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SUMMARY

I. Title

Development of Hanwoo refrigeration storage profile and refrigerating system

IT. Aims and Necessity of the research and development

As household income increases, the consumption of meat increases rapidly along with the
growth of food-service industry. Not only has the amount of consumption itself increased, but
also the high quality has been carried as the most important factor when making a purchase.
Free and open-trade made imported beef more easily accessible with cheaper price, which lead
the expansion of total beef consumption. Placing its high-quality and safety at the head,
Hanwoo consumption has been gradually increased as well. Despite of its high price, Hanwoo
has been placed in high preference compare to other freeze-imported one, due to its tender
fleshiness and lively juiciness.

In order to promote in consumption of Hanwoo, the storage system which provides simplicity
and endurance is necessary. Currently, Hanwoo is generally kept in either regular cold storage
or Kimchi refrigerator, which remarkably damages the quality of meat. Regular cold storage or
refrigerator does not provide appropriate environment for the storage of Hanwoo because it is
kept with other food products which lead contamination of meat directly and also frequent open
of door. For this reason, Hanwoo is stored frozen in most cases which require thawed process
where considerable damage in quality takes place.

Thus, the purpose of this research is to develop a new cold storage system dedicated for
Hanwoo which provides longer shelf life of meat at home. Such system is expected to enhance
the consumption of Hanwoo while preserving its quality.

On the other hand, problem and limitation of current distribution system of Hanwoo is
assessed to provide the improved way of distribution, which is expected to enhance the

consumption of Hanwoo as well.



IMl. Contents and scope of the project

(1) Investigation and Analysis of current Hanwoo distribution system
- Investigation and Analysis of current Hanwoo distribution system
- Analysis of current online direct transaction of Hanwoo

- Analysis of consumer acceptance and marketability of Hanwoo refrigerator

(2) Hanwoo storage profile
- Storage characteristics of Hanwoo related to temperature, humidity, and
UV irradiation
- Storage characteristics of Hanwoo related to the method of cooling

- Assessment of newly developed system compare to regular cold storage

(3) Development of Hanwoo storage system
- Design of cold storage system using CFD
- Design and production of a testing system
- Design the temperature control system and UV irradiation system

- Characteristics of testing system with temperature control

IV. Result of the research

The Hanwoo cold storage system is developed by controlling the cold temperature and UV
irradiation on initial stage of storage. The system dedicated for Hanwoo is successful in storing
meat for more than two weeks while preserving its freshness quality. The system is expected to
enhance the consumption of Hanwoo.

The survey is carried to assess the marketability of the Hanwoo cold storage system; total
476 residents of Seoul, age 20 to 65. The survey results indicate that 50% of respondents are
willing to purchase Hanwoo cold storage system with appropriate price, and the appropriate cost
was placed around 300,000 won. Thus, it is expected that launching of Hanwoo cold storage

system could create a new market.



V. Plan for application of the research

(1) Commercialization plan
- IDEAL SYSTEM CO., will participates in commercialization plan.
- Design new exterior for Hanwoo storage system

- Each parts and interface will be tested for safety and suitability in home using

(2) Industrialization plan
- Build a plan for mass production and marketing
- Aim the consumer price of Hanwoo storage system for 200,000won

- Provide instruction for developing new user interface

(3) Plan for apply for a patent

- patent on a home use functional refrigerator for Hanwoo storage
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Table 1. Changes of added value in agricultural sector

4
M

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

18,006.0 | 17,362.8 | 18,387.4 | 18,645.9 | 18,733.2 | 18,159.8 | 17,969.6
Al

19,408.5 | 16,791.4 | 17,225.9 | 17,000 | 1,6456.7
(87.6) (91.2) (85.8) (86.4) (85.2) (81.5)

(81.7) (79.3) (73.8) (76.0) (77.4) (81.6)

2219 2,197.1 | 1,308.9 2,694.1 2,595.9 2,872.4 3,721.9 3,579.8

4,603 5,467.7 | 4,947.7 | 4,422.2 3175
(10.7) (6.9) (12.6) (12.0) (13.1) (16.7) (16.3)

(18.8) (24.0) (21.8) (20.1) (15.7)

5o 345.5 358.9 342.8 344.9 371.7 407.2 433.8 458.4 496.5 493.4 531.2 532.9
8] 2~ (1.7) (1.9) (1.6) (1.6) (1.7) (1.8) (2.0) (1.9) (2.2) (2.2) (2.4) (2.6)

7 20,548.6 | 19,030.6 | 21,424.2 | 21,586.7 | 21,977.3 | 22,288.9 | 21,983.2 | 24,469.9 | 22,755.6 | 22,667.0 | 21,953.4 | 20,164.6
(100,0) | (100,0) (100,0) (100,0) (100,0) (100,0) (100,0) (100,0) | (100,0) | (100,0) | (100,0) | (100,0)

Aol A RS 1997 639,031 Hell A 2004 1038,398%] ¢ ©

o dYPo R 57.0%7F &
Zbekddth o] T AFom AH|E= &, wlx], el At WEkE dvrd 19979 &9

Ak 2% 10739 €(30.5%), #HASl Aol 129,601 9(284%), &l Akl
772099 (11.2%) 2. = o] wgo] 7hg Flou, €8k 7| 2 Hav]e] AuH7E F3EE 1998
AEHE A HlFol § AAEA 2008 @A o] AAbel2 3% 54769 91(26.1%),

A= 4% 0,853 U2 2(30.1%), & 1% 42949 U (105%) = YEFETH(3E2, 1H2).
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Table 2. Yield changes in livestock sector
(91109 ¢, %)

T 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008

6903 | 7,515 | 7,937 | 8,082 | 8312 | 9,052 | 8870 | 10,540 | 11,737 | 11,676 | 11,277 | 13,593

2 AFHB) 2,107 | 1,836 | 1,778 | 1,879 | 1,700 | 2,136 | 2463 | 2,894 | 3,148 | 3274 | 3478 | 3548

H] Z(B/A) 30.5 244 224 232 205 23.6 278 26.7 26.8 28.0 30.8 26.1

A ALEAC) | 1,960 | 2390 | 2,687 | 2,372 | 2,692 | 2918 | 2681 | 3,667 | 3,759 | 3,609 | 3,320 | 4,08

H] = (C/A) 284 318 33.9 29.3 324 32.2 30.2 33.8 32.0 30.9 294 30.1

s AL (D) 73 858 768 821 863 729 641 948 1113 1330 1028 1429

"] F(D/A) 11.2 11.4 9.7 10.2 10.4 8.1 7.2 8.7 9.5 11.4 9.1 10.5

A5 FEE, <sdSAIAE>, 2009

4,500
4,000
3,500
3,000
2,500 —4— 2 ity
5 e
1,500
1,000
500
1937 1988 1388 2000 2001 2002 2003 2004 2005 2006 2007 2008
Fig. 2 Yield changes trend in livestock sector. (e+9]: 1099 4)
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Table 3. The supply and consumption of domestic beef

T 2001 2002 2003 2004 2005 2006 2007 2008
Hdol e 73.5 18.0 55.0 99.9 49.9 28.0 35.0 40.3
- Ak 1626 | 1474 | 1416 | 1449 | 1524 | 1581 | 171.2 | 1738
&H
T 166.0 | 2923 | 2936 | 1329 | 1426 | 1794 | 2028 | 224.1
A 402.1 | 4577 | 4902 | 3776 | 3449 | 3656 | 4091 | 438.2
oAb [ 1644 | 1474 | 1416 | 1449 | 1524 | 1582 | 171.2 | 1738
sa TYaEF | 2197 | 2553 | 2486 | 1829 | 1644 | 1724 | 1975 | 191.3
Aol & 18.0 55.0 99.9 49.9 28.0 35.0 40.3 73.1
Al 402.1 | 4577 | 4902 | 3776 | 2889 | 2956 | 3284 | 292.0
L M| 384.1 | 4027 | 390.2 | 3278 | 3169 | 3306 | 368.7 | 3651
A (%) 42.8 36.6 36.3 44.2 48.1 479 46.4 47.6
19134 ZF(Kg) 8.1 8.5 8.1 6.8 6.7 6.8 7.6 7.5
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Table 4. Industrial structure of Hanwoo

T 2000 2005 2007

A/ A E7HA ) 290/4.1 192/6.1 184/8.1
A5 7F AbRIS(%) 25.0% 32.5 38.0
oG AT 5.5 9.5 11.9
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Table 5. The main producing area and rate of Hanwoo ('08.9)

= #
=9
A g A wke] g2 (vhke) Ar8(%)

A= 2,469,895 100.0

1 A 501,979 20.3

2 A 409,032 16.6

3 T 311,335 126

4 A5 276,632 112

5 G 263,502 10.7
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Table 6. The production cost for single calf (‘07)

UG, A7) Ao

R

1%, 71e}
17} 28%, A7bw 17%5% FF 2
B 30~49F
ol FFmel Fbl met A47h

&7t

-

A 7E 7H

(591:90/F)

A} 8 2 4 ' /

T o3 10+ LT 50—; Hq o | 743 00 %

n) 10~29 | 30~49 o] AF (a) (%0) (b) (c)
AF 2] 783,102 853,507 754,905 923,267 866,745 39.7 803,072 796,573
(=BALE) 536,767 580,308 515,733 587,972 576,993 26.4 519,952 533,137
(% A} 2) 246,195 263,740 234,013 292,318 271,387 124 264,912 245,322
(TMRAF) 140 9,459 5,159 42,977 18,365 0.8 18,208 18,114
g 611 8974 1,287 37,534 15,828 0.7 15,525 10,026
7] €} 273,984 307,242 291,640 381,729 330,442 15.1 335,558 315,171
A A (A) | 1057697 | 1,169,723 | 1047832 | 1342530 | 1213015 | 555 1,154,155 | 1,121,770
A7} 2 v 588,975 395,016 294,870 184,666 362,519 166 384,439 345,557
Ao 2} 550,672 569,395 545,396 666,027 609,133 279 615,616 622,618
g A (B 2197344 | 2134134 | 1888098 | 2193223 | 2184667 | 1000 | 2154210 | 2,089,945
FAHEGR10) | 45,027 45,741 46,308 32,425 42,240 75,627 81,150
749RI(A-C) | 1,012670 1,123,982 1,001,524 1,310,105 1,170,775 1,078528 | 1,040,620
A B-C) | 2152317 2,088,393 1,841,790 2,160,798 2,142,421 2078583 | 2,008795

A5 (%) 79.2 76.8 82.3 72.0 745 75.3 75.2

Az FHELN0T FHERW A 7 F
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Table 7. The production status of fattening cattle (‘07)

A% i m
%L 3
205-1] 7 20~49 50~99 1005-0] 4+ w3t
TAAF (kg/F) 162 152 153 157 157
ol 2 3 (kg/5F) 620 654 657 665 643
562 654 652 669 621
ALS ?——_l >~ (9]
Hr(E) (18.79) (21.8) (21.7) (22.3) (20.7)
o) = A 2 (ke/ 5 0.815 0.763 0.773 0.759 0.783
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'05
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(c)

(b)

2,384,787

(%)
45.2
28.9
21.9
53
1.7
0.3
6.4
80.8
6.5
12.7
100.0

(oin

AR aF B
100+

o] /61
2,255,251
1,613,602

i
(a)
2,292,442
1,463,390
1,111,820

2,206,983
1,312,127
1,000,855
253,708
57,564
21,085
335,041
3,875,236
379,498

1,254,920
988,913

227,193

38,814

14,422

288,676
3,942,805
323,703
600,513
4,867,021
27,812

Table 8. The production cost for single fattening cattle (‘07)

50~99

20%
| 20~49

ak
2,337,921
1,267,296
993,701
236,933
36,662
5,451
286,630

2,269,117
1,627,686
1,290,827
306,443
30,416
8,989
312,626
4,218,418

2,265,621
1,542,310
1,183,660
289,322
69,328
8,714
378,490
4,195,135

1,091,977

262,500 267,051

84,519
17,305
325,946
4,099,083
327,753
643,275

209,125

62,377
349,477
4,280,707
115,001

(5 FAL2)
(& A7)
(TMRAMR)

g

591,591
4,846,325

alr

7] B
3,897,298

361,628

246,013

705,856

5,070,111

22,873

Al

697,354

3,852,363

3,914,993

5,101,564
14,986
4,265,721
5,086,578

442,565
560,925
4,900,788
23,968
3,873,330

4,839,209

4,876,820

19,295
4,079,788
5,050,816

)
27} =2

687,087
5,243,850
21,066
4,174,069

5,222,784
R ER e

5,161,785
10,856
4,207,562
5,150,929

4,823,452

A 3-0] 7}

i
=

}1\_]__
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Table 9. Price trends in production locality
(91 4 9)

19 | 29 | 39 | 4% | 59 | 62 | 72 | 84 | 94
S0} 1,370 | 1,482 | 1,509 | 1,629 | 1,718 | 1,869 | 1,930 | 2,032 | 2,125
1,514 | 1618 | 1,669 | 1,852 | 1,989 | 2,121 | 2176 | 2312 | 2411
1,965 | 1,708 | 1,762 | 1923 | 2,028 | 2,183 | 2,251 | 2,350 | 2,400
Uke 1,787 | 1,890 | 1,964 | 2187 | 2,324 | 2498 | 2549 | 2,656 | 2,724
350K 2,725 | 2,874 | 2,833 | 2,874 | 2906 | 3,150 | 3,102 | 3,179 | 3,340
2,485 0 2,132 0 2,800 | 2965 | 2974 | 2923 | 3,164
600K 4,602 | 4,584 | 4597 | 4,670 | 4,698 | 4751 | 4831 | 5089 | 5405
3,659 | 3,694 | 3,699 | 3,688 | 3,702 | 3,808 | 3949 | 4,870 | 5167
AR FAFYI FEAR, DENAEY
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Fig. 4 The status of cattle slaughterhouses all over the country.
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Fig. 5 The distribution channel ratio of cattle and beef.
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Table 11. The price structure by commodity
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Table 12. The distribution cost according to the distribution ways of Hoengseong bullock
(9 - "L/ %)

T = FHREA TR Fsk | AT A b T
s7F #37H4 5,798 (58.9) 5,622 (59.6) 5,798 (62.9) 5,733 (59.5)
& & 4,051 (41.1) 3,816 (40.4) 3,418 (37.1) 3,901 (40.5)
=3t 50 (0.5) 78 (0.8) 50 (0.5) 60 (0.6)
A S A 290 (2.9) 319 (34) 530 (5.8) 325 (3.4)
Al A 3,711 (37.7) 3,419 (36.2) 2,838 (30.8) 3,515 (36.5)
2 A 312 (3.1) 448 (4.7) 330 (3.6) 364 (3.8)
H]-§- FA I 1,050 (10.7) 1,000 (10.6) 2,142 (23.2) 1,146 (11.8)
o] & 2,689 (27.3) 2,368 (25.1) 946 (10.3) 2,396 (24.9)
Zn) 2L vl 744 9,849 (100) 9,438 (100) 9,216 (100) 9,634 (100)
AR FFAEFETAE ZAAE(08.8)
Fan L FRINEY s - FRANEY - E5F - Bt - AS5A
2. 3WHES 1w o A 2R o B2 o =R (ERE) > 45
3. ANAGA w7 - A 27 - =5 - A




_24_

Table 13. The details of distribution cost by channels
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Table 16. The consumer prices of Hanwoo in shop kinds
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Table 23. The purchase agreement rate on Hanwoo refrigerator in classified price

A WA AR Foad AE
AAFAD) | AR BYEC) | ANFAERD) | AR BHE%)

150,000 52 80,000 42

200,000 28 100,000 32

300,000 35 150,000 44

400,000 29 200,000 33

600,000 16 300,000 34

400,000 32

600,000 21

800,000 7

1,200,000 19
Ao AR AN Foo] BSFE YAR AYE] sob Aol e AF 7
Aol 5442 TUL AT, melHonE oEd & o AdE melEt F A
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Table 24. Refuse reasons of purchasing Hanwoo refrigerator.
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Table 25. Individual characteristics affecting on Hanwoo purchasing.
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Table 27. The estimations of WTP(Willingness to pay) model: Double-bounded dichotomous

choice.
2g 1 Ry 2
W
FZA T t—%k FZ AT t—4k

R 121991 2.82%3%x 323593 21.64 53
LETE 34250 5.00sk 3

In(o) 12.370 2229255 12.412 226.39%
SHA 305 315
InL -827.49 -447.46

skl 196 oAl -9, ki 5% FEol A 9], x10% Tl §9.

olale] & 28 7HAel Agsriel F¢FUAALYS Fuld oJate] g AdEe] of

Azaelo] s A Eataxt sk Fg e

it

Table 28. The estimations of WTP(Willingness to pay) per household.

(/1)
FE =27
w2
b i ¥ HA HAx F o
Gojapn w3 ] 295,721 155,199 -56,510 582,957
e w2 288,119 0 288,119 288,119
SERsae 7 315,876 78,900 156,241 464,489
e nE 2 323,593 0 323,593 323,593

9. 58 EAdez nth 44 FHE wF oFIRAURS A8F A9 320
ED BAFRARY] FPuch i Fe AR BEHAT
AgHow of/|shu, HEEAL Fels ALAW gele] 50% ol4el sHAe] AP sttt
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Fig. 15 Image of pH Meter for measuring sample pH.
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(th) &2 A A= S

AGA e ElontEHREA w35l 2 (TBARS, thiobarbituric

acid reacting

substance)&  E3 SAHSIAT SFY AL AZAAGAA  AksEo Y F-9

malonaldehyde 3}3t&E9°] 2% ¢ malonaldehyde”’} #3]% A Et}. ©] malonaldehyde:=

TBA 25 Ax AAlo AMAE uls 2| dre] Al =& SolslE= A e
10 =2 b | h = = [e] LA = -1

ApEAel ol 4L Witte 5(1970)9] WHS o] §3te] o] FojHTth A

4 %+ g

5 10gel 0.3%

BHA(beta hydroxy acid) 50ulE 7}8}al extracting solution [20% TCA (trichloroacetic

acid) in 2M phosphoric acid solution] 25mlS 7}sfe] 4 33k
50ml7HA] S| A AT o] F=EF 8 NS oA (Whatman No.1)E ©] 83}
TBA solutionz} 1'12 E3gk o] St Al 16A17F A A AT
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spectrophotometer(TU-1800, Human Co. LTD., Korea)Z ©]&3}] 530nmolAx] EF ==

=43 & [TBA = O.D.(optical density) x 52]¢] &4 o2 TBA #& =4

42+ mg malonaldehyde/kg © & YEFUHQITE o] Zhol 046 o] A+el A&S

s, 05 o] W e = AdH b Uy A=) 28 17S TBA 24 340

A EBEE SA0l ASE EF/E e

Fig. 17 Image of spectrophotometer used for TBA analysis.

7) Turner, EW., Paynter, W.D., Montie, EJ., Bessert, M.W., Struck, G.M. and Olson, F.C.,
2-thiobarbituric acid reagent to measure rancidity in frozen pork. Food Technol. 8, pp. 326-330
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Fig. 18 Image of petrifilm in incubator for total microbial count.
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Fig. 19 Chromameter used for meat color measurement.
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Fig. 26 Changes in pH of Hanwoo loin during storage in
various temperature and relative humidity conditions.
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Fig. 29 Changes in total microbes of Hanwoo loin during storage in
various temperature and relative humidity conditions.
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Table 31. Comparison with common sterilization methods.
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Fig. 38 Image of UV lamp.
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Fig. 40 Changes in lightness of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 41 Changes in redness of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 42 Changes in yellowness of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 43 Changes in pH of Hanwoo loin during storage
in various UV irradiation time.
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Fig. 44 Changes in water capacity of Hanwoo loin
during storage in various UV irradiation time.
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H 2 # AL TEANA HETS FH Aol B molA ghob AYH EA} A%

o] Fvlel= & ¥ vAA F= Aoz HERTHE 33).

(

Table 32. Changes in sensory evaluation of control and UV irradiated Hanwoo loin meat by

days before cooking.

0 3 6 13 20
Control 8.93+0.25aA 9.00+0.00aA 7.90+0.57B 7.70+0.48B 6.20+0.79abC
& Uuv3io 8.50+0.71bAB  8.80+0.42abA 8.00+£0.67BC 7.80+0.42C 7.40+£0.97aC
A Uveo 8.80+0.42aA 8.50+0.53bA 8.40+0.70A 7.80+0.42A 6.00+2.05bB
UVv120 9.00+0.00aA 8.87+0.35aAB 8.45+0.60B 7.45+0.76C 5.70+1.59bD
Control 1.00+0.00cC 1.30+0.48BC 1.20+£0.42BC 1.90+0.32bC 4.00+2.16abA
o] UVv30 2.40+1.17abAB 1.30+0.48C 1.20+0.42C 1.70+0.48bBC 2.80+1.40bA
7 Uveo 2.70+1.06aB 1.50+0.71C 1.70+0.82C 2.00+0.67abBC  4.70+1.16aA
UV120 2.00+0.91bBC 1.57+0.57C 1.60+0.50C 2.40+0.50aB 3.10£1.07bA
Control 1.00+0.00bC 1.00+0.00C 1.30+0.48C 2.00+0.47B 2.60+0.70abA
] Uv30 1.10+0.32aB 1.00+0.00B 1.30+0.48B 1.90+0.57A 2.00+0.82bA
A Uveo 1.00+0.00bB 1.00+0.00C 1.50+0.71B 1.80+0.79B 3.70+1.83aA
UVv120 1.0040.00bC 1.00+0.00C 1.10+0.31C 2.05+0.89B 3.55+1.64aA
Control 9.00+0.00aA 8.60+0.70AB 8.30+0.48BC 8.00+0.00aC 5.90+1.29aD
7_] UVv30 8.10+0.88bcA 8.60+£0.52A 8.40+0.52A 7.90+0.32aA 7.00+1.49aB
:::_ Uveo 7.90+0.99cA 8.60+£0.52A 8.10+£0.74A 7.70+0.48aA 4.60+1.78bB
UV120 8.50+0.63bA 8.70£0.47A 8.30+£0.57A 7.05+0.69bB 5.90£1.17aC
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Table 33. Changes in sensory evaluation of control and UV irradiated Hanwoo loin meat by
days after cooking.

0 3 6 13 20
Control 8.93+0.25abAB 9.00+0.00A 8.70+0.48AB 8.60+0.52aB 7.80+0.79C
& Uv3o0 8.90+0.32abA 9.00+0.00A 8.90+0.32A 8.60+0.52aA 8.00+0.67B
A Uuveo 9.00+0.00aA 8.70+0.48AB 8.60+0.52AB 8.40+0.52aB 7.00+£0.82C
UVvi120 8.67+0.55bA 8.73£0.45A 8.70£0.57A 7.70+0.86bB 6.85£1.81C
Control 8.57+£0.63aAB 8.90+£0.32aA 8.70+0.48AB 8.30+0.67B 7.30+0.95abC
Ed Uv3o 9.00+0.00aA 8.90+0.32aA 8.60+0.52A 8.00+0.67B 7.70+0.95aB
7l uveo 8.00+0.82bAB  7.80+0.92bAB 8.50+0.53A 7.60+0.97B 6.60+0.52bC
UVv120 7.60+0.89bB 8.37+0.72aA 8.40+0.68A 8.00+0.86AB 6.70+1.49abC
Control 7.90+0.76bB 8.30+0.67 8.40+0.52 8.30+0.48 8.10+£0.32
o Uv30 7.90+0.57bA 8.10+0.99aB 8.60£0.52A 8.40+0.52AB 8.40£0.52AB
= Uuveo 8.90+0.32a 8.60+0.52AB 8.20+0.42B 8.50+0.53AB 8.40+0.52B
Uvi120 8.27+0.64b 8.33+0.80 8.20+0.77 8.40+0.50 8.35+0.59
Control 8.10+0.76abAB 8.40£0.52A 7.80+0.42B 7.70+0.48aB 6.60+£0.52C
ot Uv3o0 8.50+0.53aA 8.50+0.71A 8.20+£0.63A 7.60+0.52abB 6.90+0.57C
}\j Uveo 8.00+0.82abA 8.00+0.94A 7.70+0.48A 7.00+0.47cB 6.30+0.48C
UVv120 7.83+0.79bA 8.10£0.71A 8.00+0.79A 7.10+0.72bcB 6.30+0.86C
Control 8.60+0.67abA 8.60+0.52A 8.20+0.42A 8.10+0.57A 6.90+0.99abB
7_] Uv30 9.00+£0.00aA 8.80£0.42A 8.50+0.53AB 8.00+£0.67B 7.40+£0.97aC
; Uuveo 8.50+0.71bA 8.50+0.53A 8.40+£0.52A 7.40+0.97B 6.10£0.74cC
UVvi120 8.17+0.70bA 8.47+0.68A 8.50+0.69A 7.50+0.83B 6.45+0.76bcC
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Fig. 49 Changes in lightness of Hanwoo loin during
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Fig. 50 Changes in redness of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 51 Changes in yellowness of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 52 Changes in heat loss of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 53 Changes in pH of Hanwoo loin during storage
in various UV irradiation time.
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Fig. 54 Changes in VBN of Hanwoo loin during
storage in various UV irradiation time.
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Fig. 61 Energy metabolism in muscle.
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Fig. 62 Chemical structure of glycogen.
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St St
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Fig. 64 pH variation with time.
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Fig. 66 CP and ATP decreasing with time.
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Fig. 72 Changes in pH of Hanwoo at 5C by days.
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Fig. 73 Changes in VBN of Hanwoo at 5C by days.
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6. Listeria monocytogenes®l] t3gl k= A

& AEolM AFdE 2xolM F mAE ol W3 A5 AE2 o, A=A At
o]

v, A4 "AE F Lmonocytogenes’t AAME 2T F A& AEE X Aolm 7}

3
= A4 AHE dER A 97 wtol o

g e

2 AFdA BRE e s W Aa"e 28E AAY] A ASES HHse A
S 2o s} wga] 283 719S AFA 4 Lomonocytogenese] AFES 7t)d 4
Ue Blolth sHAINE A% Al 2~"] Yo A L.monocytogenes®] A%< Hojgk Ao = A

Seeliger <} Jones(1986)e] wW=wW,  L.monocytogenes®] MGT(minimum growth
temperature)= 1C2t H ¥ ot} 1A 7F Walker(1990) So wW=wW, L.monocytogenes
o] WA 2% AFolA wid A Ay -04~-01TAA MGT7F ZA ot sko), o]

T
-

rfo

rr

-5 AY TEadz e -1TCHTE ¥ 2Zo|7ld A A oA
L.monocytogenes®] A% 7[sAdL =

AoEIs &ogle AHYE 15T 08TolA Wik A3 AnE Hks W,
L.monocytogenesi= A% 53 7|32l 144 S AXHEA 238 TastAY FAH= 23
& Kol 7 A& 717 W9 Lmonocytogenes®] #th A2 -2 sh#] ol &

Bl

_

logg cfu/mi

| | L l l
o] 10 20 30 40 50

Time (days)

Fig. 76 Growth of Listeria monocytoges CRA 433 in chicken broth
when incubated at 8.7, 3.5, 1.5 and 0.8C(@,l,O and []
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Fig. 104 Changes in temperature of indirect cooling system that open outflow.

=

25
\ —ToP
. —MID

—BOT

Temperattire( T)

1 201 401 601, BO1 1001 1201 1401 1601 1801 2001 2201 2401 2601 2801 3001 3201 2401

Time(second)

Fig. 105 Changes in temperature of indirect cooling system that closed outflow.
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Fig. 111 Gambit geometry of direct storage system.

Fig. 112 Mesh of direct storage system.
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Fig. 113 Result of fluent analysis in indirect storage system.
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Fig. 115 Result of fluent analysis in direct storage system.
(15, 30, 60, 120, 180, 600 sec)
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Fig. 116 Result of fluent analysis in 4-face cooling plated direct storage system
(10, 180, 240, 300, 420, 500 sec).

- 144 -



[e)
T

9/]

(s
=
=

8 = AT,

]

-

]

A
=

EE]/\

&t

3

CRURCE
71el M

A A%

FAT. 2

[

WA v=3 2ol 44
= Xﬂ

F71 <lsf 3

°

234 A7\ HA

o e s

7h. 22k A1z o] A
FoA k.

4. 22 A1 2F7] |k

™

—

O

I3
i
B
il

kol of 45L9] =7] A4

—_
fite)

ol
ol
(et

T

7A

—_—
o

—

NI
A

il g
B

iu

N
o

i

Ho

il
alg

ol

A = A

EL

1

kel
yad

b1 9

°

A o]

= O
==

15 o]
- 145 -



20

0+e

430

210

=40

LG

400

ooy

ooz

&00

454

200

= e !

S00

600

ooe

ooz

Fig. 117 Drawing of second tester storage system.

R EREEE

Diit:¢] COMP1/4HP(v}E) =4 DL-25 oM,

-
1

Njo

bol 23 A2

v %] &
1510] gH-5o] A4

=
=

AEEY

ek

7}

=
=

Ho

- 146 -



< Ao g AH
« UV A} ON/OFF H of

- UV

PA

Ab Al ZE H|Of

* UV o

Fig. 119 Conceptual of second Hanwoo storage system tester control.

- 147 -



27 A=rle] A% WAk - R SE Ry (24 24)
24 Ao A BAE 6 AW AW AR 608 e Bl o
£ ZASATHIHI), WA E£F AY AP} A2 A B shde] FHE 5

’ ’

wakol 247k 9749l AME WA ST 24 A2V FE] WY LEo Wi LEE 5
o]

L

R

“l TS h \“

Fig. 120 Image of temperature measurement of second
Hanwoo storage system tester.

%74 Ak oF 12000220089 M@ JHEelA 23 Agvle] 4w, F9, shee] &%
WA eyl Lol Aol FAL WAF FRHET o 2000% | FF Y @

o) %o &= wjAet A,

A\
ol
iih)
<)
2
2
p‘L
av
4z
Lo
rlo
ki
N
N
N
N
ol
nE
AL
p‘_lj
1
=)
=

- 148 -



ot

—ToP
——MID
—BOT

14000

A A = \ A
N\t

i

"%\29_? \&,’ '.—"\_’;

ol \ A\

A%

h__ PN
r’a\;‘(\

V4

20

Pt d 121).

o

o

(aJaimesadwa)

14

T Indiredt |
-»-Direct
~Genaral

12

¢
10

717k disfiM =, Alad Aol WaiE 94

Time(sec)
- 149 -

A

]

Fig. 122 Changes in pH of Hanwoo loin by storage system.

B olA] ekokth(1E122).

Fig. 121 Changes in temperature of second tester.
FY 7 31 (LG-FR-B332H) 2]

s
719} 27 A1 47 (

Q)
=



P
2]

AATH 0~1027Ee] A7) 7kl = AW

)

e 3

=z =
T A

S7HE HHA Y]

Ao 2 YETHH123).

el A 2] TBA 424

il

~+Indirect

-#-Direct

——General

1.5

1.3

00 T/

o @ ©
-~ o o

By/apAyspleuojew b

0.3

14

12

10

Fig. 123 Changes in TBA of Hanwoo loin by storage system.

AT (1™124).

el
=

U A g o w 3y Algrt o 9o gk

\‘\

—+Indirect

-=Direct
——General

25

20

15 __\‘%\:\_L“ Z; 2

9%bw

10

14

12

10

Fig. 124 Changes in VBN of Hanwoo loin by storage system.

- 150 -



-

[e)

3

14

—Indirect
-=-Direct

—-General

12

7oA o] AEAd el 7HE

BYoH(19125).

RS

=

=

]

10

2

=
T

1

log CFU 5.339]

Pz

=
RL

1

T

] A

A5+ 149 Akl 7]
ol F=At 23 AF

[e)

=

A9
A ebto, 2

S

10
Fig. 125 Changes in total mocrobes of Hanwoo loin by storage system.

o

R84

A 7]

17}

N

PN

- 151 -



5. #F =4 N

7F. HE719] A

23}

o O O O
N
=
2
=2
>
$
ot
g0
o
>~
el
ofo
N
=
ofr
_OL
[y
J
N\
)
>
a
N
2
)
-

ofo

off

Lo

=

Al AEEHE A Fsle]  PlD(proportional integral derivative) AolE A
PC(personal Computer) 124 g§lol® Ao 753t s &
O A} Aol Fi& glo] 3 oA HAY A ReE 25 A

F 362 AL AFSES HolFa gl

Table 36. Specification of final Hanwoo storage system

AL H] AL
A A7) 350%370+300 °F 385L
ALE A9 AC 220V60 Hz
A9 =4 30uw/crt
Ad=719 =4 1875 Wh 1/4HP(horse power)
Menu/ESC, Up, Down,
AqE SlEH o~ Left, Right, Enter?]
H = 678
golE X3
S olE] s o] ~ LCD, OJE_ |5k
258 =¢

(2) HZF71 AA
(7h Aol gzl A

13}, 224 A2l e Yeyy 2% #Axe] A2 sidsty] e PID Ao
IS AEZe o] HEs72 Ak 7|E Ao WAoRE PID Aol Fdo] Eile
at7lell Az MCUE 483 RES Azts72 adv. =g Ao =s, 717] 9
g JeE EAd AEEHE HET7] Wil F2o] 7tsd R AV|E FET F
9& Aotk AAF FrE eI 2

_L4

i

- 152 -



CPUF M= e ol dA ¥Fa Wy e o H, A4

w

Mel Avel e
(A4, UV, %4)el whel Wzb7lel 2, A9 ddze] On/Off, Wi 9% 29 5& =
a7 feh AT A, FF Aol WA et Zzaws g 24 ATHLH126).

A

CPU

C
TCacL

g7 gon

B REAT

cn

1 A0k 11608
LB g IO
3P (160s R -
FRSEE
1D, ) OR /1608 }wwh .
i — TR
e e 303 b
1OKTED 10w 11608
PHOTO RIS 4y OR/1B0E . D cs
—THOTD RIS appMRABEpopn s 4 2 mmm o
& P
RiE A7 x—Howm
2 3| CoDaT: 3
Hewn s 2
10K o neaa Hoe  wa|® S D
wos! 3 —

oan
TNTHITSOTZY
Fo ol
R19
47K 11608
i v B
o Ak 1508
1K 10811608

1 rmm TEOTE +:3

T-Fiash Socket imofes, 422250821

wm 108 1603

= m IS(“ZJ

Fig. 126 CPU part drawings of final Hanwoo storage system.

153



AQH A= +12V, OV, —12V, 5V A< gelwo} 5z Ao A9<S v +7
e ™E127).
s
r H— T Rt LEDY
1 230 e
3 T e J_cz TKNIEDE  GRN G
5 E;uFiwa?un szgn,r' "' 1000F 808 DFER
35313 (55 i R |
%Enrﬁﬂs = am 5
3 ad B 1 —|— %,
ke o J_C4 ¥
Juaer 20 sue op - Tmnnr'nana s ,
: 'ggm-mlm I l I“ Bzm'zzls
- Cﬁ'_;' = v 2 in be |-
R "'mnnrnm :|_ . ]
2 ad e — ~ e
AT
5vn ut o
e 2 1

T00uFTTBY

W _OUT
o
+ T ~| LM 117-3 350 T-

Fig. 127 Power part drawings of final Hanwoo storage system.

SRS RS22E B8] @A 2w} A% A

=
oj
o

A5 4 9o, JTAG(oint
test action group)®} ISP(in-system programming) =S A|¥3ste] MCUe| WlF Z=Z I35

YAFAL FAE F ATHL 1),

..
B
FERL
H
Z

Head

Fig. 128 CPU part drawings of final Hanwoo storage system.

- 154 -



mlo
s

Py

15 PTI00Q &8 o] &3taith ol 0.1CH9e 2% < 5 A
e Ao wEt 71E At R A, AF7F 55 499 PTI0Q #HAe] =4
of e Ag Was getste] AYHS dY Wolol Sz IF 3 RAF R/} £F

jﬂO%

abi

of Art. BAS EW W% ADC(analog-digital Converter)E &3] MCU7} <148
Sl ARE WstEo] e w717 129).

ADC

HE
{1
i
P EEZEEGEEER
]

- E| Eqa
—| —Eu—
B8 |88
i i
i'“_\ i
i -
). Bl
] ]

T e
e - Bles <
- B 77 T [
o £ san it e | T sseeasa
e e - T o o
-
e aam
. — ! B s
snmmrear || undnz the dwvice ASTTLES
ape e =
T_:' w . 0o neea J e
Ll - =
wanme b =
e | e =
oo o | o Touruns ?_m
- =
e — o
1 wa
s et ol
Tl . e
I — < b —
e ok [SPR— [P —
SR -
s e e, 154 uE
) e -
— el
o o

Fig. 129 Temperature measurement part drawings of final Hanwoo storage system.

19 1302 PCB(printed circuit board)® A #H HEZ# o BH5S HolFa Qv

i

Fig. 130 Controller PCB substrate.

- 165 -



() Ao} =213
PID Alo1§ AESH] A§d F, 44 YFnAA FES steld F Y219 3ol
9ek EA7F AZE T PDAIY S Sl W A W 4

247) AR el W2 Bz ol

)
off
_O‘L
)
=)
Y
Ay
2
o
lo
g
)
2
N
=
Sl
2
N
J
5
o
+

A= A7E A ) s FaE gxe] HZAANS AREsk] 1 Ame] o] A
o] B7bs sl

PID Aofe] o slojx 5 Fme] xde] brbed 9= 2% PWM(Pulse
Width Modulation) Al o124 A& st €k, PWM A
skar, L F7] w<ke] 7l e ARk &
PWM 2ol M F=7]e] AdAel me} Pzb7)= 3 = 1
On/Off Jel& WaatA =7] ool Yz7]d Ak Fa7h 2ejA g o 2A 5%
& AAA A A= de age]l wAsy] wiel, PWM Alols Agstuix e 2o
STk @AZRH el On/Offe] e Wshrh dheste] 7hd 2
ool HE=E, On—Off %2 Off>On ©.29] Ae] o]l Wr=A] 13 o]de] A4S

2

34E 7}

2
o
ol

o
©
e
ko
ol
ol

Q

(o

A oz orAA e AL EREY
HEZT o AFRE o] CEA, CodeVisionAVR Evaluation V2.04.7aS o] &3] 73}
d HAY HEEHE A 9 =S S8l #EsteEs AAsn

L PID Al¢], -1C H ¥ = #&
e Door On/Off o9 =)
Al 7F - _
SSR-FAN PID #] o] PID Ao
=g
= SSR-LAMP OFF OFF

AZEEE M 712 o® AAE s BEolH, 24 A A A% x2Sl

2. UV =
i PID Ao, -1C 5= 25
9 Door On/Off g o3
NEG 0~30% 0~30%
SSR-FAN PID #|o] PID A o]
=g
= SSR-LAMP OFF ON

- 156 -



SSR-LAMP7} ONo| ® AejollA Door7} €&l™ A7+ SSR-LAMPE OFF® 3lal Al
7t Freezedlo], thA] o] &3 tha] SSR-LAMPE ONO. & 3Fal A 7FS ojojA &H =

% sho] YA A ZANLE FAFES 59

s PID Al¢], 5C Zg2 %
a4 Door On/Off =S o3
Al 7F 244 3k 244 7k
SSR-FAN PID A PID A o]
=g
= SSR-LAMP OFF OFF

Iy
rlr
A
oX,
filo
Ho
)
td
Iy
f
ol
!
o
Hy
oX,
N
Y
0
Y
2
Fﬂi
_qo
o,
ol
=
|
iy
2
)

o PID Alo], 10C Zx= %
e Door On/Off o9 =
Al ZF 12Alﬂ 124 F
SSR-FAN PID A o] PID A o]
=g
= SSR-LAMP OFF OFF
SAARE 28 HU wmE A4S 93 BEioly Al Fu wAe] 93 7F Qo] 1247

AEZHE F 6709 WE A (ESC/MENU, 4, 3, &, -, Enter)S Wol AL&x7} =

2= 9tk Menu BlELS mew A% w0 WA 3z U A3 =xe %7
3t T ATE 9 AN FAH WA 1gith 2 - HES F3 2= ddo] 7hsE)
™ HES %

23 Adeg A% neg \AEA "o

flo

A]

(o,
r{m

M o

(th A7 AA = A=

N
m
f
Ay
1o
=
o
o
k]
k1
B
o\
N
it
Y
N,
ol
i
H
N
il
f
i
i
=
N
sy
i
X

X
>~
>
ofo
_O‘L
rlr
lu
i)
>
an
w
=
©
<
,.b
Ll
>
>
ofo
ol
e
o
A
ro
N
[m
i
i)
fo
zd
et
N



9]

oA A &4

st shainh. Akl

A 2

o -
= ¥

tel a7le] A%

Fol A

o

i)
el

Mo

—
file)

R

¢+

~

o
o
il

|0 Wit 15~20 = o4 Aolz} U7] el 2 Abole

1A #aL, o= A

S

100

,.A_.u,-o

e~
gl

—

_XA

e}
=~

glol W&ol

o
)

.
file)

l

690

0S¥

350

|'__
|

450

200

650

0oe

200

350

aoe

Fig. 131 Drawing of final Hanwoo storage system exterior.
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Fig. 132 Image of final Hanwoo storage system.
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