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Microbial and Quality Changes during Storage of Raw Oyster
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Abstract
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Raw oysters were treated at 10°C and 22°C/350 MPa/15 min, and microbial counts and quality were measured
during storage of 14 days at 10°C. Total viable cell count (TVCC) in untreated oyster increased greatly during
storage from starting inoculum of 1.6X 10 CFU/mL, and reached to 5.6 X 10" CFU/mL after 4 days of storage.
TVCC of the pressure—treated was about 10' CFU/mL right after high hydrostatic pressure treatment and
increased slowly during storage, and about 10° CFU/mL even after 7 days of storage. Lactic acid bacteria
count (LABC) in the untreated was increased greatly during storage from starting inoculum of 3.3 X 10* CFU/mL
at 3 days of storage, and 7.2X 10* CFU/mL after 4 days of storage. LABC in the pressure-treated was detected
only after 5 days of storage, and about 10* CFU/mL after 8 days of storage. The pH of the untreated was
6.19 and decreased gradually during storage, and 5.83 after 4 days of storage. The pH of the pressure—treated
showed little change during storage, and 6.07, 6.03 and 5.82 after storage of 4, 8 and 14 days, respectively.
Volatile basic nitrogen (VBN) in the untreated was 16.8 mg%, and maintained almost constant until 1 day
of storage, and then increased suddenly, and 30.1 mg% after 4 days of storage. VBN of the pressure-treated
stayed unchanged during storage, and about 20 and 23 mg% even after 4 and 8 days of storage, respectively.
Hunter L, a° and b" values were increased until 2 days of storage and then showed no change during storage.
Demerit score was the lowest in the thawed raw oyster, and then in the increasing order of the pressure-treated
(4 day and 8 day storage) and the untreated (4 day storage).
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Table 1. Quality assessment 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 changes (creamy white)
Whitening of color (decolorization)
White or gray color (discoloration)

Color of oyster meat

No changes (firm, elastic)

Texture of oyster meat Swelling (expansion)

Softened flesh and loosened digestive system

No changes (clear and transparent)

Appearance of oyster liquor Hazy (light milky)

Very hazy, floating flesh pieces and fragments of digestive organs

No changes (no viscosity)

Viscosity of oyster liquor Mucus visible (viscous)

Large quantity of mucus visible (very viscous)
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Fig. 1. Changes in total viable cell count during storage of
raw oyster treated with high hydrostatic pressure at 350
MPa/15 min.
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EMIIE. xﬂar £ 1.6x10* CFU/mLe] gl =], XVP T 74
&
73%10° CFU/mLO]SdI:} }_g;; zJa]sL % 571 %xﬂ&
47} oF 10' CFU/mLE &35t H2)e] 2)3}e] ¢ 1 log cycle
dastd om, ARt B ) Sl 24 Yol A%
74742 & <k 10° CFU/mL °)3+2 f-A18tsl.end, A4 14
Fell& oF 10° CFU/mLe]gle}. 10°ColA 44 A sk St
A e e 2757 ¢ 10° CFU/mMLE 2 log cycle 27}k
b, 23 AT A 149 Folx AT AR 49
A o} w53kl
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2] H3l= Fig. 29 sl FA=|e 29| 27] H2Ad4
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shodom AR} 4, 8 14 ZH2 97x10%, 20%107, 75x 10°
CFU/mLel et 239 A28t & 7] A2A a7 <F
10° CFU/mLE Z33F Helo 93te] 2k 1 log cycle F43}

\.1

1010

—&— Untreated
—A— Treated (10°C)
—— Treated (22°C)

Psychrotrophic bacteria (CFU/mL)

L L : L L L
¢ 2 4 6 8 10 12 14 16

Storage period (days)

Fig. 2. Changes in psychrotrophic cell count during storage
of raw oyster treated with high hydrostatic pressure at 350
MPa/15 min.
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Fig. 3. Changes in lactic acid bacteria count during storage
of raw oyster treated with high hydrostatic pressure at 350
MPa/15 min.

CFU/mL o]AkelelAwt, 2313}t Helde A4 149 Fox
10° CFU/mLE Yepgdch ALAdse FAFe] A

59%¢ 10° CFU/mL ol*}omzl vk, 23k A A%
104 % <F 10° CFU/mLelgen, A 149 Foll & 10°
CFU/mL% vehiddct Zabdss F48 72 A4 544
E] 10° CFU/mL ¢4 gl A] 1k, &30.; A e AR 149
ol = < 10° CFU/mLE vtepigich. ol 4ke] A3} 28 231
o2 Aelstd FA e wtol vkl FAF, A4, 24
] A o] @A At glet A7z ok WA E
9 FAE AdAA = 9des 4 4 ok

Carlez %(15)2 %1% #2 2 Pseudomonas, Lactoba-
cillus$} coliforms®) F57F 3~5 log cycle ZFAstdvln
Hastgdol ke 2 Aelshd v AEL g s, A3
A wbg F3A 712 x| WstE de g1 AL6),
key enzymes®] E-&4sle} A2 FHAlo] wWElEe] u)A
o] AHEEE oz BustgdetT).

Lopez—-Caballero 5(8)- &2 7°C/400 MPa/10%-2] A2
Z coliforms, E. coli®} ZATE ddAZ + dsled, =
3ot el A ql Absl = A Xl ~AEHAE Fo
Hadst FAE AAE QA S etz Bwstyl
o} He 5(18)% #& 233 A=(¢¥: 207~311 MPa, Al
ZE 0~28)3t & W 7] FA747) 2 e 3 log7hA]
aatglon, 3°Coll A 279 AR B9 2 5 A8k
vhar B st

Z1 Melst d=2e ME & 7 vig
29 pH: 29 A% F pH sl $4 W8S delis

8 AEE, dSAOE AFE T O AARE
gl stakd A Aolsl gled, Fi wasE

(glycogen)®} Fado] a1, A 49 §hgko] Yt} 29 49

= ¥l & 3| glycogenell 713t HAEAA S &
glo] {7]4ke] S o2 pHe| HxpA a2 vehied,
pH7} 6.2~59% “good”, 5.8 “off”, 5.7~55% “musty”, 5.2
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Fig. 4. Changes in pH of oyster meat during storage of raw
oyster treated with high hydrostatic pressure at 350 MPa/15
min.

o3l “sour” EE “putrid’® AT ¢ cH(19).

A7 F3 2u) A=]d o] A3 £ pH WskE= Fig.
49} Zoh F-A2q F9 27| pHe 61903 =d, AAF 5
A&z oz Arslgon xA; 4 8 1496l 242 583 561,
4.44018c}. =39t A F9 pHE 2+ 6267 6192
Zask Aol 23 Wyt A glaled, A S pH #H3t
7} e Zpgr . 10°Cell A 238k A2l dh &1l A-f-oll= A
4, 8, 149 pH7} Z+7t 6.07, 6.03, 5822 )¢ ¥& g
frAl g olake] Az, FAE] F& AA 5U o] FHE
plZ} 58 olstz Woixl b, 10°CellA] Z23st A2l @ &
A7 149 Fol = pH 5828 AL, A4A-2(22°C)ellA] &
328 A Aol x AR 1297+ A9 ZAL pHE &
2 &hod o}

He 5(18)& F32] 9 pHE 2~4°CollA 169 A &
512 Holx g A& A 5 gloled, 239t 2] #&
Z38F Ao gk v AEF a2 45 A7) Fek pH
7} 639014 FAH o2 ZFAasel A 5.8 o] - fAISHHE 2
v, Lopez—Caballero %-(8)-& 7°C/400 MPa/10% 2]2]3} &
= 2°C AR % pH a7k (=, ol 23 He2
F T vAEo] AFHNA] sl Felddrta skt g
A 23 A Fo] FA Fel ®3te] pH kel #-&
7+t e, ol WA A Ao] gAY F 2
2] pHRE} &2 pHE zZhs 3l9(pH < 8271 & &4 Alo|
| ot slelrh &1%} xMoﬂ olale] SxAow FE
Zlolz} 3} vh(20,21).

A A7 &: FAE T3 2k A= d Fo A
Z A d7)1d 49 WEE Fig 59 2gkt) dulx o s
FHA A7 d L T 53] AAFE o) KellM= 5~10
mg%, BEA 52| o] fol s 15~25 mg, 27|43 o
Fol A= 30~40 mg%, F-HA g o] Sl A= 50 mg% o] AL
2 oA eh22). FA Y3 Fo 7] YA A7 A sE
16.8 mg%olsiedl, AA4 1d7A& HEs) qoiz) = o) F
FA3] Zolstdon], AR 4, 8, 14N zkzk 30.1, 434, 60.7
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Fig. 5. Changes in volatile basic nitrogen during storage of
raw oyster treated with high hydrostatic pressure at 350
MPa/15 min.

mg%E A% 3% o] FHE = FAH dFE & F AL

> E AT 4 gl ¥H 209} G 2 A2
A @ AzE A F A8y 2 24 gol A% 423

8ol 77} oF 203} 23 mg%E BE AES) o) fo e
e el e, 149 Foll= 10°Ce} 22°Cell A &3¢k
Aelgt 22| A dr1d 49 3 47 2763 322 mg%
2 Z7] ¥4 o]=2F
Lopez-Caballero 5(8)== FA g3t =2 x7] FuA
A7 A A2 gk 133 mgso| FAIRE 2°Coll A 10 AR F
ol 25~30 mg%E Ao o] Zgom o7} AW
Wb, 7°C/400 MPa/10% A2l =& 139 A& Fo = oF
20 mg%°)sl e F-9# 7} A =] ekghokz wastglch
M 239 A =< FAE Fel vlste] Hunter
", b'ghel =% =okeH(Table 2). F32] 2L A& 7]
o L7, a"¢} b'gte] Z71st F A 2 H el dAg AegS
el 235 ABE 2= FAE 23 3R
AR Z7)el L', a'e} b'ghe]l S7k3F 3 A 2d He dAd
73S vehigleh

v AES 2 A W) 1453

Cruz-Romero £(20)% &< 100~800 MPa/20°C/10%
Ae]atg & W He] o4 e] F7tel abel Hunter L'gke] S7F
8}41 32, Hunter a'3k-& #taslg &, ol 294 f-(myo-
fibrilla)2} 4~ ¥ (sarcoplasmic) ¥4 9] WA=} Fedo] gl
ot Wk oH23).

Fo| WAL WA chlorophyll® carotenoid 449l
25 Addl, & 88 WAL o] & A}t 2t Ay U
AZ Fol) WA e S22 Fab o= Flo] Fasleln
1 % carotenoid®] ool W& Z 2] shde] W9 Fx
A A% goha 3hgiTh24).

[5A: A 2R ATl 3t demerit score®. VFE}
W AR e A AR e A4 AR

AE A& RAFEE, o] YL o] 47 FHAAE Eslo]
FAEY AREHE A5F S oA FoHs),

3 A5 A FAE ulaaly] fste] A8 AE,
H7HE 5o F471203)el AsE] A, F9 A, %-4
A, Age] A A o] Aol Wiste] A g A= Table
39 2k} Demerit scored] §-& BA 353 A-Fo] 714
G HpE Helon, 1 thgo & 10°CellA] 2318t A=t
F 10°ColA 49 HAE F, 8 AR T oy, 2
o A& d8A 4 4d ARG AFe] M 2 A5E
By} o]8} 2re] 2wl Ael¥ 22 10°CellA 4d 7} 8Y
A Follx FAE 4d A4} FEoe 2 FAE 44

sl 2t M2 A A7 7ES 20 o]A) 221414 4 9l&
+ & 7 Uk

He S(18)% &8k = 43 (207~311 MPa)¥} A7k
(0~2%)% 2t A=t %3 2~4°Coll A 22947 A7
T FAE ol vt & FAE FA Ak Bs)
sitt. Lopez-Caballero $(8)2 22| Z&7& =39 A=
AF vha Aolrt AR, A5 AR Fel=
strength7b Z7]¢] % w7} Hdx=dl, o] myofibrillar
fraction®] WA} 9§t A3 7 &4 7|Q13clky B

shear

Table 2. Changes in Hunter L°, a* and b* values of raw oyster treated with high hydrostatic pressure at 350 MPa/15 min

during storage at 10°C

Treatment Storage period (day)

(MPa/min) 0 1 2 3 5 6 7 8 10 12 14
L' 386+01° 404%11° 546+£30° 539+19° 517+46% - - - - - -

Un- a 02400° 08%03%° 30+10° 32%14 35206 - - - - - -

treated b 69408  89+09% 105+21% 132+24° 113+05® - - - - - -
JE 578402 563%x11° 425+33 440£18° 45842 - - - - - -
L' 471+03° 586%26° 549+2F 554405 596+12" 552424 548+11° 562%3.1° 549+49 588+45 580+13°

Treated a° 07200 26206* 34+01° 30+01° 36107 36105 23106 34103 25106° 36403 72+14°

(10°C) b 98*10° 101+15  93*=11* 110+09* 122+11° 103%13° 11101 104+09™ 112+08™ 132+14° 107108

JE 499+01% 389+23

20420 419+03% 38408

£23+120° 427+09% 414127 42.8+46™ 398+39° 403+15

L' 454+24° 580+20° 555+37° 566+17° 579+11®
364027 37206 22409™% 16+15%° 42+00" 34+11% 31+07°

Treated a° 25+0.1% 32+06™ 44+08
@22C) b 67x01% 88*11° 97403 9507  99+11°
AE 512424 393+17  416+36° 404%15 394108

524124 577+10% 5551197 589%15 57R8+23° 5804387
39-+09%
103£03°  123+08% 104%£04* 125+03% 125+13% 128+1.2°
449124% 404+10° 421417 394%15 404+20° 404+33°

The same superscripts in the same row are not significantly different at 5% level by Duncan’s multiple range test.
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Table 3. Demeril: scores of raw oyster treated with high hydrostatic pressure at 10°C/350 MPa/15 min after storage for

4 and 8 days at 10°C

Untreated Treated
Parameters Storage period (day) Storage period (day)
0 4 4 8
Smell 0.2520.52° 1.33+0.75° 0.83+0.75° - 0.92+0.70°
Color of oys:er meat 0.54+0.76" 1.38£0.75° 1.33+0.62° 1.21+0.64°
Texture of oyster meat 0.54+0.64° 1.71£0.45* 1.08+0.76° 1.17+0.62°
Appearance of oyster liquor 0.71%£0.73° 1.50+0.64° 1.42+0.49" 1.46+0.64"
Viscosity of oyster liquor 0.67+0.69 1.34+0.70° 0.96+0.66° 1.00+£0.58%
Sum of demerit points 271 279" 7.26+£2.60" 5.62+2.36> 576 +2.20°

The same superscripts in the same row are not significantly different at 5% level by Duncan’s multiple range test.

aspdch w3 2E HyeA 2314 A F 24 F
ol FAe] glom, o) d 4N WA 22 oz

Bsaict.

o o

e <

S 10°Ce} 22°C/350 MPa/15%-2] A NAM 23 A
213l 10°C A F WA e 4 WEke S3siath
228 29 27] FATSE 16x10° CFU/mLe] Q&
AA7|7E Bk 343 ZFrbstdesd A 496 56x10°
CFU/mLel e}, 22 A& F2 &7 FAE57E &4
10' CFU/mLolg=ul, AA 7ol °F 10° CFU/mLE A
A7k B9t Adee] S Aok TR Sl 2]
o] Habyto] EatA] ot ot AA 24 o] FHE HEH
7] A zbste] A A 396l = 33x10° CFU/mLE Al2te s
A3 Z7}sl7] AAstel o, A 46l 72x10' CFU/mL
oladt. 2wt A=’ F& AA 4, 547 HAbde] A&
HA kgko} 2 o] Foll AEH] Alxtste] A 8
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