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Abstract

So far, in Austria, beef cattle were raised mostliparn because of the harsh weather conditions
of the Eastern Alps. With the current economical anltural context, trends to raise beef cattle
on pasture during the grazing season are risinglidations of turning beef cattle on pasture
remain unclear regarding animal performances aradityuwf the meat produced. This study
aimed at acknowledging whether raising beef cattigpasture provided as good performances
and meat quality as the current practices in ddeifers Charolais x Simmental of about 300 kg
live weight were either fattened on pasture anghied in barn or solely raised in barn on a grass
silage-based diet with low amounts of concentradisanimals were slaughtered at 550 kg live
weight and meat quality (composition, shear foreater holding capacity, meat and fat colour)
was assessed. Results showed that fattening omr@asts as suitable as raising in barn
regarding growth performance and slaughter chaiatts. Meat quality was within desirable
thresholds but fat colour was more red and mor®wein grazing animals. Meat from grazing
animals was leaner without consequence on sheee.féfatty acid profile was in favour of
pasture raising regarding human health recommesrdathigher proportion of unsaturated fatty
acids like C18:3).

Zusammenfassung

Kalbinnen der Kreuzung Fleckvieh x Charolais wurdait 300 kg Lebendgewicht zwei
Futterungsregime zugeordnet, um Unterschiede in Mastleistung, Schlachtleistung und
Fleischqualitdt zu untersuchen. Die Futterungsheeia waren (1) Weidemast auf
Kurzrasenweide mit Stallendmast beziehungsweis&i{@)mast mit Grassilage und moderaten
Kraftfuttergaben. Die Schlachtung erfolgte bei %g0Lebendgewicht. Der Fitterungsvergleich
zeigte, dass hinsichtlich Tageszunahme und Scidéstiiihgsmerkmale die Weidemast auf
Kurzrasenweide mindestens ebenso geignet war wie @&rassilage-betonte Stallmast. Die
Fleischqualitadtsbestimmung (N&hrstoffgehalt, Zatth@/asserverbindungsvermdgen, Fleisch-
und Fettfarbe) ergab keine nennenswerte Unterselaetischen den beiden Futterungsregimes.
Lediglich bei der Fettfarbe wurde ein signifikartéirkerer Gelbton fur die Weidegruppe
ermittelt. Fleisch der Weidegruppe war fettarmedoch ohne negativen Folgen fir die Zartheit
(Scherkraft). Alle untersuchten Fleischqualitatsrkieale lagen innerhalb des als optimal
definierten Referenzbereichs. Signifikante Untelestd wurden im Fettsaurengehalt ermittelt
mit entsprechend besseren Fettsaurenwerten in @&tegfuppe (hoherer Gehalt an mehrfach

ungesattigten Fettsauren wie C18:3).



List of abbreviations

ADG: average daily gain

ATP: adenosine triphosphate

CIE: commission internationale de I"éclairage (inéional 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 Introduction

1.1 Context

In the Eastern Alps, difficult weather conditioms€rage temperature 6.7°C and 969 mm rainfall
per year in Ennstal -Landesstatistik Steiermark,020notivate farmers to keep beef and dairy
cows in barn and to use farm grasslands as meadutvsr than as pastures. In the current
economical context, farmers in difficult agricukiliareas like Alpine regions often have another
job besides farming to ensure a minimum income.r@8fbee, agricultural practices which are
less cost- and labour-demanding like rearing orticoaus pasture (Durgiai, 1996; Durgiai and
Miuller, 2004; Steinwiddeet al, 2010) become more attractive. Furthermore, coeswlemand
for products of extensive agriculture is rising apality programs which specify use of pastures
are successful (organic production, quality labeBther arguments for use of grasslands as
pastures refer to summer tourism and biodiversigtens (Crook and Jones, 1999; Buchgraber
and Gindl, 2004; Maureet al, 2006; Niedrist et al, 2008). Yet, pasture rearing could have
consequences on growth performance, slaughter rpeafece and further on nutritional and
eating quality of the meat (Realiet al, 2003; Keane and Moloney, 2009; Dakdyal.,, 2010).
The aim of this study is to enlighten the possdpeortunities and threats of pasture fattening in
the Eastern Alps regarding growth performance gsitar characteristics and meat quality traits.
This study is the second half of a research prdjeat started in 2008. The first half of the
project (Friedrich, 2010) consisted in comparingtei@ing on pasture to fattening in barn.
Charolais x Simmental heifers of 300 kg live weigkdre fattened on short grass continuous
pasture and finished in barn in case they did eath 550 kg at the end of the grazing season.
Growth rate, slaughter characteristics and medityweere compared to a common fattening in
barn. In barn, animals were fed grass and maiagesad libitum (DM ratio 70:30) plus 2 kg

concentrates daily.



1 Introduction

1.2 Literaturereview

1.2.1 Pasture management for consistent grass quality supply in Alpineregions

Currently, four types of cattle pasture managenaeatpracticed on European grassland. The
least labour- and material-demanding managemeextensive grazing. The herd remains on a
single pasture during the whole grazing season.ddew with this type of pasture management
grass supply and animal performances are inconsi@echgraber and Gindl, 2004). A second
way of maintaining animals on pasture is to movecés daily to continuously provide fresh
grass to the herd. This allows a good valorisatibgrass with uniform grazing over the entire
pasture, but the work load is significant. Pastwas also be divided into smaller paddocks by
permanent fences. Cattle will graze for a few dagyd then be moved to the next paddock.
However, the grass quality is variable in this egstand a rather large surface is necessary
(Buchgraber and Gindl, 2004). The latter systemiudl the advantages of an extensive pasture
management and pasture rotation as described albbeeprinciple of continuous grazing on
short grass is to adapt the size of the pastureuaih a way that sward height remains at a
constant height between 5 and 7 cm (Bavarian &asearch Center for Agriculture, 2010). On
the area not used for grazing, grass has to be nodreventually used for making grass silage.
This way, grass remains in the vegetative stagenamative quality is optimum. Experiments
conducted in Alpine regions showed that continugnazing on short grass was suitable for beef
production (Hausleet al., 2008; Friedrich, 2010).

1.2.2 Growth performance of beef cattle

Growth consists of development and maturation fiéint tissues in the animal. All tissues do
not develop at the same rate: the nervous systehe ifirst to develop followed by bones, then
muscles and thereafter fat (Dudouet, 2004). As rseguence, beef meat production after
weaning is often divided in two phases: a fatterpegiod during which bones and muscles
develop while the animal grows, most often followeg a finishing period during which

muscularity and fatness are improved. The growttfiop@ance is defined by the rate at which
tissue is deposited and, consequently, the rataigh live weight increases (daily weight gain)
as well as the amount of feed needed for each kigeofveight gain (feed conversion ratio). As
mentioned by Perry and Thompson (2005), differerinegrowth performance between two
groups of animals reflect the effects of the corabon of nutritional, management and
environmental factors while differences betweenivigdial animals in one group reflect

differences in genetic potential for growth.



1 Introduction

Animal-intrinsic determinants of growth performance

As described by Geay and Robelin (1979), poteniglly weight gain and feed efficiency are
influenced by genetic factors. A breed is clasdifearly or late maturing according to the rate of
development and maturation of the different tissl&mly maturing breeds reach puberty at a
younger age than late maturing breeds. Consequentigcle development is completed earlier
and fat deposition occurs at a younger age in eadyuring cattle. According to Geay and
Robelin (1979), dairy breeds (Holstein), smallerambreeds (Limousin) and early maturing
meat breeds (Angus, Hereford) have a lower potedd#dy weight gain than large meat breeds
(Rouge des Prés, Charolais). The same authors ttwedneat breeds were also more efficient
than dairy breeds in transforming feed intake iite weight and energy intake into protein
while dairy breeds gained more fat. In contrastieuet al. (2002) found no difference in daily
weight gains and feed conversion between Angudy(eaaturing breed) and Charolais (late
maturing breed) bulls when slaughtered at the datness score and Alberti et al. (2008) even
obtained better live weight gains for Angus bulsrt Charolais bulls. However, in the two
articles previously cited, differences could beatedl to different age and weight at slaughter
between breed groups as explained later. At lastetic differences in growth potential also
appear at the individual level within breeds. Po&mlaily weight gain is also largely influenced
by gender. According to the review of Field (197dyls have a 15 to 17 % higher growth rate
and 13 % higher feed efficiency than steers. Imllf#s, heifers and steers had similar growth
rates in the study of Hedrick (1969) whilst stegmsied weight faster than heifers in the study of
Steen (1995). The latter also showed that bullsehb@jher increase in lean gain in response to
an increase in feed intake than had steers andrieifhis implies that bulls are more efficient to
produce meat on a high energy diet than steerhaifiers. Consequently, steers and heifers will
be more suitable for extensive managements thaieéaltot-like rearing. At last, age and weight
are the third determinant of growth rate potenflddeoretically, live weight follows a sigmoid
curve over time while live weight gain follows argbolic curve with the highest point (maximal
rate of live weight gain) reached at puberty (Duetp@004). Hence, the average lifelong-growth
rate is also determined by the age and weightagsler.

Influence of the diet on growth performance

Hygiene, housing, climate, physical activity anetdare environmental factors that have an
influence on daily weight gain and feed convergitio. This study will focus on the influence
of the diet. As mentioned above, age, gender aeedbare factors of variation of growth

performance. However, diet is able to enhanceersely moderate these effects. In the studies
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1 Introduction

of Field (1971) and Nuernbenrg al (2005), gender- and breed-related differencegomth rate
were largest on the most energy-rich diet. In @astirArthaudet al (1977) obtained larger
differences between Angus steers and bulls on alwevgy diet than on a high energy diet. The
results of Arthaucket al (1977) were probably contrasting because they aseearly maturing
breed with a moderate growth potential. Therefdret, effect should be corrected for age, breed
type and gender.

In a majority of articles, grazing animals had weo daily weight gain than indoor-fed animals
(Steenet al, 2003, Nuernbergt al, 2005, Keane and Moloney, 2009). However, difiees
were most often related to differences in dailyrgpentake. In the studies of Steenal (2003),
Nuernberget al (2005) and Keane and Moloney (2009), the indedrdnimals were given high
amounts of concentrates (9 to 11 kg).din contrast, when intensively fed heifers (95 %
concentrates and 5% straw) were restricted at @@ #teirad libitumintake, they showed same
live weight gains as solely grazing heifers (Steeal, 2003). Furthermore, in the study of Noci
et al (2005), Charolais crossbred heifers fed grasgedd libitumplus 3 kg concentrates daily
had similar live weight gains than heifers grazangerennial ryegrass sward. Friedrich (2010)
also found that weight gains of heifers were simildether they were fed a grass silage-based
diet ad libitum or were grazing a continuous short grass pastitre avfinishing period on the
same diet as the indoor-fed group. In contrasesults previously cited, Frenet al. (2000a)
obtained same live weight gains whether crosshiestswere intensively fed (8 kg concentrates
daily) or solely grazing. Several experimental desiand results are presented in Table 1 and
show that although diets may be similar among stydiesults differ. Contrasting results can
probably be attributed to differences in genetied Bn energy content of the diets, information
that is most often omitted in articles. Furthermaeimal health can be questioned at feeding
levels as high as 8 kg concentrates daily with ofl§ kg fodder (Velik, personal

communication).
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Table 1. Growth performance of heifers and steersaat type breeds slaughtered at about 550 kgneight

Starting

Daily feed intake (DM)

Authors Breed Gender w((la(' g)ht eE;err?quer;t g;:;h%re]: ?lig) Dayson pasture F c (g':k’é_?dg&r ) ADG (gd™)
600" 0 GS 5.8 kg 3.6 kg 149 1126
600" 0 Hay 0.8 kg 8 kg ND 1091
Frenchet Crossbred 593 85 days Griz.?dkg 0 Sky 224 109t
al., 2000 meat breed Steers 504 85 days Grazed grass
600" 85 days e kg 2.5 kg 224 1127
589" 85 days Gri‘gf"‘g gass 0 224 1073
403 561 0 Straw 0.45kg  8.55 kg 37 1245
Steeret al, Crossbred Steers 406 127 days 565 0 Straw 0.40 kg 7.60 kg 37 1253
2003 meat breed 406 531 0 Straw0.35 kg 6.65 kg 37 986
406 529 127 days Grazed grass 0 236 P969
488 0 GS 4.1 kg 3.55 kg 177 g59
Nocietal, Crossbred _ 477 Last 118 days GS 4.21%g  3.29 kg 177 876
2005 Charolais Helfers 332 158 days 488 Last 59 days GS4.5%g 2.81kd 177 906
495 158 days Grazed grass 0 134 %996
o 283 360 days 546 0 GS 4.6 kg 2kd  GS:138; MS: 90 1083
Friedrich,  Crossbred , . +MS 2 kg '
2010 Charolais Heifers . GS 5.5 kg
289 376 days 552 First 182 days +MS 2.2 kg 2 kg’ GS: 138; MS: 90 1131
Crossbred 434 94 days 501 94 days Grazed grass 0 ND 714
I\Kﬂi";‘g‘ﬁea”d Angusor o 431 94 days 576 0 GS 1kg 9.7 kg 162 £539
2009 Y Belgian 437 189 days 626 First 94 days GSikg 10.2kd 162 999
Blue 434 189 days 658 0 GS 1 kg 11.3 kg 162 £186

ADG: average daily gain; C: concentrates; CP: cruaéein; DM: dry matter; F: fodder; GS: grass@daMS: maize silage; ND: not determined:
! Results calculated from the carcass weight anthsardaily gains with 55 % dressing percentagstisated by the authors.
2 Data only for the first part of the experiment &ese they were solely grazing once on pasture.

® Data from 18% day of the experiment onwards.
* Data only for the last 94 days because the animats on pasture during the first 94 days of theeeiment.

® Authors did not indicate the significant differesdbut they found a significant diet effect andineation effect.
b pifferent letters within ADG of one article indigasignificant differences as indicated by autt{prsalue<0.05).

12
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1.2.3 Slaughter performance of beef cattle

As not all parts of beef cattle are valuable, the Wweight is not sufficient to predict the value
of the slaughtered animal. After slaughter of beyiskin, head, feet and organs are removed.
The remaining carcass is composed of musclesnthbanes in different proportions. During
cooling, the carcass looses water by evaporatibe. dold carcass weight represents about
98% of the warm carcass weight (Warriss, 2010). rEtie between carcass weight and live
weight is known as killing-out percentage or dnegspercentage. The carcass muscularity
and fatness are assessed using standardised meihclisas the European Beef Carcass
Classification in which carcass conformation isdgi 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 slaughparformance

As breed, gender and age influence live weight pimgsiological maturity (chapter 1.2.2),
they also influence carcass classification andefsnFurthermore, carcass weight is not only
dependent on live weight but also on genetics as/stby a study of Robeliat al. (1978, in
Geay and Robelin, 1979) on 80 Limousin and 69 Gherdulls. Although Charolais bulls
were heavier at slaughter, carcass weights of Laimoand Charolais were similar. Hence,

Limousin bulls had a larger dressing percentage @fzarolais.

Diet influence on slaughter performance

Dressing percentage was not influenced by theidi#gte study of Steest al. (2003) with
crossbred Charolais heifers fed either a concentrased diet or solely on pasture. Similarly,
dressing percentage of crossbred steers was ma¢mekd by the diet in the study of Keane
and Moloney (2009); although live weight gains aratcass weights were significantly
different between groups in both studies. Friedri@010) obtained similar growth
performances and similar slaughter performanceghehéeifers were fed indoor on a grass
silage-based diet or were grazing during fattemind finished on a grass silage-based diet. In
contrast, Nocet al (2005) found a quadratic decrease in dressingepége with the length
of the stay on pasture (0, 59, 118 or 158 daysg@s§dng percentage values were the most
similar for animals fed grass silage (0 days ortyra¥ and animals solely grazing (158 days
on pasture), while animals that combined indoaefahg and pasture finishing (59 and 118

days on pasture) had lower dressing percentages.
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Carcass conformation is often similar between ggazand concentrate-fed animals
(Vestergaard, 2000; Steet al, 2003; Keane and Moloney, 2009) although Readinal.
(2003) mentioned a lower carcass conformation gigzing animals. However, authors often
mention grazing animals to have lower fatness sc(Realiniet al, 2003; Steewt al, 2003;
Keane and Moloney, 2009), most likely due to thedo growth rate of grazing animals.
Friedrich (2010) who obtained similar growth raesthe grazing group and the grass silage-
fed group also obtained similar carcass conformatind fatness scores. To ensure good
carcass fatness to animals fattened on pastuneishifig period on concentrates is advisable
(Kerthet al, 2007).

As mentioned earlier, the yield of bones, muscles fat can differ between carcasses. In the
study of Steeret al (2003), heifers fed a concentrate-based dietahlaigther marbling score,

a thicker subcutaneous fat depth and a higher sarfatness score than grazing heifers.
Consequently, lean and bone proportions were lafgergrazing heifers. As carcass
composition could have been influenced by the higirewth rate of the concentrate-fed
group, results were also compared for an adjustedaeight gain. Thereafter, no significant

difference remained but for the proportion of boimethe carcass.

1.2.4 Beef meat quality characteristics

The international standard organisation (ISO) a=fiquality as something that “represents
the totality of features and characteristics of@dpct that bear on its ability to satisfy stated
or implied needs” (ISO 5492:1992 quoted by Issanch®96). Food products quality concept
for the consumer relies on product safety regarthog born diseases, acceptable palatability
and respect of ethical concerns. In addition, tfwelfindustry has its own concerns about meat

quality for processing classified under technolagguality.

Measuring meat quality
According to Warriss (1996, in Warriss, 2010) nepadlity can be measured by assessing:
—Meat yield and composition: muscle size, shaperatid fat to lean
—Appearance: texture, colour and amount of marbling
—Technological characteristics: chemical compositiod water holding capacity
— Palatability: texture, juiciness, tenderness aaddlur determine the eating quality
—Wholesomeness: chemical and microbiological safefined by regulations to
prevent food born diseases

—Ethical quality: acceptable animal husbandry istdrest for concerned consumers

14



1 Introduction

There are some standards, particularly for safietyaamimal husbandry, and aspects on which
more variability is possible. This study will focos the latter. Meat yield, composition and
technological characteristics are assessed obgdgtiirough instrumental measurements. In
contrast, palatability and appearance can eitheadsessed by a panel or instrumentally
measured. Instrumental measurements have theshterbe easier and cheaper to implement
and also more repeatable than panel tasting (Plattal, 2003). However, instrumental
measurements are not yet able to explain the wiaslge of what human senses can assess
and do not provide information such as consumeefepence. Furthermore, all meat quality
characteristics do not have the same importancecdosumers. Meat colour and fatness
determines the purchase or refusal by the custdmeeice, it is of utmost importance for the
retailer; followed by meat tenderness and flavoiithough it is an important quality
attribute, tenderness is also one of the most Mariattributes on the meat market (Tarant,
1998). As underlined by Destefanet al (2008), tenderness depends on many animal-
intrinsic and extrinsic factors and their interanti Meat tenderness is assessed by panel
ratings but instrumental measurements are also. Udexl most widely used is the Warner-
Bratlzer shear force test (Culiodit al, 1995, in Destefanist al 2008). Destefanigt al
(2008) found a correlation coefficient of —0.72viee¢én consumer panel rating of tenderness
and Warner-Bratlzer shear force value. The shearefwalue explained 52% of meat
tenderness variability (Rralue) assessed by a consumer panel of 220 people.

Influence of pre-slaughter and post mortem handliog meat quality

characteristics

Meat quality can be strongly negatively affectedpog- and post-slaughter handling. After
death, the blood stream ceases and muscles dececwive any oxygen or glucose supply.
Thereafter, muscle cells synthesise ATP from glgeothrough anaerobic glycolysis. This
reaction produces lactic acid which accumulatethénmuscle since there is no more blood
stream; as a consequence, muscle pH decreasesdigcto Dransfield (1994b, in Warriss,
2010) this process takes 15 to 36 h in cattle. iication stops when glycogen is no more
available or when the pH is too low to allow thiezgmatic process to occur. This specific pH
value is referred to as ultimate pH (PHMeat pH influences the structure of muscle
constituents. When the muscle pH reaches 5.3 tp raywfibrillar proteins reach their
isoelectrical point (Warriss, 2010). Then, myofilari proteins are no more electrically
charged and are prone to loose bound water reguftipoor water holding capacity (WHC)
of the meat cuts. Also meat colour can look palerdarrangement of myofilaments by meat

15



1 Introduction

acidification. ATP maintains muscle relaxation batsoon as ATP level falls below 5.5 mmol
kg™
phenomenon is known as rigor mortis and happen24irh post mortem(p.m) in cattle

, actin and myosin filaments associate to form ragmsin (Warriss, 2010). This

(Warriss, 2010). If long term stress occurs be&haeighter, levels of ATP and glycogen in the
muscles at death are depleted. This shortens tbeegs of rigor mortis and limits
acidification of the meat. This phenomenon is chbékaline rigor and produces dark, firm
and dry (DFD) meat. Rigor mortis sets the attachinoéractin to myosin so by definition it
sets the muscle sarcomeres length and thus pat#sipo determination of meat toughness or
tenderness (Warris, 2010; Herriegal, 1965). After slaughter and cooling, meat matorati
begins. Maturation was shown to reduce shear foatee of the meat (Revilla and Vivar-
Quintana, 2006; Vieirat al, 2007). During the days following slaughter, padytic enzymes
(mainly calpains) break down myofibrils and thiskes the muscle more flexible. If the meat
pH is too low, calpains are denatured and tendeisaoes not occur which results in high
shear force values. Furthermore, when animals taessed before slaughter, adrenaline is
released which enhances calpastatin productiorpaStltin is an endogenous protein which
inhibits calpain activity and thus, is opposed dnderisation process. Calpastatin levels are
also influenced by genetic factors. Warriss (20fited a study of Casasal. (2006) which
demonstrated that level of endogenous calpastasgenetically programmed which induces
some cattle breeds may produce tougher meet thansotVhen animals undergo acute stress
at the time of slaughter, acidification of the mea occur faster than normal and in this case
a low pH is reached when the carcass is still Tibis causes denaturation of muscle proteins
and results in pale, soft and exudative (PSE) metibccurs scarcely in cattle (Branscheid
al., 2007).

Immediately after dressing, carcasses are hangaaahd room to prevent spoilage. The way
of hanging the carcass determines muscle stretairapntraction and therefore influences
further meat tenderness (Thompson, 2002). Coaling s also important and depends on the
muscle considered (external muscles will cool irsh the thickness of subcutaneous fat and
on the air temperature. Cooling reduces enzymevigctind slows down the drop in pH.
When cooling happens too fast, calcium ions areassd from the sarcomeres and activate
the enzyme ATPase which results in extreme shaorgeof sarcomeres. This phenomenon is
called cold shortening and produces tough meathayipens less in cattle which large
carcasses cool down slowly. Several handling tegles have been developed to control pH
decrease, cooling speed and rigor mortis onset fithe rate of carcass cooling must be in

adequacy to muscle pH to obtain tender meat: whercarcass temperature is higher than
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35°C, pH should be above 6 whilst when the cartasperature falls below 12°C, pH should
be less than 6 (Meat Standard Australia in Thomp2082).

Animal-intrinsic influence on meat quality

Although pre- and post-slaughter handling is aitifor meat quality, there are also animal
factors influencing meat quality characteristicgidies about the influence of sex, breed, age,
growth rate and carcass classification on meatityuasulted in controversial conclusions.
Results of Arthauekt al. (1977), Crouset al (1985) and Frencht al. (2000b) showed that
steers had intrinsically a better meat quality pedhan bulls for similar husbandry practices.
Although results are variable, steers tend to hbeg#er water holding capacity, more
marbling, lower shear value and better panel stmréenderness, lower myoglobin content
and less dark meat, and a finer lean texture théds. b-urthermore, Prost al (1975) quoted

a study of Fielcet al (1966) who obtained no difference in meat tenégsrbetween heifers,
steers and bulls up to 399 days old but heifersste@edrs had better scores than bulls when
older than 500 days. Prost al (1975) mentioned those results contrasted wighrésults of
Kogeret al (1960) and Zinret al (1970) who found no difference between bulls haifers

in meat tenderness. Therefore, differences betweaders are not always perceived and are
mostly visible at maturity. Prost al (1975) also showed that differences were depdraten
the muscle considered. Maturity also influences gigloin content so that meat becomes
darker when the animal is older (Arthaetdal, 1977). At last, maturity influences fat deposit
location because internal fat develops first wHN&= develops at last (Dudouet, 2004).
According to the study of Perry and Thompson (20@%gre is no relationship between the
mean average daily gain in a group of animals arlall meat palatability when adjusted to
the same age at slaughter. Yet, within one gronpnas which showed better individual
daily gain also had improved meat palatability feasons that remain unclear. However,
effects varied according to the breed, the musefesidered and the test used to assess meat
palatability (panel, compression or shear forcedryCet al (2006) further found that if
slaughtered at the same age, Charolais heifers ththheaviest live weight and therefore
highest life long-average weight gain also hadlbst meat quality. At last, genetics which
influence growth rate, age at maturity, potentigatproduction will further influence meat
guality characteristics.
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Dietary effects on meat quality traits

As mentioned in chapters 1.2.2 and 1.2.3, dietuafices growth rate and carcass composition.
Therefore, diet influences meat quality charactiegsinherent to growth rate and carcass
composition mentioned before. Furthermore, diet &adirect influence on meat quality

characteristics as detailed below.

Water holding capacity

As described previously, WHC of the meat is relatedneat pH. WHC depends on the
muscle considered (Crouseal, 1984). Razminowicet al (2006) and Realiret al. (2003)
found no difference in pH ahusculus longissimus donmsspectively at 24 p.m.and after
purchase at the retailer. Similarly, Friedrich (@Dfound neither a dietary effect nor a meat
ageing effect on WHC. Moreover, Razminowetzal (2006) found no difference in WHC of
grilled meat although production systems, age aegre® of finishing of animals were
different. Therefore, nutritional interventions se® have less influence than pre- and post-

slaughter handling on WHC of meat.

Meat composition

Feeding intensity affected meat composition indtugly of Samet al (2004). Bulls were fed
for 100 or 138 days eithad libitumor restricted maize silage with concentrates.dddhces

in weight gains appeared between the two groupsmanidngissimus dordrom bulls with
the higher feeding level had lower moisture contant higher fat content than in the
restricted group. However, feeding intensity hadefffect on protein content. Furthermore,
length of time on feed had no effect on fat, maestand protein content. In contrast, when
animals had similar live weight gains, there was affect of the type of diet on meat
composition (Frenclet al, 2000b; Steeret al, 2003; Nociet al, 2005; Friedrich, 2010).
Therefore, meat moisture, protein and fat contepedded 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 tteposit after subcutaneous fat and
intermuscular fat. As both other types of fat,sitinfluenced by the animal weight gain and
maturity. Pasture grazing animals showed lowerl$egEIMF than concentrate-fed animal in
the studies of Steegt al. (2003) and Ourgt al (2006). However, when animal weight gains

were similar, meat marbling was also similar (Fremt al, 2000b; Steeret al, 2003;
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Friedrich, 2010). Hence, as for meat compositioarbiing 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) recomdsean increased consumption of n-3
fatty acids to compensate for the high n-6 intakeur modern regimen. It also recommends
exchange of saturated fatty acids (SFA) for momad polyunsaturated fatty acids (MUFA
and PUFA) to prevent coronary and heart diseas&® (R008). In several studies, cattle fed
grass-based diets had enhanced proportion of PUFR#Adat when compared to silage- or
concentrate-based fed animals (Freetlal, 2000a; Steeet al, 2003; Nociet al, 2005).
Noci et al (2005) found a linear increase in PUFA contenthef meat with days on pasture.
Furthermore, Duckett al. (1993) found a quadratic decrease in PUFA andliirecrease in
SFA with days on a maize silage finishing diet iafégtening on pasture. The PUFA content
of the meat increased at the expense of SFA sty of Nociet al (2005) and Frencht

al. (2000a) whilst in Steemet al (2003), MUFA content but not SFA content tended t
decrease while PUFA increased. The n-6:n-3 ratooedesed linearly with the number of days
spent on pasture before slaughter (Naical, 2005) due to increased proportion of n-3 while
the proportion of n-6 remained unchanged (Freathal, 2000a; Nociet al, 2005) or
decreased (Steat al, 2003). Furthermore, conjugated linoleic acidteahwas enhanced in
the meat of animals fed grass-based diets (Frehah 2000a; Nocet al, 2005). Differences

in meat fatty acid profile were observed both whies grass was offered fresh on pasture or
as a silage. Indeed, if fatty acid composition aejseon the intrinsic plant characteristics, it is
further modified by lipid oxidation during the elnsg and wilting processes (Dewhuedtal.,
2003). As a conclusion, the consulted literaturevigted arguments in favour of meat from
grass-fed and specially grazing animals regarddegmmendations of the FAO (2008) about
fatty acids in our modern regimen. As the ratiounfsaturated fatty acid increases, the
oxidative stability of the meat is reduced, resigjtin undesirable odours and colours (Berges,
1999). Hence, there could be concerns about sfelbfl meat from grass-fed animals, richer
in unsaturated fatty acids. As demonstrated by [Cabd Ellis (1942) and Hakkarainen and
Pehrson (1987), fresh grass and grass silage nontare antioxidative vitamin Ea{
tocopherol) than corn, wheat and hay. Hence, whi#gePUFA content of grass-fed animals
increases, the vitamin E content of the musclee@ees, preventing oxidative damage on the
meat (O"Sullivaret al.,, 2002).
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Meat and fat colour

As described in the previous paragraph, oxidatiebikty of the meat in not impaired when
animals are grazing. Nevertheless, there is evelémat pasture grazing influences colour of
both meat and fat but results from the consulteddiure varied. In the study of Frerethal
(2000b), steers had different scores of subcutamé&ducolour whether they were fed for 85
days different levels of concentrates or solelyzogyg The proportion of concentrates in the
diet was inversely and linearly related to the suidsceous fat yellowness (R2 = 52%) and to
the kidney and channel fat yellowness (R? = 69%gdfich (2010) and Realimt al (2003)
also found that fat from grazing animals was ye#owit was also showed that grazing
animals had a darker meat than concentrate-fedadsiat the same age (Croweal, 1984;
Realini et al, 2003). In contrast, Frencat al (2000b) and Friedrich (2010) found no
difference in meat darkness, but Frermathal (2000b) obtained more yellow meat when a
higher proportion of grass than concentrates wasent in the diet. Ourgt al (2006) found
no difference in the colour oh. rectus abdoministhether Charolais heifers were finished
163 days on maize silage with concentrates or cstupa with additional concentrates.
Therefore, authors agree that grazing animals gallewer fat; however effects of grazing
on meat colour remains uncertain. Increased fdbwaekss is most likely due to higher
concentration of carotenoids in fresh grass thasilages and concentrates (Reakial,
2004; Noziereet al., 2006).

Tenderness and shear force

In the study of Friedrich (2010), grazing did nofiuence meat tenderness (shear force); only
ageing time lowered shear force value. Furthermbrenchet al (2000b) showed that
although the diet had an influence on meat tendsrne the days following slaughter,
differences were not anymore significant when nvea¢ aged. In contrast, Razminowieiz

al. (2006) found that pasture-derived meat of stemrd heifers was more tender than
conventionally reared heifers and bulls. Howevare do the diversity of meat origins,
influence of handling of animals and carcassesdcbalve biased the results. Furthermore,
although Razminowicet al (2006) found no relationship between IMF conteinthe meat
and shear force, they noticed shear force valuese wariable within the same slice.
Furthermore, Razminowicet al. (2006) found higher Warner-Bratzler shear foredugs
when meat contained less than 1.5% IMF; hence, 1% seemed to be the minimum
threshold for acceptability. For pork meat, Foréh al (2005) found a significantp{
value<0.05) linear relationship between IMF andpeetively shear force, softness,
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tenderness, juiciness and flavour intensity wittarBen correlation coefficients of -0.41, -
0.32, -0.31, -0.27 and 0.24, respectively. Foeiral (2005) also confirmed the minimum
level of 1.5 % IMF for acceptable palatability.

1.2.5 Conclusionsof theliterature study

Diet effect on growth performance, slaughter chargtics and meat quality should be
compared for animals at similar age, breed and eretadreduce animal-intrinsic variations
within production traits. Animals solely allowedgpare grazing showed lower daily weight
gains than animals intensively fed concentratedasets, although some authors described
similar weight gains for grazing and indoor-fedmaais. Furthermore, grazing animals have
leaner carcasses and a higher proportion of bokeghe lower fatness score of grazing
animals was related to a reduced weight gain,iahiimg period in barn is advisable in order
to improve carcass fatness. Meat water holdingagpand tenderness are not influenced by
the type of diet, although the diet should be edough to ensure an IMF higher than 1.5%,
minimum required for acceptable tenderness. Meaposition and IMF depend more on the
energy level of the diet than on the type of dietcontrast, fatty acid profile, fat colour and
vitamin E content of the meat are directly depehaenthe type of diet. Results about meat
composition in fatty acids were in favour of gragimnimals regarding human health

recommendations.
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1.3 Research questions

The literature study revealed the expectable diffees in animal performance and meat
quality induced by feeding practices as well asmahintrinsic covariates. However,
conclusions need to be confirmed in the presenteztnin the Eastern Alps, animals raised
for beef production are often:
- From Simmental dairy cows crossbred with meat tyés;
- Heifers or steers, slaughtered between 500 and@50
- Raised in barn and fed mainly grass silage withesadditional hay or maize
silage and supplemented with low quantities of eotrates.
After the literature study, it remains unclear wiegtfattening heifers on pasture and finishing
in barn will allow the same animal performances arght quality as raising solely in barn on
a grass silage-based diet with low amounts of qunates. Therefore, the research questions
are:
1. Are growth and slaughter performances on pastunéasgito current performances in
barn?
2. Are meat quality traits different whether animais &d from pasture or as in current
practices?
3. Is meat fatty acid profile improved regarding hieaktcommendations when animals

are grazing?
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2.1 Animals

Twenty crossbred Charolais x Simmental heifers @ &g (+ 50 kg) live weight were
purchased at the beginning of April 2009 from thariGthian animals and meat trading
organisation (Bauerlichen VermarktungsgemeinscKaditntner Fleisch). From the day of
purchase, animals were kept in a barn for threeksvaad fedad libitumgrass silage and hay.
The experiment began on April, 270n that day, animals were distributed over twougs

of ten animals so that average live weight andvegye similar in both groups. One group was
assigned to pasture rearing (Pasture group) ameéduout to pasture on the same day. The
other group was assigned to barn rearing (Indoour and divided in two blocks of five

animals.

2.2 Diets

The experiment was set up as described in Figure 1.

Indoorlgtl)‘oup l In barn, fed grass silage, hay and concentrates L
n= |
I | I
| | |
27th April Oct 2009 or Slaughter at
2009 500 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 Weight)

The Indoor group was fed grass silage (700 ¢ Ri) and hay (300 g ki DM) ad libitum
(5-10% feed residues). In addition, each animadivex daily 2 kg concentrates, which was a
mash based mixture of 300 gkevheat, 300 g kg barley, 250 g kg corn and 150 g kY
rapeseed meal, and separately 30 g minerals ang S8lt. The Pasture group was not
supplemented during the entire grazing season bstoffered minerals and salt. Heifers on
pasture received anthelmintics twice during thezigia period and once at the beginning of
the barn period. The botanical composition of thstpre was assessed both in 2006 and 2007
and is presented in the appendix A. Pasture coitiposwas in average (presented as

percentage of the area):
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—Grass (55-80%)Dactylis glomerata Agrostis capillaris Poa pratensis Festuca
pratensisandAlopecurus pratensias main species

—Leguminous (23-50%)trifolium repens

—Aromatic herbs (16-24%).araxacum officinal@s main species
Continuous grazing on short grass was chosen agrpasanagement for its convenience and
its efficiency for feeding beef cattle (see chapi2rl). From 500 kg live weight onwards and
latest at the end of October, animals were housed finishing period on the same diet as the
Indoor group. When animals were about 550 kg lieeght, they were fasted overnight and
slaughtered at the facilities of the Agriculturaledgarch and Educational Centre of

Raumberg-Gumpenstein.
2.3 Measurements

2.3.1 Growth and feed

Concentrates and fodder were analysed monthly dovemt composition using the methods
described by ALVA (1983) and VDLUFA (1976). Dry net content of hay and concentrates
were analysed weekly and dry matter content ofsgsdage and feed residues were analysed
daily (working days only). Animals from both groupgre weighed weekly and individual
daily feed intake was recorded using electronica@aloors (American Calan, USA). Feed

intake was not recorded for animals on pasture.

2.3.2 Slaughter characteristics

Animals were stunned by percussion stunning usiogpgive bolt. Blood was collected to be
weighed. Thereafter, skin, feet, head, tonguey lispleen, kidneys, kidney fat, heart, lungs,
diaphragm and tail were separated and weighed.c@lmass was then divided in two parts
and each half hung by the Achilles tendon. Theassavas immediately placed in a cooling
room at 2°C and 70% humidity and equipped with r@ilegion system. Carcass classification
and fatness score were assessed from the rightchadfiss, according to the European
classification system. Length of the right halfazss from the first vertebra to the cranial
edge of the pelvis bone was measured. Thereaéeh, lealf of the carcass was weighed warm
and pH was measured one hoptrm. in the m. longissimus dorsiand the m.

semimembranosu#t 48 hp.m, pH was measured again and cold carcass was &¢igh

Seven days after slaughter, the right half care@sscarved and cuts were weighed.
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2.3.3 Meat quality

Meat quality characteristics were assessed fronmthiengissimus dordietween the 8and
the 11" ribs of the right half carcass as described inuféig2. Cuts were vacuum packed and
stored in the dark at 2°C. Pictures of the differaeasurements are presented in appendix.

8™ rib o™ rib 10" rib 11" rib
@ @ @ @ ®
I8-a 8-p| |8-9| 9-a | 9-b < 10-a > < 10-b | 11-a | 11-b
2 cm 3cm

Figure 2. Scheme of the meat sampling locationsa@asurements for meat quality analysis.
8-a: Marbling, muscle size, meat composition anty facid 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 aysip.m.

10-a: Colour and raw meat shear force at 14 days p.

10-b: Grill loss and grilled meat shear force atdags p.m.

11-a: Colour and raw meat shear force at 21 days p.

11-b: Grill loss and grilled meat shear force adays p.m.

Marbling and muscle size

A picture was taken at 7 dapsm.of the full rib cut with bones. The bones remaisedhe
shape of them. longissimus dorswvas not altered. IMF percentage and size of rthe
longissimus dorsivere obtained from an analysis of the picture githe software PicEdCora

version 9.

Fatty acid analysis and meat composition

From the cut used for marbling and muscle size mhéongissimus dorsivas removed and
homogenised in a mixer. Dry matter, crude fat, erydotein (Kjeldahl method) and ash
content were assessed on fresh meat accordingridbideh der Lebensmittelchemie (1968).
Extraction of intramuscular fat for fatty acid aysgs was carried out according to Fadtlal
(1957) with slight modifications undertaken by tBavarian State Research Center for
Agriculture, division “Qualitatssicherung und Urgechungswesen”. The concentration of
individual fatty acids from intramuscular fat wastekmined as their methyl esthers (FAME)
by gas liquid chromatography using the trimethytsuium hydroxide (TMSH) derivatisation
method as described by the Deutsche GesellschaRefiiwissenschaften (DGF, 2006). The
gas chromatograph was a Varian 3900 instrumestfittith a 100 m x 0.25 mm open tubular
Supelco Fused Silica SP 2380 column and helium thascarrier gas. A standard mix
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Supelco 37 Component FAME Mix (Sigma-Aldrich Hared@mbh, Austria) was used as a
reference. Temperatures of injection and flamezaton detector were respectively 250°C
and 260°C. Threshold for detection was 0.0075 $hefFAME.

Colour

A luminometer Codec 400 (Phyma, Austria) and iftwsre were used to measure lightness,
redness and yellowness of fat and meat accordingetdCIE L*a*b* colour space. For L*-
lightness, values could range from zero (black)@0 (diffuse white). For a*-redness, values
could range from -60 (green colour) to +60 (redao) and zero stood for a grey colour. For
b*-yellowness, values could range from -60 (bluéoop to +60 (yellow colour) and zero
stood for a grey colour. At day 7, 14 and 21, noeddur and subcutaneous fat colour were
assessed from one cut for each animal as presienkegure 2. The colour was assessed on at
least five points of them. longissimus dorsi{or the subcutaneous fat for fat colour
measurement) and the average value was recordedn&at colour, measurements were

repeated after one hour oxidation at room tempexatu

Water holding capacity

Drip loss was measured at 7 dgys1 The cut ofm. longissimus dorsvas weighed, hanged
on a spit and left in a plastic box at 2°C. Aft& W, the cut was weighed again and the
difference in weight was recorded as drip loss.

Cooking loss was assessed at 7 daws. both from a fresh cut of the. longissimus dorsi
and from the cut used for the 48 h-drip loss meament. The meat was cooked for 50 min in
a plastic bag immersed in a 70°C-warm water batlar{G Germany), then cooled down for
40 min in cold water and weighed.

Grill loss was assessed at 7, 14 and 21 gaysEach cut was grilled in an aluminium foil to
an internal temperature of 60°C, in a Silex giléx Ltd, England) which double plates were
heated at 200°C. Warm weight was measured imméyliateer cooking and weighing was

repeated when the meat had cooled down to roometertyse.

Shear force

Shear force was assessed using an Instron 3365magdhstron, Germany) equipped with a
Warner-Bratzler sharing device as presented irafipeendix B. Measurements were done on
raw and grilled meat at 7, 14 and 21 day®. with the samples previously used for colour
and grill loss. At least 12 cores (1.27 cm diametegre cut from each steak parallel to the
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direction of the muscle fibres and cut by the WaiBeatzler sharing device at a speed of 150
mm min’. Shear force was recorded by an Instron Serie iXofated Materials Testing
System software for Windows.

2.4 Statistical analysis

Statistical analysis was performed using SAS $29 Institute Inc., Cary, NC). Data were
analysed separately for growth, slaughter and meatity characteristics. In the mixed
models, animals were nested within treatment grdopsause one single treatment was
applied on each animal. Correction for the smath@e size was made as described by
Kenward and Roger (1997). Compound symmetry andregitessive covariance structures
were tested using both the finite-sample corre&kdike Information Criteria (AICC) and
the Schwarz’s Bayesian Information (BIC) accordiagNand and Goonewardene (2004).
For all models, the Tukey procedure was used tosigsaificance of the difference between

least square means.

Growth performance
Data were all from repeated measurements and therahalysed with a Mixed procedure.
The autoregressive covariance structure was chagnWeek (1 to 53) as the repeated

statement. The following model was used:

Y ik =un + Group; + Week; + (Group*Week); + €ijk

Y: observed variable

w: overall mean

Group;: fixed effect of treatment group (Indoor or Pasjur

Week;: fixed effect of the experimental wegk

(Group*WeeKk);: interaction between the effects of grougnd week

€ij: error term for the anim& of the group on the week

As animals differed in live weight along the expeent, they were grouped according to live
weight classes for some analyses (see paragraphV@eight classes were <300 kg, 300-350
kg, 350-400 kg, 450-500 kg and 500-550 kg.

Slaughter characteristics
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Fixed effect of Group was analysed with an analgéisovariance correcting for the effect of
individual animal live weight at the start of theperiment. Data about carcass classification

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

Meat quality characteristics

Single measurements were analysed with an ANOVA thedfixed effect of Group was

tested. Repeated measurements were analysed Wilixeal procedure. The mixed model

included the fixed effect of Group, Ageing and thigiteraction. Ageing was used in the
repeated statement. The covariance structure cheaercompound symmetry structure. For
data about meat redness, yellowness and shear @dracaw meat, the autoregressive
covariance structure showed lower AICC and BIC. Heev, the difference between
autoregressive and compound symmetry structurerdigpAICC and BIC was small and

compound symmetry was preferred because it wadeiffang and Goonewardene, 2004).

The following model was used:

Y ik = + Group; + Ageing; + (Group*Ageing); + €ij

Y: observed variable

w: overall mean

Group;: fixed effect of treatment group (Indoor or Pasjur
Ageing;: fixed effect of the ageing day (7, 14 or 21)

(Group*Ageing)j: interaction between the groupnd the week

€ij: error term for the anim&l of the group on the week

Oxidation effect on meat colour was assessed ukangame model, adding the fixed effect of
Oxidation and interactions with Ageing and Groupxidation was a dummy variable, “0”

stood for no oxidation and “1” stood for one houidation.
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3 Resaults
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3.1 Feedstuff analysis

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

Table 2. Feed composition (means + SD)

Hay Grasssilage Concentrates
Dry matter (%) 89 +19 34 £43 89 +£0.8
Metabolisable energy (MJ KdDM) 9.2 +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 +57
Lignin 36 +4.8 36 +6.0 20£4.2
Ash 81 +12 100 +17 29+1.8
Minerals
Ca 7.6 £0.42 8.5 +0.83 1.9+0.18
Mg 3.5 +0.35 3.5 £0.27 1.6 £0.13
P 2.7 £0.30 3.2 £0.64 4.2+0.36
K 15.6 +1.94 22.6 +3.66 8.7 £0.54
Na 0.21 +0.096 0.23 £0.06 0.18+0.18
Mn (mg kg' DM) 106 +42.8 87 +10 32 +24
Zn (mg kg' DM) 32 +29 33 £2.9 31+238
Cu (mg kg DM) 10.1 +1.6 123 +£1.8 55+1.9

When not specified, data are in g'{@aM.

ADF: acid detergent fiber; DM: dry matter; MJ: melyaules; NDF: neutral detergent fiber.

The grazing area was adapted so that the swartitheigface remained between 3 and 6 cm
as showed in Figure 3. Average stocking rate dventhole grazing period was 9 GVE ha
(livestock unit: 1 GVE = 500 kg live weight). Gragi 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 theysagyrazed by the Pasture group (GVE:
Grossvieheinheiten (livestock unit), 0.4 GVE= bavup to 6 months, 0.6 GVE= bovine
between 6 and 24 months old, 1GVE= 500 kg live Wiefgovine above 24 months old)
(OPUL, 2007))

3.2 Growth performances

When the Pasture group was turned on pasture a2irthef April, mean live weight was 292
kg (SD=34 kg) while mean live weight in the Indagnoup was 312 kg (SD=45kg). Two
animals of the Pasture group were housed for tiighiing period from the 2of September
onwards because they had reached a live weight7af ahd 481 kg, respectively. The
remaining animals of the Pasture group were hofreed the 13" of October onwards due to
bad weather conditions. The mean live weight in Rlasture group at the beginning of the
finishing period was 431 kg (SD=35 kg) while theamdive weight in the Indoor group at the
same period was 464 kg (SD=48 kg). Over the whepeement, ADG of the Pasture group
and the Indoor group were 1026 and 993'grespectively (SEM=119 g% Regarding the
whole experiment, ADG were not significantly diéat between groups. Detailed growth
performances and feed intake for each period agsepted in Table 3. During the grazing
period as during the finishing period, ADG were smnificantly different between groups.
Furthermore, average feed intake and feed convevggoe similar between groups.
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Table 3. Fattening results and feed consumptioedch period

Pasturegroup 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) - 15 0.07
Concentrates (kg DM) - 1.76 <0.01
ME (MJ) - 72.9 2.08
CP (9) - 884 27.9
EE (g) - 203 6.3
CF (9) - 1408 58
NDF (g) - 2644 105
ADF (Q) - 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 k§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 5.3 0.29
Hay (kg DM) 2.2 2.1 0.09
Concentrates (kg DM) 1.76 1.75 <0.01
ME (MJ) 92.7 94.1 3.75
CP (9) 1228 1252 54
EE (9) 229 236 19
CF (9) 1821 1881 98
NDF (g) 3754 3837 190
ADF (9) 2108 2191 115
Lignin (g) 289 300 14.7
Ash (g) 625 653 34
Ratio CP/ME 13.1 13.3 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 k§gain) 1243 1288 124

ADF: acid detergent fiber; ADG: average daily gabt: crude fiber; CP: crude protein; DM: dry matteE:

ether extract; ME: metabolisable energy; MJ: megdel; NDF: neutral detergent fiber; SEM: standardr of

the mean.

*. data were unbalanced, the higher SEM was taken.
! The Pasture group was on pasture during therggg®riod and in barn during the so-called finighieriod,
the Indoor group remained in barn during both psio

33



3 Results

Animals from each group had different live weightsm the beginning of the experiment
onwards. Therefore, data are also presented pghtvelass in Figure 4 and Figure 5. More

tables are available in appendix. No significaffiedence between groups was observed.
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Figure 4. Average daily gain for each weight classach group

ADG remained constant for the Indoor group at alght classes while it was less stable for
the Pasture group. However, no significant diffeeewas found and a large variability was
observed between animals of the same weight clasBigure 4, the reduced ADG in the

Pasture group for weight classes 350-400 kg and4800kg corresponds to the weight at
which animals were brought from pasture to barrtterfinishing period.
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Figure 5. Metabolisable energy per kg weight gaimefach weight class in each group
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In Figure 5 feeding data of the Pasture group were availabl foom the weight class 400-
450 kg onwards because feed intake on pasture etagecorded. Once again, no significant
difference between groups was observed. Furthermbwee lower metabolisable energy

conversion ratio of the Pasture group at the weitgs 450-500 kg was of no significance.
3.3 Slaughter characteristics

3.3.1 Carcassyield and score

Animals were slaughtered at an average live waafipd9 kg and an average age of 511 days
old. Mean live weight was 548 kg for the Indoor poand 550 kg for the Pasture group
(SEM=3.4 kg). Therefore, mean live weight at slaaghvas not different between groups.
No difference in carcass weight was observed andnmearcass weight was 303 kg
(SEM=3.1 kg). Hence, dressing percentage was simmleboth groups and cold carcass
weight represented 55% of the live weight. Freqyesfcmuscularity and fatness scores are
presented in Figure 6. There was no difference @twgroups for carcass length (mean
lenght 167 cm) and muscularity score (mean scoréMdan fatness score was 2.8 (SD=0.42)
for the Pasture group and 3.3 (SD=0.59) for th@tmadyroup. Animals from the Indoor group
had fatter carcasseg-Yalue=0.04) but the group effect only explaine@a2df the variability

of carcass fatness score (R? value). Fomhé&ngissimus dorsmean pH was 6.8 at 1gm.
and 5.7 at 48 p.m.
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Figure 6. Carcass fatness (A) and muscularity (8jesfrequency for each group
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3.3.2 Organsand cuts

Weight of the main organs and weight of carcass aré presented in Table 4. Although there
was no significant difference, the Indoor groupdesh to have more kidney fat and a higher
kidney fat percentage than the Pasture grgapalue of 0.060 and 0.080 respectively). In
contrast, organs of the circulatory and respiragystem were heavier in the Pasture group.
Furthermore, the liver was also slightly but sigrahtly heavier in the Pasture group. For

most of the cuts, there was no difference betweenps. The flank and sirloin were heavier

on carcasses from the Indoor group.

Table 4. Weight of the main organs and of eaclotthe right half carcass
Pasture group Indoor group SEM Significance'

Organs
Liver 6.0 55 0.10 *x
Spleen 1.0 1.2 0.07 ns
Heart, lungs and diaphragm 9.1 7.7 0.24 **
Kidneys 1.0 0.9 0.04 ns
Kidney fat 7.8 10.9 1.04 ns
Kidney fat (%§ 2.6 35 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 2.4 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 animalgypeup.
! ns: not significanp-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 magbéihowed significantly lower values for
the Pasture group than for the Indoor group. Pestuf the two extreme marbling percentages
are presented in appendix. Crude protein and astemwbwere similar for both groups whilst
fat and DM content were higher for the Indoor groéfthough there was no significant
difference, muscle size tended to be smaller ferRthsture grougp{value=0.085).

Table 5. Meat characteristics and composition ehegoup of then. longissimus dorsi
Pasture Group Indoor Group SEM  Significance

Muscle char acteristics

Muscle size (cm?) 79.3 93.3 5.42 ns

Marbling (% of muscle area) 3.1 4.6 0.42 *
M eat composition (g kg™ FM)

DM 248 256 2.8 *

Crude protein 219 218 1.1 ns

Total fat 17.9 28.6 2.95 *

Ash 11.32 10.45 0.37 ns

Values are least square means.
DM: dry matter; FM: fresh matter; SEM: standarewf the mean for ten animals per group
! ns: not significanp-value> 0.05, *p-value< 0.05, ** p-value< 0.01, *** p-value< 0.001.

3.4.2 Fatty acid profile of them. longissimus dorsi

Regarding the fatty acid profile, meat from thedadgroup contained more SFA, mainly due
to higher values for myristic acid (C14:0) and piéikkracid (C16:0) as showed in Table 6. In
contrast, meat from animals of the Pasture group gher in PUFA, mainly due to higher
values for linoleic acid (C18:@s 9, 12) andx-linolenic acid (C18:%is 9, 12, 15). The group
effect explained 39% and 42% of variations in SR RBUFA respectively (R2 values). Some
fatty acids (C11:0, C15:1, C18:4, C22:1, C22:2, GP2re not presented in Table 6 because
they were not found in the analysis. Cltrans 10, cis 12 was only found for one animal of

the Pasture group, at 0.06% of the total fattysacid
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Table 6. Fatty acid composition of tihe longissimus dorgn each group (% of total fatty
acids)

PastureGroup  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 i
Cil4:1 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
C16:1trans9 0.066 0.114 0.0099 **
C16:1cis9 2.81 3.23 0.210 ns
C17:.0 1.48 1.57 0.067 ns
Ci7:1 0.66 0.70 0.016 ns
C18:0 (stearic) 16.01 15.37 0.550 ns
X Cl8:1trans 4.76 4.67 0.444 ns
C18:1cis 9 (oleic) 31.99 31.36 0.890 ns
C18:1cis11 2.83 2.47 0.171 ns
C18:2trans 9,12 0.15 0.13 0.014 ns
C18:2cis 9,12 (linoleic) 4.00 241 0.334 *k
C20:0 (arachidic) 0.097 0.098 0.0049 ns
C18:3cis6,9,12 0.032 0.022 0.003 *
C18:3cis 9,12,15 ¢-linolenic) 1.35 0.97 0.078 *x
C20:1 0.11 0.11 0.008 ns
CLAccis9,t11 0.65 0.53 0.026 *x
CLAcis9,cis11 0.069 0.067 0.0075 ns
C20:2 0.068 0.053 0.005 *
C22:0 0.013 0.010 0.0023 ns
C20:3cis 8,11,14 0.31 0.21 0.027 *
C20:3cis11,14,17 0.033 0.025 0.0027 *
C20:4 (arachidonic) 1.00 0.56 0.097 i
C23:.0 0.038 0.021 0.0046 *
C20:5 (eicosapentaenoic, EPA) 0.39 0.18 0.039 *x
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
C22:5cis 4,7,10,13,16 0.065 0.049 0.0053 *

C22:5c¢is 7,10,13,16,19

(docosapentaenoic, DPA) 0.91 0.54 0.093 i
C22:6 (docosahexaenoic, DHA) 0.066 0.048 0.0060 *
Total fatty acids

SFA 47.1 50.9 0.80 o

MUFA 43.7 43.2 0.84 ns
PUFA 9.21 5.88 0.658 o
CLA 0.73 0.60 0.028 o
n-3 2.76 1.75 0.212 o
n-6 5.73 3.53 0.467 o
n-6/n-3 2.08 2.00 0.096 ns

Values are least square means.

CLA: conjugated linoleic acids; MUFA: Monounsatwatfatty acids; PUFA: polyunsaturated fatty aclBEM:
standard error of the mean for ten animals pergr8&A: saturated fatty acids.

! ns: not significanp-value> 0.05, *p-value< 0.05, ** p-value< 0.01, *** p-value< 0.001.

39



3 Results

The average length of the finishing period in baas 129 days (SD=41 days). For animals of
the Pasture group, concentrations of some FA wgndfisantly correlated to the length of the
finishing period in barn as indicated in Table 7on€Centrations of C20:1 and MUFA
increased with the stay in barn while other fattigdaoncentrations decreased. Although there
was no significant relationship, concentration df8@3 cis 6,9,12 tended to decrease with
days in barn (Pearson correlation coefficient=00.and p-value=0.066) while concentration
of MUFA tended to increase (Pearson correlatiorifment=0.622 and p-value=0.055).

Table 7. Meat fatty acids which concentrations vggaificantly correlated with the length of

the finishing period in barn of the Pasture gronprels
Pear son

: N coefficient of
((::%rgr?ilgtég? significance’ determination (%)

C12:0 (lauric) -0.638 * 41
C15:0 -0.897 ok 80

Cl6:1trans9 -0.706 * 50

C17:0 -0.706 * 50
C18:1cis 9 (oleic) 0.936 *kk 88

C18:1cis11 -0.691 * 48
C18:2trans 9,12 -0.769 o 59
C20:1 0.681 * 46
C20:5 (EPA) -0.643 * 41

1% pvalue< 0.05, ** p-value< 0.01, ** p-value< 0.001.

3.4.3 Water holding capacity

Water holding capacity of the. longissimus dorsivas assessed by drip loss, cooking loss,
cooking loss after drip loss and grill loss. Nongiigant group effect, ageing effect or
interaction was observed. Mean values were 3.25% by dripping, 26 % loss by cooking in
a water bath, 21 % loss by grilling and 29 % ld$sracooling 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 wassad at different ageing points for each
group. As presented ihable 8, fat redness and yellowness were more intensehéoPasture
group. Ageing increased intensity of meat lightnéas redness and fat yellowness. Group
effect was not significant for meat colour, althbugeat tended to be more red in the Pasture
group @-value=0.099). For fat L*-brightness, a significanteraction of Group and Ageing
effects was observed. Indeed, fat L*-brightnesselsed in the Pasture group with ageing

days while it remained constant in the Indoor grdDgidation (at T=1 h) rendered the meat
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more red ff-value<0.001), more yellowp{value<0.001) and tended to make it brighter (
value=0.060).

Table 8. Brightness (L*), redness (a*) and yelloasé*) of meat and subcutaneous fat in
each group, at different ageing points on a fregrand after one hour oxidation
Group Ageing Effect’
Pasture IndoorSEM 7 days 14 days 21 days SEMGroup Ageing Group*Ageing
M eat colour T=0

L* 38.6 39.3 0.84 37.4° 39.5% 39.9° 0.66 ns o ns

ar 11.3 10.3 0.39 10.7 10.9 10.9 0.33 ns ns ns

b* 7.5 6.8 0.37 7.1 7.3 7.2 0.33 ns ns ns
M eat colour T=1 h?

L* 39.3 40.2 0.78 39.2 39.5 40.6 0.75 ns ns ns

ar 14.1 13.4 0.43 13.1° 13.9% 14.3* 0.38 ns * ns

b* 10.4 102 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 *

ar 2.2 0.7 0.28 0.0° 1.6° 2.6% 0.24 whk *kk ns

b* 8.8 7.2 044 6.8° 8.2° 8.9% 0.33 * bl ns

Values are least square means in the CIE L*a*bdwospace.
SEM: standard error of the mean for ten animalsypeup.

! ns: not significanp-value> 0.05, *p-value< 0.05, ** p-value< 0.01, *** p-value< 0.001.
Z after 1 h oxidation

b different superscripts within a row indicate sfgrant differences.

3.4.5 Shear force

Results of the Warner-Bratzler shear force tesipagsented in Table 9. There was neither a
significant group effect nor an interaction of gooand ageing effects, but significant ageing
effects were found. Although shear force of the ra@at increased with ageing time, the

grilled meat had lower shear force values from dyiscbf ageing onwards.

Table 9. Shear force values of raw and grilled nmeatich group and at different ageing
points

Group Ageing Effect '
Pasture Indoor SEM 7days 14days 2ldays SEM Group Ageing
Raw meat 2.46 261 0.163 228 250> 285 0.143 ns ok
Grilled meat 3.15 3.28 0.228 4.06% 2.96 2.61° 0.189 ns ok

Values are least square means, expressed in kifeffmae (1 kgf = 9.8 newtons)

SEM: standard error of the mean for ten animalsypeup.

! ns: not significanp-value> 0.05, *p-value< 0.05, ** p-value< 0.01, *** p-value< 0.001.
b different superscripts within a row indicate sfgrant differences p-value< 0.05).
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4.1 Growth performance

According to the values given by Garahal. (2003), hay was of medium quality regarding
crude protein and NDF but of prime quality regagd&kDF content. The grass silage was of
medium quality regarding the values given by Kinklaand Patterson (2005) for low and high
quality grass silages. Grazing allowance was imo@ance with the results presented by
Friedrich (2010) for heifers fattening on contingoshort grass pasture. Although sward
height was lower than usually recommended for thésture management, it was in
accordance with the results of Friedrich (2010) wéymorted a sward height of at 4 to 5.5 cm.
Furthermore, Hausleat al (2008) precised a sward height of 3 to 4 cm wasmal for this
pasture management. ADG of both Pasture and Ingtooips were about 1010 g dayvhich

is in accordance with the results of Natial (2005), Hausleet al. (2008) and Friedrich
(2010). Regarding ADG per period, there was no isagmt difference between the two
groups. However, the Pasture group had a lessestgbWth rate than the Indoor group over
the whole experiment and ADG of the Pasture gro@s wumerically lower than in the
Indoor group over the grazing period. Inversely &DG over the barn period was slightly
higher for the Pasture group. In the study of Fr@d(2010), animals on pasture also showed
a less stable growth rate than animals in barnm@ls on pasture are more active than indoor
kept animals and are exposed to changing climatilitions influencing grass supply and
maintenance requirements (Young, 1983; NRC, 20efrdandet al, 2009) which could have
punctually altered the growth rate of the Pastwaug Regarding the finishing period in
barn, conversion of crude protein, metabolisablergynand feed dry matter into live weight
was within the range observed by Friedrich (20E®8ed dry matter conversion ratio was
slightly above the results of Dufey al (2002) with steers and Sastial. (2004) with bulls,

most likely because of different feed energy congerd gender effects (see paragraph 1.2.2).

4.2 Carcasscharacteristics and organ weights

While carcass conformation score was similar imlgybups, fatness score was lower for the
Pasture grouppfvalue=0.04). This observation is in accordancd \he results of Realiret

al. (2003), Steemt al. (2003) and Keane and Moloney (2009). Furthermeriedrich (2010)
found no significant differencep{value=0.15) but obtained numerical differencesvieen
silage-fed and grazing animals. However, in thesgmé study, the fixed group effect
explained only 21% of the variability of the fateescore (Rvalue). A carcass fatness score
of 2 has the same value as a fatness score ofdsdarng to the Austrian beef market, while

penalties are applied for a fatness score of 4ef@sthische Rinderborse, 2010). In the
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present study, five animals had a fatness scoreeaBoamong which four animals were from
the Indoor group and one from the Pasture groumcelethe Pasture group would have
received less penalties for carcass fatness tradnttoor group in a commercial slaughter
house.

Although there was no significant difference betwegoups, kidney fat and kidney fat
percentage in the warm carcass weight showed the s@&nds as carcass fatness scqres (
value=0.060 and 0.080, respectively). Dressinggrgage was in accordance with the results
of Steenret al. (2003) who also used crossbred Charolais hesfargghtered between 529 and
560 kg live weight, and with the results of Frietir(2010). Carcass cuts had mostly the same
weight in both groups but striploin and flank weignificantly heavier in the Indoor group.
These results are in contrast with the resultsr@dfich (2010) who found no difference in
cuts weight. However, striploin and flank of theddor group were heavier by only 6%,
which may be of low practical importance.

Liver, heart, lungs and diaphragm were significahtavier in the Pasture group. Friedrich
(2010) observed the same phenomenon. Heavier limereased blood flow and higher
oxygen consumption are associated with a highet iie@ke (Burrin etl., 1989). Myerset

al. (1999) concluded that hypertrophy occurs, submeiiyl to increase in feed intake, in
organs that have high-maintenance energy expeadisuch as heart, liver and gut. In the
study of Frenclet al. (2000a), animals on pasture had a higher DM enthlan animals fed a
maize silage-based diet but both groups had the $80G. Feed intake of the animals on
pasture was not recorded but based on the feekbimaasurements of Frenehal (2000a),

it can be hypothesised that in the present stuglyrditter intake of animals on pasture was
higher than the intake of animals in barn, whichtahas with the heavier organs.
Furthermore, Bowden and Clarke (1963) observed pigg raised on pasture had heavier
hearts than pigs raised in barn and explaineditiding 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 \mleetit was measured as marbling
percentage with the software PicedCora or by chalnainalysis. As for Muiet al. (1998),
this observation is in accordance with the highecass fatness score of the Indoor group.
Steenet al (2003) found similar results regarding marblirgrgentage. However, in other

studies in which animals had similar ADG, carcadrdss score and intramuscular fat content

44



4 Discussion

were also similar regardless of the diet (Freetlal, 2000b; Steemt al, 2003; Friedrich,
2010). As presented in Table,1fhie average IMF in the pasture group is below tineshold
recommended by Fricklet al (2005). Furthermore, the size of the longissimus dorsi
tended to be smaller in the Pasture gropvalue=0.085), which matches with the lower
weight of the striploin. Ash and protein contenttié meat did not differ between groups,
which confirms the results of Friedrich (2010) &rdnchet al. (2000b). As a consequence of
higher meat lipid content in the Indoor group, asld protein being in equal proportions, DM
content of the meat was higher in the Indoor grdteen et al. (2003) obtained a wider
longissimus dorsarea in pasture-fed than in high concentrate-feers when adjusted to the
same ADG g-value=0.07), whereas heifers showed the opposst@ltrbut without significant
difference between feeding groupsvalue=0.18).

4.3.2 Fatty acid profile of the meat

Heifers fattened on pasture had lower SFA but highdFA and CLA concentrations in
FAME than heifers fed a grass silage-based diataordance with the results of Freratlal
(2000a) and Nocet al (2005) and partly in contrast with the resultStéeret al (2003) and
Friedrich (2010) as shown in Table 10.

Table 10. Results of the present study compareestats of other authors regarding saturated
(SFA), monounsaturated (MUFA) and polyunsaturagty facids (PUFA) concentrations in
the grazing group compared to the silage- or canatnfed group

Present Friedrich Frenchetal. Nocietal. Steenetal.

study (2010) (2000a) (2005) (2003)
SFA - ns - - ns
MUFA ns 4 ns ns -
PUFA + ns + + +

- : grazing group had a significantly lower concatibn of these fatty acids; +: grazing group haigaificantly
higher concentration of these fatty acids; ns: igmicant difference between the two groups foedh fatty
acids.

" only a trend withp-value=0.06.

In the present study, heifers of the Indoor groad higher concentrations of C12:0 (lauric
acid) and to a larger extent, higher concentratioh€C14:0 (myristic acid) and C16:0
(palmitic acid). Similarly, Frenchet al (2000b) obtained more C16:0 and unchanged
proportions of C18:0 in the silage-fed group thathie grazing group. However, Frerethal
(2000b) did not obtain higher proportions of Clar@ C14:0 in meat of the grass silage-fed
animals. Important PUFA such as C18:2 (linoleicdyciC18:3 &-linolenic acid), C20:4
(arachidonic acid), C20:5 (EPA), C22:5 (DPA) and2®2(DHA) were all in significantly
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higher concentrations in the meat of the Pastuoemmanimals. Frenckt al (2000a) also
obtained higher proportion of C18:2 and C18:3 butthange in C20:5 or C20:4. Regarding
n-3 and n-6 fatty acids in the present study, higlemcentrations were found in the Pasture
group than in the Indoor group. Higher n-3 promorsi in meat from grazing animals were
already mentioned by Steehal (2003) and Frencét al (2000a). Regarding n-6 fatty acids,
higher proportions in grazing animals than barnfeedlot-fed animals were also observed by
Ruleet al (2002), Realinet al (2004), Samet al. (2004) and Hollét al (2005). As grass is
richer in n-3 fatty acids than preserved foragewbastet al, 2003), grazing animals are
more susceptible to show high n-3 content than-Bedranimals. In the present study, pasture
management maintained the grass in a vegetatige;dtance, grass had high sugar levels and
low fiber content. This could have enhanced biobgédnation in the rumen (Ferlay, 2006). A
high C18:3 intake associated with a high biohydnbgen process would then have enhanced
C18:2 levels. Indeed, linoleic acid (C1&i& 9, 12) concentration was significantly higher in
the Pasture group in the present study. Consequienthe increase in both n-3 and n-6, the
ratio n-6:n-3 did not differ between groups in fresent study as in Sami et al. (2004). In
contrast, Friedrich (2010), Noet al (2005), Realinet al (2004), Steeret al. (2003) and
Frenchet al (2000a) obtained lower n-6:n-3 ratio in the gngzgroup than in the silage- or
concentrate-fed group. Meat from animals of theotrdgroup had higher concentrations of
C12:0 (lauric acid), C14:0 (myristic acid) and Al @almitic acid) which are all three known
to have a cholesterol rising effect (Daktyal, 2010).

While Duckettet al. (1993) found a quadratic decrease in PUFA andafimgcrease in SFA
with days on a maize silage finishing diet aftetefiaing on pasture, only MUFA tended to
increase with days on a grass silage-based firgstliat in the present study. The Indoor
group had higher concentrations of C12:0 and Ci&ds 9 than the Pasture group and,
surprisingly, concentrations of these fatty acidsevnegatively correlated with days in barn
for the Pasture group. Concentration of these tao-@ssential fatty acids was equal to or
lower than 0.1 %. Hence, their correlation with slay barn is of low importance.
Concentration of C18:&is 9 (oleic acid), was strongly positively correlatedh days on the
finishing diet in barn (Pearson correlation coediint = 0.936) which matches the trend to
increased MUFA concentration with days in barn &dh agreement with the results of
Smith et al. (2009). This may indicate a high IMF deposit e tPasture group during the
finishing period in barn (Smitkt al, 2009). Although C20:5 (EPA) concentration desesh
with days on the finishing diet in barn, the Pastgroup still showed a concentration of this

beneficial fatty acid twice higher than the Indgooup. Thus, finishing in barn did not impair
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the beneficial fatty acid profile the meat acquifemin pasture grazing. Correlations between
days on the finishing diet after pasture fattenamgl meat fatty acid profile have been
assessed from 10 animals on pasture. These olises/aeed to be confirmed with a larger

sample size.

4.3.3 Water holding capacity and pH

In the present study, the. longissimus dorf both Pasture and Indoor group animals had a
pH, of 5.7, which is also the value obtained by Readinal (2004) and within the normal
range according to Viljoeat al (2002) and Immoneet al. (2000). Furthermore, this value is
within the range of piadvised by Fricklet al (2005) as shown in Table 11 and close to 5.5
which is the “normal meat” value according to Wssri(2010). Furthermore, WHC was
within the range advised by Frickdt al (2005), which could be expected regarding thg pH
value (see paragraph 1.2.4). There was no differancWHC between groups, which

confirms the results of Friedrich (2010) and Razmiitz et al (2006).

434 Meat and fat colour

Meat colour was not different whether the meat Wams the Pasture or the Indoor group,
which is in agreement with the results of Friedri@010) and Frenclet al. (2000b).
Furthermore, values for meat L*-brightness andextress were within the range advised by
Frickh et al (2005) as shown in Table 11. The present resultgrast with the results of
Gatellieret al. (2005) who observed pasture-finished animalsitaadr haeminic iron content
than mixed diet-finished animals, which indicatestpre-finished animals had a more red
meat. The latter experiment was carried out on $aamd iron supplementation in the farm
mixed diet could not be excluded according to thihars. In the present study as in the study
of Friedrich (2010), values for meat a*-rednessenemer than described by Frenehal
(2000b) and Vieiraet al (2007). However, the two latter studies wereiedrout with older
animals and colour was measured after a longeratgri time and at an earlier ageing time
point than in the present study, which all influers¢-redness value as observed in the present
study and in Friedrich (2010), Muat al (1998), Jayasooriyat al. (2006) and Iruretat al
(2008).

Effect of grazing on fat yellowness is well knovae¢ paragraph 1.2.4) and the present study
confirmed the observations of Mwet al (1998), Frenclet al (2000b), Realinet al (2003)

and Friedrich (2010). However, a significantly moeedish colour of subcutaneous fat from
grazing animals had already been observed only rfsdfich (2010) although results of
Realini et al (2003) showed numerical differences. Furthermageing significantly
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4 Discussion

enhanced fat colour intensity for both groups, leady observed by Revilla and Vivar-
Quintana (2006), while brightness remained unch@ngethe Indoor group and slightly
lowered in the Pasture group. Yellowness of thecdat impair the acceptance of the meat by

some consumers but can be reduced by trimmingath@eérthet al, 2007).

435 Shear force

Warner-Bratzler shear force values were below lineshold advised by Frickét al (2005)
from 14 days of ageing onwards, which is also ti@mum ageing time advised by Frickt

al. (2005). As it has been already widely acknowled{jeuruetaet al, 2008; Revilla and
Vivar-Quintana, 2006; Marinet al, 2006; Grubeet al, 2006), ageing lowered shear force
values of the cooked meat. Although raw meat showegler shear force values at 21 days
p.m than at 14 days.m, all measurements were below the threshold recemded by Frickh

et al (2005) and therefore, difference in raw meat ¢eness between 14 and 21 days of
ageing was most likely of low practical importanées presented in Table 11, IMF in the
pasture group was below the thresholds recommebgdttickh et al (2005) but remained
above the 1.5% threshold for acceptable tendemieBsrtin et al. (2005) and Razminowicz
et al. (2006).

Table 11. Comparison of reference thresholds fatmaality criteria (Fricktet al, 2005)
with the results of the present study and the tesiilFriedrich (2010)

Present study  Friedrich (2010) Frickh et al. (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 3.0-45

Cooking loss 26 26 <30

Grill loss (warm) 21 17.8 <22

IMF (% fresh meat weight) 1.8 2.9 3.2 2.5-45
Shear force (kgf)

Raw meat 2.85 2.7 -

Grilled meat 2.61 2.6 <4.0
M eat 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, faM: fresh matter
For WHC, shear force and meat colour, values arengior measurements at 21 days of ageing.
*The mean value is given when differences betweaengms were not-significanp{value>0.05)

Ender (1995, in Branscheat al, 2007) recommended the same values as Fetkh (2005)
for drip loss, shear force, IMF and L*-brightnesslaecommended a pHbetween 5.6 and
6.0.
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5 Conclusions and implications

5.1 Conclusions

The aim of this study was to determine whetheefattg heifers on pasture with a finishing
period in barn allowed as good performances and meaity as current rearing in barn on a
grass silage-based diet with low amounts of comatsd. Results showed that fattening on
pasture with a finishing period in barn allowedga®d growth performance as raising solely
in barn. Animals fattened on pasture and finisimebarn had in average lower carcass fatness
scores than animals solely kept in barn, althouwgites remain within the desirable interval.
In contrast, animals solely kept in barn had mdtenoa too high carcass fatness score than
animals fattened on pasture and finished in bareatMrom animals fattened on pasture or
solely fed in barn was within the thresholds focegtable meat palatability. Meat colour was
not influenced by either feeding practice but falibar was more red and more yellow in the
grazing animals. Meat from grazing animals was deabut this characteristic had no
consequence on shear force. Furthermore, meat &ommals fattened on pasture had
enhanced proportions of n-3, PUFA and CLA and aiced proportion of SFA, known to
have a cholesterol rising effect. The finishing ipérdid not significantly impair this

beneficial fatty acid profile but results needd&confirmed with a larger sample size.

5.2 Implications

According to the present study and the study aéd¥rch (2010), fattening heifers on Alpine

pastures is a suitable practice. Continuous graamghort grass provides as good growth
performances for heifers as the current feedingtjwes in barn. However, the growth rate of
the animals on pasture is less stable than indradrthe transition from pasture to barn can be
delicate. Meat palatability and processing quaigynot impaired if animals are grazing.

Allowing the cattle to graze improves the fattydagrofile of the meat regarding human

health needs. Colour of the fat may be inconvemniegarding consumer preferences but may
also help differenciating meat from grazing animdis contrast, the leaner meat of the
animals on pasture could be more attractive foisaorers concerned by fat in their diets. A
finishing period in barn from 450 kg to 550 kg idfcient to obtain desirable carcass fatness

and conformation and did not impair the advantages8, PUFA and CLA concentrations.
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Appendix
A.Botanical composition of the pasture

Table 1. Inventory of the botanical compositioragfasture on continuous grazing on short
grass in Ennstal (% of total area when not indata(eFZ Raumberg-Gumpenstein, 2010)

08/2007 08/2006
Old New Old 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 withegtsophotometer
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Figure 4. Meat mple to be grilled and the theretemto control internal temperature (A)
and the meat grilling in a Silex double plate (B).
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L)

Figure 6. Shear force measurement on raw meainghaith a Warner-Bratzler sharing
device
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C. Results per weight class and per group
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Figure 8. Crude protein intake for each weight<iaseach group.
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Figure 9. Dry matter intake for each weight classach group.
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