




















Leachate and pH changes in response to post ensiling treatment of macroalgae
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Introduction This study examines the preservation of macroalgae (seaweed) in order to
provide a feedstock for liquid fuel production. The preservation of macroalgae is key to
providing stable biomass between harvest periods. Though many species of terrestrial
plant are ensiled for feeding animals and bio-digesters, the use of whole macroalgae as
a biomass for large-scale silage production is a relatively unknown process. Bacterial
and biochemical changes occurring in ensiled terrestrial plants are well understood.
Macroalgae, however, are marine species and have, marine epiphytic flora and biofilms
associated with them in conjunction with different structural biopolymers and no waxy
cuticle. Owing to these differences, and wide species diversity, it is anticipated macroalgae
will react differently to the ensiling process, showing different critical preservation
parameters, such as pH changes and leachate production and thus loss of potentially
valuable molecules and reaction mass.

Materials and methods The macroalgae Laminaria digitata (LD), Porphyra umbilicalis
(PU) and Ulva lactuca (UL) were collected from Northumberland, UK in March 2014 and
were subjected to differing chilling treatments before testing for the volume of leachate
produced (Vol), the pH of the leachate and the mass loss (MassLost) due to ensiling. After
rinsing in seawater and removal of epiphytes the three species were chopped by hand

into roughly 4 cm? sections. Three 50 g samples from each species were taken as baseline
samples and frozen. The remainder of the unfrozen material was ensiled (no additive
treatments) in 100 g (Laminaria digitata) or 50 g (Porphyra umbilicalis and Ulva lactuca)
portions within a vacuum pack. After 8 days the baseline samples were defrosted and any
leachate was removed and the leachate pH tested (Fresh) and a 5 g subsample of the solids
remaining was agitated, by stomacher, in 50 mL distilled water for 3 minutes and the pH of
liquid tested (Solids). At 14 days post ensiling randomly selected subsets were subjected to
treatments, Fridge (samples stored in the fridge at 4°C for 4 days), Freeze (Samples frozen
at -18°C for 4 days) and NoStore (leachate removed on day of selection) before measuring
the volume of leachate produced and the pH of the leachate. Subsequent statistical analysis
was by ANOVA using species x treatment, with a post hoc Tukey test to examine the data
for groupings.

Results and discussion The results show significant differences (P<0.001) between
species and treatments for both the pH, volume of leachate produced and mass lost. Overall
mean of the pH of the Solids tested and the liquid leached from Fresh was not significantly
different. Additionally, overall, no significant differences were seen in pH on day 14 post
ensiling in the three treatments with all being lower than the pH Solids and Fresh. For

each species individually, this is repeated for Laminaria digitata but not for Porphyra
umbilicalis and Ulva lactuca where the pH Solids and Fresh are different and the pH in
Ulva lactuca increased from the baseline after ensiling (Table 1). Overall, leachate lost

was lowest for Ulva lactuca (1.6 mL) and within its treatments this was driven by a higher
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volume of leachate lost in Fresh (Table 1). For Ulva lactuca the overall MassLost at 46.2%
was the least between the species. There was no treatment effect in Laminaria digitata

but for Porphyra umbilicalis and Ulva lactuca more mass was lost in the freezing and
defrosting of Fresh than the other treatments (Table 1).

Table 1 Overall, mean pH, volume of leachate per g lyophilised mass (Vol), mass lost from
the original weight ensiled (MassLost)

Species pH Vol MassLost

LD 5.4 3.02 62.42

PU 6.32 3.22 61.92

UL 5.7 1.6b 46.2b

Species!

Treatments? Overall 1D PU UL
pH Solids 6.72 6.42 7.60 6.02
Fresh 6.52 5.9% 8.22 5.2°0
Fridge 5.3b 5.1bc 5.3 5.7
Freeze 5.3b 4.9be 5.2¢ 5.6%
NoStore 5.2b 4.6° 5.1¢ 5.8%
Vol Treatments Overall LD PU UL
Fresh 3.12 3.3 2.4 3.82
Fridge 2.42 2.9 3.1 1.4%
Freeze 3.02 3.92 3.82 1.3b
NoStore 2.12 2.1 3.42 0.7b
MassLost Treatments Overall LD PU UL
Fresh 69.22 62.22 72.82 74.22
Fridge 52.32 62.42 52.7b 41.7b
Freeze 53.92 61.62 61.0% 30.0b
NoStore 54,52 63.22 61.2% 30.2b

!macroalgae species Laminaria digitata (LD), Porphyra umbilicalis (PU) and Ulva lactuca (UL); 2Treatments
consisted of a baseline where leachate was removed and the leachate pH tested (Fresh) and the solid” pH tested
(Solids). After 14 days subsets were treated as Fridge (samples stored in the fridge), Freeze (Samples frozen at -
18°C) and NoStore (leachate removed on day 14); numbers sharing a grouping letter within columns and analysis
groups are not significantly different

Conclusions The pH reached after 14 days ensiled in Laminaria digitata and Ulva lactuca
was lower than Porphyra umbilicalis. In Ulva lactuca the pH rose and suggests an alkali
breakdown product. The volume of leachate produced and the mass lost to leachate was
greater in Laminaria digitata and Porphyra umbilicalis. Overall, leachate produced from
the baseline samples after it was frozen, before testing for ensiling, has not affected the
baseline pH. Cold storage of macroalgae silage samples before testing does not affect the
pH but does affect the leachate volume and this was lower in Ulva lactuca. In conclusion,
although the response of each species needs to be examined separately, to facilitate sample
analysis in macroalgae silage testing, samples can be examined fresh, or after cold storage.
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Silage dry matter influences rumen degradability
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Introduction Wilting of grass before ensiling is often used as a method of improving
forage quality (Marsh 1979). However, the reported effects of wilting on the animal
performance are often rather contradicting (Gordon, 2000; Patterson, 1996; Wright, 2000).
The mean dry matter (DM) content of grass silage in different countries over Europe shows
that the common practice also uses different target values. The goal of this study was to
understand why the optimal DM of silages seems to vary in practice. There is a correlation
(-0.79) between lignin (ADL) and DM in silages; meaning that in countries with high ADL
contents, best practice seems to be ensiling grass with low DM. As an explanation, we
hypothesise that the silage DM influences the digestibility of silages.

Materials and methods A database with commercial analyses from Dutch, German

and Danish dairy farmers has been used to investigate the effect of DM on the rumen-
degradability of grass silage. All silages were ensiled and analysed in the year 2014.
Analyses were performed by near infrared spectrometry (NIRS) and the standard
laboratory techniques of BLGG (www.blgg.com) (ISO-12099). The fermentative
parameters are also analysed by NIRS. To derive a clear effect of DM, a selection was
made with silages of comparable chemical composition crude protein (CP), neutral
detergent fiber (NDF) and ADL. The total database of 2014 had an average of 480 g kg
DM of NDF and 172 g kg DM of CP. To create a representative sample, silages were
selected within the range of 475-500 g kg DM of NDF, 170-175 g kg DM of CP and 20
g kg DM of ADL. These silages were grouped in three levels of DM: low (200-300 g kg
1), medium (350-450 g kg ') and high (500-600 g kg '). In total 498 silages were included,
and statistics (Anova) were performed with IBM SPSS statistics version 20.

Results and discussion All differences in the Table 1 and 2 are significant (P<0.05).

The lower DM resulted in a higher concentration of acids and a lower pH, indicating a
more intensive fermentation, and higher degradation rate of CP (kd CP). The amount

of washable CP (W-CP) was also high for low DM silages. The results of Edmunds
(2014) and Repetto (2005) also showed that high fermented silages have more and faster
degradable protein fractions. A low DM also led to an increased degradation rate of NDF.
However, the remaining NDF is less digestible, according to the higher indigestible
fraction (U-NDF). It is suggested to be an effect of the low pH in wet silages, leading to
hydrolysis of cell-wall polysaccharides (Bakken, 2011).
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Table 1 Mean chemical composition Table 2 Digestibility and rumen

of silages (g kg DM™) degradation of silages (g kg DM™)
Item Low Medium High Item Low Medium High
DM, gke! 278 405 543 D-OM, % 78 78 77
pH 4.1 4.7 53 D-NDF, % 74 74 73
Lactic Acid 84 45 17 kd CP, % h! 10.3 9.4 8.9
Acetic Acid 19 16 8 wCPp 93 83 69
NH;s, % 11 10 7 UCP 3 3 3
Cp* 173 173 172 kd NDF, % h! 5.1 4.7 4.4
Sugar 29 71 106 UNDF 94 86 82
NDF 438 438 490 n 23 309 166
ADL 20 20 20
n 23 309 166

*Crude protein including NH;-

Conclusions Silages with low DM content have a more intensive fermentation process
after ensiling. Rumen degradability of CP and NDF is higher in grass silages with a

low DM content. In practice this means that it is possible to influence rumen protein
degradation by steering the dry matter content of grass silage. The optimal DM content
depends on the initial grass quality. Protein rich grass that already is highly fermentable,
could be a risk to rumen acidosis and nitrogen losses. Therefore these grasses should
preferably be wilted to a higher DM content before ensiling. Increasing the rumen
degradation of low digestible grasses could lead to higher total digestibility. Therefore low
digestible grasses should preferably be ensiled with a low DM content.
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Tropical forage legume silages and their in-vitro digestibility for pigs
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Introduction The use of silage can be of great benefit for the small producer to feed his
pregnant sows and growing and finishing pigs (Artiles et al., 2012). The aim of this work
was to assess the nutritional value of silages of the tropical forages Vigna unguiculata and
Canavalia brasiliensis and the sweet potato tuber (Ilpomoea batatas) and mixtures thereof
at different cutting ages.

Materials and methods Vigna unguiculata, and Canavalia brasiliensis and Ipomoea
batatas and their mixtures were ensiled at four different growth stages in PVC tubes

(1.8 L volume) in three replicates (see more details in our company paper, Guerrero and
Martens, 2015). The silages were evaluated after three months of storage for their in-
vitro digestibility of dry matter (IVDMD) for pigs. The protocol for in-vitro digestion in
pigs with pepsin/pancreatin as the main active agents was applied (Leterme, et al., 2008).
Silage was hydrolyzed in pepsin solution at pH 2.0 for 2 hours and in a second step with
pancreatin at pH 6.8 for 4 hours.

Results and discussion Ipomoea had the highest in-vitro digestibility, probably explained
by the higher content of carbohydrates and less lignin compared to the forages. Thus,

also mixtures with I[pomoea were better digestible. The neutral detergent fiber (NDF)

was increased with the maturity of the forage (Table 2), leading to a decreased content of
organic acids, which generated a decrease in digestibility (IVDMD) (Table 1).

Table 1 The IVDMD at different states of maturity and plant species (Vigna unguiculata,
Canavalia brasiliensis and sweet potato) and their mixtures

Cuttillg intervals Vigna Canavalia Ipomoea I; i‘iﬁ;ﬁa Cg) }j)an:gé?- Cﬁiﬁg;m Mean per interval
6 weeks 518 - - 65.6 - - 5872

8 weeks 425 426 724 602 519 40.6 5170

10 weeks 884 - 672 49.6 - - 51b

12 weeks 389 278 755 682 549 372 50.4°

16 weeks — 340 70 - 47 - 500

20 weeks - 276 85 - 542 - 558
Meanperspecies ) s 3356 7300 60.9° 500 38.9°

Data with different letters indicate significant differences according to Duncan test (P < 0.05)
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Table 2 The NDF content at different states of maturity and plant species (Vigna
unguiculata, Canavalia brasiliensis and sweet potato) and their mixtures

Cutting intervals ~ Vigna  Canavalia Ipomoea I;i ”Ota Cg}?ﬁ:jjf’ Cﬁiﬁg}ia Bﬁft?xi?
6 weeks 38.1 - - -- 37 -- 37.6°

8 weeks 374 482 279 44.7 48 45 41.99

10 weeks 13.2 - 45 52.8 - - 51.8°
12 weeks 51.8 585 512 545 54 534 53.9°
16 weeks - 54.6 49 - 56 - 53.2%
20 weeks -- 62.7 274 - 48.2 - 46.1¢
Mean per species 46.2¢  55.9*  40.1° 473¢  516°  49.2°

Data with different letters indicate significant differences according to Duncan test (P <0.05)

Conclusions The inclusion of Ipomoea improved the digestibility of silages with legumes
(Vigna, Canavalia). The IVDMD decreased with increasing maturity of the forages. For
this reason, the optimum cutting time for pigs is between 6 and 8 weeks although yield is
still low at this point of time (Martens et al., 2008).
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Impact of low temperature on lactic acid bacteria diversity in corn silage

Y. Zhou'?, P. Drouin'® and C. Lafreniére!

"Université du Québec en Abitibi-Témiscamingue, Station de recherche en agroalimentaire,
79 rue Cété, Notre-Dame-du-Nord, Québec, Canada JOZ 3B0 ; ? Present address: Guiyang
Medical University, 9 Beijing road, Guiyang, Guizhou Province, P. R. of China, 550004, 3
Present address: Lallemand Animal Nutrition, 586 Ridge Road, Chazy, NY 12921, Email:
pdrouin@lallemand.com

Keywords lactic acid bacteria, low temperature, corn, PCR-DGGE

Introduction High temperatures negatively affect lactic acid bacteria survival and
activities during silage fermentation phase, as observed in several studies (Kim, 2006).

In several countries, i.e. northern US, Canada, northern Europe, northern China, low
temperature at whole-corn ensiling might be an issue for the fermentation as temperatures
below 10°C are often experienced. In order to understand the effect of temperature on
lactic acid bacteria population, we studied their profile under five temperatures, ranging
from 25 to 5°C.

Materials and methods A total of 145 mini-silos were made from freshly harvested

corn and incubated at 5, 10, 15, 20 or 25°C during 60 days. The population of lactic acid
bacteria was monitored using a culture-independent approach from the mini-silos (Johnson,
2005). Destructive opening of silos were performed after 0, 1, 2, 3, 7, 28 and 60 days

of incubation (4 repetitions). The DNA extraction was performed using the PowerFood
DNA extraction kit (MoBio). The PCR-DGGE DNA fingerprint using primers L1GC/
HAD?2, specific to the lactobacillus-group (Lactobacillus, Weissella, Pediococcus, and
Leuconostoc), were generated from amplification of 185bp fragment of the 16S rRNA
genes.

Results and discussion When silos were opened after 60 days of incubation, final pH
varied between 3.85 and 4.32. All silos were under pH threshold classically used to
characterize anaerobic stability. A total of 14 operating taxonomic units (OTU) were
detected. The principal OTU were related to Lactobacillus plantarum, Lactobacillus
buchneri, Lactobacillus brevis, Lactobacillus sakei, Lactobacillus coryniformis,
Lactobacillus curvatus, Leuconostoc citreum, and Pediococcus pentosaceus. Temperature
played an important role in modulating the bacterial diversity profiles (Figure 1). The
OTU related to L. plantarum, L. brevis, and P. pentosaceus appeared to be indicator
species of silos incubated at 15°C, 20°C and 25°C. The OTU related to L. sakei and

L. curvatus were indicator species for lower temperatures (5°C, 10°C and 15°C). The
OTU related to L. citreum and L. coryniformis were mainly observed at mid temperature
range, 10°C, 15°C and 20°C. Finally, for temperatures above 15°C, the OTU related to
the heterofermentative L. buchneri, a species usually used as an inoculant to increase the
aerobic stability of silages, was the most represented during anaerobic stability phase at
25°C. For temperature below 15°C, OTU related to L. sakei was dominant at later stage of
ensiling.
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Conclusion Low temperatures contribute to create different evolutions of patterns of lactic
acid bacteria population responsible for whole-plant corn silage fermentation. Fingerprint
techniques such as DGGE, are considered an interesting approaches to investigate the
microbial population dynamics during the ensiling process.

References

Johnson, H.E., R.J. Merry, D.R. Davies, D.B. Kell, M.K. Theodorou, and G.W. Griffith.
2005. Vaccum packing: a model system for laboratory-scale silage fermentations. J.
Appl. Microbiol. 98:105-113.

Kim, S.C., and A.T. Adesogan. 2006. Influence of ensiling temperature, simulated rainfall,
and delayed sealing on fermentation characteristics and aerobic stability of corn
silage. J. Dairy Sci. 89:3122-3132.

C13 - L. buchmeri

CI3 - L. buchneri 15 oC'

Relative band intensity

0 10 20 30 40 50 &0
Time (days)

Figure 1 Population profiles by PCR-DGGE of lactic acid bacteria population at time of
ensiling and after 1, 2, 3, 7, 28 and 60 days of incubation at different temperatures.
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Introduction Silage has in the past been studied intensely focusing on chemical analyses,
dry matter loss and aerobic stability, while whole microbial population has only been
analyzed in a minor extent. Today we have an insight into the main fermentation process,
which have supplied tools for significant improvements, but to fully understand the

process we need to obtain a more complete picture of the microbiological flora during the
ensiling process. New powerful methods within the field of DNA, called Next Generation
Sequencing (NGS), have evolved the past two decades. These new technologies give the
possibility to collect DNA sequence information of the total DNA present in a sample,

the so called metagenomics approach. The FoodGenomics is a collaboration between

Chr. Hansen and two of the leading academic groups within NGS work (Center for
GeoGenetics, University of Copenhagen, and Center for Biological Sequence Analysis,
Technical University of Denmark) and aims at increasing the quality of fermented food
and feed. It utilizes the metagenomics approach to link microbial flora composition to
measures of quality with emphasis on the role of the addition of specific microbes. Here we
show an initial metagenomic analysis of a laboratory scale corn silage trial with whole corn
from a farm in Denmark.

Materials and methods Whole corn was chopped and four 1-kg vacuum-packed bags
were packed in the laboratory and stored for 91 days at 25 °C. A sub-sample of each

bag was exposed to aerobic challenge for 7 days at room temperature (20-21°C). Pellet
formation followed the protocol given by Eikmeyer et al. (2013), but with an initial
homogenization for 2 min in a stomacher (Smasher, AES Laboratoir, FranceCells) were
disrupted by bead beating 100 mg pellet together with 0.4 g of 0.5 mm Zirconia beads
(BioSPec, Bartlesville, OK, USA) at maximum speed for 2 min using a TissueLyserlI
(Qiagen, Carlsbad,CA, USA). DNA was extracted with the QiAmp DNA Stool mini kit
(Qiagen) according to manufacturer instructions. A blunt-end Library was built according
to Meyer and Kircher (2010) using NEB next 6040 kit (New England BioScience) and
amplified using Q7 Polymerase (New England BioScience). The libraries where run on
HiSeq 2500; 100 paired-end reads at Center for GeoGenetics (University of Copenhagen)
giving around 200 million reads in total. The metagenomic reads were mapped against a
sequence database comprising 16S ribosomal RNA sequences of type strains of Bacteria
and Archaea (http://www.arb-silva.de/projects/living-tree/) in a single end mode. Only
reads with a match/read length fraction equal or higher than 0.8 was accepted for further
analysis.
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Results and discussion Library preparation succeeded in the non-fermented corn, in two
samples after 91 days of anaerobic fermentation and in three samples from the aerobic
challenge.

The non-fermented corn sample showed the most diverse bacterial flora with
Cyanobacteria and Proteobacteria well represented, followed by members of the
Bacteroidetes/Chlorobi group and minor amounts of the gram positive phyla Actinobacteria
and Firmicutes. After 91 days of anaerobic fermentation, the bacterial and archaeal flora
was dominated by Lactobacillaceae, which increased to around 45% in both samples,
while Archaea accounted for 15% of the reads, which to our knowledge has not been
reported previously for corn silage. One percent of the reads map to the Acetobacteraceae.
The silage had an aerobic stability of 75 hours on average. The DNA samples after 7

days of aerobic challenge were dominated by the family Acetobacteraceae, especially in
sample A and C. Also sample D had a high prevalence of Acetobacteraceae, but it was

not as pronounced as the first two. In this sample, 15% Lactobacillaceae were found and
to a smaller extent Bacillaceae, Flavobacteriaceae, Gammaproteobacteria and Archaea.
Acetobacter pasteurianus (Acetobacteraceae) has previously been detected in corn silage
inoculated with L. buchneri, L. plantarum, and E. faecium using DGGE method.

100% 7 [ ] O Thermomonosporaceae

e B Microbacteriaceae
[@Pseudonocardiaceae
@ Lactobacillaceae
EBacillaceae
B Veillonellaceae
[EPlanococcaceae
B Acetobacteraceae
70% B5phingomonadaceae
B Rhizobiaceae
B Alcaligenaceae
60% — EComamonadaceae
[ Oxalobacteraceae
[ Acidithiobacillaceae
50% B Enterobacteriaceae
B Pseudomonadaceae
B Xanthomonadaceae
B Moraxellaceae
B Flavobacteriaceae
Cytophagaceae
[DStigonematales
M Chroococcales
m Oscillatoriales
EIHalobacteriaceae
[ Sulfolobaceae
[ Desulfurococcaceae
EArchaeoglobaceae
E Acidilobaceae
0% [0 Thermoproteaceae

Mon-fermented 91 days anaerobic 91 days anaerobic 7 days aerobic 7 days aerobic 7 days aerobic
fermentation A fermentation B challenge A challenge C challenge D

Figure 1 Distribution of read mapping to 16S ribosomal RNA sequence database grouped
by family.
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Conclusions Our results show a prevalence of Lactobacillaceae at the end of the
anaerobic fermentation process. The following aerobic challenge led to a dominance of
Acetobacteraceae. The method for extraction of DNA needs to be optimized in order to
achieve a more consistent yield and purity from a large variety of silage samples.
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Introduction The optimal silage quality and aerobic stability depends not only on

the harvesting and ensiling technology, but also on the development of a preservative
microbial population. It is well known that insufficient compacted silage often leads to a
reduced aerobic stability. As a consequence, a more rapid penetration of aerobic spoilage
organism can occur on the silage. The intensity of spoilage is highly dependent on the
number and activity of the undesirable microorganisms in the silage. Numerous studies
examine the effects, mainly the influence of bacterial starter cultures, on the aerobic
stability of silage to improve the quality. However, the microbial community responsible
for spoilage processes remains largely unknown. Therefore, the aim of the study was to
examine the microbial community dynamics of the silage fermentation in insufficient
compacted grass silage to receive more insights into the spoilage process.

Materials and methods For the microbial community characterization, a cultivation
independent molecular approach was applied involving terminal restriction fragment
length polymorphism (TRFLP) analysis and cloning and sequencing of the 16S rRNA
gene. Standard chemical analyses were carried out to examine the forage crop and silage
variants. Perennial ryegrass was ensiled in laboratory glass jars in two compaction variants
(optimal and insufficient). Insufficient compaction samples were air infiltrated (during
ensilage for 24 hours after 28 and 42 days ensilage time). Triplicate replications of each
ensiling treatment were sampled prior to ensiling (day zero) and after three, 10 and 49
days of ensilage. To determine the aerobic stability, after 49 days of storage silage samples
were transferred to air permeable cups at constant room temperature. The temperature

of the silage was measured during the aerobic exposure for two, four and seven days,

and samples were taken for molecular and chemical analyses. The aerobic stability was
considered as the time as long the temperature remains stable before increase by more than
3°C above the ambient temperature.

Results and discussion TRFLP analysis revealed that the ensiling of ryegrass is a very
dynamic microbial process even at optimal ensilage conditions and even without the
addition of distinct starter cultures. The bacterial community in the grass before ensiling,
was dominated by aerobic or aerotolerant microorganisms (Figure 1). Already after three
days of ensiling, this initial community was completely replaced and now dominated

by Weissella cibaria (Leuconostocaceae) (TRF 608, TRF 610) and Lactobacillus sakei
(Lactobacillaceae) (TRF 605). Nonetheless, after 10 days of ensiling, a further intensive
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community shift was detected toward a pure Lactobacillus-community also stable at
aerobic conditions. Surprisingly, the Lactobacillus-community seems to proliferate also
under these stress conditions as indicated by the increase in the lactic acid content (Figure
1). In contrast to optimal ensiling, in silage with insufficient compaction and air stress, a
higher microbial diversity was found. Independent of compaction and air infiltration, the
Bray-Curtis similarity of 78 % indicates that the bacterial communities were developed
similarly after 49 days of ensiling. In contrast, only traces of the anaerobic community in
the insufficient compaction silage were determined seven days after opening (Bray-Curtis
index = 2%). Increasing temperature of the silage material was detected after two and a
half days of aerobic exposure. After four days of aerobic stress, opportunistic Bacillus
species completely suppress the lactic acid bacteria. The fast spoilage process was also
characterized by decreasing lactic acid concentrations and increasing pH values.
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TRF 607

Figure 1 Bacterial community profiles of grass silage during ensiling and subsequent
aerobic stability test (ASTA) determined by TRFLP analysis. Detected TRFs were
phylogenetically assigned based on 16S rRNA gene sequence libraries.

Conclusions This study reveals that the bacterial community of the grass before ensiling
differs completely from the community in the silage and in the aerobic spoilage process.
This may indicate that the microbial community of the starting material has a minor role
than previously thought. Further work is necessary to elucidate the origin of the aerobic
spoilage microorganism and to clarify the relevance of the microbial population of the
forage crop.
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Introduction Among tropical grasses, elephant grass is the most utilized for silage
production due to its high forage yield and adequate water-soluble carbohydrate content,
which favors a good fermentation. Inoculants based on lactic acid bacteria (LAB) are
commonly used to increase the production of lactic acid, resulting in a fast decrease in

pH of ensiled material. The use of specific LAB strains isolated from the same forage it

is used to treat is a strategy that has been utilized by some researchers aiming to obtain
better quality silage. Due to the specificity between the forage species and the epiphytic
microflora, studies are necessary to isolate and to identify the main microbial groups in the
main forages that are utilized for ensilage in tropical conditions. Therefore, the objective
of the present study was to isolate and identify LAB through partial sequencing of the 16S
rDNA gene in elephant grass silage with the ultimate goal of identifying species of LAB
that could be developed into an inoculant for this type of silage.

Materials and methods Elephant grass (Pennisetum purpureum, Schum var. Cameroon)
forage was harvested at approximately 70 d of growth (23.53% average DM) and then
chopped and ensiled in eighteen 25.4 cm % 35.56 cm bags. Five hundred grams of chopped
forage were put in each bag followed by evacuation of air and heat-sealing. The bags

were stored at room temperature and triplicate bags were opened after 1, 3, 7, 14, 28,

and 56 d of fermentation. Samples of fresh forage and silages (25 g) were mixed with

225 mL of Ringer Solution and 10-fold serial dilutions were prepared. The dilutions

(100 puL) were plated on MRS agar and the plates were incubated at 37°C for 48 h. After
incubation, random colonies were selected and plated on MRS agar containing 5 g/L of
CaCO, and 0.04 g/L of bromocresol purple to evaluate their acid production. The isolates
that were characterized as acid positive and catalase negative were selected and further
identified by 16S rRNA gene sequencing. The isolates were evaluated for growth capacity
by using MRS broth at different temperatures (15°C and 45°C), as well as different
concentrations of NaCl (4.0% and 6.5%), pH (3.5, 4.0, 4.5, and 8.0), and CO, production.
After 24 h of incubation at 37°C, the absorbance at 630 nm was measured by using a

plate spectrophotometer (Thermo Scientific®). Extraction of the DNA was performed

by using the Wizard® Genomic DNA Purification kit (Promega), with modifications.

The quantification of DNA was determined in the spectrophotometer NanoVue™

(GE Healthcare) and it was maintained at —20°C. The PCR was performed by using
thermocycler *Prime (Techne) with DNA (80 ng) as the template, the set of primers 1492F/
P027R, dNTP mix, MgCl,, TagDNA Polymerase, and buffer 10X (Promega). The product
of the PCR, one fragment approximately of 1500 pb, was sent to Macrogen, Korea, for
purification and sequencing. The sequences were compared to the database from GenBank
using the BLAST algorithm (National Center for Biotechnology Information, Maryland,
USA).
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Results and discussion Seven strains of LAB were isolated from the samples of fresh
forage and 162 strains were isolated from the silages. A large number of isolates had
stronger growth when incubated at the highest temperature (45°C) than at 15°C. Most of
the isolated strains (76%) were characterized as homofermentative. The growth of strains
at the highest temperature and the low pH, in addition to being important for the culture
predominance during silage fermentation, is also important when it comes to increasing the
viability of these cultures when submitted to the lyophilization process since the inoculants
are commercialized as “lyophilized”. The 16S rDNA gene sequencing resulted in the
identification of 156 isolates with similarity that was equal to or greater than 97% of the
sequences that are available on GenBank. The main LAB present during the fermentation
period were Weissela cibaria, W. paramesenteroides, L. plantarum and L. pentosus (Figure
1). The genus Weissela predominated in the first days of fermentation, while Lactobacillus
predominated after the seventh day. The genus Weissella belongs to the group of LAB,
however, few studies have reported the presence of this genus in silages. The other strains
of LAB that were identified in this study were microorganisms commonly found in many
forage species. For example, L. plantarum has been identified as the predominant species
in majority of forages and is one of the main LAB that is often used as an inoculant for
silages.

35 - Lactobacillus casei subsp. casei
n Lactobacillus zeae
30 ¥ Lactobacillus casei
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Figure 1 Lactic acid bacteria sucession during elephant grass fermentation.

Conclusion Lactobacillus plantarum and L. pentosus were the predominant species of
LAB in elephant grass silages that were produced in tropical conditions. Future studies
plan to evaluate these predominant species as inoculants to improve the fermentation
process of elephant grass silages.
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Introduction To feed the current and increasing stock of ruminants in the tropics, the
utilization of forage crops needs to be optimized. Proper preservation is critical to enable
stable feed supply for both small- and large-holder farmers. Acetic acid fermentation often
occurs in tropical grass silage, and alcohols content may exceed acids content when sugar-
rich crop is used. In addition, high ambient temperature can enhance aerobic deterioration
after silo opening. Although attempts have been made to control tropical grass ensiling,
sufficient data are not yet available on the bacterial community influenced by various
treatments and additives. The present study was conducted to examine the effects of
wilting, molasses addition, and lactic acid bacteria (LAB) inoculation on fermentation

and bacterial community of elephant grass silage produced in Vietnam. Both homo-
fermentative and hetero-fermentative LAB species were tested.

Materials and methods Direct-cut and wilted elephant grass (Pennisetum purpureum
Schumach.) was stored in a laboratory-scale silo with and without molasses (50 g/kg)

and LAB inoculants. The grasses were manually chopped using knives into 10-20-mm
cuts before ensiling. Homo-fermentative LAB contained Lactobacillus paracasei and
Lactococcus lactis, and hetero-fermentative LAB had Lactobacillus buchneri. Silages
were stored in Hue, Vietnam, for 4 month at room temperature, and then transferred

to Okayama, Japan. Fermentation products were determined by HPLC, and microbial
analyses were carried out by plate-culture and denaturing gradient gel electrophoresis (Tu
et al. 2013). Searches in the GenBank database with the BLAST program were performed
to determine the closest relatives of partial 16S rRNA gene sequences.

Table 1 Fermentation products and microbial counts of direct-cut elephant grass silage
prepared with and without molasses addition and lactic acid bacteria inoculation

— Molasses + Molasses
Cont LP+LC LB SE Cont LP+LC LB SE
Dry matter (g/kg) 156b 1892 159b 6.03 164 170 165 2.11
pH 4.202 3.40b 4282 0.10 4.12% 3.43y 427 0.08

Lactic acid (g/kgDM) 158> 968 221> 560 23.4Y 108  6.48Y 583
Aceticacid (g/kgDM) 2630 245¢ 489 352 306y 261z 491 292

Ethanol (g/kgDM) 177+ 10.1¢  13.0> 053 200 10.0v 124y 0.97
1,2-PD (g/kgDM) 3.17¢0 058 297¢ 047 344x 095y 319 025
LAB (log cfu/g) 7.61* 552® 696 038 7.72¢ 527 757 032
Yeasts (log cfu/g) 7.722  559® 685 043 757¢ 778 550v 008

Means of triplicate silages. Values in the same row with different superscript letters (a—c, x—z)
are significantly different (P<0.05). LP, Lactobacillus paracasei, LC, Lactococcus lactis; LB,
Lactobacillus buchneri.1,2-PD, 1 2-propanediol; LAB, lactic acid bacteria.
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Results and discussion Regardless of wilting, untreated silage had acetic acid as

the predominant acid, and molasses addition increased ethanol fermentation. Homo-
fermentative LAB inoculation greatly enhanced lactic acid production and suppressed
acetic acid and ethanol production. Hetero-fermentative LAB inoculant inhibited aerobic
deterioration, while decreasing ethanol content and increasing acetic acid content. The
DGGE profiles indicated that indigenous bacteria appeared to be eliminated by homo-
fermentative LAB inoculant, whereas no apparent changes were found with hetero-
fermentative LAB. Alcoholic fermentation encouraged by molasses addition was
suppressed in LAB-inoculated silage.

Table 2 Fermentation products and microbial counts of wilted elephant grass silage
prepared with and without molasses addition and lactic acid bacteria inoculation

— Molasses + Molasses
Cont ILP+ILC LB SE Cont IP+LC 1B SE
Dry matter (g/'kg) 248B 2614 2458 469 239Y 262X 248Y 320
pH 4424 3438 4244 0.05 4.61% 3472  435Y  0.05

Lactic acid (g/kgDM) 1338 1054 13.13 824 989Y 152X 6.81Y 181
Acetic acid (g/kgDM) 19.6B  3.79¢ 48.84 224 22.7%Y 558Y 42.1% 5.00

Ethanol (g/kgDM) 22040 11.68 17948 180 353% 159Y 144Y 480
1,2-PD (g/kgDM) 12.04 2,038 1174 1.69 19.0 3.09 14.0 3.77
LAB (log cfu/g) 7.75 6.86 757 044 811X  426Y 777% 0.19
Yeasts (log cfu/g) 8.134 5698  7.764 040 8.03% 489Y 7.77% 0.16

Means of triplicate silages. Values in the same row with different superscript letters (A—C, X-7)
are significantly different (P<0.05). LP, Lactobacillus paracasei, LC, Lactococcus lactis; LB,
Lactobacillus buchneri. 1,2-PD, 1,2-propanediol; LAB, lactic acid bacteria.
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Lactobacillus paracasei
Uncultured bacterium
Uncultured bacterium
Lactobacillus brevis
Enterococus faecium
Lactococus lactics
Enterobacteriaceae bacterium
Lactobacillus paracasei
Lactobacillus buchneri
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= 0
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Figure 1 Bacterial communities of direct-cut and wilted elephant grass silages prepared
with and without molasses addition and lactic acid bacteria inoculant. LP, Lactobacillus
paracasei, LC, Lactococcus lactis; LB, Lactobacillus buchneri, M, molasses addition.
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Introduction The success of ensiling from a biochemical point of view depends mainly
on a sufficient amount of efficient lactic acid bacteria (LAB) and adequate carbohydrate
availability. In our study the molecular technique PCR-SSCP was used to characterize
bacterial communities in tropical forage silages (Vigna unguiculata, Canavalia
brasiliensis) and sweet potato tuber (I[pomoea batatas) to assess the potential of the
inherent microflora.

Materials and methods Vigna, Canavalia and Ipomoea alone or in mixtures were ensiled
in micro-silos at different cutting intervals in triplicate for three months (see more details
in our company paper, Guerrero and Martens, 2015). Silage samples were lyophilized
starting at -40°C for 48 hours. For DNA extraction, the protocol according to Sanabria et
al. (2009) was followed. For PCR amplification of the 16S rDNA region, the universal
primers Com1 and Com 2-Ph were used, following amplification conditions suggested

by Schwieger and Tebbe (1998). The amplified region was visualized by electrophoresis
in agarose gels. To estimate the size of amplified products, a molecular weight marker of
100 bp was employed. The PCR products were purified using the Kit Wizard® PCR Preps
DNA Purification System following the recommendation of the manufacturer. Digestion
was performed using Lambda Exonuclease with a final concentration of 1x and proteins
were extracted using phenol chloroform (Orita et al., 1989). Before the electrophoretic
analysis, 8ul of loading buffer were added and the mixture was denatured at 94 ° C for

2 min, then immediately cooled on ice. The samples were loaded on MDE® gels with a
concentration of 0.7x and electrophoresis (1x TBE) was performed at 9Ma for 16 h at
20°C. For visualization of the DNA fragments, the gels were silver stained (Bassam et al.,
1991). As community marker Rhizobuim trifolii, Flavobacterium johnsoniae, Lactobacillus
brevis, Lactobacillus plantarum and Agrobacterium tumefaciens were used. The results
were evaluated using GelCompar II (Applied Maths NV).

Results and discussion The cetyltrimethylammonium bromide (CTAB) procedure
resulted in a fair amount of high molecular weight DNA with high purity free of inhibitors
or contaminants. Amplified products with universal primers amplifying the 16S rDNA
region had a molecular weight between 300 to 400 bp. In the SSCP analysis, a total of

17 different single DNA bands were identified. Mixtures of legumes with 7. batatas (1:1)
showed a higher number of bands, representing a wide variety of bacteria. The harvest
age also affected the number of bands. The most common bacteria in the treatments were
(Figure 1): g position - unknown bacteria, was found in 15 of 24 treatments, proving to

be the dominant species independent of silage or cutting interval, suggesting that bacteria
belonging to this band can suit different conditions. Other signs such as f position -
Lactobacillus plantarum, was found in 13/24 treatments and d position - L. brevis, was
found in 9/24 treatments, these bacteria are present in most but not all profiles, independent
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of cutting interval and mixture, and other signs as at position j Agrobacterium tumefaciens,
was found in 7/24 treatments. In position ¢ Flavobacterium johnsoniae occurred in 6/24
treatments. These profiles showed 54.1% similarity among each other and reveal 3 groups
that are influenced by the plant species.
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Figure 1 Similarity Analysis of SSCP profiles produced by PCR amplification of 16S
rDNA silage samples of the tropical forages Vigna unguiculata, Canavalia brasiliensis and
Ipomoea batatas tubers and mixtures thereof, at different cutting intervals. Community
marker positions; a. Rhizobuim trifolii, c. Flavobacterium johnsoniae, d. Lactobacillus
brevis, f. Lactobacillus plantarum, j. Agrobacterium tumefaciens.

Conclusions This study demonstrated the applicability and feasibility of PCR-SSCP to
assess the diversity of bacteria found in tropical forage silages. It could also be used to
study microbial factors affecting silage quality.
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Introduction The amount, diversity and activity of epiphytic lactic acid bacteria (LAB)
direct the fermentation and the proportions of organic acids that will be produced, thereby
influencing silage quality. The colonization of plants by LAB is a complex process that
depends on several factors including plant species, stage of growth, weather, geographic
localization, and type of fertilizers that are used (McGarvey et al., 2013). The reduction in
moisture content through wilting alters the substrate concentration, which together with
the increase in osmotic potential, provides varied effects in the microbiota (Woolford,
1984), depending on weather, conditions at the moment of the process and time of drying.
However, studies are not conclusive, as some present an increase while others present a
decrease in LAB populations in alfalfa silages that were submitted to wilting. A thorough
understanding of the behavior of alfalfa grown in tropical conditions as well as the
evaluation of changes in the epiphytic microbial populations can help to obtain strategies
to improve the fermentation process and decrease nutrient losses. Thus, the hypothesis of
this study was that the wilting process does not alter microbial diversity in alfalfa silage
produced in tropical conditions.

Materials and methods Lactic acid bacteria were isolated from samples of fresh alfalfa
plants without wilting, fresh forage (day 0) wilted for 6h and its both non-wilted and
wilted silages in different fermentation periods (1, 3, 7, 14, 28, and 56 days). The DNA
isolated from plants and silages was extracted by using a commercial kit (Wizard®
Genomic DNA Purification kit, Promega). The 16S rRNA sequences were amplified

by PCR using the primers p027F (GAGAGTTTGATCCTGGCTCAG) and 1492R
(TACGG(C/T)TACCTTGTTACGACTT). The sequences of each isolate were compared
to those available in the GenBank database and were aligned by using the algorithm
BLASTn (Basic Local Alignment Search Tool) (http://www.ncbi.nlm.nih.gov/BLAST) for
nucleotides. The 16S rRNA sequences that showed similarity equal to or greater than 97%
were considered to be from the same Operational Taxonomic Unit.

Results and discussion The succession of LAB isolated from plants and silages of
different fermentation periods, non-wilted and wilted, are shown in Figures 1 and 2,
respectively. The presence of Lactobacillus plantarum was observed in all fermentation
periods, except in the wilted forage before ensiling. The wilted forage showed high
diversity of species before ensiling.

Although variations occurred in the appearance of species during the fermentation process,
the microbial fermentation of the forage before ensiling and the respective unwilted and
wilted silages showed small variations. According to Hartmann and Windmer (2006),
significant changes in bacterial populations did not occur to increase diversity, but changes
can occur in the appearance of some taxonomic groups which are offset by changes in
other groups.
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Figure 2 Succession of lactic acid bacteria in wilted forage and alfalfa silage in different
fermentation periods.

Conclusions There is a high diversity of LAB species in both unwilted and wilted alfalfa
(fresh forage and silage). Lactobacillus plantarum predominates among LAB species,
although its behavior over the fermentation period is different between unwilted and wilted
alfalfa silages.
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Introduction The forage peanut is a tropical legume that has been considered a good
alternative to silage production because of its characteristics of persistence and high
nutritive value. However, it presents high buffering capacity, low content of water soluble
carbohydrates and DM, and a low epiphytic population of lactic acid bacteria (LAB),
thereby requiring the use of additives in order to be ensiled and to improve the silage
fermentation. Due to the lack of information about the epiphytic population of forage
peanut and its ensiling process, this study was carried out to evaluate the microbial
population through the new generation sequencing technique by using the Ion Torrent
platform.

Materials and methods The forage peanut was harvested at the beginning of flowering
period by using a backpack mower and it was chopped into 1.5-cm pieces and ensiled

in triplicate in 25.40 x 35.56 cm bags (Doug Care Equipment, Springville, CA). The
anaerobic condition of the bags was established by using a vacuum sealer. The samples
of silage that were collected at different fermentation periods (1, 3, 7, 14, 28, and 56
days) were utilized to extract bacterial DNA. The bacterial DNA was extracted by using a
commercial kit for DNA extraction (Wizard - Promega), quantified in a spectrophotometer
Nanodrop (Thermo Scientific 2000), and stored at — 20 °C. The Polymerization Chain
Reaction (PCR) was performed by using a pair of specific primers for the eubacteria
dominance to amplify the 16S rRNA gene. The PCR products were adjusted for a final
concentration of 10 — 15 pM and were adhered in ion spherical particles (ISP) by using
the Xpress kit for fragments of 200 pb (Life Technologies, USA) while following the
instructions of the manufacturer. The sequences were processed using the program
MOTHUR v.23.0.

Results and discussion A total of 721,837 sequences of samples from plants and silages
at different fermentation periods were generated by Ion Torrent platform. The total
number of sequences and those of better quality were recovered from each sample. The
silage at 3 days of fermentation presented the highest number of high quality sequences
(56,148) in comparison to the other silages from different fermentation periods and fresh
plants, while the silage at 56 days of fermentation presented lower numbers of sequences
(26,606) in comparison to other silages and fresh plants. In this study, as the fermentation
time increased, a smaller amount of DNA was obtained. The forage peanut fermentation
was dominated by the genus Weissela, followed by a small participation from the genus
Pediococcus in the final stages of fermentation (Figure 1A). The genus Lactobacillus
appeared only in silages with 56 days of fermentation, presenting with a low number of
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sequences. The genus Weissela is part of the composition of the epiphytic population

of alfalfa, although there is no information in the literature that proves it dominates
throughout storage time. In relation to the analysis of family, the Enterococcaceae family
was low in number in the plants and disappeared during fermentation (Figure 1 B). This
was expected due to the unfavorable conditions (i.e. decreasing pH) during fermentation,
which inhibits the growth of bacteria from this family.

Conclusion The genus Weissella prevailed during all fermentation periods in forage peanut
silage.
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Isolation of Lactobacillus fructivorans from aerobically stable alfalfa silage

B. Wu' and N. Nishino'
'Okayama University, Okayama 700-8530, Japan, Email: jloufeed@okayama-u.ac.jp

Keywords fermentation, microbiota, silage additive, tropical grass

Introduction It is generally thought that differences exist between crop species in terms
of susceptibility or resistance to aerobic deterioration of silage. Corn silage is known to
spoil easily in the presence of air, and significant heating will often be seen 1-2 days after
silo opening. Grass silage occasionally shows a resistance to aerobic deterioration, but
such stability is not promising and hard to predict. In contrast, alfalfa silage can remain
unheated for more than a week, and does not spoil despite lactic acid predomination
over the fermentation, i.e. the stability is not a result of high concentrations of antifungal
acetic, propionic, and butyric acids. Bacterial factors involved in the aerobic stability are
thus worth examining. Using denaturing gradient gel electrophoresis (DGGE) analyses,
we found out Lactobacillus fructivorans as the predominant lactic acid bacterium (LAB)
in aerobically stable alfalfa silage. We then successfully isolated L. fructivorans and
performed inoculation experiments using wilted grass and whole crop corn silages.

Materials and methods Wilted alfalfa (DM 491 g/kg) was ensiled in a plastic pouch with
and without addition of molasses at 20 g/kg on a wet basis. The silo was opened at 5, 10,
and 60 days after ensiling, and concentration of fermentation products and composition
of the bacterial community were determined. The PCR was used to amplify a variable
region of the bacterial 16S rRNA gene, and the PCR products were separated according

to their sequences by DGGE. Select bands were excised from DGGE gels, and the DNA
was cloned and sequenced to identify bacterial species. Liver infusion sake (LIS) medium,
which is composed of Japanese rice wine and animal liver homogenate, was used instead
of MRS medium to isolate L. fructivorans.

Results and discussion Aerobic deterioration took place in control silage stored for 5 and
10 days; heating due to spoilage was seen on day 5 after silo opening. No heating was
found in molasses-added silage regardless of ensiling period, whereas the additive was
intended to lower aerobic stability. Non-LAB species such as Pantoea sp., Oceanobacillus
sp., and Methylobacterium sp. were seen as major bacteria in untreated silage (Figure 1). A
number of bands indicative of Pantoea sp. became faint when ensiling was prolonged for
60 days. L. fructivorans was detected common for aerobically stable silages, and the bands
appeared distinctive in molasses-added alfalfa silage. Although this finding suggested
association of L. fructivorans with high aerobic stability, plate-culture using MRS medium
failed to isolate the LAB species. Fortunately, this difficult-to-culture LAB grew well in
LIS medium; about 60% of isolates were identified as L. fructivorans. This isolate was
inoculated to wilted Italian ryegrass and whole crop corn silage at levels of 10%, 10°, and
10° cfu/g. Spoilage inhibition was seen for wilted grass silage regardless of the inoculation
level, whereas the activity was small and restricted at the highest inoculation level for corn
silage. These results indicated that, although L. fructivorans may be involved, the activity
of spoilage inhibition can be insufficient and unclarified substance produced during the
fermentation should also contribute to high stability of alfalfa silage.
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Fermentation characteristics and lactic acid bacteria succession of total mixed ration
silages formulated with peach pomace

X.D. Hu', W. Hao', H.L. Wang', T.T. Ning', M.L. Zheng' and C.C. Xu'
!China Agricultural University, Beijing 100083, China, Email: xucc@cau.edu.cn

Keywords aerobic stability, lactic acid bacteria, peach pomace, total mixed ration Silage

Introduction Peach juice is an internationally popular beverage due to its high nutritional
value and health benefits. Owing to its high moisture content and water-soluble
carbohydrates content, it is easy for microorganisms to propagate, which lead to great
waste and potential environmental problems. Peach pomace could be a feed source for
ruminants. This study was to evaluate the feasibility of total mixed ration (TMR) silages
formulated with peach pomace.

Materials and methods The TMR were prepared using peach pomace, alfalfa (or

Leymus chinensis) hay, corn meal, soybean meal, cotton meal, limestone, vitamin-mineral
supplement, and salt in a ratio of 6.0:34.0:44.4:7.0:5.0:2.5:1.0:0.1% (DM basis) and
sealed in plastic bags (800x1,500 mm) in triplicate. Silos were opened after 1, 3, 7, 14, 28
and 56 d of ensiling at about 20°C. Silages ensiled for 28 and 56 d were used for aerobic
stability test, following procedures of Wang et al. (2012). Silage pH and organic acids were
determined as described by Xu et al. (2007). Microbial counts were determined by plate
count method (Xu et al., 2008). The LAB colonies were purified by repeated streaking.
Genomic DNA was extracted and 16S rDNA gene was amplified for sequence analyses by
Sunny Biotechnology Co., Ltd. Data were subjected to one-way analysis of variance using
general linear model procedure of the SAS software package (SAS, 2004). Tukey’s test
was used to differentiate means and significance was set at P<0.05.

Results and discussion Regardless of the type of roughage, TMR silages were well
fermented with low pH and high lactic acid contents. In this study, yeasts were not
effectively suppressed even when ensiling was prolonged to 56 d, all above 10* cfu/g fresh
matter. There was no significant difference in yeast counts between TMR silages with
different hay. However, aerobic stability was extended. Therefore, yeast populations at
silo opening had less effect on aerobic stability. In view of the difference in organic acid
contents, the enhanced aerobic stability appears to be related to undissociated acids. In this
study, Lactobacillus buchneri was isolated from TMR and multiplied rapidly after 28 d of
ensiling. Although L. buchneri was not predominant in 28-d TMR silages, it grew rapidly
during aerobic deterioration and became dominant. In 56-d TMR silages, L. buchneri
comprised the majority of LAB and could be detected throughout the aerobic exposure.

In addition, it was observed that Pediococcus acidilactici was also predominant during
ensiling and aerobic exposure in TMR silages. In recent years, the pediocin produced

by P. acidilactici has received much attention, and Pediococcus species are often used

to preserve foods and feeds and can be utilized as probiotics (Digaitiene et al., 2012). In
this study, P. acidilactici and L. buchneri were the predominant LAB in the later stage of
ensiling and during aerobic deterioration of TMR silages. P. acidilactici might produce
bacteriocin during ensiling that inhibits certain LAB and other harmful microorganisms,
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and this bacteriocin can be effective during aerobic deterioration. Most previous studies
have focused on the inhibition of yeast and harmful bacteria by organic acids and
ignored the antagonism between microorganisms caused by bacteriocins. The roles of P,
acidilactici during ensiling and aerobic exposure are worth examining in the future study.

Table 1 Fermentation quality and microbial dynamics during ensiling of ATMR' and
LTMR?silages

Item! Days of ensiling
1 3 7 14 28 56
Fermentation quality
pH ATMR 5.25= 4.61b 4.63b 4.39¢ 4.29¢ 4.29¢
LTMR 4912 4.81= 4.52b 4.56b 4.36b 4.24¢
Lactic acid, % DM ATMR  1.43¢ 3774 5.24¢ 6.53 6.54 711
LTMR 2.40= 2.644 5.48¢ 5.94b 6.242 6.212
Aceticacid, % DM ATMR 0604 083  1.07° 1.16 1.18° 1.38
LTMR 0.84v 0.88b 1.092 0.962 0.96% 0.90v
Microbial component
Lactic acid bacteria, log cfu/g ATMR 864 9052 889  8.55 7.25¢ 6.744
LTMR 6.94¢ 8.802 8.452 8.672 7.940 6.63¢
Yeasts, log cfu/g ATMR 5.72b 6.732 6.862 5.73b 4.56¢ 421e

LTMR 5.88= 6.752 5.982 5.832 4.86° 4274

aeMeans within a row with different superseripts differ (P < 0.05).
IATMR = total mixed ration with alfalfa hay; 2LTMR = total mixed ration with Leymus chinensis hay.

Conclusions Peach pomace can be effectively utilized as a component of TMR silage.
Yeast populations at silo opening had a marginal effect on aerobic stability. Although
marked changes were seen in LAB community, L. buchneri and P. acidilactici may play
a major role in aerobic stability, and further study is necessary to evaluate the effect of P.
acidilactici.
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Bacterial community of grass, legume, and whole crop corn silage assessed by
denaturing gradient gel electrophoresis and next generation sequencing

K. Ni'2, B. Wu! and N. Nishino'
'Okayama University, Okayama 700-8530, Japan, Email: kuikuini@foxmail.com;
2Zhengzhou University, Henan 450001, China

Keywords denaturing gradient gel electrophoresis, microbiota, next generation
sequencing, silage

Introduction Bacteria play an important role in silage fermentation through their
metabolism and competitive exclusion. Great efforts have been devoted to understand

the complex community in pre-ensiled crop and silage, and integration of plate-culture
and DNA-based microbial analysis has greatly progressed in the past decade. We have
employed denaturing gradient gel electrophoresis (DGGE) in this regard, and identified

a number of non-conventional bacteria involved in the ensiling process. It has been
pointed out that assessment of microbial composition is affected by protocols and primers
used for PCR amplification, resulting in possible underestimation of key component of
bacteria. Recently the means of next generation sequencing (NGS) have become pivotal in
facilitating the discovery of microbiota and their competitive and cooperative interaction.
To evaluate its power in examining silage microbiota, grass, legume, and whole crop corn
silages were subjected to DGGE and NGS analyses.

Materials and methods Pre-ensiled crop and 60-day silage of wilted Italian ryegrass,
wilted alfalfa, and whole crop corn were used. Bacterial DNA was extracted and purified
using a commercial kit with lysozyme pretreatment. For DGGE, we amplified a variable
(V3) region of 16S rRNA gene that create approximately 200 bp, with the GC-clamp
attached to the forward primer. For NGS analysis, we used the primer pair for V3 and V4
regions that create an amplicon of approximately 460 bp. We completed DGGE analysis,
whereas NGS by Illumina MiSeq System is now underway.

Results and discussion We selected untreated silage to compare results between DGGE
and NGS, because various lactic acid bacteria (LAB) and non-LAB species could be
identified by our standard DGGE procedure. A total of 36 bands were successfully
sequenced including 10 bands for uncultured bacteria (Figure 1). Only 3 bacterial species
were common for 3 silage types; bands indicative of Weissella paramesenteroides (bands
4 and 8), Pediococcus pentosaceus (band 10), and uncultured bacterium (band 28) were
seen in all silages. The identified LAB species belonging to the genus of Weissella,
Enterococcus, Leuconostoc, and Pediococcus can be found frequently in naturally
fermented silage. Besides, several unusual non-LAB species, such as Staphycoccus
saprophyticus and Terribacillus saccharophilus, were also detected in this DGGE analysis.
Each of 3 silage replicates showed similar bacterial community; hence, based on low
resolving power of DGGE, analysis of one silage sample can be accepted to demonstrate
the bacterial community. We are now trying NGS for the same samples to understand how
NGS can improve and revise our knowledge and microbial analysis procedure.
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Figure 1 Bacterial community determined by denaturing gradient gel electrophoresis of
pre-ensiled crops and silages prepared from wilted Italian ryegrass, whole crop corn, and
wilted alfalfa. a, pre-ensiled crop; b—d, triplicate silages.
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Fermentation products and bacterial community of whole crop rice silage stored in a
bunker silo with different chop length

K. Ni'?%, S. Kouno® and N. Nishino'
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Introduction In Japan, whole crop rice has been proposed as a feed substitute for imported
grass and legume hay. Round bale ensiling is practiced using various types of harvester
and roll baler. Whole crop rice is usually insufficient in sugars and lactic acid bacteria,
and the hollow stem of rice plant may increase remaining air in a silo. Silage making in

a bunker silo, therefore, has been avoided for fear of fungal growth during fermentation
and after exposure to air. Lately a new cultivar with high sugar content (cv. Tachisuzuka)
and a new harvester that enables fine chopping (6 mm at shortest) have been developed.
This improvement encourages ensiling whole crop rice in a bunker silo. In this study, we
examined fermentation products and bacterial community of bunker-made whole crop
rice silage prepared with 6-, 11-, and 19-mm chop length in combination of Lactobacillus
buchneri inoculation.

Materials and methods Whole crop rice silage was produced at Livestock Technology
Research Center, Hiroshima Prefectural Technology Research Institute. The crop was
harvested at yellow ripe stage, while chopping into 6-, 11-, and 19-mm lengths by newly
developed harvester. A commercial inoculant consisting of L. buchneri was applied at 10°
cfu/g level, and then stored in a bunker silo for 9 months. We took samples 2 times from
one bunker silo, and each time samples were collected from 4 different positions; outer-
upper, outer-lower, inner-upper, and inner-lower. Fermentation products and bacterial
community were determined using HPLC and denaturing gradient gel electrophoresis,
respectively.

Results and discussion All silos were well preserved at acceptable pH ranging from 3.9
to 4.3. Higher level of lactic acid was found in 6- and 11-mm than in 19-mm silo, whereas
the contents of acetic acid and 1,2-propanediol were greater in 19-mm than the other 2
silos. In addition, differences between upper and lower layers were seen in the contents of
ethanol and 1,2-propanediol. Distinctive band for L. buchneri was detected in all samples,
indicating L. buchneri could survive well in bunker-made whole crop rice silage. Although
bands indicative of Lactobacillus plantarum and Lactococcus lactis were found regardless
of chop length, they appeared faint compared to those of L. buchneri. Enterobacter
ludwigii and Pediococcus pentosaceus were detected only in 19-mm silo, whereas
Lactobacillus acetotolerans was detected exclusively in 6- and 11-mm silos. Weissella
paramesenteroides was found solely in 11- and 19-mm silos.
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Lactic acid bacteria in silage: adhesion ability to plant surface and effects on adhesion
of pathogenic bacteria

Y. Li, H. Han and J. Li
College of Animal Science and Technology, Hei longjiang Bayi Agricultural University,
Daging 163319, China, E-mail: liyanbing929@163.com

Introduction There is evidences that some lactic acid bacteria can inhibit silage
deterioration by blocking adherence of the pathogens to the plant surface cells. However,
this effect of probiotics depends on both the specific probiotic strain and the pathogen. One
of the common virulence strategies of pathogenic strains is adhesion to the host cells which
provides a new target for treatment strategies. There are many approaches which inhibit
bacterial attachment to the host cells. This study was to investigate the adhesive properties
of several strains of lactic acid bacteria and the inhibition effects of these strains on the
adhesion of Escherichia coli in silage.

Materials and methods Six isolates were obtained from spontaneous whole-crop

corn silage by plating, paper diffusion and denaturing gradient gel electrophoresis. All
these strains were used to determine the antibacterial activity of several strains of lactic
acid bacteria selected from silage. The adhesion of different strains was evaluated by
fluorescence labeling method. Pre-incubation, post-incubation and co-incubation tests were
used to determine the inhibition to the six strains of pathogenic bacteria above.

Results and discussion The results are showed as follows: (1) Phylogenetic analysis of the
six strains based on 16S rDNA gene sequence data indicated the presence ofEnterobacter
cloacae, Bacillus cereus, Klebsiella pneumoniae, Citrobacter freundii, and Klebsiella
terrigena , which were all common pathogens or opportunistic pathogens in silage. (2)
Lactic acid bacteria selected from silage had strong antibacterial activity. Antibacterial
activities of seven different cell-free culture supernatants were no difference, the
antibacterial substances were stable after heating and partly sensitive to protease K. (3)
Except for Lactococcus lactis, the adhesion rate of the other lactic acid bacteria strains
was higher than that of the two pathogenic bacteria strains, and the adhesion rate was
Lactobacillus > Enterococcus > pathogenic bacteria > Lactococcus > (4) Most strains

of lactic acid bacteria could inhibit the adhesion of Enterobacter cloacae and Klebsiella
pneumoniae to plant surface cells through post-incubation test.

Conclusions Lactic acid bacteria strains isolated from silage possess high adhesion rate,
especially Lactobacillus. Post-incubation is the main way which these strains inhibit
adhesion of pathogenic bacteria.

Acknowledgements The work was supported by National Natural Science Foundation
of China (Grant No. 31402136) and the Foundation for Sci & Tech Research Project of
Heilongjiang Province of China (Grant No. WB13B111-2).
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Table 1 Effects of lactic acid bacteria strains on adhesion ability (%) of Enterobacter
cloacae to plant cells

Strains Co-incubation test ~ Pre-incubationtest  Post-incubation test
Enterobacter cloacae 392+1.13 30.8+2.03 40.8+2.03
Lactobacillus rhamnosus 51.3+0.09"* 63.1+2.02*" 223+1.08""
Lactobacillus plantarum 522+ 1.57" 64.2+£1.14™" 20.8+1.01""
Enterococcus faecalis 46.5+1.75 55.9£3.06™" 323=+1.18
Enterococcus faecium 40.8+0.52" 48.5+2.08"" 252+1.00"*
Lactococcus lactis 35.7+£2.33 43.9+3.02 20.6+0.32"*

Compared with Enferobacter cloacae, values with ** mean significant difference (P < 0.01),
and with * mean significant difference (P <0.05), while without markers mean no significant
difference (P > 0.05).

XVII International Silage Conference 529



Molecular tracking of lactic acid bacteria in piglets fed a fermented diet
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Introduction Feeding fermented diets to suckling and weaning piglets is an alternative
strategy to the use of so called growth promoters, i.e. the preventive use of antibiotics e.g.
tetracyclines and sulfonamides. We isolated and identified a lactic acid bacteria (LAB)
strain from sow milk, thus coming from the immediate environment of the piglet, and with
potential to be used as inoculant for ensiling (Martens and Heinritz, 2012). The objective of
the study was to track the strain molecularly to observe whether its traceability can explain
possible health promoting effects on the gut of piglets.

Materials and methods The three experimental diets based on maize and lactose as main
source of carbohydrates and fish meal + processed soy as main source of amino acids
differed only in the anti- or probiotic additive. They were fed to three groups of 6 piglets
each from day 9 to day 36 of life: a positive control with chlortetracycline hydrochloride
(CON+), a negative control without growth promoter (CON-) fed as meal and a liquid

diet fermented for 24 h inoculated with LABCIAT L605 (FER). Samples of feed and
feces were obtained at around 15 (pre-weaning), 22 (weaning) and 26 (post-weaning) days
of life of the six animals of each group. Potential probiotic traits of L605 were assessed

by the mannose adhesion test (Pretzer et al., 2005). DNA of the inoculant was extracted
using Wizard® Genomic DNA Purification Kit (Promega), and the conserved region

16S was amplified by different primers for the genus Lactobacillus. Highest similarity
with documented gene sequences at NCBI (http://www.ncbi.nlm.nih.gov/) was given for
Lactobacillus plantarum. Total DNA of the feces samples was extracted using QIAamp
DNA Stool Mini Kit (QIAGEN) and amplified based on a method described by Han et

al. (2011). The inoculant should be detected both on species and on strain level. Specific
bands of the 16S region of the inoculant were cloned using the vector pPGEM-T easy®. The
primer Lpla-3 was used to quantify L. plantarum via RT-qPCR as suggested by Tamminen
et al. (2012).Two primers out of 9with a high strain specifity verified by randomly
amplified polymorphic DNA (RAPDs) served to develop primers for detecting strain L605.

Results and discussion Whereas there was a clear enrichment of L. plantarum in the
fermented diet, no differences could be detected in the feces nor were there differences
between ages (Table 1). Although strain L605 could successfully be distinguished from
other L. plantarum strains by developing strain specific primers, it was detected in feces
samples from all treatments (Figure 1). This can be probably explained by the origin of
L605. Present in sow milk, this strain is probably ubiquitous for piglets. However, in our
study it was not quantified for the different treatments.When appraising the occurrence of
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diarrhea in the piglets, two out of six observations were positive in CON+, one in CON-
and zero in FER. Despite the small sample size there might have been an effect of feeding
the fermented diet even though no differences in the target species were detected in the
feces which would confirm the probiotic trait expressed in the mannose-adhesion test.

Table 1 Quantity of L. plantarum (log  ng/ul) in the diets and feces at the three sampling

dates
Day 15 Day 22 Day 26

Diet
CON+ 9.53 £ 0.56 9.15£0.56 10.26 =0.56
CON- 9.34+£0.29 8.75+0.29 9.12+0.29
FER 13.43+£0.19 13.81 =0.19 13.71 =0.19
Feces
CON+ 10.33 £0.93 10.26 = 0.87 995 £ 0.87
CON- 932 +0.17 9.88 +0.99 9.35+0.81
FER 9.62+0.75 10.24 £ 0.37 9.18+1.0

Primer Lac 1. . Pimer  lLac2
1kb NTCLEOS 1 13 19 22 34 41 53 62 69

1kb NTCLEOS 1 13 19 22 34 41 53 62 69

Figure 1 Detection of strain L605 (L. plantarum) in feces samples from the three different
treatments at three different ages (NTC: control (water), L605: pure strain, No. 1, 22
and53: CON+, No. 13, 34 and62: CON-, No. 19, 41 and69: FER).

Conclusions The chosen methods allowed detecting the inoculated strain both in the diet
and the feces. Due to similar numbers of the species in the different treatments it was not
possible to relate animal health to the occurrence of L. plantarum in the piglets.
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Effect of additives on fungi and aflatoxin content of corn silage in north China
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Introduction Aflatoxins usually can be detected in the corn silages, which can induce
negative effects on the health of animals, especially dairy cattle. The fungi and aflatoxins
may accumulate on the raw materials, negatively impact the ensiling process and increase
rapidly after opening the silo and contacting with the oxygen. The application of silage
additives may have the ability to prevent the growth of fungi and limit the production of
the aflatoxins. Thus, the objective of this experiment was to evaluate the effect of three
kinds of silages additives on the fungi and concentration of aflatoxins and aerobic stability
of corn silages and their relationship with the fermentation products.

Materials and methods Corn plants were grown at the density of 75000 plants/

ha in Zhuozhou station of China agriculture university in 2014 and harvested at DM
concentration of 35%. Treatments were as follows: (1) Lactobacillus plantarum (LP),
added at 1 x 10° CFU g'; (2) lactobacillus buchneri (LB), added at 1 x 10° CFU g'; (3)
sodium propionate (SP) , added at a rate of 6.0 g kg™'; and (4) control group, added with
same volume distilled water. All forages were ensiled for 80 days before opened. The
fermentation quality (pH value, organic acid and ammonia nitrogen), fungi count, aflatoxin
concentration (HPLC method) and aerobic stability were evaluated.

Results and discussion The fermentation quality and aerobic stability of the silages are
described in Table 1. The pH value (P<0.05), lactic acid (P<0.05), contents and rate of
lactic acid to acetic acid (P<0.01) were significantly influenced by the silages additives,
but no additives in this experiment had positive effect on these parameter when compared
to control. LP-treated silages had the relatively higher pH value and lower aerobic stability
than control. LB increased acetic acid contents (P<0.05), while sodium propionate
increased the propionic acid (P<0.05) compared to control. Aerobic stability was not
improved by any additives but was lower in LP-treated silages. The Dynamic changes

of aflatoxin B1 (Figure 1) shown that AFB1 appeared in the corn silages and increased
during aerobic exposure, addition of sodium propionate had lower AFB1 content than other
treatments, even after14 days of exposure. The inefficiency of two inoculants was possibly
due to the slow growth at low room temperature (20°) and intolerance to rapid decrease of
pH value during ensiling.

Conclusions All silages were preserved well in this experiment. Addition of additive did
not cause positive effect on the decline of pH value and ammonia nitrogen content and
increase of lactic acid. Sodium propionate had the best effect on the reduction of aflatoxin
BI.
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Table 1 Fermentation quality and aerobic stability of the additive treated corn silages after

80d of ensiling
Control LP LB Sp SEM  P-value

pH 3.93b 3.99: 3.89P 3.91°b 0.01 0.011
Lactic acid (%DM) 3.56% 2.90° 4202 3.18° 0.18 0.038
Acetic acid (%DM) 0.91° 0.57¢ 1.282 0.85P 0.09 0.003
Propionic acid (%DM) 0.040 0.00¢ 0.03v 0.092 0.01 0.013
Butyric acid (%0DM) 0.00 0.00 0.00 0.00 0.00

Citric acid (%DM) 0.13 0.12 0.23 0.17 0.02 0.386
Lactic acid/acetic acid 3.88P 5312 329% 379  0.26 0.009
Ammonianitrogen (%TN) 4.43 3.55 5.01 4.01 0.33 0.503
Aerobic stability (h) 1052 63¢ 1152 g7P 7.81 0.013
Mold count (logio cfu/g) 3.15 250 203 226 019 0176
Yeast count (logio cfu/g) 4.97 5.12 4.64 4.77 0.18 0.841

DM, dry matter; TN, total nitrogen; LP, Lactobacillus plantarum, LB, lactobacillus buchneri,

SP, sodium propionate; *<, Means within a row with different superscripts differ (P < 0.05).
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Mycotoxins and organic acids in corn silage on dairy farms in southern Brazil
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Introduction The use of inappropriate practices during the process of production of the
crop, ensilage technology and silo emptying are potential aggravating factors for the

poor silage quality. The lack of technology favors the development of molds with their
respective mycotoxins, among which, aflatoxins stand out, because they have carcinogenic,
mutagenic and teratogenic properties. Also zearalenone deserves mention due its estrogenic
effect in domestic animals, leading lower milk production, repetition of estrus, low
conception rate and abortion. In this context, the objective was to evaluate the presence of
mycotoxins and organic acids in silage on dairy farms in southern Brazil.

Materials and methods Samples of the silages were collected on 40 dairy farms in
southern Brazil (Parana, Santa Catarina and Rio Grande do Sul). The silages were
analyzed for pH, temperature, organic acids (lactic, acetic, propionic and butyric), alcohol
and mycotoxin levels (aflatoxin and zearalenone). The data were subjected to factorial
analysis of data reduction by using the principal components (PC) method. The PC were
submitted to cluster analysis, obtaining groups with common characteristics. The groups
was submitted to variance analysis and the differences between the averages analyzed by
Tukey test (P<0.05) for the chemical characteristics, using the PROCGLM of the statistical
program SAS (2009).

Results and discussion There were no differences (P>0.05) for pH, obtaining as properties
overall average, pH values equal to 3.98 (Table 1). This value can be indicative of suitable
fermentation process, considering that the optimum pH range is between 3.6 and 4.5. The
concentration of dry matter silage (DM) did not differ among silages of different groups,
with average values of 330 g.kg'.There were no differences (P>0.05) between groups of
dairy farms in amounts of alcohol, acetic acid, butyric acid and lactic acid, being observed
mean values of 8.86, 9.22, 0.29 and 26.05, respectively. The values found for acetic

acid, except in the farms of group 3, were higher than the recommended maximum level,
that is <20 g.kg' of DM (Cruz et al., 2001), which can be explained by the high use of
inoculants with Propionibacterium acidipropionici (65% of the silage). The butyric acid
concentrations were within the standard generally observed in corn silage (<1g.kg"' of
DM). The butyric acid concentration reflects the extent of clostridial activity and is related
to higher final pH values. Therefore, concentrations below 3g.kg™! of DM indicate lower
losses in energy and silage dry matter. The lactic acid concentrations were lower than the
values usually found in corn silage (60 to 80 g.kg™' of MS). For propionic acid, there were
differences between farms in groups 3 and 4, with values of 2.57 and 7.95, respectively.
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However, all groups had levels considered adequate (0 to 10 g.kg"' of DM). As for

concentrations of mycotoxins, differences were observed (P<0.05) for aflatoxins, with
higher values in the silages of the groups 1 and 2. The levels of aflatoxin and zearalenone

of the silage were within the maximum limits established by ANVISA (National Health
Surveillance Agency - Brazil), which are 50 and 400 ppb, respectively.

Tablel Chemical characteristics of silage on different groups in dairy farms in southern
Brazil (mean and standard deviation)

Groups® ;
frem 1 2 : 3 1 gei;agi Pt
pH (:rd.()zzo) (36.7161) (:6?489) (36?255) (:36?32) 0-17
Dry matter, g kg (:120{?7) (:3:2:22) (:355:18) (:3;5?4) (:11?9) 0.63
Alcohol. g kgt of DM (:156.' %10) (:85 ?764) (54.2148) (:55 ?372) (:85 ?063) 0.53
Acetic acid, g kg of DM (35 527) (35 %06) (:155. 587) (:2 184 §6) (392.315) 0.03
Propionicacid,g kg of DM (iiz.gasb) (if.f;} (:2 15; ;) (:7%?25 ;) (:35 TO) 0.04
Butyricacid, g.kg* of DM (fll .5453) (:06.2201) (:06 .1101) (:06.0094) (:06 .295;) 0.62
Lactic acid, g-kg of DM (:264.964) (:252.603) (:29?5?7) (:23?512) (:286. i13) 0-16
Aflatoxin. ppb (:112 . 'c?;) (221.58 :)) (f;? ;) (353 :) (:129664) =0.01
Zearalenone, ppb (f? 668) (:?4 .57) (jf 355) (:1284 .91) (310 6;) 0.69

*1 - good farm location (favorable climatic conditions), use of corn hybrid indicated to silage and

adoption ofbetter production management techniques, but, with theuse ofless effective inoculants in the

silage quality or absence of inoculant; 2 - good farm location (favorable climatic conditions), use of corn

hybrid indicated to silage and adoption ofbetter production management techniques, associated the use of
more effective inoculants in the silage quality; 3 - bad farm location (unfavorable climatic conditions),
useof corn hybrid no indicated to silage and adoption ofbad production management techniques,

associated the use of less effective inoculants in the silage quality or absence of inoculant; 4 - bad farm

location (unfavorable climatic conditions), use of corn hybrid no indicated to silage and adoptionofbad

production management techniques, but, with the use of more effective inoculants in the silage quality.

Conclusions The corn silage produced on dairy farms in southern Brazil, present good
fermentation characteristics and the levels of mycotoxin observed are safe for feeding to

livestock.
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Can silage bacteria bind aflatoxin?
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Introduction Previous studies showed that lactic acid bacteria used in the human food and
dairy industries bound mutagens and carcinogens in aqueous solution effectively. To our
knowledge, no studies have examined if the lactic acid bacteria used as silage inoculants
can also sequester aflatoxin. The aim was to evaluate the aflatoxin B, (AFB,)-binding
capacity of silage inoculant bacteria.

Materials and methods Experiment 1 examined the effects of bacteria species or strain
and inoculation rate on the AFB -binding capacity of silage bacteria. The AFB -binding
capacity of 10 commonly inoculated silage bacteria (Table 1) from Lallemand Animal
Nutrition were examined at populations of 10° or 10° colony forming units (cfu)/mL.

The bacteria were grown and enumerated on MRS broth and centrifuged. The respective
pellets were suspended in 1.5 mL of AFB, solution (5 pg/mL of AFB, in phosphate-
buffered saline, PBS) in quadruplicate for 24 h at 20°C. Bacteria and AFB, controls were
also incubated. The AFB, in the supernatant was quantified by HPLC after centrifugation.
Data were analyzed as a completely randomized design using the Glimmix procedure of
SAS (SAS Inst., Cary, NC, USA). Experiment 2 examined the AFB -binding capacity

of viable and nonviable forms of 3 of the most promising bacteria from Experiment 1 at
ruminal, abomasal and duodenal pH values. Pellets of Lactobacillus plantarum R2014
(Lp), L. buchneri R1102 (Lb), and Pediococcus acidilactici EQO1 (Pa) prepared from
populations of 10° cfu/mL as in Experiment 1 were incubated in PBS (viable cells) or 2
M HCI (nonviable cells) and centrifuged. The pellets were suspended for 24 h at 20°C in
quadruplicate in AFB, solutions adjusted to pH 2.5, 6 and 8 using HCl, PBS and NaOH.
The AFB, in the supernatant was quantified by HPLC. The treatments were arranged as a 3
x 2 x 3 factorial and the data were analyzed with the Glimmix procedure of SAS.

Results and discussion In Experiment 1, binding of AFB, was strain- and population-
dependent (Table 1). At the 10°cfu/mL population, only one bacterium bound the toxin
(4%) but at 10° cfu/ml, AFB, binding ranged from 18.2 to 33.0 %. The bacteria with the
greatest AFB -binding capacity were Lp, Lb, Pa, L. plantarum EQ12, and P. acidilactici
R2142. In Experiment 2, killing Lb and Lp with the acid increased AFB, binding but
killing Pa did not (Table 2). Binding of AFB, was greatest at pH 2.5 and least at pH 8
across bacteria. The greatest proportions of AFB, were bound when nonviable cells of Lb
and Lp or viable cells of Pa were acidified at pH 2.5 (60.5, 66.5 and 56.9%, respectively).

Conclusion Certain silage bacteria can bind AFB, but the extent varies with the bacterial
population, strain, and viability and the prevailing pH.
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Table 1 Percentage of aflatoxin B, (AFB,) bound by two populations of the ten bacteria

examined in Experiment 1

Bacteria

Bacteria population, cfu/ml

106 10°

v.......% AFB; bound.........
Lactobacillus plantarum R2014 0.83ab 33.02
Lactobacillus plantarum EQ12 1.08ab 28 4abe
Lactobacillus plantarum PT5B 4272 19.3¢d
Lactobacillus buchneri R1102 0.04ab 30.3a0
Pediococcus acidilactici R2142 0.00v 23 .9abed
Pediococcus acidilactici EQO1 0.662 25 4abed
Pediococcus pentosaceus EQ44 0.23a0 21.6bcd
Pediococcus pentosaceus TA38 0.96 18.2d
Propionibacterium jensenii SE253 0.00v 19.7¢d
Propionibacterium acidipropioniciEQ42 1.82ab 18.9d
SEM 0.88 3.78
Pvalue 0.04 <0.001

a.b.c.d Means within a column with different superscripts differ, P < 0.05.

Table 2 Effects of bacteria species, viability and prevailing pH on the percentage of
aflatoxin B, (AFB)) bound by three silage bacteria

Bacterial species!, B

Ip Lb Pa
; ) ) SEM3
pH Viable Dead? Viable Dead Viable Dead
.................. AFB; bound, %o
2.5 56.2¢ 60.52 51.50 66.52 56.92 2.91bc 0.57
6.0 10.1¢ 15.84 1.474 34.1¢ 6.76" 4 .4Qbc 0.57
8.0 8.05¢ 21.6¢ 0.324 29.2¢ 2.05¢ 0.00¢ 0.58
SEM 0.80 0.80 0.80 0.85 0.80 0.80
Contrast* L.Q L.Q L.Q L Q L.Q Q"

a.b.c.dMeans within a bacterium with different superscripts differ, P < 0.05.

ILp = Lactobacillus plantarum R2014, Lb = L. buchneri R1102, and Pa = Pe. acidilactici EQO1.
Each bacterium was applied at 10° cfu/mL; 2 Killed with 2 M HCL; 3 P-values for bacterial
species, viability, pH and all interactions of these terms were 0.001; “Linear (L), quadratic (Q)
effects (P < 0.05); Q*, Quadratic trend (P < 0.10).
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Mycotoxin survey in American corn silage and Brazilian corn samples
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Introduction As part of its yearly Biomin mycotoxin survey a total of 34 Brazilian corn
samples and 25 American corn silage samples were screened for mycotoxin contamination
in 2014. The following study gives an overview of the mycotoxin occurrence in these
samples.

Materials and methods The metabolites in these samples were analyzed with ELISA,
HPLC and a multi-mycotoxin approach based on a combination of Liquid Chromatography
and tandem Mass Spectrometry (LC-MS/MS) (Malachova et al., 2014). Besides the
detection of the most common mycotoxins like aflatoxins (AFLA), deoxynivalenol (DON),
zearalenone (ZEN), ochratoxins (OTA) or fumonisins (FUM) the LC-MS/MS method also
has the advantage of finding masked mycotoxins and fungal metabolites. These metabolites
commonly escape routine analysis; however can negatively affect performance and health
of livestock animals.

Results and discussion A total of twenty-five (25) corn silage samples were screened
from America. Out of these samples 68 % contained one mycotoxin and 28 % were co-
contaminated with more than one mycotoxin. The detected mycotoxin levels in the corn
silage samples are shown in Table 1.

Table 1 Mycotoxin contamination in the corn silage samples from America

% of positives average of positives (ppb) maximum (ppb)
DON 55 558 1,800
ZEN 52 95 284
FUM 48 438 999
OTA 5 5 5
AFLA 0 - -

Thirty-four (34) corn samples from Brazil were analyzed with the multi-mycotoxin
approach in 2014. All tested corn samples were contaminated with FUM (average 6,141
ppb and maximum 52,437 ppb). Due to the high prevalence and high average concentration
Fumonisins represent the highest risk in the Brazilian corn samples. Total type B
trichothecenes, which include DON and its masked form DON-3-O-glucoside (D3G),
occurred in 85 % of the samples (average of positives 1,403 ppb and maximum 17,712
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ppb) and ZEN was present in 67 % of the samples with an average of positives of 348 ppb
and maximum of 5,261 ppb. Fusarium and Penicillium metabolites were found in all corn
samples from Brazil. Enniatins and beauvericins occurred in 97 % and Aspergillus toxins
were present in 85 % of the samples. On average, 29 metabolites were detected in the
samples.

Conclusions These results emphasize the importance of screening feed for the co-
occurrence of fungal metabolites. The data also draw attention to the necessity of analyzing
mycotoxin occurrence in silage not only in times of high aflatoxin contamination, and
might also raise the awareness of dairy farmers against the risk of multiple mycotoxins.
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pyrrolizidine alkaloids in hay and silage from Senecio aquaticus infested grasslands

J. Ostertag', C. Gottschalk?, K. Meyer® and H. Spiekers'

!Institute for Animal Nutrition and Feed Management, Bavarian State Research Center for
Agriculture (LfL), 85586 Grub, Germany, Email: Tiererneahrung@LfL.bayern.de,

?Chair of Food Safety, Ludwig-Maximilians-Universitdit Miinchen (LMU), 85764
Oberschleissheim, Germany, *Chair of Animal Hygiene, Technische Universitdt Miinchen
(TUM), 85354 Freising, Germany

Keywords marsh ragwort, PA, feedstuff, feed safety

Introduction Senecio aquaticus (Jacobaea aquatica, marsh ragwort) is a weed widely
spread in grasslands of Southern Germany, Austria and Switzerland. Since it is a producer
of hepatotoxic 1,2-unsaturated pyrrolizidine alkaloids (PA), its presence in forages
concerns both animal and human health Thus, possible effects of different methods

of forage preservation on the PA content of the feeds is a point of major interest, but
investigations addressed to answer this question are scarce (Candrian et al., 1984, Becerra-
Jimenez et al., 2013). To get more information about the stability of PAs during different
preservation processes, comparative investigations on experimentally produced hay and
silage from S. aquaticus infested grassland were conducted.

Materials and methods Natural marshy grassland with a dominance of S. aquaticus of
30 % was cut on June 3" (first cut) with a sickle bar mower at 5 cm cutting height. The
forage biomass of two spots (each 15 m?) was chopped using a laboratory scale chopper
and subdivided into four equal portions which were either immediately frozen (-20 °C),
dried (35 or 105 °C for 6 h) or ensiled into 1.75 1 jars. The mini silos were stored at

25 °C in dark conditions for 60 days. Once the forage fermentation has been completed,
the silage was taken out from the jars and frozen at -20 °C, subsequent homogenized
using a meat chopper and refrozen immediately. Base material was processed equally. A
portion of the homogenized silage was dried at 105 °C for 6 h. Hay (35 and 105 °C) was
homogenized with a cutting mill (I mm) and stored at 4 °C in the dark. For PA analysis,

2 g of each sample were weighed into a 50 ml centrifugation tube and extracted for 20
minutes with 2 % formic acid. An aliquot of the supernatant was filtered (0.45 pm) and
injected into a HPLC-MS/MS system (PerkinElmer Series 200, AB Sciex API 3200). PAs
were separated by a Synergi-RP-HPLC column. A total of 28 PA and PA N-oxides (PANO)
were detected with electrospray ionization (ESI+), using external matrix matched standards
for quantification.

Results and discussion Measured contents of 1,2-unsaturated PA (sum of single PA and
PANO) in the analyzed forage biomass were high (62 and 95 mg/kg DM at spots l1and

2 respectively). Such levels in forages represent a health risk for dairy cattle and horses
(Stegelmeier, 2004). Since ingested PA can be transferred into milk, there could be also

a health risk (e.g. carcinogenic effects) for humans who consume large quantities of
contaminated milk (EFSA, 2011). Fermentation quality of the experimental silos was good
(pH 4.0-4.5, butyric acid < 3g/kg DM) indicating usual microbiological and biochemical
processes. The proportion of PAs and their N-oxides vary depending on the forage
preservation method (Figure 1). Thereby it showed differences regarding metabolism of
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PA to an undetectable conformation. Drying at 35 °C did not lead to a statistical difference
of the sum of PA and PANO compared to frozen base material, the proportion of PANO
decreased. This decrease was even more pronounced at 105 °C drying temperature. In
addition, the sum of PA and PANO decreased to 35-48 % of the initial amount. Ensiling
process led to the most significant reduction of the sum of PA and PANO (77-89 %) and to
an almost complete disappearance of PANO. Drying of silages at 105 °C induced an extra
reduction of measurable PA and PANO contents. The recovery of initial PA and PANO
contents after ensiling and drying amounted to 3-8 %.

~

100 100

%m

90 90

80 80

.

70

=2

SPANO

60

|

50

mg/kg DM

=

40

.

i
:

.

20

-

N e

N

meg/kg DM
\\\\‘6//////////////////////)/////////////////

§ ) 30
>/

Z d 10 - ’ c

frozen dried dried silage silage, frozen  dried dried  silage silage.
35°C 105 °C dried 35°C 105°C dried
105 °C 105 °C

Figure 1 Sums of contents of 1,2-unsaturated pyrrolizidine alkaloids and N-oxides in
frozen base materials (sample 1 left, sample 2 right) compared to their dried or ensiled
products. Different letters indicate significant differences in PA+PANO (Student-Newman-
Keuls method, P<0.05).

Conclusions The presence of the weed Senecio aquaticus in forage mixtures lead to PA
toxic values for animals fed with it. Tested forage preservation methods, except drying at
35 °C contributed with a reduction of measurable 1,2-unsaturated PA and their N-oxides.
However is unknown if the reduction was associated with detoxification of the feedstuffs.
A temperature dependent reduction of the measurable PA and PANO contents in hay was
observed. A deoxidization of N-oxides and the most pronounced reduction of the initial
contents could be shown for the silage process but none of the tested methods led to a
complete elimination of PAs from feeds.
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Introduction High-moisture corn (HMC) represents a monetarily and nutritionally
valuable feed for a range of farm animals. Due to the low fermentation losses and

the production of ready-to-use feed already at the time of harvest, storage of HMC in
plastic bags has attracted significant interest world-wide. However, due to low stability
upon exposure to air, it may rapidly undergo fungal deterioration after bag opening.
Heterofermentative lactic acid bacteria inoculants may successfully be used to enhance
aerobic stability (Kung et al., 2007) but the major constraint to its use are the required
minimal storage length of about 8 weeks and the unpredictable effects of environmental
conditions (e.g. climate) and crop characteristics on their activity. Therefore, antimycotic
chemical additives have been widely used. The aim of this study was to test the effect of
chemical additives on the fermentation and aerobic stability of HMC stored in bags.

Materials and methods The corn crop was grown on a dairy farm in the German State

of Saxony in 2014. At harvest on October 10, the corn had 35.1% moisture and 76.4% of
starch (DM basis). The crop was infested with epiphytic moulds at log 4.1 cfu/g and yeasts
at log 6.7 cfu/g. After processing by a roller mill (CP2, RoMill, Brno, Czech Republic) to a
particle size of <1 mm, the ground corn was directly packed into a polyethylene plastic bag
(diameter: 1.95 m, thickness: 195 um). The application of liquid additives was performed
during milling by an applicator mounted on the machine. One section of about 8 m length
for each of the following treatments was produced: untreated (CON), Xtrasil excel HD,
containing potassium sorbate, sodium benzoate, ammonium propionate, applied at 1 L/t
(HD1) or 2 L/t (HD2) and Xtrasil stabilizer, composed of propionic acid, ammonium
propionate, sodium benzoate, potassium sorbate, applied at 1.5 L/t (STAB1.5) and 3 L/t
(STAB3), respectively. All additives were provided by KONSIL Scandinavia, Sweden.
The bag was stored outside for 62 days until December 15, 2014. On the day of opening,

a total of six samples per treatment were taken by a hollow drill (33 cm length, 13 cm
diameter) — 3 from the top and 3 from the side at 40 cm above the ground. Fermentation
products and yeast count were determined by routine analytical procedures. Aerobic
stability was measured by using thermo loggers to record the temperature in the insulated
samples, which were kept in a barn at 21.6£1.3 °C for 288 hours. Silages were considered
unstable if the temperature in the sample exceeded that of ambient by 3 °C. The data were
statistically evaluated by PROC GLM of SAS. Significance was declared at P<0.05, and
pair-wise comparisons among means were performed by employing the Tukey's test.

Results and discussion In general, the HMC produced in bags was of very good quality
(Table 1). Although differences were observed across treatments regarding pH, lactate
and acetate they were of no practical relevance. The increased ammonia-N and propionate
levels in treated silages can be attributed to the addition of these substances with the
additives. Ethanol production was significantly restricted by all additives when compared
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with the control. There was a dose-dependent decrease in yeast count, which resulted in
enhanced aerobic stability. Although the aerobic stability of treatment STAB1.5 was only
by 36 hours higher than that of untreated HMC, the extent of heat generation by microbial
activity during the course of air exposure (aerobic deterioration) was far less pronounced
(Figure 1).

Table 1 Effects of chemical additives on fermentation characteristics, yeast count and
aerobic stability of high-moisture corn ensiled in bags for 62 days (% of DM unless
otherwise stated)

Parameter CON HDI1 HD2 STAB1.5 STAB3 SEM P

pH 3.75P 3.782 3.802 3.783® 3.802 0.007 hok
NH;-N (% N) 3.4¢ 3.6 3.8° 4.32 442 0.05 Hork
Lactic acid 1.982 1.70° 1.902 2.092 2.01®  0.065 ok
Acetic acid 0.18° 0.19° 0.212 0.212 0.212 0.005 -
Propionic acid 0c 0.01¢ 0.02¢ 0.11° 0.192 0.011 Hork
Ethanol 0.832 0.460¢ 0.410c 0.50° 0.38¢ 0.023 ek
Yeasts (log cfu/g) 4.522 3.460¢ 2.76° 4.07%® 3.25%  0.231 ok
ASTA! (hours) 85¢ 186° 28882 1180 2882 14.8 Hork

CON=untreated, HD1=Xtrasil excel HD (1 L/t), HD2=Xtrasil excel HD (2 L/t, STAB1.5=
Xtrasil stabilizer (1.5 L/t), STAB3=Xtrasil stabilizer (3 L/t), ! Aerobic stability,*P<0.05,
#P<0.01,***P<0.001, means in rows bearing unlike superscripts differ (Tukey ‘s test).

40 e —— Ambient e Control
T - .- HDI — .- HD2
— —STABL1.5 ===-- STAR3

Temperature (°C)

10 T T T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240 264 288

Length of exposure to air (hours)

Figure 1 Course of temperature development in high-moisture corn during aerobic storage.

Conclusions The chemical additives inhibited fungal activity, thereby enhancing aerobic
stability. Thus, they can be highly recommended for the treatment of HMC stored in bags.
As the magnitude of the effect was dose-dependent, the use of the higher application rate is
strongly advised to ensure consistently positive results, also under challenging conditions,
e. g. short fermentation length and high temperature at feed-out.

Acknowledgement The authors are deeply indebted to Elisabet Nadeau, Swedish
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Introduction High moisture corn (Zea mays L.) is an important source of energy in
feeding rations for ruminants due to the high content of starch. Corn grain silage is prone to
aerobic spoilage with negative effects on its feeding value. To ensure proper fermentation
growers may want to consider the use of an effective bacterial inoculant or chemical
additive (Kung et al., 2006; Revello-Chion et al., 2012; Galik et al., 2008; Coudure et al.,
2012). The aim of this study was to determine the effect of different treatments of high
moisture corn grain on silage fermentation.

Materials and methods The crimped corn grain at content of dry matter on the level 657
g/kg (Table 1) was homogenized and then ensiled in 1.7-litre laboratory silos.

Table 1 Content of nutrients in ensilaged crimped high moisture corn (g’kg DM)

Item Value [tem Value
Dry matter, g/lkg FM 657 Ash 13
Crude protein 95 Starch 682
Crude fibre 32 Total sugars 30
Fat, 36 Reducing sugars 12

At ensiling we used one control variant (C) without treatment of corn and experimental
variants treated with preparations/ T1 - the homofermentative biological inoculant (Lac-
tobacillus plantarum DSM 3676 and 3677, Propionic bacterium DSM 9576 and 9577);4.
10°CFU / g FM (application rate 2 1/t); 10°CFU / g FM (application rate 2 1/t) ; T3-the
chemical additive (22.9% sodium benzoate, 8.3% sodium propionate); 1 application rate 4
IL/t of feed. The silos were opened after 150 days of storage. Chemical analysis was done
in samples of crimped corn grain and its silages; results were statistically processed and
evaluated with the Student t-test

Results and discussion The pH values were lower in all the treated experimental variants
than in the control variant, which was confirmed by the statistical differences. The content
of the lactic acid was higher in the treated variants than in the control variant without

any treatment. The content of the acetic acid was the lowest in the variant treated with

the chemical additives and the highest in the variant treated with the combination of

the two lactic acid bacteria. Differences in the content of the propionic acid were small.
The highest content was in the variant T1 and the lowest one in the T2. The statistically
important difference was identified between variants T1 and T3. Significantly lower
content of the butyric acid was found in all the treated variants than in the control variant.
The lowest content of butyric acid was in the variant treated with the chemical additives.
The highest content of all acids was found in the variant T1 treated with the combination
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of the two lactic acid bacteria. On the other hand the lowest content of all acids was in the
variant T3 treated with the chemical additives. The alcohol content in the control variant
was higher than in the variants treated with the preparations. The pH changes on the third
day after opening were the highest in the control variant and then in the variant T1 treated
with the homofermentative lactic acid bacteria. Decrease in pH was the same in variants
treated with the heterofermentative bacteria and with the chemical additives and it was
lower in comparison to the other variants. Loss of dry matter was not high during the
fermentation. The highest loss was found in the variant treated with the combination of the
two lactic acid bacteria, the lowest one in the variant T2. Differences among the variants
were not significant.

Table 2 Parameters of fermentation process in silage from crimped high moisture corn
(n=5)

Treatment!

Ttem Control T1 12 13

X SEM X SEM X SEM x SEM
pH 388 002 384® 002 378 0.02 3,81  0.01
pH, 34 day of air exposure 399 0.04 393 002 386" 0.01 3,89¢  0.01
Acids, g’kg DM
- lactic 24.17 033 2513 1.72 2460 1.50 2420 0.66
- acetic 433®  0.65 326° 023 443* 042 283 0.18
- propionic 084> 017 047° 0.02 094* 0.10 0.722  0.06
- butyric+ i.b 062® 006 020° 002 041°c 0.08 0.10° 0.05
Total VFA, g’lkg DM 620* 092 421 030 6.17* 054 3.85°  0.16
Ethanol, g'kg DM 1.44= 007 121* 0.09 1.16°> 0.09 1.07°  0.16
Dry mater, g'kg FM 65184 0.85 651.14* 033 654.48> 132 652.92® 149
DM losses, % 0.75 0.13 040 0.20 079 0.08 070 029

a—c Means within a row with different superscripts differ (P< 0.01) ; ! T1- Lactobacillus plantarum DSM
3676 and 3677, Propionic bacterium DSM 9576 and 9577; T2 — Lactobacillus buchneri DSM 13573; T3
— 22.9 % sodium benzoate, 8.3 % sodium propionate

Conclusions The treatment of the high moisture corn grain positively affected the
fermentation process. We found lower content of butyric acid in treated feeds and slower
rise of pH after anaerobic exposure compared to the non-treated feed.
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Introduction Storage of high moisture grains is popular in areas of humid weather
conditions during harvesting window. Benefits of the storage method include possibility

to start the harvest earlier, less weather dependent harvest season and omission of drying
costs. The method has become more common in conjunction of increasing herd size and
uptake of total mixed ration (TMR) feeding. In this experiment, the effects of a formic acid
based additive (FO) or lactic acid bacteria strains (LAB) on the quality of high moisture
barley were tested.

Materials and methods The experiment was conducted at Luke (former MTT Agrifood
Research Finland), Jokioinen, Finland. Spring barley (dough - yellow stage of ripening)
was crimped using a farm scale crimper (Murska, Aimo Kortteen Konepaja, Ylivieska,
Finland). The additive treatments (FO at 3 or 4 L/ton, LAB, and control without additive
(CO)] were dosed on equal batches of crimped barley. Three replicate silos (4.5 kg fresh
matter (FM) per silo) were filled per each treatment. The silos were compacted, sealed and
weighted. Silos were opened after a 107-day storage period and sampled for analyses.

Results and discussion The crimped barley just before ensiling had a DM concentration
of 605 g/kg, and concentrations of ash, crude protein, starch, and crude fiber were 32,

118, 567, and 50 g/kg DM, respectively. Prior to ensiling, the total counts of aerobic
bacteria, yeasts, and molds were 7.78, 5.92, and 5.10 log, , cfu/g, respectively. Weight
changes during ensiling were small as no effluent losses were detected. Without correction
for the volatile components, the DM losses were smallest for FO treatments (15 g/kg),
intermediate for CO (23 g/kg) and highest for LAB treatment (30 g/kg, Tukey’s test
P<0.05). At the time of silo opening, the only silos without any molds on the surface layer
were those ensiled with FO at 4 L/t. However in the samples taken within the silos the
counts of yeasts and molds were below detection limit (3 log , cfu/g FM) in all the silos.
The LAB treated silos had higher counts (> 8.5 log,, cfu/g FM) of aerobic bacteria than CO
(6.99 —7.05 log,, cfu/g FM) or FO treatments (<5.75 log , cfu/g FM). The FO treatment
restricted the fermentation compared to other treatments, and LAB treatment increased
the production of acetic acid and reduced the concentration of ethanol (Table 1). Aerobic
stability was enhanced by both additives compared to CO. The DM concentration of the
ensiled barley was well within the general recommendations (550-650 g/kg, Palva et al.
2005) for this type of grain ensiling and the crimping procedure was trouble-free. The role
of fermentation was clear, as the sum of fermentation products exceeded 35 g/kg DM in
all treatments. The DM concentration is a crucial factor for the growth of microbes and
should be carefully considered when selecting additive for the ensiling procedure. It has
been demonstrated that when DM concentration in crimped barley is above 720 g/kg, the
amount of fermentation products in the final product is minimal (Seppéla et al. 2012). In
this experiment FO treatments restricted fermentation resulting in a lower concentrations
of fermentation products, smaller losses during fermentation and higher water soluble
carbohydrate content in the ensiled barley compared to LAB and CO treatments. The
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role of fermentation of grain component on the intake and production potential of TMR
should be evaluated. The enhanced aerobic stability of LAB treatment is most probably
due to higher acetic acid content of the LAB treatment compared to other treatments.
Heterofermentative type of fermentation is known to increase losses during fermentation,
as also demonstrated in this experiment.

Table 1 Fermentation quality and aerobic stability of the crimped barley

Treatment DM pH WSC AA VFA LA ETH AMM AER

Control 611 3.87 42 4.3 4.4 40 8.6 28 141 - 204
LAB 612 3.97 22 15.7 15.7 35 6.2 32 =300
FO3 L/t 610 4.02 72 4.5 5.0 27 3.0 40 =300
FO4 L/t 610 4.00 80 5.1 5.8 23 3.1 45 =255
SEM 0.5 0.003 0.4 0.20 0.20 0.3 0.11 0.01

LAB treatment with Pediococcus pentosaceus and Lactobacillus buchneri, 612 000 cfu/g,
Biocrimp, Biotal, UK; FO product containing formic acid 425, ammonium formate 303,
propionic acid 100, benzoic acid 22 and water 150 g/kg, Kemira Oyj., Finland.

SEM standard error of the mean; DM dry matter g/kg; WSC water soluble carbohydrates,
AA acetic acid; VFA sum of volatile fatty acids; LA lactic acid; ETH ethanol; AMM
ammonium N g/kg total N; AER aerobic stability, hours.

The differences between treatments were statistically significant (P<0.05, Tukey’s test) in
all the other cases except the differences between FO 3 L/t and FO 4 L/t in the variables
ETH and VFA.

Units g’/kg DM unless otherwise stated.

Conclusion Formic acid based additive and the additive including L. buchneri were able
to improve aerobic stability of crimped barley when DM was around 600 g/kg, but only
the formic acid based additive was able to prevent the growth of molds on the silo surface.
Formic acid restricted fermentation, spared soluble sugars and reduced losses during
fermentation.

Acknowledgements We thank Kemira Oyj. (Silage additive business currently run by
Eastman Chemical Company) for cooperation and funding in arranging this experiment.
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Introduction The mature corn grain (Zea mays) harvested with low moisture is the main
component of energy of concentrates used for high production dairy cows. Given the
importance of corn starch in dairy cow nutrition, its digestibility and storage has a strong
impact on production systems. However, in Brazil the predominant cultivation of corn
varieties with higher percentages of vitreous endosperm (Correa et al., 2002) results in
lower use of corn by ruminants (Bal et al., 2000; Johnson et al., 2002). Thus, to increase
the digestibility of corn starch, it is necessary to lower the barriers imposed by the protein
matrix of corn grain. The grain silage when stored for long periods can degrade proteins
that cover the starch granules (Hoffman et al., 2011). In this context, rehydration and
ensiling of corn harvested with low moisture and mature allow more flexibility for ensiling
and can improve the digestibility of corn starch. Therefore, it is important to evaluate the
pH, CP, NH,-N % of CP, and dry matter (DM) content to follow the quality of the silage
stored for long periods.

Materials and methods Our aim was investigate the influence of vitreousness content,
microbial inoculation and length of storage on pH and DM content. Three maize cultivars
with different vitreousness levels (58, 71 and 80% of vitreous endosperm), split in two
groups (inoculated or not inoculated) were harvested udderlly ripe, ground and rehydrated
for different ensiling periods (0, 15, 30, 60, 120, 240 days). The harvested grains were
dried at 40°C until reaching 87% of DM content to be ground in a hammer mill fitted
with a 2 mm sieve. Then, corn was rehydrated and one of the groups was subjected to
microbiological inoculation whit 600,000 cfu/g (Lactobacillus buchneri NCNM 1 4323
Lallemand®). The samples were rehydrated to achieve 650 g DM/kg and packed to reach
800 kg/m®density. The silage was stored in plastic bags of 120 x 100 mm wrapped in
plastic sheet specific for silage. The arrangement of treatments was a 3x2x6 factorial,
with 3 types of corn, 2 types of silage inoculation and 6 periods of storage. The design
was completely randomized and the results were analyzed as repeated measures using
PROC MIXED by the computer program Statistical Analysis System® (SAS, 2001), after
verification of normal errors and homogeneity of variances.

Results and discussion The pH values (Figure 1B) suggest an effect of vitreousness

(P <0.01), period (P <0.01) and inoculant (P < 0.01) and there was an interaction between
vitreousness and inoculant (P < 0.01), vitreousness and period (P <0.01), inoculant and
period (P < 0.01) and vitreousness, inoculant and period (P < 0.01). According to Hoffman
et al., 2011, lower pH values were also observed for silage inoculated high-moisture corn,
compared to the same silage did not inoculated. According to the author this it happened
because of the highest concentration of lactic acid and acetic acid in the silage inoculated
with Lactobacillus buchneri versus uninoculated silage. The DM content (Figure 1D) also
suggest that there was effect of vitreousness (P < 0.01), period (P < 0.05) and inoculant

548 1-3 July 2015, Piracicaba, Brazil



(P =0.04) and there was an interaction between vitreousness and inoculant (P < 0.05),
vitreousness and period (P = 0.03) and vitreousness, inoculant and period (P < 0.01). The
results for concentrations of NH3-N % of CP (Figure 1A) and CP (Figure 1C) suggest
vitreousness effect (P < 0.01), inoculant (P < 0.01), ensiling time (P < 0.01) interaction
between vitreousness and inoculant (P < 0.01) vitreousness and time (P < 0.01) inoculant
and time (P <0.01) and vitreousness, inoculant and time (P < 0.01). Groups using
inoculant (P < 0.01) showed minor concentration of NH3-N during the fermentation
periods. The increase in concentration of NH3-N in uninoculated silage can be an
explanation for the lower values of crude protein in the groups 58 and 71, as these silages
exposed to the environment can be volatilized nitrogen which was in the form of NH3-N.

NHz3-N % of CP
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Figure 1 NH,-N % of crude protein of silage (A) pH of silage (B), crude protein (CP)

of silage of rehydrated corn grain (C) and DM of silage (D) in relation to the time of
ensiling. Numbers followed by the letter “i”” represents the use of microbial inoculant in its
confection.

Conclusion The use of inoculants for rehydrated grain silage promoted lower pH

values and lower concentration of NH,-N in the initial fermentation period for all corn
vitreousness. The use of inoculant promoted more crude protein values for corn groups
with lower percentage of vitreous endosperm, without however no difference scheduled
for the group with the highest percentage of vitreous endosperm. The values of dry matter
were affected more markedly by vitreousness content.
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Introduction The predominant type of corn in Brazil is flint, with high proportion of
vitreous endosperm and lower starch digestibility (Correia et al., 2002). Storage of corn
grain with high moisture content increases starch digestibility by promoting proteolysis

of the protein matrix (Hoffman et al., 2011). New techniques such as rehydration of dry
corn for later ensilage have been practiced, but few scientific studies are available. Another
relevant aspect is that ensiled corn kernels are susceptible to aerobic deterioration. Thus,
the objective of the present study is to evaluate the storage time and use of inoculants on
aerobic stability of silages of high-moisture corn and rehydrated corn.

Materials and methods The trial was carried out at Agencia Paulista de Tecnologia dos
Agronegocios (APTA), in Colina-SP, Brazil. High-moisture corn was harvested with 650
g/kg of dry matter (DM). Dry corn was ground and then rehydrated with water aiming to
reach 650 g/kg of DM. High-moisture corn (HMC) and rehydrated corn (RC) were ensiled
in plastic buckets (20 L) without (Control) or with (LB) L. buchneri (1x10° cfu/g as fed),
with four replicates per treatment. Silos were opened at 15, 30, 60 and 90 d of storage.
Yeast and mold counts were performed at the opening. Alterations during the aerobic
exposure were evaluated for 12 d. Aerobic stability was defined as the number of hours
the silage mass took to reach 2 °C above the room temperature. Aerobic deterioration was
defined as the sum of the daily temperature increases above the ambient temperature in the
first 5 d of air exposure. Temperature peak (°C) and hours to reach the temperature peak
were also computed. The variables were analyzed as a completely randomized design with
a 2x2 factorial arrangement with repeated measures using the MIXED procedure of SAS
software.

Results and discussion There was an interaction between inoculant and storage time

(P <0.01) on the yeast count, which decreased from 30 d of storage in the silages with
and without inoculant, wherein the greatest reduction was found in the inoculated silages
(Figure 1). The yeast count in inoculated silages remained below the detection limit
(<2.00 log cfu/g of silage) after 60 d. For mold, an interaction was observed between
silage and storage time (P = 0.01). The count of mold for the HMC increased from 30

d of storage, remaining higher than that in the RC silages, which remained below the
detection limit (< 2.00 log cfu/g of silage). Aerobic stability, temperature peak, hours to
reach the temperature peak, and aerobic deterioration showed to be significantly affected
by an interaction (P < 0.01) among type of silage, inoculant, and storage time (Figure

1). The RC inoculated with LB silages had greater aerobic stability on 15, 60, and 90 d.
Aerobic stability increased with storage time for all silages except HMC-Control. In this
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way, aerobic deterioration reduced through storage time in all silages, but was highest in
the HMC-Control silages on d 30, 60, and 90. The time to reach the temperature peak was
shorter for the HMC-Control silages from 60 d of storage, wherein the highest peak at 60
d was achieved by the HMC-Control silages. The increased concentration of acetic acid, a
powerful antifungal agent produced by L. buchneri, may be a plausible explanation for the
enhanced aerobic stability of HMC-LB and RC-LB silages.

Conclusions Silages inoculated with L. buchneri showed greater aerobic stability. High-
moisture corn silages are more prone to aerobic deterioration than rehydrated corn silages.
Therefore, additives capable to improve the aerobic stability, such L. buchneri, are

recommended for ensiling high-moisture corn.
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Introduction Ensiling high moisture grains typically increases the starch digestibility
(Hoffman et al. 2011), whereas turns the grains more prone to aerobic deterioration (Taylor
and Kung, 2002). Sodium benzoate is an antimicrobial compound (Woolford, 1975)
capable to improve the aerobic stability of silages. In addition to its antifungal properties,
sodium benzoate also restricts bacterial metabolism. Therefore, we hypothesized that
treating reconstituted corn grains with sodium benzoate would increase the aerobic
stability, but might decrease the proteolytic activity during silage fermentation and, in turn,
reduce the ruminal degradability of starch.

Materials and methods Ground corn grains from a commercial source of flint hybrid with
initial DM of 915 g/kg FM was rehydrated to reach 630 g DM/kg FM, using only water

to control silages (RC) or water plus sodium benzoate 2g/kg of FM (RB). Silages were
stored in plastic barrels with capacity of 200 L for 170 d. To determine aerobic stability,
approximately 5 kg of silage was placed in plastic buckets, with three replications, and the
mass temperature recorded with temperature data loggers every 15 min, during 10 d. Three
non-lactating cows fitted with rumen cannula were used during the ruminal degradability
assay. The total mixed ration used for feeding the cows contained (DM basis): 38% corn
silage, 10% Coast-cross hay, 20.7% soybean meal, 11.5% citrus pulp, 2.5% premix mineral
+ vitamins, and 17.3% dry ground corn. Samples of RC, RB and dry ground corn (DG)
(from the same grain source) were allocated in nylon bags and incubated in the rumen
ventral sac for 0, 12, 24 and 48 h, in a reverse sequence and removed at once. Three
incubation periods were carried-out with one-week intervals. Data were analyzed using the
Mixed procedure of SAS. For the ruminal degradability the statistical model included the
fixed effects of treatment, time and treatment x time and the random effects of period and
cow. The interaction cow X treatment was used as the error term, whereas the covariance
structure was the autoregressive(1). Means were compared by orthogonal contrasts: [DG
vs (RC + RB)] and [RC vs. RB]. The aerobic stability was compared considering the fixed
effect of treatment.

Results and discussion As expected, silage aerobic stability was greatly improved by
sodium benzoate. Furthermore, grains treated with sodium benzoate showed lower overall
heat accumulation, indicating lower deterioration upon air exposure (Table 1). The ruminal
DM degradability was similar across silages (RC and RB), which were superior to DG,
especially in short-incubation times (Figure 1). Ensiling rehydrated grains (with or without
sodium benzoate) was effective to improve starch availability. Thus, both key issues of
high moisture grain silages (digestibility and aerobic stability) can be ensured by using of
sodium benzoate at 2g/kg of FM.
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Table 1 Aerobic stability of rehydrated corn grain silages treated with sodium benzoate,
after 170 d of storage

Ttem RC RB SEM P-value
Aecrobicstability, h 122 236 10.7 <0.01
Accumulated temperaturein 5 d, °C 3.73 0.97 2.78 0.26
Accumulated temperature in 10 d, °C 709 2.97 7.69 <0.01

RC: without additive (control); RB: treated with sodium benzoate.

100 -

Ruminal disappearance (%)

0 12 24 36 18
Incubation time (h)
Figure 1 /n situ ruminal DM degradability of dry ground corn (DG) and rehydrated corn
grain silage without additives (RC) or treated with sodium benzoate (RB). P<0.01 for
treatment x time interaction, SEM = 1.14, * P<0.01 for DG vs. (RC + RB).

Conclusion The rehydration of corn grains for silage significantly increased ruminal
degradability of DM when compared with dry grains. Treating with sodium benzoate

(0.2% w/w) led to improved aerobic stability without compromising the ruminal DM
degradability.
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Effects of chemical and microbial additives on the fermentation and aerobic stability
of rehydrated corn grain silages
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Introduction Ensiling dry corn grains after moisture reconstitution may result in poor
fermented silage and more prone to spoilage. Mature grains have low content of soluble
carbohydrates because the starch formation is completed and higher counts of yeasts and
molds, among other undesirable microorganisms such as Clostridium spores (Carvalho,
2014). Thus, the use of additives is recommended to improve the fermentation and the
aerobic stability of rehydrated corn grain silages, however still lacking more data on
combination of additives and fine tuning dose-dependent trials. The aim of this study
was to assess the impact of chemical and microbial additives on fermentation aspects and
prevention of aerobic deterioration in rehydrated corn grain silages.

Materials and methods Corn grains from a commercial source of flint hybrid with initial
DM of 985 g/kg FM was ground and rehydrated to reach 650 g DM/kg FM. The treatments
were: control (without additive), L. buchneri at 5x10° cfu/g FM (LB), L. plantarum at
5%10° cfu/g FM (LP), LB + LP (Combo), LB + sodium nitrite at 1.5 g/kg FM (LBN:it), and
sodium benzoate at 2.0 g’kg FM (Benz). All additives were diluted in the distilled water
used to rehydrate the grains. Initial counts of lactic acid bacteria (LAB), yeasts, and molds
in dry grains were 6.5, 4.2 and 4.7 log cfu/g FM. Polyethylene buckets (6 L) were used as
experimental silos (4 replications per treatment). The statistical analysis were performed by
using the Mixed procedure of SAS and means compared with Tukey test (o = 0.05).

Results and discussion Silages treated with L. buchneri showed higher LAB and

pH values, leading to an effective control of yeast growth. Despite of minimum LAB
population, sodium benzoate containing silages also presented a significant decrease on
spoiling due to yeasts and molds, with reduced counts. Fermentative DM losses were
negligible in all silages, despite the slightly higher DM losses in silages treated with L.
buchneri (LB and combo), since the metabolism of this heterolactic bacteria result in
release of CO, (Driehuis et al., 1999). Silages treated with L. buchneri (LB and combo) or
sodium benzoate had higher aerobic stability. Inoculation of corn grains with L buchneri
plus sodium nitrite resulted in lower yeast counts than the control silages upon air exposed,
but still less effective than using L. buchneri exclusively. Rehydrated corn grain silages
without additives or treated with homolactic bacteria were the less promising silages,
because yeasts were not inhibited during the fermentation and after silos opening the
silages showed a fast heating and increased aerobic losses.

Conclusion The use of Lactobacillus buchneri or sodium benzoate is effective to improve
the aerobic stability of rehydrated corn grain silages.
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Table 1 Fermentation traits and aerobic stability of rehydrated corn grain silages treated
with chemical and microbial additives, after 90 d of storage

Item Control LB LP Combo LBNit Benz SEM P
Fermentation data

pH 3.84¢ 443 3.87¢ 4.02> 396° 389 (01 <0.01
DM, g/kg FM 673 663 683 6688 679 676 010  <0.01
Fermentative Losses, % 0.60¢ 1.222  0.67° 096> 0.18 0.27° 0.01 <0.01
LAB, log cfu/g 4.5¢ 81=  520¢  79*  61° 3.9 0.35  <0.01
Molds, log cfu/g 42 35 3.6 35 32 2.8 0.51 0.534
Yeasts, log cfu/g 4.4° <2.0° 4.6 <2.0° <2.0¢  <2.0¢°  0.04 <0.01
Aerobic stability data

AS, h? 51d 2402 69¢ 2402 151b 2402 3.04 <0.01
Aerobic Losses,% 34,42 1.9¢ 31.62 3.5¢ 24.0° 3.2¢ 1.53 <0.01
Max. Temp.,°C? 46.32 26.0° 4352 26.1° 452¢  26.2° (066 <0.01
Time to Max. Temp., h  109° 240¢  139°  240*  229*  240° 644  <0.01
Ac5d, °C* 37.6 0.0° 2290 0.0 0.3b 0.0° 3.21 <0.01
Acl04d, oCs 100.22 (.94 81.5° 1.14 52.9¢ 1.2d 2.72 <0.01

lAdditives applied onto fresh matter. Control: without additive, LB: L. bucnheri at 5x10° cfu/g,
LP: L. plantarum at 5x10° cfu /g, Combo:LB + LP, LBNit: LB + 7 g of sodium nitrite/kg, Benz:
15 g of sodium benzoate/kg. 2Time until silage temperature reached 2°C above ambient
temperature (25°C). *Maximum temperature. Accumulated temperature in 5 days* and 10 days°.
Different letters superscripts within a line indicate statistical differences (Tukey, a = 0.05).
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P. A. Carvalho', A. D. Bigaton', J. Fernandes', M. C. Santos’, J. L. P. Daniel', A. P. Duarte?
and L. G. Nussio’

"University of Sdo Paulo, Piracicaba, Brazil, 13418-900, Email: pacarvalho@usp.br; > Sdo
Paulo’s Agency for Agribusiness Technology, Pindorama, Brazil, 15830-000

Keywords high moisture corn, bacterial diversity, 16S DNATr, sequencing, Illumina
MiSeq™ System

Introduction Characterizing microbial communities present in silage may help on
understanding of silage fermentation profile and aerobic stability, since establishment of
distinct microbial communities in ensiled mass results in distinct fermentation patterns.
Nowadays, the application of molecular techniques allows assessing the shifts caused on
microbial communities by a culture independent approach. In this way, the objective of this
study was to determine the composition of bacterial communities in high moisture corn
silage as well as their fermentation end-products and their correlations.

Materials and methods Corn cultivars AG-1051 and IAC-8390 were harvested in three
maturity stages: 1/2 milk line (ML), black line (BL) and dry grain, which was reconstituted
to 32% of moisture (DR). Ground grains were ensiled in mini-bags and stored for 0, 7 and
120 days. Silage DNA was extracted using a laboratory protocol in which the samples
were ground with liquid nitrogen and then weighed in a 2 mL Eppendorf tube, followed
by addition of buffers and precipitation with phenol:chloroform:isoamyl alcohol solution
(25:24:1). Later steps included serial centrifugations, addition of precipitation solutions
and in the final step the DNA was resuspended in ultrapure water. The PCR products

were sequenced by [llumina MiSeq™ system. The content of lactic acid was measured
according to Pryce (1969) and ammonia nitrogen (NH3-N/N) according to Chaney and
Marbach (1962). Furthermore the levels of alcohols, esters, acetone and volatile fatty acids
were determined by gas chromatography-mass spectrometry. Data were analyzed with
statistical software package of Canoco 4.5 (Biometris, Wageningen, Holand), Past 1.90
(Hammer et al., 2001) and QIIME (Quantitative Insights Into Microbial Ecology).

Results and discussion The ML and BL silages samples showed positive correlation with
lactic acid content (Figure 2) which characterizes a desirable fermentation. However,
after 120 days of storage, DR samples had more than 40% of sequences affiliated to the
gender Clostridium, whereas Lactobacillus represented less than 7% (Figure 1). In this
way, the content of butyric acid was the fermentation end-product that most contributed
to differentiate DR silages from the others (Figure 2). Furthermore, butyric acid was
negatively correlated to lactic acid content. Probably dried grains suffer more stress at
field conditions, which in turn can interfere with the sanitary hygienic quality of silages
obtained from those grains.

Conclusion Fermentation end-products found corroborate that clostridia dominated
the fermentative process in DR silages. Kernel reconstitution did not ensure a desirable
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fermentation. Treating DR with additives could be a possible strategy to prevent

clostridium development in silages.
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Figure 1 Diversity of main bacterial genera obtained from the OTUs matrix data in DR
silage samples. Genera included in “Other” category, represent less than 1% of the total
bacterial population in samples analyzed. Analysis was carried out with software QIIME.

= <§<>> NH3-N/N ¢ DR
O BL
° & ' <o Etil acetate o ML
Etil lactate s 0 day
1 Butiric acid 7 days
= 120 days
N
<
o =9 )
- ’ 0% .ﬂ 0 Lactic acid
¢ @
. 00
[
] - o)
o) O
O O
=
1.0 ' ' ' 1.0
10,4%

Figure 2 Redundancy analysis (RDA) using Monte Carlo test with 499 permutations.
Symbols indicate maturity stage (DR, BL and ML) and colors shows storage period (0, 7

and 120 days).
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Introduction Fermented starch sources, such as high-moisture corn (HMC), have greater
starch digestibility compared with unfermented sources. However, maximum starch
digestibility may be only reached after 8 months of ensiling period (Ferraretto et al., 2014).
Exogenous protease addition may be an alternative to increase proteolysis of prolamins
and thus starch digestibility in HMC fermented for short periods. In addition, microbial
inoculation may either accelerate fermentation or increase acid production and thus
increase proteolysis or solubilization of prolamins. Thus, the experimental objective was
to evaluate the impact of exogenous protease addition, microbial inoculation or both on
fermentation profile, nitrogen fractions and starch digestibility of HMC.

Materials and methods On the day of harvest, 10 kg of unfermented HMC was obtained
at the University of Wisconsin — Madison Agricultural Research Station (Arlington, WI)
on October, 2013, homogenized and allocated into 24 samples of 300 g each. Samples
were randomly assigned to eight treatments so each treatment had three replications. Eight
treatments were a combination of HMC non-inoculated or inoculated with one of three
microbial inoculants and with or without exogenous protease addition. The inoculant
treatments followed the recommended application rate of microbial inoculant as follows:
1) 5.46 x 10° CFU of Lactobacillus buchneri 40788 and 1.36 x 10° CFU of Pediococcus
pentosaceus/g of HMC (LBPP; Biotal Buchneri 500; Lallemand Animal Nutrition,
Milwaukee, WI); 2) 5.46 x 10° CFU of Lactobacillus buchneri 40788/ g of HMC (LB,
Biotal Buchneri 40788; Lallemand Animal Nutrition, Milwaukee, WI); and 3) 1.64 x 10°
CFU of a mixture of Pediococcus pentosaceus and Propionibacteria freudenreichii/ g of
HMC (PP; Biotal Plus II; Lallemand Animal Nutrition, Milwaukee, WI). The experimental
exogenous protease (DSM Nutritional Products, Basel, Switzerland / Novozymes,
Bagsvaerd, Denmark) was added at a rate of 1,825 mg of protease per kg of corn DM to
protease treatments. All 24 samples, including the HMC without inoculation or protease
addition, received the same amount of double distilled water to ensure protocol similarity
among all samples. After inoculation, samples were ensiled in vacuum-sealed bags and
stored in the dark at room temperature for 30 d prior to nutrient analysis. All samples were
analyzed in duplicate for DM (% as fed), CP (% DM), borate-phosphate buffer soluble-CP
(% CP), ammonia-N (% CP), starch (% DM), ruminal in vitro starch digestibility at 7 h (%
of starch), pH and fermentation profile. Data were analyzed as a completely randomized
designed in a 4 x 2 factorial arrangement of treatments using Proc Mixed of SAS with
inoculation, protease addition and their interaction as fixed effects.

Results and discussion Concentrations of DM and CP were unaffected (P > 0.10) by
protease addition and averaged 72.7% and 8.2%, respectively. Lactate and total acid
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concentrations were increased (P = 0.001) and acetate concentration decreased (P = 0.01)
with exogenous protease addition at ensiling. However, no effects on pH (P =0.12; 4.27
on average) or ethanol concentration (P = 0.29; 0.27 on average) were observed. Starch
digestibility was increased 7.5-% units by the addition of protease (P = 0.02; 44.4 vs.
51.9%) suggesting increased proteolysis. Increased concentrations of ammonia-N and
soluble-CP with exogenous protease addition support this premise. Content of DM tended
(P =0.06) to be 1.6-% units higher for PP than other treatments, but CP concentration
did not differ (P = 0.37). Measurements of pH were (P = 0.001) lowest for PP and LBPP,
followed by LB, and highest for CON. Lactate concentration was greater (P = 0.001) and
ethanol concentration lower (P = 0.001) for LBPP and PP than LB and CON. Acetate
concentration was (P = 0.001) greatest for LB, followed by LBPP, CON and lowest for
PP. Although both, ammonia-N and soluble CP, were increased (P = 0.01) by all three
inoculants, starch digestibility was unaffected (P = 0.64; averaged 48.2%).

Conclusion Exogenous protease addition increased starch digestibility and may be an
alternative when ensiling HMC for short periods. Although starch digestibility was not
affected by inoculation, all three inoculants improved fermentation profile in HMC.
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Introduction Rehydrated grain silages consists basically on hydration of mature grounded
grain and ensure their storage by fermentation as silage. During the corn and sorghum
grain ensiling, microbial enzymes hydrolyze the prolamine involving the starch granules
and turn the rumen digestion easier. The effect of the fermentation on digestibility of starch
is increased with fermentation time. The digestibility of starch can be increased by the use
of enzymes in rehydrated grain during the fermentation. The microorganism’s population
influences the ensiling process, and is also important to maintain the silage quality and
could alter the starch digestibility. This work aimed to evaluate the effects of the inclusion
of amylase and protease or amyloglucosidase on the microbial population of sorghum and
corn grain rehydrated silages.

Materials and methods The corn hybrid with flint endosperm (Dow 2B707) and the
sorghum hybrid (Dow 1G220) were ground to achieve 3 mm diameter particles and
rehydrated with water to obtain 35 % moisture content. The grains were ensiled in PVC
tubes with 3 replicates. The treatments were: Control (without enzyme), amyloglucosidase
(AMG, Kerazyme 4560), and amylase and protease (AP, Termamyl and Kerazyme 66495).
After 30 and 180 days of fermentation the silos were opened and samples of approximately
3 kg were removed to evaluate the pH values and microbial population. Water extracts
were used for enumeration of microorganisms. Sequential ten-fold dilutions were prepared
to quantify the microbial groups. Yeasts and molds were enumerated by Dichloran Rose
Bengal Chloramphenicol Medium (DRBC, Difco; Becton Dickinson, Sparks, MD, USA).
The plates were incubated at 28°C for 72 h. For the enumeration of lactic acid bacteria
(LAB) and Bacillus spp, DeMan-Rogosa-Sharpe agar (M6411, HiMedia; Mumbai, India)
plus nystatin (4 mL.L-" and nutrient agar medium were used, respectively. The plates were
incubated at 30°C for 72 h. The colonies were counted on plates containing a minimum of
30 CFU and a maximum of 300 CFU. Data analysis was performed using the PROC GLM
(SAS v. 9. 2), applying Tukey test for means comparison with 5% probability.

Results and discussion There was an interaction between type of grain and enzyme
used. Corn silage showed higher LAB counts compared with sorghum control silages.
The treated silages presented similar values (Table 1). The use of enzymes at ensiling

of both rehydrated grains reduced LAB counts. After 30 days of fermentation the LAB
count in corn silage was superior, and for both silages the LAB count decreased during
fermentation. Bacillus spp, filamentous fungi and yeasts populations were below the
detection limit (< 2 log cfu g'). For pH values there was a significant interaction between
type of grain and enzymes used (Table 1). The sorghum silage pH was higher when
compared to corn silage in the control treatment and with AMG enzyme. Using the AP
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enzyme was not possible to verify differences between the pH values between the grains.
The use of enzymes did not affect the pH values of corn silages; however, the use of AP
enzyme reduced the pH of rehydrated sorghum silage. There was an interaction between
type of grain and time of fermentation. At 30 days of storage, pH of sorghum silage was
higher but there was a reduction in pH of both silages at 180 days. There was an interaction
between length of storage and enzymes for LAB counts (Table 2). There was no difference
in LAB counts at 30 days of fermentation with and without the use of enzymes, whereas
after 180 days of storage, there was an increase in LAB counts in control silages.

Table 1 Count of LAB and pH in sorghum and corn grain rehydrated silages with or
without enzymes, stored for 30 or 180 d

Enzyme Time of fermentation (d)
Grain Control!  AMG? AP? SE*  P-value 30 180 SE P-value

LAB (logcfugh)
Corn 518Aa 389Ab 346Ab 0169 <001 649Aa <20Ab 0138 <001

Sorghum 4.28Ba 330Ab 297Ab 0.169 505Ba <2.0Ab 0.138
pH
Corn 380Ba 378Ba 380Aa 001 <001 392Ba 366Ab 0.01 <0.01
Sorghum 3.86Aa 385Aa 3.78Ab 0.01 403Aa 364Ab 0.01

"Without enzymes; amyloglucosidase enzyme; *amylase and protease enzymes; * standard error of the mean; Values
followed by same lowercase letter in line do not present significant difference by Tukey test (P = 0.03); Values
followed by same uppercase letter in the column do not present significant difference by Tukey test (P > 0.05).

Table 2 Count of LAB and pH in sorghum and corn grain rehydrated silages with or
without enzymes, stored for 30 or 180 d

Enzyme
Time of fermentation (days) Control* AMG? AP? SE  P-value
LAB (ufc g)
30 5.93 Aa 2.18 Aa 543 Aa 0169 <0.0001
180 354Ba <20Bb <20Bb 0.169
pH
30 3.99 Aa 3.99 Aa 3.94 Aa 0.01 0.1076
180 3.68 Ba 3.64 Ba 3.64 Ba 0.01

:: Without enzymes; 2 amyloglucosidase enzyme; >: amylase and protease enzymes; * Mean standard error; Values
followed by same lowercase letter in line do not present significant difference by Tukey test (P > 0.05); Values
followed by same uppercase letter in the column do not present significant difference by Tukey test (P > 0.05);

Conclusions Enzyme addition reduces the LAB counts with 180 days of fermentation in
rehydrated corn and sorghum silages. The use of AP reduces pH values of sorghum silages.
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Introduction Corn grain is the most important energetic feedstuff in ruminant diet. The
difficulties related to grain storage in Brazil led the industry to choose flint varieties to
avoid insect damage. This type of grain has a large proportion prolamin:starch and lower
starch digestibility. The rehydrated corn grain silage can be an alternative to solve storage
problems and increase starch degradability. This work aimed to evaluate the effect of
ensiling process on the starch granule structure, fermentative parameters and in vitro
degradability of rehydrated corn grains.

Materials and methods The trial was performed in the Centro de Pesquisas em
Forragicultura (CPFOR), Pinhais, PR, Brazil, where the crop was grown. The corn hybrid
(AG 8041) was harvested at 83% DM content. Corn kernels were milled (5 mm) and
rehydrated (373 L/ton) to achieve 60% DM. Grains were ensiled in mini silos of PVC
pipes (9.8 cm diameters and 50 cm height) equipped with bulsen valves. The treatments
were: Control (no additives); Buchneri (L. buchneri 1x10° cfu/g FM); and Natamycin
(8 g/t FM). Samples from each treatment were collected. Silos were filled in order to
achieve bulk density of 1000 kg/m*. After 45 days of storage, the silos were opened and the
homogenized mass from each silo was sampled. Both pre- and post-fermentation samples
were used for assessing DM content, pH, in vitro degradability (Table 1), and scanning
electron microscopy of starch granules (Figure 1). The DM content was obtained in a
forced-air oven at 60°C for 72 h. The pH was measured in water extracts (25 g of silage
diluted in 225 mL of water). The in vitro degradability of DM was evaluated according

to Theodorou et al. (1994) using the RF Gas Production System (Ankom Technology,
Fairport, NY) and the data was recorded every 20 minutes during 24 h. The pressure
inside of the bottle was measured in psi and convert to mL/g DM according to Mauricio
et al. (1999) equation: Volume (mL) =-0.111813 + (3.60148xpsi) + (-0.01247x(psixpsi)).
The microscopy analysis was performed using a TESCAN VEGA3 LMU®. Data were
statistically evaluated by ANOVA and treatments means were compared by Tukey test at
95% confidence level.

Results and discussion The DM content of silages was similar among all treatments
(Table 1). The added water was sufficient to decrease DM at required level (60% DM)
which allows the microbial growth. The mean pH value (3.93) indicates a satisfactory
fermentation for both treatments, even in silage with no additives that was expected to
present higher pH. These data suggests that epiphytic bacterial were able to drop pH
and L. buchneri and natanycin didn’t have any contribution. The additives increased
the fermentative losses (Table 1), mainly in natamycin treatment. However, DM losses
were based on oven drying, and volatiles losses could lead to misjudgment. The in vitro
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degradability of silages was different across treatments (P < 0.01). Natamycin treatment
showed the highest gas production (457 mL/g DM), followed by the control (387 mL/g
DM), and Buchneri (325 mL/g DM). The pre-ensiled grain presented the lowest in vitro
gas production (298 mL/g DM). The non-fermented grain spent 8 h to start gas production
after incubation, whereas the ensiled grain initiated the produced gas production after 2 h
of incubation. The ensiling process affected the structure of starch granules turning them
more available for the rumen microorganisms, when compared to dry ground grain. The
changes in physical interactions between the prolamin-protein matrix and the starch can be
seen in Figure 1. Although no objective analyses can be performed from these microscopy
findings, the difference from pre- and post-ensiled grains can be seen as the number of
starch granules free from a matrix structure.

Conclusions Rehydrated corn grain silages change the structure of starch granules and
improve the rumen degradability. Additives can contribute to this process, possibly by
action of acids and bacterial enzymes on starch structure. More study should be done to
understand this occurrence.
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Introduction Corn is one of the most used cereals in animal nutrition due to its nutritive
value and high yield potential. Corn kernel endosperm consists of a translucent area that

is referred to as vitreous or cornea and an opaque amorphous area characterized as soft

or farinaceous. Especially in the vitreous portion, the protein matrix (rich in prolamin) is
seen as a physico-chemical barrier for starch digestion. Therefore, interest in high moisture
corn silage is rising among the types of processing. Ensiling high moisture grains increases
ruminal starch degradability, not only for being harvested at a less maturity stage, but also
because of the protein matrix is disrupted during the fermentation. Therefore, the aim of
this work was compare the content of prolamin and the starch degradability of two corn
hybrids, harvested in three maturity stages and stored as silage for different periods.

Materials and methods Kernels of two corn genotypes, IAC-8390 (flint) and AG-1051
(dent), were harvested in three maturity stages: 1/2 milk line (ML), black line (BL) and dry
grain, which was reconstituted to 32% moisture (DR). Ground grains were ensiled in mini-
bags (500 g) and stored for 0, 7, 21, 60 and 120 days, with four replications per treatment
per storage period. The content of prolamin was measured according to Nellis et al. (2013).
Ruminal in situ degradability of starch was determined in dried samples incubated for 12
hours in three non-lactating crossbred cows. The starch content was evaluated according to
Hall (2009). Data were analyzed with the Mixed procedure of SAS.

Results and discussion As expected, the content of prolamin increased with the maturity
advance in both hybrids, whereas IAC-8390 had a more vitrified endosperm than AG-1051
before ensiling. However, the concentration of prolamin decreased across the fermentation
period. After 60 days of storage, the flint hybrid IAC-8390 had the same level of prolamin
as compared to the dent hybrid AG-1051. Therefore, the ruminal degradability of starch
(Figure 2) increased with the length of storage. When the grain is ensiled, regardless of
maturity, the differences between vitreousness and degradability do not persist. Most starch
degradation can be explained by the proteolysis of endosperm prolamin.

Conclusion When corn grains with vitreous or dent endosperm are ensiled, the prolamin
present in the protein matrix are degraded, increasing the availability of starch granules and
ruminal degradation of this nutrient.
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Figure 1 Concentration of prolamin in corn grain silage (AG1051 and IAC8390) according
to maturity (ML, BL and DR) and storage period (0, 7, 21, 60 and 120 d). P = 0.95 hybrid
x maturity. P <0.01 hybrid x storage. P < 0.01 maturity x storage. P <0.01 hybrid x
maturity x storage.
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Figure 2 Ruminal in situ degradability of starch at 12 h in corn grain silage (IAC-8390 and
AG-1051) according to maturity (ML, BL and DR) and storage period (0, 7, 21, 60 and 120
d). P=0.02 hybrid x maturity. P <0.01 hybrid x storage. P <0.01 maturity x storage. P =
0.11 hybrid x maturityx storage.
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Introduction The protein matrix in corn kernel is a physicochemical impairment to
starch digestion in ruminants (Owens et al., 1986). Ensiling high moisture corn kernels
lead to degradation of hydrophobic zein proteins on the starch-protein matrix during

the fermentation process (Hoffman et al., 2011). Several mechanisms are involved on
breakdown of proteins in whole plant silages (Ohshima and McDonald, 1978; Heron

et al.,1986; Hoffman et al., 2011), whereas in high moisture corn silages the activity of
proteolytic sources are scarcely determined. Thus, the aim of this study was to determine
the contribution of kernel enzymes, bacteria, fungi, and fermentation end-products on
the mechanism of protein solubilization during fermentation of reconstituted corn grain
silages.

Materials and methods Dried whole corn kernels was ground at 5 mm sieve, rehydrated
to 350 g DM/kg FM, and treated as follows: no additives (Ctrl); gamma irradiation (32
kGy; Irradiated); Irradiated + fermentation end-products (lactic acid, acetic acid and
ethanol at 10, 3 and 7 g/kg FM, respectively; Irradiated+FEP); and natamycin (10 g/

kg FM; Antifungal). Ground kernels were ensiled in mini-bags (500 g FM per bag) with
5 replicates per treatment and stored for 90 d. Original ground corn kernels and silages
were sampled to determine soluble protein concentration according to Krishnamoorthy et
al. (1982). Protein solubilization (g/kg CP) was calculated for each treatment as: [soluble
protein after fermentation (g/kg CP)] — [soluble protein before fermentation (g/kg CP)].
Then, the contributions of proteolytic sources (kernel enzymes, fermentation end-products,
fungi and bacteria) to total proteolysis were calculated as:

Kernel enzymes (%) = 100 x [(protein solubilization in Irradiated silage) / (protein
solubilization in Ctrl silage)];

Fermentation end-products (%) = 100 X [(protein solubilization in Irradiated+FEP silage)
— (protein solubilization in Irradiated silage) / (protein solubilization in Ctrl silage)];
Fungi (%) = 100 x [(protein solubilization in Ctrl silage) — (protein solubilization in
Antifungal silage) / (protein solubilization in Ctrl silage)];

Bacteria (%) = 100 — corn kernel enzymes — fermentation end-products — fungi.

Results and discussion The relationships between soluble protein concentrations

in nonfermented grain (116 g/kg CP), ctrl (523 g/kg CP), irradiated (236 g/kg CP),
irradiated+FEP (255 g/kg CP) and antifungal (501 g/kg CP) treatmens indicated that
bacterial proteolytic activity is the major mechanism of protein degradation in reconstituted
corn grain silages (Figure 1). Additionally, corn kernel enzymes contributed to 30% of
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protein breakdown, whereas fungi and fermentation end-products revealed only minor
contribution to protein solubilization (= 5%).
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Figure 1 Contribution of corn kernel enzymes, microorganisms (bacteria and fungi) and
fermentation end-products to proteolysis in reconstituted corn grain silages.

Conclusion Bacterial activity is the major proteolytic source in reconstituted corn grain
silages.
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Introduction Reconstitution of grains by rehydration is feasible at farm level and may
allow improvement in starch degradability, however, such silages still remains more prone
to aerobic deterioration after silo opening, which may lead to high losses of dry matter
and energy and impair animal performance. The aim of this study was to evaluate the
influence of chemical and microbial additives on the conservation and aerobic stability of
reconstituted sorghum grain silages.

Materials and methods Sorghum grains from a commercial source with initial DM of 987
g/kg FM were ground and reconstituted to reach 650 g DM/kg FM. The treatments were:
(1) Control (without additives); (2) LB, Lactobacillus buchneri at 5 x 10° cfu/g FM (LalSil
AS - Lallemand®); (3) LP, L. plantarum at 5 x 10° cfu/g FM (Sill All 4x4 WS - Altech®);
(4) Combo, LB + LP; (5) Benz, sodium benzoate at 2 g/kg of FM; and (6) LBNit, LB plus
sodium nitrite at 1.5 g/kg of FM. Additives were diluted in distilled water used to rehydrate
the grain samples. Polyethylene buckets (6 L) were used as experimental silos, with four
replicates per treatment. Initial counts of lactic acid bacteria (LAB), yeasts and molds in
dry grains were 6.4, 4.2 and 4.7 log cfu/g FM. Statistical analysis was performed using the
Mixed procedure of SAS and means compared with Tukey’s test (a= 0.05).

Results and discussion Sorghum grain silage treated with L. buchneri (LB, Combo

and LBNit) showed higher pH values, as a result of the typical heterolactic pathway.
Unexpectedly, the LP treatment decreased the LAB counts. The treatments LB, Combo,
LBNit and Benz were effective to control the growth of molds and yeasts. Although
fermentation losses were low in all silages, sodium benzoate was effective to reduce DM
losses during fermentation. On the other hand, LB and Combo treatments increased the
fermentative losses. Treatments containing L. buchneri (LB, Combo and LBNit) and
sodium benzoate showed higher aerobic stability and lower aerobic DM losses, due to their
antifungal attributes. Reconstituted sorghum grain silages without additive or treated with
homolactic bacteria were highly susceptible to deterioration upon air exposure.

Conclusions Improved fermentation and aerobic stability might be achieved by either
add L. buchneri or sodium benzoate in reconstituted sorghum grain silages. Microbial or
chemical combinations with L. buchneri were more effective than control but not better
than L.buchneri add exclusively.
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Table 1 Fermentation and aerobic stability of reconstituted sorghum grain silages treated

with chemical and microbial additives, after 90 d of storage

Treatment!
Item Control LB LP Combo LBNit Benz SEM P
Fermentation
pH 3.96¢ 434> 396c  4.402 3.98¢ 4.01¢ 0.01 =0.01
DM, g/kg FM 67420 664 6742 665° 675%® 679 027 <0.01
LAB, log cfu/g 6.67> 698 486 7.18b 7922 664 055 0.03
Molds, log cfu/g 4232 3.87r 4.3% 4.082 4322 448 047 0.96
Yeasts, log cfu/g 4.742 <2.0® 4.6 <20 <20 <2.0° 0.06 <0.01
Fermentative losses, % 0.73¢ 1.400  0.624 1.34P 0.52¢ 020f 0.01 =0.01
Aerobic stability
ASZ h 38.50 240*  36.33¢ 240 2402 2400 039 <0.01
Ac5d% °C 46.52>  0.0° 45.932 0.0 0.0° 0.0 1.16 =0.01
Ac 10d%, °C 102.32 133> 95.0¢ 0.0° 0.60° 0.5b 2.7 <0.01
Acrobic losses, % 28.46* 235> 27432 2.34b 192> 2.19° 311 <0.01

IControl: without additive, LB: L. buchneriat 5 x 10°cfu/g, LP: L. plantarum at 5 x 10° cfi/g, Combo:
LB + LP, LBNit: LB + 1.5 g/kg of sodium nitrite, Benz: 2 g/kg of sodium benzoate. Time elapsed
before silage temperature increased by at least 2°C above the room temperature (25° C). *Accumulate
temperature in 5 days. *Accumulate temperature in 10 days.
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Co-fermentation of energy crop silages in batch fermentation test
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Introduction Biogas production based on energy crops is very common in Germany.
Often a mix of various energy crops is used as substrate. Within the last years sugar beets
supplement the conventional substrates because of their excellent fermentation properties.
Biogas plant operators reported higher gas yields after the first switch to sugar beet in the
mixture. A joint project at Kiel University, which is sponsored by the German Federal
Ministry of Education and Research from 2012 to 2015, investigates the impact of the
application of digestates on the physical and chemical soil properties and on soil life. The
digestates are produced on laboratory scale by mono- or co-fermentation of energy crops
(maize, wheat, grass, sugar beet) in discontinuous fermentation tests. Because the required
silages were prepared on laboratory scale level, the dry matter losses could be recorded as
well as the losses of methane yield. The results of the fermentation tests allow to answer
the question if there is an effect due to co-fermentation or not. The present research work
focusses on results of fermentation of maize and sugar beet.

Materials and methods Sugar beets were prepared for ensiling (washed, defoliated

and chopped <10 mm). Maize was harvested and chopped by field chopper (<10 mm).
Afterwards maize was ensiled in preserving jars, sugar beets in plastic bags for 90 days.
Losses were recorded by weighing, the silages were examined for pH, dry matter and
organic dry matter, crude nutrients composition, fermentation acids and alcohols as well
as ammonia. To determine the biogas and methane yield of fresh substrates and chosen
silages under laboratory conditions a common fermentation batch test (min. four lab
replicates; anaerobic fermentation for 28 days at 38 °C, max. of 48 batch-reactors parallel)
was carried out in compliance with German Standard Procedure VDI 4630 (2006). The
experimental procedure is described in detail in Ohl (2011). Silages were examined

in mono-fermentation (100 %) or in co-fermentation with another energy crop silage

(80 %-20 %, 50 %-50 %, 20 %-80 %). The silages were tested with respect to the specific
methane yield of single substrates and mixtures, the estimation of losses of methane yield
according to the scheme of Nussbaum et al. (2012) and the calculation of the theoretical
methane production of the mixtures.

Results and discussion During ensiling of maize dry matter losses could be recorded
(Table 1), which were on average 2.2% with a low deviation. These losses caused losses
in methane yield up to 6.8%. Only one silage (no. 5) showed an increase of methane
yield because of marginal dry matter loss and high specific methane production. Sugar
beet silages had higher dry matter losses (mean 20.1%) with higher deviation, which
corresponded to the different composition of fermentation acids, especially the presence
of alcohols, e.g. ethanol (<1% DM at no. 2 and 3 up to 12.7 % DM). Due to the higher
specific methane production of these silages, the losses in methane yield were at least
halved. Maize silage (no. 1; Figure 1) reached a lower specific methane production
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(334 L /kg .,,,) compared to sugar beet silage (no. 4; 381L /kg . ). Co-fermentation of
both silages resulted in higher methane yields, depending on the portion of sugar beet

in the mixture. The calculation of the theoretical methane production of the mixtures
accorded with the measured data. An increasing effect by the co-fermentation could not be
observed.

Table 1 Dry matter (DM) and methane (CH,) losses caused by ensiling of maize and sugar
beet

losses [%0] losses [%0]
No. DM CH. No. DM CH4
1 6.4 1 239 112
2 0.7 6.8 2 11.9 4.9
3 35 3 12.0
4 1.2 36 - 4 26.1 9.7
5 0.4 4.7 E 5 26.6 8.4
8 F1 0.8 25 .
§ X 22 20 c%“ X 20.1 8.6
SD 22 42 SD 6.7 23
400

380 * I
360 I

340 I
substrate variant

320 B maize
sugar beet
| maize+sugar beet

specific methane production [LN/kgoDM]

300 T T T T
100% 20%+80% 50%+50%  80%+20%

substrate mixture

Figure 1 Specific methane production of maize and sugar beet silage in mono- and co-
fermentation.

Conclusions Although no enhancing effect could be observed by the co-fermentation of
maize with sugar beet, their use as co-substrate has advantages. Sugar beets have excellent
fermentation properties, the gas formation starts rapidly and is completed in a few days
whereas the gas formation of maize begins later and lasts longer. Due to the lower dry
matter content of sugar beets the digestates are more fluid, so that the stirring is facilitated.
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Producing biogas from winter sugar beets in Germany
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Introduction The cultivation of winter beet offers a possibility to further increase the yield
potential of sugar beet. Winter beet are sown in August and grown until the summer of the
following year. This prolonged growing season can result in assets and drawbacks. During
winter, the sugar beet plants shift from vegetative to reproductive growth and subsequently
they produce bolters. Bolted beets are not suitable for sugar extraction and bolting resistant
varieties of sugar beet are not available so far. Producing biogas from winter beet could

be an appropriate option for utilizing the shoots and roots. Therefore a joint project, which
is sponsored by the German Federal Ministry of Education and Research from 2009 to
2014, considered the whole value chain from breeding, cultivation systems and crop
production to storage and use of winter beets for biogas production. The objectives of the
presented study were to identify possibilities to make winter beets storable and to assess
the suitability as biogas substrate compared to conventionally grown sugar beets.

Materials and methods Bolted winter beets (three genotypes), which were grown in plot
trials in Kiel and Géttingen from 2009 to 2012, were harvested as whole plant, the roots
were washed. Thereafter, the preparation for ensiling was carried out, four variants were
formed: a) only roots without chopping (unground), b) only chopped roots (<10 mm, pulp),
¢) roots and shoots with coarse chopping (200 to 250 mm, unground) and d) chopped
roots and shoots (<10 mm, pulp). Substrate samples were either frozen immediately

(fresh samples) or ensiled under laboratory conditions (three replicates, preserving bags,
storage temperature 20°C for 90 days) to identify their dry matter losses and silage quality.
A subsample of each fresh substrate was sent to an external laboratory to determine the
chemical composition by wet-chemical Weender-analysis. The silages were examined for
pH, dry matter and organic dry matter, fermentation acids and ammonia. Conventionally
grown sugar beets from another plot trial in Kiel served as reference material, because
sugar beets are used as biogas substrate in Germany for some years. The procedure for
preparation and ensiling was analogous to the winter beet variants a) and b). To determine
the biogas and methane yield of fresh substrates and chosen silages under laboratory
conditions a common fermentation batch test (four lab replicates; anaerobic fermentation
for 28 days at 38°C, max. of 48 batch-reactors parallel) was carried out in compliance with
German Standard Procedure VDI 4630 (2006). Silage variants a) and c) were chopped

to pulp before testing. The experimental procedure is described in detail in Ohl (2011).
The methane yield per hectare is calculated from the combination of the specific methane
production with the dry matter yield of the plots. The dry matter loss which occurred
during the ensiling is taken into account.

Results and discussion Fresh winter beets (root) had a similar dry matter content (DM
21 %) but they differed mainly in a higher fiber content (XF 13 %) from sugar beets (DM
22 %, XF 5 %). The whole plants of winter beet had lower dry matter content (17 %)

and an even higher portion of fiber (25 %). Thus the part of Nitrogen free extractives
(XX) is even lower in winter beets. During ensiling the pH declined under 4.0. Mainly
fermentation products were lactic and acetic acid, indeed the content of ethanol varied
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between undetectable and 15 % of DM (winter beets) or up to 26 %of DM at two sugar
beet silages. During ensiling of all types of beets dry matter losses up to 31 % were
observed, which were always particularly high if larger amounts of ethanol could be
detected in the silage. It could be possible, that the losses have been overestimated because
there was no way to determine the content of other alcohols such as methanol in this
project. However, methanol is often detected in sugar beet silages (Weissbach and Strubelt,
2008). Ensiled winter beets (whole plant) achieved lower specific methane yields (330 L,/
kg ., and lower methane yields per hectare (2931 Nm?/ha) than conventionally grown
sugar beets (373 L /kg . ; 5529 Nm?/ha; figure 1). The composition of ensiled winter

beet is less suited for biogas production and the dry matter yield is reduced, causing lower
methane yields per hectare.
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Figure 1 Specific methane production and methane yield per hectare of winter and sugar
beets.

Conclusions The use of sugar beets as substrate was established in German biogas plants
due to the excellent fermentation property. For year-round storage ensiling of pulp or
whole roots of sugar and/or winter beets is possible. If the shoots of winter beets should
also be ensiled, they need to be chopped before ensiling. Winter beets are generally suited
for fermentation in biogas plants, however the methane production is lower compared to
conventionally grown sugar beets. To increase the winter hardiness and the dry matter yield
of winter beets are the most important steps to make them competitive to sugar beets and
other biogas substrates such as maize silage. Additionally breeders make efforts to create
non-bolting beet varieties.
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Introduction The main aims of additive application at ensiling are to maintain, but
ideally enhance, the nutritive value of the biomass while restricting conservation losses.
Fibrolytic enzyme additives partially digest the lignocellulosic cell wall of crops as
measured by a reduction in neutral detergent fibre (NDF) concentration (Dehghani et al.,
2012). This reduction may in turn increase the availability of substrates for fermentation
in either the silo or during subsequent anaerobic digestion (AD) (Vervaeren et al., 2010).
Thus, fibrolytic enzyme additives may increase the energy captured from biomass when
digested anaerobically within a specific timeframe. The objective of this experiment was
to determine the effects of fibrolytic enzyme additives on the specific biogas and methane
(CH,) yields of silages produced from two grass species at two harvest dates in the primary
growth.

Materials and methods At two harvest dates (Harvest 1 =28 May and Harvest 2 = 18
June) in the primary growth, perennial ryegrass (PRG) and timothy (TIM) were each
grown in quadruplicate plots. These were precision-chopped and subsamples (units of 6
kg/plot) were subjected to the following additive treatments prior to ensiling: (1) Control
(i.e. no enzyme additive), (2) Phytase, (3) Cellulase-A, (4) Cellulase-B and (5) Xylanase.
Additives were obtained from solid state fermentations, dissolved in 10 mL Tween20®/L
solution and added at 5 mL/kg fresh herbage, in line with the producer’s recommended
rates. These were ensiled in laboratory pipe silos for 120 days after which a representative
sample was taken and stored at -18°C. The biogas and CH, output of non-dried, milled
samples were determined in an in vitro batch anaerobic digestion test according to VDI
4630 (2006) guidelines. Data were analysed with the MIXED procedure (SAS 9.3) as a
split-spilt plot design with replicate blocks.

Results and discussion Results are presented in Table 1. Interactions that were not
significant were omitted. In Harvest 1, the control TIM silage underwent a clostridial
fermentation (data not presented). In comparison to the control PRG silage, that underwent
a lactic acid dominant fermentation, there was an increase (P<0.01) in biogas and

CH, yields for control TIM silage, in Harvest 1. This increase could be due to higher
proportions of propionic and butyric acids formed during the clostridial fermentation. In
Harvest 2, both species underwent a lactic acid dominant fermentation and led to increased
(P<0.01) biogas and CH, yields for control PRG silage compared to control TIM silage.
With advancing harvest date the biogas and CH, yields increased for control PRG silage
(P<0.05) but not for control TIM silage. With both species, at both harvest dates, enzyme
additives had contrasting effects in comparison to the controls. There was no significant
benefit observed for Cellulase-A. The other three enzyme additives had a greater biogas
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yield (P<0.012) and CH, yield (P<0.015) than Control treatment or Cellulase-A. The three

successful enzyme additives were not significantly different from one another and all

show the potential to enhance the biogas and CH, output from anaerobic digestion of grass

silages per unit of volatile solids (VS) added.

Conclusions Harvest date and species had contrasting effects on silage fermentations,

which had subsequent effects during AD. In comparison to their specific control treatments,
biogas and CH, yields from grass silages were enhanced by some fibrolytic enzyme

additive treatments such as Phytase, Cellulase-B and Xylanase.

Table 1 Effect of harvest, species and enzyme additive on biogas and methane yields in a

35 d in vitro batch anaerobic digestion test

Variable
Harvest Species Enzyme Biogas yield Methane yield
(L biogas kg! VS) (LCH,kg!VS)
1 PRG Control 493 252
1 PRG Phytase 306 263
1 PRG Cellulase-A 481 251
1 PRG Cellulase-B 519 268
1 PRG Xylanase 534 278
1 TIM Control 350 274
1 TIM Phytase 675 347
1 TIM Cellulase-A 610 3l
1 TIM Cellulase-B 670 344
1 TIM XKvlanase 689 359
2 PRG Control 391 298
2 PRG Phytase 611 309
2 PRG Cellulase-A 359 278
2 PRG Cellulase-B 393 303
2 PRG Xvlanase 653 334
2 TIM Control 496 244
2 TIM Phytase 570 295
2 TIM Cellulase-A 481 239
2 TIM Cellulase-B 368 284
2 TIM Xylanase 555 266
Standard error of the mean
Harvest (H) 16.7 7.5
Species (S) 13.1 7.0
Enzyme (E) 16.0 8.1
HxS 18.7 10.0
Level of significance
Harvest (H) NS NS
Species (8) * NS
Enzyme (E) ook *
HX S EEK X
Harvest 1, 28 May. Harvest 2, 18 June. PRG, perennial rvegrass. TIM, timothy. * P<(0.05 ** P<(0.01 *** P<(.001 NS-not
significant.
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A simple and reliable system for measuring gas production kinetics during silage
fermentation in lab scale silos
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Email: jldaniel@usp.br
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Introduction During silage fermentation, gases are formed as by-products of microbial
metabolism. Therefore, measuring gas production kinetics is a method to determine
microbial activity and nutrient losses. Thus, the aim of this study was to develop a simple
and reliable system for measuring the kinetics of gas production during silage fermentation
in lab scale silos.

Materials and methods A semi-automated system was developed for measuring the
kinetics of gas production during silage fermentation. Experimental silos (1.96 L) were
built with acrylic tubes (10 cm i.d. X 25 cm height; 5 mm thick) and acrylic plates (20 mm
thick) using glue for acrylic (S330, Plastecno, Sao Paulo, Brazil). The silo cap was adapted
with a rubber septum 10-mm thick and fastened to the silo body using screws with wing
nuts to facilitate silo load and unload. An O-ring was positioned under the cap to keep

the silos air-tight (Figure 1A and 1B). Silo tightness was determined by producing a 5 psi
pressure with an air compressor and recording the pressure after a week. At ensiling, mass
porosity (Pitt, 1986) was equalized at 0.40 for whole-plant (corn, grass and sugarcane)

and at 0.20 for grain (reconstituted corn) crops. Fresh crops were manually packed into
the silos using a polyethylene stick. A portable temperature sensor (Novus, Porto Alegre,
Brazil) was inserted in the mass to register the silage temperature every 12 h. Silos were
stored inside the lab at 25+1°C. The internal pressure of the silos was measured by using

a pressure transducer (DataPress, MPL, Piracicaba, Brazil) connected to a data displayer.
Readings were taken every 12 h until d-3, every 24 h from d-4 until d-21, every 3 d from
d-22 until d-30, and every week until the end of the storage. A hypodermic needle attached
to a three-way Luer lock coupled to the transducer was used to puncture the cap septum
and capture the internal pressure. After pressure recording, the internal pressure of the
silos was equilibrated to the external pressure by open the Luer lock. A 60-mL syringe
connected to the Luer lock was used to calibrate the system and convert pressure to volume
(Figure 1C). Because all calibrations were made at 25°C (530 m above sea level), the
actual pressure was corrected to 25°C, considering the temperature increasing inside the
silo due to the heat generated by the fermentation [e.g. for whole-plant silages, Pressure

at 25°C = Actual Pressure + (25 — Actual temperature, °C) % 0.138, where 0.138 is the
increment of pressure caused by 1°C increase over 25°C in the present system]. Data

were presented as accumulated gas production per kg DM. The total gas production was
compared with the gas losses determined by the traditional gravimetric method (weight
difference).

Results and discussion Silo tightness was confirmed after the silos holding the imposed
pressure (5 psi) during a week. Separated calibrations were obtained for whole-plant [V
(mL) = 104.3 x Pressure (psi); R?=0.997; n = 40] and grain silages [Vg (mL) =59.6 x
Pressure (psi); R? = 0.999; n = 40] due different porosities. The cumulative gas production

576 1-3 July 2015, Piracicaba, Brazil



of whole-plant corn, sugarcane, elephant grass and reconstituted corn grain are presented
in Figure 2A. As expected, sugarcane silage had the highest gas production, whereas
corn silage, grass silage and reconstituted corn grain had comparable losses per kg DM.
Afterwards, the total gas production was converted to mass of CO,, considering the gas
composition (99% CO,; data not showed) and the mass of 1 L of CO, (1.96 g). The gas
production measured with the novel system was accurate and precise (Figure 2B).

Conclusion The system is feasible for measuring the kinetics of gas production during
silage fermentation. The strong correlation with gravimetric losses allows gas production
to be tracked in real time and predicts the kinetics of DM losses properly.

Figure 1 Semi-automated system for measuring the kinetics of gas production during
silage fermentation. A: side view of the experimental silo, emphasizing the screws with
wing nuts (black arrow). B: top view, emphasizing the rubber septum (black arrow) and the
O-ring (white arrow). C: system in operation, emphasizing the data displayer (white arrow)
and the pressure transducer (black arrow).
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Figure 2 Kinetics of gas production during the fermentation of selected silages (A)
and relationship between gas production (measured by the novel system) and gas loss
(measured by the traditional gravimetric method) (B).
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Effect of different filters on the concentrations of neutral detergent fiber and acid
detergent fiber in silages
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Introduction Silage is the main source of livestock fodder for cattle in Inner Mongolia.
The nutritional value of livestock ration is closely related to the inclusion of fibrous
feedstuffs. Determining accurately neutral detergent fiber (NDF) and acid detergent fiber
(ADF) of silage plays important role in the development of animal husbandry in production
practices. Using different filters for fiber determination may impact on NDF and ADF
contents in silage. In this study, we compared three kinds of filters for NDF and ADF
determination in different silages.

Material and methods Silage samples which included whole-plant corn silage, corn
straw silage, high-moisture corn straw silage, Beta vulgaris silage, Medicago sativa silage,
Roegneria turzaninovii silage, Lespedeza hedysaroides silage, and TMR silage were
collected from Inner Mongolia. The concentrations of NDF and ADF were determined
according to Van Soest’s method and the filters included ANKOM bag, CAU bag that was
made by Chinese Agricultural University (CAU), and FOSS glass crucible. The data were
analyzed by one-factor ANOVA by using the GLM procedure of SAS.

Results and discussion The NDF concentration of different silages is presented in Table

1. The NDF concentration in all silages which was determined by FOSS glass crucible
was the highest. FOSS glass crucible was higher than CAU bag (P<0.05), and higher than
ANKOM bag (P<0.05), except in high-moisture corn straw silage (P>0.05) and Roegneria
turzaninovii silage (P>0.05). There was no difference between ANKOM bag and CAU bag
(P>0.05), except in Medicago sativa silage (P<0.05). The ADF concentration of different
silages is presented in Table 2. The ADF concentration in all silages which was determined
by FOSS glass crucible was higher than ANKOM bag (P<0.05), except in Roegneria
turzaninovii silage (P>0.05) and Lespedeza hedysaroides silage (P>0.05), and higher than
CAU bag (P<0.05) in whole-plant corn silage, corn straw silage, Medicago sativa silage
and TMR silage. The CAU bag was higher than ANKOM bag (P<0.05) in corn straw
silage and Lespedeza hedysaroides silage. There was no difference among three kinds of
filters in Roegneria turzaninovii silage (P>0.05).

Conclusions In most silages, the NDF and ADF concentrations were higher by using
FOSS glass crucible than ANKOM and CAU bags, whereas there was no difference
between ANKOM bag and CAU bag.
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Table 1 Effect of different filers on the NDF concentration of silages (g kg'! DM)

Silages ANKOM CAU FOSS
Whole-plant corn silage 565.8b 555.6b 593.9a
Corn straw silage 659.6b 656.6b 671.8a
High-moisture corn straw silage 592.2ab 587.9b 605.7a
Betavulgaris silage 480.5b 482.8b 502.2a
Medicago sativa silage 357.0c 361.9b 374 .8a
Roegneria turzaninovii silage 578.3ab 567.6b 593.6a
Lespedeza hedysaroides silage 406.0b 405.5b 433.9a
TMR silage 385.3b 375.4b 449 .8a

Means in the same row whit different letters differ significantly (P<0.05)

Table 2 Effect of different filers on the ADF concentration of silages (g kg'! DM)

Silages ANKOM CAU FOSS
Whole-plant corn silage 318.5b 315.6b 328.9a
Corn straw silage 416.2¢ 431.7b 463 4a
High-moisture corn straw silage 382.6b 390.1ab 410.9a
Betavulgaris silage 265.3b 279 9ab 291.1a
Medicago sativa silage 297.5b 296.9b 326.0a
Roegneria turzaninovii silage 379.5 364.8 378.7
Lespedeza hedysaroides silage 395.2b 457.6a 378.1b
TMR silage 187.2b 169.1b 226.1a
Means in the same row whit different letters differ significantly (P<<0.05)
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Higher proportion of corn silage to alfalfa hay in diets improves energy balance in
early lactation Holstein dairy cows in hot climate condition
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Introduction Suppressed DMI is usually observed after calving in fresh lactating dairy
cows. Moreover, hot climates results in heat stress which negatively affects the DMI. In the
most dairy farms, corn silage and alfalfa hay are the main forages. The proportion of the
two forages may affects DMI and consequently energy balance in dairy cattle especially in
early lactation stage.

Materials and methods 120 cows with similar milk production (47.5 + 0.5), days in milk
(40 £+ 15) and parity (2.48) were allocated to two treatments. In this study two proportion
of CS to AH (LCS=50% alfalfa hay and 50% corn silage; HCS=25% alfalfa hay and 75%
corn silage) were examined. In both treatments, the forage to concentrate ratio was 65 to
35. Diets were balanced with the same NE (1.7 Mcal’kg DM), CP (17+ 0.2%), NDF (32
+ 0.2%) and NFC (42 + 0.3%). Feed were offered as TMR in equal part (0500 and1700)
as ad libitum. The experimental period was 40 days. The cattle were milked 4 times daily.
Total tract digestion of nutrients and blood samples were analyzed on the last week of the
experiment.

Results and discussion Mean Temperature Humidity Index (THI) was 80 during the
experimental period and cattle were on heat stress (Figure 1). Digestibility of DM was
higher (P<0.01) in cows received HCS diet compared with cattle on LCS. More NDF was
digested in HCS diet (P<0.05) compared with cattle on LCS may be due to hydrolysis
effect of low pH on degradability of NDF. Moreover, digestibility of CP was higher in HCS
diet (P<0.01) compared with cattle on LCS may be due to greater proportion of NPN in
corn silage when compared with alfalfa hay.

Table 1 Effects of low or high corn silage dicts on nutrients 5000 THI
digestionin total gastrointestinal tract of early lactation dairy s
cows in hot climate condition 000
Treatments B oo —m
30.00 ———heat stres
Item LCS HCS SE P-value 20,00 -
DM (%) 60.89 68.55 1.42 <0.01 [P
CP (%) 59.10 6557  1.86 0.02 . S »
NDF (%) 44.65 5768 1.89 ~0.01 Figure 1 Climate condition

during the  experimental

LCS=Low corn silage diet; HCS=High corn silage diet; DM=Dry period.,

matter; CP=Crude protein; NDF=Neutral detergent fiber.
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Dry matter intake tended to be higher (P=0.06) in cows received 75:25 corn silage
compared with cattle on 50:50 corn silage (Table 2) due to smaller particle size of corn
silage compared with alfalfa hay which increases DM consumption in each meal. As a
result, body condition score (BCS) of cows fed 75% corn silage were higher than cows
fed 50% corn silage (P<0.01). In addition, cattle on HCS diet lost less BCS during the
experimental period (P<0.05) because of greater DMI and lower negative energy balance
during the early lactation.

Table 2 Effects of low or high corn silage diets on dry matter intake and body condition
score of early lactation dairy cows in hot climate condition

Treatments
Item LCS HCS SE Prvalue
DMI (kg/d) 23.87 24.88 0.35 0.06
BCS 2.60 2.90 0.02 <0.01
BCS change -0.69 -0.09 0.34 0.04

LCS=Low corn silage diet; HCS=High corn silage diet; DMI=Dry matter intake; BCS=Body condition score.

The results showed that (Table 3) there were not any significant differences between
treatments in blood glucose or triglyceride concentrations. However, the concentration of
blood urea nitrogen was lower in HCS diet compared with LCS (P<0.01).Lower BUN may
increases reproductive performances in early lactation cows.

Table 3 Effects of low or high corn silage diets on blood parameters of early lactation dairy
cows in hot climate condition

Treatments

Ttem LCS TCS SE e
Glucose (mg/dl) 51.42 50.85 1.79 0.82
TG (mg/dl) 9.54 8.70 0.63 0.37
BUN (mg/dl) 18.00 12.84 1.00 <0.01

LCS=Low com silage diet; HCS=High com silage diet; TG=Triglyceride; BUN=Blood urea nitrogen.
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Effects of high corn silage to alfalfa hay diets on productive performances of Holstein
dairy cows in heat stress condition
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Introduction Suppressed DMI is usually observed after calving in fresh lactating dairy
cows. Moreover, hot climates results in heat stress which negatively affects the DMI and
consequensly milk yield. In the most dairy farms, corn silage and alfalfa hay are the main
forages. The proportion of the two forages may affect DMI and consequently milk yield
and composition in dairy cattle especially in early lactation stage.

Materials and methods A hundred and twenty (n = 120) cows with similar milk
production (47.5 + 0.5), days in milk (40 + 15) and parity (2.48) were allocated to two
treatments. In this study two proportion of CS to AH (LCS=50% alfalfa hay and 50%
corn silage; HCS=25% alfalfa hay and 75% corn silage) were examined. Feed were
offered as TMR in equal part (0500 and1700) as ad libitum. Chemical composition of the
experimental diets is shown in Table 1. The experimental period was 40 days. The cattle
were milked 4 times daily. DMI, rumen sample, milk yield and milk composition were
analyzed on the last week of the experiment.

Table 1 Ingredients and chemical composition of experimental diets

Treatments

Item LCS HCS
Alfalfa hay 19.04 8.49
Corn silage 16.46 26.45
Beet sugar pulp 537 5.39
Barley 11.26 11.97
Corn grain 16.51 13.98
Wheat 3.48 3.49
Cottonsead 4.62 4.64
‘Wheat bran 0.00 1.59
Mollasses 241 1.55

Fat 1.59 1.59
Fish meal 1.47 1.47
Soybean meal 10.66 12.49
Soybean roasted 234 2.34
Basmitomacs (bypass soy protein) 1.07 1.07
Min-vit 341 3.41

Chemical composition

NDF 31.14 32.58
Fat 4.91 491

NEl 1.68 1.72

CP 17.17 16.93
NFC 43.00 42.00

LCS=Low corn silage diet; HCS=High corn silage dief;
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Results and discussion Mean temperature humidity index (THI) was 80 during the

experimental period and cattle were on heat stress. Dry matter intake tended to be higher

(P=0.06) in cows recived 75:25 corn silage compared with cattle on 50:50 corn silage
(Table 2) due to smaller particle size of corn silage compared with alfalfa hay which
increases DM consumption in each meal. As a result, milk yield was increasedin cows
fed 75% corn silage in comparision with cows fed 50% corn silage (P<0.01). However,
there were not any significant differences between treatments in milk fat or milk protein
concentration.

Table 2 Effects of low or high corn silage diets on milk production and composition of
dairy cows in hot climate condition

Treatments
Item LCS HCS SE P-value
DMI (kg/d) 23.87 24.88 0.35 0.06
Milk (kg/d) 4423 47.22 0.68 <0.01
Milk fat (%) 3.73 3.56 0.16 0.46
Milk protein (%) 2.81 2.78 0.06 0.78

LCS=Low corn silage diet; HCS=High corn silage diet; DMI=Dry matter intake

The results showed that (Table 3) there were not any significant differences between
treatments in rumen fermentation parameters. However, ratio of acetate to propionate
tended to be lower (P=0.14) in HCS diet compared wwith LCS which consequently
resulted in numerically lower milk fat percentage in HCS cattle.

Table 3 Effects of low or high corn silage diets on milk production and composition of
dairy cows in hot climate condition

Treatments
Item LCS HCS SE P-value
pH 6.31 6.13 0.12 0.33
Total VFA 90.15 83.23 4.79 0.32
Acetate (mmol/L) 57.57 51.53 2.90 0.17
Propionate (mmol/L) 18.05 18.33 1.56 0.90
Butyrate (mmol/L) 10.46 9.65 043 0.21
Acetate/Propionate 3.18 2.87 0.18 0.14

LCS=Low corn silage diet; HCS=High corn silage diet;

Conclusions Increasing corn silage from 50% to 75% of forage portion of diet in early
lactating cows in hot climate condition improved DMI and milk yield.
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Effect of Bf maize and feed-out strategy on silage aerobic stability and performance of
lactating dairy cows
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Introduction The method chosen for unloading depend on the storage itself, type of silo,
type of silage and scale of operation. Depending on silage characteristics (silage density,
removal rate, fermentation and final products) the aerobic deterioration can take place or
not. Corn silages from hybrids with cry1 Ab gene can reduce aerobic deterioration due

to higher defense of the plant against armyworm, whereas the insect damage of plants
cause disruption of the protective cell wall and creates entry points for molds in the field.
Mechanical unloading also can avoid extended silage aerobic spoilage for reducing the
ingress of oxygen into the silage mass. Although the pitchfork may still be used, manual
unloading has been replaced by mechanical systems in most farms. Nowadays, although
some farmers use hybrids with cry1 Ab gene (Bt maize) and have the skills to produce good
silages, they keep making mistakes in management practices in silage feed-out. This study
aimed to evaluate the milk yield and silages aerobic stability from different hybrids under
manual or mechanical unloading.

Material and methods This research was carried out at the Sao Paulo State Agency
Agribusiness Technology of Secretary of Agriculture and Food Supply. The hybrid DKB
390 from Dekalb and AG 8088 from Agroceres containing the cry1Ab gene from Bacillus
thuringiensis (Bt) and its isogenic without the cryl1 Ab gene were used. Whole plants were
harvested (35% DM) and packed into lab and farm scale silos to reach a bulk density of
600 kg m~. Two horizontal silos with side walls and capacity to store 120 t per hybrid,
were used to make silages from DKB 390 (with or without cry1 Ab gene). The removal
rate was 0.20 m from both silo faces, measured by tape beside the silo. The management
practices during feed-out by pitchfork or mechanical system (Totalmix®, Casale) were
used for feeding two groups of the animals during 28 days each one. Twenty six Jersey
cows in pairs according calving date, about 100 days after calving, were assigned into two
groups: feeding with conventional DKB 390 silage (n=13) or feeding with transgenic DKB
390 silage (n=13) for 56 days to compare the milk yield, that was recorded twice daily

in three consecutive days, every 14 days. A paired t-test was used to determine whether
there were significant differences between the two treatments in factorial arrangement 2

x 2 (conventional or transgenic hybrid and silage unloading by pitchfork or mechanical
system). To determine the silage aerobic stability, silages from hybrids DKB 390 and AG
8088 from lab silos, with or without the cryl Ab gene, were exposed to air after 186 days
of fermentation and homogenized in a polystyrene box, in a climatic chamber kept at 25 +
1°C to determine the temperature, and samples were collected for pH measurement values.
Thermometers were inserted 10 cm into the silage mass, the temperature were recorded

at every 5 min and pH values twice daily lasting 5 days. The variables measured were:
aerobic stability, defined as the time in hours to rise the temperature by 2°C in relation to
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environmental temperature (h T>2°C), maximum temperature reached by the mass in °C
(T Max), hours to reach maximum temperature (h T Max) and heating rate measured as T
Max / min T Max (HR). The data were analyzed according to a repeated measures model
in a complete randomized design with five replications, in factorial arrangement 2 x 2.

Results and discussion There was significant effect of hybrid on silage aerobic stability
(Table 1). The AG hybrids and transgenesis decreased the aerobic deterioration. No
significant interactions were found between hybrids or feed-out system on daily milk

yield. There was higher milk yield with mechanical unloading than manual unloading by
pitchfork. There was higher milk yield of cows feeding silage from transgenic hybrid than
cows feeding silage from conventional hybrid. These results showed that spoiled silage
could have negative consequences with substantial energy loss and great economic impacts
on feed quality and animal production. The total mix rations analysis, expressed on a 100%
dry matter basis, to pitchfork or mechanical system feed-out, were: 11.43 vs 13.39 of crude
protein; 1.34 vs 1.61 of ether extract; 30.82 vs 24.06 of acid detergent fiber (ADF); 54.92
vs 43.94 of neutral detergent fiber (NDF); 55.94 vs 60.09 of soluble carbohydrates content;
and 60.29 vs 64.30 of total digestible nutrients. The NDF and ADF values increased during
the aerobic exposure due soluble carbohydrates losses.

Conclusions Transgenic silages and mechanical feed-out resulted in decreased aerobic
deterioration and improved milk yield.

Table 1 Milk yield and aerobic stability using different hybrids and feed-out systems

Hyvbrid GMO Probability
DKB AG Control crylAb  SEM  HYB GMO Inter
Acrobic stability (h) 20.1 26.0 18.9 27.2 331 <=0.01 <0.01 0.16
T Max (°C) 42.7 41.7 43 4 41.0 2.74 0.47 0.11 091
Time T Max (h) 27.0 334 282 322 4.80 0.02 0.12 0.09
Heating rate 1.59 1.29 1.54 1.34 0.19 =0.01 0.06 0.12
pH32h 3.90 3.72 3.90 3.73 0.26 0.13 0.16 0.23
pH48h 5.42 4.89 5.49 4.82 0.78 0.14 0.07 0.44
Dekalb 390 Feed-out Svstem Probability
GMO nGMO Mechanical Fork SEM GMO Feed-out Inter
Milk yield (kg/d) 16.8 14.6 16.3 15.0 2.18  =0.01 0.04 0.53

HYB: effect of the hybrids (DKB x AG); GMO: effect of transgenic versus conventional hybrid;
Mechanical: effect of mechanical feed-out system; Inter: interaction between Hybrid and GMO or GMO
and Feed-out system.
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Effects of sealing strategies of corn silage and addition of sodium benzoate on the
nutritive value of total mixed ration for dairy cows
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Introduction When exposed to air, silage is deteriorated by spoiling microorganisms.
Therefore, sealing strategies are critical in order to preserve nutrients and hygienic quality
of silages. Additionally, additives may reduce aerobic deterioration of silages and their total
mixed rations (TMR). Thus, the objective of this study was to evaluate the performance of
dairy cows fed diets based on corn silage from horizontal silos using two sealing strategies,
with or without the addition of sodium benzoate onto the total mixed ration.

Materials and methods This trial was conducted at the Department of Animal Science,
“Luiz de Queiroz” College of Agriculture, University of Sdo Paulo. Corn crop was
harvested at 35% of dry matter (DM) and packed in horizontal silos (40 t capacity). Two
sealing strategies were adopted: (1) polyethylene film black-on-white 200 pm covered
with sugarcane bagasse (10 cm thick layer) (BG) or 2) application of sodium benzoate

on the top surface of ensiled mass (150 g/m?, dilution of 1:4 = 0.6 L/m?) and sealing it
immediately with polyethylene film black-on-white 200 um (BZ). After 343 days of
storage, the silos were opened and a lactation trial started. Every day, the inedible silage
was quantified and only the visually edible silage fed to dairy cows. Twenty late-lactation
Holstein cows, housed in a Tie-stall barn, were allocated in five Latin squares (4 x 4) with
periods of 21 days (14 d adaptation). Twice a day, four dietary treatments were prepared:
1) BG, 2) BZ, 3) BG plus sodium benzoate (1.5 g/lkg TMR as fed), and 4) BZ plus sodium
benzoate (1.5 g/kg TMR as fed). Dietary sodium benzoate was diluted in water (1:3) and
sprayed onto the TMR during the mixture immediately before feeding (0800 and 1800h).
The TMR were formulated to contain 53% corn silage, 8% whole cottonseed, 18% soybean
meal, 9.5% citrus pulp, 9% dry corn meal, and 2.5 % vitamin and mineral premix. Dry
matter intake (DMI), milk yield and composition were recorded from d-15 to d-21 in each
experimental period. Data were analyzed using the MIXED procedure of SAS.

Results and discussion The BG silage was better preserved than BZ silage, since the
visual top losses as a proportion of the silo working face was lower in BG (1.54% of
inedible silage) than in BZ silage (6.73% of inedible silage) (data not shown). Bagasse
provided a better adherence of plastic film to ensiled mass and protected the film from
direct sunlight incidence, decreasing oxygen permeability. Even the antimicrobial effect
of sodium benzoate applied only onto the mass surface was not enough to control silage
deterioration. Contrary, Da Silva et al. (2014) reported a significant reduction in DM
loss on 30-cm top layer treated with sodium benzoate (2 g/kg as fed) compared with the
control. In that trial, the higher volume of applied solution (13 L/m?) allows the benzoate
to percolate and might be a plausible explanation for dissimilar results compared to the
current study. Even after discard the inedible silage, BZ resulted in lower DMI compared
with BG, whereas there were no interaction between silo sealing and benzoate addition
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on TMR (Table 1). Milk yield and milk composition were similar across treatments.

The lack of response in milk yield based on the increased DMI for BG, might be due the
physiological state of cows, 252 days in milk at the beginning of the trial (late-lactation).
The higher energy balance experienced by the cows fed BG diets (data not shown) may
have be deposited as body reserves.

Conclusion Covering the plastic film with sugarcane bagasse decreased the aerobic
deterioration of corn silages stored in bunker silos and improved the dry matter intake of
total mixed rations containing those silages. Addition of sodium benzoate on total mixed
rations had no effect on animal performance and milk composition.

Table 1 Influence of sealing strategy of horizontal silos and addition of sodium benzoate
onto the TMR on the performance of dairy cows

Bagasse over the film Benzoate under the film P-value?
Item? C! Benz! C Benz EPM S B SxB
DML, kg/d 21.8 21.31 20.5 20.52 045 <001 043 038
Milk, kg/d 25.70 25.99 25.83 26.13 259 076 050 0.98
FCM, kg/d 26.33 27.13 26.93 26.43 267 092 077 0.23
Fat, % 3.69 3.61 3.70 3.68 0.10 0.58 0.48 0.75
Protein, % 3.53 3.52 3.49 3.50 0.07 034 094 0.73
Casein, % 2.70 2.67 2.66 2.66 006 045 060 0.71
Lactose, % 4.42 4.41 4.38 4.37 005 022 056 0.99
Urea N, mg/dL 12.96 12.99 12.59 11.97 0.53 0.11 049 045
1 C: control (without addition of sodium benzoate onto the TMR), Benz: sodium benzoate (1.5

g/kg TMR as fed).
*Effects of S (sealing strategy), B (dietary benzoate) and interaction SxB.
*DMI: dry matter intake; FCM: 3.5% fat corrected milk yield.
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Animal performance and fermentation characteristics of maize silage treated with an
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Introduction In 2013, L. kefiri DSM 19455 obtained approval from the European
commission for commercial use in the European Union (commission implementing
regulation, 2013). The novel strain was added to the formulation of a commercial silage
inoculant with the aim to improve aerobic stability. We tested the combination of three
strains, two hetero-fermenters (L. kefiri DSM 19455 and L. brevis DSM 23231) and one
homo-fermenter (L. plantarum DSM 19457), for their influence on the fermentation of
maize silage and their effect on the performance of lactating dairy cows.

Materials and methods Whole crop maize with 35.5% dry matter (Zea mays L.; Baxxos
FAO 200 variety) was inoculated with a silage inoculant (Biomin® BioStabil Mays,
Biomin, Austria) containing L. plantarum DSM 19457 (2 x 10* cfu/g forage), L. brevis
DSM 23231 (3 x 10* cfu/g forage) and L. kefiri DSM 19455 (5 x 10 cfu/g forage). A
negative control was sprayed with an equal amount of water. Silage was prepared in mini-
silos with 5 replications and in 2 bunker silos. Silage from the bunker silos was fed to 36
dairy cows (18 per treatment) for 92 days. The animals were selected from a 160 cow herd
allowing selection of matched pairs for parity, days in milk, milk yield, weight and body
condition score.

Results and discussion The silage inoculant significantly improved the silage quality in
the mini-silos as shown in Table 1. When comparing the pH after 2 and after 90 days it can
be concluded that the inoculant lowered the final pH, and more rapidly reduced the pH at
the onset of fermentation. This could be the main factor in reducing the number of spoilage
organisms and resulting in lower butyric acid, ethanol and ammonia levels as described in
Table 1. Butyric acid levels were comparable to previously published results (Mari et al.
2009). As the production of these spoilage products consumes energy, the dry matter losses
and NEL (GfE 2009) value would be improved in the inoculated silage. Even though the
acetic acid level did not significantly increase, the inoculant doubled the aerobic stability.
The average feed intake and milk yield over the entire trial period did not significantly
differ. However when analyzing the data per week, the feed intake and milk yield were
significantly improved in the final weeks of the trial.

Conclusions The novel formulation of biological silage inoculant containing the recently
EU-authorized L. kefiri DSM 19455 significantly improved the fermentation quality of
whole plant maize silage, lowered the fermentation losses and prolonged the aerobic
stability.
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Table 1 Maize silage quality with and without biological inoculant as assessed in mini-
silos and in large scale bunker silos

Parameter Unit Mini-silo Bunker silo
Control Inoculant Control Inoculant

pH after 2 days 4.322 4.02°

pH after 90 days 3.942 3.85° 3.86% 3.74°
Lactic acid g/kg DM 43 42 58.4° 4582 63.3"
Aceticacid g/kg DM 17.0 18.7 19.5 21.1°
Butyric acid o/kg DM 0.39 0.05" 0.09 0.02b
Propionic acid g/kg DM 0.142 0.25°
Ethanol g/kg DM 10.6* 6.0° 9.52% 5.26°
Ammonia-N %N 4.7% 3.1° 5.5% 4.0°
NEL MlJ/kg DM 6.88 6.93 6.88 6.95
DM losses % 6.89° 4.63° 8.74% 5.14°
Aerobic stability hours 90? 228° 902 198°
Yeast log cfu/g FM 3.542 2.45°
Molds log cfu/g FM 3.222 2.18°

Means within a row with different superscripts differ significantly (P<0.01).
NEL means net energy for lactation and is calculated according to GfE 2009.

Table 2 Animal trial results for feed and milk parameters

Feed parameter Control Inoculant|Milk parameter Control Inoculant
Dry matter intake (kg /d) 12.00 12.21 |Milk (kg/d) 24.4 25.1
NEL intake (MJ/d) 124 127 |ECM (kg/d) 24.8 25.9
FCR (NEL MJ/kg ECM) 4.99 490 |Fat(%) 4.12* 4.20°
Feedefficiency (ECM/DMI)  1.43? 1.47° |Protein (%) 3.16 3.18

Means within a row with different superscripts differ significantly (P<0.01).
NEL, net energy for lactation (GfE 2009); FCR, feed conversionratio; ECM, energy-corrected
milk; DMI, dry matter intake
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Introduction The starch digestion in the rumen is considered one of the most important
factors that determine ruminant performance fed diets with high grain concentration
(Britton & Stock, 1986; Huntington, 1997). The processing characteristics, starch source,
chemical and heat treatments, in addition to interactions between rumen bacteria, type

of diet, rate of passage and addition of additives that modify the ruminal microbiota
composition may improve the rate degradation (Corona et al, 2006). Thus the use of
amylases as well as the association with inoculated silages has been studied with the aim
of improving the conversion efficiency of the diet, decrease production costs and increase
the economic returns (Beauchemin et al., 1995; Beauchemin et al., 2003). The aim this
research was to evaluate the dry matter intake, average daily gain, feed conversion ratio
and final weight of lambs fed corn silage inoculated and associated with amylolytic
enzymes added at feeding.

Materials and methods The maize studied was hybrid 2B710 Power Core (Dow
AgroSciences), harvested with dry matter content between 33 to 35%. Treatments
evaluated were: Control (Untreated); Enzyme (corn silage with enzymes at feeding);
Inoculant (corn silage inoculated with 1x10°CFU of Lactobacillus plantarum (MA
18/5U) and 1x10°CFU of Bacillus subtilis (AT553098)); Enzyme and Inoculant (corn
silage inoculated with 1x10°CFU of Lactobacillus plantarum (MA 18/5U) and 1x10°CFU
of Bacillus subtilis (AT553098) associated with enzymes at feeding). Both inoculants
were diluted in distilled water and sprayed on the forage during filling of silos. Alpha
amylase from Aspergillus oryzae (Amaize, Alltech Inc.) was added at feeding applied

at a rate of 2 g/kg of DM total diet. Forty lambs non-castrated males (Texel x Dorper),
with average initial body weight of 23.9 kg were used. Animals remained in adaptation
for 14 days. Dry matter intake was measured subtracting the orts from the offered. The
diets consisted of 40% of the corn silage and 60% of concentrate (ground corn, soybean
meal, urea and mineral supplement). Diet was offered twice a day (8am and 4pm hours)
to allow ad libitum intake (over 10% of the quantity supplied). Animals were weighed
after fasting (16 hours) at the beginning and end of the experimental period to obtain

the average daily gain. The diet was balanced to daily gain of 250g/ day (NRC, 2007).
The data were analyzed according a randomized block design in factorial 2x2 (silagem x
enzyme) with ten replicates. All data were analyzed using the MIXED procedure of SAS
(v. 9.0 SAS Institute Inc., 237 Cary, NC). Differences between means were determined
using the PDIFF, which differentiates means based on Fisher’s F-protected least significant
difference test. Significance was declared at P < 0.05.
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Results and discussion There was no significantly different and no interaction

(P>0.05) among treatments in the parameters evaluated (Table 1). Rojo et al (2005) had
similar results when lambs were fed diets with a-amylases (Bacillus licheniformis) or
glucoamylase (Aspergillus niger) at concentrations of 0, 1.45 or 2.9 g of enzyme per kg/
DM. Another study also evaluated the effectiveness of feeding glucoamylase to lambs and
no difference was observed in feed intake, weight gain or feed conversion (Lee-Rangel

et al., 2006). Probably, this is due to insufficient amount of amylase enzyme to promote
the breakdown of a large number of starch molecules, not occurring, therefore, changes
in rumen fermentation and increased voluntary intake of the diet of animals, such verified
by Tricarico et al. (2008). Furthermore, the optimum conditions for activity of certain
enzymes, in most cases, are not found in the rumen. Thus, enzymes that act in different
pH and temperature that ruminal conditions may be disabled or show low activity when
submitted to these conditions.

Conclusions Inoculation of corn silage and association with amylases at feeding of lambs
did not promote improvements on dry matter intake, average daily gain, feed conversion
and final weight.

Acknowledgement National Council for Scientific and Technological Development
(CNPq).

Table 1 Dry matter intake (DMI), average daily gain (ADG), feed conversion (FC) and
final weight (FW) of lambs fed corn silage without inoculant (untreated), inoculated with
L. buchneri and Bacillus subtilis associated or not with amylases (Amaise)

Silages Enzyme P value SEM!
Untreated Inoculated None Amaise Silages Enzyme interaction
DMI (g/day) 1120 1160 1130 1140 0.2620  0.7949 05707  0.022
ADG (g/day) 210 230 220 220 0.0842  0.6709 0.8994  0.005
FC(g
intake/ADG) 527 5.09 5.08 5.29 0.2981 02109 03970  0.077
FW (kg) 355 34.8 349 354 02149 04284 03567 0263

"Means followed by different letters in the row differ to 5% of significance. 'Standard error of the means (%).
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Introduction The feedlot has been a strategy used to intensify the livestock, especially in
dry season, when there is low forage on offer in the pastures. This system is characterized
by the use of large amounts of starch in diet of animals, representing up to 80% of the
energy cost depending of the level of inclusion. Their quantity as well as the structure is
variable in each food, in addition, the starch grain is protected by a protein matrix with
structural function, which prevent that solubilize and protect the granule of enzymes

and microorganisms attack, limiting digestion. Thus, research has evaluated the use of
exogenous amylases as well as their combination with other additives to improve the
food utilization and increase the production and quality of the final product. The aim this
research was to evaluate the carcass yield and qualitative aspects of meat from lambs fed
corn silage inoculated with microbial additives and associated with amylolytic enzymes
added at feeding.

Materials and methods The maize studied was hybrid 2B710 Power Core (Dow
Agroceres), harvested with dry matter content between 33 to 35%. Treatments evaluated
were: Control (Untreated); Enzyme (corn silage with enzymes at feeding); Inoculant (corn
silage inoculated with 1x10°CFU of Lactobacillus plantarum (MA 18/5U) and 1x10°CFU
of Bacillus subtilis (AT553098)); Enzyme and Inoculant (corn silage inoculated with
1x10°CFU of Lactobacillus plantarum (MA 18/5U) and 1x10°CFU of Bacillus subtilis
(AT553098) associated with enzymes at feeding). Alpha amylase from Aspergillus oryzae
(Amaize, Alltech Inc.) was added at feeding applied at a rate of 2 g/kg of DM total diet.
Forty lambs non-castrated males (Texel x Dorper), with average initial body weight of 23.9
kg were used. When the target weight approximately of 35 kg BW was reached, lambs
were slaughtered after a 16-hour solid food fasting. The carcasses were weight to calculate
the hot carcass yield (HCY). After 24 hours of refrigeration the carcasses were weight

to calculate cold carcass yield (CCY). Losses due to cooling (LC) were also calculated.
Color and pH were determined in the Longissimus lumborum muscle, using a CR-200
Minolta colorimeter (illuminant D65), calibrated to standard white digital and a TESTO
205 pH meter coupled to a penetration electrode, respectively. Meat color parameters

L* (lightness), a* (redness) and b* (yellowness) were determined after the meat cut was
exposed to the environment for five minutes, according to Cafieque & Safiudo (2000).

The data were analyzed according a randomized block design in factorial 2x2 (silages x
enzyme) with ten replicates. All data were analyzed using the MIXED procedure of SAS
(v. 9.0 SAS Institute Inc., 237 Cary, NC). Differences between means were determined
using the PDIFF, which differentiates means based on Fisher’s F-protected least significant
difference test. Significance was declared at P < 0.05.
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Results and discussion There was no significantly different and no interaction (P>0.05)
among treatments in the parameters evaluated, less in the b* (Table 1). The pH values
observed in this study are in agreement with the literature, about 5.8-5.5 (Osorio et al.,
1998). Basso et al. (2014) observed no effect in HCY, CCY and LC in lambs fed with corn
silage inoculated. In other study, Brito (2010) evaluated different doses of amylases in
diets for lambs and observed quadratic effect for HCY and CCY, but the treated animals
didn’t have higher yield that untreated animals. Meat from lambs fed untreated silage and
added of amylase at feeding had greater redness, but L and b parameters had no effect.
Inconsistent results are found in the literature about carcass characteristics and meat
quality of lambs. This is due to the lack of studies involving amylase in diets for lambs and
differences among enzyme products and application methods in the diets.

Conclusions Inoculation of corn silage and association with amylase at feeding of lambs
did not affect the carcass characteristics and meat quality.

Acknowledgement National Council for Scientific and Technological Development
(CNPq).

Table 1 Hot carcass yield (HCY), cold carcass yield (CCY), cooling loss (CL), temperature
(°C), pH and color (L*, a* and b* parameters) of Longissimus lumborum muscle of lambs
fed corn silage without inoculant (untreated), inoculated with L. buchneri and B. subtilis
associated or not with amylases (Amaise)

Silages Enzyme P-value

1

Untreated  Inoculated None Amaise Silages Enzyme interaction SEM

HCY (%) 48.5 47.2 48.2 48.0 0.3151 0.8459 0.7212 0.332
CCY (%) 46.7 46.5 46.9 46.4 0.7406  0.4475 0.8958 0.252
CL (%) 3.6 2.9 2.7 3.8 0.3527  0.1759 0.9269 0.074
T(°C) 9.5 10.2 10.3 9.5 0.2148  0.1654 0.4700 0.230
pH 5.6 5.7 5.7 5.6 0.0855 0.2773 0.7030 0.039
L* 38.4 37.5 38.2 37.7 0.1506 0.3456 0.5076 0.225
a* 16.9 16.2 16.28 17.04 0.0633 0.0221 0.4151 0.181
b* 1.2 0.8 1.0 1.0 0.0605 0.8391 0.7890 0.086

"Means followed by different letters in the row differ to 5% of significance. ! Standard error of the means (%).
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Introduction The production of lambs in feedlot has been gaining importance in recent
years, enabling the use of conserved forages, mainly in the form of silage. Plants with
high levels of fermentable sugars like corn, presents adequate fermentation when ensiled,
but with significant losses during the fermentation process and silo emptying phase. Thus,
the use of additives such as microbial inoculants, has been investigated to reduce such
losses and provide highest silage quality. While Lactobacillus plantarum produces acids
(mainly lactic acid) and decreases the loss of dry matter during fermentation, Bacillus
subtilis enhances the stability of silages after silo opening, and these important aspects can
produce a quality product, once the nutritional value of the diet is directly linked to animal
performance.

Materials and methods The maize hybrid 2B710 power core (Dow AgroSciences) was
harvested when the dry matter content reaches between 33-35%, chopped 1 cm, and silage
inoculated or not (control) with Lactobacillusplantarum (LP) associated with Bacillus
subtilis (BS ) (1x10°cfu / g forage) (remained closed for 90 days) and provided the animals
associated with two forage: concentrate ratio (60:40 and 40:60). The inoculum was diluted
in distilled water and sprayed on the forage 20 tons during silo filling. Forty males non
castrated (DorperxTexel), with initial body weight of 23.9 kg were used in this study. The
animals remained in the adaptation during 15 days, beginning the experiment thereafter.
The dry matter intake was measured by subtracting the remains of the offered. The diets
were offered composed of corn silage inoculated with Lactobacillus plantarum and
Bacillus subtilis or not, and concentrate (soybean meal, corn, urea and mineral salt) in two
silage forage: concentrate ratio (60:40 and 40:60). The diets will be provided twice daily,
at 8 (50% supply) and 16 hours (50% of the supply), to allow ad libitum feeding and 10%
in relation to the leftovers provided. Animals were weighed after fasting (16 hours) at the
beginning and end of the experiment to obtain the average daily weight gain. The diet was
formulated to daily gain of 250 g/d (NRC, 2007). Feed conversion was calculated. Animals
were slaughtered with approximately 35 kg. Data were analyzed according to a randomized
block design, in a 2x2 factorial design (two silages and two forage: concentrate), with

ten repetitions. All data were analyzed using the MIXED procedure of SAS (v. 9.0

SAS Institute Inc., 237 Cary, NC). Differences between means were determined using

the PDIFF, which differentiates means based on Fisher’s F-protected least significant
difference test. Significance was declared at P<0.05.

Results and discussion The dry matter intake was not affected by silage and concentrate
level (Table 1). The average daily gain (ADG) was affected (P <0.05) by inoculation of
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corn silage with LPBS (ADG untreated = 210 g / day; LPBS =230 g / day) and forage:
concentrate ratio (60: =40 230 g/ day; 40: 60 = 230 g/ day) (Table 1). The higher weight
gain in lambs fed corn silage with LPBS, maybe explained by increase in fiber digestibility
of silage. Kung and Muck (1997) concluded that the homofermentative bacteria reduces
the loss of DM to the minimum level (2-3%), while low pH, decreasing the proteolysis and
formation of ammonia, lactic acid and increase the digestibility also.

Conclusion The inoculation of corn silage with Lactobacillus plantarum and Bacillus
subtilis improved the animal performance.

Table 1 Feed conversion (FC), dry matter intake (DMI), avarage daily gain (ADG) and
final body weight (FBW) of lambs fed maize silage without inoculant (untreated) and

inoculated with Lactobacillus plantarum and Bacillus subtillis and two concentrate levels
(40 and 60%)

Silages RO:CO P-value
Variables Untreated LPBS 40:60  60:40 Silage VO:CO Interaction  SEM
?gcintake/ADG) 5.34 4.96 521  8.09 0.09 0.59 0.39 0.111
DMI (kg/day) 1.13 1.15 1.14 1.13 0.58 0.53 0.85 0.025

ADG (kg/day) 0.21° 0.232 0.22> 0.232 0.04 0.74 0.67 0.006
FBW (kg) 3485 3587 35.18 34.74 0.44 0.14 0.98 0.221
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Introduction In a meat production system, the quantitative and qualitative characteristics
of carcass are fundamental importance because are directly related to the final product
(Silva Sobrinho et al., 2008). As the consumer market requires homogenous production
throughout the year, the strategic use of conserved forage and termination of animals in
feedlot system are increasingly common. The use of inoculants on silage has the primary
function the preservation of nutrients, and improves animal performance. The feed
interferes with the carcass characteristics and meat composition, mainly in adipose tissue
ratios relative to muscle. Studies with alternative foods may allow obtaining meat quality
and reduce the slaughter age, thereby improving yields and carcass finish.

Materials and methods The 2B710 power core (Dow AgroSciences) hybrid was collected
in 33-35% of DM, chopped, and ensiled inoculated or not (control) with Lactobacillus
plantarum (LP) associated with Bacillus subtilis (BS) (1x10°cfu/g forage) (remaining
closed for 90 days) and provided the animals associated with two forage: concentrate

ratio (60:40 and 40:60). Forty males non castrated (DorperxTexel), with initial body
weight of 23.9 kg were used in the study. The animals remained in the adaptation during

15 days, beginning the experiment after this period. The diet contained 60% silage and
40% concentrate (ingredients: soybean meal, corn, urea and mineral salt) and has been
formulated for daily weight gain of 250g / d. The lambs were housed in individual pens
and fed ad libitum twice daily (08:00 and 16:00). The animals were slaughtered when they
reached the target weight of approximately 35 kg, after 16 hours of fasting of solid foods.
After 24 hours in the refrigerator, the carcasses were split lengthwise and the loins removed
from socks half carcasses. Color, pH and temperature were determined using a colorimeter
Minolta CR-200 (illuminant D65), calibrated with digital white pattern and a pH meter and
temperature TESTO 205. The color parameters of meat L * (lightness), a * (redness) and

b * (yellowness) were determined after cutting the meat was exposed to the environment
for five minutes, according to Cafieque and Safiudo (2000). To obtain the hot carcass yield,
divided the hot carcass weight to body weight at slaughter and multiplied by 100 to obtain
and cooling loss, if subtracted from the carcass value cooled for 24 hours of carcass weight
hot. Data were analyzed according to a randomized block design, in a 2x2 factorial design
(two silages and two forage: concentrate), with ten repetitions. All data were analyzed
using the MIXED procedure of SAS (v. 9.0 SAS Institute Inc., 237 Cary, NC). Differences
between means were determined using the PDIFF, which differentiates means based on
Fisher’s F-protected least significant difference test. Significance was declared at P<0.05.

Results and discussion There was no significant difference for the evaluated qualitative
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parameters, except for the pH (P<0.05), which remained lower after 24 hours for the
animals fed untreated silage (pH 5.52 to untreated silage and 5.61 for silage inoculated
with LPBS) (Table 1). The animals fed the control treatment showed higher values for b

* but according Sanudo et al. (2000), b * values are below the expected values (3.38 to
11.10 for b *). The b * value typically determines the amount of yellow which is influenced
by the presence of fat beta-carotene. As the quantitative parameters, the hot carcass yield
was significantly higher (P <0.05) in animals receiving more concentrated (40-60 was
48.14% and 46.72% 60:40). Yamamoto (20006), states that the carcass weight is influenced
by the growth rate, by age at slaughter and the nutritional management. Gonzaga Neto et
al. (2006) found that the yields of hot and cold carcass in Morada Nova lambs fed with
different forage: concentrate and slaughtered at 17, 21 and 25kg were larger as the amount
of concentrate in the diet increased, with average values of 46.9 and 44.9%, respectively.
The loss was lower for cooling in animals receiving silage treated with LPBS (LC untreat
=310g and 275g LC = LBPs) (Table 1), this can be related to fat content, which acts as an
insulator reducing the speed of cooling housing and chilling loss.

Conclusion The corn silage inoculated with microbial additives in relation 40:60 can be
added in the diet sheep can improve yields of hot carcass and provide less cooling losses.

Table 1 Hot carcass yield (HCY), Cooling loss (CL), pH, temperature (T°C) and colors
a*, b* and L*of lambs fed maize silage without inoculant (untreated) and inoculated with
Lactobacillus plantarum and Bacillus subtillis and two concentrate levels (40 and 60%)

Silages RO:CO P-value
Variables Untreat LPBS 40:60 60:40 Silage VO:CO Interaction SEM
HCY (%) 4758 4728 48.14* 46.72° 0.67 0.05 0.70 0.369
CL (%) 3.100 2.75° 287 298 0.05 0.49 0.81 0.086
pH (24 Hours) 552 5612 563 551 0.03 0.14 0.14 0.030
T°C 10.02 1035 1029 10.09 0.43 0.64 0.06 0.217
a® 16.85 1637 16.3 1692 0.25 0.14 0.89 0.204
b* 1.36 0.95 1.02 13 0.18 0.35 0.73 0.160
L* 38.64 38.54 3849 39.69 0.86 0.74 0.27 0.330
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Changes in fermentation products of guinea-grass silage exposed to aerobic
conditions and subsequent intake by goats

A.A. Rodriguez, E. Pacheco and L.C. Solorzano
University of Puerto Rico, Mayaguez, Campus, Mayaguez, Puerto Rico, 00680
Email: abner.rodriguez3@upr.edu

Keywords silage, aerobic stability, feed intake

Introduction Ensiling of tropical grasses typically results in fermentations characterized
by low lactic acid accumulation, high acetic acid production and a high pH. However,
limited information is available on aerobic stability of forages fermented in tropical
climates and the effect of the length of aerobic exposure (LAE) on their subsequent intake.
The objective of this research was to evaluate such effects on the fermentation profile of
guinea-grass ensiled at two re-growth stages and intake by meat-type goats

Materials and methods Two identical experiments utilizing guinea-grass (GG) ensiled at
45 d (27.24% dry matter, DM) or 90 d (37.45% DM) of re-growth were conducted to study
changes occurring during the course of aerobic exposure on fermentation products and
voluntary intake by meat-type goats. At each re-growth stage, harvested GG was ensiled

in 16 minisilos of 5 kg each and stored for 30 d. At opening, GG silage samples were
exposed to air for 0, 24, 48, and 72h in a 4-compartment wooden feeder. Silage samples
for each LAE were analyzed for pH, and fermentation products. To determine the effect of
LAE on intake, silage resulting for each LAE was offered during a single day to four goats
that previously had not consumed silage. Dry matter intake (DMI) was monitored at the
four intake time point of 2, 5, 8, and 24 h (ITP) after first access to the silages (0 h time
point). Each experiment included replicated observations. Within experiment, fermentation
end-products and pH were analyzed as a single completely randomized design with 4
replicates, while intake was analyzed as a completely randomized design with a 4 (LAE) x
4 (ITP) factorial arrangement of treatments. Tukey-test was used for mean separation.

Results and discussion In GG ensiled at 45 d of re-growth, pH was the highest at 72 h
(P<0.02) and higher (P<0.05) at 48 h than at 24 and 0 h exposure to air (Table 1). Acetic
acid content decreased (P<0.05) at each successive LAE. Longer aerobic exposure periods
also tended to decrease lactic acid (P<0.7) and butyric acid (P<0.07) contents but, to
increase the ratio N-NH,/Total N as compared to shorter LEA. In GG ensiled al 90 d of
re-growth, pH ascended as LAE increased (Table 1). Silage exposed to air during 72 h
had lower (P<0.04) acetic and butyric acids contents than silage exposed during 0, 24

or 48 h. No effect of the LAE was observed on lactic acid content or on NH,-N/Total-N
ratio. Silage intake expressed as a percentage of silage offered at each stages of GG, no
significant interaction LAE*ITP was observed, and averaged 37.31% and 42.87% for 45
and 90 d silage, respectively. In both stages of GG, proportional silage intake was the
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lowest (P<0.05) for fresh silage, and the highest in fermented material exposed to air
during 72 h and intermediate for the silage exposed to air for 24 or 48 h (Figure 1). In this
research, typical fermentation characteristics were observed for GG ensiled at 45 or 90 d
of re-growth. The high acetic acid contents typical of tropical silages have been associated
with decreased voluntary feed intake. The present results are consistent with this, silage
made from GG at both re-growth stages, shower high acetic acid content early in the
aerobic exposure period and thereafter a progressive decline, while silage consumption
followed the opposite trend. The lower feed intake of GG fermented at 45 d of re-growth
might be associated with the higher acetic acid and butyric acid content as compared to GG
ensiled at 90 d. Additional research is needed to explore the relationships between LAE
and nutritive value of tropical silages including voluntary intake, silage digestibility, and
utilization of absorbed nutrients for production purposes.

Table 1 Effects of length of acrobic exposure on pH and fermentation products of guinea
grass ensiled at two 45 and 90 d re-growth stages

Length of Aerobic Re-growth stage 45 Re-growth stage 90 d
Component Exposure (h) d P P

pH 0 4.62¢ 0.02 4.984 0.01
24 4.69¢ 5.24¢
48 5.25% 5.43P
72 5.532 5.952

Lactic Acid! 0 0.22% 0.07 0.54 0.39
24 0.352 0.57
48 0.11¥ 0.46
72 0.11¥ 0.47

Acetic Acid! 0 2.662 0.03 1.182 0.04
24 2.01° 0.85%
48 1.11¢ 0.58¢
72 0.89¢ 0.31¢

Butyric Acid! 0 1.082 0.07 0.382 0.04
24 1.162 0.24°
48 1.152 0.20°
72 0.82° 0.05¢

N-NH;/N-Total 0 0.42v 0.09 0.55 0.18
24 0.692 0.67
48 0.67= 0.57
72 0.60% 0.55

1Dy matter basis.
2 Means with unlike superscripts in the same column differ P<0.03.
*2 Means with unlike superscripts in the same column differ P<0.135.

60

40 b

45d 90d

Figure 1 Effect of length of aerobic exposure in guinea-grass ensiled at 45 or 90 days of
re-growth on intake as proportion of total silage offered to meat-type goats .

Conclusion The LAE affected the fermentation end-products of GG ensiled at 45 or 90 d
of re-growth. For both re-growth stages of GG, silage intake was higher as LAE increased.
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Effects of ensiling total mixed ration containing chopped dry corn stover on the
fermentation quality and digestibility in sheep
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Keywords corn stover, digestibilty, fermentation, silage, TMR

Introduction Dry corn stover is an abundant by-product of corn grain harvesting, although
there is some used as roughage for ruminants by general methods, such as grazing in the
field; some is used to burn for cooking or warming by baling or stacking after drying and
some used as compost; but unsuitable disposal leads to wasted resources, and possible
environmental problems. Demand is increasing for deficient use of crop residue including
corn stover due to economic and environmental concerns. Cao et al. (2009) reported that
total mixed ration (TMR) silage had high lactic acid content and be of good quality, and
unpalatable by-products or crop residues can be incorporated into the TMR if their low
intake is altered by fermentation. The objective of this study was to determine effects

of fermented or fresh TMR containing chopped dry corn stover and Chinese wildrye on
digestion, rumen fermentation, and nitrogen retention in sheep.

Materials and methods Corn stover was cut at 10, 30 or 50 mm length to prepare TMR.
The proportions of ground corn grain, soybean meal, concentrate and corn stover were
fixed at 200, 80, 120 and 600 g/kg TMR dry mater, respectively. Experimental treatments
were non-fermented TMR and fermented TMR. Non-fermented TMR was produced by
separating all ingredients, and mixing them before feeding; while fermented TMR was
adjusted with water to a moisture content of 550g/kg, and ensiled in a frecon bag (900 mm
% 900 mm x 1200 mm) of 972L volume. Air was removed by a vacuum pump and the top
of the bag was tied with nylon strings. These fermented TMR were stored outdoors from
15°C to 26°C for 60 days of fermentation. Fermented TMR samples were taken from the
top, centre and bottom parts of the frecon bag. These samples were collected in sterilized
bags; water extracts were prepared to determine microbial composition and fermentation
products. Data on the fermentative characteristics of fermented TMR were evaluated by
one-way ANOVA. Data on the chemical composition and digestion were analyzed using
a completely randomized design with 2 % 4 (Fermentation x Length) factorial treatment
structures. The GLM procedure of SAS ver. 9.0 (SAS Institute, Cary, NC, USA) was used
for the analysis, and the model included the main effects of fermentation and length, and
any effects of their interactions. Tukey’s test was used to identify differences (P < 0.05)
between the means.

Results and discussion Fermentation procession increased contents of ether extract
(EE), aNDFom, and organic acid including lactica acid, acetic acid and ammonia-N but
decreased organic matter (OM) and non-fibrous carbohydrate (NFC), and inhibited the
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growth of harmful bacteria, such as coliform and aerobic bacteria, molds and yeasts in
TMR silage. Moreover, fermentation procession also increased digestibility of EE and
aNDFom and digestible crude protein (DCP) of TMR silage, and tended to increase ADG.
The TMR with 10-mm corn stover improved the fermentation quality of silage with higher
lactic acid, and reduced the cost of NFC during fermentation compared with 50-mm one.

Conclusion The fermentation process can inhibit the growth of molds in TMR and
improve the digestion of dry corn stover as forage for sheep. TMR with 10-mm corn stover
increased the digestibility of CP and EE, and also improved the fermentation quality of the
silage.

Table 1 Fermentation products, pH and viable numbers of microorganisms (cfu/g of fresh
matter) of fresh or fermented total mixed ration

Non-fermented TMR Fermented TMR
10-mm 30-mm 50-mm 10-mm 30-mm 50-mm
LAB 1.3x10 1.1x10 1.5x10 4.7x105 3.2x105 5.1x105
Coliform bacteria 24x106 32x106 2.8x106 8.7x10 43x102 7.7x102
Aerobic bacteria 36x105 33x105 2.9x105 3.7x104 4.1x104 55x103
Molds 7.3x 103 6.8x103 7.1x103 ND ND ND
Yeasts 8.9x106 7.8x106 8.1x106 43x105 6.4x106 6.3x106

LAB, lactic acid bacteria: ND, not detected.

Table 2 Nutrient digestibility and nutrient content in non-fermented or fermented total
mixed ration fed to sheep

Apparent digestibility (%)

DM oM CP EE aNDFom ADFom GE

Contrast of non-fermented and fermented TMR

Fresh TMR 71.9 73.9 66.1 72.4% 7321 69.5 73.7

Fermented TMR 75.7 78.2 67.1 83.37 78.57 75.7 74.8
Contrast of length

10-mm 77.8 79.9 70.07 89.67  80.0 76.6 76.7

30-mm 74.5 76.9 6597  81.47 7438 73.6 74.3

50-mm 73.1 75.9 63.1% 76.311  73.8 72.3 74.7
P-value

Fermentation 0.147 0.086 0.174 0.015 0.044 0.050 0.127

Length 0.183  0.143  0.039 0.003 0.324 0.243 0.141

Fermentation xLength  0.570  0.687  0.457 0.375 0.254 0.691 0.572

ADFom, Acid detergent fiber; CP, Crude protein; DM, Dry matter; EE, Ether extract; GE, Gross energy; aNDFom,
Neutral detergent fiber; NFC, Nonfibrous carbohydrate = OM — CP — EE — alNDFom; OM, Organic matter.
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Effects of aerobic exposure on fermentation end-products of corn and sugarcane
silages and intake by goats
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Email: abner.rodriguez3@upr.edu
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Introduction Aerobic exposure of silage leads to a decrease in its nutritional value and
animal voluntary intake. Fermented forages exposed to air during the feeding phase in
tropical environments at high temperature might undergo enhanced molding and yeast
activities, fostering instability. The objective of this experiment was to determine the effect
of length of aerobic exposure (LAE) of corn and sugarcane silages on pH, fermentation
end-products, and intake by meat-type goats.

Materials and methods Two identical experiments utilizing fermented corn forage (Zea
mays; 38.02% DM) and sugarcane (Saccharum officinarum 28.75 % DM) were conducted
to evaluate the effect of LAE on fermentation end-products and voluntary intake by meat
type goats. Each forage species was ensiled in 16-5 kg sealed plastic silos. After 45 d of
fermentation, silages were aerobically exposed for 0, 24, 48 and 72 h in a 4-compartment
wooden feeder prior to measurements. Silage samples for each LAE were analyzed for pH,
and fermentation products. At the 0 h time point, dry matter intake (DMI) was determined
during one day using four goats that previously had not consumed silage. Silage
consumption for all LAE was monitored at 2, 5, 8, and 24 h hours after feeding (HAF).
Each experiment includes 4 replicates (a total of four 4-compartment wooden feeder.
Within experiment, fermentation end-products and pH data were analyzed as a simple
completely randomized design, while intake was analyzed as a completely randomized
design with a 4 (LAE) x 4 (AAF) factorial arrangement of treatments. Tukey-test was used
for mean separation.

Results and discussion In corn forage silage, total acidity (inverse of pH), lactic acid
content, and ratio of lactic acid:acetic acid values tended to be lower (P<0.13) in silages
exposed to air for 72 h than in fresh silage, but similar to those in silages exposed for 48
and 24 h (Table 1). Acetic acid content was highest in fresh CS (P<0.01) and higher in 24
and 48 h LAE than in 72 h. Corn silage exposed during 48 h had (P<0.05) NH-N/Total-N
ratio similar to the 24 LAE silage, but higher than fresh or 72 h LAE silages. Corn silage
intake as a proportion of total silage offered was similar among treatments with regard

to LAE, HAF, and their interaction, and averaged 68.3%. Sugarcane, silage exposed to

air after 72 h tended to be higher in pH (P<0.11) and lower in lactic acid content (P<.09),
and higher in N-NH,/N-total ratio than 0, 24 and 48 h LAE silages (Tablel). The longest
LAE resulted in silages with the lowest acetic acid content (P<.03) and highest lactic acid/
acetic acid ratio (P<.03) relative to 0, 24 and 48 h LAE silages. No significant interaction
LAE*HAF on SC silage intake as proportion of silage offered was observed, and averaged
26.96% (Table 2). However, intake of sugarcane silage exposed to air for 72 (41.03%)

as percentage of silage offered was higher (P<0.05) than fresh (19.75%) sugarcane silage
and silages exposed for 24 (21.74%) and 48 (25.82%) h. These two experiments tested the
hypothesis that longer aerobic exposure should worsen the silage characteristics and reduce
consumption by meat-type goats. As expected, in both silages fermentation products
content were influenced by length of aerobic exposure. However, longer aerobic exposure
did not affect corn silage intake and even had a positive effect in the case of sugarcane

602 1-3 July 2015, Piracicaba, Brazil



silage. Voluntary intake of silage by animals is a complex phenomenon under the influence
of multiple factors. In the present case varying odor, taste, texture and other sensorial

characteristics of the silages might have influence intake by the goats. Additionally,

animals were not consuming silage prior to the test. Further research is needed to elucidate
the relationships between LAE and animal preference, acceptability, and intake.

Table 1 Effects of aerobic exposure on pH and fermentation end-products of corn and
sugarcane silages fermented in a tropical environment

Component Length of Aerobic Exposure (h) Corn P Sugarcane P
pH 0 4.23v 0.13 3.40v 0.11
24 4.28v2 3.4
48 4.34v2 3.52¢
72 4,552 3.71z
Lactic Acid (%) 0 4.09° 0.12 3.667 0.09
24 3.97¢ 3.732
48 3.75¥ 3.952
72 2.99v 3.02v
Acetic Acid (%)! 0 0.792 0.01 3.992 0.03
24 0.57° 3.322P
48 0.65° 2.98°
72 0.42¢ 2.52¢
Lactic/Acetic ratio 0 5.207 0.12 0.91° 0.02
24 6.977 1.12°
48 5.90v 1.32°
72 7.077 1.592
N-NH:/N-Total 0 5.41° 0.02 4.30v 0.11
24 6.25° 4.52¢
48 8.732 4.517
72 5.77° 5.822

2.b Means with unlike superscripts in the same column differ P<0.05.
vz Means with unlike superscripts in the same column differ P<0.15.

Table 2 Interaction between of length of aerobic exposure and hours after feeding on corn

and sugarcane silages on intake by goats

Silage intake/Silage offered, %

Com Sugarcane
LAE (h) Hours after feeding Hours after feeding
2 5 8 24 2 5 8 24
0 15.40 342 45.8 63.9 13.9 18.0 20.7 26.2
24 19.6 36.4 43.2 72.6 15.8 16.9 26.4 283
48 23.2 353 440.1 62.5 119.6 23.6 26.7 33.2
72 38.5 58.3 58.3 75.2 35.0 36.8 43.8 46.5

Conclusion The LAE affected the content of the fermentation end-products of both silages
but did not influence corn silage intake by goats. Intake of sugarcane silage exposed to air
during 72 h was surprisingly higher than that of fresh silage and of silages exposed for 1 or

2 days probably due to lower acetic acid content.
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Performance of dairy cows fed sugarcane silages inoculated with epiphytic strain of
Lactobacillus hilgardii CCMA 0170
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Introduction Sugarcane silages has great concentration of ethanol because sucrose
fermentation by yeast (Kung and Stanley, 1982). The use of microbial inoculants at
ensiling increases the population of desirable bacteria which resulted in quickly production
of organic acids, drop the pH, and control undesirable microbes. The potential responses
of the inoculants use in silages are modulated by interaction between strains and forage
type (Muck, 1996). Based on that knowledge Avila et al. (2014) isolated strains of lactic
acid bacteria from sugarcane silage. Carvalho et al. (2014) evaluated the fermentation
profile and aerobic stability of sugarcane silages with these strains. They concluded that
a strain of Lactobacillus hilgardii CCMA 0170 has the best results. The improvement in
milk production of dairy cows fed silage inoculated is not consistent. Some works shows
positive responses (Kung et al., 2003; Taylor et al., 2002) while others did not (Kung

et al., 2002; Arriola et al., 2011). To our knowledge any study was made evaluating the
performance of dairy cows fed sugarcane silages inoculated with epiphytic strain isolated
from the sugarcane crop. The objective of this trial was to evaluate the performance of
dairy cows fed sugarcane silages inoculated with the novel strain of L. hilgardii CCMA
0170 compared to commercial strain L. buchneri NCIMB40788 or without inoculums.

Materials and methods Sugarcane ratton, 12 months old, was mechanically harvester
and fine chopped (JF C120, Pinheiro, Itapira, SP). Approximately 9 t of fresh forage were
ensiled for each one of the three treatments: silage without inoculums (Ctrl) silage treated
with Lactobacillus hilgardii CCMA 0170 (LHI) or silage treated with L. buchneri NCIMB
40788 (LBU). The final inoculation rates were 5 log ufc/gof fresh forage. Fifteen Holstein
cows (336 £ 175 DIM; 632 + 96 kg BW at trial initiation) were randomly assigned to
replicated 3%3 Latin squares. There were 3 periods of 21 day with 14 day of adaptation and
7 day of sample collection. The diets were formulated to contain 30% of forage coming
from sugarcane silage and 70 % from corn silage without inoculums. Data were analyzed
with the PROC MIXED procedure of SAS 9.3 with the model containing random effect

of cow and fixed effect of period and treatment. Treatments were compared with two
contrasts Ctrl vs. LHI and LHI vs. LBU. Significant difference were considered when P <
0.05, trends when P < 0.10 to P> 0.05 and weak trends when P < 0.15 to P> 0.10.

Results and discussion The sugarcane silages had similar compositions along the
experiment between inoculated silages, but different composition compared with control
silage. The neutral detergent fiber (NDF) concentration for Ctrl, LHI and LBU were
respectively 68.6 + 5.2, 64.8 £ 2.5 and 64.4 + 2.9 % of DM (mean + standard deviation),
water soluble carbohydrates were 81.8 £23.4; 101.0 £17.9 and 93.5 + 8.6 g/kg of DM
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and ethanol were 96.7 £ 22.8; 66.8 = 17.2 and 62.3 £ 13.9 g/kg of DM. Milk yield tended
to increase 0.8 kg/d in the LHI treatment compared to Crtl without increase in dry matter
intake (Table 1). No statistically difference for milk yield was observed between LHI and
LBU. The milk composition was similar across treatments (P > 0.15) except for lactose
(Table 1). Milk production is dependent of lactose syntheses in the mammary gland,
probably because their osmotic regulation. The blood glucose concentration had a weak
tendency to increase in the LHI treatment compared to Crtl (57.9 vs. 55.3 mg/dL, P = 0.13)
which may explain the response in lactose syntheses and milk production. Yield of milk
components were higher for LHI treatment (Table 1) compared to Ctrl probably because
the higher milk production, since, the milk composition were similar. Digestibility of
DM (67.0 %), organic matter (71.5 %) and NDF (51.7 %) were similar across treatments.
Cows fed LHI treatment had higher proportion of rumen propionate (22.8 vs.21.5 % of
total volatile fatty acids) and lower acetate: propionate ratio (3.0 vs. 3.3) compared to Ctrl
treatment.

Table 1 Performance of dairy cows fed sugarcane silages without inoculum (Ctrl) or
inoculated with L. hilgardii CCMA 0170 (LHI) or L. buchneri NCIMB40788 (LBU)

Item Ctrl LHI LBU SEM Treat! Ctrlvs.LHI LHIvs.LBU
DMIZ, kg/d 162 16.0 16.1 0.54 0.92 0.70 0.89
Milk yield, kg/d 18.0 188 18.1 1.04 0.15 0.07 0.14
Fatyield, kg/d 0.635 0.685 0.650 0.0401 0.09 0.03 0.14
Protein yield, kg/d 0.600 0.637 0.616 0.0346 0.16 0.05 0.27
Lactose yield, kg/d 0.781 0.845 0.812 0.0525 0.05 0.02 0.19
Solids, kg/d 2.179 2341 2239 0.1321 0.05 0.02 0.14
Milk Fat, % 362 366 361 0125 0.68 0.52 041
Milk Protein, % 342 341 340 0.06 0.92 0.74 0.96
Milk Lactose, % 442 447 445 0.069 0.29 0.12 0.56
Milk Solids, % 1237 1246 1239 0.182 041 0.22 0.29
ECM3, kg/d 179 188 18.0 1.03 0.11 0.06 0.08
Milk yield/DMI 1.12  1.17 1.13 0.064 041 0.22 0.29
ECM/DMI 1.05 1.12 1.07 0.064 0.30 0.15 0.26
MUN*, mg/dL 172 17.0 176 048 0.49 0.59 0.23
BCS3,1t05 33 31 33 0.11 0.33 0.21 0.19
BW? kg 692 691 660 373 0.46 0.96 0.29

Probability value for the effect of treatment and contrasts, Dry matter intake, *Energy
corrected milk, “Milk urea nitrogen, *Body condition score, “Body weigh.

Conclusion Sugarcane silages inoculated with L. hilgardii CCMA 0170 improved milk
yield without increase dry matter intake and reduced the acetate:propionate ratio in the
rumen fluid of dairy cows.
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Sorting index and ingestive behavior of beef cattle fed diets containing sugarcane
silage with different particle sizes
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Introduction As strategies to control possible rumen disturbances and increase weight gain
rates, the inclusion of forages as physically effective fiber source has been recommended.
This concept was applied to diets in order to increase the chewing time, the saliva secretion
and its buffering agents. The chewing activity and rumination are not only affected by
dietary neutral detergent fiber (NDF) content, but also by the fiber characteristics, such

as the particle size. The fiber that promotes chewing is considered physically effective
(peNDF). Levels of peNDF to maintain the productive performance are known, however,
feed sorting may alter the actual proportion of peNDF intake. The aim of this research

was to evaluate the sorting index and ingestive behavior of beef cattle fed diets containing
sugarcane silage with different particle sizes.

Materials and methods The sugarcane studied was the RB86-7515 variety, harvested
with dry matter level of 395 g.kg'. The treatments evaluated were: sugarcane silage with
5 mm of particle size (T5), sugarcane silage with 10 mm of particle size (T10), sugarcane
silage with 15 mm of particle size (T15) and sugarcane silage with 20 mm of particle size
(T20). All diets contained roughage: concentrate ratio of 33:67. Diets were offered twice
a day (8 am and 4 pm) to allow ad libitum intake (over 5% of the supplied quantity).
Forty non-castrated male beef cattle (Nellore), with average initial body weight of 395+32
kg were used. The experimental period lasted 99 days, divided into three periods of 28
days, plus 15 days to initial adaption and intake stabilization. The intake of dry matter
(DM) and neutral detergent fiber (NDF) were measured by difference from the orts and
the offered. Animal behavior was evaluated during 3 days at intervals of 10 minutes
between observations, considering eating, ruminating and idle time. The sorting index
was evaluated once by period, according Leonardi and Armentano (2003). The data were
analyzed using randomized block design with 4 treatments and 10 repetitions. The results
were analyzed using the MIXED procedure of SAS (v. 9.0 SAS Institute Inc., Cary, NC)
and, if significant, the orthogonal contrasts was used to determine the type of behavior
(linear and/or quadratic). Significance was declared at P <0.10.

Results and discussion There was effect (P<0.10) to DM intake (Table 1). However,

the NDF intake was not affected by the particle size, with average of 3.82 kg.day'. The
quadratic effect to DM intake probably was due to the high sorting index of short particles
in the diet T20 (Table 2), and the low fiber digestibility of sugarcane silage was probably
responsible by maintaining the NDF intake similar between diets. The ingestive behavior
was affected by particle size (Table 1). Diets with larger particle sizes increased the eating
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time when it was calculated in minutes per kg of DM (P=0.079), but the eating time, in
minutes per day, was similar between the diets. It occurred probably due the time used

for sorting diet components rather than feed intake. The ruminating time was affected

by the diets and follows to the quadratic model. The animals fed with T10 and T15 diets
remained greater ruminating time compared to the animals that received the diets T5

and T20 (P<0.10). This result indicates that animals fed the diet T20 ingested similar

diet compounds when compared those animals fed the diet TS, because the diet particle
size ingested is not the same that was offered. The idle time was affected by particle size
(P=0.044). There was a linear effect for all sorting index variables (Table 2). Results of
sieves of 19 mm (S1) and 8 mm (S2) showed that diets T15 and T20 led to greater rejection
of this portion of the total feed. However, in the sieve of 1.18 mm (S3) the behavior was
the opposite, where diets with larger particle sizes (T15 and T20) led to preferential intake
of smaller particles sizes.

Conclusions Diets with sugarcane silage with different particle size affected dry matter
intake, but did not alter neutral detergent fiber intake. Diets with larger silage particle size
increased the ruminating time and preferential intake of smaller particles sizes.

References
Leonardi, C and L.E. Armentano. 2003. Effect of quantity, quality, and length of alfalfa hay
on selective consumption by dairy cows. J. Dairy Sci. 86:557-564.

Table 1 Intake and ingestive behavior of beef cattle fed sugarcane silage with different
particle sizes

Particle size Effects! 3
SEM?
TS T10 T15 T20 L Q

DM intake (kg.day!) 108 9091 102 104 0220 0.025 028
NDF intake (kg.day-') 387 378 381 383 0803 0545 0.11
Eating (minutes.day!) 173 194 182 197  0.258 0.776 11.6
Eating (minutes.kg' DM) 156 186 175 189 0.056 0511 1.14
Ruminating (minutes.day) 370 421 424 406  0.056 0.049 16.6
Ruminating (minutes.kg! DM) 333 40.5 407 388 0.011 0020 1.69
Idle (minutes.day-!) 897 825 834 837 0.025 0.080 195

Linear (L) and quadratic (Q) effects. 2SEM: Standard error of the mean.

Table 2 Sorting index of beef cattle fed sugarcane silage with different particle sizes

Particle size Effects!

SEM?

T5 T10 T15 T20 L Q
Sieve 1 (19 mm) 99.0 102 94.2 929 0.011 0.106 2.14
Sieve 2 (8 mm) 101 993 91.9 922 <0.01 0.528 1.41
Sieve 3 (1.18 mm) 993 101 103 103 <0.01 0.361 0.51
Pan 101 99.5 103 103 <0.01 0.104 0.76

Linear (L) and quadratic (Q) effects. 2SEM: Standard error of the means.
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Introduction Some sources of fiber could be included into the diet to control rumen
acidosis, keeping the rumen pH greater than 5.8 (Van Soest, 1994). The addition of NDF
from forage has the effect of raising the pH due to the saliva production (buffering) during
rumination. Additionally, the NDF stimulates the MS intake due to the dilution of the
energy concentration of the diet consumed per kilogram. On the other hand, the effect

of repletion with increased ruminal fiber digestibility to control the intake makes this
method disadvantageous. The objective of this trial was to evaluate the dry matter intake
and ruminal parameters of beef cattle fed diets containing sugarcane silages with different
particle sizes.

Materials and methods The sugarcane studied was the RB86-7515 variety, harvested with
dry matter content of 390 g.kg™'. The treatments evaluated were: sugarcane silage with 5
mm of particle size (T5), sugarcane silage with 10 mm of particle size (T10), sugarcane
silage with 15 mm of particle size (T15) and sugarcane silage with 20 mm of particle size
(T20). All diets contained roughage: concentrate ratio of 33:67. Diets were offered twice

a day (8 am and 4 pm) to allow ad libitum intake (over 5% of the quantity supplied).

Eight non-castrated male beef cattle (Nellore), fistulated in the rumen, with average initial
body weight of 595442 kg, distributed in double 4x4 Latin Square design were used. The
experimental period lasted 80 days, divided into four periods of 20 days, with 14 days to
initial adaptation, 5 days to measure dry matter (DM) and neutral detergent fiber (NDF)
intakes and 1 day to collect rumen fluid. The intakes were measured by difference from

the orts and the offered. The rumen fluid was collected with 0, 4, 8, 12 and 24 hours after
the morning feeding and it had measured the pH, ammonia nitrogen and volatile fatty
acids. The intake data were analyzed as double 4x4 Latin square design. The model for
analyzing ruminal parameters data included a repeated measures statement. All data were
analyzed using the MIXED procedure of SAS (v. 9.0 SAS Institute Inc., Cary, NC) and, if
significant, the orthogonal contrasts was used to determine the type of behavior (linear and/
or quadratic). Significance was declared at P<0.10.

Results and discussion The DM intake was affected by the silages and decreased linearly
with increase of particle size (Table 1). However, the NDF intake had not been affected
by the particle size of sugarcane silage, with average of 4.15 kg.day'. The effect of the
dry matter intake was due to the larger particles have stayed longer into the rumen until

to be degraded, resulting in lower solids passage rate by rumen (Van Soest, 1994). The
average NDF intake between diets, in % of body weight, was 0.70%. This value is lower
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than 1.1% recommended by Mertens (1987) to observe ruminal repletion. This low intake
occurred due the low quality of sugarcane fiber, which digestibility is around 37% (in

DM basis). The ammonia nitrogen and acetic acid concentrations were similar between

the diets (P>0.10) (Table 2). There was effect of particle size to propionic acid with

lowest concentration at T10 and T15 diets. The butyric acid and total VFA concentrations
decreased linearly with increase of particle size. All variables were significantly influenced
by sampling time, reaching a peak concentration at 8 hours after the morning feeding. This
data shows accumulation of acids in the rumen over the day. There was interaction between
treatment and sampling time to acetate to propionate ratio (A:P). Initial A:P values (0 hour)
were similar between diets, but during the 4 hours of sampling time, T15 diet had shown
higher concentration than TO and T20, and similar concentration to the T10. The values
were not significantly different between treatments with 24 hours of sampling time.

Conclusions Diets with sugarcane silage with different particle size affected dry matter
intake, but did not alter neutral detergent fiber intake. Diets with different particle size alter
ruminal parameters, but keep the pH value always greater than 5.8.
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Table 1 Dry matter intake (DMI) and neutral detergent fiber intake (NDFI) of beef cattle
fed sugarcane silage with different particle sizes

Particle size Effects’ N
Intake P-value SEM~
T5 T10 T15 T20 L Q
DMI (kg.day™) 122 120 114 115 0045 001 047 132
NDFI(kg.day’) 417 433 400 410 0293 032 083 058

"Linear (L) and quadratic (Q) effects. 2SEM: Standard error of the mean.

Table 2 Ruminal parameters of beef cattle fed sugarcane silage with different particle sizes

1 Particle Size —T (mm) Sampling time —H (hours) 5 P-values®
ltem TS T10 T15 T20 0 1 8 12 24 OPM T H TxH
pH 638 646 653 659 690 643 621 599 692 007 <001 <00l 012
NH; 101 100 103 104 80 104 160 91 73 039 071 <001 051
AA 703 701 671 657 569 754 850 791 451 242 031 <001 043
PA 218 203 183 197 173 21.1 248 230 138 137 <001 <001 047
BA 169 133 131 131 108 153 197 165 840 098 <001 <001 028
VFA T 113 108 102 102 89.0 116 134 122 706 5.60 0.03 <001 0.59
AP 33 35 37 33 33 37 35 35 33 016 005 <001 003

'NHs: ammonia nitrogen; AA: acetic acid; PA: propionic acid; BA: butyric acid; VFA_T: total
volatile fatty acids; A:P: acetate to propionate ratio. “SEM: Standard error of the mean. *P-value:
Particle size (T); Sampling time (H); Interaction between particle size and sampling time (T=H).
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Introduction Among the forms of forage conservation, high moisture cereals grains silage
can be an interesting alternative to reduce production costs. Many grains can be used for
this purpose but triticale (X. Triticosecale Wittimack) has emerged as a good option for
winter crop, being an energy substitute for animal feeding as whole plant silage or wet
grain. Because these crops are rich in nutrients, it is necessary to be careful on account of
the potential instability of these feedstuffs, due to its composition in carbohydrates that
are vulnerable to microbial degradation under aerobic conditions. Therefore chemical and
microbial additives are used in an attempt to reduce losses during making and use of silage.
Due to feed intake and digestibility determine the nutritive value of a given feed, the aim
of the study was to evaluate the intake and apparent digestibility of high moisture triticale
grains silage ensiled with different additives in sheep.

Materials and methods Triticale (IPR-111) crop was sown and cultivated in Farm School
of the University State of Londrina (UEL) in May 2012 for the purpose of harvesting
crops in appropriate stadium for ensiling (pasty-dough). The silages were made in 16
shackles of concrete with a capacity of approximately 250 kg (four shackles per treatment).
Coast-cross hay was used as forage source for all treatments. The treatments were: 1)
high-moisture triticale grain silage - control treatment (HMTGQ); 2) high-moisture triticale
grain silage with enzymatic-bacterial additive (HMTGE); 3) high-moisture triticale grain
silage with 0.5% urea (HMTGU); and 4) high-moisture triticale grains silage with 1.5%
(as fed basis) sodium benzoate (HMTGB). The enzymatic-bacterial additive was applied
as an aqueous solution (8.6 g of product diluted in 2 L/t FM) and contained Lactobacillus
curvatus, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus buchneri,
Pediococcus acidilactici, Enterococcus faecium, Lactobacillus lactis (total count 10°
cfu/g) plus 4% cellulase enzyme complex base (Lactosilo Gold®). Urea and sodium
benzoate were added as powder and homogenized manually with triticale grains. Feed
intake nutrient digestibility was measured by total feces collection. The animals had an
initial adaptation phase of 14 days, followed by collecting a period of five days. After the
first period, the other periods were proceeded adaptation of 10 days, in voluntary intake.
Four castrated male lambs with an average weight of 25 kg were housed in appropriate
metabolic cages equipped with individually feed troughs, mineral mixture and water. A
Latin square 4x4 was used for the experiment, four lambs, four collection periods and four
treatments. Samples of food provided and the leftovers were also collected daily for later
analysis combined into composite samples animal / treatment / period. The digestibility
coefficients were obtained using the system of equations quoted by Coelho da Silva and
Ledo (1979). Data were subjected to analysis of variance in SAS (2001).
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Results and discussion As presented in Table 1 there were no differences (P>0.05) across
DM intake and apparent digestibility of high moisture triticale grains silage ensiled with

different additives. The best nutrients digestibility of inoculated silages is commonly

related to the ability of such additives hydrolyze structural carbohydrates, allowing better
use of these carbohydrates (Bumbieris et al., 2009). As the present work deals with a feed
grain cereal with low levels of these structural carbohydrates, the possible role of these

additives in the fiber was not significant to improve the digestibility and DM intake.

Table 1 Intake and apparent digestibility of nutrients from high moisture triticale grain
silage with different additives in sheep

GRAIN SILAGE + BERMUDA HAY (50%:50%)

HMTG HMTGE HMTGU HMTGB Mean P-value CV
DMUkg BW %75(g) 74.43 72.86 76.73 80.97 76.25 0.55 10.55
DDM % 67.96 69.96 68.34 68.74 68.75 0.28 2.01
DCP % 70.75 7036 68.97 71.52 71.15 0.08 2.67
DEE % 77.09 76.86 76.90 78.25 1727 0.90 3.97
DNDF % 54.83 54.93 55.19 56.84 5545 0.86 6.78
DADF % 57.84 60.74 60.22 59.75 59.64 0.80 7.32
DOM % 70.68 72.10 71.06 71.04 71.22 0.55 1.95

HMTG: High-moisture triticale grains silage - control treatment; HMTGE: High-moisture triticale grains silage with enzymatic-
bacterial additive; HMTGU: High-moisture triticale grains silage with 0.5% urea; HMTGB: High-moisture triticale grains silage
with 1.5% sodium benzoate; DDM: Digestibility Dry matter; DCP: Digestibility Crude Protein; DEE: Digestibility Ether extract;
DNDF: Digestibility neutral detergent fiber; DADEF: Digestibility acid detergent fiber; DOM: Digestibility organic matter; DMI:

Dry matter intake; BW = body weight; CV= Coefficient of variation.

Conclusions None of evaluated additives were able to improve DM intake or nutrient
digestibility of triticale grain silages.
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Introduction Of the total nitrogen (N) consumed by dairy cows, 20 to 35% is generally
secreted in milk, and the remaining N is excreted in manure (feces and urine). Nitrogen
use efficiency (NUE, the percentage of total N consumed that is secreted as milk N) is
highly influenced by the amount of N consumed and the sources of dietary protein. Earlier
research has focused on impacts of levels of dietary protein, rumen degraded protein (RDP)
and rumen undegraded protein (RUP) on milk production, N excretion in manure and
environmental N losses. However, little is known about the contribution of specific feed
ingredients to milk protein secretion, excretion of N in manure fractions, plant N uptake
after manure application to soils, and environmental N losses. Studying the incorporation
of PN from specific feed ingredients into milk, urine and feces should result in useful
information on NUE of that specific feed ingredient. In the context of understanding the
integrated nature of N use and loss in dairy systems, the objective of the study was to
quantify N partitioning and relative amounts of °N secreted in milk, and excreted in urine
and feces after feeding "N-enriched feed ingredients.

Material and methods Alfalfa silage (AS), corn silage (CS), corn grain (CG) and
soybeans (SB) were grown with applications of "'N-enriched fertilizer in the form of
ammonium sulfate, ammonium nitrate and urea. After harvest, CG was processed through
a hammer mill. The SB grain was de-hulled, flaked, and defatted with hexane to fabricate
soybean meal (SBM). The resultant meal was cooked and passed through a hammer

mill to simulate commercial heat-processing. Twelve pregnant (mean+SD; 143437 days
carrying calf) multiparous Holstein cows (264+18 days in milk) producing 35 + 3 kg of
milk/d were housed in a tie-stall barn. Cows were fed a pretreatment TMR once a day for
11 days containing (DM basis) 32.5, 31.2, 20.1, 13.5 and 2.7% of AS, CS, CG, SBM, and a
mineral and vitamin premix, respectively. On day 12, cows were blocked by milk yield and
randomly assigned within block to one of four dietary treatments, which were constructed
by replacing AS, CS, CG and SBM at natural abundance of N from the pretreatment diet
with its homologue ingredient enriched with '*N. As-fed replacement rates were 100, 75,
100 and 50% for AS, CS, CG and SBM treatments, respectively. After 4 days feeding the
"N-enriched TMR, cows were fed the pretreatment non-enriched TMR during days 16

to 19. Total fecal and urine collection was conducted on each cow every 6 hours during
days 12 to 19. Feed intake and lactation performance were also measured from day 12 to
19. Total N from feces, urine and milk N was measured by combustion assay (Elementar
Vario MAX CN analyzer, Elementar, Hanan, Germany) and N using a mass spectrometer
(DeltaplusXP Mass spectrometer, Bremen, Germany). Cumulative '°N recovery was
modelled using the NLIN procedure of SAS (2012) with a single exponential model, ,
where y(t) (% of '*N intake) is the cumulative recovery at time t; a, b and k are model
parameters representing the intercept (%), the increment over a (%) and the fractional
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constant rate (1/h), respectively. The conversion of the N in the labeled feed ingredient in
milk, urine and feces was determined as the asymptotic recovery of °N in each of pool. For
five out of the twelve cows the exponential model for feces did not converge because after

four days of sampling >N recovery in feces had hardly begun to show signs of plateauing
(See Fig 1a). For the seven cows in which the fecal model converged adequately, the

sum of the three asymptotes (milk, urine and feces) was approximately 100%. Thus the
parameter b for feces was calculated as 100 minus the asymptotic values of the models
for urine and milk from the same cow. Data was analyzed using the MIXED procedure of
SAS. Treatment was considered a fixed effect and block was considered random effect.
Least square means are reported. Significance was declared at P < 0.15 and tendency for

0.15<P<0.20.
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Figure 1 Model estimations of
cumulative recovery of 15N from AS,
CS, CG and SBM in milk, urine and
feces (Ext = extrapolation over the
8-day data collection period).
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Results and discussion Corn silage and CG

had the highest N enrichment (atom % "N of
1.857 and 2.040, respectively) whereas AS and
SBM had the lowest (atom % "N of 0.730 and
1.385, respectively) due to °N dilution by the
atmospherically-fixed N by these legumes. There
was no difference in performance and total N
partitioning among treatments (DMI [23.24+2.4
kg/d], milk yield [26.1+5.2 kg/d], N intake
[601£61 g/d], protein yield [0.89+18 kg/d], NUE
[0.23£0.05] and "N recovery [66.5+1.4%)]),
suggesting that the enriched feed ingredients

did not differ from their homologues. The

model parameter a was not different from zero,
therefore b was considered to be the asymptotic
recovery of N. Nitrogen in SBM tended to have
a greater fraction going into milk and faster rate
of appearance when compared with the other
ingredients (Figure 1a), which might be due to
greater RUP, to a more favorable amino acid
profile of the RUP fraction, and/or a greater
digestibility shown by a lower excretion in feces
(Figure 1c¢) when compared with the AS, CS and
CG. Corn silage-N had lower urinary excretion,
even though its rate of appearance tended to be
higher, compared to others feeds (Figure 1b).
Forages-N appearance rate in urine tended to be
higher than for concentrates (Figure 1b).

Conclusions The partitioning of N from different feeds exhibited distinct kinetic behavior.
The N fractions of each feed (and amino acid profile of the digested protein) likely played
arole in N appearance in either milk, feces or urine.
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Introduction The use of markers is an alternative method to the direct method (total
collection of feces), the evaluation of digestibility, which has some advantages its
simplicity and convenience as the animals need not be in metabolic cages and does not
require the handling of large amounts of material. Internal markers provide the advantage
of being indigestible components present in the feed, without therefore the necessity

of previous preparation. However, the results are highly variable, probably due to the
diversity of diets, animals and the methodologies used. In this context, the objective was
to evaluate the internal markers iADF, iNDF, DM and ADIA in two times of incubation in
situ (144 and 288 hours) to estimate the dry matter digestibility of corn silage in sheep.

Materials and methods The silage made with two hybrids were evaluated: the
conventional technology and the technology YieldGard® (by inserting genes from
Bacillus thuringiensis - Bt), with or without the addition of the inoculant (Lactobacillus
plantarum and Propionibacterium acidipropionici). The diets were composed by
roughage:concentrate of 70:30, that was provided to allow 5% remains. The diets were
prepared: 1: Conventional Corn Silage without inoculants and concentrate, 2: Conventional
Corn Silage with inoculants and concentrate, 3: BT corn silage without inoculants and
concentrate, 4: BT corn silage with inoculants and concentrate. To quantify the internal
markers present in the diets, indigestible dry matter (iDM), indigestible neutral detergent
fiber (iINDF), indigestible acid detergent fiber (1IADF), and acid detergent insoluble ash
(ADIA) was incubated in situ in two periods of time (144 and 288 hours) in F57 bags
(Ankom®). Statistical analysis was performed using Bayesian Inference.

Results and discussion The indigestible dry matter (iIDM) did not presente as an efficient
marker to estimate the digestibility of DM (Tables 1) for both times. The same way, the
acid detergent insoluble ash (ADIA) did not provide the real estimate of the digestibility
of DM. The presence of residues adhered to the tissues was observed in this study. These
contaminants adhered to the fabric of post-incubation tissues, even after washing until

the total whitening water, indicates that caution should be exercised in applying the MSi
as internal marker. Results of laboratory tests to obtain the residue acid detergent are

less variable compared to iNDF due to the absence of hemicellulose, a component that
may be the most responsible for the variations found in several experiments with internal
indicators. However, this difference can be eliminated with longer times of incubation, as
found in this study in which the iNDF shows up as a more accurate indicator that the iADF,
as the credibility interval (P2.5%; P97.5%) is lower (Table 1).
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Table 1 Bayesian estimates digestibility by diet, time of incubation of 144 and 288 hours

144 hours 288 hours

Diet Marker Average SD !Pyse  Poyse Is1 Average SD Pyss,  Porse Is3
1 TC 73.22 1.66 69.93 76.42 2.76 73.22 1.66 69.93 7642 2.76
iDM 65.03" 3.89 57.51 72.61 6.54 67.27" 1.86 63.68 70.90 3.13

iINDF 72.57° 448 63.68 81.35 7.40 72.02 0.86 70.31 73.70 1.42

iADF 72.23 1.17 6242 91.16 2.01 71.89 1.61 68.71 75.02 277
ADIA 77.09" 8.02 62.42 91.16 12.60 70.23" 5.60 5999 R80.06 8.80

2 TC 73.51 0.69 72.14 74.84 1.15 73.51 0.69 7214 7484 1.15
iDM 58.64" 3.62 51.63 65.69 6.09 67.60" 0.50 66.64 68.57 0.84

iNDF 69.42 4.68 60.13 78.59 7.73 71.87 0.78 70.33 73.39 1.28

iADF 73.27 0.75 71.81 74.73 1.28 72.10 2.37 6748 76.74 4.06
ADIA 79.54 3.50 73.14 85.69 5.50 76.49" 7.12 6347 88.99 11.1

9

3 TC 70.65 1.37 67.92 73.29 2.28 70.65 1.37 67.92 73.29 2128
iDM 59.20° 2.96 53.47 64.98 4.99 65.90 3.50 5912 72.73 5.90

iNDF 65.06 3.15 58.81 71.23 5.20 69.16 1.72 65.75 7252 284

iADF 68.44 2.68 63.21 73.70 4.60 69.70 244 6494 7448 4.18
ADIA 71.25 11.64 4990 91.69 18.30 61.94" 11.39 41.09 81.94 17.9

1

4 TC 71.95 0.97 70.01 73.82 1.62 71.95 0.97 70.01 73.82 1.62
iDM 63.83" 0.80 62.27 65.39 1.35 60.90" 1.81 57.40 64.42 3.04

iNDF 69.11 1.46 66.21 71.97 2.41 71.11 1.53 68.08 74.11 2.53

iADF 70.37 1.04 68.34 72.42 1.79 71.04 1.42 6827 73.82 243
ADIA 72.43 9.53 5497 89.17 14.99 69.63" 10.39 50.60 87.87 16.3

3

TC = total collection; SD = standard deviation;

* Statistically different from control by the Bayesian comparisons (P <0.05).
UInterval with 95% reliability (P2.5%; P97.5%).

Conclusions Rumen incubation time of 288 hours both iADF as iNDF presented
themselves as efficient markers in estimating the digestibility of dry matter. In 144 hours of
incubation, only iADF was efficient as a marker.
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Introduction Small-scale pig production in South Africa is characterised by high inclusion
of mixed cereals, for animal ration which are expensive. Feeding by-products to animals
can be an alternative to reduce feed cost. Potato hash (PH), a potato by-product that
derived from production of chips and snacks, can be used as an alternative feed resource
(Nkosi, 2009). Feeding this by-product to pigs in its fresh form is possible, however if it

is not consumed in a short period of time, it gets mouldy and quickly becomes useless for
animal feeding. Therefore, PH should be ensiled to be fed to animals. Literature on the
feeding of ensiled PH to pigs is scarce. Therefore, the present study aimed to evaluate the
feeding of LAB treated silage from PH to pigs.

Materials and methods An amount of 700 g/kg PH was mixed with 300 g/kg of wheat
bran to produce silage (PHS). The mixtures were treated with Lalsil Fresh or without LAB
(Untreated PHS).The mixtures were compacted in 210 L drums. After 90 d of ensiling,
samples were collected and analysed for fermentation characteristics. Diets that contained
200 g/kg of either LFPHS or UPHS were formulated and fed to32 crossbred pigs (Large
White x Landrace). Pigs were housed individually in a grower house and randomly
allocated to each diet. Pigs were fed until they reached 60 kg live weight. Data on the
effects of inoculants on the growth performance of pigs were analysed using SAS (2012).

Results and discussion Inoculation reduced (P<0.05) the pH and residual WSC, whereas
increased the contents of LA and AA compared to untreated PHS (Table 1). Also,
inoculation improved (P<0.05) DMI, ADG and FCR compared with untreated PHS (Table
2), as reported by Nkosi and Meeske (2010). Peters et al. (2005) obtained a growth rate of
454 g/d in pigs fed diets containing 30% sweet potato root silage, which is comparable to
the results obtained in this study.

Conclusion Inoculation of Lalsil Fresh at ensiling of potato hash improved the
fermentation characteristics and the growth performance of pigs.
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Table 1 Fermentation characteristics and chemical composition of diets (n=3)

Treatments
UPHS LFPHS SEM P-Value

Fermentation profile

pH 4.58= 4.25b 0.03 0.003
WSC g/kg 39.308 36.32b 3.65 0.260
LA g/kg DM 40.87b 52.95a 1.40 0.050
AA g/kg DM 30.352 36.16° 0.18 0.040
Chemical composition™

Dry matter 363.8b 386.3a 0.352 0.050
Organic matter 918.4b 931.52 0.125 0.001
Crude Protein 67.7° 83 .82 0.006 0.001
GE, MJ/kg DM 154 154 0.025 0.089
Ether extract 359 359 0.231 0.067
ADF 132.82 111.7b 0.068 0.001
aNDF 184.62 150.5b 0.154 0.001

GE - gross energy; ADF - acid detergent fibre; NDF - neutral detergent fibre, WSC- Water-
soluble carbohydrates; LA- Lactic acid; AA- Acetic acid, UPHS- Untreated potato hash
silage, LFPHS- Lalsil Fresh potato hash silage

*After diet formulation

Table 2 Effects of dietary treatments on the growth performance of pigs (n = 16)

Treatments P-value
Parameters UPHS LFPHS SE Trt G Trt=<G
IBW (kg) 30.44 29.98 4.47 0.032 0.077 0.064
FBW (kg) 50.48b 57.99 5.82 0.020 0.083 0.090
ADG (g/d) 201.6° 249 2a 14.23 0.010 0.069 0.089
DMI (g/d) 57.20b 69.80a 0.06 0.004 0.041 0.043
FCR (g/d) 5.50b 3.200 0.62 0.001 0.082 0.062

@b Means with different letters in a row differ significantly (P <0.05). IBW - initial body
weight; FBW - final body weight; DMI - dry matter intake; ADG - average daily gain; FCR -
feed conversionrate., Trt = Treatment, G = Gender, UPHS- Untreated potato hash silage,
LFPHS- Lalsil Fresh potato hash silage
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Introduction The conventional pig industry in Colombia uses as routine antibiotics e.g.
tetracycline and sulfonamide to prevent diarrhea mostly related to Escherichia coli and
promote growth. However, safety issues are the major concern about the general use

of antibiotics, because they might produce antibacterial resistance in animals and later
may reproduce the same effects in humans. The objective of the study was to evaluate a
fermented food using simple and low cost processes to offer probiotics to piglets from
21 to 35 days of life to observe possible health promoting effects on the growing piglets.
The lactic acid bacteria (LAB) strain CIAT L605 was isolated from sow milk and it was
selected by its potential intestinal adherence and fermentation capacity (Martens and
Heinritz, 2012). It was used as inoculum in the fermented diet for weaning piglets.

Materials and methods A pelleted and extruded diet was prepared using 32% corn, 22.5%
soybean meal, 10% rice fine dust, 10% lactose source, 5% corn gluten, 4% dextrose, 3%
malt dextrin, 2.5% extruded soybean, 2.5% fishmeal, mineral and vitamin supplies. An
artificial flavor was added to improve consumption. The chemical composition determined
in laboratory was 22.2% crude protein (CP), 6% fat, 2.3% ADF, 7.9% NDF. Calculated
contents were 3360 Kcal ME, 0.6% methionine, 1.5% lysine and 61.9 Meq/kg electrolytic
balances. The treatments were: a) Positive control with growth promoter chlortetracycline
(CON+), b) Negative control without growth promoter (CON-) and c¢) Liquid diet
fermented for 24 h inoculated with LAB CIAT L605 (Lactobacillus plantarum), the
proportion consisted of 1 kg of dry diet, 2 liters of water and one milliliter of LAB (10"
colony forming units/mL) (FER). Animals received half in a fermented food and the rest
as flour. Sixty piglets weaned just the previous day, were divided into five groups of 12
animals each for the experimental period from day 22 to day 42 of life. Each group of 12
piglets was distributed in six cages equipped with heating and each one of three treatments
was given two pairs of animals and replicated five times (block), for a total of 10
experimental units per treatment. Animals were weighed weekly (days 21, 28, 35 and 42)
during experiment and consumption was measured daily. After the end of the experimental
period pigs consumed a commercial diet with antibiotics (from day 43 to 70). Weighing
control was taken at 70 days of age to assess the long-term effects of the treatments. The
variables were analyzed using SAS, 1991, according to the model: Yij =M + Bi + Tj + (Bi
* Tj) + Eij, where M is the average, the effect of the block B, T the effect of treatment, and
E the experimental error. Analysis of variance was performed to detect differences between
treatments. When detected they were analyzed by Duncan’s test.
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Results and discussion Fermented diet tended to improve feed conversion while the
daily live weight gains and consumptions were close to the antibiotic treatment (Table

1). Fermented and Control positive treatments were superior to Control in terms of daily
live weight and conversion. In the post experimental phase those who had been fed FER
showed higher live weight gain (Table 1). However, no statistical difference was found
among treatments in this respect. The use of a strain such as LAB 605 isolated from sow’s
milk can promote a positive effect on the replication of beneficial microorganisms for
maintaining the health of piglets weaned early (Rebolledo 2014).

Table 1 Effect of a probiotic inoculum isolated from sow milk used in a liquid fermented
diet for weaning piglets

FER CON- CON+ SEM P-value (treatment)
Experimental units 10 10 10
Daily weight gain (22-42 d), 1374 99.4 142.7 36.2 0.08
g/piglet
Daily intake, g DM (22-42 d) 2947 301.8 363.3 56.2 0.06
/piglet
Feed conversion, g DM intake (22- 22 3.26 2.76 0.72 0.09
42 d)/daily gain weight

FER: fermented; CON-: negative control; CON+: positive control;

Conclusions The LAB strain L605 isolated from sow milk showed interesting probiotic
characteristics in fermented diets for piglets. The use of LAB 605 should be further
examined on its effect on health and performance of piglets.

References

Martens, S., and S. Heinritz. 2012. Silage quality of whole and crushed Vigna unguiculata
beans inoculated with lactic acid bacteria strains from sow milk. Pages 438-439
in Proceedings of the XVIth International Silage Conference, 2-4 July 2012,
Héameenlinna, Finland. K. Kuoppala, M. Rinne, and A. Vanhatalo, ed. MTT Agrifood
Research Finland, University of Helsinki, Helsinki.

Rebolledo, L., A. 2014. Aislamiento, seleccion y caracterizacion de una bacteria acido
lactica porcina como probiotico en lechones post destete. (Isolation, selection and
characterization of a lactic acid bacteria as probiotic for post weaned piglets). Thesis
of Magister in Agricultural Science. National University of Colombia, Palmira. 104p.

XVII International Silage Conference 619



Intake, growth performance, and carcass characteristics of meat-type rabbits fed with
different levels of corn stalk silage

A.P. Rios, A.A. Rodriguez, and L.C. Solorzano
University of Puerto Rico, Mayaguez, Campus, Mayaguez, Puerto Rico, 00680
Email: abner.rodriguez3@upr.edu

Keywords rabbits, silage, performance, carcass characteristics

Introduction The last agricultural census in Puerto Rico reports decreases in the number
of commercial rabbit farms and animal inventory. In 2007, there were 119 commercial
farms and 39,519 rabbits on the island, numbers that decreased to 98 farms and 33,982
animals in 2012 (USDA/NASS, 2014). Among the most important problems facing local
rabbit producers is the high cost of commercial feeds (CF); therefore, alternatives to its
use need to be evaluated. Rabbits are non-ruminant herbivores capable of degrading fiber,
thus inclusion of fermented forages might represent a useful option. An experiment was
conducted to evaluate the inclusion of corn silage (CS) in diets for growing rabbits based
on intake, growth performance, carcass yield and weight of body organs.

Materials and methods Thirty New Zealand white rabbits (averaging 5 weeks of age and
700 g live weight) were distributed by initial weight into 30 elevated cages and randomly
assigned to one of three treatments; control (100% CF), and inclusion of CS at 25% or
50% of the total dry matter (DM) offered. Corn stalk was ensiled in 5 kg sealed plastic
silos for a minimum of 21 days. Diets were offered at 5% of rabbit body weigh daily on a
DM basis during 59 days. Nutrient composition of both feedstuffs was determined using
standard procedures (AOAC, 1990; Van Soest et al, 1991), while pH and concentrations
of fermentation products of CS were determined in a commercial laboratory. Commercial
feed, CS offered and orts were weighted daily and total diet intake was calculated. Rabbit
body weight was observed weekly to determine total and average daily gain and feed

to gain conversion ratio. At slaughter hot carcass weight was recorded to determine
carcass dressing percentage. Liver, kidney, and stomach weighs were also recorded to
determined weighs of these organs as a percentage of final weight. Data collected on feed
intake, weight gain, feed conversion, carcass dressing percentage, and organ weights

were statistically analyzed using a completely randomized design with 10 replicates per
treatment and Bonferroni test for mean separation.

Results and discussion The nutrient profile of the CF utilized in this experiment is

in agreement with the manufacture’s label while the CS had a chemical composition

and ensiling characteristics typical of those observed for corn fermented in a tropical
environment (Table 1). Total intake was higher (P<0.05) in rabbits fed the 100% CF diet
(59.0g/d), than in those offered 50% CS (40.7g/d), but not significantly different from those
fed 25% CS (49.53g/d). Control rabbits showed higher (P<0.05) daily gain (Control=17.5
g, 25%CS=12.4 g, 50%CS=6.60 g) and were more efficient in feed conversion than
animals receiving either level of CS in the diet (Control=3.38, 25%CS=4.01, 50%CS=6.1).
Carcass yield percentage was lower (P<0.05) in animals fed diets containing 50% CS

than in those fed 0 and 25% CS. Similar organ weights as a percentage of final rabbit
weight were observed in the three treatments. In this experiment inclusion of both levels
of CS resulted in lower intake and productive performance than that obtained by rabbits
fed 100% CF. The CS containing diets had lower crude protein and starch contents than
the 100% CF, which might have affected animal performance. Therefore, to accomplish
desirable growing rates in rabbit fed CS, ensiling of vegetative material with higher starch
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content in combination with the use of protein supplementation seems to be necessary.
Under the conditions of the present experiment, inclusion of CS in the diet at the 25% level
did not significantly affect rabbit carcass yield, but lower yield was observed when CS was
included at 50%, which might be a reflection of nutrient density of the diet.

Table 1 Chemical composition and fermentation profile of commercial feed and corn silage

Chemical Composition (%)

[tem DM OM! Ash! CP! Starch! NDF! ADF! Lignin!
CF 93.1 93.5 6.5 17.6 17.8 371 2211 6.0
CS 26.4 97.6 2.4 9.5 0.4 63.5 41.1 59

Ensiling Characteristics (%o)
pH Lactic Acetic L/A Butyric ~ Propionic N-NH;/
CS Acid Acid ratio Acid Acid N-Total
392 6.611 1.96! 3.3712 A7 04! 10.1

! Dry matter basis, ? Lactic acid/ acetic acid ratio.

Table 2 Intake, performance, and carcass yield of meat-type rabbits fed with different
proportions of commercial feed and corn stalk silage

Proportion CF:CS

Component 100:0 75:25 50:50 P

Intake (g/d)
CF 59.03® 38.9° 22.4¢ 01
cs s 10.5° 18.3* 01
Total 59.03% 48.5% 40.7° 01

Body Weight (g)
Initial 695.0 699 .4 688.1 97
Final 1732.1* 1434.7° 1077.6° .01
Gain (g)
Daily 17.5% 12.4° 6.6° 01
Total 1037.3* 73527° 389.4° 01
Feed Conversion Ratio 3.38° 4.01° 6.17% 01
Hot Carcass Yield 9%) 49.20® 47.7° 43.8° 01
Organ weight as % final weight

Liver 5.91 5.93 5.02 12
Stomach 14.0 13.2 12.4 39
Kidney 13 13 13 93

ab Means with unlike superscripts in the same row differ p<0.05.

Conclusion Corn silage at 25 and 50% inclusion rates can be use in growing rabbit diets
but with lower productive performance than that obtained by animals fed 100% CF.
Inclusion of CS in the diet at the 25% level did not affect rabbit carcass yield.
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