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ABSTRACT

The purpose of this study was to determine whether the inoculation with
Lactobacillus casal subsp. rhamnosus(L.c.r) at ensiling would improve the
fermentation and affect thefl oraof | actic acid bacteriaof orcherdgrass(Dactylis
glomerata L) and timothy (Phleum pratense L) slages. The fermentation
qudity of orchardgrassand timothy silageswereimproved by theaddition of
L.c.r and Lactobacillus casal subsp. casai (L.c.c) except orchardgrasssilage
sored a 15°C. In orchardgrassand timothy silages, the speciesof lactic acid
bacteriain the control slages was different than the inoculated slages. At
15°C and 35°C, L.c.r was dominant in timothy silage with the addition of
L.c.r-inoculant. The L.c.r-inoculant was deemed to have the same great
potentid with theL .c.c-inoculant.
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INTRODUCTION

In grass silage making on the farm, the use of slage additives based on
freeze-dried culture of lactobacilli has been regarded as necessary for
improving grass silage preservation. Either asingle srain of Lactobacillus
plantarumor mixtureof L. plantarumand Pediococcusspp. or Enterococcus
pp. isusedinmost commerdid inoculants. Someworkershaverecommended
addition of Lactobacillus acidophilus or Lactobacillus casal to enhancethe
fermentation of grass sllage. Mogt species of lactobacilli grow a 15°C but
not at 45°C. The optimum for these pecies is about 30°C. Lactobacillus
casal subsp. rharmosusistheonly homofermentativelactobacilli which grow
well a both 15°C and 45°C (Kandler and Wiss, 1986). This strainismore
acid tolerant than the other strains (Ohmomo, 1995). The purpose of this
experiment was to study the effects of inoculation with L. casai subsp.
rhamnosus a ensiling on fermentation and flora of lactic acid bacteria of
orchardgrassand timothy silagesand to comparetheresultant silagestrested
with Lactobacillus casal subsp. casal under two temperatures (15°C and
35°C) during ensilage.

MATERIALSAND METHODS

Preparation of dlage: First cut orchardgrass(Dactylisglomeratal.; heeding
stage, DM 33.5% , CP 10.1%DM, WSC 7.3%DM) and timothy (Phleum
pratense L.; heading stage, DM 36.7% , CP 8.5% DM, WSC 11.8% DM)
werepre-wilted for 2 daysintheroom. Twenty-four laboratory silos(capecity
1) for each control (no additive) and eachinocul ated Slagewere preparedin
duplicate. Theinoculants (Snow Brand Seed Co., Ltd) condsted of asingle
strain of the organiam Lactobacillus casei subsp. rhamnosus (L.c.r) and
Lactobacillus casal subsp. casal (L.c.c) was added at the rate of 0.3% of
fresh grass regpectively. Number of added organism L.c.r and L.c.c were
2.9x10° and 6.0x1C° (cfu/g fresh grass) repectively. Thesloswerestored at
15°C and 35°Cin theincubator and opened a 45 days after ensling.

Chemical analyss: Water-soluble carbohydrate (WSC) content was
edtimated colorimetricaly usng anthrone (Nationd Grasdand Research
Inditute; NGRI, 1975). L actic acid content wasdetermined by thecol orimetric
method of Barker and Summerson (NGRI, 1975). Volatile basic nitrogen
(VBN) was measured by a geam didtillaion (NGRI, 1975). Volatile faity
acids (VFA) was measured by gas chromatography (GC-12A, Shimadzu
Co,, Ltd))(Kageyamaet d., 1972).

Microbiological analyss The plating media were glucose yeast extract
peptone calcium carbonate agar for lactic acid bacteria, bouillon agar for
aerobic bacteriaand pepton yeast extract malt extract agar containing 0.5%
lacticacid for mouldsand yeests. Theviablecol onieswerecounted by dilution

plaemethod.

I dentification of lactic acid bacteriaisolated: One hundred twelve srains
of lactic acid bacteriawere isolated from slages. Cell form was determined
by amicroscopic observation. Gram staining, motility, catd aseactivity, nitrate
reduction, CO, production from glucose, growth temperature, hyarolysis of
arginine, growth at pH 4.8 and 9.6, fermentation type, optica form of lactic
acid and fermentation of sugars were determined by procedures described
by Experimentd Manud of Lactic Acid Bacteria (Uchimura and Okada,
1992). The identification criteria used were in accordance with the systems
used in Bergey's Manud of Sysematic Bacteriology vol.2 (Garvie, 1986;
Kandler and Wiss, 1986).

RESULTS

Chemical quality and viable counts of slages The chemica qudity and
viable counts of orchardgrass and timothy sllagesisshownin Table 1. Both
controlsstored a 15°C and 35°Cinorchardgrasssilageswerebadly preserved.
At 15°C theL.cr and L.c.c-trested silages were badly preserved. At 35°C
both inoculated silages had alower pH and contained more lactic acid and
less butyric acid than the control slage. Both controls stored at 15°C and
35°C in timothy slages were badly preserved. At 15°C and 35°C theL.r.c
and L.c.c-treated silageshad alower pH and contained morelactic acid and
less butyric acid than the control silages. The number of lactic acid bacteria
was markedly higher in the slage stored a 15°C than that stored at 35°C
regardless of the inoculants in both orchardgrass and timothy slages. The
number of lactic acid bacteriainal theinocul ated sllageswasnot higher than
that in the control silages. Aerobic bacterial and yeast counts in both
orchardgrass and timothy slages were higher in the silages stored a 15°C
than that stored at 35°C regardless of the inoculants. Mould counts were
increased at 15°Cin orchardgrass Slages and a 35°C intimothy Slages.

I dentification of lacticacid bacteriaisolated: Theidentificationlist of lactic
acid bacteria isolated from orchardgrass and timothy slages are shown in
Table 2. In orchardgrass slage stored at 15°C and 35°C, the control Slages
included different species. The L.c.r-treated silages included mainly
Lactobacillus casal subsp. casei and Lactobacillus coryniformis subsp.
coryniformis a 15°C and 35°C respectively. The number of isolated
Lactobacillus casa subsp. rhannosus was low. The L.c.c-treated Slages
included three and five strains of L. casal subsp. casal & 15°C and 35°C
respectively. In timothy slage stored at 15°C and 35°C, the contral silages
included different gpecies. TheL .c.r-trested Slagesincluded mainly L. casei
subsp. rhamnosusinboth 15°C and 35°C. ThelL .c.c-trested silagesincluded
mainly L. casa subsp.casal and Lactobacillus curvatus at 15°C and 35°C

respectively.

DISCUSSION

Thefermentation qudity of orchardgrass and timothy silageswasimproved
by the additon of L.c.r and L.c.c with the excetion of orchardgrass silage
gtored at 15°C.The inoculated silages had alower pH and contained more
lacticacid andlessbutyric acid than thecontrol silages. However, the number
of lactic acid bacteriain the L.cr and L.c.c-treated silages was lower than
that in the control silages. Thisresult indicatesthat the activity of lactic acid
bacteriain inoculated silagesis higher than that in the control slages. This
trend agreeswiththeresult reported by Masuko et d. (1992b). Inorchardgrass
and timothy silages, the species of lactic acid bacteriain the control silages
was different than in the inoculated silages. The control silages contained
mainly species of cocci. The inoculated slages included the same species
with added lactic acid bacteriawith theexception of the L .c.c-tregted timothy
silage stored at 35°C. The L.cr-treated timothy silage stored a 15°C and
35°Cincluded eight strainsof Lactobacilluscasa subsp. rhamnosus. L. casei
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subsp. rhamnosus was dominant in these silages. However, the number of
these peciesinthel .c.r-treated orchardgrasssilagestored a 15°Cand 35°C
wastwo and one repectively. At 15°C the L .c.r-treeted orchardgrass Slage
included five strains of Lactobacilluscasal subsp. casal. At 35°Cthissilage
induded six strainsof Lactobacilluscoryniformissubsp. coryniformis Masuko
etd. (19923, 1992b) reported that L. coryniformiswasthe dominant species
in poor quality silage. In this experiment, though at 15°C and 35°C L. casai
subsp. rhamnosuswasnot dominant in orchardgrasssilagewith the addition
of L.c.r-inoculant, thisstrainwas dominant intimothy silage. L. casal subsp.
rhamnosusgrew at 15°C and 45°C in the experiment of growth temperature.
L. casal subsp. casal did not grow at 45°C. L. casal subsp. casel isused with
commercialy available inoculant. The inoculant with L. casei subsp.
rhamnosuswas deemed to havethesamegreat potentid with L. casel subsp.
cass.
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Tablel
Chemical quality and viable counts of orchardgrass and timothy silages

15°C 35°C
Item Control L.crt L.c.c? Control L.cr L.cc
Orchardgrass silage
pH 5.94 5.63 5.79 4.66 3.87 3.87
Organic acids (%DM)
Lactic acid 0.68 115 0.87 0.87 2.46 3.96
Acetic acid 1.09 0.97 1.00 0.42 0.20 0.27
Propionic acid 0.02 0.01 0.01 0.57 0 0
Butyric acid 1.23 0.94 0.93 0.39 0.02 0.03
VBN? 0.22 0.19 0.17 0.14 0.06 0.08
Mark?* 15.0 25.0 25.0 35.0 92,5 92.5

Viable counts (cells/gDM)
Lactic acid bacteria 2.0x10% 4.1x10° 5.9x10° 3.3x10° 1.6x10°  5.9x10°

Aerobic bacteria 8.7x10° 3.4x10%°  2.8x10*  2.1x10° 4.1x10°  5.3x10°
Yeasts 1.1x10° 1.6x10° 6.0x10? <10 <10 1.2x10%
Moulds 2.9x10* 1.6x10* 2.4x10° 1.6x10* <10 <10
Timothy silage
pH 5.52 4.26 3.98 4.94 3.70 3.75
Organic acids (%DM)
Lactic acid 151 3.04 3.78 112 6.32 5.86
Acetic acid 0.58 0.36 0.63 0.73 1.00 1.08
Propionic acid 0 0 0.01 0.33 0 0.01
Butyric acid 0.60 0.37 0.24 0.15 0.03 0.03
VBN?® 0.13 0.09 0.07 0.10 0.04 0.04
Mark* 55.0 75.0 775 525 925 90.0

Viable counts (cells’gDM)
Lactic acid bacteria 2.9x10°  1.9x10% 6.8x10° 1.3x10° 3.1x10°  5.4x107

Aerobic bacteria 3.0x10% 4.2x10° 4.1x107 1.2x10° 1.1x105 6.1x10°
Yeasts 1.3x10° 3.0x10° 2.3x10° <10 <10 <10
Moulds <10 <10 <10 1.9x10° 8.0x10? <10

1 Lactobacillus casei subsp. rhamnosus.
2 Lactobacillus casei subsp. casei.

3 Volatile basic nitrogen.

4 According to Flieg's evaluation.

Table2

Identificationligt of lactic acid bacteriaisolated from orchardgrassand timothy
slages

Treat-  Number of
ments  drainsisolated

Orchardgrass dlages

I dentified species

15°C
—5 Leuconostoc mesenteroides subsp. crenoris
Control 9 —
4 Enterococcusfaecalis
—5 Lactobacillus casal subsp. casal
L.crt 9—7-2 Lactobacilluscasal subsp. rhamnosus
—2 Leuconostoc mesenteroides subsp. crenoris
—3 Lactobacillus casal subsp. casal
—3 Lactobacillusviridescens
L.ce 9—2 Lactobacilluscurvatus
—1 Lactobacillusamylophilus
1 Sreptococcusagalactiae
35°C

—7 Lactobacillusviridescens
Control 9—1 Lactobacillus casal subsp. pseudoplantarum
—1 Lactobacilluscasal subsp. rhamnosus

—6 Lactobacillus coryniformis subsp. coryniformis
L.cr 9712 Lactobacillus casal subsp. casal

—1 Lactobacilluscasal subsp. rhamnosus

—1 Lactobacilluscurvatus

—5 Lactobacillus casal subsp. casal

L.c.c 9
—4 Lactobacilluscurvatus
Timothy dlages
15°C
—6 Enterococcusfaecalis
Control 9 —
—3 Lactobacillusviridescens
—8 Lactobacilluscasal subsp. rhamnosus
L.cr 10—
—2 Lactobacillus coryniformis subsp. coryniformis
—8 Lactobacillus casal subsp. casel
L.cc 10
—2 Lactobacillusanimalis
35°C

—5 Leuconostoc mesenteroides subsp. crenoris
Control 9712 Lactobacillusplantarum
—2 Enterococcusfaecalis

—8 Lactobacilluscasal subsp. rhamnosus
L.cr 1071 Lactobacilluscurvatus
—1 Lactobacillushelveticus

—7 Lactobacilluscurvatus
L.cc 10| 2 Lactobacillusanimais
—1 Lactobacilluscasal subsp. tolerans

t and? seefootnote of Table 1.
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