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Development of a Marketing and Meat-producing
Model for discriminating Hanwoo Meat via an

Individual Traceability System
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SUMMARY

I. Title
Development of a Marketing and Meat-producing Model for discriminating

Hanwoo Meat via an Individual Traceability System

II. Aims and Necessity of the research and development

While the quality of life improved, the supply of the high quality food
which is safe to consumers become more important than the supply of the cheap
food in bulk. That is, concern about safety of foods is to be suddenly and greatly
growing according to continuous increase of desire of consumers in order to keep
health through foods.

Because a case of production of Hanwoo meat in particular considered
only productivity and price at former times and did not leave specific gravity in
quality and safety, stock raising related technology was focused on expansion of
simple production.

Recently, however, considered factors at the time of purchasing beef have
been fitted to safety, quality and the truth of meat product than quantity of meat.

Specially, as import of foreign-made beef and live beef cattle is
accelerated, competitiveness of the domestic livestock brand which can respond to
this is acutely demanded.

In the case of Hanwoo meat production, consumers can get a product
passed through steps of raising, slaughter, processing and distribution. However,
ambiguous processing network and insufficient information break out many Kkinds

of problems during the course of Hanwoo meat production. For an example, a
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milking cow and imported cow meat were changed into Hanwoo meat during the
movement from a farm to a processing plant. There is no technological system
which protects such problems and attracts consumer’s trust when purchasing
meat.

Consequently, an integrated measurement and sensor equipment using
RFID (Radio Frequency Identification) system is required for raising, slaughter,
processing and distribution steps and the system using RF equipment is also
demanded for livestock management and information tracing at every stage of
raising, slaughter, processing and distribution.

This study was conducted to develop a traceability system for systematic
animal identification for the better and reliable animal improvement, raising,
slaughter, processing, distribution, sanitation and marketing at national base. This
new animal identification traceability system was designed for easy management,
data collection and storage. And also it was considered that can accept bar code,

registration number and farm number.

M. Contents and scope of the project

Section 1. Information transfer system construction and production

management

O Development of a management and information collection system that is
connected to farmhouse member, slaughter, processing, packing and
consumer

O Construction of an information delivery system of Web base

O Development of a product inquiry system using product ID at the
distribution step of portion-meat

O Development of a feed back interface that effective transmission of
consumer’s preference, slaughter and distribution information to producer

groups 1S possible

- Vil -



Section 2. Establishment of slaughter line and distribution system for

Hanwoo meat via ID

O Setting of the most suitable model of slaughter line which can establish
a sanitary slaughter process and an ID identification system of brand
Hanwoo meat

- Setting of a slaughter process and equipments to recognize production
and slaughter information exactly
- Preparation of a plan for a quality security of brand meat
O Establishment of a distribution system which can be connected to ID
identification system after deboning of portion-meat
- Setting of a shelf-life period that is the most suitable by meat grade
and part for the distribution of packaged portion-meat
- Setting of aging index classified by part
- Investigation of consumer’s preference about packing weight
- Investigation of consumer’s response about the brand aging-meat in

which a shelf-life period is recorded

Section 3. Construction of identification and data management system for

Hanwoo branding

O Development of a Hanwoo individual identification system
- Development of a systematic code system for the reliable distribution
- Construction of an individual identification system that can be easily
managed
O Development of a data management system
- Construction of a system for data collection, save and management
O Development of a brand improving model
- Presentation of an improving model for the brand discrimination

O Productivity analysis

- Viil —



- Analysis of factors to hold an influence into productivity
- Setting of a statistical model for data analysis

- Research of an utilization plan of the accumulated data

Section 4. Livestock identification, weighing and system control

O Development of a livestock identification system
- Development of RF livestock identification equipment connected to weight
measurement equipment
O Development of an automatic weight measurement system
- Development of RF livestock identification equipment connected to weight
measurement equipment
O Development of a matching system from carcass information to before
slaughter information step
- Development of a matching equipment connecting information of before
carcass step to portion—-meat step
O Development of a matching system between carcass information and the
information before slaughter step
- Development of a system to trace individual livestock information in case
of processing a mass of carcass meat into portion—meat
O Development of RF equipment for the automatic slaughter system
(including handy terminal)
- Development of a user-friendly automatic system for meat measurement

using load cell and handy terminal during processing step

IV. Suggestion on application of the results

The system developed in this study can chase the whole process of

raising, slaughter, processing and consumption of livestock product unlike

tattooing, ear-tagging and bar code which were focused only on the step of

,iX,



raising livestock. As the developed system is an integrated management system,
the great spinoff is expected on the increase of safety of livestock product, a wide
reputation of brand meat and management of harmful element between the raising
and distribution steps. Through the effects, production and supply of Hanwoo meat
suitable for consumer’s preference should be possible. Also, the developed
technique could be applied on not only Ilivestock production but also other
agricultural products such as rice, vegetables and fruits. Thus, if Traceability
System which can control the whole agricultural products would be developed, it
will become a powerful tool for activation of producing and distributing
agricultural brand products with high reliability.

Currently, safety, sanitary state and quality are highlighted by the most
important issue in consumption of livestock products. Moreover, the technology for
individual management of livestock that achieves throughly is strongly demanded
due to BSE and foot-and—-mouth disease to have spread widely. As the developed
system can be satisfied with all above-mentioned matters, an efficient utilization is
expected by ID related equipment of a farmhouse unit and livestock processing

equipment.

o National-wide utilization in order to set distribution transparency of high
quality Hanwoo meat and to build consumer’s confidence

o Utilization as the management system on farmhouse members at brand
unions

o National-wide utilization of the Hanwoo individual identification system
through expansion of the developed identification system

o Utilization of the accumulated data for the bench making data between
farmhouses through statistical analysis

o Utilization field
- Hanwoo, Swine and Poultry production : individual identification, slaughter,

processing and distribution

- Environmental control of stall and slaughter house : application of the



automation system developed in this study
o Patent application: Traceability system connected with raising, slaughter,
processing and distribution information

— The individual tracing and information inquiry system using product ID

The Livestock individual identification system and method

- The Livestock individual identification tools using wireless recognition and
an electronic tag

- The Matching equipment between carcass information and portion—meat
information

- The equipments related to automation of slaughter house using RF

- RF Handy Terminal

o Submission of the system at international livestock exhibition
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o AEgt

HE -9 T @t A
AR A ENE 135 |24 (1kg) 2 ThE] (2kg)AHEl(1kg) | 11 100,000 | 1,100,000
BT SAEAE 23 |54 (2kg) A (1kg)$-E (2kg) 8 150,000 | 1,200,000
ARSI EANE 35 A E(1kg)eH (1kg) A = (2kg) 8 120,000 | 960,000
BT AENE 435 |54 (2kg) F A (1kg)$-E (2kg) 28 60,000 | 1,680,000
BAReLdE SAE |55591(2ke) 6 60,000 | 360,000

AdaSAFAE A (3ke) 10 70,000 | 700,000
B e-4s A E 2] (3kg) 7 70,000 | 490,000
@A FEAHE 1 20 100,000 | 2,000,000
@A FEAE 2 15 90,000 | 1,350,000
AAa-FHAE 13 |54 (1kg) =71 (1kg) 9 50,000 | 450,000
AAT¢-FAAE 235 |9 (1kg) %A (1kg) 10 45,000 | 450,000
A= E 35 |AFF(2kg)AHEL (1kg) 13 75,000 | 975,000
B AR A E |44 (2kg) S Al (1kg) 6 100,000 | 600,000
@A FEAE A 48 100,000 | 4,800,000
@A FEAE B 57 50,000 | 2,850,000
@A FEAE C 19 30,000 | 570,000
@A FEAE D 25 70,000 | 1,750,000
FAFSAEAE AT |24 (1kg) A =(1kg) 1 70,000 70,000
343 dEAE B %A (1kg) %= (1kg) 5 60,000 | 300,000
AL EAE CE (%A (1kg) A = (1kg) 0 60,000 -
FAFLLEANE DF |Z1M)AE (1kg) 8 80,000 | 640,000
A3 LEAE ES (A (2kg)AHE (1kg) 5 90,000 | 450,000
A3 LDEAE F3 (A (2kg) A = (1kg) 9 90,000 | 810,000
AL EAE G |21 (2kg) 2 THE] (1kg) 1 115,000 | 115,000
AT S-HAMNE 7w (1Y)-& X M (3kg) 2 180,000 | 360,000
A E 27 25,030,000
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£54 7 4,063,000
A 108 4,526,000
A} El 35 2,626,000
A 155 4,632,000
QA 31 1,622,000
A= 61 2,706,000
A 148 4,517,000
s 66 2,125,000
5554 66 2,745,000
=4 66 2,865,000
Ab 9 600,000
Skl 93 2,963,000
= 12 560,000
TAE (I H U E] ) 2,510,000
AU Fufe] 52 4,170,000
A 51,248,000
Ui <
g w H] a1
EE5ETFTR 1,037,500
EA 51 80,000
o1 711 4,520,000 =, 899
24 2 FE 3,800,000
7] EpH] & 2,738,000
A 12,175,500
& EstiA 3 vlaste] 15 dufA] oF 1009k A =9 o]fo] ¥ e A
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ZATSF 2R W MAESFE 24t §9 xHo] e 35cm’o
HIgolES du BdAZl WES 01% #ES(bactopeptone 1g + 999ml S 7F5)
0.1%

of A2 F QAW A5 WFIR, AT 7 105)ew EAL Fo I4E

T HEdUA] Hatd wigHel wjA(235g/14 F

'TET
4, pH 7.0£02, 25C)E oF 15~20m% EF3to] £31 & o 1nEs HFobe] "t
A EFsAT FATS g HEHUAES 37C w7]olA

2AZH48AIZY) i Fd & At A SAH7E ol &ste] ZEFE At

2) 357 F(Purge loss)
Aed S FAZ SAHGdYeH, dFd F FE2H 5 AAs 2 FA

Al(g)

of
2}
Ho
1o,
-
X
D
I
=)
offl
o
Ho
1o,
-

x 100

Purge loss(%)=

3) pH
AN BE A9G3H(3x3x3) Z7|2 A3l 3mm ZHoER whid & 50md

TR A& 3g¥ =75 2/ml(1 : 99F 7 Yo Polytron homogenizer(IKA T25ba
sic, MALAYSIA)Z 13,500rpmoll 4] 10x3F 2 35Fo] pH-meter(ORION 520A, USA)

2 Z4shgn,

,85,



<A3I>

1.

log10CFU/cm2

Z A T4 (Total plate count)

Total plate count

—-T1 -BT2 —&T3 —T4

0 7 14 21 28
Storage (days)

Fig. 35. Total plate count in wrap packaged beef during storage.

T1: loin storage at 4C, T2: loin storage at -10C, T3: brisket storage at 4C, T4:

brisket storage at -10C.
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Total plate count

log10CFU/cm2

~-T1 WT2 4T3 T4

0 7 14 21 28
Storage (days)

Fig. 36. Total plate count in vacuum packaged beef during storage.
T1: loin storage at 4C, T2: loin storage at —-10C, T3: brisket storage at 4°C, T4:
brisket storage at -10C.
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%)

Thawing loss (

Fig.

T1:

Thawing loss (%)

Fig.
T1:

Thawing loss

0 7 14 21 28
Storage (days)

37. Thawing loss in wrap packaged beef during storage.

loin storage at —-10°C, T2: brisket storage at -10C.

Thawing loss

0 7 14 21 28
Storage (days)

38. Thawing loss in vacuum packaged beef during storage.

loin storage at —10C, T2: brisket storage at -10C.
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3. 59 pH

pH

-T2 T3 T4

—-Ti

5.2

4.8

21 28

14
Storage (days)

Fig. 39. pH in wrap packaged beef during storage.

T1: loin storage at 4C, T2: loin storage at —-10C, T3: brisket storage at 4°C, T4:

brisket storage at -10C.

,89,



28

21

T2 —&T3 -<T4

—-T1
14
Storage (days)

pH

5.8
5.6
5.2
4.8

5.4

6.2
T1: loin storage at 4C, T2: loin storage at —-10C, T3: brisket storage at 4°C, T4:

Fig. 40. pH in vacuum packaged beef during storage.

brisket storage at -10TC.
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N gd5o] =4S Ecoli Count Plate Petrifilm™ (Microbiology products
3M Health Care, USA; AOAC, 1995)°] ImlS HE3to] 35Tl A 48A)17F wiksh &,

71327F 2AE ANAE AFskinh

3) A&7} (Shear force)

Ave Z4e e gE 49

o

AU

of Byd s A4 127mel 9&9d A

Ho=w w5 cutting compression probeE ©]-83e] Instron Universal Testing



Machine(Model 100)ell ¢J&l 8= ATt olu] 7]7]e] =2 ofefj e}

Load cell : 5kg

Range 50kg/10LB

Cross head speed : 100/min
Chart speed : 100/min

4) B9 (Drip loss)
217 35cm core® ¥Eo] EAE =Asto] F4o] A= Zekag A (18x15
x10)ell ml ol 48417 WHE (4T)odA AGsHaA AY & §F
(%)% AF=Estdnt olw) SF3 =S tha2lel olste] 3k qth.
(glef A)Zo] FA — 48X 7 A7) FA(g)}

=9 Drip loss(%) = x 100
(gla] AJ2e] FA)

5 BustE AR 2 BRI BAE ) A8 Ay
= 5

07 & FASZ Auste] 4477k B BiA B A

B 2% 70C7HA ovenoll A 7FE3la BHES AAST & 44 oz Zgha 3
LEHAFREA O o] &3ttt A8 (fresh meat)S WA (aroma), 5 (color), 7|13 %
(acceptability) & ZAFeF a1, Z2]4(cooked meat)S 4 (color), =W (flavor), tH54

(juiciness), ¢ % (tenderness), 7] &4 (acceptability)S 2+2t A}t

£ M-8 Minolta chromameter(Minolta CR 301, JAPAN)E Al-g&3lo] 3%
AN &8E 53] WHE-3o] W (lightness)E YWERE L%, A M Z(redness)E YEME a”
k3, A= (Yellowness)E UEWE b'gte A& olw TEME T gho] 89.2,

a gkol 0921, b ghol 078390 EEAWS ALgste] EFHT ¥ ZAshAch

,92,



7) pH

A&

Ll

Aget A2 dAaeta 3mm FHEOER 2@ e - 50m FEo A
2 3¢ SFF 2t : 9F ¥4 Y] Polytron homogenizer(IKA T25basic,
MALAYSIA)Z 13,500rpmell Al 10%7F w2 3ko] pH-meter(ORION 520A, USA)=Z =
gttt

8) @A &IHA
Alg 1g& 500mle tubeo] i1 0.1M sodium phophate’} &% 1.1M
potassium iodideS il 10%3F #ASFsth FH3E AHEE 4T 920 24

Al ZF5oF WA 3 3 centrigugere] ¥l 3,000rpmo 2 2087 4 /\]HF/] /\]ﬂﬂr ’\]
T AARGYE Az A= Imly FPA S dmlS test tubed il FAE =
o 1ml HEA S 4mlS test tubed] ¥ETH F A FE= Vortexoﬂ*i shakmg?&
& gpectro photometero]l 4] 540nm=z A 3skt}, ojuf =A 3 Zholl 4008 #3Fe] o

4 gem= ®18.

9) <

i)
N
o
. 2

dAsk 77] (3x3)2 A2 F solution A0.IM KCI + 0.039M Hs;BOs;
+ 5mmM EDTA + 25% Glutaraldehyde)oll 21 ¥4 (2~4T)oll A 2413 5 &
=gt 2417kl A ¥ F Solution B (0.25M KCI + 0.29M H3BOs + 5mmM EDTA +
25% Glutaraldehyde)ol] ¥ 12 WA (2~4T)oN A 179141 1941 +%<¢F W= 3lc), o] &
sampleS 59 Zo] uwlg} #A ddéar Solution Bl B4 UE AejolA #4353
te Sdtole Sk flol HA FolFaL

Sarcomere length = {632.8x10° x D x +/(T/D)* + 1}/T
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3. A9 23 # 1 F
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Figure 44. Total plate count in beef during storage at 0TC.
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Figure 46. Total plate count in beef during storage at 0TC.
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Figure 48. E-coli count in beef during storage at 0C.
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Figure 52. E-coli count in beef during storage at 0C.
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Table 1. Changes in shear force of Hanwoo meat during storage at 4C.

Treatments Storage(days)
1 7 14 21 28 35
kg/cm”
TV 468" 423" 3.87% 3.55¢ 352" 3.43%
Loin T2 4988 478 465% 423" 3.99™ 3.87%
T3 5114 4958  475%  465%° 4.014¢ 4.024¢
T1 - - - - - -
Brisket T2 - - - - - -
T3 - - - - - -
T1 6.255 6.015° 5.80%¢ 5.645¢ 5.02¢¢ 5.10%¢
T2 6.54% 6.45™ 6.50% 5565 5.34%¢ 5.30%
Chuck
T3 6.60% 6.56% 62350 G348 6.01%° 5.674¢
T1 5.99% 568"  578%  591B¢ 4,995 4,88
T2 6.23% 6.03" 5.79%¢ 5.69%¢ 5.23%d 4.79%¢
Round
T3 6.28% 6.28% 5874 5560 5.33% 4.89Ae
AB,C,.D

Means in the same column with different letters are different(p<0.05).

abcd\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

4Cel %S AGA AE7hE Table 191 WGeERAT Ad7tes £ A

shedl "ad 9 Wahw, ol HEYD AUFS AW v YErde, Au)

[e)
5
W oATAN BE 53 BE A{79004 st 447
=
o

Aotk Sl me &
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Table 2. Changes in shear force of Hanwoo meat during storage at 0C.
Treatment Storage(days)
reatments 1 10 20 30 40 50
kg/cm”
T1Y 468" 4.33% 4.30¢ 3.255° 3.345 3.265°
Loin T2 4988 478%  456%%" 333%™ 3.40% 3.21%
T3 5114 5004 468 4.00%* 3.78%¢ 3.5444
T1 - - - - - -
Brisket T2 - - - - - -
T3 - - - - - -
T1 6.255 6.13% 587 500 4564 4.445¢
T2 654 6.45% 567" 570" 4.65Ac 459
Chuck
T3 6.60% 6.40%"  564% 6458 495" 455
T1 5.99% 6.02% 5298 5ogghe 496" 4.69%
T2 6.23% 6114 568880 56350 5.128¢ 5.03%¢
Round
T3 6.28% 568% 5898  58gAP 5.10% 5.12
ABCDN eans in the same column with different letters are different(p<0.05).
abedyfeans in the same row with different letters are different(p<0.05).
YV T1: 1+Grade, T2: 2Grade, T3: 3Grade
0Col 39SS AFA Ad7lE B 4T A3 Aol o] E S
I BE ASEIoAN Adrte ARkl FhEEE gadteE 292 UEU =
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Table 3. Changes in water-holding capacity (drip loss) of Hanwoo meat during

storage at 4C.

Treatments Storage(days)
1 7 14 21 28 35

T1Y 354" 3.86™ 3.928  374BP 356" 3.17%¢
Loin T2 37187 390" 418™ 407 372% 346"
T3 3.88%¢ 4,028 4000 4.19% 3565 3.66
T1 2.218d 265108 o5 B 9 ggha 2.34%¢ 2.208¢
Brisket T2 2344 2588 260 270% 2.38% 240"
T3 2.36%¢ 2724 2714 2650 2.48%0 2514
T1 3.66" 3.665° 3.83% 35tk 3.428¢ 3.11%¢
T2 3774 370" 3.65" 3.59%¢ 34284 3.38%

Chuck
T3 3.8284% 3.90%  386% 346" 3.44%° 3.45%°
T1 3.23%¢ 3.89% 4028 47118 3.69™° 3.455¢
T2 3.45%4 356% 3998 406 3.78%° 3.58%¢

Round
T3 3.47%¢ 3874 389 4.923M 3.774¢ 3.56%4

AB,C.D

a,b,c,d

4T &

o] =¢|, 3etA

A

4

S ©n
= ©

o
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Means in the same row with different letters are different(p<0.05).
Y T1: 1+Grade, T2: 2Grade, T3: 3Grade
& AFA B WstE Table 39 YERU ST

] FES H

B

Means in the same column with different letters are different(p<0.05).
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Table 4. Changes in water—holding capacity (drip loss)of Hanwoo meat during

storage at 0C.

Treatments Storage(days)
1 10 20 30 40 50
%

T1V 3.54% 4.12ap 4,328 4.12%° 3.21% 3.17¢
Loin T2 3.71% 399% 450" 477 4.03% 3.88"%
T3 3.88 412°% 420" 4.45% 4,234 4.014¢
T1 2.21% 2.45%¢ 2.36% 3.86% 2,985 2.11%
Brisket T2 2.34P4 23980 245Bd  299BP 3.46" 2.574¢
T3 2.36%¢ 2.26% 3.42%  386M 2.835¢ 2.44%4
T1 3.66° 3.99"% 4,565 4125 3774 3.69%¢
T2 3.77% 3.67°°4  498%  432ADb 3565 3.50%

Chuck
T3 3.824 4,564 451%  3.89Ch 3.21% 3.7840¢
T1 3.23% 412Aa  398Ch 356 3.88" 3.64%¢
T2 3.45%° 355 496%  4.02%° 3.91%° 3.50%¢

Round
T3 3.474¢ 4,220 4565 38984 3888 3.96%¢

AB,CD

Means in the same column with different letters are different(p<0.05).
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abed\leans in the same row with different letters are different(p<0.05).

YV T1: 1+Grade, T2: 2Grade, T3: 3Grade

0Cel 3955 AHA By WstE Table 40 YeERW AT Drip loss+
SHel 4% vl UHUmEA Sdel Bege Enst ¥4 dehgrh e
2 FAFEA M 92 Drip loss A& YEIY 224 Ao mE i &4
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Table 5. Changes in sensory evaluation of Hanwoo loin meat during storage at
4C.

Storage(days)

Treatments"

1 7 14 21 28 35

T1? 68" 6.7 7.8% 7.9% 6.2 58Ad

Fresh meat color T2  6.2°¢ 6.3 755 6.6°° 6.5 5.3%
T3 5.9% 6.20cd 7.1% 6.6°° 6.4%¢ 5.35
T1 56" 5.6 6.5 5.7% 547 5.6
T2 5.7 5.7 6.2 614 5.4%¢ 5.8
flavor T3 5.6 4.9 6.1% 5.4Cc 5.3 5.5
T1 5.8% 5.9%P 6.8% 5.84P 5.8 5.7Ab
B T2  56* 58" 66 577 56 56
Acceptability T3 558 5.6Ch 6.3 575 5780 558
T1 6.14¢ 6.24¢ 6.6 6.44 6.5M 6.5M
T2 5.8 5.9% 6.35 6288 6.15" 6.0%°
flavor T3 565  57%  58°  g0Ca 58P 58
T1 6.7 6.8 6.9% 6.7 6.8 6.9
T2 6.5 6.6 6.8 6.7 ghP 6.7%
tenderness T3 6.OCd 6.2CC 6.3Bbc 6.3Bbc 6.4Bb 6.6Ba
T1 6.6 6.7 6.81 6.74% 6.4%¢ .87
o T2  64™ 65" 67 63™ 62"  65Bb
juiciness T3 6.2 6.2" 6.3° 6.4° 6.28 6.3°
T1 6.74¢ 6.8 7.20a 6.9 6.6"¢ 6.5Ad
B T2 65 65 71 67"  62Bd 63
acceptability T3 6.5 6.3 6,98 645 6.1 628

Fresh meat

Fresh meat

Cooked meat

Cooked meat

Cooked meat

Cooked meat

Color (9intensive, 1l:poor), Flavor (9:good, 1:bed), Tenderness (9:soft, 1:tough),
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Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)

ABCDNeans in the same column with different letters are different(p<0.05).
abed\leans in the same row with different letters are different(p<0.05).

? T1: 1+Grade, T2: 2Grade, T3: 3Grade

ol ¥ 54580 AeSod T80 & EA veuton, =3 A 149
o] FHY 7l ol TR olF vAl Haidte AFdS JEHAT 22RE A

4 14Q 057t HAo] SuEE Ad Ao Amdd.
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Table 6. Changes in sensory evaluation of Hanwoo loin meat during storage at

0.
. ., Storage(days)
reatments

1 10 20 30 40 50
T1? 68" 6.7 6.9% 6.44° 5.4%° 4.8%
Fresh meat color T2 6.2 6.3 6.6 5.85¢ 547 4.8
T3 5.9 5.8 6.4% 5.7% 5.6° 4.3%
Fresh ; T1 5.6%¢ 5.4% 5.8% 6.0M° 4.24¢ 4.3%¢
res mea Aa Aa Cc Ch Ad Be

T2 5.7 5.8 46 5.3 4.3 4.1
flavor T3 56  56% 55 578 40k 40
Fresh ; T1 5.8%¢ 5.6 6.7 6.24P 5.44%¢ 528
resT med T2 565 5.28d 6.4 5.45¢ 5.4%¢ 4.88¢
Acceptability T3 5 58P 5 3B 5 Ba 40C 5 1B 4,65
Cooked meat T1 6.1 5.6 5.7 6.8 5.4 48
T2 5.8 5.7 56 49 6.1 3.8

flavor T3 5.6 5.2 5.8 5.7 4.1 4.2
Cooked . T1 6.7 6.8 6.8 7.18 5.47 6.5%¢
ooted e T2 6.5 697 7142 6.45¢ 4.9 5454
tenderness T3 6.0 5 4B 5 3CP 5 4CP 4. 8B4 51C
Cooked ; T1 6.6"¢ 747 7.3% 6.84P 5.4% 5.9M
00K mea Ba Bb Be Ba Ad Ce

o T2 6.4 6.2 59 6.5 5.7 5.4
juicmess T3 6.2Ca 6.353 6.0Bb 5.4Cd 4.6Ce 5.7Bc
Cooked . T1 6.7 6.9 708 5.6 4.8 5.0%¢
oored med T2 6.5 5.8% 6.28P 5.18d 4.9%¢ 408
acceptability T3 6.5 4.65¢ 5 7¢P 47 4 oBd 4.0

Color (9intensive, 1:poor), Flavor (9:good, 1:bed), Tenderness (9:soft, 1:tough),

Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)

AB,CD

a,b,c,d

? T1: 1+Grade, T2: 2Grade, T3: 3Grade

0Coll A3 3¢

[e) =
F 6%

=
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Means in the same column with different letters are different(p<0.05).

Means in the same row with different letters are different(p<0.05).
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Table 7. Changes in sensory evaluation of Hanwoo brisket meat during storage at
4C.

Storage(days)

Treatments"

1 7 14 21 28 35

T1? 56 574 5.8% 594 574 564

Fresh meat color T2 56 574 574 578 5.8% 55"
T3 55" 56" 574 55° 5.4° 5.4%

TI 56 57 55 56 58 54
Fresh meat
T2 57 55 56 54 57 55
flavor T3 56 56 54 53 57 55
T1 57 5.8 57 5.8% 5.7 57
Fresh meat B
B T2 56 57 56 55 57 56
Acceptability g 5g 57 57 5,778 5.4 57
A A
Cooked meat | TL 67 6.7 69" 70" 65 6.4
T2 64 6.7 6.4 65 6.6 6.4
flavor T3 65 6.6 6.3 6.5° 6.7 65

T1 6.9% 6.9% 7.28 714 6.8" 6.8"
T2 6.9% 6.7% 6.8" 6.9% 6.8" 6.8"
tenderness T3 6.5° 6.28 6.1 6.5" 6.4° 6.5"

Cooked meat

T1 7.2 71 6.9 6.7 7.2 71
Cooked meat
o T2 7.1 6.5 6.5 6.4 7.0 6.8
JUICINESS T3 6.8 6.1 6.3 6.7 7.1 6.5

T1 737 7274 7142 7.37a 7.14 6.7
T2 6.85 6.5 6.9 7.18 7.0% 6.45°
acceptability T3 655 6.48° 6.35" 6.45P 675 5.8C¢

Cooked meat

Color (9intensive, l:poor), Flavor (9:good, 1l:bed), Tenderness (9:soft, 1l:tough),

Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)
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ABCDNeans in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

? T1: 1+Grade, T2: 2Grade, T3: 3Grade
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Table 8. Changes in sensory evaluation of Hanwoo brisket meat during storage at
0C.

Storage(days)

Treatments”
1 10 20 30 40 50
T1? 56 594 6.2 574 5.2 4.8%
Fresh meat color T2 56 59% 6.0% 5.38 54 438
T3 55 5.6° 5.7° 5.4° 5.0 4.4°
Fresh meat Tl 5.6 5.7 5.9 6.4 5.7 4.2
T2 5.7 5.6 5.7 5.4 5.2 45
flavor T3 56 5.7 56 5.4 56 44
Fresh meat T1 5.7 6.3 5.8 6.14 5.4 5.3
T2 5.6 6.2 5.2 5.3 5.6 4.8
Acceptability 14 5g¢ 57 56 5,38 5.1 5.0
Cooked meat T1 6.7 6.7 6.5 5.8 5.4° 4.2°
T2 6.4 6.2 6.5 6.0° 5.1¢ 5.2¢
flavor T3 65 6.6° 6.4° 6.2" 55° 5.3¢
Cooked meat 11 6.9 6.7 7.2 74 6.4 77
T2 6.9 6.2 5.7 6.4 5.2 78
tenderness T3 65 6.4 7.0 71 59 68
Cooked meat 11 72 7.1 74 6.5 6.7 6.8
o T2 7.1 6.2 75 6.6 5.4 6.6
JUICINESS T3 6.3 6.3 76 7.0 6.9 7.1

T1 7.3% 7.8% 7.0% 6.8% 574 6.14
T2 6.85 7.08 6.48 54" 498 538
acceptability T3 658 6.5¢ 7 0% 6.5 56% 6.3*

Cooked meat

Color (9intensive, l:poor), Flavor (9:good, 1l:bed), Tenderness (9:soft, 1l:tough),

Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)

ABEDNeans in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

2 T1: 1+Grade, T2: 2Grade, T3: 3Grade
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Table 9. Changes in sensory evaluation of Hanwoo chuck meat during storage at
4C.

. , Storage(days)
reatments
1 7 14 21 2 35
T1? 5.7 5.8 5.7 594 6.0% 55
Fresh meat N s
T2 56 5.7 58 6.0 5.7 53
color T3 55 56 55 5.4 5.4 53
Frosh meat 11 57 58 5.2 56 5.4 57
T2 56 6.1 52 57 56 53
flavor T3 5.7 52 5.4 5.8 53 5.4
T1 5.7 5.8 6.3* 6.4% 6.5 55
Fresh meat s s s
T2 56 56 58 55 6.0 53
Acceptability g 57 55 5.6 5.6 5.3 55
Cooked meat T 57 57 57 54 55 56
T2 56 56 57 56 56 5.7
flavor T3 56 56 56 55 5.4 56

T1 6.5 6.6 6.6 6.7 6.47% 5.9%
T2 6.25 5.9 5.7% 5.9 6.0%° 6.0%
tenderness T3 5.0%¢ 5.4C¢ 5 oCd 56 5 gCa 5 gBa

Cooked meat

T1 5.08 524 5.4% 524 524 5.3%

Cooked meat A A 5 s . AB
T2 5.2 5.1 5.0 49 4.8 5.1

juiciness T3 4.9 4.8 49° 50" 48" 5.0

T1 5.5%¢ 5.8% 5.84P 620 614 5.9

T2 5.4%¢ 555 5.7% 6.0% 6.1 5.9%
acceptability T3 5.3A¢ 5.3C¢ 565 5.9ABa 5 9ABa 575

Cooked meat

Color (9intensive, l:poor), Flavor (9:good, 1l:bed), Tenderness (9:soft, l:tough),
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Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)

ABEDNleans in the same column with different letters are different(p<0.05).

abedyfeans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

4Tl A3 9= Advke] F9o deAA Aods B A5 g 3
TAA Ads SEEd e FolHQd AelE UEhA ko Sl ty #

FTHAA Ade EASSo & SF59 v3 =2 7IE% (acceptability) & YEFH

ovl, A% 219 ol FHE /EE} FhHe A% el
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Table 10. Changes in sensory evaluation of Hanwoo chuck meat during storage at
0C.

Storage(days)

Treatments”
1 10 20 30 40 50

T1? 5.7 5.8 6.74% 6.2 6.3%° 5.2
T2 5.6%¢ 6.2 5.8% 45 5.9% 5.2Ad

Fresh meat

color T3 5.5 6.6 5.4 5.6 5.4 4.8
Fresh . T1 5.7° 5.45¢ 6.0M° 5.7% 5.8% 5.28¢
rest med T2 5.6° 6.472 518 5.85P 5.3% 5.44¢
flavor T3 57° 545  55%  g7h 465 560
Fresh ; T1 5.7° 6.5M .47 5.4% 4.3% 5.14¢
rest med T2 5.6° 5.9% 6.4% 5.65%¢ 5.2A8d 41%
Acceptability T3 57 5.4C¢ 5.gBa 6.1 5 4Ac 4.9Bd
Cooked ; T1 57° 57 6.4 45 5.85 5.3%
ooke mea ab ab Ba Bab Aa Bb
T2 5.6 5.7 59 5.7 6.1 48

flavor T3 5.6 5.7° 5.854 6.0 5.4 5.20¢

T1 6.5 6.3 6.4 5.9%¢ 5.4% 6.7
T2 628 5.7% 5.454 5.3% 6.47 6.1%
tenderness T3 5.0°t 6.7 6.4%0 6.0 5 gBed 5.4Ce

Cooked meat

T1 5.0 6.3 6.4 6.5 5.4 5.2

Cooked meat
o T2 5.2 5.7 5.7 6.1 5.8 5.0
JUICINEsS T3 49 5.7 5.6 5.7 5.2 48
bc Aab A Aa Be b
Cooked meat T1 55 ‘ 6.8B 6.9Bb 7.013' 5.4%“3 56
N T2 5.4° 597 6.1 6.7° 55 5.4°
acceptability T3 5.3 6.1 6.0% .75 56 55

Color (9intensive, l:poor), Flavor (9:good, l:bed), Tenderness (9:soft, 1l:tough),
Juiciness (9:Juicy, 1:dry), Acceptability (9:good, 1:bed)

ABED)Neans in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

? T1: 1+Grade, T2: 2Grade, T3: 3Grade
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Table 11. Changes in sensory evaluation of Hanwoo round meat during storage at
4C.

Storage(days)

Treatments"
1 7 14 21 28 35

T1? 6.6 64" 64*™ 618" 59% 6.0
Fresh meat color T2 65% 628 5340 5.7 5484 5.6%
T3 6.15 6.15 5.7% 5.7% 5.3% 5.4

T1 55 5.7 5.9 5.9 6.1 5.4

Fresh meat
T2 5.4 5.0 5.6 5.4 5.3 5.2
flavor T3 5.6 5.4 5.3 5.4 5.1 5.1
T1 6.4% 628 3% 614 58 5.6
Fresh meat N - Bed s Bd s
- T2 6.4 59 5.6 57% 54 5.28¢
Acceptability T3 5,984 5,68 5 4B 5.3 5 48P 5 9B¢
Cooked meat T1 5.6 5.4 5.4 5.6 5.4 4.9
T2 5.4 5.6 5.6 55 49 4.2
flavor T3 57 54 5.4 5.2 48 45
Cooked meat T1 6.5 6.4 6.5 6.4 6.4 6.2
T2 6.4 6.0 5.9 6.2 6.2 5.8
tenderness T3 6.0 6.1 6.0 6.3 6.3 6.0

T1 674 8% 9% 65 g7 667
o T2 64™ 65 657  64™ 62" 647
juiciness T3 62 61  64%  63% 61 64
T1 674 8%  68% 674 65" 62N
T2 628 2B e3P 0% 61 59
acceptability T3 6.0 5.0 6.9Ca 6.0% 5 ]Cc 5.6

Cooked meat

Cooked meat

Color (9intensive, l:poor), Flavor (9:good, 1l:bed), Tenderness (9:soft, 1l:tough),

Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)
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ABCDNeans in the same column with different letters are different(p<0.05).
abed\leans in the same row with different letters are different(p<0.05).

? T1: 1+Grade, T2: 2Grade, T3: 3Grade

o] BEHA AHE BRW EATHo] AAH

4T AR BER SE P9 B

3L
O
N
e
Ho
1o

o x¢] 715 % (acceptibility) B FAjo] th& FHel vl =A e

Ag 9A BT Se] & S5 Y& 54 (juiciness)¥ 7] E % (acceptability) 7F

= dEHREA w590 Fue BT He e 539 Fo v =& A2

2 Atz Eh A7 WstE B 2S5 Aee ATl ARErE Vs

E7b oA A Hu bE S A 2

ol Ads UeEdth & A7Z29 ST #5534 54 A% 219 AF
pa

of W37l & Ao Aled
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Table 12. Changes in sensory evaluation of Hanwoo round meat during storage at

0C.
. ) Storage(days)
reatments
1 10 20 30 40 50
T1? 6.6 65 648 58" 45 48
Fresh meat color T2 65 63 5.9% 6.0 518 40P
T3 6.158 5.9 5.4% 5.6 4.8% 3.9
Fresh meat T1 55 56 6.0 5.8 45 5.0
T2 5.4 6.1 5.8 56 52 5.1
flavor T3 56 6.1 5.4 6.2 5.7 4.8
Fresh ; T1 645 g5 8% 718 560 57
res mea Aa Bb Ba Ba Bb Bb
- T2 6.4 5.9 6.4 6.5 5.2 5.0
Acceptability T3 5.Ba 4.9Cd 5650 5 5Cbe 5.1 4.3C¢
Cooked meat T1 56 52 5.6 6.4 5.7 43
T2 5.4 52 5.3 5.7 5.1 46
flavor T3 57 6.0 41 53 46 41
Cooked meat T1 6.5 6.7 7.2 71 65 73
T2 6.4 65 6.9 6.6 6.7 6.4
tenderness T3 6.0 5.6 6.7 7.0 59 5.7
Cooked . T1 6.7 68 647 69% 70 61M
O0KE mea Bb Cd Be Ba Ba Be
o T2 6.4 5.9 6.2 6.7 6.6 5.3
juicimess T?) 6'2(23 6.3Ba 5'5()b 5.4Cb 5.2Cc 5'1(;C
Cooked ; T1 57 58% g9t 58 574 53¢
00K mea Bce Bb Ba Cc Bd Be
B T2 5.2 5.4 6.5 5.2 5.0 48
acceptability T3 5.0%¢ 4 g 6.9Ca 548 4.8Cd 4 gBed
Color (9intensive, l:poor), Flavor (9:good, 1:bed), Tenderness (9:soft, 1l:tough),

Juiciness (9:Juicy, l:dry), Acceptability (9:good, 1:bed)

ABCD

Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

A
H
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o ®LFE =

X}

o

A

I

FBEH SE Y
debgth 715w

i

=
olf

g

2!

AF 2

(acceptability) & HH 2l
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Table 13. Changes in meat color (L") of Hanwoo meat during storage at 4C.

Storage(days)
1 7 14 21 18 35

Treatments

T1V 28528 3023  3278% 3259 3356 34.78%
Loin T2 2969° 206748  31.34°%  3456%  34.23%  33.98%
T3 2711%  2879% 2931 3154  3523% 3267

Tl - - - - - -
Brisket T2 - - - - - -
) T3 - - - - - -
L T1 3049%¢ 3355  3506™  35.00%  3498%  3513™
Chuck T2 3056  3222% 3587  3356™  3466" 3321"°"
T3 09198 3089 30547 sseT™ 3156%  3278%
T1 2889 31.25%  3211%  3356™  3271%  34.96™
Round T2 2808%  30.60™  3156% 3266  3358" 3265
T3  27.73%  3043°"  3389™  3290" 3158  30.25“
AB,CD

Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

YV T1: 1+Grade, T2: 2Grade, T3: 3Grade

4Co) AGA B9%e] WEES Table 130] LA WE Loz Seo
W18 GEuERe e dndon drge ¥24S 9980 EUsAS Y
A Ak wF Age] AL Agu EAas %45 myoglobinel @ AEel o

d 2A HeED ATAT RE 9L AFrI7he] SR BRG] Z718
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Table 14. Changes in meat color (L") of Hanwoo meat during storage at 0C.

Storage(days)
1 10 20 30 40 50

Treatments”

T1V 2852%¢  30.65% 3199  3456% 3567 35127

Loin T2 2969%  3023% 3026% 3156  3478% 3494
T3 27119  2967%¢ 2878  30.64“>  3346°*  33.21“

Tl - - - - - -
Brisket T2 - - - - - -
T3 - - - - - -
L’ T1 3049 3269  3245%  3364%" 3364 34.12™
Chuck T2 3056 3063% 3126  3156° 33.03* 3367™
T3 29.12%  3063" 3045  31.08™ 3189  31.65
T1 2889% 2934  2979"  3165" 3098%"  32.31M
Round T2 2808 2813  3069" 3056™  31.65™  30.46"
T3 27.73%  28.00°™ 29.76Ba 2876 2836  29.76“
AB,C.D

Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade
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Table 15. Changes in meat color (a") of Hanwoo meat during storage at 4C.

Storage(days)
1 7 14 21 18 35

Treatments”

T1V  1845%* 18228 1765  1598% 153154 1500

Loin T2 1888% 17.32% 1807  16.24*" 1567 1533
T3 2034*  20.12%  19.08* 1635 1500 16717

Tl - - - - - -
Brisket 12 B - B B - B
. T3 - - - - - -
? T1  2239%  21.14° 2080 1879  1666™  16.78™
Chuck T2 2342% 2264™  2011"  2000" 17.95*%  16.07™
T3  2466™  2219%  2016%  1899™ 1872 17.00%¢
T1 2212 21.08  2090% 1797  16.32%  16.22%
Round T2 2287* 2087"" 1965™ 1896 1699  16.78%
T3  2241% 2069  2079"  1966% 17214 17.98"
AB,C,.D

Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

4T AHA B4%) AMEE Table 156 FEIRT AAE (an) &)
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Table 16. Changes in meat color (a") of Hanwoo meat during storage at 0C.

Storage(days)
1 10 20 30 40 50

Treatments”

T1V 1845™  1745"  1534™ 1596  1356°  13.87*
Loin T2 1888™ 1763"™ 1646 1367 1453  13.06™

T3  2034%  1876™ 1436 1246 1463  13.25™

Tl - - - - - -
Brisket T2 - - - - - -
. T3 - - - - - -
2 T1  2239%  2146*  21.89* 1967* 1876  15.76™
Chuck T2 2342%* 2036 19.46° 1757°  1679"  14.66™
T3  2466™  2268™ 2098 1645  1658°! 1503
T1  2212% 2079 2079%  1679% 1456 12.39"¢
Round T2 2287% 1876"  1767° 17.13% 1323" 1246%
T3 2241%  1831" 1656  16.24™  13.98*  11.86™
AB,CD

Means in the same column with different letters are different(p<0.05).

abcd\eans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

HA &

i

0T B9 AFA AN

il

Sp-Foll M AG7|Zko] SIS
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Table 17. Changes in meat color (b*) of Hanwoo meat during storage at 4C.

Storage(days)
1 7 14 21 18 35

Treatments”

T1V 1069  10.78"°  978% 1126  1238% 1250
Loin T2 1000  912%  o977* 1032*%" 11.85*™ 11.44Ba

T3 880" 891 9.99%" 9.87%"  10.78%  10.99"

Tl - - - - -
Brisket 12 - - - - - -
) T3 - - - - -
b T1 1277%  1390™  1223% 1366Aa 1277 1291*
Chuck T2 11.23% 1064™ 1245% 970" 1065  11.68%™
T3 10.82% 931" 967" 812 945"  800™
T1  999*  987* 789%™  1093* 1000™ = 854%
Round T2 871" 908 974 899"  921*%  g07*
T3 912%  8e4™ 789%™ 833" 812Bb  897™
AB,CD

Means in the same column with different letters are different(p<0.05).

abedyfeans in the same row with different letters are different(p<0.05).

YV T1: 1+Grade, T2: 2Grade, T3: 3Grade
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Table 18. Changes in meat color (b*) of Hanwoo meat during storage at 0C.

Storage(days)
1 10 20 30 40 50

Treatments”

T1V 1069  10.95%  1258% 1477 1323%  13.08"
Loin T2 1000 1276%  1167° 1377%* 1365°*  13.87*
T3  880%  11.34% 1264 1278 14.36™ 13217

Tl - - - - - -
Brisket T2 - - - - - -
. T3 - - - - - -
b T1  1277%  1123%  1273%  13.05™  1364*  1391™
Chuck T2 11.23% 1236 11.83" 1264" 1380  13.00“
T3 10.82°  11.87%  11.36™ 1354  1164%  1431%
T1 999  1032%  11.08"  1220%  11.87" 1260
Round T2 871% 961%  10.32°" 1177 1269%* 12,08
T3  9.02°  1054%  1258% 1294%  1369%  13.22%
AB,CD

Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

o
1%‘
Mats FEEVH FFe el @ik
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Table 19. Changes in meat pH of Hanwoo meat during storage at 4TC.

Treatment Storage(days)
reatments 1 7 14 21 28 35
TV 5.765¢ 5.77% 5.8740¢ 5974 6.10% 5.894¢
T2 5.861% 5.98% 5.874% 5.994 5.76° 5.68"
Loin
T3 5.66%¢ 5.885 5.79%° 5.90%® 5.99" 5.77°°
T1 5.68 5.98 6.06 5.97 5.88 5.90
Brisket T2 5.77 5.88 5.97 5.86 5.77 5.94
T3 5.65 5.9 6.03 6.04 591 5.86
T1 5.8240 5.99% 5.895 6.05° 577 5.624¢
T2 5.794¢ 578" 6.09% 6.00a 5.88" 5.71%
Chuck
T3 5.08% 5.95% 60247 5.97 5.86™ 5.70%
T1 5.88 5.90 6.02 6.08 5.90 5.76
T2 5.81 597 5.99 6.10 5.98 5.87
Round
T3 5.79 5.88 5.91 5.99 5.94 5.84
AB,CD

Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

YV T1: 1+Grade, T2: 2Grade, T3: 3Grade

s Age deEugon, S5l e $ad val ¥ pHE deuozs %
Mot mrd R Awst $5Y Rom ARIG Tt FAG FERAE S

o) pHE| AolE hERlA @gkrh A 47)7be] we pHe e AgIzre] A ael
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Table 20. Changes in meat pH of Hanwoo meat during storage at 0C.

Treatments Storage(days)
atmen 1 10 20 30 40 50
T1V 5.76 5.78¢ 5.97° 6.01° 577 5.86°
T2 5.84% 5.80 5.85% 5.99° 577 5.80
Loin b . .
T3 5.66° 5.86 5.90° 5.97° 5.82 5.79°
T1 5.68¢ 5.74° 5.87° 597" 578 5.86"
Brisket T2 5.72° 5.68° 5.78™ 5.95° 5.82 5.79"
T3 5.65° 5.60° 5.89° 5.92° 5.84% 5.76
T1 5.8280 5.888 576" 5.9444 5.08% 5.885%P
T2 5.79" 5905 5878 5.964 5.845° 5.974
Chuck ‘
T3 5.98%% 6.03%° 6.08% 5.87° 5.76% 5.87°
T1 5.884P 5.98% 5.96™ 6.0244 5.84" 5.76"
T2 58148 58a8P 5.99% 5.78%¢ 5.94% 5.875
Round
T3 576" 5.96% 60214 5.99% 5.98% 5914
AB,C,.D

“Means in the same column with different letters are different(p<0.05).

abed\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade
0C A%t 39

g0
o pHE /b8t oAl dadts 39S dehiglon St F28ue pHel
ol & hEhlA ekskeh.
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Table 21. Changes in meat sarcomere length of Hanwoo meat during storage at
4C.

Treatment Storage(days)
reatments 1 7 14 21 2 35
pm
T1Y 1.55% 1.64% 1.828° 1.95™ 1.90% 1.915
Loin T2 1.50% 1.60" 1.76%> 1818 1.88% 1.78%°
T3 1.672 1.86%¢ 1.97% 201 2.03%% 2.10M
T1 1.482 1.624¢ 1.88%" g oA 2.09% 2.084
Brisket T2 1.49% 166 174% 193 1.96% 1.95Ba
T3 1.53% 166 1.83*  200% 1.98% 201488
T1 1.63% 1.81%¢ 1.924 2.11pa 2.13% 2,038
T2 1.637 1.79%¢ 1.98% 21838 9 q1AP 9 q3hed
Chuck
T3 1.528¢ 1.66% 1.89%¢ 22144 2,20 2.124P
T1 0.75%¢ 0.83%¢  0.89%  0.94"BF  (gghP 0.99%4
T2 0.69™" 0.70%>  0.78%> (83" 0.84% 0.87"
Round
T3 0.73%¢ 0.65™¢ 0.73"% 1.00™ 0.8748° 0.89%"
AB,C,.D

Means in the same column with different letters are different(p<0.05).

abcd\leans in the same row with different letters are different(p<0.05).

Y T1: 1+Grade, T2: 2Grade, T3: 3Grade

4Co] AAA] -5 Fddole] WHEE Table2lo] Yetiddch 482 &4
o] 7182z Fddol7t dodSsE §2 A +ddolrt HESFE S
AAAA A, AFZ23 - dol= AF7|Zre] FrtstesE Aojx=d o3t

IfEE AFZA At A auAe Ralst Fo A9 Ao A=A 5
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Table 22. Changes in meat sarcomere length of Hanwoo meat during storage at
0.
Treat Storage(days)
reatments 1 10 20 30 40 50
m
T1Y 1.555 1.66% 1.70%¢ 1.89%° 1.86™" 2.034B4
Loin T2 1.50% 1.59% 1.60%¢ 1.77%* 1.8148 1.90"
T3 1.674 1.76™¢ 1.60% 1.80%" 1.75% 2117
T1 1.49™ 1.54%4 1.86%° 1.74%¢ 2.06"5 2.03%
Brisket T2 1.49%¢ 1.65P 155 1.85%¢ 2,114 1.974
T3 1.527d 1.69%¢ 1.7978 1.73% 1.98"% 2.03%
T1 1.63* 1.77% 1.96%" 2.03% 2114 2.16%
T2 1.63%¢ 1.88"P 1.84% 2.13% 2.07"% 21148
Chuck . B
T3 1.528¢ 1.67% 1.908° 1.86%¢ 2114 2.06"
T1 0.75%4 0.77% 0.86%¢ 0.91%¢ 1.024 1.1442
T2 0.65" 0.73% 0.8248>  0.968% 1.00™ 1.03782
Round
T3 0.73%¢ 0.86%° 0.75%¢ 0.94% 0.99% 0.97"
ABCDN eans in the same column with different letters are different(p<0.05).
abedyfeans in the same row with different letters are different(p<0.05).
YV T1: 1+Grade , T2: 2Grade, T3: 3Grade
0Col AgAl Aol Aol Akl TR AojN e BT YEh)
ek e SEzdlE FEAve 4FS vehlA ggkd
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