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B.CCH.6410- Understanding methane reducing tannins in enteric fermentation using grape marc as a model tannin source

Abstract

Grape marc has been thoroughly tested for the presence of agrochemicals, tannins, nutritive profile

and other compounds of interest to methanogenesis. The agrochemical survey highlighted iprodione
as an area of further research, with high concentrations found in some unprocessed samples. Grape

marc tannin was found to vary greatly in concentration and composition across the processing chain

with skin only and seed only samples giving rise to the biggest compositional variations.

In vitro experiments highlighted the roles of both fat and tannin in reducing methanogenesis,
although fat was also closely related to losses fermentation efficiency. Small tannin was found to be
more effective at reducing methane production, with extractable tannin reducing methane without
inhibiting fermentation.

Marc parcels that have undergone limited or no extraction will be beneficial due to the presence of
small, extractable tannin, but also readily fermentable sugars. However, marc with limited
processing needs to be screened for the presence of agrochemical residues.

Grape marc must be applied under the correct conditions, with reductions in total feed energy
contributing to productivity losses that overshadow any anti- methanogenic potential. For marc to
be used effectively on-farm a number of issues need to be addressed such as preservation of tannin
and methods for handling that prevent mould formation.
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Executive summary

Background

Tannins are a promising group of phenolic compounds for decreasing enteric CH4 emissions from
ruminants when used as a dietary supplement, with both in vitro and in vivo studies pointing to
reductions in methane production in the presence of supplementary tannins.

Grape marg, a solid grape-derived waste-product, is a rich source of simple phenolics and condensed
tannins, is generated at scales of around 200,000 tonnes per annum in Australia. Preliminary studies
have shown that feeding grape marc to cattle can reduce methanogenesis by up to 37%
(unpublished data). The mechanism by which this occurs in the use of grape marc is not yet well
understood, but it has been presumed to be due to the presence of high concentrations of
condensed tannins.

Objectives
The objective of this project is to reduce Australia's agricultural methane emissions through:

e Quantifying grape marc compositional variation, including a survey of potential agrichemical
residues and any other harmful or toxic chemical compounds, with a specific view to
generating information about tannin levels and types in grape marc.

e Conducting in vitro screening of grape marc samples with known tannin variations, in
partnership with DPI Victoria through project (B. CCH. 6460), This will determine how tannin
variations (level and type/complex) effect methane emissions.

e Based on the findings of the tannin and marc characterisation work and the results of in vin,
o screening, conduct in vivo assessment of grape marc as a feed additive, This will be
completed in partnership with DPI Victoria through project B. CCH. 6460.

e Characterising grape marc tannins and elucidating to what extent they are the active
ingredients responsible for reducing ruminant emissions -this could guide improvements
across all agricultural feedstocks.

Methodology

In vitro experiments highlighted the roles of both fat and tannin in reducing methanogenesis,
although fat was also closely related to losses fermentation efficiency. Small tannin was found to be
more effective at reducing methane production, with extractable tannin reducing methane without
inhibiting fermentation.

Results/key findings

Grape marc must be applied under the correct conditions, with reductions in total feed energy
contributing to productivity losses that overshadow any anti-methanogenic potential. For marc to be
used effectively on-farm a number of issues need to be addressed such as preservation of tannin and
methods for handling that prevent mould formation.
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Benefits to industry

Marc parcels that have undergone limited or no extraction will be beneficial due to the presence of
small, extractable tannin, but also readily fermentable sugars. However, marc with limited
processing needs to be screened for the presence of agrochemical residues. The use of grape marc
feeding to achieve reductions in methane should be done during times of low energy requirements,
such as the summer-autumn feed gap, during times of drought, or when a feed supplement of
equivalent energy is being replaced.

Future research and recommendations

The supplementation of grape marc into high energy feeds has shown to result in reductions in
fermentation performance or animal productivity. When grape marc is used in a lower energy
ration, the effect of tannin and fat can be better observed. Additional feeding studies should be
undertaken using low energy control diets, during the summer-autumn feed gap, or when animals
are being fed at or just above maintenance. It is likely that the role of grape marc in feeding systems
is during one of these scenarios, and that the extent of anti-methanogenic effect would be
maximised.

Lastly, the logistics of using grape marc on farm needs to be better understood. Large scale storage
and transportation methods, as a well as ways to limit mould formation all while preserving the anti-
methanogenic properties of marc. As oxidative conditions are known to be responsible for
degradation of tannin, methods for anaerobic long term storage must be the focus of future
research, especially when the production of grape marc is limited to such a small window from
February to April.
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1. Background

1.1 Introduction

Tannins are a promising group of phenolic compounds for decreasing enteric CH4 emissions from
ruminants when used as a dietary supplement, with both in vitro and in vivo studies pointing to
reductions in methane production in the presence of supplementary tannins. (Jayengara 2012)

While some studies have shown a strong effect of tannin supplementation in the suppression of
ruminal CH4 formation, others have not. Initial interest surrounded tannin quantity and the
relationship to methane production, although with this factor alone failed to explain all experimental
outcomes. (Beuchemin 2007); (Lorenz 2012)

The relationship between tannin structure and its associated functional impact is highlighted by a
number of sources,(Mueller-Harvey 2006); (Aufrere 2013); (Lorenz 2013) and it is suggested it is as
important as the tannin content in the feed. Therefore the type of phenolic or tannin may affect the
mechanism, and the extent to which this effect occurs, may produce inconsistent results. This may
assist in explaining why the anti-methanogenic properties of tannin are not always evident.
(Beuchemin 2007)

Grape marc, a solid grape-derived waste-product, is a rich source of simple phenolics and condensed
tannins, is generated at scales of around 200,000 tonnes per annum in Australia. Preliminary studies
have shown that feeding grape marc to cattle can reduce methanogenesis by up to 37%
(unpublished data). The mechanism by which this occurs in the use of grape marc is not yet well
understood, but it has been presumed to be due to the presence of high concentrations of
condensed tannins.

Whilst there is a substantial amount of condensed tannin in grape marc, the actual concentration
and composition can differ greatly between grape varieties, as seen by differing sensory
characteristics in wine produced from differing varieties. Furthermore, it is understood that the
source of grape tannin can greatly affect tannin chemistry with grape seed tannin and grape skin
tannin possessing unique compositional characteristics.

1.2 Anti-methanogenic potential of grape marc

While tannin is the focus of this study it has been noted that other grape marc components may
potentially impact upon methanogenesis. It is therefore possible that a synergistic interaction may
exist between grape marc components, and as such a detailed characterisation of grape marc
composition is needed to better understand the observations.

In a 2011 review article on supplementary fats and their impact on methane production linoleic acid
was identified as having potential in inhibit methane production. (Rasmussen 2011) Making up
around 15-20% of grape seed mass, the average grape seed oil composition is approximately 65%
linoleic (C18:2), 20% oleic (C18:1), 10% palmitic (C16:0), 5% stearic (C18:0), with trace amounts of
linolenic (C18:3) and other longer chain fatty acids.8 In comparison, a study into seed oil and
ruminant methane production included supplementary crushed sunflower seed with a fatty acid
profile very similar to that of grape seed oil (70.1% C18:2, 17.9% C18:1, 7.0% C16:0, 4.1% C18:0),
which resulted in a decrease in methane per kg of DMI, but a slight increase per kg of digestible DMI.
(Beuchemin 2009).
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Furthermore, there has been evidence that glycerol,(Lee 2011) copper sulphate, (Slyter 1967)
catechin,(Becker 2013) and tartaric acid (Sirohi 2012) have potential to contribute towards any anti-
methanogenic tendencies of grape marc. As such, all of these additional factors will need to be
considered when assessing the underlying mechanisms by which grape marc affects methane
production.

1.3 Marc generation and storage

Grape marc is a waste product from the production of wine. Around 150,000 tonnes of grape marc is
produced annually in Australia, subject to seasonal variation (Tarac 2015). Although a waste product,
it is misleading to think of grape marc as being homogenous. Comprised of the left over fruit
component of the winemaking process it generally includes grape skins, seeds and stalks but will
have been through a variety of production processes. The degree of processing has a big impact on
the availability and content of tannin. The current stream for marc processing is described below
and shown in Figure 2.5:

e White fresh marc (stage A) — largely chemically unprocessed, white marc is essentially
crushed white grapes including skins, seeds and occasionally stalks.

e Red fresh marc (stage B) — fermented skins, seeds and occasionally stalks. Red wine is
made by fermenting crushed fruit including the skins and seeds. This contrasts with white
wine where only solid free juice is fermented.

e Ensiled marc (stage C) —in the larger wine producing regions, marc is often collected and
commercially processed. Marc is left in heaps to ferment, or ensile, for approximately 1
week to increase ethanol content (especially for white marc) prior to steam distillation.

e Steam distilled marc/spent marc (stage D) — ensiled marc is steam distilled to extract any
remaining ethanol, often referred to as spent marc post-steam distillation.

e Dried marc (stage E) — following steam distillation, marc is dried and milled to create a
marc meal, or pelletised, which can then be marketed as animal feed.

Currently, the application of marc into animal feeding is from two stages (indicated in red, Fig. 1):
direct disposal of marc from a winery, and; post-processing as a dried product. A third process is
being currently being investigated whereby spent marc is ‘crimped’ which involves removal of large
material using a rotary screen, and the remaining marc is passed through a roller mill to crush the
seeds. Furthermore, in previous in vivo trials (performed by DEPI Victoria) steam distilled marc was
utilised in two formes, firstly a commercial dried marc meal (stage E) and secondly a spent marc (from
stage D) that had undergone an additional ensilage process.

Although many options currently exist for marc processing, increasingly higher level of processing
can lead to a reduction in the available tannin (through oxidation and interaction with cell wall
material). And while there are multiple opportunities throughout marc production and processing
for it to be accessed as a feed additive (including additional long-term ensiling and crimping at
different stages), these additional preparation steps may also alter the available tannin content.
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1.4 Changes in grape marc chemical composition

The inherent nature of winemaking processes responsible for generating white grape marc versus
red grape marc results in compositional differences. Red grape marc has essentially undergone
extraction process via maceration and fermentation of red juice on grape solids. As such, aqueous
soluble compounds are found at lower concentrations in red grape marc than in white grape marg,
including tannin, simple sugars (glucose and fructose), tartaric acid, and many others that may affect
rumen fermentation.

In addition to differing between grape marc types, the different components of grape marc (skin vs
seed vs stalk) results in important compositional changes. (Spanghero 2009); (Basalan 2011);
(Molina-Alcaide 2008) Grape seed and grape skin tannin are chemically different, as well are the oils
that are present in each fraction. Therefore, grape marc has exploitable differences as a result of
colour and winemaking style but also the proportions of the base components that are present.

In earlier milestone reports we have identified a reduction in tannin concentration during grape
marc processing and storage as these compounds are affected by oxygen and heat. This effect is
consistent with the findings of other researchers, (Alipour 2007) along with observed increases to
NDF, ADF and lignin values during ensiling. (Spanghero 2009)

Along with changes in tannin and fibre during storage and ensiling, the nature of ensiling brings with
it decreases in sugars and resultant increases in organic acids. (De Pina 1999)

The range of grape marc that has been accessed in this project includes red and white grape marg,
components of each of these as well as samples from different stages of processing. With much
compositional variation existing in grape marg, this allows us to consider tannin chemistry and
guantity, but also allows for an investigation into many other variables that have been identified as
having some effect of methanogenesis.

1.5 Tannin chemistry and analysis

Condensed tannins, or proanthocyanidins (PAs), are polymers of a number of structurally similar
flavan-3-ol subunits (Fig. 2). Grape tannins differ in composition between grape skin and grape seed
with skin derived tannin possessing a large proportion of tri-hydroxylated (%Tri-OH, R1 = OH) or
prodelphinidin subunits, while procyanidin subunits lack one of these hydroxyl groups (R1 = H). Seed
derived tannin generally has a higher degree of gallic acid substitution (at R2), referred to as
percentage galloylation (%Gall), and also consists, on average, of fewer subunits per polymer chain,
or a lower mean degree of polymerisation (mDP). Along with size, number of hydroxyl groups and
gallic acid substitution, grape tannin composition can differ in subunit stereochemistry between the
catechin based subunits (2,3-trans stereochemistry) and the epicatechin based subunits (2,3-cis
stereochemistry).
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Figure 2: General structure of tannin and flavan-3-ol subunits.
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The current analytical standard for tannin applied in agricultural laboratories generally, is a simple
colourimetric analysis based around the acidic depolymerisation of tannin followed by oxidation of
the released flavan-3-ol extension units to the anthocyanidins, cyandin and delphinidin, either
directly from plant fibres or on extracts (Fig. 3).

OH Ry Rq = H, procyanidin
Ry = OH, prodelphinidin
]
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Extension subunits

subunit

OH

Based on a simple assay utilising butanol and hydrochloric acid,(Bale-Smith, 1973); (Porter 1986) the
inclusion of acetone into the assay has proved successful in ensuring complete removal of tannin
from plant cell wall material. (Grabber 2013) Even so, this method relies heavily on using the correct
tannin standard to create a calibration curve as the mDP of the standard will determine the number
of colour producing subunits per weight of tannin and the ratio of procyanidin (R1 = H) to
prodelphinidin (R1 = OH) will affect the final ratio of coloured products, and in turn the amount of
colour.

Figure 3. Tannin depolymerisation and evolution of colour during butanol-HCl assays.

Two methods used commonly for analysis of wine derived tannin, that are applicable to grape marc,
are: the methyl cellulose precipitation assay (MCP), (Mercurio 2007) and; acid catalysed
depolymerisation in the presence of phloroglucinol (phloroglucinolysis). (Kennedy 2001) MCP takes
advantage of the precipitation abilities of tannin and through interaction between tannin and methyl
cellulose removes tannin from solution. A comparative absorbance measurement can be made
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between this and a blank (having undergone no precipitation) to determine the tannin content. This
method can be applied to tannin in solution (aqueous), and will be applied to grape marc extracts to
determine water extractable tannin.

Phloroglucinolysis is a tool by which tannin composition is determined through depolymerisation
and subsequent analysis of the individual subunits present (Fig. 4). The depolymerised extension
subunits are ‘trapped’ using phloroglucinol (subunits 4-7) while the terminal subunits remain
unadulterated (1-3). The ratio of these subunits give us compositional information of the tannin in
terms of: length of chain, or mean degree of polymerisation (mDP); the stereochemistry of the
subunits by comparing catechin based subunits with epicatechin based subunits (cis/trans ratio);
extent of hydroxylation in terms of percentage containing tri-hydroxylated subunits (%Tri-OH), and;
the extent of gallic acid substitution (%Gall).

Figure 4. Conversion of depolymerised extension subunits to phloroglucinol analogues, to give
common grape derived phloroglucinolysis analytes (compounds 1-7).
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The depolymerisation of single, perfect tannin chains will result in a complete conversion of tannin
to subunits. Tannin becomes oxidised readily and undergoes cross linking both between subunits in
the same chain, and between different tannin chains (Fig. 5). The depolymerisation of oxidised
tannin results in the individual subunits which can be identified (PA) and the small oxidised fraction
which can be analysed but not understood on a compositional level (LEM, late eluting material).
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Figure 5. Depolymerisation of tannin (left) and of oxidised tannin (right) into PA subunits or PA

and LEM, respectively

S
@‘”’%‘&; ;‘%z y

N

== Cleavable interflavanol bond

== Non cleavable intramolecular
bond
=== Non cleavable
Intermolecular bond
l Depolymerisation l Depolymerisation
o ©000
(o) 0,0
°%°o°g°°° 8o PA
o 9000 o 0% o°
%0 Jo%0 go Q0 0
%o 0°o°°g 3.
o %f«o%& i

The use of phloroglucinolysis provides two pieces of information on tannin concentration and four
on composition (as shown in Table 1) which can be exploited in understanding the link between the
tannin present in grape marc and responses from in vitro and in vivo systems.

Table 1. Information obtained using phloroglucinolysis and subunits used to determine each

tannin variable (numbering from Fig. 4).

Tannin Variable Description (ratios of subunits used to determine)
Concentration
PA Identifiable subunits (sum of 1-7)
LEM LEM fraction (epicatechin equivs)
Composition
mDP Length of chain (compounds 1-3 vs 4-7)
cis/trans Stereochemistry (compounds 1,4 vs 2,3,5-7)
%Tri-OH Hydroxylation (6 vs 1-5,7)
% Gall Gallic acid substitution (3,7, vs 1,2,4-6)
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1.6 Vintage time period

Wine production is constrained to that time of the year when wine grapes are ripe for harvesting. In
turn this means that grape marc is only available as a fresh product from late January or early
February to April. White marc is generally available from the warmer climate regions first (late
January) with red marc generally available 3-4 weeks later. The vintage period ends with red wines
generally finishing in April for the cooler climate regions. For grape marc to be accessed outside of
the vintage period, it must be collected during and stored until required. Alternatively, grape marc
can be sourced from a processing facility if they have material remaining in their stock piles.
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2. Objectives

The objective of this project is to reduce Australia's agricultural methane emissions through:

e Quantifying grape marc compositional variation, including a survey of potential agrichemical
residues and any other harmful or toxic chemical compounds, with a specific view to
generating information about tannin levels and types in grape marc.

e Conducting in vitro screening of grape marc samples with known tannin variations, in
partnership with DPI Victoria through project (B.CCH. 6460), This will determine how tannin
variations (level and type/complex) effect methane emissions.

e Based on the findings of the tannin and marc characterisation work and the results of in
vitro screening, conduct in vivo assessment of grape marc as a feed additive. This will be
completed in partnership with DPI Victoria through project B. CCH. 6460.

e Characterising grape marc tannins and elucidating to what extent they are the active
ingredients responsible for reducing ruminant emissions -this could guide improvements
across all agricultural feedstocks.

The objectives of this project were fully met.

3. Methodology

3.1 Marc collection and processing

Marc samples were collected during vintages 2012 from around Adelaide, and during vintage 2013
from other Australian regions in small parcels (approximately 500g) and remained in storage at -20°C
until used. These samples were initially used in developing analytical methods, understanding
processing and compositional changes in marc tannin, and were then used in the agrochemical
residue survey.

Marc samples were collected during and post-vintage 2013 in larger volumes than previous sampling
(now approximately 5kg), allowing enough material to be both analysed and submitted to in vitro
experimentation. Samples were collected from the marc process stages A-D, refer to Fig. 1, and
stored at -20 °C prior to analysis.

Fresh marc samples are those collected from a winery, either directly from the press or from the
winery marc heap (maximum of a few hours post-pressing). Ensiled marc samples are those leftin a
heap for approximately 1 week (have undergone a short- term ensilage process) prior to steam
distillation. Steam distilled or spent marc samples are those that are post-steam distillation with any
additional processing (crimping, drying etc.) as specified.

All samples were freeze-dried and milled to pass a 1.0mm screen prior to analysis, so that they were
analysed in the same form in which they were to be submitted to subsequent in vitro fermentation.

For in vivo evaluation grape marc was placed into silage bags (approx. 40kg per bag), sealed, and the
sealed bags re-bagged to avoid any ingress of air. Samples that were collected directly prior to use in
trials were loaded onto pallets and transported. Those samples that were collected into bags in
advance of trials were stored at 4° C until transported.
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3.2 Agrochemical residue analysis

Grape marc samples collected from across Australia (122 samples) were selected based on their
origin and characteristics and submitted to agrochemical residue analysis. Residue analysis was
provided by The Australian Wine Research Institute Commercial Services Laboratory for 64 common
grape agrochemicals. Data for wet marc samples (fresh marc moisture content 50-75%) was
converted to dry matter content (DM) and compared with known maximum residue limits (MRLs) for
grape pomace animal feeds, where known (APVMA, see Appendix 1, Table Al: Agrochemicals
analysed for in grape marc with associated maximum residue limits (MRLs) for agrochemical
residues in grape pomace animal feed, other animal feed, and grape derived food products,
compiled using data from the Australian Pesticides and Veterinary Medicines Authority (APVMA).).
Samples were selected based on climatic regions with temperature and rainfall having a large impact
of the prevalence of pests, and hence regimes for chemical usage. Sample choice also represented
colour of grape and size of winery. Climate regions were separated by Mean January Temperature
(cool: MJT < 19°C, warm: MJT 19-21 °C, hot: MJT > 21 °C) and Growing Season Rainfall (wet: GSR >
300 mm, dry: GSR < 300 mm). Winery size was based on annual crush (small: < 1,000 tonnes,
medium: 1,000-10,000 tonnes, large: > 10,000 tonnes).

3.3 Tannin Standards

Tannat grapes were manually s