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Abstract 

Enterobacteria were isolated from grass and from grass ensiled in laboratory silos. 
Strains isolated from grass belonged mainly to the Erwinia herbicola group. After 
ensiling the numbers of these bacteria diminished and Escherichia coli, Hafnia alvei 
and Klebsiella pneumoniae became the predominant bacteria in the respective ex
periments. Several strains, isolated either from grass or silage, were tested for their 
action on nitrate degradation by adding them to grass prior to ensiling. The isolates 
from grass did not affect nitrate degradation, whereas those from silage increased 
the rate of nitrate degradation and gave higher transient concentrations of nitrite 
and nitric oxide. The results indicate that there exists no direct relationship be
tween the total number of enterobacteria on grass and its ensilability. And that in 
the experiments the number of enterobacteria on grass that developed after ensi
ling were two orders of magnitude lower than total number of enterobacteria origi
nally present on the grass. 

Introduction 

Intensive grassland management with high fertilizer dressings can lead to crops for 
ensiling with 0.2-0.8 % nitrate in the dry matter, and occasionally levels up to 3 % 
may occur (Prins, 1983). 

During the first days of silage fermentation nitrate is degraded with a transient 
accumulation of nitrite and nitric oxide, which are well documented inhibitors of 
Clostridia (Ingram, 1976; Woods et al., 1981). It has been shown that the presence 
of nitrite and nitric oxide can also prevent clostridial growth during silage fermenta
tion (Spoelstra, 1983a). The final reduction product of nitrate in silage is ammo
nium (Hellberg, 1967; Hein & Weissbach, 1980; Ataku et al., 1982) or the gases ni
tric and nitrous oxide (Li & Burris, 1960; Ataku et al., 1982; Spoelstra, 1985). 

Nitrate reduction to gaseous products and ammonium are proton consuming pro
cesses. Thus in silage nitrate reduction inhibits clostridial growth by the formation 
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of nitrite and nitric oxide, but also counteracts acidification which eventually may 
lead to clostridial spoilage. 

The processes involved in the degradation of nitrate during silage fermentation 
are not fully understood. Hein (1970) concluded from experiments with sterilized 
grass ensiled without and with addition of the epiphytic microbiota of grass that 
bacteria are responsible for the degradation of nitrate. But Li & Burris (1960) 
found nitric oxide when germ-free grown soya-bean plants were ensiled, indicating 
that plant nitrate reductase plays a role as well. 

It has been suggested that enterobacteria play an important role in nitrate reduc
tion during silage fermentation (Gibson et al., 1958; Bousset-Fatianoff et al., 
1971). They reduce nitrate to nitrite with often ammonium being the most reduced 
end-product (Yordy & Ruoff, 1981). In addition, they are capable of reducing ni
trite to nitrous oxide (Bleakley & Tiedje, 1982). 

On grass, enterobacteria present a minor part of the epiphytic microbiota (Good-
fellow et al., 1976); during wilting their numbers increase (Weise, 1969). A rapid 
increase occurs during the first days of ensiling, however with increasing acidity the 
numbers decline and in well-preserved silages they are absent (Gibson et al., 1958; 
1961). 

The present investigation was undertaken to evaluate the role of enterobacteria 
in the degradation of nitrate during silage fermentation. 

Materials and methods 

Experimental 
Enterobacteria during wilting. The number of enterobacteria on the grass during 
wilting was followed by daily sampling a plot of 12 m x 6 m with mainly perennial 
rye grass. The plots were part of the experiment fields of I WO and underwent 
routine farm practice for silage making (i.e. mowing with a disc mower and tedding 
once per day). The plots were sampled by combining 10-15 grab-samples, which 
were sub-sampled by coring (diameter 40 mm). 

Ensiling 
Unwilted or wilted pre-ear emergent perennial rye grass was chopped (chop length 
20-40 mm) and ensiled without and with addition of a bacterial strain. The strains 
used were isolated either from grass or from silage and belonged to the Enterobac-
teriaceae. The strains added were pre-grown overnight in peptone-yeast extract-
glucose broth, harvested by centrifugation and resuspended in quarter-strength 
Ringer solution. The required amount of bacterial suspension was sprayed on the 
grass which was continuously mixed in a 150-1 concrete mixer. The control was 
sprayed with quarter-strength Ringer solution only. Of each treatment 2700 g of 
grass was ensiled in the IVVO-laboratory silo. Experimental details of the labora
tory silo and sampling procedures have been described previously (Spoelstra, 
1983b). 

The silages were sampled periodically and analysed for nitrate, nitrite, nitric 
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oxide, nitrous oxide, pH value, lactic acid, ethanol, volatile fatty acids and number 
of enterobacteria. 

Short-term incubations 
Strains of enterobacteria isolated from grass or silage were tested for their action 
on nitrate during silage fermentation. Bacterial suspensions were prepared in quar
ter-strength Ringer solution and sprayed on the grass to give an inoculation of 107-
108/g. In a 300-ml flask 100 g of grass were ensiled for 20 hours at 30 °C, and subse
quently analysed for pH value and nitrate and nitrite content. 

Chemical analyses 
Chemical analyses were performed as described before (Spoelstra, 1983a). This 
with exception of the estimation of nitrate and nitrite in silage extract, which were 
analysed on an autoanalyser as described for rumen fluid by Kemp et al. (1977). 

Microbiological procedures 
Extracts of grass and silage were prepared by treating 30 g to which 270 g of distilled 
water had been added for 5 min in a Stomacher (Seward Laboratory, London). 
From the extract decimal dilution series was prepared in quarter-strength Ringer 
solution. Enterobacteria were enumerated on pour plates of violet red bile glucose 
agar (VRB; Oxoid). The colonies were counted after incubation for 2 days at 
30 °C. Per sample two dilution series were prepared and petri dishes inoculated in 
duplicate. 

The most probable number of nitrate-reducing bacteria was assessed by incuba
ting per dilution three tubes with trypticase nitrate broth (BBL). After 2 days at 
30 °C the tubes were tested for nitrite. For isolating bacteria single colonies were 
randomly picked from VRB and streaked to purity on PYG agar (g l'1 : peptone 5, 
yeast extract 2, glucose 1, Na2HP042, agar 12). 

Strains were characterized by the API 20E system (API system, Montalieux, 
Vercieu, France) following the manufacturer's guidelines with the Analytical Pro
file Index. The strips were incubated at 30 °C. 

Results 

Enterobacteria on grass 
In 13 experiments, varying in wilting period from 2 to 8 days, the development of 
the number of enterobacteria was followed. At mowing the average count amoun
ted to 6.38 ± 0.51 (range 5.38-7.13) logarithmic units per gram dry matter (lu per g 
dm). During the wilting period the numbers of enterobacteria increased on average 
with 0.27 lu per g dm per day (percentage of variance accounted for was 68). 

No influence of the dry matter content (ranging from 130 to 590 g/kg) on the de
velopment of enterobacteria during wilting was observed. 

Of 5 randomly chosen samples of wilted grass the counts of enterobacteria on 
VRB were compared with the most probable number of bacteria that reduce ni
trate to nitrite. The counts did not differ significantly (t-test). In addition 71 colo-
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nies were randomly picked from VRB agar and transferred to nitrate-broth. Sixty-
seven colonies (94 %) showed formation of nitrite. 

Eighty-one isolates from direct cut and prewilted grass were characterised, 40 be
longed to the species Enterobacter agglomérons, 31 strains were identified as Ente
robacter species, 9 strains could not be readily identified. 

Effect of addition of enterobacteria to grass on silage fermentation 
In three experiments grass was inoculated with enterobacteria and ensiled. The 
chemical compositions of the grass and the silages 100 hours after the start of ensi
ling are given in Table 1. The grass in alle three experiments had crude fibre con
tents of about 200 g/kg dm, high nitrogen contents and low sugar levels. For Expe
riments 1 and 2, with unwilted grass, the initial lactic acid fermentation suggested in 
Table 1 was followed by a butyric acid fermentation. Ensilage of the wilted grass in 
Experiment 3 resulted in silages without butyric acid. 

Experiment 1 
In this experiment a strain isolated from wilted grass was sprayed on the grass to 
give 6.6 and 7.6 lu per gram, for the low and high level, respectively. This in addi
tion to 6.6 lu per g enterobacteria that were naturally present. The strain used was 
identified as E. agglomerans, indole-, saccharose + and had a yellow pigment (API 
code 1005172). 

The results of this experiment are presented in Fig. 1. Nitrate degradation and 
accumulation of nitrite and nitric oxide were similar for the inoculated silages and 
the control silage. Reduction of nitrate started at the beginning of ensiling. All ni
trate had disappeared from the silages after 100 hours. The course of the pH value 
was similar for all silages. It dropped to 4.5 within 40 hours and increased slightly 
again after this period. On 80 hours after ensiling increasing amounts of hydrogen 
gas was present in the atmosphere of the silo, indicating clostridial fermentation. 
Finally, 650 hours after the start of ensiling the pH value had risen over 6.0 and the 
silages contained about 900 mmol butyric acid per kg dry matter. 

The number of enterobacteria showed a maximum at about 20 hours and 
decreased slowly afterwards. 

Twelve strains of enterobacteria were isolated from a sample taken from the con
trol silage 70 hours after ensiling. All strains were identified as Escherichia coli. 

Experiment 2 
In this experiment grass was sprayed with a strain identified as E. coli (API code 
5144572), which had been isolated from the control silage in Experiment 1. In addi
tion to the 6.5 lu/g of enterobacteria naturally present, 6.1 lu/g and 7.1 lu/g were ad
ded for the low and high level of addition, respectively. 

Addition of this strain increased the speed of nitrate degradation with concomit-
tantly higher levels of nitrite and nitric oxide than the control (Fig. 2). The pH val
ues in the experimental silages remained higher during the first phase of the fer
mentation than in the control silage. All three silages were eventually spoiled by 
butyric acid fermentation, which started, as indicated by production of hydrogen, 
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about 70 hours after the beginning of ensiling. The pH values after 500 hours were 
6.5 or higher and the butyric acid contents amounted to about 900 mmol/kg dry 
matter in all three silages. 

From the control silage enterobacteria were isolated from samples taken 20, 92, 
119 and 164 hours after ensiling. Of the 17 strains obtained from the first sample 8 
were identified as E. agglomérons, 6 as Hafnia alvei, 1 as Citrobacter freundii and 1 
as E. coli. One strain could not be identified. The 26 isolates obtained from the 
other samples were attributed to the following species: E. agglomerans 1, H. alvei 
6, C. freundii 2, Proteus morganii 4, and E. coli 12. One strain could not be placed 
taxonomically. 

Experiment 3 
Wilted grass was inoculated with either 5.5 or 6.7 lu/g of a Hafnia alvei strain (API 
code 4105112) which had been isolated from the silage in Experiment 2 or with 7.1 
lu/g of E. agglomerans (API code 1005573) isolated from grass. This in addition to 
the 7.4 lu epiphytic enterobacteria per gram already present. Inoculation with E. 
agglomerans did not influence any of the parameters measured during silage fer
mentation (Fig. 3). This in contrast to H. alvei which at the low level of inoculation 
gave a small increase in the rate of nitrate degradation and a moderate increase of 
the maximum nitrite, nitric oxide and nitrous oxide levels. These effects were much 
more pronounced with the high level of inoculation furthermore a retarded pH 
drop was observed in this case. Twenty-one hours after the start of ensiling the 
number of enterobacteria had risen to 8.2 lu/g, while after 200 h their number had 
fallen below 10/g in the silages tested. Thirty strains, all identified as Enterobacter 
spp., were isolated from the grass before ensiling. After 1, 2 and 4 days, respective
ly, 17 out of 39, 12 out of 30 and none out of 28 isolates were identified as such. The 
dominating species in this experiment was Klebsiella pneumoniae (3, 10 and 11 
strains after 1, 2 and 4 days, respectively). The other strains were identified Entero
bacter cloacae (6 strains), Escherichia coli (4), Hafnia alvei (3), Klebsiella oxytoca 
(2) and Citrobacter freundii (1). Twelve strains could not be identified. 

Table 2. Nitrate degradation upon inoculation of grass with different strains of enterobacteria (short-
term experiments). 

Bacterium added Number of strains % Nitrate degraded 
tested after 20 h* 

None 10-25 
Enterobacter agglomerans 7 10-30 
Escherichia coli 7 85-95 
Hafnia alvei 2 100 
Citrobacter freundii 2 85-90 
Proteus morganii 1 93 

* Percentage of nitrate present in the original grass; range of results. 
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In the silages inoculated with H. alvei this bacterium clearly dominated (8 out 10 
and 10 out of 10 isolates for the low and high inoculation level respectively in sam
ples taken 2 days after ensiling). From the silage inoculated with E. agglomérons 1 
from the 11 strains isolated 2 days after ensiling could be attributed to this species. 

Short-term incubations 
In total 19 strains were tested in 20 hours trials for their action on nitrate during si
lage fermentation (Table 2). Strains identified as E. agglomérons did not affect ni
trate degradation and silage fermentation. Strains identified as E. coli, H. alvei, C. 
freundii and P. morganii showed increased nitrate degradation when added to 
grass, resulting in increased levels of nitrite and pH values after 20 hours in compa
rison to control trials. 

Discussion 

Nearly all colonies developing on VRB could reduce nitrate. Colony counts on 
VRB and the most probable number of nitrate-reducing bacteria gave similar re
sults. From these observations it is concluded that colony counts on VRB give a 
good estimate of the number of bacteria on grass that are able to reduce nitrate. 

The numbers of enterobacteria on grass found here agreed well with those 
reported by Weise (1969). During wilting enterobacteria increased. This was also 
reported by Weise (1969) and Beck (1965) noted that grass wilted under wet wea
ther conditions has an elevated count of enterobacteria. 

Most organisms isolated from grass were identified as E. agglomérons by the API 
system. This system has primarily been developed for the identification of clinical 
isolates. From the origin of the samples it seems more appropriate to use the syno
nym Erwinia herbicola (Starr, 1981), and it is assumed that all the isolates from 
grass belong to the E. Herbicola group, which has been found to be the predomi
nant group of enterobacteria present on grass (Goodfellow et al., 1975). 

Erwinia herbicola made up for 47 % of the strains isolated 20 hours after the be
ginning of ensiling (Exp. 2). From the samples taken after 92 hours and later only 
one strain (3 %) was identified as E. herbicola. The results suggest that shortly af
ter ensiling H. alvei developed and that after a few days E. coli dominated the ente
robacteria in silage. In experiment 3 Klebsiella pneumoniae became the predomi
nant enterobacterium. In literature enterobacteria proliferating in silage were cha
racterized as 'Linked to the klebsiella group' (Gibson et al., 1958; 1961), Hafnia 
spp. (Gouet, 1966) and E. coli (Barnett, 1953), which accords with the identifica
tion of the organisms isolated in this study. 

Addition of E. herbicola strains isolated from grass and silage before ensiling 
(Exp. 1 and 3 and short-term incubations) did not influence nitrate metabolism in 
silage. Upon ensiling, this group of organisms died off rapidly and did apparently 
not influence silage fermentation when added tot the grass before ensiling (Exp. 1 
and 3). This is contrast to E. coli, Hafnia alvei and some other strains isolated from 
silage (Exp. 2 and 3 and short-term experiments) which degraded nitrate during si
lage fermentation and therewith could influence silage quality. This is most appa
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rent from the increased pH values, which probably are the result of two effects. De
gradation of nitrate to NOx gases and ammonium binds one and two protons res
pectively. Furthermore as a result of nitrate respiration there could be a shift in 
composition of fermentation products from lactic to the weaker acetic acid (Yamo-
moto & Ishimoto, 1981), which also means an increase in buffering capacity. 

The total number of enterobacteria during wilting increased, as has been found 
before (Beck, 1965; Weise, 1969). However, the results show that the predominant 
enterobacteria on grass influenced neither nitrate degradation nor any other para
meter observed during silage fermentation. This implies that there is not a direct 
relationship between the total number of enterobacteria on grass and its ensilabili-
ty. Results of experiment 3 showed that inoculation with 5.5 lu/g of H. alvei had a 
moderate influence on the parameters studied. This could indicate that the level of 
enterobacteria on the grass active after ensiling was in this experiment at this order 
of magnitude and probably somewhat lower, whereas the total number of entero
bacteria on the grass in this experiment amounted to 7.4 lu/g. In Experiment 2 ino
culation with 6.1 or 7.1 lu/g of E. coli, in addition to the 6.5 lu/g naturally present, 
resulted in a similar major effect on nitrate catabolism. This indicates that the level 
of enterobacteria on the grass active after ensiling was considerably below 6.1 lu/g. 

The results of these experiments suggest that the level of enterobacteria that in
fluence silage fermentation could be about 2 orders of magnitude lower than the to
tal number of enterobacteria on the grass. 

The total number of enterobacteria on grass increased during wilting. Whether 
the same is true for the minority of enterobacteria that is active after ensiling re
mains unsure. 
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