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1 INTRODUCTION

1.1 Bovine livestock in Italy
In Italy there are about 6 millions of live bovinesnillion of which are bulls, beefs and

calves for meat production (Istat 2007/208). Moktheem are in Northern ltaly, (4
millions heads), in particular in Lombardia regi@able 1). These animals are mainly
calves and young beefs from milk breeds that caora french and North of Europe.
Only 149,000 of all live bovines belong to Italidmneeds (Marchigiana, Chianina,
Romagnola, Maremmana, Podolica and Piemontese) BAA2007). These Italian
breeds are mainly reared in Central Italy, exceptlie Piemontese (in the North) and
Podolica (in the South).

Table 1. Quantity of slaughteringnimals per region and categdtstat 2007)

Country Calves <1 year Beef > 1 year
Piemonte 42,649 115,703
Valle d'Aosta 431 741
Lombardia 201,410 117,726
Trentino-Alto Adige 2,466 3,371
Bolzano 1,578 1,412
Trento 888 1,959
Veneto 134,289 221,599
Friuli-Venezia Giulia 2,356 8,890
Liguria 799 1,133
Emilia-Romagna 12,021 44,230
Toscana 9,727 12,659
Umbria 6,535 7,648
Marche 6,374 10,437
Lazio 10,962 13,721
Abruzzo 5,502 8,198
Molise 3,670 4,957
Campania 10,147 20,147
Puglia 6,457 8,452
Basilicata 4,811 5,321
Calabria 10,822 14,039
Sicilia 18,810 21,429
Sardegna 28,796 12,353
Italy 519,034 652,754




Previous regions are characterized by an intensaeng system with:

* Higher mechanization;

* Higher head/UAA;

* Feed with higher protein and energy content (eapcentrated and maize

silage);
» Breed with higher conversion and growth index (&gench breed Limousine
and Charolaise, Simmenthal and/or crossbreeds);

» Specialized workers;

* Low time-consuming production processes;

* Farm management optimization;

* Contained areas (e.g. box on grilled and deep)litte
Although intensive system is very expensive dughelivestock management, since a
lot of money is invested on structure, mechaniratiworkers and food and animals
buying.
Furthermore, pollution is very high because a gdeal of animals on a little area cause
a high concentration of nitrate in the soil, (th&6Act says that the maximum nitrate
concentration is 170 kg/halyear for the vulneratdees and 340 kg/ha/year for non
vulnerable zones, Nitrate Directive n. 676, (1991).
Whilst the North of Italy is characterized by ateimsive system, in the South and in the
Islands extensive system is common. This systemséxl in marginal lands that are
characterized by wooded areas, hills and mountains.
Extensive system is characterized by:

+ Closed productive cycle (cow-calf line), calvesrbor the farm;

« Pasture and semi-pasture areas;

+ Low density head/UAA;

+ Animal feeding based principally on pasture and hay
This rearing system is applicable to bovine charamtd by high rusticity (e.g. good
diseases and climate resistance capacity), goaacitgpf ingestion and utilization of
low nutritional forage and some by-products, higttility (1 calf/year), good motherly
aptitude (i.e. good milk production), meat prodoctiaptitude, easy recovery of their
strength after lactation stress.
In ltaly, in the 2008, were slaughtered 3,833,45hds (beefs and buffaloes),

corresponding to about 1,059,314 tonnes of meatdfg). National production of beef
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depends on quantity of calves import. In fact im Gountry about 1.5 millions of heads
are imported including 1.2 millions of heads fronarce.

The Italy meat productivity and the gains of bregdis so compromised by the high
costs and the difficulty to found young animals fattening from other Countries.
Moreover, in the last year, the purchase of rawensds, like food for animals, is

increased although the market of the meat has tionagh a difficult period and it is

still decreasing (graphic 1).

Graphic 1
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1.2 Why the extensive rearing?
Although the extensive system presents some prabierthe management it is useful

for maintaining local ambient characteristics, fepopulating the marginal areas and
for maintaining the pure line Italian breeds anel biodiversity.

In fact in the last ten years the number of Italmeed rearing farms has increased
(graphic 2) of 14% in total (ANABIC), in particulare can see a large increase of farms
in which Maremmana and Chianina are reared tocs rend is also confirmed by the
increase of total animals registered in the ANARtQe Italian National Bovine Meat
Farmer Association).

This change is due to different factors. First bftlae consumer's request, consumer
prefer a quality product made in farms that resmadmal welfare. Hence quality

concept is strongly correlated to welfare.



Furthermore, the meat obtained in an extensiveesys$ias better organoleptic/sensorial
characteristics (Giorgetti et al., 2009) and niatnidl values than meat from intensive
rearing system. This meat is characterized by &aygorages flavour derived from
pasture; moreover, shows a higher quantity of Ct@njugated linoleic acid, functional
products that have benefits on human health, Kranal., 1998; Brown et al., 2002) a
good w3/w6 ratio (Reline et al., 2004), and low saturatdtlfacids. Meat of bovines
fed pasture has a lower n-6 polyunsaturated faitysgPUFA) content when compared
to the meat of intensive reared bovines (grain-thatiet) (Enser, 2000; Yang et al.,
2002). Unfortunately extensive rearing system hases limits that hinder its
development. In fact it is more time-consuming thamintensive one because animal’s
growth is slow. There is also another problem almoet. In fact, even though the meat
has usually a better flavour and it is also bdtm a nutritional point o view, it could

be tougher and darker due to the bigger muscleityctiuring life.

Graphic 2. Italian breeds farm
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1.3 Meat quality
As previously mentioned, breeding system affectatnggiality, but what is the meat

guality, what are the factors that cause it and soivchanged?

Quiality is not so easy to be described becausétyjgalvers inherent properties of meat
decisive for suitability of the meat eating, funtipeocessing and storage including retail
display (Henrik et al., 2004). Quality is defineds SO 8402 [nternational
organization for standardization) as “characteristics of product that satisfy caoners
demand”. Regarding meat quality, the safety, natrél values, flavour, texture, water-

holding capacity, colour, lipid content, lipid coogstion, oxidative stability and
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uniformity are the main attributes that are reqlitey consumers. However, high
standards of quality affect also different aspeetgarding environmental, ethical and
animal welfare problems.

Anyway the first aspect that defines quality isdemess, in fact consumers demand a
more tender meat, and this aspect is often reltdedn extensive rearing system
(Monson et al., 2005).

To improve meat tenderness is important to undedstehat occurs during the ageing
time, from slaughter to 8-21 days after, and irtipalar during therigor mortis, when
the muscle becomes meat, due to development of bmuleemical processes.

The main subjects of tenderization process, argnreez and structures of muscle:
myofibrils and collagen. All this subjects haveeirsicted one another during ageing

time and on tenderization process.

1.3.1 Myofibrils
Muscle is a structure composed mostly of contmadiires organized in fascicles by

connective tissue. The quality of meat is therefaetermined by the muscle
architecture, attachment of fibres to connectigsue, and changes in these structures
post-mortem; the effect of muscle fibre type on ntpality depends of fibre size and
fibre type: glycolytic (white fibres), oxidative dd fibres) and mixed. The fibres are
usually classified in type | (slow-contraction, yadhall and oxidative metabolism); type
[IA (fast-contraction, intermediate metabolism)peylIB (fast-contraction, white, large
and glycolytic metabolism). Fibre type varies sfigaintly among species, muscle types
and regions within the same muscle. It is the ditg and adaptability of fibre type
that allows muscle to be a dynamic organ that nedpdo the needs of the animal.

1.3.2 Collagen content
Collagen is an elongated protein that forms extihgrsieong but very small fibrils (best

seen with an electron microscope). Lot of theséageh fibrils are bound together to
form collagen fibres that easily can be seen witiglat microscope. Collagen is the
most abundant protein in the animal body, and tiagen which occurs in meat may
be an important source of meat toughness. Pantiguhath increase of age it forms a
larger amount of insoluble collagen and so the mogatder cattle becomes tough.



Tropocollagen that constitutes collagen is a highlecular weight protein (300,000
Dalton) consisting of three polypeptide strandssted into a triple helix. The triple
helix is responsible for the stability of the maléec and for the property of self-
assembly of molecules into micro fibrils. The flebe parts of each strand projecting
beyond the triple helix (telopeptides) are respaesior the bonding between adjacent
molecules that forms the cross links that bind domdagen molecules together.
Different cross links between tropocollagen fibfiorm different types of collagen. The

various types of collagen of interest to understiedstructure of meat are principally:

Type | collagen forms striated fibres between 8@ 460 nm in diameter in
blood vessel walls, tendon, bone, skin and meat.
Type Il collagen forms reticular fibres in tissuggh some degree of elasticity,

such as spleen, aorta and muscle.

Tropocollagen links from older animals are moreistest to heat degradation than

those from younger animals.

1.3.3 Enzymes activity
Enzymes activity acts on some muscle structuraparticular on myofibrils. Their

actions are performed during the ageing time, penovhich muscle becomes meat.
In this period there are two important classes rdfymes: glycolytic and proteolytic

enzymes, that modify some meat aspects like pHemgerness.

1.3.3.1 Glycolytic enzymes
Glycolysis is an almost universal pathway for estin of the energy available from

carbohydrates. In aerobic organisms, considerabtyenenergy can be harvested
downstream from glycolysis in the citric acid cyd&ycolysis produces energy in form
of ATP and NADH.

If glycolysis continued indefinitely, all of NADwould be used up, and glycolysis
would stop. To allow glycolysis to continue, orgams must be able to oxidize NADH

back to NAD+.

The method to convert NADH in NAD+ is the anaerolespiration which produces

pyruvate do the oxidation in a simpler way; in thi®cess the pyruvate is converted
into lactate (the conjugate base of lactic acid) ainprocess called lactic acid

fermentation.



This process occurs in animals slaughtered duhegigor mortis. After the death of
the animals the blood can no longer perform itsgpart function in the Cori cycle and
anaerobic respiration starts, so beginning an laciic store. This lactate accumulation
determines a pH change from 7-7.2 in alive animd&.5 in death animals (Jensen et al.,
2004).

1.3.3.2 Proteolytic enzymes
In living muscles, intracellular protein degradatis mediated by a number of different

endogenous proteolytic enzymes (Ouali 1990). Duthéomany changes occurring in
the course of meat tenderization are currentlyelvell to be the result of proteolysis,
every proteinase located inside muscle cells cdidda potent contributor to meat
ageing and must be considered in this context.

In the proteolytic systems detected in skeletal al@i2 proteinases have been noted
that are able to degrade the myofibrillar proteifbese proteinases are calcium-
dependent cysteine proteinases located in thel@etiytosol. They are named p-calpain
and m-calpain because activated at micromolar ¢500tpumol) and millimolar (1 to 5
mmol) concentration of Garespectively (Hortos et al., 1994). Their activigyoptimal

at pH 7.5 and has been shown to degrade Z-disgonin-T, and desmin, but it is
inhibited by a specific calpain inhibitor calledgastatin (Koohmarie et al., 1987). The
calpain proteolytic system also includes a tisquezsic calpain, calpain 3 (Suzuki et
al., 1995). Other proteinases have been isolateth, s cathepsins B, H, and L, (Goll et
al., 2002; Zeece et al., 1989), but their imporéaricr meat tenderization is not
completely clear (Johnson et al., 1990; Dransftldl., 1992).

1.3.4 Ageing time process
Therigor process has been characterised by Bendall (1$7&)rssisting of a delay and

a rapid phase period. For the delay period, thelle¥ ATP is constant, the creatine
phosphate (CP) falls rapidly, while there is a sfmwduction of lactate and no onset of
rigor development. When the CP is low enough, a rapdirgein the ATP (rapid
phase) is initiated, accompanied by a shorteningha$cle and the development of a
force under isometric conditions (Tornberg, 1998hortening is explained by the
release of calcium ions into the myofibrillar spateATP concentrations sufficiently
high for contraction (Honikel et al., 1983).
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During rigor development, not only longitudinal but also latezantraction occurs
(Tornberg, 1996). Offer et al., (1989) have showat ta decrease of about 9% in the
cross-section area of the myofibrils takes plaaenduigor. This decrease is suggested
to be partly due to a fall in pH and partly dudhe attachment of myosin heads to the
actine atrigor onset. The consequence of this shrinkage of thefibmjs is that the
fibres shrink and the water that is left behinduwscualates, first along the perimysial
network and later along the endomysial network,ingjvrise to two types of
extracellular compartments (Offer et al., 1989hédtstructural events occurring during
rigor are based on the proteolytic action, which alsotinaes after fully developed
rigor, the being called ageing (Taylor et al., 1995)eSéproteins are involved in inter
(e.g. desmin and vinculin) and intra-myofibril (eiitin, nebulin, and troponin T)
linkages or linking myofibrils to the sarcolemma lopstameres (e.g. vinculin,
dystrophin) and the attachment of muscles celteeédbasal lamina (Hattori et al., 1995)
(figure 1). Degradation of these proteins woulderéfiore, cause weakening of

myofibrils and thus, tenderization (Koohamarie 1996

Figure 1. Costamere complex
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Since these early observations, a great deal deage has accumulated indicating that
the calpains have an important role in postmormaérization, and many studies have
11



focused attention on this role (Goll et al., 1982ehm et al., 1993; Dransfield 1992;
Koohmarie 1992). This evidence has led to the pliegaview that the calpains are
responsible for 90% or more of the tenderizatiat tccurs during postmortem storage,
(Goll et al., 1992).

The enzymes involved in postmortem proteolysis HBean the subject of much debate;
however, it is now generally accepted that calpdaiso called p-calpain) is the major
enzyme involved (Koomaharie et al., 1986; Geesihkale, 1999). The calcium
concentration in postmortem muscle could reach 16®l,51 which is sufficient to
activate calpain | but insufficient for calpain #ctivity (Koomaharie, 1992). The
activity of calpain | is mostly regulated by calfm, its endogenous inhibitor
(Geesink et al., 1999). Levels of calpastatin irsabel vary considerably among species
(Oali et al., 1990; Koomaharie et al., 1991), bee@fhipple et al., 1990; Shackelford et
al., 1991; Shackelford et al., 1994) and muscleso(faharie et al., 1988; Geesink et
al., 1992).

1.4 Changing of some Qualitative parameters during the
ageing time

1.4.1 pH
After animal isp exsanguinated, the blood can ngéorperform its transport function in
the Cori cycle, and lactate accumulates in the olasare. This lactate accumulation
causes a pH change, from 7-7.2 in live animal 3358 in death animal. pH falls due to
formation of 0.1 molf of lactic acid from glycogen by anaerobic glycidygHonikel,
2004). Atfter all glycogen is used, by glycolyticzgmes, the lactic acid is not more
produced hence the pH does not change and sded &alal pH (Callow, 1937).
In bovine meat it takes 18-36 hours to reach timalfipH (Honikel, 2004). This
variability is due to different factof®uali, 1990). These factors depend on the animal
(i.e. species, fibre types) (Hannula and Puolar®@3Pand environmental conditions
(i.e. stress before slaughter, temperature) (S&8@6). Temperature influence the
glycolytic process, in fact more the temperaturerease more the speed of the
glycolytic process increases, on the other hanglymolytic process rate, hence the pH,
changes from muscle to muscle by the muscle pasitiche body and by the cooling

method(Bendall 1978).
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The rapidity of pH reductions in post mortem peraftect the meat tenderness during
ageing time. In general if we have a slow pH decimthe first 24 hours we will have a
tough meat, but Marsh et al., (1987) reported aldéeress meat despite a slow pH
decline.

Thompson (2002) was reported that there are twitsljmane superior and one inferior,
that causes tough meat, hence there is an idedepkhe range (graphic 3).

Graphic 3. Variability of pH rate decline during post mortgrnase iri.. dorsi muscle.
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1.4.2 Water content

Lean muscle contains approximately 75% of watere Bither main components
include proteins (approximately 20%), lipids or fgapproximately 5%),
carbohydrates (approximately 1%) and vitamins amterals (often analyzed as ash,
approximately 1%) (Huff-Lonergan et al., 2005). Thejority of water in muscle is
held within the structure of the muscle and musg#s. Specifically, within the
muscle cell, water is found within the myofibrilsgtween the myofibrils themselves
and between the myofibrils and the cell membramaecdemma), between muscle
cells and between muscle bundles (groups of mustle) (Offer & Cousins, 1992).
Water is a dipolar molecule and is attracted torgd species like proteins. In fact,
some of the water in muscle cells is very closeyrl to protein. By definitiorijound
water is water that exists in the vicinity of non-aqueoaasstituents (like proteins) and has
reduced mobility, i.e. does not easily move to ott@mpartments. This water is very
resistant to freezing and to being driven off bynantional heating. True bound water is a

very small fraction of the total water in musclésce
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Another fraction of water that can be found in niesand in meat is termed entrapped (also
referred to as immobilized) water (Fennema, 1986 water molecules in this fraction
may be held either by steric (space) effects anolaattraction to the bound water. This
water is held within the structure of the musclé isunot bound with protein. In early
post-mortem tissue, this water does not flow freely from tissue, yet it can be removed by
drying, and can be easily converted to ice dumeging. Entrapped or immobilized water is
most affected by thegor process and the conversion of muscle to meat. Ejperation of
muscle cell structure and lowering of the pH th&éex can also eventually escape as purge
(Offer et al., 1988).

Free water is water whose flow from the tissuenisnpeded. Weak surface forces mainly
hold this fraction of water in meat. Free watenas readily seen in pre-rigor meat, but can
develop as conditions change that allow the ent@dppater to move from the structures
where it is found (Fennema, 1985).

The majority of the water that is affected by tlmecpss of converting muscle to meat is
the entrapped (immobilized) water. Maintaining asci of this water as possible in
meat is the goal of many processors. Some of tterfathat can influence the retention
of entrapped water include manipulation of theaketrge of myofibrillar proteins and
the structure of the muscle cell and its compon@ny®fibrils, cytoskeletal linkages and
membrane permeability) as well as the amount obegtlular space within the muscle
itself.

During the conversion of muscle to meat, lactic dmiilds up in the tissue leading to a
reduction in pH. Once the pH has reached the isielgooint (pl) of the major proteins,
especially myosin (pl=5.4), the net charge of tragin is zero, meaning the numbers of
positive and negative charges on the proteins sgengally equal. These positive and
negative groups within the protein are attractedach other and result in a reduction in
the amount of water that can be attracted and lnelthat protein. Additionally, since
charges repel, as the net charge of the protemisrthkeup the myofibril approaches zero
(diminished net negative or positive charge) repulsf structures within the myofibril is
reduced allowing those structures to pack moreeljjo®gether. At the end there is a
reduction of space within the myofibril (graphic $artial denaturation of the myosin
head at low pH (especially if the temperatureilsisgh) is also thought to be responsible
for large part of the shrinkage in myofibrillartle¢ spacing (Offer, 1991).
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Graphic 4. Hypotesis of drip loss during ageing time
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This amount of water, may subsequently be subjecbhsiderable variation, due to the

gains that occur during processing, or to lossesith drip, evaporation or cooking. The

juiciness and tenderness of meat and meat prodetnd on a great extent on their water
content and excess drip produces an unattractiesapnce (Offer et al., 1983).

1.5 Tenderness
Research has shown that significant improvemertemntderness can be achieved by

controlling the physiological processes that affectderness and processes that are
influenced by environmental factors. These factoctude carcass chilling (May et al.,
1992), electrical stimulation (Nour et al., 199dime on feed (Van Koevering et al.,
1995), post mortem ageing time (Huff-Lonergan et2095), cooking method (Wulf et
al.,, 1996a), and end-point temperature (Wheeleralet 1999). The variation in
tenderness is also due to the genetic variatiaodical and physiological differences,
biophysical changes during slaughter, and chenddé&rences created during post-
mortem aging (Koohmaraie, 1996). In addition tosthdactors, the percentage of
protein, fat, moisture, and collagen compositiomefat may affect tenderness (Cross et
al., 1973). In general, tenderness is affected dpging, extent of rigor, sarcomere
length, proteolytic activity, and a variety of plolsgical and chemical factors that
occur during rigor mortis and post mortem (Peard®8,7). Predgor meat is tender but
becomes progressively tougher as permanent cradgerform between myosin and
actin (Pearson, 1987). Therefore, the variationeoflerness depends on the rate and
extent of post-mortem tenderization. Tenderisatioours as the structural proteins are

degraded (i.e. proteolysis). Proteolysis can comtiaven in shortened muscle without
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the meat-becoming tender (Locker et al, 1984; Mcigbn et al, 1999). If the muscle
has been stretched, then it is more tender (Hopkinal, 2000b), but proteolysis may
not have occurred to the same extent as non-stettoleat for the same shear force
changes. Ageing is the process which leads mdadome tender and involves specific
degradation of the structural proteins.

The processes affecting meat tenderness staraaghger, but changes may not be
significant at that time and also measurement mddeness at this stage is meaningless.
The endogenous enzymes responsible for tendensaltib be active throughout the

rigor process (graphic 5).

Graphic 5. Toughness rate during ageing and enzymes activity
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While proteolysis is taking place, significant tengess changes are not evident until
most of the muscle fibres arerigor (Devine et al, 1995). Because an intact musdce is
collection of individual muscle fibres enteriniggor in succession, intact muscle would
appear to start to age (tenderize) befoger is complete in all fibres. The development
of rigor and the shortening of fibres would be expectedounter early proteolysis so
that the expected peak in shear force is eventnalfjated by the cumulative pasgor
proteolysis. Once this reverses the rise in toughmesulting fronrigor contractures

the process of tenderisation occurs.
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1.5.1 Tenderization techniques
Different techniques were tested on carcass byaresers for improving tenderness:

electrical stimulation, injection of different elemts as calcium or some natural

compounds, temperature control such as very faéingh different carcass hanging.

1.5.1.1 Electrical stimulation
The historical reason of the development of eleatrstimulation was the acceleration

of post-mortem glycolysis so when muscle enteregbrriit was prevented from
shortening excessively (Swatland, 1981).

Electrical stimulation involves passing an electaarrent through the carcass of
animals within a few hours from slaughtering. Thatectric current causes the
contraction of the muscle increasing the rate pE@lysis so resulting an immediate fall
in pH (Hwang et al., 2003).

The effects are a physical degradation of the nbyiiir matrix (Ho, et al, 1997) or the
acceleration of proteolysis (Uytterhaegen et aB2)9Electrical stimulation improves
meat tenderness through its effects on physica&radion (i.e. prevention of cold
shortening or causing physical disruption) andthar acceleration of energy turnover
during and after the treatment. There is potentiallpowerful association between
physical disruption of the myofibrillar complex anttrease in tenderness (Dutson, et
al, 1980; Ho, Stromer et al, 1996).

Contracture bands are not a direct consequendedifieal current passing through the
muscle, but rather due to the super contractiosexaly localised excessive calcium
ion release from the sarcoplasmic reticulum. Itlddae this extra calcium which also
causes the tenderisation to proceed. This sectibrattempt to shed insight about the
relative importance of ultra structural alteratitor the effects seen as a result of
electrical stimulation. Dutson, et al (1977) repdrthat electrical stimulation resulted in
ultra structural changes in bdehgissimus muscle.

However, there is not unanimity about which of theffects is most important in terms
of reduction of the toughness of meat (Hwang ¢t28103). Furthermore, Devine et al.
(2001) in a study found a wide variability in tlentlerisation rate for sample held at 10°
C after electrical stimulation, where differencesarcomere length were not significant
and there was no detectable difference in rateeinddrisation and final tenderisation

compared to non-stimulated samples.
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Electrical stimulation of carcasses after slauglser process that can have a significant
effect on meat toughness, but it is not universaslgd and the reasons are not clear.

1.5.1.2 Effect of cooling rate
The cooling system is usefully to reduce a micrbgrawth on the carcasses and for

storage the product during marketing.

The meat industry has long been attracted by theeq of accelerating rate of carcass
chilling but this has been inhibited by the rislkittla rapid drop in muscle temperature
can induce a condition known as cold-shorteningctvitan result in unacceptably
tough meat. To overcome this detriment effect otingaguality, criteria have been
established for the combination of post-slaughiteettemperature and pH necessary to
avoid cold-shortening. As a general rule, it hasnbeecommended and widely accepted
that temperature of beef should not fall below within 10 hours of slaughter.
Experience has shown that, if these time/temperatonditions are observed, rigor
mortis will have advanced sufficiently to avoid ¢hening the meat (Troy et al., 2001).
Furthermore, the cooling system could improve sopnaity characteristics of meat as
tenderness. In fact the effects of calpains (pigteoenzymes) and their inhibitors
immediately post-mortem, depend on pH ant tempexand have an influence on the
tenderness (Hannula, et al. 2004; Koohmaraie, 10¢dhsfield 1994).

(The cooling technique that some authors were studvas) One of the available
cooling techniques is Very Fast Chiling (VFC) thateans to reduce the core
temperature of muscle to 0°C in 2-5 hours post emrtTwo mechanisms has been
attributed to VFC: 1. the outer surface of the nmisoay be frozen and act as a
straitjacket to prevent cold shortening; 2. themse cold release bound calcium so that
the tenderising enzymes are stimulated. The VF@ipcis different from animal to
animal and from muscle to muscle of the same anandlits properties are influenced
by time-temperature-pH combinations.

The VFC does not induce cold shortening becausedbkng is initially fast but then
slowed down to allow the pH to fall and rigor tat,sthe meat still is tender. This
happens because during fast chilling, near 0°C,ARE (adenosine triphosphate) is
consumed by enzymatic glycolisys (Marsh, et al,6)9&nd it won’'t more available for
muscle contraction. Bendall (1973) found that ATdPaactivity decreases when
temperature goes down from 38°C to 0°C; it has &ksen shown that the calcium
bonding capacity of the sarcoplasmatic reticulunerefgses strongly at temperature
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below 10°C, and this occurs very early post mort&an Moeseke et al (2001)
hypothesized that this early supply of free calcgiuagether with a high muscle pH,
could result in an advanced and increased activaifocalpains and therefore in an
intense tenderisation, capable of overcoming toaghrtaused by cold shortening. An
acceptable tenderness level for VFC beef was faitedt 7 days instead of 14 days of

conventional chilling (Honikel, 1998).

1.5.1.3 Pre-rigor Injections of lonic Compounds
Both Webster's New World Dictionary of the Americaanguage and Dorlands's

lllustrated Medical Dictionary define infusion siamly as the introduction of a solution
into the body, specifically into a vein, and perfusas the act of pouring (such as a
liquid) over or through an organ or a tissue (Rwii@t al., 2000).

Infusion or perfusion of compounds to change the od glycolysis, rate and state of
contraction, and rate of proteolysis appear todasible methods of manipulating the
postmortem tenderization process in meat (Lee €2080; Koohmaraie et al 1990;
Wheeler et al., 1991). It was reported in the m&fiOthat infusion of bovine carcasses
with salt solutions caused a considerable improvenne tenderness (Geesink et al
1994).

The results obtained in a recent study (Polidorlet2001) indicated that infusion of
beef carcasses with CaCl2 accelerated post modrdetization. The direct action of
calcium ions was described by Takahashi. Calciung ioave a dual function in post
mortem muscle (Takahashi yet al., 1996); the rigesarcoplasmic calcium ion
concentrations to 3 to 5 mmol induces rigor coribac and the further rise of the
calcium ion concentration to 0.1 mmol weakens tinectures of myofibrils, desmin
intermediate filaments, and probably the endomysiamd perimysium, thereby
tenderizing the meat. The different ionic compouimgscted before rigor in carcasses
of meat animals in previous experiments were: gaicchloride, maltose, dextrose,
polyphosphate and glycerine, sodium chloride, @hloride, sodium phosphate plus
sodium chloride, sodium chloride and phosphate (ioaraie et al 1990; Farouk et al
1992; Koohmaraie, 1990; Lee et al 2000; Yancey 2082).

Other studies (Gonzalez et al 2001; Whipple e1@93; Taylor et al, 1991) have been
performed to establish the conditions requiredniprove meat tenderness by using
calcium chloride marination, and consequently tduce the time required for the

postmortem tenderization. The results obtained byzalez et al (2001) showed that
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calcium chloride marination was effective in insieg tenderness and in reducing the
post mortem storage time necessary to achievecaptable level of tenderness in beef
Cutaneus muscle. The results obtained by Whippdekanohmaraie (1993) showed that
the improvement in tenderness was due by the dictivaf calpain Il, also called m-

calpain.

1.5.1.4 Hanging carcass
Based on the importance of cold shortening forrdateng tenderness of meat, several

methods for restricting the contraction of prger muscles in intact carcasses or
carcass sides were developed in the late 1960eahd1970s. Herring, et al., (1965)
compared a number of muscles from beef carcass sileeh enteredigor either in a
horizontal position with the limbs perpendicularttee vertebrae or in the common
vertical position by the Achilles tendon suspensidiorizontally placed sides
resulted in longer sarcomeres, lower fibre dianseterd increased tenderness major
muscles likdongissimus, gluteus medius, biceps femoris and semitendinosus. Texas A &

M Tenderstretch tenderizing method for beef carcaspension from the eye of the
aitch obturator foramen, also called Tenderstretch, was introduced by éilest et al.,
(1970). These authors studied five different tremits for suspension positions and limb
tying of beef carcass side (Hostetler, et al., J9TRBe Tenderstretch was most efficient
in improving sarcomere lengths and ultimately tendss, in particular for the massive
muscles of the loin and round. Smith et al., (199dfermined the tenderizing effects of
different mechanical and physical dongissimus muscles in beef carcass sides,
including Tenderstretch, skeleton severance inedsfit position in the vertebrae,
and use of weight loads attached to the neck. thtiad, a method for attaching
hook and a wire for making tension between the Weshitendon and the vertebrae
was tested. All these methods generally improvededeness in many major muscles
compared to Achilles tendon suspension.

The Tenderstretch is usually applied within 45 @ rin after bleeding, while the
muscles still are extensible and in the pger state. If the angle of the hind leg is much
less than 90°, it indicates that the muscles haagesl to contract and that the is
applied too late.

A number of studies support the positive effectstehder stretching on meat
tenderness of beef, lamb and pork when being chilépidly and having a risk of

cold shortening.

20



In beef, (Hostetler et al., 1970, 1972) increased darcomere lengths bdngissimus,
semimembranosus andsemitendinosus muscles, but not thgsoas major muscle, by using
Tenderstretch. A study by Bouton et al., (1973)ficored these findings of increased
tenderness ofongissimus, semimembranous and in additiongluteus medius muscles.
The Tenderstretch gave tenderness values of nah-agat equivalent to 21 days
ageing. The muscles of the forequarter do not teneléy using tender stretching, as

no extra stretch or weight is applied to this mdithe carcass.
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2 OBJECT

Meat is an essential food for human nutrition, sirtcprovides essential amino acids,
fatty acids, protein, etc. and consumer, as meatiom the Introduction, is always
looking for more tender and flavourful meat thah catisfy its hedonistic need. Some
Italian breeds and especially the rustic breed® haugher meat than the specialized
breeds reared in an intensive way, even if theysiood nutritional characteristics and
flavour. The knowledge acquired to date on the lmotical processes involved during
the transformation of muscle into meat, i.e. durihg period of meat maturation or
ageing, allows us to plan and/or improved new teldgies to enhance and it improves
some very important qualitative traits as tendesnes

The objects of this research are:

1. finding new techniques to improve meat tendernessnimals reared in an
extensive system: by inducing increase of glycolpitential of muscle; increase
of calcium for raising the enzymes activity likee m calpaine that are calcium
dependent enzymes; mechanical traction force enpilon on muscles by hanging

bones;

2. studying ageing physical, chemical and biochemprakcess to modulate and
drive the maturation process of meat to make teredsrprocess to be foreseeable

and no more random.

Some tenderization techniques, developed to aetelageing time processes to reduce
the time for meat's commercialization as descriptvpus will be topic of this

experimental work.

The breeds used for this trial, are a typical cutialian breed (Maremmana) and the
more popular milk breed of the world, also expldifer beef production, though as a

sub product of milk farming (Holstein Fresian).
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2.1 Experimental breeds

1. Iltalian Holstein Fresian (figure 2), that is the shavidespread breed in Italy

with about 3 millions heads, and its rearing systeosually intensive.

Figure 2

www.cvm.msu.edu/.../ AP/bessie/breeds/breeds.htm

Holstein breed, largely used as dairy cattle odtgd in northern Holland and Friesland.
Its chief characteristics are its large size amdlbbnd white spotted coat. Bull weight is
about 900 — 1300 kg, high138 — 155 cm high. Thidechas probably been selected for
dairy qualities long about 2,000 years. It has besefely distributed over the more
fertile lowlands of continental Europe, where itighly valued for its milk-producing

ability.
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2. Maremmana breed (figure 3). There are 9682 healtiaip (ANABIC 2008,
graphic 4), always reared in extensively systenmceatrated in the Centre of
Italy and in marginal areas (Gigli et al.,2000a).

Figure 3.

www.agraria.orgwww.britannica.com

This is a rustic breed and it is typical in an afBascany, where once there were many
swamps. It is very rustic, it can feed poor foraged it can live wild in marginal zone.
The lItalian National Bovine Meat Farmer Associatigh.N.A.B.l.C.) holds the
genealogic tree of Italian White Breed (Romagnadldarchigiana, Maremmana,
Podolica) since 1966.

Maremmana breed has a grey coat and long hosdolly is massive due to the
growing of the skeleton, it also has a back higldyeloped. Its structure is made to be
solid and sturdy.

This breed does not reach high weight but its nreaimce is very easy because it does
not need of high quality forages.

Sometimes are utilized cross-breeds between Maremm@uad some typical meat breeds

like Charolaise and Chianina in order to improverdfamana’s meat production.
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3 MATHERIALS AND METHODS

3.1 Animals
The experiment was carried out on 24 young buRsMaremmana and 12 Holstein. All

the heads have been reared in Meat Production am@t® Improvement Research
Center (CRA-PCM) in Rome.
The Holstein bulls have been intensively reareddges and they fed hay and maize
silagead libitum and 800g of concentrated/100kg of life weighthe finishing period
(3 months before slaughter) with whilst the Maremmanes, extensively reared, fed
grass with an integration of 4/5 kg of hay durfatiening period, while in the finishing
period fed hay ad maize silage laatum and 800g of concentrated/100kg of life weight
like Friesian bulls.
Animals were slaughtered at about 550 kg of liféegivein the Slaughter House of CRA
PCM, followed the CEE law.
The work was divided into two typologies:

» technique operates on carcass, thesis I;

« technique operates on muscle, thesis II;

3.2 Sampling thesis |
After slaughtering, the left side of carcass waspsaded by th&ramen obturatum of

the aitch bone, (Pelvic hanging) for 24 hours (feg4 and 5), while the right side
normally by the Achilles Tendon.

Figure 4 Figure 5

Formen
obturatum

25



After 24 hours the left side of carcass was hund\blyilles Tendon. After 8 days from
both side of carcasses th®ngissimus thoracis (LD) and Bicipite femoralis (BF)
muscles were carried out for evaluating the orggptad, physical and biochemical

aspects.

3.3 Sampling thesis Il
For the thesis Il 30 minutes after slaughter a sarfipm right side of thé.ongissimus

thoracis (between 8th and 13th rib) was taken and subdividi® three portions (figure
6) to obtain three different thesis:

e “Ca” (CaCk infusion);

* “VFC” (Very Fast Chilling);

e “C” (Control).

Figure 6

On the first portion of Lt muscle, thesis Ca, a 30M CacCl, solution was injected
inside muscle (Wulf et al.,, 1996 Weeler et al., M99The amount injected was
evaluated as 5% of the weight of the sample. Thapka was stored at 4°C in
polyethylene bag.

In order to obtain the second thesis (VFC), angplogtion was stored into a freezer at -
70° C until the core have reached 1°C of tempegatr this period every 15 minutes
the pH and temperature were determinate to avadrdezing of the interstitial water
and checking the temperature fall; after 1 hour slaenple was stored at 4°C in

polyethylene bag.
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In the third portion (C), no treatments were donbe sample was stored at 4°C in

polyethylene bag.

3.4 Analyses

3.4.1 Physical analyses

On each sample, the following physical analyseswperformed at 8 days for thesis |

and 3, 24 hours and 5, 8 days for thesis II:

Temperature (T) andpH, direct measurement was taken in four different poin
of samples by insertion of a probe, using an HapiHmeter instrument with

recorder for temperature;

Drip loss (WHC), a slice of muscles, 1.5 cm thickere cut shortly after
slaughter. All associated adipose tissue were rethok slice of the muscle was
weighed and a thin string was threaded throughtdpeof the muscle sample.
The sample was placed inside a plastic bag of atdngdeight and dimensions to
be hanged. The string, tied to the muscle slicetrped from the open side of
the bag. The bag was then inflated and its opewesgtied tightly by the end of
the string coming out from the bag itself. The bayglice was suspended from
the string attached to the muscle in a refrigerato4°C long the analyses time
(figure 7). At the end of the analyses period tamgle was removed from the
bags, gently blotted with paper towel and weigHadp was calculated as the
weight loss of the muscle sample and was expreasegi100g meat (Barton-
Gadeet al., 1993); this parameter was valuated only forithis

Figure 7
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Cooking loss(WHC cooking), a slide of 2.5 cm was weighted by a precision
balance and vacuum packed in a plastic bag. Samaes cooked in a bath at
80°C per 25 minutes, after cooking the samples weoéed in cold water for 20
minute. At the end the samples were removed froenlthgs, gently blotted
with paper towel and weighed. Cooking loss wasutated as the weight loss of

the sample and was expressed as g/100g meat;

Warner-Blatzer Shear Force (WBS); Warner-Blatzer Shear force on cooked
meat was determined in four 1 x 1cm cross sectiopssusing an INSTRON
5543 texturometer, (figure 8), with 100 kg cut ®rand advance blade of 100
mm/min were used. The maximum load in breakpointhef miofibrillar was
expressed as kg; the resistance to cut was exprassen and the total energy

necessary for cutin J.

Figure 8

Colour: Minolta D3600 instrument with D65 illuminate wassed, by
CieL*a*b* (Cassens et al., 1995) method. It wertedminate: lightness L*, red
index a*, yellow index b*, chrome C and hue H. Befohe analysis samples
were exposed at the air for 1 h for promoting theoiming effect. With the
same instrument was collected the visible specw@imeflectance from 360 to
740 nm.
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3.4.2 Chemical analyses
Chemical percentage analyses by AOAC (1990) method:

dry matter (DM) was performed tatandardize the date obtained from ageing
chemical analyses. Samples were put in a ceramit, beeighed, and placed in
the oven at 101-102° C for 16-18 hours, after timse the samples were
weighed and dry matter was calculated as differexfoseight and express in
percentage.
Glycolytic potential (PG), was calculated in two step: first the glycogenteanh
by kit Glucose Assay Sigma was calculated, and therD-L lactic acid with kit
D-L- lactic acid Method UV Biopharm were determineat the end the
glycolytic potential was obtained by

(2*mM of glucose) + mM D-L lactic acids (Yla-Ajos al., 2006);
Myofibrillar index degradation (MFI), by Culler et al., (1978) method.
Samples were homogenized in buffer phosphate pHaedBcentrifuged 3000
rom. The supernatant was discarded and the peliets filtrated by 18 mesh
filter. The filtered matter was assayed with Biorébr determination of total
protein content and then the myofibrillar contemattis 0.5 mg/ml of protein
was calculated. The samples were read at 540 nm,;
Total Collagen and Insolubile Collagen hydroxyproline was determined on 4
g of meat hydrolyzed at 110°C for 14 hours. A faad 7.5 was utilized to
convert hydroxyproline into collagen ISO (1978).sdfuble collagen was
determined after cooking in a bath at 80°C for Arean NaCl 0.9% solution.
Collagen content was expressed as g of hydroxipi@l0 g meat.
Calcium content, mineral was determined by mineralization of sampleitric
acid 60% in a microwave oven. The solution was g@reg with lanthanum
chloride to prevent interference of phosphorus. dfugalcium concentration
were determined by atomic adsorption spectroméerkin-Elmer instrument)

at 422.7 nm, the calcium content was expressedyAs0@g meat.

3.4.3 Microscopically analysis
Sarcomer length 1 cnf of cross section strip was put in a test tubewds

submerged in glutaraldehyde 2.5% and kept for 1lr.hédter this muscle
fibres were carefully separated, put oraroscope glass slide adding one
drop of distilled water, and covered with a covgrglass slip. Samples were
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observed with an immersion microscope measuring regth of ten

sarcomeres and calculating the average in pm.

3.5 Statistical analysis
Statistical analyses were performed using GLM pidace (SAS 1989), with three

factorial model.
First thesis model is:
Y=Bi+ M+ T+ (B*Mj)+(M;*Ty) +(Bi * Tx) + Ejx
Where B = breeds (Maremmana; Holstein);

M = muscles (BF; LD);

T = thesis (Achilles’ tendon; Pelvic hanging)
and second:
Y=Bi+ AT+ Tc+ (Bi*Mj) + (M; * Ty) +(Bi * Ti) + Bk
Where B = breeds (Maremmana; Holstein);

AT = ageing time (24 hours; 5 and 8 days);

T =thesis (C, Ca, VFC).
Pearson correlation coefficient “r’ was performethomg physical and chemical

parameters and among reflectance spectrum andralineters.

For multivariate analyses the Principal Componemalgsis (PCA) were obtained with
Unscrambler program (Camo 2000). PCA was definelbég and score that define the
size of the contribution of each original varialdethe PCs., in addition, the loadings
plot gives an overview of the importance of thegwral variables. The loading and
score represent matrix, loading matrix (P) contamfgrmation about the variables: it is
composed of a few vectors (Principal Components)R@ich are (obtained as) lineal
combinations of the original X-variables; whilstethscore matrix (T) contains
information about the objects. Each object is dbsedrin terms of its projections onto
the PCs, (instead of the original variables).
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4 RESULTS AND DISCUSSION

4.1 Results in thesis |

4.1.1 Physical analyses

Graphic 6 shows the physical parameters and displsst Holstein was more tender
than Maremmana, 7.72 vs 8.54 kg (P<0.002) respygtimeans of both muscles;
similar differences was found for resistance anergy (11.73 vs 13.00 cm P<0.04 and
0.28 vs 0.31 J P<0.01); Maremmana in fact has ghtand dark (graphic 7) meat
because is usually reared in extensive way, agtezpalso in Sargentini et al., (2004).
In fact difference between breeds was found fomlttere Holstein reported and higher
value than Maremmana (37.87 vs 35.06), while theerotolour parameters did not
show significant differences between breeds, adifierences were found in WHC on
cooking meat (26.80% in average for two breeds)iarghrcomere length (1.86 pm in

average of both muscles).

Graphic 6
Physical analyses in Holstein and Maremmana breeds
14
12
10
8 O Maremmana
6 | Holstein
4
2
0
WBS cooking kg Resistance cm Sarcomere length
pm

*means P<0.05

31



Graphic 7

Coulor parameters in thesis I
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The action of pelvic hanging was more evident, iBS\on cooked meat (table 2) that
had reported mean values as 4.05 vs 5.34 kg (4010 both muscles respectively for
pelvic hanging and Achilles tendon, consideringhbitie breeds, respectively for pelvic
and Achilles tendon hanging, with a 24% decreasmjlas trend was found by
Ahnstrom et al., (2006) iSemimembranosus muscle with 21% decrease; same result
was found in energy (0.18 vs 0.26 J P<0.05 respaytifor two thesis) too; whilst
resistance and WHC showed differences only betweesds, where Maremmana breed
losses more liquid than Holstein. On the other Hdiademmana reported lower values,
in both treatment, for resistance (14.77 cm vs 38&#n in average for the two
treatments).

In both breeds the pelvic hanging caused highareval sarcomere length than normal
hanging (2.06 vs 1.70 um average of breeds in ®&langing and Achilles tendon).
Any differences were not found between the breeds.
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Table 2 Interaction among breeds and pelvic hangingrreat.

WHC Cooking %
Achilles Pelvic Root MSE
tendon hanging
Holstein 25.04 B 25.76 B 3.192
Maremmana 30.71 A 30.09A
WBS cooking kg
Holstein 5.37a 4.04 b 1.263
Maremmana 5.30 a 4.06b
Resistance cm
Holstein 18.32 A 19.53 A 4.307
Maremmana 15.92 B 13.61B
Energy J
Holstein 0.24 a 0.17b 0.114
Maremmana 0.28 a 0.18b
Sarcomere lengthm
Holstein 1.67b 1.99 a 0.242
Maremmana 1.73b 2.07 a

Lowercase letter means in the same row differ Sianitly
Uppercase letter means in the same column diffaigntficantly

About muscles (graphic 8), was highlighted sigmifit differences only in WBS on
cooked meat where for BF muscle emerged a lowarevidian LD (4.31 vs 5.07 kg
P<0.001 respectively), decreasing in shear fordeevaeported by Hostetler et al.,
(1970) in LD muscle (6.26 vs 4.94 kg) whilst Shardsal., (2002) did no find
significative difference in WBS on BF muscle. Thiesult means that the treatment
influenced meat tenderness by the stretching effaricomere length was higher in BF
muscle than in LD (1.93 vs 1.80m P<0.01 respectively) however both muscles
showed a increasing of sarcomere length, this tveasl found in Eikelenboom et al.,
(1997) and Ahnstrém et al., (2006) where the saererntength increased in LD muscle
was from 1.75 to 2.11 and 1.6 to 2u®n for Semimembranosus for two authors

respectively.

33



Graphic 8

Physical parameters in muscles
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Although the muscles have shown some differencdg fam WBS and sarcomere

values their interaction highlights significativéferences for all physical parameters,

except for WHC cooking and resistance. Table 3 gubthe positive treatment effect,

in both muscles, even if Shanks et al., (2002) meponeither difference for sarcomere

length on BF muscle.

Table 3 Interaction among muscles and hanging treatment.

WHC Cooking %

Achilles Pelvic Root MSE
tendon hanging
BF 27.77 27.65 3.192
LD 27.98 28.20
WBS cooking kg
BF 4.78 aB 3.83b 1.263
LD 5.88a A 4.26 b
Resistance cm
BF 17.23 16.60 4.307
LD 17.00 16.54
Energy J
BF 0.25a 0.17Db 0.114
LD 0.27 a 0.17b
Sarcomere length
BF 1.76 b 210a 0.242
LD 1.64 b 1.97 a

Lowercase letter means in the same row differ Siganitly

Uppercase letter means in the same column diffesigntficantly
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As a confirm of the hanging effect physical paramet(graphic 9, evaluated on
Achilles tendon and pelvic hanging, reported a el@®ed toughness, so the WBS values
on cooked samples were 5.33 vs 4.05 kg P<0.00kctsely for Achilles tendon and
Pelvic hanging. WHC did not shown significativefdience this trend was opposite in
Bertram et al., (2007) article in which in pig mieswas reported the highest value in
hanging pelvic than control.

Graphic 9

Physical parameters in Achilles and Pelvic hanging
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* means P<0.05

In pelvic suspension the hind leg hands vertictitbyn the carcass reversing the effects
on the muscles involved and the vertebral colunstraightened and slightly separated
as described by Hostetler et al. (1970). This redube possibility for the muscle to
contract, which results in altered shape of thealesscompared to Achilles suspension.
The hanging effect was shown in particular on Eblength, in fact sarcomere in all
analyses result higher (2.Q8n versus 1.7@m per pelvic and Achilles tendon hanging
P<0.001). The sarcomere elongation suggests thalsfimodify their respective
distance because the position of carcass avoidednaal shrinkage and can be because
the muscle enters ingor in a more stretched state. Besides the effectaocomere
length, Bouton et al. (1973) found that stretchisignificantly reduced adhesion

between fibres, which implies a reduction in thargective tissue strength.
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4.1.2 Chemical analyses

Graphic 10 showed the different between total armbluble collagen in breeds; for
insoluble collagen significant differences were rfdulike in insoluble percentage
collagen (3.72 vs 4.37 mg/g P<0.001 and 68.15 v887% P<0.001 respectively for

Holstein and Maremmana). No difference was repdaed/iFl.

Graphic 10
Total and Insoluble collagen in the breeds in thesil
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* means P<0.05

In graphic 11 were reported the collagen analysiggiificative difference was found
only in insoluble collagen percentage that repodetbwer value in pelvic hanging
when compared with Achilles tendon (71.09% vs 7%9B<0.01); whilst neither
different were reported for MFI (59.31 average fao hanging) and for total and
insoluble collagen.
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Graphic 11

Collagen analyses in Achilles and Pelvic hanging
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The muscles (graphic 12) showed differences fompatmeters except for insoluble
collagen percentage; BF had higher MFI (63.34 v2 5%<0.01), total collagen (6.21
vs 4.76 mg/g P<0.001), insoluble collagen (4.68.¥8 mg/g P<0.001).

Graphic 12

Chemical analyses in BF and LD muscles
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The interactions (table 4) showed important diffees for MFI only in Holstein where
the pelvic hanging group had a lower value thanilfeshtendon one (63.75 vs 54.22
P<0.04); Maremmana obtained the highest valuedofai and insoluble collagen in

both hanging treatments.
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Table 4. Interaction among breeds and treatment.

MFI
Achilles Pelvic Root MSE
tendon hanging
Holstein 63.75 a 54.22 b 14.80
Maremmana 57.97 61.29
Total Collagen mg/g
Holstein 5.38 5.34 1.115
Maremmana 5.81 5.40
Insoluble collagen mg/g
Holstein 3.87B 3.57B 1.03
Maremmana 456 A 418 A
Insoluble Collagen %
Holstein 71.34aB 64.96 b B 8.403
Maremmana 78.52 A 77.21 A

Lowercase letter means in the same row differ Sanitly

Uppercase letter means in the same column diffaigntficantly

No significative differences were reported in s#tal analysis of interaction among

muscles and treatment. The differences reported st for the muscles, but we have

to note that pelvic hanging in some case improweddifference between BF and LD as

in MFI (table 5) or did not influence the existidgference like in total and insoluble

collagen.

Table 5. Interaction among muscles and treatment.

MFI
Achilles Pelvic Root MSE
tendon hanging
BF 64.54 62.14 A 14.80
LD 57.18 53.36 B
Total Collagen mg/g
BF 6.40 A 6.01 A 1.115
LD 4.79B 472 B
Insoluble collagen mg/g
BF 4.84 A 4.38 A 1.03
LD 3.58 B 3.38B
Insoluble Collagen %
BF 75.87 72.56 8.403
LD 74.00 69.62

Lowercase letter means in the same row differ Sianitly

Uppercase letter means in the same column diffaigntficantly
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4.2 Results in thesis Il

4.2.1 Physical analyses
Because the different treatments in the three shibg temperature and pH were very

different among groups already in the first hodterareatments.

In fact in the VFC samples the temperature (graph814) reached a value near 0°C at
2 hours because the samples were maintained 4C-1#this period, then the samples
were stored at 4°C and they reached the final testyoee within the 8 hours from
slaughtered like the other thesis, that showed laintemperature trends for all
experimental period.

The pH fall (graphics 15-16) depend on treatmedttamperature, in fact in VFC thesis
the pH was constant, during the first hours whentdmperature was very low, then
rapidly fall reaching similar ultimate pH withing24 hours (Trevisani et al., 1998). Ca
treatment, because alteration in ionic strength lagidght calcium concentration that
increase enzymatic activity, showed a high pH ri@diching the ultimate pH (about 5.6
for both breeds) already at 5 hours after slaugiger

However the pH for the tree thesis showed diffetegnid in the first 24 hours: higher
for C group, low for Ca group and intermediate V&iC.

Graphic 13

Temperature fall in Holstein in thesis I
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Temperature fall in Maremmano in thesis Il
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Graphic 15

pH fall in Holstein in thesis Il
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Graphic 16

pH fall in Maremmano breed in thesisl!
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All the physical analyses were performed after migo estimate the different meat
maturation process due to tenderness technolaigels t

In the first time the effect of principal factoggafticularly thesis and times) on physical
parameters were analyzed. Subsequently the intemaetfects also between breeds to
evaluate further differences were studies.

Analyzing all the times and breeds together to eal the effect of thesis, Ca showed
the lowest value for WBS (table 6) and energy, sthihe control group showed the
highest value (5.17 kg vs 10.48 kg and 0.25 J 84 Q. respectively for Ca and C);
whereas VFC treatment placed in the middle positida differences were found in
resistance among thesis. Authors (Diles et al.A1®9lers et al., 1994; Gerelt et al.,
2002) found a reductions in shear force from 10%0%, furthermore Jaturasitha et al.,
(2004) found of -51% in shear force and +52% inde¥ness in meat treated with
calcium infusion. Both treatments, that improve tbaderness, strangely produce a
shrinkage effect evident on sarcomere length, @b @a and VFC groups reported the

lower values than C.

40



The difference found in WHC for raw meat was be#fuenced by treatment, in fact
Ca group lost more liquid than the other becausigsion of liquid inside the samples
and VFC produced more loss of water respect C gbmgause crystal formation inside
the muscle cells. Confirming this data many autheorted a reduced water holding
capacity in CaCl2 injected meat because water pi@dgeman et al., 2003; Koohmarae
et al., 1990; Pringle et al., 1999; Wheeler et293). Similar trend was reported also
in cooked meat with higher cooking loss in Ca grdawer in C group.

Lightness and yellowness did not show significaiffecences between groups, while

redness was more evident in C group.

Table 6. Physical analyses into thesis Il

C Ca VFC Means Root MSE
WBS 10.48 a 5.17c 8.75b 8.13 1.930
Cooking kg
Resistance 12.04 12.64 12.43 12.37 4.498
cm
Energy J 0.34 a 0.25¢c 0.30b 0.30 0.083
WHC raw % 1.62c 2.75a 2.05b 2.14 0.766
WHC 26.18 b 27.37 a 26.79 ab 26.78 3.570
cooking %
Sarcomere 1.73 a 1.47c 1.58b 1.59 0.135
lengthum
L* 36.71 36.28 36.40 36.44 2.758
a* 8.57 a 7.72Db 8.08 ab 8.12 1.731
b* 10.68 10.19 10.36 10.41 1.529

Different letters means P<0.05
The reflectance spectra were different, in all bisispectrum (graphic 17), between

breeds; Maremmana breed showed the minor refleetaalies because meat of this
breed is usually more dark.
Graphic 17
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Ca showed major reflectance values (graphic 18)amticular between 460-550 nm and
620-740 nm, whiles VFC groups and C did not shognificant differences. As
reported in Failla et al., (2005) probably the gitowf reflectance spectrum in this two
wavelengths was due to a large protein degrad#ti@noccurs in Ca group as reported
in Failla et al., (2005)

Graphic 18
Wavelenght in thesis Il
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The interaction among breeds and treatments (@bbenfirmed that calcium infusion
showed lower values for WBS and energy in both dseg@robably for the higher
enzymes activation (Dayton et al., 1976; Gerelalet2002; Koohmarie et al., 1990;
Pringle et al., 1999; Polidori et al.,, 2001; Wheed¢ al., 1992). While for C group
Maremmana breed showed higher value of WBS (11s3163 kg) and Energy (0.37 vs
0.31 J). This trend was agree with literature (Gaglal., 2000b), but this difference
disappeared in Ca and also in VFC group.

Some significant differences were found for WHC remWFC, where Maremmana
reported the highest value (2.24 vs 1.86 %), wirighe Holstein Ca group lost more
liquid than the other.

Sarcomere length showed difference between brelgdanC group (1.76 vs 1.6Q for
Holstein vs Maremmana breed), while similar trerasweported for both breeds in the

experimental treatments.
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Table 7. Interaction among breeds and C, Ca, VFC treatmamphysical parameters.

WBS cooking kg
C Ca VFC Root MSE
Holstein 9.63aB 5.09c 8.46 b 1.930
Maremmana 11.34a A 5.25¢ 9.04 b
Resistance cm
Holstein 11.60 12.66 10.95B 4,498
Maremmana 12.47 12.62 13.90 A
Energy J
Holstein 0.31aB 0.26 b 0.29 ab 0.083
Maremmana 0.37aA 0.25c 0.32a
WHC raw %
Holstein 1.54 b 273 a 1.86b B 0.766
Maremmana 1.70 c 2.76 a 2.24b A
WHC cooking %
Holstein 25.87 b 27.60 a 26.93 ab 3.570
Maremmana 26.48 27.13 26.65
Sarcomere lengt,
Holstein 1.76 a A 1.46 c 1.60b 0.135
Maremmana 1.69aB 1.48c 1.59b
L*
Holstein 38.01 A 37.59 A 38.01 A 2.758
Maremmana 3541B 35.00B 34.80B
a*
Holstein 8.22 7.62 8.20 1.731
Maremmana 8.91 7.82 7.95
b*
Holstein 10.69 10.14 10.70 1.529
Maremmana 10.66 10.24 10.03

Lowercase letter means in the same row differ Sianitly
Uppercase letter means in the same column diffesigntficantly

The Ca and VFC treatments did not influence colguasameters this trend was
disagree from Lawrence et al., (2003) and Reek,g2802), in fact this Authors found
the highest value in L* in Ca treatment than cdntro

Considering the interaction between aging times meatments (table 8) WBS trend
highlights the tenderization process due to treatsjen particular Ca group, at all the
times, showed a lower value compared to C growgi, whas the toughest, and VFC had
a median value (5.17 kg Ca vs 10.48 kg C vs 8.78HQ@).
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Table 8. Interaction among times and C, Ca, VFC treatmenighysical analyses

WBS cooking kg
24 hours 5 days 8 days Root MSE
C 12.82a A 10.42b A 8.20CcA 1.930
Ca 7.23aC 486 b C 341cC
VFC 11.23aB 8.35b B 6.66 c B
Resistance cm
C 11.22 11.55 13.34 4.498
Ca 12.62 ab 10.86 b 14.44 a
VFC 12.41 12.01 12.86
Energy J
C 0.36 A 0.34 A 0.32 A 0.083
Ca 0.31aB 0.23bC 0.21bC
VFC 0.35a AB 0.29b B 0.26 b B
WHC raw %
C 0.70b B 200aB 2.17aB 0.766
Ca 2.30b A 3.0laA 293aA
VFC 1.09b B 2.39aB 2.67aA
WHC cooking %
C 23.80 c AB 26.08 b 28.65 a 3.570
Ca 25.44b A 26.82 b 29.85 a
VFC 23.18c B 26.86 b 30.34 a
Sarcomere lengt,
C 1.68b A 1.71b A 1.79aA 0.135
Ca 1.38bC 145bC 1.58 a B
VFC 1.52bB 1.59 ab B 1.65aB
L*
C 35.99 37.25 36.89 2.758
Ca 36.76 36.69 35.40
VFEC 35.84 36.90 36.47
a*
C 8.21 8.95 A 8.44 A 1.731
Ca 8.44 a 7.68 ab B 7.03bB
VFC 7.88 8.56 AB 7.81 AB
b*
C 10.46 AB 10.91 A 10.68 1.529
Ca 11.12a A 10.00 b B 9.45 b
VFC 10.26 B 10.70 AB 10.14

Lowercase letter means in the same row differ Sianitly
Uppercase letter means in the same column diffaigntficantly

Ca group showed a good tenderization of meat afrab@4 hours after slaughtered in
fact reached lower WBS compared to the value aay® af C group (7.23kg vs 8.20
kg), however all the groups showed significant degof values with aging times.
Resistance was significant only for Ca group anty @ 5 days vs 8 days. On the
contrary Energy values for Ca and VFC reached tilnmam value already at 5 days of

aging, while in C group the value did not improwgidg times. This data agree with
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numerous previous studies that reported a reduatioshear force values following
CaCl2 treatment (Lawrence et al., 2003; Kerth gt1®95; Pringle et al., 1999; Wheeler
et al., 1997).

WHC on raw and cooked meat showed a higher lodgjwitl at 8 dayspost mortem
than other times, because loss of electrolyticmi@kof proteins with their degradation,
this was agree with literature (Rees et al., 2002).

Time of ageing did not interfere with existing @iféences between treatments for WHC
on raw and on cooked meat, although on raw san@degroup had the highest loss of
liquid for all the times, while on cooked meatvedue is significant only 24 houpeost
mortem (25.44 % for Ca vs 23.48 % in average for the ogineups).

In any case, for both the theses, sarcomere lengtlains this fact; perhaps sarcomere
length showed the stretch activity, due to Ca aR@€ Weatments; in fact at every times,
except at 8 days, calcium infusion seemed to causéuction of this value, Morgan et
al., (1991) found same trend about sarcomere f@&@IZafusion, while King et al.,
(2003) confirmed that VFC caused contraction, redycsarcomere length as cold
shortening, but without to influence tenderizatprocess.

Lightness was not influenced by time and treatnmeaintaining constant values, while
redness a* index and yellowness b* index showefimihces along times only in Ca
groups in fact meat was more red and more yellogatours after slaughter. Ca group
showed low redness value compared to C group a8 of aging (7.03 vs 8.44) while
Ca group showed more yellowness index at 24 hovas. Moeseke et al., (2001)
reported not pronounced difference on VFC treatnam they found darker meat,

related probably with muscle shortening.
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4.2.2 Chemical analyses
The effect of different treatments was evaluatedalyming the chemical and

biochemical parameters that change in different Yemyeach treatment during times.
Analyzing the effect of treatments (graphic 19) V&& Ca group showed the highest
value for total collagen probably height percentafwater loss produce concentration
of structural protein, increasing all parameterregped on fresh meat quantity. In fact
the insoluble collagen as quantity and as percentagained on cooked meat explained
better the effect of treatments and showing shgekaffect of VFC treatment that
produce link between collagen fibres and a low lsitity. Some Authors reported, in
calcium infusion, some direct effect on connectigsue (Akata et al., 2001; Gerelt et
al., 2002), but the implication for connective tissstability remain unclear from these
studies. Other claim that there is a reductionarcemere length in calcium treatment
which could favourably alter the connective tissuatrix (Jaturasitha et al., 2004,
Morgan et al., 1991) even if Polidori et al., (2D@&und no effect on sarcomere length.
MFI did not show significant differences, this c@st with result reported by Beekman
et al., 1994 where calcium chloride produced a éargcrease in myofibrillar

fragmentation index values.

Graphic 19
Chemical analyses in thesis Il
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No significant differences were found between bsaedcalcium content (graphics 20).

Considering the treatments (graphic 21) the Camhowed the highest value as we
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expected because the infusion of CaCl2 (79.60 n@g/A@ 28.11 mg/100g per Ca and
C, VFC in average).

Graphic 20

Calcium content in the breeds
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Glycolytic potential was not influenced by breedstreatments (graphics 22 and 23)
even if Maremmana showed a highest value. Thigltwess not clear in particular for
calcium injection in fact several Authors reportédat the increased -calcium
concentration results in an increased activity afciom dependent ATPase thereby
stimulating the rate of glycolysis due to the irased breakdown of ATP (Rees at al.,
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2002), probably the fast fall of pH in Ca group qwoed by accelerate glycolytic
activity and by quickly transformationt of muscutilycogen contributing to reduce the
potential glycolytic before taking the meat sampbecurred at two 2 hours from
slaughtered.

Graphic 22

Glycolytic potential in the breeds

Holstein

210 215 220 225 230 235 24p
Graphic 23
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Considering the interaction between breeds andntesas (table 9) no significant
difference was reported in MFI, while significanifferences between breeds were
reported in the two experimental groups, probabgy higher quantity of water loss in
Maremmana breed for Ca and VFC group produce arntgocentration of total
collagen, if the quantity was referred at fresh imé&asolubility of collagen probably

increased in VFC group for both breeds and als€@angroup for Maremmana breed
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because shrinkage effect, that produce in the hairs after slaughtering higher
formation of linkage between collagen fibres. Thdiave effects on total and insoluble
collagen caused low difference among thesis and/dsst breeds in percentage of

insoluble collagen.

Table 9. Interaction of chemical parameters by breeds andd) VFC treatment.

MFI
C Ca VFC Root MSE
Holstein 52.35 56.63 53.66 14.88
Maremmana 53.96 51.84 49.37
Total Collagen mg/g
Holstein 5.09b 5.41abB 5.73aB 1.182
Maremmana 556 b 6.21a A 6.38a A
Insoluble Collagen mg/g
Holstein 401bB 416 b B 4.64 aB 0.976
Maremmana 428CcA 491bA 516 aA
Insoluble Collagen %
Holstein 78.62 ab 77.10b 81.74 a 8.180
Maremmana 77.53 79.12 80.29
Calcium content mg/100g
Holstein 24.13 b 82.49 a 23.37b 29.370
Maremmana 30.11b 76.70 a 34.82b
Glycolytic potential
Holstein 227.34 220.53 210.21 44,323
Maremmana 234.35 235.45 241.19

Lowercase letter means in the same row differ Baamtly
Uppercase letter means in the same column diffeignificantly

The interaction between treatments and breeds aligdhow differences respect to the

trend of principal factors.
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Table 10.Interaction among times and C, Ca, VFC treatmentshemical analyses

MFI
24 hours 5 days 8 days Root MSE
C 34.43 c 51.01b 74.01 a 14.110
Ca 34.32 ¢ 51.05b 77.34 a
VFC 33.50 c 46.53 b 74.51 a
Total Collagen mg/g
C 5.29 5.37 B 5.31B 1.182
Ca 5.76 6.02 AB 5.66 AB
VFC 6.06 6.10 A 6.01 A
Insoluble Collagen mg/g
C 422 B 4.10B 4.10B 0.976
Ca 4.62 AB 4.60 AB 4.37 AB
VFC 5.04 A 4,94 A 472 A
Insoluble Collagen %
C 80.23 76.47 77.52 8.180
Ca 80.28 76.79 77.27
VFC 83.48 80.61 78.96

Lowercase letter means in the same row differ Sigmitly
Uppercase letter means in the same column diffeignificantly

The trend of MFI depend exclusively by aging tinmel ano differences were found in
the different treatments.

As referred previously the difference on total agén was evident after 5 days because
more loss of water in the samples. In fact highengity was found in control group.
Some trend was found in insoluble collagen thapldiged a significant difference also
at 24 hours when still water was held and thisotffeas probably due of shrinkage
effect. No difference there was in percentage sbluble collagen.

Ca quantity and glycolytic potential were no stadiuring aging because after 24
hours insignificant was the effect of Ca concermdraind activity of glycolytic enzyme.
PCA explains 58% of variability. In PCA scores (@mc 24) was possible to
distinguish calcium from control group, whilst VFLoup was distributed in the whole
plot. This trend means that calcium treatmentsdadyger influence than VFC on the

aforesaid parameters.
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Graphic 24
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PCA loading (graphic 25) showed WBS, WHC on cookeeht, total and insoluble

collagen, to be the most important factors thatarpd principally the variance.

Graphic 22
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Table 11 showed the correlations between physiwhichemical analyses. In fact some
parameters are correlated one another becauspataneters are subject of the same

chemical process.
WBS on cooked meat was correlated with all the roga@ameters; in particular was

positively correlated with energy, insoluble cokagpercentage and sarcomere length
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(P<0.01), whilst was negatively correlated with thst of them (P<0.001), in particular

with collagen and MFI because the cooking procegsave the myofibrillar shrinkage
and protein degradation (Bendall et al., 1983; liewt994). Furthermore, also WHC

on cooked and raw meat had a good correlation MiEh and insoluble collagen, this

correlation was more important because these paeasneefined the tenderization

process (Honikel, 2004). It is worth to highline tborrelation among total collagen and

MFI and sarcomere length, which is strongly negafi?<0.01) and this clearly points

out the existence of a wide range of interactiom®rag parameters in such a complex

matrix, like meat. Colour in this experiment didt ehow modification depending of

treatment and did not result correlate with otreameters.

Table 11 Correlation among physical and chemical pararseter

WBS | Resistancg Energy| WHC | WHC | Total | Insoluble| Insoluble| MFI | Sarcome
cooking cn? J cooking| raw | collagen| collagen | collagen rep
kg/cnt % % mg/g mg/g %

WBS -0.23 0.66 -0.31 | -0.53| -0.22 -0.18 0.21 -0.29 0.15
COOkIng *k%k *kk *k% *k%k *k%k *% *k%k *k% *%
kalcnt

Resistance ns ns 0.14| 0.54 0.50 -0.34 -0.18 ns
cm * *k%k *%k% *%k%k *%

Energy J -0.28 | -0.32 ns ns ns -0.27 ns
*k%k *k%k *k%k

WHC 0.37 -0.22 -0.20 0.18 0.50 ns

COOkIng *k%k *k%k *k%k ** *k%k
%
WHC raw 0.18 0.16 ns 0.30 -0.20
% ** *% *k%k **

Total 0.97 -0.42 -0.30 -0.15
Collagen *k%k *kk *k% *%

mg/g

Insoluble -0.32| -0.16
collagen *kk rkk
mg/g
Insoluble ns ns
collagen
%
MFI 0.30

*kk
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5 CONCLUSIONS

The analysis of the treatments to improve tendermesanimal rearing in extensive
system produced very interesting results. In fduirt action was visible in the
experimental data coming out from our study, intipalar on WBS, sarcomere length
and insolubility of collagen.

In fact in thesis | sarcomere length was longepetvic suspension than in Achilles’
tendon in both muscles (2.04 vs L.Tespectively per BF and LD average) and in both
breeds (2.03 vs 1.1 respectively per Holstein and Maremmana average) this
suggests that myofibrils were stretched more thlmaeantrol group; sarcomere were
probably influenced by the proximity of the indiu@ muscle in relation to skeletal
separation point and by muscle fibre orientatiomalation to tension. This is a good
starting point to improve meat tenderness wheninganimals in an extensive way,
being suspension an easy and not destructive métham on carcasses.

Also in thesis Il there were interesting differesdeetween the two treatments, in fact,
how we do attend, calcium infusion has influenceditvely meat tenderness and PCA
highline this difference because C and Ca group® well distinguished. Even if Ca
group displayed an increase in collagen conteotsltewed the lowest WBS on cooked
meat. As for other parameters like myofibril degtmh and soluble proteins, treatment
did not show any difference from control.

The two theses proposed in this study showed tlaat possible to improve or at least
decrease, until to reach the disappearance thdfisigive differences in toughness
between the animals rearing in extensive from alsimearing intensive. These suggest
that could be possible to improve the tendernedsnamat quality working on carcass
and not on alive animals.

Furthermore some studies reported a strong caoelatong some physical parameter
(Lindahl et al., 2001), so is possible considethéematuration of meat as a biochemical

and physical complex and its variation must be ictmmed together.
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