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(A) (B)

Figuer. 2 Scanning electron micrograph of transverse sections of golek chickens (A) traditional method

and (B) marinating and sous vide cooking technique at 80°C
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Table 1 Differences of some properties between golek chicken processed by traditional method and

marinating with sous vide cooking technique

Fiber diameter ~ Product yield Sensory score”
Treatment
(pm) (%) Appearance Overall acception
Traditional method 41.72:454°  99.58:0.96 " 4.61:0.85" 4.94:0.73"
Marinating and sous vide ~ 57.81:3.76°  110.95:0.83" 5.61:0.61" 5.17:0.79"°

cooking method

Means within column with different letters are significant difference (p < 0.05).

* 7-point hedonic scale, n=30 panelists
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Overview of Gene Expression and Meat Quality

Tim Parr, Ronald Bardsley, Mohd Nazmi Bin Abd Manap, Paul Sensky,
Kevin Ryan, and Peter Buttery

Division of Nutritional Sciences, School of Biosciences, University of Nottingham, Sutton Bonington Campus,
Loughborough, Leics. LE12 5RD, UK

Of all the meat traits, tenderness is considered to be the most important with regard to eating
quality (Miller et al., 2001). It appears that the main determinant of ultimate tenderness is the extent of
proteolysis of key target proteins within muscle fibres (Taylor et al, 1995a; Koohmaraie and Geesink,
2006) Calpains are probably the most extensively researched protease family with regard to meat science
and it is widely accepted that proteolytic calpain activity does contribute to meat tenderisation (Koohmaraie
and Geesink, 2006; Sentandreu et al., 2002). Given the recognised importance of this proteolytic system
in the tenderisation process this review has focused on the gene expression biochemistry of the calpain
systems its role in the development of meat quality.

In skeletal muscle, the calpain system consists of three proteases, ubiquitously expressed
isoforms p-calpain, m-calpain, and p94 (or calpain 3). The ubiquitously expressed p- and m-calpain are
calcium-activated proteases, requiring micro- and millimolar concentrations of Ca2+ for activation
respectively (Goll et al., 2003). Associated with the calpain proteolytic enzyme family is the calpain-specific
endogenous inhibitor, calpastatin (Wendt et al, 2004). Correlations have shown that the different
tenderisation rates between species (beef < lamb < pork) relate inversely to the ratio of calpastatin:calpain
(beef >lamb > pork) (Koohmaraie ef al. 19917). Likewise the muscle hypertrophy found in callipyge lambs is
associated with the high levels of calpastatin, greatly reduced postmortem proteolysis and a significant
decrease in meat tenderness (Geesink and Koohmaraie, 1999). Calpain 3/p94 is expressed almost
exclusively in skeletal muscle (Sorimachi et al, 1989) and was originally of interest to meat scientists
because it binds to the giant myofibrillar protein titin, at the N, line (Sorimachi et al., 1995), a site where
proteolysis has been linked to meat tenderisation (Taylor et al., 1995a). However the work in our labs and
others, have indicated that it is not a determining enzyme factor in meat quality (Parr ef al, 1999a,
Geesink et al., 2005). More recent work has indicated that single nucleotide polymorphisms (SNPs) in the
muscle specific calpain (calpain 3) gene (CANP3) are associated with variable meat quality in certain meat
cuts in Brahman cattle (Robinson et al., 2012).

Both p- and m-calpain target and cleave the same myofibrillar proteins experimental investigations
have tried to determine which isoform is primarily involved in postmortem proteolysis. The evidence for a
significant role of p-calpain in postmortem proteolysis was strengthened from observations made in p-
calpain knockout mice (Geesink et al., 2006). In these animals postmortem proteolysis was significantly
inhibited, although some proteolysis was observed which suggest that although in p-calpain is perhaps the

main mediator of post mortem proteolysis other protease(s) are likely to be involved. In cattle SNPs in the
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gene encoding p-calpain (CAPN1) are associated with tenderness. Two bovine CAPN1 gene SNPs, which
introduce amino acid substitutions (non-synonymous SNPs) in p-calpain, are associated with tenderness
(Page et al., 2002).

The single calpastatin gene contains multiple promoters that generate several different transcripts
that are also alternatively spliced into multiple mRNAs, resulting in multiple protein isoforms being derived
from a single gene (Parr et al., 2000; Parr et al., 2001; Parr et al., 2004; Meyers and Beever, 2008).
Calpastatin inhibits both p- and m- calpain but is itself susceptible to proteolysis but the resulting fragments
retain inhibitory activity. Calpastatin contains 4 inhibitory domains, each of which can inhibit calpain
activity. Therefore from one calpastatin protein there is the potential to have a four-fold inhibitory capacity
of calpain activity which makes this inhibitory a key regulatory factor in controlling calpain activity.

A consistent observation of the calpain system’s involvement in tenderness is that high levels of
calpastatin are associated with poor quality meat; the model being that high levels of calpastatin reduce
the activity of calpain thereby reducing the proteolysis required for tender meat. In ruminant species there
is relationship between calpastatin activity in the muscle 24h after slaughter and the degree of
tenderisation achieved after conditioning, with differences in calpastatin accounting for 40% of the variation
in tenderness (Shackelford et al., 1994). Our studies on a random selection of commercially slaughtered
pigs have shown that a high level of calpastatin (both activity and protein levels) in the first few hours after
slaughter are associated with an increased incidence of toughness (Sensky et al., 1998: Parr et al., 1999b).
The difficult of such measurements is there is a high level of heterogeneity in calpastatin, multiple isoforms
are produced. The function of such variability may be to control the inhibitory activity of calpastatin, and
therefore the identification of these isoforms and the mRNA species from which they originate may lead to
an even closer predictor of toughness/tenderness. Given the potential this has for marker-assisted breeding
programmes, a number of groups have now identified calpastatin gene polymorphisms and have shown
that some of these are predictive of carcass quality in cattle and in pigs (Barendse, 2002; Ciobanu et al.,
2004). Currently there are markers within the calpastatin and p-calpain genes that are able to identifying
beef cattle with the genetic potential to produce tender meat (Casas et al, 2006) and these are
commercially available as a genetic tests for meat tenderness which utilize genetic polymorphisms in the
CAST and CAPN1 genes which are marketed as Igenity TenderGENE (Merial) and GeneSTAR (Zoetis). In
pigs, five genetic polymorphisms have been identified that are mis-sense mutations leading to amino acid
substitutions within subdomains of the calpastatin protein (Ciobanu et al., 2004) and more recent studies
have identified further SNPs in the pig calpastatin gene which are associated with meat quality (Nonneman
etal, 2011) .

Understanding the mechanism by which such regulation can control calpastatin function is of
paramount importance to enable further meat quality improvement and may yield specific genetic or protein
based markers that are indicative of tender meat.  Our studies have focused on determining the factors
that regulate calpastatin gene expression. Calpastatin gene expression is regulated via several promoters

associated with the 5'exons 1xa, and 1xb, which are in tandem and 1u, which is 3’ and distal to 1xa and
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1xb (Parr ef al., 2000; Raynaud et al., 2005a; Meyers and Beever, 2008). Each of these promoters
appears to be responsible for the expression of different calpastatin mRNAs (encoding Type |, Il and i
calpastatins, respectively, which have different N termini) that can be alternatively spliced to potentially give
a variety of protein isoforms. The activity of the promoter regions of pigs and cattle have been examined
and it appears that each species has differing activities, with the 1u promoter and 1xb promoter being most
being most active in pig and cattle respectively (Parr et al., 2004; Raynaud et al., 2005a).  Within the
calpastatin gene each promoter has a different response to secondary messenger pathways, mediating the
response to factors that stimulate growth or a stress response (Parr et al., 2004; Sensky et al., 2006). The
differential between transcriptional activity of the calpastatin gene promoters between species and their
differing response to stimuli probably is in part responsible for the variation in calpastatin expression

between species, breeds and individuals that contributes to variations in meat tenderness.
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naugaveanvasiuiiiotaIiuansuEmAMILATEIAIBI TN TN IAINE1791 expression QTL (eQTL)
o o " o = - - | ke o
2) 3=AUBNILOUL (transcriptomics) m'iﬁnmm'maﬂ:nJTwmné’tﬁumnmﬁ:ﬁmnquumﬂmmmﬁmi
a A A F - - - o | A4 A
uamaan'umnulutuawalmhmmlmnmmmmmmhzmmuummamaamraamguuu'lumama
by ? A P i a o - - e
whwinsnelaawlasnzuredeaiiuandsnulaserdomaluladvesdiduielulasesisd  (DNA
4 “ a A A o 2 a - . ay_ =
microarray)3ai3unandenityiniudyl (gene chip) uaz 3) szaulus@u (proteomics)msdnunlusalatingiiu
P ¢ - o X A o A4 w & e a
myaenednayllsduiminefdnmsusasesnlwiiaifalutisnmlanamilidiesoadstummuansyla
- " ar AI - o 6 = - & w - o - . .
InduduandnInun ﬂm'[aunmﬂum‘mnmNanan'luws‘mmwawu'fﬂﬂmﬂumﬂuﬂ 2 dimensional gel
3 o a o & - - o o e o o w
electrophoresis (2DGE) 'lun"ﬁﬂmﬂ'gmuﬁm{uumwhuna‘gnmml-mummmmmu‘[ﬂsﬁmmmwo
e 5 A a a a 4 & - o - b -
nuansmz@magnaaisgiludadizosdamamalulad transcriptomicsua proteomics  muNIAILATIEW
w a ' a L w | au o w a A e a
dounavlgszan genomics uazAUWILATBIMINEWUENTTUNe LT lum LT Ul Janu iR e WRIIn A NI IE

\agiiadall

= . o as P o o
AT WN 1 n'ﬁﬁﬂhﬂQTL llRzcandidate genes n'IJﬂnHm:ﬂjﬂ%ﬂiﬁﬁﬂﬂluﬂﬂ{’ﬂuﬂﬂj\?“']

Species Traits/Gene References
Dairy - mastitis resistant Youngerman et al. (2008); Duangjinda et al. (2008)
Beef - growth traits Basarab et al. (2004)
- marbling Wibowo et al. (2007)
Pig - meat quality and carcass traits Zhou et al. (2010)
- growth traits Yu et al. (1995)
- litter size Drogemuller et al. (2001)
Goat - growth and carcass quality traits Fang et al. (2009)
- reproductive performance An et al. (2009)
Chicken - reproductive traits Ou et al. (2009); Li et al. (2009)
- growth traits Amirinia et al. (2011)
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Al 3 SNP chip 34 BovineHDBeadChipu3sh lllumina®

MIANBILATAINAN HNWD NITANLNEIVBINY ﬂmﬂ"l“t%ﬂ

Tatiia

auftlananaanudai m':'mLmumiﬁ'ﬂLﬁamﬁlaw"wmqmmmi{a v le 2 35Aa 1) m3
AaidendadandmInauwug (breeding value) lumsusziliuwugnasu (genetic evaluation)@aIn TN
milinanAaueIsaiuazTayanuilizid (pedigree) 3z mmmﬂi.muwuﬁnﬁwaoam'ﬂﬂ (WuaTH,
2548) tmmawm-srunrmua@:Tﬂmmmumn'sumwuw.numn-safm'lﬁma‘"mum'ﬁmnuﬂnmanamﬂ.ﬁ
HAKAAURTEYARUTI323@ Lwal‘ﬁlumsﬂizmuwwﬁnimammnmamnmawmm 2) milginalulad
mamuamwuﬁmamm'lm"lumsﬂmLaanuﬂ,ﬂmﬂiaan&m*nmﬂmmammam'[@ﬂanﬁm“umnmmwma
nnmuaumrJuu‘nmzmua:tﬂuuuuumuaw\muanvm, (pleiotropic effect) (Wang et al., 2005) uaziie
am’lwuﬁn‘im’uadanum‘"ﬂmmmua L% marbling, shear force Wa% %intramuscular fat au'lu'maﬂ‘mnma
19 (0.18-0.37) (Fernandes et al., 2002) smnauuwnmﬁmniﬂnmﬂumsmmumswwmmmnmmua
nnmm‘lﬂumiﬂnmmwauwumummuwaamau.a:'lmxmumnluma (@797 2) 1uwananited
mmsmnunmm*-rmw'lummmaan uasdanaiamihlunsdaidenisadu

a:tﬁu'ls'ﬁwu'ummuwaanuanﬁm:qmmwmamunwﬁmuw auidniiufdniidaauuas
WAEnTaenumMuasFuuesineme uazt ﬂu‘lﬂ‘lﬁ"hﬁumaﬂummmUﬂwmuﬁ’nvm:ueiasha'liﬁmu uaie
wmﬂLmuﬂu'l*n1J°umuum:uamwamaanﬁm..ﬂmmwmaum udaz ua61aem'lﬂﬂﬂﬁaunuﬂi"mm'maula
(Validation) um%ﬂuuuﬁlmauluaﬂmm‘swnmamﬂuﬂmuunmn 1% GeneSTARITud uananit 1ilu
WpsmsdnsiRpsuneduiiaula aw'mhuwanﬂnanﬁwamaﬂmmwma uaz twmﬂumsmuﬂ‘nmmum
-uaammmaanmsmn'mmﬂwmamvwm'sﬂuuuﬂu'lnﬂmaar_rum.lmmwauwuwamnumnmmwma
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Gene

SNP

Trait (significant)

References

Bovine chemokine receptor-like 1
(CMKLR1)
Calpastatin (CAST)

Diacylglycerol O-acyltransferase
(DGAT1)

Leptin (LEPT)

Thyroglobulin (TG)

Myogenic factor 5 (MyF-5)
Peroxisome proliferator-activated
receptor gamma(PPAR)

The GeneSTAR Tenderness and
IgenityTenderGENE marker

(264G > C
and 762C > T)
A for SNP2959

and G for SNP2870
¢.572A>G and
c.1416T>G

exon 2

s G133C, G156A,
C220T and A506C w
1553 (exon2)

42895 C>T

(n-calpain)

backfat thickness (BFT) and
water holding capacity (WHC)

shear force

Warner-Bratzler shear force (WBSF)

longissimus muscle area, marbling
score, and Warner-Bratzler shear
force

LM tendemess

marbling score

water holding capacity (WHC)

tenderness in 18-20 months

Warner-Bratzler shear force

Zhan et al. (2012)

Schenkel ef al.,
(2006)

Yuan et al. (2013)

Schenkel et al.

(2005)

Gan et al. (2008)

Ujan et al. (2011)
Fan et al (2011)

Eenennaam
et al. (2007)

athal3fia1u Bolormaa et al. (2011) ¥nn13An¥1 genome-widescan (GWAS) ludnmsmzannuas
qmmm'ﬂ:a Tavld SNP  vianuas53,798 SNP wuin SNP 71 87, 64,
(%intramuscular fat), LLPF (shear force), Uz CHILLP8 (sacro-iliac crest in the chille) Gaiiludumniiavaaiin
KITLG i3 fiu ATP2B1(87), XKR4 63) waziiu EHD1 fisflu OVOL1 uazfiu CAPN1 (63)

WAZ63 UANMUFNWUTNL IMF

e

mstszgndlfinaluladyiudgmugaadinenamiqunmitelulsanalng

&
lauiia
P w o da v o g ' & w &
MIATAWIAIBIMINERUEN T IR BundnuFIRUE LA Mauvsaitauaz lualuunsnluiiieliu
mudennibiimuiniivanszozmlundadenlaiiamsiulsanug saoliindiusswuiaaaula
o A ve X d aa o = W e o a ' &
saudanlalaiduddiunansiundenuiotesivwmusdduvesluduluinsmovesdad(Levea, 2008)
- e a.a a v A do e & . o
lasdundanuaanusnuloiuunsnlundruitafdadalwitalafofuhyroglobulin (TG) Aumumluns
13 ‘ o e 1] - Lo 3 L™
augunInuasdannsasddilinnuidgdeivavadduvesluiuuazinadantsazanlvdulu
L x e - - . -
nanaise (Levea, 2008) lunmsidoanuu@uniuazaniz (2553) dnw single nucleotide polymorphism 183
. x &
fiw Thyroglobulin (TG) lulailiegnuau dauinafin PCR-RFLP
o 4 w e & d a“ ' P J - o
fuiihgdasnugummwiiiendagydnnduniis fe fiu Calpastatin (CAST) ua Calpain (CAPN) i
v d 4 W A o - € 3 ke o G '
rimiitngdesnumsasraduled Calpastatin uas p-calpain Safiunuimardnlunszuiunisdesase
; G s ol = -
lsdundauiilanasnndadidodia (Young et al, 2001) :nmsdnsiuas NiwIY uAzAME (2555) Anwn
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ANUFNWUTVBIEUCAST Uuaz CAPN ﬁua"nuuummum{'faLta~'lmﬁ'uun'in1u'[ﬂu{aﬁufﬁ1umuau%mﬂﬁ
Tu'iﬂﬂmu*nmﬁ']mmﬂ'ﬂﬂﬂLaaninnwuﬂﬂunwmmuammwmaaLu.a'[ﬂ {|Brew Bovine Meat Quality
Genotyping kit) Tapl$3nIaTanATeImansMINUENTIA ( SNPs ) wpsfiuiiAptosnuszauluduunsn
ua..::ﬂum'mumlaatuaTﬂmazﬂu'lumsﬂmaanmuwmﬂﬂua-ﬁwmuﬂrumw-uaamalﬂmuawsnﬂaamma
'lwm,ﬁ"[ﬂuwmmau F85% PCR $2unumMTle restriction enzyme luumsidnanu duzan ussame (2547)
dnwdreuiualudIn Subdomain 1A — 1C 1830% CAsﬁuIamawunﬁ'mmuau Monafia PCR 323Ny
Sequencing wm"nmﬂa~u'[uProhneumwu,emmenununmavu'[uLuecmeﬂ'lﬂmnminemaaﬂﬂummw
umnmwaqnsma.,uTurumummmnmqmwmwﬂuwwmqam’muwaamaInwmmuwouﬂu

FAEN URTAM (2549) ANBIANMUMAINUAENIRUTNTINYBIEU Myostatin URZAN B ATANTWDIN
vaslauile 4 EUWUS ¢ (Iawiidos Tamdue Tanfiunius uazlaann) srumeila PCR-SSCP Saflu Myostatin
M homozygous dominant (Mh) ‘w‘l,.ﬂ'mﬂum'ia's’mna’ulma'luﬂnum"'nllnﬂmuuuMyostatmmn@m'i
ﬂa”ltlwuﬁua"'l.ﬁu homozygous recessive (mh) awmuﬂ:um'im'mnmnLuaﬂuﬂﬂnmmlﬁumnwmmuTa
uay n*r:wmuwmnawma‘[ﬂu'lwuaaﬁmuaamnuu Myostarm‘lu Mature ¥nlwnsaiitadldalngiun
158n71 Double muscle

fatn uazAME (2551) AnsnauAuWUTIesEu Collagen wnzCollagenase UAZANBIAZAINKITEY
TauiteInusonadfia PCR  $2un1 Sequencing Wandgeuumieltluniinaseusada  (allele) 30
mIfinEINLINEu Collagen 88ia G maannmuwuwnrm'[ﬂm'nmwuumuwmau (WBSF) #aa91nmsus
14 Tuganirgads A mansaagllainiiu Collagen uaziin Collagenase flununfdade WBSF Failu
mnmmummumua'l.uiﬂ

T15éw Stearoyl-CoA Desaturase (SCD 1) Lﬂmau'lemnmm'uaan‘umsa‘mnwhuu'[umnamm
13181]61‘.1 (monosaturated fatty acid: MUFA) ‘mLﬂumuﬂ?nﬂuﬂaﬂmnﬂt‘ﬂﬂ'ﬂw (triglycerides) aenilsznay
luguaudinars g aaaaiassaauaswaalnlada (membrane phospholipids) laofiu SCD7 azvhnuiie
shaldsanusinaniafialuiudu ledeluduiinea esandu sco fianuApITaInuNIIHY
umnmaﬂmuuua*miaﬁ'}anamlaanm'hmu‘lnaum'lunmmua Saiusnemciisagveniiela vilvtile
TofinAuuasIaT1aa INMIANENTaINALT uazAmE (2551) AnwAuduWusvesiu SCD TNUANBIA
padlr=naunsalusuvaaita lanuiiladlng dauinafia PCR-RFLP anm3answrinladauiluin cc
5 mnaalusiui laiduaa MUFA FIFA ﬂmnsgmla.:nm‘lmuu'b.lauma:Lﬁuﬂsﬂu'nuﬂaﬂan"nuuawtﬁunaﬂ

AaFUNNN

ans

Tuﬂaauumiﬂnmma genomics Lwaﬂumuumumjanmu"ﬂmmwmamaﬂummuﬁmuu
Tﬂﬂuhn‘numwmmuﬁnuannmﬂanmmmmm’mm'lﬂamsmnummuwu candidate gene (%M
mnﬂauwuﬁnuannm..msﬂ“aunmuma anam:"lwmmsnlunmumn (intramuscle fat) UAZANHIAL
ﬂmmwmaa'lwu (fatty acid profile) afiLTuiiu IGF2 :unaﬂﬂmm‘*tmmaua:aan’na-auhuu’luam (Van
Laere et al., 2003) mmuauwuuamﬂﬂnm*lwma‘lﬂun Ryanodine receptor (RYR) (Fujii et al., 1991) faudu
‘mlHiwlaamsm:'l’uuuuﬂ'm'lunmmuaﬂa Heart fatty acid binding protein gene (H-FABP) (Gerbens et al.,

1999) IuH-FABPiunuMARlumMInIugumMIgadunsaluiusiiasuens (long-chain fatty acid) uaz
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muguumvedduvesiumulisglusnzaussuasiinadouiinmntsazaalusiuunsn (Intramuscular Fat)
'l,u.mﬂamm mmﬂimm'lwuumnlumanl.f]'u.ﬂwunmnLﬂumn'mv.ﬂﬂmn*uwmaua-l,ﬂumﬂn'l'lmuau
ﬂ'1'1:Juumumaamn‘lmuuumns*m*mmaaﬁﬂlﬁLmnm*m'\uL-naa-uaanmuLuauanaaua*‘lwummm.ﬁw
wihidudmsodnmndl mLuaﬁﬂ'ﬁLnamw’nummulumnua:sanﬁmmiwmﬁmamﬁumﬁumw
Wb muasiiu (2549) Anwdniwavesiiu H-FABP aaﬂmmwmaam @LNAiln PCR-RFLP Wui1iu
H-FABP 'luuﬂnmamaﬂmmmua

fiuMelanocortin-4 Receptor (MC4R) Lﬂuﬁuﬁtﬁun‘har‘i’umsmuqumiﬁummsua:mm‘imLﬁn'[ﬁ
manauwuivesiiu MC4R dinademaiudanmsiasyiauladsinmmsiwluazanumun lusugunds
Foiimavhiiu MC4rR m'lmﬂumiawmuwuﬁmmlummﬂLaanamma’im“lqannm..mammanwumcm
Lﬂuuunanuulnﬂu[mm 1 (SSC1) dunilafi g22-q27 luansiiu car L'nauTuoaﬂnmmammnwunmm
(marker) wanaauulasluloud 1 (kim et al, 2000b) mInaRuTIeaiiu MC4R 1niua G waswliilu A
(G A) danalinsmazilufichuniia 298 wasusn Aspartic (Asp) \ilu Asparagine (Asn) umwmmmmnu
msmum*mnm'lwuawmasmmiromym:ﬂﬂua~ﬂ1mtum-mu'lﬂuﬂumumswummm HWUTTDY fuit
'luanma'mnmuwuﬁummuwuﬁ (Kim et al., 2000a) amﬂuumsnmuwum*uanﬁm.'lwuuaumaman
Tnam'm'mammuiﬂﬂa*mmn'.ma.,nua'lmmaun'n (Kim et al., 2000a) INMIANWIVDI NUR LAZATLS
(2554) finmfisnnusunutvasfin MC4R maanum-mammanwmamnwmmua~ﬂmﬂ5awuﬂﬂnnsu
ﬂﬁamﬂuanswuumaﬂmn‘l’muaumwﬂuumamn-n‘m 2 1hnges 3 Ungas 4 dntes 5 uaziduslu 1
funAila PCR-RFLP Wuiniiu MC4R lifianiwadadeansmesanmuaiyidvlannumn lududuns

dadtn

ﬂmmww.a-uaa'ln'lﬂuwmswmuaoua:‘ln‘lnuwufanNauma-mmn'n‘lmuamuwuﬁmamimum
‘ln'lnﬂwufwuwaa'l"n.ﬂﬂ.'m'u.ammun'n'ln'l‘nzmuﬁﬂnnauua.‘lmuamﬂwuﬁmamsmamﬂmmmua
'ln'lnuwuﬁwumeoummmumwu (firm meat texture) mmw'lnmaanNauuaw'lmuamzlwuﬁmonﬁm
Iﬂu'Lmuamuwuﬁmanﬁmummnnm (over tenderness) -m‘ln'l'nﬂwuﬁannanuﬂﬂuuwaamaam,mw
‘ln'lmwunwmumnu‘lnmamuwuﬁmamim (anns0l, 2546; Jaturasitha et al., 2002) Fuilufinausivas
uannm‘lﬂmnn"ﬁﬁnm-uaa wikanyi (2556) AnmanusuWLSve T wInsulin like growth factor-I(/GF-I)
uazchicken growth hormone (cGH) RUATMNINTINUAL m'mumualu'lnmnwumamﬂ..‘ﬁ (Wug lyndau
UAUNDS RIDOLWTS a‘sauua) faEnaiin PCR-RFLP wua'l‘lnmuwuﬁununmumwmmm'lummum
mnm'\‘lnmuwunau

asl

- Wy w a 4 s o o oa e v o a & a
a:mu‘lm'nn'ﬁ'l‘ﬁmﬂ'[u'[ammawmuwuqnsiuummauwuﬁnummsmuﬂuunammamﬂm
a - A a f a o Fy
ind uaz Isdlading lawass nsliiadaanun uwuqn'mmanmna::'mulumsﬂmﬂ‘;mufﬁ‘mqmn'\wLua
Tﬂuma'lu'[xhunwn’rm"m|.§anw°'uf (Marker Assisted Selection, MAS) usatsamunsatanldly “nsaansas

w‘auzjw"ufa“w%’n'lﬁ’ﬂ':ﬂmnﬂunﬁi'uﬁmmﬁ'uq'ua:msﬂ%’uﬂ;ow"uq’mﬂ'luﬂ'i:-mm" \eatiedits=@ninn

a
- s

S i [ 3 A a o as A A -
annsdadisaugaolu MITMARAUINIRNMINUENTIUEMTUANE M AT AYNMILATHIAY MIaTIIReY
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anum*mammﬁnﬂuﬁm 2. :1'mm';munwwmwuﬁ 213-227 .

nagn qryry'n‘nm ua:qnqnu NI, 2551. ANUFNWUTVEIEU Stearoyl-CoA Desaturase (SCD 1) N
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nag urgmmm 1178 wﬂﬁmuﬂ T uazlnlsand ASau. 2549 mnunmnﬁmnmcwuﬁnﬁwamu
Myostatin WAz anﬁm-ﬂmmwmnwﬂmua 4 H'ltlwm;‘ [Online]. Available:
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Abstract

Meat and meat products are essential in the diet of child and adult. Their principal components
are proteins, fats, vitamins and minerals with a high degree of bioavailability. Meat can be functional food
in terms of rich in unsaturated fatty acid and low cholesterol content. Meat composition could contribute
high meat quality to fulfill customer satisfactions. The meat can be modified by feed technology or feed
additive considered beneficial for improve or prevent the meat quality. While it has been known for many
years that tenderness plays a large role in acceptability of meat by consumer, it has become increasingly
apparent that safety and toxicity also needs to be addressed. Therefore, the meat industry has to find

natural source or free from harm ingredient to use in their product.
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157 wie 1ile PSE wialugnanguiiliu RN uslugnaniiiu RN uumu’lsmwun'rsa'au'ina'[mauia

179



P g - . -~
GLOUTHER m.-f‘:a'nmmmﬂwnuﬂﬂuﬁaammmgmfnn
Balancing the Production and Consumers Need

s a o a @ A w ok
Taun159aNITNIIAIUBINIT INTIETFINIIDLANLUTUN ™4 Macroglycogen lunmmuemmqnﬂﬂumm
(Rosenvold et al., 2002)

msﬂsuﬂ*sanawsaﬂaat'ﬁamﬂmm's
nmﬁwaamamm:ua'mmmnﬂafmumwﬂﬂammmaomaam Tﬂmam"amwuuaﬂni ung
uwe uazitale '[smm‘lﬂwuﬁmmua sanadanszinadananssvaaile mm-mmﬂuﬂwumaaunﬂaam
uamwaﬂanamamnmm (Shahidi and Rubin, 1986) nanuszsamavasiifosziiuanniwdeiloduns
ﬂ:aanLwﬂ,mlvnmﬂmiamummaomws-naumaammmmma*mﬂﬁﬂﬂ (Shahidi and Rubin, 1986)
ua.nm‘l‘ﬂajumwu@l (Mottram and Edwards, 1983) Tﬂﬂmmsﬂiznaunﬂ.mumLm..mﬂ'l'nuuuuumuﬂ
FuTUE N ARLAL IR A WM ATUUIEMU 9nN3AnEYeY Stringer (1969) wuirszauldsduluaims
Lifinadenauisvaaitoudnalilusduussiaitu UsnihwasiinaviliiAanauilifeseaediiedwle ud
AMNMIANEIVEY Dransfield et al. (1985) WU n'rs'l'ﬁ'mnﬂ'f{uﬁ'mmunum‘sh'fmnﬁ:'lmﬁ'm'lua"uwnquqni
snldamududusanauanss wwdgnumslimnaidsmaunumslitnalne wuihlinausaues
WauandnenueanlUminilasnnmulaswussessusznaupasnsa lusiulwlududunas lapaziinsaluaiu
Towadn waznialuiualuadniiadu udezvhlinialuiusialduiidnuasaaioinaasadeiivany
n19ah@ (West and Myer, 1987) wanani sreundremluamsazinarbinduuazsamavesile
waswluen wnluniImasesuas Field ef al (1983) AivnmaaiuemiriuliununzaSouiouiumsld
wihfidwasnusniResegadoamudy 1uun=najuﬁ"le‘1”i’ummﬁ‘fm:ﬁna“zlmaﬁmi"lﬁawalamnn'hnijuﬁ
1@uAnIngaa FaaAfINUNIMARBIVEY Vimini et al. (1984) Aiwudmsliemswasanugeazsvhild
[iounzAdnausananinunzf ldsuemawasaue ﬁﬁtﬁaamnwmaumm-uaﬂm&'u'luna‘uﬁ'lé’%’ua‘m’n
waamuaw*mm‘mauﬂ'lmummmaamummuﬂmlmmu"nLuau.n~nauﬂ'lﬂmwaamuﬁmuuﬂimm
n-m'lwu't:uaummm'mawmmm 2avhlRdnausaniunnnindas wwdsanulula Tadldsueims
wmo’maouu.m'[uu-umnnmsmmnn'nmmswma'mm mihAmdasiulsnaluiulumnvesladlasu
mvn'iwmmumvmnmﬂﬂﬁ"lmuawmiwmawm (Melton, 1990) ludusesdamniaaiayidulavasdad
R iluadanARIRITWEDATM French ef al. (2001) wuin ladldsuemisduiduiiasimaaiyidulaad
S uaziindusaaninlaflasuemsatnsinanialdsuudenmisneuaiaden nafdunaunan
sarnsazanlUsaulunduiitovaslafldsuomaduiunniiniuies Eimore et al (2004) Mowin
ossilszneufuandeiuesnsalasilmilalaiussilvnausaluilalauandrsiudas uladldsuamns
wainezis mmnmﬁ'[umﬁnmnﬂ’i’ma'uﬁ'l@ﬁ'ummﬁu udazdiSanmnialaadnuazdluadniasndt nia
aIuaunil“nnLﬁaﬂﬂﬁnmmﬂumiﬂi.nﬂu 9IWIN 4-heptenal, 2,4-heptadienal Uaz 2,6-nonadienal Tume
1'1 2-heptenal, 24-decadienal Waz lactones ﬂI.nm'lnn'i"n1umiaan*ﬁl.miuluni"l.w1~ﬂunuu wldIU
Adeslunrsuiumiianawsalwiiela smlssnauiiesszne ldihndaite|duanaiaurnliiindud

m*sl.ﬁ's:mwﬁ.’:%‘uﬂ?mwna\m{a'[aHmﬂi'msm%u‘lumms
mwumnummmLumﬂuanum*ﬂnauanmﬂmmwmmﬂnﬂﬂmamnm Taudnaoiasod

mmmaanumwwmuuwam{a mﬂimm'lwuummﬂuﬂ%unmmmmuanmwuumuuwaama‘lﬂ

Hartisinaladuunsnunnazdaussdar il (Wamer-Bratzler shear force) 1ot (USDA, 1997) M3

180



Praceedings of the 4" Meat Science and Technology
19 July 2013, Rama Garden Hotel, Bangkok, Thailand

ammsmamummnﬂuna'l.nﬂmﬂcylumwamuaﬂmmwa nmsldemanassugmierilinisly
ﬂ?Tmﬁ'lmaammwmamﬂw uwnmlv.umsrau'lquﬂzJLam.'lunmmuamnwm'lﬁuﬂmmmua
@il (Oddy et al., 2001; Purchas et al, 2002) muum:usmuwmmnm.lasammummma‘lﬂ'lumvmam
Lwaa:ﬂ‘mﬂgqn”ﬁ'lﬂﬂ's:'[u'nﬂawammi nzgumsieigidula thusdanmsiouazassaumolusiuuas
a A “l a - ) e g =l w a - ‘ & A
Tusiuluiiie wianwdupiidunuunisairilidaiiauning Wldmasigidulasdiduiigige Taslu
M3finewad Leopoldino et al. (2007) wuitmsld lalaluned (ionophore) sunsmiudanm nialwsile
iin uazaansgadsnalvaiuiszme ldannssnizniin s nliudgumwanlasmaiunisly
Uszlomfldanwasoulwldnndu wananiissfnsiasuiadion Saccharomyces ~ cerevisiae WA
Aspergillus oryzae nmmmﬂmuJaammunﬂﬂan'lun'a“:m:mnlnmm:aumamsﬁwnwaaqaunm‘h
nzwz Yhlimsfiuemsuaztszinsmwlumsidsuanmsadn (Zeoula et al., 2008) USumunsalwihle
- o o e & . a » e
fia nsaluduiszmeldlunsziwzndnuRuundy (Miller-Webster et al., 2002) uazdiganarinlidiininea
w x ¥ & o - o ; -
§AUABUNIINIATUGIY (Haddad and Goussous, 2005) FnSUNALTEIH (glycerin) Wia&ILnaen
gammnIsumInialulodion fduansdnsianisahunlivlpgmamwitedad naliuwnzndiseiu
b =l o ; “: e . =
Usznevlddronfiweseadmwanaunnil ilussasdulunszuauns gluconeogenesis (Chung et al., 2007) N
- s ' o -
wasenszgnilaouidunglaslaluduuaziduundsnasnulunisuumueduvesioad Goff and Horst
- | ™ - o ' a ' o o a =
(2001) Meumuasandimaiulutrsiaau g iNalfiduundindssuiutumslvemstuniawie
a ' o ' P a
sy fewnazdslseei sndumaiiunszuaumangleiilondids dadulunmaesssues Purchas et al
d e a A P w i ' d o & oA -
(2002) nmmﬂmunﬂma1u7.ummﬂa11m:n:qﬂmﬂ WU '|.un§umsmmamLamuuuﬂﬁmmaaﬂuuﬂu
TIugIni nEiuﬁ'laﬂﬁ?'umsm%uua::ﬁﬁ'lmu"mm'mmnn’hnaq'uﬁ'l:ﬂﬁ'%’umsm?nﬁné’nzl Mach et al. (2009)
I - =l ad A [ 1 = =3 - J
NuwimasIunfgeiulnari lisanduininsalwsilefinuazninesddnaass dudunauinen
- X ay _ a w o aj_ a & & o a
maRuduvaInsalwsn lafinlunsziwizwin Gansalwsnlafinsiwiduase ooTu'lun'lmamﬁ:ﬁnngwamu

nmslFmaauluemsdadifeysudpamnmile

lumsudaiilauasndnsi o n'nua'm'rmlun'mj'uﬁwaqrﬁr.mﬂuqmﬁ'nam:éwﬁ'mﬁﬁ'm'lﬁ'i’um‘s
WITHY m1'1~ﬂ'numanm'lum'iii'u1,;{1Lflm‘i”:%'z”@ﬂ'nalﬁ'mi'lmuﬂmaﬁ% Mg nAnITest UG uax
ammwminilnadndas Mnanadinaluladmeduamisdadmivlniwuin maFTuuImauazlienin
mwuﬂmmmﬂsuﬂnﬂmmwma‘lﬂ D'souza et al. (2000) ﬂuﬂu"nrmmuuunumuummmﬂmﬂﬂ
ﬂmmmua'lﬂ m-i-uuae‘lﬂm'[sw'mna.m'lwaﬂ'nnan'mﬂma Iaumw'vamomam TanaznudenmnIn
I.ua (Kiichenmeister et al., 2005) &4 Peeters et al. (20086) ﬁnmmnlaomnmuuunumuu‘luﬂ‘m uu.mmm
wnlulsegin wudn n’ﬁm‘suuunuwuuuummmﬂmﬂ'soﬂmmwma'uamn':'lﬂ mma‘m‘lﬂaawnnnﬁu
MIIUAEAMAATEA INMIANBVES D'souza et al. (2000) Avhmsiasuuuniidoudainansluems
ITOTYU Wuin n'ma?:uuunﬁtiuuﬁﬂﬁ’mﬁgmLﬁmﬁaammﬁui'nm waz ﬁ1n11uai1411aatffaqnmmm
§09NABINY Hamilton et al. (2002) WuidaNUaINTBILILD (L*) aaasua lifinadasianuidudindes (b
lwsnisfimanassswes Apple et al. (2000) wuinmassuuuniiGen liinadadrnnuduiues uazdrany
udnias udsemainlfiseeandiatuvesludiu nailitasan unniliBoaidgusuialumsinmauna
anuausasludn uazauqanIalud arugumInanasumsluesd Snvsiwihdidulaunniaefues
towlana] F'lLﬂU'nl”aoﬁ‘uns:mumﬂaﬁmagga5&1: (Crenshaw,  1991) mauquszauuAaIFua LA

181



K - a o e
AN afuqm.raammﬂﬂnumwﬁaamwm&ruﬂnﬂ
Balancing the Production and Consumers Need

(Laver ef al, 1997)uaci onlmaifAnaTasnunsuunue ddupesllsAULAZWAINU (Kietzmann  and
Jablonski, 1985} Tﬂumﬁnmnﬂmlaamnhmanvlamﬂmwmmummamaaﬂgmmmmmu'lnaIﬂLim
\unalvdn pH 7 24 m'[ummmawu (Moesgaard et al., 1993) #0AANBINUNITZABNTAANIVEY pH i
24 Taluswasanuasniaiito semimembranosus 1|amnsﬁ‘lmumnamunnumuu wleulFuuifisununay
m'mﬂﬂadmmumnmuuunwﬁuu %51 Hamilton et al. (2002) ':'1tmun'ﬁlmu-ﬁmuuumlua'lmmﬂ'm
udn ummalum':ﬂsuﬂﬂﬂmmwl.ua'lﬂ Tﬂuwm'lm1miwamuuzJimmlummmmmmmaami
ammmula%‘mmnnmnm'la L“:iummnu'lmua'ln Choct et al. (2004) mum‘n"ﬁamnum'z‘mmﬂzynu
ﬂ'numm‘snlun"rsanuwm'[ﬂwu’mnmmua u,n.,l.nm-uaanum.,:ummwmauunaarmmu'l.uua~
nouaniwagd Surai and Dvorska (2002) qiamuulmﬂmaaauﬂ'sumwmuuuum w30 dalwauninlaiine:
samsgadvldnnnitlugleiiunid wiu Tmdoudalui (Mateo et al, 2007) SaifigatasiuauEuIIm
'lumﬁﬂwuluﬂamqmummwaoamumaa weemassusnaudaisudiaansainanandud
umlumaan"ln‘la (Zhan et al., 2007; Wang et al., 2008) Tapunddveailavsifisatenua pH uazy3ainm
\fia& (myoglobin) lutile ua-m'suJauuuﬂm=umﬁumLunmﬂunammnn*mnmﬂgn‘smaanﬁmmwm
waswannaandlulelnadwdwanlulalnadu Aanszuammatiasumaiedfisesandiatuvesdiiion
flazasunnluwatade’ly mumumnamauQﬂaﬂuﬁinﬂiuﬂgoqmmwma'lmam'nu lalawunia
amﬂ's-naummm{'wnarﬁa-ﬁauﬁuﬁmmnnnmumsﬁ*ﬁi’mmja:-‘ﬁﬁamn'mﬁu'[ﬂumﬂ-ﬁsm (alkaline N-
deacetylatlon) avlalamuaziigmaniEnmslszmagu mmauumamm-ﬂawamsu (Jia et al., 2002)
L-ua'.n (Allan and Hadwiger, 1979) fBfuaRYABETZ (Jeon et al, 2003) Uaz SATIMIUUMUBaTNTEd L
1ita (Michio and Terukazu, 1992) 1umunamaﬂmmwmam (Hwang et al., 2004) wuin maisiulalamu
luamsans mmmaﬂn‘mﬂauuuﬂnﬂmmﬁwaaTﬂwu'l.mwn1'13n'ﬁmmnmma'|.@1 Tagialdann
rmNammmmsuaﬂﬁmﬂﬂwu\,uma w USinmniaexiludas: wie Tusdumpan naitarailasnan 99
aumzﬂumam:.mnmummauanquﬂiﬂuluLualﬂ (Park et al., 1998) Uz Chae et al. (2004) 118U
m1Lmu‘lﬂTmﬂumuqnﬂummm‘m'mmau,ummu SsmansnaamitessanoTsduluiteldsuiu

mi‘iﬁma‘muauuaaas.maﬂsuﬂ'soammtﬁa
'lwuxﬂummmﬂmmnmﬂuaanumwwma'la'luml.uaua.namnmmmaam Tanluduasinlwiile
finfussia i:mmuammmmummuuua-'ﬂmuﬂum'l.mua‘lmanmn ﬂgnﬁmaanmwwao‘lwu'lmua
n’]ummmmmyﬂﬁﬂmnam-:mauamwmaaama IT@ ﬂmanum-"umma ﬂumammmomms'n
wiaswllusmeniaiuinem muuwwamumauuu‘l‘nmimuauuaaas*uwaammsmﬂﬂgnsmaanmmw
vasluaiuluite umluﬂamuuuuﬂnﬂ'la't'nmn'\wu'mw m.lﬂ.nnmaamsmaua-aamnmmmaamanﬂaaﬂ
gaiadl wiassandalildnniae lufiiissmandnn uﬂm:muauuaaavnmmnﬁmmmmuu Fags
muaunaamwnamﬁnnuun'l'nﬂa aniiud Feiandiud tﬁmmuuﬂa.mu'lu'lwu uﬂmauumlumsﬂmnu
m-nnm]gn'smaanmwnwaaﬂaﬁ'ivlaﬂﬂnLfl'ummmmﬂm‘nﬁ'zlﬁmﬂmimamammma lusremupaadlai
MUNINFNATIZIMITUS Lo 2 ssuiuidasldiuanamaninis maaseiandudadluamsansluliinm
200 wn.@ae1wI3 1 Nn. wm"l'lmjnamsa@mmmﬂymuTamaﬂ?ammwmnﬂauumm*s (Dikeman,
2000) UsIEAIFN WAL HEARBATEBZIANLLTNEN 6 wua~mmmmaamsammumaamnmnnmnm ms
atymmv.aamnnﬁnm"mﬂ'lﬂanmu (Asghar et al., 1991) FOAARBINUNIINARBIVEY Sheldon (1997) 'n

182



Proceedings of the 4" Meal Science and Technology
19 July 2013, Rama Garden Hotel, Bangkok, Thailand

Wy ianiiug mm'mzmn’mnﬂﬁgn:maanmmmmaa'lwuua.f[ﬂmu‘lﬂ URzHIRINAAdEA LW
Usramaudaueite (eamamiliIusznausaaiila) (De Winne, 1997) nﬁtmum’mu“'lua’nmsﬂma-
'l‘nnaem'nmwmnmuuﬁ'lm.uauaamnnmm‘:mum (Mitsumoto, 1993) wanaNidefiudtiaunsn
ﬂ:auiuu‘faa"ﬂ{-fiaLﬂuﬂizlu-ﬁﬁdaﬁu‘i‘lnﬂ'lﬂ'ﬁnﬁau (Asghar, 1991) 1N1IMARBIV8Y Asghar (1991) #ivin
n'masmmuuamlummsanﬂuﬂsmm 10-200 IU ¢88713 1 nn. wmwﬂsmmwmuﬁ'lumaamm
Lwwumuﬂsmrumsm'sumwuwamonuumﬂmmaanm wanINisaimsAnEHaTesi A iuauTuna
wafiulululaiam (creatinemonohydrate) -mmmna"rmnnm:nhs"luﬂu'luwﬂm WoalWadlafiu 1A mainm
seau ATP luiwadliasii ‘[ﬂumnwwwuamaamﬂmanm,ﬁﬂlmnﬂmsmm'ﬂ"ﬁ"lawaa ATP 11nin ¥
'l'nﬂnmwmua@muumaa mnamauu‘lwsmammnmmwﬁnLﬂuanmataanumnuummmmlmwa
ﬂ'suﬂnammwmaama'lﬂ viwnsasu s lwams i Lﬁwnmmnuaauum'n-mmmuﬂmauumm'ln
emoudauss Tudsndulddrsassermsimanlysiu Saiu unuiinuazarsUsznan Inaiueaidu
epicatechin, pigallocatechin, epigallocatechin gallate Uaz gallocatechin (Yamamoto et al., 1997)
mﬂh"na:ummmnl-mwmvmJJ1-'51\1n"lun'mmum'mwmwunam vRNLszEnFnwlnemns (Rao et al.,
2003) n3zqunviuvasiewlel (Platel et al, 2002) ua:ﬁmmmﬂumimuawaam: (Cross et al.,
2007) Innminasaaaiyluamsdainuin maasTdmmInRaimind MR s wez s in s nw
masuemsle’ nolugns (Ko ef al, 2008) T (Sarker of al, 2010) uaslulriilo (Biswas and Wakita,
2001) Saunaduvasnmmmiitensin Tidsrmansnivszssalumafivineuield (Hara-Kudo et
. 2005) UaZHINLITMILES TG HI8 0108081 TBARS 'mu‘]umnmsmmﬂgnsmaanmmumlu
mﬂam (Ko et al., 2008) laiuag (Uuganbayar et al., 2005) ua"l.v.il'ln (Yang et al., 2003) Luan'm'mmmu
msﬂs.nauﬁuaimuqmam.lm'lumwamuawaam:ua:uuuam':mmuunm‘m (Nishida et al., 2006) uaz
galinpruwihmusnsalSunmnessaetealwiie ldandas (Yang et al., 2003) wananinsasauride,
mmmﬂi’uﬂ;dé’maatﬁauﬂ:‘lw"u 1ﬁaw1mﬁﬂ§wawnﬁmnh‘lﬂLﬁuaoﬁﬂﬁ:naumﬂ'luufaua:'lmﬂ’uﬁ':n
(Kim et al., 2006; Lee et al., 2009) %3U Jin et al. (2003) waz Kim (2000) F1847WI7 MISLESUTILA LA
mmmﬂi‘uﬂ?anﬁ'ma mﬁmju:i'\ uazauNawalalassanweaila'ls Harold and Graham (1992) Tw97win
ms'[wﬁﬁuaaﬁ'wu’lmﬂrﬁmﬂnmauu“ﬁlumwiaﬁwuauua‘a‘ﬂ's"'lﬁ'mnn'jﬁmﬁu-‘ﬁ 100 LYiUAzINNNGD
Aendiud 25 1 m':anemnﬂﬂsm‘hmLﬁuanmﬁﬂs~nnumhaulm'luammﬁn-s-mmwamuﬂam Ha9an
umsildansssuma naunay sunsndedmmaiedfifmeendiatulwitodadle (Mios et al.
2000; Abdalla and Roozen, 2001) uaziilaanlfissuluemdainun magsuessmivasluamssas
lvsadiesgdavlaldd :Jt:ﬁnﬁmwnwstﬂﬁuummﬁnﬁnEjuﬁ'l.:.i'lﬁ’i’un'mﬂ?u uazgIF N IAYBINUNIS
alsndalulnlddndas mmlsznavddylusainilude thymol uas carvacrol ifusaialumsinans
wigdulavaswuaise Tasmsihsaunud avuasvasuuaiioililasaiuszarumusalumsy
uamﬂauumwaotmﬂmsuatytanm wanunﬂmwa.uwnua‘-mﬂ'luﬂm (Lambert et al, 2001) uazén
ﬂmﬁmmmfhﬂmanamwmmsﬂnnau thymol W&z carvacrol ean':"mmm':n'lun’munuauuaam.
(hydroxyl radical) ua‘.ll.ﬁaﬂumazﬂun’n'l.ﬂnﬁ‘s (Yanishlieva, 2001) :nnn1snaaadL@suasUsenoy thymol,
carvacrol Uz BHT (butylated hydroxytoluene) 'nLﬂumsnm‘maﬂummiamwnﬂmmmaﬂn’ﬁ
mﬂ1Jgmtnmiaanﬁmmu'lumaa*'[wn'lnu.m'luue]nmanunu'lu.nﬂumuﬂuﬁ'lu'lﬂmmﬂam uAnNgUNIY
aaeafilt thymol Waz carvacrol mmmn'mnmjgmmaanmmu‘lmam*lumau‘mmmmsmmnm law
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(TBARS) uanm'mqnmnquﬂ:&'\mnmnmu usiilanasnnn 5 Swiluawly waitldazliuandrenunga
A A s - o A el

AAN udlurneh BHT FImINs0eangNa leaaiuA 10 vasmstiuine (Luna et al., 2010)

msmauammmaﬂaﬂm's‘lﬁmmmm

nsalusiuriialisuds Tasawiznialudusiialawm-3 duslomidainime WaaruenLieda T
TasvaluudazwulwdSinadiiasunn uazwulawm-6 IwSunmiunnnin exwsidandaunsa ludu
321178 n-6/n-3 ﬂf-i"lmnﬁmuwﬂ'nui’lfi‘mm n-6 did1ganii n-3 a*ﬁﬂﬂa’ﬂ”mmmmwehar] LTU WRaa
tiaaralagadn w13 lwmam wazdu g udlumenauiumndandin n-3 dfgaaziinaddegunines
Huslne (Lai et al., 2006) ﬂ%uuwu*nnw'lmuu Towrh-3 lwihduamiinadensasuulasmaniives
Aaa vhldlnaiouazaaniu Sanuniatosss wasdimudndi idudamamansahdjnisminauaues
Y dsafiidagesluuiinsiaanin assnanueioe (uwsd, 2533) nmisdnslungaulszmng
seaily wuisanmimednladuaaanalafudaution widesinsilnaluduuszlaiamaasos
nniiedailuys mnmm wmeinmsvslnadtedauduemaman Gsganludolaii-a (McPherson and
Spiller, 1996) n‘m‘lﬁmu EPA ua: DHA tilumisadunassailunlwsamunandu (Plostaglandin) $3i19mu
aunsnaslenannsiin ualsessiefiAsataanulsawala fe neuveniam (Thromboxane) dautialuns
shodudearividwaanauan ureulafiarin uaz Insaadundn (prostacyclin) dnmauiaassihuny
nIoNLaNaY AatugimIsiduEen senunaealian aausanulaia Fagresaudmiumsiazeilun
aInaEIfe EPA Uaz DHA (Fund, 2534) imsfinsnuTununialaiusiiadnag 'Lmﬁaqmﬁm?u&w“uﬂmﬁ
J50U 0, 1, 2 Uaz 3% wWua1 U3 EPA :‘3umtﬁugﬁ‘umu-s:é'ud'm”uﬂmﬁtﬁw"ulugmmms CRV
DHA wu’hLi{aqnméuﬁﬁu&w"uﬂm 2 uaz 3% dU3um DHA qan*hnéumuqumiuﬁﬁnﬁwﬁ'zy (p<0.01)
(Jaturasitha et al., 2002) uanawn&u"\aﬁnﬁﬂ‘lﬂu"uﬁﬁﬂiz'[u-nﬁdaqmmw'lﬁ‘uﬁ nialvduneuainaiaadluadn
(conjugated linoleic acid, CLA) Lﬁun@"u-umnm'lw"u'lﬂﬁuﬁ‘wﬁaiau (PUFA) Fawvlwitela ifauns uaz
NAAA YUY CLA mmmnﬁwmnm:tngmmmé’ﬂ".TLﬁu1tgaaTﬂuaﬂﬁ"nn§=u1unw1 biohydrogenation
WRZ isomerisation 7NN3A WAL linoleic WAz linolenic Faududasanlunmssnansilasuuaiiiy
Butyrivibrio fibrisolvens (Pariza et al., 2000) N3AN®1Ua4 Ip et al. (1994) Wui1 CLA fiselomidagunw
Fusnansaridnslumaialsnuads lsanaeaidoauasuden mafawmau unsfinadadaniian luau
Tusrame annmaasdlv CLA ludl3anm 0.05% u.riwg}mmmamﬁ'ammﬂﬁoﬂmnaam§nmuaaw‘aﬁ'1
uaewnllutSunm 0.5% sansnaamaiAatiiesenled 32% uazminasaduas Steinhart (1996) 118U
el cLA t.mns-mmm*muaumasmamnanhuammummna‘lwu’lmwnmm’l@ (Smedmen and
Vessby, 2001) & W3Usz@U CLA wuwmmmﬂuuwa*m uawmmmuamuamﬂﬂamuaumsumm5
N3W/A% (Zambell et al., 2000) wm-memﬂmﬁaw:m.,au CLA 1umagan'namm:tm:mm USunm CLA
lmﬁa&‘m‘ﬁ“l-ﬁ’tﬁauﬂnﬂﬁwumnﬁaﬂﬁ'mﬁauw (4.3 - 19.0 mg/g lipid) sesnannilwilela (1.2 - 10.0 mg/g
lipid) &MU CLA lumaan's 1 uazain mm'] 1 mg/g lipid (Fritsche and Steinhardt, 1998) wasiisowin
maamnwuﬂimm CLA mnnaﬂ'iﬂu.ﬂ 183918 (38 mglg fatty acid) (Engelke et al., 2004) fimpanwilad
(Rsewtaaaziiszal CLA lul.uamnn'n'[ﬂmaum'z HOIMI3TW (1.08 WAz 0.37 g/100g meat) (French et
al., 2000) FEAANBINUNINARBIVBY Realini et al. (2004) ﬁwmn_!uTmi'm!@ﬁ'wﬁ": pRANLAEIaENA I
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1¥USunm cLA Wwlusduunn (intramuscular fat) waumamﬂnnunaumumummmu (5.3 (inuny 2.5
mg/g FAME @1udau) anmmummmﬂmaammaamm’xanmu (Jaturasitha et al., 2009)
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Abstract

Nowadays, in response to recent claims that synthetic antimicrobials and antioxidants have the
potential to cause toxicological effects and consumers are demanding for more natural (organic) foods, it is
an obliging of the industry to use, in some means, and include natural preservatives in foods. Consumers’
increased interest in purchasing natural products, the meat and poultry industry has been seeking sources
of natural preservatives to improve meat quality. Herbs and spices have been used as food additives since
ancient times, as flavoring agents but also as natural food preservatives. Some studies have demonstrated
that shelf life and meat quality can be improved by using herb and spice extracts in some stages of meat
production. The main effects of these compounds are reducing microbial growth and lipid oxidation during
storage. Nevertheless, more research is needed to determine their activities, both antimicrobial and

antioxidant, in meat during processing and storage, and their effects on other meat quality parameters.

Keywords: plant extracts, spices, herbs, antimicrobial agents, antioxidants, meat quality.
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Table 1 Often used plants, its active components and functions*

Plant Used parts Major active component Function

Aromatic spices

Nutmeg Seed Sabinene Digestion stimulant, antidiarrhoeic
Cinnamon Bark Cinnamaldehyde Appetite and digestion stimulant, antiseptic
Cloves Cloves Eugenol Appetite and digestion stimulant, antiseptic
Cardamom Seed Cineol Appetite and digestion stimulant

Coriander Leaves, Seed Linalool Digestion stimulant

Cumin Seed Cuminaldehyde Digestive, carminative, galactagogue
Anise Fruit Anethol Digestive, carminative, galactagogue
Celery Fruit, Leaves Phtalides Appetite and digestion stimulant

Parsley Leaves Apiol Appetite and digestion stimulant, antiseptic
Fenugreek Seed Trigonelline Appetite stimulant

Pungent spices

Capsicun Fruit Capsaicin Digestion stimulant

Pepper Fruit Piperine Digestion stimulant

Horsradish Root Allyl isothiocyanate Appetite stimulant

Mustard Seed Allyl isothiocyanate Digestion stimulant

Ginger Rhizome Zingerone Gastric stimulant

Garlic bulb Allicin Digestion stimulant, antiseptic

Herbs

Rosemary Leaves Cineol Digestion stimulant, antiseptic, antioxidant
Thyme Whole plant Thymol Digestion stimulant, antiseptic, antioxidant
Sage Leaves Cineol Digestion stimulant, antiseptic, carminative
Laurel Leaves Cineol Appetite and digestion stimulant, antiseptic
Mint Leaves menthol Appetite and digestion stimulant, antiseptic

*Compiled by FrankiC ef al. (2009.)
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Table 2 Application of essential oil (EOs) or their components in meat and poultry*

Food group EO or component Bacterial species Inhibitory effect

Meat Clove oil , eugenol and Listeria monocytogenes, Yes (+_++)
coriander, oregano, thyme oils, Aeromonas hydrophila,
encapsulated rosemary EO,  Escherichia coli 0157:H7
clove and tea tree

Fried meat Oregano and thyme, oregano B. cereus and P. aeruginosa, Yes (+)

with marjoram and thyme with Escherichia coli O157:H7 and

sage Listeria monocytogenes

Ground beef Chinese cinnamon and winter Pathogenic micro-organisms Yes (increased
savory Eos radiosensitivity)

Meat EOs and nisin Listeria monocytogenes Yes

Meat surfaces Oregano, pimento, or Escherichia coli O157:H7 or Yes
oregano:pimento Pseudomonas spp.

Fresh sausages Marjoram (Origanum majorana Several species of bacteria Yes
L.) EO

Chicken Eugenol Listeria monocytogenes, Yes (++_+++)

Aeromonas hydrophila
Chicken Sage oil Bacillus cereus, Staphylococcus No

aureus, Salmonella typhimurium
Chicken Oregano Increase shelf life Yes (with modified
atmosphere packaging)
Pate Mint oil Listeria monocytogenes, No

Salmonella enteritidis

Minced pork Thyme oil Listeria monocytogenes No

Vacuum-packed ham Cilantro oil Listeria monocytogenes No

Vacuum-packed Oregano oil Clostridium botulinum spores No

minced pork

Liver pork sausage Rosemary Listeria monocytogenes Yes (encapsulated has

more effect than

standard)
Minced pork Winter savory Food-borne bacteria and Yes (in combination with
(Satureja montana) EO improve quality other techniques)

*Compiled by Tajkarimi et al. (2010.)
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Influences of Growth Promoter, Immuno-Castration and Animal Welfare on Meat Quality

Tim Parr, John Brameld, David Brown, Krystal Hemmings, Molebeledi Mareko and Kevin Ryan
Division of Nutritional Sciences, School of Biosciences, University of Nottingham, Sutton Bonington Campus, University of
Nottingham, Loughborough, Leics. LE12 5RD, UK

Food production demands

The United Nations' projections for increases in world population are an increase by 34% from 6.8
billion (circa 2010) to 9.1 billion in 2050 (Figure 1). To meet the estimated increase in food demand of an
increasingly urbanised population food production will need to increase. The increased urbanisation and
associate affluence of populations will lead to an increase in the demands for meat with annual meat
production increasing from the current 200 million tonnes to 470 million tonnes. To date the agricultural
industry has kept pace increase in demand for food but ability to meet this in the futurethere will be
competitive and  restrictive pressures on the availability —of resource; for example
competitionbioenergyindustry for materialsand pressure of trying to mitigate the negative impact of food
production and processing on climate change (effects of greenhouse gases) and increase in pollution

(excretion from production animal).
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Figure 1. The estimated projected changes in world population by 2050, source: Population Division of

the Department of Economic and Social Affairs of the United Nations Secretariat (2007)

Agricultural science will have to play a vital role in raising productivity, and perhaps is particularly
important for developing countries. There are multiple ways in which productivity can be enhanced for

example, improved irrigation and water management practices, more effective fertilizersand, at an animal
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production level, better disease control. More directly the increase in animal productivity could also be
increasedthrough the continued utilization of genetic selection through breeding programmes.Given the
pressures that the world is likely to face in satisfying food demand it is perhaps inevitable that the
technologies that have been generally avoided in animal production systems will be utilized; such as
pharmaceutical growth promoters and the generation of Genetically Modified Organisms will be.
Throughout the world there is an increasing utlisation of growth promoters. Some of these have been
legalized for production of carcasses for human consumption; the noticeable exceptions being the EU,
which has a ban on hormonal growth promoters. A goal of all these technologies is to increase the

efficiency of feed utilization that ideally results in an increase in carcass weight.

Growth promoters and meat quality

This abstract willdeal with the hormonal based growth promoters specifically Growth Hormone
(GH) and beta-adrenergic agonists (BA) and steroids and their general influence on meat quality. It will
then go onto consider the factors that mediate the development of meat quality, particularly proteolysis,
then consider the effects of GH and BA on these systems. Subsequently the abstract will the role of
immunocastration on improving meat quality.

Hormonal based growth promoters' actions are through mechanisms that influence processes at a
cellular level. The ideal promoter is one which increases lean tissue deposition (increase muscle mass)

and decreases fat deposition, repartitioning nutrients away from fat to muscle growth.

Steroids

These are compounds based on the estrogenic and androgenic sex steroids testosterone,
oestrogen and progesterone and have been used in the beef cattle industry for over 50 years, although
they tend to have little effect in pigs (Chaudhary and Price, 1987).  Their mechanism of action is through
a group cell receptors that influence gene expression and thereby alter utilization of nutrients. General
these agents have been reported to have the effects of increasing growth rate (ADG) in a reported range
of 10-20% (Dikeman, 2007). Although they do increase feed intake, in the range of 5-10% (Dunshea et
al., 2005), they do have the overall effect of positively improving feed efficiency. However the response is
often agent specific and/or dependent on the aggressiveness of delivery (Table 1). At a mechanistic level
they are reported to increase protein deposition through increasing muscle protein synthesis and/or
decreasing protein degradation dependent on the compound used (Lobley et al, 1987, 1985). These
agents are administered through implants that allow the steroids enter the circulation.

Given that these agents have an effect on the deposition of fat in treated animals it perhaps not
surprising that these agents decrease the level of intramusclular fat (IMF), which therefore reduces the
marbling seen in the meat. High levels of marbling are associated with improved palatability of cooked
beef (Bee et al., 1967). However it has also been reported that steroids cause a decrease in tenderness

as well as increase the proportion of carcasses that develop Dark firm Dry (DFD) meat, presumably due to
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a decrease in the levels of glycogen at slaughter (Dikeman et al., 2003). Therefore use of these agents is
likely to have negative effects on consumer perception of meat at purchase as well as a subsequent

impacting repurchasing tendencies due to a negative eating quality.

Growth Hormone (somatotrophin)

Growth hormone (GH) is a protein hormone produced by the anterior pituitary and is involved in
the processes of development and growth that includes skeletal muscle, bone and adipose tissue. When
administered as a growth promoter it usually through regular (daily) injection. Administration of GH causes
the redirection of nutrients toward muscle and bone growth with a decrease adipose tissue, there being
positive effects on ADG and feed conversion (Etherton ef a./, 1998). In farm species, in terms of animal
growth, this agent has the most dramatic effects on pigs, therefore this is the species where it is
predominantly used (Dunshea et al., 2002). As can be seen in Table 1 these agents significantly
decrease the fat content of the carcass with reported 70% reductions in subcutaneous back fat (Kirk et al.,
1992). GH has a positive effect on protein deposition which is predominantly through an increase in protein
synthesis, in part mediated through the Insulin-like growth factors (IGF) particularly IGF-I, which activate
protein synthesis signaling pathways. Although alterations in synthesis are well documented (Eisemann et
al., 1986, Tomas et al., 1992), there have been reports of effects on decreasing protein degradation (Vann
et al., 2000).

Table 1 Growth promoter and species effects on improvements in performance and carcass composition:

specific examples (adapted from Wray-Cahen et al., 1998)

Growth promoter  class Feed:gain  Carcass fat Carcass Reference

and species ratio (%) (%) protein (%)

Synovex, cattle steroid -11 ND' 4 Rumsey ef al. (1996)

Trenbolone Steroid ND' 15 ND' Cranwell et al. (1996)

acetate, cattle

Ractopamine, Beta- -1 -15 10 Watkins et al. (1990)

pigs agonist

L644,969, cattle Beta- -30 -31 15 Moloney et al. (1990)
agonist

pST, pigs Growth -25 -68 28 Evock et al. (1988)
Hormone

! ND, No difference
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Beta-adrenergic agonists

The beta—adrenergic agonists (BA) are analogues of the endogenous catecholamines, specifically
it is the beta2-adrenergic agonists that have the most potent growth promoter effect. The significant
advantage of these agents is they can be administered in the diet. They have positive effects on ADG and
feed efficiency (although this is not always observed) and general act as strong repartitioning agents
increasing muscle growth whilst decrease adipose tissue deposition (Table 1), being particularly effective in
older animals as they reach the end of their growth curve. The BAs have strong effects on muscle
hypertrophy and appear to be differentially effective across farm species, with ruminant species (cattle and
sheep) responding the greatest (Meersman, 1998). However ractopamine has been licensed for use in pigs
but this agonist is characterized as being a mixed agonist (betal and beta2 adrenoceptors) (Mills et al.,
2003). The mechanisms by which BA mediate their effects were initially characterized as a being through
suppression of protein degradation (Bohorov et al., 1987), but it is apparent that they also have the effect
of increasing protein synthesis (McDonagh et al., 1999). These agents are the growth promoters that have
the strongest effects, stimulating a switch toward fast glycolytic fibresthat have large cross-sectional areas

thereby causing significant hypertrophy.

Mechanisms influencing meat quality

Tenderness is considered to be the most important of the meat quality traits with regard to eating
quality (Miller et al., 2001). The main determinant ultimate tenderness is the extent of proteolysis of key
target proteins within muscle fibres (Koohmaraie and Geesink, 2006). There are potentially several
proteolytic systems that are found in muscle that could potentially have this have this role in the process of
tenderisation these include the lysosomalcathepsins, the proteasome system, the caspase system and the
calpain system. Calpains are probably the most extensively researched protease family with regard to meat
science and it is widely accepted that proteolyticcalpain activity does contribute to meat tenderisation
(Koohmaraie and Geesink, 2006). However there is preliminary evidence that other systems, such as the
caspases system, may also contribute to tenderisation (Kemp et al., 2006: Kemp and Parr, 2008). There is
now considerable evidence linking the calpains to tenderisation in beef, lamb and pork. The system
predominantly consists of two enzymes p-calpain and m-calpain and a specific endogenous inhibitor
calpastatin. Correlations have shown that the different tenderisation rates between species (beef < lamb <
pork) relate inversely to the ratio of calpastatin:calpain (beef> lamb > pork) (Koohmaraie et al., 1991).
Myofibrils incubated with calpains have produced similar degradation patterns to those observed in
postmortem muscle, with calpains degrading key myofibrillar proteins (Huff-Lonergan et al., 1996). The
experimental evidence available suggests that p-calpain is the enzyme component of the calpain system
that has the most significant role in postmortem proteolysis and meat tenderisation (Koohmaraie and
Geesink, 2006). In cattle the identification of single nucleotide polymorphisms (SNP) in the CAPN1 gene,
encoding p-calpain, which is associated with tender meat, has further strengthened the importance of p-

calpain in tenderisation. Two bovine CAPN1 gene SNPs are associated with tenderness (Page et al.,
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2002). Subsequently SNPs in the muscle specific calpain (calpain 3) gene CANP3 have been associated
with variable meat quality in certain meat cuts in Brahman cattle (Robinson et al., 2012),although others
have described how it appears not to have a direct role in proteolysis which is directly associated with
meat quality (Geesink et al., 2005)

A consistent observation of the calpain system'’s involvement in tenderness is that high levels of
calpastatin are associated with poor quality meat; the model being that high levels of calpastatin reduce
the activity of calpain thereby reducing the proteolysis required for tender meat. In ruminant species there
is relationship between calpastatin activity in the muscle 24h after slaughter and the degree of
tenderisation achieved after conditioning, with differences in calpastatin accounting for 40% of the variation
in tenderness (Shackelford et al., 1994). Currently there are genome markers within the calpastatin and p-
calpain genes that are able to identifying beef cattle with the genetic potential to produce tender meat
(Casas et al., 2006) and these are commercially available as part a multiple marker genetic test
(GeneSTAR®), Zoetis). In other species, predominantly in pigs, genetic markers associated with
tenderness have also been identified in genes associated with the calpain system specifically calpastatin,
however these have not been commercially developed.

Beyond the influences of the proteolytic systems other physical factors influence meat quality such
as the fibre type of muscles. Muscles are classified by the types of fibres they are made up of and adult
fibres are classified on the basis of their contractile and metabolic activities (Lefaucheur, 2010). The most
basic definition of fibre type is predominantly based on a combination of contractile and metabolic
characteristicsand divides fibres into three types: slow-twitch oxidative (SO, Type 1), fast twitch oxidative
(FOG type IIA) and fast twitch glycolytic (FG type IIB). At a molecular level muscle fibres can be
classified according to their Myosin Heavy Chain (MyHC) expression (Lefaucheur, 2010). However there
are four MyHC genes expressed in adults:MyHC |, 1A, 1IX and IIB. Their expression corresponds and
overlaps with the classical fibre type classification, as indicated in Figure 2, and thereby allows a more
direct assessment of muscle type based on MyHC gene expression. There are metabolic and physical
consequences for a muscle in the type of fibres it contains. Type | fibres have a high reliance on oxidative
metabolism and therefore are small in cross sectional area (CSA) as well as have a relatively large
quantity intramuscular fat (IMF), whilst Type Ilbfibres have large CSA and low quantity of IMF. Generally
Type Il fibres have a high level of glycogen that is associated with agreater capacity to generate ATP
anaerobically. Generally it appears that muscles that have a higher proportion of anaerobic type Il fibres
(MYHC lix and IIB expressing) tend to be of poor eating quality (Maltin et al., 2003). One of the reasons
for this is their relatively high levels of glycogen which can lead to high drip loss. However this feature is
dependent on the glycogen substrate being available for glycolysis; preslaughter feeding regimes and
stress immediate before slaughter can influence this capacity. One of the structural features of muscle
with high glycolytic capacity (type Il fibres: MyHC 11X and IIB), that does tend to lead topoor quality, is their
high CSA compared to SO fibres (MyHC | expression) (Lefaucheur, 2010). It is generally accepted that
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Figure 2. Characterisation of skeletal muscle fibre types. The figure indicates the relationships between
metabolic, classic fibre typing and Myosin Heavy Chain (MyHC) expression. Adpated from
Gerrard and Grant (2006)

selection for rapid growth in livestock has led to animals with a high proportion of Type Il fibres, as these
types of fibres are likely to show a high degree of hypertrophy. High CSA and low IMF is generally
associated with poor meat quality. Therefore selective breeding has been shown to have a negative
impact on muscle colour (pale meat) and increase toughness (reviewed, Lefaucheur, 2010; Maltin et al.,

2003)

Growth promoters and meat quality and proteolytic systems

Dunshea et al. (2005) carried out a comprehensive evaluation of the effects of GH on pig meat
quality, the predominant species in which this agent is used. They described how GH decreased
intramuscular fat by 12%, again perhaps not a surprising observation given the effects of these agents on
fat deposition. The selected breeding of pigs has resulted in pigs having reduced IMF levels due to
selection for fast fibre type muscles. High levels of IMF tend to be associated with muscles that that have
a high dependence on oxidative metabolism which preferentially utilise fat as an energy substrate, however
that there not a simple relationship between muscle fibre type and IMF levels (Hocquette et al., 2009).
Therefore the effect of GH on pigs is amplified due to their already intrinsically reduced levels of fat in their
muscles. In additon GH was reported to increase shear force (toughness) by 9%. Consequentially
consumers’ perception of meat from GH treated pigs was negative for tenderness and tended to perceive
and negative meat flavour (Dunshea et al., 2005).

One of the pieces of evidence suggesting that proteolysis and more specifically was the calpain
system was involved in meat quality came from observations that the post potent BA, which significantly

reduce muscle protein degradation (Bohorov et al, 1987), elevate calpastatin activity and mRNA
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expression (Higgins et al., 1988; Parr et al., 1992) are with an increase in toughness (Dunshea et al.,
2005). Although these BA have a potent positive anabolic effect they are characterised by a generally
negative effect on meat quality and has also been reviewed by Dunshea et al. (2005). The degree of
effect on meat quality is related to their potency. Studies examining the effects on ruminants have
generally utilised the potent and beta 2-receptor agonists such as clenbuterol and cimaterol (b2-receptor
agonists) rather than the more mixed agonist ractopamine, predominantly used in pigs. In ruminants BA
decrease IMF (the maximum decrease being 52%) and increase shear force (the maximum increase being
146%) (Chikhou et al., 1993). In pigs, Dunshea et al. (2005) reported that the average effects of various
BA with ractopamine and salbuterol having no effect on IMF whilst cimaterol causing a decrease. All of
these BAs had the tendency of increasing shear force but again cimaterol had the greatest negative effect
(25% increase).

Our studies appear to support these types of observations. Our investigations have focused on
examining the effects in pigs of the commercially available GH and BA (Reporcin and ractopamine,
respectively) on the activities of not only calpain system but have now extended to considering the
caspase and proteasome systems associations with meat quality and growth (Parr ef al., 2010). When
using GH or ractopamine in pigs it is clear that there are not substantial effects on meat quality (shear
force), but in general any marginal negative effect is associated with BA treatment. Treatment with BA and
GH does tend to affect the activity of the proteolytic systems but this is not as great as with more specific
beta2-adrenergic agonists such as clenbuterol and cimaterol that tend to give a greater positive effect on
growth but negative effect on meat quality. However a common observation with ractopamine treatment is
a switch to a fast glycolytic fibre type. This fibre type is commonly associated with lower meat quality (see
above) and it is perhaps the additive combination of the minor negative characteristics of these fibres that

leads to marginally poor meat quality.

Boar taint and Immuno-Castration

Boar taint is an unpleasant taste and odour which in pork. It is due to skatole (a hormone) and
androstenone (a pheromone) that are found in sexually-mature male pigs and stored in predominantly in
adipose tissue (Bonneau and Desmoulin, 1982). The presence of taint is usually found when the meat is
cooked but the capacity to detect it is related to sex (female consumers are usually more sensitive than
males) but there is also a genetic component to the sensitivity (Font-i-Furnols, 2012). Therefore the impact
of this meat trait is not equivalent across consumers but has significant consequences for their experience
in those affected.

Sexual development (male) is associated production of skatole and androstenone.Therefore
castration shortly after birth is the traditional, and very effective method, of reducing boar taint. However
this method has significant welfare issues, as the castration is usually performed without anaesthesia (de
Roest et al, 2008). For this reason, the European Commission are recommending pig producers in Europe

to stop surgical castration without anaesthesia by 2018. In an approach to reduce boar taint effects, male
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pigs tend to be grown to lower finishing weights however it is more economically-efficient to grow pigs to
heavier weights if their growth rate has not peaked (Niemi, 2006). In addition there are further welfare
issues, as intact males are involved in fights that leads to injuries and loss of growth (Andersson et al.,
2012). In the absence of castration and the drive to increase production efficiency there is likely to be an
increase in poor meat quality caused by boar taint.

As an alternative to surgical castration of male pigs a commercially available immunocastration
process has been developed (1mprovac®. Zoetis). This is a vaccine that stimulates the production of
antibodies gonadotrophin-releasing factor (GnRF) (Zamaratskaia et al., 2008). GnRF causes the pituitary
gland to release luteinising hormone this stimulates the testes to produce testosterone and other
compounds related to sexual development. Improvac stimulates the pig's immune system to break down
the majority of the GnRF before it can reach the pituitary gland and have an effect thereby preventing male
pigs reaching sexual maturity (Gispert et al., 2010). This immunocastration process potential is a welfare-
friendly alternative to surgical piglet castration with additional benefits of less aggressive behaviour
compared to entire males (Zamaratskaia ef al., 2008) and improved feed efficiency compared to surgical
castrates (Schmoll et al., 2009). The seminar will consider the impacts of this novel approach on meat

quality.

Summary

The consequences of the selection for positive growth traits such as increases in lean deposition
or use of pharmaceutical agents that have a positive effect on growth, is likely to be a significant reduction
in meat tenderness, an attribute of meat that consumers value (Miller et al. 2001). The drive for
production animals to have increased growth but to ensure adequate welfare may also result the
production of carcasses with unfavorable meat quality (for example). Understanding the mechanisms by
which biologically based animal production technologies work and their impact on meat quality will allow
new technologies to be developed that could potentially mitigate the effects they have on the consumers

eating experience.
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n3=UARMIen WieMi3unda chilling loss mtﬂuﬂ.wunmaaﬂmau'&umamanammaﬂmu'kﬂ'lmwm'nmi
mu'mn‘H’lmﬁaotvmwam‘samamnnwaama’lﬁ‘lm 4 DIFNTATOE mmhmmmsammummnsmm.,
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mnmauau-uuaum.lm'mmmm-uaa'[ﬂmu'lumanumm.ﬁmm"lﬂﬂ mum‘sﬂﬂmulumaawaum‘h"lﬂ
mnmauauwaﬂnum pH lundranile Taswuindinolu 45 wift 89 1 'm'[uoummzmmammunw
883 pH #nin 5.8 am.luamlﬂaﬂummm'lun'r:auﬂ'mﬂm ilailommiwiioda was dni (PSE,
Pale Soft Exudative) T@uﬂwnm*uanﬁwawaawﬂmiaaawmm pH 'luma-uuaﬂnwmuﬂaaummu'lu
maaiuaziassnnamwinaday
1. dedumeludadad fe Wuggnailunudennannion lagaziinaluisalfnionmsldwasau
szsulunduiite (glycogen) Tasrunszurunswanludfuitlilseendian (anaerobic metabolism) L136n
\fin5eniiin glycolysis w‘i‘a’lﬁ'ld‘m-ﬁmaﬁsaﬁuﬁﬁ'ﬂa'{ﬂunwﬁﬁﬂwaanﬁ’wlﬁaﬁgamnfuninﬂnﬁ duarmlv
Lﬁ@lm‘iﬁﬁv"ldniﬂllﬂﬂﬁn'ﬁuiﬂﬂu‘ﬁ'uI.'Jﬂ')ﬁﬂ%i!ﬂﬂ:kf‘lﬁﬂi:ﬂ')ﬂﬂ"ﬁ%i’l uazlugrsvesmainliasy deiiua
vlinauiledian pH sessathemaiimeluam 45 wifimdsgatans
2. nsumenendrdainiannanizuadenlunszsuaumssi e
2.1 v RaaY (stunning) mahbidadsaunniimsiinadeanueivaludad mavinlwdas
ﬂau'loﬁ?aﬁqmnﬂummﬂﬂmmﬂ?uw e aaulanldinesfealuwriidnilafoaiag
mwaad aronszualiwn 1.25 asudfuazussawlni 270 Taae aniazaaumplu 1-2
Awi 1rmﬁﬁ'l'l.ﬁaauhu'lmm-nmmau‘lﬂaﬂn‘lﬁmanﬂ aﬂui@u#'luamamman?ﬂn
niuieuse wwmahlwesulaslfiadasfoalnma
2.2 3THZINNINFAUATBUNIAG s.u-nmmnamammaumﬂaa..mawmlmﬂaa WInig
s.u.,nmnomu‘(ama'lun"mnﬂamaﬂﬂ (blood splashing) ?.umammmmaumaﬂr.lauumna~
figaann amﬂumsammumuamnm':maannmuluﬂmnmmmn NINITI93TIE
ewnmﬂumu‘uuaﬂﬂumimﬂgmm glyooly51s v lwdn pH aammmammmmuﬂ'ﬂu
maawuwunu FITTUZIRIM TUNINDTIN AN auﬂﬂﬂﬂnaﬂmnlm'u 21987 8 Fun
MURAIANIFAL
2.3 Amalenfeasanuuy vertical WieluL horizontal bleeding @93Tnaatilunisunsnaluyi
ANTUBUTIY na’mLuaa*'kunnmnmnmuaummmﬂa'luummma'lumanmnumu
uenannum*maﬁ'}'l'nmmmaaﬁ"l'lmﬂam-ua'-a“numaaﬂgmm glycolysis M13&IIINTA
uan@ntraadarilien pH luiloanasetnth s
2.4 NIAIN9N (scalding) n'ﬁmn'mm"’l"lm':mmuun.ammwacﬂ‘mmmu‘lﬂmauuamams
AARIVDIA pH 'lummwn.m’m‘:au'ﬂ.Lﬂummﬂgmm glycolysis lumeﬂrmﬁnmam
Ahiwinann feaftesl35mssanmii (skinning) -ﬁwuaaumﬁfmﬁ-n'hamﬁ"mumm
munanmnmqns'lmswu Taglidanausounninaananlisenszuaums glycolysis tite
a:ﬁmwmmmlumsq’uﬁwga
2.5 mudamnianaiaslusen (evisceration) linasfistm iumitesanniinnuieuiifeiy
mulue’i'm:mu'luﬁ":é’ﬁ'fﬁma;ﬂuﬁ’n's'adg“n‘im glycolysis
2.6 MINAYUNNAIN (chilling) nIaagmnniionazsisszaedjnien glycolysis Anarvinlwe
pH luiilaanas n‘nﬂﬁﬁ'ﬁﬁmu'lzaumsﬁ']'lﬁqmﬁqﬁmnagﬁl 35 BIFNITALTUR NIUNAS
n'::mumwhﬁuqﬁ 2.5 Falag ua:qmmaﬁlmi{a‘lximnﬁu 7 BIFLTALTO RN BWAINIIUN
22 51133 (Honikel, 1990)
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2.7 raszpziaaranmarilisauiismIaaamngiieonn (timing and duration of - slaughter
¥ @ v Sa r - ' 9 W A
process) AITHUIZHZLIAIREUNY wnvhlenaiimsanun3daunuinszeznaflvifensen
(bleeding time) E1N1INANARIIIN 5 WfiwRe 3 WINle IzEzaaINTIN (scalding time) ¥IN
ansnaaad lafasidunadudnmIaaizuznaasasinadolszinininyainisyaianauean
(dehairing) @MILTTHZIRIINFRLTITUABUAITIN (splitting) lulssahanaanasgmdsaen
~) T ' “ - M e ! P
gansnhldfiszeziam 20 wifidesa Moillsshawnainilanasguudlignioiniesile
(] A wd ] A
Ysiwnn Idussnuanannaaniavn ldnszeziom 12 wiidad

ad . < = g o & P ' " v a
nindntamueazsinlaima uladfianlslutunauvssnszuawmassnazdanyin Idiimin
FUWIHTBITINGANI 16 lasmimuaumIaasiuasfii pH Twilelidhas Favindudumaassiniawln
n'rsnamm'lﬁ'lﬂuanm (vield) maﬁmunfmmma'luﬂﬂm

malulaiimsdauasnunisysulyelszandninlun1suaa (Cutting Technology and Productivity)
ilennnniasssieiiiuladuatnimais Aeldvatizmnsiudn maasuandausuunan
Dusaudefifianudasmiviinaiioiuiu pil wurasmsswminiadsullawssnadasiviu
auazaananslunssusedeves mannmnmuau‘lu supermarket uavaulumwnmmﬂwmawmun
witelajann $1uems (food service) 'umumazm'namm"lmaaemﬂmuanummﬂumu,uuwmﬁ Ras
anuulanlmiuaziuyiiasdmingn muumum’maaamsaumﬂumwwmnwmuua,mn-ﬂu as
mnamLﬂumm'lmnﬂﬂ:nmmnwmu'lmﬂuuu'uaam'mmmuwmuuan (retail cuts) anndufinadanns
ﬂ-muJﬂumﬂuumaamwﬂumuanmwmluam mmmummunamaum'lmmnw nafusdrandums
vune Mussnusnnian uagldussnuludszinanpiivinesus: ANUEITONINTAAUAIFI
v.an’mnunoumm’lmﬂhiaum'mummnﬁiwmaamummﬁamﬂnﬂummum 4 parnTalSas
3o myiusngw (hot boning) ludnsszing 1w Usanaauanindladmsdufiumidsnisdaudaann
au'[muwmauiumiﬁ'nLu,umﬁ%-:umwmmnmsaaanmnumnmewmuanmsa (-25 arimadios) 1w
a1 Talasateeuean shandiwasiu (0-4 aseimaidios) deaniduiam 2 1 lus TapfindanitoasTnn
a-namunﬁhnamuaﬂ-:-mm 20 BIFLTALTUE WA nmmdaamanawamﬁnuaw 10-15 BIA TR TN
Imummamamﬁnu Pmiusahannan@auds (Hermansen, 1987) FaGonnrzuaumisitimsdusngu lu
_ ﬂ:,mﬁammwum.mnﬁmsum'lﬁnumnansnumﬁunw (160 filaniu) lasmatunazaznizrimud
NUNINTIHT 30-45 UNTILAY mzmaorﬂnmmunmmua*nnﬁﬂ‘lﬂmn‘lﬂwmmu {Chlzzollnl et al.,1992)
mmuﬂ-i~mﬂ‘l-nmmmnﬂmmﬂuunnuuuﬁ'}nuﬂa mIRaud / AMTINMERRILETINNIRABRETIN
(splitting) mnmmmwwumumaﬁ'lﬂmnmw\mmlm&mmeauﬂﬂﬂa*mmuma'lﬂmaﬂwnaum‘lﬂ
vinluwaaduiasamssmiinodaly mwnmumﬂmﬂunuuﬂrmmwmmamamn'lul-:wwmmmn
Mysaudsuuuilaztrsaadldinedunasulnwnasiis 40%  (Kastner,1983) mumm:wmm"lu
Fnuiludasangmnplluvoaduniuis 24 falus e nizgn Aaansnunaaniismingldiiadu Sy
m-:'l'mmuﬂunamum'lnmw-mnmw-mumncmnua -nmuaaan'lﬂ'lam 99217028 ON TAARIVBIAT

pH luiitadnedan
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IINTILIUVDITII UREATAE (2555) ﬁ"imﬂzﬁﬂmtﬁaqniuﬂﬁumumo ‘)ﬁ’:juﬂnﬂ%a?uﬁfmih
vauunu wudaziludunuresanansisuaz 10.69 §IUAIVBINMANANITBLAS 4.91 AunuanIyuiaya:
60.43 FIUANIBITIMGNIYUTaLAE 5.09 dununodin(iushuazdauds) Soas 4.24 wazaIue9as
nanodanesas 14.62 G99s mu'lm’mﬂ1..naum':mﬂnna*'lﬂuammumnmimuﬂanﬂaumem
ﬁmnmnua:‘ﬂamam*ﬁ']lmnﬂn'mjmummﬂmmnuLua'l'vt:Jmmmumnwlmﬂuuuﬂummuﬂvmu,ai
(butcher shop) ladnean

Lo L o 1] J
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1. AINLANANTERINTIANDIUAZTINNINY (profit margin) &
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" ﬂ" ' A’ s " R L
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a i A& G- ar x w & o a .
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azlwn laun NANLHBINNTWI nanULkaWLuan nautitenaeu nanutiiewulu nahaite
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