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SUMMARY

I. Title

A Study on the Shelf-1ife Extension of Wet Fish Using Car-

bon dioxide.

II. Objective and Significance

Fish has been the most important source of protein for
Korean; almost half of the total animal protein in the diet
comes from fish resources at present (48.3% in 1989).

Besides of this food rolls as a protein sources, fishes in
Korea has somewhat more important significance in terms of
economic values.

At present more than a half million of fisherman are work-
ing and total annual fisheries catches exceeds 3.2 million tons
in which about 47% are caught in adjacent water fisheries equi-
valant to 1,500 billion won (W) and also exported as much as 1.6
billion US§ per year.

About 18% of total fisheries catches are consumed as fresh
(unfrozen wet fishes) and remains are processed as various com-
modities.

Recently, general food consumptions in Korea changes into



ever increasing trends in consuming fisheries foods in which
fresh raw fishes are especially preferred caused by increasing
expectation of supplemental health effects.

With regard to the economic point of view, present system
of fisheries distribution and utilization in Korea implies
many problems.

Most of fresh fishes are distributed as whole fish by
which resulting in economic loss through transporttaion cost,
environmental contamination, waste of available resources for
fish meals, etc.

In connection with the quality of wet fishes both on mar-
ket and fisheries landing port, overall freshness of fishes
are considered as not enough to meet the consumers needs both
of market and fish processors mainly caused by getting worse
in fishing conditions and lacking in technology of maintaining
intial freshness of fishes.

In this regard, traditionally ice chilling methods are
being commonly employed in keeping freshness of fishes and no
advanced technologies are developed or commercialized yet
mainly due to additional cost and lack of R & D efforts.

with regard to keeping quality of wet fishes, a lot of new

technology developments are being tried and commercially

— 14—



initiated in developed contries since 1980th.

Much of scientific and technological efforts are being
concentrated in developments of practical systems using modi-
fied atmosphere storage technology to utilize the antimicrobial
characteristics of CO2 in maintaining initial freshness of wet
fishes and utilization of refrigerated sea water for keeping
fish quality with or without antimicrobial agents are also
widely being étudied.

In this connection, this studies are aimed to find a pos-
sibilities of extending shelf-life of wet fishes and also de-
velop new systems for keeping fish freshness by use of carbon

dioxide with or without antimicrobial agents.

I1T. Contents and Scope

In conducting this studies, a total 13 species of wet
fishes including mackerel (Seomber japonicus) most of which are
widely being consumed as fresh fish and also as raw materials
for processing in Korea were employed as raw materials and the
contents and scope of studies could be summarised as follows;

1. Storage trials of wet fishes using COp-modified atmos-
phere condition.

2. Storage trials of wet fishes using COp-saturated iced

water condition

— 15—



3. Preservation of wet fishes by use of COz-containing
ice.
4. Application of antimicrobial agents on icing, iced

water storage and COp-modified packaging storage.

To investigate the effects of above test trials, chemical
analysis of fish freshness indices such as pH, volatile basic
nitrogen (VBN), trimethylamine nitrdgen (TMA), hypoxanthine and
inosine ratio against total ATP breakdown products (K-value},
peroxide value (POV), total viable cell counts and organoleptic
sensory tests were carried out on every samples of treatments.

In application test of antimicrobial agents, propionic
acid, ascorbic acid and grapefruit seed extracts are used both

in combination and solely.

IV. Results

1. Effects of COz-modified Packaging trials
A significant effects in extending shelf-life of wet fishes
(about 50 - 150%) were found by preserving gutted and eviscerated
fishes in CO,-modified atmosphere packaging (60% COz + 20% Np +
20% 02) at 2-3°C refrigerated condition.
The effects of extending shelf-1ife were high in the order

of Flounder) Sea perch) Rainbow trout > Yellow tail) Silver



salmon ) Yellow croaker and the initial freshness of fishes were

positively affected to the effects of CO, application trials.

2. Preservation of wet fishes in COz-saturated iced sea water
The effects of CO; on preservation trials of wet fish in

iced sea water storage were found to be positive effects by low

temperatures and initial freshness of raw fishes but relatively

low effects by salinity and fish species.
About 40 - 60% of shelf-life extension effects were found
in preserving fresh whole fishes in COp-saturated 3% NaCl solu-

tion (artificially prepared sea water) at -1°c.

3. Effects of COp on icing wet fishes
By ice chilling fresh whole fishes using CO, saturated
ice, a significant positive shelf-life extension effects of CO;
were found as much as 20 - 60%.
The shelf-1life extension effects were high in the order of
Mackerel pike) Spanish mackerel ) Mackerel ) Red seabream and the
initial freshness of raw fishes were also positively affected to

the effect of COp modification on ice chilling storage.

4. Application of antimicrobial agents (freshner)

The effects of antimicrobial agents on wet fish preserva-
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tion were high in the order of CO2-modified packaging trials )

CO,-saturated iced sea water storage) CO,-modified icing.

In MAP storage trials at 2-3%C after dipping in antimicro-
bial agent solution by materials, the shelf-1ife extension
effects were high in the order of propionic acid (700ppm) +
accorbic acid (1,000 ppm) > grapefruit seed extract (DF-100)

76 ppm and approximately 150% of (maximum) shelf-1life extension

effects were found compared with common air storage.

V. Recommendations

To commercialise the results of this studies, 1t 1s recom-
mended to reconfirm the availability of utilizing COp gas and
application of antimicrobial agents on extension of fish shelf-
life through a commercial base scale-up experiments.

And it is also necessary to develop proper packaging mate-
rials and carry out economic feasibility studies between pre-

servation systems conducted.

— 18—
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Table 2 . Proximate compositions and initial freshness
of raw fish used in C0,-modified atmospheric

storage trials .

Species Moisture|Protein|Fat| VBN | TMA |K-Value | Viable cell
(%) (%) | ) (mfod|(me)| (%9 count,N/ ¢
Yel low tail 69 .4 22.5 [6.49.01(1.10 | 23.39 1.1 X 10®
Rainbow trout | 73.8 21.0 13.4[7.001.50 | 17.02 4.0 X 102
Sea perch 74.2 19.8 (3.9 7.25|1.63 | 16.29 4.2 X 10°?
Yellow croaker| 74.9 20.3 [3.5(11.43 2,90 | 28.52 3.7 X 104
Silver salmon | 73.6 20.8 3.9 8.8 |1.02 | 20.25 2.0 X 10°*
Flounder 76.8 20.4 (1.2 6.%5(0.87] 15.23 1.0 X 102
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Fig.2 . Changes 1n K-value during refrigeration(2-3T)
of wet fishes by species.
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Table 3. Changes in freshness during storage of yellow
tail at 2~3T

Freshness Storage periods i1n dAAys

Index 0 2 4 6 8 10

VBN, mg% 9.1 11.43 15.43 21.75 26.57 31.35

TMA, m3% 1.10 1.87 2.57 3.10 3.00 4.78

K-value, % 23.39 50.51 70.60 75.26 79.77 87.25

POV, mepv kg 6.82 9.25 13.87 15.81 30,76 51.87

V.C.C,N/¢ 1.1x102 | 2.0x10% | 2.7x10% | 3.1x10* [ 5.1x10° | 3.1x10°

* Viahle cell count



Table 4. Changes in freshness during storage of Ra 1nbow

trout at 2~3T

Freshness Storage periods in days

Index 0 2 4 6 8 10
VBN, m3% 7.00 9,27 12.05 17.25 30.10 43.27
T™A , m% 1.50 2.04 2.70 3.36 5,62 7.30

K-value, ;% 17.02 25.62 40.17 67.53 86.27 08.25
POV ,meqv/ky 5.62 12.03 18.30 22.67 40.25 77.87

V.C.C,N/# = 4.0x10? | 9.7x10° 8.2x10° 8.2x10° | 1.0x107 | 6.8x10°

+ Viable cell count

Table 5. Changes in freshness during storage of Seaperch

at 2~37T

Freshness Storage periods in days

Index 0 2 4 6 8 10
VBN, mg% 7.25 9.14 12.37 17.28 28.86 40.27
™A, my% 1.63 2.09 2.68 3.25 4.78 6.93
K-value, % 16.29 23.76 39.25 60.37 82.62 95.72
POV, meqv/ky 5.01 11.03 16.20 21.05 37.64 60.25
V.C.C,N/¢ = 4.2x102 | 1.0x10° 7.210° 5.6<10°% | 7.4x10° 3.2x10°

+ Viable cell count



Table 6, Changes in freshness during storage of Yellow

croaker at 2~ 3¢

Freshness Storage pericds 1n days

Index 0 2 4 6 8 10
VBN, m% 11.40 24.47 35.67 47.88 62.31 78.28
™A, mg% 2.90 4.41 9.38 18.% 31.33 38.25
K-value, % 28.53 | 52.44 | 69.46 75.66 83.20 92.35
POV, meqV /kg 9.27 16.87 29.38 40.95 57.82 63.63
V.C.C,N/# * 3.7X10* | 9.6X10* [ 2.1x10° | 7.8X107| 5.4x10° | 8.3x10'°

* Viable cell count

Table 7, Changes in freshness during storage of Silver

salmon at 2~37

Freshness Storage periods in days

Index 0 2 4 6 8 10

VBN, mg % 8.03 10.43 15.32 22.76 26 .58 32.36
™A, mg % 1.02 1.82 2.56 3.12 3.72 4.90
K-value, % 20.25 | 51.52 70.60 76.87 79.85 89.38
DOV, meqv/ky 6.62 9.75 14.27 20.98 32.77 56.25
V.C.C, /g = 2X10% | 5X10% | 6.7x10° | 4.4x10* | 6.6<10° | 7.1x107

* Viable cell count



Table 8. Chages in Frechness during storage of Flounder

at 2~37C
Storage Periodsin Days
Freshness Index
0 2 4 6 8 10

VBN, mf% 6.29 8.14 | 11.25| 15.26 | 25.36 | 45.91
TMA, mg% 0.87 1.09 1.32 | 2.02 3.72 | 5.89
K-vValue, % 15.21 22.78 37.83 | 58.26 79.88 | 90.27
POV, meqv/kg 4.49 | 10.21 | 15.88 | 21.80 | 39.50 | 58.60
vV.C.C, N/g = 1.0 X 10%]8.2x10* |3.4x10° 1.2X10° |4.4x10% |9.1x10°

+ Viable cell count
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Table 9. Changes in Freshness during CO,-modified at-
mospheric storage of Flounder at 2~3T
Treatment Storage periods in days
& fresh-
ness index 0 2 4 6 8 10
VBN, m¢ %
a) 6. 25 8 14 11. 25 15. 62 25. 36 45. 91
b) 6. 25 7. 10 8 75 10. 20 11. 87 13. 58
Cc) 6. 25 7. 02 8 75 10. 24 11. 80 13. 00
TMA vmo/o
a) 0. 87 L. 09 1. 32 2. 02 3. 72 5. 89
b) 0. 87 1. 00 1. 07 1. 28 1. 57 2. 04
c) 0. 87 L. 01 1. 07 1. 20 1. 59 2. 00
K-value, %
a) 15. 21 22. 178 37. 83 58. 26 79. 88 90. 27
b) 15. 21 19. 21 23. 25 30. 18 39 95 55. 25
c) 15. 21 20. 11 24. 78 33. 75 40. 21 57 28
POV ,meqv/ig
a) 4. 49 10. 21 15. 88 21. 80 35. 50 58. 60
b) 4. 49 6. 52 8 53 10. 35 13. 50 14. 70
Cc) 4. 49 6. 40 9. 00 10. 87 12. 50 14. 67
V.C.C,N/g*
ad LOX 107 82x10%3.4x10°| 1.2 X 10%] 44X 10° 9.1 x 10°
b) LOX 102 40X 10%] 91X 10*|27x 10°| 8.8x 10°%] 6.2 x 10!
c) LOX 10 57X 10*[ 89X 10%| 3.0 X 10°| 1.0 x 10*| 7.2 x 10*

* Viable cell count
a) Control (Air)

c) CO,60%




Table 10. Changes in Freshness during CO,-modified
atmospheric storage of Yellow croaker at2-3C

Treatment Storage periods in days
& fresh- -
ness index 0 2 4 6 8 10
VBN, mg %
a) 11. 40 24, 47 35. 67 47. 88 62. 31 78. 28
b) 11. 40 13. 88 17. 25 30. 01 46. 25 58 95
c) 11. 40 14. 00 18 20 32. 87 43. 27 55. 01
TMA , m3% .
a) 2. 90 4. 41 9. 38 18. 56 31. 33 38. 25
b) 2. 90 3. 61 5. 21 7. 98 15. 17 28. 56
C) 2. 90 3. 82 6. 25 8. 27 13. 85 30. 10
K-value, %
ad 28. 53 52. 44 69. 45 75. 66 83. 20 92. 35
b) 28. 53 48. 31 56. 72 67. 12 79. 57 85. 62
C) 28. 53 46. 88 53. 33 67. 00 81. 25 84. 25
POV, meqv /iy
a) 9 27 16. 87 29. 38 40. 95 57. 82 63.63
b) 9. 27 11. 25 13. 03 14. 48 18. 63 26. 54
C) 9, 27 12. 31 13. 00 14. 98 20. 21 27.78
V.C.C,N/g*
a) 37% 104 ) 9.6 x 10% 21X 10%| 7.8 X 107 54 % 10°] 8.3x 10"
b) 27x 1001 6.5% 104/ 1.9 105 | 7.5 X 10° | 82X 10°} 7.4 X 107
C) 27x 100 | 77X 1042.2x 10% { 9.2 X 10° 7.8 x 10%| 8 2 x 107

*x Viable cell count

a) Control

b) CO, 100 %+ N, 20 %+ 0; 20 %

c) CO, 60 %

(Air)



Tablell. Changes in Freshness during CO,-modified atmo-
spheric storage of Yellow tail at 2-3T

Treatment Storage periods in days
& fresh-
ness index 0 2 4 6 8 10
VBN, m¢%
aj 9 11 11. 43 14. 43 19. 75 23. 57 24. 35
b) 9 11 10. 89 13. 57 14. 07 16. 20 17. 30
c) 9. 11 10. 92 13. 00 14. 98 17. 20 18. 27
TMA , m¢ %
a) 1. 10 1. 87 2. 57 3. 10 3. 30 4. 78
b) 1. 10 1. 70 2. 12 2. 60 2. 68 2. 80
C) 1. 10 1. 73 2. 12 2. 42 2. 80 2. 97
K-value, 9%
a) 23. 39 50. 51 70. 60 75. 26 79. 77 87. 25
b) 23. 39 32. 12 52. 49 60. 01 64. 49 72.15
C) 23. 39 35. 27 53. 78 58 27 63. 78 73.27
POV ,meqv/kg
a) 6. 82 9. 25 13. 87 15. 81 30. 76 51. 87
b) 6. 82 8 88 10. 11 10. 00 13,27 20. 12
C) 6. 82 8. 29 10. 29 11. 63 14. 27 19. 25
VCCN/g*
a) L1IX102] 20x10%27x10%] 31 x10* 51X 10° 31X 107
b) LIX 102 | LO9X10% 2.1 X102} 24X 10°] 4.6 x 10*] 2.6 X 10°
<) LIX10% ] 20x 102128 10%2] 3.6x 103 7.6 x 10*{ 8.2 X 10°

* Viable cell count

a) Control (Air)

b) CO,100 %



Table 12. Changes

in Freshness during CO,-modified atmo-

spheric storage of Silver Salmon at 2-3%C

Treatment Storage periods in days
& fresh- :
ness index 0 2 4 6 8 10
VBN , mg %
a) 8. 03 10. 43 15. 32 22. 76 26. b8 32. 36
b) 8. 03 9. 84 12. 79 16. 42 17. 25 18. 20
c) 8 03 9 92 12. 37 14. 27 18. 27 18. 77
TMA, m %
aj 1. 02 1. 82 2. 56 3. 12 3. 72 4. 90
b) 1. 02 1. 65 2. 13 2. 65 2. 85 2. 30
C) 1. 02 1. 70 2. 16 2. 43 2. 80 2. 32
K-Value, %
a) 20. 25 51. 52 70. 60 76. 87 79. 85 89. 38
b) 20. 25 33. 25 52. 48 60. 21 64. 25 73. 25
c) 20. 25 36. 27 hd. 25 59. 87 65. 37 74. 27
POV, meqV /ky
a) 6. 62 9 75 14. 27 20. 98 32.77 6. 25
b) 6. 62 8 90 11. 20 12. 57 14. 25 20. 12
c) 6. 62 8 31 11. 00 12, 63 14. 25 20. 26
VCLC, Ng*
a) 9 0% 102! 50X 10%] 6.7 x 10%] 4.4 x 10*] 6.6 x 10°| 7.1 X107
b) 9 0x 102} 2.9 x 10%] 3.2 x 10% 2.7x 10° 6.2 x 10%| 3.6 x 10°
C) 2 0% 102 30x 10| 4.2x 10% 32X 10%] 7.3x 10¢ 5.5 X 10°

* Vialue cell count

a) Control
b) CO,100 %

(Air)

C) CO,60% + N, 20%+0, 20%



Table 13. Changes

in Freshness during CO,-modified atmo-

spheric storage of Rainbow trout at 2-3%¢

Treatment Storage periods in days
& fresh-
ness jindex 0 2 4 6 8 10
VBN! WO/O
a) 7. 00 9. 27 12. 05 17. 25 30. 10 43. 21
b) 7. 00 8 00 9. 05 10. 78 14. 25 15. 01
Cc) 7. 00 8. 06 9. 58 13. 02 15. 27 17. 25
TMA , m3 % ‘
a 1. 50 2. 04 2. 70 3. 36 5. 62 7. 30
b) 1. 50 2. 00 2. 10 2. 31 2. 54 3. 42
c) [. 50 2. 12 2. 46 3. 00 3. 42 3. 98
K-value, %
a) 17. 02 25. 62 40. 17 67. 53 86. 27 98. 25
b) 17. 02 21.25 24.62 31. 25 42. 15 58 25
c) 17. 02 22. 27 25. 01 35. 60 44. 67 60. 27
POV, meqv/kg
a 5. 62 12. 03 18. 30 22. 67 40. 25 77. 87
b) 2. 62 7. 25 10. 47 12. 85 11. 68 18 72
c) 5. 62 7. 48 10. 95 13. 67 16. 42 18. 00
v.C.C,N/g*
a) 4.0% 10497 X 10° | 8 2x 10°] 82X10° | LOX 107| 6.8 X107
b) 10X 10%82x 102 | 33X 10% 7.2x10%|6.2x 10*| 3.2 x10°
c) 4.0 X 104110 X 10° | 5.6 x 10°| 2.0X10* [ 49X 10°| & 3 x10°

* Viable cell count
a) Control (Air)
b) CO,100%+ N, 20%+ 0, 20%

c) CO,60%



Table 14. Changes in Freshness during COo,-modified atmo-
spheric storage of Sea perch at 2-3T

Treatment Storage periods in days
& fresh- e
ness index 0 2 4 6 8 10
VBN, mg %
a) 7. 25 g 14 12. 37 17. 28 28. 86 40. 27
b) 7. 25 8 12 9. 25 10. 31 13. 25 14. 95
C) 7. 25 8 02 9. 38 il. 01 13. 03 15. 26
TMA , m3%
a) 1. 63 2. 04 2. 68 3 25 4. 78 6. 93
b) 1. 63 1. 97 2. 12 2. 62 2. 25 3. 27
c) 1. 63 2. 03 2. 21 2. 13 2. 63 331
K-value, %
aj 16. 29 23. 76 39. 25 60. 37 82. 62 95. 72
b) 16. 29 20. 21 23. 28 30. 18 40. 25 56, 27
c) 16. 29 20. 33 24. 27 34. 27 41. 27 58. 75
POV, meqV /kg
a) 5 01 11. 03 16. 20 21. 05 37. 64 60. 25
b) 5. 01 6. 83 9. 20 11. 00 14. 78 15. 62
<) 5. 01 6. 28 9. 37 11. 25 15. 62 17. 00
v.C.C, Nyg*
a) 12% 107 | 1L0x 10°] 7.2 X10°% | 56X10°| 7.4 X 10°| 3.2 X107
b) 492% 1080 7.0x 107 2.1 X10° | 6.8 X10° 2.5x 10* | 1.2 x10°
c) 19% 10| 9.2 % 107| 4 8x10° | 9.5x10% 4.8 x 10* | 5.8 X 10°

*+ Viable cell count
a) Control (Air)

b) CO, 100 %

c) CO,60% + Ny 20%+0, 20 %
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Tablel5. Proximate composition and initial freshness of

raw fishes used in CO,-modified ISW* storage
trials(edible portion)

Species Mackerel| Jack Sardine | Gizzard
Composition mackerel shad
Moisture, % 69. 1 70. 5 68. 2 73.2
Crude protein,% 19. 7 20. 6 19.0 22. 1
Crude fat, % 9.9 7.3 11. 3 2.7
VBN, mg % 6. 40 6. 30 7. 87 7. 32
TMA , m3 % L 60 1. 55 1. 75 1. 64
K-value, % 17. 01 16. 21 18 37 20. 47
Vibale cell 1.5x10° 4.8 x 10° 86X 10% | 6 3 x 10°
count , N/g

* Iced Sea Water
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Table 16. lced sea water

of mackerel at different temperature

Changes in freshness during
storage

Temperature Days in Iced Water Storage

& freshness |—

index 0 2 4 6 8 10
VBN ,mg%

— 1T 6. 40 7. 80 9. 34 11. 95 12. 33 13 51
37T 7. 02 9 70 11. 75 15. 02 18 21 19. 87
5°C 7. 59 11. 00 14. 54 19. 21 25. 52 29, 77

TMAJW%S

—1T 1. 60 2. 15 3. 02 3. 75 4. 26 5. 71
3¢ 1. 76 2. 86 3. 66 511 7. 07 8. 62
5C 1. 81 3. 21 4 08 7. 68 10. 25 14. 28

K-value,%

— 1T 17. 01 20. 82 24. 21 32. 97 51. 47 63. 39
3 18. 26 30. 21 40. 98 52 76 77. 65 85. 37
5T 19. 38 40. 05 59 88 80. 27 86. 73 5. 21

v.C.C,N/g*

—-1T 1.5 % 10° 1.2%10% ) 23108 | 97x10* | 7.6 x 105 | 3.0x10°
3 34x10°0 | 20x10* ] 72%10°] 1.9%10%| 9.4x107 | 7.0x10°®
5C 2.0 % 107 52%100 ] 90x105 | 1.2x107 | 4.3x10% | 2.1x10*°

* Viable cell count
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Table 17. Change in salt content in fish meat during CO,-
modified ISW storage at -1¢ by species

Treatment Days i1n storage
& fish
species 0 2 4 6 8 10
Mackerel 0. 29 1. 02 1. 17 1. 15 1. 33 1. 43
a)
0. 29 1. 76 1. 99 2. 22 2. 34 2. 53
b)
0. 29 1. 99 2. 28 2. 87 2. 03 3. 38
c)
Jack
mackerel
a) 0. 32 0. 95 1. 03 1. 15 1. 21 1. 26
b) 0. 32 1. 77 2. 00 2. 25 2. 37 2. 55
C) 0. 32 2. 00 2. 31 2. 90 2. 08 3. 31
Sardine
a) 0. 31 0. 60 1. 00 1. 10 1. 19 1. 23
b) 0.31 1. 65 2.00 2. 31 2.35 2. 54
c) 0. 31 2. 08 2. 31 2. 95 3. 10 3. 37
I'lat Fish
a) 0. 32 1. 00 1. 09 1. 21 1. 32 1. 40
b) 0. 32 1. 73 1. 95 2. 90 2. 34 2. 51
C) 0. 32 1. 96 9. 27 2. 83 2. 90 2. 25

Where a) 3% NaCl(Seca water)
b)Y 6% NaCl
c) 8% NacCl

—61—



Table 18. Changes

in freshness during CO,-modified ISW

storage at —1°c by species
Freshness Days 1in 1cing storge
index &
species 0 2 4 6 8 10
VBN ,mg7%
a) 6. 4 7. 80 9 34 11. 95 12. 33 13. 51
b) 6. 30 8 03 9. 08 13. 21 13. 67 15. 95
c) 7. 87 8. 92 10. 34 13. 78 15 33 16. 52
d) 7. 32 8. 63 10. 21 11. 01 12. 07 13. 72
TMA ,m7
a) 1. 60 2. 15 3. 02 3 75 1. 26 5 71
b) 1. 55 2.16 313 3. 87 4. 46 5. 98
c) 1. 75 2. 28 3. 07 3. 24 4. 67 5 87
d) 1. 64 2.10 2 98 3. 64 4. 47 5. 70
K-value, %
a) 17. 01 26. 82 10. 21 55 97 60. 47 63. 39
b) 16. 21 27. 92 43. 28 52. 97 67. 66 76. 87
c) 18 37 25. 25 39, 27 55. 00 63. 25 78. 37
d) 20. 47 8. 672 43 13 58. 62 62. 68 64. 59
v.C.C,N/g*
a) 1.5 % 10° 1210t [2.3%10% | 97x10*]7.6x%10% | 3.0x10°
b) A8X%10% | 3710817710 | 42x10°% 133x10° | 4.7xI107
c) 86%102 | 50x10° 123x10* | L1x10°%[87x10° |50 x10°
d) 63%10° | 36x10* [6.8x10* | 2.1x10° {83 x10° |7.2%10°

x Viable cell count

a) Mackerel

b) Jack mackerel
c) Sardine

d) Flat Fish
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Table 19 Proxmate composition and initial freshness of
raw fishes used in CO,-modified icing storage
trials(edible portion)

Species Spanish- Mackerel - Red
Mackerel

Composition mackerel pike seabream
Moisture,% 69. 1 73.6 72.5 74.0
Crude protein,% 19. 7 20. 6 19.5 21 6
Crude fat,% 99 4 4 6.7 2.8
VBN, m% 6. 70 7. 98 8 07 7.92
TMA , my % 1. 03 111 1. 82 2. 37
K-value, % 1995 20. 28 17. 01 21. 06
Viable cell 3.0 % 10° 7.7 %102 5.1 %10 57 x 10°
count, N/g
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Fig.13 Changes in VBN during 1icing storage of wet fishes
at 72~ 37C. (A :Mackerel, B:Spanish mackerel,

C:Mackerel pike, D:Red sea bream)
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Table 20. Changes in freshness during icing storage of
wet fishes at 2~3T by species

Freshness - Days in icing storage

index &

species 0 2 4 6 8 10

VBN, mg%
a) 6. 70 8. 20 11. 74 12. 95 14. 71 17. 23
b) 7. 98 9. 72 11. 64 13. 00 14. 25 16. 11
c) 8. 07 8 71 9. 25 10. 42 12.01 15 11
d) 7. 92 9.81 | 1102 12. 57 14. 25 16, 87

TMA , mg %
a) 1. 03 2. 40 3. 02 4. 173 5. 81 6. 95
b) 111 1. 98 2. 52 3 77 5 01 5. 98
c) 1. 82 9. 52 3. 11 3. 50 4 25 6. 06
d) 2.37 2. 95 3.33 4.07 5 21 7.50

K-value,%
a 19. 95 28 02 45 53 61. 65 74. 40 84. 21

b) 20. 28 3362 | 50.79 65. 42 77.79 82. 98
c) 17. 01 23. 21 35. 72 50. 11 65. 38 81. 25
d) 21. 06 30. 24 58 62 77.83 86. 79 98. 88
V.C.C,N/g*
a) 30X10% | L2x10* | 20%x10° [ 29%10° | 7.5%107 | 55x% 10
b) T7x10% | 25 %10 | 6.7x10° | 23 %105 | 7.6 %107 | 3.3 % 108
c) 51107 [ 38x10° [ 21x10* | 9.8%10* |36%10° | 7.2%10°
d) S.TXI® | 90X 10" | 37%x10° [ 1.9% 107 |27x10° | 83x 10°

* Viable cell count
a) Mackerel
b) Spanish mackerel
Cc) Mackerel pike
d) Red sea bream
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Table 21. Changes in freshness during CO,-modified icing

storage of mackerel at 2~37T

Freshness Days 1n storage
index &
treatments 0 2 4 ) 8 10
VEN, mg%
a) 6. 70 8 20 11. 74 12. 95 14. 71 17. 23
b) 6. 70 7. 60 8 25 972 11. 82 13. 07
c) 6. 70 7. 78 e 08 10. 81 12. 01 14. 75
TMA, m%
a) 1. 03 2. 40 3.02 4.73 5. 81 6. 95
b) 1. 03 1. 69 - 2.24 301 3. 43 4. 32
c) 1. 03 1. 68 2. 24 3. 25 3. 83 4. 55
K-value,%
a) 19 95 28. 02 50. 53 61. 65 74. 40 84. 21
b) 19. 85 23. 21 30. 37 43. 98 58 43 62. 21
c) 19. 95 24. 62 32. 21 41, 25 60. 38 64. 00
v.C.C,N/g*
a) 30X10% | 1.2x10* [20x105 | 2.9x10% | 7.5 x 10" | 5.5 x10®
b) 30x10% | 88x10* [ 1.5x10* | 59x10°5 | 81x10° | 2.6 x 108
c) 3O0X10° | LOX10* |7.8%x10% | 84%x10° | 6.2%x10° | 8.6x 108

* Viable cell count

a) Common Ice

b) CO,
c) CO,

saturated 1ice

saturated sea water ice
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Table 22 Changes in freshness during CO,-modified
icing storage of mackerel with application of
freshners at 2~3TC

Freshness Days 1n storage
index &
treatments 0 2 4 6 8 10
VBN, ms%
a) 6. 70 8. 20 11. 74 12. 95 14. 71 17. 23
b) 6. 70 7. 60 8. 25 9,72 11. 82 13. 07
c) 6. 70 7. 25 8 43 9 07 10. 23 12. 78
a) 6. 70 7.15 8 0?2 8 87 10. 01 11. 95
TMA, m%
a 1. 03 9. 40 3. 02 173 5 81 6. 95
b) 1, 03 1. 69 9. 24 3. 01 3. 43 4. 22
C) 1. 03 1. 30 2.18 2. 92 3.72 4. 05
d) 1. 03 1. 20 2. 10 2. 85 3. 70 3 92
K-value,%
aj 19. 95 98. 02 45. 53 61. 65 74. 40 84. 21
b) 19. 95 23 21 30. 37 43, 98 58. 43 62. 21
c) 19. 95 29 13 28. 21 40. 75 52. 25 58. 23
d) 19. 95 20. 15 2717 38. 55 51. 72 56. 24
v.c.c,N/g¥
a) 30%10° | 1L2x10* | 20%10° | 29%x 105 | 7.5%10" | 5.5 10°
b) 30%10° | 88x10° | 1.5 10* | 59x10° | 81%x10° | 2.6 x 10°
c) 30%10° | 24%10% | 89x10° | 2.7x10¢ | 91 x10* | 7.7 %10
d) 30%10° | 1.2%10% | 7.5x10° | 36x10* | 87x10* | 7.0x 10°

%« Viable cell count
a) Common ice
b) CO,-saturated 1ice
c) DF-100 + CO,-saturated ice

d) [Ascorbic acid + propilonic acid)+C0O,-saturated ice
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Table 23. Changes in freshness during CO;modified-ISW
storage of mackerel with application of fresh-

ners at — 1T

Treatment Days 1n storage pericads
& freshn-
ess index 0 2 4 6 8 10
VBN, m%
a) 6.4 7.80 9.34 11.95 12.33 13.51
b) 6.4 7.60 8.87 8.25 9,35 10.15
c) - 6.4 6.89 6 97 7.42 7.80 7.98
d) 6.4 6.80 6.97 7.32 7.59 8.03
™A, mg%
a) 1.60 2.15 3.02 3,75 4.26 5.71
b) 1.60 2.00 92.64 2.95 3.32 3.80
c) 1.60 1.69 1.71 1.73 1.76 1.84
d) 1.60 1.72 1.74 1.75 1.79 1.84
K-value, %
aj 17,01 26.82 40.21 55,97 60.47 63.39
b) 17.01 23.15 30.05 37.25 40.96 46.27
c) 17.01 18.77 922.45 24.38 31.25 33.21
d) 17.01 18.10 20, 04 23.78 32.38 34.35
V.C.C\N/# *
a) 1.5X10°% {1.2<10* | 2.3x10¢ | 9.710* | 7.6x10° | 3.0x10°
b) 1.5%10% [7.0x10% | 1.2x10% | 2.1x10* | 4.0x10* | 7.8x10%
c) 1.5x10% |8.7x10% | 1.0x10* | 6.0x10% | 8.2x10% | 1.8x10*
d) 1.5x10% [9.7x10% | 1.8<10° | 6.0x10° | 9.0x10% | 1.4x10*

* Viable cell count

a) Control(ISW storage, sea water)

b) 3% NaCl +CQ,

c) 3% NaCl +propionic acid + ascorbic acid +CO,
d) 3% NaCl+DF- 100 + CQ,
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Table 24. Changes in freshness during CO, —r_nodified atmos-

pheric storage of Yellow tail at 2~3T

Treatment ' Storage periods in days
& fresh-
ness irdex 0 2 4 6 8 10
VBN, m¢%
a) 9.11 10.92 73.00 14.98 16.21 18.27
b) 9.11 10.17 11.98 12.75 13.76 14.06
c) 9.11 10.35 12.01 12.88 13.80 14.60
TMA, my%
ad 7.10 1.73 2.12 2.42 2.80 2.97
b) 1.10 1.62 1.90 2.10 2.46 2.50
c) 1.10 1.60 2.00 2.10 2.31 2.53
K-value, %
a) 23.39 35.927 53.78 58.27 63.78 73.27
b) 23.39 30.15 47 .34 52.38 55.56 63.25
c) 23,39 29.27 42.49 50.10 56.13 64.17
POV, meqv /iy
aj 6.82 8.29 10.29 11.63 14.27 19.25
b) 6.82 8.37 9,11 10.00 14.00 17.88
c) 6.82 8:37 10.20 12.25 14.62 20.25
V.C.C,N/# *
a) 7.1x10% | 2.0x10% | 2.8x10% | 3.6x10% | 7.6x10* | 8.2x10°
b) 1.1x102% | 1.1x102 | 1.3x10% | 4.2x10% | 1.6x10% | 4.510*
c) 1.1x10% | 1.4x10% | 1.5x10% | 4.8x10%* { 2.5%10% | 3.8x10*

* Viable cell count

a) Packed with CO, 100 %
b) Packed with mixed gas(CO, 60 %+ Ny20 % + 0,20 % ) after dipp-
ing in mixed preservatives(ascorbic acid + propionic acid

solution)

c) Packed with mixed g9as(CO,60 % + N,20 % + G, 20 % ) after dipping
in DF-100 solution
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Table 25. Changes in freshness during CO, -modified atmos-

pheric storage of Flounder at 2~37T

Treatment Storage periods 1n days
& fresh-
ness index 0 2 4 6 8 10
VBN, m;%
a) 6.25 7.02 8.75 10.24 11.80 13.00
b) 6.25 6.62 7.90 8.25 9.27 10.32
c) 6.25 6.62 7.80 8.01 9.12 10.27
™A, m%
a) 0.87 1.01 1.07 1.20 1.59 2.00
b) 0.87 0.95 1.01 1.08 1.16 1.27
c) 0.87 0.95 1.01 1.12 1.16 1.35
K-value, %
a) 15.21 20.11 24.78 33.75 40.21 57.28
b) 15.21 16.98 18.27 25.62 28425 36.78
Cc) 15.21 17.41 19.48 27.87 26.27 39.07
POV ,meqv /g
a) 4.49 6.40 9.00 10.87 12.50 14.67
b) 4.49 5.84 7.21 10.27 10.15 13.58
c) 4,49 5.58 7.89 8.98 10.79 12.97
V.C.C,N/g *
a) 1.0¢10% | 5.7x10% | 8.9x10% | 3.0x10% | 1.0x10* | 7.2x104
b) 1.0x10% | 2.1X10% | 6.2%x102 7.8¢10% | 4.1x0° | 2.1x104
c) 1.0x10% | 1.7<10% | 6.0x10° 8.7<10% | 8.710° [ 2.8x10*

* Viable cell count

a) Packed with CO,100 %

b) Packed with mixed gas(C0,60 %+ N,20% + 0,20 % ) after dipping
in mixed preservatives(ascorbic acid + propionic acid
solut.ion)

¢) Packed with mixed gas(CO,60 %+ N,20 % + 0,20 % ) after dipping
in DF-100 solution
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Table 23. Changes in freshness during CO, -modified atmo-
spher ic storage of Yellow croaker at 2-37¢

Treatment Storage periods in days
& fresh-
ness index 0 2 4 6 8 10
VBN, m %
a 11. 40 14. 00 18. 20 32. 87 43. 27 55. 01
D) 11. 40 11. 95 12. 50 20. 42 38. 78 45, 21
Cc) 11. 40 11. 62 13. 00 23. 14 40. 65 47. 76
TMA ' m O/D
a) 2. 90 3. 82 6. 25 5. 64 7. 93 9. 82
D) 2. 90 311 3. 27 5. 25 8 27 10. 18
c) 2. 90 3. 28 3. 00 5 77 7. 23 11, 04
K-value, %
a) 28. 53 46. 88 53. 33 67. 00 81. 25 84. 25
b) 2853 32. 94 45, 25 57. 24 70. 25 77. 31
c) 28. 53 33. 71 44. 82 58. 14 72. 61 76. 12
POV ,meqv sky
a) 9. 27 12. 31 13. 00 14. 98 20. 21 27. 78
b) 9 27 14. 25 20. 17 28. 86 39. 64 43. 25
c) 9 27 13. 82 25. 63 31. 52 35, 62 44. 70
vV.C.C,N/g*
a) 37X 104 7.7x10% 22X 10%] 9.2x 10°| 7.8 x 10%] 82107
b) 37X 104 32X 104 5.8 X 10*] 91X 10*| 6.6 X 10°] 4.2 x10°
C) 37X 104 21X 10* 6.0% 10%] 89 10*| 7.2 X 10°| 3.8x10°
* Viable cell count
a) Packed with CO, 100%
b) Packed with mixed gas(CO, 60%+N, 20%+0, 20% ) after

dipping in mixed preservatives(ascorbic acid + pro-
pionic acid solution)

¢) Packed with mixed gas(CO, 60%+N, 20%+0, 20% ) after
dipping in DF-100 solution
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Table 27. Changes in freshness during CO,-modified atmo-
spheric storage of Silver salman at 2-3¢C

Treatment Storage periods in days

& fresh-

ness index 0 2 4 6 8 10

VBN, mg %

a) 8 03 9. 92 12. 37 14. 27 18 27 18. 77
b) 8. 03 9. 17 11. 85 12. 52 13. 88 14. 26
C) 8 03 9. 35 11. 95 12. 37 14. 01 14. 87

TMA, m3 %

a) 1. 02 1. 70 2. 16 2. 43 2. 80 2. 32
b) 1. 02 1. 60 2. 01 2. 13 2. 92 2. 60
c) 1. 02 1. 53 2. 02 2. 12 2. 40 2. 54

Kvalue, %

a) 20. 25 36. 27 54, 25 59. 87 65. 37 74. 27

b) 20. 25 30. 23 46. 20 53. 21 56. 25 66. 33

Cc) 20. 25 30. 02 43, 37 50. 77 98. 27 64. 58
POV, meqv/ig

a) 6. 62 8 31 11. 00 12. 63 14. 25 20. 26

b) 6. 62 8. 36 10. 02 11 25 13. 97 18. 95

C) 6. 62 8. 40 10. 78 11. 72 14. 26 19. 21

VCC,Ng*

a) 20X 10° [3.0x10%| 42x10%] 32X 10° | 7.3x10*| 5.5x10°
b) 20X 10° | 1.6 X107 21 x10%| 6.2x 10% | 2.1 x10%| 2.6 x 10
c) 20X 10 | 21X 10% | 224 x10%| 54X 10% | 4.2 X103 4.0 X 10*

* Viable cell count

a) Packed with CO, 100%

b) Packed with mixed gas(CO, 60 %+ N, 20%+0, 20% ) after
dipping in mixed preservatives(ascorbic acid + pro-
piocnic acid solution)

c) Packed with mixed gas(CO, 60%+N, 20%+0, 20% ) after

dipping in DF-100 solution
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Table 928. Changes in freshness during CO, -modified atmos-

pheric storage of Rainbow trout at 2~3T

Treatment Sforage periods 1in days
& fresh-
ness index 0 2 4 6 8 10
VBN, mg%
a) 7.00 8.06 9.58 13.02 15.27 17.25
D) 7.00 7.95 9.80 9.62 11.54 12.32
c) 7.00 7.39 8.75 10.01 10.47 11.95
™A, m3 % '
a) 1.50 2.12 2.46 3.00 3.42 3.98
b) 1.50 1.83 2.01 2.35 2.76 2.98
c) 1.50 1.75° 1.9 2.48 2.82 3.12
K-value, % ’
a) 17.02 22.27 25.01 35.60 44.67 60.27
b) 17.02 18.03 20.12 26.26 30.25 40.17
c) 17.02 17.95 20.03 25.72 30.00 38.25
POV, meqv
a) e 5.62 7.48 10.95 13.67 16.42 18.00
b) 5.62 6.28 7.88 10.57 12.03 12.95
c) 5.62 6.37 8.02 11,02 12.07 13.04
V.C.C,N/# *
a) 4.0¢10% | 1.010° | 5.6x10° | 2.0x10¢ | 4.9x10° | 8.3x10°
b) 4.0¢10% | 4.2¢10% | 9.3%x10% | 2.4x10% | 8.2x10° | 3.2x10*
<) 4.0x102 | 3.2x10% | 8.710% | 4.2x10° | 9.3x10° | 4.3x10*

x Viable cell count

a) Packed with C0O,100%

b) Packed with mixed gas(C0,60 % +N,20 % + 0,20 % ) after dipping
in mixed preservatives(ascorbic acid+ propionic acid solu-
tion)

¢) Packed with mixed gas(C0,60 % + N;20 % -+ 0,20 % ) after dipping
in DF-100 solution



Table 29. Changes in Freshness during CO,-modified atmo-
spheric storage of sea perch at 2~3T

Treatment Storage periods in days
& Fresh-
ness index 0 2 4 6 8 10
VBN, mg%
a) 7.25 8 02 9. 38 11. 01 13. 03 15. 26
b) 7.25 772 8 75 9. 62 10. 32 11. 03
C) 7.25 7. 38 8. 65 9 75 10. 25 11. 47
TMA, m3%
a) 1. 63 2. 03 2. 21 2.73 2. 63 3. 31
b) 1. 63 1. 86 2. 01 2.25 2. 16 2. 37
Cc) 1. 63 1. 85 2. 01 2.13 2. 03 2. 42
K-value, %
ad 16. 29 20. 33 24. 27 34. 27 41. 27 58. 75
b) 16. 29 17. 02 19. 25 27.62 29. 38 36. 95
c) 16. 29 17. 02 19. 46 29. 62 30. 25 37. 20
POV, meuv /ky
a) 5 01 6. 28 9. 37 11. 25 15. 62 17. 00
b) 5. 01 6. 03 7.38 10. 25 11. 02 12. 27
c) 501 5 67 7. 90 9. 02 11. 27 13.05
v.C.C,N/g*
a) 4.2%10° | 92%10% [48x10° | 95x10° | 48x10* | 58x10°
b) 4210t | 3.8x10% |7.4x10* | 1L1x10° | 6.8x10° | 1.0X10*
c) 2% 10 | 4.0%10% [87%x10% | 23x10° | 7.5x10° | 2.0 10
* Viable cell count
a) Packed with CO, 100%

b Packed with mixed gas(CO, 60 %+ N, 20 %+ 0, 20%) after
dipping in mixed preservalives(ascorbic acid +
propionic acid solution)

©) Packed with mixed gas(CO,60%+ N, 20 %+ 0, 20%) after
dipping 1n DF-100 solution
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