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ABSTRACT

This study was conducted to investigate the effect of ageing temperature (0 and 4°C) and time (2, 7, 14, 21, 28, and 49
days) on the meat quality of longissimus muscle from Hanwoo steer. The pH, Warner-Bratzler shear force (WBSF), myo-
fibrillar fragmentation index (MFI), cooking and purge loss, sensory, morphological changes, and amino acid composition
were assessed. The pH of longissimus muscle increased significantly (p<0.05) for 21 days at 0°C and 14 days at 4°C, but
decreased thereafter. Longissimus muscle aged from 14 days to 28 days at 4°C had a lower WBSF than longissimus muscle
aged at 0°C (p<0.05). The WBSF of longissimus muscle decreased significantly (p<0.05) with ageing time. The MFI, cook-
ing and purge loss, tenderness, and juiciness scores were higher for longissimus muscle aged at 4°C than at 0°C. As ageing
time increased, the MFI, cooking and purge loss, tenderness, juiciness, and amino acid composition of longissimus muscle
increased significantly (p<0.05) with ageing at 0 or 4°C. Transmission electron microscopy showed Z-disk degradation and
morphological changes of the myofibrils correlating with increased tenderess during the ageing time. Based on these
results, the proper ageing conditions of longissimus muscle of Hanwoo steer were 14 days of ageing at 0°C or 7 days of
ageing at 4°C. However, further study on the application of ageing technology to this industry is necessary for the optimi-
zation of ageing conditions for the sub-primals or muscles from Hanwoo beef.
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Table 1. Effect of different ageing temperature and time on pH, WBSF, and MFI of longissimus muscle from Hanwoo steer carcass

tem Ageing time (days)

2 7 14 21 28 49
q 0 5.41+0.06° 5.48+0.03%B 5.58+0.03%8 5.65+0.02%4 5.56+0.02% 5.5420.02%
P 4 5.40£0.03¢ 5.57£0.02%A 5.70+0.02% 5.59+0.01%8 5.58+0.04° 5.5120.01°
WBSF* 0 6.09+0.29° 5.38+0.48% 4.64+0.60** 4,1940.46"* 4.1240.46%4 3.31+0.39°
4 62240212 471£0.41° 3.05+0.19°® 2.65+0.14B 2.96+0.30® 3.01£0.25°
MET" 0 40.12+2.28 62.89+2.64°8 75.94+1.72¢ 83.04+2.23¢ 97.92+0.64°8  108.74+0.62°
4 69.44+3.63°% . 72.36+1.88% 80.26+1.17¢ 91.37+3.97° 100.42+0.51°  112.9242.69°

* WBSF : Warner-Bratzler shear force (kg/0.5 inch?), MFI : Myofibril fragmentation index.
*f. Means with different letter in the same row are significantly different (p<0.05).
AB. Means with different letter in the same column are significantly different (»<0.05).
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Table 2. Effect of different ageing temperature and time on cooking and purge loss (%) of longissimus muscle from Hanwoo
steer carcass

Ageing time (days)

Item .

2 7 14 21 28 49
oLt 0 22.83+0.27° 23.67+0.67°8 23.80+1.09° 24.09+0.23%8 24.48+0.73"8 26.77+0.33%F
4 23.50+0.56° 25.7540.10%4  26.25+2.15% 27.56£0.624  282040.63*  29.31+0.46**
L’ 0 0.97+0.32¢ 1.62+0.35% 2.40+0.67° 2.78+0.34% 3.37+0.44° 4.97+0.78*8
4 0.71+0.08° 1.90+0.35¢ 2.5240.09 3.20+£0.16* 4.14+0.25° 10.38+0.65*

* CL : Cooking loss, PL : Purge loss.

*¢ . Means with different letter in the same row are significantly different (p<0.05).
AB: Means with different letter in the same column are significantly different (»p<0.035).

Table 3. Effect of different ageing temperature and time on sensory properties of longissimus muscle from Hanwoo steer carcass

. Ageing period (days)
tem
2 7 14 21 28

Tenderness’ 0 427+0.51° 4.60+0.27°8 5.50+0.23% 5.67+£0.21° 6.33+0.19%®
4 4.27+0.37° 5.53+0.31%* 5.73+0.21° 6.07+£0.30° 7.00£0.00*
Flavor’ 0 5.40+0.24%4 4.93+0.18° 4.92+0.38° 5.60+0.13% 5.73+0.15%
4 4.60+0.21°8 5.27+0.32% 5.40+0.25° 5.53+0.19 5.13+0.24%8
Juiciness” 0 5.27+0.15%4 4.53+0.17°8 4.75+0.30% 5.00+0.22%¢ 5.40+0.16%8
4 4.40+£0.24°8 5.20+0.17° 5.27+0.25% 5.47+0.24% 5.87+0.13%

*Tenderness (1 = extremely tough, 7 = extremely tender), flavor (1 = undesirable flavor, 7 = desirable flavor), juiciness (1 = dry, 7 = juicy).
a< . Means with different letter in the same row are significantly different (p<0.05).
4B, Means with different letter in the same column are significantly different (»<0.05).
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Fig. 1. Transmission electron micrographs of longissimus muscle from hanwoo steer at different ageing temperature and time
(magnification: x 10,000, Bar = 952.4 nm). (A) 2 days of ageing at 0°C, (B) 7 days of ageing at 0°C, (C) 14 days of ageing at
0°C, (D) 21 days of ageing at 0°C, (E) 28 days of ageing at 0°C, (F) 49 days of ageing at 0°C, (G) 2 days of ageing at 4°C, (H) 7
days of ageing at 4°C, (I) 14 days of ageing at 4°C, (J) 21 days of ageing at 4, (K) 28 days of ageing at 4°C, (L) 49 days of ageing
at 4°C.

threonine¥} alanine| RAAITE, 14Y &S wiFAd2e] oF 1XE 4 14YFE ZAPFAA Z-diskrt AA8] 53
u)x=Ako] 73-9-, threonine, alanine, valine, leucine, tyrosine, o] ofu=at o] Zrlehe Ao T AL EHT, ol
phenylalanine, lysine, arginine®.2 So%t+=H|, ¢|= Fig. b o] Bk 49 S VS VIR E A



176

Ol

EEINNS

r

S151%| AM272 X|25(2007)

Table 4. Effect of ageing time on amino acid composition (mg%) of longissimus muscle from Hanwoo steer carcass stored at 0°C

Ageing time (days)

Item
2 7 14 21 28 49

Cystine 0.36+0.14 0.55+0.12 0.36£0.15 0.46+0.19 0.150.10 0.58+0.28

Methionine 2.2240.59° 5.39+0.72% 5.26+1.65® 7.05%3.47% 10.12+3.79% 15.3945.65*
Aspartic acid 0.00+0.00° 0.66+0.66° 0.42+0.42¢ 1.53+0.83¢ 3.38+0.19" 5.85+0.89*
Threonine 36.65+7.14° 45,55+7,11%° 44.86+4 .50 57.98+7.79%¢ 66.86+11.64% 72.95+9.93?
Serine 3.71+£0.41¢ 6.47+0.60% 9.37+0.95¢ 15.31£1.25" 18.87+1.05° 30.44+2.25°
Glutamic acid 3.88+0.63¢ 5.89+0.64% 9.75+1.16° 15.52+1.44° 19.56+1.43° 34.4242.70°
Glycine 5.05+0.02¢ 6.2620.12¢ 7.124£0.41¢ 10.02+0.68° 12.27+0.85° 18.12+1.46°
Aanine 29.924+3.01° 37.41£1.07° 40.73£1.69° 51.99+2.92° 58.10+5.37" 72.1845.19
Valine 4.50+0.94° 6.87+1.39¢ 10.20+1.71° 16.17+£1.75° 20.10+1.29° 34.47+2.14°
Iso-leucine 3.07+0.81¢ 4.83+1.03% 7.34+1.29° 10.99+1.21° 13.98+1.16° 24.60+1.37°
Leucine 5.60+1.22¢ 9.43+1.80% 14.90+2.53% 21.63+2.34% 27.20+2.18° 46.71+2.98°
Tyrosine 4.85+1.27¢ 8.14+1.78% 12.49+2,59< 17.19+1.86% 20.88+1.23° 31.75+1.40°
Phenylalanine 4.77+1.66° 8.5342.18% 13:11£1.95¢ 16.79+1.33% 20.40+0.75° 30.58+1.772
Lysine 5.66:1.29° 9.41£1.71¢ 10.58+0.96° 23.36+4.19 32.2345.07° 53.60+5.35%
Histidine 5.53£1.65¢ 7.15+1.30° 8.84+1.02¢ 11.48+0.98% 15.3242.38% 20.67+3.23°
Arginine 6.360.67° 10.23+1.57% 13.61£2.37¢ 20.78+2.48° 23.1941.24° 39.07+0.68°
Proline 2.75+0.11° 3.67+£0.22° 3.99+0.22° 7.09+0.60" 8.86+0.62° 15.53+1.50?

*¢: Means with different letter in the same row are significantly different (p<0.05).

Table 5. Effect of ageing time on amino acid composition (mg%) of longissimus muscle from Hanwoo steer carcass stored at 4°C

Ageing time (days)

Item
2 7 14 21 28 49
Cystine 0.36+0.04° 0.32+0.09° 0.42+0.05° 0.52+0.09" 0.39:0.21° 1.50+0.36°
Methionine 3.84+0.80¢ 4.87+1.16¢ 7.48+1,77 10.55+0.76° 14.47+0.84° 24.18+1.25°
Aspartic acid 2.48+1.38 0.31x0.31¢ 3.49+1.38% 5.27+1.79% 7.04+1.91° 12.07+0.312
Threonine 43.50+5.99 44.67+5.70 51.89+10.25 58.55+10.58 71.23+10.28 77.42+20.85
Serine 4.63+1.28¢ 7.45+1.80% 11,843,335 16.54+2,55% 22.29+2.09° 32.67+6.28°
Glutamic acid 4.65+1.47° 7.08+1.21¢ 13.86+2.84% 16.84+4.43% 25.33+2.95° 44.20+11.06°
Glycine 6.12+0.72¢ 6.98+1.05¢ 9.21+1.27% 11.4741.06% 14.25£1.01° 31.68+2.07*
Alanine 31.81+1.76° 35.8243.70% 46.07+6.84<4 50.20+4.35° 63.90+1.62° 94.19+3.412
Valine 5.63+1.16° 8.12+1.81¢ 12.36+2.91¢ 17.14+1.74% 23.65+1.82° 45.59+2 82°
Iso-leucine 3.82+0.65¢ 5.14+0.99¢ 8.37+2.04% 11.61+1.42% 16.33£1.13° 36.10+2.30°
Leucine 7.60+1.25¢ 10.27£1.89% 16.61+3.90% 21.76+2.28¢ 30.55+1.68° 62.62+3.27°
Tyrosine 5.21+0.88¢ 7.79+1.86% 12.49£3.25% 16.28+1.56% 22.55+0.68° 20.98+3.03*
Phenylalanine 4.53£0.55¢ 7.08+1.75% 10.90=2.51¢ 14.73+0.73¢ 20.63+0.93° 37.61+2.24°
Lysine 11.67+3.38° 17.90+3.49% 25.18+5.62% 30.85+2.66% 38.61£2.70% 56.15+13.58°
Histidine 5.58+1.574 5.87+1.41¢ 8.62+1.83%¢ 11.32+0.78% 14.48+0.33% 29.5320.61°
Arginine 7.41+1.33¢ 9.89+2.00% 14.88+3.83¢ 19.54+2.55% 28.1440.64° 39.63+6.69*
Proline 4.96+1.07 5.44+1.44¢ 8.5242.59% 10.12+0.85" 12.65+2.54° 34.60+1.63°

#¢ : Means with different letter in the same row are significantly different (p<0.05).

2 Ace Az

Table 55 4°CollA] SA7IZPAR &3¢ $h¢- A bl
HFZY oprgt 24 #ISE U 2E opr=
AoX sAd71zke] A et 1 o] fojFeR
Z7 oAtk p<0.05). EF 283+ £4F WAF2 ol
=2F & ko] 10 mg% ©]/4l Zo] threonine, alanine,
lysineol A%, 149 %A% WHg2e] obuleite] A9,
threonine, serine, glutamic acid, alanine, valine, leucine,

tyrosine, phenylalanine, lysine, arginine®. 2 St} %
Aol wWE ARSI opriet e Mgk 4°CoA &
‘49 i FARTe] opr)iAt o] 0°ColM <739 obrl:
AR 6 % EEE BAh ot 7 24 ¢
T 08 £ g5t JueA A3E B, MRS &
T3] Ao Aol BA veista, 2 F serine 35
MFI, glycine 3+t 5770 242t 7P 28 4o
(r=0.89, p<0.0001; r=0.93, p<0.0001)Z LFERASICH
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2 ¢

2 dTe 4259 471700 e AN WA
¢ 4 A mAe 9FS THIIA SAHREE
0, 4°CE &}l 2, 7, 14, 21, 28, 499 E<F &A4335AA] g
5 AAS- wiFZdZe] pH, AEE, MFL, 7148 2 S50
2, AAEvd @, et 2 ohueat 2448 B
SIAT pHe $A43R%7F 0°CY W) S4 2197HA], &4
257t 4°CY W 54 1497/ ST gkt
(<0.05). A ge <A 1495E 28U7LA] 4°CH| A
ST v FAZo] 0°CRY Fod o= gk, 544717t
o] Aol wet fo)Fo s Axrt FFHATHp<0.035).
MFI9) 7% 4°Co| A &A% v HAT B} 0°ColA &
7AES BY1, 4371k At wet foFow S
7¥alATHp<0.05). 0°CollA] &35k v HAe) 71E 2 &
FUEo| 4°CRT AL AgolqlaL, 43717 e] A3t
me} foFe g Z71egthp<0.05). TEAAIA dAx
o TEAL2 0°CollA /3% ulHgo] 4°C B} £&
Hrre BAI, 547130 BAstHA] foHez £
H7HE AAH(p<0.05). AALER Aol 23t w72 W3}
= 4°CAA A% v ZZo] 0°CRL} 13Y WEA Z-
diske] 37} GAsA] JAEJIL, 54717e] ket
A Z-disk®] BHPET Dol ofu=At 5 Ms=
4°CoA M =AAg wHZTo] 0°CRYF & Ao, &
g717be] AstEA] 2t opu|idt 2439 o] §-9F
o2 F7HeRATHp<0.05). ol%e] AaE T, TF
AAS- S48 FAE 54 248L 0°CollA= 14YU3E, 4°Co)
AE 797 493 Alo] uig g Aoz AlgHH, ¥
T #4719 A9H HES Yol oo B 2 2
S48 AR 4717 A% dF 228 Ae= 4.
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