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Der vorliegende Abschlussbericht entspricht der Diplomarbeit von Isabelle Gangnat, Diplomandin an der
Universitit Wageningen, Livestock Research, ASG — Animal Nutrition Group, Niederlande. Die Arbeit

ist in englischer Sprache verfasst.

Die betriebswirtschaftliche Bewertung wurde von Dr. Agnes Leithold, LFZ Raumberg-Gumpenstein,
Institut fiir Tierhaltung und Tiergesundheit, Abteilung Okonomie und Ressourcenmanagement

durchgefiihrt und ist in deutscher Sprache verfasst.

Laut Dafne-Projektantrag 100470 sollte der Mastversuch mit Ochsen durchgefiihrt werden. Da jedoch die
gewiinschten Ochsen von der Bauerlichen Vermkartungsgemeinschaft (BVG) Kérntner Fleisch nicht
bereitgestellt werden konnten, wurde der Versuch wie im Dafne-Projektantrag 100369 (Projektleitung Dr.
Velik) mit Kalbinnen und geénderter Grundfutterration durchgefiihrt.
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List of abbreviations

ADG: average daily gain

ATP: adenosine triphosphate

CIE: commission internationale de 1"éclairage (international commission on illumination)
CLA: conjugated linoleic acids

DFD: dark, firm and dry meat

DHA: docosahexaenoic acid

DM: dry matter

DPA: docosapentaenoic acid

EPA: eicosapentaenoic acid

FAME: fatty acid methyl esther

FAO: Food and Agriculture Organisation
IMF: intramuscular fat

ISO: international standard organisation
LW: live weight

MUFA: monounsaturated fatty acids
p.m.: post mortem

pH,: ultimate pH (at 48 h post mortem)
PSE: pale, soft and exudative meat
PUFA: polyunsaturated fatty acids
SEM: standard error of the mean

SFA: saturated fatty acids

WHC: water holding capacity
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1.1 Context

In the Eastern Alps, difficult weather conditions (average temperature 6.7°C and 969 mm rainfall per year
in Ennstal -Landesstatistik Steiermark, 2010) motivate farmers to keep beef and dairy cows in barn and to
use farm grasslands as meadows rather than as pastures. In the current economical context, farmers in
difficult agricultural areas like Alpine regions often have another job besides farming to ensure a
minimum income. Therefore, agricultural practices which are less cost- and labour-demanding like
rearing on continuous pasture (Durgiai, 1996; Durgiai and Miiller, 2004; Steinwidder et al., 2010)
become more attractive. Furthermore, consumer demand for products of extensive agriculture is rising
and quality programs which specify use of pastures are successful (organic production, quality labels).
Other arguments for use of grasslands as pastures refer to summer tourism and biodiversity matters
(Crook and Jones, 1999; Buchgraber and Gindl, 2004; Maurer et al., 2006; Niedrist et al., 2008). Yet,
pasture rearing could have consequences on growth performance, slaughter performance and further on
nutritional and eating quality of the meat (Realini et al., 2003; Keane and Moloney, 2009; Daley et al.,
2010). The aim of this study is to enlighten the possible opportunities and threats of pasture fattening in

the Eastern Alps regarding growth performance, slaughter characteristics and meat quality traits.

This study is the second half of a research project that started in 2008. The first half of the project
(Friedrich, 2010) consisted in comparing fattening on pasture to fattening in barn. Charolais x Simmental
heifers of 300 kg live weight were fattened on short grass continuous pasture and finished in barn in case
they did not reach 550 kg at the end of the grazing season. Growth rate, slaughter characteristics and meat
quality were compared to a common fattening in barn. In barn, animals were fed grass and maize silage
ad libitum (DM ratio 70:30) plus 2 kg concentrates daily.

M. Velik, I. Gangnat
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1.2 Literature review

1.2.1 Pasture management for consistent grass quality supply in Alpine regions

Currently, four types of cattle pasture management are practiced on European grassland. The least labour-
and material-demanding management is extensive grazing. The herd remains on a single pasture during
the whole grazing season. However, with this type of pasture management grass supply and animal
performances are inconsistent (Buchgraber and Gindl, 2004). A second way of maintaining animals on
pasture is to move fences daily to continuously provide fresh grass to the herd. This allows a good
valorisation of grass with uniform grazing over the entire pasture, but the work load is significant.
Pastures can also be divided into smaller paddocks by permanent fences. Cattle will graze for a few days
and then be moved to the next paddock. However, the grass quality is variable in this system and a rather
large surface is necessary (Buchgraber and Gindl, 2004). The latter system has both the advantages of an
extensive pasture management and pasture rotation as described above. The principle of continuous
grazing on short grass is to adapt the size of the pasture in such a way that sward height remains at a
constant height between 5 and 7 cm (Bavarian State Research Center for Agriculture, 2010). On the area
not used for grazing, grass has to be mown and eventually used for making grass silage. This way, grass
remains in the vegetative stage and nutritive quality is optimum. Experiments conducted in Alpine
regions showed that continuous grazing on short grass was suitable for beef production (Hausler et al.,
2008; Friedrich, 2010).

1.2.2 Growth performance of beef cattle

Growth consists of development and maturation of different tissues in the animal. All tissues do not
develop at the same rate: the nervous system is the first to develop followed by bones, then muscles and
thereafter fat (Dudouet, 2004). As a consequence, beef meat production after weaning is often divided in
two phases: a fattening period during which bones and muscles develop while the animal grows, most
often followed by a finishing period during which muscularity and fatness are improved. The growth
performance is defined by the rate at which tissue is deposited and, consequently, the rate at which live
weight increases (daily weight gain) as well as the amount of feed needed for each kg of live weight gain
(feed conversion ratio). As mentioned by Perry and Thompson (2005), differences in growth performance
between two groups of animals reflect the effects of the combination of nutritional, management and
environmental factors while differences between individual animals in one group reflect differences in

genetic potential for growth.

Animal-intrinsic determinants of growth performance

As described by Geay and Robelin (1979), potential daily weight gain and feed efficiency are influenced
by genetic factors. A breed is classified early or late maturing according to the rate of development and
maturation of the different tissues. Early maturing breeds reach puberty at a younger age than late
maturing breeds. Consequently, muscle development is completed earlier and fat deposition occurs at a
younger age in early maturing cattle. According to Geay and Robelin (1979), dairy breeds (Holstein),
smaller meat breeds (Limousin) and early maturing meat breeds (Angus, Hereford) have a lower potential
daily weight gain than large meat breeds (Rouge des Prés, Charolais). The same authors noted that meat

breeds were also more efficient than dairy breeds in transforming feed intake into live weight and energy

M. Velik, I. Gangnat
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intake into protein while dairy breeds gained more fat. In contrast, Dufey et al. (2002) found no difference
in daily weight gains and feed conversion between Angus (early maturing breed) and Charolais (late
maturing breed) bulls when slaughtered at the same fatness score and Alberti et al. (2008) even obtained
better live weight gains for Angus bulls than Charolais bulls. However, in the two articles previously
cited, differences could be related to different age and weight at slaughter between breed groups as
explained later. At last, genetic differences in growth potential also appear at the individual level within
breeds. Potential daily weight gain is also largely influenced by gender. According to the review of Field
(1971), bulls have a 15 to 17 % higher growth rate and 13 % higher feed efficiency than steers. In
feedlots, heifers and steers had similar growth rates in the study of Hedrick (1969) whilst steers gained
weight faster than heifers in the study of Steen (1995). The latter also showed that bulls had a higher
increase in lean gain in response to an increase in feed intake than had steers and heifers. This implies that
bulls are more efficient to produce meat on a high energy diet than steers and heifers. Consequently,
steers and heifers will be more suitable for extensive managements than for feedlot-like rearing. At last,
age and weight are the third determinant of growth rate potential. Theoretically, live weight follows a
sigmoid curve over time while live weight gain follows a parabolic curve with the highest point (maximal
rate of live weight gain) reached at puberty (Dudouet, 2004). Hence, the average lifelong-growth rate is
also determined by the age and weight at slaughter.

Influence of the diet on growth performance

Hygiene, housing, climate, physical activity and diet are environmental factors that have an influence on
daily weight gain and feed conversion ratio. This study will focus on the influence of the diet. As
mentioned above, age, gender and breed are factors of variation of growth performance. However, diet is
able to enhance or reversely moderate these effects. In the studies of Field (1971) and Nuernberg et al.
(2005), gender- and breed-related differences in growth rate were largest on the most energy-rich diet. In
contrast, Arthaud et al. (1977) obtained larger differences between Angus steers and bulls on a low
energy diet than on a high energy diet. The results of Arthaud et al. (1977) were probably contrasting
because they used an early maturing breed with a moderate growth potential. Therefore, diet effect should

be corrected for age, breed type and gender.

In a majority of articles, grazing animals had a lower daily weight gain than indoor-fed animals (Steen et
al., 2003, Nuernberg et al., 2005, Keane and Moloney, 2009). However, differences were most often
related to differences in daily energy intake. In the studies of Steen et al. (2003), Nuernberg et al. (2005)
and Keane and Moloney (2009), the indoor-fed animals were given high amounts of concentrates (9 to 11
kg d™'). In contrast, when intensively fed heifers (95 % concentrates and 5% straw) were restricted at 70
% of their ad libitum intake, they showed same live weight gains as solely grazing heifers (Steen et al.,
2003). Furthermore, in the study of Noci et al. (2005), Charolais crossbred heifers fed grass silage ad
libitum plus 3 kg concentrates daily had similar live weight gains than heifers grazing a perennial ryegrass
sward. Friedrich (2010) also found that weight gains of heifers were similar whether they were fed a grass
silage-based diet ad libitum or were grazing a continuous short grass pasture with a finishing period on
the same diet as the indoor-fed group. In contrast to results previously cited, French et al. (2000a)
obtained same live weight gains whether crossbred steers were intensively fed (8 kg concentrates daily) or
solely grazing. Several experimental designs and results are presented in Table 1 and show that although

diets may be similar among studies, results differ. Contrasting results can probably be attributed to
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differences in genetics and in energy content of the diets, information that is most often omitted in
articles. Furthermore, animal health can be questioned at feeding levels as high as 8 kg concentrates daily
with only 0.5 kg fodder (Velik, personal communication).
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Table 1. Growth performance of heifers and steers of meat type breeds slaughtered at about 550 kg live weight

Starting

Daily feed intake (DM)

Authors Breed Gender g{egi)ght g(lg:;ilfnnen ¢ Zﬁﬁgﬁ;r (kga;t Days on pasture F C Egpkg??(]fli/[) ADG (g d™)
403 561 0 Straw 0.45 kg 8.55kg 37 1245°
Steen et Crossbred 406 565 0 Straw 0.40kg  7.60kg 37 1253
meat Steers 127 days b
al., 2003 breed 406 531 0 Straw 0.35kg  6.65kg 37 986
406 529 127 days Grazed grass 0 236 969"
488 0 GS4.1kg , 3.55 kg2 177 959°
Noci et al., Crossbred . 477 Last 118 days GS4.21k 3.29kg” 177 876°
2005 Charolais icifers 332 I58days  4eg Last 59 dayz GS 4.5 kg2g 2.81 k§2 177 900°
495 158 days Grazed grass 0 134 996"
o 283 360 days 546 0 GS 4.6 ke 3 2 kg’ GS: 138, MS: 90  1083*
Friedrich, Crossbr§d Heifers +MS 2 kg ’
2010 Charolais 289 376 days 552 First 182 days fid5552ggkg3 2kg®  GS:138;MS:90 1131°
Keane and Crossbred 434 94 days 501 94 days Grazed grass 0 ND 714° .
Moloney Anggs O gieers 431 94 days 576 0' GS1 kg4 9.7 kg \ 1624 15359
2009 > Belgian 437 189 days 626 First 94 days GS 1kg 10.2 kg" 162 999
Blue 434 189 days 658 0 GS 1 kg 11.3kg 162 1186’

ADG: average daily gain; C: concentrates; CP: crude protein; DM: dry matter; F: fodder; GS: grass silage; MS: maize silage; ND: not determined:

* Data only for the first part of the experiment because they were solely grazing once on pasture.

3 Data from 183" day of the experiment onwards.

* Data only for the last 94 days because the animals were on pasture during the first 94 days of the experiment.

> Authors did not indicate the significant differences but they found a significant diet effect and no duration effect.
*® Different letters within ADG of one article indicate significant differences as indicated by authors (p-value<0.05).

M. Velik, I. Gangnat
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1.2.3 Slaughter performance of beef cattle

As not all parts of beef cattle are valuable, the live weight is not sufficient to predict the value of the
slaughtered animal. After slaughter of bovine, skin, head, feet and organs are removed. The remaining
carcass is composed of muscles, fat and bones in different proportions. During cooling, the carcass
looses water by evaporation. The cold carcass weight represents about 98% of the warm carcass
weight (Warriss, 2010). The ratio between carcass weight and live weight is known as killing-out
percentage or dressing percentage. The carcass muscularity and fatness are assessed using standardised
methods such as the European Beef Carcass Classification in which carcass conformation is graded
with letters E, U, R, O, P, and carcass fatness is scored on a scale from 1 to 5.

Influence of animal-intrinsic factors on slaughter performance

As breed, gender and age influence live weight and physiological maturity (chapter 1.2.2), they also
influence carcass classification and fatness. Furthermore, carcass weight is not only dependent on live
weight but also on genetics as shown by a study of Robelin et al. (1978, in Geay and Robelin, 1979)
on 80 Limousin and 69 Charolais bulls. Although Charolais bulls were heavier at slaughter, carcass
weights of Limousin and Charolais were similar. Hence, Limousin bulls had a larger dressing

percentage than Charolais.

Diet influence on slaughter performance

Dressing percentage was not influenced by the diet in the study of Steen et al. (2003) with crossbred
Charolais heifers fed either a concentrate-based diet or solely on pasture. Similarly, dressing
percentage of crossbred steers was not influenced by the diet in the study of Keane and Moloney
(2009); although live weight gains and carcass weights were significantly different between groups in
both studies. Friedrich (2010) obtained similar growth performances and similar slaughter
performances whether heifers were fed indoor on a grass silage-based diet or were grazing during
fattening and finished on a grass silage-based diet. In contrast, Noci et al. (2005) found a quadratic
decrease in dressing percentage with the length of the stay on pasture (0, 59, 118 or 158 days).
Dressing percentage values were the most similar for animals fed grass silage (0 days on pasture) and
animals solely grazing (158 days on pasture), while animals that combined indoor fattening and

pasture finishing (59 and 118 days on pasture) had lower dressing percentages.

Carcass conformation is often similar between grazing and concentrate-fed animals (Vestergaard,
2000; Steen et al., 2003; Keane and Moloney, 2009) although Realini et al. (2003) mentioned a lower
carcass conformation with grazing animals. However, authors often mention grazing animals to have
lower fatness scores (Realini et al., 2003; Steen et al., 2003; Keane and Moloney, 2009), most likely
due to the lower growth rate of grazing animals. Friedrich (2010) who obtained similar growth rates
for the grazing group and the grass silage-fed group also obtained similar carcass conformation and
fatness scores. To ensure good carcass fatness to animals fattened on pasture, a finishing period on
concentrates is advisable (Kerth et al., 2007).

As mentioned earlier, the yield of bones, muscles and fat can differ between carcasses. In the study of

Steen et al. (2003), heifers fed a concentrate-based diet had a higher marbling score, a thicker

M. Velik, I. Gangnat
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subcutaneous fat depth and a higher carcass fatness score than grazing heifers. Consequently, lean and
bone proportions were larger for grazing heifers. As carcass composition could have been influenced
by the higher growth rate of the concentrate-fed group, results were also compared for an adjusted live
weight gain. Thereafter, no significant difference remained but for the proportion of bones in the

carcass.

1.2.4 Beef meat quality characteristics

The international standard organisation (ISO) defines quality as something that “represents the totality
of features and characteristics of a product that bear on its ability to satisfy stated or implied needs”
(ISO 5492:1992 quoted by Issanchou, 1996). Food products quality concept for the consumer relies on
product safety regarding food born diseases, acceptable palatability and respect of ethical concerns. In
addition, the food industry has its own concerns about meat quality for processing classified under
technological quality.

Measuring meat quality

According to Warriss (1996, in Warriss, 2010) meat quality can be measured by assessing:
— Meat yield and composition: muscle size, shape and ratio fat to lean
— Appearance: texture, colour and amount of marbling
— Technological characteristics: chemical composition and water holding capacity
— Palatability: texture, juiciness, tenderness and flavour determine the eating quality

— Wholesomeness: chemical and microbiological safety, defined by regulations to prevent food

born diseases
— Ethical quality: acceptable animal husbandry is of interest for concerned consumers

There are some standards, particularly for safety and animal husbandry, and aspects on which more
variability is possible. This study will focus on the latter. Meat yield, composition and technological
characteristics are assessed objectively through instrumental measurements. In contrast, palatability
and appearance can either be assessed by a panel or instrumentally measured. Instrumental
measurements have the interest to be easier and cheaper to implement and also more repeatable than
panel tasting (Platter et al., 2003). However, instrumental measurements are not yet able to explain the
whole range of what human senses can assess and do not provide information such as consumers’
preference. Furthermore, all meat quality characteristics do not have the same importance for
consumers. Meat colour and fatness determines the purchase or refusal by the customer; hence, it is of
utmost importance for the retailer; followed by meat tenderness and flavour. Although it is an
important quality attribute, tenderness is also one of the most variable attributes on the meat market
(Tarant, 1998). As underlined by Destefanis et al. (2008), tenderness depends on many animal-
intrinsic and extrinsic factors and their interaction. Meat tenderness is assessed by panel ratings but
instrumental measurements are also used. The most widely used is the Warner-Bratlzer shear force test
(Culioli et al., 1995, in Destefanis et al. 2008). Destefanis et al. (2008) found a correlation coefficient
of —0.72 between consumer panel rating of tenderness and Warner-Bratlzer shear force value. The
shear force value explained 52% of meat tenderness variability (R* value) assessed by a consumer

panel of 220 people.
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Influence of pre-slaughter and post mortem handling on meat quality characteristics

Meat quality can be strongly negatively affected by pre- and post-slaughter handling. After death, the
blood stream ceases and muscles do not receive any oxygen or glucose supply. Thereafter, muscle
cells synthesise ATP from glycogen through anaerobic glycolysis. This reaction produces lactic acid
which accumulates in the muscle since there is no more blood stream; as a consequence, muscle pH
decreases. According to Dransfield (1994b, in Warriss, 2010) this process takes 15 to 36 h in cattle.
Acidification stops when glycogen is no more available or when the pH is too low to allow this
enzymatic process to occur. This specific pH value is referred to as ultimate pH (pH,). Meat pH
influences the structure of muscle constituents. When the muscle pH reaches 5.3 to 5.5, myofibrillar
proteins reach their isoelectrical point (Warriss, 2010). Then, myofibrillar proteins are no more
electrically charged and are prone to loose bound water resulting in poor water holding capacity
(WHC) of the meat cuts. Also meat colour can look paler by rearrangement of myofilaments by meat
acidification. ATP maintains muscle relaxation but as soon as ATP level falls below 5.5 mmol kg™,
actin and myosin filaments associate to form actomyosin (Warriss, 2010). This phenomenon is known
as rigor mortis and happens in 24 h post mortem (p.m.) in cattle (Warriss, 2010). If long term stress
occurs before slaughter, levels of ATP and glycogen in the muscles at death are depleted. This
shortens the process of rigor mortis and limits acidification of the meat. This phenomenon is called
alkaline rigor and produces dark, firm and dry (DFD) meat. Rigor mortis sets the attachment of actin
to myosin so by definition it sets the muscle sarcomeres length and thus participates to determination
of meat toughness or tenderness (Warris, 2010; Herring et al., 1965). After slaughter and cooling,
meat maturation begins. Maturation was shown to reduce shear force value of the meat (Revilla and
Vivar-Quintana, 2006; Vieira et al., 2007). During the days following slaughter, proteolytic enzymes
(mainly calpains) break down myofibrils and this makes the muscle more flexible. If the meat pH is
too low, calpains are denatured and tenderisation does not occur which results in high shear force
values. Furthermore, when animals are stressed before slaughter, adrenaline is released which
enhances calpastatin production. Calpastatin is an endogenous protein which inhibits calpain activity
and thus, is opposed to tenderisation process. Calpastatin levels are also influenced by genetic factors.
Warriss (2010) quoted a study of Casas et al. (2006) which demonstrated that level of endogenous
calpastatin was genetically programmed which induces some cattle breeds may produce tougher meet
than others. When animals undergo acute stress at the time of slaughter, acidification of the meat can
occur faster than normal and in this case a low pH is reached when the carcass is still hot. This causes
denaturation of muscle proteins and results in pale, soft and exudative (PSE) meat but occurs scarcely
in cattle (Branscheid et al., 2007).

Immediately after dressing, carcasses are hanged in a cold room to prevent spoilage. The way of
hanging the carcass determines muscle stretching or contraction and therefore influences further meat
tenderness (Thompson, 2002). Cooling time is also important and depends on the muscle considered
(external muscles will cool first), on the thickness of subcutaneous fat and on the air temperature.
Cooling reduces enzyme activity and slows down the drop in pH. When cooling happens too fast,
calcium ions are released from the sarcomeres and activate the enzyme ATPase which results in
extreme shortening of sarcomeres. This phenomenon is called cold shortening and produces tough
meat but happens less in cattle which large carcasses cool down slowly. Several handling techniques
have been developed to control pH decrease, cooling speed and rigor mortis onset time. The rate of
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carcass cooling must be in adequacy to muscle pH to obtain tender meat: when the carcass temperature
is higher than 35°C, pH should be above 6 whilst when the carcass temperature falls below 12°C, pH
should be less than 6 (Meat Standard Australia in Thompson, 2002).

Animal-intrinsic influence on meat quality

Although pre- and post-slaughter handling is critical for meat quality, there are also animal factors
influencing meat quality characteristics. Studies about the influence of sex, breed, age, growth rate and
carcass classification on meat quality resulted in controversial conclusions. Results of Arthaud et al.
(1977), Crouse et al. (1985) and French et al. (2000b) showed that steers had intrinsically a better
meat quality profile than bulls for similar husbandry practices. Although results are variable, steers
tend to have better water holding capacity, more marbling, lower shear value and better panel score for
tenderness, lower myoglobin content and less dark meat, and a finer lean texture than bulls.
Furthermore, Prost et al. (1975) quoted a study of Field et al. (1966) who obtained no difference in
meat tenderness between heifers, steers and bulls up to 399 days old but heifers and steers had better
scores than bulls when older than 500 days. Prost et al. (1975) mentioned those results contrasted with
the results of Koger et al. (1960) and Zinn et al. (1970) who found no difference between bulls and
heifers in meat tenderness. Therefore, differences between genders are not always perceived and are
mostly visible at maturity. Prost et al. (1975) also showed that differences were dependent on the
muscle considered. Maturity also influences myoglobin content so that meat becomes darker when the
animal is older (Arthaud et al., 1977). At last, maturity influences fat deposit location because internal
fat develops first while IMF develops at last (Dudouet, 2004). According to the study of Perry and
Thompson (2005), there is no relationship between the mean average daily gain in a group of animals
and overall meat palatability when adjusted to the same age at slaughter. Yet, within one group,
animals which showed better individual daily gain also had improved meat palatability for reasons that
remain unclear. However, effects varied according to the breed, the muscle considered and the test
used to assess meat palatability (panel, compression or shear force). Oury et al. (2006) further found
that if slaughtered at the same age, Charolais heifers with the heaviest live weight and therefore
highest life long-average weight gain also had the best meat quality. At last, genetics which influence
growth rate, age at maturity, potential meat production will further influence meat quality

characteristics.

Dietary effects on meat quality traits

As mentioned in chapters 1.2.2 and 1.2.3, diet influences growth rate and carcass composition.
Therefore, diet influences meat quality characteristics inherent to growth rate and carcass composition
mentioned before. Furthermore, diet has a direct influence on meat quality characteristics as detailed
below.

Water holding capacity

As described previously, WHC of the meat is related to meat pH. WHC depends on the muscle
considered (Crouse et al., 1984). Razminowicz et al. (2006) and Realini et al. (2003) found no
difference in pH of musculus longissimus dorsi respectively at 24 h p.m. and after purchase at the
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retailer. Similarly, Friedrich (2010) found neither a dietary effect nor a meat ageing effect on WHC.
Moreover, Razminowicz et al. (2006) found no difference in WHC of grilled meat although
production systems, age and degree of finishing of animals were different. Therefore, nutritional
interventions seem to have less influence than pre- and post-slaughter handling on WHC of meat.

Meat composition

Feeding intensity affected meat composition in the study of Sami et al. (2004). Bulls were fed for 100
or 138 days either ad libitum or restricted maize silage with concentrates. Differences in weight gains
appeared between the two groups and m. longissimus dorsi from bulls with the higher feeding level
had lower moisture content and higher fat content than in the restricted group. However, feeding
intensity had no effect on protein content. Furthermore, length of time on feed had no effect on fat,
moisture and protein content. In contrast, when animals had similar live weight gains, there was no
effect of the type of diet on meat composition (French et al., 2000b; Steen et al., 2003; Noci et al.,
2005; Friedrich, 2010). Therefore, meat moisture, protein and fat content depended on the energy level

of the diet but not on the type of diet under investigation.

Marbling

Intramuscular fat (IMF) is the last type of fat to deposit after subcutaneous fat and intermuscular fat.
As both other types of fat, it is influenced by the animal weight gain and maturity. Pasture grazing
animals showed lower levels of IMF than concentrate-fed animal in the studies of Steen et al. (2003)
and Oury et al. (2006). However, when animal weight gains were similar, meat marbling was also
similar (French et al., 2000b; Steen et al., 2003; Friedrich, 2010). Hence, as for meat composition,
marbling seems to depend more on the energy level of the diet than on the type of diet.

Meat fatty acid profile

The Food and Agriculture Organisation (FAO) recommends an increased consumption of n-3 fatty
acids to compensate for the high n-6 intake in our modern regimen. It also recommends exchange of
saturated fatty acids (SFA) for mono- and polyunsaturated fatty acids (MUFA and PUFA) to prevent
coronary and heart diseases (FAO, 2008). In several studies, cattle fed grass-based diets had enhanced
proportion of PUFA in meat when compared to silage- or concentrate-based fed animals (French et al.,
2000a; Steen et al., 2003; Noci et al., 2005). Noci et al. (2005) found a linear increase in PUFA
content of the meat with days on pasture. Furthermore, Duckett et al. (1993) found a quadratic
decrease in PUFA and linear increase in SFA with days on a maize silage finishing diet after fattening
on pasture. The PUFA content of the meat increased at the expense of SFA in the study of Noci et al.
(2005) and French et al. (2000a) whilst in Steen et al. (2003), MUFA content but not SFA content
tended to decrease while PUFA increased. The n-6:n-3 ratio decreased linearly with the number of
days spent on pasture before slaughter (Noci et al., 2005) due to increased proportion of n-3 while the
proportion of n-6 remained unchanged (French et al., 2000a; Noci et al., 2005) or decreased (Steen et
al., 2003). Furthermore, conjugated linoleic acid content was enhanced in the meat of animals fed
grass-based diets (French et al., 2000a; Noci et al., 2005). Differences in meat fatty acid profile were
observed both when the grass was offered fresh on pasture or as a silage. Indeed, if fatty acid
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composition depends on the intrinsic plant characteristics, it is further modified by lipid oxidation
during the ensiling and wilting processes (Dewhurst et al., 2003). As a conclusion, the consulted
literature provided arguments in favour of meat from grass-fed and specially grazing animals
regarding recommendations of the FAO (2008) about fatty acids in our modern regimen. As the ratio
of unsaturated fatty acid increases, the oxidative stability of the meat is reduced, resulting in
undesirable odours and colours (Berges, 1999). Hence, there could be concerns about shelf life of meat
from grass-fed animals, richer in unsaturated fatty acids. As demonstrated by Cabell and Ellis (1942)
and Hakkarainen and Pehrson (1987), fresh grass and grass silage contain more antioxidative vitamin
E (a-tocopherol) than corn, wheat and hay. Hence, while the PUFA content of grass-fed animals
increases, the vitamin E content of the muscle increases, preventing oxidative damage on the meat
(O’Sullivan et al., 2002).

Meat and fat colour

As described in the previous paragraph, oxidative stability of the meat in not impaired when animals
are grazing. Nevertheless, there is evidence that pasture grazing influences colour of both meat and fat
but results from the consulted literature varied. In the study of French et al. (2000b), steers had
different scores of subcutaneous fat colour whether they were fed for 85 days different levels of
concentrates or solely grazing. The proportion of concentrates in the diet was inversely and linearly
related to the subcutaneous fat yellowness (R* = 52%) and to the kidney and channel fat yellowness
(R? = 69%). Friedrich (2010) and Realini et al. (2003) also found that fat from grazing animals was
yellower. It was also showed that grazing animals had a darker meat than concentrate-fed animals at
the same age (Crouse et al., 1984; Realini et al., 2003). In contrast, French et al. (2000b) and Friedrich
(2010) found no difference in meat darkness, but French et al. (2000b) obtained more yellow meat
when a higher proportion of grass than concentrates was present in the diet. Oury et al. (2006) found
no difference in the colour of m. rectus abdominis whether Charolais heifers were finished 163 days
on maize silage with concentrates or on pasture with additional concentrates. Therefore, authors agree
that grazing animals have yellower fat; however effects of grazing on meat colour remains uncertain.
Increased fat yellowness is most likely due to higher concentration of carotenoids in fresh grass than in
silages and concentrates (Realini et al., 2004; Noziére et al., 2006).

Tenderness and shear force

In the study of Friedrich (2010), grazing did not influence meat tenderness (shear force); only ageing
time lowered shear force value. Furthermore, French et al. (2000b) showed that although the diet had
an influence on meat tenderness in the days following slaughter, differences were not anymore
significant when meat was aged. In contrast, Razminowicz et al. (2006) found that pasture-derived
meat of steers and heifers was more tender than conventionally reared heifers and bulls. However, due
to the diversity of meat origins, influence of handling of animals and carcasses could have biased the
results. Furthermore, although Razminowicz et al. (2006) found no relationship between IMF content
of the meat and shear force, they noticed shear force values were variable within the same slice.
Furthermore, Razminowicz et al. (2006) found higher Warner-Bratzler shear force values when meat
contained less than 1.5% IMF; hence, 1.5% IMF seemed to be the minimum threshold for
acceptability. For pork meat, Fortin et al. (2005) found a significant (p-value<0.05) linear relationship
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between IMF and respectively shear force, softness, tenderness, juiciness and flavour intensity with
Pearson correlation coefficients of -0.41, -0.32, -0.31, -0.27 and 0.24, respectively. Fortin et al. (2005)
also confirmed the minimum level of 1.5 % IMF for acceptable palatability.

1.2.5 Conclusions of the literature study

Diet effect on growth performance, slaughter characteristics and meat quality should be compared for
animals at similar age, breed and gender to reduce animal-intrinsic variations within production traits.
Animals solely allowed pasture grazing showed lower daily weight gains than animals intensively fed
concentrate-based diets, although some authors described similar weight gains for grazing and indoor-
fed animals. Furthermore, grazing animals have leaner carcasses and a higher proportion of bones. As
the lower fatness score of grazing animals was related to a reduced weight gain, a finishing period in
barn is advisable in order to improve carcass fatness. Meat water holding capacity and tenderness are
not influenced by the type of diet, although the diet should be rich enough to ensure an IMF higher
than 1.5%, minimum required for acceptable tenderness. Meat composition and IMF depend more on
the energy level of the diet than on the type of diet. In contrast, fatty acid profile, fat colour and
vitamin E content of the meat are directly dependent on the type of diet. Results about meat
composition in fatty acids were in favour of grazing animals regarding human health

recommendations.

1.3 Research questions

The literature study revealed the expectable differences in animal performance and meat quality
induced by feeding practices as well as animal-intrinsic covariates. However, conclusions need to be
confirmed in the present context. In the Eastern Alps, animals raised for beef production are often:

- From Simmental dairy cows crossbred with meat type bulls;
- Heifers or steers, slaughtered between 500 and 650 kg;

- Raised in barn and fed mainly grass silage with some additional hay or maize
silage and supplemented with low quantities of concentrates.

After the literature study, it remains unclear whether fattening heifers on pasture and finishing in barn
will allow the same animal performances and meat quality as raising solely in barn on a grass silage-

based diet with low amounts of concentrates. Therefore, the research questions are:

1. Are growth and slaughter performances on pasture similar to current
performances in barn?

2. Are meat quality traits different whether animals are fed from pasture or as in
current practices?

3. Is meat fatty acid profile improved regarding health recommendations when
animals are grazing?
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2.1 Animals

Twenty crossbred Charolais x Simmental heifers of 300 kg (+ 50 kg) live weight were purchased at the
beginning of April 2009 from the Carinthian animals and meat trading organisation (Bauerlichen
Vermarktungsgemeinschaft Karntner Fleisch). From the day of purchase, animals were kept in a barn
for three weeks and fed ad libitum grass silage and hay. The experiment began on April, 27", On that
day, animals were distributed over two groups of ten animals so that average live weight and age were
similar in both groups. One group was assigned to pasture rearing (Pasture group) and turned out to
pasture on the same day. The other group was assigned to barn rearing (Indoor group) and divided in
two blocks of five animals.

2.2 Diets

The experiment was set up as described in Figure 1.

Indnorlgtl)‘oup l In barn, fed grass silage, hay and concentrates L
n= |
| |
! ! .
27th April Oct 2009 or Slaughter at
2009 S00 kg LW 550 kg LW
| | |
I | I
| | |
Pasture group

n=10 TOn continuous short grass pasture n Finishing, diet of the Indoor group r

Figure 1. Scheme of the experimental set up (LW: live weight)

The Indoor group was fed grass silage (700 g kg DM) and hay (300 g kg”' DM) ad libitum (5-10%
feed residues). In addition, each animal received daily 2 kg concentrates, which was a mash based
mixture of 300 g kg wheat, 300 g kg barley, 250 g kg” corn and 150 g kg rapeseed meal, and
separately 30 g minerals and 30 g salt. The Pasture group was not supplemented during the entire
grazing season but was offered minerals and salt. Heifers on pasture received anthelmintics twice
during the grazing period and once at the beginning of the barn period. The botanical composition of
the pasture was assessed both in 2006 and 2007 and is presented in the appendix A. Pasture
composition was in average (presented as percentage of the area):

— Grass (55-80%): Dactylis glomerata, Agrostis capillaris, Poa pratensis, Festuca pratensis and

Alopecurus pratensis as main species
— Leguminous (23-50%): Trifolium repens
— Aromatic herbs (16-24%): Taraxacum officinale as main species

Continuous grazing on short grass was chosen as pasture management for its convenience and its

efficiency for feeding beef cattle (see chapter 1.2.1). From 500 kg live weight onwards and latest at the
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end of October, animals were housed for a finishing period on the same diet as the Indoor group.
When animals were about 550 kg live weight, they were fasted overnight and slaughtered at the
facilities of the Agricultural Research and Educational Centre of Raumberg-Gumpenstein.

2.3 Measurements

2.3.1 Growth and feed

Concentrates and fodder were analysed monthly for nutrient composition using the methods described
by ALVA (1983) and VDLUFA (1976). Dry matter content of hay and concentrates were analysed
weekly and dry matter content of grass silage and feed residues were analysed daily (working days
only). Animals from both groups were weighed weekly and individual daily feed intake was recorded
using electronic Calan doors (American Calan, USA). Feed intake was not recorded for animals on

pasture.

2.3.2 Slaughter characteristics

Animals were stunned by percussion stunning using a captive bolt. Blood was collected to be weighed.
Thereafter, skin, feet, head, tongue, liver, spleen, kidneys, kidney fat, heart, lungs, diaphragm and tail
were separated and weighed. The carcass was then divided in two parts and each half hung by the
Achilles tendon. The carcass was immediately placed in a cooling room at 2°C and 70% humidity and
equipped with a ventilation system. Carcass classification and fatness score were assessed from the
right half carcass, according to the European classification system. Length of the right half carcass
from the first vertebra to the cranial edge of the pelvis bone was measured. Thereafter, each half of the
carcass was weighed warm and pH was measured one hour p.m. in the m. longissimus dorsi and the m.
semimembranosus. At 48 h p.m., pH was measured again and cold carcass was weighed. Seven days
after slaughter, the right half carcass was carved and cuts were weighed.

2.3.3 Meat quality

Meat quality characteristics were assessed from the m. longissimus dorsi between the 8" and the 11"
ribs of the right half carcass as described in Figure 2. Cuts were vacuum packed and stored in the dark

at 2°C. Pictures of the different measurements are presented in appendix.

8™ rib o™ rib 10" rib 11" rib
@ . 4 L . 4 @

8-a| |8-l_?1 8-3 9-3 < 9-b i 10-a - 1()-bI ll-aI 11-b
2 cm 3cm

Figure 2. Scheme of the meat sampling locations and measurements for meat quality analysis.
8-a: Marbling, muscle size, meat composition and fatty acid analysis at 7 days p.m.

8-b: Drip loss and cooking loss at 7 days p.m.

8-c: Cooking loss at 7 days p.m.

9-a: Colour and raw meat shear force at 7 days p.m.

9-b: Grill loss and grilled meat shear force at 7 days p.m.
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10-a: Colour and raw meat shear force at 14 days p.m.
10-b: Grill loss and grilled meat shear force at 14 days p.m.
11-a: Colour and raw meat shear force at 21 days p.m.

11-b: Grill loss and grilled meat shear force at 21 days p.m.

Marbling and muscle size

A picture was taken at 7 days p.m. of the full rib cut with bones. The bones remained so the shape of
the m. longissimus dorsi was not altered. IMF percentage and size of the m. longissimus dorsi were

obtained from an analysis of the picture using the software PicEdCora version 9.

Fatty acid analysis and meat composition

From the cut used for marbling and muscle size, the m. longissimus dorsi was removed and
homogenised in a mixer. Dry matter, crude fat, crude protein (Kjeldahl method) and ash content were
assessed on fresh meat according to Handbuch der Lebensmittelchemie (1968). Extraction of
intramuscular fat for fatty acid analyses was carried out according to Folch et al. (1957) with slight
modifications undertaken by the Bavarian State Research Center for Agriculture, division
“Qualitatssicherung und Untersuchungswesen”. The concentration of individual fatty acids from
intramuscular fat was determined as their methyl esthers (FAME) by gas liquid chromatography using
the trimethylsulfonium hydroxide (TMSH) derivatisation method as described by the Deutsche
Gesellschaft fiir Fettwissenschaften (DGF, 2006). The gas chromatograph was a Varian 3900
instrument fitted with a 100 m x 0.25 mm open tubular Supelco Fused Silica SP 2380 column and
helium was the carrier gas. A standard mix Supelco 37 Component FAME Mix (Sigma-Aldrich
Handels Gmbh, Austria) was used as a reference. Temperatures of injection and flame ionization
detector were respectively 250°C and 260°C. Threshold for detection was 0.0075 % of the FAME.

Colour

A luminometer Codec 400 (Phyma, Austria) and its software were used to measure lightness, redness
and yellowness of fat and meat according to the CIE L*a*b* colour space. For L*-lightness, values
could range from zero (black) to 100 (diffuse white). For a*-redness, values could range from -60
(green colour) to +60 (red colour) and zero stood for a grey colour. For b*-yellowness, values could
range from -60 (blue colour) to +60 (yellow colour) and zero stood for a grey colour. At day 7, 14 and
21, meat colour and subcutaneous fat colour were assessed from one cut for each animal as presented
in Figure 2. The colour was assessed on at least five points of the m. longissimus dorsi (or the
subcutaneous fat for fat colour measurement) and the average value was recorded. For meat colour,

measurements were repeated after one hour oxidation at room temperature.

Water holding capacity

Drip loss was measured at 7 days p.m. The cut of m. longissimus dorsi was weighed, hanged on a spit
and left in a plastic box at 2°C. After 48 h, the cut was weighed again and the difference in weight was

recorded as drip loss.
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Cooking loss was assessed at 7 days p.m. both from a fresh cut of the m. longissimus dorsi and from
the cut used for the 48 h-drip loss measurement. The meat was cooked for 50 min in a plastic bag
immersed in a 70°C-warm water bath (Grant, Germany), then cooled down for 40 min in cold water
and weighed.

Grill loss was assessed at 7, 14 and 21 days p.m. Each cut was grilled in an aluminium foil to an
internal temperature of 60°C, in a Silex grill (Silex Ltd, England) which double plates were heated at
200°C. Warm weight was measured immediately after cooking and weighing was repeated when the

meat had cooled down to room temperature.

Shear force

Shear force was assessed using an Instron 3365 machine (Instron, Germany) equipped with a Warner-
Bratzler sharing device as presented in the appendix B. Measurements were done on raw and grilled
meat at 7, 14 and 21 days p.m. with the samples previously used for colour and grill loss. At least 12
cores (1.27 cm diameter) were cut from each steak parallel to the direction of the muscle fibres and cut
by the Warner-Bratzler sharing device at a speed of 150 mm min™'. Shear force was recorded by an
Instron Serie IX Automated Materials Testing System software for Windows.

2.4 Statistical analysis

Statistical analysis was performed using SAS 9.2. (SAS Institute Inc., Cary, NC). Data were analysed
separately for growth, slaughter and meat quality characteristics. In the mixed models, animals were
nested within treatment groups because one single treatment was applied on each animal. Correction
for the small sample size was made as described by Kenward and Roger (1997). Compound symmetry
and autoregressive covariance structures were tested using both the finite-sample corrected Akaike
Information Criteria (AICC) and the Schwarz’s Bayesian Information (BIC) according to Wand and
Goonewardene (2004). For all models, the Tukey procedure was used to test significance of the

difference between least square means.

Growth performance

Data were all from repeated measurements and therefore analysed with a Mixed procedure. The
autoregressive covariance structure was chosen with Week (1 to 53) as the repeated statement. The
following model was used:

Y ijc = u + Group ; + Week ; + (Group*Week) i + €ijc

Y: observed variable

u: overall mean

Group ;: fixed effect of treatment group (Indoor or Pasture)
Week j: fixed effect of the experimental week j

(Group*Week) j: interaction between the effects of group i and week j
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gijk: error term for the animal K of the group i on the week j

As animals differed in live weight along the experiment, they were grouped according to live weight
classes for some analyses (see paragraph 0). Weight classes were <300 kg, 300-350 kg, 350-400 kg,
450-500 kg and 500-550 kg.

Slaughter characteristics

Fixed effect of Group was analysed with an analysis of covariance correcting for the effect of
individual animal live weight at the start of the experiment. Data about carcass classification were

analysed by paired sample t-tests and conclusions were confirmed with a Wilcoxon test.

Meat quality characteristics

Single measurements were analysed with an ANOVA and the fixed effect of Group was tested.
Repeated measurements were analysed with a Mixed procedure. The mixed model included the fixed
effect of Group, Ageing and their interaction. Ageing was used in the repeated statement. The
covariance structure chosen was compound symmetry structure. For data about meat redness,
yellowness and shear force of raw meat, the autoregressive covariance structure showed lower AICC
and BIC. However, the difference between autoregressive and compound symmetry structure
regarding AICC and BIC was small and compound symmetry was preferred because it was simple
(Wang and Goonewardene, 2004).

The following model was used:

Y jjc = u + Group ; + Ageing ; + (Group*Ageing) i + €

Y: observed variable

w: overall mean

Group ;: fixed effect of treatment group (Indoor or Pasture)
Ageing ;: fixed effect of the ageing day (7, 14 or 21)
(Group*Ageing) j: interaction between the group i and the week |

gijk: error term for the animal K of the group i on the week j

Oxidation effect on meat colour was assessed using the same model, adding the fixed effect of
Oxidation and interactions with Ageing and Group. Oxidation was a dummy variable, “0” stood for no
oxidation and “1” stood for one hour oxidation.
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3.1 Feedstuff analysis

As described in the material and methods chapter, animals received daily a diet composed of 30% hay
and 70% grass silage (on a DM basis) and 2 kg concentrates. Composition and energy content of hay,
grass silage and concentrates were evaluated monthly; results are presented in Table 2.

Table 2. Feed composition (means + SD)

Hay Grass silage Concentrates
Dry matter (%) 89 +1.9 34 +43 89 +0.8
Metabolisable energy (MJ kg’ DM) 92  +0.3 10.0 +£0.2 13.3 £0.1
Crude protein 116 =+14 144 +£8.7 145 =£15
Crude fat 22 +4.9 34 +3.6 27 +1.9
Crude fiber 271 =14 268  +19.7 54 +8.9
NDF 522 19 500 +15 174 12
ADF 290 +38 312 +£28 71 +5.7
Lignin 36 +4.8 36 +6.0 20 +4.2
Ash 81 +12 100 +17 29 +1.8
Minerals
Ca 7.6  +£042 85 +£0.83 1.9 +£0.18
Mg 3.5 £0.35 3.5 +£0.27 1.6 +0.13
P 2.7  £0.30 32 +£0.64 42  +£0.36
K 156 +1.94 22.6 +3.66 87 £0.54
Na 021 +0.096 0.23 +0.06 0.18 +0.18
Mn (mg kg™ DM) 106 +428 87 £10 32 +24
Zn (mg kg DM) 32 +£29 33 £29 31 +2.38
Cu (mg kg DM) 10.1 +1.6 123 +1.8 55 *1.9

When not specified, data are in g kg™ DM.
ADF: acid detergent fiber; DM: dry matter; MJ: mega Joules; NDF: neutral detergent fiber.

The grazing area was adapted so that the sward height surface remained between 3 and 6 cm as
showed in Figure 3. Average stocking rate over the whole grazing period was 9 GVE ha™ (livestock
unit: 1 GVE = 500 kg live weight). Grazing area was at its minimum in May with 0.48 ha and at its
maximum in October with 4.50 ha.
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Figure 3. Stocking rate and sward height of the pasture grazed by the Pasture group (GVE:
Grossvieheinheiten (livestock unit), 0.4 GVE= bovine up to 6 months, 0.6 GVE= bovine between 6 and 24
months old, 1GVE= 500 kg live weight (bovine above 24 months old) (OPUL, 2007))

3.2 Growth performances

When the Pasture group was turned on pasture on the 27" of April, mean live weight was 292 kg
(SD=34 kg) while mean live weight in the Indoor group was 312 kg (SD=45kg). Two animals of the
Pasture group were housed for the finishing period from the 21* of September onwards because they
had reached a live weight of 472 and 481 kg, respectively. The remaining animals of the Pasture group
were housed from the 13" of October onwards due to bad weather conditions. The mean live weight in
the Pasture group at the beginning of the finishing period was 431 kg (SD=35 kg) while the mean live
weight in the Indoor group at the same period was 464 kg (SD=48 kg). Over the whole experiment,
ADG of the Pasture group and the Indoor group were 1026 and 993 g d', respectively (SEM=119 g d’
". Regarding the whole experiment, ADG were not significantly different between groups. Detailed
growth performances and feed intake for each period are presented in Table 3. During the grazing
period as during the finishing period, ADG were not significantly different between groups.

Furthermore, average feed intake and feed conversion were similar between groups.
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Table 3. Fattening results and feed consumption for each period

Pasture group

Indoor group SEM*

Grazing period '

Growth
ADG (g day™) 767 936 95
Daily feed intake
Total feed intake (kg DM) - 6.9 0.22
Grass silage (kg DM) - 3.7 0.14
Hay (kg DM) - 1.5 0.07
Concentrates (kg DM) - 1.76 <0.01
ME (MJ) - 72.9 2.08
CP (g) - 884 27.9
EE (g) - 203 6.3
CF (g) - 1408 58
NDF (g) - 2644 105
ADF (g) - 1612 68
Lignin (g) - 191 8.7
Ash (g) - 529 19.7
Ratio CP/ME - 12.1 0.04
Feed conversion
ME (MJ kg gain) - 82 6.1
DM (kg kg gain) - 7.8 0.6
Crude protein (g kg gain) - 992 75
Finishing period '
Growth
ADG (g day™) 1190 1075 111
Daily feed intake
Total feed intake (kg DM) 8.9 9.1 0.39
Grass silage (kg DM) 5.1 53 0.29
Hay (kg DM) 22 2.1 0.09
Concentrates (kg DM) 1.76 1.75 <0.01
ME (MJ) 92.7 94.1 3.75
CP (g) 1228 1252 54
EE (g) 229 236 19
CF (g) 1821 1881 98
NDF (g) 3754 3837 190
ADF (g) 2108 2191 115
Lignin (g) 289 300 14.7
Ash (g) 625 653 34
Ratio CP/ME 13.1 133 0.06
Feed conversion
ME (MJ kg™ gain) 95 97 10.5
DM (kg kg™ gain) 9.2 9.4 0.96
Crude protein (g kg™ gain) 1243 1288 124

ADF: acid detergent fiber; ADG: average daily gain; CF: crude fiber; CP: crude protein, DM: dry
matter; EE: ether extract; ME: metabolisable energy; MJ: mega Joules; NDF: neutral detergent fiber;

SEM: standard error of the mean.

*: data were unbalanced, the higher SEM was taken.
': The Pasture group was on pasture during the grazing period and in barn during the so-called

finishing period, the Indoor group remained in barn during both periods.
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Animals from each group had different live weights from the beginning of the experiment onwards.
Therefore, data are also presented per weight class in Figure 4 and Figure 5. More tables are available
in appendix. No significant difference between groups was observed.

1800
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ADG (g day™)
1200 -

—a— Indoor grou
group 1000 -

—a— Pasture group

800 e A
600 \ \ \ T T
<300 300- 350- 400- 450- 500-

350 400 450 500 550
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Figure 4. Average daily gain for each weight class in each group

ADG remained constant for the Indoor group at all weight classes while it was less stable for the
Pasture group. However, no significant difference was found and a large variability was observed
between animals of the same weight class. In Figure 4, the reduced ADG in the Pasture group for
weight classes 350-400 kg and 400-450 kg corresponds to the weight at which animals were brought
from pasture to barn for the finishing period.
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Figure 5. Metabolisable energy per kg weight gain for each weight class in each group
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In Figure 5, feeding data of the Pasture group were available only from the weight class 400-450 kg
onwards because feed intake on pasture was not recorded. Once again, no significant difference
between groups was observed. Furthermore, the lower metabolisable energy conversion ratio of the
Pasture group at the weight class 450-500 kg was of no significance.

3.3 Slaughter characteristics

3.3.1 Carcass yield and score

Animals were slaughtered at an average live weight of 549 kg and an average age of 511 days old.
Mean live weight was 548 kg for the Indoor group and 550 kg for the Pasture group (SEM=3.4 kg).
Therefore, mean live weight at slaughter was not different between groups. No difference in carcass
weight was observed and mean carcass weight was 303 kg (SEM=3.1 kg). Hence, dressing percentage
was similar in both groups and cold carcass weight represented 55% of the live weight. Frequency of
muscularity and fatness scores are presented in Figure 6. There was no difference between groups for
carcass length (mean lenght 167 cm) and muscularity score (mean score U). Mean fatness score was
2.8 (SD=0.42) for the Pasture group and 3.3 (SD=0.59) for the Indoor group. Animals from the Indoor
group had fatter carcasses (p-value=0.04) but the group effect only explained 21% of the variability of
carcass fatness score (R? value). For the m. longissimus dorsi, mean pH was 6.8 at 1 h p.m. and 5.7 at
48 h p.m..
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Figure 6. Carcass fatness (A) and muscularity (B) score frequency for each group
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3.3.2 Organs and cuts

Weight of the main organs and weight of carcass cuts are presented in Table 4. Although there was no
significant difference, the Indoor group tended to have more kidney fat and a higher kidney fat
percentage than the Pasture group (p-value of 0.060 and 0.080 respectively). In contrast, organs of the
circulatory and respiratory system were heavier in the Pasture group. Furthermore, the liver was also
slightly but significantly heavier in the Pasture group. For most of the cuts, there was no difference
between groups. The flank and sirloin were heavier on carcasses from the Indoor group.

Table 4. Weight of the main organs and of each cut of the right half carcass

Pasture group  Indoor group SEM Significance'

Organs
Liver 6.0 5.5 0.10 **
Spleen 1.0 1.2 0.07 ns
Heart, lungs and
diaphragm 9.1 7.7 0.24 Hok
Kidneys 1.0 0.9 0.04 ns
Kidney fat 7.8 10.9 1.04 ns
Kidney fat (%)’ 2.6 3.5 0.36 ns

Cuts
Neck 10.5 10.2 0.23 ns
Breast and plate 14.3 14.6 0.30 ns
Chuck back rib 12.0 11.9 0.34 ns
Fore shank 4.6 4.4 0.09 ns
Shoulder 19.2 19.3 0.28 ns
Flank 17.5 18.7 0.35 *
Tenderloin 2.6 24 0.07 ns
Sirloin 14.0 14.9 0.26 *
Round 46 45 0.82 ns
Rear shank 7.1 7.0 0.14 ns

Values are least square means in kg.
SEM: standard error of the mean for ten animals per group.
! ns: not significant p-value > 0.05, * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

? in percentage of warm carcass weight.
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3.4 Meat quality

3.4.1 Size and composition of the m. longissimus dorsi

As shown in Table 5, muscle fat content and marbling showed significantly lower values for the
Pasture group than for the Indoor group. Pictures of the two extreme marbling percentages are
presented in appendix. Crude protein and ash content were similar for both groups whilst fat and DM
content were higher for the Indoor group. Although there was no significant difference, muscle size
tended to be smaller for the Pasture group (p-value=0.085).

Table 5. Meat characteristics and composition in each group of the m. longissimus dorsi

Pasture Group Indoor Group SEM Significance'

Muscle characteristics

Muscle size (cm?) 79.3 93.3 542 ns
I;/rlz:;)hng (% of muscle 31 46 04y *
Meat composition (g kg’
FM)
DM 248 256 2.8 *
Crude protein 219 218 1.1 ns
Total fat 17.9 28.6 295 %
Ash 11.32 10.45 0.37 ns

Values are least square means.
DM: dry matter; FM: fresh matter; SEM: standard error of the mean for ten animals per group

" ns: not significant p-value > 0.05, * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

3.4.2 Fatty acid profile of the m. longissimus dorsi

Regarding the fatty acid profile, meat from the Indoor group contained more SFA, mainly due to
higher values for myristic acid (C14:0) and palmitic acid (C16:0) as showed in Table 6. In contrast,
meat from animals of the Pasture group was higher in PUFA, mainly due to higher values for linoleic
acid (C18:2 cis 9, 12) and a-linolenic acid (C18:3 cis 9, 12, 15). The group effect explained 39% and
42% of variations in SFA and PUFA respectively (R? values). Some fatty acids (C11:0, C15:1, C18:4,
C22:1, C22:2, C22:3) are not presented in Table 6 because they were not found in the analysis. CLA
trans 10, cis 12 was only found for one animal of the Pasture group, at 0.06% of the total fatty acids.

M. Velik, I. Gangnat 33



Lehr- und Forschungszentrum

Raumberg-Gumpenstein

Abschlussbericht

Kalbinextensiv

Table 6. Fatty acid composition of the m. longissimus dorsi in each group (% of total fatty acids)

Pasture Group Indoor Group = SEM Significance'
Fatty acid profile
C8:0 (caprylic) 0.093 0.089 0.0109 ns
C10:0 (capric) 0.072 0.086 0.0048 ns
C12:0 (lauric) 0.082 0.097 0.0075 ns
C13:0 0.008 0.014 0.002 *
C14:0 (myristic) 2.64 3.45 0.190 ok
Cl4:1 0.42 0.60 0.051 *
C15:0 0.52 0.61 0.033 ns
C16:0 (palmitic) 26.01 29.47 0.530 ok
Cl6:1 trans 9 0.066 0.114 0.0099 *E
Cl6:1cis9 2.81 3.23 0.210 ns
C17:0 1.48 1.57 0.067 ns
C17:1 0.66 0.70 0.016 ns
C18:0 (stearic) 16.01 15.37 0.550 ns
¥ C18:1 trans 4.76 4.67 0.444 ns
C18:1 cis 9 (oleic) 31.99 31.36 0.890 ns
Cl8:1cis 11 2.83 2.47 0.171 ns
C18:2 trans 9,12 0.15 0.13 0.014 ns
C18:2 cis 9,12 (linoleic) 4.00 241 0.334 *x
C20:0 (arachidic) 0.097 0.098 0.0049 ns
Cl18:3 ¢is 6,9,12 0.032 0.022 0.003 *
C18:3 cis 9,12,15 (o-linolenic) 1.35 0.97 0.078 ok
C20:1 0.11 0.11 0.008 ns
CLACcis9,t11 0.65 0.53 0.026 **
CLAcis9,cis 11 0.069 0.067 0.0075 ns
C20:2 0.068 0.053 0.005 *
C22:0 0.013 0.010 0.0023 ns
C20:3 cis 8,11,14 0.31 0.21 0.027 *
C20:3 cis 11,14,17 0.033 0.025 0.0027 *
C20:4 (arachidonic) 1.00 0.56 0.097 ok
C23:0 0.038 0.021 0.0046 *
C20:5 (eicosapentaenoic, EPA) 0.39 0.18 0.039 ok
C24:0 0.003 0.002 0.0018 ns
C24:1 0.030 0.030 0.0042 ns
C22:4 0.118 0.086 0.0120 ns
C22:5 cis 4,7,10,13,16 0.065 0.049 0.0053 *
C22:5 cis 7,10,13,16,19 «
(docosapentaenoic, DPA) 091 0.54 0.093
(C22:6 (docosahexaenoic, DHA) 0.066 0.048 0.0060 *
Total fatty acids
SFA 47.1 50.9 0.80 *E
MUFA 43.7 43.2 0.84 ns
PUFA 9.21 5.88 0.658 **
CLA 0.73 0.60 0.028 **
n-3 2.76 1.75 0.212 **
n-6 5.73 3.53 0.467 **
n-6/n-3 2.08 2.00 0.096 ns

Values are least square means.

CLA: conjugated linoleic acids; MUFA: Monounsaturated fatty acids; PUFA: polyunsaturated fatty
acids; SEM: standard error of the mean for ten animals per group; SFA: saturated fatty acids.
" ns: not significant p-value > 0.05, * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.
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The average length of the finishing period in barn was 129 days (SD=41 days). For animals of the
Pasture group, concentrations of some FA were significantly correlated to the length of the finishing
period in barn as indicated in Table 7. Concentrations of C20:1 and MUFA increased with the stay in
barn while other fatty acid concentrations decreased. Although there was no significant relationship,
concentration of C18:3 cis 6,9,12 tended to decrease with days in barn (Pearson correlation
coefficient= -0.602 and p-value=0.066) while concentration of MUFA tended to increase (Pearson
correlation coefficient=0.622 and p-value=0.055).

Table 7. Meat fatty acids which concentrations were significantly correlated with the length of the
finishing period in barn of the Pasture group animals

Pearson .
. o coefficient of
correlation significance' L
fficient determination (%)

coe

C12:0 (lauric) -0.638 * 41

C15:0 -0.897 HHE 80

Cl16:1 trans 9 -0.706 * 50

C17:0 -0.706 * 50

C18:1 cis 9 (oleic) 0.936 ok 88

Cl8:1cis 11 -0.691 * 48

C18:2 trans 9,12 -0.769 *k 59

C20:1 0.681 * 46

C20:5 (EPA) -0.643 * 41

* p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

3.4.3 Water holding capacity

Water holding capacity of the m. longissimus dorsi was assessed by drip loss, cooking loss, cooking
loss after drip loss and grill loss. No significant group effect, ageing effect or interaction was
observed. Mean values were 3.2 % loss by dripping, 26 % loss by cooking in a water bath, 21 % loss
by grilling and 29 % loss after cooling the grilled meat, expressed as the percentage of weight lost.

3.4.4 Meat and fat colour

Colour of the meat and the subcutaneous fat was assessed at different ageing points for each group. As
presented in Table 8, fat redness and yellowness were more intense for the Pasture group. Ageing
increased intensity of meat lightness, fat redness and fat yellowness. Group effect was not significant
for meat colour, although meat tended to be more red in the Pasture group (p-value=0.099). For fat L*-
brightness, a significant interaction of Group and Ageing effects was observed. Indeed, fat L*-
brightness decreased in the Pasture group with ageing days while it remained constant in the Indoor
group. Oxidation (at T=1 h) rendered the meat more red (p-value<0.001), more yellow (p-
value<0.001) and tended to make it brighter (p-value=0.060).
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Table 8. Brightness (L*), redness (a*) and yellowness (b*) of meat and subcutaneous fat in each group, at
different ageing points on a fresh cut and after one hour oxidation

Group Ageing Effect’
Pasture Indoor SEM 7 days 14 days 21 days SEM Group Ageing Group*Ageing

Meat colour T=0

L* 38.6 39.3 0.84 37.4° 39.5% 399? 0.66 ns ok ns
a* 11.3 10.3 0.39 10.7 10.9 10.9 0.33 ns ns ns
b* 7.5 6.8 037 7.1 73 7.2 033 ns ns ns

Meat colour T=1 h?

L* 39.3 40.2 0.78 39.2 39.5 40.6 0.75 ns ns ns
a* 14.1 13.4 043 13.1° 13.9° 14.3° 0.38 ns * ns
b* 10.4 10.2 03 9.7° 10.4 ° 10.8° 0.29 ns * ns

Fat colour T=0

L* 69.3 70.6 1.06 70.3 70.4 69.2 091 ns ns *
a* 2.2 0.7 0.28 0.0° 1.6° 2.6° 0.24  Rwx ok ns
b* 8.8 7.2 0.44 6.8° 8.2° 8.9° 033 * ok ns

Values are least square means in the CIE L*a*b* colour space.

SEM: standard error of the mean for ten animals per group.

" ns: not significant p-value > 0.05, * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.
*: after 1 h oxidation

ab. different superscripts within a row indicate significant differences.

3.4.5 Shear force

Results of the Warner-Bratzler shear force test are presented in Table 9. There was neither a
significant group effect nor an interaction of group and ageing effects, but significant ageing effects
were found. Although shear force of the raw meat increased with ageing time, the grilled meat had

lower shear force values from 14 days of ageing onwards.
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Table 9. Shear force values of raw and grilled meat in each group and at different ageing points

Group Ageing Effect'

Pasture Indoor SEM 7 days 14 days 21 days SEM Group Ageing
Raw meat  2.46 261 0163 225 250" 285" 0.143 ns ok
Grilled b b

3.15 3.28 0.228 4.06" 2.96 2.61 0.189 ns ok
meat

Values are least square means, expressed in kilogram-force (1 kgf = 9.8 newtons)

SEM: standard error of the mean for ten animals per group.

" ns: not significant p-value > 0.05, * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

ab. different superscripts within a row indicate significant differences ( p-value < 0.05).
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4.1 Growth performance

According to the values given by Garcia et al. (2003), hay was of medium quality regarding crude
protein and NDF but of prime quality regarding ADF content. The grass silage was of medium quality
regarding the values given by Kirkland and Patterson (2005) for low and high quality grass silages.
Grazing allowance was in accordance with the results presented by Friedrich (2010) for heifers
fattening on continuous short grass pasture. Although sward height was lower than usually
recommended for this pasture management, it was in accordance with the results of Friedrich (2010)
who reported a sward height of at 4 to 5.5 cm. Furthermore, Héusler et al. (2008) precised a sward
height of 3 to 4 cm was optimal for this pasture management. ADG of both Pasture and Indoor groups
were about 1010 g day™', which is in accordance with the results of Noci et al. (2005), Héusler et al.
(2008) and Friedrich (2010). Regarding ADG per period, there was no significant difference between
the two groups. However, the Pasture group had a less stable growth rate than the Indoor group over
the whole experiment and ADG of the Pasture group was numerically lower than in the Indoor group
over the grazing period. Inversely, the ADG over the barn period was slightly higher for the Pasture
group. In the study of Friedrich (2010), animals on pasture also showed a less stable growth rate than
animals in barn. Animals on pasture are more active than indoor kept animals and are exposed to
changing climatic conditions influencing grass supply and maintenance requirements (Young, 1983;
NRC, 2001; Legrand et al., 2009) which could have punctually altered the growth rate of the Pasture
group. Regarding the finishing period in barn, conversion of crude protein, metabolisable energy and
feed dry matter into live weight was within the range observed by Friedrich (2010). Feed dry matter
conversion ratio was slightly above the results of Dufey et al. (2002) with steers and Sami et al. (2004)
with bulls, most likely because of different feed energy content and gender effects (see paragraph 0).

4.2 Carcass characteristics and organ weights

While carcass conformation score was similar in both groups, fatness score was lower for the Pasture
group (p-value=0.04). This observation is in accordance with the results of Realini et al. (2003), Steen
et al. (2003) and Keane and Moloney (2009). Furthermore, Friedrich (2010) found no significant
difference (p-value=0.15) but obtained numerical differences between silage-fed and grazing animals.
However, in the present study, the fixed group effect explained only 21% of the variability of the
fatness score (R? value). A carcass fatness score of 2 has the same value as a fatness score of 3
according to the Austrian beef market, while penalties are applied for a fatness score of 4
(Osterreichische Rinderbérse, 2010). In the present study, five animals had a fatness score above 3,
among which four animals were from the Indoor group and one from the Pasture group. Hence, the
Pasture group would have received less penalties for carcass fatness than the Indoor group in a

commercial slaughter house.

Although there was no significant difference between groups, kidney fat and kidney fat percentage in
the warm carcass weight showed the same trends as carcass fatness scores (p-value=0.060 and 0.080,
respectively). Dressing percentage was in accordance with the results of Steen et al. (2003) who also
used crossbred Charolais heifers slaughtered between 529 and 560 kg live weight, and with the results
of Friedrich (2010). Carcass cuts had mostly the same weight in both groups but striploin and flank
were significantly heavier in the Indoor group. These results are in contrast with the results of
Friedrich (2010) who found no difference in cuts weight. However, striploin and flank of the Indoor
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group were heavier by only 6%, which may be of low practical importance.

Liver, heart, lungs and diaphragm were significantly heavier in the Pasture group. Friedrich (2010)
observed the same phenomenon. Heavier liver, increased blood flow and higher oxygen consumption
are associated with a higher feed intake (Burrin et al., 1989). Myers et al. (1999) concluded that
hypertrophy occurs, subsequently to increase in feed intake, in organs that have high-maintenance
energy expenditures such as heart, liver and gut. In the study of French et al. (2000a), animals on
pasture had a higher DM intake than animals fed a maize silage-based diet but both groups had the
same ADG. Feed intake of the animals on pasture was not recorded but based on the feed intake
measurements of French et al. (2000a), it can be hypothesised that in the present study dry matter
intake of animals on pasture was higher than the intake of animals in barn, which matches with the
heavier organs. Furthermore, Bowden and Clarke (1963) observed that pigs raised on pasture had
heavier hearts than pigs raised in barn and explained this finding by the higher exercise of animals on
pasture according to Bowden (1957).

4.3 Meat quality

4.3.1 Muscle size and composition

IMF was higher in the meat of the Indoor group whether it was measured as marbling percentage with
the software PicedCora or by chemical analysis. As for Muir et al. (1998), this observation is in
accordance with the higher carcass fatness score of the Indoor group. Steen et al. (2003) found similar
results regarding marbling percentage. However, in other studies in which animals had similar ADG,
carcass fatness score and intramuscular fat content were also similar regardless of the diet (French et
al., 2000b; Steen et al., 2003; Friedrich, 2010). As presented in Table 11, the average IMF in the
pasture group is below the threshold recommended by Frickh et al. (2005). Furthermore, the size of
the m. longissimus dorsi tended to be smaller in the Pasture group (p-value=0.085), which matches
with the lower weight of the striploin. Ash and protein content of the meat did not differ between
groups, which confirms the results of Friedrich (2010) and French et al. (2000b). As a consequence of
higher meat lipid content in the Indoor group, ash and protein being in equal proportions, DM content
of the meat was higher in the Indoor group. Steen et al. (2003) obtained a wider m. longissimus dorsi
area in pasture-fed than in high concentrate-fed steers when adjusted to the same ADG (p-value=0.07),
whereas heifers showed the opposite result but without significant difference between feeding groups
(p-value=0.18).

4.3.2 Fatty acid profile of the meat

Heifers fattened on pasture had lower SFA but higher PUFA and CLA concentrations in FAME than
heifers fed a grass silage-based diet in accordance with the results of French et al. (2000a) and Noci et
al. (2005) and partly in contrast with the results of Steen et al. (2003) and Friedrich (2010) as shown
in Table 10.

Table 10. Results of the present study compared to results of other authors regarding saturated (SFA),
monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) concentrations in the grazing group
compared to the silage- or concentrate-fed group
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Present Friedrich French et al. Noci et al. Steen et al.
study (2010) (2000a) (2005) (2003)

SFA - ns - - ns

MUFA ns - ns ns -

PUFA + ns + + +

- : grazing group had a significantly lower concentration of these fatty acids; +: grazing group had a
significantly higher concentration of these fatty acids; ns: no significant difference between the two

groups for these fatty acids.

*: only a trend with p-value=0.06.

In the present study, heifers of the Indoor group had higher concentrations of C12:0 (lauric acid) and
to a larger extent, higher concentrations of C14:0 (myristic acid) and C16:0 (palmitic acid). Similarly,
French et al. (2000b) obtained more C16:0 and unchanged proportions of C18:0 in the silage-fed
group than in the grazing group. However, French et al. (2000b) did not obtain higher proportions of
C12:0 and C14:0 in meat of the grass silage-fed animals. Important PUFA such as C18:2 (linoleic
acid), C18:3 (a-linolenic acid), C20:4 (arachidonic acid), C20:5 (EPA), C22:5 (DPA) and C22:6
(DHA) were all in significantly higher concentrations in the meat of the Pasture group animals. French
et al. (2000a) also obtained higher proportion of C18:2 and C18:3 but no change in C20:5 or C20:4.
Regarding n-3 and n-6 fatty acids in the present study, higher concentrations were found in the Pasture
group than in the Indoor group. Higher n-3 proportions in meat from grazing animals were already
mentioned by Steen et al. (2003) and French et al. (2000a). Regarding n-6 fatty acids, higher
proportions in grazing animals than barn- or feedlot-fed animals were also observed by Rule et al.
(2002), Realini et al. (2004), Sami et al. (2004) and Holl6 et al. (2005). As grass is richer in n-3 fatty
acids than preserved forage (Dewhurst et al., 2003), grazing animals are more susceptible to show
high n-3 content than barn-fed animals. In the present study, pasture management maintained the grass
in a vegetative stage; hence, grass had high sugar levels and low fiber content. This could have
enhanced biohydrogenation in the rumen (Ferlay, 2006). A high C18:3 intake associated with a high
biohydrogentaion process would then have enhanced C18:2 levels. Indeed, linoleic acid (C18:2 cis 9,
12) concentration was significantly higher in the Pasture group in the present study. Consequently to
the increase in both n-3 and n-6, the ratio n-6:n-3 did not differ between groups in the present study as
in Sami et al. (2004). In contrast, Friedrich (2010), Noci et al. (2005), Realini et al. (2004), Steen et al.
(2003) and French et al. (2000a) obtained lower n-6:n-3 ratio in the grazing group than in the silage-
or concentrate-fed group. Meat from animals of the Indoor group had higher concentrations of C12:0
(lauric acid), C14:0 (myristic acid) and C16:0 (palmitic acid) which are all three known to have a
cholesterol rising effect (Daley et al., 2010).

While Duckett et al. (1993) found a quadratic decrease in PUFA and linear increase in SFA with days
on a maize silage finishing diet after fattening on pasture, only MUFA tended to increase with days on
a grass silage-based finishing diet in the present study. The Indoor group had higher concentrations of
C12:0 and C16:1 trans 9 than the Pasture group and, surprisingly, concentrations of these fatty acids
were negatively correlated with days in barn for the Pasture group. Concentration of these two non-
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essential fatty acids was equal to or lower than 0.1 %. Hence, their correlation with days in barn is of
low importance. Concentration of C18:1 cis 9 (oleic acid), was strongly positively correlated with days
on the finishing diet in barn (Pearson correlation coefficient = 0.936) which matches the trend to
increased MUFA concentration with days in barn and is in agreement with the results of Smith et al.
(2009). This may indicate a high IMF deposit in the Pasture group during the finishing period in barn
(Smith et al., 2009). Although C20:5 (EPA) concentration decreased with days on the finishing diet in
barn, the Pasture group still showed a concentration of this beneficial fatty acid twice higher than the
Indoor group. Thus, finishing in barn did not impair the beneficial fatty acid profile the meat acquired
from pasture grazing. Correlations between days on the finishing diet after pasture fattening and meat
fatty acid profile have been assessed from 10 animals on pasture. These observations need to be

confirmed with a larger sample size.

4.3.3 Water holding capacity and pH

In the present study, the m. longissimus dorsi of both Pasture and Indoor group animals had a pH, of
5.7, which is also the value obtained by Realini et al. (2004) and within the normal range according to
Viljoen et al. (2002) and Immonen et al. (2000). Furthermore, this value is within the range of pH,
advised by Frickh et al. (2005) as shown in Table 11 and close to 5.5 which is the “normal meat”
value according to Warriss (2010). Furthermore, WHC was within the range advised by Frickh et al.
(2005), which could be expected regarding the pH, value (see paragraph 0). There was no difference
in WHC between groups, which confirms the results of Friedrich (2010) and Razminowicz et al.
(2006).

4.3.4 Meat and fat colour

Meat colour was not different whether the meat was from the Pasture or the Indoor group, which is in
agreement with the results of Friedrich (2010) and French et al. (2000b). Furthermore, values for meat
L*-brightness and a*-redness were within the range advised by Frickh et al. (2005) as shown in Table
11. The present results contrast with the results of Gatellier et al. (2005) who observed pasture-
finished animals had lower haeminic iron content than mixed diet-finished animals, which indicates
pasture-finished animals had a more red meat. The latter experiment was carried out on farms and iron
supplementation in the farm mixed diet could not be excluded according to the authors. In the present
study as in the study of Friedrich (2010), values for meat a*-redness were lower than described by
French et al. (2000b) and Vieira et al. (2007). However, the two latter studies were carried out with
older animals and colour was measured after a longer oxidation time and at an earlier ageing time
point than in the present study, which all influence a*-redness value as observed in the present study
and in Friedrich (2010), Muir et al. (1998), Jayasooriya et al. (2006) and Irureta et al. (2008).

Effect of grazing on fat yellowness is well known (see paragraph 0) and the present study confirmed
the observations of Muir et al. (1998), French et al. (2000b), Realini et al. (2003) and Friedrich
(2010). However, a significantly more reddish colour of subcutaneous fat from grazing animals had
already been observed only by Friedrich (2010) although results of Realini et al. (2003) showed
numerical differences. Furthermore, ageing significantly enhanced fat colour intensity for both groups,
as already observed by Revilla and Vivar-Quintana (2006), while brightness remained unchanged in
the Indoor group and slightly lowered in the Pasture group. Yellowness of the fat can impair the
acceptance of the meat by some consumers but can be reduced by trimming the fat (Kerth et al., 2007).

M. Velik, I. Gangnat



Lehr- und Forschungszentrum Abschlussbericht

Raumberg-Gumpenstein Kalbingriinland

4.3.5 Shear force

Warner-Bratzler shear force values were below the threshold advised by Frickh et al. (2005) from 14
days of ageing onwards, which is also the minimum ageing time advised by Frickh et al. (2005). As it
has been already widely acknowledged (Irurueta et al., 2008; Revilla and Vivar-Quintana, 2006;
Marino et al., 2006; Gruber et al., 2006), ageing lowered shear force values of the cooked meat.
Although raw meat showed higher shear force values at 21 days p.m. than at 14 days p.m., all
measurements were below the threshold recommended by Frickh et al. (2005) and therefore,
difference in raw meat tenderness between 14 and 21 days of ageing was most likely of low practical
importance. As presented in Table 11, IMF in the pasture group was below the thresholds
recommended by Frickh et al. (2005) but remained above the 1.5% threshold for acceptable tenderness
of Fortin et al. (2005) and Razminowicz et al. (2006).

Table 11. Comparison of reference thresholds for meat quality criteria (Frickh et al., 2005) with the
results of the present study and the results of Friedrich (2010)

Frickh et al.

Present study  Friedrich (2010)
(2005)

Pasture Indoor Pasture Indoor Recommended
group* group* group* group* thresholds

pH, 5.7 5.9 5.4-5.8
WHC (%)

Drip loss 3.2 2.5 3.0-4.5

Cooking loss 26 26 <30

Grill loss (warm) 21 17.8 <22

IMF (% fresh meat

weight) 1.8 2.9 3.2 2.5-4.5
Shear force (kgf)

Raw meat 2.85 2.7 -

Grilled meat 2.61 2.6 <4.0

Meat colour

L*-brightness 40.6 39.9 34-40
a*-redness 14.3 11.6 > 10
b*-yellowness 10.8 7.7 -

WHC: water holding capacity, IMF: intramuscular fat; FM: fresh matter
For WHC, shear force and meat colour, values are given for measurements at 21 days of ageing.

*The mean value is given when differences between groups were not-significant (p-value>0.05)

Ender (1995, in Branscheid et al., 2007) recommended the same values as Frickh et al. (2005) for drip
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loss, shear force, IMF and L*-brightness and recommended a pH,, between 5.6 and 6.0.
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5.1 Conclusions

The aim of this study was to determine whether fattening heifers on pasture with a finishing period in
barn allowed as good performances and meat quality as current rearing in barn on a grass silage-based
diet with low amounts of concentrates. Results showed that fattening on pasture with a finishing
period in barn allowed as good growth performance as raising solely in barn. Animals fattened on
pasture and finished in barn had in average lower carcass fatness scores than animals solely kept in
barn, although scores remain within the desirable interval. In contrast, animals solely kept in barn had
more often a too high carcass fatness score than animals fattened on pasture and finished in barn. Meat
from animals fattened on pasture or solely fed in barn was within the thresholds for acceptable meat
palatability. Meat colour was not influenced by either feeding practice but fat colour was more red and
more yellow in the grazing animals. Meat from grazing animals was leaner but this characteristic had
no consequence on shear force. Furthermore, meat from animals fattened on pasture had enhanced
proportions of n-3, PUFA and CLA and a reduced proportion of SFA, known to have a cholesterol
rising effect. The finishing period did not significantly impair this beneficial fatty acid profile but
results needs to be confirmed with a larger sample size.

5.2 Implications

According to the present study and the study of Friedrich (2010), fattening heifers on Alpine pastures
is a suitable practice. Continuous grazing on short grass provides as good growth performances for
heifers as the current feeding practices in barn. However, the growth rate of the animals on pasture is
less stable than in barn and the transition from pasture to barn can be delicate. Meat palatability and
processing quality is not impaired if animals are grazing. Allowing the cattle to graze improves the
fatty acid profile of the meat regarding human health needs. Colour of the fat may be inconvenient
regarding consumer preferences but may also help differenciating meat from grazing animals. In
contrast, the leaner meat of the animals on pasture could be more attractive for consumers concerned
by fat in their diets. A finishing period in barn from 450 kg to 550 kg is sufficient to obtain desirable
carcass fatness and conformation and did not impair the advantageous n-3, PUFA and CLA

concentrations.
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6 Appendix

A. Botanical composition of the pasture

Table 1. Inventory of the botanical composition of a pasture on continuous grazing on short grass in

Ennstal (% of total area when not indicated) (LFZ Raumberg-Gumpenstein, 2010)

08/2007 08/2006

Old New Oold New

pasture pasture pasture pasture
Grass (% DM weight) 40 50 53 65
Legumes (% DM weight) 48 35 25 20
Herbs (% DM weight) 12 15 22 15
Bare ground 4 5 4 3
Agrostis capillaris 15 1 15
Alopecurus partensis 10 8 12 8
Dactylis glomerata 6 25 12 45
Elymus repens 0,3
Festuca pratensis 8 6 18 10
Festuca rubra 0.3
Lolium x boucheanum 0,3
Lolium perenne 5 4
Phleum pratense 3 5 1
Poa pratensis 10 12 8 5
Poa trivialis 2 4 3 8
Trisetum flavescens 1 1
Total grass 55 67 69 80
Trifolium pratense 1
Trifolium repens 50 38 28 22
Total legumes 50 38 28 23
Achillea millefolium 2 6 1
Cerastium holosteoides 0,3 0,7 1 0.3
Galinsoga ciliata 0,3 0.3
Glechoma hederacea 0.3 1
Leontodon autumnialis 1
Plantago lanceolata 1
Plantago major 1
Ranunculus acris 1 2 0.7 0.3
Ranunculus repens 3 2 4 1
Rumex acetosa 0,3 1
Rumex obtusifolius 3 1 2
Taraxacum officinale agg. 6 12 8 18
Veronica serpyllifolia 0,3 0,7 0.3
Heracleum sphondylium 0,3
Total herbs 16 19 23 24
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B. Meat quality measurements

Figure 2. Meat and fat colour measurements with a spectrophotometer
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Figure 4. Meat sample to be grilled and the thermometer to control internal temperature (A) and the
meat grilling in a Silex double plate (B).
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Figure 5. Sampling in grilled meat for shear force measurements

Figure 6. Shear force measurement on raw meat, sharing with a Warner-Bratzler sharing device
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Figure 7. 2 cm-cut at the 8" rib showing the highest marbling percentage of this study (A) and the

lowest marbling percentage of this study (B)
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C. Results per weight class and per group
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Figure 8. Crude protein intake for each weight class in each group.
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Figure 9. Dry matter intake for each weight class in each group.
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Figure 11. Ruminal N balance for each weight class in each group.
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8 Okonomische Analyse eines Vergleiches zweier unterschiedlicher

Kalbinnenmastverfahren

von Dr. Agnes Leithold

A. Leithold 60



Lehr- und Forschungszentrum fiir Landwirtschaft Abschlussbericht

Raumberg-Gumpenstein Kalbingriinland

Auf Grund der Tatsache, dass in Osterreich knapp 60 % der Betriebe im Nebenerwerb gefiihrt werden und
bei diesen der Grad der Arbeitsbelastung und der Arbeitsproduktivitdt bei der Auswahl des richtigen
Betriebszweiges im Vordergrund stehen, hat die Rindermast als extensiver Betriecbszweig grof3e Bedeutung
fiir diese Betriebe. Es kann zwischen verschiedenen Produktionssystemen unterschieden werden, wobei
sich nachfolgende Ausfiihrungen auf das System der Weidehaltung sowie der mittelintensiven Mast im
Stall beziehen. Eine wirtschaftlich effiziente Mast von Rindern ist unter anderem abhéngig von der
Mastdauer, den Fleischerlosen sowie den Zukaufspreisen der Kilber. Obwohl die Stiere im Gegensatz zu
den Ochsen oder Kalbinnen hohere tégliche Zunahmen und eine kiirzere Mastdauer aufweisen, ist die
Haltung von Stieren auf der Weide nur mit groBem Aufwand moglich. Aus dem Grund bietet sich das
Maisten von Kalbinnen als Alternative an, da Untersuchungen bereits zeigen konnten, dass bei guter
Grundfutterqualitit gute Mastleistungen erzielt werden kdnnen. Ob die Mast von Kalbinnen auf der Weide
auch wirtschaftlich mit einem Mastverfahren im Stall mithalten kann, soll diese 6konomische Analyse

zeigen.

8.1 Material und Methodik

Die vorliegende Auswertung prasentiert die okonomischen Ergebnisse eines Kalbinnenmastversuches,
welcher zwei Produktionsarten der Kalbinnenmast untersuchte. Der Versuch wurde mit zwanzig Kalbinnen
durchgefiihrt, wobei diese in zwei homogene Gruppen aufgeteilt wurden. Die Tiere beider
Versuchsgruppen wurden im April 2009 mit einem Durchschnittsgewicht von 305 kg zu einem
durchschnittlichen Preis von € 672,74 pro Tier von der Bauerlichen Vermarktung , Kérntner Fleisch®
zugekauft und eingestellt. Die Tiere der Stallgruppe wurden mit Grassilage, Heu und Kraftfutter gemaéstet,
wobei die Tiere der Weidegruppe wihrend der Weideperiode kein zusétzlich zur Weide angebotenes Futter
bekamen. Sowohl die Tiere der Weide- als auch der Stallgruppe bekamen wihrend der Versuchsdauer eine
Mineralstoffmischung sowie Viehsalz verabreicht. Sobald die Tiere der Weidegruppe ein Lebendgewicht
von 500 kg erreichten und dies noch in der Weideperiode lag, wurden sie im Stall fertiggemaéstet. Nach
Ende der Weideperiode — diese betrug durchschnittlich 164 Tage — wurden die Tiere der Weidegruppe im
Stall bei gleicher Futterration wie die Stallgruppe, fertiggemaéstet. Die Tiere der Gruppe Stall wurden mit
durchschnittlich 548 kg geschlachtet, die der Weidegruppe mit 550 kg Lebendgewicht. Der Grad der
Ausschlachtung betrug bei beiden Gruppen rund 55 % des Lebendgewichts, wobei ein Kilogramm
Schlachtgewicht kalt mit € 3,21 It. AMA bewertet wurde. In dem vorliegenden Versuch wurden laufend
Aufzeichnungen beziiglich Mastdauer, Mastleistung sowie Futteraufnahmen erhoben (sieche Tabelle 1). Die
in diesem Versuch gewonnen Daten wurden als Basisdaten fiir die folgenden betriebswirtschaftlichen
Berechnungen verwendet. Ermittelt wurden der Deckungsbeitrag sowie ein erweiterter Deckungsbeitrag,
das heifit, dass Arbeitserledigungskosten sowie relevante Offentliche Direktzahlungen berticksichtigt

wurden.

Im Bereich der Direktleistungen wurden neben den Fleischerlosen, abgerechnet nach den Preisen der
AgrarMarktAustria Stand Dez. 2010 auch die Schlacht- sowie Weidepramien (fiir die Weidegruppe),
beriicksichtigt. Fiir die Futterkosten von Grassilage und Heu wurden Standardwerte It. dem
Standarddeckungsbeitragsskatalog 2008 des @ BMLFUW  herangezogen. Die  verabreichte
Kraftfuttermischung, welche sich folgendermaB3en zusammensetzte, 30 % Weizen, 30 % Gerste, 25 % Mais
und 15 % Raps, wurde nach den aktuellen Preisen des regionalen Handels bewertet. Der tégliche

Arbeitsbedarf fiir die Weide- und Stallgruppe wurde nach den Standardarbeitszahlen nach Greimel und
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Stadler errechnet und die Arbeitsstunde mit dem giiltigen Maschinenringarbeitssatz bewertet. Die

Behandlungskosten des Tierarztes fiir Entwurmung sowie der Lungenentziindung dreier Tiere der

Weidegruppe wurden mit den tatséchlich angefallenen Kosten veranschlagt. Tabelle 2 zeigt die wichtigsten

in der Kalkulation verwendeten Kostenansétze.

Tabelle 1. Tageszunahmen und Futteraufnahmen je Versuchsgruppe

Weidegruppe Stallgruppe

Weideperiode Tageszunahmen in g/Tag 767 936
Futteraufnahme in kg TM - 6,9
Grassilage in kg TM - 3,7
Heu in kg TM - 1,5
Kraftfutter in kg TM - 1,76

Stallperiode Tageszunahmen in g/Tag 1190 1075
Futteraufnahme in kg TM 8,9 9,1
Grassilage in kg TM 5,1 5,3
Heu in kg TM 2,2 2,1
Kraftfutter in kg TM 1,76 1,75

Tabelle 2. Kostenansatze in €

Euro

Grassilage in kg TM  0,0585

Bodenheu in kg TM 0,0575

Weide in kg TM 0,0360

Kraftfutter inkg TM  0,1284

Mineralstoff in kg TM 1,4

Arbeitskosten in h 10,00

Die durchschnittliche Weideperiode betrug 164 Tage. AnschlieBend wurden die Weidetiere

durchschnittlich 129 Tage im Stall bis zur Erreichung des Schlachtgewichts geméstet. Bei der Stallgruppe

betrug dieser Zeitraum — von der Einstallung der Weidetiere gerechnet — durchschnittlich nur 104 Tage.
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8.2 Ergebnisse

Tabelle 3 zeigt die Ertrige, Kosten und den erweiterten Deckungsbeitrag der beiden Versuchsgruppen
Weide und Stall.

Tabelle 3. Durchschnittliche Ertrége, Kosten und erweiterter Deckungsbeitrag in Euro je Versuchsgruppe
Weidegruppe Stallgruppe

Fleischertriage 972.4 968.,8
Prdmien 92,0 32,0
Futterkosten 128,9 155,0
Zukaufkosten des Tieres 664,7 680,8
Arbeitskosten 85,2 94,8
Tiergesundheit 24,0 -
Leistungen 1.064,4 1.000,8
Kosten 902,8 930,6
erweiterter DB 161,5 70,2

Schlachtkalbinnen haben Anspruch auf eine Schlachtpriamie, welche derzeit bei € 32 pro Tier liegt. Bei
einem Weidegang der Tiere kann weiters eine Weideprdmie von € 60 pro Tier angesetzt werden. Dies fiihrt
somit zu einem hoheren Ergebnis der Weidegruppe im Ertragsbereich. Da beide Gruppen ein
durchschnittliches Mastendgewicht von 549 kg und einen Ausschlachtungsgrad von 55 % erreichten, gibt

es bei den Fleischertrdgen kaum Unterschiede.

Die niedrigeren Futterkosten errechnen sich in der Mast der Weidegruppe, die Futterkosten der Stallgruppe
liegen um ca. 20 % dariiber. Dies ldsst sich dadurch erkléren, dass wéhrend der Weideperiode der
Weidegruppe einzig das billigste Grundfuttermittel der Rindermast, nidmlich die Weide, zur Verfiigung
stand. Hier konnten deutlich Kosten eingespart werden. Aufgrund der Tatsache, dass die Fertigmast der
Weidegruppe wihrend der Stallperiode um iiber 25 Tage ldnger dauerte, liegen die Futterkosten fiir diese
Gruppe wihrend dieser Periode um iiber 23 % hoher als bei der Stallgruppe.

Nahezu dreiviertel der gesamten variablen Kosten verursacht der Zukauf der Kéilber mit durchschnittlich €
672,75 pro Tier.

Tiergesundheitskosten fielen wéihrend des durchgefiihrten Versuches einzig bei der Weidegruppe mit
durchschnittlich € 24 pro Tier an. Obwohl die Mastdauer der Weidegruppe um ca. 25 Tage ldnger war und
sich dadurch auch der Arbeitsaufwand erhdhte, liegen die Arbeitskosten insgesamt gesehen jedoch unter
denen der Stallgruppe, da wihrend der Weideperiode geringere Arbeitszeiten bei der Weidegruppe im
Gegensatz zur Stallgruppe anfallen. Insgesamt gesehen liegt die intensive Mast der Kalbinnen im Stall mit
rund € 30 iiber den anfallenden Kosten der Weidegruppe.

Der erweiterte Deckungsbeitrag ist bei der Weide- als auch Stallgruppe positiv, wobei dieser bei der
Weidegruppe mehr als doppelt so hoch ist. Dies liegt einerseits an den hoheren Leistungen als auch an den

geringeren Kosten bei der extensiven Mast der Kalbinnen.
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8.3 Zusammenfassung

Durch diesen Versuch konnte gezeigt werden, dass die Kalbinnenmast auf der Weide wirtschaftlich
durchaus interessanter als die Mast im Stall ist. Dies ist trotz der verldngerten Mastdauer und somit der
geringeren Tageszunahmen von durchschnittlich 27 g pro Tier und Tag der Fall. Aufgrund der Tatsache,
dass wihrend der Weideperiode das kostengiinstige Weidefutter als alleiniges Futtermittel ausreicht und
auch die Weideprimie FEingang in die Wirtschaftlichkeit der Kalbinnenmast findet, aber auch der
Arbeitsaufwand etwas geringer als bei der Stallmast ist, ist die Kalbinnenmast auf der Weide der der
Stallmast aus wirtschaftlicher Sicht vorzuziehen.
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