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Abstract

The effect of postmortem aging on the quality of Semimembranosus muscle (SM)
from Hanwoo was investigated. The quality of SM was compared with that of
Longissimus dorsi muscle (LD). SM contained higher moisture, protein, and ash, and
lower fat than LD (p<0.05). The a* and b* values of SM were significantly decreased
after 21 days of aging. SM showed higher a* values than LD at 1 and 7 day of
aging (p<0.05). The cooking loss of SM was not affect by aging. SM had higher
cooking loss than that of LD throughout the aging period. Although the shear force
of SM was significantly decreased by aging, SM showed high shear force compared
to LD during aging period (p<0.05). Aging increased lipid oxidation in both muscles
(p<0.05). However, TBARS value of SM was significantly lower than that of LD
throughout the aging period (p<0.05). There was no effect of aging on the betaine
and L-carnitine contents of SM. SM contained higher betaine and L-carnitine than LD
in all aging days (p<0.05). Therefore, we concluded that consumer acceptability of
SM could be increased by aging based on the increase of tenderness in addition to
its high nutritional properties.
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The effect of aging on the quality of Semimembranosus muscle from Hanwoo

Z7¥stal At (Choe et al., 2010).

ogo] od EAS AW o] 80 % Y Fa acloz Tl ek, 7129 ofe] AT o}

W 980 2YATESL B84 289 AR U OEo] Zletu AR U OEAL Fulsh tio] ¢
S AAst= F483 g919do] BEirEur Itk (Monson et al., 2005; Moon et al.,, 2013). Hwang et

al. (2010)9] A+ m2H o] & F98 ASr= 4 43.5%, ZH] 22.9%, A 10 5%, FA 9.9%,

SE 9 A 479% oln] o 7 Bepd TUAE Aolo] e AR Aolete] ke AP FU A

7516(}% HH E-LH;(]I:Q-Eﬂ- o EMQ % Alog /\H]7]- gh:‘ﬂ-

yetal Barstglet. o]2fgt o] f 2 -59] AH] SES

SHA| o]Folx| L Qlk. SpAIRE A eFo] W dthe], Ak W 952 A 5 AakE] 50% odE At
Ao Eota AHzte] BT Hol2A Anl] £3F W HA@Ao] dojutal 9l AgolthKu et al,
2013; Hwang et al,, 2010). | A5 g4 Fdof it 4na Iilo] F7iete] weh A2 kel
H3lo] 47t —ﬂoﬁh ARG ARG A|HRtero] W Bl HlAde B2 AiteF the] AH|gRo] A
2 AAolth, o]egt 4nlY] Bt or Qo 59 e 2 7HAAtol7t Ak W A1 EFo] A
woll whet FA4F Brket AS Al A getster 22 & 2Al

s Qlek. wrebd S-efubet A84¢0] o
AHES S o] A TET Qe

2od
fo
4z
i}
1o

A3 QSIS 9190 Qhetel, AR 9 SET e v
o|th(Ku et al., 2013; Seong et al.,, 2012).

2T AAE ARl e o 9 2 22 o9 Ao WA ThsAdel UK 9@1‘:}% o
Azt Barge] wEt Ao WsA FA0 a4 A Ase] o
(Binnie et al., 2014). 0|8t o]-G&2 A18-9] HJoFA &
AEW EAIshs vt AR =4l oigt Tiol
2 Wj-§ F95tA AR = L-carnitine I} betaine 5 THeH A=&4 24E0]
it 2 HE o URE A4atst7] 918 B -oxidation oA RIEZE ol YH 2 A3 Z]Bo}é‘_}% Aok 91@
= ol wh=t AF Al AldellA Ad diAE fEstA st 22 W Aol B £42 e A2 oot
(Arslan et al., 2003). Betaine & AEEZE a5 z2H1 glom AW methyl donor 24| methionine
S Hjf(Allrezael et al., 2012). ojebA olzjgt g4 24& wol eraotal Q= A
Jetd Fdo] 4 AoR AARL It(Jung et al., 2013).
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Sul7b S Eoh(Smith et al., 2008; Calvo et al., 2014). A& TES <482 &5 & 59 482

2

oA 4 Q= FESTE adenosine triphosphate”} *“HHZ] oot myosinT actino] 7ZslA Agshe]
actomyosin®] AJAdHe wet AFS S AA Hrh AFR7FE o] TR SHE 7]'7”—4 on] 715 ARt R

[¢]

Algo] #4712t & 4 el 4§ 59 dxTt Frbeke 71E 2 ELE
By A ZUAS 7 29 A 9 ZEARE S Sl 29 %47} dojub= Aol 7]%t
T A ITHKim et al, 1996). B £4-2 A5 U o] Sl BAES] 8-S Fofl ©dE. &
é ‘?—< A T HAEES 1%1} A= 2jAFe

2 Q4 3etE S 2 i‘ﬂx} 1 AFEEES AEAA 1719 Fr
2014) oA S84S5 H-?— A
Hed 4o vAl= £49 31
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Aol I W Bl 440 9% HAS R9Iel $EY

Materials and Methods
SAAE

B ATE YoM =& 19 59| 153 AMTQ8AY) T =49 5
ofo]2Efio] gop Az wubstlrh. Fuligt S 9 $E2 300 g4
ZRE 98-8 she] AlgEsty] ZF 4 A 0] T EH SES

SHHA Aol o]-§sFAt.

A9 9w AFA Fufete]
Ure] 11327 stgon, 2]
7 2147 A244(470)

o>

UHIME
dubgRe LB o xad 9 2518 gekg =45t on AOACH whet S35 tHAOAC,
1995). &, 8 kS 105T A7td Az i, x

=4ol9l 1, 2P d GRS Kieldahlo] nfe 27
519 ﬂ-(VAPO45 Gerhardt Ltd., Germany). X% &2 Soxhlet extraction system (TT 12/A, Gerhardt
Ltd., Germany) ©]-85to] S5t on, Z3|& =k 550 CoAA 23 3]shye w2t S5t

SRS A72E 37] T 108 A =E3A7] & MAHA(CR-310, Minolta Co., Ltd., Japan)= = (L*),
AL (a*), FAE(b*)E CIE (Commision Internationalede Leclairage) 42 4¥HE ZAsto] BFghka
Zgstglon] o] f L = 97.74, a = -0.06, b = 1.76 gt WAErAS Hx@oz o] @5yt

AH(6x4X2 cm, 50 g5t 80T F2EZoA Alm AF2E 72T =g wj7tx] 714
FTEAE WEER ot MdAES ﬂl*&é}%t}.
td A 5% - 719 ® 39

7t F (%) = e A = x 100
= [€]

N

199 54 § o858 AlRE A% 27|19 FA= AP (1 X1X2 cm)ste] Warner—Bratzler shear %
F2l Q)&= texture analyzer (CT3 10K, Brookfield Engineering Laboratories., USA)S.2 FH|S A2 & &
FF sAor sto] Amrh ¢ds] A w7z ddEe S5k, A ol8" SAHxRILS

e 1=

I
olt

~Fo

maximum cell load, 10 kg; probe pre—test speed, 2.0 mm/s; test speed, 2.0 mm/s; post—test speed, 5

mm/s; distance, 28 mm, mode, measure force in compression, trigger load, 10.0 go|tt.

FAME = 2-thiobarbituric acid reactive substances (TBARS) #t& Jung et al. (2012)9] ®H-& F3}
01 Attt Alm 3 goll 9 mL SF+ 2 50 uL butylated hydroxyl toluene (7.2%, Sigma—Aldrich,
USA)E 7t & +#A(T10, lka Works, Germany)stitt. w &l 1 mLS A|@deo] Y1 20 mM
2-thiobarbituric acid (Sigma—Aldrich) in 15% trichlorocetic aicd (Sigma—Aldrich) 2 mL& &% & 324
Z(0C)olA 30EEt 7tEstaict. ¥Zd & 94dEE (3,000 rpm, 158, Union 32R, Hanil Co., Ltd.,
Korea)slo] B34 A(X-ma 3100, Human Co. Ltd. Korea)E ©|-835l4] 532 nmoA SHEE =AUt

A GA 0] ZF2 mg malondialdehyde/kg sampleS 2 3AJ5Fe] YERCE
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Betaine & L-carnitine

S W betaine ¥ L-carnitne &% Z4-& $Ioll A& 5 goll acetonitrile:methanol (9:1) 84S 10 mL 3
7F & 30%%<¢t #A(T10, Ika Works)stirt. o] #&ES 3,000 rpmoflA 587 YR (Union 32R,
Hanil) ¢t of2 A& 3|45k, FHE] thA] acetonitrile:methanol (9:1)& 75kl 3,000 rpmoAl 5
274 AAE ] (Union 32R, Hanil)dte] AZ=9B-8 3|45t & acetonitrile:methanol (9:1)E& ©]-&3Fo] 20 mL7}t
2] &gt o o] & 2 mL& tE 15 mL A[@8 &2tk 9710 Na,PHO, 810 mg@t Ag;O 90 mgs
7Kt ohg 7Sl 50 vortexingdt § oF 2027t A=olltt W[kt o)A YAHE2(3,000 rpm, 5
&, Union 32R, Hani)? ¥ A5 0.5 mL& M2 15 mLo] AldEe] &712 7ol F=A AloF
(18-Crown—6 66 mg, bromoacetophenon 1,390 mg in acetonitrile 100 mL) 0.5 mLE #7}et & &24%
(80C)oNIA 1AI7HESE 7Hgstar, WZhet & vialel &% o2 HPLC (Ultimate 3000, Dionex)E ©|-&3]
betaine?} L-carnitine®] &S EAstqct 2 Ao ARgs HPLC &4 272 o231 At} Column,
Atlantis HILIC silica column, 4.6X 150 mm, 3 uM, Waters, USA; ©]=AFA, 25 mM ammonium acetate
(pH 3); ©]5AB, acetonitrile 74, 1.4 mL/min; Detector, UV detector (254 nm); Temperature, 30C. &
S 959 betaine @ L-carnitine (Sigma-Aldrich)22 AFAS ZH4ste] o]8stch

S22

"
HE ATE 33 wHESte] AAjstelom Axte] FA42 SAS program (ver. 9.3, SAS Institute Inc.)
general linear model procedure o] ©J5]] one-way ANOVA Az & ZAZAINO Fo4d HAHS s
Duncan & t544HS ol&ste] SAZA(p<0.05) st

Results and Discussion

Aubigs
ULE A BT A3 8, A, 209A 9 208 G BTl AT S Aolo] §o/4
Q1 Zpol7k QUStk(Table 1), HAE 9191 950 48, 20ud 9 2318 Gahe 242} 7353%, 20.71%

H L68%= AT F¢ S +=(69.10% A(15.40%) 2 Z3]%(0.84%) Tt vaste] {04
02 5ol FRAHATHP0.05). ¥ $-E0] 2AY g2 4.33%= S| AU

frolqoe 3uf ol o Q

ol Wt Husiglon

Ho
T gl
et al., 2008; Jo et al., 2013). d¥r o= A +E2 FAdF Sy} det o ZHdf i 7+ A

= = pild
olof ZAetct, T3t A& Aot iR Fr1Ae ZAIE W At ItiRamos et al., 2009).
meba] 959 ¢F2 S HlwshH 2HERA oiH] 2522 9] HlEo] =7 fjFe] S H& &,
ol Ol 29|18 Sleke =31 Z2HF gheke e Ao AtgEch

Table 1. Comparison the proximate composition (%) between Longissimus dorsi and Semimembranosus muscle.

Longissimus dorsi Semimembranosus SEM?
Moisture 69.10a 73.53b 0.361
Crude Fat 14.22b 4.33a 0.270
Crude protein 15.40a 20.71b 0.229
Crude Ash 0.84a 1.68b 0.025

“Standard error of the means (n=6).
Values with different letters within the same row differ significantly (p<0.05).
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F "aolite] A Ao w2 choket 40 At wHste] Anat So] AR P g o))
AB w7t Z7Feka Qlek. of@fgt WolA] HokS uf ¢ T
875 5N 5 s ASR AZE

S

A7V %0l the ST SEo EH 4 WEHE Table 20 thehgich S 2o HEL)
M A3t 44 A1) AA T 9] Atole] )29l Aolst Gk Aoz vehith EF 54 W 9E B
SoA S471700] e YR gHe] olFe Wabt gl A0 tehdth AME6)Y B9 42710
day) SEANA B4 B8] f9H0z Ego] Hasiglon, 44 79 FolE folHoR SEH B

(p0.05). A 24 142] T S434 S50 AT gk Apolol G942 Ao} gl Aoz
1T Fskel ol 44 7120l S S S HALE Wbl ol T FE) Ao
oHog 74skEs] RIthp<0.05). B A9 AMEe} 7N E SEel A 5471710 o
JHoz Fashe Awe Bt

t

d

L =
E
4o 4o &

Table 2. Changes of color in Longissimus dorsi and Semimembranosus muscle during 21 days of aging at 4°C.

Aging (day) Longissimus dorsi Semimembranosus SEM?
L* 1 40.98 42.84 0.624
7 42.00 41.92 0.358
14 41.71 43.33 0.676
21 41.52 42.35 0.752
SEMY 0.451 0.753
ar 1 14.89a 16.15bB 0.313
7 14.85a 15.94bB 0.165
14 14.54 15.48AB 0.361
21 14.38 14.47A 0.197
SEMY 0.220 0.317
b* 1 2.06 2.61B 0.225
7 1.92 2.58B 0.290
14 2.25 2.85B 0.298
21 1.58 1.52A 0.205
SEW 0.257 0.318

Standard error of the means (n=6).

YStandard error of the means (n=12).

a,b Values with different letters within the same row differ significantly (p<0.05).
A,B Values with different letters within the same column differ significantly (p<0.05).

A5 §42 4% o ZeEelglE myoglobin®] T % stebd Adje] 24 9 WhethMancini
and Hunt, 2005). $4421 myoglobin®] &&fo] £&45 A8 AN = iO]-Zl‘:ﬂ 218 W myoglobin]
e E2 RolR AR F, Y, Ale B Askol met ohE Y ofygt 989 Fejof mhetA:
CF2H(Suman and Joseph, 2013). T3 A-8-0] S48 4]-8.9] SteF o B %oﬂ gk mhot} 7]
& Ao dEW U AT H 9 Aol 247y A 9l Kol AFiyA vt O]QO] HUES Eq H
o] Waas A BHoER HAEH 4Eo] YWe HhAbste] gl o H
2008 Pflanzer and de Felicio, 2011). & OE:M]H F0| Aol Hls| AgoteFo] wetom, 7]— e 7514—

=

2 Hoke w) B4 EG Wok-d] ol Q15 $ET 54 Aolo]

o= Tt

Ho
1o
)
i)
N
pacs
r 1r
>}L
o
b
O:I:ﬂ
-li
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|

5t B LA 2A7|7k0] 275t whep 95 0] AL T} 7FATte] UeRdTh 712 e WaW £ & o
A0l A & A8-0] AN Zro] ZrAskttyl B E 1 Qo (Mancini and Ramanathan, 2014). A W
myoglobing &% Z% deoxymyoglobin ATElZ 4]80] HAME = 2lgo] At4d] LZHd| uzt
oxymyoglobin®] A& o] A& AZAo] Hil Ab4 Fbo] WA AJTte] Zde] w2t oxymyoglobin©]
AFelE o] metmyoglobino] /= Al&0] M2 Ao & WA Fth(Mancini and Hunt, 2005). Mancini
and Ramanathan (2014)= $-%9] 2% % metmyoglobino] AAHol| whe} AME7s} ZFAgcty B sy
oh. sAIRE & Aol A SAollAE AMEglo]l Melrh ehR] ot A0 &4 F Fejo mE S e}
Zrolo] digt % A-7F Wad ZAo=w A

N
—_

T
_\-1':1‘

BN
ox o
N
ke
ot

oy
off

a
1

Loy
£ r
ox
N
N

F

tol] w2 7tEzF 9 Age] §ist A0S Table 3o Ut gieh A&l Slo] 74
A W B Fao) o Aakg op MU% 7k el BAgle] Agol 7}
2490 =0 2 rtd7iefo] HAlshH Zld o] =842 Ar 9 thFAlo] 44
O] A5t th(Bower et al., 1987). & A+ 754 4 A7kl AA =9 7t
o7 o L‘rli}‘*ﬂr<p<0.05). o]t Av= Kim et al. (1996) o] Aol U5}
™ Breidenstein et al. (1968)0] WE2W TR L7} Zold42 7ld7tefo] ZolErty Hushgth T3
Lee et al. (2010)2 ZWATE7L w2 7945 7Hdd®e] 2on o= ZUAge] 714 F 8o 4
£o 79 B0z AviElo] 74Y F 58| £4 A2AY]Y] fRojety Bustch gatd] 547 ¢
o] AukgteF Aol & Qs SEol A FHAzte] B9l AeE AZbdL) 7Ee] Ao] d2H 4Tl
Yol vet 2LAF) AustR Qo) TYHFU SR Eo] Solael net Fapol FkRicha ww
ACHKim et al, 2007). SHARE & A7 A} SAHAHE £471% Z7ket §7 7Hagape] Z7bh et
719 AT At JARL BYAW SF SA712E S7hel wE stael Wapt gl Ao
e ool digt 5 77 Hadt Aoz AZHG
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Table 3. Changes of cooking loss (%) and shear force (kg) in Longissimus dorsi and Semimembranosus muscle
during 21 days of aging at °C.

Aging (day) Longissimus dorsi Semimembranosus SEM?
Cooking loss 1 25.02aA 34.00b 1.080
7 28.79aB 34.32b 0.784
14 28.01aC 35.17b 0.341
21 30.49aC 35.29b 0.591
SEMY 0.696 0.799
Shear force 1 6.56aC 9.62bD 0.272
7 2.83aB 6.67bC 0.299
14 1.81aA 5.35bB 0.140
21 1.64aA 3.77bA 0.109
SEMY 0.143 0.277

“Standard error of the means (n=6).

YStandard error of the means (n=12).

a,b Values with different letters within the same row differ significantly (p<0.05).
A-D Values with different letters within the same column differ significantly (p<0.05).
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W2 Berry (1993)°] mr2® ZUHAMYE7L oS Agelo] Wopdntal H sty T3 Cho et
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WHak ofuet A4 284 HEY &4 E giid A E fioto] A5 YA F
Fole 2 991 F sho|tt(Jung et al., 2013; Humada et al., 2014). EF A5t QIsto] AJAI &
alcohol, aldehyde @ ketone 52| E4E°] AW DNAS &4AZIAY 4 FE5tH Lolete Tao]
o B ES Qth(Lee et al., 1999; Kang et al., 2013). &4 7|7t &7} w2 it W3} Aa) &
717ko] F7Fetoll whet At =7t F71Rte] YebdtH(p<0.05). ol A 717to] S7hekell whet 2t
L7t E7Hd 71E o AFET dx|st= AxtoloH(Ali et al., 2007; Jung et al., 2012; Kim et al., 2013).

2
o &
2
ol

L

ox X0 rr mN X of &
2
ol

Table 4. Changes of 2-thiobarbituric acid reactive substance values (mg malondialdehyde/kg sample) in Longissimus dorsi
and Semimembranosus muscle during 21 days of aging at 4°C.

Aging (day) Longissimus dorsi Semimembranosus SEM?

1 0.46bA 0.38aA 0.006

7 0.48bA 0.44aB 0.011

14 0.75bB 0.53aC 0.039

21 0.82bB 0.69aD 0.027
SEWY 0.033 0.011

“Standard error of the means (n=6).

YStandard error of the means (n=12).

a,b Values with different letters within the same row differ significantly (p<0.05).
A-D Values with different letters within the same column differ significantly (p<0.05).

Betaine 2! L-carnitine
$E SHONA betaine S SAT A 54 A 71700 AAH SEollA foHoz 28] o] =
_1

O
e THTable 5, p<0.05). 44 717t THE berinedehe SEAALE $oHel ek sk} glad
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M= 4717t St @A FoH L= betaine o] S7kto]l WERHTH(p<0.05). L-carnitine &%
oA w4 A 713t AA Al sl folde R Egkom, 959 e 477 g {94
Ztol7h Hd ¥hA SAlolA= folHor F7gte] SRl UTH(p<0.05).
28 Y betaine?] &2 choline®] mitochondrial choline oxidase®]| 2]5}| AF8}%] o] betaine aldehyde”} A3
%] 11 mitochondrial betaine aldehyde dehydrogenase®] &9 2 betaine aldehyde Z-F-E] betaine©] 24 &
Aoz BAE Qltk(Dragolovich, 1994). wahA] choline ¥ mitochondria?t B2 -8Y 4= betaine?]
=2 o] ] golgh Ao HIAE Y Qltk(Jayasena et al., 2015). L—carnitine E3F 8 oA o 2] Ak ]
off 2]%4He mitochondria® #HFSH= 9E-E& 6F7] mZofl mitochondriaZ} B2 50l 2] o] -g-o|s}of ¥ A
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gt A Aaprh BAaren glof &2 1 Aute] FE3t ool & ol ¢-52] F9'H 4 vl Zpelof tigt &
S A7t Eag Ao A2

e}

ro H ol
ol g

Morr ox

Table 5. Changes of betaine and L-carnitine contents (mg/100 g) in Longissimus and Semimembranosus muscle during
21 days of aging at 4C.

Aging (day) Longissimus dorsi Semimembranosus SEM?
Betaine 1 4.93aA 10.39b 0.515
7 5.47aB 10.93b 0.521
14 5.83aC 10.83b 0.065
21 5.98aD 11.75b 0.689
SEMY 0.039 0.712
L-carnitine 1 14.77aA 113.04b 2418
7 16.89aA 114.91b 16.476
14 24.04aB 113.40b 3.893
21 30.05aC 137.73b 7.952
SEMY 0.671 13.319

“Standard error of the means (n=6).

YStandard error of the means (n=12).

a,b Values with different letters within the same row differ significantly (p<0.05).
A-D Values with different letters within the same column differ significantly (p<0.05).

Conclusion
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