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ABSTRACT

The effect of Lactobacillus buchneri, alone or in com-
bination with Lactobacillus plantarum, on the fermen-
tation, aerobic stability, and ruminal degradability of
low dry matter corn and sorghum silages was studied
under laboratory conditions. The inoculants were ap-
plied at 1 × 106 cfu/g. Silages with no additives served
as control. After treatment, the chopped forages were
ensiled in 1.5-L anaerobic jars. Three jars per treatment
were sampled on d 2, 4, 8, 15, and 90. After 90 d of
storage, the silages were subjected to an aerobic stabil-
ity test lasting 5 d, in which CO2 production, as well
as chemical and microbiological parameters, was mea-
sured to determine the extent of aerobic deterioration.
At the end of the ensiling period (d 90), the L. buchneri-
and L. buchneri + L. plantarum-inoculated silages had
significantly higher levels of acetic acid than the control
and L. plantarum-inoculated silages. Therefore, yeast
activity was impaired in the L. buchneri- and L. buch-
neri + L. plantarum-inoculated silages. As a result, L.
buchneri, alone or in combination with L. plantarum,
improved aerobic stability of the low dry matter corn
and sorghum silages. The combination of L. buchneri
and L. plantarum reduced ammonia N concentrations
and fermentation losses in the silages compared with
L. buchneri alone. However, L. buchneri, L. plantarum,
and a combination of L. buchneri + L. plantarum did
not effect in situ rumen dry matter, organic matters,
or neutral detergent fiber degradability of the silages.
The L. buchneri was very effective in protecting the low
dry matter corn and sorghum silages exposed to air
under laboratory conditions. The use of L. buchneri,
alone or in combination with L. plantarum, as a silage
inoculant can improve the aerobic stability of low dry
matter corn and sorghum silages by inhibition of
yeast activity.
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INTRODUCTION

Ensiling is a preservation method for moist forage
crops. It is based on lactic acid bacteria (LAB) con-
verting water-soluble carbohydrates (WSC) into or-
ganic acids, mainly lactic acid, under anaerobic condi-
tions. As a result, pH decreases and the moist forage
is preserved from spoilage microorganisms (McDonald
et al., 1991). Air is detrimental to silage quality because
it enables aerobic spoilage microorganisms, such as
yeasts and molds, to become active (Woolford, 1990).
During exposure to air during the feedout phase, silage
also might undergo increases in temperature and pH
and losses of WSC and fermentation end products,
which reduce silage quality and digestibility (Pitt et al.,
1991). Susceptibility to spoilage is especially a problem
in warm climates and is a very important factor in
determining silage quality and value (Ashbell et al.,
2002). Therefore, under warm conditions, additives
that protect the silage upon exposure to air might be
very useful.

It is possible to apply bacterial inoculants at ensiling
in order to promote adequate fermentation patterns.
Inoculants, comprising homofermentative LAB such as
Lactobacillus plantarum, Enterococcus faecium, and
Pediococcus species, are often used to control the ensil-
ing fermentation by rapid production of lactic acid and
the consequent decrease in pH. However, such inocu-
lants enhance the aerobic spoilage of wheat, sorghum,
and corn silages (Weinberg et al., 1993; Filya et al.,
2000; 2002a,b) because in these fermentations, not
enough VFA are produced to protect the silage against
aerobic yeasts and molds (Moon, 1983). Aerobic deterio-
ration of silage is not only associated with high DM
losses, but also with a risk of mycotoxin production in
the feed by aerobic fungi; such mycotoxins are detri-
mental to animal health. Weinberg et al. (1993) hypoth-
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esized that high levels of residual WSC, combined with
high lactic acid concentrations and a lack of sufficient
concentrations of protective VFA in the silages inocu-
lated with homofermentative LAB were associated with
aerobic spoilage. This is because both WSC and lactic
acid are substrates for fungi, and VFA often inhibit
these organisms. These findings stimulated the search
for bacterial strains that might be suitable as silage
inoculants and might also protect the silage upon aero-
bic exposure.

A heterofermentative lactic acid bacterium, Lactoba-
cillus buchneri, has been studied as an additive to im-
prove the aerobic stability of silages (Muck, 1996). L.
buchneri produces high levels of acetic acid in silage.
Experiments in laboratory silos indicated that its appli-
cation at ensiling improved the aerobic stability of the
silages (Driehuis et al., 1999a,b; Filya, 2001, 2003;
Kung and Ranjit, 2001; Filya et al., 2002; Ranjit et al.,
2002; Weinberg et al., 2002). Oude Elferink et al. (2001)
reported that L. buchneri improved aerobic stability by
fermenting lactic acid to acetic acid and 1,2 propanediol.
Although extensive heterolactic fermentation is usually
deemed undesirable compared with a homolactic fer-
mentation (McDonald et al., 1991), improvements in
aerobic stability during prolonged storage and feeding
may be beneficial, thus making small losses of DM in-
curred from heterofermentation less important (Kung
and Ranjit, 2001).

The purpose of the present work was to study the
effects of L. buchneri, alone or in combination with
homofermentative LAB, on the fermentation, aerobic
stability, and ruminal degradability of low-DM corn
and sorghum silages. This was done by application of
the microorganisms to laboratory silages.

MATERIALS AND METHODS

Corn (Zea mays L.) at dent stage and sorghum (Sor-
ghum bicolor L.) at flowering stage of maturity were
harvested and chopped using a conventional forage har-
vester (Sezer, Bandirma, Turkey) to approximately 1.5
cm and ensiled in 1.5-L anaerobic jars (Weck, Wher-
Oftlingen, Germany) equipped with a lid that enabled
gas release only. Each jar was filled with approximately
850 g (wet weight) of chopped forage, without a heads-
pace. The packing density was 133.2 and 125.8 kg of
DM/m3 in corn and sorghum, respectively. There were
60 jars per crop, and they were stored at ambient tem-
perature (24 to 28°C). Fresh and ensiled materials (on
d 2, 4, 8, 15, and 90 after ensiling; 3 jars for each time)
were sampled for chemical and microbiological analy-
sis. At the end of the ensiling period (d 90), the silages
were subjected to an aerobic stability test at room tem-
perature (28°C), which lasted 5 d, in a “bottle” system
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developed by Ashbell et al. (1991). In this system, CO2
production, change in pH, and numbers of yeast and
molds serve as spoilage indicators.

The following treatments were applied to fresh for-
ages: 1) Control (no additives); 2) L. buchneri (Pioneer
brand 11A44, Des Moines, IA; final application rate of
1 × 106 cfu/g of fresh forage); 3) an inoculant containing
L. plantarum (1 × 106 cfu/g); and 4) a combination of
L. buchneri (1 × 106 cfu/g) and L. plantarum (1 × 106 cfu/
g). The application rate determined by manufacturers
stated the level of LAB in the products. The inoculants
were applied as follows: on the day of the experiment,
inoculants were suspended in 20 ml of deionized water
and the whole suspension was sprayed over 10 kg (wet
weight) of the chopped forage spread over a 1 × 4 m
area. All inoculants were applied to the forages in a
uniform manner with constant mixing.

Analyses

Chemical analyses were performed in triplicate and
presented on DM basis. The DM content of the fresh
materials and silages was determined by oven drying
for 48 h at 60°C. Ash was obtained after 3 h at 550°C.
Crude protein was determined by the Kjeldahl method
(AOAC, 1990). Neutral detergent fiber was analyzed by
using sulfite and amylase (Van Soest et al. 1991). Wet
samples stored at −20°C were extracted for 3 min in a
blender in water or in ethyl acetate (1:9) for WSC and
fermentation product analysis, respectively. Water-sol-
uble carbohydrates were determined by the phenol sul-
furic acid method (Dubois et al., 1956). Lactic acid, etha-
nol, and volatile fermentation end products were deter-
mined in aqueous extracts by means of a GLC with
a semi-capillary FFAP (nitroterephthalic acid-modified
polyethylene glycol) column (Hewlet-Packard, Ward-
bronn, Germany), over a temperature range of 45 to
230°C. Ammonia N was determined in the silages by
extraction of 40-g frozen samples with 360 ml of dis-
tilled water for 3 min in a Stomacher blender (IUL,
Barcelona, Spain). The extract was filtered through
Whatman No. 1 paper (Whatman, Maidstone, U.K.),
and 100 ml of the extract was used for distillation in
a Kjeltech auto analyzer (Gerhardt, Bonn, Germany)
without a digestion step. Gas losses were evaluated by
weight loss. Rumen degradability of the silages was
measured by the in situ procedure of Mehrez and Or-
skov (1977). Air-dried forage samples were ground
through a 1-mm screen using a Laboratory 3303 Mill
(Hundunge, Sweden). The milled samples were placed
in 9 × 14 cm Dacron bags (pore size = 10 to 40 μm),
which were inserted into the rumen of three fistulated
Merino sheep fed a concentrate and alfalfa hay diet.
The Dacron bags were incubated in the rumen for 48 h.
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Table 1. Chemical (DM basis) and microbiological analysis of the fresh forages.

% log10 cfu/g

Forage type pH DM WSC1 Ash CP NDF Lactobacilli Yeasts Molds

Corn 5.86 23.5 9.25 8.1 7.6 51.6 3.86 4.06 2.58
Sorghum 5.93 22.2 25.63 8.7 6.6 64.4 3.15 3.74 2.96

1Water-soluble carbohydrates.

Microbiological analysis was performed on pooled
samples of the three replicate silos per treatment, per
time point, except for replicate samples, which differed
considerably in their appearance. Microbiological eval-
uation included enumeration of lactobacilli on pour-
plate Rogosa agar (Oxoid CM627, Oxoid, Basingstoke,
U.K.), and yeast and molds on spread-plate malt extract
agar (Difco, Detroit, MI) acidified with lactic acid to
pH 4.0. Plates were incubated for 3 d at 30°C. Since
microbiological analysis was performed on a single sam-
ple per time point, no statistical analysis was possible.
All microbiological data were transformed to log10.

The other data were analyzed as a completely ran-
domized design and subjected to ANOVA by the GLM
procedure of SAS (SAS, Inst., Inc., Cary, NC). Differ-
ences among means were tested using Tukey’s test
(Snedecor and Cochran, 1980) and significance was de-
clared at P < 0.05.

RESULTS

The chemical and microbiological compositions of the
fresh corn and sorghum are given in Table 1. The effects
of L. buchneri and L. plantarum on the fermentation
characteristics of the corn and sorghum silages are
shown in Table 2. After 2 d of ensiling, concentrations
of acetic acid were higher in L. buchneri- or L. buchneri
+ L. plantarum-inoculated silages compared with other
silages (P < 0.05). The same trend was shown in the 4,
8, and 15 d of ensiling. During fermentation, the pH
and WSC levels of the silages were reduced, and concen-
trations of lactic and acetic acid, ethanol, and ammonia
N increased. After 90 d of ensiling, L. buchneri inocu-
lated silages had higher pH than the control, L. plan-
tarum-, and L. buchneri + L. plantarum-inoculated si-
lages (P < 0.05). Silages inoculated with L. plantarum
or L. buchneri + L. plantarum had higher content of
lactic acid than the control and silages inoculated with
L. buchneri alone (P < 0.05). The control and L. plan-
tarum- inoculated silages contained more residual WSC
than the silages inoculated with L. buchneri or L. buch-
neri + L. plantarum (P < 0.05). The latter had higher
levels of acetic acid (P < 0.05). Ammonia N concentra-
tions were lower in the L. plantarum- and L. buchneri
+ L. plantarum-inoculated silages than in the silages
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inoculated with L. buchneri (P < 0.05). Weight losses
were higher in the L. buchneri inoculated silages than
the control, L. plantarum-, and L. buchneri + L. plan-
tarum- inoculated silages (P < 0.05).

The microbiological compositions of the corn and sor-
ghum silages are given in Table 3. Lactobacilli, yeasts,
and molds numbers of the silages increased during the
fermentation. After 90 d of ensiling, yeasts and molds
were not detected (< 2.0 cfu/g) in silages inoculated with
L. buchneri and L. buchneri + L. plantarum, whereas
appreciable numbers of yeasts and molds were detected
in the control and the L. plantarum-inoculated silages.

Table 4 gives the results of the aerobic exposure test
of the corn and sorghum silages. Silage deterioration
indicators are pH change, CO2 production, and an in-
crease in yeast and mold numbers. L. plantarum-inocu-
lated silages were unstable in the aerobic conditions.
This was evident from intensive CO2 production and
development of yeasts. A high level of lactic acid and
yeasts impaired the aerobic stability of L. plantarum-
inoculated silages. However, L. buchneri-and L. buch-
neri + L. plantarum-inoculated silages inhibited yeast
growth and reduced CO2 production (P < 0.05).

Values for in situ rumen DM, OM, and NDF degrad-
abilities of low-DM corn and sorghum silages after 48
h of incubation are given in Table 5. Inoculation with
the L. buchneri, L. plantarum, and L. buchneri + L.
plantarum did not affect rumen degradability of the
silages.

DISCUSSION

Whole-crop cereal silages, such as corn and sorghum,
are susceptible to aerobic deterioration, especially in
warm climates. This is because aerobic yeasts are the
most active at 20 to 30°C (Ashbell et al., 2002). There-
fore, it is very important to find suitable additives that
inhibit fungi and protect the silage upon aerobic expo-
sure. In order to improve the ensiling process, various
types of additives have been developed. The biological
additives are advantageous because they are safe and
easy to use, non-corrosive to machinery, do not pollute
the environment, and are natural products. Until now
bacterial inoculants have been added to silage in order
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Table 2. Chemical (DM basis) analyses of the silages.

%

Days of Forage Lactic Acetic Weight
ensiling type Treatment pH DM WSC1 acid acid Ethanol NH3-N loss

2 Corn Control 5.54a,b 23.3 5.88a 2.28b 0.65b 0.16 0.107b 0.30a

Lactobacillus buchneri 5.67a 23.3 5.41a 1.75b 1.96a 0.18 0.122a 0.35a

L. plantarum 5.30c 23.4 5.17a 3.87a 0.11c 0.13 0.080c 0.26a

L. buchneri + L. plantarum 5.44b,c 23.2 5.39a 2.52b 1.50a 0.15 0.087c 0.33a

SE 0.038 1.412 1.287 0.433 0.293 1.448 0.015 1.035

Sorghum Control 5.76a 22.0 14.27a 2.43b 0.46b 0.16 0.115b 0.41a

L. buchneri 5.75a 22.1 13.63a 1.67b 2.29a 0.20 0.136a 0.44a

L. plantarum 5.52b 21.9 13.32a 4.03a 0.12c 0.14 0.092c 0.40a

L. buchneri + L. plantarum 5.63a,b 22.0 13.56a 2.84b 1.55a 0.15 0.095c 0.42a

SE 0.041 1.377 1.131 0.369 0.275 1.417 0.017 1.074
4 Corn Control 5.28a 22.8 5.43a 2.97b,c 0.79b 0.21 0.134b 0.54a

L. buchneri 5.37a 22.7 5.01a 2.11c 2.47a 0.24 0.151a 0.76a

L. plantarum 4.80c 22.8 4.63a 5.79a 0.14c 0.19 0.102c 0.37a

L. buchneri + L. plantarum 5.04b 22.5 4.80a 3.57b 1.97a 0.20 0.109c 0.45a

SE 0.039 1.284 1.245 0.396 0.258 1.532 0.017 0.967
Sorghum Control 5.47a 21.5 13.05a 3.26b 0.57b 0.24 0.143b 0.76a

L. buchneri 5.49a 21.5 12.48a 2.10c 2.76a 0.27 0.164a 0.83a

L. plantarum 5.13b 21.4 11.99a 5.83a 0.27c 0.20 0.115c 0.58a

L. buchneri + L. plantarum 5.36a 21.6 12.36a 3.99b 2.08a 0.23 0.121c 0.70a

SE 0.043 1.330 1.124 0.378 0.236 1.356 0.018 0.985
8 Corn Control 4.80a 22.2 4.69a 4.06b 1.06b 0.30 0.160b 0.94b

L. buchneri 4.96a 22.1 4.27a 2.57c 3.23a 0.32 0.186a 1.58a

L. plantarum 4.41c 22.0 3.85a 8.04a 0.24c 0.25 0.129c 0.43b

L. buchneri + L. plantarum 4.64b 22.3 4.10a 4.89b 2.48a 0.28 0.137c 0.64b

SE 0.041 1.546 1.009 0.381 0.264 1.319 0.016 0.435
Sorghum Control 5.06a 20.9 10.84a 4.67b 0.72b 0.35 0.176b 1.13b

L. buchneri 5.10a 21.0 10.35a 2.44c 3.50a 0.38 0.205a 1.88a

L. plantarum 4.70b 20.8 9.88a 8.61a 0.45c 0.34 0.142c 0.65b

L. buchneri + L. plantarum 4.95a 20.9 10.06a 5.37b 2.71a 0.34 0.150c 0.93b

SE 0.045 1.343 0.976 0.342 0.244 1.408 0.015 0.421
15 Corn Control 4.48a 22.0 3.99a 5.29c 1.13b 0.39 0.215b 1.46b

L. buchneri 4.57a 22.2 3.36a 3.13d 3.45a 0.42 0.240a 2.57a

L. plantarum 4.02c 22.1 3.17a 11.33a 0.27c 0.37 0.171c 0.55c

L. buchneri + L. plantarum 4.26b 22.2 3.28a 6.95b 2.80a 0.38 0.178c 0.97b,c

SE 0.044 1.451 1.144 0.324 0.246 1.368 0.013 0.398
Sorghum Control 4.73a 20.6 9.07a 6.01c 0.83b 0.44 0.228b 1.64b

L. buchneri 4.78a 20.7 8.07a 3.09d 3.93a 0.46 0.257a 2.96a

L. plantarum 4.26c 20.5 7.56a 12.46a 0.56c 0.40 0.189c 0.83c

L. buchneri + L. plantarum 4.48b 20.5 7.79a 7.50b 3.15a 0.43 0.196c 1.22b,c

SE 0.047 1.347 0.955 0.316 0.211 1.381 0.011 0.386
90 Corn Control 3.72b 21.6 3.15a 4.04c 1.27b 0.47 0.262b 1.65b

L. buchneri 4.13a 21.4 0.64b 2.76d 3.89a 0.49 0.285a 3.26a

L. plantarum 3.64b 21.7 2.54a 7.94a 0.33c 0.42 0.211c 0.75c

L. buchneri + L. plantarum 3.80b 21.5 1.03b 5.55b 3.17a 0.45 0.220c 1.14b,c

SE 0.037 1.309 0.048 0.342 0.222 1.320 0.010 0.370
Sorghum Control 3.87b 20.3 6.75a 4.86c 0.96b 0.50 0.281b 1.97b

L. buchneri 4.26a 20.4 1.36b 2.54d 4.30a 0.53 0.308a 3.49a

L. plantarum 3.75b 20.1 5.96a 9.39a 0.62c 0.47 0.234c 0.94c

L. buchneri + L. plantarum 3.88b 20.3 2.02b 6.18b 3.49a 0.49 0.244c 1.45b,c

SE 0.040 1.411 0.043 0.310 0.202 1.305 0.009 0.357

a,b,c,dWithin a column and forage type means followed by different letter differ significantly (P < 0.05).
1Water-soluble carbohydrates.

to stimulate lactic acid fermentation, accelerating the
decrease in pH, and thus improving silage preservation.
Most available inoculants consist of selected strains
of homofermentative LAB strains. They produce large
amounts of lactic acid in the silage in a short time
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and so stabilize it with minimal losses. However, these
homofermentative LAB strains enhance aerobic deteri-
oration of whole-crop cereal silages, probably because
not enough VFA are produced to inhibit fungi (Wein-
berg et al., 1993). This agrees with our previous experi-
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Table 3. Microbiological analysis of the silages.1

Days of
ensiling Forage type Treatment Lactobacilli Yeasts Molds

log10 cfu/g
2 Corn Control 5.25 3.95 2.74

Lactobacillus buchneri 4.88 3.83 2.50
L. plantarum 6.77 4.17 2.66
L. buchneri + L. plantarum 5.03 3.92 2.61

Sorghum Control 4.84 3.87 3.10
L. buchneri 4.28 3.70 2.88
L. plantarum 5.23 3.90 3.03
L. buchneri + L. plantarum 4.40 3.72 2.86

4 Corn Control 6.44 3.91 2.87
L. buchneri 6.10 3.16 2.36
L. plantarum 7.96 4.24 2.78
L. buchneri + L. plantarum 6.31 3.55 2.50

Sorghum Control 5.77 3.93 3.23
L. buchneri 4.91 3.42 2.71
L. plantarum 6.67 4.08 3.11
L. buchneri + L. plantarum 5.16 3.58 2.74

8 Corn Control 6.98 3.96 2.95
L. buchneri 6.57 2.61 2.25
L. plantarum 8.63 4.33 2.87
L. buchneri + L. plantarum 6.70 2.88 2.37

Sorghum Control 6.29 4.02 3.41
L. buchneri 5.43 2.96 2.49
L. plantarum 7.54 4.21 3.20
L. buchneri + L. plantarum 5.58 3.20 2.40

15 Corn Control 7.80 3.90 3.16
L. buchneri 6.85 2.25 2.12
L. plantarum 9.69 4.40 2.98
L. buchneri + L. plantarum 7.57 2.42 2.26

Sorghum Control 7.15 4.11 3.54
L. buchneri 5.86 2.33 2.22
L. plantarum 8.10 4.50 3.27
L. buchneri + L. plantarum 6.17 2.57 2.26

90 Corn Control 8.35 3.86 3.26
L. buchneri 7.03 <2.00 <2.00
L. plantarum 10.40 4.45 3.08
L. buchneri + L. plantarum 8.66 <2.00 <2.00

Sorghum Control 7.92 4.18 3.65
L. buchneri 6.13 <2.00 <2.00
L. plantarum 8.75 4.73 3.34
L. buchneri + L. plantarum 6.67 <2.00 <2.00

1Microbiological analysis was performed on a single sample each time. Therefore, no statistical analyses
are available.

ments (Filya et al., 2000; Filya, 2002a,b) with wheat,
sorghum, and corn silages.

Lactobacillus buchneri is a heterofermentative LAB,
which produces high levels of acetic acid in silage. Re-
sults with this microorganism in laboratory studies
were promising with regard to aerobic stability (Drie-
huis et al., 1999a,b; Filya, 2001, 2003; Kung and Ranjit,
2001; Filya et al., 2002; Ranjit et al., 2002; Weinberg
et al., 2002).

The results in the current study indicate clearly that
inoculation with L. buchneri alone or in combination
with a homofermentative LAB improved the aerobic
stability of low-DM corn and sorghum silages. Lactoba-
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cillus buchneri or L. buchneri + L. plantarum inoculated
silages had higher levels of acetic acid than the control
and L. plantarum inoculated silages (P < 0.05). Lactoba-
cillus buchneri was able to protect the aerobic stability
of the low dry matter corn and sorghum silages, even
in the presence of L. plantarum. The explanation for
the aerobic stability-enhancing effect of L. buchneri is
that the activity of yeasts is impaired. Driehuis et al.
(1999a) showed that yeasts are affected in 2 ways. First,
during anaerobic conditions, the survival of yeasts is
reduced. As a result, yeasts counts decrease in L. buch-
neri inoculated silages. Second, during the aerobic expo-
sure, yeast growth is inhibited. These findings are in
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Table 4. Results of the aerobic stability test (5 d) of the final silages after 90 d of ensiling.

log10 cfu/g of wet silage

Forage type Treatment pH CO2, g/kg of DM Yeasts1 Molds1

Corn Control 6.18b 36.44b 7.26 3.45
Lactobacillus buchneri 4.56c 7.08c <2.00 <2.00
L. plantarum 6.57a 68.86a 8.87 3.76
L. buchneri + L. plantarum 4.69c 9.61c 2.50 <2.00
SE 0.228 0.123

Sorghum Control 6.34b 40.67b 7.14 3.57
L. buchneri 4.60c 8.57c <2.00 <2.00
L. plantarum 6.68a 77.36a 9.38 4.19
L. buchneri + L. plantarum 4.73c 10.20c 2.63 <2.00
SE 0.211 0.107

a,b,cWithin a column and forage type means followed by different letter differ significantly (P < 0.05).
1Microbiological analysis was performed on a single sample each time. Therefore, no statistical analyses

are available.

agreement with those of Driehuis et al. (1999b), Kung
and Ranjit (2001), Oude Elferink et al. (2001), Ranjit
et al. (2002), our previous experiments (Filya, 2001,
2003; Filya et al., 2002), and Weinberg et al. (2002)
with wheat, sorghum, and corn silages. The drop in pH
with time was slower than typically observed in corn
and sorghum silages made at more normal DM content.
The fresh forages had low numbers of lactobacilli, which
may be a reason for the slow fermentation. The fact
that pH dropped slowly even in the inoculated silages
suggests that a high buffer capacity occurred in both
crops. At the end of the ensiling period (d 90), concentra-
tion of lactic acid was the lowest in L. buchneri-inocu-
lated silages. The combination of L. buchneri and L.
plantarum increased the concentrations of lactic acid
and initial rate of acidification of low-DM corn and sor-
ghum silages. Lactobacillus buchneri-inoculated si-
lages had higher ammonia N concentrations and silage
weight losses compared with the control or the L. plan-
tarum- or L. buchneri + L. plantarum-inoculated silages
(P < 0.05). Driehuis et al. (2001) reported that the in-
crease in ammonia N concentration in L. buchneri-inoc-
ulated corn silage was associated with the relatively

Table 5. In situ rumen degradability (48 h) of the final silages after 90 d of ensiling.

Degradability, %

Forage type Treatment DM OM NDF

Corn Control 46.37 47.80 31.82
Lactobacillus buchneri 45.75 47.56 32.34
L. plantarum 46.60 48.33 31.27
L. buchneri + L. plantarum 45.08 46.79 32.70
SE 1.256 1.209 1.234

Sorghum Control 49.52 50.72 44.71
L. buchneri 49.91 51.50 43.26
L. plantarum 48.09 49.61 44.15
L. buchneri + L. plantarum 48.70 50.28 43.82
SE 1.190 1.226 1.205
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large increase in pH taking place during the storage
phase as a result of the high metabolic activity of L.
buchneri in these silages. This finding is in agreement
with my previous experiment (Filya, 2003) with L.
buchneri in wheat, sorghum, and corn silages. The same
trend was shown in this experiment.

The inoculation with L. buchneri, alone or in combi-
nation with L. plantarum, did not affect the in situ
rumen DM, OM, and NDF degradability of corn and
sorghum silages. These findings agree with our previ-
ous experiments (Filya et al., 2002; Filya, 2003) with
wheat, sorghum, and corn silages. Salawu et al. (2001)
found that application of L. buchneri to pea-wheat si-
lage increased the in situ rumen nitrogen degradability,
reduced the NDF degradability, and did not affect
DM degradability.

CONCLUSIONS

The results of this study show that the L. buchneri,
alone or in combination with L. plantarum, can improve
the aerobic stability of low-DM corn and sorghum si-
lages. The results also show that the combination of L.
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buchneri and L. plantarum is preferable because the
combination accelerates the initial lactic acid fermenta-
tion rate, reducing pH and giving lower protein degra-
dation and fermentation losses.
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