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Prediction of Oyster Shelf Life

and Quality Improvement

Woo—-young, Jung

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Currently, The giant pacific oyster (Crassostrea gigas) is the most
common species In Korea and many consumers prefer eat to raw oyster.
The oyster production in-Korea at 2012 was 303,280 tons: korean
people prefers to eat the most raw oyster called ‘the amilk-of ocean’ in
winter and highest consumes in-month -Desember=February. Raw oyster
mixed with seawater and freshwater are sold in the market an a small
packet. After the auction, the raw oysters is often sold by a package,
and high—capacity is 5 kg unit but raw oyster which is sold for material
of natural state is possible to not indicate shelf-life. Therefore, raw oyster

1s being sold that its shelf-life is marked by producers their own way.



Also, during shelf-life of raw oyster supposing that turbidity occurs
2-3 days, so consumers misunderstand it that oyster is losing freshness.
So sensory preference and consumption are decreasing, besides oyster
disuse amount is increasing. therefore analyzing a physicochemical
property of oyster which is sold kinds of capacity predicts with the
turbidity. So glycogen, soluble protein, turbidity, pH are the factor to
deacrease freshness and be suitable for quality index of oyster.
Correlation of each physicochemical characteristics was calculated
and Pearson’s correlation was used for calculating physicochemical
and sensory properties. The result should that soluble protein seem
to most significance. Quality index of soluble protein was 956.85+36.86
mL/100 mL. It was applied to the Arrhenius equation about K value
and calculate dthe activation energy. Then it was-applied to the
Arrhenius equation about K . wvalue and calculated the activation. The
shelf-life 1s predicted 7.58 day. prediction of shelf-life was applied
safety coefficient 0.8 and final shelf-life seem to 6.06 day. Therefore,
increase in the distribution process of turbidity was irrelevant to
hygienically. Bacillus subtilis DB9011 injected turbidity to reduce, so
that quality and turbidity. confirmedsimprovement impact:

in the result, group injected 10°-showed the highest improvement
effectiveness of turbidity and showed more effect as lower concentration.
But group injected 10° showed quick decomposition. This means more
study is needed about concentration of bacillus sp. and its characteristic

flavor.
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Bacillus subtilis DBI0I17t-e ©]&3dte] A= Fdo] ojud s
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C=0Cp + kt €D)
C = measurements at time t Co = measurements at time to
k = rate constant t = reaction time(day)
Ink=--228 » L g, )
R

k = reaction rate constant ka = Arrhenius equation contant
Ea = activation energy R = gas constant

(kJ/mol-K) (8.3144 J/mol:K)
In Qo = Ea 10 (3)

X
R T(T + 10

Qo = Qi vaule T = absolute temperature (K)
Ea = activation' energy R = gas constant
(kJ/mol-K) (8.3144 J/mol-K)

£ o] &ste] FAEA S = W L ZFHUAE 8L, Duncand ts

H] 1 (Duncan’s multiple range test)® P<0.001 2]

NA el 4



Table 1. Sensory characteristic scheme used to identify the

quality index demerit scores

Parameter Quality index being assessed Demerit points
No changes

Smell Unpleasant smell
Strong unpleasant smell
No change (creamy white)

Color of

oyster meat

Whitening of color (decolorization)

White or gray color (discoloration)

Texture of

oyster meat

No changes (firm, elastic)

Swelling-(expansion)
Softened flesh  and loosened —digestive

system

Appearance
of oyster

liquor

No changes (¢lear and transparent)

Hazy (light milky)
Very hazy, floating flesh pieces and

fragments of digestive organs

Viscosity
of oyster

liquor

No changes (No viscosity)

Mucus visible (Viscous)
Large-quantity “of mucus. visible

(very viscous)
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Fig. 1. Changes in pH of raw oyster during storage at 5C.
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Fig. 2. Changes in pH of raw oyster during storage at 10TC.
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Fig. 3. Changes in pH of raw oyster during storage at 20TC.
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Fig. 4. Changes in glycogen content of raw oyster during

storage at 5TC.
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Fig. 5. Changes in glycogen content of raw oyster during
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Fig. 6. Changes in glycogen content of raw oyster during

storage at 20C.

_19_



1. 2. 7} &4 99 A (Soluble Protein), & X (Turbidity)
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Fig. 7. Changes in soluble protein of oyster liquor during

storage at 5TC.
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Fig. 8. Changes in soluble protein of oyster liquor during

storage at 10C.
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Fig. 9. Changes in soluble protein of oyster liquor during
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Fig. 10. Changes in turbidity of oyster liquor during storage

at 5C.
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Fig. 11. Changes in turbidity of oyster liquor during storage

at 10C.
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Fig. 13. Changes in VBN of raw oyster during storage at 5C.
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Fig. 15. Changes in VBN of raw oyster during storage at 20C.
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Fig. 16. Changes in viable cell counts of raw oyster during

storage at 5TC.
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Fig. 17. Changes in viable cell counts of raw oyster during

storage at 10C.
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Table 2. Demerit scores of 130 g package raw oyster during storage at 5C

Days
parameters
Control 1 2 3 4 5 6 7 8 9

Smell 0 0 0 0.14 0.57 0.71 0.71 0.86 1.00 1.57
Color of

0 0 0.14 0.14 0.14 0.43 0.88 0.67 0.71 1.00
oyster meat
Texture of

0 0 0.57 0.57 0.71 0.88 0.78 0.86 1.14

oyster meat
Apperance
of oyster 0 0 0.14 0.57 0.86 0.86 1.13 1.00 1.00 1.57
liquor
Viscosity
of oyster 0 0 0 0.14 0.14 0.25 0.25 0.67 0.86 0.71
liquor
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Table 3. Demerit scores of 130 g package raw oyster during storage at 10T

Days
parameters
Control 1 2 3 4 5 6 7

Smell 0 0 0 1.00 1.14 1.57 2.00 2.00
Color of

0 0 0 0.86 1.29 1.71 1.88 2.00
oyster meat
Texture of

0 0 0.43 1.14 1.14 1.43 1.75 2.00
oyster meat
Apperance of

) 0 0.38 0:43 1.14 1.29 1.71 2.00 2.00

oyster liquor
Viscosity of

0 0.38 0 0.14 0.71 0.57 0.88 0.78

oyster liquor
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Table 4. Demerit scores of 130 g package raw oyster during storage at 20C

Days
parameters
Control 1 2 3 4
Smell 0 0 0.86 1.29 2.00
Color of
0 0 0.86 1.14 2.00
oyster meat
Texture of
0 0.29 0.71 1.43 2.00
oyster meat
Apperance of
) 0 0 1.14 1.57 2.00
oyster liquor
Viscosity of
0 0 0.14 0.29 0.57

oyster liquor

_41_



Table 5. Demerit scores of 5 kg package raw oyster during storage at 5C

storage time(day)

parameters
Control 1 2

Smell 0 0 0

0.29

0.43 1.00 1.14

1.71

2.00

2.00

Color of
oyster 0 0 0
meat

0.43

0.43 1.14 1.29

1.86

1.86

2.00

Texture of
oyster 0 0 0.14
meat

0.71

0.86 1.43 1.43

1.71

1.86

2.00

Apperance
of oyster 0.29 0.43 0.43

liquor

0.71

1.00 1.14 1.43

1.71

2.00

2.00

Viscosity
of oyster 0 0 0
liquor

0.29

0.29 028 0.29

0.86

1.43

1.43
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Table 6. Demerit scores of 5 kg package raw oyster during storage at 10C

storage time(day)

parameters
Control 1 2 3 4 5 6

Smell 0 0 0.14 0.43 1.00 1.86 2.00
Color of

0 0 0.14 0.43 0.86 1.86 1.86
oyster meat
Texture of

0 0 0.43 0.86 1.29 1.86 2.00
oyster meat
Apperance of

. 0.29 Q=57 0.79 1.00 1.43 1.71 1.86

oyster liquor
Viscosity of

0 0 0 0.43 0.43 0.43 0.57

oyster liquor
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Table 7. Pearson’s correlation among physicochemical and sensory properties of raw oys

storage at 5C

Soluble
Smell Color Texture  Apperance Viscosity Turbidity pH VBN Glycogen .
protein
Smell 1 0.93301* 0.94578«  0.96234x  0.91241%  0.83000 0.85551  0.78657 0.91400%  0.94064x
Color 1 0.92027«  0.92962x* 0.87264 0.79894 0.86145 0.76341  0.83499  0.92628%
Texture 1 0.97273% 0.86770  0.87989+ 0.89370* 0.67067 0.90532% 0.95755%
Appzmnc 1 0.84475  0.77968  0.93397+ 0.69109 0.91891%  0.96255+
Viscosity 1 0.79404 0.78702  0.82571  0.85586  0.88516%
Turbidity 1 0.64078  0.60141  0.78083 0.82098
pH 1 0.64156  0.93968+ 0.95137*
VBN 1 0.69000 0.73348
Glycogen 1 0.96582x*
Soluble 1
protein
Viable
cell Count
* p>0.0001

_46_



Table 8. Pearson’s correlation among physicochemical and sensory properties of raw oys

storage at 10C

Solubl
Smell Color Texture  Apperance Viscosity Turbidity pH VBN Glycogen o -e
protein
Smell 1 0.99398+ 0.98112= 0.98803+ 0.86868 0.83803 0.78441 0.55534 0.85627 0.80012
Color 1 0.97304* 0.98489+ 0.88465%  0.82964 0.77859 0.54891 0.87011 0.79774
Texture 1 0.98163% 0.81173 0.86545 0.82916 0.58164 0.86620 0.83707
Apperanc
. 1 0.87618 0.83165 0.81086 0.54185 0.91624*  0.80696
Viscosity 1 0.78987 0.71099 0.56845 0.82819 0.75121
Turbidity 1 0.87103*  0.84113 0.64977  0.98310=
pH 1 0.86753 0.73899  0.91972«
VBN 1 0.35721  0.89410%
Glycogen 1 0.64311
Soluble 1
protein
Viable
cell Count
* p>0.0001
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Table 9. Pearson’s correlation among physicochemical and sensory properties of raw oys

storage at 20C

Solubl
Smell Color Texture  Apperance Viscosity Turbidity pH VBN Glycogen o -e
protein
Smell 1 0.99710% 0.98148+  0.98671*  0.97816% 0.95535% 0.94604* 0.94083* 0.95026+ 0.96912%
Color 1 0.97257«  0.97673%  0.98184* 0.95567* 0.93456% 0.96296% 0.93734% 0.96948x
Texture 1 0.95984*  0.97622x 0.97468* 0.99010% 0.97103% 0.98585%  0.98990*
A
pp:ranc 1 0.93204%  0.90056% 0.91318+ 0.90631% 0.94090% 0.93274+
Viscosity 1 0.99287x 0.96016% 0.99644x 0.93140% 0.97959%
Turbidity 1 0.97509%  0.99880+ 0.93376*% 0.97816%
pH 1 0.96571* 0.98275% 0.98356%
VBN 1 0.92434*  0.97453%*
Glycogen 1 0.97826%*
Soluble 1
protein
Viable
cell Count
* P>0.0001
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Table 10. Correlation of raw oyster between soluble protein and

storage
Temperature(C) Correaltion equation Correlation coefficient
5 Y = 59.606X+468.64 0.9767
10 Y = 197.51X+334.48 0.9431
20 Y = 282.26X+433.53 0.9829

Table 11. Shelf-life prediction of oyster using soluble protein of

liquor in package

Quality limit Ea Correlation Shelf-life

lity ind
Quality index (mL/100. mL) (k-J/mol'K) coefficient (day)

Soluble protein 956.85%£36.86 =17877.39 0.9767 6.06
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Fig. 19. Changes in soluble protein of oyster liquor injected

Bacillus subtilis DB9011 during storage at 5C.
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Fig. 20. Changes in soluble protein of oyster liquor injected

Bacillus subtilis DB9011 during storage at 10C.
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Fig. 21. Changes in turbidity of oyster liquor injected Bacillus
subtilis DB9011 during storage at 5C.
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Fig. 22. Changes in turbidity of oyster liquor injected Bacillus
subtilis DB9011 during storage at 10C.
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Table 12. Demerit scores of 130 g package raw oyster not injected during storage at 5TC

Days
parameters
Control 1 2 3 4 5 6 7

Smell 0 0 0.22 0.33 0.67 0.67 0.78 1.00
Color of

0 0 0 0.44 0.56 0.67 0.89 1.22
oyster meat
Texture of

0 0 0 0.22 0.67 0.67 0.78 1.00
oyster meat
Apperance of

. 0 0.33 0.56 0.78 0.78 0.78 0.78 1.00

oyster liquor
Viscosity of

0 0 0 0.22 0.44 0.22 0.44 0.44

oyster liquor
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Table 13. Demerit scores of 130 g package raw oyster injected as much as 10° Bacill:

DB9011 during storage at 5C

Days
parameters
Control 1 2 3 4 5 6 7

Smell 0 0 0.22 0.44 0.67 0.56 0.78 1.00
Color of

0 0 0 0.44 0.44 0.44 0.67 1.00
oyster meat
Texture of

0 0 0.22 0.22 0.56 0.67 0.78 1.00
oyster meat
Apperance of

. 0.11 0.33 0.67 0.56 0.56 0.67 0.78

oyster liquor
Viscosity of

0 0 0 0.22 0.22 0.22 0.22 0.44

oyster liquor
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Table 14. Demerit scores of 130 g package raw oyster injected as much as 10* Bacill:

DB9011 during storage at 5C

Days
parameters
Control 1 2 3 4 5 6 7

Smell 0 0 0.22 0.44 0.67 0.56 0.78 1.00
Color of

0 0 0 0.56 0.56 0.44 0.67 1.23
oyster meat
Texture of

0 0 0.22 0.22 0.56 0.67 0.78 1.00
oyster meat
Apperance of

. 0.11 0.33 0.67 0.78 0.56 0.67 0.89

oyster liquor
Viscosity of

0 0 0 0.22 0.44 0.22 0.44 0.44

oyster liquor
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Table 15. Demerit scores of 130 g package raw oyster injected as much as 10° Bacill:

DB9011 during storage at 5C

Days
parameters
Control 1 2 3 4 5 6 7

Smell 0 0 0.11 0.33 0.67 0.67 0.78 1.44
Color of

0 0 0 0.56 0.56 0.44 0.89 1.23
oyster meat
Texture of

0 0 0.22 0:33 0.67 0.78 0.78 1.23
oyster meat
Apperance of

. 0 Qa1 0.22 0.56 0.56 0.67 0.78 1.22

oyster liquor
Viscosity of

0 0 0 0.22 0.44 0.22 0.44 0.56

oyster liquor

_61_



Table 16. Demerit scores of 130 g package raw oyster not injected during storage at 10°

Days
parameters
Control 1 2 3 4 5 6

Smell 0 0.11 0.11 0.56 1.00 1.22 1.44
Color of

0 0 0.33 0.56 0.78 1.00 1.33
oyster meat
Texture of

0 0.11 0.22 0.44 0.89 1.00 1.22
oyster meat
Apperance of

. 0 0.44 0.67 1.00 1.33 1.44 1.56

oyster liquor
Viscosity of

0. 0 0.11 0.33 0.56 0.44 0.56

oyster liquor
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Table 17. Demerit scores of 130 g package raw oyster injected as much as 10° Bacill:

DB9011 during storage at 10C

Days
parameters
Control 1 2 3 4 5 6

Smell 0 0.11 0.33 0.67 0.78 1.11 1.22
Color of

0 0 0.22 0.56 0.89 0.89 1.00
oyster meat
Texture of

0 0.11 0.33 0.56 0.89 0.89 1.00
oyster meat
Apperance of

. 0 0.44 0.78 0.78 0.89 0.89 1.00

oyster liquor
Viscosity of

0 0 0.33 0.33 0.44 0.33 0.56

oyster liquor
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Table 18. Demerit scores of 130 g package raw oyster injected as much as 10* Bacilli

DB9011 during storage at 10C

Days
parameters
Control 1 2 3 4 5 6

Smell 0 0.11 0.33 0.67 0.78 1.11 1.22
Color of

0 0 0.22 0.56 0.89 0.89 1.00
oyster meat
Texture of

0 0.11 0.33 0.56 0.89 0.89 1.00
oyster meat
Apperance of

. 0 0.44 0.78 0.89 0.89 1.00 1.33

oyster liquor
Viscosity of

0 0 0.33 0.33 0.44 0.33 0.56

oyster liquor
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Table 19. Demerit scores of 130 g package raw oyster injected as much as 10° Bacill:

DB9011 during storage at 10C

days
parameters
Control 1 2 3 4 5 6

Smell 0 0 0.22 0.89 1.22 1.78 2.00
Color of

0 0 0.22 0.78 0.78 1.11 1.33
oyster meat
Texture of

0 0.11 0.22 0.78 0.89 1.11 1.24
oyster meat
Apperance of

. 0 0.56 0.33 1.00 1.11 1.67 2.00

oyster liquor
Viscosity of

0 0 0.22 0.33 0.56 0.56 0.56

oyster liquor
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