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(connective tissue) Razanluiie Fedauannazihy
Aaaalau (collagen effect) wazldsiuannidule
n&uiiie (actomyosin effect) (gNENIA, 2542;
Riley et al., 2005) LLﬂzu’aﬂ’Q’]ﬂﬁﬁ/QW‘]_ld’]i‘zﬂZLQ@’]
Tumstiile mmﬁqlummm@mmﬁﬁ@ wazaD
n1913981979 5§quﬁm@ﬁi@mwm§mmﬁﬂ‘mp-%ﬁ
VY (RM03mil wazeymlu, 2548)
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(Bos indicus) Lﬁmxﬁﬂfnmuﬁaﬂﬂdﬁﬂmmumq
(Bos taurus) (Rlley et al., 2005; lbrahim et al.,
2008) sn\mmmmLummmnﬂ@nﬁmrmmu%u
calpastatin fiRnTulundudendsnisain dla
ﬂ@j&l Bos indicus @i‘.:ﬁl,‘ﬂuvlfﬁﬂcalpastatin IuL'ﬂﬂ@lx‘i
nalangw Bos taurus wazieula calpastatin
azlUfudennsineuaaseuladiiva e
(calpain) E‘Nﬁﬂﬁlﬁﬂiﬂmjm Bos taurus Nuua ity
m@qmwm}‘iuL‘ﬁfﬂLmz@mmw’lumiﬁ‘imﬁndﬂ
langu Bos indicus (AM3RU LAyl 2548)
u@nmﬂﬁim‘ﬂ@ﬂ@jm Bos indicus azdwualiingeg
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Limousin LLa¥ Brown Swiss W11 Tﬁﬁuﬁ:Holstein
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d’Aquitaine LAz Brown Swiss (P<0.05) Lﬁ'ﬂr:i’]u
natiauszeziogn 14 Saly (Monson et al.,
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(Stolowski et al., 2006)
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Fuiusuazlanuauunnluiladiuasinn (Xiong et
al., 2007; Schonfeldt and Strydom, 2011) lag
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nstinazinlsifeinAanumiliosnniy GI
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10 13, Tanafinan1zAINaNasigenn wazan
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ganrazaneLAnaNAaelss (CaCl) AN
m”L%’lumimemzwummwummLuﬂ (Jaturasitha
etal., 2004) mﬂ@inmimmumm CaCl, Tunsiiy
m’muwﬂmmﬂﬂ'ﬂ CaCI Azl endrogenous
Ca?* lundnuiiaifian LL@JLﬂm”mum?mmumm
wosdlesl m- Calpaln Ay p-Calpain L‘Wﬂmﬂi”mumi
wﬂmuﬂuu FaAuLIduduLae Ca?' Uszunmue
100 mM AAINIIONTEFBNIINNNULEY calpain
proteolytic system 14 wazany pH V{Luu’lmuﬁ@
6.5-8.0 WAZHIUUANBET¥1IN4 0 - 37.5°C (Dayton
et al., 1976) 1agl calpain proteolytic system
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Fatuiieanas (P<0.05) mmﬂ@mﬂu Wheeler
et al. (1992) $1891U431NNIRAANTAZANY 300 MM
CaCl, 49261 10% (wiiwt) 7 30 WIT WAL 24 T4,
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r:hutﬁ@lm.,ﬂumiﬁuﬁ 2uaz 5 Tunaesin Tungu
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(P<0.05) Lmvmmmmm”mm CaCl, 7 30 unTings
N ‘miummemmum@mmﬁmmmmm”mﬂ
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CaCI '1/1 24 3. AN (P<0.05) LL@y@’ﬂﬂﬂ@’a\‘iﬂ‘u
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Lu@mmmmvm'w (Morris et al., 1997) aanA&DY
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6.2-6.3 Meluan 1 11, udnazeeaanadiy
5.6-5.7078lU19aN 24 1. welileaRNan®Ly DFD
qzAsAn pH 149 6.7-6.8 Aaaa AN ldmINNaINnge
TunsduinlndAasiuaneNidineg ainld

. X - . X -
AYNYNLBLHE DFD HAvuiusinndnilalaiing
(NAADUAIYLATOITAAIINUN warner bratzler
shear force) (ANENWA, 2542) aanAdesiu Beltrh
etal. (1997) AnwAd NN LeilaniAn pH >6.3,
6.3-5.8 LAY <5.8 AoaLATANIAAINNYN warner
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bratzler shear force WU (Hafil pH >6.3 AR 1w
UNgaNgn (P<0.01) uar woulesl m-Calpain o4
ui 7 nasindTungeqa (P<0.01)
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WAXOUNIU, 2548) aanAABITiU Stolowski et al.
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M. longissimus dorsi lumborum (LD), e L"ﬁ'ﬂmu
44 (chuck) 1 T5aAa M. triceps brachii (TB) Wu
dﬁﬁqLLﬁqﬁmﬂiquLﬂ@dqumz‘EWﬂ (SM, ST, BF way
VL) @;mdwmulﬁfﬂﬁu (LD, GM) wazdaulua (TB)
aeinelilad1Aty (P<0.05) uaz Calkins and Sullivan
(2007) 9718413491 ﬂﬁmﬁﬂmﬂéumuﬁmjmm
éﬁqnﬁﬂimﬁmﬁm;ml,mnﬁmﬁuTmﬁwudmﬁﬂﬁﬂu
(Tenderloin) %ﬁﬁmmqﬁmmuﬁ@[ﬁﬁﬁzgmLmzﬁﬁh
AZLUWAIININAINNIINAFAL AEHTNEIGA

ﬁqﬁ'ﬂﬁ'ﬂuLﬁm?iaLﬁimﬁu"lmﬁaﬁiaqu:J
aaaiia
L'ﬁ@LﬁlﬂLﬁmﬁmﬂu%nﬁﬁi@iumiﬂiuﬁu
mmummmﬂ‘tm (Brooks and Savell, 2004) "’TN
nwmuﬂﬁmummmemmu‘luuwmmmumuu
ananalddudunananBunnazlaseaiieaes
Lﬁmﬁlmﬁmﬁu%gmﬂmﬁ@ (Harper etal., 1999)
aanARBAL Moller (1981) 21E91UI1AYINYNTD
L“ﬁfﬂ‘ﬁLﬁm%umnmiﬂa;ngﬂLﬂumﬂmmﬂﬁnwmx

WNUNERAT 42 (3) : 443-452 (2557).

TAseaFenaziFunosaaaiiatiainaany dalunng
Anrzvidiunailatianaaiuaesiienu way
5 . I N T

inlsngeganadiiafiuinasiltledenaaii

'
o

A4 d e X .
71 Tendlaianaaiuludadaulunazdsznay

fingl collagen WLag elastin ER collagen QLRI
1-15% tutinwifalunanuile waz elastin azd
31U 0.6- 3.7% svinusialundnuiile (Purslow,
A A I
2005) ANY9ANIILaLE R AL A NN E
psaupgulasaainvanedanluseniednd dun
@ e A4 = o v = o
WuwaTWaia aeiiudinlunistinuazdinson
e X oaw . A
ndnatlaliet sondulalunduilatiu aite
neauiatluglues epimysium perimysium waz
. dJ 1 £ % o U 2
endomysium suatiuLazunsnsadnlllundu
X x4 . . X
aauiereiudulanduile Tagi3u1oiaaq
WeLEe g uaag L auN1aINN1TR 191D
ndnsilatundundn wu ndlesuae g
sflunazsadndansanasiinasuinndindnuiile
R X o4 4 .
dauiw] NS RG] R I I IR
TR e T T 194 cross link gennlildng
LLmﬂﬁimeqmmummqLu@ﬁmwmﬂmn
fiflunaunannsilasunlaseie e Rty
dJ o e—dld [-3 % 3 o d’f =< [
Tednindengunfazsiawinauminuniuasy
L‘Wiﬂﬁ intermolecular cross link Agludwlasias)
294 collagen WNEITIUA WA ARITTRNTY Fog
wniasinliasnannsnlunisazaaaes
collagen aAA1AY AL LI IZIARATUANAINNT
Tunissiumusianssuatpea lulnuysedtigeau
I I B 1 =~ o -
NTALTUNANULNUIINUDLUULY (TLTUTA, 2529)
zﬁ@mé’mﬁu Girard et al. (2012) mmmm &nin
mﬂmnmum‘wﬂummemummwmwu

flaqapmulsilgearmssannuntaiiie
aal @ o £ Al |
nasaRsn sl nuaniadevilnunase
ANYNTedide Tnannslpegnaestudaiuiiensiay
dauiisingiu fraannFeungunguazsveazionn
e ey d o . T
sinariuazyinliillednnuynuwansiaiuldon visil
Auegiudndnitieniaiuiiiiy Wile wazladu

v & & da
unsnanniesiiieala eduuaniduileniiniy
. oo a oy s o &
usasaniedulu Henthlivinensdssinnin 4



KHON KAEN AGR. J. 42 (3) : 443-452 (2014).

Y > e nod
Ao NFaugLAzInaAuluN N IiagN 1Hesan
AuFauasin U sAudenan1nwazinldiile
@ v [ %’, r_%l’ d'd ] 1 v =K ]

wianszsing muumawummuu@ﬂLmeVl,mq@
ﬂi\i’lmnmn (well done) muuﬂumﬂmuﬂiymu
Lu@mmmmumnmn AT AeNT UL duLani S
“quumnm szdideagliuuazudinazdng
Luﬂmﬂ Lummﬂ@”uhuummmﬁﬁum”l,uel,mﬂnvlﬂ
mmu@ °lu'1m\1m\mu°muLu@wumuuaywqm BN
Haves ietiuies iaee GRESIERGIRIITIS fCLEY
v v A 4 %

Fouthunanslunissuvizasu Ingldseazinaunm
4 e ava 4 - . .
feazvinlidunuazilasuiuaaiiu (@mniimd
WAZTYNEIL, 2548) 39 Wheeler et al. (1999) Anw
nisenaileafindaaaningil 60, 70 uay 80°C
WU N ANgaIUazinli A LA R 11uie
WNTU (P<0.05) dammraasny Maller (1981)
PIENIUINNTANG U HTRINTTLUTIGNAN 60°C
1iflu 80°C inlAusesintnuiile (myofbrillar,
Warner-Bratzler shear force) b} Laivin 1AL

449

FincnuLaLtiain i (connective tissue component,
Warner-Bratzler shear force) anag LAZRDAARD
AU Aoyt (2543) 91897197 Nstlpsannsliignéng
AMFRULL gruu)iBuLIntlsyinn 55°C Ay
1AWl TUsRudean n (denature) Wazansa
o a o a o X
i nataraassresdulelydsAunnuuay way
AYNENTTAY sarcomere A1Ad aliAnnuFauge
31 (>60°C) wlunali collagen wasaaglle 1/3
o 4 4 "
IRIANNHNENIUNG TINATaINITL Az Uagmanil
m‘l,uu’mmLmﬂfaﬂﬂvlﬂmﬂnﬂum@ LL&,F;I\T]JN@’]MW‘I
mumummumﬁmmm ae1elafimunislys
mmimfmmﬁm@uwwqmmumﬂmﬁ 65°C iy
naldiilagieineawuegausa Wiesann collagen
d' . e ¥ X da X 4
waguan il gelatin Aetiiianddsunniiia e
Nenfugeaziiaunalfan1aznslae sy
. X T B T T
Fautu Tun1epsaiudnuiileniiletg anaawuen
o X 4 9 y X
azmilenau WalpemssaanuiauTuiiuean
o A = =
W gulleananns@san nteadulallsnu

Figure 1

Source:

a7

pyraadilefluiladendrArysanisaeniy

Y a d’/ d‘d 1 v d‘
1095131nA Tneitlalanianuinazlfunainiad
= A 1 dj = da/
Hae1aen1e9lAlANILNNRE 4N TINNITRENULIL
I . y & y
AnARNUNINeaAN19YI9IBIRINA N LaLld

a) Japanese Black cattle b) Meat of Japanese Black cattle
http://goo.gl/X6cPDI, http://goo.gl/px80nm

k% d’l 3| o dl 1 1 a
ansduaesyuiunan Tnaengillaginliagoiu
3 1 wazidulenad nouvsalainmdadaas il
Piunueaiiadianaoiunazanluilas anvs
nsiaaslilaataunusanrisduaaunisaugeda
Tsssindndsiasnszinfasnnuszlnsedslllilamia

Gl k% ¥ o
annziasan Tnanianszduainsonlnfndanis



450

, o g v A = \ \ A a
?JqqzV]']SL‘I/TLu@NﬂQ’]NHN LAZNITUNTINNYUNNN

3°C Lﬂua‘xmmm@ﬂwﬁﬂﬂ 14 3y azdqavinliile
fannunaiu Snvannsisansazan CaCl_ $9uriu
mﬂmmmmazﬁfa”wﬂmu@ummuumemmm
puazilauastd maenndeniudoureiied
mawndenlwates wnisenavannssaedanisilye
animnzanazin 1l dideRauingean Genns
ﬂm&rmqﬁﬁﬁ%’“ﬂﬁﬁm@rﬁiﬂmmgmmﬁﬂﬁmmq
mﬂsanm“l%ﬁumm?mﬁ@‘ﬁm aziflunagniuay
Lmeﬂumm%"memﬁmmﬁﬂ@@mquﬂﬁ
arNnsouaNdula

LANAITAN9DY

'%l%']iliﬂu Lm‘iﬁﬂ@ LAy mwmu Tan1awmuna. 2548.
mmm‘wmmLu@‘iﬂmﬂm”uumw@mu,@”mmmﬁ
989 Uszinelne. mwmﬁwwawsummﬂz{ ]11A,
NINNNA.

FUUTIA AUSWILR. 2529. 'JV]?.I’W]’]'&E]TL%@@E]’J NIRRT
ARAUNA AUZINEAT NUIANYIRELNHATAVARST.
Inedmunaii, NUNWA.

ua_m_lm Qfﬂﬂmﬁ 2549. mimmimu AUNANUNIN©RT
andfu, Wunif3.

ULty I@Niﬁm 2548. qrmu NQuﬂSﬁWWﬂ’]ﬂW?uﬁlﬁ\i mml‘wu

19197010 ‘qu:nﬂi 2548. mivm?mmnuimu@ °H£'W] 3
WuﬁLLﬂ“’ﬂ’]ﬁ‘ﬂﬂLﬂﬂﬂTﬂwuﬁ u’a’au‘m idie, NIAUNN.

Aoy 'ﬂmmnm 2543. mﬂfui@muﬂﬁm FULIIUNNT
AU, Teraluad.

ananed ginznadassd. 2542, ednSuazinililedns.
NIPTINERIANGAT ATUZINERIANART NUNANENAT
AU,

Albrecht, E., Teuscher, F., Ender, K., and J. Wegner. 2006.
Growth- and breed-related changes of marbling
characteristics in cattle. J. Anim. Sci. 84: 1067-1075.

Allingham, P. G., G. S. Harper, and R. A. Hunter. 1998.
Effect of growth path on the tenderness of the
semitendinosus muscle of Brahman-cross steers.
Meat Sci. 48: 65-73.

Barker, B. P., W. L. Mies, J. W. Turner,a D. K. Luntb, and
S. B. Smith. 1995. Influence of production system on
carcass characteristics of F1 Wagyu x Angus steers
and heifers. Meat Sci. 41: 1-5.

WNUNERAT 42 (3) : 443-452 (2557).

Bass, P. D., T. E. Engle, K. E. Belk, P. L. Chapman, S. L.
Archibeque, G. C. Smith, and J. D. Tatum. 2010. Effects
of sex and short-term magnesium supplementa-
tion on stress responses and longissimus muscle
quality characteristics of crossbred cattle. J. Anim.
Sci. 88: 349-360.

Belew, J. B., J. C. Brooks, D. R. McKenna, and J. W. Savell.
2003. Warner-Bratzler shear evaluation of 40 bovine
muscles. Meat Sci. 64: 507-512.

Beltran, J. A., |. Jaime, P. Santalaria, C. Safiudo, P. Alberti,
and P. Roncales. (1997). Effect of stress-induced
high post-mortem pH on protease activity and
tenderness of beef. Meat Sci. 45: 201-208.

Boleman, S. J., S. L. Boleman, R. K. Miller, J. F. Taylor,
H. R. Cross, T. L. Wheeler, M. Koohmaraie, S. D.
Shackelford, M. F. Miller, R. L. West, D. D. Johnson,
and J. W. Savell. 1997. Consumer evaluation of beef
of known categories of tenderness. J. Anim. Sci. 75:
1521-1524.

Brooks, J. C. and J. W. Savell. 2004. Perimysium thickness
as an indicator of beef tenderness. Meat Sci. 67:
329-334.

Calkins, C. R. and G. Sullivan. 2007. Ranking of beef
muscles for tenderness. National Cattlemen’s Beef
Association. Available from: http://goo.gl/8qgwo?2.
Accessed Feb, 2014.

Cifuni, G. F., F. Napolitano, A. M. Riviezzi, A. Braghieri,
and A. Girolami. 2004. Fatty acid profile, cholesterol
content and tenderness of meat from Podolian young
bulls. Meat Sci. 67: 289-297.

Cuvelier, C., J. F. Cabaraux, I. Dufrasne, A. Clinquart, J.
F. Hocquette, L. Istasse, and J. L. Hornick. 2006.
Performance, slaughter characteristics and meat
quality of young bulls from Belgian Blue, Limousin and
Aberdeen Angus breeds fattened with a sugar-beet
pulp or a cereal based diet. J. Anim. Sci. 82: 125-132.

Dayton, W. R., W. J. Reville, D. E. Goll, and M. H. Stromer.
1976. A Ca**-activated protease possibly involved in
myofibrillar protein turnover: Partial characterization
of the purified enzyme. Biochem. 15: 2159-2167.

Dransfield, E. 1994. Optimisation of tenderisation, ageing
and tenderness. Meat Sci. 36: 105-121.

French, P. C. Stanton, F. Lawless, E. G. O'Riordan, F. J.

Monahan, P. J. Caffrey, and A. P. Moloney.
2000. Fatty acid composition, including conjugated
linoleic acid, of intramuscular fat from steers offered
grazed grass, grass silage, or concentrate-based
diets. J. Anim. Sci. 78: 2849-2855.



KHON KAEN AGR. J. 42 (3) : 443-452 (2014).

Fukumoto, G. F., Y. S. Kim, K. H. Kim, and H. Ako. 1999.
Carcass and meat quality characteristics of forage
based beef. In: Food for Health in the Pacific Rim.
3“ International Conference of Food Science and
Technology (J.R. Whita ker, N. M. Haard, C. F.
Shoemaker and R. P. Singh (eds.). pp. 12-21. Food
& Nutrition Press, Inc. Trumbull, CT.

Girard, I., H. L. Bruce, J. A. Basarab, I. L. Larsen, and
J. L. Aalhus. 2012. Contribution of myofibrillar and
connective tissue components to the Warner-Bratzler
shear force of cooked beef. Meat Sci. 92: 775-782.

Gullett, E. A., S. Buttenham, and T. Hore. 1996. Effect
of age and cut on consistency of tenderness and
leanness of beef. Food Quality and Pref. 7: 37-45.

Gursansky, B., J. M. O’Halloran, A. Egan, and C. E.
Devine. 2010. Tenderness enhancement of beef from
Bos indicus and Bos taurus cattle following electrical
stimulation. Meat Sci. 86: 635-641.

Hannula, T., and E. Puolanne. 2004. The effect of cooling
rate on beef tenderness: The significance of pH at
7 °C. Meat Sci. 67: 403-408.

Hanzelkova, S., J. Simeonovova, D. Hampel, A. Dufek, and
J. Subrt. 2011. The effect of breed, sex and aging
time on tenderness of beef meat. Acta Veterinaria
Brno, 80: 191-196.

Harper, G. S., P. G. Allinghama, and R. P. Le Feuvre. 1999.
Changes in connective tissue of M. semitendinosus
as a response to different growth paths in steers.
Meat Sci. 53: 107-114.

Ho, C. Y., M. H. Stromer, and R. M. Robson. 1996. Effect
of electrical stimulation on postmortem titin, nebulin,
desmin, and troponin-T degradation and ultrastructural
changes in bovine longissimus muscle. J. Anim. Sci.
74:1563-1575.

Hwang, I. H. and J. M. Thompson. 2001. The effect of
time and type of electrical stimulation on the calpain
system and meat tenderness in beef longissimus
dorsi muscle. Meat Sci. 58: 135-144.

Ibrahim, R. M., D. E. Goll, J. A. Marchello, G. C. Duff, V.
F. Thompson, S. W. Mares, and H. A. Ahmad. 2008.
Effect of two dietary concentrate levels on tenderness,
calpain and calpastatin activities, and carcass
merit in Waguli and Brahman steers. J. Anim. Sci.
86: 1426-1433.

Janz, J. A. M., J. L. Aalhus, and M. A. Price. 2001. Blast
chilling and low voltage electrical stimulation influences
on bison meat quality. Meat Sci. 57: 403-411.

451

Jaturasitha, S., P. Thirawong, V. Leangwunta, and M.
Kreuzer. 2004. Reducing toughness of beef from
Bos indicus draught steers by injection of calcium
chloride: Effect of concentration and time postmortem.
Meat Sci. 68: 61-69.

Kim, Y. S., A. Ong, N. Bobbili, M. W. DuPonte, and G.
K. Fukumoto. 2007. Evaluation of meat tenderness
of forage-finished cattle produced in Hawaii, and
factors affecting the tenderness. University of Hawai'i
at Manoa, CTAHR Publication FST-27.

Koh, K. C., T. D. Bidner, K. W. McMillin, and G. M. Hill. 1987.
Effects of electrical stimulation and temperature on
beef quality and tenderness. Meat Sci. 21: 189-201.

Koohmaraie, M. 1994. Muscle proteinases and meat
aging. Meat Sci. 36: 93-104.

Koohmaraie, M., T. L. Wheeler, and S. D. Shackelford.
1995. Beef Tenderness: Regulation and Prediction.
Meat ‘95, CSIRO Meat Ind. Res. Conf. Session 4A:
1-10. CSIRO Australia, Cannon Hill, Queensland.

Lazzaroni, C. and D. Biagini. 2008. Effect of pre- and
post-pubertal castration on Piemontese male cattle.
[I: Carcass measures and meat yield. Meat Sci. 80:
422-448.

Marino, R., M. Albenzio, A. della Malva, A. Santillo, P.
Loizzo, and A. Sevi. 2013. Proteolytic pattern of
myofibrillar protein and meat tenderness as affected
by breed and aging time. Meat Sci. 95: 281-287.

Mclntyre, B. L., G. D. Tudor, D. Read, W. Smart, T. J. Della
Bosca, E. J. Speijers, and B. Orchard. 2009. Effects
of growth path, sire type, calving time and sex on
growth and carcass characteristics of beef cattle
in the agricultural area of Western Australia. Anim.
Repord. Sci. 49: 504-514.

McKeith, F. K., J. W. Savell, G. C. Smith, T. R. Dutson, and
Z. L. Carpenter. 1985. Tenderness of major muscles
from three breed-types of cattle at different times-on-
feed. Meat Sci. 13: 151-166.

Maller, A. J. 1981. Analysis of Warner-Bratzler shear
pattern with regard to myofibrillar and connective
tissue components of tenderness. Meat Sci. 5:
247-260.

Monson, F., C. Safiudo, and I. Sierra. 2005. Influence of
breed and ageing time on the sensory meat quality
and consumer acceptability in intensively reared
beef. Meat Sci. 71: 471-479.



452

Morgan, J. B., R. K. Miller, F. M. Mendez, D. S. Hale, and
J. W. Savell. 1991. Using calcium chloride injection
to improve tenderness of beef from mature cows. J.
Anim. Sci. 69: 4469-4476.

Morris, C. A., R. L. Theis, R. K. Miller, G. R. Acu, and J.
W. Savell. 1997. Improving the flavor of calcium
chloride and lactic acid injected mature beef top
round steaks. Meat Sci. 45: 531-537.

Panjono, S. M. K., I. S. Lee, and S. K. Lee. 2009. Carcass
characteristics of Hanwoo (Korean cattle) from
different sex conditions, raising altitudes and slaughter
seasons. Livest. Sci. 123: 283-287.

Purslow, P. P. 2005. Review: Intramuscular connective
tissue and its role in meat quality. Meat Sci. 70:
435-447.

Riley, D. G., D. D. Johnson, C. C. Chase Jr., R. L. West,
S. W. Coleman, T.A. Olson, and A.C. Hammond.
2005. Factors influencing tenderness in steaks from
Brahman cattle. Meat Sci. 70: 347-356.

Rosenvold, K., M. North, C. Devine, E. Micklander, P.
Hansen, P. Dobbie, and R. Wells. 2008. The protective
effect of electrical stimulation and wrapping on beef
tenderness at high pre rigor temperatures. J. Meat
Sci. 79: 299-306.

Scanga, J. A., R. J. Delmore Jr., R. P. Ames, K. E. Belk,
J. D. Tatum, and G. C. Smith. 2000. Palatability of
beef steaks marinated with solutions of calcium
chloride, phosphate, and (or) beef-flavoring. Meat
Sci. 55: 397-401.

Schonfeldt, H. C., and P. E. Strydom. 2011. Effect of age
and cut on tenderness of South African beef. Meat
Sci. 87: 206-218.

Schor, A., M. E. Cossu, A. Picallo, J. M. Ferrer, J. J. G.
Naoén, and D. Colombatto. 2008. Nutritional and
eating quality of Argentinean beef: A review. Meat
Sci. 79: 408-422.

Stolowski, G. D., B. E. Baird, R. K. Miller, J. W. Savell, A.
R. Sams, J. F. Taylor, J. O. Sanders, and S. B. Smith.
2006. Factors influencing the variation in tenderness
of seven major beef muscles from three Angus and
Brahman breed crosses. Meat Sci. 73: 475-483.

WNUNERAT 42 (3) : 443-452 (2557).

Takahashi, K. 1996. Structural weakening of skeletal
muscle tissue during postmortem ageing of meat:
the non-enzymatic mechanism of meat tenderization.
Meat Sci. 43: 67-80.

Thompson, J. 2002. Managing meat tenderness. Meat
Sci. 62: 295-308.

Warner, R. D., P. L. Greenwood, D. W. Pethick, and D. M.
Ferguson. 2010. Genetic and environmental effects
on meat quality. Meat Sci. 86: 171-183.

Wheeler, T. L., J. D. Crouse, and M. Koohmaraie. 1992.
The effect of postmortem time of injection and
freezing on the effectiveness of calcium chloride
for improving beef tenderness. J. Anim. Sci. 70:
3451-3457.

Wheeler, T. L., S. D. Shackelford, and M. Koohamaraie.
1999. Tenderness classification of beef: IIl. Effect of
the interaction between end point temperature and
tenderness on Warner Bratzler shear force of beef
longissimus. J. Anim. Sci. 77: 400-407.

White, A., A. O’Sullivan, D. J. Troy, and E. E. O’Neil. 2006.
Effects of electrical stimulation, chilling temperature
and hot-boning on the tenderness of bovine muscle.
Meat Sci. 73: 196-203.

Xargayo, M., L. Lagares, E. Fernandez, D. Borrell, and G.
Junca. 2007. Spray marinating: A definitive solution
for improving meat texture, Girona, Spain.

Xiong, Y. L., Mullins, O. E., Stika, J. F., Chen, J., Blanchard,
S. P., & Moody, and W. G. 2007. Tenderness and
oxidative stability of post-mortem muscles from
mature cows of various ages. Meat Sci. 77: 105-113.

Yamada, T.and N. Nakanishi. 2012. Effects of the roughage/
concentrate ratio on the expression of angiogenic
growth factors in adipose tissue of fattening Wagyu
steers. Meat Sci. 90: 807-813

Zhang, Y.Y.,L.S.Zan,H.B.Wang, Y. P. Xin, C. M. Adoligbe,
and J. A. Ujan 2010. Effect of sex on meat quality
characteristics of Qinchuan cattle. Afr. J. Biotechnol.
9: 4504-4509.

Zinn, D. W., C. T. Gaskins, G. L. Gann, and H. B. Hedrick.
1970. Beef muscle tenderness as influenced by days
on feed, sex, maturity and anatomical location. J.
Anim. Sci. 31: 307-309.



