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Abstract

Growth performance, carcass characteristics and meajuality of Nguni,

Bonsmara and Angus steers raised on natural pasture

By

V. Muchenje

The objective of the current study was to compéark lbads, growth, carcass
characteristics and meat quality of Nguni, Bonsnaard Angus steers raised on natural
pasture. A total of 30, 7-month old steers eacBafismara and Angus, and 40 Nguni
steers were kept at the University of Fort HarexFal slaughter at 18 months. Monthly
weights of the steers were recorded. Carcasses @lectrically stimulated. Then.
longissimus thoracis et lumboruwwas sampled for the measurement of meat colour, pH
drip loss, sarcomere length (SL), water holding acsty (WHC), cooking losses,
myofibrillar fragmentation length (MFL), Warner Beéer shear force (WBSF), fatty acid
profiles and sensory characteristics of the stddrsie samples were collected at the
slaughter line for the determination of stress fmrenconcentrations.

The Nguni had the lowest tick load (P < 0.05) while Angus had the highest
tick load (P < 0.05). Tick load did not affect the@wth rate and carcass characteristics of
the steers. Bonsmara and Angus steers had highe0(@5) carcass weight and dressing
percentage than the Nguni steers. Meat qualityacieristics were similar (P > 0.05)

among all the breeds, except that Nguni meat wesedé *) (P < 0.05) than meat from



the other two breeds. The Bonsmara had the higRest0.05) concentrations while the
Nguni had the lowest (P > 0.05) concentrations wéss hormones. There were
significant (P < 0.05) correlations between WB eslwf meat aged for two and 21 days
in Nguni and Bonsmara, but not in Angus. The catiehs among stress responsiveness
hormones and meat quality were breed-dependent.

Except monounsaturated fatty acids (MUFA) and th&m3 ratio, fatty acid
profiles among the breeds were similar (P > 0.@Holesterol levels among the breeds
were similar (P > 0.05). The Nguni had the besk (f.05) sensory characteristics, such
as flavour and tenderness. It can be concludedwhdé the Nguni is a small framed
breed, its meat quality is similar to that of Bomgsemand Angus and has the best meat

taste when raised on natural pasture.

Keywords: Catecholamines, cholesterol, dressing percenfagly, acids, flavour, meat

tenderness, natural meat
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CHAPTER 1: Introduction

Beef production is a highly competitive industrycluhat it is imperative that all
factors affecting its profitability, growth and saimability should be given enough
consideration. Rearing indigenous beef cattle lwesdch as the Nguni, on natural
pasture without dietary supplementation, in comrhwaraas is a common feature in
developing countries (Bester, Matjuda, Rust, & kau2001). The need for meat from
the indigenous Nguni cattle to compete in the nmaukelerscores the necessity to assess
their meat production potential in relation to efithed beef breeds. Given that most
communal and small-scale farmers use natural ggazithout dietary supplementation,
such evaluations should be done on natural pasture.

Communal grazing involves the grazing of cattlerfrdifferent households on the
same piece of land (Bestet al, 2001). There is limited livestock and rangeland
management principles applied resulting in rangeldaterioration and poor livestock
conditions. Although feed quantity and quality idequate during the rainy season,
biomass yield declines during the dry season, tieguh cattle losing liveweight (Bester
et al, 2001). Instead of supplementing the animalsnéas sometimes sell their animals
for slaughter before marked weight losses beginspide these possible limitations,
modern consumers are increasingly concerned abodiugtion of safe meat with no
undesirable effects on their health (Andersen, {@kgb Young, & Therkildsen, 2005).
This results in an increased preference for ndyumal organically produced meat.
Furthermore, the promotion of Nguni beef produciiomural areas can increase off-take
and reduce beef imports in South Africa where lotedat supply cannot meet the

demand for meat products.



Organic meat production entails the little or mialnuse of chemicals in cattle
management activities such as tick control. A abersible amount of work on tick
infestation and meat production has been condwmteniiltivated pastures and in feedlots
(Gertenbach & Henning, 1995; Collins-Luswet, 20003ry little, if any, has been done
under natural grazing conditions, as is commonlgciised in the communal areas.
Furthermore, most studies in South Africa on ti¢Epickett, De Klerk, Enslin, &
Scholtz, 1989; Webb & David, 2002; Schwalbach, Gngy & David, 2003), growth and
meat production (Collins-Luswet, 2000; Strydom, NeuSmith, Scholtz, & van Wyk,
2000; 2001) covered these aspects separately gkt hiave been reported to affect
animal productivity (Scholtz, Spickett, Lombard, EBnslin, 1991; Johnsson, 2006;
Kivaria, 2006) and ultimately meat production. Ténefudies left out animal welfare,
especially during transportation, handling at loggdioff-loading and at the abattoir, and
its effects on meat quality.

Although they are a small to medium sized breed,itlkdigenous Nguni cattle of
South Africa are reported to be adapted to harsfiraamments (Collins-Luswet, 2000).
The Nguni breed is increasingly attracting inteiovadl interest, mainly due to its
resilience to tick-borne diseases, high reprodeciperformance, good walking and
foraging ability, and low maintenance requiremeatsjuired through centuries of natural
selection (Schoeman, 1989; Strydamal, 2001). The Nguni Society of South Africa
discourages the dipping of the Nguni cattle bec#lusdreed has tick immunity acquired
over years (Hobbs, 2005). The Nguni can, therefptay a significant role in the
production of high value organic beef becauseeétsdittle, if any, chemical tick control.

The Bonsmara, a synthetic South African breed @ifl6é Hereford, 3/16 Shorthorn, and



5/8 Afrikaner (Porter, 1991), is a hardy, heat s&sit beef producer. The Bonsmara
competes favourably with European beef cattle whighstanding subtropical
conditions, such as high temperatures, ticks anst tiek-borne illnesses (Spicket al.,
1989). They are well muscled with high meat yiatd guality. It is important, therefore,
to compare the performance and meat quality td\idneni breed. However, they are not
as well adapted to harsh conditions as the NgusedrThe Angus is a Scottish breed
with desirable meat related characteristics, swhealy maturity and marbling. It is
susceptible to ticks and tick-borne diseases. Hewew studies have been done on tick
tolerance, growth, carcass characteristics, prggbker animal welfare and meat quality

of these cattle breeds under communal grazingregsite rural areas.

1.1.  Justification

The promotion of indigenous cattle breeds suchth@dNguni, with the intention
of identifying niche markets for organic Nguni beefakes it imperative to evaluate the
growth performance, carcass characteristics, anivefbre and response to stress at the
abattoir and meat quality. With more red meat coress becoming health conscious,
there is scope in studying the fatty acid profidésaturally beef since some fats affect
the health of meat consumers. Identification oéralative ways to reduce tickloads in
cattle is necessitated by the appeal to eliminlage use of chemicals in organic beef
production. Such methods include the use of ad&gpiadigenous breeds, such as the

Nguni.



1.2. Objectives

The broad objective of the current study was &ess the growth performance, tick
loads, carcass characteristics and the meat qualithe Nguni, Bonsmara and Angus
steers reared on natural pasture. The specifictvgs were:

1. To compare tick loads, postweaning growth perfortearand carcass
characteristics of dipped and non-dipped Nguni, ddeera and Angus steers
raised on natural pasture;

2. To assess stress responsiveness and its effeceainfrom Nguni, Bonsmara
and Angus steers raised on natural pasture;

3. To determine within-breed relationships among neoegtlity traits of Nguni,
Bonsmara and Angus steers raised on natural pasture

4. To evaluate the meat quality and fatty acid prefitd Nguni, Bonsmara and
Angus steers raised on natural pasture; and

5. To compare the sensory evaluation of Nguni, Bara and Angus steers

raised on natural pasture.

1.3.  Hypotheses

It was hypothesised that Nguni beef produced undgural conditions is similar
to that of established beef breeds raised undetasiconditions. In addition, there are
relationships among stress responsiveness and quedty characteristics that can be

used to improve meat production. The specific hiypsés tested were:



. There are no differences in tick loads, postweargngwth performance and
carcass characteristics of dipped and non-dippedniNd@onsmara and Angus
steers raised on natural pasture;

. There are within-breed relationships between sthessional concentrations and
the quality characteristics of meat from Nguni, Boara and Angus steers raised
on natural pasture;

. There are within-breed relationships among meatlitguaraits of Nguni,
Bonsmara and Angus steers raised on natural pasture

. There are no differences in meat quality and fattyd profiles of Nguni,
Bonsmara and Angus steers raised on natural pastue

There are no differences in the sensory chematics of Nguni, Bonsmara and

Angus steers raised on natural pasture.
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CHAPTER 2: Literature review

(Submitted td=ood Chemistry

2.1. Introduction

Production of beef on natural grazing without digtsupplementation and use of
acaricides requires the use of cattle breeds dratalerate harsh conditions. The Nguni
cattle breed provides an opportunity for naturalame@roduction because of its
adaptability to harsh conditions. A considerableoant of work on tick infestation and
meat production has been conducted on -cultivatedtups and in feedlots.
Unfortunately, very little, if any, has been done tick infestation, growth, stress
responsiveness and meat production of the Ngurgerunatural grazing conditions, as is
commonly practised in the communal areas. Desp#éestbeing a possible relationship
among tick loads, growth and meat production, thesemeters have been covered
separately on feedlots (Gertenbach & Henning, 1906llins-Luswet, 2000). This
review, therefore, focuses on breed differencestiok tolerance, growth, carcass

characteristics, stress responsiveness and mdéyqua

2.2. Importance of ticks in relation to animal prmiive performance

Ticks are vectors of tick-borne diseases, causewarry and may affect cattle
productivity. Body weight losses of between 0.6rgl &3 g per engorged female tick
were reported and acaricide-treated animals gaima®@ weight than those left untreated

(Mattioli, Pandey, Murray, & Fitzpatrick, 2000; Sitz, 2005; Johnsson, 2006).



However, Norval, Sutherst, Kurki, Gibson and KeE388) reported no weight losses in
Sanga cattle with tick infestation. Schadtzal (1991) reported no differences in weaning
weight between dipped and undipped Nguni cattlee Siicking of blood may deprive
some tissues of nutrients and oxygen or affect silépo of intramuscular fat (IMF).
Protein deposition requires energy and this maglisiirbed by the reduction of oxygen
supplied to the tissues due to blood sucking bytitkes. Tick effects on animals depend
on their abundance. The ticks breed and survivenwhmfall (Schwalbaclet al, 2003;
Wesonga, Orinda, Ngae, & Grootenhuis, 2006), husnigind ambient temperatures are
high (Webb & David, 2002; Zeleke & Bekele, 2004)cks prefer warm and moist
predilection sites (Webb & David, 2002) that alscoyide protection from the
environment and predation from birds. Knowledgetiok distribution and the factors
affecting them is important in designing tick cahtmeasures.

Tick control using acaricides is costly and mayles some ticks developing
resistance to acaricides. Alternative approachesh ss the use of adapted indigenous
cattle breeds (Meltzer, 1996), are recommended.Nigwni cattle breed of South Africa
is such a breed that can be used for beef produatith minimal dipping. The Nguni has
got tick immunity it acquired over the years (Sgittlet al, 1989). With its ability to
survive on natural grazing and immunity to tick4#ediseases the Nguni, has a potential
of producing high value organic beef. Indigenoustleabreeds have low tick loads
because of their abilities to respond immunolodyctd tick infestation (Mattioliet al,
2000; Das, Gosh, & Ray, 2005; Johnsson, 2006) amth@y short and shiny hair. Spickett
et al (1989) and Scholtet al (1991) reported differences in tick resistancevben

Hereford, Bonsmara and Nguni cattle, with the Ndwaing the fewest ticks. Webb and



David (2002) reported similar findings, where Tswarattle were less susceptible to
ticks than the Brahman and Simmental. The mechaniswolved in tick tolerance are,
as yet, not clearly understood although thereaarcévidence of adaptation (Spickett
al., 1989). Tick avoidance behaviour, skin sensitigihd increased grooming activity by
Zebu, Sanga anBos indicusbreeds may account for the lower numbers of tigken
compared to tick numbers on exoBos taurusbreeds (Meltzer, 1996). Since ticks may
affect cattle productivity, studies to determines textent to which tick load affects

growth, carcass characteristics and meat qualitgipen breed are warranted.

2.3.  Productive performance of cattle under nat@azing

Liveweight, average daily gain (ADG) and carcasaratteristics are important
parameters in beef production. The productive perémce of cattle in communal areas
is generally low because of lack of limited livesk@and grazing management procedures
(Besteret al, 2001). The animals’ performance is lower thapeeted. The respective
average standardized male growth test final livghtsi (Phase C, which is an evaluation
of young bulls at central testing centres undemddedised intensive conditions) for the
Nguni, the Bonsmara and Angus are 321, 437 and lg6{Bergh, 1999; Bergh &
Gerhard, 1999), but these targets are not achievedmmunal areas. While liveweight
is largely a result of size at maturity, biologidgpe and growth rate (Hoving-Bolink,
Hanekamp, Wastra, 1999; Short, Grings, MacNeil thidehimdt, Williams, & Bennett,
1999; Alberti et al, 2005) it depends much on the quantity and qualft pasture

available. The indigenous Nguni of South Africa areall to medium sized and are
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adapted to harsh environments (Collins-Luswet, 2008e Nguni breed is resilient to
tick-borne diseases, has high reproductive levetstas low maintenance requirements
(Schoeman, 1989; Strydoet al, 2001). The Bonsmara breed, which is a composite
South African breed, contains 3/16 Hereford, 3/h6r8orn, and 5/8 Afrikaner (Porter,
1991), is considered a Sanga breed (Felius, 199B).also a hardy, heat resistant beef
producer (Porter, 1991).

Utilization of appropriate biological types of dattwith proper dietary regimes
could allow for superior end-product (Koch, Dikem&nCrouse, 1982), either in carcass
weight or quality. Indigenous cattle breeds, sushtlee Nguni have lighter carcass
weights than exotic breeds, such as the Angus.|-Rurpose breeds have been reported
to have lower dressing percentage than pure beefdbrbecause coefficients of growth
for non-carcass fat are higher than those for caréat (Kempster, Chawick, & Charles,
1982; Keane, More O’Ferrall, Conolly, & Allen, 199&ing et al, 2006). Purchas,
Banton and Hunt (1992) found that carcasses frogel&damed and late maturing breeds
have less fat, higher conformation scores, drespargentage and proportion of first

category cuts.

2.4. Meat quality

Meat quality is the compositional quality (leanféd ratio) and the palatability.

The major parameters considered in the assessniemieat quality are appearance,

juiciness, tenderness, and flavour (Lawrie, 19983at should have a desirable colour

that is uniform throughout the entire cut. The cols related to the level of the protein
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pigment, myoglobin, present in the muscle. Meat ukhoalso have marbling
(intramuscular fat) throughout the cut. Marblingcrieases juiciness, tenderness, and
flavour of the meat. Water holding capacity is etda that also determines the juiciness
of meat. It is defined as the ability of meat toane its water during application of
external forces such as cutting, heating, grindorgpressing (Lawrie, 1998). If excess
water is observed at the bottom of the retail pgek#& may lead to a dry cooked product.

In each stage from growth to slaughter there artifa such as stress, aging, pH,
breed, and others that may affect the quality oatn&€he transformation of slaughter
animals into meat is a chain of events includingdiag and loading on the farm,
transport to the market, pens or slaughterhoudelpading and holding and finally
slaughter. During these procedures poor operati@cainiques and facilities will lead to
unnecessary suffering, injury and poor quality m@aduction.Breed type and slaughter
weight influence carcass and meat quality parameterseveral ways, including the
properties and structure of muscle and meat phlygyol(Safiudo, Macie, Olleta,
Villarroel, Panea & Alberti, 2004).

Although it is established that breed and feedingnagement influence the
quality of meat (Wheeler, Cundiff, Koch & Crous®96; Safiudet al, 2004; Andersen
et al, 2005), there are conflicting reports on the affgf feeding management on meat
quality (Priolo, Micol, & Agabriel, 2001). No infamation is available on the meat quality
of Nguni cattle raised on natural pasture withaetaty supplementation, as is practiced
in communal areas. Meat is composed of physical emeimical components. The
physical and chemical meat quality parameters destin this chapter are summarised

in Table 2.1. Most of the meat quality parameteus loe affected by the way the animals
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Table 2.1

Ranges of values of some beef quality characterissi as reported in literature

Meat quality characteristic Range of values Source

Lightness (L*) 33.2-41 Muir et al (2000), Strydomet al
(2005), Zhang et al (2005),
Razminowiczet al.(2006)

Redness (a*) 11.1 -23.6 Mut al. (2000), Byrneet al. (2000),
Strydomet al (2005), Zhangt al
(2005), Razminowicet al.(2006)

Yellowness (b*) 6.1-11.3 Muir et al (2000), Strydonet al
(2005), Zhanget al (2005),
Razminowiczet al.(2006)

Colour saturation 16.1 - 20.9 Strydomet al (2005), Zhangt al
(2005)
Sarcomere length (um) 1.75-2.31 Strydomet al. (2000), Maheket al

(2005), Strydonet al (2005),
Stolowskiet al. (2006)

WBSF2 (Kg) 38.1-143.6 Byrneet al (2000), Campet al
(2000), Muiret al (2000), Maheket al
(2005),

WBSF21 (Kg) 16.9-59.9 Campo al. (2000), Muiret al
(2000), Safiudet al (2004)

MFL2 (um) 34.2 Strydoret al (2005)

MFL14 (um) 24.7 Strydoret al (2005)

pH 5.50-6.70 Lahuckgt al (1998), Maheet al
(2005), Razminowicet al.(2006)

Drip loss (%) 0.14 - 3.89 Byrneet al (2000), Strydonet al
(2005), Revilla & Vivar-Quintana
(2006)

Water holding capacity (%) 37.0-72.7 Strydomet al (2005), Zhangt al
(2005), Revilla & Vivar-Quintana
(2006)

Cook loss (%) 13.1-34.54 Byrneet al (2000), Vestergaaret al.

(2000), Strydonet al (2005),
Razminowiczet al.(2006)

Moisture (%) 73.87 - 74.08 Maheret al (2005),

Protein content (%) 22.70 - 22.87 Maleeal (2005),

Fat content (%) 0.81-3.0 Vestergaata@l (2000), Maheet al
(2005), Aldaiet al (2006), Alfaiaet
al. (2007)
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respond to stress associated with loading, tratisgoroffloading and pre-slaughter

environment novelty.

2.4.1. Stress responsiveness and meat quality

The two main stress-responsive neuroendocrineragstieat play a critical role in
the regulation of energy fluxes are the hypothataymituitary—adrenocortical (HPA) and
the sympathetic nervous system (SNS) (Foury, Dereill Sanchez, Griffon, Le Roy &
Morme'de, 2005). The HPA axis influences feedindnaweor, pancreatic hormone
secretion, energy expenditure and the protein/lipedance while the catecholamines
(epinephrine and norepinephrine) released by th® BNrease the use of energy stores
(glycogen and lipids; Scheurink & Steffens, 1990y &xert anabolic effects on protein
metabolism (Navegantes, Migliorini, & Kettelhut, 3X). It is also possible that the
adrenal cortex and medulla are somehow co-actiyvatgdhat the HPA axis and the SNS
are largely independent (Fougyal, 2005).

Animals waiting for slaughter can be stressed Hyeeipsychological factors such
as restraint, handling, or the novelty of the gertghter environment; or physical factors
such as hunger, thirst, fatigue, injury, or thermaktremes. Animals’ stress
responsiveness can be assessed using the conoestaitcatecholamines and dopamine
in urine (Young, Rosa, & Landsberg, 1984; Hay & Wede, 1998; Parker, Hamlin,

Coleman, & Fitzpatrick, 2004). Catecholamines dteroimplied as the cause of the
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depletion of glycogen in the pre-slaughter peri@iNgill, Webb, Frylinck & Strydom,
2006).

If any animal is stressed in an environment, sickha immediate pre-slaughter
period, there is a rapid release of catecholamwigish rapidly mobilise and deplete
glycogen (Lacourt & Tarrant, 1985). Epinephrinei\aates muscle adenylate cyclase and
thereby stimulates glycogen breakdown (Voet & VdE95). The concentrations of
these hormones are the result of neuronal washoot fissues with sympathetic nerves
and are therefore important indicators of sympath&trvous system activity (Youres
al., 1984). The depleted levels of glycogen resulhigh ultimate pH (pHu) levels that
are not good for the conversion of muscle into méatording to Tarrant (1989), when
pre-slaughter muscle glycogen reserves fall belbe tritical threshold of 45-55
mmol/kg, the normal pHu in meat (5.5 — 5.6) willtro® attained. The measurement of
the stress hormones in urine is non-invasive aei tavels in urine are not affected by
the massive release of catecholamines and dopaassuxiated with slaughter because
there is a delay between elevation of their comeéioth in plasma and subsequent
elevation in the urine (Lay, Friend, Bowers, Griss& Jenkins, 1992; Hay, Meunier-
Salau, Brulaud, Monnier, & Morme de, 2000).

Most of the reports on stress responsiveness arat melity tend to either
separately focused on animal welfare (Sowers, B8bt&n, & Asp, 1983; Lat al,
1992; Ahmadzadeh, Barnes, Gwazdauskas, & Akersg)2Gnhdocrinology (Hay &
Mormede, 1998; Koch, 2004; Parketr al, 2004) and meat quality (Silva, Patarata, &

Martins, 1999; Zhang, Farouk, Young, Wieliczko, &odmore, 2005; Mounier,
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Dubroeucq, Andanson, & Veissier, 2006), on singlalidy traits such as pH (Mach,
Bach, Velarde & Devant, 2007), or speculate on ridationship between the three
(Gardner, Mcintyre, Tudor, & Pethick, 2001; O’'Nedt al, 2006; Mota-Roja%t al,
2006) without quantifying the relationships amorgm. While Fouryet al (2005)
guantified relationships between stress responesgeiand hormones in pigs no report
has sought to establish the strength of the relslip of stress responsiveness and meat
quality within these cattle breeds under naturatyr@ grazing. There is, therefore, need
to evaluate the relationship between stress resmoress and meat quality of Nguni,
Bonsmara and Angus cattle raised under conditibas mimic rural conditions and

management systems, where animals do not getylmipplementation.

2.4.2. Physical meat attributes

24.2.1. pH and meat quality

Meat tenderness is related to pHu value and melurcdByrne, Troy, &
Buckley, 2000; Strydomet al, 2000; Vestergaard, Therkildsen, Henckel, Jensen,
Andersen, & Sejrsen, 2000). Stress prior to slargid one of the most important
influences on pHu and ultimate meat tendernessaly be from transportation, rough
handling, inclement temperatures, or anything tteises the animal to draw on its
glycogen reserves before slaughter.

Grass-fed animals have darker meat than the onieh \ghain-fed (Muir, Beaker,

& Brown, 1998). This is caused by the higher pHlesa found in beef from grass-fed
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compared to grain-fed cattle. Mugt al (1998) hypothesised that grass-fed steers are
more susceptible to pre-slaughter stress and atedqgore-slaughter glycogen depletion
than grain-fed steers as the latter would be betteustomed to penning and handling.
However, French, O’Riordan, Monahan, CaVrey, Vidald Mooney (2000) and
Razminowicz, Kreuzer and Scheeder (2006) reporteduch difference in ultimate pH

between grass-fed and grain-fed steers.

2.4.2.2. Colour and meat quality

Meat colour is the most important factor affectimgnsumer acceptance,
purchasing decisions and satisfaction of meat mtsdiColour measurements are done
using the Commission International De I' Eclairgg8E) colour system (Commission
International De I’ Eclairage, 1976). The threedamental colour coordinates are L*, a*
and b*. The L* measures the lightness and is a oreasf the light reflected (100 =
white; 0 = black); a* measures positive red, negatjreen and b* measures positive
yellow, negative blue (Commission International IDEclairage, 1976).

Meat colour may be influenced by many factors saglenzymes, diet, and age of
the animal and even the activity done by the anifdat example, myoglobjra protein,
responsible for the majority of the red colour irahdoes not circulate in the blood but is
fixed in the tissue cells and is purplish in colowhen it is mixed with oxygen, it
becomes oxymyoglobin, and produces a bright reducalihich is measured objectively
by a* coordinates (Prioloet al, 2001). The remaining colour comes from the

haemoglobin which occurs mainly in the circulatinlgod, but a small amount can be
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found in the tissues after slaughter (Prietoal, 2001). When the muscle glycogen has
been used up rapidly during the handling, transaod pre-slaughter period, the results
after slaughter is little lactic acid productioniefnresult in DFD meat, and this condition
is measured by an L* coordinates (Commission l@tieonal De I’ Eclairage, 1976). This
DFD meat is of inferior quality as the less pronoeshtaste and the dark colour is less
acceptable to the consumer and has a shorter I§betfue to the abnormally high pH
value which is conducive to bacterial growth (Rsiet al, 2001). Zhanget al (2005)
found that high pH meat had lower L* (lightness),(eedness), b* (yellowness), hue
angle (degrees) and chroma (saturation) valuesrtbanal pH meat, indicating that high
pH meat was darker and less brown than normal p&t.me

Animals fed on pasture have a yellow fat colourduse of the high levels of
beta-carotene contained by grass. This yellow d&dur is measured objectively by b*
coordinates. Consumers often perceive meat witloweht as having come from an old
or diseased animal. In addition, forage-based mati@as well as different forage and
seasonal changes, allow for carcasses with a der&erappearance or fat that is yellow
in appearance (Baublitst al, 2004). The darker lean (lok¥ values) may be attributed
to increased myoglobin, decreased muscle glycawemth, and the yellow fat (Priokt
al., 2001). Grass-fed cattle could be more stredsmu grain-fed cattle due to differences
in human exposure (Andersest al, 2005) or that grazing animals exhibit more
myoglobin than confined animals due to differengseghysical activity (Shorthose &
Harris, 1991), hence differences in meat colouer&tare also differences in antemortem
glycogen and its effect on pH of meat, or differemean marbling and its effects on lean

colour (Baublitset al, 2004). Vestergaard, Oksbjerg and Henckel (208pprted less
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glycogen, a higher pH, and darker lean from yourggls that were fed a forage-limited
diet than those fed a concentratélibitum These authors speculated that the decreased
dietary energy on the forage-limited diet favouraa increase in oxidative muscle
metabolism. An increase in oxidative muscle metabolcould possibly allow for the
decreased necessity to store comparable amoumsistle glycogen as muscle with a
higher glycolytic capacity. The resultant pH diffaces caused differences in yellowness
(b*). Vestergaarett al (2000) reported a negative correlation betweerapétb* values.
Although there are contrasting reports on breececedf on meat colour,
differences in meat colour have been associateul weitiations in intramuscular fat and
moisture content, age dependent changes in musgbglabin content (Lawrie, 1998)
and the pHu of the muscle (Hector, Brew-Graves,skias & Ledward, 1992), with
higher pHu being associated with dark cuts. Sonthoasl (Muir, Wallace, Dobbie, &
Brown, 2000; Chambaz, Scheeder, Kreuzer, & Duf@p32 Revilla & Vivar-Quintana,
2006) reported no breed effects on colour. Accaydim O’Neill et al. (2006), Nguni
steers produced darker meat than the improved &re&ithough the causes of the
differences in meat colour were not fully underst@@Neill et al. (2006) observed that
Nguni cattle released more catecholamines thancekoteds, during the pre-slaughter

period, causing the depletion of glycogen.
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2.4.2.3. Water holding capacity and drip loss

Water holding capacity (WHC) is defined as theigbdf meat to retain its water
during application of external forces such as nogitiheating, grinding, or pressing
(Zzhanget al, 2005). Water holding capacity of meat is greatffected by pH. It is
important to meat processing in that as proteiesabie to hold more water they become
more soluble. In meat WHC is at a minimum at thedkectric point (pl) of proteins
(Zhanget al, 2005). At this point, equal positive and negaitharges on the amino acids
side chains result in a maximum number of saltgesdbetween peptide chains and a net
charge of zero. The pl of meat is in the pH ranfy.0 to 5.5 which is also the pH of
meat after it has gone through rigor mortis (Zhangl, 2005). The exposure of proteins
to a low pH at high temperatures causes less watée retained between actin and
myosin filaments, thus increasing exudates (drgs)oActin and myosin are important in
the formation of a protein lattice necessary fording water and fat in further processed
meat products (Zhargf al, 2005).

In contrast, increasing or decreasing the pH awaynfthe pl will result in
increased water-holding capacity by creating agdhambalance (Zhanet al, 2005). A
charge imbalance is a predominance of either pesir negative charges which will
lead to a repulsion of charged protein groups efséime charge. This repulsion results in
increased capacity for water retention and leac foicy meat. Zhangt al (2005)
reported higher water holding capacity in high peatthan in normal pH meat.

Aldai et al (2006) and Uytterhaegen, Claeys, Demeyer, Lipp&nmsms and

Boucque (1994) reported breed effects on drip lasth double-muscled animals
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showing increased drip loss in beef. Oliva'n, Magz, Osoro, San"udo, Panea and
Olleta (2004) also found that raw meat of doublesahed animals had higher drip loss
and hence lower water-holding capacity than meahfheterozygous bulls. This effect
could be the result of several factors includinghbr glycolytic metabolism in muscle of
double-muscled animals (Gagnie're, Picard, Juri€&Geay, 1997; Oliva’'ret al, 2004),
differences in collagen structure (Uytterhaegeal, 1994), or the lower IMF content of
double-muscled meat (Oliva'et al, 2004). Aldaiet al (2006) found that when IMF
content was high there was a concomitant lowerltrdsu juice loss from raw meat,
measured as the expressible juice under pressurapid pH fall or a lower pH would

tend to cause protein denaturation and greatedasg

2424 Meat tenderness

Tenderness can be attributed to a person's pevoepitimeat, such as: softness to
tongue, resistance to tooth pressure and adhedmmces of tenderness variation in beef
for instance may be attributed to animal’s age, $ggweight, breed and antemortem
stress. Tenderness varies mainly due to changteetmyofibrillar protein structure of
muscle in the period between animal slaughter agalt monsumption (Muiet al, 2000).
For example, if the carcass is refrigerated todilyasmmmediately after slaughter, muscle
fibres contract severely, and the result is ‘cdrening’ which will need a force to
shear the fibres after cooking (Razminowatzal, 2006). Thus, the tougher the meat, the
more force required to shear it and that is knowrnthee Warner-Bratzler shear force

(WBSF) test.
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Muir et al, (2000) and Monson, Safiudo and Sierra (2005)earghat meat
tenderness is a function of the collagen conteest Istability and the myofibrillar
structure of muscle. These, however, appear tdfeeted mainly by the rate of growth
of the animal rather than brepdr se The myofibrillar component of tenderness can also
be influenced by the calpain proteolytic enzymeeysduring ageing of the carcass post-
mortem. Wheeler and Koohmaraie (1991) suggested tittea myofibrillar component
could be a more important factor than the connedissue characteristics in influencing
meat tenderness. Pasture beef turned out to hav&PMBan conventional beef
(Razminowiczet al, 2006). However, Frenddt al. (2000) found no difference in WBSF
between beef produced on grass-based and conecbésetd diets.

While the biochemical changes that occur in bee$atleupostmortem are largely
understood, the relationship between these chaagdsvariation in meat tenderness
remains unclear and requires quantification (Koofamea 1996). Koohmaraie, Kent,
Shackelford, Veiseth and Wheeler (2002) suggesetbmere length, connective tissue
and proteolysis of myofibrillar proteins could eapl most of the variation observed in
aged meat, with proteolysis being the main biockkamfactor contributing to the
variation in tenderness. Maher, Mullen, Buckleyyigeand Moloney (2005) found that
variation in proteolysis was greater than the otsiechemical, chemical and tenderness
quality attributes in Belgian Blue steers managechdgenously pre and post-slaughter.
Furthermore, Koohmaraiet al (2002) hypothesised that protein degradation rscet
different rates in different animals, which may tdyute to the variation in tenderness of

beef.
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Different breeds of cattle have a wide spectrurfiaré types in muscles (Campo
et al, 2000; Gilet al, 2001) but these are not always reflected byedifices in
instrumental analyses using Warner Bratzler or@gnsanels. However, several authors
reported no differences in WBSF values due to bvdeeh animals are slaughtered at the
same age (Muiet al, 2000; Revilla & Vivar-Quintana, 2006). Strydanal (2001) also
reported no differences in WBSF values among Ngumi Bonsmara steers that were
raised in a feedlot. Stolowskt al (2004) reported significant breed and breed k®rap
interaction effects on meat tenderness with thasmals with higher levels of Angus
blood being tender than those that had lower Argasd. Safiudeet al. (2004) found
that differences between breed types for most Wilies were more pronounced at the
lower carcass weight than at higher carcass weidhteas also been reported that
different breeds had a wide spectrum of fibre tyipesiuscles, but these were not always
reflected by differences in instrumental analyse&sgWBSF or sensory panels (Safiudo
et al, 2004). Seideman, Crouse and Cross (1986) repsitmificant breed effects on
total and insoluble collagen, which could be momeportant than weight or even
production system in determining meat tendernessiu® et al. (2004) reported
significant differences in WBSF values among breatishort ageing times, but the
differences disappeared at 21 days, implying thragér ageing times tend to homogenise
the product, especially in the heavier animals. ighér slaughter weight and longer
ageing time could make the product more homogenéodspendently of the breed type
(Safiudcet al.,2004).

Indigenous breeds, such as the Nguni and Zalwi,perceived to have poorer

carcass characteristics and to have tougher meahvidy more variable in tenderness,
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compared to beef from exotic breeds such as theug\agd Hereford. This is because
indigenous breeds have greater amounts of calpastaat reduces post-mortem
degradation of muscle by calpains resulting in toogeat (Koohmarie, 1996; Gétt al,
2001. Another factor may be that these breeds \eal§ distances in search of grazing
and water; and therefore by that long walking aistitheir muscles get tough hence there
will be more force needed to break their muscld@¢Be, 2005). Most indigenous breeds
grow naturally without any growth supplements sulcht by the time they reach a
required slaughter weight they are already matureé give a less tender meat. The
opposite can be true about the exotic breeds, Becafigrowth supplements they get
from the farm; they reach a required slaughter ttergpidly at a younger age and so
yield a more tender meat.

Meat tenderness improves with ageing of the muskteing can be used to
decrease shear force values during post-morteragaaas a result of the proteolysis of
myofibrillar proteins, which is mediated in part loglpains (Koohmarie, 1996). This
tenderization through ageing involves several dspethat affect myofibrillar
fragmentation, including animal characteristics, gl pre-rigor conditioning (Safiueéb
al., 2004). The same authors reported a higher raenderization in heavier animals (92
% within the first week) than in lighter animals7(8 within the first week). Stolowskit
al. (2004) found that aging can improve WBSF valupdai14 days; and, postmortem
aging beyond 14 d may not be effective in improwdBSF of steaks from cattle with a
large Bos indicusinfluence. Muiret al. (2000) reported no differences in WBSF shear
force measurements in meat tenderness betweensbresh compared at the same age,

with ageing complete by six days after slaughter.
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2.4.3. Muscle histological and biochemical attrisit

24.3.1. Sarcomere length

Sarcomere length is used to determine the effawts® of electrical stimulation
as a way of preventing cold shortening. Electristnulation reduces the pH of the
muscle rapidly and hastens the onset of rigor mogiectrical stimulation was primarily
developed to accelerate post-mortem glycolysis had muscles are prevented from
excessive shortening when they enter rigor. Stdtoessal. (2004) found that electrically
stimulated muscles had longer sarcomeres than them-electrically stimulated
counterparts. Cold-shortening occurs most oftenarcasses when muscle temperature
drops below 10C within 8 to 12 hours post-mortem while the mugatremains above
6.1. The lowering of the pH of muscle is a restilthe conversion of muscle glucose to
lactic acid. Cold shortens sarcomere length and imeeomes tough, although this may
not happen in some cases (Stolowskial, 2004). Whipple, Koohmaraie, Dikeman,
Crouse, Hunt and Klemr{l1990) and Stolowsket al (2004) reported that sarcomere

length was not affected by breed type.

24.3.2. Myofibrillar fragmentation length, agingnderness

Ageing is the holding of certain kinds of meat,ngipally beef, after slaughter,
under refrigeration at temperatures ranging fro@ @ 4°C, to enhance tenderness and

develop flavour. During ageing, an enzyme collagenaroduced by bacteria within the
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meat breaks down the myofibrillar protein structanel connective tissue protein (Zhang
et al, 2005). Since myofibrils make up nearly 80% @ tlolume of the muscle cell, their
disruption greatly influence meat tenderness (Zretreg, 2005. Other changes that are
correlated with increased tenderness include bgeskavithin the myofibrils themselves,
particularly within the I-band. These breakagesdle® increased fragility and
fragmentation of the myofibrils. The increase inafilyrillar fragmentation is indicative

of the amount of tenderization that has taken placeeat (Safiudet al.,2004.

2.4.4. Fatty acid profiles

Beef fat is a significant source of saturated faitids in the human diet because
red meat has a relatively high ratio of saturatedinsaturated fatty acids in its lipids.
This is a risk factor for the development of vascuhnd coronary diseases (Mills,
Comerford, Hollender, Harpster, House, & Henning92; Barton, Marounek, Kudrna,
Bures, & Zahradkova, 2007). The adverse effectatfirated fatty acids on the human
plasma cholesterol levels makes it imperative twate fatty acid profiles in beef meat.

Breed of cattle and the way cattle are managedaffagt fatty acid composition
since fatty acid composition is closely related ttee fatness level (Zembayashi,
Nishimura, Lunt, & Smith, 1995; Bartagt al, 2007). Fatty acid composition of edible
tissues of cattle is influenced by diet and genet{artonet al, 2007). Padrest al
(2006) reported breed differences in lipid coniertissue of cattle, which was indirectly
related to conjugated linoleic acid (CLA) conteBtume breeds that have a tendency to

deposit higher amounts of fat on muscle producégheln quantity of CLA. However,
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Baublits et al (2006) reported no differences between biologtgpks for fatty acid
profiles. Breed differences reflect underlying difnces in gene expression or activities
of enzymes involved in fatty acid synthesis, desdion or chain elongation, and thus
deserve further attention (Choi, Enser, Wood, &I80p 2000; Bartonget al, 2007).
Differences in fatty acid composition between beeeamhn often be explained by
differences in the proportion of intramusculardatthe ratio of polyunsaturated fatty acid
to saturated fatty acid (PUFA/SFA). This ratio d&ses with the increasing fat level of
beef (Bartonget al, 2007) that depends on bree and nutrition. thésefore imperative to
assess the fatty acid profiles of meat from ca#lieed on pasture.

Forage-fed beef contains higher proportions of QPadreet al, 2006), which
exhibits anticarcinogenic properties, and can aseeanimal body protein (Baubliés
al., 2006). Furthermore, forage-fed beef can exlahitimprovedn-6 to n-3 fatty acid
ratio that has a positive cardiovascular impactufigs et al, 2006; Razminowiczt al
2006). Realini, Duckett, Brito, Dalla-Rizza and k&t(2004) pointed out that pasture-
fed animals have a higher concentration of PUF@arst (18:0), linoleic (LA), linolenic
(LNA), arachidonic (20:4 n-6, AA), eicosapentaeno{@0:5 n-3, EPA), and
docosapentaenoic (22:5 n-3, DPA) acids than anifealon protein concentrates. Fatty
acids affect human health in several ways. TabR sammarises fatty acid levels

reported by several authors.
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Table 2.2

Fatty acid profile (as percentage of the total faft acids identified) of the
Longissimusthoracis et lumborum muscle as reported in literature

Fatty acid Range of values Sources

C14.0 1.54 - 4.64 Aldat al (2006), Alfaiaet al.
(2007)

C14:1c9 0.18 - 0.45 Aldait al (2006),

C15:0 0.30 - 0.67 Aldat al (2006), Alfaiaet al
(2007)

C16:0 23.3-30.85 Enset al (1996), Aldaiet al
(2006), Woockt al (2003),
Alfaia et al. (2007)

C16:1c9 1.51-3.76 Aldai al (2006), Alfaiaet al.
(2007)

C17:0 0.85-1.12 Aldaat al (2006)

C17:1cl10 0.39 - 0.65 Aldait al (2006)

C18:0 13.4-16.7 Enset al (1996), Aldaiet al
(2006), Woockt al (2003),
Alfaia et al. (2007)

C18:1t9 5.74 - 5.66 Aldat al (2006)

C18:1c9 14.56 — 35.2 Aldat al (2006), Alfaiaet al
(2007)

C18:2c9,12 (n-6) 9.86 - 23.70 Aldgzti al (2006)

C18:2c9t11 (n-6) 0.30-0.37 Alfaet al. (2007)

C20:0 8.15-9.68 Aldast al (2006)

C18:3c9,12,15 (n-3) 0.14-0.38 Aldgtial (2006)

C22:0 1.05-1.85 Aldat al (2006)

C20:3c11,14,17 (n-3) 0.40-1.16 Aldsial (2006)

C22:2¢13,16 (n-6) 0.24 - 0.49 Aldgti al (2006)

PUFA! 13.58 - 32.16 Aldaét al (2006)

MUFA? 26.39 - 35.71 Aldaét al (2006)

SFA® 40.79 - 49.76 Aldaét al (2006)

n-6' 5.23 - 29.45 Aldaét al (2006), Alfaiaet al.
(2007)

n-3 1.18 — 4.17 Aldaget al (2006), Alfaiaet al.
(2007)

PUFA:SFA 0.11-0.81 Ensegt al (1996), Aldaiet al
(2006), Alfaiaet al (2007)

n-6:n-3 1.32 -11.79 Enset al (1996), Enseet al.

(1998), Aldaiet al (2006), Alfaia
et al. (2007)
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2441, Fatty acids and health

Meat healthiness is largely related to its fat eabtand its fatty acid composition
(Fisher, Enser, Richardson, Wood, Nute, & Kurt, @0Qipids of green forage contain
high proportions ofi-linolenic acid (ALA). This basi®-3 (omega-3) fatty acid can be
endogenously desaturated and elongated to long-chaifatty acids -3 LC-PUFA)
(Razminowiczet al, 2006), i.e. eicosapentaenoic acid (EPA), docas@enoic acid
(DPA), and docosahexaenoic acid (DHA). Omega-¥ fatids, particularly the-3 LC-
PUFA, were shown to exert various beneficial heatfects (Simopoulos, Leaf, &
Salem, 1999).

Increasingn-3 contents in beef can be relevant to improvingam supply with
n-3 LC-PUFA (Razminowiczt al, 2006). Raes, Balcean, Dirink, De Winne, Clagys a
Demeyern(2003) reported that-6/n-3 ratios were higher (5—7) for animals fattenedarmn
highly intensive production conditions, comparedhwialues of 2.5-3 for animals from
extensive production systems. The recommended neim6/n-3 is 5:1 (Razminowicz
et al, 2006). Increasing the-3 fatty acid content of animal feed can therefbeea
promising and sustainable way to improve the detealue of beef without forcing
consumers to change their eating habits.

Conjugated linoleic acids (CLA) are another gro@ifatty acids, which naturally
occur in ruminant-derived food and to which variteseficial health effects are ascribed
(Belury, 2002). However, scientific evidence fombécial health effects in humans is
variable and still unconvincing (Kramer, Fellnerydgan, Sauer, Mossoba, & Yurawecz,

1997). There is clear evidence for an enhancedoptiop of n-3 fatty acids and CLA in
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beef from grass-fed bulls compared with beef frartsifed maize silage and concentrate
(NUrnberg, Nurnberg, Ender, Lorenz, Winkler, & Reck 2002; Dannenberger,
Nurnberg, Scollan, Schabbel, Steinhart, & EnderQ420 Among the various CLA
isomerscis-9, trans11 18:2 (18:29t11) is the predominant isomer naturally occurrimg i
ruminant products and is particularly believed ¢obeneficial for human health (Kramer
et al, 1997; Vatansevest al, 2000; Razminowicet al, 2006). The 18@t11 is mainly
a product of endogenous desaturationtrahsvaccenic acid (18t11), which is the
predominant 18:irans isomer in grass-fed cattle (Dannenbergetr al, 2004).
Accordingly, Chin, Liu, Storkson, Ha and Pariza 929 claimed that the best dietary
sources of CLA are foods produced by grass-fedmanis.

In addition to possible health effects (Aharoni, cN@mi, Holstein, Brosh,
Holzer, & Nitsan, 1995; Padret al, 2006; Bartonet al, 2007), fatty acid profiles may
affect the sensory characteristics of meat (Webdl, 2003). Assessment of fatty acid

profiles of cattle breeds in particular productgystems is therefore needed.

2.4.5. Sensory evaluation of meat

In order to determine the acceptance of a food ymipdconsumers consider
several characteristics, such as its sensory degistcs, nutritional value, convenience
and impact on health (Wooet al, 2003). The sensory, health related and nutation
properties are the most important motivators fkini and purchasing of meat (Verbeke
& Viaene, 1999). The most important quality aspettseef are tenderness, juiciness, the

way that it tastes and that it is fresh, lean, thgahnd nutritious (Grunert, 1997). Muier
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al. (2000) reported that despite the yellower fattle#é Friesian steers, there was no
difference in eating quality of the meat produced Hbereford and Friesian steers,
suggesting that fat colour has no measurable oalstip with meat eating quality.

Sensory values for tenderness tend to be highdhesageing time (Campo,
Panea, Alberti, & Santolaria, 1999; Monsétal, 2005). In a study by MonsGet al
(2005) aging time did not affect juiciness in thpaBish Holstein and the Blonde
d’Aquitaine while it affected juiciness in the Limsin and the Brown Swiss, the values
found at 3 and 7 days being the highest in botledweJuiciness values decreased from
14 days of ageing (Monsaat al, 2005). This could be partly explained by the kezang
of muscle structure, which may produce higher Ilssddiquid during cooking.

Dransfield, Nute, Roberts, Boccard, Touraille anetiiger(1984) postulated that
tenderness and juiciness were the properties tlust mmfluence meat acceptability.
Monsoén et al (2005) reported that partial correlations betwesmsory variables
indicated that tenderness £ 0.60), juicinessr(= 0.59) and beef flavour intensity €
0.49) were the attributes that most influencedateeptability of meat. The same authors
found that the highest correlation coefficient waserved for beef flavour (0.22) and the
lowest for bitter flavour (-0.10). Table 2.3 sumisas sensory scores reported by several

authors.
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Table 2.3

Ranges of sensory scores of some meat quality cheteristics aged for 2 and 21 days

as reported in literature

Meat sensory characteristic

Range of values

Source

Taste at 2 days

Taste at 14 days
Aroma at 2 days
Aroma at 21 days

Juiciness at 2 days

Juiciness at 21 days

Flavour at 2 days

Flavour at 21 days

Tenderness at 2 days

Tenderness at 21 days
Residual at 2 days
Residual at 21 days

Overall acceptability at 2 days

Overall acceptability at 21 days

4.7-5.5

5.8

5.21-5.61

5.02 -5.39

3.3-6.6

4.38 — 4.86

3.1-5.89

5.39 - 5.93

21-64

5.98 - 6.47

4.19 - 4.98

4.21-4.76

1.8-5.65

4.26 -4.94

Strydetral (2005), Revilla &
Vivar-Quintana (2006)

Strydanal (2005)

Monsétnal. (2005)

Mongiral (2005)

Byrneet al (2000),

Monsbal. (2005)
Byrneet al (2000), Monsoret al
(2005)

Mongiral (2005)
Byrneet al (2000), Maheet al
(2005), Monsoret al. (2005)

Moretcal (2005)

Monsbral (2005)

Monsobal (2005)
Byrneet al (2000), Monsoret al
(2005)

Monsbal. (2005)
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2.4.6. Correlations among meat quality traits

Modern meat production techniques aim to increasscta weight and meat quality, but
these characteristics are not always positivelyetated (Safudet al, 2004). There are various
reports on relationships among meat quality trdfs. example meat tenderness is related to
ultimate pH (pHu) value and meat colour (Byeteal, 2000; Strydonet al., 2000; Vestergaarek
al., 2000). There are also some relationships betwmesst quality traits, fatty acid profiles and
sensory characteristics of meat (Jeremiah, AlhobeRson, & Gibson, 1996; Woad al, 2003).

Strydom et al (2000) and Revilla and Vivar-Quintana (2006) mépd negative
correlations between sarcomere lengths and WBSkesalThis can be ascribed to the fact that
muscles with short sarcomere length are generallgh. Usually there are positive correlations
between WBSF values and MFL values in most catiéeds. This can be attributed to the fact
that meat tenderness is a function of the collagerient and the myofibrillar structure of muscle
(Muir et al, 2000; Revilla & Vivar-Quintana, 2006). Furthemapthe variation in WBSF values
depend more on the myofibrillar content than thaltcollagen content or its solubility, especially
considering that shear force on cooked meat may la¢sa measure of myofibrillar toughness
(Safiudoet al, 2004). Strydomet al (2000) reported significant within-breed corriglas
between myofibrillar fragmentation index (MFI) atehderness. Beef crosses with more Angus
blood aged faster than those crosses with less Ablgwd (Stolowsket al, 2006).

There is a relationship between drip loss, IMF pHd Aldai et al. (2006) found that when
IMF content was high there was a concomitant lowesult for juice loss from raw meat,
measured as the expressible juice under pressurapid pH fall or a lower pH would tend to
cause protein denaturation and greater drip lassieSneat quality correlations are reported in

Table 2.4.
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Table 2.4

Correlations between glycogen level and some tecHaogical meat quality values

glycogen (ante glycogen (1 hpost glycogen (3 hr glycogen (48 hr pH at 48 cooking Warner-
mortem) mortem) post mortem)  post mortem); hours loss Bratzler shear
force.
glycogen (ante mortem) 0.60** 0.70** -0.04 06  0.65** 0.44*
pH glycogen (1 hpost 0.81** -0.01 -0*73**  0.70** 0.36
mortem)
glycogen (3 hpost 0.02 -0.78**  0.75** 0.39*
mortem)
Protein glycogen (48 hr -0.04 0.08 - 0.06
post mortem);
pH at 48 hours -0.79** -0.58*
cooking loss - 0.48*

Significantly correlated at * P < 0.05, ** P < 0,01*P < 0.001.

Source: Lahucksgt al (1998).

34



2.5. Summary of literature review

From the preceding review it can be seen that theseseveral factors that interact and
affect meat quality and the consumer perceptiomedt eating quality. The factors range from the
way the animals are raised, transportation to Hatair, post-slaughter handling and the keeping
of meat in butcheries, shops and home. Differectiofa at every stage should be considered to
improve meat quality. The broad objective of therent study was, therefore, to assess the
growth performance, tick loads, carcass charatitesisand the meat quality of the Nguni,

Bonsmara and Angus steers reared on natural pasture
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CHAPTER 3: Tick susceptibility and its effects on gowth
performance and carcass characteristics of Nguni,d@smara and
Angus steers raised on natural pasture
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Abstract

The objective of the current study was to compack toads, growth and carcass
characteristics of dipped and non-dipped Nguni, ddeera and Angus steers raised on natural
pasture. One hundred seven-month old castratedensarere kept at the University of Fort Hare
Farm for 12 months. There were 30 weaners eacingti®\and Bonsmara, and 40 weaners of the
Nguni breed. Half the Bonsmara, Angus and 14 Ngueaners were dipped every fortnight. The
rest were not dipped. Monthly weights and tick dswmder the tail, on scrotum, belly, sternum
and ears of the steers were recorded. The dippedildteers had lowest (P < 0.05) tick counts,
and the non-dipped Angus steers had the highdsttiants. There were more ticks (P < 0.05)
during the warm wet season than during the coolsdgson. Ears had the highest (P < 0.05) tick
infestation. Average daily gain (ADG) was simil& $ 0.05) among the three breeds. The non-
dipped Bonsmara steers had the heaviest (P < 6abasses (142 + 5.4) while the non-dipped
Nguni steers were the lightest (111 + 4.5 kg). Tbe-dipped Bonsmara had the highest (P <
0.05) eye muscle area (3986120.8 mm) while the non-dipped Angus had the smallest eye
muscle area (3291 + 210.6 MimThe non-dipped Bonsmara also had the highest (P05)
dressing percentage (53.8 = 1.01) while the nopeatipNguni had the lowest (50.3 = 0.84)
dressing percentage. The current study has shaatmwtiile the non-dipped steers had higher tick
loads than the dipped ones, their growth and carcharacteristics were similar. The study has
also shown that, despite being a small-framed breésed Nguni steers had similar ADG to the
large-framed Bonsmara and Angus steers. TherefloeeNguni cattle have got the potential to
produce organic beef. However, a reasonable assasshorganic meat production potential of

the Nguni requires an evaluation of its meat qualdits under natural pasture.
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3.1. Introduction

The Nguni breed is increasingly attracting inteioral interest, mainly due to its
resilience to tick-borne diseases, high reprodeciperformance, good walking and foraging
ability, and low maintenance requirements (Muchebjeama, Chimonyo, Raats, & Strydom,
2007, Appendix 1), acquired through centuries dbtirzd selection (Schoeman, 1989; Strydem
al., 2000; 2001). It can be reared on natural paswitBout use of chemicals or dietary
supplementation in the communal areas of SoutltcAfilCommunal grazing involves the grazing
of cattle from different households on the samesief land (Besteet al, 2001). Although
individual households own the cattle, grazing isned by the community. Normally there is
limited livestock and rangeland management priesiplapplied resulting in rangeland
deterioration and poor livestock conditions. Altgbufeed quantity and quality is adequate during
the rainy season, biomass yield declines during dhe season, resulting in cattle losing
bodyweight (Muchenjeet al, 2007). To counter the need for dietary suppleatem, farmers
sometimes sell their animals for slaughter befoezked weight losses begin. With its desirable
characteristics and the cattle production systemsommunal areas, where no chemicals or
dietary supplementation is used, the Nguni haspihtential for organic meat production as
prescribed by AFRISCO (2001).

Despite the possible limitations associated withdpction of natural-based meat, modern
consumers are increasingly concerned about theuptioth systems and animal welfare
requirements for the growing animals (Anderssinal, 2005). This concern has been also

accompanied by an increased preference for natum@l organically produced meat. A
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considerable amount of work on tick infestation andat production has been conducted on
cultivated pastures and in feedlots (Gertenbachefartihg, 1995; Collins-Luswet, 2000). Very
little, if any, work has been done under naturalzgrg conditions, as is commonly practised in the
rural areas. Furthermore, most studies in Soutlic@dfon ticks (Spicketet al, 1989; Webb &
David, 2002; Schwalbachkt al, 2003), growth and meat production (Mucheajeal, 2007)
covered these aspects separately yet ticks cotddtadnimal productivity and ultimately meat
production.

Although it is a small to medium sized, the indiges Nguni cattle breed of South Africa
is reported to be adapted to harsh environmenthif€auswet, 2000). The Bonsmara competes
favourably with European beef cattle while withstieng subtropical conditions, such as high
temperatures, ticks and most tick-borne illnesshksy are well muscled with high meat yield and
quality. However, they are not as well adaptedarsh conditions as the Nguni breed. The Angus
is Scottish breed with desirable meat related cheriatics, such as early maturity and marbling
(Anderseret al, 2005). However it tends to be susceptible tkstand tick — borne diseases.

Ticks limit animal productivity (Mugisha, MclLeod, eRy, & Kyewalabye, 2005;
Johnsson, 2006Kivaria, 2006). Farmers commonly use acaricidesotatrol ticks. Indiscriminate
use of acaricides may, however, lead to the dewstop of resistance, environmental
contamination and limited success in the controtieds and tick-borne diseases (Frisch, 1999;
Kamidi & Kamidi, 2005). The use of acaricides atlkes chemicals is also discouraged in organic
meat production. Furthermore, regular dipping tevpnt tick infestation is a costly exercise for
the emergent farmer since it results in increasgdrinary and labour costs, possible resistance to
ticks, animal movement and handling. Alternativerapches include use of adapted indigenous
cattle breeds (Meltzer, 1996). In most communaasief South Africa, cattle are rarely or less

frequently dipped. The Nguni Society of South Adridiscourages the dipping of the Nguni cattle

53



because the breed has tick immunity it acquired tve years (Hobbs, 2005). The Nguni, can
therefore play a significant role in the productadrhigh value organic beef because it needs,little
if any, chemical tick control and dietary suppleta¢ion (Muchenjeet al, 2007). However, no
studies have been done on tick tolerance, growthcancass characteristics of dipped and non-
dipped indigenous cattle under communal grazingesys in rural areas. The objective of this
study was, therefore, to compare tick loads, groald carcass characteristics of non-dipped
Nguni, dipped Nguni, Bonsmara and Angus steers Wet kept on natural pasture without
dietary supplementation. It was hypothesized thdign grazing on natural pasture and under
similar tick control measures, growth and carcdsaracteristics of the indigenous dipped and

non-dipped Nguni cattle breed is similar to thaBohsmara and Angus.

3.2. Materials and Methods

3.2.1. Animal management and measurements

Thirty weaners of each of Bonsmara and Angus braed 40 weaners of Nguni breed of
similar age (around 205 days) were raised at Hamleyéarm, University of Fort Hare till
slaughter at 18 months of age. The details of iteevéhere the study was conducted, how the
animals were managed and slaughtered were as ligbdysy Muchenjeet al (2007). Half the
Bonsmara, Angus and 14 Nguni steers were dipped iconventional spray race using a
commercial acaricide, Decatix 3® (Cooper VeterinBrgducts (Pty) Ltd, Registration Number.
2002/021376/07 , Pretoria, Republic of South Afsicavery two weeks. Decatix® contained

deltamethrin as an active agent. Tick counts weredinder the tail, on the belly, the ear, the
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scrotum and the sternum before each dipping. Mgnildights of all animals were recorded to
compute growth rates of the steers. Average daly ¢ADG) (g/day) between weaning (initial
weight) and slaughter (slaughter weight) was caled

The grade classification used in South Africa cdes age (A = 0 teeth, AB = 1-2 teeth, B
= 3-6 teeth, and C = more than 6 teeth) and fat(fassess scale 0 — 5, with 0 = no visual fat
cover, 1 = very lean, 2 = lean, 3 = medium, 4 5 fat overfat, and 6 = excessively overfat)
(South African Meat Industry Company, 2006). ThaitBoAfrican Meat Industry (2006) uses a
conformation scale of 1-5 (with 1 = a very flateass, 2 = a flat carcass, 3 = medium carcass, 4 =
a round carcass, and 5 = a very round carcass)di@ssing out percentage was calculated as
warm carcass weight expressed as a percentage t¥¢fweight. Carcasses were split, weighed
and then chilled at between 0 arf€3or 24 hours. The eye muscle area was measuraadigg
the muscle area between the™1@nd 1i' thoracic vertebrae. The surface area was then

determined by video image analysis (VIA, Kontromr@any).

3.2.2. Statistical analyses

After testing for normality, average daily gain (&) carcass characteristics and tick
counts were analyzed using GLM procedures of SAB{R A repeated measures model with
monthly weight as a repeated measure and steerrasdam variable was fitted for monthly
weights of the steers in SAS (2000). For tick ceutthe main factors fitted in the model were
breed (Nguni, Bonsmara and Angus), position of tickthe steer (under tail, scrotum, belly,
sternum and ear), dipping (whether the steers @dignged or not), month and their interactions.

For ADG and carcass characteristics, breed andindgjpwas considered as the main factor.
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Comparison of means was done using the PDIFF puoed®AS, 2000). A chi-square test (SAS,
2000) was used to test whether any associatiorsseeixbetween breed and carcass classification

grade.

3.3. Results and discussion

3.3.1. Effect of breed and dipping on tick counts

The most common tick species in this study wereBlle tick Boophilus annulatysand
the Bont tick Ambylomma hebraeynwith each representing 38 % of the total ticksnitfied.
The other species found were the Red-legged Rtkpicephalus evertsi evefgil9 %) and the
Bont-legged tick Klyalomma spp (5 %). There were isolated cases of the Brown tedr
(Rhipicephalus appendiculafusTick counts were significantly (P < 0.05) infeed by the
breed, position of ticks on the steer and montlhti#d interactions among the main factors were
significant (P < 0.05). There were more ticks (B.85) during the warm wet months (November
to March) than during the cool dry months (May tidy) (Figure 3.1). The higher tick infestations
in the warm wet season than the dry cold seasoid do® ascribed to the more conducive
conditions for their breeding. Ticks breed and s@when humidity and ambient temperatures
are high (Webb & David, 2002; Zeleke & Bekele, 2D0@ur findings agree with Webb and
David (2002), Schwalbackt al (2003) and Wesongat al (2006), who observed seasonal

fluctuations in tick burdens, with high tick cousing recorded during the rainy season.
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Figure 3.1. Tick counts per position by month in dopped and non-dipped Nguni, Bonsmara and Angus stegr
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As shown in Figures 3.1 and 3.2, dipped Nguni stéad the lowest tick counts among
the three breeds. The non-dipped Angus steersheadighest tick counts. The observation that
Nguni steers haboured the fewest ticks suggestsh@andigenous Nguni could be naturally less
susceptible to ticks. This agrees with Spicketl (1989) and Scholtet al (1991) who reported
differences in tick resistance between HerefordhdBeara and Nguni cattle in feedlots, with the
Nguni having the lowest tick counts. Webb and Da\@@02) reported similar findings, where
Tswana cattle were less susceptible to ticks th@nBrahman and Simmental. Some animals
consistently carry fewer ticks than others kepth@ same environment because of their abilities
to respond immunologically to tick infestation (Mali et al, 2000; Daset al, 2005; Johnsson,
2006).

The mechanisms involved in tick tolerance are, ets yot clearly understood although
there is clear evidence of adaptation (Spicletttal, 1989). Meltzer (1996) argued that tick
avoidance behaviour, skin sensitivity and increagembming activity by Zebu, Sanga aBos
indicus breeds may account for the lower numbers of tiwken compared to tick numbers on
exotic Bos taurusbreeds. The movement of ears and tails may disladgects. Brown (1959)
noted that Nguni cows moved their ears vigoroudhemvflies irritated them in the region of the
head. The flexible and long tail with a well-deysd twitch also assisted in removing irritating
insects. In the same publication, Brown (1959) stigated the possibility that skin thickness and
hair concentration had an effect on tick infestatibut with inconclusive results. However, the
higher tick counts on the non-dipped Nguni steleas the dipped Nguni steers imply that dipping

still has a role to play in tick control in commuiaseas.
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Ears had the highest tick infestation (P < 0.08lJptved by the scrotum and the perineal
(Figure 3.2). The belly and sternum had low tictestations. The presence of more ticks on the
ear, scrotum and the perineal area than on thg &etl sternum may be ascribed to the fact that
ticks prefer warm and moist predilection sites thigsb provide protection from the environment
and predation from birds. These positions are hlghly vascularised and have relatively thin
skins. The results in the current study agree \@pickett et al. (1989), who reported no
relationship between hair length and tick countr fihdings, however, are in contrast with Webb
and David (2002) in the Tswana, Simmental and treh&man, where higher tick counts were
observed on the belly, sternum and perineal ar€asse positions tend to have long hairs,

suggesting sites with longer hair are prone ti¢kstation.

3.3.2. Liveweights, growth rates and carcass chiaéstics of steers

There were significant breed effects on liveweigtith the Nguni being the lightest (P <
0.05) while the Bonsmara was the heaviest (Figu8g 8arcass characteristics of the three breeds
are presented in Table 3.1. There were no breedtef{P > 0.05) on ADG. Within each breed,
the dipped and non-dipped steers had similar livgiwie and ADG despite the non-dipped steers
having significantly higher (P < 0.05) tick countisan the non-dipped ones. There were
significant (P < 0.05) breed effects on all carcaisaracteristics. The Bonsmara steers were the
heaviest (P < 0.05) at slaughter, had the heafffest0.05) carcasses and had the highest dressing
percentage while the Nguni steers were the ligl{fest 0.05). However, there were no significant
(P > 0.05) differences in slaughter and carcassactexistics between the Nguni and the Angus

steers.
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Table 3.1

Least square means (+ s.e.m) of daily gain and cass characteristics of dipped and non- dipped NgunBonsmara and Angus

BsfeeeeélS Tick control N  Average dailySlaughter Warm carcass Dressing Eye muscle area
gain (g/day)  weight (kg) weight (kg) Percentage (mn")
Nguni Not dipped 25 19¥11.9 220+89 111+4.58 50.3+0.884 3648  10%°
Dipped 13 210+12.3 227+16.7 116+6.1° 51.0+1.1% 3858+ 1515
Bonsmara Not dipped 15 2411.2 265t 9.6° 142 +5.4 53.8+1.0f 3996+ 120.8
Dipped 14 22@16.9 254-10.7° 135+ 6.1° 53.4+1.1% 3988 +141.%
Angus Not dipped 6 20629 243 11.7° 129 +6.8% 53.7+1.17 3291 +210.8
Dipped 8 17&33.7 235:12.9° 123+ 7.7 52.3+1.4% 3491+ 170.9°
Level of significance NS * * * *

Means in the same column with different superssrgoe different (*P < 0.05), NS = Not significant.

Tick control: Dipped or not dipped, Average dailgirg growth rate from weaning to slaughter, Slaaghteight: weight of steers 24

hours before slaughter; Warm carcass weight: wesfltarcass within 20 minutes of slaughter; Dreggrrcentage: Proportion of

warm carcass to liveweight and expressed as armagse

62



Nguni steers had the lightest carcasses while tresfara were the heaviest at slaughter.
Liveweight is largely a result of size at maturityplogical type and growth rate (Hoving-Bolink
et al, 1999; Shoret al, 1999; Albertiet al, 2005). The Nguni, however, had similar ADG from
weaning to slaughter as the other two breeds. d&msonstrates the Nguni's ability to perform
well under natural pasture, particularly if the kifyeof grazing is not that good as is the case in
the dry season in most parts of the rural aredeeEastern Cape. Although tick infestation can
lead to body weight losses (Byford, Craig, & Crasb992; Meltzer, 1996; Johnsson, 2006) and
can cause substantial economic losses on cattteigtion (Kivaria, 2006), this was not the case
in the current study as the non-dipped steers imatas liveweights and ADG besides having
higher tick counts than the dipped steers.

Weight losses of between 0.6 g and 63 g per enddegeale tick have been reported and
acaricide-treated animals gain more weight tharsehteft untreated (Mattiolet al, 2000;
Scholtz, 2005; Johnsson, 2006). However, Noetall (1988) reported no weight losses in Sanga
cattle with tick infestation. The Nguni, with itelérance of ticks, showed less difference in
weaning weight between dipped and undipped caBthdltzet al, 1991). Further studies to
determine tick load threshold of economic importaifiick load level that results in economic
losses e.g., decreased live-weight or milk yielel) given breed is warranted.

Carcass weights followed a similar trend to slaaghteight. The Nguni had the lowest
dressing percentage while the Bonsmara had theestigtiressing percentage. This may be
ascribed to the fact that the Nguni steers hadshainile the Bonsmara had no horns. The Nguni
Society of South Africa discourages the cattle posis from dehorning the Nguni cattle as it
considers presence of horns as one of the impoigafres of the Nguni cattle (Hobbs, 2005).
Furthermore, dual-purpose breeds have been reportea/e lower dressing percentage than pure

beef breeds because coefficients of growth for cemeass fat are higher than those for carcass fat
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(Kempsteret al, 1982; Keanet al, 1990; Kinget al, 2006). This may be applicable to the Nguni
since it is a multi-purpose breed. Purckasl (1992) found that carcasses from large framed and
late maturing breeds have less fat, higher confoomacores, dressing percentage and proportion
of first category cuts. The eye muscle area ofNbeni and the Bonsmara were similar and better
than that of the Angus. However, eye muscle anmedstéo be higher in large framed than in small
framed beef breeds (Keamre¢ al, 1990; Chambaet al, 2003). Tick control methods did not
affect the carcass characteristics of the steers.

The carcass age-fat classes were not affectedQ(B5) by breed. All the carcasses were
generally lean. Eighty one per cent of the carcassere classified as A0 with remaining
carcasses being classified as Al. Although managemeasures to improve the natural pasture,
such as rotational grazing, were undertaken ingtidy, deterioration of grazing lands in the dry
season normally occurs, and this is more pronouritedemi-arid areas, where cattle are
communally grazed. The steers were generally lemause of the poor condition of the natural
pasture that had deteriorated from March. Furtheentbe fact that the steers had no supplement
lick could be one of the main reasons for the pmordition as they were in their prime growth
phase. It may be argued that the natural pastusermoasupport the growth of young animals
sufficiently to produce carcasses with fat coveietry supplementation using organically or
naturally produced material, such as hay from @é&tpastures or leguminous tree leaves, is
recommended.

On a conformation scale of 1 to 5 (with 1 represgnta very flat carcass and 5
representing a very round carcass), more carcgBses0.05) were classified as 3 than those
classified as 2 (Table 3.2). The poorer confornmafay the Nguni carcasses than that of the other
two breeds was expected since bigger breeds terthvwe better carcass conformation than

smaller breeds. Continental meat breeds are génbedter conformed than traditional breeds
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Table 3.2

Frequency of carcass conformation classes in NguiBpnsmara and Angus steers

Breed Frequency (%) conformation Total P value
class
2 3
Aberdeen Angus 5.19 (4) 12.99 (10) 18.18 (14) B042
Bonsmara 2.60 (2) 35.06 (27) 37.66 (29)
Nguni 14.29 (11) 29.87 (23) 44.16 (34)
Total 22.08 (17) 77.92 (60) 100 (77)

Values in parentheses indicate the number of cases.
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(Purchaset al, 1992; Albertiet al, 2005; Vieira, Cerdefio, Serrano, Lavin, & Mantec#006).
Continental meat breeds have been selected for pne@itiction over a long period. Despite being
an indicator of potential meat yield, carcass congdion is not critical in carcass classification i

South Africa.

3.4. Conclusions

Nguni steers were less susceptible to ticks thamsBara and Angus steers. While the non-dipped
steers had more ticks than the dipped steers, ipmirg did not cause any differences in

liveweight and carcass characteristics of the stéénder adverse conditions, which are common
during the dry season in the rural areas of theeBa€ape, the Nguni had similar weight gains to
the large framed beef breeds. Therefore, despiibg lmesmaller and multipurpose breed the Nguni
can compete favourably with established breedsemimg of meat production. The Nguni,

therefore, has a potential for organic meat pradacHowever, there is need to also compare its

meat quality characteristics against these langadd breeds under natural grazing.
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CHAPTER 4. Relationship between stress responsivesg and meat
quality of Nguni, Bonsmara and Aberdeen Angus stearraised on

natural pasture
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Abstract

The objective of the current study was to determtine relationship between stress
responsiveness and meat quality of Nguni, BonsmadaAngus steers raised on natural pasture.
Thirty steers each of Bonsmara and Angus and 4Geveacf Nguni were kept at the University
of Fort Hare Farm for 12 months till slaughter. Tre longissimus thoracis et lumborunas
sampled for the measurement of meat colour, pHb ldss, water holding capacity, sarcomere
length, cooking loss, myofibrillar fragmentatiom¢gh and Warner Bratzler shear force (WBSF).
Catecholamines and dopamine were measured frone samples collected approximately 12
minutes post-mortem. Bonsmara steers were the (Rost0.05) stress responsive with respective
epinephrine, norepinephrine and dopamine concémsainf 10.8 nmol/mmol, 9.7 nmol/mmol
and 14.8 nmol/mmol. Nguni steers were the least P05) stress responsive, with respective
epinephrine, norepinephrine and dopamine concémeabf 5.1 nmol/mmol, 4.3 nmol/mmol and
4.0 nmol/mmol. In the Nguni, L* and catecholamime=re negatively correlated (P < 0.05) while
dopamine was positively correlated (P < 0.05) tcatmeged for two days. In the Bonsmara,
dopamine was positively correlated (P < 0.05) tovdtle it was negatively correlated (P < 0.05)
to WBSF for meat aged for two days and cookingdssBlo correlations (P > 0.05) were found in
the Angus. Relationship between stress responsgesned meat quality depends on breed. There
is need to determine the physiological and biockahthanges that take place during stress and

glycogen depletion in different breeds.

Keywords: Catecholamines, meat colour, dopamine, glycogeess responsiveness

73



4.1. Introduction

Pre-slaughter glycogen depletion may lead to thabiity of muscle to accumulate
adequate lactic acid concentration (Kannan, ChaWanakou, & Gelaye, 2002). Consequently,
ultimate pH (pHu) increases, which is not ideal donversion of muscle to meat (Purchas, Yan,
& Hartly, 1999). Beef with pHu values higher tha® @ undesirable because of its dark colour
(Bartos, Franc, Rehak, & Stipkova, 1993; Kreikemeidgnruh, & Eck, 1998; Mounieet al,
2006), increased tenderness variation (Sktaal, 1999), increased water holding capacity
(Apple, Kegley, Galloway, Wistuba, & Rakes, 20091adget al, 2005) and poor palatability
(Viljoen, De Kock, & Webb, 2002; Wulf, Emnett, Ledi@, & Moeller, 2002). High pH promotes
growth of microorganisms which lead to the develepmof off-odours, and often slime
formation (Gardneet al, 2001; Gallo, Lizondo, & Knowles, 2003). It mportant to determine
the factors which affect the depletion of glycodevels and the mechanism by which glycogen
depletion occurs. Breed (Kingt al, 2006), feeding management, nutritional statuiégleret
al., 1996; Safnudet al, 2004; Andersert al, 2005), loading and transportation (Schaeferegpn
& Stanley, 1997; Mota-Rojast al, 2006), temperament (Kingt al, 2006), pre-slaughter stress
and how the animals physiologically respond tosstr@O’Neill et al, 2006) affects glycogen
depletion in animals, and meat quality parametersh sas pHu, colour, cooking losses and
tenderness.

Animals waiting for slaughter can be stressed lieei psychological factors such as
restraint, handling, or the novelty of the pre-glateér environment; or physical factors such as
hunger, thirst, fatigue, injury, or thermal extrean€atecholamines are often implied as the cause

of the depletion of glycogen in the pre-slaughterngx (O’Neill et al, 2006). Dopamine plays a
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part in the control of cortisol secretion and may ibvolved in cortisol-related physiological
functions such as stress and metabolism (Ahmadzztdsh 2006).

When an animal is stressed, there is a rapid meledscatecholamines which rapidly
mobilise and deplete glycogen (Lacourt & Tarrai®83). In a previous report (Mucherge al,
2007), Nguni cattle had darker meat than that afiddmara and Angus, although there were no
pHu differences among the three breeds. No infaomas available on the relationship between
stress responsiveness and meat quality of NgumsiBara and Angus cattle raised on natural
pasture, as is practiced in rural areas of Soutdrica. While Fouryet al. (2005) quantified
relationships between stress responsiveness andohes in pigs, no report has sought to
establish the strength of the relationship of stresponsiveness and meat quality within beef
cattle breeds under natural pasture grazing. Tisetberefore, need to evaluate the relationship
between stress responsiveness and meat qualitygohiNBonsmara and Angus cattle raised
under conditions that mimic rural conditions andnagement systems. The objective of the
current study was to determine the relationshipveeh stress responsiveness and meat quality
characteristics of Nguni, Bonsmara and Aberdeenu&nghen raised on natural pasture. The
hypothesis tested was that, under natural grazitegrelationship between stress responsiveness
and meat from Nguni steers is similar to the refeghip between stress responsiveness and meat

from the Bonsmara and Angus breeds.
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4.2. Materials and Methods

4.2.1. Animal management, handling and slaughtecgdure

Thirty weaners of each of Bonsmara and Angus braed,40 weaners of Nguni breed of
similar age (around 205 days) were raised at Hoaley@arm, University of Fort Hare till
slaughter at 18 months of age. The details of iteevehere the study was conducted, how the
animals were managed and slaughtered were asligbdry Muchenjet al (2007). The average
slaughter weight of the Nguni, Bonsmara and Angteers were 224, 260 and 238 kg,
respectively. The average daily gains were 201, &34 189 g/day for Nguni, Bonsmara and
Angus, respectively. Animal slaughter and dressives done following usual commercial
procedures at the East London Abattoir.

Urine samples for hormonal determination were ctélé from the bladder of each animal
approximately 12 minutes post-mortem into sampltlds) immediately after evisceration. The
sample bottles contained 6 Mol hydrochloric acickstabilize the catecholamines and dopamine.
The samples were then frozen at’@0awaiting analysis.

The m longissimus thoracis et lumborufbTL) of the left and the right sides were
sampled, a day after slaughter, from th& fib in the direction of the rump in the followirgder
and amounts for meat quality analyses:

a) 100 mm thick of the anterior side of the leftLLibr 2 day aged Warner Bratzler (WBSF)
tests,

b) 100 mm thick of the anterior side of the rigftLLfor 21 days aged tests (WBSF),
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C) a 20 mm steak of the near posterior side ofefie TL for myofibrillar length (MFL) on 2
days aged sample,

d) a 20 mm steak of the near posterior side ofghid. TL for MFL on 21 days aged sample,

e) a 10 mm steak of the posterior side of thell&ft for sarcomere length (SL),
f) a 15 mm steak of the near posterior side otehd_TL for drip loss in duplicate,
0) a 20 mm steak of the near posterior side ofefie TL for CIE Lab colour measurement,

h) a 20 mm steak of the near posterior side ofdfidTL for water holding capacity (WHC)
determination.
This amounted to approximately 2.5 kg meat sarppleanimal. All the meat quality analyses

were done on the LTL.

4.2.2. Determination of stress hormone concentmatio

The urine samples were first hydrolysed beforedéermination of catecholamines and
dopamine (Odink, Sandman, & Schreurs, 1986). Catantines and dopamine were extracted
from the urine by cation-exchange solid phase etitia, and were determined by tihégh
performance liquid chromatography (HPLC)-methoddescribed by Gouarne, Foury and Duclos
(2004). Briefly, urine samples were loaded onaratl columns and the catecholamines were
eluted with boric acid. The eluates were then asbaging HPLC with electrochemical detection
with an oxidizing potential of +65V. The catecholags and dopamine were then quantified
against a calibration curve. Concentrations of aaiamines and dopamine are volume-related

and for this reason only creatinine-related corregions were considered in the current study.
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4.2.3. Meat quality measurements

Drip loss, pH, sarcomere length (SL), myofibrilltagmentation length (MFL), meat
colour, Warner Bratzler shear force (WBSF) measerdnwvere as described by Muchenjeal

(2007).

4.2.3.1. Water-holding capacity measurements

Water holding capacity (WHC) was measured as theuamof water expressed from a
minced meat sample (1 g) held under pressure (6QPr&gsure) using the filter - paper press
method developed by Grau and Hamm (1957). Watetirplcapacity was calculated using the

equation (WHC = 100% - [(outer circle area - inoiecle area)/outer circle area] x 100 %).

4.2.3.2. Determination of cooking losses

Percentage cooking loss was calculated as:

[(weight of raw steak after thawing — weight of ked steak)/weight of raw steak after

thawing]x100. It was made up of evaporation angpng loss during cooking.
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4.2.4. Statistical analysis

The effects of breed on catecholamines, dopamidenagat quality traits were analyzed
using Generalised Linear Models procedures of SA®( ). Significance differences between
least-square group means were compared using tHEFPi@st of SAS (2000). Pearson’s
correlation coefficients between stress responsis®ihormonal concentration and pH, L*, WBSF

values and cooking losses in all steers and withé#eds were also determined (SAS, 2000).

4.3. Results and discussion

4.3.1. Stress responsiveness

Epinephrine, norepinephrine and dopamine levelthefthree breeds are shown in Table
4.1. There were significant (P < 0.05) breed effext all the stress responsive hormones, with the
Bonsmara being the most responsive (P < 0.05) lamdNguni being the least responsive. This is
in contrast to O’Neillet al. (2006) who found that the Nguni crosses were thstmesponsive to
stress when they were compared with the Brahmassesoand the Simmental crosses. Our
findings suggest that the Bonsmara steers wereotles that suffered the most pre-slaughter
stress. In a study comparing sevddabk taurusandBos indicusbreeds, Koch (2004) reported the
Bonsmara to have the lowest levels of stress hoesonhe differences in these results may be
ascribed to the fact that animals’ reactions tesstrare governed by a complex interaction of
genetic factors and previous experiences (Grantl®97, Morme'de, Courvoisier, Ramos,

Marissal-Arvy, Ousova, & De’saute’s, 2002; Mourtal., 2006). During the growth phase,
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Table 4.1

Least square means and standard errors of means (parenthesis) of urinary catecholamine
and dopamine outputs from Nguni, Bonsmara and Aberden Angus steers

Breed
Catecholamine Nguni Bonsmara Angus
n 34 29 14
Norepinephrine (nmol/mmol) 4.3 (1.03) 9.7 (1.36) 6.5 (1.98%
Epinephrine (nmol/mmol) 5.1 (1.30) 10.8 (1.68Y 6.7 (3.21}
Dopamine (nmol/mmol) 4.0 (0.2%) 14.8 (2.77Y 7.2 (2.2f

Means in the same row with different superscripgssagnificantly different at P < 0.05.
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Bonsmara steers were the most unsettled group wieléNguni steers were the calmest during
handling. Cattle with a very excitable temperamergy have greater difficulty adapting to
repeated non-painful handling procedures thanecatith a calmer temperament. Our findings
show that different types of animals have differpigysiological and behavioral reactions to the
same procedure (Lanier, Friend, Bushong, Knabemphay, & Lay, 1995). Animals with a calm
temperament may adapt more easily and becometlessed with repeated handling treatments
and animals with a very excitable temperament magoime increasingly stressed with each
repeated handling treatment.

However, studies to determine the amount of stm@ssarm animals during routine
handling and transport often have highly varial@suits and are difficult to interpret (Grandin,
1997). Stanger, Ketheesan, Parker, Coleman, Lazzaral Fitzpatrick (2005) suggested that
animals that withstand the environmental stresebis harsh environment may not show higher
concentrations of stress hormones under a potgnstlessful environment. Genetic factors,
including temperament, influence the degree to Wwisicimals respond to stress (Grandin, 1997;
Morme'deet al, 2002; Fazio & Ferlazzo, 2003). It can, therefdre noted that animals react
differently to stress conditions and stress respensss is complex. The effects of stress
responsiveness to glycogen depletion, and its teeguéffect on meat quality parameters such as

pH, colour, tenderness and cooking losses is, fitvexdikely to be highly variable.

4.3.2. Meat quality

Table 4.2 shows the meat quality characteristicblgfini, Bonsmara and Angus steers.

Meat lightness (L*) was the only meat quality tthiat was significantly (P < 0.05) affected by
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Table 4.2

Least square means and standard errors of means (parenthesis) of meat quality

characteristics of Nguni, Bonsmara and Aberdeen Angs steers

Breed
Meat quality characteristic Nguni Bonsmara Angus
n 34 29 14
Lightness (L*) 37.0 (0.54) 40.1 (0.53% 40.4 (0.65Y
Redness (a*) 14.7 (0.45) 14.8 (0.37) 15.9 (0.45)
Yellowness (b*) 6.1 (0.27) 6.3 (0.18) 6.9 (0.25)
Colour saturation 15.9 (0.50) 16.1 (0.40) 17.4@.5
Sarcomere length (um) 1.6 (0.03) 1.6 (0.02) 1.63)0.
WBSF2 (N) 42.1 (3.33) 46.1 (3.14) 42.1 (3.04)
WBSF21 (N) 31.4 (1.76) 34.3 (1.67) 36.37)
MFL2 (um) 28.2 (0.79) 30.8 (1.16) 29.3 (1.37)
MFL21 (um) 22.9 (0.49) 21.9 (0.61) 21.48)
pH 5.8 (0.06) 5.7 (0.04) 5.6 (0.02)
Drip loss (%) 2.0 (0.11) 1.9 (0.11) 1.8 (0.11)
Water holding capacity 0.35 (0.016) 0.30 (0.013) 32(000.038)
Cook loss 2 (%) 24.8 (1.07) 24.3 (0.42) 25.3 (.49
Cook loss 21 (%) 23.6 (0.48) 24.1 (0.45) 24.9 (.62

Means in the same row with different superscripts significantly different at P < 0.05; MFL2 - Mybfillar

fragment length for meat aged for two days; MFL2¢dfibrillar fragment length for meat aged for 21yda

WBSF2-Warner Bratzler value for meat aged for tvaysd WBSF21-Warner Bratzler value for meat aged2fbr

days; Cook loss 2 (%) - Cooking loss after agimgf days; Cook loss 21 (%) - Cooking loss afggng for 21 days
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breed. The L* value for Nguni meat was the lowés(0.05) while that of the Angus
was the highest (P < 0.05). The appearance chasdicie except lightness L*, were
similar in the three breeds, which agree the figgirof Muchenjeet al (2007).
Differences in meat colour have been associated wétiations in intramuscular fat and
moisture content, age dependent changes in musaglabin content (Lawrie, 1974),
the pHu of the muscle (Hector, Brew-Graves, Has8ehedward, 1992), with higher
pHu being associated with dark cuts and vice vekkawvever, Prioloet al (2001)
concluded that the evidence on the causes of i@riatas mixed. In addition, the steers
used in the current study were of similar age.

The darker meat produced by the Nguni steers inpeoison to the improved
breeds agrees with O’Neikt al. (2006). Differences in meat colour are not fully
understood. O’Neillet al. (2006), however, observed that Nguni cattle reldasore
catecholamines than exotic breeds, during the lprgghter period, causing the depletion
of glycogen. In this study, although the Nguni hdatker meat, it released the least
catecholamines while the Bonsmara released thes$iiglatecholamines. An increase in
pHu does not necessarily result in tougher meatteer parameters with regard to meat
tenderness may be involved. As shown in Tablethe?pHu (< 6.2) and L* values (> 33)
were within the expected ranges (Lawrie, 1974; DiAmaya, Gonzalez, Sanchez-
Escalante, & Torrescano, 2006) that would not teeudark firm dry (DFD) meat.

The WBSF values, MFL and sarcomere lengths werdasirfP > 0.05) among
the breeds, which agrees with Muir, Wallace, Dobémmel Bown (2000), Revilla and
Vivar-Quintana (2006) and Muchenrge al (2007) in which the tenderness of meat from

steers of different breeds was similar when slaergiot at the same age. Strydetnal
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(2000; 2001) reported no differences in WBSF valrmeng Nguni and Bonsmara steers
raised in a feedlot. Safiudd al. (2004), however, reported that differences between
breed types for most WBSF values were more prorexiat the lower carcass weight
than at higher carcass weights. It has also bgertesl that different breeds had a wide
spectrum of fibre types in muscles, but these wetealways reflected by differences in
instrumental analyses using WBSF or sensory pdBalsudcet al, 2004).

As in our previous study (Muchengt al, 2007), meat tenderness improved (P <
0.05) with aging of the muscle. However, in meanfrthe Angus steers, there was no
difference (P < 0.05) in WBSF values after agingti@o and 21 days, possibly due to
almost complete aging of the Angus meat by day twmoir et al. (2000) reported no
differences in WBSF measurements in meat tendetmssgeen breeds when compared
at the same age, with ageing complete by six dfigs slaughter. Stolowslat al (2004)
found that aging can improve WBSF values up to &fsdand, postmortem aging
beyond 14 d may not be effective in improving WB&Fsteaks from cattle with large
Bos indicudnfluence. Meat tenderness is a function of tHiagen content, heat stability
and the myofibrillar structure of muscle, thougbdé appear to be affected mainly by the
rate of growth of the cattle rather than brgeea se(Muir et al, 2000; Monsoret al,
2005). The myofibrillar component of tenderness almo be influenced by the calpain
proteolytic enzyme system during ageing of the ass@ost-mortem. However, Wheeler
and Koohmaraie (1991) suggested that the myoffiorilomponent could be a more
important factor than the connective tissue charatics in influencing meat tenderness.
This could be applicable in this study where thienats were slaughtered at a young age,

implying that the muscles were likely to be loncionnective tissue.
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The pHu values, ranging from 5.6 in meat from Angteers to 5.8 in meat from
Nguni steers, were within the expected range andlasi to those reported in our
previous study (Muchenjet al, 2007) and by other authors (Beltran, Jaime, Gamnd,
Safiudo, Alberti, & Roncales, 1997; Sileaal, 1999; Revilla & Vivar-Quintana, 2006).
However, as in our previous study (Mucheme al, 2007) no breed effects were
observed on pH in the current study. This agreds previous reports (Hoving-Bolindt
al., 1999; Chambazt al, 2003; Monson, Safudo, & Sierra, 2004), wherebreed
differences (P > 0.05) on pHu were observed.

There were no breed effects on cooking lossesdrctiirent study. However the
cooking losses were lower than those of Razminowical (2006) in pasture fed steers
which averaged 30 %. During heating most drastiangkes occur in meat, such as
shrinkage and hardening of tissue and releaseakig juice. These changes are caused
by structural changes of myofibrillar proteins asfdnembrane structures (Razminowicz

et al, 2006).

4.3.3. Relationship between stress responsivargsmeat quality

Table 4.3 shows the correlation coefficients betwestress responsiveness
hormonal concentration and pHu, L* tenderness emaking losses. Only the Nguni
showed a negative relationship (P < 0.05) betwesecbolamines and L*. The Nguni
also showed a positive relationship (P < 0.05) betwdopamine and WBSF of meat
aged for two days. In the Bonsmara steers, there gignificant positive correlations

between dopamine and pHu. There were also negalatonships between dopamine,
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Table 4.3

Correlations between stress responsiveness hormorfesm urine and meat lightness (L*), pH, tendernes&and cooking loss of
meat from all, Nguni, Bonsmara and Angus steers

Meat Quality Epinephrine Norepinephrine Dopamine
characteristic

All Nguni Bonsmara Angus All Nguni Bonsmara AsguAll Nguni Bonsmara Angus
Lightness (L*) .13 -0.65** -0.07 -0.77  0.00 -0.52* 0.04 -0.82 0.09 -0.14 -0.39 0.54
pH -0.10 0.02 0.00 0.32 0.09 0.13 -0.01 0.41 -0.040.22  0.54* -0.20
WBSFZ 0.11 0.21 -0.15 0.84 0.14 0.13 0.00 0.79 -0.10 3%0.5-0.52* -0.80
WBSF2P 0.20 0.42 -0.23 0.36 0.12 0.13 -0.16 0.38 0.12 0.29 30.1 -0.73
Cook loss 2 -0.13  -0.29 0.09 0.55 -0.10 -0.30 -0.10 0.47 .120 0.00 -0.62* -0.57
Cookloss 21 0.04 -0.09 0.22 -0.22  0.00 -0.29 0.19 -0.26  -0.180.02 -0.61* 0.61

NB. Correlation coefficients between meat lightn@s3 and pH for all steers was -0.43 (P < 0.0Ga),Nguni steers was -0.21 (P =
0.22), for Bonsmara steers was -0.58 (P < 0.00) far Angus steers was -0.6 (P = 0.02). Signifigacorrelated at * P < 0.05, ** P
< 0.01, **P < 0.001; WBSF2 Warner Bratzler value for meat aged for two day8SF2F, Warner Bratzler value for meat aged for

21 days; Cook loss°2%), Cooking loss after aging for 2 days; Coolsla€' (%), Cooking loss after aging for 21 days
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and WBSF for meat aged for two days, and cookiisgds. In Angus steers, there were
no relationships between stress responsivenessohatrooncentrations and all the meat
quality traits. As expected, there was a significagative correlation between pHu and
L* in Bonsmara and Angus. However, there was nati@hship (P > 0.05) between pHu

and L* in the Nguni steers. Furthermore, the Ngom@at was the darkest (P < 0.05)
among the three breeds (Table 4.2).

The results found in this study confirm the vanmedure of stress responsiveness
of animals (Grandin, 1997; Koch, 2004) and its @Beon meat quality, especially, pH,
L* and tenderness. It is not clear why the Ngueess which had the darkest meat among
the three breeds had the lowest levels of categtio&s and dopamine. Furthermore, the
Nguni was the only breed whose meat had significeglationships between
catecholamines and L*, dopamine and WBSF for mgati dor two days while it did not
have a relationship between pH and L*. It is expddhat sympathetic activation before
slaughter increases muscle glycogenolysis andegfibrey, reduces lactic acid production
post-mortem and meat acidification (Fernandez &nberg, 1991). This is expected to
result in high pH, darker and tougher meat (O’Netllal, 2006). Fouryet al (2005)
found catecholamine levels to be positively cotelawvith pork pH measured 24 hours
after slaughter. However, it is worth noting thaistrelationship varies to a large extent
among muscles, depending on their metabolic prigserand their sensitivity to
catecholamines (Larzul, Le Roy, Monin, & Sellie@98).

Differences in meat colour have also been assaetiat@h variations in
intramuscular fat, moisture content and age dep#ndeanges in muscle myoglobin

content (Purchaset al, 1999). Although correlations between meat col@und
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intramuscular fat and moisture content were noemened in the current study, they
were significant correlations in our previous stydjuchenjeet al, 2007). Our results
imply that the darker meat colour in Nguni coulddbeibuted to some other biochemical
and physiological factors as opposed to glycogeatetien and rise in pH. O’Neilét al.
(2006) reported a marginally slower decrease inas® pH in Nguni crosses as compared
to Brahman crosses and Simmental crosses whemtreyraised in a feedlot. It may be
that a marginal change in pH in Nguni meat may havhigher impact on L* as
compared to the impact of a similar change in obreeds. Such changes may not be so
significant as to cause any correlations betweeraptHL* in the Nguni breed. It is also
important to determine whether the variations foumdrinary levels of hormones result
from differences in basal secretion or in the istgnof the response to pres-laughter
stress or in both (Fourgt al, 2005). There is need to conduct research ontiooal
status, urinary hormonal levels, the biochemicangfes that take place during glycogen
depletion, glycolytic potential, changes in pH dhelir effect on colour changes in Nguni
cattle raised on natural pasture to understanddghwlex nature of the relationships.

The findings of this study imply that the relaship between stress
responsiveness hormones and pH, L*, tendernessaidng may be breed-dependent.
This agrees with Grandin (1997) who argued thaegeffiactors, including temperament,
influence the degree to which animals respondrasst The fact that the Bonsmara steers
were highly temperamental can be attributed to hegiels of dopamine, which, in turn,
stimulates the release of cortisol when an animatiessed. Zavy, Juniewicz, Phillips
and Von Tungeln (1992) found that the Brahman coade had higher cortisol levels

when restrained in a squeeze chute than Engligseso
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Results in the current study suggest that the ioelstiip between stress
responsiveness and glycogen depletion and meaitygisalcomplex. Furthermore, the
relationships between cortisol and catecholamineldeon one hand and structural
measures like muscle yield on the other hand detratasthat stable differences in the
HPA axis and SNS activity are probably involved {Boet al, 2005). In pigs, a high
correlation between basal urinary cortisol levein@ collected in the farm) and post-
stress level measured after transportation was reepo(Morme deet al, 2002),
suggesting that the levels measured at slaughtgr inteed reflect basal HPA axis
activity. Determining the effects of stress respagrgess on glycogen and meat quality
needs to be done in relation to breed (Zatyal 1992; Kinget al, 2006), feeding
management, nutritional status (Wheadeal 1996, Anderseet al, 2005), transporting
(Schaeferet al, 1997), temperament (Kingt al, 2006), the animals’ previous
experiences (Grandin, 1997, Mounedral, 2006), basal levels measured when urine is

collected in the farm and levels measured aftergsiter (Fouryet al, 2005).

4.4. Conclusions

Catecholamines can be used as good indicators @hbd*tenderness after aging
for two days in Nguni steers, but not for pH, teméss after aging for longer periods and
cooking losses. Dopamine can be used as a goachtndiof pH, tenderness at two days
and cooking losses in Bonsmara steers, but notnid*tanderness after aging for longer
periods. Neither catecholamines nor dopamine agel godicators of meat quality in

Angus steers. While levels of catecholamines anghaiine can be useful indicators of
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pH, L*, tenderness and cooking losses their inetgtion tends to be complex and breed
dependent. There is need, however, to determinbitithemical changes that take place
in relation to stress responsiveness and the daplef glycogen and its effects on meat
quality of the Nguni cattle raised on natural pestisensory evaluations and fatty acid
profiles of the Nguni cattle raised on natural pestalso need to be compared to Angus

and Bonsmara cattle breeds under similar conditions
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CHAPTER 5: Relationships among meat quality
characteristics of Nguni, Bonsmara and Aberdeen Angs steers

raised on natural pasture in the Eastern Cape, SobtAfrica

(Sumitted td_ivestock Scienge
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Abstract

The objective of the current study was to determiniiin breed correlations
among quality traits of meat from Nguni, Bonsmara aéAngus steers. Thirty seven-
month old weaners of each of Bonsmara and Angus48rseven-month old weaners of
Nguni were kept at the University of Fort Hare Falion 12 months till slaughter. At
slaughter, carcasses were electrically stimulatBde m. longissimus thoracis et
lumborumwas sampled for the measurement of meat colourdgpl loss, water holding
capacity, sarcomere length, cooking loss, myofdarifragmentation length (MFL) and
Warner Bratzler shear force (WBSF). There were iBoggmt (P < 0.05) correlations
among some meat quality traits. There were sigmti¢P < 0.05) correlations between
WBSF values of meat aged for two and 21 days innNgmd Bonsmara, but not in
Angus. Relationships among most quality traits @atmbreed dependent and therefore

use of correlation information across breeds shbaldone with caution.

Keywords: Colour, cooking loss, correlations, pH, tendesn@gter holding capacity

5.1. Introduction

Changes in meat quality affect relationships amdifigrent meat quality traits.

For example, breed (Kingt al, 2006), feeding management, nutritional statubdgler

et al, 1996; Safudet al, 2004; Anderseet al, 2005), affect glycogen depletion, and

meat quality parameters such as ultimate pH (pHw)pur, cooking losses and
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tenderness. Beef with pHu values higher than 6ubdesirable because it is dark (Bartos
et al, 1993; Kreikemeieet al, 1998; Mounieret al, 2006), has increased tenderness
variation which is not desirable to the consumelvéSet al, 1999), has increased water
holding capacity (Applet al, 2005; Zhangt al, 2005), poor palatability (Viljoest al,
2002; Wulf et al, 2002), and growth of microorganisms to unacddptdevels with
development of off-odours, and often slime formatfGardneret al, 2001; Galloet al,
2003). Vestergaardt al. (2000) and Baublitet al (2004) reported that forage-fed beef
has less marbling and has darker lean colour thham-ged beef. However, Bidner,
Schupp, Montgomery and Carpenter (1981) reportedifferences in quality grades and
marbling scores between carcasses from forage-fiell maize-supplemented forage
steers.

Most studies on meat quality on the Nguni cattleehbeen on feedlot systems
under commercial farming conditions (Gertenbach &nking, 1995; Strydonet al,
2000; 2001). Our earlier study on natural graziggtesns simulating communal areas
(Muchenjeet al, 2007) found that there were no breed effectmeat quality and there
were breed differences on correlations among méostracteristics. Knowledge of
relationships among meat quality characteristichh dze used to predict meat
characteristics that are expressed much later posm, such as tenderness, shelf life,
water holding capacity (WHC) and cooking losseschidan be indicated on the basis of
the knowledge on pH soon after slaughter. Razmicoet al (2006) used cooking loss
determination to estimate water holding capacityH®Y of meat. The relationships

among meat quality traits may, however, differ dejieg on breeds (Kingt al, 2006;
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Muchenjeet al, 2007), feeding management, nutritional statushégleret al, 1996;
Anderseret al, 2005).

In our earlier study (Muchenjet al, 2007) correlations among several meat
quality traits were determined, but we did not ¢des correlations among those traits
and cooking losses and WHC, which are also impbmagat quality traits. There is,
therefore, need to determine relationships amongCWardd cooking losses and other
meat quality characteristics from different cattkeeds in particular production systems
such as those that mimic communal conditions andagament systems. The objective
of the current study was to determine correlatemm®ng cooking losses, WHC and other
meat quality traits within Angus, Bonsmara and Ngcattle breeds. The hypothesis
tested was that, under natural grazing, correlatimmong quality traits of meat from

Nguni steers are similar to those of meat fromBbasmara and Angus cattle breeds.

5.2. Materials and Methods

5.2.1. Animal management, handling and slaughtecgdure

Thirty weaners of each of Bonsmara and Angus braed,40 weaners of Nguni
breed of similar age (around 205 days) were raasétbneydale Farm, University of Fort
Hare till slaughter at 18 months of age. The detail the site where the study was
conducted, how the animals were managed and skmeghtwere as described by
Muchenjeet al. (2007). The average slaughter weight of the NgBansmara and Angus

steers were 224, 260 and 238 kg, respectively.alkeage daily gains were 201, 231 and
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189 g/day for Nguni, Bonsmara and Angus, respdgtinimal slaughter and dressing

was done following usual commercial procedureshatBast London Abattoir. The.m

longissimus thoracis et lumboru¢hTL) of the left and right sides was sampled,ay d

after slaughter, from the 1@ib in the direction of the rump in the followiryder and

amounts for meat quality analyses:

a)

b)

d)

Q)

h)

100 mm thick of the anterior side of the leftLLibr 2 day aged Warner Bratzler
(WB) tests,

100 mm thick of the anterior side of the rigftLLfor 21 days aged (WB) tests,

a 20 mm steak of the near posterior side oflefiel TL for myofibrillar length
(MFL) on 2 days aged sample,

a 20 mm steak of the near posterior side ofefid. TL for MFL on 21 days aged
sample,

a 10 mm steak of the posterior side of thell&ft for sarcomere length (SL),

a 15 mm steak of the near posterior side otefe_TL for drip loss in duplicate,
a 20 mm steak of the near posterior side ofléfteLTL for CIE Lab colour
measurement,

a 20 mm steak of the near posterior side ofethé TL for water holding capacity

(WHC) determination.

This amounted to approximately 2.5 kg meat sarppleanimal. All the meat quality

analyses were done on the LTL.
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5.2.2. Meat quality measurements

Drip loss, pH, sarcomere length (SL), myofibrilleagmentation length (MFL),
meat colour, Warner Bratzler shear force (WBSF) susament were as described by
Muchenjeet al (2007). Water holding capacity (WHC) and cookiogs determination

were as described in Sections 4.2.3.1 and 4.283pkctively.

5.2.3. Statistical Analysis

Pearson’s correlation coefficients among meat guaharacteristics in all steers

and within breeds were determined in SAS (2000).

5.3.  Results and discussion

Summary statistics of quality traits of meat frdme Nguni, Bonsmara and Angus

steers are presented in Tables 5.1, 5.2 and J8ateely.

5.3.1. Meat quality correlations

As shown in Tables 5.4 to 5.8, most meat qualaidrwithin each breed were not
(P > 0.05) correlated. The Angus steers had thegesignificant (P < 0.05) correlations

among meat quality traits. There were no (P < Oc@B)elations between sarcomere
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Table 5.1

Summary statistics of the meat quality characterists of meat from Nguni steers
(n=33)

Meat quality characteristic Mean Std Minimum Maximu
Lightness (L*) 36.9 3.14 29.1 A4
Sarcomere length (um) 1.6 0.17 1.2 2.0
WBSF2 (N) 42.1 19.50 11.2 101.5
WBSF21 (N) 31.6 10.29 16.3 76.2
MFL2 (um) 28.0 4.60 21.3 40.7
MFL21 (m) 22.8 2.86 17.9 29.3
pH 5.8 0.35 55 6.7
Drip loss (%) 2.0 0.60 1.3 3.9
Water holding capacity 0.36 0.068 0.20 0.51
Cook loss 2 (%) 24.7 6.27 15.0 54.1
Cook loss 21 (%) 23.5 2.76 18.7 29.3

Std — Standard deviation; MFL2 - Myofibrillar fragmt length for meat aged for two
days; MFL21-Myofibrillar fragment length for meaged for 21 days; WBSF2-Warner
Bratzler value for meat aged for two days; WBSF2areér Bratzler value for meat aged
for 21 days; Cook loss 2 (%) - Cooking loss aftging for 2 days; Cook loss 21 (%) -

Cooking loss after aging for 21 days
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Table 5.2

Summary statistics of the meat quality characterists of meat from Bonsmara

steers (n =29)

Meat quality characteristic Mean Std Minimum Maximu
Lightness (L*) 40.1 2.83 35.6 46.8
Sarcomere length (um) 1.6 0.12 1.3 1.9
WBSF2 (N) 46.1 17.05 16.4 87.2
WBSF21 (N) 34.0 8.94 17.84 71.9
MFL2 (um) 30.8 6.23 21.0 46.8
MFL21 (m) 21.9 3.31 16.8 27.8
pH 5.7 0.23 5.5 6.5
Drip loss (%) 19 0.60 1.1 3.2
Water holding capacity 0.30 0.052 0.18 0.39
Cook loss 2 (%) 24.3 2.28 18.4 29.5
Cook loss 21 (%) 24.1 2.40 17.9 28.2

Std — Standard deviation; MFL2 - Myofibrillar fragmt length for meat aged for two

days; MFL21-Myofibrillar fragment length for meaged for 21 days; WBSF2-Warner

Bratzler value for meat aged for two days; WBSF2areér Bratzler value for meat aged

for 21 days; Cook loss 2 (%) - Cooking loss aétging for 2 days; Cook loss 21 (%) -

Cooking loss after aging for 21 days
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Table 5.3

Summary statistics of the meat quality characterists of meat from Angus steers (n
= 14)

Meat quality characteristic Mean Std Minimum Maximu
Lightness (L*) 40.4 2.44 38.1 46.2
Sarcomere length (um) 1.6 0.12 1.3 1.7
WBSF2 (N) 42.1 11.47 28.4 74.5
WBSF21 (N) 35.9 4.99 28.4 42.7
MFL2 (um) 29.3 5.13 22.8 41.9
MFL21 (um) 21.4 4.23 15.5 29.1
pH 5.6 0.08 5.5 5.8
Drip loss (%) 1.8 0.43 1.4 29
Water holding capacity 0.31 0.075 0.20 0.37
Cook loss 2 (%) 25.3 1.85 20.8 27.5
Cook loss 21 (%) 24.9 2.32 21.7 30.3

Std — Standard deviation; MFL2 - Myofibrillar fragmt length for meat aged for two
days; MFL21-Myofibrillar fragment length for meaged for 21 days; WBSF2-Warner
Bratzler value for meat aged for two days; WBSF24areér Bratzler value for meat aged
for 21 days; Cook loss 2 (%) - Cooking loss aétging for 2 days; Cook loss 21 (%) -

Cooking loss after aging for 21 days
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Table 5.4

Linear relationship (r) between sarcomere length$L) and some meat quality traits
of the Longissimus thoracis et lumborum muscle of Nguni, Bonsmara and Angus
steers.

Meat quality trait r (Nguni) r (Bonsmara) r (Argju
Lightness (L*) 0.40* -0.05 0.17

pH -0.40* 0.12 0.33
Cook loss for meat aged for 2 days -0.11 0.12 0.03
Cook loss for meat aged for 21 days 0.21 0.12 -0.34
Water holding capacity (WHC) -0.27 -0.31 -0.31
Drip loss -0.23 -0.31 0.11
Myofibrillar fragmentation length for meat0.14 -0.44* -0.30

aged for two days (MFL2)

Myofibrillar fragmentation length for meat0.15 -0.36 -0.32
aged for 21 days (MFL21)

Warner Bratzler value for meat aged for tw@.02 -0.17 -0.47
days (WBSF2)

Warner Bratzler value for meat aged for 20.02 -0.28 0.11

days (WBSF21)

Significantly correlated at * P < 0.05; ** P < 0;0%* P < 0.001.
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Table 5.5

Linear relationship (r) between Warner-Bratzler shear forces for meat aged for two
(WBSF2) and 21 days (WBSF21) and some meat qualiinaits of the Longissimus
thoracis et lumborum muscle of Nguni, Bonsmara and Angus steers.

Meat quality trait r (Nguni) r (Bonsmara) r (Argu

WBSF2 WBSF21 WBSF2WBSF21 WBSF2 WBSF21

Lightness (L*) 0.01 -0.14 -0.09 0.06 0.08 -0.07
pH -0.47*  -0.38* -0.23 -0.25 -0.44 -0.22
Cook loss for meat aged for 2 days  0.04 -0.02 0.24 0.00 0.47 0.33
Cook loss for meat aged for 21 days 0.39* 0.24 0.04 0.00 0.46 -0.37
Water holding capacity (WHC) -0.26 -0.35 0.01 -0.25 -0.22 0.78
Drip loss 0.37* 0.36* 0.16 0.28 0.01 0.19
Myofibrillar fragmentation length 0.64*** 0.28 0.20 0.14 0.29 0.26

for meat aged for two days (MFL2)
Myofibrillar fragmentation length 0.15 0.14 0.32 0.24 0.55* 0.04

for meat aged for 21 days (MFL21)

Correlation coefficients between WBSF2 and WBSH2duni = 0.71***, Bonsmara =
0.53**, Angus = 0.25

Significantly correlated at * P < 0.05; ** P < 0;0%* P < 0.001.
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Table 5.6

Linear relationship (r) between cooking losses fomeat aged for two (Cook2) and
21 days (Cook21) and some meat quality traits of #1L ongissimus thoracis et
lumborum muscle of Nguni, Bonsmara and Angus steers.

Meat quality trait r (Nguni) r (Bonsmara) r (Argu

Cook2 Cook21 Cook?2 Cook21 Cook2 Cook21

Lightness (L*) -0.06  0.27 0.63*** 0.77** 0.08 0.38
pH 0.10 -0.61*** -0.57** -0.67*** -0.30 -0.64*
Water holding capacity (WHC) 0-:38 -0.38 -0.63* -0.57* -0.41 -0.89
Drip loss 0.15 0.27 0.53** 0.50*  0.13 0.34
Myofibrillar fragmentation length 0.16 0.36* 0.35 0.28 0.25 0.31

for meat aged for two days (MFL2)
Myofibrillar fragmentation length-0.10  0.07 0.13 0.04 0.22 0.63*

for meat aged for 21 days (MFL21)

Correlation coefficients between Cook2 and Cook®juni = 0.14, Bonsmara = 0.83***
, Angus = 0.28

Significantly correlated at * P < 0.05; ** P < 0;0%* P < 0.001.
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Table 5.7

Linear relationship (r) between water holding capaity (WHC) and some meat
quality traits of the Longissimusthoracis et lumborum muscle of Nguni, Bonsmara
and Angus steers.

Meat quality trait r (Nguni) r (Bonsmara) r (Argju
Lightness (L*) -0.73*** -0.59* -0.21

pH 0.32 0.60* 0.54
Drip loss -0.10 -0.26 -0.12
Myofibrillar fragmentation length for meat0.14 -0.12 0.46

aged for two days (MFL2)
Myofibrillar fragmentation length for meat0.34 -0.12 -0.13

aged for 21 days (MFL21)

Significantly correlated at * P < 0.05; ** P < 0,0%* P < 0.001.
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Table 5.8

Linear relationship (r) between lightness (L* valie) and pH and some meat quality
traits of the Longissimus thoracis et lumborum muscle of Nguni, Bonsmara and

Angus steers.

Meat quality trait r (Nguni) r (Bonsmara) r (Argu
L* value pH L* value pH L* value pH

Drip loss 0.07 -0.06 0.52**  -0.49** 0.74* 0:48

Myofibrillar fragmentation length for 0.02 -0.24 0.31 -0.23 -0.10 -0.4.

meat aged for two days (MFL2)

Myofibrillar fragmentation length for 0.27 0.30 0.16 0.04 0.31 0.2

meat aged for 21 days (MFL21)

Correlation coefficients between L* value and pHjuNi = -0.22, Bonsmara = -0.58***,

Angus = -0.60*

Significantly correlated at * P < 0.05; ** P < 0,0%* P < 0.001.
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length (SL) and Warner-Bratzler shear force (WBSBJues (Table 5.4). This is
unexpected since there are usually negative ctioetabetween SL and WBSF values
due to the fact that muscles with short SL are galyetough (Strydomet al, 2000;
Revilla & Vivar-Quintana, 2006). In an earlier sju(Muchenjeet al, 2007), we found
more negative correlations between SL and WBSFegalm Nguni and Bonsmara
indicating that muscles with short SL tend to begteer. The absence of correlations
between SL and WBSF may ascribed to electricaludéition of the steers at slaughter
that could have resulted in less variability in @te coefficient of variation of SL in this
study was 9.2 %). In meat from the Nguni steersn@k positively correlated (P < 0.05)
to lightness (L* value) and negatively correlatedand negatively correlated (P < 0.05)
to pH. The reason for this kind of relationshimat clear.

The negative correlation (P < 0.05) between SL ahd myofibrillar
fragmentation length for meat aged for two days (®)Hs as expected since longer SL
and short MFL indicate meat that less tough (Wheetal, 1996). It is, however, not
clear there whey there was no (P > 0.05) significalationship between SL and MFL2
in the other two breeds, and between SL and MFhzillithe three breeds.

Except for MFL2 in Nguni and MFL21 in Angus, thenere no (P > 0.05)
significant positive correlations between WBSF eslland MFL values in each breed
(Table 5.5). A relationship between WBSF and MFkxpected because meat tenderness
is a function of the collagen content and the niyidfar structure of muscle (Muket al,
2000; Revilla & Vivar-Quintana, 2006). The corrgat between WBSF values and
collagen was, however, not determined in the caserdy. Furthermore, the variation in

WBSF values depend more on the myofibrillar contean the total collagen content or
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its solubility, especially if it is considered thée shear force on cooked meat may also
be a measure of myofibrillar toughness (Safeidal, 2004). The reason for the absence
of significant correlations between WBSF and MFLthis is not clear. The increase in
myofibrillar fragmentation is said to be indicatiséthe amount of tenderization that has
taken place in meat (Safuad al., 2004. Strydomet al (2000) reported significant
within-breed correlations between myofibrillar fragntation index (MFI) and tenderness
in Nguni and Bonsmara steers. In the Nguni thereewegative correlations (P < 0.05)
between WBSF and pH. This is expected since meét mgher pH is normally tender
(Silva et al, 1999). The relationship between WBSF and pH Vasyever, not (P >
0.05) significant in meat from Bonsmara and Angieers. The correlation coefficient
between WBSF and drip loss was positive and sicamti (P < 0.05) in Nguni, but not in
the other two breeds. This implies that meat tbaeé$ more water is tougher than meat
that loses less water, although it is not clear whgh a relationship was not found in
meat from the Bonsmara and Angus steers.

In Nguni and Bonsmara steers, meat with high WB&Ees after being aged for
two days also had high WBSF values after being dged®1 days. In Angus steers,
however, WBSF values for meat aged for two daysthasne aged for 21 days were not
correlated (P > 0.05). The lack of a correlatiobmeen WBSF values of Angus steers
meat aged for two days and the one aged for 21 daysexpected, although this is
similar to what we reported in our previous stuu¢henjeet al, 2007). This may be
attributed to the less variable WBSF values of nieat the Angus steers (Table 5.3)
than those of the WBSF values of meat from the Ngnd Bonsmara steers (Tables 5.1

and 5.2). The lack of correlations between WBSFaskalues may also be ascribed to
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the fact that aging in Angus steers meat may haen lalmost complete at two days
(Stolowskiet al, 2006). The respective WBSF values of meat framgus steers aged for
two and 21 days were 42.1 N and 35.9 N (Table B8gf crosses with more Angus
blood were reported to age faster than those sosgk less Angus blood (Stolowsét
al., 2006).

There was a positive relationship (P < 0.05) betwar@ loss and cooking losses
in the Bonsmara, but not in the other two breedbl@ 5.6). Cooking losses are expected
to increase with increasing levels of drip losse Hbsence of a significant relationship
between drip loss and cooking losses may be asctiéhe fact that cooking is largely
affected by evaporation losses. In this study eratpm losses accounted for
approximately 90 % of the cooking losses. Cookivgslwas negatively correlated (P <
0.05) to water holding capacity (WHC) in meat frim Bonsmara steers, but not in meat
from the other two breeds. There were significadat<{ 0.05) negative correlations
between pH and cooking losses in meat from eadmetthree breeds except in meat
from Nguni and Bonsmara aged for two days. Cookisg of meat tends to be higher for
meat with low WHC (high drip loss, high thawing $psnd low pHu, with no difference
between cooking loss of meat with medium or high@&hd pHu (Aaslyng, Bejerholm,
Ertbjerg, Bertram, & Andersen, 2003; Razminowatzal, 2006). This agrees with the
results in this study, particularly those pertagnio meat from the Bonsmara steers. Meat
that is classified as DFD tends to have lower aoghkosses (Van der Wal, Bolink, &
Merkus, 1988). Cooking losses were also positivgrelated (P < 0.05) to MFL2 in
meat from Nguni steers and to MFL21 in meat frongés There was a positive (P <

0.05) correlation coefficient between cooking lI@msmeat aged for two days and meat
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aged for 21 days in meat from Bonsmara steerspntuin meat from Nguni and Angus
steers. It is not clear why there were no signifiaaorrelations between cooking loss for
meat aged for two days and meat aged for 21 dayeat from Nguni and Angus steers.

Water holding capacity (WHC) was negatively corneda(P < 0.05) to L* and
positively correlated (P < 0.05) to pH in the Bomsansteers; only negatively correlated
to L* (P < 0.001) in Nguni steers and not signifittg (P > 0.05) correlated to any meat
quality trait in the Angus steers (Table 5.7). nesence of a correlation between WHC
and L* while there was an absence between WHC &hdnpthe Nguni confirms the
absence of a correlation between L* and pH in tigaril in the current study. Zhargg
al. (2005) reported a positive relationship betwednapd WHC in beef. There were no
(P > 0.05) significant correlations between drigsl@and WHC within all the three breeds.
This is unexpected as meat with low WHC is expetteddave high levels of drip loss.
The absence of correlations between the two imghiasit is not reliable to use the levels
of one of these meat quality traits to indicateléwels of the other in meat.

There were no correlations (P > 0.05) between pitl l&F in the Nguni steers
(Table 5.8). However, there were significant (P.85) correlations between L* and pH
in Bonsmara and Angus steers. Differences in melmtuc have been associated with
variations in pHu of the muscle (Hecter al., 1992), with higher pHu being associated
with dark cuts and vice versa. However, Prietal (2001) concluded that the evidence
on the causes of variation was mixed. The pooretation between L* and pHu in meat
from Nguni steers in this study is not fully undeml. There were significant (P < 0.01)
positive correlations between drip loss and L* ionBmara and Angus steers and a

significant (P < 0.01) negative correlation betwekip loss and pH in the Bonsmara
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steers. No significant relationships were foundMeein drip loss, and L* and pH in the

Nguni steers.

5.4. Conclusions

There were significant correlations among meateéemess characteristics such as
MFL and WBSF values in Nguni and Bonsmara steergalNy, no correlations were
observed between pH and L* in meat from Nguni stesrd between WBSF for meat
aged for two days and meat aged for 21 days in Aamgfeers. This implies that
correlations among meat quality traits are brequeddent and therefore information on
correlations should be used cautiously when apglyiracross breeds. There is need,
however, to establish the relationships among meality traits, fatty acid profiles and
sensory characteristics of meat from Nguni, Angad Bonsmara breeds raised under

natural grazing.
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CHAPTER 6: Chemical composition, cholesterol leveland
fatty acid profiles of Longissmusthoracis et lumborum of
Nguni, Bonsmara and Angus steers raised on naturg@asture
in a low input cattle production system

(Submitted taJournal of Food Composition and Analysis

121



Abstract

The objective of the current study was to compahnendcal composition,
cholesterol levels and fatty acid profiles of mieam Nguni, Bonsmara and Angus steers
raised on natural pasture. Thirty steers each oisBara and Angus and 40 weaners of
Nguni were kept at the University of Fort Hare Fdion 12 months till slaughter. The
average slaughter weight of the Nguni, Bonsmarafamgls steers were 224, 260 and
238 kg, respectively. Chemical composition, cheesdt and fatty acid profiles were
determined. Nguni steers had higher (P < 0.05)ajter, ash and crude protein content
than the other two breeds. Most fatty acid profiesre similar (P > 0.05) among the
three breeds except that Nguni meat had lower (POS) monounsaturated fatty acid
content than meat from the other two breeds. Meat fAngus steers had the lowest (P <
0.05) Omega 6 (n-6) to Omega 3 (n-3) ratio. Theeeewsignificant correlations (P <
0.05) among the fatty acids. Meat from Nguni, tfenes compared favourably with that
from established breeds in terms of chemical coimtipas cholesterol levels and fatty

acid composition, when raised on natural pasture.

Keywords: Conjugate Linoleic Acid, low density lipoprotejnsn-6/n-3 ratio,

polyunsaturated fatty acids, Saturated fatty acids
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6.1. Introduction

Red meat, such as beef, has a bad reputation nms tef healthy human diet
(Aharoniet al, 1995; Padret al, 2006). Beef fat is a significant source of saited fatty
acids in the human diet because red meat has @veglahigh ratio of saturated to
unsaturated fatty acids in its lipids, which isiskrfactor for the development of vascular
and coronary diseases (Milt al, 1992; Bartonet al, 2007). The adverse effect of
saturated fatty acids on the human plasma chotésésels makes it imperative to identify
breeds with a relatively higher proportion of unsated fatty acid content. The health risk
factor of animal-derived lipids has often been ewgphasized, although it is evident that
these lipids provide physiologically functional apadtentially health-beneficial fatty acids
(Razminowiczet al, 2006). Fatty acid profiles affect sensory atttéds of meat such
flavour and juiciness (Elmore, Mottram, Enser, & Mip1999; Enser, 2001).

The majority of the available reports on beef gyah Southern Africa are based
on European beef breeds, such as the Angus andHéneford on feedlots under
commercial farming conditions while most of thenvéaot reported on fatty acid profiles
(Strydomet al, 2000; 2001). In most communal areas, where ri@stNguni and non-
descript cattle are found, grazing is communaktdmmunal grazing, cattle from different
households are brought together and graze in are@f are owned by communities with
limited and inadequate natural pature managementiples being applied, resulting in
overgrazing and loss of weight, specially during tiiry season (Bestat al, 2001;
Muchenje et al, 2007). This may affect fatty acid compositiorince fatty acid

composition is closely related to the fatness l€¢eimbayashet al, 1995; Bartoret al,
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2007). However, grass-based beef production systasngractised in communal areas, are
low-input systems that are particularly suitableneet the demand of meat retailers and
consumers for naturally animal-friendly producedff®azminowiczt al, 2006).

Therefore, there is need to assess fatty acidlgsadif indigenous cattle breeds in
communal areas, such as the Nguni cattle breedeircommunal areas of the Eastern
Cape of South Africa. No information is available chemical composition, cholesterol
levels and fatty acid profiles of Nguni cattle edson natural pasture in communal areas
in the sweetveld. The objective of the current gtwas, therefore, to compare chemical
composition, cholesterol levels and fatty acid pesfof Nguni, Bonsmara and Angus

steers raised on natural pasture.

6.2. Materials and Methods

6.2.1. Animal management, handling and slaughtecgdure

Thirty weaners of each of Bonsmara and Angus braed,40 weaners of Nguni
breed of similar age (around 205 days) were raasétbneydale Farm, University of Fort
Hare till slaughter at 18 months of age. The det#lile site where the study was
conducted and how the animals were managed wedessibed by Muchenjet al
(2007). The average slaughter weight of the NgBonsmara and Angus steers were
224, 260 and 238 kg, respectively. The average daiins were 201, 231 and 189 g/day
for Nguni, Bonsmara and Angus, respectively. Anislalighter and dressing was done

following usual commercial procedures at the Eastdon Abattoir.
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Carcasses were split, weighed and then chilled-a8°CQ before being processed
the following day after slaughter. The tangissimus thoracis et lumborufiaTL) of the
right side was sampled, a day after slaughter, ftoen1d" rib in the direction of the
rump and a 100 mm thick piece of the posterior sii¢he right LTL was taken for

chemical composition, cholesterol and fatty aciofifg analyses.

6.2.2. Proximate analyses of meat

A 50 g sample of the LTL was ground and freezeddfae the determination of
protein, fat, moisture and ash contents, as destiily Association of Official Analytical

Chemists (AOAC) (1985).

6.2.3. Cholesterol determination

The extraction and quantification of cholestererecarried out by the method
of Al-Hasani, Hlavac and Carpenter (1993), with nfiodtions (Rowe, Macedo,
Visentainer, Souza, & Matsushita, 1999). Meat saspleighing 5-10 g were placed in a
250 ml flat-bottom flask and dispersed in an ethanethanol-isopropanol (90: 5: 5
v/iviv) solution in an amount equivalent to 4 mifgsample. A 1 ml sample of 60 % KOH
was then added. The flask containing this mixtuigs wonnected to a water-cooled
condenser and refluxed for 1 hour. After coolingdom temperature, 100 ml of hexane

was added and the mixture was stirred for 10 mgated finally 25 ml of deionised
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water was added and the mixture was stirred farthér 15 minutes. Layers were then
separated and the hexane layer was collectedl@sla An aliquot of 25 ml of the hexane
layer was evaporated to dryness under nitrogen. résiedlue was dissolved in 2 ml of
hexane containing 0.2 mg of 5 a-cholestane intestaaidard/ml and transferred to a vial.
Approximately 3 ul were injected into a gas chravgaaph. A Shimadzu 14A instrument
GC (Japan) fitted with a flame ionization detectBiD, 300 °C) and a split/splitless
injector (260°C, split 1: 150) was used for the analysis of céigi®l. Separation was
carried out in a fused silica capillary column 808C (25 m x 0.25 mm), coated with
SE-30 (0.25 pm phase thickness) (Quadrex, U.S.Ag. darrier gas was hydrogen (1.5
ml/min) and the make-up gas was nitrogen (25 mlnfdholesterol identification was
made by comparing the relative retention time adksefrom samples with standards
from SIGMA (U.S.A.). For peak integration a CG 3@0mputing integrator (CG

Instruments, Brazil) was used.

6.2.4. Fatty acid profile determination

6.2.4.1. Lipid extraction

Total lipid from muscle sample was quantitativelytracted, according to the
method of Folch, Lees and Sloane-Stanley (1957hgushloroform and methanol in a
ratio of 2:1. An antioxidant, butylated hydroxytehe was added at a concentration of
0.001 % to the chloroform:methanol mixture. A rgtavaporator was used to dry the fat

extracts under vacuum and the extracts were dwedh@ht in a vacuum oven at 50°C,
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using phosphorus pentoxide as moisture adsorbeal €xtractable intramuscular fat
(marbling) was determined gravimetrically from #dracted fat and expressed as %fat
(w/w) per 100 g tissue. The extracted fat was stamea polytop (glass vial, with push-in

top) under a blanket of nitrogen and frozen at €@ending analyses.

6.2.4.2. Fatty acid analyses

Approximately 10 mg of total lipid (from Folch eattion) was transferred into a
Teflon-lined screw-top test tube by means of aalgple glass pasteur pipette. Fatty acid
methyl esters (FAME) were prepared for gas chrograjghy by methylation of the
extracted fat, using methanol-BfSlover & Lanza, 1979; Hur, Ye, Lee, Ha., Park, &
Joo, 2004; Diaet al, 2005). Fatty acid methyl esters were quantifisthg a Varian GX
3400 flame ionization GC, with a fused silica clpyt column, Chrompack CPSIL 88
(100 m length, 0.2%m ID, 0.2um film thickness). Column temperature was 40-230°C
(hold 2 minutes; 4°C/minute; hold 10 minutes). ¥aitid methyl esters in hexangu(L
were injected into the column using a Varian 8200 Alitosampler with a split ratio of
100:1. The injection port and detector were botlintaaed at 250°C. Hydrogen, at 45
psi, functioned as the carrier gas, while nitrogesls employed as the makeup gas.
Varian Star Chromatography Software recorded thenshtograms.

Fatty acid methyl ester samples were identified doynparing the relative
retention times of FAME peaks from samples withsth@f standards obtained from

SIGMA (189-19). Conjugated linoleic acid (CLA) stirds were obtained from
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Matreya, Inc. Fatty acids were expressed as thgoption of each individual fatty acid to
the total of all fatty acids present in the samplee following fatty acid combinations
and ratios were calculated: total saturated fatigisa(SFA), total mono-unsaturated fatty

acids (MUFA), PUFA, PUFA/SFA ratio (P/S) and n-@matio.

6.2.5. Statistical analyses

The effect of breed on proximate analyses, chelektlevels and fatty acid
profiles was analyzed using GLM procedures of SAX®00Q). The significance
differences between least-square group means werpared using the PDIFF procedure
of SAS (2000). Pearson’s correlation coefficiendgdween intramuscular fat (IMF) and
CLA, SFA MUFA, PUFA, n-6, n-3, P/S ratio, n-6/n-&io and individual fatty acid were

also determined (SAS, 2000).

6.3. Results and discussion

6.3.1. Chemical composition and cholesterol levels

The present study highlights the low fat and cheled content of a LTL beef
from cattle raised on natural pasture systems.chileenical composition of meat differed

(P < 0.05) among the three breeds (Table 6.1) th@hiNguni steers LTL having higher
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Table 6.1

Chemical composition and cholesterol concentration@nd standard errors) of
Longissimusthoracis et lumborum muscle of Nguni, Bonsmara and Angus steers

Breed

Nguni Bonsmara Angus
N 34 29 14
Moisture (%) 77.4 (0.13) 77.7 (0.09¥ 77.7 (0.13
Ash (%) 1.07 (0.005) 1.06 (0.005% 1.06 (0.007Y
Protein content (%) 21.7 (0.10) 20.8 (0.09¥ 20.4 (0.21§
Fat content (%) 1.14 (0.079) 1.05 (0.082) 1.2490)0
Cholesterol (mg/100q) 41.5 (1.43) 36.3 (1.32) 40.96)

ab9leans in the same row with different superscrififfeidsignificantly at P < 0.05
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(P < 0.05) dry matter, crude protein and ash thanL{TL of the other two breeds. The
Angus steers LTL had the least (P < 0.05) protemtent. Intramuscular fat (IMF) was
similar among the three breeds, which agrees wiyd8m et al. (2001), but lower than
the fat content reported in Limousin and Charolkgging bulls (Revilla & Vivar-
Quintana, 2006).

Cholesterol levels among the three breeds werdasi(i > 0.05). Rule, Macnell,
and Short (1997) emphasized that breed, nutrigdon, sex do not affect the cholesterol
concentration of bovine skeletal muscle. These asatlsuggested that differences in
muscle cholesterol concentration would probablyabgociated with marked changes in
the structure of the muscle cells. Thus, alterihglesterol concentration in muscle may
require a marked redistribution of membrane fattyda (Rule et al, 1997). The
cholesterol concentrations in this study were lothan those found by Bohac and Rhee
(1998) for beef and pork, VanKoevering, Gill, Owei®lezal and Strasia (1995) for
beef and by Ruiet al. (2005) forBosindicusbulls in Brazil.

The present study also highlights the low cholesteoncentration of a common
serving of beef from pasture-based production syst€Padreet al, 2006). The
consumption of 200 g LTL analyzed in the preseuntigtrepresents a cholesterol intake
of 83, 73 and 81 mg from meat from Nguni, Bonsmeme Angus respectively, which
corresponds to less than 30 % of the recommendedmam daily cholesterol intake
(300 mg/day, Greene & Feldman, 1991; Jiménez-CadmenCarballo, & Cofrades,
2001). Costa, Restle and Brondani (2002) and Akaial (2006) observed cholesterol
content in beef depends on IMF content. Meat wig levels of IMF has high levels of

cholesterol content. Furthermore, plasma choléstevels are influenced by the fatty
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acid composition of the diet (Flynn, Naumann, Nolghause, & Ellersieck, 1985), with
high levels of some long-chain SFA’s such as la€d2:0), myristic (C14:0) and
palmitic acid (C16:0) increasing serum cholesté&eéls (Grundy & Denke, 1990; Rowe

et al, 1999).

6.3.2. Fatty acid profiles

The predominant fatty acids were oleic, palmiticl astearic acids (Table 6.2).
There were no (P > 0.05) breed effects on levelswadt fatty acids (Table 6.2). There
were significant breed effects on heptadeconoid &Cil7:1¢c10), oleic acid (C18:1c9),
linoleic acid (LA; C18:2c9,12 (n-6)); conjugateddieic acid (CLA; C18:2c9t11 (n-6));
arachidic acid (AA; C20:0); MUFA and the n-6/n-3ioa The Angus had the highest (P <
0.05) CLA, AA, oleic acid, MUFA content and lowg$t < 0.05) LA and n-6/n-6 ratio.
Similar results were reported by Bart@n,al (2007) in Limousin and Charolais heifers
that were fed extruded linseed and by Razminowical (2006) in steers from grass-
based production systems. The differences in fatig composition may be due to
different activities of enzymes involved in fattyié synthesis and modification.

The absence of breed effects on most fatty a@fli@s in the current study can
be ascribed to the fact the steers were on the gmoukiction system. However, the
current study contradicts what has been reportedelvgral authors. Breed differences
were reported in fatty acid proportions subcutaseand intramuscular fat of Aberdeen
Angus and Wagyu steers by May, Sturdivant, Luntjdvliand Smith (1993), in muscle

phospholipids of Jersey and Limousin cattle by Maaluli, Siebert, Bottema and
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Table 6.2

Fatty acid profile (as percentage of the total fagt acids identified) (standard errors)
of the Longissimus thoracis et lumborum muscle of Nguni, Bonsmara and Angus

steers
Fatty acid Breed

Nguni Bonsmara Angus
N 15 14 10
C14:0 1.73 (0.156) 1.78 (0.162) 1.6190)
C14:1c9 0.16 (0.048) 0.19 (0.050) 0.2&9)0
C15:0 0.44 (0.047) 0.37 (0.049) 0.40%8)
C15:1¢c10 0.22 (0.033) 0.27 (0.035) IB1)
C16:0 21.84 (0.616) 21.90 (0.637) 22.1858)7
C16:1c9 2.29 (0.141) 2.09 (0.146) 42273)
C17:0 1.04 (0.047) 1.04 (0.049) 1.085%8)
C17:1c10 0.36 (0.039) 0.47 (0.039) 0.39 (0.046%
C18:0 17.95 (0.544) 17.96 (0.563) 1801667)
C18:1t9 1.44 (0.216) 1.40 (0.224) 1(®265)
C18:1c9 28.58 (0.738)  29.04 (0.764) 31.50 (0.904)
C18:2¢9,12 (n-6) (LA) 8.37 (0.602) 8.51 (0.623) 6.34 (0.737)
C18:2c9t11 (n-6) (CLA) 0.30 (0.04%) 0.28 (0.048) 0.39 (0.057
C20:0 (AA) 0.27 (0.034) 0.17 (0.035) 0.29 (0.042)
C18:3¢9,12,15 (n-3) 2.20 (0.155) 2.34 (0.161) 1.85 (0.190)
C22:0 0.43 (0.061) 0.40 (0.063) 0.46786)
C20:3c11,14,17 (n-3) 0.91 (0.084) 0.77 (0.087) 0.75 (0.103)
C20:4c5,8,11,14 (n-6) 5.68 (0.475) 5.50 (0)491 4.42 (0.582)
C22:2¢13,16 (n-6) 0.28 (0.040) 0.28 (0.042) 0.22 (0.050)
C20:5¢5,8,11,14,17 (n-3) (EPA) 2.14 (0.193) 961(0.200) 1.96 (0.237)
C22:5¢7,10,13,16,19 (n-3) (DPA) 2.99 (0.240) .1030.249) 2.78 (0.294)
C22:6¢4,7,10,13,16,19 (n-3) (DHA)  0.21 (0.044)  0.10 (0.045) 0.11 (0.054)
PUFA! 23.09 (1.647) 22.84 (1.694) 18.79 (2)00
MUFA? 33.05 (0.837P) 33.47 (0.867) 36.54 (1.028)
SFA® 43.70 (1.128) 43.62 (1.177) 44.49 (1)382
n-6' 14.64 (1.024) 14.57 (1.060) 11.36%4)2
n-3° 8.46 (0.64) 8.27 (0.661) 7.43 (0.782)
PUFA:SFA 0.55 (0.049) 0.54 (0.051) 0.44 (0.060)
n-6n-3’ 1.75 (0.049) 1.79 (0.059) 1.53 (0.0606)

2hMeans in the same row with different superscrififfedsignificantly at P < 0.05

'Polyunsaturated fatty acid€Monounsaturated fatty acidSSaturated fatty acids.
*Omega-6 fatty acidsOmega-3 fatty acidsRatio of polyunsaturated fatty acids and
saturated fatty acids’Ratio of n-6and n-3 fatty acids. AA, arachidonic acid; LA,
linolenic acid; CLA, conjugated linoleic acid; DHAdJocosahexaenoic acid; DPA,

docosapentaenoic acid; EPA, eicosapentaenoic acid
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Pitchford (1998) in muscle neutral lipids and pHudjpids of Holstein Friesian and
Welsh Black steers (Chat al, 2000; Vatanseveet al, 2000), and in total lipids of
muscle of Simmental and Red Angus steers by Labdvtmdell, Tosh, Wilton and
Buchanan-Smith (2001). Breed differences reflectienlying differences in gene
expression or activities of enzymes involved inyfaicid synthesis, desaturation or chain
elongation, and thus deserve further attentiont(®aet al, 2007). However, Baublitst
al. (2006) reported no differences between biolodigaés for fatty acid profiles. Huerta-
Leidenz, Cross, Savell, Lunt, Baker and Smith (}9@@orted that interpretation of the
literature on fatty acids is difficult because bEktinevitable confounding of age, live
weight, fatness, plane of nutrition, developmetrals, and other factors that affect lipid
metabolism.

The observed n-6/n-3 ratios (1.75 in Nguni, 1.78amsmara and 1.53 in Angus)
were within the recommended levels of 4:1 (Paetreal, 2006; Razminowiczt al,
2006). These levels are considerably lower thasetheported by Raed al, (2003) for
animals fattened under highly intensive productionditions (5—7) and for animals from
extensive production systems (2.5-3), and by Cewei al (2006) in intensively
fattened Belgian Blue, Limousin and Angus bullgl{B8.4). The low n-6/n-3 levels in the
current study are desirable for meat consumerdtheaeasons. The n-6 and n-3 fatty
acids have important roles in reducing the rislcafonary heart disease; however, the
optimal balance between these two classes of &fitys is still a matter of debate (Hu,
2001). The PUFA from the n-6 series are involvedthe synthesis of eicosanoids
biologically active in very small quantities andthvproperties much more inflammatory

than eicosanoids from the n-3 series (Simopould32p Therefore, nutritional
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guidelines recommend reductions in the intake pfespecially SFA, and to optimise the
intake of n-6 fatty acids relative to n-3 fattydsiCuvelieret al, 2006). The low ratio of
n-6/n-3 PUFA observed in this study could be du¢hto fact that the steers relied on
grass which contains high levels of 18:3 (Webél, 2003).

The PUFA/SFA ratios in the current study rangeanf@44 in meat from Angus
steers to 0.55 in meat from Nguni steers. Theses wensiderably higher than those
reported by Ruizt al (2005) in bulls (0.25) in comparison to steerd ) under grass-
based production systems. Cuvebéeal (2006) reported PUFA/SFA ratios of 0.80, 0.29
and 0.21 for intensively fattened Belgian Blue, bimsin and Aberdeen Angus,
respectively. A higher content of PUFA and loweroamts of both MUFA and SFA is
desirable (Hoffman & Wiklund, 2006). The ratio beem PUFA and SFA ratios for
Nguni (0.55) and Bonsmara (0.54) steers were atieveptimal value of 0.45 (Wood &
Enser, 1997), while that of the Angus (044) werst joelow the optimal value. The
differences in the observed PUFA/SFA ratios to ¢haported by other authors could be
due to differences in feeding systems (Wood & En&€87), breeds and age of the
animals. Changes due to lipogenesis, desaturdtyainpgenation of forage PUFA to SFA
by rumen bacteria (Wood & Enser, 1997; Girolami, r8itzo, D’Andrea, Braghieri,
Napolitano, & Cifuni, 2003) and lypolysis (Ruet al, 2005) also causes variations in
PUFA/SFA ratios. Furthermore, while informationwsdely available on the fatty acid
composition of the intramuscular fat in most beededls (Engle & Spears, 2004; Itoh,
Johnson, Cosgrove, Muir, & Purchas, 1999; Raesl., 2003) comparison of the data is

difficult because of differences in the experiméde&signs.
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Beef from Angus steers had the highest (P < O@BA (C18:2c9t11) levels
among the three breeds. The reason for the brékuledices is not clear. However, the
CLA levels in this study were similar to those rgpd by Razminowiczt al (2006)
under grass-based beef production systems. Althsagintific evidence for beneficial
health effects of CLA’s in humans is variable atilil snconvincing (Razminowicet al,
2006),cis-9, trans-11 18:2 (18:29t11), was the predominant isomer naturally occurring
in this study and is particularly believed to bedfcial for human health (Kramet al,
1997). The 18:@t11 is mainly a product of endogenous desaturatfamansvaccenic
acid (18:111), which is the predominant 18rkans isomer in grass-fed cattle
(Dannenbergeet al, 2004). Chinet al. (1992) argued that the best dietary sources of
CLA are foods produced by grass-fed ruminants. Bahargeret al. (2004) found 1.15
and 2.54mg of 18®t11/100 g fresh muscle tissue of concentrate- aadsgied bulls,
respectively. In the present study, the respedgivels of CLA for Nguni, Bonsmara and
Angus were 3.0, 2.8 and 3.9 mg of 1&®.1/100 g fresh muscle tissue.

In the MUFA class, C18:1cis fatty acids presenteel highest value, with the
Angus steers having the highest (P < 0.05) valu€18:1cis fatty acids. Varelet al
(2004) and Noci, Kiely, Monahan, Stanton and Molp(2005) also reported C18:1cis as
the predominant fatty acid. The C18:1cis fatty agieduce human LDL-cholesterol and
increases HDL-cholesterol concentrations in bloKdtén, Zock, & Mensink, 1994),
which result in lower risk of coronary problenftudies have demonstrated a strong
relationship between LDL-cholesterol levels and homardiovascular diseases and that
HDL-cholesterol has an inverse relation with thekriof cardiovascular diseases

(Kwiterovich, 1997).
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In the PUFA, 18:2 n-6 and 20:4 n-6 predominatedTh of all animals studied,
besides the presence of long chain fatty aciddtnegudrom the elongation of acids 18:2
n-6 and 18:3 n-3. The 20:4 n-6 has been noted\te baolesterol-lowering attributés
vitro (Viljoen, 1999). The SFA varied from 14 to 22 cambatoms, with 16:0 and 18:0
dominating in this class. Noet al (2005) also reported the C16:0 as the dominaAt SF
C16:0, C18:0 and C18:1 have also been reportee tilvdd most abundant fatty acids in
lamb (Enser, Hallett, Hewitt, Fursey, & Wood, 198&weet al, 1999), beef and pork
(Enseret al, 1996). According to Rowet al (1999), myristic (C14:0) and C16:0 acid
raise both low-density (LDL) and high-density (HDdégrum cholesterol, although C18:0
has little effect. Therefore, the high levels of6d@Lin the current study are not desirable,

although this is countered by relatively high lesvet PUFA.

6.3.3. Correlations between intramuscular fat aattyf acids

There were correlations (P < 0.05) between intraonas fat levels and most fatty
acid levels in all the three breeds (Table 6.3).cdoelations (P > 0.05) were, however,
found between intramuscular fat levels and C18:@#):0 and the n-6/n-3 ratio in all the
three breeds. Increasing levels of IMF were assatiagP < 0.05) with lower
concentrations of C18:2n-6 and C18:3n-3 in trialgggrol, and with lower
concentrations of most PUFA in phospholipids frdhbeeeds. These findings agree with
Itoh et al (1999). Kazala, Lozeman, Mir, Laroche, Bailey awkselake (1999)
hypothesized that the negative association betWdén2n-6 and total lipid content may

be due to a dilution of membrane phospholipids withieasing triacylglycerols. Padee
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Table 6.3

Linear relationship (r) between intramuscular fat (IMF) content and the fatty acid
composition of theLongissimusthoracis et lumborum muscle of Nguni, Bonsmara
and Angus steers.

Fatty acid r (Nguni) r (Bonsmara) r (Angus)
C14:0 0.95 (**¥) 0.84 (*+¥) 0.85 (*+¥)
C14:1c9 0.87 (**¥) 0.17 (NS) 0.13 (NS)
C15:0 0.64 (**) 0.28 (NS) 0.26 (NS)
C15:1¢c10 -0.60 (¥) -0.83 (**¥) -0.82 (**)
C16:0 0.89 (**¥) 0.84 (*+¥) 0.76 (¥
C16:1c9 0.81 (*+¥) 0.37 (NS) 0.74 (¥
C17:0 0.60 (¥) 0.68 (**) 0.35 (NS)
C17:1c10 -0.68 (**) -0.16 (NS) -0.23 (NS)
C18:0 0.34 (NS) 0.66 (**) 0.06 (NS)
C18:1t9 0.04 (NS) -0.10 (NS) 0.11 (NS)
C18:1c9 0.82 (**+) 0.53 (NS) 0.72 (¥
C18:2¢9,12 (n-6) -0.84 (**¥) -0.70 (**) -0.92 (*+¥)
C18:2c9t11 (n-6) 0.62 (*) 0.56 (*) 0.81 (**)
C20:0 0.09 (NS) 0.11 (NS) -0.18 (NS)
C18:3¢9,12,15 (n-3) -0.89 (**+) -0.75 (*¥) -0.871%
C22:0 -0.85 (***) -0.57 (*) -0.45 (NS)
C20:3¢11,14,17 (n-3) -0.80 (***) -0.62 (¥) -0.55 &Y
C20:4c5,8,11,14 (n-6) -0.91 (**¥) -0.90 (*+*) -097(**)
C22:2¢13,16 (n-6) -0.44 (NS) -0.48 (NS) -0.57 (NS)
C20:5c5,8,11,14,17 (n-3)  -0.85 (**¥) -0.82 (**+) 89 ()
C22:5¢7,10,13,16,19 (n-3)  -0.93 (***) -0.88 (***) 0:87 (**¥)
C22:6¢4,7,10,13,16,19 (n-3)0.54 (*) -0.37 (NS) -0.37 (NS)
PUFA! -0.91 (**) -0.90 (*+*) -0.88 (***)
MUFA? 0.80 (***) 0.53 (NS) 0.81 (*¥)
SFA® 0.78 (***) 0.90 (***) 0.56 (NS)
n-6* -0.91 (**) -0.82 (**+) -0.85 (*¥)
n-3 -0.90 (***) -0.94 (**+) -0.90 (***)
PUFA:SFA -0.88 (**¥) -0.88 (**¥) -0.81 (**)
n-6/n-3 0.26 (NS) 0.45 (NS) 0.16 (NS)

'Polyunsaturated fatty acid€Monounsaturated fatty acidSSaturated fatty acids.
*Omega-6 fatty acidsOmega-3 fatty acidRatio of polyunsaturated fatty acids and

saturated fatty acidéRatio of n-6 and n-3 fatty acids.
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al. (2006) reported breed differences in lipid cohtan tissue of cattle, which was
indirectly related to conjugated linoleic acid (C)éontent.

Higher IMF content in the Nguni and Bonsmara st&&s also associated with a
higher (P < 0.05) SFA content, while higher IMF vedso associated with a higher (P <
0.05) MUFA content in Nguni and Angus steers, whsré¢he PUFA content was
negatively correlated (P < 0.05) to IMF in all ttneee breeds. In the present study, the
SFA’s C14:0, C16:0 and C18:0 (only in Bonsmara)wall as the MUFA’s C16:1 and
C18:1 (P < 0.01) with an increase (P < 0.05) in i€ content of the LTL muscle.
These observations could be mainly due to the mefal incorporation of PUFA into
the phospholipids associated within the cell memésa whereas SFA and MUFA are
deposited mainly in the triacylglycerol fractionhieh increases with IMF content (Raes
et al, 2003, Woodet al, 2003, De Smet, Raes, & Demeyer, 2004). The aseran
PUFA content in the steers was associated withehigbtal n-3 fatty acid content and

higher total n-6 content.

6.4. Conclusions

Except for MUFA, N-6/n-3 and some few fatty acittegre were no breed effects
on most fatty acids, IMF and cholesterol levelse TAngus had the highest MUFA
content and lowest n-6/n-3 ratio. There were cati@hs between intramuscular fat and
most fatty acids in all breeds. It can be conclutted, under adverse conditions, which
are common during the dry season in the rural apédke Eastern Cape, most Nguni

meat fatty acids were similar to that of Angus &8ahsmara, although the Angus meat
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had the highest MUFA content and lowest n-6/n-3oratherefore, besides being a
smaller breed the Nguni can compete favourably we#hablished breeds in terms of
chemical composition, cholesterol levels and faityd composition. The present study
highlights the low fat content of beef from cattlésed natural pasture systems. Since
fatty acids may cause changes in sensory evalgatiare is still a need to perform a

sensory evaluation of the Nguni cattle meat agahesestablished beef breeds.
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Chapter 7: Sensory evaluation of meat from Nguni, Bnsmara
and Angus steers raised on natural pasture in the &stern
Cape, South Africa
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Abstract

The objective of the current study was to comparesgry characteristics of meat
from 19-month old Nguni, Bonsmara and Angus stearsed on natural pasture. At
slaughter, carcasses were electrically stimulatBde m. longissimus thoracis et
lumborumwas sampled for the evaluation of meat sensoryackeristics. Meat from
Nguni steers had the best (P < 0.05) scores in sestory characteristics, with more
than 50 % of the characteristics having scores @lt% on a scale of 1-8. Meat from
Angus steers had the lowest (P < 0.05) sensorysadnrmost characteristics, with more
than 60 % of the characteristics having scorestlems 5.3. There were no breed effects
(P > 0.05) on flavour intensity and sustained nesis of meat aged for 2 days. Sensory
characteristics of meat from Nguni were better thase of meat from Bonsmara and

Angus, when raised on natural pasture.

Keywords: Acceptability, aroma, flavour; juiciness, tendess

7.1. Introduction

Promotion of beef production in communal areas findigenous and adaptable
cattle breeds, such as the Nguni, has got the f@itémincrease off-take and reduce beef
imports in South Africa where local meat supply rianmeet the demand for meat
products. Assessment of meat production in the comaiareas should include meat

acceptability. Our previous study focused on gropghformance, carcass characteristics
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and meat quality (Muchenjet al, 2007a), but did not include sensory evaluation.
Components of the palatability of meat include t¥néss, juiciness and flavour. Aroma,
the impression that you form on the first bite afahand the amount of connective tissue
in meat are also important sensory characterigtittsffman, Kroucamp, & Manley,
2007). Of these attributes, consumers consideretaeds to be the most important factor
influencing meat quality (Strydoet al, 2000).

Although Nguni meat had the lowest lightness (Liueg, the highest protein
content and highest dry mater content (Muchetjal, 2007a), the other histological,
physical and chemical characteristics were sinbdddhose of the Bonsmara and Angus. It
is not clear whether the observed differencesenthvalue among the breeds, though of
little practical value (Muchenjet al, 2007a), could be reflected in the sensory tgsiin
the meat. There is, therefore, need to evaluate#hatability and acceptability of the
meat among the consumers. Studies on sensory térsacs of Nguni meat have been
on feedlot systems under commercial farming cooiléi(Strydomet al, 2000; 2001).
No information is available on the sensory chargsties of meat from Nguni cattle
raised on natural pasture without dietary suppleéatem, as is practised in rural areas.
There is need to evaluate sensory characteristioseat from the Nguni cattle produced
under conditions that mimic rural conditions anchagement systems.

Therefore, the objective of the current study wa&s dompare sensory
characteristics of meat from Nguni versus that nieah Bonsmara and Angus steers
when raised on natural pasture. The hypothesiedests that, under natural grazing,
sensory characteristics of meat from Nguni steegsinilar to sensory characteristics of

meat from the Bonsmara and Angus breeds.
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7.2. Materials and Methods

7.2.1 Animal management, handling and slaughtecgadare

Thirty weaners of each of Bonsmara and Angus braed,40 weaners of Nguni
breed of similar age (around 205 days) were raasétbneydale Farm, University of Fort
Hare till slaughter at 18 months of age. Detailgtmn site and animal management were
as described by Mucheng al (2007a). The average slaughter weight of the Ngun
Bonsmara and Angus steers were 224, 260 and 23&$pgectively. The average daily
gains were 201, 231 and 189 g/day for Nguni, Bomanand Angus, respectively.
Animal slaughter and dressing was done followingali€ommercial procedures at the
East London Abattoir.

The m longissimus thoracis et lumborughTL) of the left and right sides were
sampled, a day after slaughter, from thd 1ib in the direction of the rump in the
following order and amounts for sensory charadies®©f meat analyses:

a) 300 mm thick of the anterior side of the leftLLfbr 2 day aged sensory test, and
b) 300 mm thick of the anterior side of the rigftLLfor 21 days aged sensory test,

This amounted to approximately 1.5 kg meat sam@teapimal.
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7.2.2. Sensory evaluation

For sensory analyses, steaks were thawed in ¥heirum bags in tap water for
four hours before each session to an internal testyre of 17-19 °C. Meat was cooked
in a double plate grill (SAMMIC P8D-2. Azpeitia, &p) at 200 °C, until it reached 70
°C internal temperature, which was monitored byiraarnal thermocouple (JENWAY
2000, Dunmow, England). Every steak was then trichrok any external connective
tissue, cut into approximately 2x2x2 cm samplegpped in coded aluminium foil and
stored in warm pans at 60 °C until tasting. Samplese put in plates and allocated in
individual booths under red lighting to mask diéfieces in meat colour. Each of the 10
panellists had wide experience in meat sensoryuatiah. The panel performed training
tests using the methods outlined in ISO 8586-1 §1L9Brom each plate the panellists
evaluated six samples, corresponding to the twainggames (2 and 21 days) in each of
the three breeds. The panellist evaluated all sesnphce. Samples were presented in a
different order to each panellist.

On an eight-point rating scale (Appendix 2), assests were made on beef
aroma intensity, initial impression of juicinesefided as the amount of fluid exuded on
the cut surface when pressed between thumb anfinfpee), first bite (defined as the
impression that you form on the first bite), sustai impression of juiciness (defined as
the impression of juiciness that you form as yartsthewing). The assessment criteria
also included tenderness (defined as the oppadstteedorce required to bite through the
sample with the molars), amount of connective gs@lefined as the chewiness of the

meat), overall flavour intensity (defined as thenbination of taste while chewing and
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swallowing — referring to the typical beef flavougnd a-typical flavour intensity (this
refers to a flavour that is present over and algpecal beef flavour, such as livery,
bloody, metallic, grassy, cooked vegetables). Asad 1 stood for extremely low aroma
and flavour intensities, tough, dry, abundant ceotiie tissue and no a-typical flavour
and 8 stood for extremely intense aroma and flaunensities, very tender, very juicy,

no connective tissue and extremely intense a-tyfimaour (1ISO 8586-1, 1993).

7.2.3. Statistical analysis

Data from the sensory panel tests were analyseatiedofsL.M procedure of SAS
(2000) considering the effect of breed, panellistl aheir interaction. Significance
differences between least-square group means veenpared using the PDIFF test of

SAS (2000), with a significance level B<0.05.

7.3. Results and discussion

7.3.1. Sensory characteristics of meat

Tables 7.1 and 7.2 show that there were signifi(@nt 0.05) differences among
the breeds and among the panellists in most sewbainacteristics. This was despite the
fact that the Warner-Bratzler shear force (WBSHues and fat content for the three

breeds were similar (Muchenge al, 2007a). There was no breed by panellist interact
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Table 7.1

Effects of breed and panellist on sensory charactestics of meat from Nguni,
Bonsmara and Aberdeen Angus steers aged for two day

Meat quality characteristic Breed Panellist Codgdfit of
Variation (%)
i NS 20
Aroma intensity
Initial impression of juiciness *x ok 12
First bite * Hkk 30
Sustained impression of juiciness NS okk 16
Muscle fibre & overall tenderness * NS 27
Amount of connective tissue * ok 25
Overall flavour intensity NS ok 15
A-typical flavour intensity NS NS 48

Levels of * P < 0.05; **P < 0.01; and ***P < 0.00MlS = Not significant (P > 0.05).
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Table 7.2

Effects of breed and panellist on sensory charactestics of meat from Nguni,
Bonsmara and Aberdeen Angus steers aged for 21 days

Meat quality characteristic Aging duration (daysBreed Panellist Coefficient of

Variation (%)

21 o NS 24
Aroma intensity
Initial impression of juiciness 21 ** NS 14
First bite 21 * ok 20
Sustained impression of juiciness 21 *x ** 15
Muscle fibre & overall tenderness 21 * ** 16
Amount of connective tissue 21 * ok 16
Overall flavour intensity 21 NS FHx 13
A-typical flavour intensity 21 NS il 39

Levels of * P < 0.05; **P < 0.01; and ***P < 0.00MlS = Not significant (P > 0.05).
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(P > 0.05) on most sensory characteristics, ingigahat the panellist as a factor would
not affect the trends of the scores reported irctheent study. There were no differences
(P > 0.05) among the panellists in the scores foma intensity, initial impression of
juiciness of meat aged for two days, muscle fibsengnd tenderness of meat aged for
two days and a-typical flavour for meat aged foo thays. There were no breed effects (P
> 0.05) on flavour intensity, a-typical flavour émisity for meat aged for two and 21 days,
and sustained juiciness of meat aged for 2 days.

Tables 7.3 and 7.4 show that meat from Nguni steats the best (P < 0.05)
scores in most sensory characteristics, with moae 60 % of the characteristics having
scores above 5.5. Meat from Angus steers had thesko(P < 0.05) sensory scores in
most characteristics, with more than 60 % of tharatteristics having scores less than
5.3. The results in this study are comparable \8ittydomet al (2001) in strains of
Nguni and Bonsmara that were raised in a feedlibipagh the scores in this study were
lower than those reported by these authors. Whildound breed differences (P < 0.0) in
aroma in the current study, Strydatal (2001) did not find differences in aroma among
the strains of Nguni and Bonsmara.

However, as in this study, no differences in flavamong the different strains of
Nguni and Bonsmara were obtained. The absenceeefillifferences on flavour agrees
with the absence of breed differences on most fatigs in meat from the steers that
were used in this study (Mucherge al, 2007b). Flavour depends on the quantity and
composition of fat in the meat (Melton, 1990; WaddEnser, 1997; Calkins & Hodgen,
2007). Relationships between fat composition aadoflir have also been observed for

pork (Cameron, Enser, Nute, Whittington, Penmaifrjgken, 2000) and in game meat
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Table 7.3

Least square means and standard errors of means (parenthesis) of sensory

characteristics of meat from Nguni, Bonsmara and Abrdeen Angus steers aged for

two days
Meat quality characteristic Breed

Nguni Bonsmara Angus
Aroma intensity 5.7 (0.07) 5.3 (0.09) 5.7 (0.18)
Initial impression of juiciness 5.6 (0.09) 5.4 (0.05) 5.5 (0.11%°
First bite 4.9 (0.16) 4.6 (0.11% 4.3 (0.23)
Sustained impression of juiciness 5.5 (0.05) 4 (6.07) 5.3 (0.14)
Muscle fibre & overall tenderness 5.1 (097) 4.9 (0.10} 4.4 (0.21)
Amount of connective tissue 4.9 (0.68) 4.6 (0.105 4.5 (0.195
Overall flavour intensity 5.5 (0.05) 5.4 (0.06) %B13)
A-typical flavour intensity 2.1 (0.06) 2.0 (0.08) .91(0.16)

Values in the same row with different superscrgssignificantly different at P < 0.05.
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Table 7.4

Least square means and standard errors of means (parenthesis) of sensory
characteristics of meat from Nguni, Bonsmara and Abrdeen Angus steers aged for

21 days
Meat quality characteristic Breed

Nguni Bonsmara Angus
Aroma intensity 5.5 (0.08) 5.1 (0.10) 5.7 (0.20}
Initial impression of juiciness 5.3 (0.05) 5.5 (0.06} 5.1 (0.12)
First bite 5.8 (0.08) 5.7 (0.09) 5.3 (0.18)
Sustained impression of juiciness 5.3 (0706) 5.6 (0.06) 5.1 (0.13}
Muscle fibre & overall tenderness 5.9 (0.96) 5.8 (0.07} 5.5 (0.15)
Amount of connective tissue 5.6 (0.06) 5.5 (0.07% 5.2 (0.14)
Overall flavour intensity 5.6 (0.05) 5.6 (0.06) %B11)
A-typical flavour intensity 2.1 (0.06) 2.3 (0.07) .220.14)

Values in the same row with different superscrgssignificantly different at P < 0.05.
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(Hoffmanet al, 2007), although flavour is a very complex atitdbof meat palatability
(Calkins & Hodgen, 2007). Aroma score was similegrX 0.05) between Nguni and
Angus, and better than in Bonsmara.

The similar (P > 0.05) juiciness scores for meadafpr two days between the
Nguni and Bonsmara, and the higher (P < 0.05)rje&s scores in meat from Bonsmara
aged for 21 days than that from the Nguni in thislg contradicts Strydorat al (2001),
who reported higher juiciness scores on Ngunimssrian on Bonsmara strains. Juiciness
scores were lowest (P <0.05) in meat from AngusrsteSince juiciness depends on the
guantity and composition of fat in the meat (MeJtd890; Wood & Enser, 1997), it is
not clear why there were breed differences onneiss yet the three breeds had similar
fatty acid composition, although there were sonmeztdrdifferences in the MUFA and n-
6/n-3 ratio (Muchenjeet al, 2007b). The breed differences in the MUFA and/m3
ratio could possibly explain the differences incjoess. The MUFA and n-6/n-3 ratio,
however, did not affect flavour in this study. Hofinet al (2007) did not observe any
correlation between IMF content and sustained ness ratings of the meat. The same
authors suggested that the lack of correlation éetwMF and sustained juiciness could
have been due to the relative low total fat con{e@%) of the springbok meat. This
could have been the case in this study where fé Bdntent was low (< 1.5 %,
Muchenjeet al, 2007b).

Amount of connective tissue, muscle fibre and ovéeaderness and impression
on first bite scores were highest (P < 0.05) in tniean Nguni steers and lowest (P <
0.05) in meat from Angus steers. This agrees witlgd®m et al (2001) who found

Nguni strains to have higher tenderness and rdsiisaes scores in Nguni strains than
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in Bonsmara strains. Hoffmaat al. (2007) reported an inverse correlation betweemmea
shear force values and tenderness ratings of gaees confirming a decrease in
tenderness ratings with an increase in the sheee fealues of the meat. In our earlier
report (Muchenjeet al, 2007a), no breed differences were observed orSKVBnd
myofibrillar fragmentation length (MFL). The finay that Nguni meat had higher scores
for amount of connective tissue, muscle fibre audrall tenderness and impression on
first bite scores, therefore, contradicts the higfical and physical meat characteristics.
It is, therefore, highly recommended to use bobotatory and sensory evaluation when
assessing meat quality.

Meat that was aged for 21 days had higher amounbohective tissue, muscle
fibore and overall tenderness and impression on fite scores than the meat that was
aged for two days. Generally, meat tenderness wegravith aging. Unlike with the
WBSF values where there were no differences indarebs between the meat that was
aged for two and 21 days in Angus steers (Muchenjal, 2007a), tenderness as
assessed by the panellists had a higher (P < 8d0%¢ (5.5 + 0.15) for meat aged for 21
days than for meat aged for two days (4.4 + 0.RBat tenderness is a function of the
collagen content, heat stability and the myofibrilstructure of muscle and these appear
to be affected mainly by the rate of growth of tagtle rather than breguzbr se(Muir et
al., 2000; Monsoret al, 2005). The myofibrillar component of tenderneas also be
influenced by the calpain proteolytic enzyme systhming ageing of the carcass post-
mortem. Wheeler and Koohmaraie (1991) suggested ttiga myofibrillar component
could be a more important factor than the connedissue characteristics in influencing

meat tenderness. This could be applicable in thiglys where the animals were
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slaughtered at a young age implying that the masekre likely to be low in connective

tissue.

7.4. Conclusions

Meat from Nguni steers had the best sensory charsiits while meat from
Angus steers had the lowest sensory scores in seostory characteristics. It can be
concluded that, under adverse conditions, whictcanemon during the dry season in the
rural areas of the Eastern Cape, sensory charstaterof meat from the Nguni was the
best when compared with Angus and Bonsmara cattleds. Therefore, besides being a

smaller breed the Nguni produces meat that is pegfdy meat consumers.
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CHAPTER 8: General Discussion, Conclusions and

Recommendations

8.1. General Discussion

The objective of the current study was compareldadts, growth performance,
response to stress, carcass characteristics artcqoadaly of Nguni, Bonsmara and Anus
steers raised on natural pasture. The study watucted over a period of two years from
April 2005 to end of March 2007. The steers gramednatural pasture without any
supplementation. One group half the steers in gastp were dipped once a fortnight
and the rest were not dipped. Monthly weights ackl ¢ounts were recorded until the
steers were slaughtered at 18 months.

In Chapter 3, the effects of dipping and breedidklbads were determined. The
effects of tick loads on productive performancetioé steers were also determined.
Effects of breed and dipping on meat quality weetednined in Chapter 4. Also
determined in Chapter 4 were the effects of stmsseat quality parameters, such as
pHu, colour, drip loss, WHC and cooking loss. Ckapt dealt with the determination of
relationships among meat quality traits. Chemicahposition of meat, cholesterol levels
and fatty acid profiles were determined in ChagietChapter 7 was on the sensory
evaluation of meat from the three breeds.

The dipped Nguni steers had lowest tick counts evlile non-dipped Angus
steers had the highest tick counts (Chapter 3). d¥ew dipping did not affect growth

performance and meat quality. Average daily gaiD@) was similar among the three
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breeds. The Bonsmara steers had the heaviest sasoakile the Nguni and Angus steers
were the lightest. The Bonsmara also had the higiressing percentage while the Nguni
had the lowest dressing percentage. The curredy dtas shown that while the non-

dipped steers had higher tick loads than the dippeels, their growth and carcass
characteristics were similar. The study has alsavshthat, despite being a small-framed
breed, the Nguni steers had similar ADG to theddrgmed Bonsmara and Angus steers.
On the basis of adaptability, as shown by tick ¢sumdigenous breeds, such as the
Nguni, are then recommended for the communal areas.

The Bonsmara was the most responsive to stretsuglh its meat was not the
darkest (Chapter 4). Relationships between stresponsiveness and meat quality
characteristics were breed dependent. Levels oéchatamines (epinephrine and
norepinephrine) were only significantly correlated_* values in the Nguni steers. This
agrees with the theory that when animals are sidesefore slaughter they release
catecholamines which deplete glycogen with resul@am lactic acid production leading
to higher pH and darker meat. However, there wasignificant correlation between
catecholamine levels and pH in this study. Thers &alao a positive correlation between
dopamine and WB2 in the Nguni steers. Positiveetation between dopamine levels
and pH, and negative correlations between dopamiaad WB2 and cooking losses in
the Bonsmara were obtained. There were no reldtippsamong stress responsiveness
hormones and meat quality traits in Angus steerslat®nships between stress
responsiveness and meat quality depend on geraetioré and past experiences of the

animals, and are normally complex and are diffitulinterpret (Grandin, 1997).
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The meat quality of the three breeds was simitezept that the Nguni meat was
significantly darker than meat from the other beed@hapter 4). The cause of the
differences between L* values among the breeds maisclear. O’Neillet al (2006)
speculated that this could be due the fact thatNbani cattle release more stress
hormones that lead to the depletion of glycogenctwhiltimately results in a lower
glycolytic potential. A lower glycolytic potentiaésults in low lactic acid production thus
higher pH in meat. Meat with higher pH tends todagker. Such a relationship was not
observed in this study.

There were within-breed differences in correlatioammong meat quality
characteristics (Chapter 5). The most striking omese the lack of a significant
correlation between L* values and pH, and the latkcorrelations between Warner
Bratzler shear forces for meat aged for two anddays (WBSF2 and WBSF21
respectively) in meat from the Angus steers. Acowydo Purchaset al (1999) and
O’Neill et al. (2006), meat with high pH would be expected todbaeker, but such a
relationship was not found in this study. It is gally expected that meat that is tender
after being aged for two days would also be expetide tender after being aged for 21
days, but this was not the case with the Angussiadhis study.

The chemical composition of meat significantly difd among the three breeds
with the Nguni steers’ LTL having higher dry majterude protein and ash than the other
two breeds (Chapter 6). The LTL for Angus steerd tie least protein content. Except
for MUFA, N-6/n-3 and some few fatty acids, therererno breed effects on most fatty
acids, IMF and cholesterol levels. The levels ajlekterol in this study were lower than

those reported in literature (Bohac & Rhee, 1998nKoeveringet al, 1995; Ruizt al,
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2005). The Angus had the highest MUFA content aweebt n-6/n-3 ratio. There were
negative correlations between IMF and PUFA, n-6 af] and positive correlations
between IMF and CLA, MUFA and SFA in all breedsttf§acid composition is known
to affect the flavour and juiciness of meat (Me]t@890; Wood & Enser, 1997; Calkins
& Hodgen, 2007).

The sensory evaluation (Chapter 7) showed that Ngueat was the most
preferred. Meat from Nguni steers had the bestescor most sensory characteristics,
with more than 50 % of the characteristics haviogres above 5.5. Meat from Angus
steers had the lowest sensory scores in most ¢bassics, with more than 60 % of the
characteristics having scores less than 5.3. Tdnsgradicted the results from meat quality
laboratory analyses and fatty acid profile analysd®ere no significant differences
among breeds in terms of tenderness and fattypaoides. The contradiction is difficult
to explain. Several reports have shown that jugsnend flavour depend on the quantity
and composition of fat in the meat (Melton, 1990pd & Enser, 1997; Calkins &
Hodgen, 2007), although flavour is a very complésitaute of meat palatability (Calkins
& Hodgen, 2007). The negative influence of theantuscular fat (IMF) content of meat
on health aspects, however, competes with its igesifluence on meat juiciness and

flavour (Issanchou, 1996).

8.2. Conclusions

The Nguni had lowest tick counts while the Angusl ltlae highest tick counts.

While dipping significantly reduced ticks on stedisk loads did not affect liveweight,
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carcass and meat quality of the steers. In termseatt quality, the Nguni is similar to the
other two breeds. However relationships among meality are breed-dependent. While
the Nguni meat was darker than that of the othertimeeds, L* was not related to pH nor
stress responsiveness hormones. Relationships dretsieess responsiveness and meat
quality traits were breed-dependent. Although theeze higher levels of MUFA and
lower n-6/n-3 ratio in meat from Angus steers, ¢hwere no differences among the three
breeds in terms of fatty acid profiles. Cholestdevels did not differ among the three
breeds and were lower than levels reported inalitee. The sensory evaluation showed
that the Nguni meat was the most preferred. Itmooncluded that, in addition, to being
adapted to harsh conditions that characterise owpstunal areas, the Nguni has similar
meat quality as the large framed Bonsmara and Aragud has the most preferred meat
in terms of sensory evaluation. The Nguni, therfdras a potential in organic meat

production

8.3. Recommendations

It can be recommended that natural pasture baskl@ gmoduction systems

should use the adapted breed, the Nguni. The uedonsmara is also recommended.

Information on relationships among stress resp@mgigs and meat quality should be

used with caution. Higher preference of Nguni mé&aim the sensory evaluation

indicates that Nguni cattle production has a paént

Areas that require further research include:
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» Effect of handling animals at farms, transportatiand the pre-slaughter
environment on meat quality. The studies shouldugoon the relationships
between stress hormone levels at farms, at arandljust before slaughter, and
their relationships with glycogen depletion, glydal potential, glycolysis, pH

and temperature changes postmortem and such chafigesmeat quality traits

within breeds,

» Use of locally available resources as supplemeamtati the dry season and
their effects on meat production: Since animalse ldiseweight and body

condition during the dry season, potential useoaflly available browse and
other plant material as winter supplements and thiéects on meat yield and
guality is recommended, and

» Levels of meat consumption by different classessatiety: To have an

indication of the cholesterol and fatty acids imtdky the local population, it is
necessary to conduct a study on meat consumptittaripg in conjunction with

cholesterol and fatty acid profile analysis.
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Strydom. (2007). Meat quality of Nguni, Bonsmara @berdeen Angus steers

raised on natural pasture in the Eastern Capeh3dtita (Published in 2008 in
Meat Sciencer9: 20-28.)
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Appendix 2. Meat sensory evaluation form.

SENSORY ANALYSIS OF BEEF — 1425 May 2007 9:3

Please evaluate the following samples of BEEFHerdesignated characteristics.

Rating scale 683 347 556
Characteristics
1 = Extremely bland
1 | AROMA 2 = Very bland
INTENSITY 3 = Fairly bland

Take a few short
sniffs as soon as you
remove the foil.

Typical beef aroma

4 = Slightly bland

5 = Slightly intense

6 = Fairly intense

7 = Very intense

8 = Extremely intense

2 | INITIAL 1 = Extremely dry
IMPRESSION OF | 2 =Verydry
JUICINESS 3 = Fairly dry

4 = Slightly dry
The amount of fluid | 5 = Slightly juicy
exuded on the cut | 6 = Fairly juicy
surface when 7 = Very juicy
pressed between 8 = Extremely juicy
thumb and
forefinger

3 | FIRST BITE

The impression that
you form on the first
bite

1 = Extremely tough
2 = Very tough

3 = Fairly tough

4 = Slightly tough

5 = Slightly tender

6 = Fairly tender

7 = Very tender

8 = Extremely tender

4 | SUSTAINED

chewing

1 = Extremely dry

IMPRESSION OF | 2 =Verydry
JUICINESS 3 = Fairly dry

4 = Slightly dry
The impression of | 5 = Slightly juicy
juiciness that you 6 = Fairly juicy
form as you start 7 = Very juicy

8 = Extremely juicy

5 | MUSCLE FIBRE &

1 = Extremely tough
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OVERALL
TENDERNESS

Chew sample with a
light chewing action

2 = Very tough

3 = Fairly tough

4 = Slightly tough

5 = Slightly tender

6 = Fairly tender

7 = Very tender

8 = Extremely tender

6 | AMOUNT OF 1 = Extremely abundant
CONNECTIVE 2 = Very abundant
TISSUE 3 = Excessive amount
(RESIDUE) 4 = Moderate

5 = Slight

6 = Traces
The chewiness of the | 7 = Practically none
meat 8 = None

7 | OVERALL 1 = Extremely bland
FLAVOUR 2 = Very bland
INTENSITY 3 = Fairly bland

4 = Slightly bland
This is the 5 = Slightly intense
combination of taste | 6 = Fairly intense
while chewing and | 7 = Very intense
swallowing — 8 = Extremely intense
referring to the
typical beefflavour

8 | A-TYPICAL 1 = None
FLAVOUR 2 = Practically none
INTENSITY 3 = Traces

4 = Moderate

This refers to a
flavour that is presen
over and above
typical beef flavour,
such as livery,
bloody, metallic,
grassy, cooked
vegetables.

5 = Slightly intense

t 6 = Fairly intense

7 = Very intense

8 = Extremely intense

TICK RELEVANT A-TYPICAL FLAVOUR /

4. Animal-like / kraal

S (manure)
1. Livery/ bloody 5. Metallic
2. Cooked vegetable 6. Sour

3. Pasture / grassy

7. Unpleasant
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