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ABSTRACT

The objective of current study was to evaluate the effect of marbling level on tenderness
of Duroc pork Longissimus dorsi (LD) muscles. For each of five replications, at 24-h postmoriem,
nine pork LD muscles obtained from 110+10-ke. slaughter weight pigs, were visually evaluated
between the 10" and 11" ribs and categorized into three marbling levels as 1) low (score=1-2,
n=3), 2) medium (score=3-4, n=3), and 3) high (score=5-6, n=3), based on National Pork Board
(USA) color and marbling standards. At 48-h postmortem, physicochemical qualities were
evaluated. The experiment was in Randomized Complete Block Design, where each slaughter date
was assigned as a block Data were analyzed using Analysis of Variance. Significant differences
among treatment means were differentiated by Duncan Multiple Range Test. Results showed that
marbling level affected (p<0.05) moisture, crude fat, and ash percentages. Low marbling LD had
higher (p<0.05) moisture percentage (73.66) than medium (72.79) and high (71.02), respectively. As
expected, high marbling level LD had (p<0.05) more crude fat {6.119) than medium (4.03%) and
low (2.55%). For ashes, the medium marbling level LD contained more (p<0.05) ashes than the
high marbling LD. But marbling level had no (p>0.05) influence on protein content. For meat
quality, marbling level affected (p<0.05} pH, drip loss, and cooking loss. The low marbling LD had
lower (p<0.05) pH value (5.60) compared to the high marbling (5.69). Drip loss was 3.45% and
cocking loss was 22.62% in low marbling LD which was more than those in the high marbling
treatment (1.93% and 19.229%, respectively). No influence (p>0.05) of marbling level was found on
tendemess related physical qualities, including sarcomere length and muscle fiber diameter in
both raw and cooked meat, as well as Warner Bratzler Shear Force (WBSF) values. However, LD
with high, medium, and low marbling levels had WBSF values of 4.07, 4.52, and 4.44, respectively.
Although no statistical influences of marbling level on tendemess related quality parameters were
found. The high marbling level LD clearly showed reduced drip and cooking losses. It may also

help retaining meat juiciness during eating.

Keywords : Marbling, Pork loin, Tenderness
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1.1 ‘Vlﬁﬂﬂﬂ'iLLﬁ“‘L‘ﬁﬂNﬁ‘UENIﬂﬁ\iﬂTi']ﬁ]EI
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(USDA. 1997) uay suananiusuadlosuunsafirudRgedtsnnsenisussiunuA AU
uﬂm‘uaamaani (Cannata et al. 2010) Tmawﬂﬂwm'ru'3maﬂ,wuLmiﬂmawﬁwa'[,umqmﬂﬂumm
1y (Jeremiah. 1998) wagnsuseilunisyse mwauwa%muaaﬂi (Brewer et al. 2001) dwsuinus
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10 sz Ao avwuu 1 (Liflotfhuunsn) asuuu 6 (usfuunsnuan) wasaviuu 10 (l‘zmul,minmﬂwﬂm)
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mswmﬁﬂﬂmmwma (Liu et al. 2012) Foseaulosuumsniuansnafuiifinadednuaemaniinag
meamuesdtuiie anmsdneiluilelaes Li et at. (2006) wmflﬂsmmlmuuLminnﬂ'nuﬂuwuﬁnu
Elﬁﬂﬂﬁ“ﬂE)UV]'NLﬂaJ ﬂQLM@i”ﬂU‘LﬂﬁJULmiﬂLWM‘Hu Usnalleiidudle (crude fab) Qe wiUTua
mwdy  (moisture) a¥anad Luamu"l.’ummmsn’tusumawuummuuﬂfmLuaml“uuul,miﬂivmum
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mmauwusnummummma (Ryu and Kim. 2005; Li et al. 2006) agnslsfimudslinusnsauda
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“qul,msﬂl,ﬂu‘lfuuuwauﬂuaEl'i“mw,au’laﬂmmuamnmmaL&Jaanwuwamﬁulaﬂam.ua
visaloulaluduy (endomysium) LLavwawmmaamu’lanmmua%u‘lumamaﬁlmwEJ:J (perimysium)
mminummuwuammaLauasmmﬂlunmmua Jeremiah (1998) na@1itlasiuunsn A "L«uuuwaa
mEJ’LuﬂamLuaﬂaaamwmuﬁﬂwmmﬁlﬁmﬂmafm {visible intramuscular fat) mia”amml«uuu
UNINIUEIUA Yarinnisdntasdatulivingu Taseziviinanmsasauanduiluddquing
gaedd wavluiuazgnavasluseneiludwiugavine uinsgriIfiusuduusnidiesnsmenn
uAAUNE (Chambaz et al. 2003) Tnsnsazanlauturedaildiudninainaniugnsnnduilade
drfyrenisazauluuunsn (King et al. 2005) Fausunadlasiuumsniladnsiugnssu (heritability;
h?) Usganes 0.4-0.6 (Cameron. 1990) ey msaeneadnuneznisasadladuwmsnliudniamnse
devenanvioaiganls 40-60 wWasidus

U3 mm"lfuuut.mmummﬁmﬂgamamnmaﬂmmwmum‘suﬂmmmwaans (Cannata et al 2010)
ﬁ'auﬂ%mmlwmm‘iﬂummamwuﬂumwanﬂunUﬂmmwmumsU'ﬂnﬂ (Verbeke et al. 1999) wagns
ﬂssLﬁumaﬂiyaméfuﬁamaaLﬁaani (Brewer et al. 2001) lpe Savell and Cross (1988) wuin
mJﬂnﬂummwawalﬂumsu'sImmaamwmﬂsmml‘uuut,min (crude fat) Ussunee 3.0 wWodidus
LummmuamummmiuUimumnﬂfmuam"lmuul,tmnuaa ToesAToneuntinunuduiug
seAutunansserintagsuulauunsn (marbling score) maﬂsmm‘twuwﬂmng (visual fat) fiu
A FUUTENUYBiedn S (Kim and Lee. 2003; Rincker et al. 2008) YusTlueEeTLLERsl
mumwamwuﬁ“lumqmﬂi.,wmqm'mumaaLuaaﬂiﬂuﬂimmlwmmiﬂ (Cannata et al. 2010) &
INASANEIVD4 Moeller et al. (2010) wag Brewer et al. (2001) wum'l,umaauuaﬂaﬂimﬂimm
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donpdasfu Kim and Lee. (2003) Swihnisdnwilwiisla WU‘Q']NU‘SIﬂﬂ”IiE]ULu@IﬂVliJ‘l‘UﬁJuLLﬂiﬂ
TEAUGS ‘Nﬁ]“qulﬂﬁ]'lﬂﬂ“’LLu‘Uﬂ"I'i‘lJi"LﬁJuﬁﬂ%ﬂJ mqmua'mauwa (sensory attributes) WU ALl
(tenderness) mﬂmum (JulClneSS) wagnAuse (favor) gouile aaﬂql‘inmmﬂ'smau"lﬂmul,mﬂmawﬁwa
amqmnmamwsamﬂmumaaLuaiﬂ Imaml,mmmmuumamamaﬂsmm‘lmuuumﬂmeu (Luaumu)
Smith and Carpenter (1974) 89lag Savell and Cross (1988) ﬂﬁTJ'Jﬂ‘UﬁJuLL‘Iﬂ‘iﬂiJﬂ'J’lﬂJaﬁJWUﬁﬂU
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LLVIiﬂIULﬁBLﬁH%u lmﬁuﬁlvlﬂl,muﬁiﬂiﬁumﬂuﬂé’qmﬁa waglusiuunsnagliananuvuiiuulag s
IR awﬂmuaﬂﬂtuamiam']Luaummuummu

2. strain  theory wqwgum&mmnumsaﬂawmLuawaanwusuu’luwwumnmmua
Luaqmnlww,msnrﬂvﬂnﬁuﬁumumaammwwﬂu (wodslulgy) LLavLuaLaammwuwawmmmm
Lau’LﬂnmuLua (wulaluda) mmﬂumawumiavaﬂwmmiﬂm "Lmuut,m'snavlﬂmaﬂmwuw‘um
ooy vilvarumnuasaunduswendedoianiuanas Luamummumﬂﬂw

3. lubrication theory Im&ﬂ,‘auuLLmﬂwaausnmmaluuauiﬂaiwﬂamLu'a Luatualmumimﬁaﬂ
"wamiﬂlmuammaamavmEJ LLauﬁlv"LﬂLﬂaaumLau'l,anmmua ama’lmuammmuuLLavm']wumm
WA muumawummwmmwmm&muﬂu

4. insurance theory ﬂ"!‘i°ﬂLUE):Jl‘UiJuLLVlifﬂ,uiSﬂUﬁQﬂ'11!’]‘561‘51!1]iuﬂ‘lﬂ,ﬂ'ﬂ LL:umaaumumﬂw
amufeudunanmmieldauieunigumaiiss ﬂﬂJL:uaqwaLaamammmwﬂsumummLua

nN13Anwes Cannata et al. (2010) smmm'sﬂmm‘lunmuLuaauuaﬂﬁmmmu 53 (duildl
seoulufuunsnuansinaiy 3 'iuﬁ'U fp nauw 1 Azwudlyduunsnieynin 1.5 (MB1) ﬂasm 2 ATLLUY
Tashuunsn 1.5-4.0 (MB2) uaznguil 3 muuul&uuutmanmﬂmw 4.0 (MB3) m1u58 U National Pork
Producers Council, USA. (NPPC. 1999) ‘wmflLﬂaﬁtﬁuﬁl‘uuulumaamLLavaﬂummeummuﬂ‘u
lmuml,mnwﬂi'mg snigivsialusiviuieiidianas (p<0.05) Tny MB3 (22.60 wWasius)
Wasduslusfuaindn MB2 (2358  wodidud) uas MBI (23 52 Uesidus) amdinu 919
dleunanuiinainguiazitnlduansiaiy mguvwlmmmwwuu danallusiuanas wagwui
m'im’l‘maﬂumamanmﬂaEJuLuJaqmuﬂsvﬂaumqmmauua TagUsuaringuis losfu uaglusiu
mmquﬂuummuamuﬂﬁﬂﬁaﬂﬂ Tnaifiefiniun1sussanas um'ﬁﬁmawnm’twamﬁmwaﬁ
muﬂsaﬂaumammummmu (m's'mw 2.1)

A oo a @ ] A’ o
an9e7 2.1 Svisnaveslasiuuvsndessrussnaumnaaiiveaaiieduuengnianuasdn (meanSEM)

lofiuuwnsnilae lasfuumsniaunans . duwnsnann

a PP
ANEULAANY MB1 (n=26) MB2 (n=11) MBS (he1s)  PAve
Wiloan
Soquika (9) 28.00+0.25 28.37+0.31 98.310.31 0.626
TUsfiu (96) 23.52+0.18" 23584023 22.60+0.23" 0.012
sty (%) 1.96+0.19" 2.50£0.25" 3.56+0.24" 0.001
W1 (%) 1.1520.04 1.20+0.05 1.16+0.05 0.707
\iloan
Tnquits (9) 36.12:0.60 35.92+0.75 35.33+0.75 0.771
TUsAU (%) 30.6520.36" 30.92+0.44° 29.28+0.44" 0.037
Laystus (%) 2.80+0.25" 3.46+0,31" 4.84+0.31° 0.001
111 (%) 1.44+0.04 1.36+0.05 1.31£0.05 0.272

Tab w o & o W = A oo
ﬁﬂiﬂ"iﬂ"lﬂUWLLﬁﬂﬂ'\\?ﬂiﬂuLLﬂ?LLTJ'J‘H'E]UNﬂ'l']ﬁ-!tl:ﬂﬂﬂ'lﬂﬂﬂﬂ"l\ﬂﬁﬂm (p<005)

fu1 : AaLUasn Cannata et al. (2010)



PAMSIA 2.2 Lﬁaﬁmimﬁqwaﬂaaﬂ‘%mmlmﬂ’mminﬁumnﬁhqﬁ'usiaﬂfumwﬁaqnswudn
MB3 (5.62) way MB2 (5.57) A1 pH gend1 MB1 (5.45) edeivuddyneadd (p<0.05)
aenadasfuAnisgydotlusenimafuinui Me3 (247 Wedifud) uas MB2 (2.69
wWesidud) fidmsgapdedluserinsmaiunueingn MB1 (4.53 Weidud) muddu (p<0.05)
Weililosamiled pH anaslusiunelundunifessiinnuannsalunstuildanas thngluioss
gauduosnunannniniofifidn pH ge wenanilSmudneusdadou nsgaydentinluseninens
Upsan Uinamaieainesea (cholesterol) nstinssn@induraslauluifa (2-Thiobarbituric acid
reactive substances (TBARSs) activity) Ardvadiiie Ao fANETNS (L*; lightness) AMdunsv3ad
@87 (2% redness/ereenness ) uazAdivdswdodtnGu (b*: yellowness/blueness) #slutiioan
yieldognlifimnuuandieiu (p>0.05) lunnnguynaed (Cannata et al. 2010)

d < = ar ' ﬂy &
5N 2.2 Bviswavedluiiuunsndenaawiloduuonans (mean+SEM)

. 4 loshuunsnties  ladfuunsntaunans  lushuumsnuan
ANYMEARNE p-value
MB1 (n=26) MB2 (n=11) MB3 (n=15)

pH 5.45+0.02" 5.57+0.02° 5.62+0.02° 0.001
#fsng' 2.83+0.15 3.0120.19 3.03£029  0.715
Advaaile

L* (lightness) 53.31+0.55 53.65+0.70 54.10+0.70 0.754

a* (redness-greeness) 17.75+£0.22 17.11+0.28 17.08+0.30 0.167

b* (yellowness-blueness) 5.51+0.18 5.47+0.22 5.86+0.22 0.456
AMTIFANTY (T6) 18.09+1.00 17.00+1.26 14.41+1.26 0.156
nsgadeunminsendnnisussan (%) 15.870.69 14.42::0.92 12.87+1.00  0.109
nsgaudeshuinssvinnemiusne (%) 4.53:047° 2.69+0.63" 2.47+0.69° 0,049
nseandndusoslaiuluiionn’

= e o 0.21+0.01 0.20+0.02 0.20+0.02 0.947
(MDA fiaginsusiafilansu)
nisandiaduvaslatuluiiean’
mm v N ) 1.80+0.43 2.61+0.55 3.18+0.55 0.235

(MDA fiadnsuranlandu)
Aolaawasoalulilodn (NadnSusdany) 1.09+0.06 1.06+0.08 1.02+0.08 0.801
Aalaawesealullogn @dadiniudanin) 1.13+0.06 0.99+0.10 1.15+0.08 0.384

*® Snwsrnfufiunnsreiulusewnuoulimuuanen i aaan (p<0.05)

' mUsudiuAnEfusnglaniusediufidnunsfindumasyuu National Pork Producer Coundl, USA. (NPPC, 1999)
2 msfasnniseendinduvedlusuliniieainusuna MDA {(malondialdehyde} Tuile

flu: #auasann Cannata et al. (2010)

2.2 msvilvign (cooking)
aual v oo da 1 | & & & ]
nisuEnmalgemnaduinladeniaiinarennmivveais Tnemsussgnuesiuduiiousias
I N | = Ve - ! Vo o 0 ¥
dudsnsfiudiennufeuiiguvgivaysseviimanaiuasyildilelinmujuunnsiefulufhe nasviils



anmaaLﬂu{]ﬂfﬂsmuwamam'muuuavmmmiuﬂiumwmLua szqusm‘i,w.uaanuummiﬂﬁﬂﬁ’f
wangisunnsrstuluduvesgungll szeeian madnnuieu w3asile LLastnmesu Aaniledidl
mmmﬂmmuasmmluﬂﬁmlwan fio Audumeluile mummauwuﬁﬂumsmﬂfnmauwﬂﬂu
Tananstuile Lu’eﬂﬂwwmmaﬁmmm’msamsmmﬂﬁLaaamwlﬂ.lmﬂmu (protein denaturation)
T,maT,iJimumLﬂﬂm‘sLﬂaﬂuuﬂaﬂmqaiwuavLﬂmmwmmmmaﬂmaﬂﬂﬂwu (coagulation) Bsagvh
‘hﬁﬂimuamﬁEjmmaflmiﬂ’lumiauawm n151An coagulation u%m’tﬂﬂimumdmmﬂw s
ammuwﬂwanﬂ'rsl,wqmwaﬂﬂimuawﬂsumm 64 pam LTI mamwmawummumummn
u mmmnamwﬂwawumwa’memmamm’LunﬁwuwmiﬂmuluLuaaﬂaq wonanasvilvan
mwamamimaauwawaﬂﬂimuu,m a\mmamaﬂmﬂaauuﬂawmmaLaatnmwuwuﬂu Tnedie
"Lm'ummsaumaLaaanwuﬁ]vmmmiwﬂmmaa 1‘Lu 3 YBIRIUETIAY fmummumaamwnulﬂﬂmq
Luaaw 56 mmmatﬁuaa e Luaammmaamammum 61-62 BsrnwalBya MvaiazAaty 50
Wedudvsniladaisiuiiun Tmamﬂﬂaauuﬂaau%uLﬂﬂvﬁamnumsmmaaﬂimmﬂaaamuw
avangldl (collagen  solubility) mnuumaLualmwmﬂmamﬂuixa“nawmuwaama’lmﬂaaamugn
hydrolyzed ma‘lau'mﬂnmuaanmmmua Fananedluiuvielsaandiu (gelatin)  daly (%’azuﬂﬁ
fuswiln. 2529) apamnasfiu dgyde 9938nsT (2543) 'ﬁmﬁummsﬂﬁqaWwﬁi‘imanmammsauuu
amwﬂmimﬁnwsvmm 55 aamwauzjaamum’lmLau“lﬁﬁ,ﬂimmaaamwuavmﬂm IAnlassadavoudu
Tlushuiiiuiu wagmierwemniladosduas Lua‘[.wﬂ'a'm'iauawu (>60 ssmueaidoa) Wunald
Lau’lﬂﬂaaamuwmmaﬁlﬂm 11u 3 ﬂmm’mmqmu Fenavaansivduundasi m’lmmasgl,aaaaﬂlﬂ
aniilo uaz maﬂiammimumumaﬂ AAUYUBARY amqknmumiwﬂwanmammsawum
gamafininndl 65 esrnaalies Dunarifdedaiivaiudeush Lummﬂﬂaammmﬂaauamw
Wumaanfiu muumawuﬂsmmmaLaammwuaamumuma’lﬁlanﬂvmﬁﬂiammmwiawuu
Crawford et al (2010) vnmiﬂnmNammammuma’l,wuut,ua (internal temperature) #®
ﬁmmwmumsuﬂnﬂ"uauuaauuaﬂaﬂi Iﬂeﬂ,‘namwnuma’tuwut,uammnmwﬂu 3 5ZAU ﬂa 62 71
uay 79 aeANgaltad wamﬂmiﬁﬂmwmmmamwnumﬂwumammu ﬂ'urzamﬂmumammawu
(owileriu) Iﬂﬂamunumﬂwumaw 62 asnwaliea AuseRerile (2,49 fﬂansmamm
LUFLURT) LLavnJa'swmmm5amLaam‘Lu'ﬁumwmiﬂsqaﬂ (1486  Wosdus) umm’mam el
gaumall 79 s ealded Ausedmeiuile (3. 17 Alanfuwremsiawuiiuns) aswesidurinisguds
U’ﬂu‘iu‘lﬂ‘l’]x‘iﬂ’liﬂ’iﬁﬁﬂ (30.18 Waiidum) umﬁwaﬂ (p<0.05) mummmmuaamwnuﬁ‘tsﬁumw'ﬂm
anmmu IU%‘muma’LunamLuasaummmsLﬁeﬂﬂﬁam‘l:dLummﬂmﬂmau m’mema‘luﬂa'\muann
JanUaagasnyn ﬂa'rmaamvr.ﬂu’lum‘s‘wﬂwaﬂummauwuﬂumqmnﬂuLﬂaiwummsammauﬂu
sEinen1sUgegn aennapeiu Bertram et ol (2005) na'mwﬂiuwmmmnﬂaﬂﬂaaaaaﬂmu
mmﬁuwuﬂummnummwmuavmmuu mmaﬁwummauwuﬁmamnﬂmvamaﬂ,umimm
(chewing time) fa Luawwa’mamvummuuuaaLLavmwnnUaﬂﬂaaaaanmmumﬂmu ﬂm
Wheeler et al. (1999) ﬂmsmm'sEJ'NLuaamnmaammu 60 70 uay 80 Birada NUINgANTT



2

Auagliauseardiedadu (p<0.05) denAdasiu Maller et al. (1981) sreuINITRY
amnfivesnsuEanan 60 ssmiwaidiod Ui 80 ssriwaidya vhldruseindnaioduiy

INMsANE1TDs Moeller et al. (2010) euammiﬁnmawawamaqamm.ﬂﬂﬂﬂa'lwmuamm’[maﬂ
Fumnsnefu (62.8 68.3 73.9 uaz 79.4 ssrniwaides) semsseniuldvesiuilnanuguawdiunis
U'iIﬂﬂ’U'eNLuﬁﬂﬂi wmwmaamwﬂﬂumiwﬂﬁaﬂmmu aawﬂwmmumLLaWﬂ'nmua'mlmmnnﬁ
Uszdlunadszannduiaanad (p<0.05) LmamwnumwmuuluuNamanausammma (p>0.05) o
wmmwmmuwmmuLuawwmmmmwuawum’[mmLﬁqmmummu AwalAgiuuAINYY
uaypuguarfildanmsUszdiuanas (3.70 uaw 1.80 Wesidus) uenantidemuitasiuunImy
uay mm‘ﬁumﬁ‘lﬂmﬂmsﬂivLuuummﬁuwuﬁaawmnnurﬂ'nmmmmut,ua A1 pH ammuﬁlﬁ’lums
Ugegn AAMNEIS wasUSinnllostuunsn aenndeiu Rincker et al. (2008) innsAnwnavtwates
ammuhnmwumammnmanu 3 S¥AU A9 62 71 waz 80 aqmwaLﬂuﬂﬁmaﬂﬁﬂiul,uumaﬂsvam
furia wmnmaamwnu‘l@nﬂmwummwuawu denalipzuiunl Ty waEAUYEN gaadiofldann
ﬂ"liﬂ%LﬁJUVﬂx‘lU’iumﬂauN?{Iﬂﬁlw‘ﬂﬁ siflufiumslnduilpgiuuanas (p<0.05) InizfirsuuuNITUSERY
mqﬂivmwauwaﬁﬂunauimmLualmmqnumaaam (p>0.05) Gci\aLLam“l‘mmm’\maammﬂmnmwu
LuaawmuaummuuLLavm'mezmmamaq pausfinBusaraAN Unisl Cannata et al. (2010) T189
mammuwlﬂumwﬂwanwmﬂmwﬂuuwamamiLﬂaauu,ﬂawaqmuﬂiuﬂaumamu IGE
mﬂﬂsvnawaanﬁﬂlﬁuuﬂuma

vsnandfmuineaiiieldfuaufaussiiasiaunsosuveld (volatile) gnuanydey

ponun denaliiefindunemirfudseniu Tasarsseimemanil Iun ansuszaeunguueadiled
(aldehyde) Alau (ketone) woanagad (alcohol) uagnsa  (acid) Wudu duivgamall 90 v
warisaiusuniiveaialussninenisens e vseey  wudnaisusznouiedlu (amine) 931
Ufse1iungled (reducing sugar) euifnndusavenilogn (cooked meat) wahliilofisanni
asesNNTY (Foaisen fusniln. 2529)

4
u
2

2.3 ?Ju"iﬂLﬁuw’mﬂutlnmwaﬁLﬁ‘lﬂtlﬂﬁ'lﬂdLﬂEl {muscle fiber diameter}
Lua‘wmimﬂmanwmu%mLaulaﬂmuLuamLﬂuﬁwwuﬂnﬂaammmu‘tm wazdsliidussuanis
m’mLmnmasumﬁwuﬂmmmaamﬂﬂ iammmuﬂww:uwamaﬂ'a'muu‘umt,uaaﬂﬂsuﬂ'lim Toy
wmﬁmawummuu LﬂuLuawuLau’LSﬂmmuammﬂLaﬂ Aautsaziden Eilldvetu Tnswunadule
ﬂmul,uawuaan‘u g vlindod siandnnile nardnunzansldeuveand e sunadulondunie
ﬂsmmmiwmumaamumamnw uaﬂﬁnnuammﬂmuuLaumuﬁuana’nq‘umLau'LsJﬂa'lmua’me
nIdeiineile mmawmau’taﬂa'mLuaﬁumﬂlmgmwummmmummnnfnLau'laﬂmmuawmmm
Win (’ﬂ‘?’l’]‘iﬁlu \PiSHgna. 2539) gunsndilonduile WeRansandeaenenawusld 2 ngu Ao
Glenduniieasdon fine texture) wasdulonduniloneu (coarse texture) Tﬂmuaiunamau”la
na'mLuaaaaammummuumnﬂ'mamauianmmuwsnu il Bulotiene and Jukna (2008)
ﬂawmau'l,aﬂa'lmuamLauwnuﬁuaﬂa'}wmﬂ%mvmwﬂmmLL‘sammueuaqLuaaq (ilowilen)



wazflefidnsgaydaiminlusewinnisfiuinw (drip loss) wasmsgaudeuhwinluseninanisuy
&n (cooking loss) g4
=5 . = o ¥ o o o ) [
PNNSANIVES Li et al. (2006) Favihmsfinwiileduueninanuasiiwmailigniiissdu
Tashuunsnuanensiu 3 szau Ao lusuunsntas (slight-to-small) lasfuunsnuiunats (modest-to-
s 1 ; ﬂ' L é’ 1 i
moderate) waglaffuunsnuin (adundant) nuittuilelaaadeazuunlefuunsnunniu dawalv
¢ e as 1% & 2 & < & o & L& e
wWesidudlaiiunelundwiilodistiu sugfinnduiliianas (p<0.05) uenatniwuinielagnid
a & W W i ] & 1 & ' ; ¥ =
VinadludumsnssiuUunansuasseaugadinuswindnuiileteunda (iedianmininnndi) alad
fusmalluuunsnsedus Tnedauseiriuringu 4.53 4.73 uay 7.21 Alanfusomsaruiuns
s g =6 A’ 44 W Qr
(p<0.05) ndy denafasiuniueneiladissvasilelagniidssaulauunsniunans (2.05
@t 3 J AH S @t é
Tulasiuns) wagloduunsngs (1.96 Talasing) finnmerannninilelafilssaulutfuunsnei (1.81
| o & e ar o = ' 1 | o
Tulasiuns) dwaldielafiflsziulafugnsaunatausesedugefinnuyuannnds (p<0.05) egwlsh
g =l ot é‘v 1 #” R4 al oL s é = 2/ 1
musnAToiRgfulfmuiniodunenlaaainiilefuwnsnsedumivunadusdwrudnansondule
& . & o o . v A
ndaliordnndt (p<0.05) enfvsinnluiuuninlusyivgaayiunats visll Li et al. (2006)
a ] = 1 & o v & & or w 3§
sfurwihmsimunaduiuguinaveadulondniednoraumneeniiluuunnlusziuan
o ] L% | b ] 1 o
anfflufuiueinun dwalminnisuadiilesnainaudu (cold shortening) lutedounisiia
NIVALALNGITIE819a125 (pre-rigor mortis)
= 2 J L) 1 ¥ =y @ = = J s = 1
venanadinvesndmileudrdumienduiordadsatuluuinaiuendstuiinasde
aauuazUSinaladuunsnidudy Ineeinn1sfineived Fauditano et al. (2003) @wiasfng
Vinallafuumsnanglunaanileduusngnsgnuaueuasgsendiausisaxuainyed)  Taglignsamn
v g LY v 1 = a 2 W &) s 3 =Y = a A ot
wazgnswAgnew dmvtindeini 1075 Alaniu Tagldnduileduuendususnndlasedi 5 duan
a . . . = = -l SJA L7 L . .
fusia (Longissimus  thoracis) AUAIUTINELA9E7 3 TuanAwinevesadl  (Longissimus
1 = s g J at I < k24 =l
lumborum) wuisinalsiuwmsnvesnauillodunanidinuiiasuuuiede 2.59 Invgnainsgnaull
d 1 A A 1 = el o Q/ ooy d”v
AUULREY 2.77 qaquﬂﬁamﬁﬂmmmaaa 2.35 e UNEFARNI9EDNE (p<0.05) WanNINUEY
1 o [} ﬂ‘l’ o = 1 qr =l Q L = @ ! W =
wudnduvdsvoanduniioduneniivansnafuiinarinlivsinaladuwnaniauunnsneiy Ssms
a a = Y & o w o oo =) =l d gy . ,
UsediuuaznsinuSinalaiuwsniuaasiimsianuinadlasei 10-12 (Longissimus thoracis) uay
= =4 2 o w A o ° 1 a W
Bnadlasedn 3-5 anemuinevesd iy (Longissimus umborum) Westinidusumbnfvesnsn
= g é 1 o 1 A
wasmsUssdiunsannnwilamsiziianuuusuniuiiniviuisou
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ATAiun15IY

3.1 fagradlowarnsiiuiiietig

1‘una'lmuaﬂuuaﬂ (Longtssrmus dorsi; LD) mﬂﬂﬂi?{'lawuﬁm'iaﬂmﬁlwm’l 24-31 guash
mwunmﬂmmanauwmnaaa 110410 Alandu neldssuunisadnvosuson winlns wvid 5
wmeRe e Bumduiusegraieduuenillsiuasiausiaiomn 5 sou luwsagsou mewden
wansﬂnmLmemLL.avmumsaﬂamwnmmn’luwaqLweﬁfm (2+2 parnwadua) Wunan 24 dalus
m%mmaﬂiamummﬂmvﬂamLuaauuaﬂmﬂﬁmﬂam wwmmmmamwm UszifiuuFunulvdu
wisnunaiuinidadedussninedlasedd 10 way 11 mﬂnuumﬂnammaauuaﬂwmvmﬂwumsn
ansfiupaniy 3 ngu e nfc'ju‘m 1 lesuunsnsssiudn (Azuul 1-2, n=3) ne;zm 2 lafuwnsnizau
YIunan (AUl 3-4, n=3) LLasﬂﬁuﬁ 3 lasfuunsnseAugs (ABUWY 5-6, n=3) wazauANlnladves
Heliuandneiiuiu 2 9aerzuund (rzuuu 3 wie 4) FelssduusnaletuunsnuasseAuuasdsiag
anganfisufunisRansuiana e sguluiusnsnsagunsgud ausvuu National  Pork
Board (2011) Mnfthndnuileduueniidangunussdvlutuwmsnudundaussdruvomiliosnuas
Faussludulndmoumun 2 wuRung LLé"mﬁﬂe“{’uuaﬂlumuﬁ'«aﬁﬁysu']mﬂ (Polyvinylidene chloride;
PVDC, Anuvun 120 Tulasiuns) mmﬂiamsﬂuammmﬁ (Ultravac 2100, UltraSource, USA) waw
%u’Lumsaum 85+2 saAnwawdea Wuan 2 4 (Ultra shrink 2818, UltraSource, USA) mnuu
Uﬁiﬂlﬁﬂaaﬂwuwwunv’[.amLm’lmmnammamumuamwnu (0.9+0.6 9eFNgald@ed, EBI 20, Ebro,
Gerrmany) Lmemmm‘wmﬂgﬂmmﬂwmmﬂmim@am Anzmaluladnsinues ao1tumalulad
wezanuinddmumnsatanssts ulilufesdumurugamall (2.0£1.0 paFwaLTYd, EBI 20,
Ebro, Germany)

faasy 48 drluanendadnianedinduieduuandiuntih (Longissimus thoracis; LT)
agndndreuring pH LLasqmmﬁmmﬂé’wmﬁaﬁ’uuanﬁu‘%nm%ﬁlﬂsa%ﬁ 10-11 9niusaus
aanu 4 %u Fadl (awil 1)

Fuil 1 un 2.5 @, Uiiﬂﬁag,mﬂmmt.auwmww —20 asringadea oldlunisinaed
dqulsenoun1aiall (chemical composition analysis) wagtitensusinalatiluietiinmeiiag
mueiiveaioustayseiulutuunan

Fui 2 vun 1 9. UGN wazutudei —20 sewaldea dwmsuiamnuggilades
(sarcomere length) ‘

& d
TUN 3 vun 1 gy, UTSYERANNTA uazLug R —20 serwaldea dvsunsiatnvunnduETY
musnansandulondniie (muscle fiber diameter)

u

Fuit 4 viun 5 @, Usia}qmumﬂﬂ":ﬂuammvuw ~20 asrnaidoa dmdunsraTaalswaag 3

¥ w ; ! s v & =
grudeiwiinlusewitemsuegn anaduriuguinansveadulenauiile wazAueIgslaleTues

&
iogn

a—



JuH 1.chemical composition

analysis

TuR 2. sarcomere length

2r

Fuf 3. muscle fiber diameter

FuH 4. shear force / cooking loss
&
Ltuagn : sarcomere length

muscte fiber diameter

~ & () 1 14 d.l) al “ o . [T
AW 1 AsiiuRlegNnaNleduuenans (Longissimus thoracis) MENaNERIAIY

3.2 3Bn1sanliuauian
3.2.1 mywneioslszneumasiiveuiogns

mendnnsiiuiesundsiifodiuen (Longissimus thoracis) 9Mnendnwveaiiagns
PsesulusuunsnuanmetiuiulBlureadu (2.0+1.0 asrwaifea, EBI 20, Ebro, Germany)

i 48 luamandedaime hmsdudatudaudeduuondoghaiotud 1 (rmil 1) WilE
Brninuseansd 100 nd (AunUssana 2.0 wufues) Weldnmalinnesesdissnaumani 1oun
armtu Wi Teiiy wasidh adEnsvas AOAC International (2000)

3.2.2 %%'miﬂiazLﬁuqmmwmamamwu.axl,ﬂﬁmml,ﬁaqﬂs

1) thadudeduuaniaasanyinansiiiiunsangamgiludiondy (2.0+1.0 swnwades,
EBl 20, Ebro, Germany) {uwian 48 Flusmendedniong ﬂ‘ﬁaé‘fmnfjuLﬂ’aﬁ’uuanﬁﬁssﬁ’ﬂmﬁ’uumn
sirefu 3 széu Aa nqudl 1 losfuumsnseiusi (azuuy 1-2) ngudl 2 Tashuumsnssfudunan (reuu
3-4) u,a:mq'mﬁ’ 3 losfunnInseaugs (AsWuY 5-6) AMNTEUU National Pork Board (2011)

2) neh pH uasgamnivesnd uiioduuend 48 Slusmendadninefivinalndiudlasd
4 10-11 vesn@nde Tnelfiadosinmemuiiunsasdtuile (pH meter, SevenGo " $G2, Mettier
Toledo, Germany)

3) fcj&.lﬁm%uﬁautﬁaﬁuuaﬂﬁ’msjﬂaﬁa?}’uﬁ 2 (it 1) iehluiarnugnsnsladied
(sarcomere lenght) FefoulataniBnisues De Smet. (2004) InewmSen solution A (0.1IM  KCL
0.039M boric acid ua¥ 5mM EDTA Tu 2-5% glutaraldehyde) Taenis KCU 7.46 n¥u boric acid
2.49 n% EDTA 1.85 n$u azansluthndy 700 faddns Wiu glutaraldehyde 25% 100 fiaddns vin
nsudud pH Wiy 7.1 udentuudulsinasiohndul#ld 1 803 uaz solution B (0.25M

10



KCL 0.29M boric acid wag 5mM EDTA lu 2-5% slutaraldehyde) Tnailfis KCL 18.64 A3 boric acid
17.93 3 EDTA 1.86 n%u avangluthndu 700 fiaddns \iu glutaraldehyde 25 % 100 faddns vih
ﬂ’Ti‘LJ‘i‘Uﬂ'] pH lwwidu 7.1 waqmnuuﬂﬁuﬂimmsmamnau’tﬁlm 1803 mnuummmue’mmmm
Fuay Uiumm 1x1 Lsuummm mu’;u 2 31 ugly solution A 25 fiaddas Wunan 2 dalus LiJE]ﬂ'S‘U
ssisveznaiviue Sredwiionnn solution A uwlu solution B ifunan 17-19 dalus i
sssnaienmsunisvalad Wirarheitudelfuen duweihdladiivienadauduvhnms ey
gmandladledaenios Helium-Neon Laser (SC-31004, IHS Engineering 360, USA) Tagldlifussiin
*';’mmmni"uwaau,aaLagfaa%ﬁwsQci’muumiua‘laﬁmé’aﬁuim%’Umwluwﬂ'w"i'msuuamm ¥ns3n
Frageas 30 91 WAnheaflduduaminaunslunismmibeaanugneisladieslumiein

lulasiunes Asaunns
2
(D—) + 1

u=06328 VN7

dlafmuald D = szssvihessvinwuglannuaeiunw
T = (ranuemueseiladiesitald) / 2

) Pnufushesnaietudl 3 (it 1) 7 48 Srlimendsdninig e luTnvunady
muﬂuanamﬁu‘laﬂmmua (muscle fiber diameter) FeinuUaiBn10e Tuma et al. 1962 ) lae
mmumﬁﬂmmmm 1x1 U g muma’lu neutral formalin 4% (Huan 48 Falus ufigumgl
4 pamraldua Li]’e]ﬂi‘UWILISSEJa‘:L’Jﬁ‘W]ﬂ’\‘VI‘LJﬂu'ILuEJEJE)ﬂﬁl’m neutral formalin wanusedialvun
Useanm 0.5 wuiues udlddeluedestiy (mulinex) amiuiiuansazate NaCl 0.9% 50 fiaddns
adlupdeciuugadugennuErndune 30 3undt sudlounnanden samiutimsazaneituld
nonasuuusiudlad diluinmuinnelfndesqanssed (compound microscope) Mdswene 4 win a
muﬁmé’umug}uéﬂmwauﬁu’tﬂné"mtﬂa‘lﬂaﬁ' ndaq microscope eye-piece camera (Dino-eye
AM7023B, AnMo electronics corporation, Taiwan) wazlusunsulszanananin DinoCapture 2.0
(version 1.5.16C, AnMo electronics corporation, Taiwan) lag¥1n15indnuIn 200 Euranila
fregaudniwumaede

5) Ydhegennietud ¢ (il 1) wdrusaenluiuesnliilvunavuiyssun 4
LWURLURS ‘ﬁ"aﬁ"lfmﬂ’ﬂua3ﬁuﬁﬂﬁmﬁfﬂL‘i"uﬁ’uué’aﬁ%ﬁﬁlﬁm%’auﬂu mﬂnﬁuﬁﬁlﬂﬁuﬁamwnﬁ 80 D1
walded UL 30 W1l KIeIUNT mamwm'l.ﬂﬂamummﬂu 70 eerwaldod Elensumuiitvun
‘Vl‘ﬂmElanIﬂEJLL‘UI‘LJ‘LJ’ﬂWﬁN’MUi”&J“IN 30 u’m maﬂuniumammﬂ%ﬂamuam'm'u 32 946
walded mmaaaﬂmmqmmﬂmmwunLﬂuumuﬂqmma m‘lﬂmmmmmaswum'umnﬁ@gyma
&1%ﬁﬂ1ﬂ‘i3ﬂ’i’]ﬂﬂ’]‘iﬂ§ﬂ§ﬂ (Wheeler et al. 1997; Devine et al. 1999; Stolowski et al. 2006)
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ce ¥ , wiiniSusu - thwingaving
wasi@udnsgandsdminsswinmsugegn = s x 100
hvtinGusu

6) msinmuseiasnuile ﬁ'ﬂmuﬁﬁ’m&iwﬁutﬁaﬁdwu%umauquLU@%L%uﬁmﬁamLﬁa
dwinsewitsmsuyean @ 5) mmmLuamuLmemErmmufuawuauau‘lanammmﬂmﬂmqamaw
gRUIARTUIA ATXETIXE AU 1x3x1 gnunAflguRiung faedwasysvanm 10 Fu anthaidy
Lua"LiJ'ammmammmumamﬂLﬂsamﬂmLﬁamﬂmu (Instron Universal. Testing Machine, 2519-104,
instron Corporation, USA) anmaida 200 fadmiseundt fiiwiin load cell 50 Alan3u Tnendlieglu
wormeesdulendunie wassmusmiraduilaniusemaeuiumng TnesauamniSves Boccard
et al. (1981)

ﬁfms‘um'imiaumasmmaﬁﬂiaﬂma'ifé'ﬂumﬁ'ammuwwLﬂ:u laoynileduendlasld
TumsiaseAulsT -20 ssrnealea wasanefigamall 0-4 ssrnwaded [uian 24 alus
ntaldnseauduri st mLualaaa'sauwu,a'mmwuﬂmm'ae;Lﬂiaqﬂmwuﬂmwaﬁﬁmml,uuua
an mﬂuuuﬂlﬂmwammu 80 aeALa@Yd UL 30 WA wﬁamuﬂivmammm’Lanamuamﬂﬂu 70
pefNTaLded Luaﬂ'sumuwmwmwﬂmaumiﬂam’tuu'ﬂwamuﬂiumm 30 unfl wieUNTEIN
am‘wﬂm’lﬂﬂamuam'\ﬂu 32 peflaamed (Wheeler et al. 1997; Devine et al. 1999; Stolowski et
al. 2006) ﬁ]WﬂuuuﬂLua'ﬂN'mﬂ’]‘i‘lﬂ'ﬂﬁaﬂLLﬁ’ﬂiﬂ‘iﬂﬂﬂ'ﬁ‘)Lﬂﬁ’]"‘lﬂ‘w’lﬂ’l’mEJ']']éﬁ’lﬁﬂLuElﬁﬁlaﬂﬂLLUﬁﬂ

'Jﬁﬂqi"[lﬂﬂ De Smet. (2004) LLﬁ“"ﬂ'ﬂﬂJEl']'JLauNTlJﬁuE]ﬂﬁ']\?L'ﬁ‘lﬂEJﬂa"lllLuaIﬂﬁﬂﬂLLﬂﬂﬂ'lﬁﬂ'ﬁ‘U@ﬁ Tuma
et al. (1962)

33 n1saATvteya

Mn15IATE wm’lmmiﬂmmawauaﬂmmmua"umLuaanﬁwuhuuumﬂu.mnmanumEJ
Analysis of Variance (ANOVA) anuu#uUn1snAaealuy Randomized Complete Block Design
(RCBD) TneTriseuresmsidns i block  ¥hnssidimia 5 s8v usiazsaulsznaudie 3 nau
neaea av 3 M uazTeufisunnuuandesiedvesuayngunaagsiieis Duncan’s New
Multiple Range Test fhglusunsunsyfmesdniagy
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Ui 4
NANISNAADY

4.1 imswmaq‘l%uuumnﬂad'auﬂs"naumaLﬂamauuaﬂuuananﬁ
wafmﬁnmmuUivﬂaumammaqmaauuanﬂﬂsmLLaﬂa‘Lumsww 4.1 wm'nuaauuananwu
Toffunnsnsgaug (71, 02 RIEHLATEY) uLﬂaswummm‘ﬁumm1LuawulmuuLminivmﬂquﬂmq
(72.79 Wasifud) uasi (73.66 Wesldud) edreflfudfywada (p<0 05) Fadufleniuiumly
lesiluideiiauduiusunfuturianhduesdusenovluile (L et ol 2006, Okumura
et al. 2007) mmvﬁtﬂa%ﬁuﬁlﬂuﬁummLﬁaﬁuuaﬂqniﬁﬂmﬁuLmﬁﬂisﬁuqq (6.11 Wosidus) fr
A (p<0.05) iafiflloduunansydulunans (4.03 Waesdus) wawsn (2.55 Wodidud) augddu
mLLam’LwmummmLmnmwmﬂaumaaq"lummwmau LLa.ouuwaqLﬂmlmﬂmawuusﬂmuumﬂu
peAUTE nauwmLﬂmmt.uaumﬂaumaﬁaﬂﬂaaﬂnuﬂﬁmmlwmmiﬂwﬂiumu‘mmaaqam yononil
wm’uuaauuaﬂﬂﬂ'sm‘ﬂmul,minlmnmaﬂumﬂawnuﬁiﬂsmulumnmqnumaaﬂm (p>0.05) agglsh
m’mLuamlﬁuuutm'iﬂivﬂuamLLu'ﬂuu (p=0.072) Fassiediuslusiusnindenitlofuunansesu
Ununanawazsrlneilivinfu 21.98 22.65 way 22.59 Wefdus snuddu dwduiodiduiidn wuh
Weduuoniifflethumsnssduiiunansdidngsninilonflufuumsnszdvgs (p<0.05)

d L= T/ ar 1 1 ol 4” RS
M1319% 4.1 ’e]Vlﬁwa‘ﬂ'ﬂﬂiSﬂﬂl‘ﬂuuLLVI‘EﬂGIEJﬂ']U‘UiSﬂ’eJ'UWNLﬂ%J‘UE]\‘iLu'e]ﬂuu’eJﬂ?j‘ﬂi

. 11 sesulutfuunsn’ !
ANYEUEVANE T SEM p-value
#1(n=15) Uunan (n=15) gt (n=15)
AL (%) 73.66° 72.79° 71.02° 0.166  <0.0001
Toshu (96) 255 4.03° 6.11° 0.137  <0.0001
Tusiu (%) 22.65 2259 21.98 0.127 0.072
W1 (%) 1.19° 1.25" 117 0.013 0.043

< Snwsrnfuiunnaaiulusownueuiinuuendseseidedifgnieeda (p<0.05).
Vaghuumsnseiusi (avwun 1-2) Ununaa (Asiuy 3-0) waggd (AzLUY 5-6) Ussiliunnussuynes
National Pork Board (2011)
2 SEM Ap ﬂ'a’mﬂa'ml,ﬂa]am]mﬁ’uagﬂ (standard error of mean)

4.2 svisnavesseiuluduumsndaamaniioduuengns
421 Svdwavassziuluiiuunsasiodn pH  wazanuaunsalunisdutihveaile (water
holding capacity)
seureslastuunsniuandatulidviwasiod pH veude (319l 4.2) Taenudniedis
"L*uamumnﬁaum pH (5.69) aamﬂmawuhmmmiﬂm (5.60) pgnivadiAgneEna (p<0 05)
vouzfiA pH (5.65) maaLuamﬂwuumﬂimwwnmalmmnmq (p>0.05) 91nf1 pH veuiledid
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’quummsmummum aenAdosRUANSANEYEY Cannata et al. (2010) fiwuine pH vouiloii
US?J'EN1‘U§JULL1’]'§ﬂEIﬁ (5.62) waziiiofiilotuunsnuiunans (5.57) fAnganin (p<0.05) dlefiiladiy
wnsnim (5.45)

LuawmmqmLﬂawﬂummsamaamluivmwmsmmn‘m (379l 4.2) wudniledd
ladfuunsngs (1.93 Woesidud) Sedniniendlatuunsnios (3.45 Wesidus) wazilefiiflediu
wnsnUrunans (2.88  wasidud) ammuamﬂﬁgmmm (p<0.05) mﬁuvwsvmwaﬂfummmiﬂw
Luﬂﬂmqnu"tuumamaLtlamummﬁammamwuﬂmawaqmiauawmaaﬂmuLuaauuaﬂaﬂﬁ {(p>0.05)
'uaﬂmﬂuwmﬂLﬂaiuﬁummsamtaauﬂui qumiﬂsqaﬂwaaLuawﬁlwuumﬂaq (19.22
wWoesidud) uagladuunsnuiunans (20.31 wWadidud) fiensndn (p<0.05) defidlafuunsntes
(22.62 Wasidud) IﬂasqmwumuamlwmmﬂmfmsumﬁqmmamuaamwammLLamm
avmannsalunisduhitang feldumiemiddennand pH fifldunnnd dealilusfumely
nEanieasirruannsalunmssuinldaty denadesiuil Cannata et al. (2010) $1ee1udne pH &
mmanwuﬂumaamummsamLaauwlm £1214nskiusnen (r=-0.459) uaufhm‘sasgl,ﬁaﬁ;ﬂu
FENINIMTUTIEN (r=-0.412) u,avaqmmuaqmmnﬂimmmwuaﬂuaamﬁ'LuLuawmlwuLmsﬂmn
uaﬂmnuu’lﬂmummmEnJn{]aqmssvmasuaau'ﬂuivmwamum’nmaumam'lman

4.2.2 amﬁwmmlmuuLmsnmaﬂfnuumaama

svsuredluuunIniiuandeilinaresusadprmuiie (WBSF) rwenenilafief was
mmmﬁumuﬂuanamau‘l,aﬂamLua‘umLuaauuaﬂﬂﬂﬁﬁm,a~v1mun'riwﬂ1naﬂ (p>0.05) donrdnify
Ngapo et al. (2012) Anuiszaulafuwnsniiuandneiulaiiing (p>0.05) deAuenivisiemilefves
Luaauueﬂﬁﬂ'i mu Bulotiene and Jukna (2008) nanainmsimdulendaniletivunelugonsdealid
mmeﬂmwaqmam (lowilen) LLa~tuaummsaﬁgLﬁamvrufﬂ,u'ium'mmimusnmuavmsamaa
mwun’tuﬁum’mmﬁﬂiqaﬂm

dmSurwsafanuile mLﬂumwuanmmmuumummmma wuinsgsuveslatuunsnd
wandnsfulaifinan1sads (p>0.05) Aeruseiasuile aanndesiu Cannata et ai (2010) Ly
Ngapo et al. (2012) Seseemuiilushuunsnlaifidvina (p>0.05) erusainruiefiiadaiedade
(instrumental tenderness measurements) aEm"Linmnaﬂum'ﬁﬁﬂwﬂﬂsauwmﬁLua‘mul‘uuuumsﬂ
ivmuaqummqmmmuma 4.07 Alan$y dasnin (p>0.05) dofitllatfuunsndin @44 Alantw) uaz
ﬂau'lmuul,m‘sﬂﬂ'lunaw (4.57 Alansy) auaau LandviAudainsldusdunisiariuiuiieitennda
Snavsngunasviasnaasiinnmjuninnindnies
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d = ) ar LT 1 1 4 ot
M1319% 4.2 EJVIﬁ‘Wﬁ‘LI'EN‘J&@IU“L‘UEJHLmﬁﬂMﬂﬂ’I pH LLﬁ%ﬂﬂJﬂﬂW“{lNﬂﬂﬂﬂﬂWﬂ@dLﬁﬂaqu}ﬂﬂﬂﬁ

susulusuunsn’
Anuaeiifnm # Urunan GR SEM’  p-value
(n=15) (n=15) (n=15)
fn pH 5600  5.65° 569° 0013 0021
magaudsdminlusswiimsifiuinow %) 3.45° 2.88° 193° 0181  0.005
m'squLﬁaﬁ"mﬁﬂ’Lumwﬁ'\imsasma (%) 3.67 2.89 2.83 0.167  0.088
nsgaydedmiinlussvinennsusean (96) 262" 2031°  19.22° 0391  0.004
AusasmruLite (ke/crm’) 4.44 4.52 407 0113 0233
\iloan
mmemgitades (ulaswng) 1.79 1.80 1.73 0019 0246
anadugudneedulonduds (slasuns) 7097 64.66 67.10 1162 0.095
Lﬁaqn
arwemgnatadles (Lilasiues) 1.69 1.69 1.70 0.011 0988
duhuguinaadiulondaife Qulasuns) 5851 60.01 62.03 1453 0614

20 srwsifuiunansfulusaanuueulinnuunasiegditedAgmieeia (p<o.05).
Matfuunsnasiusi (s 1-2) hunans (Aziuw 3-4) UagEs (ARl 5-6) Ussdiumussuures
National Pork Board (2011)

2 SEM fle AnuAaAnEBUTedARAs (standard error of mean)
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Influences of marbling levels on water holding capacity, juiciness, and
tenderness of pork loin and Thai consumer responses

S. Noidad',*, R. Limsupava.nichI and S. Suwonsichon®
! Faculty of Agricuitural Technology, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, 10520, Thailand.
2Faculty of Agro-Industry, Kasetsart University, Bangkok, 10900, Thailand
*Corresponding author email: sawankamol.n@gmail.com

Abstract — Water holding ecapacity and Thai
consumer responses (n=389) on juiciness and
tenderness of pork Longissimus dorsi (LD) muscles
with different marbling levels were investigated. At
24-h postmortem, fifteen pork LD muscles were
visually evaluated and categorized into three
marbling levels as low (score=1-2), medium
(score=3-4), and high (score=5-6) according to US
National Pork Board (2011) marbling standard. At
48-h postmortem, pH, drip, thawing, and cooking
losses and Warner Bratzler Shear Force (WBSF)
were evaluated. For consumer evaluation, each LD
was cut into tem 3.5-cm thick steaks, cooked
(180.0+5.0°C) in EOQ-42K broiler ovens (Sharp
Corporation, Japan) fo 71.0:1.0°C internal
temperature (Testo 176T4, Testo Inc., Germany),
cut into 1.3-cm® cubes, and kept warm at
54,0+1.0°C. Tenderness and juiciness were rated
using a nine-point hedonic scale (9=extremely like
and l1=extremely dislike). The experiment was in
Completely Randomized Design. Influences of
marbling levels were analyzed using General
Linear Model. Treatment means differences were
separated using PDIFF. Marbling levels affected
(p<0.05) drip and cooking losses, but did not affect
pH, thawing loss, and WBSF (p>0.05). Low
marbling LD had more drip (3.5%) and cooking
losses (22.6%) than high marbling (1.9% and
19.2%, respectively). For tenderness, consumers
preferred high marbling LD more than (p<0.05)
low, but rated their juiciness similarly (p>0.05).

Key Words — marbling, pork quality, consumer
perception

I. INTRODUCTION

It is generally accepted that an increase in the
amount of marbling has a positive influence on
meat quality and eating quality of pork [4].
Marbling has also been shown to influence
tenderness. But the extent to which marbling

positively contributes to tenderness varies [4, 5].
It was reported that marbling within the range of
2.0 to 4.0% was optimal for pork palatability
[14]. However, it is still controversial whether
marbling has some influences on the water
holding capacityand WBSF of meat. Some
studies showed a significant decrease in WBSF
for beef [8] and drip loss [7] for pork LD muscles
with advancing marbling score, whereas others
noted no. differences in WBSF among marbling
groups [5, 11]. The influences of marbling levels
on eating quality of pork and consumer
perception had not been investigated in Thailand.
1t is, therefore, our interest in investigating water
holding capacity and tenderness of pork LD
muscles with different marbling levels and the
responses of Thai consumers on their juiciness
and tenderness.

1. MATERIALS AND METHODS

Fifteen 1.D muscles were fabricated from left side
of Duroc castrated male carcasses (approximately
110.0+10 kg slaughtered weight) at a commercial
packing plant (Lopburi, Thailand). At 24-h
postmortem, each LD was separated between
approximately the 10" and 11" rib, visually
evaluated, and categorized into three marbling
levels as low (score=1 or 2), medium (score=3 or
4), and high (score=5 or 6) by industry trained
personnel, with visual color ranged between 3
and 4, based on the US National Pork Board [10]
marbling and color standard. After marbling and



color evaluation, each LD was individually
vacuum-packaged (Ultravac 2100, UltraSource,
USA) in a polyvinylidene chloride vacuum bag
and dipped into hot water (85.0£0.5°C) for 2 sec
(Ultra shrink 2818, UltraSource, USA).
Subsequently, all samples were packed in
stylofoam containers with ice (0.9+0.6°C, EBI
20, Ebro data logger, Germany) and transported
to Meat Technology Research Network Center
(Bangkok, Thailand). Upon arrival, vacuum
packaged LD muscles were stored in a walk-in
chiller (1.6+0.4°C, EBI 20, Ebro datalogger,
Germany). At 48-h postmortem, ultimate pH
(Sevcn(}oTM pH meter SG2, Mettler Toledo,
Germany), drip, thawing, and cooking losses and
WBSE were evaluated. A 2.0-cm thick steak was

cut from each LD muscle, immediately weighed,
and placed on a hook attached on the lid of a
sealed plastic container with no contact to the
container. After 48 h of chill storage (1.6+0.4°C,
EBI 20, Ebro datalogger, Germany), samples
were removed from the containers and reweighed.
Drip loss was expressed as a percentage of the
initial weight [2]. For thawing loss, cooking loss,
and WBSF, each LD was cut into a 5.0-cm thick
steak, individually vacuum packaged (K-
Nylon/LLDPE, Packmart, Thailand), and frozen
(-20.0°C) until evaluation. On the evaluation day,
samples were thawed overnmight at 1.6+0.4°C
(EBI 20, Ebro datalogger, Germany), removed
from vacuum bags, and reweighed for expression
of thawing loss. Each sample was placed in a
sealed high density polyethylene bag and cooked
at 80.0°C (Labec water bath, Laboratory
Equipment PTY. LTD, Australia) until internal
temperature reached 71.0+1.0°C (Testo 176T4,
Testo Inc.,, Germany). After cooling to
30.0+1.0°C in a running tap water, sample was
then removed from the bag and weighed.
Cooking loss was calculated by difference and
expressed as a percentage of the initial weight [6,
13, 15]. Each sample was then cut across and
along the muscle fibers into eight pieces of
1x3x1-cm’ muscle cubes and assessed for WBSF
using an Instron Universal Testing Machine
Model 2519-104 (Instron Corporation, USA),
equipped with a 50.0 kg load cell and 200
mm/min shearing rate [3]. For consumer
evaluation, each frozen 3.5-cm thick LD steak,
was thawed overnight at 2.0+£2.0°C, and cooked

in electronic broiler ovens (EO-42K, Sharp
Corporation, Japan) at 180.0+5.0°C until an
internal temperature reached 71.0+1.0°C (Testo
176T4, Testo Inc., Germany). Each cooked LD
steak was cut into 1,3-cm’ cubes and kept warm
at 54.0£1.0°C (Labec water bath, Laboratory
Equipment PTY. LTD, Australia) until serving.
Consumer acceptability on tenderness and
juiciness of LD muscles were evaluated using a
nine-point hedonic scale, where 9 is extremely
like, 5 is neither like nor dislike, and 1 is
extremely dislike. The experimental design was a
Completely Randomized Design. Influences of
marbling levels on water holding capacity
parameters, WBSF, and consumer perception
were analyzed using General Linear Model
(GLM). Treatment means differences were
separated using PDIFF.

III. RESULTS AND DISCUSSION

Effect of marbling levels on pork water holding
capacity parameters and WBSF.

From Table 1, No differences in pH values were
observed among pork LD with different marbling
levels (p>0.05). However, both medium
(pH=5.65) and high (pH=5.68) marbling LD
tended (p=0.09) to have higher pH values than
low marbling (pH=5.60). Similar results on pH
values were reported [11], where three marbling
levels were categorized by modification from the
US National Pork Producer Council [10] and
intramuscular fat analysis.

For water holding capacity parameters, our results
showed that marbling levels did not (p>0.05)
affect thawing loss, but it influenced (p<0.05)
drip loss and cooking loss of pork LD. Low
marbling LD muscles had more (p<0.05) drip loss
(3.5%) and cooking loss (22.6%) than high
marbling (1.9% and 19.2%, respectively).
However, no differences (p>0.05) were observed
between medium and high marbling with respect
to drip loss and cooking loss. These observations
might partially be explained by the tendency
(p=0.09) for low pH values in the low marbling
category LD observed in our results. A negative



correlation between marbling levels and drip loss
r = -046) as well as cooking
(r=-0.41) has been reported [5].

loss

For tenderness, the influence of marbling levels
was not (p>0.05) observed instrumentally when
measured by WBSF. Although not statistically
significant, we did find that WBSF for high
marbling LD (4.07 kg) was lower (p>0.05) than
those from low (4.44 kg) and medinm (4.52 kg)
marbling LD, Similarly, previous studies [5, 11]
reported no influences of marbling levels on
instrumental tenderness measurements.

Table 1 Influences of marbling levels on water
holding capacity parameters, WBSF, and consumer
(n=389) responses on tenderness and juiciness of pork
Longissimus dorsi muscles

for pork juiciness. But an evaluation by trained
panelists, no influence of marbling levels on pork
juiciness was observed [11]. For tenderness
evaluation, Thai consumers preferred high
marbling LD (average liking score = 6.9) more
than (p<0.05) the low (6.6) and medium (6.5)
level marbling LD. This might indicate that
consumers could detect the slight difference in
WBSF we found in this study, although not
statistically significant. Consumer tenderness
evaluation was previously reported to be
positively associated with marbling levels [4].
However, another study [9] found no influences
of intramuscular fat contents on consumer
evaluation for both juiciness and tenderness. By
trained panelist evaluation, influence of marbling
levels on hardness of pork was reported [11], but

marbling category Cannata ef al. (2010) [5] did not find an influence
parameter [ow medium  high SEM p-value £ bli tebol te N A di t
(n=15) @=15)  (n=15) of marbling levels on iengerness. According to
pH value 5.60 5.65 568 011 009  Smith and Carpenter (1974) cited by Savell and
drip loss (%) 345 2.88* 1.93° 1.2¢ 001 b )
tawingloss (%) 367 289 283 143 022 Cross (1988) [12], “based on strain theory, as
cooking loss (%) 22.62° 20.31 19.22 272 001 g g 3 : .
WBSEY (ke fon) A A 7 (O3 524 I.na?bhng is deposited in the perw.ascuyar cells
tenderness® 6.6" 6.5 65° 182 003 inside the walls of the perimysium or
juiciness” 6.3 6.2 6.5 132 017

3% T smeans in a row and marbling category with different
superscripts differ (p<0.05).

V'WBSF = Warner Bratzler Shear Force
2 Consumer tenderness and juiciness responses rated ona 9-
point hedonic scale (9 = like extremely, 5 = neither like nor
dislike, 1 = dislike extremely)

Effect of marbling levels on consumer evaluation
Jfor juiciness and tenderness.

Instrumental measurements on juiciness and
tenderness should be more meaningful, if
consumer responses were investigated. From our
study, the responses of 389 Thai consumers who
liked to eat pork with ages ranging from 18 to
more than 65 years old were recruited from
different locations in Bangkok and Bangkok
suburbs. Surprisingly, consumer evaluation
indicated no difference (p>0.05, Table 1) in
average juiciness liking scores of LD muscles
among the three marbling categories. In contrast
to our results, a study by [4] reported that
marbling affected consumer evaluation (n=150)

endomysium, the connective tissue walls on
either side of the deposit are thinned, thereby
decreasing their effective width, thickness, and
strength”. However, Aberle et al. (2012) [1]
stated that “intramuscular lipids have been
credited to make meat more tender, but little
research showed a strong positive influence on
tenderness”. They added that “it was more likely
that some lipids acted as lubricant in mastication,
thus improving perceived tenderness”.

IV. CONCLUSION

Pork LD muscles with high marbling levels
resulted in lower drip loss and cooking loss. But
this effect was not observed on consumer
perceived juiciness. Although no influence of
marbling was found on WBSF statistically.
Consumers, however, preferred high marbling
pork than low and medium. The effects of
marbling levels on Thai consumer responses on
juiciness and tenderness of pork LD were similar
to some previous findings.
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