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1 Introduction and literature review

The wine industry is an important part of Austrian agriculture. However, like other producers in
the agro-industrial sector, the wine production produces a considerable amount of waste
products in the form of grape pomace. There are several ways of recycling these solid wastes
as they have negative effects on the environment when simply disposed. Due to the chemical
composition of grape pomace, which is rich in fiber as well as phenolic compounds, its
exploitation as ruminant feed is of good interest, thereby harnessing not only the energy from
the fiber and other nutrients but also taking advantages of its natural bioactive compounds to
improve rumen health. This strategy would contribute to the global initiative of reducing food
waste and, at the same time, decrease the burden of cattle farming on the environment
especially concerning methane (CH4) and nitrogen emission. This chapter provides information
regarding basic knowledge on ruminal fermentation and research data regarding forage
feeding, the properties of grape pomace as feed and functional compounds sources, and how

inclusion of grape pomace could beneficially modulate ruminal fermentation in cattle.

1.1 A brief overview of rumen fermentation

Mammals are incapable of digesting fibrous carbohydrates like cellulose and hemicellulose.
Therefore, herbivores live in symbiosis with microorganisms in their digestive tract that are
able to degrade these complex carbohydrates, resulting in compounds that can be absorbed
and used by the host animal as the main source of energy and nutrients. In cattle, the major

event of this process takes place inside the rumen.

Carbohydrates and proteins are the major nutrients needed by ruminal microorganisms
(Hoover and Stokes 1991). Ruminal protein degradation is necessary for microbial metabolic
activity inside the rumen (Bach et al. 2005), but excessive protein degradation could be
undesirable. Dietary protein and non-protein nitrogen compounds are utilized by ruminal
microbes by extracellular microbial proteases yielding peptides, amino acids and ammonia
(NHs). These N products are taken up by microbes for microbial protein synthesis or are
absorbed in the rumen and transported to the liver via the portal vein. In the liver, the potentially
toxic end product NH3 is converted to urea or glutamine (Parker et al. 1995). Microbial

degradation of branch-chain amino acids like leucine, valine, isoleucine and proline results in



iso butyrate, iso valerate and valerate which are considered as part of short chain fatty acids

(SCFA) whose majority is produced by carbohydrate fermentation (Andries et al. 1987).

NHs can then either be used for microbial protein synthesis or recycled back to the liver.
Microbial protein synthesis is the majority (over 50%) of proteins supplied for the small intestine
and therefore for the host ruminant (Seo et al. 2013). Microbial protein synthesis is an energy
and therefore carbohydrate dependent reaction; when insufficient carbohydrates are provided
in the diet, NHs can accumulate in the rumen (Reynolds and Kristensen 2008). When NHjs is
transported back to the liver it can be converted to urea (Bach et al. 2005). Urea is then either
excreted via urine or recycled to the rumen via salvia or blood (Alemneh 2019). This nitrogen
cycle enables ruminants to maintain their nitrogen household in times of an undersupply of
dietary proteins and is seen as an evolutionary advantage over other mammals (Reynolds and
Kristensen 2008). However, when the amount of NH3 produced outweighs the NHs utilized,
large amounts of NHs; have to be excreted as manure. As NHs uptake and therefore NHs
emission is positively correlated with nitrogen intake in the diet, reducing excessive crude
protein in the feed is desirable (Reynolds and Kristensen 2008). Furthermore, milk urea
increases as well with a higher amount of crude protein in the diet (Frank and Swensson 2002).
Another mentionable point is that protein degradability depends on the solubility, time spent

inside the rumen and susceptibility to proteases of microorganisms (Parker et al. 1995).

Carbohydrates are polymers of sugar or sugar derivatives. In the diet, they mainly consist of
structural (hemicellulose, cellulose, lignin) and non-structural (sugars, starch, pectin)
carbohydrates. Structural carbohydrates are insoluble in neutral detergents and need to be
degraded by microbial enzymes whereas non-structural carbohydrates such as starch and
sugars are often soluble (Nocek and Russell 1988). Carbohydrates are the main source of
energy for ruminal microbes and determine the energy content of the diet. The fermentation of
plant carbohydrates takes place mainly in the rumen, where they are enzymatically hydrolyzed
to oligosaccharides by the microbes (Hoover and Stokes 1991). The end products of
carbohydrate fermentation are SCFA, mostly acetate, propionate and butyrate (Noziére et al.
2010). The composition of SCFA depends on the type of carbohydrate as well in which fibrous
carbohydrates promote acetate production while starch promotes propionate production
(Bauman et al. 1971, Mertens 1997).

Besides soluble products, ruminal fermentation also results in formation of gases. Because of
the contribution of ruminants to the greenhouse gas their harm to the environment is widely

discussed. They emit CHa4, carbon dioxide and nitrous oxide, though CHs4 emission is the



greenhouse gas attributed mainly to cattle farming (Beauchemin 2009). CH, is a by-product
generated by methanogens during the anaerobic process of fermenting carbohydrates
especially fibrous carbohydrates in the rumen (Nocek and Russell 1988). It must be noted that
methanogenesis is important for the survival of ruminal microbes. They reduce carbon dioxide
with hydrogen to CH4 so that hydrogen cannot accumulate inside the rumen (Beauchemin
2009). Whilst natural CH4 sources have remained stable, anthropogenic CH4 emissions have
increased in the past decades (Lassey 2008). The main anthropogenic emissions arise almost
equally from using fossil fuels and agricultural waste. Enteric fermentation of livestock alone
constitutes about 23% of the global CH4 source (Jackson et al. 2020, Lassey 2008). Although
methanogenesis is needed to protect ruminal microbiota, it is possible to reduce it. Therefore,
dietary options to reduce CH4 emission from cattle are required. Appealing ways for farmers
are increasing the amount of grains, using lipids in the diet, or the supplementation with
ionophores (e.g. monensin) because these ways also enhance production efficiency
(Beauchemin et al. 2008). However, there are limitations too because these methods could
lead to some disadvantages. For example, too much grain can result in acidosis and lipids can
suppress fiber degradation. The EU has also banned the use of antibiotics (including monensin
sodium) as feed additives to promote growth. More recent approaches are the inclusion of
bioactive plant compounds like phenolic compounds and essential oils, as well as other rumen

fermentation modifiers (Beauchemin 2009).

1.2 High-quality hay for cattle

Due to the bulkiness limiting dry matter intake and the relatively low energy contents, fibrous
feeds often cannot keep up with high demands for energy and nutrients in high-producing
animals such as cows in early lactation. Instead, high amounts of starch-rich concentrates are
frequently fed to dairy cows to overcome their state of negative energy balance. This strategy
has been severely questioned in the past. For once, concentrate has become more expensive
over the years (Klevenhusen et al. 2017). Also, these easily digestible carbohydrates are
quickly fermented to SCFA which can accumulate in the rumen and decrease ruminal pH,
possibly leading to metabolic acidosis (Zebeli and Metzler-Zebeli 2012). Sufficient salivation is
essential for ruminal health because its bicarbonate and phosphate buffers neutralize the
acidity in the rumen induced by ruminal fermentation (Allen 1997). Feeding high amounts of

grain reduces the structural carbohydrate intake and thus decreases sufficient chewing and



rumination that promotes salivation to maintain stable rumen conditions especially a stable pH.

Therefore, alternative feeding strategies are requested.

One possibility is feeding high-quality forage-based diets which can satisfy the need for
structural carbohydrates and at the same time energy and nutrients, and thus would be
healthier for cows (Klevenhusen et al. 2017). In this context, high-quality hay is an important
player. It is characterized by its richness in crude protein and water-soluble carbohydrates,
mainly oligosaccharides (around 20% of dry matter (Kleefisch et al. 2017)) and therefore
energy. Its fiber content is lower than low and medium-quality hay but is still greater than all
cereal grains (Kleefisch et al. 2018). The high water-soluble carbohydrate content of high-
quality hay supplies enough energy and at the same time the sufficient fiber content to ensure
proper rumen function (Tafaj et al. 2005). High-quality hay is grown and dried in Austria and
therefore available to Austrian farmers to use as feed for their cattle. There is a need to
recognize its positive and negative aspects. It has been shown that using high-quality hay,
which shifts the kind of carbohydrates to more water-soluble carbohydrates and increases the

protein supply for microbes, modulates ruminal microbial community.

One concern regarding feeding high-quality hay is whether the low fiber content offers enough
structural effectiveness to induce sufficient chewing and consequently salivation to maintain
stable rumen conditions especially a stable pH (Tafaj et al. 2005). This point was validated by
a recent study in dry cows (Kleefisch et al. 2017). They showed that in comparison to control
(normal hay plus 60% concentrate), though the time spent eating was reduced when high-
quality hay as the only component of the diet was used. The high-quality hay feeding still
ensured a sufficiently long time spent ruminating and chewing and therefore led to a stable pH
in the rumen of dry cows possibly due to enough salivation as buffer. This effect on chewing
and pH was not seen when the high-quality hay was combined with energy concentrate (25 or
40% of the diet DM) as the combination led to a less structural effectiveness and lowered the
pH. Nevertheless, despite some differences on chewing activity, the changes on the ruminal
pH were still within a physiological range, i.e. the pH was above 6.0 (Kleefisch et al. 2017).
Besides, cows in lactation appear to utilize high-quality hay more efficiently than dry cows.
According to a more recent study by Klevenhusen et al. (2018) performed in cows in early
lactation, using 100% high-quality hay or in combination with concentrate up to 40% does not
impair chewing activity and productivity of the animals. Another study showed that when small
amounts of concentrate (under 20%) are combined with high-quality hay, it leads to better

rumen conditions for fiber digestion than when combined with high-fiber hay (Tafaj et al. 2005).



All in all, using high-quality hay is not detrimental to sufficient chewing and rumination in dairy

COWS.

Because of its high protein content (up to 20%) (Kleefisch et al. 2017) which is highly digestible
(Kleefisch et al. 2018), one major drawback of feeding high-quality hay to ruminants is
excessive ruminal degradation of the protein (Klevenhusen et al. 2017). The researchers
reported a substantial increase of NHs; concentration with an increasing level of high-quality
hay in the diet of dry cows; the concentration was up to three times higher than when using
normal-quality hay plus concentrate in the ruminal liquid fraction and up to five times in the
solid associated fraction. The rise of NHs in the rumen could be seen as early as two hours
after feeding. The same team studied cows in lactation and reported that while there was no
difference between body conditioning score and body fat thickness in comparison to the control
group (high-fiber hay and concentrate), the oversupply of dietary nitrogen due to the high crude
protein led to an increased milk urea when 100% high quality-hay was fed without the
concentrate (Kleefisch et al. 2018). Milk urea reflects a protein and energy balance in the diet
and therefore its availability for ruminal microbial protein synthesis. In the 100% high quality-
hay group, the energy concentration was below the recommended concentration which led to
an overall energy deficit for these cows. The overload of NH3 due to the increased crude protein
intake worsened the negative energy state and due to higher amounts of non-esterified fatty
acids (NEFA) the risk of ketosis increased. They, however, did not investigate ruminal NHs

concentration (Kleefisch et al. 2018).

In line with the effect on N-compounds in the rumen and in milk, including more high-quality
hay shifted the population of the epimural bacteria from Firmicutes to Proteobacteria (Petri et
al. 2018) but this change was not seen in the liquid and solid-associated population in the
rumen (Klevenhusen et al. 2017). Furthermore, Kleefisch et al. (2018) underlined some effects
on the metabolic status of the early lactation cows fed high-quality hay only. They concluded
that the hay can decrease the dependency on concentrates but cannot completely replace it
in feeding of early lactation cows. Solely feeding high-quality hay is, however, not a problem

in dry cows that have a lower requirement for energy and nutrients (Kleefisch et al. 2017).

Hard evidence for an effect of high-quality hay in producing CHs is generally lacking. However,
its ability to promote digestibility of fiber (neutral detergent fiber, acid detergent fiber as well as
crude fiber) compared to the fibers in hay with lower quality and concentrates (Kleefisch et al.
2018) suggests its potency to promote CH4 formation in the rumen considering fibrous highly

digestible feeds lead to a higher availability of nutrients for microbes including microbes



involved in methanogenesis (Hindrichsen et al. 2004) and could therefore lead to a higher CH,

emission (Olivares-Palma et al. 2013).

It can be seen, that feeding high-quality hay to cattle is a promising approach, yet some
negative effects must be taken into consideration. Especially the increasing amount of NHs is
an undesirable effect. Additional feeding strategies might be the solution. For example, natural
functional compounds like the polyphenols, which are able to bind protein in the rumen, could

consequently balance the nitrogen-pool (Tayengwa and Mapiye 2018).

1.3 Exploitation of winery by-products as functional feed for cattle

The agricultural sector of wine production is of great importance in Austria. Being the second
most popular alcoholic beverage after beer, 2.4 million hectoliters of grapevine (Vitis vinifera)
were harvested only in 2020, mostly in Lower Austria, Styria and Burgenland but also in Vienna
(Statistik Austria 2021). During the process of wine production around 25% of the grapes are
classified as winery waste products. These are the solid wastes that remain after the pressing
of the wine before (white wine) or after (red wine) the fermentation, called grape pomace. It
consist mostly of seeds, skins and stems and is rich in fiber. When simply disposed they pose
a serious threat for the environment as they pollute the soil and groundwater and attract vectors
that could spread diseases (Dwyer et al. 2014). Exploitation of these winery by-products is of

general interest, aiming to reduce global food waste.

Grape pomace is often recycled as compost, having a sufficient carbon to nitrogen ratio that is
demanded for composting substrates. But due to high tannin contents that could potentially
have a negative impact on the soil and a lack of nutrients needed for the compost process this
solution is not optimal. Other approaches are turning solid wastes into spirits (Grappa) or
protein powder. Grape seeds can be separated from pomace and processed to grape seed oil
which can further be exploited in the food, pharmaceutical or cosmetic industry. However, the
production of mentioned products still results in other by-products and the entire grape pomace

is not completely utilized (Dwyer et al. 2014, Soceanu et al. 2021).

Grape pomace is not only rich in fiber but also in natural functional compounds, the phenolic
compounds which are categorized as secondary metabolites that are produced during the
plant’s intermediary metabolism (Jayanegara et al. 2012). They are an inhomogeneous group

of molecules or polymers that are characterized by an aromatic ring with one or more hydroxyl



groups that are directly attached to the aromatic ring and can be roughly divided into flavonoids
and non-flavonoids (Barcia et al. 2015). The main polyphenols are phenolic acids,
proanthocyanidins or condensed tannins, flavonols, anthocyanins and flavan-3-ols (Waghorn
and McNabb 2003). Approximately 70% of the total phenolic content remains in the grape

pomace after wine production (Dwyer et al. 2014).

Polyphenols can be found not only in wine but in many other forage plants, legumes, cereals
and seeds such as citrus, green tea, cranberry or acacia (Sinz et al. 2019, Tayengwa and
Mapiye 2018). Driven by the global aim of using natural substances and reducing food waste,
there are many studies on their beneficial impacts and how phenolic compounds can be
utilized. Polyphenols have antioxidant, anti-helmintic and antimicrobial properties (Chedea et
al. 2017, Peixoto et al. 2018) and prevent bloats (Patra A. and Saxena J. 2011, Waghorn and
McNabb 2003).

Several studies have investigated the effect of grape pomace and polyphenols on rumen
fermentation and animal performance. Polyphenols have the ability to form bonds with proteins
by phenolic hydroxyl groups (Frutos et al. 2004) -which also occurs under the ruminal condition
(Tayengwa and Mapiye 2018). Thus polyphenols decrease ruminal protein degradation
resulting in a higher protein flow to the small intestine which can then be utilized by the host

and in consequence decreased urine NH3 excretion (Tayengwa and Mapiye 2018).

Polyphenols, especially tannins, are able to mitigate CH4 emission by suppressing the activity
of methanogens (Beauchemin 2009, Moate et al. 2014, Sinz et al. 2019). However, high
dosages seem to be required since a different effect was found when low doses of polyphenols

were included in the diet (Jayanegara et al. 2012).

It is known that the content and composition of the functional compounds of grape wine (Vitis
spp.) depends on breed, agro-technical factors, soil and climate zone as well as how grape
pomace is obtained. For example, the skin of red wine is richer in total phenolics and fiber than
white wine, which on the other hand contains higher total sugar. Anthocyanins are only found
in red wine (Dwyer et al. 2014, Hithmayr 2012) which also contains more grape seeds than
white wine (Bdchzelt et al. 2003). Grape seeds generally have higher concentrations of
polyphenols than other parts of the grapevine except for anthocyanins which are mainly found
in the skins of red wine (Peixoto et al. 2018). Due to their diversity, the impact of polyphenols
depends on the type, molecular size and concentration (Frutos et al. 2004). While especially

hydrolysable tannins could potentially have harmful effects on the host’s health, other



polyphenols like condensed tannins or anthocyanins could be beneficial when fed in the right
dosage. The intake of high amounts of grape pomace (>150 g/kg DM) has been shown to
reduce dry matter intake (Frutos et al. 2004, Tayengwa and Mapiye 2018), probably due to
their low palatability and taste and might be related to decreased digestibility. For instance,
according to a meta-analysis, ruminal digestibility of organic matter is reduced by increasing
dietary condensed tannin concentration (Jayanegara and Palupi 2010). The reason for this
could be related to their tendency to bind natural polymers such as proteins and carbohydrates.

The pH value remained stable after grape pomace intake (Tayengwa and Mapiye 2018).

Aforementioned factors suggest variations in the properties of grape pomace as cattle feed
and functional compound sources. To the author’'s best knowledge, no study has evaluated

the potential of using grape pomace from Austrian viticulture as functional feed for cattle.

It is clear that grape pomace could only be partially used in the diet of cattle because high
amounts could affect the intake as well as ruminal fermentation as explained before. The
effective dosages, however, would depend on the basal diet, which may, in turn, interfere with
the dominant effect of grape pomace. Due to the property of grape polyphenoils, it is convincing
that grape byproducts should be supplemented in feed sources that are highly digestible rich
in protein such as high-quality hay to reduce excessive ruminal protein degradation, which is
undesirable due to losses of good quality protein of the diet and the body’s energy cost to
handle excessive NHs; as well as nitrogen emission. Furthermore, an additional desired
property related to their inhibiting effect on methanogenesis (Beauchemin 2009, Moate et al.

2014) could be anticipated when combining highly digestible hay with grape pomace.

Considered these facts, combining high-quality hay with high-polyphenolic plants could be a
strategy to keep the benefits of feeding high-quality hay whilst overcoming its negative aspects.

However, optimal inclusion levels of grape pomace in such diets have yet to be evaluated.



2 Hypothesis and aim of this thesis

This thesis explored the favorable effects of using different inclusion levels of wine byproduct
grape pomace in high-quality hay-based diets on ruminal fermentation in vitro. Both high-
quality hay and grape pomace were Austrian-produced. The grape pomace came locally from
a producer in the Lower Austria region. Using an in vitro method to simulate the rumen
fermentation called RUSITEC, the effect of two different dosages of grape pomace in

combination with high-quality hay were investigated.

This thesis tested the hypothesis that, due to the properties of phenolic compounds to bind
macromolecules especially protein in the rumen, inclusion of grape pomace in a dairy cow diet
can help reducing an excessive ruminal protein degradation and mitigate ruminal CH,
formation. As such, grape pomace represents a ruminant’s feed source with added functional
effects. Altogether, the present study evaluated the effective dosage of grape pomace that
overcomes the downsides of feeding high-quality hay whilst maintaining sufficient ruminal

fermentation.



3 Materials and Methods

3.1 Experimental design and dietary treatments

Two RUSITEC (rumen simulation technique) systems owned by the University of Veterinary
Medicine Vienna were used to conduct this experiment. RUSITEC is a well-established in vitro
method that simulates fermentation of the rumen including a continuous flow of salivary buffer
and outflow of fermentation liquid (Wetzels et al. 2018). Each RUSITEC system consists of six
fermenters, therefore a total of twelve fermenters were available for each experimental run but
only eight fermenters were included in the present work as the remaining four fermenters were

used for a different experiment including grape seed meal.

Four different types of diets were tested: the negative control (CON), the positive control (EXT),

as well as low (GP low) and high (GP high) doses of grape pomace as described below.

¢ Negative control: 70% high-quality hay + 30% concentrate mix (dry matter (DM) basis)

e Positive control: 70% high-quality hay + 30% concentrate mix + commercial grape
extract as top-dressing at 3.7% of the diet (DM basis)

e Low level grape pomace: 65% high-quality hay + 25% concentrate mix + 10% grape
pomace (DM basis)

e High level grape pomace: 56% high-quality hay + 24% concentrate mix + 20% grape

pomace (DM basis)

The concentrate mix used in all dietary treatments contained on dry matter basis (g/kg): 216
barley; 216 wheat; 517 maize; and 52 vitamin and mineral supplement (Rindavit TMR 11 ASS-
CO + ATG; H. Wilhelm Schaumann GmbH & Co KG, Brunn/Gebirge, Austria). The commercial
extract was an OPC product (Nature Love® OPC Grape Seed Extract, Tauron Ventures GmbH,

Dusseldorf, Germany).

Each diet was used in two fermenters in each run, therefore a total of eight fermenters were
needed. For each diet, feed ingredients were weighed and mixed before putting into nylon

bags prior to use.
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Table 1: Chemical composition of the dietary treatments

Dry matter (%)

Organic matter (OM, % of DM)

Ash (% of DM)

Crude protein (CP, % of DM)

Ether extract (EE, %)

Neutral detergent fiber (NDF, % of DM)
Acid detergent fiber (ADF, % of DM)

Hemicellulose (% of DM)

Non-fiber carbohydrates (NFC, % of DM)

Total phenol contents (% of DM)

Thereof EXT or GP (% of DM)

CON / EXT GP low GP high
89.21 89.54 90.81
92.29 92.57 92.54
7.71 7.43 7.46

18.7 19.13 18.3

2.58 3.66 3.39
49.26 48.31 52.56
20.88 24.68 28.46
28.38 23.63 28.64
21.75 21.47 18.29
29/6.4 4.0 5.0
0/3.4 1.3 27

OM = DM - Ash
Hemicellulose = NDF — ADF

NFC = OM — CP — EE — NDF
Total phenols were expressed as catechin equivalents

The experiment took place from June 2" to August 14" 2020 and was divided into four

independent runs each consisting of ten days (Table 2). Each run was divided into an

adaptation period (first five days) and a sampling period (last five days) (Figure 1).

Table 2: Timetable of the experiment

Run 1 2.06-12.06
Run 2 23.06-3.07
Run 3 14.07-24.07
Run 4 4.08-14.08

feeding
\

day 0 |day 6 day 9 day 16j

sampling

Figure 1: Schedule of each run
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3.2 RUSITEC procedure

The setup of RUSITEC including a description can be seen in Figure 2. On day 0 of each
experimental run, fluid and solid rumen digesta from two non-lactating donor cows owned by
the University of Veterinary Medicine Vienna were collected. The cows’ diet consisted mainly
of hay and they were kept at the University Clinic for Ruminants (University of Veterinary
Medicine Vienna) according to the Austrian guidelines for animal welfare. The rumen fluid was
obtained by a rumen fistula, strained through medical gauze with 1 mm pore size and pooled.
Each of the 12 fermenters was filled with 600 mL of the pooled ruminal fluid as well as 100 mL
of the McDougall's buffer (Table 4). Additionally, two nylon bags (140 mm x 70 mm, 150 ym
pore size) were put into each fermenter inside the rumen fluid: one containing pooled solid
rumen digesta and one with the respective diet. On day 1, the bag with solid rumen digesta
was replaced with a bag containing the diet and on each following day the oldest bag would
be removed and replaced with a new bag containing the diet, thus every feed bag remained
inside the fermenter for 48 hours (3.2.1 Feed bag exchange). The RUSITEC procedure was

performed according to a standard procedure (Humer et al. 2018).

Fermenters were submerged inside a water bath at a controlled temperature of 39.5 °C. The
content of fermenters was constantly stirred vertically, simulating the movement of the
fermentation fluid during the ruminal cycle. To simulate salivation and regulate the pH,
McDougall’s buffer (Table 3) was constantly flowing into each fermenter with a rate of
approximately 375 mL per day. A 12-channel peristaltic pump (Model ISM932, ISMATEC,
IDEX Health & Science GmbH, Wertheim, Germany) ensured an even infusion. Each
fermenter was connected to bottles to collect outflow liquid as well as aluminium bags
(TECOBAG 8 L, Tesseraux Spezialverpackungen, Burstadt, Germany) in order to collect
fermentation gas. The effluent bottles were cooled in an refrigerator at 1 °C to prevent the

outflow from further fermentation.
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Table 3: Components of the McDougall’s buffer

Component mmol/L
NaHCOs 116.5
Na2HPO4 x 2 H20 26.3
NaCl 8.04
KCI 7.64
CaCl2 x 2 H20 0.37
MgClz x 6 H20 0.63

3.2.1 Feed bag exchange

Each day of the run except for day 10 when only the samples were taken, the feed bag
exchange took place at around 10 a.m. Prior to the feeding, the feed bags and buffer had to
be prepared. The following steps were conducted with each fermenter one after the other.

Gloves were changed between the fermenters to avoid cross microbial contamination.

First the motor for stirring fermentation fluid was switched off. Then nitrogen gas flushed the
system for 30 s to push all fermentation gas remaining in the overhead of the fermenter and in
the effluent bottle into the gas bag. After the nitrogen gas flushing the bag was removed and
exchanged. The effluent bottle was emptied into a measuring cylinder so the amount of outflow
was measured to check the buffer-inflow volume. The emptied bottle was then reattached.
Subsequently, the fermenter was opened and the feed bags replaced, simulating the daily feed
intake. There were always two feed bags in one fermenter. The older feed bag was exchanged
with a new one so that again two feed bags would remain in the system. Therefore each bag
was incubated for 48 hours. Before removal, the older feed bag was rinsed with a syringe with
40 mL of the prewarmed buffer and the excess liquid was squeezed back into the fermenter.
Also, the new and the old feed bag were pressed together to transfer feed-associated microbes
into the new bag. When the lid was closed again, the system was flushed 3 min with nitrogen
gas to re-establish anaerobic conditions. Immediately after flushing, the new empty gas bag

was attached to the system.
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Figure 2: RUSITEC (Rumen simulation technique) system with 6 fermenters
© Dr. Sc. Ratchaneewan Khiaosa-ard, 2021
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3.3 Sampling

On day 0, redox potential and pH of the rumen fluid obtained from the donor cows were
measured individually as well as of the pooled rumen liquid sample representing the inoculum.
On average across all experimental runs, the pH and redox potential of the inoculum were 6.69
+ 0.40 and -304 + 33 mV, respectively (mean = SD).

During the sampling period, fermentation fluid, fermentation gas and incubated feed residues
were taken. Fermentation fluid was extracted by aspirating it directly out of the fermenter with
a 20 mL syringe prior to the feeding process. Every day of each run, pH and redox potential of
the rumen fluid were determined using a pH meter (Seven Multi TM, Mettler-Toledo GmbH,
Schwerzenbach, Switzerland) consisting of separate electrodes (InLab Expert Pro-ISM for pH
and Pt4805-DPA-SC-S8/120 for redox; Mettler-Toledo GmbH, Schwerzenbach, Switzerland).
Before use, the electrode was calibrated every day with standard solutions with a pH of 4 and
7. In between the fluids of different fermenters, the electrode was rinsed thoroughly with aqua
bidest and padded dried with kitchen roll. The rest of the rumen fluid was preserved at - 20 °C

for the analysis of NH3 (indophenol reaction method) and SCFA (gas chromatography method).

The composition of fermentation gas was measured using a portable biogas analyzer (ATEX
Biogas monitor Check BM 2000, Ansyco, Karlsruhe, Germany). It was calibrated in fresh air
every day before and after measuring the gas and measured the percentage content of CO,,
O2 and CHa. For determining gas outflow volume, a water replacement method was used. The
incubated feed bags were machine-washed (cold wash, gentle cycle, and no spin) and the
excessive water was squeezed out before stored at -20 °C until later analysis of chemical
composition to determine DM, OM, CP, EE and NDF using the protocols of (VDLUFA 2012).
The chemical composition of original diets was also determined and the nutrient degradation

was calculated from the difference in the supply and remaining amount after 48-h fermentation.

3.4 Statistical analysis

Daily data (fermentation liquid and gas) were averaged per fermenter per run and then
subjected to statistical analysis. The data were analyzed using the MIXED procedure of
SAS (version 9.4, SAS Institute Inc., Cary, NC, USA). The mixed model tested the fixed factor

“dietary treatment” with consideration of random factors namely experimental run and
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fermentation vessel. The results presented in the thesis are as least squares means and
standard error of the mean (SEM). The comparisons among least squares means were done
according to the Tukey’s method (Engineering Statistics Handbook 2018). Two types of P
values are reported and described in the thesis: one is related to the overall effect of treatment
and the other one is related to pairwise comparisons of the least squares means (always
indicated with P < 0.05). The significant effect and pairwise differences were defined
when P < 0.05 and tendency for difference when 0.05 < P < 0.10.
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4 Results

4.1 Rumen physiochemical factors

The pH and redox potential of fermentation liquid were affected by dietary treatment (P = 0.026
and 0.003, respectively, Table 4). Compared to the pH of CON, only the GP low treatment
showed a statistically significant difference to CON but only with a difference of + 0.07 units.
The redox potential of GP high was significantly increased in comparison to CON (+13.69 mV)

whereas that of EXT slightly increased but not statistically relevant.

Table 4: Effect of dietary treatments on pH and redox

CON EXT GP low GP high SEM P value
pH 6.57° 6.5820 6.642 6.6220 0.04 0.026
Redox potential (mV) -244.62° -238.972%>  -242.20° -230.932 6.17 0.003

ab yalues sharing no common superscripts are significantly different (p value < 0.05)

4.2 NHs

Concentrations of NH3 were highly affected by dietary treatments (P <.0001; SEM = 0.24). As
shown in Figure 3, EXT as well as inclusion of grape pomace led to lower NH3 concentrations
than CON (P < 0.05). Interestingly, there were also differences among EXT and GP treatments.
GP high resulted in the lowest NH3; concentration (11.25 mmol/L; -3.20 mmol/L compared to
CON), followed by EXT (12.01 mmol/L, -2.44 mmol/L compared to CON), while GP low had
the smallest decrease of NH3; (12.92 mmol/L, -1.53 mmol/L compared to CON).

Compared to CON, all dietary treatments led to decreased levels NH3; per degraded crude
protein (P <.0001; SEM = 0.30). However, here EXT and both GP treatments showed similar
results with approximately 20% reduction from that found in CON (Figure 4).

17



CON EXT GP low GP High

Figure 3: Effect of dietary treatments on NH3
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Figure 4: Effect of dietary treatments on NHs per degraded crude protein

4.3 Gas production

Overall, dietary treatment affected gas production (P = 0.023). CON resulted in 870.63 mL of
fermentation gas (CO2 + CH4 + O>) per day, and only the GP high diet resulting in the lowest
average amount of fermentation gas (777.16 mL/d) differed from CON (-93.47 mL/d, P < 0.05).
The other two treatments EXT and GP low showed intermediate values (815 and 810 mL/d,
respectively) being insignificant from CON or GP high. The SEM was 54 mL/d.

There was a tendency of dietary effect on CH4 concentration (P = 0.056). But this was related
to the difference between GP low and EXT, that the value of GP low was significantly higher

than EXT whose value was the lowest among all treatments (P < 0.05, Figure 5). None of the

18



GP treatments and EXT differed significantly from CON. The amount of emitted CH4 per
degraded organic matter (P = 0.043, Figure 6) complied with the values measured for CH4 in
% of total gas production. The effect of the diets on CO, was negligible (P = 0.162, SEM 0.49),

with all values falling within 83 - 85% of total gas production.
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Figure 5: Effect of dietary treatments on CH4 percentage
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Figure 6: Effect of dietary treatments on CH4 produced relative to the amount of degraded OM
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44 SCFA

All test diets showed a reducing effect on total SCFA concentration (P = 0.003, Figure 7) but
the effect was stronger with GP diets. Compared to CON (128.7 mmol/L). EXT only lowered
the amount of SCFA marginally (-4.19 mmol/L), both treatments with grape pomace showed a
significant reduction (GP low: -8.98 mmol/L; GP high: -8.55 mmol/L) of total SCFA content
(P <0.05).

Besides total SCFA concentration, the composition of SCFA also differed among treatments,
whereby all SCFA except propionate was affected by dietary treatment (Table 5). Both EXT
and GP high led to an increased acetate percentage compared to CON (P < 0.05). The
percentages of butyrate as well as iso-butyrate, valerate, caproate and heptanoate decreased
with EXT and GP high diets compared to CON (P < 0.05). The percentage of propionate
showed a similar pattern as for acetate but with a higher variation and therefore it did not reach
significance (P = 0.242). The ratios of acetate to propionate were similar among all treatments
(P =0.878). The percentage of iso-valerate was reduced with all test diets compared to CON,

however, only GP reached a statistical difference (P < 0.05).
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Figure 7: Total SCFA concentration
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Table 5: Effect of dietary treatments on the distribution of SCFA

CON EXT GP low GP high SEM p value

SCFA (in mmol/L)  128.682 124.492b 119.70° 120.13° 5.49 0.003
Acetate (in %) 48.55¢ 50.4720 49.20b° 50.652 0.66 0.002
Propionate (in %) 24.50 26.41 25.11 26.27 1.01 -
Butyrate (in %) 10.832 9.74b 10.782 9.64¢ 0.18 <.0001
Isobutyrate (in %) 0.962 0.77¢ 0.922% 0.87° 0.04 <.0001
Valerate (in %) 8.142 6.80° 7.5720 6.91° 0.47 0.017
Isovalerate (in %) 2.952 2.75% 2.6720 2.57° 0.11 0.029
Caproate (in %) 3.122 2.37° 2.92ab 2.35b 0.28 0.016
Heptanoate (in %)  0.982 0.68° 0.85% 0.76% 0.11 0.032

Acetate to 2.00 1.93 1.98 1.95 0.09
propionate ratio

ab yalues sharing no common superscripts are significantly different (P < 0.05)

4.5 Nutrient degradation

Nutrient degradation was affected by diet, although for crude protein it was only a tendency (P
= 0.055, Table 6). Specifically, dry matter degradation was significantly reduced with all
treatments compared to CON (P < 0.05). The influence of EXT and GP low were nearly the
same (EXT: 3.9%; GP low: 3.8% relative reduction from that of CON), whereas GP high led to
an even lower amount of dry matter degradation (5.7% reduction compared to CON) that was
also significantly lower from those of EXT and GP low (P < 0.05). This effect could also be
seen with organic matter degradation (EXT: 4.4%; GP low: 4.0%; GP high: 6.1% relative
reduction from that of CON). Ash degradation was reduced with both grape pomace treatments
(GP low: 1.5%; GP high: 1.7% reduction compared to CON), while the of EXT percentage

remained nearly the same as in CON.

Although the degradation of crude protein stayed at a lower end with EXT and GP treatments,
the changes were not as severe as the other nutrients and did not reach significance. GP low

showed almost identical value of crude protein degradation as CON. Both GP diets led to
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significantly higher ether extract degradation than EXT, however EXT as well as the GP diets
did not differ from CON (treatment effect, P = 0.001). Especially GP low but also GP high
significantly reduced neutral detergent fiber (NDF) degradation (GP low: 15.9%; GP
high: 10.5% reduction from that of CON), while EXT did not have any impact (2.1% reduction
from that of CON). The same trend could be seen in acid detergent fiber (ADF) degradation,

however, it was not as clear as in neutral detergent fiber degradation. Though EXT as well as

the GP treatments showed some reduction in ADF, only GP low significantly differed from CON
(P < 0.05; 10.2% reduction from that of CON).

Table 6: Nutrient degradation

Degradation in % CON EXT GPlow GP high SEM p value
Dry matter degradation 65.052 62.51° 62.56 61.33¢ 0.67 <0.0001
Organic matter degradation 63.092 60.35b¢ 60.59° 59.27¢ 0.73 <0.0001
Ash degradation 88.492 88.30° 87.03° 86.79° 0.22 <0.0001
Crude protein degradation 69.49 66.90 69.44 67.14 1.03 0.055
Ether extract degradation 45.582b 39.55b 52.552 51.272 3.38 0.001
NDF degradation 47.242 46.242 39.74¢ 42.29° 2.48 <0.0001
ADF degradation 36.682 33.70% 32.94b 34.48% 0.99 0.026

NDF = neutral detergent fiber
ADF = acid detergent fiber

ab yalues sharing no common superscripts are significantly different (P < 0.05)
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5 Discussion

5.1 Grape pomace as feed for cattle

One major question arising from including grape pomace in the diet of cattle was whether by
combining it with high-quality hay, ruminal health would be compromised and if so at what
degree. Tafaj et al. (2005) and Kleefisch et al. (2017) have validated that the decreased fiber
of high-quality hay offered enough structural effectiveness to induce sufficient salivation hence
maintaining a stable pH in the rumen. Furthermore, high-quality hay meets the cattle’s
requirements for energy and nutrients, albeit small substitutions of concentrates are still
needed in early lactation to avoid intensive body mobilization (Kleefisch et al. 2018). Following
these previous studies, we studied a diet containing 70% high-quality hay. With the in vitro set-
up used in the current experiment, we did not see any disadvantages of the high-quality hay
(70% in diet DM) as well as the inclusion of grape pomace up to 20% of diet DM on

fermentation pH and redox potential.

Ruminal pH varies depending on chewing activity, meals and time since the last feed intake
(Allen 1997), however a range between 6.2 and 7 is considered physiologically (Department
of Agriculture and Fisheries 2013). Comparably, in the present experiment, the pH values of
all treatments remained within the physiological range with the highest mean value being 6.64
with the GP low diet (Table 4). Oxidation-reduction reactions are highly crucial for the survival
of microorganisms (Huang et al. 2018). The anaerobic microbes inside the rumen are adapted
to a redox potential of -115 to -300 mV (Huang et al. 2018). The redox potential of the grape
pomace treatments was increased, however this effect was only of statistical significance not
of physiological significance. With — 230.93 mV being the lowest value, all diets resulted in a
redox potential that remained within the norm for ruminal health. Nevertheless, one should
keep in mind that the roles of chewing, stimulated salivation as well as ruminal absorption on

regulation of physiochemical condition of the rumen cannot be accounted for in vitro.

The overall influence of grape pomace on rumen health parameters has been outlined in
previous works (Jayanegara and Palupi 2010, Kleefisch et al. 2017, Tafaj et al. 2005) and can
be confirmed in this thesis. Jayanegara and Palupi (2010) stated that with rising levels of
condensed tannins in the diet, overall digestibility was compromised due to the polyphenols’
tendency to bind polymers like proteins and carbohydrates. As expected, in this experiment
dry matter degradation decreased with EXT, GP low and GP high diets (Table 6). However,

the diets containing grape pomace led to an even more reduced organic matter degradation
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than EXT, which was more related to the reduction found with fiber fractions (NDF and ADF).
The decreased degradation was in line with the reduced SCFA concentration in GP diets.
Hence, not only the polyphenols have an impact on degradability but also the fibrous
carbohydrates of grape pomace itself that have lower degradability than those of high-quality
hay and concentrate constituting the diets. Comparably, a decreased rumen degradation of
DM, OM, CP and NDF with levels of grape pomace more than 150 g/kg DM has been
mentioned before (Tayengwa et al. 2020, Tayengwa and Mapiye 2018). Compared to these
studies, GP low contained a lower inclusion rate (100 g/kg DM) and the reduced ruminal
degradation of DM, OM and NDF was already evident. Nevertheless, grape pomace in the
present study replaced feed components having better quality (high-quality hay and cereal
grains) whose nutrients are highly degradable. However, the decrease in degradation was
within acceptable levels. Therefore grape pomace appears to be suitable as a partial

replacement of typical feed components for dairy cattle.

Apart from the question whether grape pomace is an adequate feed for cattle, the practicability
of inclusion levels of grape pomace needs to be evaluated as well. Considering that grape
pomace is generally considered a waste product that can cause environmental pollution and
economic loss (Chowdhary et al. 2021), exploiting this byproduct as a low cost and available
functional feed is undoubtedly a practical approach (Chedea et al. 2017), saving local wine
producers the struggle from managing the disposal of the wastes. Due to its high amount of
dietary fiber and concomitant reduction of nutrient degradation, it should be combined with the
high-quality forages to maintain sufficient ruminal nutrient degradation. This strategy was also
recommended when including tannin-rich feed sources (Jayanegara et al. 2012). The present
study indicates that it is feasible to include grape pomace up to 20% in high-quality forage
based diets. However, challenges like palatability, economical drying and storage methods for
the optimal polyphenol retention need to be faced and further researched (Tseng and Zhao
2012).

5.2 Functional effects of grape pomace

5.2.1 Protein metabolism

Sparing dietary protein from microbial fermentation in the rumen is one of the main effects of
polyphenols discussed by previous research (Frutos et al. 2004, Tayengwa and Mapiye 2018).

NHs emission as well as milk urea arise with a higher nitrogen intake (Reynolds and Kristensen
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2008). Therefore feeding cattle with high-quality hay with a large amount of highly digestible
crude protein as feed for cattle has a major drawback due to extensive ruminal degradation of
protein (Kleefisch et al. 2017, Kleefisch et al. 2018, Klevenhusen et al. 2017). For this thesis,
to accurately address an in vitro effect of treatments, it must be taken into account that
RUSITEC only involves microbial metabolism of protein and N compounds. Therefore the NH3
concentration that was measured in this thesis represents a balance between NH; production
from breaking down dietary protein and microbial protein minus the NHs utilization by the
microbes. Under this condition, it was hypothesized that by including grape pomace into the
diet, its polyphenols would decrease ruminal protein degradation, hence reduce ruminal NH3
concentration resulting from the oversupply of dietary nitrogen in the high-quality hay based

diets.

The hypothesis was confirmed by the current data. All tested diets resulted in NHs
concentrations significantly lower than CON (Figure 3). GP high led to the lowest NHs
concentration (11.25 mmol/L), followed by EXT (12.01 mmol/L) and GP low (12.92 mmol/L).
With respect to the dosage of total phenols, the GP high contained 5.0% of DM, whereas GP
low contained 4.0% and EXT 6.4% of DM, therefore the treatments with the higher phenol
concentration had the strongest effect on NH3 reduction. The diet formulation kept the crude
protein contents similar among diets, especially the EXT diet that was identical to CON. Thus,

the NHs-reducing effect was not confounded by the level of dietary supply of crude protein.

Regarding crude protein degradation, EXT as well as GP high showed a slight decrease in
degradability, but less dramatic compared to their effect on the NH3; concentration, while the
crude protein degradation of GP low was almost the same as in CON. When expressed in
relation to CP degraded, all GP and EXT diets performed similarly showing about 20%
reduction of NHs production. Therefore the drastic decrease of NH3 with all treatments cannot
completely be explained by reduced ruminal protein degradation due to the polyphenols.
Interestingly, the EXT and GP high treatments also resulted in decreased proportions of the
branched-chain fatty acids valerate, isobutyrate and isovalerate (Table 5). These are the
products of branch-chain amino acid degradation synthesized by rumen microbes through
deaminase (Andries et al. 1987). The decrease of these fatty acids is associated not only with
a reduction in degradation of dietary proteins but also with an inhibition of microbes (Bodas et
al. 2012). Thus, the discrepancy between the significant NH3 reduction and the less obvious
decrease in crude protein degradation might be explained by the inhibiting effect of

polyphenols on microbes and their deaminase activity. As NHz could be poisoning to animals
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when present in the circulatory system (Antonelli et al. 2006, Randall and Tsui 2002) and when
excreted, urine NH3 of ruminants is a significant environmental pollutant (Wang et al. 2017),
the current in vitro data suggests an advantage of incorporating grape pomace in cattle’s diets

when using high degradable protein feed sources such as high-quality hay.

Using RUSITEC, Khiaosa-Ard et al. (2015) tested different fortification levels (0, 1, 5, 10, 20%
of DM) of grape seed meal (GSM) in dried distillers grains plus solubles (DDGS), which is a
byproduct of ethanol production that is rich in protein and low in fiber. Neither of the diets had
an effect on NH3 concentration, perhaps because the dosages were too low. The 20% GSM in
DDGS was equal to 5% of GSM in total diet DM and total dietary phenol content was 2.78%
(expressed as gallic acid equivalents). In the present study, the GP low treatment (10% in diet
DM) already supplied a higher content total phenols at about 4.0% of diet DM (expressed as
catechin equivalents), which was enough to express an effect in this study. The effect was
stronger in the GP high treatment with 20% (therefore double the phenol dosage) and EXT
treatment that supplied the highest phenol content. Comparing the previous Khiaosa-Ard et al.
(2015) and current data, it may suggest that the functional effect of grape pomace on reducing
NH3; production in the rumen requires a minimum dosage of 10% grape pomace in the diet.
Without confounding effects from host (ruminal absorption and urea recycling), the current in
vitro data proved that functional compounds of grapes have a direct effect on microbial
metabolism of protein and amino acids. However, transferring of the in vitro outcome to in vivo
should be done with extra caution due to the contribution of host factors. For instance,
Jayanegara and Palupi (2010) showed that the decrease of ruminal NH3 with rising levels of
dietary condensed tannins led to an exponential decrease of ruminal NH; in vitro, whereas in
vivo studies showed a linear decrease. Thus, an effective dose could differ between in vivo

and in vitro.

5.2.2 CHj emission

Several studies have reported the suppressing influence of polyphenols from various botanical
species on methanogen activity and CH4 formation in the rumen (Beauchemin 2009, Moate et
al. 2014, Sinz et al. 2019). Therefore, it was expected that CH4 emission would be reduced

with the presence of vine grapes’ phenols.

Contrary to our hypothesis, neither GP treatments nor EXT significantly reduced CH.

formation, either as CH4 emission in percent or CH. in mL per gram degraded organic matter

26



(Figure 5 and Figure 6). Increasing GP in the diet increased dietary fiber contents and thus
may confound the CH, results, because forages rich in structural carbohydrates lead to a
higher CH. production (Mirzaei-Aghsaghali and Maheri-Sis 2001, Sauvant and Giger-Reverdin
2020). However, when comparing EXT to CON, both diets had identical chemical
compositions, still EXT did not express the effect either. Hence, the natural polyphenols of vine

grapes did not show the CHs-mitigating effect we had expected.

The absent effect of grape phenols might also be related to dosage. A meta-analysis
investigated the influence of dietary tannins from various botanical origins on CHs emission in
ruminants using both in vitro and in vivo data (Jayanegara et al. 2012). The authors concluded
that though increasing levels of tannins in the diet generally lead to a reduced CH4 emission,
this effect was more inconsistently at low dietary tannin concentration. Specifically, they found
that dietary concentrations of tannins < 20 g/kg DM led to bigger variability in vivo. On the other
hand, they stated that very high amounts of dietary tannins (> 200 g/kg DM) neither showed a
proportional reduction of CH, due to the drawbacks in limiting digestibility. In the present study,
EXT and GP high contained a total phenol content of 64 and 50 g/kg DM, respectively
(expressed as catechin equivalents). Although not analyzed, the tannins levels must be lower
because tannins are part of total phenols. Thus, while these dosages were enough to abate

NH3 production, this was not sufficient for the anti-methanogenic effect.

Hindrichsen et al. (2004) tested eight diets and investigated among other things CH4 emission
using RUSITEC. They found that a decreased CHs release could be the result of a reduced
nutrient availability for methanogenetic microbes. With that in mind, the effect dosages for
mitigating CHys is difficult to determine. A balance between effective reduction of CH4 emission

without compromising ruminal balance is yet to be found (Beauchemin et al. 2008).

Interestingly, Khiaosa-Ard et al. (2015) reported a decrease in CH, formation in vitro with GSM
fortified at 5, 10 and 20% in dried DDGS that actually supplied lower phenol contents than did
the GP treatments in the present study. It is possible that the type and composition of phenolic
compounds in the diet make a difference in this matter. As mentioned before, the content and
composition of polyphenols of grape wine depends on breed, agro-technical factors, soil and
climate zone. Furthermore different polyphenols have a different impact on methanogenesis
than others and differ from grape pomace to grape seed meal. However, in this thesis the
profile of phenolic compounds in total phenols was not characterized. It is not clear whether

the fortification, thus a closer contact between fiber and functional compound, could aid the
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CH4 -abating effect. This question should be addressed because this would spare the need for

high dosages that otherwise could be detrimental to nutrient degradation.

Previous research (Beauchemin et al. 2020, Holtshausen et al. 2009) has shown that diets
effective in reducing CH,4 formation often shift the SCFA to more propionate at the expense of
acetate. This is because propionate functions as an alternative sink for hydrogen inside the
rumen. Starches in cereal grains lead to a higher propionate formation, where fibrous
carbohydrates lead to more acetate formation that results in a release of metabolic hydrogen.
Consequently, high-grain diets lead to lesser amounts of hydrogen available for
methanogenesis, hence leading to a decreased CH4 production and acetate-propionate ratio
(Janssen 2010). In the present study the percentage of propionate as well as the acetate
propionate ratio were similar among the treatments. In line with that CHs was unaffected by

dietary treatment.

Furthermore, basal diets may contribute to the effect of functional compounds on CHs
formation. For instance, Klevenhusen et al. (2012) indicates that synchronization between
protein and carbohydrate availability may alter the effects of dietary supplementation of
bioactive compounds. Diets could determine the microbial population and profile, some of
which may or may not respond to the functional compounds or respond differently. Hindrichsen
et al. (2004) state that a high sugar content in the diet leads to an increased methanogenesis
when the pH in the rumen is high. As mentioned before, starchy concentrates promote
propionate production that competes for hydrogen with methanogenesis, thereby leading to
decreased CH4 (Beauchemin et al. 2020). In the thesis, however, the diets were based on the
same high-quality hay and concentrate mix and the forage to concentrate ratio did not differ
substantially (24, 25 and 30% for GP high, GP low and CON/EXT, respectively) to drive the
effect. Thus, the contribution of basal diets cannot be proven here and the microbiota was not
studied. Data on the effect of high-quality based diets on methanogenesis is currently lacking.
Still, high degradability of the nutrients in high-quality hay (Kleefisch et al. 2017, Klevenhusen
et al. 2017) may have lessened the effect of functional compounds in grape pomace on CHs
formation. The results did not confirm the hypothesis concerning the CH4 mitigation, at least

the fiber of grape pomace did not drive a CH4 emission potency of the diet.

The results indicate that levels of GP up to 20% can be included in diets with high-quality
forages without a severe reduction in nutrient degradation. With this approach, excessive
ruminal NHs production can be decreased, however, research on the dietary treatments’

influence on CH, formation should be a goal in the future.
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6 Summary

Wine production results in a considerable amount of waste in the form of grape pomace, which
is both rich in fiber and functional compounds, the polyphenols. Polyphenols are known for
their ability to bind macromolecules especially protein in the rumen. In this thesis, different
inclusion levels of grape pomace in high-quality hay based diets were tested on rumen
fermentation in an in vitro experiment using RUSITEC. It was hypothesized that the downsides
that come with feeding high-quality hay regarding their high amount of crude protein would be
overcome by the properties of polyphenols in grape pomace. The expectation was that by
combining these two components in the diet, ruminal health would not be compromised and

ruminal NH3; and CH4 production would be reduced.

The experiment was divided into four independent runs each consisting of ten days (day 1-5:
adaptation period; day 6-10: sampling period). Four different types of diets were compared:
the negative control (CON: 70% hay, 30% concentrate), the positive control (EXT: 70% hay,
30% concentrate, grape pomace extract) as well as low (GP high: 65% hay, 25% concentrate,
10% grape pomace) and high (GP low: 56% hay, 24% concentrate, 20% grape pomace) doses

of grape pomace.

NH3 production decreased (up to -20%) with all tested diets, especially with rising levels of
polyphenols in the EXT and GP high diets. However, GP and EXT treatments did not abate
CH4 formation. Redox and pH were changed minimally. The GP treatments decreased nutrient
degradation especially related to the fiber fractions, (-15% with GP low; -10% with GP high)
and decreased total SCFA concentration by GP was evident (-4% with GP high). The
composition of SCFA was shifted to more acetate at the expense of butyrate by EXT and GP
high.

Including levels of GP up to 20% in diets with high-quality forages seems to be a promising
approach to reduce excessive ruminal NHs; production without a strong reduction in nutrient

degradation. However, its relation to CH4 formation has to be further investigated.
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7 Zusammenfassung

Bei der Weinproduktion fallen betrachtliche Mengen des Abfallstoffes Weintrester an. Dieser
hat einen hohen Fasergehalt und ist reich an funktionellen Wirkstoffen, den Polyphenolen,
welche fir ihre Fahigkeit, Makromolekile wie Proteine im Pansen zu binden, bekannt sind. In
dieser Diplomarbeit wurden unterschiedliche Dosierungen an Weintrester in Qualitatsheu-
basierten Rationen getestet und die Pansenfermentation mittels RUSITEC in vitro untersucht.
Es wurde die Hypothese aufgestellt, dass die Nachteile, die die Futterung mit hochqualitativem
Heu hinsichtlich des hohen Rohproteingehaltes mit sich bringt, durch die Polyphenole im
Weintrester kompensiert werden kdnnte. Es wurde erwartet, dass die Kombination beider
Komponenten die Pansengesundheit nicht beeintrachtigt und die NHs- und CH4-Produktion im

Pansen reduziert.

Das Experiment war in vier unabhangige jeweils zehn Tage dauernde Durchgange aufgeteilt
(Tag 1-5: Adaptionsphase; Tag 6-10: Probeentnahmezeitraum). Es wurden vier Rationen im
RUSITEC getestet: die Negativkontrolle (CON: 70% Heu, 30% Konzentrat), die
Positivkontrolle (EXT: 70% Heu, 30% Konzentrat, Weintresterextrakt), sowie Rationen mit
niedriger (GP high: 65% Heu, 25% Konzentrat, 10% Weintrester) und hoher (GP low: 56%

Heu, 24% Konzentrat, 20% Weintrester) Dosierung von Weintrester.

Die NH3 Produktion verringerte sich (bis zu -20%) mit allen Rationen, insbesondere aber mit
steigenden Mengen an Polyphenolen in den Rationen EXT und GP high. Jedoch konnten
weder die Weintresterrationen, noch EXT die CHs-Bildung vermindern. Redoxpotential und pH
wurden nur minimal verandert. Die Weintresterrationen fihrten zu einer Abnahme des
Nahrstoffabbaus, insbesondere der Faserfraktion (-15% mit GP low; -10% mit GP high), sowie
der Konzentration an Gesamt-SCFA (-4% mit GP high). Die Zusammensetzung der SCFA
wurde durch EXT und GP high verandert, welche zu mehr Azetat und weniger Butyrat fuhrten.
Demnach scheint der Einsatz von bis zu 20% Weintrester in Rationen mit qualitativ
hochwertigem Grundfutter ein vielversprechender Ansatz zu sein, um eine exzessive NHs-
Produktion im Pansen zu reduzieren, ohne dabei den Nahrstoffabbau drastisch zu reduzieren.

Die Zusammenhange zur ruminalen CH4-Produktion sollten weiter untersucht werden.

30



8 References

Agarwal S, Reynolds MA, Pou S, Peterson DE, Charon JA, Suzuki JB. 1991. The effect of
sanguinarine on human peripheral blood neutrophil viability and functions. Oral Microbiology
and Immunology, 6 (1): 51-61. DOI 10.1111/j.1399-302X.1991.tb00451 .x.

Aguilar-Hernandez JA, Urias-Estrada JD, Lopez-Soto MA, Barreras A, Plascencia A,
Montano M, Gonzalez-Vizcarra VM, Estrada-Angulo A, Castro-Pérez Bl, Barajas R, Rogge
HI, Zinn RA. 2016. Evaluation of isoquinoline alkaloid supplementation levels on ruminal
fermentation, characteristics of digestion, and microbial protein synthesis in steers fed a
high-energy diet. Journal of animal science, 94 (1): 267-274. DOI 10.2527/jas.2015-9376.

Allen HK, Levine UY, Looft T, Bandrick M, Casey TA. 2013. Treatment, promotion,
commotion: antibiotic alternatives in food-producing animals. Trends in microbiology, 21 (3):
114-119. DOI 10.1016/j.tim.2012.11.001.

Alzahal O, AlZahal H, Steele MA, van Schaik M, Kyriazakis |, Duffield TF, McBride BW.
2011. The use of a radiotelemetric ruminal bolus to detect body temperature changes in
lactating dairy cattle. Journal of Dairy Science, 94 (7): 3568—3574.

Alzahal O, Kebreab E, France J, Froetschel M, McBride BW. 2008. Ruminal temperature
may aid in the detection of subacute ruminal acidosis. Journal of Dairy Science, 91 (1): 202—
207.

Barajas R, Cervantes BJ, Rogge I, Camacho A, Flores LR. 2014. Influence of Macleaya
cordata preparation on feedlot performance and carcass characteristics of finishing bulls.

Journal of animal science, 92: 771.

Barnett MC, McFarlane JR, Hegarty RS. 2015. Low ambient temperature elevates plasma
triiodothyronine concentrations while reducing digesta mean retention time and methane
yield in sheep. Journal of animal physiology and animal nutrition, 99 (3): 483—491.

DOI 10.1111/jpn.12252.

Basirico L, Bernabucci U, Morera P, Lacetera N, Nardone A. 2009. Gene expression and
protein secretion of apolipoprotein B100 (ApoB100) in transition dairy cows under hot or

thermoneutral environments. Italian Journal of Animal Science, 8 (sup2): 492-594.

Baumgartner W, Wittek T. 2018. Zuséatzliche Aspekte bei Tierhaltung in grof3en Bestanden
(Herdendiagnostik/Bestandsbetreuung). In: Baumgartner W, Wittek T, eds. Klinische
Propéadeutik der Haus- und Heimtiere. Ninth., aktualisierte und erweiterte Auflage. Stuttgart:
Enke Verlag, 166-177.

31



Beatty DT, Barnes A, Taylor E, Maloney SK. 2008. Do changes in feed intake or ambient
temperature cause changes in cattle rumen temperature relative to core temperature?
Journal of Thermal Biology, 33 (1): 12—-19.

Berman A, Folman Y, Kaim M, Mamen M, Herz Z, Wolfenson D, Arieli A, Graber Y. 1985.
Upper Critical Temperatures and Forced Ventilation Effects for High-Yielding Dairy Cows in a
Subtropical Climate. Journal of Dairy Science, 68 (6): 1488-1495. DOI 10.3168/jds.S0022-
0302(85)80987-5.

Bernabucci U. 2012. Impact of hot environment on nutrient requirements. In: Collier JL,

Collier RJ, eds. Environmental physiology of livestock. Ames, lowa: Wiley-Blackwell.

Bernabucci U, Biffani S, Buggiotti L, Vitali A, Lacetera N, Nardone A. 2014. The effects of
heat stress in Italian Holstein dairy cattle. Journal of Dairy Science, 97 (1): 471-486.
DOI 10.3168/jds.2013-6611.

Bernabucci U, Lacetera N, Baumgard LH, Rhoads RP, Ronchi B, Nardone A. 2010.
Metabolic and hormonal acclimation to heat stress in domesticated ruminants. Animal : an
international journal of animal bioscience, 4 (7): 1167-1183.

DOI 10.1017/S175173111000090X.

Bernabucci U, Lacetera N, Danieli PP, Bani P, Nardone A, Ronchi B. 2009. Influence of
different periods of exposure to hot environment on rumen function and diet digestibility in
sheep. International journal of biometeorology, 53 (5): 387—395. DOI 10.1007/s00484-009-
0223-6.

Bewley JM, Einstein ME, Grott MW, Schutz MM. 2008. Comparison of Reticular and Rectal
Core Body Temperatures in Lactating Dairy Cows. Journal of Dairy Science, 91 (12): 4661—
4672. DOI 10.3168/jds.2007-0835.

Bhatta R, Tajima K, Kurihara M. 2006. Influence of temperature and pH on fermentation
pattern and methane production in the rumen simulating fermenter (RUSITEC). Asian
Australasian Journal of Animal Sciences, 19 (3): 376.

Bosi P, Merialdi G, Scandurra S, Messori S, Bardasi L, Nisi |, Russo D, Casini L, Trevisi P.
2011. Feed supplemented with 3 different antibiotics improved food intake and decreased
the activation of the humoral immune response in healthy weaned pigs but had differing

effects on intestinal microbiota. Journal of animal science, 89 (12): 4043—4053.

32



Breves G, Leonhard-Marek S, Holger M. 2015. Vormagen. In: Engelhardt Wv, Breves G,
Diener M, Gabel G, eds. Physiologie der Haustiere. Fifth., vollstandig Gberarbeitete Auflage.
Stuttgart: Enke, 387—404.

Brod DL, Bolsen KK, Brent BE. 1982. Effect of water temperature on rumen temperature,

digestion and rumen fermentation in sheep. Journal of animal science, 54 (1): 179-182.

Callaway TR, Edrington TS, Rychlik JL, Genovese KJ, Poole TL, Jung YS, Bischoff KM,
Anderson RC, Nisbet DJ. 2003. lonophores: their use as ruminant growth promotants and

impact on food safety. Current issues in intestinal microbiology, 4 (2): 43-51.

Castro-Costa A, Salama AAK, Moll X, Aguilé J, Caja G. 2015. Using wireless rumen sensors
for evaluating the effects of diet and ambient temperature in nonlactating dairy goats. Journal
of Dairy Science, 98 (7): 4646—4658. DOI 10.3168/jds.2014-8819.

Chaturvedi MM, Kumar A, Darnay BG, Chainy GBN, Agarwal S, Aggarwal BB. 1997.
Sanguinarine (pseudochelerythrine) is a potent inhibitor of NF-kB activation, IkBa
phosphorylation, and degradation. Journal of Biological Chemistry, 272 (48): 30129-30134.
Christopherson RJ. 1985. The thermal environment and the ruminal digestive system. In:
Yousef MK, ed. Stress physiology in livestock. Boca Raton, Fla.: CRC Press, 163—180.
Christopherson RJ, Kennedy PM. 1983. Effect of the thermal environment on digestion in
ruminants. Canadian Journal of Animal Science, 63 (3): 477—-496.

Collier RJ, Zimbelmann RB. 2007. Heat stress effects on cattle: What we know and what we
don't know. In: . Heat stress effects on cattle: What we know and what we don’t know. : 76—
83.

Colombo M. 1996. Pharmacological Activities of Chelidonium Majus L. (Papaveraceae).
Pharmacological Research, 33 (2): 127-134. DOI 10.1006/phrs.1996.0019.

Cromwell GL. 2002. Why and how antibiotics are used in swine production. Animal
biotechnology, 13 (1): 7-27.

Cushnie TT, Cushnie B, Lamb AJ. 2014. Alkaloids: an overview of their antibacterial,
antibiotic-enhancing and antivirulence activities. International Journal of Antimicrobial
Agents, 44 (5): 377-386.

Czerkawski JW, Breckenridge G. 1977. Design and development of a long-term rumen
simulation technique (Rusitec). British Journal of Nutrition, 38 (3): 371-384.

Dibner JJ, Richards JD. 2005. Antibiotic growth promoters in agriculture: history and mode of
action. Poultry science, 84 (4): 634—643.

33



Dostal J, Slavik J. 2002. Some aspects of the chemistry of quaternary benzo [c]

phenanthridine alkaloids. In: . Studies in natural products chemistry. : Elsevier, 155-184.

Drsata J, Ulrichova J, Walterova D. 1996. Sanguinarine and chelerythrine as inhibitors of

aromatic amino acid decarboxylase. Journal of enzyme inhibition, 10 (4): 231-237.

Duarte AC, Holman DB, Alexander TW, Kiri K, Breves G, Chaves AV. 2017. Incubation
Temperature, But Not Pequi Oil Supplementation, Affects Methane Production, and the
Ruminal Microbiota in a Rumen Simulation Technique (Rusitec) System. Frontiers in
microbiology, 8: 1076. DOI 10.3389/fmicb.2017.01076.

Dunston CR, Griffiths HR, Lambert PA, Staddon S, Vernallis AB. 2011. Proteomic analysis of

the anti-inflammatory action of minocycline. Proteomics, 11 (1): 42-51.

Engineering Statistics Handbook. 2018.
https://www.itl.nist.gov/div898/handbook/prc/section4/prc471.htm (accessed Nov 19, 2021).

Estrada-Angulo A, Aguilar-Hernandez A, Osuna-Pérez M, Nunez-Benitez VH, Castro-Pérez
BI, Silva-Hidalgo G, Contreras-Pérez G, Barreras A, Plascencia A, Zinn RA. 2016. Influence
of Quaternary Benzophenantridine and Protopine Alkaloids on Growth Performance, Dietary
Energy, Carcass Traits, Visceral Mass, and Rumen Health in Finishing Ewes under
Conditions of Severe Temperature-humidity Index. Asian-Australasian journal of animal
sciences, 29 (5): 652—-658. DOI 10.5713/ajas.15.0300.

Eun J-S, Fellner V, Gumpertz ML. 2004. Methane production by mixed ruminal cultures

incubated in dual-flow fermentors. Journal of Dairy Science, 87 (1): 112—-121.

Federal Ministry of Health. 2004. Verordnung der Bundesministerin fur Gesundheit und
Frauen Uber die Mindestanforderungen fir die Haltung von Pferden und Pferdeartigen,
Schweinen, Rindern, Schafen, Ziegen, Schalenwild, Lamas, Kaninchen, Hausgeflligel,
Strauf3en und Nutzfischen (1. Tierhaltungsverordnung) StF: BGBI. || Nr. 485/2004.
Bundeskanzleramt Osterreich, Vienna, Austria.

France J, Dijkstra J. 2005. Volatile fatty acid production. In: Dijkstra J, Forbes JM, France J,
eds. Quantitative aspects of ruminant digestion and metabolism. Secondnd ed. Wallingford,
Oxfordshire, UK, Cambridge, MA: CABI Pub, 157-175.

Gabel G, Martens H, Sindermann M, Galfi P. 1987. The effect of diet, intraruminal pH and
osmolarity on sodium, chloride and magnesium absorption from the temporarily isolated and
washed reticulo-rumen of sheep. Quarterly Journal of Experimental Physiology: Translation
and Integration, 72 (4): 501-511.

34



Gao ST, Guo J, Quan SY, Nan XM, Fernandez MVS, Baumgard LH, Bu DP. 2017. The
effects of heat stress on protein metabolism in lactating Holstein cows. Journal of Dairy
Science, 100 (6): 5040-5049. DOI 10.3168/jds.2016-11913.

Garcia AB, Angeli N, Machado L, Cardoso FC de, Gonzalez F. 2015. Relationships between
heat stress and metabolic and milk parameters in dairy cows in Southern Brazil. Tropical
animal health and production, 47 (5): 889-894. DOI 10.1007/s11250-015-0804-9.

Gauly M, Bollwein H, Breves G, Briugemann K, Danicke S, Dag G, Demeler J, Hansen H,
Isselstein J, Konig S, Lohélter M, Martinsohn M, Meyer U, Potthoff M, Sanker C, Schréder B,
Wrage N, Meibaum B, Samson-Himmelstjerna G von, Stinshoff H, Wrenzycki C. 2013.
Future consequences and challenges for dairy cow production systems arising from climate
change in Central Europe - a review. Animal : an international journal of animal bioscience, 7
(5): 843-859. DOI 10.1017/S1751731112002352.

Gengler WR, Martz FA, Johnson HD, Krause GF, Hahn L. 1970. Effect of Temperature on
Food and Water Intake and Rumen Fermentation. Journal of Dairy Science, 53 (4): 434—437.
DOI 10.3168/jds.S0022-0302(70)86226-9.

Gobert M, Martin B, Ferlay A, Chilliard Y, Graulet B, Pradel P, Bauchart D, Durand D. 2009.
Plant polyphenols associated with vitamin E can reduce plasma lipoperoxidation in dairy
cows given n-3 polyunsaturated fatty acids. Journal of Dairy Science, 92 (12): 6095-6104.
DOI 10.3168/jds.2009-2087.

Grovum WL. 1981. Factors affecting the voluntary intake of food by sheep. British Journal of
Nutrition, 45 (01): 183. DOI 10.1079/BJN19810091.

Hall MB. 2009. Heat stress alters ruminal fermentation and digesta characteristics and
behaviour in lactating dairy cattle. In: Chilliard Y, ed. Ruminant physiology. Digestion,
metabolism, and effects of nutrition on reproduction and welfare ; proceedings of the Xlth
International Symposium on Ruminant Physiology [(ISRP), Clermont-Ferrand, France -
September 6-9, 2009]. Wageningen: Wageningen Acad. Publ, 204-205.

Horowitz M. 2002. From molecular and cellular to integrative heat defense during exposure
to chronic heat. Comparative biochemistry and physiology. Part A, Molecular & integrative
physiology, 131 (3): 475-483.

Humer E, Aditya S, Kaltenegger A, Klevenhusen F, Petri RM, Zebeli Q. 2018. Graded

substitution of grains with bakery by-products modulates ruminal fermentation, nutrient

35



degradation, and microbial community composition in vitro. Journal of Dairy Science, 101 (4):
3085-3098. DOI 10.3168/jds.2017-14051.

Hungate RE. 1966. The rumen and its microbes. New York and London: Academic Press.

Jankowski J, Zdunczyk Z, Juskiewicz J, Koztowski K, Lecewicz A, Jeroch H. 2009.
Gastrointestinal tract and metabolic response of broilers to diets with the Macleaya cordata
alkaloid extract. Archiv fur Geflugelkunde, 73 (2): 95-101.

Jones RR, Harkrader RJ, Southard GL. 1986. The Effect of pH on Sanguinarine Iminium lon
Form. Journal of Natural Products, 49 (6): 1109-1111. DOI 10.1021/np50048a025.

Juskiewicz J, Gruzauskas R, Zdunczyk Z, Semaskaite A, Jankowski J, Totilas Z, Jarule V,
Sasyte V, Zdunczyk P, Raceviciute-Stupeliene A. 2011. Effects of dietary addition of
Macleaya cordata alkaloid extract on growth performance, caecal indices and breast meat
fatty acids profile in male broilers. Journal of animal physiology and animal nutrition, 95 (2):
171-178.

Kadzere C, Murphy M, Silanikove N, Maltz E. 2002. Heat stress in lactating dairy cows: a
review. Livestock production science, 77 (1): 59-91. DOI 10.1016/S0301-6226(01)00330-X.
Kantas D, Papatsiros VG, Tassis PD, Athanasiou LV, Tzika ED. 2015. The effect of a natural

feed additive (Macleaya cordata), containing sanguinarine, on the performance and health
status of weaning pigs. Animal Science Journal, 86 (1): 92-98.

Kelley RO, Martz FA, Johnson HD. 1967. Effect of Environmental Temperature on Ruminal
Volatile Fatty Acid Levels with Controlled Feed Intake. Journal of Dairy Science, 50 (4): 531—
533. DOI 10.3168/jds.S0022-0302(67)87460-5.

Khadem A, Soler L, Everaert N, Niewold TA. 2014. Growth promotion in broilers by both
oxytetracycline and Macleaya cordata extract is based on their anti-inflammatory properties.
The British journal of nutrition, 112 (7): 1110-1118. DOI 10.1017/S0007114514001871.
Khiaosa-Ard R, Pourazad P, Aditya S, Humer E, Zebeli Q. 2018. Factors related to variation
in the susceptibility to subacute ruminal acidosis in early lactating Simmental cows fed the
same grain-rich diet. Animal Feed Science and Technology, 238: 111-122.

King CC, Dschaak CM, Eun J-S, Fellner V, Young AJ. 2011. Quantitative analysis of
microbial fermentation under normal or high ruminal temperature in continuous cultures. The
Professional Animal Scientist, 27 (4): 319-327.

Kosina P, Walterova D, Ulrichova J, Lichnovsky V, Stiborova M, Rydlova H, Vicar J,

Krecman V, Brabec MJ, Simanek V. 2004. Sanguinarine and chelerythrine: assessment of

36



safety on pigs in ninety days feeding experiment. Food and chemical toxicology : an
international journal published for the British Industrial Biological Research Association, 42
(1): 85-91.

Kozlowski K, Lecewicz A, Jeroch H, Zdunczyk Z, Jankowski J. 2008. Einflu} eines Macleaya
cordata-Praparates auf die Nahrstoffverdaulichkeit, die N-Retention, die Umsetzbarkeit der
Bruttoenergie und den Gehalt an Umsetzbarer Energie eines Broilermastfutters. Arch.
Gefligelkd, 72: 238—-240.

Kristensen NB, Harmon DL. 2004. Splanchnic metabolism of volatile fatty acids absorbed
from the washed reticulorumen of steers. Journal of animal science, 82 (7): 2033-2042.

Lee K-W, Kim J-S, Oh S-T, Kang C-W, An B-K. 2015. Effects of dietary sanguinarine on
growth performance, relative organ weight, cecal microflora, serum cholesterol level and
meat quality in broiler chickens. The Journal of Poultry Science, 52 (1): 15-22.

Lees AM, Lees JC, Lisle AT, Sullivan ML, Gaughan JB. 2018. Effect of heat stress on rumen
temperature of three breeds of cattle. International journal of biometeorology, 62 (2): 207—
215. DOI 10.1007/s00484-017-1442-x.

Lenfeld J, Kroutil M, Marsalek E, Slavik J, Preininger V, Simanek V. 1981. Antiinflammatory
Activity of Quaternary Benzophenanthridine Alkaloids from Chelidonoum majus *,**. Planta
medica, 43 (10): 161-165. DOI 10.1055/s-2007-971493.

Liang D, Wood CL, McQuerry KJ, Ray DL, Clark JD, Bewley JM. 2013. Influence of breed,
milk production, season, and ambient temperature on dairy cow reticulorumen temperature.
Journal of Dairy Science, 96 (8): 5072-5081. DOI 10.3168/jds.2012-6537.

Lippke H. 1975. Digestibility and volatile fatty acids in steers and wethers at 21 and 32 C
ambient temperature. Journal of Dairy Science, 58 (12): 1860-1864. DOI 10.3168/jds.S0022-
0302(75)84799-0.

Mahady GB, Pendland SL, Stoia A, Chadwick LR. 2003. In vitro susceptibility of Helicobacter
pylori to isoquinoline alkaloids from Sanguinaria canadensis and Hydrastis canadensis.
Phytotherapy Research, 17 (3): 217-221.

Mathers JC, Baber RP, Archibald RF. 1989. Intake, digestion and gastro-intestinal mean
retention time in Asiatic buffaloes and Ayrshire cattle given two contrasting diets and housed
at 20 and 33 C. The Journal of Agricultural Science, 113 (2): 211-222.

37



McDowell RE, Moody EG, van Soest PJ, Lehmann RP, Ford GL. 1969. Effect of Heat Stress
on Energy and Water Utilization of Lactating Cows. Journal of Dairy Science, 52 (2): 188—
194. DOI 10.3168/jds.S0022-0302(69)86528-8.

Michels A, Neumann M, Ledo GFM, Reck AM, Bertagnon HG, Lopes LS, Souza AM, Santos
LCD, Stadler Junior ES. 2018. Isoquinoline alkaloids supplementation on performance and
carcass traits of feedlot bulls. Asian-Australasian journal of animal sciences.

DOI 10.5713/ajas.17.0868.

Mickdam E, Khiaosa-ard R, Metzler-Zebeli BU, Klevenhusen F, Chizzola R, Zebeli Q. 2016.
Rumen microbial abundance and fermentation profile during severe subacute ruminal
acidosis and its modulation by plant derived alkaloids in vitro. Anaerobe, 39: 4—13.

DOI 10.1016/j.anaerobe.2016.02.002.

Mitlbhner FM, Galyean ML, McGlone JJ. 2002. Shade effects on performance, carcass traits,
physiology, and behavior of heat-stressed feedlot heifers. Journal of animal science, 80 (8):
2043-2050.

Mohammed R, Hinerberg M, McAllister TA, Beauchemin KA. 2014. Characterization of

ruminal temperature and its relationship with ruminal pH in beef heifers fed growing and
finishing diets. Journal of animal science, 92 (10): 4650—-4660. DOI 10.2527/jas.2014-7859.

Monteny GJ, Groenestein CM, Hilhorst MA. 2001. Interactions and coupling between
emissions of methane and nitrous oxide from animal husbandry. Nutrient Cycling in
Agroecosystems, 60 (1-3): 123-132.

Morgavi DP, Forano E, Martin C, Newbold CJ. 2010. Microbial ecosystem and
methanogenesis in ruminants. Animal : an international journal of animal bioscience, 4 (7):
1024-1036. DOI 10.1017/S1751731110000546.

Mosoni P, Martin C, Forano E, Morgavi DP. 2011. Long-term defaunation increases the
abundance of cellulolytic ruminococci and methanogens but does not affect the bacterial and
methanogen diversity in the rumen of sheep. Journal of animal science, 89 (3): 783-791.
DOI 10.2527/jas.2010-2947.

Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U. 2010. Effects of climate
changes on animal production and sustainability of livestock systems. Livestock Science,
130 (1-3): 57-69.

Newton SM, Lau C, Gurcha SS, Besra GS, Wright CW. 2002. The evaluation of forty-three

plant species for in vitro antimycobacterial activities; isolation of active constituents from

38



Psoralea corylifolia and Sanguinaria canadensis. Journal of Ethnopharmacology, 79 (1): 57—
67.

Ngwabie NM, Jeppsson K-H, Gustafsson G, Nimmermark S. 2011. Effects of animal activity
and air temperature on methane and ammonia emissions from a naturally ventilated building
for dairy cows. Atmospheric Environment, 45 (37): 6760—-6768.

Niewold TA. 2007. The nonantibiotic anti-inflammatory effect of antimicrobial growth

promoters, the real mode of action? A hypothesis. Poultry science, 86 (4): 605—609.

Niu X, Fan T, Li W, Xing W, Huang H. 2012. The anti-inflammatory effects of sanguinarine
and its modulation of inflammatory mediators from peritoneal macrophages. European
journal of pharmacology, 689 (1-3): 262—-269. DOI 10.1016/j.ejphar.2012.05.039.

Nolan JV, Dobos RC. 2005. Nitrogen Transactions in Ruminants. In: Dijkstra J, Forbes JM,
France J, eds. Quantitative aspects of ruminant digestion and metabolism. Secondnd ed.
Walllingford, Oxfordshire, UK, Cambridge, MA: CABI Pub, 177-206.

Nonaka I, Takusari N, Tajima K, Suzuki T, Higuchi K, Kurihara M. 2008. Effects of high
environmental temperatures on physiological and nutritional status of prepubertal Holstein
heifers. Livestock Science, 113 (1): 14—23. DOI 10.1016/j.livsci.2007.02.010.

Obiang-Obounou BW, Kang O-H, Choi J-G, Keum J-H, Kim S-B, Mun S-H, Shin D-W, Kim
KW, Park C-B, Kim Y-G. 2011. The mechanism of action of sanguinarine against methicillin-

resistant Staphylococcus aureus. The Journal of toxicological sciences, 36 (3): 277-283.

Plascencia A, Zinn RA. 2014. The rumen is not a “black box”. In: . Proceedings Conference
Scientific Seminar Managing Ruminant Nutrition- torn between high performance and
welfare. : 28—47.

Renaudeau D, Collin A, Yahav S, Basilio V de, Gourdine JL, Collier RJ. 2012. Adaptation to
hot climate and strategies to alleviate heat stress in livestock production. Animal : an
international journal of animal bioscience, 6 (5): 707—-728.

DOI 10.1017/S1751731111002448.

Rhoads ML, Rhoads RP, Vanbaale MJ, Collier RJ, Sanders SR, Weber WJ, Crooker BA,
Baumgard LH. 2009. Effects of heat stress and plane of nutrition on lactating Holstein cows:

I. Production, metabolism, and aspects of circulating somatotropin. Journal of Dairy Science,
92 (5): 1986—-1997. DOI 10.3168/jds.2008-1641.

39



Salles MSV, Zanetti MA, Salles FA, Titto EAL, Conti RMC. 2010. Changes in ruminal
fermentation and mineral serum level in animals kept in high temperature environments.
Revista Brasileira de Zootecnia, 39 (4): 883-890.

Satter LD, Slyter LL. 1974. Effect of ammonia concentration on rumen microbial protein
production in vitro. British Journal of Nutrition, 32 (2): 199-208. DOI 10.1079/BJN19740073.

Schmeller T, Latz-Brining B, Wink M. 1997. Biochemical activities of berberine, palmatine
and sanguinarine mediating chemical defence against microorganisms and herbivores.
Phytochemistry, 44 (2): 257-266. DOI 10.1016/S0031-9422(96)00545-6.

Schneider PL, Beede DK, Wilcox CJ. 1988. Nycterohemeral Patterns of Acid-Base Status,
Mineral Concentrations and Digestive Function of Lactating Cows in Natural or Chamber

Heat Stress Environments 1, 2. Journal of animal science, 66 (1): 112—-125.

Silanikove N. 2000. Effects of heat stress on the welfare of extensively managed domestic
ruminants. Livestock production science, 67 (1-2): 1-18. DOI 10.1016/S0301-
6226(00)00162-7.

Soriani N, Panella G, Calamari L. 2013. Rumination time during the summer season and its
relationships with metabolic conditions and milk production. Journal of Dairy Science, 96 (8):
5082-5094.

Statistik Austria. 2021.
https://www.statistik.at/web_de/statistiken/wirtschaft/land_und_forstwirtschaft/agrarstruktur_fl
aechen_ertraege/wein/index.html (accessed Mar 3, 2021).

Steinlechner A, Arnold W. 2015. Thermoregulation. In: Engelhardt Wv, Breves G, Diener M,
Gabel G, eds. Physiologie der Haustiere. Fifth., vollstandig Uberarbeitete Auflage. Stuttgart:
Enke, 493-510.

Tajima K, Nonaka I, Higuchi K, Takusari N, Kurihara M, Takenaka A, Mitsumori M, Kajikawa
H, Aminov RI. 2007. Influence of high temperature and humidity on rumen bacterial diversity
in Holstein heifers. Anaerobe, 13 (2): 57-64. DOI 10.1016/j.anaerobe.2006.12.001.

Tao S, Dahl GE. 2013. Invited review: heat stress effects during late gestation on dry cows
and their calves. Journal of Dairy Science, 96 (7): 4079-4093. DOI 10.3168/jds.2012-6278.
Tschirner K. 2004. Untersuchungen zur Wirksamkeit und zum Nachweis des pflanzlichen

Alkaloids Sanguinarin beim Schwein. Christian-Albrechts Universitat Kiel.

40



Uyeno Y, Sekiguchi Y, Tajima K, Takenaka A, Kurihara M, Kamagata Y. 2010. An rRNA-
based analysis for evaluating the effect of heat stress on the rumen microbial composition of
Holstein heifers. Anaerobe, 16 (1): 27-33.

van Nevel CJ, Demeyer DI. 1988. Manipulation of Rumen Fermentation. In: Hobson PN, ed.
The rumen microbial ecosystem. London: Elsevier.

van Soest PJ, Robertson JB, Lewis BA. 1991. Methods for dietary fiber, neutral detergent
fiber, and nonstarch polysaccharides in relation to animal nutrition. Journal of Dairy Science,
74 (10): 3583-3597.

Vieira SL, Berres J, Reis RN, Oyarzabal OA, Coneglian JL, Freitas DM, Pefa JE, Torres CA.
2008. Studies with sanguinarine like alkaloids as feed additive in broiler diets. Revista
Brasileira de Ciéncia Avicola, 10 (1): 67-71. DOI 10.1590/S1516-635X2008000100010.
Wang W, Dolan LC, Alvensleben S von, Morlacchini M, Fusconi G. 2018. Safety of
standardized Macleaya cordata extract in an eighty-four-day dietary study in dairy cows.
Journal of animal physiology and animal nutrition, 102 (1): e61-e68. DOI 10.1111/jpn.12702.
Wang X-J, Min C-L, Ge M, Zuo R-H. 2014. An Endophytic Sanguinarine-Producing Fungus
from Macleaya cordata, Fusarium proliferatum BLH51. Current Microbiology, 68 (3): 336—
341. DOI 10.1007/s00284-013-0482-7.

Weatherburn MW. 1967. Phenol-hypochlorite reaction for determination of ammonia.
Analytical Chemistry, 39 (8): 971-974. DOI 10.1021/ac60252a045.

Weldy JR, McDowell RE, van Soest PJ, Bond J. 1964. Influence of heat stress on rumen
acid levels and some blood constituents in cattle. Journal of animal science, 23 (1): 147-153.
West JW. 2003. Effects of heat-stress on production in dairy cattle. Journal of Dairy Science,
86 (6): 2131-2144.

Yadav B, Singh G, Verma AK, Dutta N, Sejian V. 2013. Impact of heat stress on rumen
functions. Veterinary World, 6 (12): 992—996. DOI 10.14202/vetworld.2013.992-996.

Yadav B, Singh G, Wankar A, Dutta N, Chaturvedi VB, Verma MR. 2016. Effect of Simulated
Heat Stress on Digestibility, Methane Emission and Metabolic Adaptability in Crossbred
Cattle. Asian Australasian Journal of Animal Sciences, 29 (11): 1585-1592.

DOI 10.5713/ajas.15.0693.

Yang WZ, Ametaj BN, Benchaar C, He ML, Beauchemin KA. 2010. Cinnamaldehyde in
feedlot cattle diets: intake, growth performance, carcass characteristics, and blood
metabolites. Journal of animal science, 88 (3): 1082—-1092. DOI 10.2527/jas.2008-1608.

41



Yousef MK. 1987. Principle of bioclimatology and adaption. In: Johnson HD, ed.

Bioclimatology and the adaptation of livestock. Amsterdam: Elsevier, 17-29.

42



9 Appendix: Tables, Charts and Figures

Figure 1: Schedule of @aCh rUN ... 11
Figure 2: RUSITEC (rumen simulation technique) with 6 fermenters...................ccceee. 14
Figure 3: Effect of dietary treatment on NHas ..., 18
Figure 4: Effect of dietary treatment on NHs per degraded crude protein ................cceeeee. 18
Figure 5: Effect of dietary treatment on CHal ... 19
Figure 6: Effect of dietary treatment on CHa Il ... 19
Figure 7: Total SCFA concentration ..........cooooiiioiiioiee e 20
Table 1: Chemical composition of the dietary treatments............cccccccoeei i, 11
Table 2: Timetable of the experiment ... e, 11
Table 3: Components of the McDougall’'s buffer............cccceoiiiiiiiiiie e, 13
Table 4: Effect on pH and redOX ......ccooooiiiiiiiiiiic e 17
Table 5: Distribution Of SCFA ... 21
Table 6: Nutrient degradation ......... ... e e e e eeeeees 22

43


https://d.docs.live.net/4a411e4ff71882c8/Dokumente/Diploma%20Thesis%201.docx#_Toc83567500

	Title
	Content
	1 Introduction and literature review
	2 Hypothesis and aim of this thesis
	3 Materials and Methods
	4 Results
	5 Discussion
	6 Summary
	7 Zusammenfassung
	8 References
	9 Appendix: Tables, Charts and Figures

