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Abstract

Whole plant maize (DM 241 g kg
-1

) was ensiled into two ferroconcrete trenches of 100 t

each. Two treatments were used  1) untreated (UT), 2)treated with the lactic acid 

producing bacteria 2 Lactobacillus plantarum and 2 Pediococcus acidilactici and Enzyme –

Cellulase (I). Fermentation quality , aerobic stability, forage intake and milk yield of dairy 

cows were assessed. Compared to the control less (P<0.01) WSC were fermented into 

organic acids. Inoculation resulted in a significant increase (P<0.01) of lactic acid 

concentration and a decrease of the acetic acid concentration and prevention of butyric acid 

fermentation. Ammonia-N concentration was significantly lower (P<0.01) in inoculated 

silage compared to untreated silage. Inoculation lowered dry matter losses and improved 

the digestible value of the silage. Inoculant had no effect on aerobic stability of the silage. 

The results also showed that when silage was inoculated, silage intake of dairy cows 

increased by 1.44 kg DM and energy-corrected milk yield improved by 2.5 kg per cow per 

day compared with ordinary made silage.
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Introduction

Whole plant maize silage has been the dominant conserved forage in the indoor 

feeding of bovine animals in the US for many years. Due to the continuous 

development of earlier maturing cultivars it has become important in Northern 

Europe, especially in countries such as France, Germany and the Netherlands. 

Grass silage has been the dominant winter forage in ruminant feeding in Lithuania 

but the dry matter intake of grass silage, especially with low dry matter grass 

silage, is usually lower than that of maize silage. The availability of an inexpensive 

high quality winter forage is an essential prerequisite for the development of non-

seasonal milk production systems. Maize silage has a potential to meet this 

requirement (Rath et al., 1999). Developments in maize breeding and in Good 

Manufacturing Practice resulted in the possibility of consistently producing high 

yields of high starch of maize in Lithuania. As a consequence, whole–plant maize 

silage are commonly used in the winter rations for the vast majority of dairy and 

beef cattle production.
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The ensiling procedure is based on lactic acid fermentation of water-soluble 

carbohydrates by lactic acid bacteria, which are common members of the natural 

epiphytic microflora of freshly harvested crops (Bolsen et al., 1996; McDonald et al., 

1991). The quality of silage fermentation is important for the preservation of forage 

with respect of feeding value and animal performance (Abrams et al., 1987). 

Biological additives such as bacterial inoculants have been used widely to improve 

the silage process (reviewed by Bolsen et al., 1996; Weinberg and Muck, 1996), 

primarily to increase the extent and rate of lactic acid production. Unfortunately, 

these procedures do not necessarily improve the aerobic stability of silage (Driehuis 

et al., 1999; Özdüven et al., 1999). However, when Driehuis et al. (1999) used the 

heterofermentative lactic acid bacterium Lactobacillus buchneri as an inoculant, a 20-

fold increase in aerobic stability was observed. These authors demonstrated a 

decrease in lactic acid concentration and an increase in acetic acid concentration in 

silages treated by this way. When air enters a silage pit, at feed out or due to 

inefficient sealing, the silage begins to deteriorate. This deterioration, which is 

referred to as "aerobic deterioration", is typified by an increase in temperature and 

pH, and results in significant reductions in silage dry matter (DM) intake and 

animal performance. Well preserved, or high DM silages (such as wilted grass 

silage or maize silage) are particularly prone to aerobic deterioration (Keane, 1999; 

Ranjit and Kung, 2000).

The objective of this study was to evaluate the effects of microbial inoculation with 

Pediococcus acidilacticci and Lactobacillus plantarum on the fermentation parameters 

and aerobic stability of whole plant maize silage, and to test the hypothesis that 

higher voluntary intakes can be obtained with inoculated silage in comparison 

with ordinary made silage of producing cows.

Materials and methods

Whole plant maize (variety 'Impact', dry matter content 241.4 g kg
-1

 fresh matter) 

was cut in the third decade of September with self-propelled forage harvester 

CASE-MAMUT-6900 and ensiled in two ferroconcrete trenches (100 t each) without 

any additive (UT) and with the inoculant Feedtech
TM

Silage (I) (Medipharm, 

Sweden, containing selected strains of the lactic acid producing bacteria 

Lactobacillus plantarum, NCIB 30083; 30084 and Pediococcus acidilactici, NCIB 30085; 

30086 (min 6.7x10
10

cfu g
-1

) and enzyme Cellulase 43000 HECg
-1

(HEC- the cellulase 

activities as the release of reducing sugars from hydroxyethylcellulose)). Inoculant 

was added at rate 10
6

 cfu g
-1

 fresh forage. Samples of the chopped maize were 

taken directly from every second wagon and fresh matter samples were 

subsampled prior to analysis. Fresh herbage and silage dry matter (DM) content 

was determined by oven drying at 67°C for 24 h, equilibrated to room humidity 

overnight, milled through a 1.00 mm sieve and further dried at 105°C to the 
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constant weight. The conventional feed analysis was performed by standard 

methods (AOAC, 1995) and organic matter (OM) - as weight lost upon ashing at 

550°C. Total N content was determined by the Kjeldahl method with the apparatus 

Kjeltec System 1002 (Foss Tecator, Sweden). Ammonia concentration was 

determined using a Kjeltec System 1002 and procedure 920.03 from the AOAC. 

Water- soluble carbohydrate (WSC) was estimated by the anthrone method of 

Thomas, 1977. Determination of crude fibre in feed was according to AOAC 

method 962.09 using ,,Fibercap”2021 system (Foss Tecator AB). Neutral detergent 

fibre (NDF) (Komarek et al., 1994) and acid detergent fibre (ADF) (Komarek et al., 

1993) were analyzed using the Ancom filter bag technology (USA) with the Ancom 

fiber analyzer. Lactic acid, volatile fatty acids were determined on an aqueous 

extract for fresh silage according to the standard methods (Naumann and Bassler, 

1997). The pH- value of silages was determined electrometrically using pH-meter 

526. Five control bags of known weight and chemical composition were put into 

each trench for determination of DM losses. Silages were sampled every two 

weeks, during the feeding trial. Silage representative samples (200 g) from each 

treatment were incubated in on open plastic bags into a polystyrene boxes (volume 

about 1.5 l, thickness of wall 10 mm) to assess the aerobic stability of the two 

silages. There was an opening (diameter 25 mm) in the lid of the box through 

which the rest of the plastic bag was pulled and opened so that air could freely 

pass through. A thermistor probe was inserted into the mid point of silage through 

the opening. The boxes were kept in steady room temperature (

temperature of the samples was measured once a day following exposure for 10 

days. The time of measurement was also recorded. Aerobic stability was defined as 

the time needed to increase the temperature by 2°C above the ambient 

temperature.

The feeding trials were completed with 10 dairy cows. All cows calved during 

August and the animals were in fourth month of the lactating stage. After 

administering an identical diet for three weeks (preliminary period) the cows were 

separated into two groups for the trial period of 100 days. After grouping, each 

group was fed with its respective silage ad libitum offered in two meals per day. 

Milk yield and feed intake were registered for 2 days every 2 weeks. 

The results were analysed by one-way analysis of variance (ANOVA). The 

differences between treatment means were tested using the Fisher’s Least 

Significant Difference (LSD) (Snedecor and Cochran, 1989). All differences quoted in 

the text are significant at the 0.05 level unless stated otherwise. 
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Results and discussion

Crop and silage quality 

Composition of the whole plant maize is presented in Table 1. Inoculant

significantly increased the OM  content (P<0.05) and lowered the crude fibre 

(P<0.01) concentration compared to untreated silage. Compared to the control, the 

concentration of (P<0.01) WSC remained higher in treated silage. The treatment 

resulted in significantly (P<0.01) higher lactic acid concentration, but had no effect 

on acetic acid concentration. No butyric acid could be detected and ammonia-N 

concentration was significantly lower (P<0.01) in inoculated silage compared to the 

untreated one. The fermentation processes probably maintained for a longer 

period in the untreated silage than in the inoculated silage, possibly resulting in 

more excessive fermentation of readly degradable sugars and proteolysis of plant 

proteins. The reduced proteolysis of forage protein in bacterial inoculated silage 

may be beneficial for animal production as well as reduced losses of nitrogen to the 

environment.

Table 1. Chemical composition of maize and silages and fermentation value of 

silages

TreatmentMaize fresh 

matter UT I

LSD0.05 LSD0.01
S

_

x

Dry matter (DM; g kg-1) 241.4 257.5 261.6 9.477 13.789 1.12

In DM (g kg-1 DM):

   Organic matter 964.4 954.1 959.0* 4.777 6.951 0.153

   Crude protein 88.6 88.4 89.2 5.688 8.277 1.964

   Crude fibre 220.2 210.8 197.3** 7.855 11.429 1.21

   ADF 246.4 245.3 230.0* 12.885 18.748 1.662

   NDF 405.8 400.0 389.9 11.73 17.067 0.911

   WSC 106.7 17.2 22.7** 2.645 3.849 4.067

   Total organic acids 73.7 76.5 5.583 8.124 2.28

   Lactic acid 50.6 57.0** 3.974 5.782 2.265

   Acetic acid 20.6 18.9 7.103 10.335 11.028

   Butyric acid 1.4 0.0** 0.68 0.989 28.998

 Digestibility -value 691.6 702.9 12.05 17.53 0.530

Ammonia N, g kg-1 N 50.5 32.6** 8.163 11.878 6.025

Losses during fermentation 

period, g DM -1kg DM

102.3 98.9 3.984 5.797 1.214

pH 3.81 3.97* 0.14 0.204 1.106

ME,  MJ kg-1 DM 9.86 10.096 10.295** 0.1 0.146 0.302

*and ** denotes significant at level 0.05 and 0.01 respectively.

The dry matter losses were not affected significantly by silage additive, but dry 

matter losses tended to be lower and digestibility value tended to be higher with 

inoculation. Therefore the concentration of metabolizable energy was significantly 
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(P<0.01) higher for inoculated silage. Lower dry matter losses and higher digestible 

value for inoculated silage may be explained by better homofermentative 

fermentation process compared to untreated silage.

The aerobic stability of the silages represented as the changes in temperature upon 

exposure to air to ambient temperature is presented in Figure. There were no 

differences in aerobic stability of silages between treatments. Both silages started 

heating at the same time 12 h after the fresh samples were removed from silos and 

had a temperature rise more than 2
0

C above the ambient temperature after 26-36 h.
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Fig. Aerobic stability of I treated and untreated silages, *and ** denotes significant 

at level 0.05 and 0.01 respectively.

Feed intake and animal production 

Animals in general ad a high level of production and were in good condition. 

Animal performance benefits are closely linked with improvement in silage 

fermentation quality and energy contents (Huhtanen, 2002). As shown in Table 2, 

silage dry matter intake was (by 1.44 kg DM per day per cow) higher with 

inoculated compared to the control silage. Considering the higher feed intake and 

the energy concentration of the inoculated silage, the daily energy intake was 

improved by 24.1 MJ ME per cow per day compared to untreated silage. Milk yield 

was higher for the inoculated silage diet compared with untreated silage. This was 

also true for energy-corrected milk (ECM) production, protein and milk fat 

production. During the 100 days lasting trial period, inoculated silage resulted in 

2.5 kg higher ECM of milk yield compared with untreated silage. Unfortunately, 

relating the small quantity of the animals in groups (five cows per group) none of 

the means indicated in the table 2 as significantly different.
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Table 2. Effects of silage inoculant on feed intake, milk production and milk 

constituent output

Treatment

UT I

LSD0.05 LSD0.01
S

_

x

Silage intake, kg DM cow-1 

day-1

12.22 13.66 2.804 4.65 5.519

Compound feed, kg DM cow-1 

day-1

3.96 4.51 0.958 1.588 5.758

Total DMI, kg cow-1 day-1 17.01 19.00 3.87 6.418 5.473

Total FU intake cow-1 day-1 16.43 18.89 3.93 6.517 5.667

Total ME intake, MJ 174.2 198.3 41.134 68.211 5.625

Milk, kg cow-1 day-1 16.34 17.64 4.011 6.652 6.005

ECM, kg cow-1 day-1 16.68 19.18 3.99 6.617 5.667

Milk composition

Fat, g kg-1 41.18 45.82 0.797 1.322 4.666

Protein, g kg-1 32.72 33.88 0.151 0.25 1.153

Milk constituent output

Fat, g day-1 675 808 0.181 0.299 6.201

Protein, g day-1 534 595 0.141 0.233 6.339

Conclusion

This work shows that at the application level indicated previously, inoculant 

containing selected strains of the lactic acid producing bacteria Lactobacillus 

plantarum and Pediococcus acidilactici and enzyme cellulose was effective for 

ensiling whole plant maize. The inoculant enhanced residual WSC level, and 

prevented butyric acid and increased lactic fermentation in silage. Due the better 

fermentation dry matter losses were lower and energy concentration was higher 

for inoculated silage compared with untreated silage. Treatment with inoculant 

had no effect on aerobic stability of the silage. The results also showed that when 

silage was inoculated, silage intake of dairy cows was increased by 1.44 kg DM and 

energy- corrected milk yield was increased by 2.5 kg compared with the ordinary 

made silage.
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