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1 INTRODUCTION

1 INTRODUCTION

Aerobic deterioration in silages occurs after tlemgiration of air, for example when
damage to silo covers occurs during ensilage er afpening the silo during the feed-
out phase of a well fermented silage.

Thus, aerobic spoilage of silages represents deprofor animal feeding.

Microbial metabolic activity leads to dry matterdaanergy losses in the silage. Dry
matter losses of up to 3.5 % per day can occurgh BM silages (30 % DM) when the
temperature is elevated by 15 °C above ambienNIBand WOOLFORD, 1980). A
high proportion of DM losses can be explained bydation of fermentation acids
(CRAWSHAW et al, 1980).

Losses in energy and nutrients such as WSC andipsateduce the nutritional value of
silage for the ruminants and the accumulation dojragation products can reduce
palatability and lead to feed refusals (DRIEH&Sal, 1999).

Aerobically spoiled silage can even represent a&reetealth risk for the animal and
consequently human health if certain mycotoxins ettgy during mould growth
(MULLER, 1987; ESCOULA, 1992; AUERBACH, 1996).

Thus aerobically spoiled silage is an economic lerbfor the farmer and for these
reasons it should be prevented. Practical solusoich as attention to detail and use of
appropriate ensiling technique, i.e. a high constion of the plant material, keeping
the silo airtight and a well adapted progresside @uring the feed-out phase (>2.5
m/week in summer, >1.5 m/week in winter) are thstfand probably easiest areas to
target. In addition, additives that prolong theobér stability e.g. chemical additives
with the active agents sorbate and benzoate ordietmentative inoculant lactic acid
bacteria can be used to manipulate and improvadhebic stability of silage.

Nevertheless, if progress is to be made in addrgshis problem it will be necessary to
have a greater understanding of all causes andespattivity interactions during the
course of aerobic deterioration.

Generally, aerobic deterioration is the conseque&fiaricrobial metabolism, which is
triggered when oxygen becomes available (PAHL®&Wal, 2003). Compounds in the
readily fermented silage are converted into hedtraptabolites and the effects can be
monitored by measuring the temperature rise ancase of pH due to decomposition
of organic acids and dry matter losses. Visualggast and/or mould colonies are often
observed.



1 INTRODUCTION

The objective of this research was to identify thechanisms involved in the initial
aerobic changes in silages and the micro-organissponsible for them. Thus a model
system was developed where silage was simulated thed microbial groups
differentiated using antibiotic treatment.

This work was done during the employment in the &ketGrass Project (QLK5-CT-
2001-0498) from 2002-2005. The project had theaibje of investigating the benefits
of feeding ensiled ryegraskdlium perennelkultivars which were bred for high WSC
content to ruminants. It was divided into four woakkages addressing agronomy,
ensiling, efficiency of rumen function and livestogroduction. The ensiling
workpackage was led by the FAL. During the year822P003 observations on the
“SweetGrass” silages were made which are desciib@&PPENDIX | The questions
raised led to the current work which was carrieticuring 2004.

One assumption of the ensiling workpackage of tiogept was that high residual sugar
contents might lead to higher aerobic instabilifytiee silages as sugars are a nutrient
source that is easily to metabolise for many manganisms. Thus this aspect
represented an underlying working hypothesis otliesis.
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An awareness of the problems caused by aerobiciaeigon first arose during the
1960s. This is reflected in the increasing numléiscientific articles dealing with this
subject in the 1970s.

Many of them dealt purely with the chemical and $b&l characterisation of
aerobically deteriorating silages (e.g. OHYAMA aRNtASAKI, 1971; OHYAMA et
al.,, 1975; OHYAMA et al, 1977; OHYAMA et al, 1980; HONIG, 1975) and others
with the inhibition of deterioration by chemicaldabiological additives (e.g. GROSS
and BECK, 1970; DANIELet al, 1970; OHYAMA and McDONALD, 1975). The first
workers to recognise that yeasts might play an mapo role in aerobic deterioration in
silage were BECK and GROSS, 1964.

In this chapter those studies which concern thesiptes role of different microbial
groups responsible for the aerobic deterioratiosilafyes and were carried out over the
last four decades are reviewed.

The prevailing view of the development of the sélagpoilage flora is shown in the
figure below.

pH | | moulds
| ' (mycotoxins)
3 ygriltsetrsobacteria listeria
60 NN 1o : bacilli
5o r\ clostridia P )
‘ . Sosascdbactena s Spoilage flora
\ Crebeeee®t * | .
a0 b = s Ideal line
acidification storage feed out

time

Figure 1: Silage spoilage flora (DRIEHUIS, 2002)

As one can see, in the initial feed-out phase geasid acetic acid bacteria are
considered as the main spoilage flora followed &gilb, listeria and moulds later on.

A relevant review of this subject entitled “The mieental effects of air on silage” was
published by WOOLFORD, 1990. Since that time knalgke of the microbiological
principles of aerobic spoilage has not much expadreleept that a broader range of
potential additives against aerobic deterioraticas tbeen developed and in part
approved by various bodies in member states oEtle
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Table 1: The identity of some of the microorganigukted from aerobically deteriorating silages
(WOOLFORD, 1990)

Organism Silage Reference Organism Silage Reference
Fungi (Yeasts) Bacteria (Proteolytic)
Hansenula anomala GROSS Bacillus firmus etal. (1978
Pichia fermentans (1964) Bacillus lentus
Pichia membranefaciens | Maize gﬁsﬁ\l\i:\d Bacillus sphaericus
Saccharomyces bailii 1978 | Bacillus cereus Grass | WOOLFORD
Saccharomyces exiguus WOOLEORD Bacillus firmus etal. (1979
Candida melinii Maize et al.(1978) Bac!llus laterosporus
Torulopsis candida Bacillus lentus
Candida krusei Grass WOOLFORD | Bacillus licheniformis
Candida melinii et al.(1979) Bacillus pulvifacienes
Candida tenuis Bacillus sphaericus
Candida valida Bacteria (Lactic acid)
Hansenula anomala Lactobacillus buchneri Grass | WOOLFORD
Hansenula p0|ym0rpha Lactobacillus bulgaricus et al. (1978
. Lactobacillus viridescens
Hgn§enula subpeliiculosa Pediococcus cerevisiae
Pichia fermentans Lactobacillus buchneri | Grass | WOOLFORD
Pichia media Lactobacillus bulgaricus etal. (1979
i Lactobacillus casei
PIChI? polymorpha Wheat &|MOON and Lactobacillus coryneformis
Candida silvicola Lucerne | ELY, 1979 Lactobacillus helviticus
Candida tenuis Lactobacilus plantarum
Endomycopsis burtonii Lactobacillus salivarius
. Lactobacillus viridescens
Endomycopsis selenospora
Hansenula canadensis . . .
Candida lambica Grass JONSSON & | Bacteria (Acetic acid)
Saccharomyces cerevisiag Z_gglj)o W Acetobactessp. Maize | SPOELSTRA
Saccharomyces exiguus . . etal. (1988
Candida holmi Mai MIDDEL Bacteria (Actinomyces)

i ii aize - :

Candida famata HOVEN & Streptomycesp. Maize 81%(7:5K
Candida milleri VAN _ | 975)

o dai _ BAALEN Streptomyces griseus Maize |LYONS et
Saccharomyces dairensis (1988) al., 1975
Fungi (Filamentous)

Geotrichumsp. Maize HARA &
Monascussp. 85';{{%'\/"6‘
Mucor sp.

Mon_|llfa_sp. Maize WOOLFORD
Penicillium notatum . (unpublished)
DacFy_Io.myce.s thermophiluspmaize OBERTet al,
Penicillium piceum 1976

Thermomyces langinosus
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Fungi
Fungi are eukaryotic, heterotrophic organisms tie¢ up nutrients by active or passive
absorption.

Fungi isolated from aerobically deteriorating sdagare mainly classified as yeasts and
some as filamentous fungi and are summarised bPWKDRD, 1990, in Table 1.

Yeasts

Yeasts belong to the fungal group possessing visgeettates, either as ascomycetes or
basidiomycetes. They are generally characteriseldullgling or fission as the primary
means of vegetative reproduction and have sexatssthat are not enclosed in fruiting
bodies (KURTZMAN and FELL, 1998). As heterotropliimgi they obtain nutrients
for their growth by secreting extracellular enzym@soteases, lipases, amylases,
cellulases) which break down complex organic mdescto simple monomers that can
then be absorbed through their cell membranes (MEBID et al, 1991).

Yeasts are one group of micro-organisms that agegot at ensiling, but they hardly
contribute to the lactic acid fermentation itsé@lfiey are regarded as undesirable mainly
because of their leading role in aerobic spoilagktheir competition for carbohydrates
with lactic acid bacteria (MCDONAL[t al, 1991; OUDE ELFERINKet al, 1999a).

Yeasts are present on fresh plant material. Thenmajof these are non-fermenting
species of the gener@ryptococcus, Rhodotorula, Sporobolomyaesd Torulopsis
(MCDONALD et al, 1991; MIDDELHOVEN and VAN BAALEN, 1988). At the
beginning of ensiling yeasts and other micro-orgjausi start to grow and compete for

available nutrients until oxygen is used up.

The aerobic yeasts are followed by growth of thenfntative species as anaerobic
conditions prevail.

During the storage phase facultatively anaerobgstgecan ferment sugars mainly to
ethanol and C®(OUDE ELFERINK et al, 1999a; LENGELERet al, 1999), but n-
propanol, iso-pentanol, acetic, propionic, butyisn-butyric and lactic acid are also
formed (NORD and WEISS, 1958; MCDONAL al, 1991).

Under anaerobic conditions yeasts can be supprdssedetic acid (in combination
with 1,2-propanediol), which can be produced by,eiwample heterofermentative LAB

5
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(OUDE ELFERINK et al, 1999b). Other inhibitors are butyric and propoiaicid
(OHYAMA and HARA, 1975).

If not depressed, then after opening of the silasy® are considered to be the main
initiators of aerobic spoilage in grass silage (BJBLFERINK et al, 1999a) which
was also concluded from the studies described beldve majority of the yeasts
described in literature are able to assimilateidaatid and ar€€Candidaspecies or are
strains of Saccharomyces cerevisigelOLDEN and BLACKBURN, 1987). On the
other hand a dominance d?ichia anomalain perennial ryegrass silages was
demonstrated (MARTENS and PAHLOW, 2003).

™ T d

Figure 2: Pichia anomala, left: cells, 100x mageidfj right: branched pseudohyphae, 10x magnified

The deleterious role of yeasts in silages on exgosuair was related to their particular
ability to oxidise lactic acid (BECK and GROSS, 496 The pathway was described by
ROOKE and HATFIELD, 2003.

Lactic acid (CH-CHOH-COOH) + Q -----========mmmmmmmmmmmmm oo 2> CO; + HO
Glycolytic pathway, tricarboxylic pathway

Figure 3: Oxidation of lactic acid by yeasts (ROO&& HATFIELD, 2003)

Studies focussing on yeasts in ensiled forages themmenced (BURMEISTER and
HARTMAN, 1966; BUCHER, 1970). DANIELet al, 1970, summarised the works of
BECK and GROSS, 1964, WEISE, 1963, and HONIG, 1%%] a relationship
between yeast numbers and aerobic stability ofeflavas found. Strictly anaerobic
storage of silages kept yeast numbers low. Howesign a yeast population size of
< 10 cfu/g FM at the time of opening the silage did netessarily mean that silage
was aerobically stable (OHYAMA and McDONALD, 1976t(ENDERSON et al,
1979; MARTENS and PAHLOW, 2003, see Figure 4, blat p).
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Unstable Ryegrass Silages 2002

71 | Low DM ~ 25 % DM

o i é High DM ~ 35-40 % DM

= |
I

Yeasts log cfuw'g FM
I

1 2 2 4
Low DM, High DM, Lew DML High O,
oxstight orstight asrcled  ceced
n=13 n=24 n=9% n=10

Figure 4: Frequency distribution of yeasts in ufdéalaboratory grass silages (untreated control)
counted on malt extract agar; box plot 1 — from oM silages stored airtight over 90 days, box @t
from high DM silages stored airtight over 90 dalysx plot 3 — from low DM silages with defined air
infusion over 49 days storage period, box plotfdom high DM silages with defined air infusion o
days storage period (MARTENS and PAHLOW, 2003)

This figure shows that high yeast numbers of gellsges stressed with air during the
storage period were correlated to the aerobic hilgiaof those (box plots 3 and 4). If
low DM silages were aerobically unstable after stight storage period, yeast numbers
> 3 log cfu/g FM were found. If high DM grass siémgdeteriorated on exposure to air
after a gastight storage period yeast numbers cathlidr be high or low.

This lack of correlation between yeast numbers spuadlage is not restricted to silages
but has also been noted for wines (DEAK and REICHAEO86).

In the 1980s JONSSON developed a synthetic platemtcmedium which contained
lactic acid as sole carbon source to select yedstdh can utilise lactic acid aerobically
(JONSSON and PAHLOW, 1984; JONSSON, 1989). Howewnethe own preparatory
work (seeAPPENDIX ) it was found out that the medium does not necigsxclude
other yeasts, as some use the nutrients storedtfrersilage and might even exchange
them with “non-storage” yeasts.

Studies from MIDDELHOVEN and FRANZEN, 1986, showtdht the ability of the
Candidaand Saccharomycestrains investigated, to assimilate lactic acity @tcurred
or increased with decreasing pH (see AB®ENDIX ).

Moulds

Moulds usually develop alongside or following trecdltatively anaerobic yeasts as
they prefer aerobic or microaerophilic conditioMAGAN and LACEY, 1984). Their
influence on initiating aerobic deterioration isnealered to be low (WOOLFORD,
1990). One exception iRenicillium roquefortiwhich regularly developed on solid
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medium containing lactic acid as a sole C-soura# iadicated that it was used as a
nutrient (PAHLOW, 2005). However, moulds contribuie spoilage at the silage
surface and some produce undesirable mycotoxieszidaralenone, roquefortin C and
others that have the potential to have negativectsffon animal health (AUERBACH,
1996; Oldenburg, 1991).

Bacteria

Bacteria are prokaryotic organisms that take uprients by active or passive
absorption.

Bacteria isolated from aerobically deteriorating@es comprise the lactic acid bacteria,
proteolytic bacilli, acetic acid bacteria amtttinomyces(Table 1, summarised by
WOOLFORD, 1990). Furthermore, listeria and closéridave also been found:

Bacillus spp. are endospore-forming aerobic bacteria widrnhotolerant or even
thermophillic properties and use a wide range obalaydrates as substrate. They
probably contaminate silage mainly through soimanure (RAMMERet al, 1994,
cited in OUDE ELFERINKet al, 1999a). Bacilli can play a role in the later stsg
of aerobic deterioration (LINDGREBMt al, 1985).

Acetic acid bacteria are obligate aerobic, acié+mit bacteria using ethanol, lactic
and acetic acids as preferred substrates and here ibolated from maize silages
(SPOELSTRAEet al, 1987). They can largely contribute to aerobicedetation
through their ability to oxidise organic acids (S TRA et al, 1988).

LENGELER et al., 1999, described the oxidative paijn

CoHsOH ---2> CHsCHO - e - CH4Op - 2> CO
Ethanol --> Acetaldehyde - Acetaldehyde hydrate = Acetic acid --=> CO;,
Alcohol dehydrogenase Acetaldehyde dehydrogenase

Figure 5: Oxidation of ethanol to acetic acid to £y Acetobacter (LENGELER et al., 1999)

Streptomycespecies which belong to the famisctinomycesare aerobic bacteria
usually present in soil with the ability to degradellulose and other structural
carbohydrates. They have been isolated from maiages(BECK, 1975), but their
role in aerobic deterioration has not been estagdis

The pathogenic aerobic bacteridnsteria monocytogenelsas often been isolated
from aerobically spoiled silages (FENLON and WILSON96; COANet al,
2005). It can be isolated in low numbers from saill plants and its growth in silage

8
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is accelerated when oxygen is available (DONA&Dal, 1995). Thus it has been
associated with aerobic spoilage.

- An increase in spore numbers of the obligately eotae Clostridium spp. was
observed in the surface layers of maize silageopd#ned clamp silos. Their
development was attributed to growth in anaerolbes where pH was elevated
due to aerobic deterioration (DRIEHUIS and TE GREEF2005). The pathway for
their activity was described by SCHLEGEL, 1992.

CH3-CHOH-COOH + GH,O,  ----- —> CH;CH,CH,-COOH + HO + CQ

lactic acid + acetic acid --=>-butyric acid +#0 + CO

Figure 6: Butyric acid fermentation by Clostridiugrobutyricum (SCHLEGEL, 1992)

- Lactic acid bacteria are regarded as desirableomiganisms in silage and are part
of the epiphytic microflora of the plant materiasponsible for the lactic acid
fermentation.

However, some investigations implicating bactertzoveed thatLactobacillus

numbers can rise during the first days of spoil§gg®OOLFORD and COOK,
1978;WOOLFORDet al, 1978; WOOLFORDet al, 1979).

A possible metabolic pathway was found for hetero@ntative LAB (i.e.

Lactobacillus buchnerandL. brevig in silages. They were able to convert lactic
acid to acetic acid (BUCHER, 1969, in BECK, 1968kaown below.

MADH+H MADH+H*

MAD MAD*
coon |"}" Ho-o | HC-OH
tactie con L+ HCOH —w HC-OH
& | |
CH: CH: CH:
MAD —— Lactaldehyde 1,2-propansadial
MADH+H* =
COOH
muvic L
P,ru.r_w: C=0
acid |
CHa
MAD* ——_|
] A =4t S
MADH=H NADH=H* MADH+H*
| MaDH | MAD®

SCaA () ()
. | \ HC=0 \ HaC-0H
AcetyiCos Cc=0 L W ] L N |
| CH3 CHa
CHa -

Acetaldehyde Ethanol
ATP -—-'i

OH
Acetic acid E|:=O
CHz

Figure 7: Anaerobic degradation pathway of lactixichto acetic acid and 1,2-propanediol by
Lactobacillus buchneri (OUDE ELFERINK et al., 1999b
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CRAWSHAW et al, 1980, made a general observation based on matrobunts in
grass silage on exposure to air, i.e. an incraasetal bacterial numbers was reflected
by a decrease in yeast numbers.

Results from other studies based on microbial wetre inconclusive (HENDERSON
et al, 1979). Yeast counts increased during 9 days raitiae whether DM losses were
high or low and neither increasing or decreasinglmers of bacteria were related
directly to susceptibility to aerobic deterioration

There is however evidence to suggest that yeastdaatic acid bacteria grow linearly
with increasing oxygen content (REES and LOWE, 1984

There are still many questions to be answered emetative roles of different microbial
groups during aerobic deterioration of silage dmnid thesis will address some of these
uncertainties.

10
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3 TASK AND AIM

The aim of the work was to further elucidate thenaliological principles of aerobic
changes in silages, i.e. the relative roles ofdrétyeasts and eventually moulds.

A review of research on spoilage by yeasts durgglast 50 years including the food
sector concluded that “little has changed in thewdedge of the biological processes
and microbial interactions involved” (LOUREIRO andALFEITO-FERREIRA,
2003).

Another evaluation on scientific literature on dsecospoilage of silage by URIARTEL
al., 2001, concluded that yet “there is not a compleigerstanding of the microbiology
of aerobic deterioration”.

A summary of the numerous works carried out indisahat most results have been
obtained using classical plate count methods. Thppeoaches have to be judged with
caution because

1. They have a wide margin of error,
2. They do not always reflect activity (SEALdE al, 1990).

3. They might underestimate the number of viable cdROSZAK and
COLWELL, 1987).

During the Eurobac Conference in Uppsala, Sweaeh986 it was postulated:

“Thus a microbiological analysis should always be aompanied by a measurement
of activity such as pH value, metabolite production or a timeasurement of
microbial activity such as ATP production.” (SEAIEE al, 1990)

In this research project, to address this claimhwising a practical and feasible
approach a method was developed which simulatagesitonditions in a batch culture
and where the pH course and some metabolites we@sured as indicators of
microbial activity.

Four different types of experiments were set uusatyally.
Experiment type A:

Single yeast strains, isolated from grass silages lactate agar; JONSSON and
PAHLOW, 1984) were inoculated into synthetic laetatedium.
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3 TASK AND AIM

Experiment type B:

The mixed microflora of silages was inoculated yntketic lactate medium to extend
the investigations on bacteria and their possibteractions. Antibiotics were used to
distinguish between fungal and bacterial activiW@QOLFORD et al, 1977;
WOOLFORD and COOK, 1978; WOOLFORé® al, 1979).

Experiment type C:

“Silage medium” with the indigenous microflora, ginal pH and nutrients in their
given ratios was used to represent the original pgexnenvironment, together with
antibiotics as in Experiment type B.

Experiment type D:

Autoclaved silage medium was inoculated with singlasts or bacterial strains isolated
from silages, to reproduce the effects of the #gtigf the indigenous microflora in
Experiment type C.

The 4 principle working hypotheses were:

* Referring mainly to Experiment type A:

Hypothesis 1:

The pH does not influence the amount of lactate consumed by yeasts.

The hypothesis was disproved if there was a sigamti difference o =0.05) in the
lactate concentration after 224vh) and 45 hz 2h) between the treatment at pH 3.8 and
pH 5.5 (or> 4.4 in Experiment type C and D).

» Referring to the other 3 experiment types:

Hypothesis 2:

The decomposition of lactate and therisein pH is solely caused by yeasts.

The hypothesis was disproved if lactic acid decositppn and eventually pH rise was
observed in the antifungal treatment.

Hypothesis 3:
Aerobic changesin silages are dominated by yeast activity.

The hypothesis was disproved if the control diffesegnificantly ¢ =0.05) from the
antibacterial treatment.

12



3 TASK AND AIM

Hypothesis 4:
The decomposition of lactate and the rise in pH is not influenced by other available
carbon sources and compounds.

The hypothesis was disproved if the changes oagunirireatments without additional
C-sources differed significantlyr (=0.05) from the treatments with additional carbon
sources.

13
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4 MATERIALS AND METHODS

4.1 Shaken batch culture system
Experiments were carried out in a shaken batcluiystem.

Definition: “Batch cultures describe growth occagiin a fixed volume of culture
medium that is continuously being altered by theatnelism of the growing organisms
until it is no longer suitable for growth. Duriniget early stages of exponential growth in
batch culture conditions may remain relatively Eabut as the cell number increases

drastic changes in the chemical composition ohtleelium occur.” (SMITH, 2004)

Aliquots (40 ml) of the medium were transferredsterile Erlenmeyer flasks (100 ml).
The inoculated medium was covered by sterile aliwmnfoil. To achieve aerobic
conditions the samples were shaken on orbital skaKevo orbital shakers were used:
Infors HT (Infors AG, Basel, Switzerland), KS250kaqIKA Labortechnik) as
available. The speed was adjusted to about 175 apeording to subjective visual
criteria: the whole medium should be sufficientlyoved so that all cells would
constantly get in touch with air.

To observe mould or pellicle (BECK and GROSS, 19fi4)wvth there was usually one
not shaken sample per silage.

The samples were incubated in an air-conditionedirat 25 °C, usually for 2 days.

For inoculation yeast and LAB strains were isolafieshm high DM (35-40 %) grass
silages and were cultured for Experiment types & @nFor Experiment types B and C
a mixed microflora was used which was extractednftbe silages together with the
natural medium for Experiment type C (for detad® ¢1.1.1 to 4.1.4). For Experiment
type C high DM silages were used which were presuitoe be prone to aerobic
deterioration (characterisation of the silages4se3).

In the following the subtypes of the experiments geferred to as A, B, C, D 1, 2 et
sqq..
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4 MATERIALS AND METHODS

Table 2: Experiment types

Experiment type A| B| C| D
Synthetic medium X | X

Silage medium X
Sterile silage medium X
Yeast isolates X X
LAB isolate X
Mixed microflora X | X

4.1.1 Experiment type A —Synthetic media, mono-cultures

In this type of experiment first the requiremerts factate oxidation by yeasts were
investigated, that is primarily air ingress: unstraland shaken, lactic acid concentration
and pH conditions.Within experiments the effectevhperature (20 °C and 25 °C) and
length of incubation was generally tested.

In a second step a comparison was made of lacsatmigation by 4 yeast isolates at a
low and high lactate concentration and a low aigth fpiH.

Synthetic medium
The nitrogen source was based on Yeast Nitrogee Baico™ #233520). The only

carbon source was lactic acid. There were 4 diftereedia. The two lactic acid

concentrations, 0.5 and 2.0 % v/v, were choserepoesent extremes found in silage
under practical conditions on FM basis. The two ladels were adjusted to the
extremes in grass silages of 3.8 and 5.5 usingNakaH.

Table 3 : Media 1-4

% lactate| 2.0| 0.5
pH

3.8 1 3
55 2 4
Inoculants

Yeasts fromLolium perennesilages (2002) which had developed on lactate agae
isolated and identified in the own laboratory (akiag subcultures for spatial isolation,
BAST, 2001; identification seARPPENDIX V. Four yeast strains were selectBithia
anomala(CBS 113 and CBS 605) as the most common yeastifidd, Issatchenkia
orientalis (CBS 1910) as another known lactate utiliser 8adcharomyces cereviseae
var. cereviseadCBS 1782) as a further yeast commonly preserthéninvestigated
silages. The identity of these selected isolatesistgewas later on confirmed by the
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4 MATERIALS AND METHODS

DSMZ. For inoculation they were grown in 40 ml maktract bouillon for 24 h at
30 °C (recipe seAPPENDIX 1V} .

Experiment A 1
* 4 media as described above
» Conditions: shaken, not shaken, 20 °C and 25 °C
e Inoculant: 1 ml of @ichia anomalaculture (CBS 113)

» 2replicates

uninoculated control, 4 media, shaken, 25 °C, epéaate

Table 4: Experiment A 1

Variant 112|345 6| 7| 8| 9 10 11 12 183 14 1 16 17 18 [19 20
Medium 1 X | x| x| x X

Medium 2 X | x| x| x X

Medium 3 X | x| x| x X
Medium 4 X | x| x| x X
Agitated X X X X X X X X X | x| x| x
Stationary X X X X X X X X

20 °C X | X X | X X | X X | X

25 °C X | X X | X X | x X | x| x| x| x| x
P.anomalall x | x [ x [ x | x| x| x| x| x [ x| x| x| x| x| x| x

No of repl. 221 2] 2| 2| 2] 2 21 2| 2 21 2 22 22 2 32 ] I 1

Experiment A 2
* 4 media as described above
» Conditions: shaken, 25 °C
* Inoculants: 0.1 ml of the 4 yeast strains descrédsave

» 3replicates

Table 5: Experiment A 2

Variant 12|34 5] 6] 7 8 9| 10 11 12 13 1p 1b 16
Medium 1 X | x| x| x
Medium 2 X | x| x| x
Medium 3 X1 x| x| x
Medium 4 X | x| x| x
P.anomala 1] x X X X
P. anomala 2 X X X X
S. cerevisiae X X X X
|. orientalis X X X X
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4.1.2 Experiment type B —Synthetic media, mixed cultures

In this experiment the ability of the mixed micth of a silage to decompose lactate
and possible interactions between bacteria and fuege studied.

Synthetic medium

Media 3 (0.5 % lactic acid, pH 3.8) and 2 (2 % d&et pH 5.5) were used (details see A)
presuming a similarity to the pH and lactic acidhtemt of the silage which the
inoculant was extracted from (see below).

Inoculant

Fresh silage extract (1 ml), a 1:5 dilution wascimated to 40 ml aliquots of lactate
medium. To obtain the dilution 260 ml distilled rite water were added to 65 g silage
FM. The microorganisms were extracted during 5 mia Stomacher. The volume of 1
ml for inoculation was chosen to provide a suffiti@mount and diversity of silage
micro-organisms but at the same time to minimise tlansfer of nutrients from the
silage to the synthetic medium.

Antibiotics
To distinguish the activity of fungi and bacterigibiotics were used.

Antimycotic (AM): 1 ml of a 5 % Delvocid® (Natamyt) suspension, autoclaved, was
added to 40 ml aliquots of medium.

Antibacterial (AB): 1 ml of a Penicillin / Streptgimin solution, filter sterilised, was
added to 40 ml aliquots of medium. Stock soluti6r8 g Penicillin-G K-salt, 0.3 g
Streptomycin sulphate, 100 ml distilled water.

As a control to determine the effectiveness of dhgbiotics, both AM and AB were
combined (MB) as one treatment.

Experiment B 1

* 4 treatments with 3 replicates: Control (C), Anttemaial (AB), Antimycotic
(AM) and MB treatment. Medium 2 (2 % lactate/ pHb)5.microbial extract
prepared from grass silage 1D 15.
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Experiment B 2

* 4 treatments with 3 replicates: Control (C), Antteaial (AB) and Antimycotic
(AM) treatment. Medium 3 (0.5 % lactate/ pH 3.8)crabial extract prepared
from maize silage ID 16.

Table 6: Experiment B and ExperimenB 2

Treatment 1 2 3 4 5 6 7 8

Medium 2 X X X X

Medium 3 X X X X

C X

AB X X

AM X X

MB X X

Grass silage X | X | X

Maize silage X | x| x| x

4.1.3 Experiment type C —Silage media, mixed cultures

This type of experiment served to investigate g ¢bmplex microbial behaviour in an
environment similar to silage.

Silage medium

Silages were extracted with sterile water in thera:5, i.e. one part of silage (g FM)
and 4 parts of water (ml), for 5 min in a StomacHére ratio was adopted from a rapid
fermentation test developed by PIEPERal, 1996, and ZIERENBERG, 2000, using
minced fresh grass and water.

The chemical and microbial composition of silagesdiin these experiments is shown
in tables 7 to 9. All silages except ID 15, 16 &&lwere taken from laboratory scale
silos made in 1.5 | WECK® jars in 2004 preparedtfe EU project SweetGrass

(QLK5-CT-2001-0498)(method presented by PAHL@WAI, 2004).

For preparing those silages herbage was wiltegpmroximately 24 h, cut to 15 mm
length and filled into the WECK jars with a poreluoe of about 4.5 I/lkg DM, that is

about 670-610 g FM in 1.5 | volume for a DM cont@&iit35-40 % in 4 replicates.

Silages were stored for 49 or 90 days. To simudateoptimal conditions on the farm
and to enhance undesirable yeast growth silages eirallenged by defined air infusion
for 8 h after 4 and 6 weeks if stored for 49 dayafter 4, 8 and 12 weeks if stored for
90 days by opening two rubber seals allowing aiaimd outflow.

All laboratory silages except ID 25 (inoculated twitcommercially available
Lactobacillus plantarunstrains) were control silages, i.e. fermented authadditives.
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4 MATERIALS AND METHODS

Those high DM silages were chosen because it vessipred that they were more prone
to aerobic deterioration due to lacking additiveatment and controlled air ingress
during storage.

One out of four replicate silages (spare sample)taken for the batch culture.

The other 3 replicates served for chemical analgseistogether with a sample of the
replicate for batch cultures for the evaluation a@robic stability by temperature
measurement according to HONIG, 199®PENDIX I).

Silages ID 15 and 16 were taken from bunker silbthe FAL experimental station.
Silage ID 32 was a laboratory silage in a 20 | glgs similar to an desiccator. The
method of HONIG was applied to samples of thesges as well.

All grass silages except ID 15 (original grass wwmn) were made froniolium
perenne Lucerne stands fdvledicago sativa

Table 7 Chemical composition of silages used for prepamaaf the silage medium (% DM); used in
Experiment type C

Silage|Trial WSC » BC [Meq/kg
ID ID Type of silage | Age (monthg) % DM| pH |(HPLC)|Fruct. [Gluc. [Suc. |Fructan|DM]

15 1Q Grass ~8.0 254 4pb 2.3 0.n o0 1.9 (0] (3] 778.9

14 11 Maize ~7.0 31.7( 3. 0.0 0. 0p ofo 0.p 590.7

17 14 Grass 15 384 48 135 105 29 Q.1 0l4 556.8

19 13 Grass 1.5 37.3 4.y 15.Y 12|5 31 Q.1 1|3 523.8
Grass/lucern:

20 1375/25 15 38.3( 4.4 117 9.4 22 00 1.2 653.6
Grassl/lucern

21 1350/50 15 40.1 4.9 7.2 5.6 1.4 0.p 1.4 775.5

24 14 Grass 3.0 379 48 124 9.8 215 Q1 0f3 538.2

25 14 Grassl(.plant.) 3.0 38.7| 4.0/ 10.8 8.7 21 o. 0.7 706.7

264 14 Grass 3.0 374 46 185 143 41 Q.1 0/8 544.6
Grass/lucern:

27 1475/25 3.0 389 44 142 111 3p 0Jo 0.8 669.7

30 19 Grass 3.0 322 46 157 1312 16 Q.9 1{2 541.9
Grassl/lucern

31 1475/25 3.0 34.9( 4.4 10.7] 9.1 0.8 08 0. 689.7

32 19/2( Grass 3.0 39.9 4B 118 96 16 Q.0 0f9 603.2

34 23/24 Grass 6.0 374 4y 8.9 6.p 6 Q.0 0|6 666.6

* sum of fructose, glucose and sucrose
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Table 8:Volatile fatty acids and ethanol [% of FM]; Expegnt type C

Silage | TriallD [Type of silage | %DM(cor.) |Lactic | Acetic |Propionic |Butyric acid | Ethanol
ID acid |acid acid (sum) *

15 10 Grass 26.8 1.12 0.94 0.08 0.01 0.12

16 11 Maize 32.6 2.74 0.37 0.02 0.00 0.3B

17 12 Grass 39.3 1.14 0.31 0.04 0.03 0.31

19 13 Grass 37.6 0.94 0.26 0.02 0.02 0.38

20 13 Grassl/lucerne 39.0 1.44 0.33 0.01 0.03 0.29
75/25

21 13 Grass/lucerne 40.9 1.96 0.36 0.03 0.00 0.31]
50/50

24 14 Grass 38.7 1.13 0.31] 0.05 0.03 0.37

25 14 Grassl(plant) 39.4 2.40 0.15 0.10 0.02 0.30

26 15 Grass 38.1 1.1 0.29 0.01 0.02 0.43

27 15 Grass/lucerne 39.5 1.57 0.29 0.00 0.02 0.29
75/25

30 17 Grass 33.1 0.8¢ 0.21] 0.11 0.04 0.57

31 17 Grass/lucerne 35.6 1.20 0.32 0.10 0.04 0.23
75/25

32 19/20 | Grass 38.6 1.10 0.3§ 0.21 0.04 0.61

34 23/24 | Grass 37.4 1.1y 0.69 0.18 0.08 0.11

*sum of i-butyric, n-butyric, i-valeric, n-valerignd n-hexanoic acid

Microflora
The population density in 10 g silage FM correspotw about 46-47 ml aliquots of
silage medium.

The microbial composition of the silages is showthie Table 9 below.

Table 9: Numbers of micro-organisms used to prepgheesilage medium used in Experiment type C
(log cfu/g FM)

Silage ID | Yeasts Moulds Aer. bacteria| LAB
15 <2 (n.d.) 8.5 -
16 5.9 n.d. 5.2 -
17 7.4 n.d. 7.0 -
19 6.4 n.d. 7.6 -
20 n.d. 6.3 6.9 -
21 n.d. 7.0 7.2 -
24 7.0 n.d. 5.2 5.3
25 5.4 4.9 4.5 <5
26 6.8 n.d. 5.7 5.7
27 6.1 6.4 5.4 5.4
30 6.7 n.d. 6.0 4.9
31 6.8 n.d. 6.0 5.4
32 6.6 n.d. 6.9* 6.0
34 6.2 n.d. 6.8* 6.5

n.d.= not detected; - = missing value; * on plaiart agar
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3) Centrifugation 4) Fill in vials 5) Measurement by HPLC

Figure 9: Sample measurement
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Antibiotics
Antimycotic AM:

1 ml of a 5 % w/v Delvocid® (Natamycin) suspensiantoclaved, was added to 40 ml
aliquots of medium.

Antibacterial AB:

a) 1 ml of a Penicillin / Streptomycin solution wakdr sterilised and added to 40
ml aliquots of medium.

Stock solution: 0.3 g Penicillin-G K-salt, 0.3 gr&§ttomycin sulphate, 100 ml
distilled water.

This composition was used for the silages 15, Ib61h For the latter it did not prove
to be sufficiently effective in the MB treatmentn{@gacterial + antimycotic), i.e.
particularly in grass silages. Thus the compositiescribed below was used:

b) A modified antibacterial solution (0.8 ml) descibdy WOOLFORD and
COOK, 1978, was filter sterilised and added to 4@lmuots of medium.

Stock solution (100fold): 500 mg Chlortetracyclis®0 mg Penicillin-G K-salt,
500 mg Chloramphenicol, 500 mg Streptomycin sulph&af50 mg Bacitracin,
100 mg Polymyxin B, 100 ml distilled water.

The utilisation of dye rose bengal as suggested/DOLFORD was abandoned
because of the fungistatic effect sometimes obger/dARTIN, 1950;
MOSSELet al, 1980).

As a control on the effectiveness of the antib®tisoth AM and AB were combined
(MB) in Silages ID 15, 17, 19, 24.

Additives

Tannic acid

1 ml of a 5.7 % (w/v) tannic acid solution, filtsterilised, was added to 40 ml aliquots
of silage medium. This corresponded to a tanninceotration equivalent to about
2.5 % in the DM of fresh whole plant lucerne (233%) (MILTIMOR et al, 1970) or
of a wilted lucerne silage (~ 40 % DM) mixed withags (60 % lucerne in FM). The
origin of the tannic acid was the quebracho woasp{dosperma quebracho-blanca
South American tree.

Fructose

To study the effect of residual WSC fructose wadeadat two different concentrations.
Fructose was chosen as the predominant sugaifteftemsiling of perennial ryegrasses
(Lolium perenng(own observation).
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One or 2 ml resp. of a 30 % wl/v filter steriliseddtose solution were added to 40 ml
aliquots of silage medium. This corresponds to htyi@ % and 6 % fructose resp. on
silage FM base. Assuming a DM content of 40 % tusesponds to about 7.5 and
15 % fructose in the DM.

Potassium chloride

Potassium chloride was used to increase the osmpoggsure in the silage medium.
Potassium was preferred to sodium due to its |ladweicity against yeasts (ONISHI,
1957). To adapt the medium to the osmolality ohhHyM grass silages a concentration
of 8 % w/v KCI| was used. According to WEISSBACH,689 this corresponds to the
osmotic pressure prevailing at about 40 % DM oflage. Silage samples (ID 17, 30,
34) measured by an osmometer were at the leveBe?2.Z osmol/kg.

Varying pH

To decrease the pH concentrategb8, was used. k50O, was chosen because it is an
inorganic acid with little side assumed effect, eptcthe release of 'Hons. Due to its
high concentration the volume needed was so simatlthe effect on the total volume
of the medium was minimised.

Oxygen

To test the influence of different aeration regintles liquid volume to air space ratio
was varied, i.e. 200 ml Erlenmeyer flasks wereetbstersus 100 ml flasks.

Grass silages:

Experiment C 1
» 3 treaments with 3 replicates: Control (C), Antiteaial (AB) and Antimycotic
(AM) treatment. Silages ID 15, 17, 19, 24, 25, 28, 32, 34. (9 silages in total).

MB treatment was applied for silages ID 15, 16, 19, 24. Aerobic stability
test.

Experiment C 2
» 3 treatments with 3 replicates: C, AB and AM + JFructose in FM. Silages ID
17, 19, 24, 25, 26, 30. (6 silages in total).
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Experiment C 3
« 3 treatments with 3 replicates: C, AB and AM + @ructose in FM. Silages ID
19, 32, 34. (3 silages in total). Aerobic stabitigt.

Experiment C 4
* 6 treatments with 3 replicates: C, AB and AM in 8Kl solution in 100 ml
and in 200 ml erlenmeyer flasks. Silage ID 34.

Experiment C 5
« 2 treatments with 3 replicates: C and AB + 0.57&ntc acid in FM. Silage
ID 17.

Experiment C 6
* 6 treatments with 3 replicates: pH of the mediurjustéd to 3.8, C, AB, AM
without and with 6 % fructose. Silage ID 32.

Table 10: Treatments ExperimentlC Experiment (B

Treatment Cl|C2|C3|C4|C5|C6|C7|C8
C

AB

AM

+ 3 % fructose
+ 6 % fructose X
+ tannic acid X
8 % KCI X
Adj. pH 3.8 X
200 ml volume
Grass silage X | X | x| x| x| X
Grass-lucerne sil. X| X
Maize silage
Aerobic stab. test | x X

X | X [ X | X
x [X [X X

I+

I+

Silages other than pure grass

Experiment C 7

» 3 treatments with 3 replicates: Control (C), Antteaial (AB) and Antimycotic
(AM) treatment. Maize silage ID 16, Grass-lucerit@éges ID 20, 21, 27, 31.
(5 silages in total).
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Experiment C 8

» 3 treatments with 3 replicates: C, AB and AM + 3ructose in FM. Grass-
lucerne silages ID 27, 31. (2 silages in total).

4.1.4 Experiment type D —Autoclaved silage media, mono- & co-cultures

This type of experiment served to confirm the caosidns made from the results of
Experiment type C under defined conditions. Ondtier hand, some of results found
in Experiment type D were confirmed in Experimeyge C or vice versa.

In this type of experiment defined isolates weiirlated into sterile silage medium.

Silage medium

Silage medium was prepared as described in Expetitgpe C. It was autoclaved at
110 °C for 15 min. By plating on MEA it was ensuribat no microbes had survived.
One maize and one grass silage were used. The midage was taken from a silo
bunker from the FAL experimental station. The grasage was chosen from farm
silages where the detailed composition was alrdabyvn with the criteria of being a
silage of > 30 % DM and judged to be a good silageording to the DLG key
(ANONYMUS, 1997).

Table 11: Chemical composition of silages usedfeparation of the silage media (% DM) used in
Experiment type D

Type BC

of Age % WSC * [Meqg/kg
silage | (months) |DM |pH (HPLC) | Fruct. | Gluc. | Suc. | Fructan| DM]
Grass 10 326/ 44 24 1.7, 0.7/ 0. 0.4 934.7
Maize ~7 31.7| 3.8 0.0 0.0/ 0.0 0. 0.9 590.}7

* sum of fructose, glucose, sucrose

Table 12: Organic acids and ethanol [% of FM] ofagies used in Experiment type D

Type

of |%DM Propionic | Butyric acid

silage | (corr.) | Lactic acid | Acetic acid acid (sum) Ethanol
Grass| 335 2.72 0.50 0.00 0.05 0.19
Maize | 32.6 2.74 0.37 0.02 0.00 0.33
Inoculants

2 yeast strains as described in 4.1.1 were ubBechia anomala(CBS 113) and
Saccharomyces cereviseae var. cerevis@aBS 1782). For inoculation they were
grown in 40 ml malt extract broth for 24 h at 30. Aiquots (0.1 ml) were inoculated
into the silage medium.
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One LAB strain was isolated from 2 days batch celtirtom silage ID 19, found on
Rogosa agar. It showed no production of,@iDring growth on glucose and was as
such revealed as a homofermentative LAB. It waatitled asLactobacillus plantarum
by the DSMZ. For inoculation it was grown in 40 MRS broth for 24 h at 30 °C.
Aliquots (0.1 ml) were inoculated into the silagedium.

For recipes for the broths used $dPENDIX IV

Additives
Fructose

Fructose (6 % w/v on FM) base was added to stueetfect of the amount of residual
WSC (see Experiment type C).

Potassium chloride

An 8 % KCI (w/v) solution was made using sterile [Kdbd autoclaved silage medium
to adapt the osmotic pressure in the medium topteatailing in silages.

Adjustment of pH

To increase the pH of the silage medium 5 M NaOl wsed. To decrease the pH
concentrated k60, was used.

Oxygen

To test the influence of different aeration regird@® ml Erlenmeyer flasks were tested
in comparison with 100 ml flasks.

Experiment D 1

* 6 treatments with 3 replicateBichia anomalalLactobacillus plantarumPichia
anomala + L. plantarum were inoculated into grass silage or maize silage
medium.

Experiment D 2
« As for D1, but + 6 % fructose on FM base.

Experiment D 3

» As for D1, but maize silage medium adjusted topheof the grass silage (4.4)
and vice versa (3.8).

Experiment D 4
* As for D3, but + 6 % fructose on FM base.

26



4 MATERIALS AND METHODS

Experiment D 5
« 3 treatments with 3 replicateBichia anomalalLactobacillus plantarumPichia
anomala+ L. plantarumwere inoculated into medium extracted from grass
silage containing 8 % KCI.

Experiment D 6
* As for D5, but + 6 % fructose on FM base.

Experiment D 7
* 3 treatments with 3 replicateBichia anomalalLactobacillus plantarumPichia
anomala+ L. plantarum were inoculated into grass silage medium. 40 ml
aliquots of medium were transfused to 200 ml Erlepen flasks, instead of 100
ml flasks.

Table 13: Treatments ExperimentlEExperiment D9

Treatment D1 | D2| D3| D4| D5 Dg D7 D§ D9
Pichia anomala X X X X X X X
Saccharomyces cerevisiae

P. anomala + S. cerevisiae

Lactobacillus plantarum X X | X | x| X

P. anomala + L. plantarum

P. anomala + L. plantarum +
S. cerevisiae X

+ 6 % fructose X X

8 % KClI X

Adj. pH 3.8

I+
I+

Adj. pH 4.4

200 ml volume

Grass silage X X | X | x| X | x| x| x| x

Maize silage

Experiment D 8
e 6 treatments with 3 replicatesSaccharomyces cerevisiae, Saccharomyces
cerevisiae + Pichia anomala, Saccharomyces cera@®isi Pichia anomalat+
Lactobacillus plantarunwere inoculated into grass silage medium withegith
the natural pH of 4.4 or adapted to pH 3.8.

Experiment D 9
* As for D8, but + 6% fructose on FM base.
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pH measurement

pH was measured electrometrically by a pH-meterc(bfirocessor pH/ION Meter
pMX2000 WTW). The pH-meter was calibrated dailyngstwo buffers, pH 4.00 and
pH 7.00 (Riedel-de Haén).

To avoid microbial contamination of the sampleselextrode was rinsed with distilled
water as well as with 70% ethanol (denatured) &féeh sample measurement.

Final measurements of pH in 100 ml Erlenmeyer Basks generally made after 0, 22
(#1), 34 (x1), 47 (¥2) h of incubation and sometimes even after 5, 1Q2h. In later

experiments the time intervals of the initial periof incubation (5, 10 h) were missed
out as it had been found that during the first kBdre was generally no measurable pH
change. For the second day the 34 h measuremdatedpthe 30 h measurement for

the same reason.

Analysis of alcohols and volatile fatty acids

After the pH measurement at 22 and 47 h, aliqud® inl) of each sample were placed
in test tubes. They were centrifuged at 4000 rpm 1@ min (EBA 12R / Hettich
Zentrifugen), then transferred to vials and analyfee alcohol (ethanol), lactic acid and
volatile fatty acids (acetic, propionic acid) by gHi Performance Liquid
Chromatography (HPLC) (Kontron Instruments, coluiRezex ROH-Organic Acid H+
/ Phenomenex). Further details #6PENDIX Il

In the results these major metabolites are predenée lactic, acetic, propionic acid and
ethanol (for Experiment type A only lactic acid).

Other components that were measured in the stamtRkdC analysis like butyric acid,
valeric acid, partly formic acid, butanol, n-propgn2,3-butanediol, 1,2-propanediol
were either not detected or only in traces (< 1ggnh~= 7.5 g/kg FM).

O, measurement

In one experiment (Experiment D) dissolved oxygen was measured in uninoculated
silage medium at 25 °C on the orbital shaker arndr & days of incubation in the
inoculated silage media. A WTW OXI 530 with theatede WTW TriOxmatic® EO
200 was used, calibrated with distilled water in WTPE/OXI OxiCal®, which
corresponded to 101.7 % ®aturation or 8.23 ppm (mg/l).
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Microbial counts

For recipes see APPENDIX IV.

Experiment type A+ D

1 ml aliquots of the 24 h cultures were used tgare tenfold serial dilutions using
quarter strength Ringer solution.

Yeasts were spread-plated on MEA while LAB wereeaprplated on MRS agar.

Triplicate plates were incubated at 30 °C for 3-dayd all visible colonies counted.

For method compare SEAL#& al, 1990.

Experiment type B + C
All aerobic silage microorganisms were counted.
Silage was suspended in sterile distilled watetharatio 1:10, i.e. one part of silage

FM and 9 parts of water, and treated in a Stomafdnez minutes. A logarithmic series
of serial dilutions was then prepared with Ringdugon (see SEALEet al, 1990).

The dilution was spread-plated on selective meslidescribed below.

MEA was used as a complex medium for fungi as veall aerobic bacteria. To
differentiate between the two microbial groups #&swreated with the same antibiotics
as used for the silage medium (AB and AM).

For silages ID 32 and 34 only Plate Count Agar (BIBINDER et al, 1953, ISO
17410 Standard, 2001;ISO 4833 Standard, 2003) veasl W0 enumerate aerobic

bacteria as a commonly used medium for aerobie glatints.

Rogosa agar (ROGOSét al, 1951) was used to enumerate LAB in silages 1I224-
30-32 and 34 when in the course of investigatidnsas found that LAB might also
cause aerobic changes in the silage medium.

The plates were incubated at 30 °C for 3 days #nilséble colonies counted.

Colonies of yeasts and moulds were distinguishedally. As yeasts dominated and
moulds were found only in association with luceoreadditive treated silages in the

results mould numbers are only given in those cases.

29



4 MATERIALS AND METHODS

4.2 Yeast identification
For identification the current methodology at ther@an Collection of Microorganisms
and Cell Cultures (DSMZ Braunschweig) was used (HEANN, 2003).

This methodology makes use of the API50 CH test Biomérieux), supplemented by

a fermentation test (glucose), a nitrate utiligattest, temperature tolerance tests (if
necessary) and microscopic morphology (cell shagetiddomycelium formation, sexual

reproduction). For further details SRBPPENDIX V

4.3 Characterisation of silages
DM

The dry matter content of silages was calculateer afrying at 105 °C for 48 h in a

forced air oven.

Corrected DM (DMcor)

The DM was corrected for volatiles by the factors:
Maize silage: DMcor (%) = 2.22 + 0.960 * DM
Other silages: DMcor (%) = 2.08 + 0.975 * DM
according to WEISSBACH and KUHLA, 1995.

Crude Ash
Milled dry silage was ashed at 600 °C for 3 h (Whkefeed analysis).

WSC fractions

WSC fractions (fructose, glucose, sucrose and dnjctwere analysed by High
Performance Liquid Chromatography (HPLC) (Kontrarsttuments, column: Rezex
RPM Monosaccharide / Phenomenex). For detail ASSRENDIX VI

BC

The method used was that by Teagasc, Grange Resgantre, Dunsany Co. Meath,
Ireland (see APPENDIX VI), based on PLAYNE and McDONALD, 1966;
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McDONALD and HENDERSON, 1962; MUCIt al, 1991.

Osmolality

Osmomat 030 — Cryoscopic Osmometer / Gonotec eadibrwith 5.66 % NaCl -

corresponding to 1.8 osmol/kg.

Volatile fatty acids and ethanol

Fresh silage was extracted with sulfuric acid amalysed by High Performance Liquid
Chromatography (HPLC) (sePPENDIX I1).

4.4 Statistics
Means and standard deviation were calculated udilcgosoft® Excel (2002), graphs
were created using SigmaPlot 8.0 (2002; 1986-2F®35Inc.).

Analysis of variance was conducted using the proe&GLM (F-test, Tukey test) and
regression analysis was conducted using the proed®EG provided by the software
SAS 9.1 (2002-2003 by SAS Institute Inc., Cary, NISA).
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5 RESULTS

All measured values presented in the results aceleted iINPAPPENDIX 1X

Values for organic acid contents in the media axergin mg/ml as this was the
concentration the micro-organisms actually encaedteunder the experimental
conditions. It can be converted to the approxinvatee for g/kg=M by multiplying the
figure by 4.6 or 4.7 for 40 or 35 % DM content bétoriginal silage respectively (for
calculation se&PPENDIX III).

5.1 Experiment type A

5.1.1 Experiment A 1 — Lactate concentration, pH, shaken — not shakenpégature
To verify the effect of shaking, temperature, pd Ettate concentration
* 4 media

» Conditions: shaken, not shaken, 20 °C and 25 °C
e Inoculant: 1 ml of @ichia anomalaculture (CBS 113)
* 2replicates

* uninoculated control, 4 media, shaken, 25 °C, epéaate

Within individual media there were no significanfferences in pH and lactic acid
content between different temperatures but alwaysgaificant difference between
shaken and and not shaken treatments at all tinméspo

The pH and lactic acid concentration in the unihatad control treatments did not
change over 53 h incubation period.

In the not shaken treatments pellicle forming wiaseoved after 25 h.

Medium 1: 2.0 % lactate, pH 3.9

The not shaken treatments did not change significam pH and lactic acid content
over 53 h of incubation at either temperature (Fedl0 & Figure 12).

Within the first 25 h the shaken treatments did obé&nge in pH but lactic acid
concentration decreased from 18.8 mg/ml to 15.5mh{3.6 s.d.) (Figure 11 & Figure
13). After 48 h the concentration of lactic aciddr@geclined to 10.7 mg/ml (0.9 s.d.).
The pH at that time point was 4.8 (0.4 s.d.).
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Figure 10 (top left): Changes in pH and lactic aciohtent over 53 h in medium 1, not shaken, at20 °
Figure 11 (down left): Changes in pH and lacticcacontent over 53 h in medium 1, shaken, at 20 °C
Figure 12 (top right): Changes in pH and lactic daontent over 53 h in medium 1, not shaken, &5

Figure 13 (down right): Changes in pH and lactiddacontent over 53 h in medium 1, shaken, at 25 °C

Medium 2: 2.0 % lactate, pH 5.5

The not shaken treatments changed very little ¢tidaacid content, from 18.8 to 17.5
mg/ml (0.2 s.d.) over 48 h (Figure 14 & Figure @)t at 25 °C the final pH rose to 6.3
after 53 h (Figure 16).

The pH of the shaken treatments rose steeply o&dr # 8.3 (0.0 s.d.) (Figure 15 &
Figure 17). At the same time the lactic acid cotredion decreased from 18.8 to 13.7
mg/ml (0.1 s.d.). In comparison to the same treatmeith medium 1 16 % lactic acid
less was decomposed.
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Figure 14 (top left): Changes in pH and lactic acightent over 53 h in medium 2, not shaken, at®20 °
Figure 15 (down left): Changes in pH and lacticcacontent over 53 h in medium 2, shaken, at 20 °C
Figure 16 (top right): Changes in pH and lactic daontent over 53 h in medium 2, not shaken, &5

Figure 17 (down right): Changes in pH and lactiagdicontent over 53 h in medium 2, shaken, at 25 °C

Medium 3: 0.5 % lactate, pH 3.8

In the not shaken treatments the lactic acid canagon decreased slightly over 48 h,
from 4.7 to 3.8 mg/ml (0.4 s.d.), with no changehh at this time (Figure 18 & Figure
20).

In the shaken treatments the lactic acid was deosathcompletely within 48 h (Figure
19 & Figure 21). There was a difference (n.s.hi@ pH development during the first 25
h between the treatments at 20 and 25 °C. At 26h&QpH rose from 3.8 to 4.2 (0.1
s.d.). At 25 °C it rose to 5.9 (0.6 s.d.), but a8 h both treatments had a pH of 8.1 (0.1
s.d.).
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P.anomala CBS 113
20 T, stationary

20 9

15 4

10 4

mg/ml

59 7 i 7 -5

0 30
Hours

20

P.anomala CBS 113
25 T, stationary

15 4

pH

10 +

mg/ml

P.anomala CBS 113

20 C, agitated

20 9

15 A

10 A

mg/ml

20 0
Hours

7
% 2
7
0 f T T T
0 10 0 Hours 30 40 50
EZ7] Lactic Acid P.anomala CBS 113
25 C, agitated
20
15 A
< g 10 4
£
5
Z
. %

20 30
Hours

40

50

pH

pH

Figure 18 (top left): Changes in pH and lactic aciohtent over 53 h in medium 3, not shaken, at®20 °

Figure 19 (down left): Changes in pH and lacticcacontent over 53 h in medium 3, shaken, at 20 °C

Figure 20 (top right): Changes in pH and lactic daontent over 53 h in medium 3, not shaken, &5

Figure 21 (down right): Changes in pH and lactiagdicontent over 53 h in medium 3, shaken, at 25 °C

Medium 4: 0.5 % lactate, pH 5.5

In the not shaken treatments the lactic acid canagon declined slightly from 4.8 to

3.3 mg/ml (0.3 s.d.) within 48 h (Figure 22 & Figu24). The pH rose faster at 25 °C
and a pH of 5.9 after 25 h, compared to pH 5.3@fQ@. However, after 53 h the
difference diminished, 6.7 resp. 6.2.

Within 48 h the pH of the shaken treatments rosatds 8.5 and the lactic acid content
declined to 0.2 mg/ml at 20 °C (Figure 23) and 1é thg/ml at 25 °C (Figure 25),
leaving on average 9 % more lactic acid than tmeparable treatments with medium 3.
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Figure 22 (top left): Changes in pH and lactic aciohtent over 53 h in medium 4, not shaken, a0 °
Figure 23 (down left): Changes in pH and lacticcacontent over 53 h in medium 4, shaken, at 20 °C
Figure 24 (top right): Changes in pH and lactic daontent over 53 h in medium 4, not shaken, &5

Figure 25 (down right): Changes in pH and lactiagdicontent over 53 h in medium 4, shaken, at 25 °C

Summary

In all not shaken treatments only small amounti&ctic acid were decomposed within
48 h of incubation, but pH only was affected in tteatments starting with a high pH.

If considering the treatments with same initiati@ecid content, but different initial pH
there was a higher decomposition rate of lactid acithe treatments with the lower
initial pH. The results from these experiments provide evidence to disprove
Hypothesis 1 which says that the pH does not influence the arhaf lactate
consumption by yeasts.
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Considering the treatments with same initial pH different lactic acid content: initial
pH 3.8/3.9: there was a higher pH response in tb&trhents with lower lactic acid
content, pH 5.5: the pH development was quite simiegardless of the lactic acid
content.

There was no consistent temperature effect.

For future experiments it was concluded that stgakias needed to provide sufficient
aeration of the media to enable oxidative metabylisut that the choice of one of the
two temperature regimes could be made upon préactitaria.

An incubation period of two days was proved to Im®ugh time for a significant
decrease in lactic acid concentration in the shalesiments.

5.1.2 Experiment A 2 — Lactate concentration, pH, 4 different yeast stsain

To compare different yeast species and strainsthed ability to assimilate lactate in
different concentrations and at varying pH levels

* 4 media
» Conditions: shaken, 25 °C
e Inoculants: 0.1 ml of 4 yeast strains

e 3replicates

Medium 1: 2.0 % lactate, pH 3.9

After 23 h of incubation the treatment inoculatehwssatchenkia orientalisliffered
significantly from the other treatments in pH andactic acid concentration (Figure 26
to Figure 29). At this time the treatment wlBlaccharomyces cereviseakso differed
significantly from the other treatments in lactadaconcentration.

After 47 h theS. cerevisiadgreatment differed significantly from all othee&tments in
both pH and lactic acid concentration. At that tithe treatment withPichia anomala
(CBS 605) differed significantly from all other &tenents in lactic acid concentration.

Medium 2: 2.0 % lactate, pH 5.5

After 23 h,I. orientalis and S. cerevisiaébehaved as in medium 1, additionally the
treatment withP. anomala(CBS 113) differed significantly from all otheeatments in
pH.

After 47 h, the same results as in medium 1 wetaiodd. Corresponding graphs can
be viewed irAPPENDIX VII| figures 1-4.

37



5 RESULTS
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Figures: Changes in pH and lactic acid concentratmver 54 h, error bars = s.d.
Figure 26 (top left): Medium 1, inoculated withdsshenkia orientalis

Figure 27 (down left): Medium 1, inoculated withcBlaaromyces cerevisiae
Figure 28 (top right): Medium 1, inoculated withcBia anomala (CBS 113)

Figure 29 (down right): Medium 1, inoculated witicRia anomala (CBS 605)

Medium 3: 0.5 % lactate, pH 3.9

After 23 h,I. orientalis behaved as in medium 1, additionally the treatnveitt P.
anomala (CBS 113) differed significantly frons. cerevisiaen lactic acid content
(Figure 30 to Figure 33).

After 47 h, theS. cerevisia¢reatment differed significantly from all otheeéitments as
well as in pH as in lactic acid content.
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Figures: Changes in pH and lactic acid concentrataver 54 h, error bars = s.d.
Figure 30 (top left): Medium 3, inoculated withdsshenkia orientalis

Figure 31 (down left): Medium 3, inoculated withcBlaaromyces cerevisiae
Figure 32 (top right): Medium 3, inoculated withcRia anomala (CBS 113)

Figure 33 (down right): Medium 3, inoculated witicRia anomala (CBS 605)

Medium 4: 0.5 % lactate, pH 5.5

After 23 h, treatments with orientalis and S. cerevisiadliffered significantly from
each other and from the tw®. anomalatreatments in pH as well as in lactic acid
content.

After 47 h, same changes occurred as in mediunddtianally I. orientalis differed
significantly from all other treatments in lactici@ content (i.e. >P. anomala< S.
cerevisiag. Corresponding graphs can be viewedRPENDIX VII| figures 5-8.

Issatchenkia orientalis

Regardless of which medium uskdorientalis decomposed lactic acid faster than all
other inoculant species.

Pellicle formation was observed after 23 h.
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During incubation for 47 h in medium 1 lactic addncentration decreased from 19.0
t0 17.1 (0.2 s.d.) at 23 h to 11.4 mg/ml (0.3 sadg the pH increased to 4.4.

In medium 2 lactic acid concentration diminisheohir18.6 mg/ml to 16.2 mg/ml after
23 h and to 12.2 mg/ml after 47 h. The pH rose.30(8.1 s.d.) after 47 h.

In medium 3 lactic acid declined from 4.7 mg/mi2& mg/ml (0.3 s.d.) after 23 h and
to 0.1 mg/ml after 47 h. The pH increased to 7.2 €0d.) after 47 h.

Lactic acid concentration decreased from 4.9 mgénd.1 mg/ml after 23 h and to 1.0
mg/ml after 47 h. The pH rose to 8.2 (0.0 s.dgrad7 h.

After 47 h the highest amount of lactic acid wasaeposed in the following ranking
order: medium 1 (7.6 mg/ml), medium 2 (6.4 mg/migdium 3 (4.6 mg/ml), medium 4
(3.9 mg/ml). The higher the lactate concentratiod #ne lower the initial pH, the more
lactate was decomposed in a given time.

There was a large difference in pH change in treatmstarting with a low pH and
dependent on the lactate concentration, in contoatséatments starting with a high pH.

Saccharomyces cerevisiae

Regardless of which medium was uskdcerevisiashowed the lowest decomposition
rate of lactate compared to the other inoculanstgea

No pellicle was formed.

Within 23 h there was neither a change in pH ndaatic acid concentration in all 4
media.

After 47 h the lactic acid concentration diminishbg 1.6 mg/ml (medium 1),
respectively 1.4 mg/ml (medium 2), 0.9 mg/ml (mexwli8) and 0.6 mg/ml (medium 4).

The pH did not change significantly in medium 1 amdy slightly in medium 3. It
increased in the other two media to 7.0 (0.3 ¢medium 2) and 6.3 (0.3 s.d.) (medium
4).

Pichia anomalgCBS 113 and CBS 605)

The twoP. anomalatype strains behaved similarly except that in meldB the lactate
decomposition of CBS 113 was more effective afieh4han that of the counterpart.

Both type strains formed pellicles.

Medium 1, 23 h, lactic acid content: CBS 113 -0§/mi, CBS 605 —0.8 mg/ml, 47h,
CBS 113 -7.3 mg/ml , CBS 605 -5.9 mg/ml. The pHaérad stable during the first 23
h and rose to 4.3 (0.1 s.d.) after 47 h with boticulants.
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Medium 2, 23 h, lactic acid content: CBS 113 -0.§/mi, CBS 605 -1.0 mg/ml, 47h,
CBS 113 -5.9 mg/ml, CBS 605 -4.7 mg/ml. The pH éased to 6.2 (CBS 113) resp.
5.7 (CBS 605) after 23 h and to 8.0 (0.1 s.d.yafeh with both inoculants.

Medium 3, 23 h, lactic acid content: CBS 113 -0.§/mi, CBS 605 -0.8 mg/ml, 47h,
CBS 113 -4.7 mg/ml, CBS 605 -4.6 mg/ml. The pHmlid rise during the first 23 h, but
added up to 7.9 (CBS 113) resp. 7.7 (CBS 605) 4ftdr.

The reduction of lactic acid in medium 4 was quit@ilar to medium 3. However this
had a strong effect on the pH already after 23senrup to 6.6 (CBS 113) or 6.5 resp..
After 47 h a pH of 8.2-8.4 was achieved.

General conclusions are quite similar to thasseatchenkia orientalis.

Summary

Issatchenkia orientalisvas the most effective lactate decomposing yealédwed
closely by thePichia anomalastrains. Saccharomyces cerevisedad virtually no
potential to metabolise lactic acid as the solb@arsource.

The higher the concentration of lactic acid andltveer the initial pH the more lactic
acid was decomposed by the lactate utilisers. o1 the lactic acid concentration
and the higher the initial pH the highest pH wasieged in a given time.

The results from this experiment provide additional evidence to disprove
Hypothesis 1.

SYNOPSIS Experiment type A

* Results obtained in Experiment type A provided enk that shaking supplied
sufficient aeration to the cultures to oxidise iaeicid.

* There were no significant differences between aubation temperature of 20
or 25 °C. For practical reasons it was decided dotinue with the higher
temperature.

* Pichia anomalastrains andssatchenkia orientalisnetabolised lactic acid as
sole carbon source wheredaccharomyces cerevisidal not.

» High initial concentration of lactic acid and lowitial pH enhanced lactate
decomposition byssatchenkia orientali@nd the twoPichia anomalastrains.
That fact provided evidence to disprove Hypothesis 1 which says that the pH
does not influence the amount of lactate consumfiioyeasts.
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5.2 Experiment type B

In this type of experiment the behaviour of the edbmicroflora in lactate medium was
investigated.

Experiment B 1 —Mixed culture from grass silage

* 4 treatments with 3 replicates: Control (C), Anttemaial (AB), Antimycotic
(AM) and Antibacterial & -mycotic (MB) treatment.yBthetic medium 2,
inoculant: extract from grass silage ID 15.

There were no significant differences betweenralitments over 47 h in pH, lactic acid
and acetic acid concentration. Only ethanol comaéinh was significantly different

between the control and the AB and MB treatmentgerGt7 h pH and lactic acid

content was fairly stable in all treatments. Cqooesling graphs can be viewed in
APPENDIX VIII figures 9-12.

Experiment B 2 —Mixed culture from maize silage

* 4 treatments with 3 replicates: Control (C), Anttmaial (AB), Antimycotic
(AM) and Antibacterial & -mycotic (MB) treatment.yBthetic medium 3,
inoculant: extract from maize silage ID 16.

C and AB treatments were quite similar and diffesgghificantly from AM and MB in
pH at all time point (Figure 34 to Figure 37). Afté6 h there was a significant
difference in lactic acid content between the treatts C+AB and AM+MB.

During the first 22 h all treatments maintainedabke pH and lactic acid content. The
treatments AM and MB continued this trend wheréasH of C rose to 6.3 (0.8 s.d.)
and that of AB to 5.6 (0.7 s.d.) after 46 h. At &mme time the lactic acid content
declined by 3.2-3.3 mg/ml in C and AB.

This finding provided evidence to confirm Hypothesis 2 saying that the decomposition
of lactate and rise in pH is solely caused by yeast
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Figures: Changes in pH, volatile fatty acids anbastol concentrations in synthetic medium inoculated
with mixed micro-flora from maize silage over 5@&fror bars = s.d.

Figure 34 (top left): Control
Figure 35 (down left): Antimycotic treatment
Figure 36 (top right): Antibacterial treatment

Figure 37 (down right): Antimycotic and —bactertedatment

As there were very large variations in pH betweenhe replicates for treatments C
and AB after 46 and 50 h (s.d. 1.0 resp. 1.2) (imwtrast to Experiment C 7 with the
same silage which was done at the same time) it wdscided not to continue with
this type of experiment.
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5.3 Experiment type C

Grass silages:

5.3.1 Experiment C 1 — Antibiotics
To investigate the general behaviour of silage oflora in silage extract and to
differentiate between the contribution of bacteral fungi to activity
» 3 treatments with 3 replicates: Control (C), Antteaial (AB) and Antimycotic
(AM) treatment. Silages ID 15, 17, 19, 24, 25, 28, 32, 34. (9 silages in total).

MB treatment in Silages ID 15, 17, 19, 24. Aercdtability test.

Initially 6 silages were examined whose extractsewgplite similar in initial pH, lactic
acid content and yeast counts (ID 19, 24, 26, 2038). pH ranged from 4.6-4.8 (mean
4.7, 0.1 s.d.) (Table 14), lactic acid content wathe range 2.2-2.9 mg/ml (mean 2.6,
0.3 s.d.), yeast numbers were 6.2-7.0 log cfu/g(Fdan 6.7). For those silages where
numbers were enumerated (silages 24, 26, 30, 32,LA8 counts were in the range
4.9-6.5 log cfu/g FM (mean 6.0).

Table 14: Initial pH and concentrations of somemlieal components [mg/ml] of the silage extracts;
Experiment C 1

Propionic
Oh pH Lactic acid | Acetic acid acid Ethanol
Silage 19 4.7 2.2 0.8 0.0 0.9
Silage 24 4.8 2.9 0.9 0.1 0.5
Silage 26 4.6 2.4 0.9 0.1 0.6
Silage 30 4.6 2.7 0.6 0.2 1.5
Silage 32 4.8 2.5 0.7 0.4 1.7
Silage 34 4.7 2.7 0.9 0.4 1.8

Silages 15, 17 and 25 are considered separatedyibeof their differences (see below).

Control treatment

During the first 22 h the pH declined in all silagedia by 0.1-0.5 (0.3 on average)
(Table 15, column C; figures D to | MPPENDIX VII). At the same time the lactic
acid content rose slightly by 0.1-0.8 mg/ml excepbne medium (Silage ID 30, -0.5
mg/ml). During this time acetic acid rose by 0.3/mig propionic acid increased only
by 0.1 mg/ml on average and ethanol increased thst, by 2.2 mg/ml on average (1.1
s.d.).

Pellicle growth in the not shaken treatments wasllg observed after 32-35 h, but in
silage ID 34 only after 46 h.
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At approximately 45 h after incubation the pH rosgain compared to 22 h of
incubation, on average it differed by -0.1 unitsnfrthe initial pH. Only one medium,
silage ID 32, rose above the initial value at ghant of time by + 0.4. Lactic acid
contents diminished by 0.0-1.4 mg/ml from the alitfigure whereas acetic and
propionic acid rose by 1.1 and 0.4 mg/ml on averdg#anol content declined
compared to the previous 24 h but was still 1.7mhdpigher than at the beginning.

Fungal activity (Antibacterial treatment)

As with the control treatment there was a smalldatdline of -0.2 on average during the
first 22 h of incubation (Table 15, column AB; firgs D to | iInAPPENDIX VII). In
contrast to the control this was not due to aneiase in lactate content which on the
contrary decreased by -0.4 mg/ml from the beginnicgetic acid content remained
more or less constant. Propionic acid and ethamalenits increased on average by the
same amount as the control.

After 45 h the pH rose by 0.0-1.6 units comparedh® initial value, to an average
value of pH 5.2. The lactic acid content diminishogd-1.6 mg/ml (-1.2- -2.2) from the
start of the experiment. Acetic acid rose by 0.9mig-0.1- +1.4), propionic acid did
not increase on average as well as ethanol compar2a h of incubation. However in
single cases the ethanol content increased or akamtebetween 22 and 45 h by -0.7-
+1.9 mg/ml.

Table 15: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
AB and Cyp =0.05; Experiment C 1

Propionic
pH Lactic acid | Acetic acid |acid Ethanol
AB | C AB | C AB | C AB| C AB|C

22h

Silage 19| 4.6/ 4.2 * | 1.8/ 3.00* | 0.8] 1.3| * | 0.1| 0.2|ns| 3.6/ 3.5| ns

Silage 24| 4.6/ 45| * | 22|31 *| 11] 13/ *] 0.2] 0.3|ns| 2.5/ 2.8] ns

Silage 26| 45| 4.4| * | 2.0| 26| * | 0.7] 1.0 * | 0.1| 0.2|ns| 4.3/ 4.3| ns

Silage 30| 4.3]4.2| * | 20| 22| * | 0.7] 09| * | 0.3| 0.2|ns| 4.0/4.1| ns

Silage 32| 4.7/ 46| * | 20| 2.7/ * | 0.7] 1.0/ * | 0.5| 0.5|ns| 3.2/ 3.1| ns

Silage 34| 4.6/ 4.6/ ns| 2.8 3.0|{ns| 0.9] 1.0/ns| 0.5/ 0.5|ns| 2.6/ 2.4| ns

Mean 4. 4.4 2.1 2.8 08/ 1.1 0.3] 0.3 3.4/ 34

45h

Silage 191 49/ 4.4 * | 09|19 * | 1.3] 21| * ] 0.2| 0.3|ns| 3.8/ 3.3| ns

Silage 24| 5.6/ 4.8| * | 0.7| 1.6| * | 2.3] 3.3|ns| 0.2 0.9] * | 1.9/ 1.6| ns

Silage 26| 4.8/ 4.4 * | 1.0 24| * | 1.1] 1.6/ * | 0.2| 0.2|ns| 3.9/ 3.7| ns

Silage 301 4.6/ 43| * | 1.0/ 16| *| 0.8] 1.2 * ]| 0.2] 0.3|ns| 4.2/ 3.5] ns

Silage 32| 6.5/ 53| * [ 06/ 11 * [ 06] 1.3 * [ 05] 0.7/ *20]/24| ns

Silage 34| 4.7/ 45| * | 1.5| 23|ns| 15| 1.7|ns| 0.6] 1.1| * | 45|2.9| ns

Mean 5.2 4.6 1.0/ 1.8 1.3 1.9 0.3| 0.6 3.4/ 2.9
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Except in the case of ID 34 AB from all silagedeli&d significantly from the control in
pH, lactic acid and acetic acid contents after 2thtd 45 h (only acetic acid content in
silage 24 was similar to C after 45 h) (Table 18R from silage ID 34 differed
significantly from C in pH and propionic acid contenly after 45 h.

Bacterial activity (Antimycotic treatment)

During 45 h there was a pH decline by 0.6 on awe(agl. 0.2) (Table 16, column AM;
figures D to | INAPPENDIX VII). Lactic acid content rose during the first 22yh(8
mg/ml on average (s.d. 0.6) and partly declinedrafards. Acetic, propionic acid and
ethanol contents increased steadily within 45 heti&kcacid rose by 4.4 mg/ml on
average (s.d. 2.9), propionic acid by 1.7 mg/nd.(%.0) and ethanol by 2.0 mg/ml (s.d.
0.8) after 45 h.

After 22 h AM treatments from all silages differs@ynificantly from the control in
lactic and acetic acid contents (Table 16). Fivead6 silages differed from C as well
in pH and propionic acid contents. Four out ofl&gas differed from C also in ethanol
contents.

After 45 h propionic acid contents of all 6 silagiffered significantly from the control.
Five out of 6 silages differed also significanttprh C in pH and acetic acid contents.
Four out of 6 still differed in lactic acid content

Table 16: Measured and statistical differenceskhamnd some chemical components [mg/ml] between
AM and C =0.05; Experiment C 1

Propionic
pH Lactic acid | Acetic acid |acid Ethanol
AM |C AM |C AM | C AM | C AM|C

22h
Silage 19| 4.1/ 4.2| * | 35/3.0/*| 29|13 *| 08/0.2|* | 1.8/3.5 *
Silage 24| 4.3/ 45| * | 3.7/3.1|*| 23|13 *| 09/03]*| 1.2/2.8] *
Silage 26| 4.1| 4.4| * 3.8/26|*| 15/1.0 *| 0.2/0.2|ns| 1.6/4.3| *
Silage 30| 4.3/ 42| ns| 2.7 22| *| 1.8{09]*| 1.0/0.2|* [ 1.6]4.1] *
Silage 32| 4.2/ 46| * | 39|27/ *| 18/1.0/*| 1.2/05/ * | 25/3.1] ns
Silage 34| 4.6]/ 4.6] * 2.9| 3.0|ns| 0.9/1.0/ns| 0.5/ 0.5/ns| 3.0/2.4| ns
Mean 4.3 4.4 3.4/ 2.8 1.9/ 1.1 0.8/ 0.3 1.9/3.4
45h
Silage 19| 3.9/ 4.4| * | 3.2]19|*| 56/21]*| 14/0.3] * | 3.3]3.3| ns
Silage 24| 4.3/ 4.8/ ns| 2.0 1.6/ns| 10.7/3.3| * | 3.1/ 0.9] * | 1.8/1.6] ns
Silage 26| 4.0/ 4.4| * 3.8/24|*| 38/16/*| 1.0/0.2| * | 25/3.7| ns
Silage 30| 4.1 4.3| * 14| 1.6|ns| 4.6/1.2|*| 2.3/0.3|* | 3.2/3.5| ns
Silage 32| 4.4/ 5.3| * 1.7/ 11|*| 4.0/1.3]*| 3.0/0.7[* | 3.3|24| *
Silage 34| 3.8/ 4.5| * 7323 *| 21]17/ns| 0.8/1.1] * | 54|2.9| *

Mean 4.1] 4.6 3.2/ 1.8 5.1/1.9 1.9/ 0.6 3.2/2.9
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MB

Antibacterial + antifungal treatment (MB) was apglifor silage ID 15, 17, 19, 24.
Except for silage 17 it proved to maintain theialitactic acid level quite well within

the measuring period. Other components changetl4déhh, especially ethanol content
rose in most cases (figures 16, 20, 36, 40ARPPENDIX VII). However, as the

antibiotics applied separately in AB and AM showsdnificant effects on the

development compared to the control they were deghias sufficiently effective to
enhance the microbial group that was not suppressed

Summary

The control treatment resulted from fungal as \elfrom bacterial activity. The initial
increase in lactic acid content was caused by kbacfehe rise in acetic and propionic
acid was also mainly due to bacterial activity va@er the initial production of ethanol
was caused by yeast metabolism.

The results of these experiments provide evidence to disprove Hypothesis 3 which says
that aerobic changes are dominated by yeast actisithe development of C and AB
was not equal.

The other three remaining silages 15, 17 and 25ansidered separately because of
their difference in the initial chemical and micralcomposition

Silage 15

The initial medium pH was 4.5, lactic acid and acercid content were nearly equal
(2.6 resp. 2.5 mg/ml), yeast numbers were belowdttection limit (< 2.0 log cfu/g
FM), aerobic bacteria were detected at a level®1&y cfu/g FM.

During the first 22 h there was no pH change irtltake treatments but a reversion of
the ratio of lactic and acetic acid contents (28us 2.5 mg/ml on average) (Table 17,
figures J inAPPENDIX VII).

After 47 h the treatments differed from each o#verept for propionic acid and ethanol
contents. Ethanol contents did not change sigmifigdrom the beginning.

The control had a mean pH of 5.6 with a high steshdbeviation of 1.4. The fungal
treatment had an average pH of 4.9 (n.s.) wheteapH of the bacterial treatment did
not change (n.s.).

In the control the lactic acid content diminished1tl mg/ml, the acetic acid content
varied between 0.1-2.6 mg/ml (mean 1.6 mg/ml).ha antibacterial treatment lactic
acid content decreased to 1.8 mg/ml, the acetit @mitent to 1.4 mg/ml. After 22 and
47 h C and AB differed significantly in lactic acid content (Table 17). No pellicle
forming was observed but mould on the surface ofar 47 h. In the antimycotic

treatment there was also a decrease in lactictadidB mg/ml but a rise in acetic acid to
3.4 mg/ml. As lactic acid was also decomposed by bacteria more evidence was
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provided to disprove Hypothesis 2 which says that the decomposition of lactate slgo
caused by yeasts. Acetic acid content differed ftioencontrol only after 47 h.

Table 17: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
antibiotic treatments and contrat,=0.05; Silage ID 15

Silage 15| pH Lactic acid | Acetic acid | Propionic Ethanol
acid

C C C C C
Oh 4.5 2.6 25 0.2 0.3
22h 4.5 2.2 25 0.2 0.4
AB 4.5 ns| 24 * 12.6 ns| 0.2 ns| 04 ns
AM 4.5 ns| 2.2 ns| 2.4 ns| 0.2 ns| 04 ns
47 h 5.6 1.1 1.6 0.4 0.3
AB 4.9 ns| 1.8 * 114 ns| 0.3 ns| 04 ns
AM 4.5 ns| 1.3 ns| 3.4 * 10.3 ns| 0.4 ns
Silage 17

This silage had a very high initial lactic acid temt of 6.5 mg/ml, that was on average
2.5 times higher than the 7 silages described abbve initial pH was 4.8 and yeast
numbers accounted for 7.4 log cfu/g FM, aerobiddyéc for 7.0 log cfu/g FM.

During the first 22 h the lactic acid content desed significantly in all treatments.

In the control it diminished to 3.5 mg/ml, in thetibacterial treatment to 1.9 mg/ml and
in the antimycotic treatment to 3.7 mg/ml (Table fi§ures K in APPENDIX VII).
The pH of the control and AM decreased at the same to 4.5 or 4.2 respectively,
whereas it remained relatively stable in the ARtingent (4.7). Small amounts of acetic
acid were produced in the control and AB, 0.5 rés@.mg/ml, but 1.9 mg/ml in the
AM treatment. The propionic acid content changeadificantly in the AM treatment by
+ 1.1 mg/ml. The ethanol content rose in all 3ttrents to 1.5-1.9 mg/ml.

After 46 h the pH of the control rose to 5.0, of AB6.5 and AM remained lowest at
4.4,

The lactic acid content decreased further in aktiments: C 1.2 mg/ml, AB 0.7 mg/ml,
AM 2.1 mg/ml. Acetic acid content rose in the cohtio 1.9 mg/ml and in AM to 5.2
mg/ml whereas it remained stable in AB at 1.1 mgfnbpionic acid content increased
slightly in the control to 0.7 mg/ml but remarkality AM to 3.4 mg/ml. In AB there
was no change. The ethanol content was almost sojtlaé initial content in C and AB
but rose in AM to 2.1 mg/ml.

After 22 and 46 h there wesegnificant differences between control and AB in pH,
lactic, acetic and propionic acid contents as waglbetween the control and AM in pH,
acetic acid and propionic acid contents. After 48M differed from C also in ethanol
content.

These findings provided further evidence to disprove Hypothesis 3 which says that
aerobic processes in silages are dominated bysyeast
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Table 18: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
antibiotic treatments and contrat,=0.05; Silage ID 17

Silage 17 | pH Lactic acid | Acetic acid | Propionic Ethanol
acid

C C C C C
Oh 4.8 6.5 0.9 0.2 0.9
22h 4.5 3.5 1.4 0.3 1.9
AB 4.7 * 11.9 *11.1 * 10.2 * 11.5 ns
AM 4.2 * 13.7 ns| 2.8 *11.3 * 1.7 ns
46 h 5.0 1.2 1.9 0.7 0.8
AB 6.5 * 10.7 *11.1 * 10.2 * 11.2 ns
AM 4.3 *11.2 ns| 5.2 * 13.4 * 121 *

The biggest difference between changes that oatumr¢his silage medium compared
to the others was that the treatméi decomposed lactic acid despite the fact that
residual WSC were available. This resulted in d lpgoduction of acetic and propionic
acid leading to a lower pH value than the initimleoLactic acid degradation in
treatment AM provides further evidence to disprove Hypothesis 2 which says that the
decomposition of lactate is solely caused by yeasts

Silage 25

Inoculation of the grass with commercially avaiahlctobacillus plantarum(DSM
8866, 8862) before fermentation resulted in a silagth relatively low pH of 4.0 and
high lactic acid content of 6.2 mg/ml in the mediuBeside yeasts (5.4 log cfu/g FM)
there were also moulds (4.9 log cfu/g FM) in cositrio the preceding silages. LAB
numbers were below 5.0 log cfu/g FM, aerobic baateambers were 4.5 log cfu/g FM.

There was virtually no bacterial activity (AM treatnt) except some ethanol
production up to 2.3 mg/ml after 44 h (figure 42ARPENDIX VII). Control and AM
differed significantly in pH and lactic acid contdiable 19).

The development of control and AB looked quite #&ami(figures 41 and 43 in
APPENDIX VII). There was no significant difference betweendhesatments in any
variable at both measurement times. Under the @ondiimposed by the extract from
this type of silage (i.e. low pH and high lactatencentration)Hypothesis 2 and
Hypothesis 3 were supported saying that the aerobic changes including decortiposi
of lactate and rise in pH are solely caused bytgeddter 21 h the pH value was still
the same but lactic acid content diminished torésp. 5.3 mg/ml (C, AB). The ethanol
content rose to 2.2 or 2.1 mg/ml respectively wasgrine acetic acid content remained
at 0.4 mg/ml. Propionic acid content increased @strby 0.1 mg/ml.

Pellicle growth was observed after 34 h in thegi@tken treatment.

After 44 h the pH rose to 4.8 in both treatmentse Tactic acid content of the control
diminished to 3.4 mg/ml and of the antibacteriabtment to 3.0 mg/ml. The acetic acid
content increased to 0.9 resp. 1.0 mg/ml. Propianid content was 0.1 mg/ml in both
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treatments. Ethanol content was lower than afterfitist 22 h and varied from 0.2-1.5
mg/ml (mean of C and AB 1.0 mg/ml).

Table 19: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
antibiotic treatments and contrat,=0.05; Silage ID 25

Silage 25| pH Lactic acid | Acetic acid | Propionic Ethanol
acid

C C C C C
Oh 4.0 6.2 0.4 0.0 0.2
21h 4.0 55 0.4 0.0 2.2
AB 4.0 ns| 5.3 ns| 04 ns| 0.1 ns| 2.1 ns
AM 4.0 ns| 6.4 * 10.3 ns| 0.0 ns| 1.8 ns
44 h 4.8 3.4 0.9 0.1 0.9
AB 4.8 ns| 3.0 ns| 1.0 ns| 0.1 ns| 1.1 ns
AM 4.0 * 16.3 * 105 ns| 0.1 ns| 2.3 ns

In contrast to silage 17 which had a similar initzctic acid content there was virtually
no bacterial activity. Within 44 h the lactic addntent increased by 0.2 mg/ml, acetic
and propionic acid content by 0.1 mg/ml and ethampl2.1 mg/ml. AM differed
significantly from the control in lactic acid conteand after 44 h also in pH.

A comparison of the results for batch culture withthose obtained using the aerobic
stability test (HONIG, 1990)

The temperature changes during up to 8 days atémeat temperature of 20 °C of the
9 silages used in experiment C 2 are consideratilland final pH of the silages as
well as organic acid contents were determined iexdract of the final silage diluted as
in the batch culture.

The results can be divided in two groups: 7 sildgssame unstabl@gd 17, 19, 24, 25,
26, 30, 32) (example see Figure 38), i.e. rose %€ 3above ambient, within 96 h, 2
silages (ID 15, 34) remained stable during thisetim

If the unstable silages are considered first, émeperature of 5 of them (ID 17, 24, 26,
30, 32) rose > 3 °C above ambient within 48 h andilage 19 and 25 the temperature
rose within 72 h.

The final pH of all those silages was above 7.0e Tdctic acid content declined to
below 0.4 mg/ml.

Silage ID 34 did not become unstable during the measuremenvcdoef 96 h nor
changed in pH, but increased in lactic acid contenmh 2.7 to 3.3 mg/ml. In the batch
culture of the same silage there were only slightghanges within 46 hours and the
highest lactic acid production was shown by thetdréad treatment when compared to
the other silages.

50



5 RESULTS
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Silage ID 15 became unstable only after 144 h, the pH did iset after 8 days. Acetic
acid content was slightly higher (+ 0.3 mg/ml) thian lactic acid content which
accounted for 2.4 mg/ml.

Those two silages had no or only late pellicle gfoas batch culture.

Along with monitoring the temperature, in two siaglD 32 and 34, in addition, the
changes in pH and organic acid and ethanol coratémts were checked daily over 4
days. Two replicate samples were taken daily.

In silage 32, from day O to day 1, a slight rise in lactic ac@htent to 2.8 mg/ml (+0.3
mg/ml, s.d. 0.4) was observed and a rise in ethaoalent by 0.6 mg/ml (s.d. 0.4) to
2.4 mg/ml. Acetic and propionic acid changed slyghy -0.1 resp. -0.2 mg/ml. pH rose
only by 0.1 to 5.0.

From day 2 on all measured components diminishethared to the initial values)
whereas the pH increased, day 2: lactic acid -@Bnh ethanol -1.0 mg/ml, acetic acid
-0.6 mg/ml, propionic acid -0.3 mg/ml, pH 6.1, d&ylactic acid -1.8 mg/ml, ethanol -
1.2 mg/ml, acetic acid -0.5 mg/ml, propionic acid4d-mg/ml, pH 7.1. On day 4 there
was only 0.4 mg/ml lactic acid left and none of tlileer components, pH 8.3.

As in the temperature testage 1D 34 remained stable within 4 days the development
was different to silage ID 32.

The pH fluctuated only by +0.1 units maximum andildobe de facto considered as
constant.

Nevertheless lactic acid contents varied every dag. day 1, lactic acid content
diminished from 2.6 to 2.1 mg/ml and increased mdhe following days to: 2.5, 2.8,
3.3 mg/ml on day 2, 3, and 4. The content on daad significantly higher compared
to day 1.

Ethanol contents diminished by 0.5-0.7 mg/ml froay d to 4. Acetic acid contents
changed from 0.9 to 0.7 mg/ml on day 1 and rosenagga 1.0 mg/ml on day 4.
Propionic acid contents varied by + 0.1 mg/ml.
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5.3.2 Experiment C 2—+3 % fructose
To investigate the effect of increasing residualOANl&vels on fungi and bacteria in
comparison to results obtained in experiment C 1

» 3 treatments with 3 replicates: C, AB and AM + 3rfctose in FM. Silage ID
17, 19, 24, 25, 26, 30. (6 silages in total).

Five silages are considered together whose media wdgte similar in initial pH and
yeast counts (ID 17, 19, 24, 26, 30). pH variednfr4.6-4.8 (Table 20), yeast numbers
were 6.4-7.4 log cfu/g FM.

Table 20: Initial pH and concentrations of someraieal components [mg/ml] of the silage extracts;
Experiment C 2

Oh pH Lactic acid | Acetic acid | Propionic |Ethanol
acid

Silage 17 4.8 6.5 0.9 0.2 0.9

Silage 19 4.7 2.2 0.8 0.0 0.9

Silage 24 4.8 2.9 0.9 0.1 0.5

Silage 26 4.6 2.4 0.9 0.1 0.6

Silage 30 4.6 2.7 0.6 0.2 15

The pH development in these silages was similarallrtreatments there was a pH
decline after 22 h. Only silage ID 25 which startedh a low pH is considered
separately.

Control treatment

The pH declined from 4.7 to 4.3 on average (Taldlec®dlumn C*; figures M to Q in
APPENDIX VII). There was a further slight decrease up to 45/ 0.4 units. The
development of lactic acid was not consistent amgjed from -3.3 to +0.7 mg/ml (-0.7
mg/ml on average) during the first 22h and furtf®e2 mg/ml after 45 h to 2.4 mg/ml
on average.

Acetic acid, propionic acid and ethanol contenteraithin 45 h compared to the initial
value: acetic acid 1.3 mg/ml (+0.5 mg/ml) aftert223.1 mg/ml (+2.3 mg/ml) after 45
h, propionic acid 0.3 mg/ml (22 h), 0.5 mg/ml (46 éthanol 5.7 mg/ml (+4.8 mg/ml)
after 22 h and 4.5 mg/ml after 45 h.

Compared to the control without added fructose @ExpentC 1) after 22 h 4 out of 5
silages differed significantly from its sugar sugrpkented counterpart in pH and ethanol
contents (Table 21). After 45 h there were sigaificdifferences in all silages in pH and
acetic acid contents. Treatments of 3 out of fgesaalso differed significantly in lactic
acid and ethanol contents.
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Table 21: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
C* with additional fructose and C without,=0.05; Experiment C 2

Propionic
C pH Lactic acid | Acetic acid |acid Ethanol
C* |C Cc*|C C*|C C*|C C*|C

22h
Silage 17(4.3| 45| * [3.2|35/ ns|[151.4| ns|0.40.3] * |24[19]| ns
Silage 19]4.214.2| ns| 2.9 3.0 ns [ 1513]| ns | 0202 ns| 64 35| *
Silage 24|4.5|4.5| * 12.7|3.1| ns [ 1.31.3| ns | 0.210.3| ns | 4.7/ 2.8| *
Silage 26/ 4.3|4.4| * 125|2.6/ ns|[1.21.0| ns | 0.30.2] * |76|4.3] *
Silage 30(4.2|4.2| * (2.1]|2.2| ns | 1.1/0.9| * [0.3]/0.2| ns | 7.2/4.1| *
Mean 4.3 4.4 2.712.9 1.3]1.2 0.3/0.2 5.7/ 3.3
45h
Silage 17|4.2| 5 | * [2.8/1.2] * |2.8/1.9]| * |0.6]/0.7| ns | 2.4/0.8] *
Silage 19|4.1(4.4| * [2.4|/19] * |3.3]2.1] * |0.4]0.3| ns | 5.8/3.3] *
Silage 24[4.214.8| * [2.6/1.6] * |55|3.3] * |0.8/0.9/ ns| 2.9 1.6| ns
Silage 26(4.1|4.4| * [2.6/2.4| ns|2.4/16] * |0.3|/0.2| ns| 6.5/ 3.7| *
Silage 30{4.114.3| * [1.8/1.6| ns | 1.81.2] * |0.3|0.3| ns | 4.9 35| ns
Mean 4.2/ 4.6 24|17 3.1/2.0 0.5/0.5 45| 2.6

Fungal activity (Antibacterial treatment)
The pH decreased from 4.7 to 4.4 on average a®tdér @able 22, column AB; figures

M to Q in APPENDIX VII). In contrast to the AB treatment without addedcfose
where the pH increased, in this treatment the gHhdt change between 22 and 45 h of
incubation.

Within 22 h lactic acid was decomposed by 1.5 mgionil.9 mg/ml and declined

further to 1.1 mg/ml after 45 h. Acetic acid coriteincreased especially during the
second day to 2.4 mg/ml after 45 h, that is anease of 1.6 mg/ml compared to the
starting concentration. Propionic acid contentsdased only by 0.1 mg/ml to 0.2
mg/ml until 45 h. However, ethanol was produced targe extent during the first 22 h:
+ 4.6 mg/ml to 5.5 mg/ml in total. It slightly deased to 5.2 mg/ml towards 45 h.

Compared to the control after 45 h there was smamtly less lactic acid in all AB
treatments (Table 22). In 3 out of 5 silages thegee also significant differences in pH,
acetic and propionic acid contentdgain this provides evidence to disprove
Hypothesis 3.

After 22 and 45 h the pH and acetic acid conceptratdiffered significantly between
the AB without and with additional fructose. In 4itocof 5 silages also the ethanol
content differed significantly.
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Table 22: Measured and statistical differencesame chemical components [mg/ml] between AB and C,
both with added fructose,=0.05; Experiment C 2

+3% Lactic Acetic Propionic
fructose | pH acid acid acid Ethanol

C |AB C |AB C |AB C |AB C |AB

22h
Silage 17|14.3|4.5| * [3.2|15] * 115]|1.3] * [04]|0.2| ns| 24[24] *
Silage 1914.214.4| * [29]18] * 115]1.0] * [0.2]0.2| ns| 6.4/6.9| ns

Silage 24|14.5(45| ns| 2.7/21] * 11.3|1.2| ns| 0.2/0.2| ns| 4.7/4.8| ns

Silage 26|4.3/4.3| ns| 25/ 20| * 11.2/1.0| ns|{0.3/0.1| ns| 7.6/ 7.3 *
Silage 30|14.2(4.2| ns| 2.1120| ns| 1.1]1.0] * [0.3|/0.2| ns| 7.2/ 6.0| ns
Mean 4.3 4.4 27|19 1.3]11 0.3/0.2 5.7/5.5

45h
Silage 17|4.2|/4.6| ns| 2.8/1.1| * |2.8/2.1| * |10.6]/0.2| ns| 2.4/2.7| *
Silage 19|4.1|4.4| * |124]11| * |3.3|24| * 104]0.2| ns| 5.8/ 70| *
Silage 24|14.2|4.6| ns| 2.6/1.2] * |155|4.0| ns| 0.8/0.3| ns| 2.9/ 4.3| *
Silage 26|4.1(4.4| * [26]|1.1] * 124|120 ns| 0.3/0.2| ns| 6.5/6.7| ns
Silage 30|4.114.3| * |1.8]|1.1| * |1.8]15| * |0.3/0.2| ns| 4.9/54]| ns
Mean 4.2 4.4 24| 1.1 3.1/24 0.5/0.2 45|5.2

Table 23: Measured and statistical differencesdame chemical components [mg/ml] between AB* with
added fructose and AB without=0.05; Experiment C 2

Propionic
AB pH Lactic acid Acetic acid [acid Ethanol
AB* | AB AB* | AB AB* | AB AB* |AB AB* | AB

22h
Silage 17| 45| 4.7 * 15|19/ ns| 1.3| 1.1 * | 0.2 |0.2|ns| 2.4 | 1.5 ns
Silage 19| 4.4 | 46| * |18 |18/ ns| 1.0] 0.8 * [ 0.2 |0.1|ns| 6.9 | 3.6] *
Silage 24| 45|46 * |21 |22/ns| 1.2] 1.1 * [ 0.2 |0.2|ns| 4.8] 2.5 *
Silage 26| 4.3 |45 * (20|20 ns| 1.0/ 0.4 * | 0.1 |0.1|ns| 7.3 | 43| *
Silage 30| 4.2 | 4.3 * |2.0|20/ns| 1.0| 0.7 * [ 0.2 | 0.3|ns| 6.0 | 4.0 *
Mean 4.4| 4.5 1.9] 2.0 1.11] 0.9 0.2 0.2 55| 3.2
45h
Silage 17| 46 | 6.5 * |11 |07 * |21 |11 * [ 0.2 |0.2|ns| 2.7 | 1.2 *
Silage 19| 44149 * |1.1|09|ns| 24| 1.3 * [ 0.2 |0.2|ns| 7.0| 3.8 *
Silage 24| 46 | 56| * | 1.2 |07/ ns| 4.0] 23 * [ 0.3 |0.2|ns| 43] 1.9 *
Silage 26| 44|48 * 11|10/ ns| 20| 1.1 * | 0.2 |0.2|ns| 6.7 | 3.9 *
Silage 30| 4.3 |46] * [11]10/ns| 1.5/ 0.8 * | 0.2 |0.2|ns| 54 | 4.2 ns
Mean 4.4 5.3 1.1] 0.9 24| 1.3 0.2 | 0.2 5.2] 3.0

Concerning the pH but not the lactic acid decomposition the results provide evidence
to disprove Hypothesis 4 saying that the decomposition of lactate and ig®in pH is
not influenced by other available carbon sources.
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Bacterial activity (Antimycotic treatment)

After 22 h the pH dropped from 4.7 to 4.2 on averagd further to 4.1 after 45 h
(Table 24, colum AM; figures M to Q IAPPENDIX VIl), the lowest value obtained

for the three treatments. At the same time (2ha)actic acid content differed between
-2.8 to +1.3 mg/ml (mean 0.1 mg/ml) from the iditialue. Acetic acid content

increased by 1.4 mg/ml on average, propionic awdeased by 0.7 mg/ml and ethanol
concentration by 0.8 mg/ml.

Fortyfive hours after incubation the lactic acidntant decreased to 2.5 mg/ml (-0.9
mg/ml). On the other hand acetic acid content exed to 5.9 mg/ml with an increase
of 5.3 mg/ml from the start of the incubation. Roopc acid content increased to 2.9
mg/ml (+2.8 mg/ml) and ethanol content to 2.8 mg/il.9 mg/ml).

The observed lactate decomposition by bacteria provides evidence to disprove
Hypothesis 2 which says that lactate degradation is solely chbyeyeasts

Compared to the control treatment after 22 and #tete were significant differences in
acetic acid and propionic acid contents in all tirents (Table 24). Partly there were
also differences in ethanol and lactic acid corstamtd pH.

Table 24: Measured and statistical differencesdame chemical components [mg/ml] between AM and
C, both with added fructose,=0.05; Experiment C 2

+3% fructose | pH Lactic acid | Acetic acid | Propionic Ethanol
acid

C |AM C |AM C |AM C |AM C |AM
22h
Silage 17 43142 * |3.2(3.7| ns| 15/ 26| * |04|1.2| ns| 2.4/ 20| *
Silage 19 42142 ns| 2931 ns| 15/ 28| * |0.2|10| * |6.4|1.7| *
Silage 24 45143 * |27|40| * |1.3|23| * |0.2|08| * |4.7|1.7| *
Silage 26 43(4.1| * |25(|3.7| * |1.2|16| * |03|0.2| * |76|15| *
Silage 30 42143 * |21|25 * |1.1]|16| * |03|09| * |7.2|1.3| *
Mean 4.3/ 4.2 2.7|13.4 13|22 0.3/0.8 5.7/1.6
45h
Silage 17 42142| ns| 2.8/20| * |2.8|55| * |06|5.2| ns| 2.4{25| *
Silage 19 4114.0| * |24|25| ns| 3.3/58| * |04|1.8] * |58|3.6| *
Silage 24 42142\ ns| 2.6/26| ns| 5598 * |08|4.1| ns| 2919 *
Silage 26 41139| * |26|3.7| * |24]|38| * |03|1.1| * |65|26]| *
Silage 30 4141\ ns| 18/ 14| ns| 1.8/4.7| * |03|24] * |49|3.2| *
Mean 4.2/ 4.1 24125 3.1/5.9 0.5(2.9 45|28

Compared to the AM treatment without additionaktfose after 45 h, 3 out of 5 silages
had significant differences in lactic and propioaad contents (Table 25).
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Table 25: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
AM* with additional fructose and AM without,=0.05; Experiment C 2

AM pH Lactic acid Acetic acid Propionic Ethanol
acid
AM* | AM AM* | AM AM* | AM AM* | AM AM* | AM
22h
Silage 17| 4.2 ns| 3.7 ng 2.6 1 12 1T 2P ns

Silage 19| 4.2 { 41| ns| 3.1 35 * |28 | 29| ns| 10f 0.8 * | 1.7 | 1.8| ns
Silage 24| 43| 43| ns| 40| 3.1 ns| 23| 23| nd 08 O0P9ns| 1.7 1.2 ns
Silage 26] 4.1 |41 ns| 3.7 3. ns| 16| 15 nd 0.2 O02ns| 1.5( 1.9 ns
Silage 30| 4.3 | 43| ns| 25| 24 ns| 16| 1.8/ *| 09 1.0* |13 |1.6|ns

Mean 4.2 4.2 34|34 22| 2.1 0.8 0.7 16|15
45h
Silage 17| 4.2 ns| 2 *1 55 * 5.2 ¥ 2.5 ns

Silage 19| 40| 39| ns| 25| 3.3 * |58 | 56| ns| 1.8 14 * | 3.6 |3.3| ns

Silage 24| 4.2 | 43| ns| 26| 20 * |9.8 |10.7{ns| 41| 3.4 * |19 |1.8| ns

Silage 26] 3.9 | 4.0 ns| 3.7 3.8 ns| 3.8| 3.8/ nd 11 10ns| 2.6( 2.9 ns
Silage 30l 4.1 |41 ns| 14| 14 ns| 47| 46| nd 24 28Bns| 3.2 3.4 ns
Mean 4.1 4.1 25| 2.6 59| 6.2 29 2.0 28| 2.7

Silage ID 25
Corresponding graphs can be viewedPPENDIX VII| figures R.

Control treatment

Until up to 21 h of incubation the pH remained &tasat 4.0 whereas the lactic acid
content decreased from 6.2 to 5.0 mg/ml (Tablec@&ymn Fr3, row C) which was
significantly lower than its counterpart withoutdsibnal fructose. Acetic acid and
propionic acid contents rose only by 0.1 mg/ml, étlanol contents increased most by
3.0 mg/ml from an initial concentration of 0.2 md¢ym

After 44 h the pH increased to 4.3, that was 0.Bsuless than the control without
additional fructose (Table 26), lactic acid contdatreased to 3.4 mg/ml, that was the
same amount as the control without additional tiset Acetic acid content increased
by 1.8 mg/ml to 2.2 mg/ml, propionic acid increasesh 0.0 to 0.2 mg/ml and ethanol
content to 3.1 mg/ml which was significantly hightan the counterpart without
additional fructose.

Fungal activity(Antibacterial treatment)

During the first 21 h the pH remained stable at @.@ble 26, column Fr3, row AB).
The lactic acid content was reduced by 1.5 mg/odtia acid content increased by 0.1
mg/ml, propionic acid content changed very littheld..3 mg/ml ethanol was produced.

After 44 h the pH reached 4.4, lactic acid conteas reduced by 2.7 mg/ml, acetic acid
content increased to 1.9 mg/ml, propionic acid.forig/ml and ethanol to 2.9 mg/ml.
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Compared to the control treatment there was afgigni difference in ethanol content
after 21 h only.

Compared to the AB treatment without additionattase, like in the control there was
only a significant difference in lactic acid contafter 21 h and in ethanol content after
44 h (Table 26).

Bacterial activity(Antimycotic treatment)
There was very little change in pH and lactic aoid propionic acid content within 44
h, similar to the AM treatment without additionaldtose (Table 26).

Acetic acid content raised by 0.2 mg/ml after 2/tich was significantly higher than
in the counterpart without additional fructose, datreased after 44 h to the initial 0.4
mg/ml. Ethanol content increased to 1.3 mg/ml dttieh and to 1.8 mg/ml after 44 h.

Compared to the control there were significantedéhces in lactic acid contents after
21 and 44 h. After 21 h additionally there werengigant differences in pH and ethanol
content. After 44 h the treatments differed frore dontrol in lactic and acetic acid
contents.

There were no significant differences compareh®AM treatment without additional
fructose except for the acetic acid content afien2

Because of the different results within the two suament timeshere was no
evidence to disprove nor to confirm Hypotheses 2, 3 and 4.

Table 26: Measured and statistical differenceskhamnd some chemical components [mg/ml] between
treatments with (Fr3) and without (FrO) additiorfalictose o =0.05; Silage ID 25

Silage |pH Lactic acid | Acetic acid | Propionic Ethanol
25 acid
Fr3| FrO Fr3| FrO Fr3| FrO Fr3| Fro Fr3| FrO
Oh 4.0 6.2 0.4 0 0.2
21h

C 40/40| ns| 5.055| * |05(04|(ns| 0.00.0| ns| 3.22.2| ns

AB 40(40( ns| 4753| * |05({04(ns| 0.000.1| ns| 1.92.1| ns

AM 40/40( ns| 6.26.4| ns| 06§03 * 10.0/0.0| ns| 1.31.8| ns

44 h

C 43|48 ns| 3.434|ns| 22409 ns| 0.10.1| ns| 3.2§0.9| *

AB 4448 ns| 353.0|ns| 1.910(ns| 0.10.1| ns| 3.7§1.1| *

AM 40(40| ns| 6.06.3| ns|] 0.405| ns|] 0140.1| ns| 1.7 2.3| ns
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5.3.3 Experiment C 3 -+6 % fructose
To investigate the effect of increasing residualOANl&vels on fungi and bacteria in

comparison to results obtained in Experiment C d @®
» 3 treatments with 3 replicates: C, AB and AM + &rfctose in FM. Silage ID
19, 32, 34. (3 silages in total). Aerobic stabitigt.

Table 27: Initial pH and concentrations of somemlieal components [mg/ml] of the silage extracts;
Experiment C 3

Oh pH Lactic acid | Acetic acid | Propionic |Ethanol
acid

Silage 19 4.7 2.2 0.8 0.0 0.9

Silage 32 4.8 2.5 0.7 0.4 1.7

Silage 34 4.7 2.7 0.9 0.4 1.8

Control treatment
After 22 h the pH decreased by 0.4 units on ave(agble 28, column C*; figures S-U

in APPENDIX VII). Lactic acid was produced, 0.3 mg/ml on averagmetic and
propionic acid as well, 0.7 and 0.2 mg/ml respetyivEthanol production varied from
1.6 to 7.8 mg/ml (3.3 mg/ml on average).

There was a further drop in pH after 45 h by 0.itsufftom the beginning to 4.1. All

other parameters increased: lactic acid contert frsher by 0.6 mg/ml to 3.0 mg/ml,
acetic acid by 2.6 mg/ml to 3.4 mg/ml, propioniedaloy 0.4 to 0.7 mg/ml and ethanol
by 7.0 mg/ml to 8.5 mg/ml on average.

Table 28: Measured and statistical differenceskhamnd some chemical components [mg/ml] between
C* with additional fructose and C without,=0.05; Experiment C 3

Propionic

C pH Lactic acid | Acetic acid |acid Ethanol

C* |C C*|C C*|C C*|C C*|C
22h
Silage 19| 4.2|4.2| * [2.8|/3.0| ns | 2.211.3] * ]0.3|/0.2] * [8.7]|35] *
Silage 32|/ 4.3|/4.6| * [25(2.7| * |1.2]/1.0] * |0.6/0.5| ns | 9.6/3.1] *
Silage 34|14.5/4.6| * [29]|3.0/ ns [ 0.91.0| ns | 0.50.5| ns| 3.4 24| ns
Mean 4.3 4.5 2.8/2.9 14/1.1 0.5/04 7.2 3.0
45h
Silage 19/4.0/4.4| * [25[1.9| * |3.9]|2.1] * |04]|0.3| ns| 7.8/3.3| *
Silage 32| 4.2|5.3| * 19|11 * [25]|13] * [0.7]0.7| ns [ 7.9 24| *
Silage 34| 4.0/4.5| * (46|23 * |3.7]/1.7] * |1.0|/1.1| ns | 9.8/2.9| *
Mean 4.1 4.7 3.0/1.7 3.4|/1.7 0.7/0.7 8.5/ 2.9
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Compared to the control without additional fructadter 45 h there were significant
differences in pH, lactic and acetic acid contemtd in ethanol contents in all 3 silages
(Table 28).

Fungal activity (Antibacterial treatment)

Within 22 h the pH dropped by 0.3 units on aver@able 29, column AB; figures S-U
in APPENDIX VII). Lactic acid concentration fell by 0.2 mg/ml, wbas acetic acid
and propionic acid were produced (0.3 and 0.1 mgésp.). Ethanol content rose by
5.8 to 7.2 mg/ml on average.

After 45 h the pH further decreased to 4.3 andabgc acid content to 1.6 mg/ml (-0.9
mg/ml). At the same time acetic acid content inseglaby 1.8 mg/ml to 2.6 mg/ml,
propionic acid to 0.4 mg/ml, ethanol by 7.9 mg/mbt3 mg/ml.

Compared to the control treatment after 45 h tinenee significant differences in lactic,
acetic and propionic acid concentrations (Table. 2y silages 19 and 34 the pH
differed significantly from the control.

Table 29: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
AB and C with additional fructose,=0.05; Experiment C 3

+6% fructose| pH Lactic acid | Acetic acid | Propionic Ethanol
acid
C |AB C |AB C |AB C |AB C |AB
22h

Silage 19 42143 * |28|20| * |22|13| * |0.3]0.2| * |87|9.0]| ns
Silage 32 43|/43| ns| 2522 * |1.2|11]| * |0.6]|0.5| ns| 9.6/ 9.1| ns
Silage 34 45|146| * 29|27 ns] 0.9909| ns| 0.5(0.4| ns| 3.4/ 3.7 | ns
Mean 4.3 4.4 2.8/2.3 1411 05|04 72| 7.2
45h
Silage 19 40|42 * |25|1.2| * |39|29| * |04]0.2| * |7.8]|9.8]| ns
Silage 32 42|44\ ns| 19(13| * |25]21| * |0.7|05| * |79]| 82| ns
Silage 34 40|42 * |46|22| * |3.7|28]| * |1.0{05| * |9.8]|10.0| ns
Mean 4.1 4.3 3.0|1.6 34|26 0.7/ 0.4 8.5 9.3

In comparison to the AB treatment without additiofractose there were significant
differences in pH, acetic acid and ethanol contéfable 30).

Concerning the pH but not the lactic acid decomposition Hypothesis 4 was disproved
saying that changes in both parameters are nateinfed by other available carbon

sources.
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Table 30: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
AB* with additional fructose and AB without=0.05; Experiment C 3

Propionic
AB pH Lactic acid Acetic acid [acid Ethanol
AB* | AB AB* | AB AB* | AB AB* | AB AB* | AB

22h
Silage 19| 43| 46] * [20|18/ns| 1.3/ 0.8 * [ 0.2 | 0.1/ns| 9.0 | 3.6] *
Silage 32| 4.3 | 4.7 * [22]2.0 * |11 |07 * | 0.5]0.5/ns| 9.1 |3.2] *
Silage 34| 46 | 46| * [27 (28 ns| 0.9 0.9ns| 04 | 0.5|ns| 3.7 | 2.6] ns
Mean 4.4 4.6 23|22 11]0.8 04|04 72|31
45h
Silage 19| 4.2 49 * | 12|09/ ns| 29|13 * | 02]0.2/ns| 9.8|3.8 *
Silage 32| 44| 6.5 * [1.3]0.6/ * |21 |06 * [ 0.5]0.5/ns| 82|20 *
Silage 34| 4.2 | 4.7 * [22 |15/ ns| 28| 1.8 * | 0.5 | 0.6/ns|10.0{4.5| *
Mean 43| 5.4 16| 1.0 26|11 04104 9.3| 34

Bacterial activity (Antimycotic treatment)
After 22 h the pH dropped by 0.4 to 4.4 (Table 8&lumn AM; figures S-U in

APPENDIX VII). Lactic acid content rose by 0.7 mg/ml to 3.2 mmg/acetic acid
content rose by 1.0 mg/ml to 1.8 mg/ml, propiorglaconcentration rose by 0.5 mg/ml
and ethanol content by 1.1 mg/ml.

Table 31: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
AM and C with additional fructose,=0.05; Experiment C 3

+6% fructose | pH Lactic acid | Acetic acid | Propionic Ethanol
acid
C |AM C |AM C |AM C |AM C |AM
22h

Silage 19 42|141| ns| 28[3.2| ns| 2.2/28| * |03|10| * |87]|19]| *

Silage 32 4314.3| ns| 2534 * |1.2|15| * |06|09| * |96|21| *
Silage 34 45|47 * |29(3.0/ ns| 0.9109| ns| 0.5{0.4| ns| 3.4/3.6| ns
Mean 4.3 4.4 2.8/3.2 14(1.8 0.5/0.8 7.2125
45h
Silage 19 40|4.0| ns| 25[23| ns| 3.9/59| * |04|20| * |7.8|3.7| *
Silage 32 42141\ ns| 1929 * |25|4.0| * |0.7|4.2] * |79|29]| *
Silage 34 40(3.8| * |46(8.2| * |3.7|22| * |1.0|0.6] * |9.8|6.0| *
Mean 4.1 4.0 3.0/45 3.414.0 0.7|2.3 8.5(4.2

After 45 h the pH dropped further to 4.0, additiotectic acid was produced to a
content of 4.5 mg/ml. Acetic acid content increated.0 mg/ml, propionic acid rose
by 2.0 mg/ml to 2.3 mg/ml, ethanol content increlabg 2.7 mg/ml to 4.2 mg/ml on
average.
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After 45 h the acetic acid, propionic acid and attaconcentrations of all 3 silages
differed significantly from the control (Table 31 two out of 3 silages the lactic acid
contents were also significantly different.

AM treatments of silages 19 and 32 with and withadditional fructose differed
significantly in lactic acid and propionic acid ¢ents after 45 h (Table 32). Silage 34
had no significant differences within the measunetnperiod.

Table 32: Measured and statistical differenceskhgmd some chemical components [mg/ml] between
AM* with additional fructose and AM without,=0.05; Experiment C 3

Propionic
AM pH Lactic acid Acetic acid | acid Ethanol
AM* | AM AM* | AM AM* | AM AM* | AM AM* | AM

22h
Silage 19| 4.1 | 41| ns| 3.2| 3.9ns| 2.8|29|ns| 1.0| 0.8/ * | 1.9| 18| ns
Silage 32 43|42 * |34 (39| * 15|18 * |09|12 *|21]|25ns
Silage 34| 4.7 | 46| ns| 3.0] 29 ns| 0.9 | 0.9/ ns| 0.4 | 0.5/ ns| 3.6 | 3.0| ns
Mean 4.4| 4.3 3.2| 34 18| 1.9 0.8 0.8 25|24
45h
Silage 19| 4.0 |39/ ns| 23|32 * | 59|56/ns| 20|14 * | 37|33/ ns
Silage 32 4.1 | 4.4/ ns| 29|17 * [ 40| 4.0/ns|[ 42| 3.0 * [29] 3.3/ ns
Silage 34| 3.8 | 3.8/ ns| 82| 7.3 ns| 22| 2.1/ ns| 0.6 | 0.8/ ns| 6.0 | 5.4| ns
Mean 4.0| 4.0 45| 4.1 40| 3.9 23| 1.7 421 4.0

Comparison of the batch culture technique to tempeture development in the
aerobic stability test(HONIG, 1990)

In the aerobic stability test a concentrated freeteolution was added to silages 32 and
34 in two replicates, resulting in additional 6 fédtose. Temperature development, pH
and organic acids and ethanol were recorded fay$.d

Silage 32 became unstable after 24 h, i.e. ros€G @&ove ambient, whereas silage 34
remained stable within 96 h.

The calculated DM losses in silage 32 of the treatnwith added fructose were 2.5
times higher (21.5 %) than the counterpart withouttose added. In the stable silage
(ID 34) there were no differences.

Silage 32

Regarding silage 32 the pH development was sinahe control but ended with a
significantly lower pH value of 7.8 compared to &fser 96 h (Figure 39 and Figure
40). The fructose treatment did not differ sigrafitly from the control in any parameter
on any day during the measurement period, excepHaafter one and 4 days.
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Grass silage 32, Trial 19/20 Grass silage 32, Trial 19/20
+ 6% fructose

mg/ml
N
pH

mg/ml

-20 0 20 40 60 80 100

—e— pH NN Lactic Acid E&25 Acetic Acid .77 Propionic Acid Il Ethanol

Figures: Daily changes in pH and some chemical camepts [mg/ml] in the temperature test over 4
days, error bars = s.d.

Figure 39 (left): Untreated control

Figure 40 (right): With addition of 6 % fructose &M base

The corresponding batch culture had a much higtemel production and acetic acid
was produced instead of consumed, in contrast @oatttual silage in the HONIG
aerobic stability test. In addition, the pH droppestead of rising. However the lactic
acid content was comparable within the same meamsireperiod.

At the end of the incubation period over 4 daysegposure to air the silage replicate
with the lower pH (7.8) of the treatment with frasé addition and the one with the
higher pH (8.3) of the control were investigateccmobiologically as the daily visual
scoring for yeasts and moulds showed a slowerbfesgrowth of yeast in the fructose
treatment compared to the control. The yeast coointse fructose treatment were 9.5
log cfu/g FM and LAB 8.2 log cfu/g FM, whereas Iretcontrol yeast counts were 11.4
log cfu/g FM and LAB 7.0 log cfu/g FM, i.e. the ¢anl had nearly a 100-fold higher
amount of yeasts compared to the fructose addathiest, but in contrast the latter had
an approximately 20-fold higher amount of LAB.

Silage 34

The pH, organic acid and ethanol concentrationsane@d more or less stable over 4
days. Only the ethanol content of the fructosettneat decreased significantly within
the first 24 h.

During the first two days of incubation there wassignificant difference between the
fructose treatment and the control. On day 3 atite4ontrol had a significantly higher
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ethanol content and on day 4 the acetic acid comtas also significantly higher in the
control compared to the fructose treatment.

The corresponding batch culture increased in albbées (lactic, acetic, propionic acid
and ethanol contents), whereas the actual silageenrHONIG aerobic stability test
remained more or less stable in the acids and etlaas decomposed.

Summary: Influence of WSC content on _changes occumg in_batch cultures
General observations (Experiment C 1-Experimenj C 3

Control treatment

The higher the WSC content of the medium the higherlevel of ethanol production
and the later and smoother the pH rise.

There was a trend towards a lower final pH as tf&OMontent increased. Arranging

the treatments according to their total WSC confsai of fructose, glucose, sucrose)

after 53 h of incubation (including grass-lucernéages (Experiment C 7 and

Experiment (8), silage 25 excluded):

Least significant difference 0.21.

Means with the same letter in the Tukey groupiregrent significantly different.

Table 33: Tukey grouping of pH values after 53 mofibation in relation to the corresponding inltia
WSC content in FM

Tukey grouping pH mean n % WSC

A 5.55 3 4.4
B 5.13 3 3.7
C 4.89 3 4.7
D 4.64 3 3.2
D 4.56 3 5.5
D 454 3 6.9
D 451 3 5.1
E D 4.45 3 5.9
E D 4.44 3 6.7
E F 4.26 3 10.4
E F 4.26 3 7.7
G F 4.16 3 9.9
G F 414 3 8.1
G F H 4.10 3 8.5
G F H 4.09 3 8.9
G H 4.01 3 9.2
H 3.92 3 11.9
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Three way correlations between pH, time and WS@obn

For grass silages (ID 15, 17, 19, 24, 26, 30, 82, 3
pH(t)=5.09-0.01*t[h]+0.0002*t2[h]-0.08*WSC[% FM]2x0.51, n=174.

For grass silages (ID 15, 17, 19, 24, 26, 30, 32,dus grass-lucerne silages (ID 27,
31) (Experiment @ and Experiment @):

pH(t)= 5.08-0.01*t[h]+0.0002*t?[h]-0.08*WSC[% FM}?=0.53, n=228.
Correlation between pH, time and (WSC*BC):

pH(t)=4,99-0.01*[h]+0.0002*t2[h]-0.0003*WSC[% FMBC[Meq in FM], r2=0.43,
n=228.

Fungal activity (Antibacterial treatment)

The higher the WSC content of the medium the higherlevel of ethanol production
and the later and smoother the pH rise.

Correlation between pH, time and WSC content

For grass silages (ID 15, 17, 19, 24, 26, 30, 32, 3
pH(t)=5.3-0.005*t[h]+0.0002*t2[h]-0.12*WSC[% FM]2+0.39, n=174.

For grass silages (ID 15, 17, 19, 24, 26, 30, 32,dus grass-lucerne silages (ID 27,
31) (Experiment @ and Experiment 8):

pH(t)=5.28-0.005*[h]+0.0003*2[n]-0.12*WSC[% FM}2=0.44, n=228.

Correlation between pH, time and (WSC*BC):

pH()=5.13-0.005*[h]+0.0003*t2[h]-0.0005*WSC[% FNBC[Meq in FM], r2=0.35,
n=228.

Bacterial activity (Antimycotic treatment)

There was no significant influence of WSC concédidra of the medium on the
development of pH, organic acid or ethanol conegiatns.

Correlation between pH, time and WSC content

For grass silages (ID 15, 17, 19, 24, 26, 30, 32, 3
pH(t)=4.78-0.022*t[h]+0.0002*t2[h]-0.01*WSC[% FM}2=0.68, n=174
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For grass silages (ID 15, 17, 19, 24, 26, 30, 32,/us grass-lucerne silages (ID 27,
31) (Experiment C 7 and Experimen8L

pH(t)=4.82-0.02*1[h]+0.0001*t2[h]-0.02*WSC[% FM]2£0.58, n=228

Correlation between pH, time and (WSC*BC):

pH(t)=4.78-0.02*t[h]+0.0001*2[h]-0.0001*WSC[% FMBC[Meq in FM], r>=0.57,
n=228.

The correlation equations show that the influence foWSC was highest in the AB
treatment and lowest in the AM treatment. This reldionship also holds true for the
product WSC*BC.

5.3.4 Experiment C 4 —Potassium chloride, 100 ml — 200 ml Erlenmeyerk#as
To study the influence of osmotic pressure adjustamialitions in the actual silage, on
the microbial activity

* 6 treatments with 3 replicates: C, AB and AM in 8@gév) KCI solution in 100
ml and in 200 ml erlenmeyer flasks. Silage ID 34.

Yeast numbers in the silage were 6.2 log cfu/g Al BAB numbers 6.5 log cfu/g FM.

Within 22 h all treatments behaved similarly congolto the counterparts without KCI
addition. pH and organic acid values remained ket stable from the beginning.
Only ethanol was produced.

The treatments in 200 ml erlenmeyer flasks (figowWeim APPENDIX VII) resembled
the counterparts in 100 ml volume.

Control treatment

After 46 h of incubation the pH decreased from th&4.4 (Figure 41). Lactic acid
content increased from 2.5 to 2.7 mg/ml. Aceticdacontent rose from 0.8 to 0.9
mg/ml, propionic acid content from 0.4 to 0.5 mg/MBthanol content increased from
the initial concentration of 1.6 mg/ml to 4.7 mg/ml

Compared to the control without KCI (figure 30 APPENDIX VII) there were no
significant differences after 22 h but after 46 H, pacetic acid and propionic acid
contents differed significantly.
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Fungal activity (Antibacterial treatment)
Neither after 22 nor after 46 h there were sigaificdifferences between AB and C in
any variable (Figure 43).

Compared to AB without KCI (figure 32 iIAPPENDIX VII) there were significant
differences after 46 h in pH, lactic and acetidamntents. pH and acetic acid content
were significantly lower with KCI whereas lacticécontent was significantly higher.

Control / 8 % KCI Fungal activity / 8 % KCI
L7 7
7 Yeasts 6.2 log cfu/g FM 107
LAB 6.5 log cfu
8 8 4

mg/ml
pH

mg/ml
pH

0 30 20 30
Hours Hours

Bacterial activity / 8 % KCI

6 —e— pH
MBS Lactic Acid
04 Acetic Acid

2] L, t/74 Propionic Acid
I Ethanol
" 0 1‘0 3‘0 4‘0 ‘

50

mg/ml
pH

20
Hours

Figures: Changes in pH and some chemical componengsass silage extracts with 8 % KCI (silage ID

34) in 100 ml Erlenmeyer flasks over 51 h

Figure 41 (top left): Control
Figure 42 (down left): Antimycotic treatment

Figure 43 (top right): Antibacterial treatment

Bacterial activity (Antimycotic treatment)
There were no significant differences between C Akdafter 22 and 46 h except that
the pH of AM was significantly higher after 46 (2 units) (Figure 43).

Only after 46 h AM with and without KCI (figure 3ih APPENDIX VII) differed
significantly in pH, lactic, acetic and propionicié contents. The organic acid contents
were significantly higher without KCI and pH wagsificantly lower (-0.8 units).
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5.3.5 Experiment C 5 —Tannic acid
To investigate the effect of tannin as a charasteriingredient of legumes on aerobic

changes

» 2 treatments with 3 replicates: C and AB + 0.57&nic acid in FM. Silage
ID17.

Yeast numbers accounted for 7.4 log cfu/g FM amdkae bacteria numbers for 7.0 log
cfu/g FM.

Control treatment

After 22 h the pH rose to 5.0 (Table 34, column fjure 74 iINnAPPENDIX VII). That

is 0.5 units higher than the control without addtiLactic acid concentration decreased
from 6.5 to 3.5 mg/ml. Acetic acid concentratiorcldeed from 0.9 to 0.5 mg/ml in
contrast to the untreated control which rose byrdgdml. Propionic acid content was
slightly reduced (-0.1 mg/ml) in contrast to theicterpart. Ethanol content increased to
4.4 mg/ml (without tannin 1.9 mg/ml).

There were significant differences in pH (+0.5 gpitactic (-0.7 mg/ml), acetic (-0.9
mg/ml) and propionic acid (-0.2 mg/ml) concentraa@ompared to the control without
tannin after 22 h.

After 46 h the pH reached 6.6, that is 1.6 unitgertban the counterpart. Lactic acid
concentration decreased to 1.2 mg/ml, acetic aci@l2 mg/ml. Propionic acid content
increased to 0.3 mg/ml, ethanol content to 4.9 rhg/m

At that point of time there were significant diféerces in pH, acetic and propionic acid
and ethanol concentrations compared to the contitiiout tannin (Table 34). On

average, with tannin acetic acid content was onlierggth compared to the control
without tannin and ethanol content was 6.5-folchkig

Table 34: Measured and statistical differencesame chemical components [mg/ml] between C* with
tannin and C withouty =0.05; Experiment C5

Tannic Lactic Acetic Propionic

acid pH acid acid acid Ethanol
C* |C C*|C C*| C C*| C C* C

Oh 4.8 6.5 0.9 0.2 0.9

22 h 50/45| * [28|35] * [05/14]| * |10.1|/0.3| ns| 44 19| *

46 h 6.6/50 * [1.2/1.2|ns|[0.2/1.9] * ]0.3]/0.7] * |149/0.8| *
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Fungal activity (Antibacterial treatment)

Within 22 h the pH rose to 4.9 (counterpart 4.73l{f€é 35). The lactic acid content
diminished from 6.5 mg/ml to 2.8 mg/ml (cp. 1.9 md/ Acetic and propionic acid
behaved like the control. Ethanol content amoufae@.1 mg/ml (cp. 1.2 mg/ml).

AB with tannin differed significantly from AB withat tannin in pH (-0.2 units), lactic
(+ 0.9 mg/ml) and acetic acid contents (-0.6 mg/ml)

After 46 h the pH increased to 5.7 (cp. 6.5). laettid content declined to 1.2 mg/ml
(cp. 0.7 mg/ml), acetic acid content to 0.6 mg/mp.(1.1 mg/ml). Propionic acid
content remained stable. Ethanol amounted for 2)/tin(cp. 1.2 mg/ml).

There were significant differences in the samealdeis as after 22 h.

Table 35: Measured and statistical differencesame chemical components [mg/ml] between AB* with
tannin and AB withoutz =0.05; Experiment C5

Tannic Lactic Acetic Propionic

acid pH acid acid acid Ethanol
AB* | AB AB* | AB AB* | AB AB* | AB AB* | AB

Oh 4.8 6.5 0.9 0.2 0/9

22h 4947 * |28 |19 * |05]11] * [01]0.2 ns| 28| 1.5 ns

46 h 57|65 * 11207 * |06 |11 * |0.2]02[{ns| 21| 1.2 ns

Compared to the control there were significantedléhces only after 46 h in acetic acid

content which was higher in AB (+0.4 mg/ml) andeithanol content which was less
than half of the control (2.1 vs. 4.9 mg/ml) (TaB®&.

Table 36: Measured and statistical differencesame chemical components [mg/ml] between AB and C,
both with tanning =0.05; Experiment C5

Tannic Lactic Acetic
acid pH acid acid Propionic acid| Ethanol

C |AB C |AB C |AB C |AB C | AB
Oh 4.8 6.5 0.9 0.2 0.9
22h 50({49|ns| 2.8 28| ns| 05 05| ns| 01| 01 n$4.4|28| ns
46 h 6.6/57| * [1.2/1.2|ns| 02106 * [0.3] 0.2 *]|4.921]|ns

Altogether tannic acid addition varied the develepmfrom the treatments without
additive.

Thisfinding provides further evidence to disprove Hypothesis 4.

5.3.6 Experiment C 6 —pH 3.8 (+ fructose)

Toinvestigate the effect of initial pH on aerobic ngas without or in combination with
additional WSC

* 6 treatments with 3 replicates: pH of the mediurapaeld to 3.8, C, AB, AM
without and with 6 % fructose. Silage ID 32.

68



5 RESULTS

Yeast numbers accounted for 6.6 log cfu/g FM an@ lnymbers for 6.0 log cfu/g FM.

In general, the statistical differences given eelad the differences between the
treatments with and without added fructose.

Corresponding graphs see figures X and WRPENDIX VIl

Control treatment

The initially adjusted pH of 3.8 dropped to 3.6dah4 (!) resp. with added fructose
after 21 h (significant difference) (Table 37) wihiwas the lowest pH achieved within
all experiments. Lactic acid contents declined fram mg/ml to 1.9 mg/ml in both
treatments (n.s.). Acetic acid decreased by 0.2nintg 0.6 mg/ml without additional

fructose and increased by the same amount to 1/nimgith additional fructose

(significant difference). Propionic acid conten&gnained stable within 45 h in both
treatments. Ethanol content increased from 1.9 mhdém3.3 mg/ml, 7.1 mg/ml

respectively (significant difference).

After 45 h the pH added up to 3.9 or 3.5 respeltiysignificant difference). Lactic
acid further decreased to 1.0 mg/ml, 1.2 mg/ml eespely (significant difference).
Acetic acid accounted for 0.3 mg/ml without addiab fructose and 1.6 mg/ml with
fructose addition, that is more than 5 times higlsegnificant difference). Ethanol was
decomposed or volatilised to 1.4 mg/ml or 7.0 mg/magpectively (significant
difference).

Within 45 h the treatment with additional fructoddfers significantly from the
treatment without additional fructose in pH, ladid, acetic acid and ethanol contents
(Table 37).

Table 37: Measured and statistical differencesame chemical components [mg/ml] between C without
and C* with additional fructose at pH 3.8,=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid | Acetic acid |acid Ethanol
C |C* C | C* C | C* C| C* C| C*
Oh 3.8 2.4 0.7 0.4 1.9

21h 36/34| * (19|19 ns| 0.6/1.0] * [05/05| ns| 3.3/ 89| *
45h 39/35| * |10|1.2| * [0.3|16] * [05]/04|ns| 1.4/7.0] *

Comparison to the treatments at natural pH

After 21 h the control without additional fructoaelow pH had a significantly lower
lactic acid content than the counterpart at nafoira(1.9 vs. 2.7 mg/ml) (Table 38). The
acetic acid content too, was significantly lowe6(0s. 1.0 mg/ml).

After 45 h acetic acid and propionic acid conteetevsignificantly lower at low pH, 0.3
vs. 1.3 mg/ml resp. 0.5 vs. 0.7 mg/ml.
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Table 38: Measured and statistical differencesame chemical components [mg/ml] between C* at pH
3.8 and C at natural pH (without fructose)=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid | Acetic acid [acid Ethanol
C* |C Cr|C cC*| C C* C C* C
Oh 3.8/4.8 24125 0.7/ 0.7 0.4/0.4 1.9]1.7
21h 3.6/4.6 1.9/2.7| * [0.6]1.0 0.5/0.5| ns| 3.3/3.1| ns
45h 3.9/5.3 1.0/1.1| ns| 0.3/ 1.3 0507 * [14]|24] *

The treatment with additional fructose at low pHlraasignificantly lower lactic acid
content than the counterpart at natural pH (1.92/5. mg/ml) corresponding to the
treatments without additional fructose after 21he same was acetic acid content (1.0
vs. 1.2 mg/ml) (Table 39). After 45 h lactic acohtent was still significantly lower at
low pH (1.2 vs. 1.9 mg/ml), the same as acetic acitent (1.6 vs. 2.5 mg/ml) and then
propionic acid content (0.4 vs. 0.7 mg/ml).

Table 39: Measured and statistical differencesame chemical components [mg/ml] between C* at pH
3.8 and C at natural pH (with fructose)=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid | Acetic acid [acid Ethanol
C* |C Cr|C cC*| C C* C C* C
Oh 3.8/4.8 24125 0.7]0.7 0.4/0.4 1.9]1.7
21h 3.4/4.3 1.9/25| * [1.0[1.2 0.5/0.6| ns| 8.9/9.6| ns
45h 3.5/4.2 1.2/19] * [1.6]|25 0407 * [7.0]7.9]| ns

Fungal activity (Antibacterial treatment)
After 21 h the pH changed like in the control. Laecid concentration diminished to

1.8 mg/ml, 1.9 mg/ml respectively with additionaldtose (n.s.) (Table 40). Acetic acid
concentration declined from 0.8 to 0.5 mg/ml withadditional fructose and rose to 0.9
mg/ml with fructose added (significant differenc®yopionic acid contents remained
stable within 45 h in both treatments. Ethanol eahincreased from 1.9 mg/ml to 3.0
mg/ml, 8.7 mg/ml respectively (significant diffeis).

After 45 h the pH corresponded to the control Jnlsactic acid content diminished to

0.8 and 1.1 mg/ml respectively (significant diffece). Acetic acid accounted for 0.6
mg/ml or 1.4 mg/ml respectively (significant diféerce). Ethanol content was at the
level 2.1 and 7.0 mg/ml (significant difference).

At both measurement points AB did not differ sigrahtly from C except a slightly
lower acetic acid content after 21 h (Table 41 &able 42).
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Table 40: Measured and statistical differencesame chemical components [mg/ml] between AB
without and AB* with additional fructose at pH 34870.05; Experiment C6

Propionic
pH 3.8 [ pH Lactic acid Acetic acid |acid Ethanol
AB | AB* AB | AB* AB | AB* AB | AB* AB | AB*
Oh 3.8 2.4 0.7 0.4 1.9
21h 36/34| *118/ 19| nsf 0509| * |05/ 05| ns| 3. 87| *
45h 3935 *]108/ 11| *|01] 14| * |05 05| ns| 24 70| *

Table 41: Measured and statistical differencesame chemical components [mg/ml] between AB and C
(without additional fructose) at pH 3.8,=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid Acetic acid [acid Ethanol
AB | C AB | C AB | C AB| C AB|C
Oh 3.8 2.4 0.7 0.4 1)9
21h 3.6/36|ns| 1.8/ 1.9 ns| 05 0.6 * |05| 05| ns| 3.013.3| ns
45 h 3.9/39|ns| 08| 1.0 ns| 0.1] 0.3 ns| 0.5 0.5 ns| 2.1/1.4| ns

Table 42: Measured and statistical differencesame chemical components [mg/ml] between AB and C
(with additional fructose) at pH 3.8,=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid Acetic acid | acid Ethanol
AB|C AB | C AB | C AB| C AB|C
Oh 3.8 2.4 0.7 0.4 1.9
21h 34|34|ns| 19| 1.9 ns| 09| 1.0 ns| 0.5 0.5 ns| 8.7/8.9| ns
45 h 35(35|ns| 11| 1.2 ns| 14| 1.6 ns| 0.5 04 ns| 7.0{7.0| ns

Comparison to the treatments at natural pH

After 21 h lactic acid contents were significaniibyver at low pH: 1.8 vs. 2.0 mg/ml
without and 1.9 vs. 2.2 mg/ml with additional fros¢, the same was acetic acid
content: 0.5 vs. 0.7 mg/ml and 0.9 vs. 1.1 mg/mdb(€ 43). After 45 h significant
differences in lactic and acetic acid contents iegthbut ratios changed in the variable
lactic acid without additional fructose. There ttentent at low pH was higher than at
natural pH (0.8 vs. 0.6 mg/ml) (Table 44).

Whether with or without fructose addition, afteettirst 21 h less lactic acid was left at
low pH than at natural pH which provides evidenoedtsproveHypothesis 1 saying
that the pH does not influence the lactate consiamptiowever, after 45 h the results
in lactic acid content and differences between ttleatments at low and natural pH
were contradictory.
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Table 43: Measured and statistical differencesame chemical components [mg/ml] between AB* at pH
3.8 and AB at natural pH (without fructose)=0.05; Experiment C6

Propionic
pH 3.8 [ pH Lactic acid Acetic acid | acid Ethanol
AB* | AB AB* | AB AB* | AB AB* | AB AB* | AB
Oh 3.8 4.8 24|25 0.7 0.7 04| 04 19|17
21h 3.6 | 4.7 18|20 * [05]0.7] * |05]05| ns| 3.0/ 3.2 ns
45h 3.9|6.5 08|06 * 10106/ * |05|05 ns| 21| 2.0 ns

Table 44: Measured and statistical differencesdame chemical components [mg/ml] between AB* at pH
3.8 and AB at natural pH (with fructose)=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid Acetic acid [acid Ethanol
AB* | AB AB* | AB AB* | AB AB* | AB AB* | AB
Oh 3.8]|438 24| 2.5 0.7 0.7 04| 0.4 19| 1.7
21h 34143 19122 * |09|11] * [05|05 ns| 87| 9.1 ns
45h 35|44 11]13 * |14 |21 * [05|05 ns| 70| 82 ns

Bacterial activity (Antimycotic treatment)

AM remained rather stable in pH and organic acidteots. There were no significant
differences between AM with and without additiorialctose at both measurement
points (Table 45).

Until 45 h lactic acid concentration increased b2 thg/ml on average, acetic acid
content dropped by 0.2 mg/ml. Propionic acid contedid not change on average.
Ethanol content increased from 1.9 to 3.3 mg/mawerage within 45 h.

Table 45: Measured and statistical differencesame chemical components [mg/ml] between AM
without and AM* with additional fructose at pH 3870.05; Experiment C6

pH 3.8 [ pH Lactic acid Acetic acid Propionic acid| Ethaol
AM | AM* AM | AM* AM | AM* AM | AM* AM | AM*
Oh 3.8 2.4 0.7 0.4 1.9

21h 38| 38| ns| 25 24| ns| 0.6 0.6 | ns| 05 04 | ns| 23 24 | ns
45h 38| 3.7 | ns| 2.7 26 | ns| 0.5 05| ns| 0.4 0.3 | ns| 3.2 34 | ns

After 21 h AM treatments were significantly higharpH (!), lactic acid and ethanol
concentrations than the control treatments (Table kh the fructose treatments acetic
acid and propionic acid contents were significatdlyer at low pH (0.6 vs. 1.0 mg/ml
and 0.4 vs. 0.5 mg/ml) (Table 47).

After 45 h the AM treatment without fructose wagrsiicantly lower in lactic acid and
ethanol concentrations than the control. In contthe AM treatment with additional
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fructose had significantly higher ethanol and acatiid contents than the control with
fructose.

Table 46: Measured and statistical differencesdame chemical components [mg/ml] between AM and C
(without additional fructose) at pH 3.8,=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid | Acetic acid |acid Ethanol
AM |C AM|C AM|C AM|C AM|C
Oh 3.8 2.4 0.7 0.4 1.9

21h 3.8(36| * |25]19| * |06|0.6/ ns| 0.5/0.5| ns| 2.3/3.3| *
45h 3.8(39| ns| 2.7/1.0| * |05/0.3| ns| 0.4/05| ns| 3.2/14]| *

Table 47: Measured and statistical differencesame chemical components [mg/ml] between AM and C
(with additional fructose) at pH 3.8,=0.05; Experiment C6

Propionic
pH 3.8 | pH Lactic acid | Acetic acid |acid Ethanol
AM |C AM|C AM|C AM|C AM|C
Oh 3.8 2.4 0.7 0.4 1.9

21h 3834 * [24]|19| * [0.6]1.0] * |04|05] * |124|89]| *
45h 3.7/35|ns| 26{1.2| * [05]16] * |0.3]/04|ns| 3.4 7.0 *

Comparison to the treatments at natural pH

After 21 h lactic acid contents of AM treatmentsl@v pH were significantly lower
than at natural pH (2.5 vs. 3.9 mg/ml without and ¢s. 3.4 mg/ml with fructose
addition) (Table 48 and Table 49), same were a@aid and propionic acid contents
(0.6 vs. 1.8 mg/ml and 0.6 vs. 1.5 mg/ml for acaticd resp. 0.5 vs. 1.2 mg/ml and 0.4
vs. 0.9 mg/ml for propionic acid).

After 45 h there were still significant differences lactic, acetic and propionic acid
contents. However, with lactic acid ratios changéen no fructose was added. At low
pH lactic acid content was higher than at natuka(®.7 vs. 1.7 mg/ml).

Table 48: Measured and statistical differencesame chemical components [mg/ml] between AM* at
pH 3.8 and AM at natural pH (without fructose)=0.05; Experiment C6

pH 3.8 | pH Lactic acid Acetic acid Propionic acid| Ethawol

AM* | AM AM* | AM AM* | AM AM* | AM AM* | AM
Oh 3.8 | 48 24| 25 0.7 0.7 04|04 19| 17
21h 3.8 | 4.2 25|39 * |06 18] * [05 |12 * |23 |25|ns
45h 3.8 | 44 27|17 * |05 |40 * [04 | 3.0 * | 3.2 |3.3|ns
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Table 49: Measured and statistical differencesame chemical components [mg/ml] between AM* at
pH 3.8 and AM at natural pH (with fructose)=0.05; Experiment C6

pH 3.8 [ pH Lactic acid Acetic acid Propionic acid| Ethawol

AM* | AM AM* | AM AM* | AM AM* | AM AM* | AM
Oh 3.8 | 4.8 24| 25 0.7 ] 0.7 04| 04 19| 1.7
21h 3.8 |43 24134 * 106 |15 * |04 |09 * |24 ]|21|ns
45h 3.7 | 4.1 26 |29 * |05 (40| * |03 |42| * |34 ]|29]|ns

Experiments with silages other than pure grass

5.3.7 Experiment C 7 —Maize, grass-lucerne

To study aerobic changes in other silages comptreptass silages
* One or 3 treatments with 3 replicates: Control (Bphtibacterial (AB) and
Antimycotic (AM) treatment). Maize silage ID 16, &s-lucerne silage ID 20,
21, 27, 31. (5 silages in total).

5.3.7.1 Maize

The maize silage was characterised by a pH of 88mg/ml lactic acid, no residual
WSC, yeast numbers of 5.9 log cfu/g FM and aerbhuteria numbers of 5.2 log cfu/g
FM.

Control treatment

During 22 h the pH rose to 4.0 (Figure 44). Laeiid content decreased by 1.1 mg/ml,
acetic acid disappeared, propionic acid was absedt ethanol content remained
constant.

After 46 h the pH increased to 5.8. Lactic acidteahdiminished from the initial 4.9 to
1.9 mg/ml, ethanol content by 0.7 to 0.1 mg/ml.
Pellicle was formed in the not shaken treatmeny after 3 days.

Maize silage extract
- Control -

10 ] i Figure 44 Changes in pH
Yeasts 5.9 log cfufg FM organic acids ant
8 1: Aerobic Bacteria 5.2 log cfu/g FM / . ethanol in maiz

silage extract
control, over 50 h
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Fungal activity (Antibacterial treatment)

The development of pH and organic acid contents ethdnol was like the control.
Within 46 h there were no significant differencedviieen AB and CWith maize silage
results provide evidence to confirm Hypothesis 2 saying that the decomposition of
lactate and the rise in pH is solely caused bytgeas

Bacterial activity (Antimycotic treatment)

Within 46 h the pH remained constant (figure 83ARRPENDIX VII). After 46 h the
relation of lactic and acetic acid contents chandgetic acid content dropped from the
initial 4.9 mg/ml to 4.2 mg/ml whereas acetic acahtent rose from 0.8 to 1.8 mg/ml.
Ethanol content changed slightly from initial 0.8/ml to 0.9 mg/ml after 22 h and 0.4
mg/ml after 46 h.

AM differed significantly from C in pH and organécids in both measurement points.

Comparing this maize silage cultures to grass ailagltures with similar initial
conditions (ID 25) (Experiment C 1) the developmehpH and acids were similar but
the decomposition of lactic acid and pH increase mach more rapid in C and AB of
the maize silage.

Comparison of the batch culture technique to temtpee development in the aerobic
stability testtHONIG, 1990)

In the aerobic stability test the maize silage bezainstable after 42 h. There were two
temperature peaks, the first after 54 h, the seefied 126 h (Figure 45) indicating that

two different microbial groups might have alterrtht&he pH rose from 3.8 to 5.8 after
71 h and 8.3 after 168 h. Lactic acid content dishied from 4.9 to 2.4 mg/ml after 71

h and was totally decomposed after 168 h (FigujeAéetic acid content decreased

Maize silage ID 16, Trial 11 Maize silage 16, Trial 11
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Figure 45 (left): Temperature changes in maizegglin the aerobic stability test over 7 days

Figure 46 (right): Changes in pH, volatile fattyids and ethanol contentsin maize silage in the
temperature test after 0, 3 and 7 days

from 0.8 to 0.1 mg/ml after 71 h and was totallgalaposed after 168 h. Ethanol
content rose during the first 71 h from 0.8 to®@'ml but disappeared after 168 h.
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In the corresponding batch culture the change in{HB), lactic acid (1.9 mg/ml) and
acetic acid concentration (0.1 mg/ml) within thestfi46 h was similar to that of the
silage within 71 h. However, in contrast to thechatulture where the ethanol content
decreased to 0.1 mg/ml within 46 h it increasedf8l8 during the first 71 h in the
aerobic stability test in the silage on exposurait@nd disappeared only after 168 h.

5.3.7.2 Grass-lucerne

Two of the grass-lucerne silagd® (20 and 21) were solely colonised by moulds (6.3
resp. 7.0 log cfu/g FM) and had a pH of 4.6. Aecdiacteria numbers ranged from 6.9-
7.2 log cfu/g FM. Only the control treatments webserved.

In the batch cultures, the silage containing 25ugetne in FM D 20) remained stable
in pH the first 21 h despite a high lactic acid woalation of 6.9 mg/ml compared to
the initial 3.6 mg/ml (Figure 47). At the same timeetic acid content rose from 0.9 to
1.3 mg/ml. Propionic acid (0.1 mg/ml) was produesad ethanol content rose from 0.5
to 2.0 mg/ml.

After 35 h mould growth was observed on the sutrface

Until 45 h the pH dropped to 4.1 while the lactazdacontent dropped as well from 6.9
to 5.8 mg/ml. Acetic acid content remained rathable at 1.2 mg/ml, propionic acid
content increased further to 0.6 mg/ml and ethaantent to 4.1 mg/ml.

Grass-Lucerne-Silage (75:25) Grass-Lucerne-Silage (50:50)
Control Control

104 § Moulds 6.3 log cfu/g FM [ 1017 Moulds 7.0 log cfu/lg FM
Aerobic Bacteria 6.9 log cfu/g FM | i Aerobic Bacteria 7.2 log cfu/g FM |

mg/ml
pH

mg/ml
pH

—e— pH NN Lactic Acid 524 Acetic Acid .77 Propionic Acid Bl Ethanol

Figure 47 (left): Changes in pH and some chemicahpgonents in extract of grass-lucerne silage (1) 20
with 25 % lucerne on FM base over 53 h

Figure 48 (right): Changes in pH and some chemamhponents in extract of grass-lucerne silage

(ID 21) with 50 % lucerne on FM base over 53 h

The silage containing 50 % lucerd®(21) had a comparable development except that
the lactic acid production after 21 h was even éigimcreasing from 4.5 to 8.1 mg/ml)
and even a rise of pH within that time by 0.1 ur{ffggure 48). After 45 h the pH
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dropped to 4.3, lactic acid content accounted farn@g/ml. At that time mould growth
was observed on the surface.

After 21 h cultures of silages 21 and 20 differeghgicantly in pH (4.7 vs. 4.6) and

lactic acid content (8.1 vs.6.9 mg/ml). After 4%hey differed in the same variables, pH
4.3 vs. 4.1, lactic acid content 7.2 vs. 5.8 mg/ml.

Silage 27 with a lucerne fraction of 25 % was occupied adl wvem yeasts as from
moulds (6.1 resp. 6.4 log cfu/g FM). LAB accounted 5.4 log cfu/g FM. It started
with a pH of 4.6 and a lactic acid content of 3.g¢/ml. All 3 treatments (C, AB, AM)
were carried through.

Control treatment

Within 22 h the pH dropped from 4.6 to 4.5 (Figd®. Lactic acid content increased
from 3.2 mg/ml to 3.6 mg/ml. Acetic acid contentméhished by 0.3 mg/ml to 0.5
mg/ml, propionic acid content remained at 0.1 mg#athanol content rose from 0.5 to
3.6 mg/ml.

Mould growth was observed after 35 h in the unshakeatment.

After 46 h the pH dropped by another 0.1 unit. laeicid content increased to 3.9
mg/ml, acetic acid content rose again to 1.3 mgRnapionic acid content remained
constant and ethanol content increased to 3.7 mg/ml

Fungal activity (Antibacterial treatment)

In contrast to the control the pH remained constiaming the first 22 h and rose by 0.4
to 5.0 after 46 h (Figure 51). At the same timel#wic acid content dropped from 3.2
mg/ml to 3.0 mg/ml after 22 h and to 2.0 mg/ml af h. Acetic acid content
decreased from 0.9 to 0.4 mg/ml within 22 h anck ragain slightly to 0.8 mg/ml after
46 h. Propionic acid content remained constantlatr@/ml and ethanol content rose to
3.2 and 3.8 mg/ml resp.after 22 and 46 h.

AB differed significantly from C in pH and lacticcia content in both measurement
points. Additionally, after 46 h AB was significiniower in acetic acid content (0.7
vs. 1.3 mg/ml).The results provide evidence to disprove Hypothesis 3 saying that
aerobic changes are dominated by yeasts activity.

Bacterial activity (Antimycotic treatment)

Within the first 22 h the pH dropped by 0.1 unitpual to the control (Figure 50).
However at the same time lactic acid and acetid aontent increased to 4.0 and 1.1
mg/ml resp.. There was no change in propionic acdtent (0.1 mg/ml). Ethanol
content increased from 0.5 mg/ml to 1.2 mg/ml.

After 46 h the pH dropped further to 3.9. Lacticdawas further produced to final 6.0
mg/ml. Acetic and propionic acid content increaasdvell to 3.3 mg/ml and 1.3 mg/ml
resp.. Ethanol content rose to 2.3 mg/ml.
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Within 22 h AM was significantly higher in aceticid than C (1.1 vs. 0.5 mg/ml) and
significantly lower in ethanol content (1.2 vs. 3rfg/ml). Additionally, after 46 h the
treatments differ in pH and lactic acid content (A%1 C pH 3.9 vs. 4.4 and 6.0 vs. 3.9
mg/ml lactic acid).

Grass-Lucerne-Silage 75:25 Fungal activity
Control Grass-Lucerne 75:25
7 7
104 i Yeasts 6.1 log cfu/lg FM 10
Moulds 6.4 log cfu/lg FM
®1. .LAB 5.4 log cfu/g FM Le . re
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s P ts
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Bacterial activity
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Figures: Changes in pH and some chemical comporerghnl] in grass-lucerne silage extracts (silage
ID 27) over 52 h, error bars = s.d.

Figure 49 (top left): Control
Figure 50 (down left): Antimycotic treatment

Figure 51 (top right): Antibacterial treatment

Silage 31 with 25 % lucerne contained 6.8 log cfu/g FM ysamtd no moulds. LAB
were present with 5.4 log cfu/g FM. The silage reg@H of 4.6 and lactic acid
accounted for 3.6 mg/ml.

Control treatment

After 22 h the pH diminished to 4.5, lactic acichtent decreased by 0.6 mg/ml to 3.0
mg/ml (Figure 52). Acetic acid content decreasedhff.9 to 0.7 mg/ml, propionic acid

content remained constant at 0.2 mg/ml. Ethanoterdnincreased from 0.7 to 2.6

mg/ml.

Pellicle growth was observed after 33 h in the akeh treatment.
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After 45 h the pH rose to 4.9. Lactic acid contamther diminished to 1.8 mg/ml,
acetic acid content increased to 1.0 mg/ml, prapiaeid content to 0.5 mg/ml and
ethanol content to 2.9 mg/ml.

Fungal activity (Antibacterial treatment)
The development during the first 22 h is nearlyado C treatment (n.s.).

After 45 h pH rose up to 5.6 (Figure 54), that.i8 Onits above the control. Lactic acid
content diminished to 1.5 mg/ml, i.e. 0.3 mg/misle®mpared to the control. Acetic
acid content did not change from 22 to 45 h (0.6mfyg Propionic acid content

remained constantly at 0.2 mg/ml and ethanol canteneased to 3.1 mg/ml.

Only after 45 h the pH, acetic and propionic a@dtent differed significantly from C,
pH 5.6 vs. 4.9, acetic acid 0.6 vs. 1.0 mg/ml, poj acid 0.2 vs. 0.5 mg/ml.

Grass-Lucerne-Silage 75:25 Fungal activity
Control Grass-Lucerne 75:25
10] | Yeasts 6.8 log cfu/lg FM [’ 10 1 [’
LAB 5.4 log cfu/g FM
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Figures: Changes in pH and some chemical comporeighnl] in grass-lucerne silage extracts (silage
ID 31) over 51 h, error bars = s.d.

Figure 52 (top left): Control
Figure 53 (down left): Antimycotic treatment

Figure 54 (top right): Antibacterial treatment

Bacterial activity (Antimycotic treatment)

In contrast to C and AB pH increased (!) duringfin&t 22 h by 0.2 despite a lactic acid
production of 0.6 mg/ml (Figure 53). Besides acati content increased from 0.9 to
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1.4 mg/ml, propionic acid content did not change (@g/ml) and ethanol content even
diminished by 0.1 mg/ml.

After 45 h the pH dropped to 4.5 whereas the laatid content decreased also to 1.6
mg/ml, comparable to AB. Acetic and propionic acghched an exceptionally high

concentration of 4.1 mg/ml each. Ethanol conteatdased to 2.9 mg/ml.

After 22 h AM and C differed significantly in allaviables except for the ethanol

content. After 45 h they still differed in pH, alcednd propionic acid contents.

Comparison of the batch culture technique to tempeature development in the
aerobic stability test(HONIG, 1990)

Silage 20became unstable after 82dilage 21after 96 h.

Within 168 h pH ofsilage 20rose from 4.6 to 8.2, lactic acid content dimiegHrom
3.6 to 0.6 mg/ml, acetic acid content from 0.9 t8 thg/ml. There was no propionic
acid and ethanol was completely depleted from @bwnhinitial content.

The pH of silage 21 rose from 4.7 to 7.7 within 168At the same time lactic acid
content decreased from 4.5 mg/ml to 2.1 mg/ml aradi@acid content from 1.0 to 0.2
mg/ml. Ethanol disappeared.

Compared to the batch cultures it was similar timatly more lactic acid was left in the
silage 21with the higher ratio of lucerne.

Silage 27became unstable only after 120 h. This correspbridethe batch culture
where the lactic acid content even increased wilitirh and pH dropped. After 168 h
the silage pH rose to 7.2, lactic acid content dighied to 1.2 mg/ml, acetic acid
content to 0.2 mg/ml. Ethanol and propionic acghgpeared.

Silage 31became unstable already within 6 h. pH rose frofntd 7.7 after 168 h.
Organic acids and ethanol were completely deconmp@seept a small amount of
propionic acid (0.1 mg/ml). In the batch culturejthin 45 h the lactic acid
concentration halved and the pH rose to 4.9.

5.3.8 Experiment C 8 —grass-lucerne +3 % fructose

To investigate the effect of increased WSC levgiass-lucerne silages
» 3 treatments with 3 replicates: C, AB and AM + 3r¥ctose in FM. Grass-
lucerne silages ID 27, 31. (2 silages in total).

Control treatment

In both measurement points comparing the treatmetitts and without additional
fructose of silage 27 the pH differed significanily the fructose treatment being lowest
after 46 h with 4.0 (Figure 55). Besides the ethaomtent with added fructose was
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significantly higher, highest after 22 h with 6.@ml (without additional fructose 3.6
mg/ml). After 46 h also lactic acid and acetic amiahtent were significantly higher with
additional fructose (4.9 vs. 3.9 mg/ml and 1.8v8.mg/ml).

In silage 31 there were similar significant diffeces in pH and ethanol contents, but
acetic acid content differed already after 22 ly(Fe 58).

Fungal activity (Antibacterial treatment)

Silage 27

In both measurement points between AB with and authadditional fructose there
were significant differences in pH which remainether constant with additional
fructose (Figure 57), and in ethanol content whigs as high as in the control with
additional fructose in both silages.

After 22 h AB differed significantly from C in pHna acetic acid contents. After 46 h
there were significant differences in pH, acetieddamontent and lactic acid content
which was significantly lower.

Grass-Lucerne-Silage 75:25 Fungal activity
+ 3 % Fructose in FM (Grass-Lucerne-Silage 75:25) +3% Fructose
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Figures: Changes in pH and some chemical comporerghnl] in grass-lucerne silage extracts with
added fructose (silage ID 27) over 52 h, error bars.d.

Figure 55 (top left): Control
Figure 56 (down left): Antimycotic treatment

Figure 57 (top right): Antibacterial treatment
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Silage 31
After 22 and 45 h pH, acetic acid and ethanol austeliffered significantly from the
counterpart without additional fructose.

After 22 h there were no significant differencesween AB and C. After 45 h pH was
significantly higher in AB (4.5 vs. 4.4) and lactacid content was significantly lower
(1.8 vs. 2.6 mg/ml) (Figure 60) than in C.

The findings provide evidence to disprove Hypothesis 3 which says that aerobic
changes in silages are dominated by yeast activity.

Grass-Lucerne-Silage 75:25 Fungal activity
+ 3 % Fructose in FM (Grass-Lucerne-Silage 75:25) +3% Fructose
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Figures: Changes in pH and some chemical comporierghnl] in grass-lucerne silage extracts with
added fructose (silage ID 31) over 52 h, error bars.d.

Figure 58 (top left): Control
Figure 59 (down left): Antimycotic treatment

Figure 60 (top right): Antibacterial treatment

Bacterial activity (Antimycotic treatment)
Silage 27

After 22 h lactic and acetic acid contents wereisigantly higher than in AM without
additional fructose. After 46 h only propionic acidntent was significantly higher with
fructose addition (Figure 56).
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Comparing treatment AM to C after 22 h pH (!), lacnd acetic acid contents were
significantly higher in AM. At the same time propio acid and ethanol content were
significantly lower. After 46 h there were alsorsfgcant differences in all parameters,
but pH of AM was lower and propionic acid contergtter than in C.

Silage 31

After 22 h lactic and acetic acid content of AM Mhviadditional fructose were
significantly higher than without additional frue® (5.0 vs. 4.3 mg/ml resp. 2.0 vs. 1.4
mg/ml) (Figure 59).

After 45 h pH was significantly lower and lacticidacontent significantly higher with
additional fructose compared to without.

Comparing AM to C they were significantly differemd all variables in both
measurement points except propionic acid conteéet 3P h.
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SYNOPSIS Experiment type C

Aerobic changes were observed in the fungal asagalh the bacterial variant.
In the antibacterial treatment lactic acid was degosed and pH rose.

In the antifungal treatment in general, lactic agas formed during the first day
and decomposed during the second day of incubattbite pH dropped. This
demonstrated that lactate oxidation can be alssechiby bacteria, which
provides evidenct disprove Hypothesis 2.

The control treatment neither corresponded totallthe antibacterial treatment
nor to the antifungal treatment.

These findings provide evidence to disprove Hypothesis 3 which says that
aerobic changes in silages are dominated by yetsitya

Only when the initial pH was 4.0 were developments in control and AB equal.

Increased WSC level increased ethanol productioyelagts and reduced the pH
rise.

Tannin addition reduced the lactate consumptiofungi but enhanced it in the
control with the combined micro-flora. Ethanol puation was increased with
both treatments.

Those findings provide evidence to disprove Hypothesis 4 which says that the
decomposition of lactate and the rise in pH isinfitenced by other available
carbon sources or compounds.

Potassium chloride (KCI) reduced both fungal anctdyaal activity.

An interesting finding was that in the antibactetiaatment where the medium
had been adjusted to pH 3.8, the pH dropped furdueing the first day of
incubation and even more extremely when fructoses wdded, despite a
reduction in lactic acid content.

With maize, yeast activity was similar to the cohtr

In grass silage with admixed lucerne the pH reacaguer slowly to changes in
acid contents.

Results of the aerobic stability test were not tyeeelated to the batch culture
results, but proved that lactic acid and ethanal ba formed in silages on
exposure to air.
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5.4 Experiment type D

In Experiment type C it was demonstrated that weastl/or LAB can play a role in the
aerobic changes of silage. Experiment type D wasechout to verify the relative roles
of these groups of micro-organisms in a silage-basedium, but in absence of a
natural microbial population. Sterile silage mediwas inoculated with either a yeast, a
lactic acid bacterium or a mixture of both micr@anisms.

The treatments inoculated with yeasts and LAB camdimpared to the control (C) of
Experiment type Qreatments with yeasts can be compared to ABti@adments with
LAB are comparable to AM.

Propionic acid contents played a minor role in ¢heamples (0.0-0.5 mg/ml) and
remained at a relatively stable level. It is therefnot generally mentioned in the
following.

The inoculation rates were similar, but only eqgtihe experiments were carried out on
the same date.

5.4.1 Experiment D 1 —grass, maize
To investigate the activity of yeast and LAB isedah grass and maize silage medium

* 6 treatments with 3 replicateBichia anomalalLactobacillus plantarumPichia
anomala+ L. plantarumwere inoculated in grass silage medium as welhas
maize silage medium. CompareHrperimenC 1 andExperimenC 7.

The initial lactic acid contents of grass and maiage media in this experiment were
7.4 mg/ml and 6.0 mg/ml respectively at pH levdld.d and 3.8 respectively.

Grass and maize silage media were inoculated withldy cfu/40 ml silage extract
Pichia anomala (CBS 113) and 8.3 log cfu/40 ml silage extrdaictobacillus
plantarum. This is a higher level of LAB relative to yeastsmpared to the natural
population density of the silages investigated ixpdétiment type C where yeast
numbers were equal to LAB numbers or up to 1.8uloigs lower.

Compared to the average population density of tiestigated grass silages in
ExperimentC 1 in Experiment type D there were around one log kamver numbers of
yeasts (that is 10 times) but 1.3 log units mordBLA
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Grass
Yeasts

Within 23 h pH rose from 4.4 to 4.5 (Figure 63)ctia acid content declined from 7.4
to 6.5 mg/ml, acetic acid content from 1.6 to 0.9/mm, propionic acid content
remained constant at 0.2 mg/ml and ethanol cordiegtitly increased from 0.2 to 0.6
mg/ml.

After 47 h the pH reached 6.2. Lactic acid confenther decreased to 3.4 mg/ml, that
is less than half of the initial amount. Acetic ca@ontent remained at 0.9 mg/ml,
propionic acid disappeared and ethanol contentrilginéd to 0.2 mg/ml which was the
initial value.

Autoclaved Grass Silage Extract Autoclaved Grass Silage Extract
Inoculated with P. anomala (Iso 10) + L. plantarum Inoculated with P. anomala (Iso 10 ~ CBS 113)
: H r7 r’
10 4 P.anomala 6.7 log cfu/40 ml sil.extract 10 4
L. plantarum 8.3 log cfu /
8 - 8
Leg r6

mg/ml
pH

mg/ml
pH
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Autoclaved Grass Silage Extract
Inoculated with L. plantarum
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—e— pH

MBS Lactic Acid
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Figures: Changes in pH and some chemical comporierghnl] in autoclaved grass silage extract with
inoculants over 52 h

Figure 61 (top left): Pichia anomala + Lactobacidlplantarum
Figure 62 (down left): Lactobacillus plantarum

Figure 63 (top right): Pichia anomala

LAB

In contrast to the yeasts treatment pH droppedlactit acid content increased during
the measurement period (Figure 62). After 23 h @drélased from 4.4 to 4.3, lactic
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acid content increased from 7.4 to 7.8 mg/ml. Acetnd propionic acid content
remained constant and ethanol content increas@®oyng/ml.

After 47 h pH was at 4.0, lactic acid amounted 1.2 mg/ml. Acetic acid and
propionic acid content differed from the initiallva by -0.1 mg/ml. Ethanol content
increased to 1.1 mg/ml.

Treatment LAB differed significantly from treatmeNeasts in pH, lactic and acetic
acid contents at both measurement points.

Yeasts + LAB

This treatment (Figure 61) had an equal developragihe LAB treatment. There were
no significant differences to the LAB treatment. eTlyeasts treatment differed
significantly in pH, lactic and acetic acid contérdm the other treatments at all time
points.

Autoclaved Maize Silage Extract Autoclaved Maize Silage Extract
Inoculated with P. anomala + L. plantarum Inoculated with P. anomala (Iso10 ~ CBS 113)
N 7 -7
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Figures: Changes in pH and some chemical comporeigsnl] in autoclaved maize silage extract with
inoculants over 52 h

Figure 64 (top left): Pichia anomala + Lactobacilplantarum
Figure 65 (down left): Lactobacillus plantarum

Figure 66 (top right): Pichia anomala
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Yeasts

Within 23 h the pH increased from 3.8 to 4.1 (Fegu6). Lactic acid content
diminished from 6.0 to 3.8 mg/ml. Acetic acid wasatly decomposed (-0.9 mg/ml).
Propionic acid was absent. Ethanol content remainedtant at 0.5 mg/ml.

After 47 h pH increased further to 7.7. All othemtponents were nearly completely
decomposed. There were 0.1 mg/ml lactic and aaetttremaining.

LAB
There was nearly no change in any parameter ddfing (Figure 65).

After 47 h pH decreased by 0.1 units, 0.2 mg/miidaacid was produced, 0.1 mg/ml
acetic acid was formed and ethanol content incces8.8 mg/ml.

Yeasts + LAB

This treatment (Figure 64) was comparable to thastgetreatment. There was no
significant difference between the both in any paeter at both measurement points.
However, it differed significantly from the LAB taément in pH, lactic and acetic acid
content. Final pH was 7.8.

5.4.2 Experiment D 2 —grass, maize +6 % fructose
To study the effect of increased residual WSC lavgleast and LAB
« As for ExperimentD 1 (Pichia anomala Lactobacillus plantarum Pichia

anomala+ L. plantaruminoculated in grass and maize silage medium) béit +
% fructose on FM base. CompareBxperimentC 3.

Inoculation rate was as ExperimenD 1.

Grass
Yeasts

Compared to the treatment without added fructoseetlwere significant differences in
pH, acetic acid and ethanol contents.

The pH curve was much more shallow and pH increasdyl to 4.6 after 47 h, i.e. a
plus of 0.2 units (Figure 69). Final lactic acichtent amounted to 4.2 mg/ml, that is 0.8
mg/ml more than in the treatment without additiofraictose (n.s.)These findings
provide evidence to disprove Hypothesis 4. Final acetic acid content exceeded the
counterpart by 0.8 mg/ml (significant). Ethanol gwotion was highest after 23 h with a
content of 4.1 mg/ml (cp. 0.6 mg/ml, significantfelience).
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LAB

There were no significant differences in any part@mieetween the LAB treatment with
and without fructose addition at both measuremaintp except for propionic acid

which was significantly higher after 47 h (0.2 mgAms. 0.0 mg/ml) (Figure 68). Also

after 47 h there is a higher ethanol content onmameein the fructose treatment (2.3
mg/ml), that is 1.2 mg/ml higher than of the coupéet (n.s.).

Yeasts + LAB

This treatment (Figure 67) again corresponds totAB treatment. Only the final
ethanol content is higher with 3.4 mg/ml instead2083 mg/ml without additional
fructose (n.s.).

Autoclaved Grass Silage Extract Autoclaved Grass Silage Extract
Inoculated with P. anomala (Iso 10) + L. plantarum + 6% Fructose Inoculated with P. anomala (Iso 10) + 6% Fructose
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Figures: Changes in pH and some chemical comporierghnl] in autoclaved grass silage extract with
inoculants and additional fructose over 52 h

Figure 67 (top left): Pichia anomala + Lactobaciflplantarum
Figure 68 (down left): Lactobacillus plantarum

Figure 69 (top right): Pichia anomala
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Maize

Autoclaved Maize Silage Extract Autoclaved Maize Silage Extract
Inoculated with P. anomala (Iso10 ) + L. plantarum + 6% Fructose in FM Inoculated with P. anomala (Is010 ) + 6% Fructose in FM
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Figures: Changes in pH and some chemical comporeigsnl] in autoclaved maize silage extract with
inoculants and additional fructose over 52 h

Figure 70 (top left): Pichia anomala + Lactobacilplantarum
Figure 71 (down left): Lactobacillus plantarum

Figure 72 (top right): Pichia anomala

Yeasts

There are significant differences in pH, lactic aamcktic acid content between the
treatments with and without additional fructosdath measurement points.

During the first 23 h pH decreased (!) by 0.1 ueien though the lactic acid content
diminished by 1.4 mg/ml (Figure 72), i.e. a sigrafit lesser decomposition compared
to the treatment without fructose. Acetic acid emitdecreased by 33 % and ethanol
content increased to 6 times higher (3.1 mg/mipttiee initial content. Both differed
significantly from the counterpart.

After 47 h the pH rose to 4.3. Lactic acid contéiminished to 1.1 mg/ml, which was
significantly higher than the counterpart withouidtose. The same was true for acetic
acid content which increased to 1.5 mg/ml. Ethamak decomposed again to 1.0
mg/ml on average (n.s.).
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The findings provide evidence to disprove Hypothesis 4 saying that lactate
decomposition and pH rise are not influenced byoévailable carbon sources.

LAB

There were no significant differences between tbattnent with and without additional
fructose in any variable at both measurement pofdtparameters remained relatively
stable within 47 h of incubation (Figure 71).

Yeasts + LAB

There were no significant differences between tteatment and the yeasts treatment
with fructose in any parameter at both measuremeints (Figure 70).

5.4.3 Experiment D 3 —grass, maize with reversed pH
To assess the influence of pH and fodder crop dypaerobic changes

« As for ExperimentD 1 (Pichia anomala Lactobacillus plantarum Pichia
anomala+ L. plantaruminoculated in grass and maize silage medium), but
maize silage medium adjusted to the pH of the gsdage (4.4) and vice versa
(3.8). Compare t&xperimentC 6.

Inoculation rate was comparableEgperimentD 1: Pichia anomala6.7 log cfu/g FM,
Lactobacillus plantarun®.5 log cfu/g FM.

Grass
Yeasts

The adjusted pH of 3.8 remained constant durinditbe23 h (Figure 75). At the same
time the lactic acid content diminished from 7.06t®& mg/ml, that means significantly
more lactic acid was decomposed than at pH 4.8(r@/ml on average). Acetic acid
content decreased from 1.5 to 0.9 mg/ml. Propianid content remained stable at 0.1
mg/ml. Ethanol content increased to 1.2 mg/ml, ikaabout twice as much as the
treatment at pH 4.4 (significant difference).

After 47 h the pH increased to 4.1. Lactic acidteahdecreased to 3.8 mg/ml, that was
a 0.4 mg/ml higher content than of the counterpaithe natural pH (n.s.). Acetic acid
content further diminished to 0.2 mg/ml which wagn#icantly lower than the
counterpart at pH 4.4 and ethanol content rose&ont/ml (cp. 0.2 mg/ml, n.s.).
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LAB

The pH did not change within 47 h (Figure 74). Heardactic acid content diminished
from 7.0 to 6.0 mg/ml within 23 h and remained d¢ant until 47 h. It differed
significantly from the LAB treatment at pH 4.4 whitcreased.

Acetic acid content did not change within 47 h. gfeaic acid content increased
slightly by 0.1 mg/ml and ethanol content rose ditgdrom 0.2 to 1.0 mg/ml after 23 h
(significantly different from LAB treatment pH 4.4) 1.9 mg/ml after 47 h.

Yeasts + LAB

In contrast to the counterpart at pH 4.4 which mgded the LAB treatment
(Experiment D 1) this treatment resembled the getasatment (Figure 73). There were
no significant differences in any parameter at powt of time.

Autoclaved Grass Silage Extract / Artificial pH 3.8 Autoclaved Grass Silage Extract / Artificial pH 3.8
Inoculated with P. anomala (Iso 10) + L. plantarum Inoculated with P. anomala (Iso 10 ~ CBS 113)
: r7 7
104 | P.anomala 6.7 log cfu/40 ml sil.extract 10
s4 i L.plantarum 8.5 log cfu 8 ]
6 6

mg/ml
pH

mg/ml
pH

0 10 20 30 40 50 0 10 20 30 40 50
Hours Hours

Autoclaved Grass Silage Extract / Artificial pH 3.8
Inoculated with L. plantarum

—e— pH

NN | actic Acid
XA Acetic Acid
/74 Propionic Acid
I Ethanol

mg/ml
pH

20 30
Hours

Figures: Changes in pH and some chemical comporeigsnl] in autoclaved grass silage extract with
inoculants with an initial pH of 3.8 over 52 h

Figure 73 (top left): Pichia anomala + Lactobacilplantarum
Figure 74 (down left): Lactobacillus plantarum

Figure 75 (top right): Pichia anomala
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Maize
Yeasts

At the adjusted initial pH of 4.4 the pH rose t6 after 23 h (Figure 78). Lactic acid
was decomposed from 5.7 mg/ml to 3.3 mg/ml, thataissignificantly higher
decomposition rate (by 0.5 mg/ml) than of the ceywdrt at the natural pH level.
Acetic acid content decreased from 0.8 to 0.4 mgyhntreas in the counterpart it was
depleted completely within 23 h (significant di#ace). Ethanol content decreased
from 0.8 to 0.6 mg/ml which was similar to the ctarpart at pH 3.8 (n.s.).

After 47 h the pH rose to 8.2. Lactic acid contéminished to 0.3 mg/ml, acetic acid
content to 0.2 mg/ml and ethanol content to 0.4nmhgAt this point of time organic
acid contents did not differ significantly from theunterpart at pH 3.8.

Compared to the grass silage at pH 4.4 the laciit decomposition in maize silage
extract was faster, -5.4 mg/ml in contrast to #d/ml within 47 h.

Autoclaved Maize Silage Extract / Artificial pH 4.4 Autoclaved Maize Silage Extract / Artificial pH 4.4
Inoculated with P. anomala + L. plantarum Inoculated with P. anomala (Iso10 ~ CBS 113)

104 { P.anomala 6.7 log cfu/407/sil.extract ! 10 [’

L.plantarum 8.5 log cfu

mg/ml
pH
mg/ml
pH

0 10 20 30 40 50
Hours

Autoclaved Maize Silage Extract / Artificial pH 4.4
Inoculated with L. plantarum

E o] z —*— PH
& s NBNR | actic Acid
“ %A Acetic Acid
2 L, r//4 Propionic Acid
s Ethanol

) 30
Hours

Figures: Changes in pH and some chemical comporerghnl] in autoclaved maize silage extract with
inoculants with an initial pH of 4.4 over 52 h

Figure 76 (top left): Pichia anomala + Lactobacilplantarum
Figure 77 (down left): Lactobacillus plantarum

Figure 78 (top right): Pichia anomala
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LAB

After 23 h the pH dropped from 4.4 to 4.3 (Figui®. 7 actic acid content decreased
from 5.7 to 5.2 mg/ml which was in contrast to LB treatment with the initial pH of
3.8 which was constant. Acetic acid content did ddter significantly from the
counterpart. Ethanol content increased to 1.4 mggighificantly higher than in LAB
treatment at pH 3.8).

After 47 h the pH decreased further to 4.2. Laaticl content accounted for 5.4 mg/ml
(significantly lower than cp. at pH 3.8 with 6.1 fmd)). Acetic acid content rose to 1.6
mg/ml which was significantly higher than the carptrt at pH 3.8. Ethanol content
increased to 2.7 mg/ml which again was signifioantbre than in the counterpart.

The trend of decomposing instead of producingdaatid was opposing the grass silage
treatment at pH 4.4 (Experiment D 1).

Yeasts + LAB

There were no significant differences in the vdealbetween this treatment (Figure 76)
and the yeasts treatment at both measurement pbuttéor pH and lactic acid content

after 23 h. pH accounted for 5.1 then which wasiSantly lower than the yeasts

treatment (5.6). Lactic acid content dropped torBd@ml which was 0.5 mg/ml higher

than in the yeasts treatment.

5.4.4 Experiment D 4 —grass, maize with reversed pH +6 % fructose

To assess the influence of pH and fodder crop typeaerobic changes providing
residual WSC

 As for ExperimentD 3 (Pichia anomala Lactobacillus plantarum Pichia
anomala + L. plantarum inoculated in grass and maize silage medium at
adjusted pH 3.8 and 4.4 resp.) but + 6 % fructase-Bl base. Compare to
ExperimentC 6.

Inoculation rate was as ExperimenD 3.

Grass
Yeasts

Within 47 h the pH remained stable whereas theclactid content decreased from 7.0
to 5.9 mg/ml after 23 h (significantly higher camte¢han in the counterpart without
additional fructose) (Figure 81). Acetic acid canttevas not significantly different to
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the counterpart without additional fructose. Howewdathin 23 h ethanol content
increased to 5.2 mg/ml, that was 4 times highen thathout additional fructose
(significant difference) (Experiment D 3).

After 47 h lactic acid content decreased to 4.0mhgyhich did not differ significantly
from the treatment without additional fructose. &y 1.2 mg/ml acetic acid were
contained, a 6 times higher amount than withoutitexhdl fructose (significant
difference). Ethanol content rose further to 6.7/migthat was 3.7 times higher than
without additional fructose (significant differer)ce

Comparing this treatment to the fructose treatnagrthe natural pH significantly less
lactic acid was decomposed during the first 23 thenlatter (difference of 1.0 mg/ml).
At the lower pH the ethanol production was sigmifity higher (+ 1.1 mg/ml) after
23 h.

After 47 h there was no more significant differemeéactic acid content, but in acetic
acid content which was higher at the higher pH Ilelzthanol content was significantly
higher at the lower pH (2.4 times).

Autoclaved Grass Silage Extract / Artificial pH 3.8 Autoclaved Grass Silage Extract / Artificial pH 3.8
Inoculated with P. anomala (Iso 10) + L. plantarum + 6% Fructose Inoculated with P. anomala (Iso 10) + 6% Fructose

10 A 10 A

mg/ml
pH

mg/ml
pH

20 30 20 30
Hours Hours

Autoclaved Grass Silage Extract / Artificial pH 3.8
Inoculated with L. plantarum + 6% Fructose in FM

—— pH

NBNA Lactic Acid
%A Acetic Acid
7/ Propionic Acid
s Ethanol

mg/ml
pH

Figures: Changes in pH and some chemical comporeigsnl] in autoclaved grass silage extract with
inoculants with an initial pH of 3.8 and additionfalictose over 52 h

Figure 79 (top left): Pichia anomala + Lactobacidl plantarum
Figure 80 (down left): Lactobacillus plantarum

Figure 81 (top right): Pichia anomala
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LAB

After 23 h the lactic acid content in the fructoméded treatment (Figure 80) was
significantly lower than in the counterpart withoadlditional fructose (5.7 vs. 6.1
mg/ml). Acetic acid and ethanol content did nofafifsignificantly from each other in

both treatments.

After 47 h there were no significant differencesneen both.

Comparing this treatment to the counterpart witlttose at the natural pH (Experiment
D 2) there were big differences in lactic acid emtwhich increased at the high pH and
which decreased at the low pH level during 47 hetkcacid content did not differ
significantly after 23 h but ethanol content wagdicantly higher at the low pH by 0.5
mg/ml. This difference diminished after 47 h andswaa more significant.

Yeasts + LAB

At both measurement points this treatment (Fig@edid not differ significantly from
the yeasts treatment in any parameter.

Maize

Yeasts

During the first 23 h the pH declined from 4.4 t@® 4Figure 84). The counterpart
without fructose rose to 5.6 (Experiment D 3). li@etcid content diminished from 5.7

to 4.1 mg/ml (cp. 3.3 mg/ml, significant differefck contrast to the counterpart acetic
acid content was not reduced after 23 h (significhfference). Ethanol content rose to
4.5 mg/ml whereas it was reduced to 0.6 mg/ml ia tteatment without fructose

(significant difference).

After 47 h pH rose to 5.3 (cp. 8.2). Lactic acichtamt was reduced to 1.4 mg/ml which
was significantly less reduction compared to thenterpart without additional fructose.

These results again provide evidence to disprove Hypothesis 4. Acetic acid content
increased to 1.9 mg/ml whereas it diminished tor@gml in the counterpart without
fructose (significant difference). Ethanol conténally accounted for 4.3 mg/ml which
was significantly higher than in the counterpart.

Compared to the yeasts treatment with additionadtése at the natural pH there were
significant differences in lactic and acetic acugt Inot in ethanol content after 23 h.
Lactic acid content was higher at the low natutdlwphereas acetic acid and ethanol
content were higher at the higher pH. After 47 ttitaand acetic acid content were
similar but ethanol content was significantly highethe high pH.
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The lactic acid decomposition was higher in the mae silage extract at pH 4.4 (-4.3
mg/ml within 47 h) than in the grass silage extracat pH 3.8 (- 3.0 mg/ml). Ethanol
production was also higher in the maize silage exct.

Autoclaved Maize Silage Extract / Artificial pH 4.4 Autoclaved Maize Silage Extract / Artificial pH 4.4
Inoculated with P. anomala (Iso10 ) + L. plantarum + 6% Fructose in FM Inoculated with P. anomala (Iso10 ) + 6% Fructose in FM
F7 F7
10 4 10 4
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6 6
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Inoculated with L. plantarum + 6% Fructose in FM
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Figures: Changes in pH and some chemical comporeigsnl] in autoclaved maize silage extract with
inoculants with an initial pH of 4.4 and additionfalictose over 52 h

Figure 82 (top left): Pichia anomala + Lactobacilplantarum
Figure 83 (down left): Lactobacillus plantarum

Figure 84 (top right): Pichia anomala

LAB

The development of the LAB treatment with fructdeeks very similar to “without
fructose”. There were slight but significant difaces at the single measurement points
in lactic and acetic acid contents.

After 23 h the pH dropped from 4.4 to 4.3 (FiguB).8.actic acid content diminished
from 5.7 to 5.1 mg/ml, acetic acid content remaimemstant and ethanol content
increased from 0.8 to 1.3 mg/ml.
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After 47 h the pH dropped further to 4.0 (cp. withéructose 4.2). Lactic acid was then
produced and increased to 6.3 mg/ml (cp. 5.4 mg/Adetic acid content remained
stable at 0.9 mg/ml whereas it increased to 1.6nhgithout fructose. Ethanol content
increased to 2.9 mg/ml.

This treatment differed significantly from the coempart with fructose at the natural pH
(Experiment D 2) in lactic acid and ethanol condeintboth measurement points as all
values remained constant at the low pH.

Compared to the treatment with grass silage extagH 4.4 there is a similar pH
trend. However the lactic acid production in mamtage extract is much lower
compared to grass silage: final lactic acid contenhaize silage extract with fructose
6.3 mg/ml (+ 0.6 mg/ml), in grass silage extracthwiructose 10.5 mg/ml (+ 3.1
mg/ml), without additional fructose 10.2 mg/ml (# 2ng/ml).

Yeasts + LAB

There are no significant differences between ttaatinent and the yeasts treatment at
both measurement points except for pH and lactdt @ntent after 23 h. pH dropped to
4.1 at that time whereas in the yeasts treatmeinbpped only to 4.3 (Figure 82). Lactic
acid content decreased to 5.0 mg/ml in contragttang/ml with only yeasts.

5.4.5 Experiment D 5 —Potassium chloride
To study the influence of osmotic pressure adjustélde conditions in the actual silage

« 3 treatments with 3 replicateBichia anomalalLactobacillus plantarumPichia
anomala+ L. plantarumwere inoculated in 8 % KCI| medium from grass slag
Compare td&ExperimentC 4.

Inoculation rate was 7.7 log cfu/ 40 ml silage agtPichia anomalaand 9.7 log cfu/
40 ml silage extradtactobacillus plantarum

Lactic acid contents were not compared directlyhi treatments without KCI by the
Tukey test because of lower initial contents duth&oKCl addition.

Yeasts

The addition of KCI lead to a relative stability @H and organic acid contents (Figure
87).
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After 23 h pH remained at 4.4. Lactic acid conterse slightly from 5.2 to 5.6 mg/ml.
Acetic acid content dropped from 1.2 to 1.1 mg/&thanol content increased from 0.2
to 0.6 mg/ml.

After 47 h the pH rose to 4.6. Lactic acid conterstembled the initial content. Acetic
acid content further diminished to 0.5 mg/ml. Ethlagontent increased to 1.5 mg/ml.

This treatment varied conspicuously from the coyorae without KCI ExperimentD

1) which rose clearly in pH (6.2 after 47 h) andyodiecomposed lactic acid (-4.1
mg/ml within 47 h resp. -55 %). The final ethanohtent of the KCI treatment was
higher than without KCI (1.5 mg/ml vs 0.2 mg/ml average, n.s.).

LAB
KCl restricted the bacterial activity but still tecacid was formed.

Within 23 h the pH remained constant at 4.4 (Figd8g Lactic acid content rose from
5.2 to 6.0 mg/ml. Acetic acid content increasednfrb.2 to 1.3 mg/ml, ethanol content
from 0.2 to 0.9 mg/ml.

After 47 h the pH dropped to 4.2. Lactic acid cohiacreased to 6.8 mg/ml, that was a
production of 1.6 mg/ml (+ 31 %) within 47 h in dast to 2.7 mg/ml (+ 37 %) without
KCI. Acetic acid content rose to 1.4 mg/ml whichsasamilar to the treatment without
KCI. Ethanol content increased to 2.2 mg/ml whicaswnore than twice as much as
without KCI (n.s.).

After 23 h the LAB treatment differed significantfiom the yeasts treatment in pH and
lactic acid content. After 47 h lactic acid conteot both treatments differed

significantly (6.7 mg/ml in LAB vs. 5.2 mg/ml) aratetic acid content (1.4 mg/ml vs.
0.5 mg/ml).

Yeasts + LAB
This treatment (Figure 85) resembled the LAB treattn There were no significant

differences at both measurement points exceptdeti@acid content after 47 h. Then
the yeasts + LAB treatment was significantly lowemacetic acid content compared to
the LAB treatment (0.6 to 1.4 mg/ml).
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Autoclaved Grass Silage Extract /8 % KCI Autoclaved Grass Silage Extract / 8 % KCI
Inoculated with P. anomala (Iso 10) + L. plantarum Inoculated with P. anomala (Iso 10 ~ CBS 113)
; 7 7
10+ | P.anomala 7.7 log cfu/40 ml sil.extract 10

L.plantarum 9.7 log cfu
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Figures: Changes in pH and some chemical comporerghnl] in autoclaved grass silage extract with
inoculants with 8 % KCI (w/v) over 52 h

Figure 85 (top left): Pichia anomala + Lactobacilplantarum
Figure 86 (down left): Lactobacillus plantarum

Figure 87 (top right): Pichia anomala

5.4.6 Experiment D 6 —Potassium chloride +6 % fructose

To study the influence of osmotic pressure adjustede conditions in the actual silage
with added residual WSC

* As for ExperimentD 5 (Pichia anomala Lactobacillus plantarum Pichia
anomala+ L. plantaruminoculated in 8 % KCI medium from grass silagel) bu
6 % fructose on FM base.

Inoculation rate was as ExperimenD 5.

Yeasts

After 23 h there was no significant difference e KCl treatment without additional
fructose (Experiment D 5).
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After 47 h acetic acid content was significantlgher with fructose than without (1.1
vs. 0.5 mg/ml), same was the ethanol content (5.2 mg/ml).

LAB

After 23 and 47 h there were no significant differes to the KCI treatment without
additional fructose (Experiment D 5).

Yeasts + LAB

After 23 h lactic acid content was significantlyver than with KCI without additional
fructose (5.7 vs. 6.1 mg/ml).

After 47 h the acetic acid content was significaritigher than in the counterpart

without additional fructose. Ethanol content wagngicantly higher with fructose
addition: 4.6 vs. 1.8 mg/ml.

5.4.7 Experiment D 7 —200 ml Erlenmeyer flasks
To study the effect of increased air influx
» 3 treatments with 3 replicateBichia anomalalLactobacillus plantarumPichia
anomala+ L. plantarumwere inoculated in grass silage medium. 40 miualis|

of medium were transfused to 200 ml Erlenmeyerkf#iamstead of 100 ml
flasks.

Inoculation rate aExperimenD 5.

Yeasts

Within the first 23 h the pH rose from 4.5 to 4.Mile lactic acid content diminished
from 5.9 to 5.6 mg/ml (Figure 90). Acetic acid camt of initially 1.2 mg/ml halved.
Ethanol content increased from 0.2 to 0.8 mg/ml.

After 47 h the pH increased to 6.8. Lactic acidteahdecreased to 2.1 mg/ml, that is
36 % of the initial content (-3.8 mg/ml within 47.Hn 100 ml flasks lactic acid
decreased to 45 % of the initial content (-4.1 mgiithin 47 h). Acetic acid as well as
ethanol concentration in 200 ml flasks accounted 0@ mg/ml and did not differ
significantly from the treatment in 100 ml flasks.
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LAB

After 23 h the pH decreased from 4.5 to 4.4 (Fig@®% Lactic acid content increased
from 5.9 to 6.6 mg/ml. Acetic acid content remairstable at 1.2 mg/ml and ethanol
content rose from 0.2 to 1.0 mg/ml.

After 47 h the pH dropped to 4.2. Meanwhile thditaacid content further increased to
7.5 mg/ml. That was an increase of 1.6 mg/ml withthh (+27 %), compared to 2.7
mg/ml (+37 %) in 100 ml flasks (Experiment D 1).e&%ic acid content rose to 1.3
mg/ml and ethanol content to 2.1 mg/ml. Ethanodprtion was higher in the 200 ml
flasks compared to the 100 ml flasks (+1.0 mg/nd,)n

Yeasts + LAB

In 200 ml flasks the development after 47 h resenhlvhther the yeasts treatment in
contrast to the 100 ml flasks where it resembledlAB treatment (Experiment D 1).

Within 23 h the pH remained constant at 4.4 (FigB8. Same did the lactic acid
content. Within the same time in the yeasts treatnte4 mg/ml lactic acid were
decomposed and in the LAB treatment 0.7 mg/mldaatid were produced. Acetic acid
content was halved from initially 1.6 mg/ml. Eth&content increased from 0.2 to 0.6
mg/ml.

After 47 h the pH rose to 6.1 (yeasts treatmen) @.@ctic acid content diminished to
2.4 mg/ml (yeasts treatment 2.1 mg/ml, n.s.). Acettid content accounted for 1.0
mg/ml and ethanol content for 0.8 mg/ml. Ethanaiteat was significantly lower than
in the LAB treatment, but was nearly equal to teast treatment (n.s.).

Oxygen measurement

The initial oxygen saturation of the uninoculatddge medium was about 95 %. At the
end of the two days of incubation oxygen was neadgd up in the treatments that
contained yeasts (< 2 %) but with LAB only the ogggsaturation was still above 90 %
and could even resemble the initial content.
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Autoclaved Grass Silage Extract / 200 ml Erlenmeyer Autoclaved Grass Silage Extract / 200 ml Erlenmeyer
Inoculated with P. anomala (Iso 10 ~ CBS 113) + L. plantarum Inoculated with P. anomala (Iso 10 ~ CBS 113)
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Figures: Changes in pH and some chemical comporjergénl] in autoclaved grass silage extract with
inoculants in 200 ml Erlenmeyer flasks over 52 h

Figure 88 (top left): Pichia anomala + Lactobaciflplantarum
Figure 89 (down left): Lactobacillus plantarum

Figure 90 (top right): Pichia anomala

5.4.8 Experiment D 8 — + Saccharomyces cerevisiae
To study the behaviour of the fermentative yeaséi®visiae alone and in co-culture

In Experiment C 6 the adjusted pH of 3.8 still gre@d over 21 h of incubation in the

antibacterial treatment. Experiment D 8 was doneddfy whether this rather unusual

finding might be due to the activity of Saccharoesycerevisiae and also to study the
difference of a yeast specie cultured alone oritalture with another yeast specie.

6 treatments with 3 replicatesSaccharomyces cerevisiae, Saccharomyces
cerevisiae + Pichia anomala, Saccharomyces cera®isi Pichia anomalat
Lactobacillus plantarunwere inoculated in grass silage medium either with
natural pH of 4.4 or adjusted to pH 3.8. CompareEiperimentC 1 and
ExperimenC 6.
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Inoculation ratesSaccharomyces cereviside4 log cfu/ 40 ml silage extrad®ichia
anomala7.4 log cfu/ 40 ml silage extract, gave togethef [bg cfu/ 40 ml silage
extract,Lactobacillus plantarun®.6 log cfu/ 40 ml silage extract.

Yeasts
Saccharomyces cerevisiae
e At natural pH

Even thoughSaccharomyces cerevisi@euld nearly not metabolise lactic acid when
offered as sole carbon source (see ExperirAedit the yeast decomposed lactic acid in
the complex silage medium very effectivelyhat provides evidence to disprove
Hypothesis 4 saying that the decomposition of lactate and tlse inh pH is not
influenced by other available carbon sources.

Within 23 h the pH rose from 4.4 to 4.6 (Figure .92actic acid content diminished
from 6.2 to 5.5 mg/ml. Acetic acid content decreafem 1.5 to 0.7 mg/ml. Ethanol
content increased from 0.2 to 1.7 mg/ml.

After 47 h the pH reached 7.5. Lactic acid conwnmipped to 2.1 mg/ml, that was a
decrease of 4.1 mg/ml or 66 %. Absolutely that wlas same amount as was
decomposed bfichia anomalaExperimentD 1), relative to the initial conterRichia
anomala metabolised only 55 % of the available lactic aditetic acid content
diminished to 0.1 mg/ml, propionic acid contenteds 0.2 mg/ml. Ethanol content
accounted finally for 2.3 mg/ml which was more theith Pichia anomala1.1 mg/ml,
n.s.).

* At adjusted pH 3.8

There was no significant difference to the treatma&nnatural pH in any variable
(except pH) at both measurement points exceptldictit acid content was slightly but
significantly higher at the lower pH (5.6 vs. 5.5/ml) after 23 h. The pH rose from 3.8
to 3.9 after 23 h and to 6.0 after 47 h (FigurerBAPPENDIX V).

The finding in ExperimentC 6 of dropping pH could not be repeated with this
experiment.

Saccharomyces cerevisiae + Pichia anomala
e At natural pH

Within 23 h the pH rose to 4.6 as wi8accharomyces cerevisiadone (Figure 93).
Lactic acid content decreased to 5.3 mg/ml whick walightly but significantly higher
decrease than witBaccharomyces cerevisiane (-0.1 mg/ml difference). Acetic acid
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content dropped from 1.5 to 0.8 mg/mbaccharomyces cerevisia@7 mg/ml,
significant difference). Ethanol content increased.4 mg/ml (n.s.).

After 47 h the pH increased to 6.7 which was sigaiftly lower than with only
Saccharomyces cerevisige5). Corresponding to that lactic acid was #ssomposed
to final 2.7 mg/ml (significant difference). Acetacid content decreased to 0.6 mg/ml
which was significantly higher than witBaccharomyces cerevisiadone. Propionic
acid rose to 0.2 mg/ml. Ethanol content remainetl.&tmg/ml which was significantly
lower than in thésaccharomyces cerevisileatment.

Inoculated with both yeasts lactic acid decompositind pH rise were not intensified
but slightly lessened after 47 h.

* At adjusted pH 3.8

The development of organic acid and ethanol costesats similar to the treatment at
natural pH. After 23 h there were slight but sigraht differences in lactic acid content
which was 0.2 mg/ml higher at the lower pH and¢etec acid content which was 0.1
mg/ml lower at the lower pH (figure 86 APPENDIX VII).

After 47 h there were significant differences i@ acid contents accounting for only
0.1 mg/ml at the low pH versus 0.6 mg/ml.

Yeasts + LAB
e At natural pH

Within the first 23 h pH and lactic acid content@ned constant (Figure 91). However
acetic acid content decreased to 0.9 mg/ml anchetl@ntent increased to 1.4 mg/ml
(n.s. compared to the two yeasts treatment).

After 47 h the pH rose to 5.9 which was still sfgrantly lower than in the yeasts

treatments. Lactic acid content diminished to 2.§mt (n.s. compared to the two

yeasts treatment). Acetic acid content finally acded for 1.2 mg/ml which was

significantly higher than in the yeasts treatmeBthanol concentration increased to 1.5
mg/ml, comparable to the two yeasts treatment)(n.s.

In contrast to the treatment with onBichia anomalaand Lactobacillus plantarum
(ExperimentD 1) whose development resembled the LAB'’s treatmbist treatment
resembled much more the yeasts treatment.
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* At adjusted pH 3.8

After 23 h the lactic acid content was significgriiwer than at natural pH (5.6 vs. 6.2
mg/ml), the same was acetic acid content (0.7 9s7@@y/ml) (figure 85 iINAPPENDIX
VII.

After 47 h the lactic acid content was as highnathe two yeasts treatment (3.0 mg/ml),
but was not significantly higher than at the ndtpta (2.7 mg/ml). Acetic acid content
was significantly lower than at natural pH (0.3 ¥2 mg/ml) and significantly higher
than the two yeasts treatment at pH 3.8 (0.1 mg/ml)

Autoclaved Grass Silage Extract Autoclaved Grass Silage Extract
Inoculated with S. cerevisiae + P. anomala (Iso 10 ~ CBS 113) + L. plantarum Inoculated with S. cerevisiae + P. anomala
7 x 7
107 Yeasts 7.7 log cfu/40 ml sil.extract 107 S. cerevisiae 7.4 log cfu/40 ml sil.extract
L.plantarum 9.6 log cfu /E P.anomala 7.4 log cfu
8 8 o
6 6
E 57 I E 57 I
(= [=% j= [=%
£ £
5 5
4 4
I
27 4 27 4
0 g“' . . lﬂ . . ﬂ . 0 g“' . . ld . . J :
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10 [’
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Figures: Changes in pH and some chemical comporjergénl] in autoclaved grass silage extract with
inoculants at natural pH over 52 h

Figure 91 (top left): Saccharomyces cerevisiae ¢hifi anomala + Lactobacillus plantarum
Figure 92 (down left): Saccharomyces cerevisiae

Figure 93 (top right): Saccharomyces cerevisiaeiehia anomala
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5.4.9 Experiment D 9 — + Saccharomyces cerevisiae +6 % fructose

To study the behaviour of the fermentative yeasef&visiae alone and in co-culture
with WSC supply

» Like ExperimentD 8 (Saccharomyces cerevisiae, Saccharomyces cerevisiae
Pichia anomala, Saccharomyces cerevisiae + Piclmanaala+ Lactobacillus
plantarumwere inoculated in grass silage medium either Withnatural pH of
4.4 or adjusted to pH 3.8) + 6% fructose. Comparé&xperimentC 3 and
ExperimentC 6.

Inoculation rate was as ExperimenD 8.

Yeasts
Saccharomyces cerevisiae
e At natural pH

After 23 h the pH dropped to 4.3 (figure 89ARPPENDIX VII) and was significantly
lower than without additional fructose (Experimén8). Lactic acid content diminished
to 5.7 mg/ml which was a significantly higher carttéhan without additional fructose
(5.5 mg/ml). Acetic acid content dropped to 0.7 migivhich differed significantly
from the treatment without additional fructose By1- mg/ml. Propionic acid content
rose to 0.5 mg/ml which was significantly highearnhwithout fructose (0.2 mg/ml).
Ethanol content was 3.4 times higher (5.8 mg/maweerage, significant difference).

After 47 h the pH increased to 7.2 (7.5 withoutiiddal fructose, n.s.). Lactic acid

content diminished to 2.8 mg/ml (2.1 mg/ml withadditional fructose, significant

difference). The acetic acid content of 0.1 mg/edembled the treatment without
additional fructose. Final propionic acid conteraswstill significantly higher than the

counterpart (0.5 vs. 0.2 mg/ml). Ethanol contentaased to 6.8 mg/ml (nearly 3 times
higher than the cp.).

* At adjusted pH 3.8

There was no significant difference to the treatma&nnatural pH in any variable
(except pH) at both measurement points exceptlalstit acid content was slightly but
significantly lower at the lower pH (5.5 vs. 5.7 fimd) after 23 h (Figure 95). Propionic
acid increased from 0.2 to 0.6 mg/ml during thetf@3 h whereas without additional
fructose it rose only to 0.3 mg/ml at the same tiirtee pH decreased very slightly over
the first 23 h of incubation from 3.8 to 3.7 andrgmsed to 4.5 after 47 h.

This pH drop was at least an approach to the fopdiexperiment C 6
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Saccharomyces cerevisiae + Pichia anomala
e At natural pH

Within 23 h the pH remained constant (figure 90ARPENDIX VII). Lactic acid
content diminished from 6.2 to 5.5 mg/ml. Acetitdacontent decreased from 1.5 to 1.2
mg/ml. Ethanol content increased to 5.4 mg/ml. Faguof all variables were
significantly different to the counterpart withcadditional fructose and to the treatment
with only Saccharomyces cerevisiaBropionic acid content was significantly lower
than with onlySaccharomyces cerevisiae

After 47 h pH rose to 5.0. Lactic acid content éased to 3.2 mg/ml. Acetic acid
content accounted for 1.3 mg/ml. Ethanol contesé o 5.5 mg/ml. These figures were
significantly different from the treatments withoatditional fructose or with only

Saccharomyces cerevisiae.

ComparisonSaccharomyces cerevisiae + Pichia anomalanly Pichia anomalawith
fructose ExperimentD 2) after 47 h: pH 5.0 versus 4.6 (-0.4 units, nlagtic acid
decomposition 2.9 mg/ml (-48 % of the initial camjeversus 3.3 mg/ml (-44 %), acetic
acid changes -0.1 versus +0.1 mg/ml, final progi@uid content 0.3 versus 0.0 mg/ml
(significant difference), final ethanol amount 5u&rsus 2.8 mg/ml (significant
difference).

e At adjusted pH 3.8

After 23 h lactic acid was decomposed from 6.2.®orag/ml (Figure 96). That was the
significantly highest degradation rate of lactaiéhim 23 h of allExperimentD 8 and
ExperimentD 9 treatments. Only the rate &accharomyces cerevisiae + Pichia
anomalawithout additional fructose at natural pH was cangble (n.s.). Acetic and
propionic acid content decrease resembled the equart at natural pH. The increase in
ethanol content to 5.9 mg/ml was highest ExperimentD 9 within 23 h and
significantly higher than at natural pH.

After 47 h lactic acid content decreased to 3.4mmhgihich was comparable to the
treatment at natural pH (n.s.). Acetic acid contéminished further to 0.7 mg/ml
which was significantly lower than at natural pH ligain comparable to the treatment
without additional fructose at natural pH. Propmoacid content (0.3 mg/ml) resembled
the counterpart at natural pH, but was lower thé&h ®waccharomyces cerevisiane
with fructose (0.5 mg/ml). Ethanol content (5.8 mf/was not significantly higher
than at natural pH.

ComparisorSaccharomyces cerevisiae + Pichia anontalanly Pichia anomalawith
fructose at pH 3.8BxperimentD 4) after 47 h: pH 4.1 versus 3.9 (+0.2 units), @&cti
acid decomposition 2.8 mg/ml (46 % of the initiahtent) versus 3.1 mg/ml (44 % of
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the initial content), acetic acid degradation Oersus 0.3 mg/ml, final propionic acid
content 0.3 versus 0.2 mg/ml (significant differendinal ethanol content 5.9 versus
6.7 mg/ml (n.s.).

Yeasts + LAB
e At natural pH

After 23 h the pH decreased to 4.2 which was sSicgmtly lower than without
additional fructose. Lactic acid content even iasexl from 6.2 to 6.4 mg/ml (figure 88
seeAPPENDIX VII). This increase was similar to the same treatrbemtwith only
Pichia anomalaas yeastExperimenD 2) (+0.3 mg/ml). Acetic acid content decreased
from 1.5 to 1.2 mg/ml which was significantly hightean without additional fructose.
Propionic acid content increased to 0.3 mg/ml (§cantly higher than without
additional fructose). Ethanol content rose to 5g/mi. That was significantly higher
than without additional fructose and in the sameattnent but with onlyPichia
anomalaas yeast (+4.7 mg/mlEkperimenD 2).

After 47 h the pH rose to 4.8 whereas in the caparg with onlyPichia anomalaas
yeast dropped further to 3.9. Lactic acid contantimished to 4.0 mg/ml which was
still the highest content iExperimentD 9 but significantly lower compared to the
counterpart with onlyPichia anomalawhich further increased to 10.5 mg/ml. Acetic
acid content increased to 1.7 mg/ml and was théhnelwghest inExperimentD 9 and
significantly higher than the counterpart with orfichia anomala(1.2 mg/ml)
Propionic acid content accounted for 0.3 mg/ml avaks significantly higher than
without additional fructose. Ethanol content rasé& 13 mg/ml which was similar to the
treatment without LAB.

* At adjusted pH 3.8

After 23 h compared to the treatment at natural git& lactic acid content was
significantly lower (5.4 mg/ml vs. 6.4 mg/ml), alceéind propionic acid content were
similar, ethanol content was significantly highBr6( mg/ml vs. 5.1 mg/ml). The lactic
acid degradation was comparable to the countevgtrtonly Pichia anomalaas yeast
(Experiment D 4).

After 47 h lactic acid content was not significgrittwer than at natural pH but acetic
acid content was (Figure 94). Propionic acid amémesdl contents were similar to those
at natural pH.

Comparing this treatment to the counterpart witly dtichia anomalaas yeast after 47
h: pH 4.1 vs. 3.8 (n.s.), lactic acid decompositairi2.5 mg/ml (-41 % of the initial
content) vs. 2.6 mg/ml (-37 % of the initial cortderinal acetic acid content 1.0 mg/ml
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vs. 1.2 mg/ml, propionic acid content 0.3 mg/ml @2 mg/ml, ethanol content 5.9 vs.
6.5 mg/ml (n.s.).

Autoclaved Grass Silage Extract / Artificial pH 3.8

Autoclaved Grass Silage Extract / Artificial pH 3.8
Inoculated with S. cerevisiae + P. anomala (Iso 10) + L. plantarum + 6% Fructose

Inoculated with S. cerevisiae + P. anomala + 6% Fructose in FM
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Figures: Changes in pH and some chemical comporjergénl] in autoclaved grass silage extract with
inoculants with an initial pH of 3.8 and additionfalictose over 52 h

Figure 94 (top left): Saccharomyces cerevisiae ¢hiti anomala + Lactobacillus plantarum

Figure 95 (down left): Saccharomyces cerevisiae

Figure 96 (top right): Saccharomyces cerevisiaeiehia anomala
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SYNOPSIS Experiment type D

Results of Experiment type D confirmed the findirg€Experiment type C and
the micro-organisms identified, that is yeasts bA®, which were responsible
for aerobic changes in silage extracts.

Pure Lactobacillus plantarumat a high inoculation rate dominated the whole
process in grass silage extract at a natural pB.4ofin co-culture withPichia
anomala.

Higher air ingress and low pH (3.8) reduced the petitiveness of
Lactobacillus plantarunsignificantly.

An answer to the question of whether lactate asiion by yeasts was
enhanced at low pH or nd#ypothesis Lremained undecided.

Fructose addition decelerated pH increase in thastyteeatment as it was shown
previously in the antibacterial treatment.

Despite the high inoculation ratexctobacillus plantarunwas not competitive
in maize silage medium, even at the adjusted p#H4and with fructose added.

Saccharomyces cerevisiagxidised lactate as well aRichia anomala,in
contrast to the finding in Experiment type A.

Inoculation of both yeast species in co-culture didt intensify lactate
decomposition. However, in that case they dominateer thelLactobacillus
plantarumactivity.

Propionic acid was not found to be a by-productadtobacillus plantarumin

the antimycotic treatment in Experiment type C eniified bacteria produced
propionic acid.

The Saccharomyces cerevisesttain did not decrease the pH to the minimum
found in the antibacterial treatment in Experim&me C with unidentified
yeasts.
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6 DISCUSSION

6.1 Microbial activities under “normal” occurring condi tions

To discuss the results, in the context of this ithabere is a need to define what is
considered “normal” conditions.

“Normal” conditions means the standard preparadiod incubation of batch cultures as
described under 4.1 as well as the usual pH camditfor high DM grass and grass-
lucerne silages (30-40 % DM) which were in the edgl-4.7.

Referring to Experiment€ 1, C 7, D 1, D 8.

6.1.1 Fungal metabolism
Yeasts
Refers to Experiment type A and Experime@t§, C7,D1,D 8

» Lactic acid assimilation
The indigenous yeast flora and the inoculated ys#rsins of all silages generally
assimilated lactate, leading to a considerableedeser in lactic acid content within two
days of incubation. The only exception w@accharomyces cereviseadich rarely

consumed lactic acid when it was present as thee sabon source, but when cultured
in a complex medium it metabolised lactic acid ffsotively asPichia anomala

This ability of some yeasts to assimilate lacticdas well documented and has long
been used for taxonomic differentiation (WICKERHAMMd BURTON, 1948). Good
growth was observed witlPichia anomala (= Hansenula anoma)a but lactate
assimilation capacity can vary within the sameissr@ILIGY et al, 1975).

In a recent taxonomic study (BOEKHOUWE al, 2002), the ability ofSaccharomyces
cerevisiaeto assimilate DL-lactate was described as varigble which agreed with
the findings of KURTZMAN and FELL, 1998. WILES, 89 (cited in MORRIS, 1958)
described a positive effect on lactic acid as dMENCERet al, 1997. DELFINIet al,
2002, found that 100 % of the &accharomycestrains investigated could degrade
L(+)-lactic acid whereas only 40 % could degrade{¥ctic acid.

D(-)-lactic acid was found to be the predominanmer produced in silage (C/it al,
1998; SCHAADT and JOHNSON, 1968) which means thHa $accharomyces
cerevisiaestrain used probably belonged to the minorityhaf $accharomycestrains
which is able to assimilate this lactate isomer.
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The mechanism for the L-lactate, D-lactate, acefayeuvate and propionate transport
in Saccharomyces cerevise@eelectroneutral proton/anion symport (WALKER 989
CASSIOet al, 1987).

In silage research it has generally been assunsdsdtcharomyces cerevisedees
not belong to the yeasts that decompose lactateyaier consume residual WSC
(JONSSON and PAHLOW, 1984). As shown in the curmexperiments, this yeast
species metabolises lactic acid as well as sugasomplex silage medium.

High lactate concentrations had no inhibiting effem yeast metabolism, on the
contrary it stimulated metabolic activity as showrExperiment type An addition the
lactate concentration of the grass silage mediued usExperiment type Dvhich was

on average 2.6 times higher than most grass silefgesperiment type @id not show
an inhibiting effect. MILIGY et al, 1975, found that growth rate decreased with
increasing lactic acid concentration. However, tedi growth is not correlated with
decreased metabolic activity (MOON, 1983; THOMASI &AVENPORT, 1985, cited

in SAVARD et al, 2002). The current findings confirm the resultsSAVARD et al,
2002, who found that lactic acid alone (0.7 % wypld 3.74) did not prevent the growth
of yeasts.

* Acetic acid production and degradation

There were only slight changes in acetic acid austén the complex media in the
present work. Acetic acid concentrations eitheraased (by up to 1.4 mg/ml) or
decreased (by up to 1.1 mg/ml) within 45 h.

Acetic acid is regarded as minor fermentation pobdiuring the course of alcoholic
fermentation. Acetate can be oxidised by the gljateycycle enzymes (WALKER,

1998).

Also, it was observed that acetic acid can havebitdny effects on yeast growth

(SAVARD et al, 2002; WOLTHUSENet al, 1989, “content of effective acetic acid”)
although this was not examined in the present stlilis mechanism is used to inhibit
the growth of spoilage yeasts when heterofermematAB strains are inoculated onto
forage before ensiling (OUDE ELFERIN& al, 1999b).

* Propionic acid production and degradation

Propionic acid was neither produced nor degradedpmxn the case @accharomyces
cerevisiaewhen inoculated alone and in the presented casasrgly, it was not
metabolised by the indigenous yeast micro-flortherinoculated ones.
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There is evidence of the inhibitory effect of prapic acid on yeast activity (OHYAMA
and HARA, 1975) and it is used as an additive iage making (GROSS and BECK,
1970) to prevent aerobic spoilage.

In this context SAVARDet al, 2002, observed th&accharomycestrains were only
completely inhibited with a mixture of lactic, ameénd propionic acids of 0.7, 0.3 and
0.2% (v/v), respectively at pH 3.74.

+ Ethanol production and degradation

The highest increase in ethanol content usuallyuwed during the first day of
incubation and often decreased again until the adritie second daySaccharomyces
cerevisiagproduced more ethanol th&ichia anomala

This is not surprising aSaccharomyces cerevisigea facultative aerobic organism and
ferments hexoses to alcohol under anaerobic asasedkerobic conditions, the latter by
respiro-fermentative  metabolism  (FLIKWEERT, 1999; AWKER, 1998;
ALEXANDER and JEFFRIES, 1990; HANEGRAAEt al, 2000; MOLLER et al,
2002).

IndeedPichia anomalas also known to produce ethanol but at a loweelldaf aerated.
This suggests a role for this organism in low-atdoine production, with a positive
side effect of an esteric and fruity flavour (ERTEBNd CAMPBELL, 2001). This ester
odour also occurred in the grass silage mediadpthsent experiments.

A partial ethanol depletion in the medium afteiise 1in ethanol content was observed.
This might be explained by the mechanism of passifiision into the yeast cell
(WALKER, 1998). Another explanation could be oxidat of ethanol to acetate by
Pichia anomala following WSC depletion as oxygen availability deased
(FREDLUND et al, 2004). An example for this pathway is Experimén® (maize
silage extract with fructose addition).

* pH effect
The pH response to lactic acid consumption wasasotapid as anticipated. The pH
could even decrease slightly despite the fact thaganic acid concentrations
diminished. This contradictory finding could notally be explained by the buffering
capacity of the silages (Table 7).
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6.1.2 Bacterial metabolism

As lactic acid was produced in most experimentsjais previously referred to as LAB
activity in the results section. Here, this acyivé considered more generally as LAB
metabolism.

The results of earlier investigations to elucidateether LAB might be involved in
aerobic activity in silages: BUCHER (1969) (cited BECK, 1969), clearly
demonstrated that heterofermentative LAB could bmgise lactic acid to acetic acid
and therefore had potential for causing aerobidape.

In aerobically deteriorating maize silage, both WGEORD and COOK, 1978, and
WOOLFORDet al, 1978, observed a substantial rise in LAB numbetisin 7 days of
exposure to air. A similar observation has been amiad grass silage, the highest
increase in LAB numbers (within 4 days of openibg)ng found in high dry matter
silages (49 % DM) (WOOLFORIt al, 1979).

+ Lactic acid production and assimilation

When the mixed microflora was used lactic acid wesduced within the first day of
incubation, but decomposed further during the seécatay. However, when
Lactobacillus plantarunalone was inoculated the concentration increasditithe end
of the incubation period.

In batch cultures from silages 15 and 17 lacticl agas decomposed from the start of
the incubation (Experiment C 1).

In support of this there is a body of publishediniation that illustrates advantages of
aerobic metabolism for LAB in silage. A number @itipivays exist for the production

of lactate, acetate, ethanol and other volatilgy fatids under aerobic conditions, such
as the Embden-Meyerhoff-Parnas pathway, lactatgdilegenase, pyruvate formate-
lyase pathway and others (CONDON, 1987).

CONDON, 1987, listed several advantages of aeroimtabolism for heterolactic as
well as for homolactic acid bacteria which includester growth rates and higher yield
of biomass during aeration. Indeed, some substsatels as lactate can only be utilised
in the presence of O

For Lactobacillus plantarunit was found that if grown in high glucose concatibns
under aerobic conditions the end-products wererid-lalactate only. However, when
glucose was exhausted lactate was converted tatacélURPHY and CONDON,
1984b proposed that “The most likely mechanisnsists of the @inducible pyruvate
oxidase and an acetate kinase which converts apbiysphate to acetate with the
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synthesis of ATP”. This allowkactobacillus plantarunto continue growing when O
is available (MURPHY and CONDON, 1984b, MURPHY a@®NDON, 1984a,
BROSNAN, 1984). For further discussion of this topee 6.2.5.

The latter finding would explain why lactic acid adenposed from the start of the
incubation with silage 15 extract, as there wasuglty no sugar available from this
silage. A conversion of lactate to acetate durimgnéiltration in silages was also found
by PAHLOW, 1982.

The findingsin the above mentioned references explain why evidence was provided to
disprove Hypothesis 2 saying that the decomposition of lactate in silsgeolely caused
by yeasts.

The lactate concentration of the grass silage medised inExperiment type Qvhich

was on average 2.6 times higher than most of thesgsilages dExperiment type did
not show an inhibiting effect on LAB metabolism.

+ Acetic acid production and degradation

With a mixed microflora acetic acid content roseaslly during the two days of
incubation from 0.9 up to 9.8 mg/ml maximurhactobacillus plantarumwhen
inoculated alone hardly produced any acetic acid.

Aerobic acetic acid production by LAB under aerotmaditions is related to lactate and
sugar metabolism as described above.

* Propionic acid production and degradation

Propionic acid concentration increased over twosdayth values ranging from +0.3 to
3.0 mg/ml, highest with silage 17 with an increa$e8.4 mg/ml. WithLactobacillus
plantarumalone as inoculum there was virtually no changerapionic acid content.
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Lactobacillus diolivorangan degrade 1,2-propanediol to propionic acid ranaeally:

HG-OH

H(‘?—OH 1,2-Propanediol
CH,
H,0O
H(‘?:O
HCH Propionaldehyde
1
NADH+H- CH, HSCoA
NAD*k?/ \g_,vQH
HZIC—OH O‘:C—SCOA
HCH HGH
CH;, CH,
C Pi
n-Propanol HSCoA
o=c(®
HCH
CH,
ADP
ATP
0=C-O

Propionate

Figure 97: Anaerobic degradation pathway of 1,2qmoediol to propionic acid and n-propanol by
Lactobacillus diolivorans (KROONEMAN et al., 2002)

Still, this cannot explain the high amounts of pooic acid produced in the AM
treatments after 45 h incubation in Experiment @ith silage 30, C 2 with silage 17
and 30 and C 3 with silage 32 as there was eitbeorna maximum of 0.5 mg/ml
1,2-propanediol detected initially and after 22 h.

Propionate is a minor fermentation product of mbagteria (SCHLEGEL, 1992).

However, there are some bacteria that are ablerto higher amounts of propionate
like Propionibacterium spp, Veillonella alcalescens (=Micrococcus lactilyig),
Clostridium propionicum, SelenomonasdMicromonosporaspp.(SCHLEGEL, 1992).

Despite difficulties that have been encounteredes@nopionic acid forming bacteria
have been isolated from silages (MERRY and DAVIES99). These belong to the
genusPropionibacterium(PAB) andVeillonella alcalescenROSENBERGER, 1956;

de MAN, 1957; WOOLFORD, 1975). The PAB are coundsdanaerobic bacteria but
are micro-aerotolerant (SCHLEGEL, 1992) and everotakerant in some cases
(MCDONALD et al, 1991). Under anaerobic conditions they metabdistate to
propionate and acetate via the Methylmalonyl-Co&f (randomising”) pathway
(SCHLEGEL, 1992;LENGELEFt al, 1999) and prefer lactate over sugar as substrate.
The pathway from lactate to propionate was desdrilyeSCHLEGEL, 1992:

3 CH-CHOH-COOH --=» 2 CH-CH,-COOH + CH-COOH + CQ + H,O
3 lactate => 2 propionate + acetate + carthomide + water

Figure 98: The formation of propionate from lactaia the Methylmlonyl-CoA pathway (SCHLEGEL,
1992)
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This pathway could partly explain the lactic acelgthdation due to bacterial activity
right from the beginning in silage 17, Experimeni Cassociated with high acetic acid
and propionic acid production. However, lactate was preferred over fructose there,
as with additional fructose less lactic acid wasateposed and more propionic acid
was formed (Experiment C 2) (formation of propianibm hexoses see 6.2.3).

Literature describing an aerobic pathway was nohdb Under controlled aeration PAB
have a much higher cell yield than if grown undéic8y anaerobic conditions
(SCHLEGEL, 1992).

In silages inoculated with PAB even higher propeoacid concentrations were found
during ensiling when air stress was applied (PAHL@Wd HONIG, 1994;WYS$&t al,
1994). Concerning the limited tolerance of PABdw IpH WOOLFORD, 1975, stated
that “propionibacteria could survive the ensilinggess even when the pH dropped to
below 4”.

The complex interaction between LAB and propiorticidacteria has been studied, for
example in hard cheeses (KERJEAN al, 2000; PIVETEAUet al, 1995). In this
process LAB prepare the cheese for the propiond facmentation through production
of the lactate substrate. In addition, a largestuith 42 LAB/PAB co-cultures showed
that LAB could not only activate propionic acid bexéa or destroy inhibitors, but could
also interact as antagonists (KERJEANal, 2000). On the other hand a mixed culture
of Propionibacterium jenseniand Lactobacillus paracaseivas found to inhibit food
spoilage yeasts not only by their fermentation potsl but by their cellper se
(SCHWENNINGER and MEILE, 2004).

Clostridium propionicunis a propionic acid producing bacterium but carekeluded
in the present work as it is obligately anaeroB&NSSEN, 1991) and no butyric acid
was detected.

Propionic acid production in some of the presenpeexnents together with the
knowledge provided by the cited literature providesdence thaPropionibacteria
were present and active in the aerobic processsmme silage extracts.

For ruminant nutrition there are also health anttithenal benefits for propionic acid
producing bacteria if they convert lactic acid togonate in the rumen and thus reduce
the incidence of lactic acidosis (ELSDEN, 1945)raise protein:fat ratios (ABZUL-
RAZZAQ and BICKERSTAFFE, 1989).
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+ Ethanol

Ethanol content increased continuously over twesday

Ethanol can occur as a by-product of aerobic lacpmbduction (KANDLER, 1983).
This is not only true for heterofermentative LABL{HON et al, 1996), but also for the
homofermentative species (CONDON, 1987).

* pH effect
Even though there was no further increase and oftedecrease in lactic acid
concentration after 45 h of incubation, in manyesathe pH still dropped compared to
that observed at 22 h, or remained constant. Thagglic and propionic acid contents
rose lactate is the strongest acid with the higleésct on pH (pK 3.86; acetic acid
4.76, propionic acid 4.87; RAUSCHE® al, 1965) and it is difficult to explain these
observations.

6.1.3 Co-culture

In most cases pH and lactic acid content werenmgeiate to values for the antibacterial
and antifungal treatments as a result of the opgosietabolic pathways of yeasts and
LAB, except inExperimentD 1 where LAB dominated the process in all respecte T

ethanol concentrations observed mainly corresporidegeast activity and the acetic

and propionic acid contents ranged between thasgefst and bacterial activity only.

A number of published observations may help to @rphe outcome of the present
experiments which provide evidence to disprove Hypothesis 3, that aerobic changes are
dominated by yeast activity. Recently more spedficdies have been reported on the
interaction of yeasts and lactic acid bacteria ireth cultures in foods and beverages.
For example, symbiotic associations were describ@d decreasing wine acidity
(ELISEEVA et al, 2000). GOBETTIet al, 1994b, describe the metabolism of
carbohydrates in sourdough and in these experinfeatsharomyces cerevisiaad
Lactobacillus plantaruntompeted for fructose and the yeast had a dettahefiect on
bacterial growth.Saccharomyces cerevisi@en increased ethanol production in co-
culture with LAB compared to the corresponding manture (GOBETTIet al,
1994b; DAMIANI et al, 1996). In other studies LAB growth suppressedédtianol
production by yeasts (NARENDRANATIdt al, 1997). On the other hand yeasts can
stimulate bacterial growth (GOBETEL al, 1994a).
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Other investigations dealing with cheese surfadeswed that yeasts can liberate
growth factors such as vitamins or amino acidsbfacterial utilisation (CORSET Tét
al., 2001). In kefiran productioBaccharomyces cerevisiagas shown to enhance the
growth ofLactobacillus kefiranofacien®CHEIRSILPet al, 2003).

LINDGREN and DOBROGOSZ, 1990, overviewed the subje€ antagonistic
substances derived from LAB such as the metabolt products organic acids, 2,3-
butanediol, CQand others. They also discussed the role of hactes which might be
able to suppress yeast activity. However, SEALEB6]escribed the antibiosis of
LAB against yeasts and moulds as weak.

6.2 Factors influencing microbial metabolism

6.2.1 pH

In Experiment type A it was found that a low pH anbed lactate assimilation by
oxidative yeasts and provided evidence to disptdypothesis 1, but for grass silage
extracts in Experiments C 6, D 3 and D 4 the figdwas only true for the first 23 h of
incubation and not for maize silage.

The findings of MIDDELHOVEN and FRANZEN, 1986, thatlow pH enabled or
enhanced lactate assimilation of yeasts could egdmeralised.

With reference t&experiments C1,C6,D1toD4,D8and D 9.

There was a clear effect of pH on bacterial agtivk pH of 4.0 and below largely
inhibited the metabolic activity of LAB and allowdtle yeasts to control the whole
aerobic process.

This finding was confirmed by NARENDRANATH and POWE2005, who observed
a reduction in specific growth rate of LAB and aresponding decrease in lactic acid
produced when the pH was lowered from 5.5 to 4.0.

Numerous yeasts are capable of growth over a willegmge reported to be 2-8 by
WALKER, 1998.Pichia anomalahas been found to grow even at pH values between
2.0 and 12.4 (FREDLUNR®t al, 2002).

On the other hand most LAB grow optimally at a pH>5.0 (HUTKINS and
NANNEN, 1992; BECK, 1969). BECK, 1969, describegta of 4.5-5.0 as optimum
for growth ofLactobacillus plantarumand assumed that there was still 90 % growth at
pH 4.0 compared to the optimum. In the presenthbatdture experiments growth was
not measured directly but metabolic activity wasi@t completely inhibited at a pH
<4.0.
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6 DISCUSSION

pH regulation in lactic acid and other bacteria basn reviewed by HUTKINS and
NANNEN, 1992; TSAUet al, 1992; CHADWICK and GARDEW, 1999.

A model describing the effect of medium paramesarsh as pH on the growth of
isolates of Candida milleri and Lactobacillus sanfranciscensirom sourdough,
confirmed the above observations showing an optinpiinbetween 5 and 6 for the
LAB (GAENZLE et al, 1998).
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Figure 99: Effect of pH on maximum growth rategQifor Lactobacillus sanfranciscensis 4)(and 2
(A) and Candida millerid) (GAENZLE et al., 1998)

This pH effect on bacterial and fungal activity mexplain why inoculated silages are
more prone to aerobic deterioration (KUN& al, 1991; PHILLIP and FELLNER,
1992; SANDERSON, 1993; UMANAt al, 1991; WARDYNSKIet al, 1993; WYSS,
1993) as they mostly achieve a lower pH than unitaded silages.

OHYAMA et al, 1975, also found that silages with a pH value<af.0 deteriorated
more often than those where the pH was > 4.0. Asrotionsideration might be the
“self-sterilisation” which leads to lower LAB numisein mature inoculated silages
(PAHLOW, 1982) if the LAB : fungi ratio is lowered.

6.2.2 Fodder crop
Grass and maize
With reference t&xperiments C1,C7,D1,D2,D 3,D 4.

To determine whether the differences in activibesnveen grass and maize silages were
only due to differences in pH it was reversed o silage media used. Fructose was
added to the maize silage medium where it was kytaaking.

The high lactic acid production which occurred wigeass silage medium (pH 4.4) was
inoculated with theLactobacillus plantarumwas not achieved in the maize silage
medium adjusted to pH 4.4 regardless of whethetdae was added.
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The combination of.actobacillus plantarunwith Pichia anomalain the pH adjusted
maize silage mediunmcreased lactic acid production only slightly cargd toPichia
anomalaalone, whereas in the grass silage medium (pHahdyt the same amount of
lactic acid was produced in co-culture as vid#ittobacillus plantarunalone.

Only when the pH of the grass silage medium wassaelfl to 3.8 (corresponding to that

of maize silage medium) was the lactate oxidisictyvay of Pichia anomaladominant

in the co-cultureLactobacillus plantarumalone in the adjusted grass silage medium
also degraded lactic acid, whereas in the maizageimedium at pH 3.8 it remained

inactive.

These experiments demonstrated a principal difteren the behaviour of the same
defined microorganisms (inoculants) in silage medigending on the type of crop
fermented.

6.2.3 Carbon sources and compounds
« WSC
With reference té&xperiment<C 2, C3,D2,D4,D6,D.9

Fructose addition enhanced ethanol production enyisast treatments. In addition it
increased acetic acid formation and deceleratethtinease in pH.

In the bacterial treatments the effect was notlearas for the yeasts, but often more
lactic and propionic acid was produced when fruetoas added.

This can be explained in terms of the stoichiomeifythe processSaccharomyces
cerevisiaefor example produces 2 GOnolecules + 2 ethanol (8sOH) molecules
from 1 glucose (gH120s) molecule (which is a hexose like fructose) bypnes
fermentation (FLIKWEERT, 1999).

In the sugar metabolism of LAB 1 glucosegli,Os) molecule yields 2 pyruvate
molecules which can be converted into 2 lactic §Ctl;-CHOH-COOH) molecules.

However, the conversion from pyruvate to lactatpetels on several factors and it
might be converted to ethanol, acetic acid, forneatacetoin and 2,3-butanediol as well
(CONDON, 1987).

The generation of propionate from hexoses mightekplained by the following
equation:

3 GH1205 2 2 CH;-COOH + 2 CQ + 4 CRCH,-COOH+ 6 H'
3 Glucose - 2 acetate + 2 carbondioxide + 4 propionate +6 H

Figure 100: The formation of propionate from glueasa the random pathway (LENGELER et al., 1999)
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In the EU-Sweetgrass project it was found thatrogtiensiling technique improved
aerobic stability most regardless whether residuajar contents were high or low
because it suppressed the yeast growth during tbeage phase successfully
(PAHLOW et al, 2005).

* Tannic acid
With reference t&xperiment C 5

The addition of tannic acid (gHs2046) reduced lactic acid consumption and limited pH
rise in the fungal treatment. It also enhancedrethproduction.

However, in the control tannic acid acceleratedidaacid degradation and pH rise.
Acetic and propionic acid production were reducedavour of ethanol production.
This was probably due to bacterial activity, altgbuthis was not investigated
separately on that occasion due to a lack of silageerial.

Several workers have observed that legumes sutiicase Medicago sativahave a
stabilising effect on silages exposed to air, doean inhibition of yeast growth
(O’KIELY and MUCK, 1987;MUCK and O’KIELY, 1992;0'KLY and MUCK,
1992; PAHLOWet al, 2000). As it is not yet clear which is the acto@mpound in
these plants, tannin which is a characteristic camept of lucerne was tested for its
antimicrobial effect in this trial.

In general, the antimicrobial activities of tann{igfucose esters of gallic agidre well
documented (CHUNGt al, 1998b).

WAUTERS et al, 2001, reported that tannic acid inhibited the wgho of
Saccharomyces cerevisidee to iron deprivation. JACOB and PIGNAL, 1976urd
that the effect of tannic acid and hydrolysing aaipes of yeasts depended on its
concentration and partly on the pH of the medium.

AYED and HAMDI, 2002, investigated the productioh tannase (an enzyme that
degrades tannin) biactobacillus plantarum Intestinal LAB were not inhibited by
tannic acid up to a concentration of 0.5 mg/ml.sTi@sistance was probably due to the
fact that they do not require iron for growth (whis bound by tannic acid) (CHUNG
et al, 1998a).

In the present trial tannic acid seemed to inhib& yeasts and alter the metabolic
pathway, but enhanced bacterial lactate oxidaditms the stabilising effect of legumes
observed in silages does not appear to be exclysitee to tannin. O’KIELY and
MUCK, 1987, suggested that lucerne ony had a staigl effect after fermentation had
occurred.
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The findings on WSC and tannic acid addition provide evidence to disprove
Hypothesis 4 indicating that the decomposition of lactate amgk rin pH is not
influenced by other available carbon sources.

6.2.4 Osmotic pressure / Halotolerance
With reference texperiments C 4, D 5, D.6

KCl reduced the metabolic activity of yeasts as |wa$ bacteria, and in the
concentration used it did not favour the dominaate¢he one or the other group of
micro-organisms. Yeasts were virtually unable talse lactate in the presence of KCI.
With Pichia anomalaalone small amounts of lactate were formed. WitBLorganic
acid production was clearly reduced.

The osmolality of wilted grass silage amounts toutd.8-2.5 osmol/kg or even higher
(HOEDTKE, 2004). The osmolality of the silage mediwas close to zero, about 0.2
osmol/kg. To adapt it to the osmolality of high Ojvhss silages a concentration of 8 %
KClI was used. As mentioned earlier, according to ISEBACH, 1968, this
corresponds to the osmotic pressure prevailing silage of about 40 % DM. The
osmolality of silage samples measured using an oster had values of 2.2-2.3
osmol/kg.

As the osmotic pressure was increased by addingtsennot be excluded that the
inhibiting effect on microbial activity was due #olack of halotolerance. This seems to
be true, at least for the yeasts, where lactaiendagon ceased.

When salt- and sugar tolerance of yeasts were cmdpander the same osmotic
pressure (ONISHI, 1957) differences were obserkatiindicated limiting factors other
than osmotic pressure. Temperature and pH can affest the salt tolerance of
microorganisms (ONISHI, 1963).

In his studiesSaccharomyces rouxiiermented glucose to increasing amounts of
glycerol in parallel with rising NaCl or KCI conceations, suggesting that these salts
affect yeast metabolism and alter the fermentagiathway.

This might explain whyPichia anomalgroduced lactate in the presence of KCI.

Lactic acid formation in small amounts during yeasmentation was also observed by
NORD and WEISS, 1958. During alcoholic fermentatianconcentration of 0.3-0.7
mg/ml lactic acid was generally found (DELFINt al, 2002), but some wine yeasts

were even able to raise the concentration to mwae 20 mg/ml lactic acid (SUAREZ
LEPE, 1999).
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In future work an alternative way to alter the osimpressure in the medium is required
for making such comparisons.

6.2.5 Oxygen
With reference t&xperiments C 4ndD 7.

The use of 200 ml Erlenmeyer flasks, rather thah rh0to promote greater aeration of
the cultures stimulated the yeast dominance irctimebined microflora.

The 200 ml cultures with KCI showed no significalifferences to their counterparts in
100 ml flasks.

A very interesting finding was that there was \aity no O, consumption in the
treatments with LAB only, but a nearly complete léépn of G within 2 days when
yeasts were inoculated.

For yeasts, oxygen is described as essential nUSPENCERet al, 1997). They can
grow under microaerophilic conditions, but there ao strict anaerobes among the
yeasts. Oxygen is the terminal electron accepttiheend of the chain through which
energy is released from carbohydrates taken updygell (SPENCERt al, 1997).

LAB usually grow anaerobically but many of them aerotolerant to a degree, or
facultative anaerobes, depending on the substC&&DPON, 1983).

The rate of @ uptake byLactobacillus plantarumwhich precedes #D, accumulation
depends on the substrate and was recorded to ®evitts lactate added to a complex
medium (MURPHY and CONDON, 1984b). The accumulatdid,O, depends on the
inoculation rate and the concentration of dissolerggen and is faster and higher with
increasing rate and concentration (MURPHY and CONDD84b).

Due to a high intracellular level of Mh which can scavenge ,OLactobacillus
plantarumis able to grow under aerobic conditions (ARCHIBAlNd FRIDOVICH,
1981; KANDLER, 1983; ARCHIBALD, 1986). There arés@ other mechanisms to
help bacteria to tolerate reactivex @pecies which can be formed in the metabolic
pathway (@, OH, H,O,;) among LAB, for example superoxide dismutase (SOD)
NADH oxidase/NADH peroxidase, adaptation (CONDONJ8Z;, GOETZ et al,
1980a;GOETZ et al, 1980b; KANDLER, 1983; HIGUCHIet al, 2000) and
Recombinase A activity (gene/proteine RecA) or Cgtome d oxidase (gene/proteine
cydA) (MIYOSHI et al, 2003).

The presence of O'allows (the LAB) a wider range of substrates o used for ATP
generation and also the utilisation of pathwayscWlare dormant in anaerobic cultures”
(CONDON, 1987).
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The findings suggest that LAB compete better wiglasts in the inner layers of silage
where reduced concentrations of oxygen are availdiilis confirmed the observations
made by PAHLOW, 1985, who studied different andraef levels of oxygen infusion

throughout an ensiling period of 90 days. He fodlnat the lowest oxygen infusion

level of 100 mg/kg DM daily which corresponds taab100 cm penetration depth in
concrete silos, triggered LAB activity and therampntrolled the yeasts.

6.3 Comparison of agitated batch culture system with th aerobic stability test
according to HONIG, 1990

With reference t&xperiments C AndC 2

Temperature rise in the original fresh materialirythe aerobic stability test was not
clearly related to pH rise in the batch culturesemsperature release is an indication for
microbial metabolisnper sewhereas pH rise indicates the degradation of acgaeids
which is not necessarily the first metabolic a¢yivo occur.

The only rule that was observed was: corresponbatgh cultures of those silages (ID
15 and 34) that proved to be relatively stablehim @erobic stability test (> 4 days) did
not change in their composition over the first 2df iIncubation.

Another interesting finding was the visualisatiardanicrobial counts of silage ID 32

during the aerobic stability test. Even though tileatment without and with additional

fructose did not differ significantly in pH and a@mgc acid contents, there was an
indication that the LAB were involved and competied nutrients under aerobic

conditions: higher final LAB numbers and slower stegrowth (visual observation)

combined with lower final yeast numbers were obserin the fructose treatment in
contrast to the control treatment (without addigilbinuctose).

One of the main differences of both approaches (K®Dtest and batch culture) is the
physical condition (solid and liquid). In a liquichedium all nutrients are freely

available and equal distribution of micro-organisimensured. Another factor is the
temperature which rises continuously in the ingdatans in the HONIG test once the
spoilage process has started, whereas it remairns comstant in the shaken batch
cultures at ambient temperature.

However, when investigating the changes of chemamhposition in the aerobic

stability test, it was proved that lactic acid (agithanol) production can indeed take
place in silages on exposure to air, as found enhkhtch cultures (see for example
Experiment C 1, Silage ID 34).
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This specific investigation during the temperati@gt which is usually carried out over
7 days was much more labour intensive and requirbjher number of samples than
the measurement of the batch cultures.

6.4 Evaluation of thein-vitro method

The modeln-vitro system in this work was developed as a tool toalsegside current
microbiological approaches, that are often veryetioonsuming and labour intensive
and although of value do not always truly refldot fctivities occurring in real time
during the spoilage process.

For example consumables required for Htandard plate count methodin silage
microbiology are:

+ sterile Petri dishes,

e agar, various nutrient compounds (at least a cadmuha nitrogen source) and
antibiotics for the solid medium which has to beafic for each group of
target micro-organisms

» sterile Ringer solution for the dilution series and
» sterile pipette tips for diluting and dispensinggées during plating out.

The solid medium has to be prepared at least 2 loiefgse the plating and can be stored
up to 4 weeks at 4 °C. Autoclaved Ringer solutionstmbe at ambient temperature
before usage. Samples are diluted in decimal séaleng several steps. The diluted
samples are plated in triplicates, usually at l&agtvo different logarithmic dilutions
which have to be anticipated correctly. A countofonies grown on the plates can be
made after 3 days of incubation at 30 °C.

By counts on the malt extract agar and lactate pigaes it can be calculated how many
yeasts and moulds with the potential to assimilattate were present in about one
gram of silage fresh matter at the time of openihgamples were plated on Rogosa or
MRS agar (in the correct dilution) they reveal thenbers of lactic acid bacteria. For
the total count of aerobic bacteria the use ofeptaiunt agar is advisable. In this type of
approach counts cannot directly indicate metakaudtovity and interactions and are also
subject to underestimation of both numbers andggodue to non-culturability of some

micro-organisms in laboratory media under the ciooras employed.

This contrasts markedly with the approach takethécurrent work (see below) where
the metabolic activity, rather than viable micrdlmaunts was used as an indicator of
different microbial activities.
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For Experiment types A to D different media were used. The same processing was
performed with an incubation period of 2 days, measents by HPLC at day 0, 1 and
2 and pH measurements, usually one at day 0 ahé&h of the following days.

The liquid lactate medium utilised EBxperiment type A and type Brequires lactic
acid and Yeast Nitrogen Base as ingredients. Ithd&® prepared and pH adjusted one
day before inoculation. The autoclaved medium eastbred for several months at 4 °C
if kept in portions in sterile containers.

Experiment type A revealed the performance of radlyisoccurring yeasts isolated from
silages to oxidise lactate in an artificial envimeent where lactic acid was the sole
carbon source at different pH values. As revealdfixperiment type D the performance
found under these conditions did not necessaritgespond to that in a complex silage
medium (exampl&accharomyces cerevis)ae

Experiment type B showed the ability of the wholexed microflora of a fresh silage to
decompose lactate. Bacterial and fungal activitvese differentiated by antibiotics.
Probably due to the high dilution of the mixed inl@nt results were not quite
consistent (high standard deviation). This approaah therefore given up in favour of
the following:

For the silage medium ikxperiment type C sterile distilled water together with
stomacher bags were required. The original indigenmicroflora of the silage was
included in the medium and its fungal and bactextdilvity differentiated by antibiotics.

This type of experiment revealed the actual effestsmicrobial activities and
interactions in silage on exposure to air. Thelamtics used in this work coupled with
the metabolites formed enabled the identificatibrihe responsible groups of micro-
organisms.

In order for the autoclaved silage mediumEixperiment type D to reproduce results
obtained in Experiment type C larger quantitiesthed same silage were required to
provide an amount of homogeneous silage mediumpanrm a proof of principle
experiment.

With this type of experiment, which evolved ovee tduration of the project, the
activity of known silage micro-organisms in a definmedium which had very close
chemical composition to the silage was possible.

Alltogether the four types of experiments allowbéd pbservation of changes in silage
composition during exposure to air as reflectedctimi@nges in organic acid and ethanol
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concentrations over time. In turn this indicatedialhtype of micro-organism was
responsible for the respective changes.

The currentn vitro approach coupled with unlimited variations in expental design
offers a practical opportunity for investigatingamabial activity during aerobic spoilage
of silage. Past plate count method can only givdesce of the microbiadtatus quaat
one point of time and only the potential for dedeation can be estimated.

The model system developed during these studieslitaged a detailed exploration of
the relative roles of different microbial groupsthe aerobic deterioration process in
silage and also some factors which influences tlaetivity. Its simplicity and
convenience make it attractive for use in furtmedéepth studies of the aerobic spoilage
process.
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1. This study confirmed the lactate assimilating astief yeasts in silages upon
exposure to air.

2. Additionally it demonstrated a co-activity betwelatic acid bacteria in grass
and grass-legume silage media with a pH>af.4 at silo opening, but not in
maize silage medium in the initial aerobic phadaesRctivity was revealed by
the detection of lactic and acetic acid producedinduthe first day and
frequently the degradation of lactic acid during second day of incubation.

The major participation of LAB in aerobic processesot aberrant as these
mainly aerotolerant micro-organisms account fordbminant bacterial group in
silages and it also explains the growing numbersLAB colonies during
exposure to air as described in the literature.

3. Activity and competitiveness of LAB depends on trepecies composition and
abundance and that of their competitors. In thegmee of yeasts in most of the
cases they maintain or increase the lactic acideoonat least during the first
day of incubation.

4. Increased air ingress enhances yeast dominance.

5. Increased osmotic pressure by KCI (8 % wi/v) inkiltite metabolism of yeasts
and LAB likewise.

6. The level of WSC content influences yeast metabolis particular. The lower
the content the faster the pH rise.

7. A second bacterial group that can occur in silage the propionic acid
producers which were only identified by propionadaformation.

8. Results of the batch culture studies are not dyrecansferable to the fresh
silages. However, the method is a useful tool flucidating the microbial
dynamics and influential factors during exposursitsfge to air.

It shows that even slight changes in growth coadgimight alter the end result.

9. The activity and competitiveness of lactic acidtbda depends very much on
the amount of oxygen they were exposed to. Thusyméthe results may not
refer to surface conditions but to the inner laydrthe opened silo.

10.The findings suggest one of the reasons why solagesi change more rapidly
than others under aerobic conditions, despite aaunta similar numbers of
yeasts:
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Aerobic stability of grass silages is a matter of nteraction and
competitivenessof lactic acid bacteria and yeasts and in somescpsgpionic
acid producing bacteria.

11.The presenteth-vitro method of Experiment types C and D offers a fdasihd

systematic opportunity to study aerobic changesmndesses in silages under
controlled conditions.

Future opportunities

The opportunities for future investigations by vagythe presented method are
nearly unlimited.

The influence of different concentrations of orgamicids other than lactate
(mainly acetic and propionic acid, WOLTHUSE®# al, 1989) if initially
present, especially at low pH, might be investigates in preparing the silage
medium silage is diluted 1:5.

A further attempt to increase the osmotic pressdithe medium might be the
use of potassium phosphate as suggested by MIDDBIENDand FRANZEN,
1986, although salt-intolerance versus osmotoleramight still present the
same problem.

The possible role of bacilli might be studied iethmbient temperature was
raised during the incubation period. This wouldilththe less thermotolerant
yeasts.

The role of propionibacteria is yet to be elucidatéhoculation of different

strains of propionibacteria into autoclaved silagedium in individual or co-

culture offers one possibility.

Another very interesting subject is to find outhibmofermentative lactic acid
bacteria (at leastactobacillus plantaruthare generally more competitive in
grass silage medium than in maize silage mediumifeawwhy.

Exploiting the knowledge of microbial interrelatgimps in silage during exposure to air
offers the opportunity to better control aerobiamges in the future.

One of the strengths of this study was that it dichot rely exclusively on colony
counts, but examined metabolic processes and activi Thus it provides a focus for
future studies on interrelationships between diffeent micro-organisms and factors
influencing their growth and activity.
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New requirements for future practical silage inaul research in the industry and for
silage management based on the current findings:

LAB inoculants for grass silages should be compette under aerobic
conditions.

Thus aerotolerant LAB with the ability to metabeliesidual sugars into lactic
acid under air stress are required.

High residual sugar contents in grass silages shbelensured to prevent the
LAB from decomposing lactate after opening the.silo

The inoculant should only acidify the grass dowratpH of about 4.4, but be
acid tolerant.

The competitiveness of LAB against yeasts shoul@rienced in the feed-out
phase by limiting the oxygen concentration in ti@ s

More specific knowledge on PAB in silages is rege@sThis might require an
improvement in culture and screening techniquesetable selection of
competitive, aerotolerant and acid tolerant strains
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8.1 Summary

Aerobically spoiled silage is still a problem inimal feeding.

During the last four decades of research yeaste wEntified as main initiators of
aerobic deterioration of grass silages due to #iglity to decompose lactic acid which
represents the main silage preservative agent.

Yet the microbial dynamics in silages on exposarait is still not fully understood.

The aim of the work was to elucidate the role ofste under different growth
conditions and to identify the role of other mi@manisms possibly involved in
aerobic changes of silages.

Therefore silages on exposure to air were simulateal shaken batch culture system
which included the indigenous microflora of a sdaand used either a synthetic lactate
medium or diluted silage extract as the complexioradBacterial and fungal activity
was differentiated by the use of antibiotics. Baateactivity referred to antimycotic
treatment, fungal activity to antibacterial treatrndn the control treatment the activity
of the mixed microflora was observed. Incubatiorigeewas two days at 25 °C ambient
temperature. Effects of microbial activity were etetined at least 5 times during the
incubation period by measuring pH and organic acid ethanol contents (by HPLC).
An attempt was made to compare the results obtamadtandard aerobic stability test.

Generally, naturally fermented high dry matter gragages (30-40 % DM) with a pH
of 4.4-4.8 were investigated.

The following results were obtained:

1. Yeasts oxidised lactic acid as expected, which iooefd earlier studies from
literature.

2. In the bacterial treatment, activity of lactic adidcteria was identified due to
formation of lactic and acetic acid.

3. This production counteracted the assimilation ofitaacid in the control where
all microbial groups were present resulting in mteimediate level of lactic acid
after the first day of incubation.

4. During the second day of incubation lactic acidteaa often started to oxidise
lactic acid, possibly due to the depletion of aafalié sugars.

5. Additional fructose decelerated the pH increasehm antibacterial treatment,
but hardly had an effect on the bacterial activity.
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6. Tannic acid hampered yeast activity but favouredrmirease by bacteria.

7. The use of KCl as a means of increasing the osmpogéissure to be comparable
to silage conditions constrained both bacterial fangal activity.

8. Increased air ingress and low pH 4.0) favoured the growth of yeasts over
lactic acid bacteria.

9. A high propionic acid production which sometimesurted in the bacterial
treatment could not be explained by LAB metabolison, was probably due to
propionic acid producing bacteria e.g. propionibaet

10.This in-vitro study revealed co-activity of lactic acid bactearad yeasts under
lightly aerobic conditions which might explain te&bility of grass silages that
sometimes occurrs despite high yeast numbers.

11.The in-vitro method using silage extract as medium was suiteblsonitor
aerobic metabolic processes in silages and thusaitedthe microbial groups
responsible for them.

The results suggest that aerobic stability is atenadf microbial interactions and
competitiveness.

For further studies on aerobic deterioration thaadyic approach of the method was
proved to be extremely useful.

8.2 Zusammenfassung

Aerob verdorbene Silage stellt nach wie vor einblnm in der Tierfutterung dar.

Im Laufe der letzten vier Jahrzehnte wurden in desrschung Hefen als
Hauptverursacher des Beginns von aerobem VerdanbGrassilagen erkannt, da sie
Milchsdure abbauen konnen, die als das hauptshehliKonservierungsmittel
natirlicherweise in Silage vorkommt.

Trotzdem herrscht noch kein umfassendes Verstardbrismikrobiellen Prozesse in
Silage unter Lufteinflul3.

Das Ziel dieser Arbeit war es, die Rolle von Hefemter verschiedenen
Wachstumsbedingungen naher zu beleuchten und digliaim@ Rolle anderer
Mikroorganismen, die an aeroben Umwandlungen volag8i beteiligt sind, zu
bestimmen.
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Dazu wurde Silage unter Lufteinflul3 in geschittel@atchkulturen simuliert. Dabei
wurde der epiphytische Besatz der Silage einemhsyisthen Milchsauremedium
zugesetzt oder in verdinntem Silageextrakt, dekaisplexes Medium diente, genutzt.
Bakterielle und pilzliche Tatigkeit wurde durch ddainsatz von Antibiotika

unterschieden. Die antimykotische Behandlung beésghdie bakterielle Aktivitat,

wahrend die antibakterielle Behandlung zur Besblursj der pilzlichen Aktivitat

diente. Die unbehandelte Kontrolle umfasste diégkéit der gesamten Mischflora. Die
Bebritungsdauer betrug zwei Tage bei einer Umgedtangperatur von 25 °C. Die
Auswirkungen mikrobieller Stoffwechseltatigkeit wi@n meist zu 5 Zeitpunkten
wahrend der gesamten Inkubationsdauer anhand vonup#i dem Gehalt an
organischen Sauren und Ethanol gemessen (Uber HHRIE) Ergebnisse wurden
teilweise mit dem Standardverfahren zur Bestimmagrgber Stabilitat verglichen.

Im allgemeinen wurden naturlicherweise vergorenehhangewelkte Grassilagen mit
einem Trockenmassegehalt von 30-40 % und einemooHh4-4,8 untersucht.

Dabei wurden die folgenden Ergebnisse gewonnen:

1. Hefen oxidierten Milchsaure wie erwartet. Dies Hkegte frihere
Untersuchungen aus der Literatur.

2. In der Bakterienvariante wurde die Stoffwechsejtit von
Milchsaurebakterien identifiziert aufgrund der Ritdy von Milchsaure und
Essigsaure.

3. Diese Saureproduktion wirkte dem Laktatabbau in Kentrollvariante

entgegen, in der alle Mikroorganismengruppen vieravaren. Das fuhrte
nach dem ersten Tag der Bebritung zu einem mittisfgchsauregehalt,
der zwischen dem der Bakterien- und dem der Heiffaviar lag.

4. Im Laufe des zweiten Inkubationstages begannenviliehsdurebakterien
oftmals, Milchsdure zu oxidieren, was moglicherngegif die Erschdpfung
an verfligbaren Zuckern zuriickzufuhren ist.

5. Zugesetzte Fructose verlangsamte den pH-AnstielglirHefevariante, hatte
aber kaum eine Auswirkung auf die Bakterienvariante

6. Tannin schrankte die Hefeaktivitat ein, aber foteleten Milchsaureabbau
durch Bakterien.

7. KCI, das dazu eingesetzt wurde, den osmotischerkDim Medium dem
der Silage anzupassen, schrankte sowohl Baktelseaugh Hefen in ihrer
Aktivitat ein.

8. Erhdhte Luftzufuhr fuhrte zu einer Dominanz der é#ddtivitat Gber die der
Milchsaurebakterien. Einen &ahnlichen Effekt hatte miedriger pH-Wert
von<4,0.
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8 SUMMARY

10.

11.

Die starke Propionsaurebildung, die teilweise im daekteriellen Variante
auftrat, konnte nicht durch Stoffwechsel von Milgéheebakterien erklart
werden, sondern ist auf die Tatigkeit von Propionsédildenden Bakterien
wie die Propionibakterien zurtickzufiihren.

Diese In-vitro-Untersuchung zeigte eine gleichzeitige Aktivitdonv
Milchsaurebakterien zu Hefen unter eingeschranidtasn Bedingungen auf.
Diese kann erklaren, warum manche Grassilagen trdizher
Hefekeimzahlen stabil bleiben.

Die in-vitro-Methode, bei der Silageextrakt als Medium benuwtzirde,
erwies sich als geeignet, um aerobe Stoffwechsa#sse in Silagen zu
beobachten und lieferte damit einen Hinweis aufddifir verantwortlichen
Mikroorganismengruppen.

Die Ergebnisse legen nahe, dass aerobe Stabilitit Erage von mikrobieller
Interaktion und Konkurrenzfahigkeit ist.

FUr weitere Untersuchungen zum aeroben Verderb diat dieser dynamische
Versuchsansatz als besonders geeignet erwiesen.
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THESES

“A'N IN-VITRO STUDY OF AEROBIC CHANGES IN SILAGES — Effects of microbial
activities and impact factors”

submitted by Siriwan Martens

The aerobic deterioration of silages representsagor problem for animal feeding.

Microbial metabolic activity leads to dry matter danergy losses in the silage
accompanied by reductions in feed value and paléyabf mycotoxins develop they
can directly affect the health of animal and humans

To avoid aerobic spoilage of silages it is necgsgaunderstand its basic principles.

Aim of the work

1. Many investigations showed that yeasts are resplenfr the initiation of aerobic
deterioration of silages, especially of grass siad his is due to the ability of many
yeasts to assimilate lactic acid which represdmsprinciple preservative agent of
silages.

On the other hand, it has been observed that lawbets of yeasts at the time of
opening do not necessarily reduce the chancesrobiaeinstability, nor do high
numbers of yeasts always indicate that rapid detsron will definitely occur.

2. Moulds were found occasionally, but in generalrtlaetivity was not closely related
to the decomposition of organic acids. Differenttbda were also isolated from
deteriorating silages such as proteolytic bact@railli), lactic acid bacteria, acetic
acid bacteria, actinomyces, clostridia and listehimong those, the deleterious role
of acetic acid bacteria was clearly identified le tinitiation of aerobic spoilage in
maize silages. After the oxidation of ethanol tetecacid the acetic acid bacteria
grow at the expense of complete oxidation of aeetatCQ. The thermotolerant
bacilli develop during the later stages of detetion. Clostridia can occur in
anaerobic niches of deteriorating silages. Undeatate conditions listeria are
accompanying micro-organisms. Lactic acid bactareagenerally the predominant
bacterial micro-flora at the time of opening asythave desirable activities in terms
of preservation and are commonly added as inoaulemimprove the lactic acid
fermentation.



3. The above mentioned findings are mainly based atepgount methods. Those do
not always reflect activity. To gain new percepti@novel method was used.

4. The present investigations elucidated the rolelsaateria and fungi respectively in
aerobic changes of silages.

5. An in-vitro method was developed which simulates the silagger@mment in
shaken batch cultures. pH and some metabolitesasutdictic, acetic and propionic
acid and ethanol were measured as indicators abbia activity in a time course
experiments. To differentiate bacterial and fungaition antimycotic and
antibacterial agents were used in a medium comigitiie indigenous microflora
from silage.

6. The studies comprised three principle types of expnts:
a) Yeast inoculants (4 type strains) inoculated iytatisetic lactate medium

b) Silage extract as a complex medium plus the ingigemmicroflora — 9 grass
silages, 4 grass-lucerne silages and 1 maize siage used to provide the
extract

c) Autoclaved silage extract from one grass and onzansilage with yeast (2)
or/and lactic acid bacteria (1) inoculants

7. Principle variations in experiment types 2 and 3:

e Addition of fructose (3 and 6 % of FM w/v) to integmte the effect of increased
levels of residual sugars

* Adjusting the pH to 3.8 or 4.4 to investigate tl gffect

» Changing the liquid volume to air space ratio teestigate the influence of
different oxygen ingress (100 ml vs 200 ml Erlenereilasks)

e Use of 8 % KCI (w/v) to adjust the osmotic pressioraormal silage conditions

Main conclusions of the work

8. The lactate oxidising activity of yeasts was cangd.

9. A co-activity of lactic acid bacteria was reveal&tey produce lactic acid in grass
and grass-legume silage media with an initial pH>af.4 during the first day of
incubation, but not in maize silage medium.



10. This activity counteracts the lactate decompositigryeasts in the initial phase of
exposure to air and thus maintains or even incseidieetotal concentration of lactic
acid. During the second day of incubation lacticl d@acteria often contribute to the
lactate degradation.

11. A high level of residual water soluble carbohydsatempers the pH rise by yeasts
which consume organic acids and produce increasetisl of ethanol by respiro-
fermentation.

12.Yeasts are more competitive at low pH4(0) or with increased air ingress.

13. Propionic acid production occurred occasionallgalt be attributed to bacteria
whose major fermentation product is propionic atidh as Propionibacteria.

Scientific evaluation of the results

14.The results confirm earlier investigations thatsgeaepresent the main spoilage
microflora in grass silage. A new insight is praadll in that lactic acid bacteria
compete with yeasts under aerobic (but oxygendid)itonditions and are able to
slow down the onset of aerobic deterioration whecbharacterised by the
decomposition of the preserving lactic acid.

15. Another new finding is that propionic acid produgipacteria are active along with
(facultatively) aerobic micro-flora of some gragages.

16. Thein-vitro method applied was suitable to investigate theabwic activity of
silage microflora under defined conditions.

17.Suggestions for further investigations are:

» to gradually increase the ambient temperature duha course of incubation as
it occurs in practice during deterioration,

» to reduce the dilution rate of the silage extracde if there is a possible effect
of concentration

» apply other means to raise the osmotic pressuaedial the problem of salt-
intolerance



» to find out if homofermentative lactic acid bacteaire generally less
competitive in maize silage medium and why

* to elucidate the role of Propionibacteria.

Common importance of the results
18.Recommendations to control aerobic deterioration:

The most general task is to support the competiggs of lactic acid bacteria in
silages upon exposure to air.

To meet this claim:

» High residual sugar contents should be ensuredeteept the lactic acid
bacteria from decomposing lactate at an early saéftge opening the silo.

» Oxygen ingress in the silage should be limitedmyithe feed-out phase to
enhance the competitiveness of lactic acid bactgy@nst yeasts.

* Whenever possible, grass should only be acidifeedindto a pH of about 4.4
in the ensiling phase.

» If inoculants are applied they should be aerotoleaad acid tolerant -
criteria which are already postulated for the emgiphase.
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Own Preparatory Work

The preliminary aim of the work was to investigdte role of yeasts in aerobic
deterioration of grass silage. In the literatureréhare numerous reports that yeasts are
the initiators of aerobic instability in grass aother silages (see LITERATURE
REVIEW), especially yeasts with the ability of as#ating lactate (JONSSON and
PAHLOW, 1984; JONSSON, 1989).

JONSSON and PAHLOW, 1984, stated that a populaifon 5 log cfu/g silage FM at
the time of opening causes fast aerobic deterarafithe yeasts can utilise lactic acid
aerobically.

In order to investigate whether those observatioas be generalised, first own
observations were made in small scale laboratdages in 2002/2003: if ensiled with
defined air infusion (2*24 h over a 49 d storageiquh (comparable to practical farm
conditions) all unstable silages contained at |&alstg cfu/g silage FM. On the other
hand, if ensiled strictly anaerobic low dry mattgass silages (~ 25 % DM) were
unstable with yeast numbers between 3-4 log cful§ dh malt extract agar and
similarly on lactate agar which was introduced WNBSSON and PAHLOW, 1984,
whereas in unstable high DM silages (35-40 % DMjsyaaumbers varied widely from
below the detection limit up to 5 log cfu/g FM (Brg@ 4 in the LITERATURE
REVIEW; MARTENS and PAHLOW, 2003).

The above mentioned lactate agar for the enumaeratiolactate assimilating yeasts
offering lactate as sole carbon source has a [344c8.8.

The question arose whether this medium would aflbger development of all lactate

assimilating yeasts grown under different condgiom silages. The two main

differences between low and high dry matter grdages were seen in pH and osmotic
pressure, which are both higher in high DM silagBse pH of the latter can vary

between 4.0 and 5.5 or even higher.

MIDDELHOVEN and FRANZEN, 1986, investigated the laiiof 6 yeast species (15

type strains) to assimilate lactate by growing tharmpH 5.8 and pH 4.0 in liquid

cultures. They stated that most of the strains vabte to grow with lactate as carbon
source at the lower pH even when they did not grball at pH 5.8.

Thus, to answer the above mentioned question,arottn work, the pH of the lactate
agar was varied between 3.8 to 6.0 in 5 steps. feand treatment the osmotic
pressure was raised by 8.3 % KCI in the differdthigvels respectively.

Mixed silage flora was plated on the original laetagar and on another one with a pH
adjusted to the original pH of the silage.
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Yeast isolates from grass silages were plated opH5levels and the medium
supplemented with KCI.

No distinct effect could be observed except anhition by KCI.

As even a yeast identified &accharomyces cereviseaghose abilities of lactate
assimilation are inconsistent for taxonomical pggsgrew on all modifications of the
lactate medium it was doubted that the only offeradbon source was used.

Growth tests on only Yeast Nitrogen Base agar anguwe agar without external C-
source were positive. That led to the assumptiamh sbme yeasts can either a) utilise
nutrients from agar or b) carry over nutrients lit cells from the former growth
medium. Additionally in a mixed yeast flora eveneathange of nutrients on the agar
plate is possible, so that yeasts which cannot gomwthe plates by their own
metabolism can survive by others (HOFFMANN, 200BAVENPORT, 1980, also
emphasizes that a medium is only part of an enmental system which includes
interactions and carry-over. LOUREIRO and MALFEI'FERREIRA, 2003, describe
the general obstacles associated with selectiveamed

The conclusion was that the plate count method nedsspecific enough to study the
role of yeasts in high DM grass silage deterioratamd the factors influencing their
growth and activity.



