillus inoculants
containing Lactobacillus plantarum, Lactobacillus
rhamnosus, and Lactobacillus oris, on ensiling of guinea grass
(Megathyrsus maximus) forage. The experiment was
conducted as a complete randomized design (CRD). Guinea
grass forage harvested at the 10 % flowering stage were
chopped and inoculated with each Lactobacillus (i.e.
treatments) species (i.e. 106 CFU/g fresh forage) or sprayed
with deionized water (i.e. control). Six laboratory silos were
prepared with each inoculant and one silo was the control.
Silage samples were taken from 3 silos opened at 2 weeks
and from the remaining 3 silos at 52 weeks post-ensiling. All
samples were assessed for pH value and lactic acid content.
In addition, the samples taken at 52 weeks were analyzed for
organic matter digestibility (OMD) and metabolizable
energy (ME) content. Guinea grass ensiled with Lactobacillus
exhibited significantly (P<0.05) high lactic acid content and
low pH value compared to the control as early as 2 weeks
ensiling. At 52 weeks, guinea grass inoculated with L.
rhamnosus recorded, significantly (P<0.05) higher lactic acid
content compared to that inoculated with L. plantarum.
Nevertheless, at 52 weeks guinea grass ensiled with, both L.
rhamnosus and L. oris recorded significantly lower (P<0.05)
pH values than those inoculated with L. plantarum.
Inoculation of guinea grass with Lactobacillus significantly
(P<0.05) increased the OMD and ME content of silage. This
study concluded that locally produced, freeze-dried L.
rhamnosus, and L. oris inoculants have the potential to
enhance the ensiling guinea grass.
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INTRODUCTION

Guinea grass (Megathyrsus maximus) Type A
is a naturalized, and most abundant forage
for feeding dairy cattle in Sri Lanka
(Weerasinghe, 2019). The species is a
medium-quality forage which reported
20.21 % dry matter (DM), 9.14 % crude
protein (CP), and 40.45 % in-vitro organic
matter digestibility (OMD) (de Moura Zanine
et al, 2018). Growth and yield of the grass
depend on the bimodal monsoon rainfall
pattern of the country. Therefore, conserving
of excess guinea grass for utilization during
the dry seasons would be one of the potential
strategies to overcome forage scarcity in
feeding dairy cows in Sri Lanka.

Forage ensiling is primarily driven by lactic
acid bacteria (LAB), which anaerobically
ferment water-soluble carbohydrates (WSC)
in forage resulting in organic acids. Strong
lactic acid reduces the pH value of forage
thereby preserve the quality of resultant
silage. The species of bacteria in microbial
community play a crucial role in silage
fermentation (Driehuis et al, 2018).
Epiphytic LAB naturally present on forage
crops are responsible for silage fermentation
and also influences silage quality (Cai et al,
1998). The production of high-quality silage
in tropical environment is challenging due to
the low density of naturally occurring
epiphytic LAB and low level of WSC present
in forage (Khota et al, 2016). In addition,
contamination of forage during ensiling
process, potentially introduce pathogenic or
undesirable microbes to silage (Queiroz et
al., 2018). Lactic acid bacteria inoculants are
commonly used to enhance silage quality by
optimizing the fermentation process and
enhancing the aerobic stability of the silage.

Pasebani et al. (2011) have shown that
guinea grass forage inoculated with
epiphytic LAB isolated from guinea grass at
105 colony forming units (CFU)/g reduced
the pH value within 14 days post-ensiling.
Importation of forage ensiling microbial
inoculants to Sri Lanka is strictly restricted
by the biodiversity concerns. In this context,
attempts have been made to develop a
potential inoculant locally, for ensiling
process. Dissanayake et al. (2022) isolated

Lactobacillus  plantarum, Lactobacillus
rhamnosus and Lactobacillus oris from maize,
sorghum and guinea grass silage,
respectively. Devindi et al. (2023) have
freeze-dried them, successfully. The present
experiment was design to investigate the
influence of those freeze-dried LAB as
inoculants on ensiling guinea grass forage.

METHODOLOGY

The ethical clearance for the research was
obtained from the Ethical Clearance
Committee of the Faculty of Agriculture,
University of Peradeniya (ECC/2022/E/049).
The experiment was conducted at the
laboratories of the Department of Animal
Science, Faculty of Agriculture, University of
Peradeniya and Veterinary Research Institute
(VRI), Peradeniya.

Forage preparation

Guinea grass forage which was re-grown 4
weeks after harvesting to the height of
approximately 60-70 cm with around 10 %
flowering was harvested. The fresh forage was
chopped into pieces of about 10 mm using a
commercial forage chopper and homogenized.
The DM content of the chopped forage was
19 %.

Inoculation and ensiling procedure

Freeze-dried L. plantarum, L. rhamnosus, and
L. oris inoculants produced by Devindi et al,
(2023) by isolating the species from maize,
sorghum, and guinea grass silage, respectively,
were used as inoculants. The viable colony
forming units (CFU) of each freeze-dried
Lactobacillus inoculant was tested by
inoculating them on Man, Rogosa and Sharpe
(MRS) agar followed by incubation for 48
hours at 39° C. The L. plantarum, L. rhamnosus,
and L. oris inoculants had 3 x 10° CFU/mL, 1.6
x 102 CFU/mL and 34 x 10° CFU/mL,
respectively. The three treatments were
prepared by using three freeze-dried L.
plantarum, L. rhamnosus, and L. oris
inoculants. Each inoculant was separately
dissolved in 15 mL deionized water and
sprayed on 1 kg of freshly, chopped,
homogenized forage at 10¢ CFU/g of fresh
forage concentration. Forage for the control
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was sprayed with deionized water (15 mL/ kg
of fresh forage) without inoculant. The forage
was then pressed into airtight 1 L. Weck glass
jars (i.e. Laboratory silo). Six replicate silos
were prepared with each Lactobacillus
inoculant (i.e. treatment) and control. They
were ensiled together at room temperature
(25 - 30° C). The experiment was conducted as
a complete randomized design (CRD).

Determination of silage quality and data
analysis

Silage samples from 3 of the silos representing
each inoculant and control at 2 weeks post-
ensiling and at 52 weeks post-ensiling were
taken. The 2 sampling stages were determined
based on McDonald et al (1991) who
described the critical stages in ensiling
process. According to them, the primary
ensiling occurs during the initial 1-3 weeks
period, during which lactic acid bacteria lower
the pH value to preserve the forage. Secondary
fermentation may occur depending on
conditions such as oxygen exposure or
excessive moisture, leading to undesirable
microbial activity. When properly sealed and
stored under the right conditions, forage
silage can last for 1 to 2 years, or even longer,
without significant loss of nutritional value.

The pH value (AFIA, 2011), DM, lactic acid
(Barnett, 1951), and soluble carbohydrate
(AFIA, 2003) of the ensiled forage were
determined. The determination of in-vitro
OMD and in-vitro ME content were carried out
for forage ensiled for 52 weeks by performing
in-vitro gas fermentation assay (Menke and
Steingas, 1988). The data were subjected to
analysis of variance (ANOVA) procedures
(P<0.05). Means were compared by Duncan'’s
multiple range test (P<0.05).

RESULTS AND DISCUSSION

The low DM, WSC, and energy content and
high buffering capacity are the major inferior
qualities of the guinea grass for silage
production (Santos et al, 2013). Pre-ensile
guinea grass forage used in the present study
had 19 % DM. However, Ashbell and
Weinberg, (2003) suggested that ensiling of
forage containing DM percentage exceeding
30 % ensures favorable fermentation and
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prevents undesirable fermentation by
Clostridia. Inoculants often accelerate forage
ensiling by enhancing acidification, thereby
lowering the pH value in silage (Weinberg and
Muck, 1996). Microbial inoculants are used to
influence the quality parameters of silage
including lactic acid content and pH value. The
effect of inoculation of guinea grass forage
with LAB inoculants (106 CFU/g fresh matter)
on lactic acid content and pH value at 2 weeks
and 52 weeks ensiling has been presented in
Table 1. At week 2, guinea grass inoculated
with  Lactobacillus  species  recorded
significantly (P<0.05) higher Ilactic acid
content than the guinea grass ensiled without
inoculation (i.e. control). High lactic acid
formation has resulted in significantly
(P<0.05) low pH value in inoculated forage as
early as 2 weeks ensiling. However, at 52
weeks ensiling, the lowest (P<0.05) lactic acid
content and the highest (P<0.05) pH value
were reported in guinea grass forage
inoculated with L. plantarum. The results of
the present study are comparable to those
reported by Lin et al. (1992), who stated that
L. plantarum was not effective in improving
the quality of ensiling guinea grass. They also
reported that inoculants were not always
successful in improving silage quality. Muck
(2010) reported the fermentation of forage
silage in detail. Accordingly, lactic acid which
is highly efficient at lowering the pH value of
silage is the primary organic acid produced by
LAB, such as Lactobacillus. Nevertheless, other
organic acids, which may produce during the
fermentation process, also contribute to the
acidification. For example, acetic acid or
butyric acid can be formed during silage
fermentation, depending on the bacterial
strains such as heterofermentative
Lactobacillus buchneri. These acids, though
less efficient than lactic acid can still lower the
pH value of the silage. The observation of low
lactic acid (3.22 %) with a low pH value (4.57)
in guinea grass inoculated with L. oris could
indicate a shift in the fermentation pathway,
where heterofermentative L. oris produced a
mixture of acetic acid, propionic acid, etc.,
leading to acidification despite the lower lactic
acid content. Lactobacillus oris isolated from
naturally ensiled guinea grass (Dissanayake et
al, 2022) was used to produce L. oris inoculant
for the present experiment. The fermentation
pathways of tropical forage silage are different
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from those of temperature silage and the
factors responsible for forage conservation
are not fully understood (Miller et al, 1966).
Further, acetic acid rather than lactic acid may
be the main preservative in tropical forage
ensiling process (Panditharathna, 1984).
However, organic acid contents other than
lactic acid were not measured in the present
experiment. The pH values recorded in the
present experiment are comparable with that
reported by Santos et al. (2014) for guinea
grass silage (5.04) inoculated with L.
plantarum and ensiled for 35 days. The pH
value reflects the ultimate acidity of the
ensiled product and serves as one of the key
indicators of both ensiling efficiency and
quality of silage. Whiter and Kung (2001)
reported that a low silage pH value often
associated with poor silage intake and
reduced stability in rumen digestion while
high silage pH value often linked to elevated
ammonia nitrogen content, resulting in low
silage intake and reduced the ability to
conserve ensiled forage. Therefore, in-vivo
feeding experiments are to be conducted in
the determination of the effect of Lactobacillus
inoculants on guinea grass ensiling. During the
forage ensiling process, rapid acidification is a
key characteristic of microbial inoculants, as it
conserves forage by inactivating plant
proteases and inhibiting the growth of
pathogenic and spoilage microorganisms
(Duniére et al, 2013).

Guinea grass inoculated with Lactobacillus
significantly (P<0.05) increased the in-vitro
OMD and ME contents of silage at 52 weeks
(Table 2). In commercial silage production,
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Lactobacillus inoculants are used to increase
the ratio of lactic acid to acetic acid, to reduce
proteolysis, and increase dry matter recovery.
Aydin and Denek (2023) reported that rapid
lowering of pH value by lactic acid reduces
proteolytic enzyme activity and thereby
prevents break down of forage proteins
during ensiling. Nevertheless, in-vitro
response of microbial inoculants on OMD
greatly depends on the species or strain of
microorganism, and the substrate. The key
determinant of successful microbial inoculant
is the compatibility of ensiling forage and
microorganisms (Muck, 1988). Compared to
the present experiment, greater in-vitro OMD
(60.1 %) reported for guinea grass silage
(Panditharathna,1984) may be due to the
difference in the stage of maturity of the
ensiling forage which greatly influence both
fermentation characteristics and the nutritive
value of the post-ensiled material.

As described earlier the L. plantarum, L.
rhamnosus, and L. oris inoculants used in this
study were isolated from maize, sorghum, and
guinea grass silage, respectively (Dissanayake
et al, 2022). Microbial inoculants sourced
from strains in environments different from
the environment of harvested forage, and from
different forage types, can still perform
effectively in the ensiling process (Puntillo et
al, 2020). Therefore, the L. rhamnosus, and L.
oris inoculants, which produced silage with
significantly low pH value (P<0.05) as early as
2 weeks and significantly increased in-vitro
OMD and ME, at 52 weeks are promising
options to enhance the ensiling guinea grass.
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Table 1: Effect of inoculation of guinea grass with Lactobacillus (10¢ CFU/g Fresh Forage) on lactic acid content and pH value of silage

Inoculated Lactobacillus species 2 weeks! 52 weeks!

Lactic acid content (%) pH value Lactic acid content (%) pH value
Lactobacillus plantarum 14705 + 0.145a 4900 =+ 0.030b 0.595 =+ 0.075c 5.670 = 0.001a
Lactobacillus rhamnosus 15.044 <+ 0.603a 4845 + 0.275b 17.015 + 0.465a 4960 =+ 0.001c
Lactobacillus oris 14.443 + 0.289a 5.225 + 0.115b 3.220 + 0.150b 4570 + 0.001d
Without inoculum (Control) 0.9020 + 0.187b 5600 + 0.230a 2.675 + 0.485b 5520 + 0.001b
1, Mean = SE.

Means within a column followed by different lower-case letters are significantly different (P<0.05).
The dry matter and crude protein percentage of silage produced from Guinea grass harvested at 4 weeks re-growth ranged from 12.32% to
18.10% and 6.89% to 8.88%, respectively.

Table 2: Effect of inoculation of guinea grass with Lactobacillus inoculation (106 CFU/g fresh forage) on in-vitro organic matter
digestibility and metabolizable energy content of silage at 52 weeks

Inoculated Lactobacillus species Organic Matter Digestibility (%) Metabolizable Energy content
(M]/kg DM)
Lactobacillus plantarum 33.540 * 0.643a 4833 £ 0.097a
Lactobacillus rhamnosus 32406 * 0.255a 4.653 *= 0.037a
Lactobacillus oris 32.793 + 0.860a 4703 *= 0.132a
Without inoculum (Control) 29926 =+ 0.673b 4246 + 0.130b

1, Mean * SE.

Means within a column followed by different lower-case letters are significantly different (P<0.05).

Dry matter and crude protein percentage of silage produced from Guinea grass harvested at 4 weeks re-growth ranged between 12.32 to 18.10
and 6.89 to 8.88, respectively.
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CONCLUSION

The present study concludes that
inoculating guinea grass forage with
freeze-dried L. rhamnosus and L. oris at 10°
CFU/g fresh forage concentration can
ensure a rapid drop of pH value during
ensiling as early as 2 weeks and show a
potential to improve the quality of guinea
grass silage.
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