Acosta-Aragon et al.

Iranian
chAurTlgc{
OAn%pr’nal
Science

The Effect of a Silage Inoculant on Silage Quality,

Aerobic Stability and Milk Production

Research Article

Y. Acosta-Aragonl*, ). Jatkauskas” and V. Vrotniakiene®

* Biomin Holding GmbH, Industriestrasse 21, 3130, Herzogenburg, Austria
2 Department of Animal Nutrition and Feeds, Institute of Animal Science of Lithuanian Veterinary Academy, R. Zebenkos 12,
82317, Baisogala, Lithuania

Received on: 30 Nov 2011
Revised on: 27 Dec 2011
Accepted on: 28 Dec 2011
Online Published on: Dec 2012

*Correspondence E-mail: yunior.acostaaragon@biomin.net
© 2010 Copyright by Islamic Azad University, Rasht Branch, Rasht, Iran

Online version is available on: www.ijas.ir

ABSTRACT

A silage inoculant [Biomin® BioStabil Plus, BSP, a blend of Enterococcus faecium (DSM 3530), Lactoba-
cillus brevis (DSM 19456) and Lactobacillus plantarum (DSM 19457)], was used on legume-grass silage
[32% of dry matter (DM)] vs. an untreated control silage (CT). The material had mean crude protein (CP)
and water soluble carbohydrate (WSC) concentrations of 174 and 88 g/kg, respectively. BSP resulted in
significantly higher CP (159 vs. 149 g/kg DM; P<0.05) and digestible protein concentrations (117.8 vs.
108.9 g/kg DM; P<0.01). Inoculant increased fermentation rates, resulting in a significant decrease in pH
(P<0.05) and a significant increase of total fermentation acids concentration (P<0.05), as well as higher
quantity of lactic acid (P<0.01) and higher content of acetic acid compared to CT. Butyric acid and Ammo-
nia N concentrations were significantly decreased (P<0.01) through the use of BSP. Dry matter (DM) losses
were significantly lower (P<0.01) using BSP treated grass-legume silages. The digestible energy (P<0.01)
and net energy lactation (P<0.05) were higher in the inoculated silage compared to the CT (2.1 and 1.25%,
respectively). The inoculation of silage with BSP also improved stability. Twenty-four dairy cows were fed
with both type of silages and their productivity response was evaluated over a 92-days feeding period.
Animals were assigned to two treatments in a randomized-block design experiment. Silage was offered ad
libitum to animals in both treatments and cows were supplemented with 4 kg DM of a commercial com-
pound feed per day. The silage DM feed intake was higher in BSP (+6.5%), whereas the energy corrected
milk (ECM) production for treated silages increased by 1.4 kg per cow per day. The milk fat and protein
content were numerically higher in animals under the treatment with BSP and the efficiency of the conver-
sion of feed-NEL into milk was significantly higher (P<0.05) in cows which were fed with the silage treated
using BSP.

LA 0]:{dK aerobic stability, inoculant, milk, production, silage.

Ensiling is an old method of preserving feed from dete-
rioration. It is an anaerobic process in which water soluble

INTRODUCTION

The production of feed is seasonal. This means there are
seasons in which the farmer has an overproduction and
other seasons in which there is a lack of feed. To balance
this deficit of feed, the farmer must preserve part of the
feed produced in favorable seasons in order to guarantee
stable animal production throughout the whole year.

carbohydrates (WSC) are converted, mainly into lactic acid,
by lactic acid bacteria. The importance of ensiling process
is increasing day to day by farmers, because the process is
not as dependent on the climate conditions as, for example,
hay making. In order to better understand the fermentation
and to achieve other collateral effects, such as longer aero-
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bic stability, many farmers are currently using silage inocu-
lants (Weddell et al. 2002; Wilkins et al. 1999; Ziggers,
2003). Their use is an expanding market in which silage
quality, and no longer just quantity, is the main focus of
interest for dairy farmers (Kramer, 2002; Merry et al. 2000;
Weinberg et al. 2004).

The aim of this trial was to study the effect of silage ad-
ditive Biomin® BioStabil Plus (BSP) based on the fermen-
tation, aerobic stability and nutritive value of first cut grass-
legume silage, as well as the effect on the feed intake and
dairy cows milking productivity in Lithuanian farming con-
ditions.

MATERIALS AND METHODS

In the trial mixed grass-legume swards (35% Lolium per-
enne, 15% Phleum pratense, 45% Trifolium pratense and
5% others species in a second cut) were wilted for 6-8
hours to 320 g DM/kg and then were ensiled. The chemical
composition of the material before ensiling process is pre-
sented in Table 1. The concentrations of WSC and crude
protein (CP) were moderate and the concentration of nitrate
was low. The calculated fermentation coefficient was 49,
>45 indicating a good fermentability according to results
reported by Pahlow et al. (2002).

The swards were cut and picked with a precision chop
forage harvester (theoretical particle length of 30 mm) and
wilted for 6-8 hours. The grass-legume swards were treated
during the collection from field after wilting with BSP
[Biomin® BioStabil Plus, a blend of Enterococcus faecium
(DSM 3530), Lactobacillus brevis (DSM 19456) and Lac-
tobacillus plantarum (DSM 19457)], guaranteeing a level
of at least 2x10° colony forming units per gram of forage (1
gram in 1 liters of water/ton) vs. a control treatment (CT)
without inoculation. After weighing the material, it was
transferred to one of two ferro-concrete trenches (100 t
each). Five control bags, each filled with 1 kg of ensiling
mass were put into each silo to determine DM losses. The
silos were then filled within 12 hours and were covered
with a polyethylene sheet which was weighted with a 20 cm
layer of chopped straw.

Representative samples of harvested and wilted grass-
legume mixtures were taken throughout harvesting. Silages
were sampled several weeks during the feeding experiment
(from 20/11/2008 to 11/03/2009), which began 90 days
after ensiling. During each sampling, two samples (ap-
proximately 500 g each) were taken 40-50 cm deep from
the cut surface, by coring vertically to the full depth of the
silo using a 50 mm silage corer.

The following parameters were determined in the original
material and in the silage samples: dry matter (DM) and
chemical composition, buffer capacity and nitrate, volatile
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fatty acids, lactic acid and ethanol content, as well as the
ammonia-N content. DM losses were calculated by measur-
ing differences in weight of the silo control bags before and
after ensiling.

Aerobic stability was also measured using data loggers
which recorded the temperature once every six hours from
thermocouple wires placed in three replicate 200-g silage
representative samples, which were aerated in open plastic
bags and placed into open-top polystyrene boxes (volume
about 1.5 L and 10 mm wall thickness). The boxes were
kept at a constant room temperature (21°C). Aerobic dete-
rioration was denoted by hours in which the temperature of
the silage did not surpass the ambient temperature by more
than 2 °C.

Twenty-four Lithuanian black-and-white dairy cows
were selected for the experiment from a larger group (from
a herd of 120 dairy cows) according to parity, lactation
stage, date of calving, present milk yield, last year’s milk
yield, and live weight using a multi-criteria method. During
a three week period of housing, prior to the experimental
period, selected animals were fed with untreated (control)
silage, similar to that which was fed during the experiment.
At the start of the trial, the animals were randomly allocated
to two groups of twelve cows. Animals were group-fed,
bedded on straw and had access to water ad libitum. During
the experiment, fresh silages were provided two times a
day. The daily silage intake was calculated once a week
over two consecutive days. Common commercial com-
pound feed was individually fed by cows twice a day and
intake was recorded.

Cows were milked twice a day and their total milk yield
was registered once a day. Once a week milk samples were
taken from the morning and evening milking and the fat,
protein, lactose contents and the count of somatic cells were
analyzed in milk from each animal.

Data was analyzed using variance analysis to test the ef-
fect of silage treatments. For the feed intake and feed con-
version rates, a group of 12 cows were selected as the ex-
perimental unit. For milk yield, milk protein yield and milk
fat yield each cow, within a group, was considered as the
experimental unit. The Fisher’s least significant difference
(LSD) procedure at the 5% significance level was used to
determine differences in treatment means. A probability of
0.05<P<0.10 was considered a near-significant trend.

RESULTS AND DISCUSSION

I. Ensiling trials

There were not significant differences in DM, crude fiber,
nitrogen free extract (NFE), acid and neutral detergent fiber
(ADF and NDF) content (Table 2) between the untreated
and treated silages.
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Chemical composition, buffering capacity and nitrate content of material at ensiling

Parameter Unit n Average Standard deviation SEM*
Dry matter (DM) g/kg 5 320.2 3.147 1.407
Crude protein (CP) 5 174.3 3.458 1.546
Digestible protein 5 132.1 3.227 1.443
Crude fat 5 17.2 1.356 0.606
Crude fiber g/kg DM 5 254.9 10.834 4.845
Nitrogen free extract 5 508.0 14.683 6.566
Crude ash 5 45.6 5.009 2.240
Water soluble carbohydrates (WSC) 5 88.34 8.684 3.884
Buffering capacity mEQq100/g DM 3 39.8 1.127 0.651
Nitrate g/kg DM 3 0.405 0.1005 0.058
Digestible energy (D'E) MJ/kg DM 5 135 0.074 0.033
Net energy for lactation (NEL) 5 6.68 0.068 0.031
* SEM: standard error of the mean.
Effect of Biomin® BioStabil Plus treatment on the chemical composition of ensiled grass-legume swards
Treatments
Parameters Unit Control BSP Standard error P-value
X+SD X+SD
Dry matter (DM) g/kg 315.4+3.12 319.2+5.96 1.072 0.079
DM losses 106.2+6.30 88.3+6.75 3.565 **
Crude protein (CP) 149.4+6.37 159.0£6.91 1.732 *
Digestible protein 108.945.92 117.846.42 1.611 faled
Crude fat 25.3+2.45 23.6+1.55 0.469 0.057
Crude fiber o/kg DM 284.4+10.09 276.5+7.64 2.049 0.053
Nitrogen free extract (NFE) 470.1+8.82 469.7+6.94 1.652 0.907
Crude ash 70.7+5.04 71.2+4.51 0.997 0.826
Water soluble carbohydrates (WSC) 9.4+1.43 10.7+£2.39 0.433 0.139
Neutral Detergent Fiber (NDF) 456.3+32.72 455.6+30.17 6.548 0.955
Acid Detergent Fiber (ADF) 331.9+35.55 326.2+17.03 5.833 0.635
Digestible Energy (DE) 13.05+0.10 13.32+0.09 0.035 faled
. Ml/kg DM
Net Energy Lactation (NEL) 6.42+0.09 | 6.50+0.07 | 0.019 | *

*and ** denote statistical significance at level 0.05 and 0.01, respectively.

However, treatment with BSP resulted in significantly
lower DM losses (+17.9 g/kg of DM, P<0.01), significantly
higher CP (159 vs. 149.4 g/kg of DM; P<0.05) and digesti-
ble protein concentrations (117.8 vs. 108.9 g/kg of DM,;
P<0.01). Kramer (2002) found fermentations differences in
the ensiled material related to higher DM losses in control
treatment by presence of homofermentative bacteria than in
BSP by presence of heterofermentative bacteria. Higher CP
content was also found in silages treated with an inoculant
according to results presented previously by Jatkauskas and
Vrotniakiene (2006) for grass-legume mixtures and Winters
et al. (2002) for red clover swards. A quick reduction in the
silage pH limits the breakdown of protein due to inactivate
plant proteases (Kung, 2000). The digestible energy (DE)
and net energy lactation (NEL) were also significantly
higher in the treatment with BSP compared to the control
(+0.27 and +0.08 MJ/kg DM, respectively). The treatment
with BSP increased fermentation rates, resulting in a sig-
nificant pH decrease (P<0.05) and a significant increase in
the concentration of total fermentation acids (P<0.05) com-
pared to the control silage (Table 3).
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The inoculant produced more lactic acid (P<0.01), which
reflected the results obtained by Filya et al. (2000), Muck et
al. (2007), and Muck and Kung (1997), and numerically
higher acetic acid content compared to that of the control
silage. Kramer (2002) gave a reference value of 1% for
acetic acid in fresh matter for a proper aerobic stability and
good silage intake whereas gave an average value of 2-3%
in DM.

The butyric acid content and the ammonia nitrogen were
significantly 10 times lower when BSP was used (P<0.01,
in both cases) compared to control. Butyric acid is the main
product of the Clostridia metabolism, which can be con-
trolled by a quick and deep acidification (Kramer, 2002 and
Kung, 2000).

Ohmomo et al. (2002) found no butyric acid in well fer-
mented inoculated silages (pH of 4.1-4.2) while silages
which were not well inoculated contained certain amounts
of that acid. In more than 60% of reviewed literature, Muck
and Kung (1997) reported lower ammonia nitrogen contents
in silages treated with inoculants compared to those un-
treated.
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The non-inoculated control silage was already heated af-
ter 54 hours and after 108 hours and it reached a tempera-
ture higher than the ambient temperature by 2 °C (Figure 1).
The maximum temperature (23.5 °C) in the control silage
was reached within 120 hours from the start of exposure to
air. Increased concentrations of acetic acid in silage treated
with BSP had a positive effect on the aerobic stability of the
silage (Danner et al. 2003 and Weinberg et al. 2004). The
temperature rise in inoculated silage was lower and first
heated after 102 hours. However, no temperature rise of 2
°C over the ambient temperature was observed during the
10 day of exposure to air. This is related to a higher acetic
acid content, which stops yeast growth. Classical microbial
inoculants, containing only homolactic bacteria, have no
effect and can even deteriorate the aerobic stability of the
silage (Muck and Kung, 1997; Weinberg et al. 2002).

For example, Inglis et al. (1999) found no positive effect
on the aerobic stability when using a blend of homolactic
lactic acid bacteria. Several authors (as Ranjit and Kung,
2000; Danner et al. 2003) have discovered that heterolactic
lactic acid bacteria positively improve the aerobic stability
of silage.

I1. Feeding trials

Silages and DM intake are presented in Table 4. Even
though these parameters are not statistically significant in
most cases, there are tendencies which show the advantage
of using a silage inoculant. On the basis of the data re-
corded during the experimental period (92 days), the feed
intake of silage DM was higher by 6.5% for treated silage
than that of the untreated silage being this in relation with
the results pointed by Winters et al. (2001).

LELIEE Effect of Biomin® BioStabil Plus treatment on the fermentation characteristics of ensiled grass- legume swards

Treatments
Parameters Unit Control BSP Standard error P-value
X+SD X+SD

pH 4.38+0.09 4.25+0.08 0.023 *
Total organic acids 67.16+7.49 76.62+8.60 1.970 *
Lactic acid 36.74+5.26 44.15+5.93 1.419 el
Acetic acid g/kg DM 28.23+3.18 32.17+45.43 1.021 0.051
Butyric acid 2.15+1.98 0.23+0.36 0.362 fakad
Ethanol 7.87+1.16 7.06+0.69 0.217 0.059
Ammonia N g/kg total N 57.5+7.24 46.0+4.03 1.746 **

*and ** denote statistical significance at level 0.05 and 0.01, respectively.
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The intake of compound feed did not differ as it was re-
stricted to a certain amount for both treatments. The energy
intake (DE and NET) was also higher for the silage treated
with BSP (+6.1 and 5.3%, respectively) compared to the
untreated control treatment (CT). Milk production was also
higher for animals fed with treated silage than for those fed
with control treatment (+1.1 L/cow/d). The Energy Cor-
rected Milk (ECM) production was also higher in the BSP
treatment (+1.4 kg/cow/d). Weinberg et al. (2004) reported
a milk production increase of 3-5%. Kung and Muck (1997)
reported increased milk production in approximately 50%
of the reviewed studies, with a statistically significant aver-
age improvement of +1.41 kg/cow/d. The feed conversion,
calculated as the quotient between the NEL intake and the
ECM production, denoted better efficiency in the conver-
sion of energy into milk in the treatment with the BSP inoc-

ulant due to cows fed with the treated silage needed less
energy (5.77 MJ NEL/1 kg of ECM) than others fed with an
untreated silage (5.93 MJ NEL/1 kg of ECM). This differ-
ence of 0.16 MJ was of high statistical significance
(P<0.01), in spite of the fact that the differences in the pa-
rameters silage intake and milk production were not statis-
tical significant. This could be explained by the high indi-
vidual internal variation reflected in the standard errors for
those parameters (1.26-1.51 and 2.40-2.69 for silage intake
and ECM production, respectively). However, the standard
errors in feed conversion were relatively low (0.08-0.09)
since the parameters silage intake and ECM production
apparently varied proportionally. According to Weinberg et
al. (2004), the feed efficiency can be increased by up to
9%. The milk composition and the somatic cell count are
shown in Table 5.

LELIEY] The effect of inoculant Biomin® BioStabil Plus on silage intake, milk yield and feed conversion

Treatments
Parameters Unit Control BSP Standard error P-value
X+SD X+SD
Silage intake 10.7+£1.51 11.4+1.26 0.288 0.225
Compound feed kg DM/cow/d 4.0+0.61 4.0£0.49 0.110 0.988
Total dry matter intake 14.742.12 15.4+1.74 0.394 0.382
Total digestible energy intake MJ/cow/d 200.9+29.06 213.2+24.16 5.487 0.272
Total net energy lactation intake MJ 103.0+£14.94 108.5+12.33 2.792 0.341
Daily milk production kg/cow/d 16.6+2.21 17.7£2.33 0.467 0.254
Daily energy corrected milk (ECM) production kg/cow/d 17.4+2.69 18.8+2.40 0.531 0.183
Feed conversion (FC) MJ NEL /1 kg ECM 5.93+0.08 5.77+0.09 0.024 *x
** denote statistical significance at level 0.01.
The effect of inoculant Biomin® BioStabil Plus on milk constituents and the somatic cell count
Treatments
Parameters Unit Control BSP Standard error P-value
X+SD X£SD

Fat 4.30+0.40 4.43+0.28 0.07 0.376

Protein % 3.36+0.15 3.42+0.22 0.037 0.451

Lactose 4.80+0.15 4.87+0.19 0.035 0.317

Somatic cell count x1000 222.3+152.13 125.1+30.98 24.144 *

* denote statistical significance at level 0.05.

The protein, fat and lactose contents were higher in the
BSP treatment, but not statistically significant (P>0.05),
compared to the control treatment. The somatic cell count
of milk produced from cows fed with the treated silage was
of statistically lower significance (P<0.05) than that of the
control treatment (125000 vs. 222000).

This correlates to a higher hygiene status in the treated si-
lage compared to that untreated. This parameter of milk
quality should be considered as a consequential effect of
better silage hygiene. It is well known that the somatic cell
count is a polyfactorial parameter (Pennington, 2011;
Schukken et al. 2003) very important for characterizing
milk production quality.
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CONCLUSION

The biological silage inoculant Biomin® BioStabil Plus
(BSP) had a significant effect on the quality characteristics
of grass-legume- silage in terms of lower pH due to a
higher lactic acid fermentation caused by the homofermen-
tative lactic acid bacteria. As a consequence of better fer-
mentation, inoculated silage had higher digestible energy
(P<0.01) and (P<0.05) net energy lactation concentrations
compared to untreated silage by 2.1 and 1.25%, respec-
tively. Inoculant treatment significantly decreased butyric
acid content, N-NH; fraction and dry matter losses. The
heterofermentative lactic acid bacterium Lactobacillus bre-
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vis added in microbial mix had a tendency to shift fermen-
tation towards acetic acid. The inoculation of silage im-
proved aerobic stability of ensiled grass-legume swards and
reduced feed waste in circumstances in which heating and
molded feeds could be a major problem. Improved silage
fermentation was achieved by using BSP in the ensiling
process and this was related to an increased silage intake
and milk production response in dairy cows. The utilization
of feed energy was better, which was reflected in a signifi-
cantly higher efficiency of the conversion of feed-net en-
ergy lactation into milk. Significantly lower somatic cell
counts were observed in milk produced by cows fed with
the treated silage, BSP indicating higher hygienic milk
quality in comparison to milk produced by cows fed with
the control treatment. The use of BSP is a promising silage
inoculant for grass-legume silages due to its capacity to
improve silage chemical composition and fermentation
characteristics and dairy cows’ milk performance.
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