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Fate of Escherichia coli O26 in Corn Silage Experimentally Contaminated at Ensiling, at Silo Opening, or after Aerobic Exposure, and Protective Effect of Various Bacterial Inoculants ᰔ

Shiga toxin-producing Escherichia coli (STEC) strains are responsible for human illness. Ruminants are recognized as a major reservoir of STEC, and animal feeds, such as silages, have been pointed out as a possible vehicle for the spread of STEC. The present study aimed to monitor the fate of pathogenic E. coli O26 strains in corn material experimentally inoculated (10 5 CFU/g) during ensiling, just after silo opening, and after several days of aerobic exposure. The addition of 3 bacterial inoculants, Propionibacterium sp., Lactobacillus buchneri, and Leuconostoc mesenteroides (10 6 CFU/g), was evaluated for their abilities to control these pathogens. The results showed that E. coli O26 could not survive in corn silage 5 days postensiling, and the 3 inoculants tested did not modify the fate of pathogen survival during ensiling. In the case of direct contamination at silo opening, E. coli O26 could be totally eradicated from corn silage previously inoculated with Leuconostoc mesenteroides. The combination of proper ensiling techniques and the utilization of selected bacterial inoculants appears to represent a good strategy to guarantee nutritional qualities of cattle feed while at the same time limiting the entry of pathogenic E. coli into the epidemiological cycle to improve the microbial safety of the food chain.

There is growing concern about food safety and especially about inputs of pathogenic microorganisms with possible implications for human health and the environment. Among these microorganisms, Shiga toxin-producing Escherichia coli (STEC) strains have emerged in the past 30 years as a foodborne pathogen of public health importance [START_REF] Riemann | Microbial food borne pathogens. Escherichia coli O157:H7[END_REF]. STEC strains are responsible for human illnesses ranging from diarrhea to hemorrhagic colitis and hemolytic-and-uremic syndrome (HUS) [START_REF] Invs | Epide ´mie d'infections a `E. coli producteurs de Shiga-toxines non O157 lie ´e a `la consommation de camembert au lait cru, Nord-Ouest de la France[END_REF]. HUS has been recognized as the leading cause of acute renal failure in children [START_REF] Tarr | Shiga-toxin-producing Escherichia coli and haemolytic uraemic syndrome[END_REF]. STEC infections are frequently acquired through the ingestion of contaminated food or water or through direct contact with contaminated animals [START_REF] Karmali | Verocytotoxin-producing Escherichia coli (VTEC)[END_REF]. The majority of reported outbreaks and sporadic cases of STEC infection in humans have been associated with serotype O157:H7 [START_REF] Karmali | Verocytotoxin-producing Escherichia coli (VTEC)[END_REF]. However, other STEC serogroups are significant causes of human diseases, especially E. coli O26, O103, O111, and O145 [START_REF] Pearce | Prevalence and virulence factors of Escherichia coli serogroups O26, O103, O111, and O145 shed by cattle in Scotland[END_REF]. Since 1996, numbers of infections attributed to E. coli O26 strains have shown an important increase [START_REF] Caprioli | Non-O157 Shiga toxin-producing Escherichia coli infections in Europe[END_REF]. In France, one outbreak linked to raw milk cheese contaminated by E. coli O26 was reported in December 2005 [START_REF] Espie | Surveillance du syndro ˆme he ´molytique et ure ´mique chez les enfants de moins de 15 ans en France en[END_REF], and in a prospective multicenter study conducted in Austria and Germany during a 6-year period, E. coli O26 was the second most frequently detected serogroup isolated from patients with a clinical diagnosis of HUS after the O157:H7 serotype [START_REF] Zimmerhackl | Enterohemorrhagic Escherichia coli O26: H11-associated hemolytic uremic syndrome: bacteriology and clinical presentation[END_REF]. STEC strains possess stx genes, coding for Shiga toxin production [START_REF] Paton | Detection and characterization of Shiga toxigenic Escherichia coli by using multiplex PCR assays for stx 1 , stx 2 , eaeA, enterohemorrhagic E. coli hlyA, rfb O111 , and rfb O157[END_REF]. Previous studies have shown that E. coli O26 could easily arise from stx-negative to stx-positive strains and vice versa [START_REF] Bielaszewska | Shiga toxin-mediated hemolytic uremic syndrome: time to change the diagnostic paradigm?[END_REF][START_REF] Jenkins | Escherichia coli serogroup O26-a new look at an old adversary[END_REF]. An important property of food-borne pathogenic Escherichia coli strains is their resistance to acids, enabling them to survive in fermented environments or in the human gastrointestinal tract [START_REF] Lin | Mechanisms of acid resistance in enterohemorrhagic Escherichia coli[END_REF]. Indeed, the low infectious dose associated with human STEC infection is attributed to this acid-resistant characteristic [START_REF] Griffin | The epidemiology of infections caused by Escherichia coli O157:H7, other enterohemorrhagic E. coli, and the associated hemolytic uremic syndrome[END_REF]. Three systems, the oxidative, glutamate-dependent, and arginine-dependent, could protect E. coli cells against pH 2 to 2.5 [START_REF] Lin | Comparative analysis of extreme acid survival in Salmonella typhimurium, Shigella flexneri, and Escherichia coli[END_REF]. The glutamatedependent system has been proven to be most effective in protecting E. coli against the bactericidal effects of a variety of organic acids [START_REF] Castanie-Cornet | Control of acid resistance in Escherichia coli[END_REF][START_REF] Lin | Mechanisms of acid resistance in enterohemorrhagic Escherichia coli[END_REF].

Ruminants are recognized to be a major reservoir of STEC [START_REF] Chapman | Cattle as a possible source of verocytotoxinproducing Escherichia coli O157 infections in man[END_REF][START_REF] Wang | Fate of enterohemorrhagic Escherichia coli O157:H7 in bovine feces[END_REF]. The average STEC carriage rate in cattle in Europe was shown to range from 11 to 21% [START_REF] Rogerie | Characterization of Shiga toxin producing E. coli and O157 serotype E. coli isolated in France from healthy domestic cattle[END_REF]. STEC carriage in bovines is transient [START_REF] Hancock | The control of VTEC in the animal reservoir[END_REF], and variations in STEC excretion can be observed over time [START_REF] Heuvelink | Occurrence of verocytotoxin-producing Escherichia coli O157 on Dutch dairy farms[END_REF][START_REF] Rugbjerg | Risk factors associated with faecal shedding of verocytotoxin-producing Escherichia coli O157 in eight known-infected Danish dairy herds[END_REF]. The seasonal increase in STEC shedding from cattle suggests that environmental replication may have an important role in STEC ecology on farms. Feedstuffs could be considered the first step in the food production chain, and the prevalence of STEC in cattle environments should be controlled to limit the risk of STEC transmission to humans. Animal feeds, such as silages, have been suspected to be a vehicle for the spread of STEC within livestock [START_REF] Davis | Feedstuffs as a vehicle of cattle exposure to Escherichia coli O157:H7 and Salmonella enterica[END_REF]. Indeed, E. coli O157 has been found relatively frequently in bunk feeds (1.8%) [START_REF] Hancock | The control of VTEC in the animal reservoir[END_REF] and could also replicate in a variety of cattle feeds [START_REF] Lynn | The occurrence and replication of Escherichia coli in cattle feeds[END_REF]. The most important crops for ensiling worldwide are whole crop corn, alfalfa, and various grasses [START_REF] Weinberg | Engineering aspects of ensiling[END_REF]. In France, corn silage is consumed by about 80% of dairy cows throughout the year [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF], and it is extensively used for the feeding of U.S. herds [START_REF] Jokela | Perennial forages benefit soils, other crops, and water quality in important ways[END_REF].

Ensiling is a preservation method that is based on natural lactic acid fermentation under anaerobic conditions [START_REF] Gollop | Antibacterial activity of lactic acid bacteria included in inoculants for silage and in silages treated with these inoculants[END_REF]. The preservative effect is related mostly to a rapid pH reduction due to water-soluble carbohydrate (WSC) conversion into organic acids by lactic acid bacteria (LAB). Various amounts of organic acids, mainly lactic acid, acetic acid, and propionic acid, are produced during silage fermentation, depending on forage quality parameters, moisture, and the use of silage additives [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF]. The addition of selective bacteria at the beginning of ensiling could influence the fermentation process, improve the preservation efficiency, and avoid aerobic spoilage. The heterofermentative organism Lactobacillus buchneri is extensively used to improve the aerobic stability of silages via its accumulation of organic acids (acetic and propionic acids) and propylene glycol [START_REF] Oude Elferink | Anaerobic conversion of lactic acid to acetic acid and 1,2-propanediol by Lactobacillus buchneri[END_REF]. Many studies have shown an interest in this species as a silage additive [START_REF] Filya | The effect of Lactobacillus buchneri on the fermentation, aerobic stability and ruminal degradability of maize silage[END_REF][START_REF] Holzer | The role of Lactobacillus buchneri in forage preservation[END_REF][START_REF] Kristensen | Effects of microbial inoculants on corn silage fermentation, microbial contents, aerobic stability, and milk production under field conditions[END_REF][START_REF] Kung | The effect of Lactobacillus buchneri and other additives on the fermentation and aerobic stability of barley silage[END_REF][START_REF] Weinberg | Ensiling whole-crop wheat and corn in large containers with Lactobacillus plantarum and Lactobacillus buchneri[END_REF]. Other lactic acid bacteria, such as Leuconostoc mesenteroides or the homofermentative lactic acid bacteria Lactobacillus plantarum and Pediococcus sp., can be used for the rapid production of lactic acid and their antimicrobial effects [START_REF] Gollop | Antibacterial activity of lactic acid bacteria included in inoculants for silage and in silages treated with these inoculants[END_REF][START_REF] Higginbotham | Effects of inoculants containing propionic acid bacteria on fermentation and aerobic stability of corn silage[END_REF][START_REF] Holzer | The role of Lactobacillus buchneri in forage preservation[END_REF].

STEC contamination in silage could occur via shedding or through the fertilization of fields with manure or irrigation water. Although previous studies have shown that E. coli O157:H7 could not survive in well-fermented silage [START_REF] Bach | Persistence of Escherichia coli O157:H7 in barley silage: effect of a bacterial inoculant[END_REF][START_REF] Byrne | Fate of Escherichia coli O157:H7 during silage fermentation[END_REF], pathogenic E. coli strains were shown to survive in poorly fermented silage [START_REF] Fenlon | The fate of Escherichia coli and E. coli O157 in cattle slurry after application to land[END_REF][START_REF] Fenlon | Growth of Escherichia coli O157 in poorly fermented laboratory silage: a possible environmental dimension in the epidemiology of E. coli O157[END_REF]. Inadequate silage processing could thus be a source of animal contamination. Silo opening and animal feeding could be other possible ways of animal reservoir contamination by pathogenic E. coli. At silo opening, air penetrates into the silage, resulting in an important pH increase [START_REF] Weinberg | The effect of a propionic-acid bacterial inoculant applied at ensiling, with or without lactic-acid bacteria, on the aerobic stability of pearl-millet and maize silages[END_REF], which could allow E. coli to survive. Several studies have been performed to assess the fate of E. coli O157 in silage [START_REF] Avery | Fate of Escherichia coli O157 and detection of stx phage during fermentation of maize, an animal feedstuff[END_REF][START_REF] Pedroso | Control of Escherichia coli O157:H7 in corn silage with or without various inoculants: efficacy and mode of action[END_REF], but nothing is known about the survival of E. coli O26 in silage. Only one study has been performed to evaluate the effects of various bacterial inoculants on the survival of pathogenic E. coli O157:H7 in aerobically spoiled silages [START_REF] Pedroso | Control of Escherichia coli O157:H7 in corn silage with or without various inoculants: efficacy and mode of action[END_REF]. The first objective of this study was to evaluate the fate of E. coli O26 during corn silage processing from ensiling until unloading and after aerobic exposure. The second objective was to evaluate the potential of three different bacterial inoculants to control pathogen development.

MATERIALS AND METHODS

E. coli O26 strains.

Three different E. coli strains belonging to the O26 serogroup were used in the present study (Table 1). The strains belong to the E. coli collection of LMAP VetAgro Sup, French National Reference Laboratory. One of these strains originated from a farm environment (strain C2), and the other two came from dairy products (strains C1 and C3). The virulence profiles of these strains were characterized by real-time PCR (RT-PCR), and the strains were tested for their ability to survive acid stress by using the glutamate-dependent system according to a protocol described previously by Takada et al. [START_REF] Takada | RNase E is required for induction of the glutamate-dependent acid resistance system in Escherichia coli[END_REF]. All strains were kept in cryobeads (Technical Services, CL, Heywood, Lancashire, United Kingdom) and maintained at Ϫ80°C. Bacterial additives. The 3 bacterial strains used were heterofermentative and are known to produce lactic acid and other organic acids. The two bacterial strains Propionibacterium sp. strain R0410 and Lactobacillus buchneri NCIMB 40788 were obtained from the Lallemand collection (Lallemand SAS, Blagnac, France). L. buchneri is already marketed as a silage additive. The third strain, Leuconostoc mesenteroides 6A1MLb4, was obtained from the Research Unit CALITYSS collection (VetAgro Sup, Lempdes, France) and was initially isolated from a sausage production factory. For long-term conservation, the isolates were stored at Ϫ80°C in 30% glycerol.

Preparation of microbial inocula. Bacterial additives were grown in de Man-Rogosa-Sharpe (MRS) broth (Biokar Diagnostic, Beauvais, France) for 24 h at 30°C [START_REF] De Man | A medium for the cultivation of lactobacilli[END_REF]. Bacteria were sedimented by centrifugation (3,000 ϫ g for 10 min), washed twice, and resuspended in tryptone salt (TS) broth (bioMe ´rieux, Marcy l'Etoile, France). Cells were adjusted to an optical density at 600 nm of 0.8 with Densimat (bioMe ´rieux, Marcy l'Etoile, France) to achieve 1 ϫ 10 7 CFU/g in the suspension. Strains were then diluted in TS broth to achieve 1 ϫ 10 6 CFU/g at ensiling. The population of bacteria in the suspension was checked by spread plating onto MRS agar plates. E. coli strains were grown in 10 ml brain heart infusion (BHI) broth (Oxoid, Basingstoke, Hampshire, United Kingdom) by incubation at 37°C for 24 h. The same protocol was then followed in order to achieve 1 ϫ 10 5 CFU/g in silage.

Bacterial treatments applied to the forage consisted of Propionibacterium sp. R0410, Lactobacillus buchneri NCIMB 40788, Leuconostoc mesenteroides 6A1MLb4, and a mixture of equal amounts of each strain (mix). During the storage period, the four inocula (Propionibacterium sp., L. buchneri, Leuconostoc mesenteroides, and mix) were added to corn material at 1 ϫ 10 6 CFU/g, and E. coli C1, C2, and C3 were inoculated independently at 1 ϫ 10 5 CFU/g. In minisilos, only Propionibacterium, L. buchneri, and Leuconostoc mesenteroides additives at 1 ϫ 10 6 CFU/g were applied onto the corn material at ensiling, and the same E. coli strains were then challenged independently at 1 ϫ 10 5 CFU/g immediately after silo opening and after long-term aerobic exposure. The control consisted of bacterial additives and E. coli strains inoculated separately in silage previously treated with water. Concentrations of E. coli and bacterial additive populations in the final suspensions were checked by spread plating onto agar plates. A schematic protocol for the study is displayed in Fig. 1.

Silage processing. Whole plant corn was harvested at 40.7% dry matter (DM) with a 20-mm length of cut. Before the beginning of the work, the corn material was tested by using an RT-PCR assay for the potential presence of E. coli O26 [START_REF] Debroy | Detection of Escherichia coli serogroups O26 and O113 by PCR amplification of the wzx and wzy genes[END_REF]. Minisilos were employed only for contamination at silo opening. Indeed, the number of silos needed to evaluate pathogen fate during the storage period was too important, and plastic bag silos were preferred.

For the first experiment of pathogen contamination at ensiling, 250 g of forage was distributed into a plastic box, and the bacterial inoculant was applied by manual spreading and mixed thoroughly by hand to ensure a good distribution of the inoculum. Each treatment was then divided into three parts and contaminated with E. coli strains C1, C2, and C3, respectively. A portion of 50 g of each treated forage was transferred into a 20-by 30-cm translucent airtight plastic bag (Boyauderie Duclos, Bourg en Bresse, France). Air in the bag silos was removed by use of a vacuum cleaner (Bower 42; Henkelmann, Murin and Fouillat, Fezin, France) at Ϫ81 kPa to obtain anaerobic conditions close to those of silage. Triplicate samples were ensiled for 0, 5, 8, 21, and 90 days at 20°C away from light, giving a total of 300 bag silos.

For the second experiment of E. coli contamination at opening, each additive was applied in triplicate onto 2 kg of forage by spraying 200 ml of the bacterial 
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a An RT-PCR assay tested for the wzx gene that encodes the somatic antigen O26 [START_REF] Debroy | Detection of Escherichia coli serogroups O26 and O113 by PCR amplification of the wzx and wzy genes[END_REF], fliC that encodes the flagellar antigen H11 [START_REF] Durso | Molecular serotyping of Escherichia coli O26:H11[END_REF], the eae gene that encodes the intimin adherence protein [START_REF] China | Heterogeneity of the eae genes in attaching/effacing Escherichia coli from cattle: comparison with human strains[END_REF], and the stx 1 and stx 2 genes that encode Shiga toxins [START_REF] Paton | Detection and characterization of Shiga toxigenic Escherichia coli by using multiplex PCR assays for stx 1 , stx 2 , eaeA, enterohemorrhagic E. coli hlyA, rfb O111 , and rfb O157[END_REF]. ϩ, the strain is able to use the glutamate-dependent system according to data described previously by Takada et al. [START_REF] Takada | RNase E is required for induction of the glutamate-dependent acid resistance system in Escherichia coli[END_REF]. suspension onto a plastic sheet and mixed thoroughly by hand to ensure a good distribution. Forage was then manually compacted into a total of 12 cylindrical minisilos with a 2-kg capacity to achieve anaerobic conditions similar to those of silage. Polyvinyl chloride (PVC) tubes were equipped with a valve allowing gas evacuation. Minisilos were stored for 120 days at room temperature (20°C). At silo opening, moldy silage was removed from the minisilos. Approximately 500 g of silage was taken, mixed thoroughly, and used for immediate E. coli O26 contamination. The remaining forage in each silo (600 g) was left in the tube, covered with 2 layers of cheesecloth to avoid dehydration and allow aerobic exposure, and stored at 20°C for 144 h. Silage for immediate contamination was divided into three equal parts of 150 g each, transferred into a plastic bag, and contaminated with E. coli strains C1, C2, and C3, respectively. The bag silos were stored at room temperature, and silage pH and E. coli counts were determined 24 h and 48 h after contamination. The same protocol was then applied to the rest of the silage, which was previously aerated for 144 h and gently mixed before contamination. As a result, silages previously treated with bacterial additives were subjected to E. coli contamination at two stages of aerobic exposure (immediately or after 144 h), and samplings were performed 24 h and 48 h after each contamination, as shown in Fig. 1.

Sampling, enumeration, and detection. For each sampling time, 25 g of silage was diluted (1:10) in sterile buffered peptone water (BPW) (bioMe ´rieux, Marcy l'Etoile, France) in a sterile bag filter (BagSystem 400 ml Modelϩ; Interscience, Saint Nom la Breteche, France) and homogenized for 30 s in a stomacher (Stomacher Mix1; AES Laboratory, Bruz, France). Further decimal dilutions were made with TS broth for the enumeration of E. coli O26 and bacterial additives. The concentration of E. coli O26 was determined by plating 10-fold serial dilutions onto ColiID agar (bioMe ´rieux, Marcy l'Etoile, France) complemented with 0.05 mg/liter of cefixime and 2.5 mg/liter of potassium tellurite (CT) (bioMe ´rieux, Marcy l'Etoile, France), and the colonies were incubated for 24 h at 37°C. Violet colonies were identified as E. coli O26 and were confirmed by RT-PCR. Total LAB were enumerated on MRS plates incubated at 30°C for 48 h. Microbial analyses were performed by using spiral plating (WASP spiral plating; AES Laboratory, Bruz, France), and the enumeration of the colonies was carried out with an EC2 Easy Count 2 automatic colony counter (AES Laboratory, Bruz, France). When no colony was isolated from the silages, the detection of E. coli O26 was undertaken after an enrichment step for 24 h at 37°C in order to check for the presence or absence of the target bacteria in the forage. More precisely, 1 ml of the enrichment bag was sampled, immunomagnetic separation (IMS) was performed manually as recommended by the manufacturer (Dynabeads; Invitrogen, Cergy Pontoise, France), and the sample was plated onto Sorbitol Mac-Conkey (SMAC) agar (bioMe ´rieux, Marcy l'Etoile, France). After 24 h of incubation at 37°C, presumptive E. coli O26 colonies were confirmed by RT-PCR. In parallel, bacterial genomic DNA was extracted from 1 ml enrichment broth with EZ1 Automate according to the manufacturer's recommendations (bioMe ´rieux, Marcy l'Etoile, France), and RT-PCR was performed on O26 somatic antigen.

Physicochemical analysis. The dry matter (DM) content of silage samples was determined by drying 10 g for 24 h at 105°C according to a protocol described previously by Bach et al. [START_REF] Bach | Persistence of Escherichia coli O157:H7 in barley silage: effect of a bacterial inoculant[END_REF]. The determination of the pH was performed directly by use of a pH meter (WTW; pH330, Weilheim, Germany) at each sampling time. The D,L-lactate concentration was determined on 25 g of the negative-control silages by using capillary electrophoresis, and volatile fatty acid (VFA) profiles were obtained by gas chromatography (analyzed by Lareal, France). Two hundred grams previously removed at the opening of each minisilo was analyzed by Inzo (France) for minerals, nutritional values, and organic acid production.

Statistical analysis. During the ensiling period, an analysis of variance (ANOVA) using the factor "silage additives" with 5 modalities (L. buchneri, Leuconostoc mesenteroides, Propionibacterium, mix, and water) was used to determine significant differences in LAB cell counts at day 90, depending on the additive employed. The same test with only 4 modalities (L. buchneri, Leuconostoc mesenteroides, Propionibacterium, and water) was used for LAB cell counts 48 h after contamination at opening or after aerobic exposure. The hypothesis of a significant difference depending on the additives used was also tested with the results of the physicochemical parameters of silages at opening. Statistical analyses were performed with R software [START_REF]R: a language and environment for statistical computing[END_REF]. A statistically significant difference was defined by a P value of less than 5%. When appropriate, average pH values, FIG. 1. Schematic protocol for the study. P, Propionibacterium sp. strain R0410; LB, Lactobacillus buchneri NCIMB 40788; LM, Leuconostoc mesenteroides 6A1MLb4.

LAB counts, or physicochemical parameter results were indicated by the SD (standard deviation).

RESULTS

No E. coli O26 was detected before the challenge in the corn material; indeed, no violet colony appeared on ColiID agar (bioMe ´rieux, Marcy l'Etoile, France), and the RT-PCR detection of O26 somatic antigen [START_REF] De Man | A medium for the cultivation of lactobacilli[END_REF] in the enrichment broth of the initial corn material was negative.

Silages contaminated at ensiling. (i) Physicochemical changes. Figure 2 shows the pH changes in all bag silos during storage (90 days). Their patterns were similar for all silages. Initially, the pH value of the corn material was 6.0. At the beginning of fermentation, the pH dramatically decreased to very low values and dropped below 4.0 at day 5. Afterwards, the pH increased slightly from 3.85 (SD ϭ 0.1) at day 5 to 4.33 (SD ϭ 0.1) at day 90. In negative-control silages, the lactic acid concentration showed changes corresponding to pH values: a sharp rise was observed from 4.5 g/kg of DM in the initial silage to 46.28 g/kg of DM on day 21. A very slight decrease during the last part of the storage period was then noticed, and the lactic acid concentration reached 41.35 g/kg of DM on day 90. Volatile fatty acid (VFA) profiles showed the same evolution. Acetic acid was produced with a peak of 11.83 g/kg of DM at 21 days postensiling, and the final concentration was 10.7 g/kg of DM on day 90. The other VFAs analyzed, i.e., propionic acid, butyric and isobutyric acids, and valeric and isovaleric acids, were below the detection level (Ͻ0.1 g/kg) during the storage period.

The evolution of DM in all the bag silos changed in the same way and showed a slight decrease during storage. The level of DM was 40.7% for the corn material before ensiling and finally reached 37.7% (SD ϭ 2.27%).

(ii) Total LAB population changes. Total LAB concentrations were comparable between samples and rose from 7.26 log 10 CFU/g (SD ϭ 6.97 log 10 CFU/g) to 8.40 log 10 CFU/g (SD ϭ 7.89 log 10 CFU/g) in 8 days. The concentrations decreased slightly afterwards. The LAB concentrations in silages inoculated with Propionibacterium sp., L. buchneri, and Leuconostoc mesenteroides were close to those found in silages containing endogenous LAB during the ensiled period. However, on day 90, LAB counts were higher for some silages, but no significant difference was observed between silages with and those without bacterial inoculants (P Ͼ 0.05).

(iii) E. coli O26 population changes. Counts and detection of E. coli O26 in the all bag silos were performed on days 0, 5, 8, 21, and 90 after ensiling (Table 2). Between day 0 and day 5, an important decrease in the O26 load was observed for all silages, and most of the E. coli counts were below the detection level (Ͻ100 CFU/g of silage). On day 5, no culturable E. coli O26 cells were detected, but the somatic antigen O26 was amplified by RT-PCR in all of the samples, except for strain C3, in bag silos inoculated with L. buchneri where no signal was detected. At 8 days postensiling, no specific trend of E. coli survival could be pointed out, except for E. coli C1, C2, and C3 coinoculated with the mixture, which were still detectable. On day 21, E. coli O26 was no longer found in silage, and all enrichments were negative for the RT-PCR detection of the somatic antigen O26. The same results were observed at the end of the storage period (day 90). No trend could be observed for the changes in the three E. coli O26 strains during the storage period of corn silage regardless of the additive considered (Propionibacterium sp., L. buchneri, Leuconostoc mesenteroides, or mixture).

Silages contaminated at opening. (i) Physicochemical results. At opening, the pH value for all silos was 4.43 (SD ϭ 0.1) and remained stable during 48 h. Nutritional and nutritive analyses did not show important changes between the different silos (Table 3). Significant differences could be observed for the production of acetic acid in silos, which was found in lower quantities for silos inoculated with L. buchneri than others (P Ͻ 0.05). Other indicators were not significantly different. In minisilos, the DM content was about 39.32% (SD ϭ 0.94%), the starch content was 40.38% (SD ϭ 1.14%), and the content of DM and cellulose was 16.54% (SD ϭ 0.5%).

After 144 h of aerobic exposure, the pH values in most of the silos showed an important increase and were about 7.16 (SD ϭ 1.16). The silage pH slightly decreased to pH 6.92 (SD ϭ 0.84) at 144 h plus 24 h and finally reached pH 6.77 (SD ϭ 0.84) at 144 h plus 48 h. The DM contents were similar in every silo and showed an increase during the 144-h aerobic period to finally reach 50.9% (SD ϭ 0.73%).

(ii) Direct contamination at opening. Total LAB populations had the same behaviors between the samples. The populations ranged from 8.98 ϫ 10 5 to 3.6 ϫ 10 6 CFU/g at opening and evolved between 7.4 ϫ 10 5 and 2.4 ϫ 10 7 CFU/g during 48 h. Total LAB populations in silages treated with Leuconostoc mesenteroides and Propionibacterium contaminated with E. coli C2 showed a slight decrease in populations. The same results were observed for positive-control silos contaminated with E. coli C3. Other silos showed an increase in the total LAB load. As observed during ensiling, no significant differences at 48 h after contamination were found between silages inoculated with bacterial additives and silages with endogenous LAB (P Ͼ 0.05). Twentyfour hours after contamination, most of the E. coli counts were below the detection level of 100 CFU/g of silage, but strains were still detected by RT-PCR after enrichment (Table 4). Forty-eight hours after contamination, E. coli O26 was less frequently detected. In Leuconostoc mesenteroidestreated silages, E. coli strains C1, C2, and C3 were not detectable in any of the 3 repeats. The other additives did not show the same effect on E. coli survival.

(iii) Contamination after 144 h of aerobic exposure. The evolutions of total LAB after 144 h of aerobic exposure were similar between silages and compared to LAB evolution at opening. The populations ranged from 1 ϫ 10 6 CFU/g to 1 ϫ 10 8 CFU/g after aerobic exposure and remained stable until 144 plus 48 h without any significant difference 48 h after contamination (P Ͼ 0.05). Enumerations of C1, C2, and C3 were carried out during the 48 h of sampling after aerobic exposure. No differences could be found between the different treatments, and the pathogen was enumerated at a concentration ranging between 1.67 ϫ 10 2 CFU/g and 6.02 ϫ 10 6 CFU/g of silage. A comparison of the evolutions of the 3 E. coli strains in Leuconostoc mesenteroides-treated silage contaminated either at opening or after 144 h of aerobic exposure is shown in Fig. 3. In one trial of the silage previously treated with the LAB L. buchneri, E. coli growth was observed. 

DISCUSSION

Silages could be contaminated by several pathogenic microorganisms and more precisely by pathogenic E. coli through manure or irrigation water [START_REF] Weinberg | The effect of sewage irrigation on safety and hygiene of forage crops and silage[END_REF]. Hazard analysis and critical control points (HACCP) and good manufacturing practices (GMP) should be applied to forage crops and feeds [START_REF] Weinberg | The effect of sewage irrigation on safety and hygiene of forage crops and silage[END_REF]. The cleaning of equipment would clearly reduce contamination, but another possible on-farm critical control point is to minimize the establishment of pathogenic E. coli in silage in order to limit E. coli contamination of animal feedstuffs, which can represent a first step in the human food chain. According to GMP, a delay of at least 4 weeks between manure spreading and harvesting should be applied in order to limit the presence of butyric bacteria in silage. This preventive measure could also be applied for limiting the presence of E. coli. Although the elimination of E. coli or E. coli O157 during the storage period in corn and grass silage was demonstrated previously in other studies [START_REF] Bach | Persistence of Escherichia coli O157:H7 in barley silage: effect of a bacterial inoculant[END_REF][START_REF] Byrne | Fate of Escherichia coli O157:H7 during silage fermentation[END_REF][START_REF] Chen | Fate of Escherichia coli during ensiling of wheat and corn[END_REF][START_REF] Pedroso | Control of Escherichia coli O157:H7 in corn silage with or without various inoculants: efficacy and mode of action[END_REF], only Pedroso et al. investigated the fate of E. coli O157:H7 in silage during the unloading phase [START_REF] Pedroso | Control of Escherichia coli O157:H7 in corn silage with or without various inoculants: efficacy and mode of action[END_REF], as this serotype was the one most frequently associated with outbreaks. Strains of other serogroups, and especially O26, have been increasingly linked to diarrheal disease, but no information regarding the survival and behavior of pathogenic E. coli strains belonging to O26 or other serogroups was available at the time. Our study aimed to evaluate the fate of Escherichia coli O26 in corn silages and the potential of three bacterial additives to control pathogen development. In the first part of this study, an experiment was conducted where contamination occurred at ensiling. In the second part, experimental contamination was performed after silo opening, at two stages of aerobic exposure.

The ensiling process is based on lactic acid fermentation due to epiphytic LAB on whole plant corn. The addition of bacterial inoculants to silage is intended to ensure a faster accumulation of organic acids during the ensiling period. The main organic acid produced by epiphytic LAB or silage additives is lactic acid, which is responsible for strong pH decreases. Filya et al. showed previously that lactic acid could be used as a substrate by lactate-assimilating yeasts in the case of insufficient anaerobiosis resulting in silage spoilage [START_REF] Filya | The effect of Propionibacterium acidipropionici, with or without Lactobacillus plantarum, on the fermentation and aerobic stability of wheat, sorghum and maize silages[END_REF]. Short-chain aliphatic acids, such as acetic acid, are proven inhibitors of the growth of yeasts and molds in silage [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF][START_REF] Driehuis | The impact of the quality of silage on animal health and food safety: a review[END_REF][START_REF] Filya | The effect of Lactobacillus buchneri on the fermentation, aerobic stability and ruminal degradability of maize silage[END_REF]. Propionic acid is produced from lactic acid. On the other hand, the detection of butyric acid in silage is a sign of fermentation due to undesirable microorganisms and should absolutely be avoided. The three bacterial additives tested in the present study were known to carry out heterofermentative metabolism. Lactobacillus buchneri, which is recognized as a very efficient microbial additive to improve aerobic stability [START_REF] Driehuis | Anaerobic lactic acid degradation during ensilage of whole crop maize inoculated with Lactobacillus buchneri inhibits yeast growth and improves aerobic stability[END_REF], and Propionibacterium sp., which ferments sugars and lactate to acetate and propionate [START_REF] Higginbotham | Effects of inoculants containing propionic acid bacteria on fermentation and aerobic stability of corn silage[END_REF], present common metabolic pathways. Leuconostoc mesenteroides can also produce lactate, acetate, ethanol, and diacetyl, which are considered antimicrobial metabolites [START_REF] Rouse | Bioprotective potential of lactic acid bacteria in malting and brewing[END_REF]. The strains were chosen because we demonstrated their ability to inhibit most STEC growth when coincubated in vitro in a mix of MRS and BHI agar neutral medium. Two hundred sixty-nine bacterial strains were screened according to a protocol described previously by Tagg and McGiven (58; data not shown), and the 3 most inhibiting strains were chosen to be challenged in corn silage, although some of them are not usually considered common silage additives.

The three strains of E. coli tested in this study (originating from the environment and dairy products) belonged to the O26 serogroup, which is more and more frequently associated with STEC infections in humans [START_REF] Caprioli | Non-O157 Shiga toxin-producing Escherichia coli infections in Europe[END_REF] and is commonly found in cattle populations [START_REF] Jenkins | Escherichia coli serogroup O26-a new look at an old adversary[END_REF]. Although the strains used were stx negative, all of them possess the eae gene coding for the intimin adherence protein, and strains C1 and C2 possess the fliC gene coding for the flagellar antigen H11. These strains are considered pathogenic, more precisely AEEC (attaching and effacing E. coli) strains (1), and therefore represent a major concern. These strains of E. coli were also chosen for their increased resistance to LAB inhibition when coinoculated in vitro according to previous screening results (data not shown). The E. coli inoculum level used (1 ϫ 10 5 CFU/g) is voluntarily high compared with that of natural contamination in order to clearly visualize a decrease in the pathogen numbers during the experiment.

When STEC contamination occurred at ensiling, the results showed that 1 ϫ 10 5 CFU/g of E. coli O26 was eliminated from corn silage at 5 days postensiling. This fact could be linked to pH evolution. The decrease of the pH was due to the production of various organic acids by LAB populations (2). Undissociated organic acids are able to pass through the bacterial membrane and could lead to cellular death [START_REF] Hirshfield | Weak organic acids: a panoply of effects on bacteria[END_REF][START_REF] Roe | Inhibition of Escherichia coli growth by acetic acid: a problem with methionine biosynthesis and homocysteine toxicity[END_REF]. Lactic acid, which is most effective at inhibiting pathogenic E. coli growth in vitro [START_REF] Buchanan | pH-dependent stationary-phase acid resistance response of enterohemorrhagic Escherichia coli in the presence of various acidulants[END_REF], is the main acid produced in silage [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF]. Possible changes in E. coli membrane integrity or in composition during ensiling may be too damaging to allow cell survival. Strains tested in the present study possess the rpoS gene, which is known to control several stress-related genes, such as acid stress genes [START_REF] Bhagwat | Characterization of enterohemorrhagic Escherichia coli strains based on acid resistance phenotypes[END_REF][START_REF] Coldewey | Impact of the rpoS genotype for acid resistance patterns of pathogenic and probiotic Escherichia coli[END_REF] and the glutamate-dependent acid resistance system. However, E. coli cell numbers decreased markedly during ensiling. This could be explained by the rapid pH decrease. The slight increase of the pH observed at the end of ensiling for all bag silos was due to the development of heterofermentative microorganisms, which transform lactic acid into weaker acids such as VFAs. The concentrations of VFAs and pH values obtained during the storage period were characteristic of a good ensiling process: the level of lactic acid was around 47 g/kg of DM, the level of acetic acid was 11 g/kg of DM, no butyric or isobutyric acid was detected, and the pH was close to 4 [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF][START_REF]Alimentation des bovins, ovins et caprins. Besoins des animaux-valeurs des aliments[END_REF]. The final pH remained low until the end of the storage period and did not result in E. coli survival. Besides, negative results for O26 antigen detection by RT-PCR after the enrichment step suggest that E. coli O26 cells were not in a viable but nonculturable (VBNC) state but were completely eliminated from the silage on day 21. The corn material used was initially at 40.7% DM, which corresponds to the ultimate maturity step for corn ensiling. The addition of bacterial inoculants by spraying may result in a lower DM value at ensiling. The small fluctuations of the DM level observed in this study are characteristic of good silage preservation, as it implies few losses of water-soluble carbohydrates (WSCs), nitrogen, minerals, and inoculants, which could be carried away by effluents [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF].

Although anaerobiosis is one of the most important conditions for silage preservation, allowing an earlier start of LAB fermentation (2), forage quality is also a result of other mech-anisms, such as a lowering of the oxidoreduction potential and competition for nutrients [START_REF] Holzer | The role of Lactobacillus buchneri in forage preservation[END_REF]. These microbial and physicochemical changes could be considered a barrier effect. In the present study, the use of the bacterial additives separately or in combination showed no evidence of improved efficiency against E. coli O26 survival during ensiling compared to silages without bacterial inoculants. Besides, when coinoculated with the mixture of LAB, E. coli C1, C2, and C3 were detectable until 8 days, which indicates that no synergistic effect of the three additives tested against E. coli O26 growth in silage could be observed and even that competition between strains may exist. It is possible that differences in efficiency would have been observed with samples obtained earlier (during the first 5 days postensiling). It may also be possible that antimicrobials that can be produced by bacterial additives, such as bacteriocins, hydrogen peroxide, ethanol, and diacetyl [START_REF] Fuller | Modification of the intestinal microflora using probiotics and prebiotics[END_REF], have a very limited effect due to the complexity of the silage environment (no diffusion or dilution effect of the substance produced). The quantity of inoculant applied (1 ϫ 10 6 viable cells per gram) is often considered sufficient for the bacterial additives to overwhelm the epiphytic LAB and become the predominant population in the silage [START_REF] Gollop | Antibacterial activity of lactic acid bacteria included in inoculants for silage and in silages treated with these inoculants[END_REF]. According to statistical analysis, LAB population changes in negative-control or inoculated silages were similar. During ensiling, the total LAB population increased in all silages due to the fermentation process, and it then slightly decreased once the pH of stability (pH 4) was reached, as usually observed for silages [START_REF] Driehuis | Anaerobic lactic acid degradation during ensilage of whole crop maize inoculated with Lactobacillus buchneri inhibits yeast growth and improves aerobic stability[END_REF]. However, data on the long-term establishment of the studied additives were not available, and it was proved previously that the effects of bacterial inoculants could differ depending on the harvesting location [START_REF] Schmidt | The effects of Lactobacillus buchneri with or without a homolactic bacterium on the fermentation and aerobic stability of corn silages made at different locations[END_REF] and the potential presence of bacteriophages [START_REF] Ma ¨yra ¨-Ma ¨kinen | Lactic acid bacteria[END_REF]. The L. buchneri inoculant did show a more pronounced antimicrobial effect against E. coli C3, which was no longer detected at 5 days postensiling, than against C1 and C2. This finding underlines the fact that the inhibition of E. coli growth and survival is definitely strain dependent.

At minisilo opening, forage nutritional values were representative of a very good silage quality for dairy cows or bovines [START_REF]Alimentation des bovins, ovins et caprins. Besoins des animaux-valeurs des aliments[END_REF]. The most important physicochemical parameter for the evaluation of silage quality is a pH below 5, which was observed for all the silos. All indicators were characteristic of good silage conservation whatever the treatment. The silage quality was especially confirmed by the proportion of fermentation products at the end of the storage period [START_REF] Afssa | Bonnes pratiques de fabrication de l'ensilage pour une meilleure maîtrise des risques sanitaires[END_REF][START_REF]Alimentation des bovins, ovins et caprins. Besoins des animaux-valeurs des aliments[END_REF]. No significant difference in silage quality and acids produced was observed depending on the fermentative profiles of the 3 additives. Contrary to results reported by other studies [START_REF] Kristensen | Effects of microbial inoculants on corn silage fermentation, microbial contents, aerobic stability, and milk production under field conditions[END_REF][START_REF] Kung | The effect of Lactobacillus buchneri and other additives on the fermentation and aerobic stability of barley silage[END_REF][START_REF] Weinberg | Ensiling whole-crop wheat and corn in large containers with Lactobacillus plantarum and Lactobacillus buchneri[END_REF], the silos inoculated with L. buchneri were not those with the highest level of production of acetic acid. However, a direct comparison could not be made due to differences in the bacterial species compared. L. buchneri-treated silos showed higher propionic acid concentrations than those in other silos. It may be possible that the fermentative metabolism of L. buchneri was orientated from acetic acid production toward other compounds, such as short-chain aliphatic acids (propionic acid) or methyl propylene glycol. The level of acetic acid in the different silages was characteristic of good processing, but no difference existed between organic acids due to endogenous or selected-additive fermentation.

The results for silages at opening showed that silos charac-terized by a low pH prevented E. coli O26 establishment and survival in corn silage contaminated by 1 ϫ 10 5 CFU of the pathogen per gram of silage but did not lead to a complete eradication of the pathogen. These results were observed during the 48 h after opening without a significant difference in pathogen counts between the inoculants L. buchneri and Propionibacterium sp. compared to the negative control. LAB strain Leuconostoc mesenteroides is the only bacterial inoculant that showed an effective protective effect against E. coli survival when contamination occurred at opening. Indeed, pathogens were not detected in these enrichment broths by RT-PCR 48 h after silage contamination, suggesting that the 3 E. coli O26 strains were not in a VBNC state but were completely eliminated from the silage. Leuconostoc mesenteroides may produce some antimicrobial compounds which could prevent the establishment of pathogenic E. coli in silage, such as organic acids and bacteriocins. It may also produce some VFAs not analyzed conventionally in silage, such as valeric acid or isobutyric acid, and thus may not have been tracked in these minisilos. Besides, corn contains phenolic compounds such as ferulic acid and p-coumaric acid, which are antimicrobial components naturally found in plants [START_REF] Me ´lida | The phenolic profile of maize primary cell wall changes in cellulose-deficient cell cultures[END_REF]. Phenolic compounds have been shown to severely alter E. coli O157:H7 and E. coli O111 cells [START_REF] Santiesteban-Lo ´pez | Susceptibility of food-borne bacteria to binary combinations of antimicrobials at selected a(w) and pH[END_REF][START_REF] Venter | The influence of sanitizers on the lipopolysaccharide composition of Escherichia coli O111[END_REF]. The Leuconostoc mesenteroides strain may have made these substances available to damage E. coli strains.

More studies are now required to identify the inhibition mechanisms of Leuconostoc mesenteroides.

The potential inhibitory effect of bacterial additives, through nutritional competition or the production of antimicrobial substances, depends on the strain of the bacterial additive but can also be different according to the target strain. For example, strain C3 was enumerated between 1 log 10 CFU/g and 5.72 log 10 CFU/g in silos contaminated at opening, compared to C1 and C2, which could be detected only after enrichment. The E. coli strains were surviving and growing only in silage showing a pH increase. Environmental conditions found in silages may be inadequate to induce the different resistance mechanisms of the strains tested, especially those involved in acid resistance. The fact that E. coli establishment seems to be linked to an increase in pH was confirmed by results obtained after 144 h of aerobic exposure. Indeed, the pathogen was found in all silos. Air had penetrated into the remaining forage, causing a development restart in the aerobic microorganisms initially present in corn silage and a pH increase. Indeed, yeasts and molds are known to consume lactic acid [START_REF] Higginbotham | Effects of inoculants containing propionic acid bacteria on fermentation and aerobic stability of corn silage[END_REF], which could explain the pH elevation from 4.43 Ϯ 0.17 at silo opening to 7.16 Ϯ 1.6 after long-term aerobic exposure. Aerobic exposure during 144 h could also lead to the elimination of potential volatile antimicrobial components involved in forage preservation.

The aeration of corn silage induced pathogenic E. coli O26 survival and growth in all the silos tested and thereby represents a risk for the dissemination of the pathogen in the animal reservoir. Pedroso et al. found similar results in the case of E. coli O157:H7 contamination at silo opening [START_REF] Pedroso | Control of Escherichia coli O157:H7 in corn silage with or without various inoculants: efficacy and mode of action[END_REF]. Those authors also showed that the Lactobacillus buchneri additive could be useful to curtail the growth of E. coli O157:H7 after aerobic exposure but that it could not lead to the complete elimination of the pathogen. Appropriate unloading techniques are therefore essential to guarantee the nutritional qualities and microbial safety of cattle feed. It is noteworthy that in our study, the 144-h air exposure led to a sharp degradation of the silage, which was visibly moldy and inedible for ruminants. These results confirm that the unloading face of silage should be renewed often to avoid the development of undesirable microorganisms such as molds or pathogenic E. coli.

In conclusion, this study showed that pathogenic E. coli O26 could be eliminated during storage in carefully ensiled corn mainly through the production of organic acids usually produced by endogenous LAB. In the case of contamination at silo opening, our results showed that E. coli O26 could be totally eradicated from Leuconostoc mesenteroides 6A1MLb4treated silage during the feeding-out phase. However, no protective effect was pointed out after 144 h of aerobic exposure regardless of the bacterial additives tested. During ensiling, bacterial treatments did not significantly affect E. coli O26 elimination compared with the negative control, except for the LAB L. buchneri, which showed E. coli strain-dependent inhibition. The antimicrobial mechanisms of the LAB Leuconostoc mesenteroides and L. buchneri should now be studied in order to use this protective effect for other points of the food chain, and the inhibitory effect should be tested against other serogroups of pathogenic E. coli. Feedstuff safety control through the utilization of bacterial inoculants could limit the entry of pathogenic E. coli into the epidemiological cycle, but special care should always be taken with good manufacturing practices and proper silage processing.
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 2 FIG. 2. Evolution of pH values in all bag silos during the storage period (90 days).

  

TABLE 1 .

 1 Characteristics of E. coli O26 strains used a

				Presence of virulence factor
	Strain	Origin	Serotype	eae	stx 1	stx 2	Acid resistance
	C1	Milk	O26:H11				

TABLE 2 .

 2 E. coli O26 counts and detection in different silages on days 0, 5, 8, 21, and 90 after ensiling (n ϭ 3) a

				No. of positive signals	
	Silage	Inoculum at day 0	detected/total no. of trials performed on day:
			5	8	21	90
	C1	2.57Eϩ04	2/3	3/3	0/3	0/3
	C2	2.04Eϩ04	1/3	2/3	0/3	0/3
	C3	4.17Eϩ04	3/3	0/3	0/3	0/3
	C1 ϩ Propionibacterium	7.33Eϩ04	3/3	0/3	0/3	0/3
	C1 ϩ L. buchneri	1.80Eϩ05	3/3	1/3	0/3	0/3
	C1 ϩ Leuconostoc	1.43Eϩ05	2/3	0/3	0/3	0/3
	mesenteroides					
	C1 ϩ mix	5.28Eϩ05	3/3	3/3	0/3	0/3
	C2 ϩ Propionibacterium	1.83Eϩ05	2/3	0/3	0/3	0/3
	C2 ϩ L. buchneri	2.27Eϩ05	3/3	0/3	0/3	0/3
	C2 ϩ Leuconostoc	2.07Eϩ05	3/3	1/3	0/3	0/3
	mesenteroides					
	C2 ϩ mix	4.00Eϩ05	3/3	1/3	0/3	0/3
	C3 ϩ Propionibacterium	1.70Eϩ05	1/3	1/3	0/3	0/3
	C3 ϩ L. buchneri	4.95Eϩ05	0/3	0/3	0/3	0/3
	C3 ϩ Leuconostoc	2.33Eϩ05	1/3	0/3	0/3	0/3
	mesenteroides					
	C3 ϩ mix	7.36Eϩ05	1/3	3/3	0/3	0/3

a Detection of E. coli O26 cells was performed after enrichment using RT-PCR on the O26 antigen.

TABLE 3 .

 3 Comparison of nutritive and nutritional values of silage minisilos (n ϭ 27) and reference values from corn silage under very good conditions of vegetation a

		Value	
	Parameter	Minisilos	Reference corn silage
	Mean DOMD (%) Ϯ SD	75.18 Ϯ 0.3	Ն74
	Mean protein concn (g/100 g) Ϯ SD	7.29 Ϯ 0.1	Ն7
	Mean lactic acid concn (g/kg) Ϯ SD	52.88 Ϯ 5.38	Ն47
	Mean acetic acid concn (g/kg) Ϯ SD	11.1 Ϯ 3.96	11
	Butyric acid concn (g/kg)	Ͻ0.05	0
	Propionic acid concn (g/kg)	Ͻ0.05	0

a See reference 34. DOMD, digestible organic matter in DM in vitro.

TABLE 4 .

 4 Enumeration and detection of E. coli O26 in minisilos 24 and 48 h after contamination at opening (n ϭ 3) a

					Concn of E. coli (log 10 CFU/g) or detection by RT-PCR		
	Sampling time (h)	Sample		C1			C2			C3	
			Silo A	Silo B	Silo C	Silo A	Silo B	Silo C	Silo A	Silo B	Silo C
	24	Water	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ
		Leuconostoc mesenteroides	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ
		Propionibacterium	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	5.72	ϩ	ϩ
		L. buchneri	ϩ	ϩ	ϩ	ϩ	ϩ	ϩ	4.56	1	ϩ
	48	Water	Ϫ	Ϫ	ϩ	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ
		Leuconostoc mesenteroides	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ	Ϫ
		Propionibacterium	Ϫ	Ϫ	Ϫ	ϩ	Ϫ	Ϫ	ϩ	Ϫ	4.54
		L. buchneri	Ϫ	ϩ	ϩ	ϩ	ϩ	ϩ	4.23	1.83	ϩ

a Detection of E. coli O26 cells was performed after enrichment using RT-PCR on the O26 antigen. ϩ, a positive signal was detected; Ϫ, no signal was detected. FIG. 3. Comparison of E. coli evolutions in Leuconostoc mesenteroides-treated silage immediately after opening or after 144 h of aerobic exposure for E. coli C1, C2, and C3 in independent silos A, B, and C. 8700 DUNIE `RE ET AL. APPL. ENVIRON. MICROBIOL.
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