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We examined chemical changes in oysters Crassostrea gigas and packing water that were sold after storage at 5, 10,
and 20°C. The pH of oysters stored at 5°C dropped to 5.81 after 10 days of storage, while that of oysters at 10°C and
20°C dropped to 5.37 after 8 days and to 5.04 after 4 days, respectively. The glycogen content of oysters stored at 5°C
decreased from 718.89 to 421.85 mg/100g during storage, while that of oysters at 10°C decreased to 351.49 mg/100 g
after 4 days. The turbidity and soluble protein in packing water increased slightly. The viable cell count of oysters did
not exceed 6 log CFU/g after 10 days of storage at 5°C, but that of oysters at 10°C did so after 8 days. Additionally,
the viable cell count of packing water was lower than that of oysters. We performed a principal component analysis,
where the first principal component (55.03%-57.24%) and second principal component (42.76%-44.97%) described
most variation. The first principal component included the pH of oysters and packing water, and the glycogen content
of oysters. A Pearson correlation between the first two principal components had a higher R value than that between
other components. Freshness was evaluated using the pH of oysters and packing water, and glycogen. We found that
soluble protein content was significantly associated with a lower pH and glycogen content.
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ofl, BE 5 mlu o] Fxste] GUBHHOR 953 AFo|
AT oAb WYAFOR TR WO WA SAB AT o w3k 2o i o] s 2TAL AY 43 F4-5
ol Z74ekT glow], A& Te] Wake Bl unt Aol i an, Wol A1Ao] Tholstul, Wt 9 SHELE ofslo|e} 1ok
0 AR R AT Askg] whe meb AFQ ASo] R glo] A1FE 4 olrk. Bt olje} o5 R |

TAREO] 2n)7E HAF 7 A 0 =2 o S E th(Kang and Kim,
2013). $=AHE 48] iR} A Eske] wste] whet 7hg7 4 i
W §-E 2 E Wstekal 9k 53], ol 7R AlE R
© AARES AT E7E obA| L glof, Al AES] A= §-4]
P TR 7|e el 238& FaL qich

LSS BN I |

for

o A3 S0 TR AL 7P gl 0 2 el 9)
tH(Hosoi et al., 2003; Kim et al., 1981; Sakaguchi and Murat
1989; Hur et al., 2002).
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o] Z7HEHA W45 FA oz 3 AE HFo] HAF STt
ULk =& AR S A AT Fofl AFA] iAol A 7

whE AR F A Al Alolut iR and o2 5w
22 FeE S ETHPark et al., 2006). T2 Al &Za
wol 4 muk ofuje} glAlo] fafat AltolLt uo]
2 5% g7 £ 4 Qlth(Potasman et al., 2002; Feldhusen,
2000; Cliver, 1997; Grimes, 1991). Z12]1 t}2 g S HT}x: 2
Zo] dAsto] vkl E7] 43l 7k, 8 F S=HEE F
A A7} k] A ojdrh(Park et al., 2006). whebA] 2] 945}
2 QP& shisly] flsto] A Roll A= AgAts ool thgt 9
A& shar glom, AARRPEA| QL -2 7 eHA| ol 4] pH
o B5g7F 58 WS ol8sto] Hes SAste] AlAdsta
FHR Aol ol -8 H =% skar Qlek

A=o] Aol tigt A ATEe ko whE =9 vA
=, pH, S 7148 4 g W3], #H5 7K Cao et al., 2009)
o @&, 7|EA4k, 219, e 2 e Alo] SR et Seks
g d59 Az B2 871t ol wet A4t ot
(Chen et al., 2014; Cao et al., 2009, Park et al., 2006; Kim et
al., 2002, He et al, 2002).

wheba 2 Atoll A= dolA Al HesAl A=l A
ESAY  Ue s N fleke] A A=) A%
2Lof| wh o] 3fshA A WIS SA6kaL, o] Ak A
THHAE #A5t] A=Y AESAe 9%t 7|25 8 28
ahi17} it
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ool A3 E Aolm, HHE =& BEZ AAs] 7
T A TheEAoll A sk o, ZAE F &S
362.26+8.38 g, =2 136.63+8.92 gt 2743} B
AAH]E TFE) 225.63+11.87 mLo|Qlr}h. 2245:9] ¢
HEr = 14.8 psuo| it =AE =22 3-27|(PFC-PO-150,
TAESHIN bio science, Korea)ol| 4] 212} 5, 10, 20°C 2] 43t
2Lof| AstEA 1Y A 02 A 28skiinh

SELE

pH

PHEAA R 20} ZR5S 1.9 0] &2 E3ste] 42519
ch, B A 29} ZX1429] pH+= pH meter (Orion 3 star, Ther-
mo Scientific Inc., Fort Collins, USA)Z &4 3131t}

H1
offt
of
>
ol
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=Y 3ZA gHF A= 0.5 g9 30% KOH 5 mLE #7}s}o]
% 07t 8okl 23} Na,SO, 89 0.5 mL2} etha-

o
(9]
a
=2
2
)

U U - A BT - 399 -

nol 5 mLE ¥7Fsto] 95CollA thA] 1587 553 & ¢4
£2(1,259 g, 10 min) st3Ich A=l 2 mL Hol 2429} 2.5
mL ethanol & H7}8lal ¥AEE (1,259 g 10 min) &, 5 M
HCI 2 mL¥ 3 €H43] 21 o2 0.5 M NaOH=E %3}35}0]
50 mL ggsfo] AlRe)o 2 ALgakelr. A28 5 mLo
0.2% anthron-sulfate solution2 10 mLE- 7}8}aL 95C oA 10
2% $ YZato] E45g=A(UV mini-1240, Shimadzu,
Tokyo, Japan)2: o 85}0] 620 nmol A E4=2 =43kt
(Click and Engin, 2005). 28] ZA g2 glucoseE =2
T 2R Aol et Skl on, 23 MehAl S
0.95 sto] Alktstiet.
S

A9 g = S8 5= A4|(2100P, HACH, Loveland,
USA)E A3 24351921, 0-1,000 NTU (Nepheomet-
ric Turbidity Unit)=2 YR AT},
Tt e

FX=0] 7184 Th A FheF2 Biuret assay S 0|85t =
Ask3itt. %15 1 mLef BiuretA]|f 4 mLE il £36}oq,
Ao A 30427t AR & 33 = A|(UV mini-1240, Shi-
madzu, Japan)E ©]-8-5t0] 540 nmojA SFE=E STt
(Robinson and Hodgen, 1940). 7F&-Aeaa 3=k bovin
serum albuming FETMAE 2ot FeFariof whet 54
shsiet.
UGN

1} 220420] AHkAlF4= Standard Methods for the Ex-
amination of Water and Wastewater (APHA, 1970)2] = o]
u}2} Standard plate count agar (Difco)S AR50 35 + 0.5°C
Ol A] 24-48A|17F Hlj kSt &, Colony Forming Unit (CFU)=Z
Ef9ict.
SAXzE|

=3t FH49 o]3shA RSt Aatol gt 54 A=
SAS Z 2 132 0]-85}o] th=Al A 4>(Pearson’s correlation
coefficient, ) W FAE H4-8- A A5} thH(Steel and Torrie,
1960).

=k
=

,E
[

2t

21 £714-9] pHezt

5°Col A AR =9 27| pHi= 6.410]9104 109 A3t &
5982 A5}E| g0, 10°C ol A 22| 7] pHi= 6.42 03] .
U39 43} 5 5.890] ek} 89 A} 5.63717) ASE|ck
20°CollAl= A% 271 pH 6.360] %121, 44 73} 3 5,137t
2] A 5hE| ATHFig. 1A). Z714:0] 27| pH= 6.84-6.97% 2]
pHel B3l tha 4| Urebetth. 5°Coll A= 10 3t 5 5.817F
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Fig. 1. Changes in pH values of oyster Crassostrea gigas (A) and packing water (B) during storage at 5, 10, and 20°C, respectively.
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A38F AL, 10°Coll A= 8¢ A3} $-5.37,20°C ol A= 4%
T 5.027HA] #H4skch(Fig. 1B).

A%A| pH Bigh= £4 H3lkE duF= 5a3 A5
ot ol vk eH-stal Q= glycogen sl (glycolysis)
< ARHA lactateS A/d3kaL, AJH lactateo] o3l pH7}
A tH(Cao et al., 2009; Park et al., 2006). L5 - Lof A
= 29 A& AAXEE pHE o] &sk=d], =< pH7} 6.39]
Arol™ “Very good”, 6.2-5.9+= “good”, 5.8 “off”, 5,7-5.5%=
“musty”, 5.20]|31= “sour” = “putrid” 2 TH4 HcH(Pottinger,
1948; Hunter and Linden, 1923). 23} $214=2] pH&= A%
L7t obdag w27 A ohE| |, Z b= S22 pH7F ¥
3} o] 2 A © & et Heetal. (2002)& A =S 2~4°C o]
A 169 A% 5 pH 7} 5.17HA] Astl= A0 2 B aslgl o,
Ao ofgt =o] Tl WAd 2 pHH Sl 21291 o
S F= AR RIS

=9 222U & Het

=9 FE| 27 T2 7] 702.51-718.87 mg/100 o]
oo, pHHSI} o] 7|7t 5 A 44 0 &2 FFAsgict.
A& Z7]9]) 5°Coll A= 718.87 mg/100 go| 1o A4 74 7
I} 354522 mg/100 g© & 7FA431 T A4 102 3 421.85
mg/100 g7}A] 7t451 k. 10°Col A= 5°C Bt wh2 7] 7k
aho] A3 49 335149 mg/100 g & ZHAstglon, 1 o]
Bof= AAI3] 1HAste] A% 8 o= 347.36 mg/100 go]
t}. 20°Coll A= %71 702.51 mg/100 go]2.oH, 10°Cel S-AF
S AF O R A% 4U7HA] ZHAsHITh(Fig. 2). =9] F5Foll ut
et 2] 370 FF zto| 7} glom, A7 o whebi E 2to]
7} AeK(Dridi et al., 2007; Krishnamoorthy et al., 1979; Willis
etal,, 1976). wheba] 27| 2] 5170 92 thas 2ol 7} AT
A% 5 2232 e pHYAS ol JFe = A& A}
)

SXI40| Bz 3 TS

ol

R

1}

FR0] B Bishe AAR o] whet & 2fo]7} Qloie) &
EHE = 12.46-17.45 NTUS] H 90| 9lct. 5°Cofl AA] g
99714 239.5 NTU®| oW, o] FAsHA S8ttt
"Coll AZAl Bes 59 A - 272.58 NTUC| It} o]
T 5A3] F7FstoI8Y ol folli= A= ) 2A1¢1 1,000 NTU
£ 23s3ITh 1831 20°C ARA] Hies 29 A3 17433
NTUo|$oH, o] 5] A3 F7Fsto] 4ol A= 2o &
AE 238t ek(Fig. 3A).

=9 78/ Tl e 5°Col Al 197+=417.93 mg/100
ojFl ot A7 FUA A& A o2 S5t 10 $- 1128.67
mg/100 go] AtHFig. 3B). 10°C oflA= 7 dehuid of=fo]
453.82 mg/100 go] 201} 8% % 1,245.76 mg/100 g 575}
Tk 20°C ol A= 27]7ko] 486.04 mg/100 go] Q1oL 59 &
o]l 1,663.38 mg/100 g7H] Z7}51ct. 2o] Mws} Aahes:
&2 29 shn Sea 9 7R g o] ga e A
O] B oIt mEbA 718l ool ket =
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Fig. 2. Changes in glycogen content of oyster Crassostrea gigas
and packing water during storage at 5, 10, and 20°C, respectively.
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Fig. 3. Changes in turbidity (A) and soluble protein content (B) of packing water during storage at 5, 10, and 20°C, respectively.
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Fig. 4. Changes of viable cell counts of oyster Crassostrea gigas (A) and packing water (B) during storage at 5, 10, and 20°C, respectively.
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FoFo] AL 2240 B of| oJTRS = A0 2 A

qufiZﬂ = o= T

S} o] F249] BE F7H A% 2-39 o] 1t
L] w454 T 7] 55 Asfo] whe ulh o)
ol S A 5o 2 gherEck

At M@ 3}

0] 27| Al 2.36-2.68 log CFU/go| §1.0.1, 5°Col| 4] 8
A7t AAFTE 22 Alat= 4.0-4.34 log CFU/g= 71513t
10°Col| A 4 o] Fofli=3.70-3.79 log CFU/go] .21, 20°Co]|
A 297F AA Fof|= 3.45 log CFU/g= Z7F81gith. 10°Cet
20°C o] AREE Zo] At 72t 8U Tt 4 At o] 6.25
9} 5.94 log CFU/g7HA| Ab53l9ich. ko 22422 Ald4
3= 27]ofl%= 1.13-2.19 log CFU/mLo] ¢, 5°C A% 10
U7FA| 2|42 0. & Z71510] 4.26 log CFU/MLO| 32, 54|
7] Z9] Al4t+4= 4.52 log CFU/ga} AT 10°C ol 4] A%
w ZF9] A4 A% 8YUofl= 5.65 log CFU/MLE 715151
o1, 20T o X A 19 B3t 3ol 43| S7Fsto] A% 4

o]l =5.94 log CFU/mL7}A] Z7}3}ict.
Park et al. (2006)-2 2119} 2| 2]3t 2] A% 5 n| Y& 4~2]

Hsol A= BAE]ste] 10T AR F A7 A1 52t

|42 0 7 Z7)5hha B skt 121l % Lol A A48

Uofl 8 log CFU/g7IA] S7FsFtal Halstl o, 2 Ao

A= 6 log CFU/g7HA] Z7F8te] tha 2ol 7} gl it

o3t} HE7Ho| At

Awef w2 pH, 22|27, B, 7HAdT A, AR Al
of th gt AHIA IS A i A3t AA 717k whet A =7} A 5)
A =23t FR149] pH, 2|37l Shg A& 08 hast
o, Bl 7R sk, dut lutes Z7heH ot
(Table 1). £3] 524> pH:= 5°Col| A A &5+ 2 pHE} 22 241
Slef W shof| A AFH 4= 1=0.92, r=0.83 0]%]on, 7R T
uuzl ﬂah,}“ =-0. gzg%g /})h‘,_}kl ] L]—E]—L,Hcﬂlll- vy 10°C
A7} o] pHet 22| 27l g Hakehs 242 =092, 1=0.519]
lom, 7HAgT Y Shgibs =-0.740 2 w2 43S U
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EF ITH(Table 1). “L2] 2L B = 2] 70 St 7H-8-d ol
2 SFeFa A o] =9ko ™ (=-0.48~-0.73, 1=0.71~0.83),
U Al otk A o] = 8keH(r=0.71~0.86). kA =9
A= H3tof| Fhofsh= I} 5 pH, 223270, 78T 3
2 Awwstel 7p4 Wxek T ol il E3] FAEEA
A}, 5°C ol A A=) Aeo] T Al1F/d24] 53429] pH
oF 29| pH ¥ ] 37 gefo] 57.24% Ago] 753, A 2
FAEC] 7] ARo] 42.76% A 75519 10°C o A=
ARt A5 H0] 55.03%, A2FAdH0] 44.97% AW 7t
SoFATH(Fig. 5). webA] =0 A= 5414291 29| pH, 2

Ir
A
it
4>

Table 1. Correlation coefficients (r) for physicochemical of oyster Crassostrea gigas and packing water
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AFEI(RP-2014-FS-025)2] #]ofl 2J5)
1, ofof] ZrAL=H YTt

pH pH Soluble - Viable cell count Viable cell count
(Packing water) (Oyster) Glycogen protein Turbidity (Oyster) (Packing water)
pH ) 0.92 0.83 -0.82 -0.56 -0.51 -0.47
(Packing water) (0.92)? (0.51) (-0.74) (-0.62) (-0.30) (-0.38)
pH 0.83 -0.85 -0.61 -0.55 -0.54
(Oyster) (0.54) (-0.91) (-0.81) (-0.44) (-0.53)
-0.81 -0.73 -0.65 -0.63
Glycogen (-0.51) (-0.48) (:0.34) (-0.41)
. 0.71 0.54 0.53
Soluble protein (0.83) (0.49) (0.58)
.- 0.71 0.75
Turbidity (0.80) (0.86)
Viable cell count 0.98
(Oyster) (0.87)
'Significant at P<0.05. The results of relationship analysis about chemical components in samples during storage at 5°C.
The results of relationship analysis about chemical components in samples during storage at 10°C.
‘? Viable cell count OViabl . cell c?unt A S Viabl I nt Viaple cell count B
© (oyster) 0~ (packing water) © @ (?,fsier°)°u 00 (packing water)
o - o OTurbidity
© OTurbidity ©
o [~ o I~
= =
= S . = o O Soluble protein
% ~ O Soluble protein i ~
N~ o 03 (=2
N <
< o < o
N © ; N ©
g gl L (packir?g water) _g gl L (packinglg-iwact)er)
& < pH O 8 < Glycogen O HO
S + (oyster) S (oyster)
Glycogen O
© ©
S r S r
St ERs
N R I N B N N I N B N

-1.0 -0.8 -06 -04 -02 00 02 04 06 08 1.0
Factor 1 (57.24%)

-1.0 -0.8 -06 -04 -02 0.0 02 04 06 08 1.0
Factor 1 (55.03%)

Fig. 5. PCA plot in chemical components of oyster Crassostrea gigas and pacing water during storage at 5, and 10C.
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