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Effect of Modified Atmosphere Packaging on Shelf-Life Extension of
Raw Oysters Crassostrea gigas
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Pacific oysters Crassostrea gigas are a popular shellfish in the Republic of Korea. However, due to their abundant
moisture and nutrient content, oysters are susceptible to microbiological growth and biochemical changes, which lead
to quality degradation. Therefore, the present study aimed to investigate the effectiveness of modified atmosphere
packaging (MAP) in maintaining the quality of raw oysters during storage. Microbiological and physicochemical
parameters such as pH, glycogen content, soluble protein, turbidity, and volatile basic nitrogen (VBN) were analyzed
for oysters stored under various gas compositions and storage periods. The results showed that there was no sig-
nificant increase in viable cell count in MAP oysters after six days in MAP oysters. Moreover, the physicochemical
quality of non-MAP oysters deteriorated rapidly, whereas the quality of MAP oysters were maintained during storage.
This study suggests that MAP can be an effective technique for maintaining the freshness of raw oysters during dis-
tribution and storage, and may also be useful for extending the shelf-life and maintaining the quality of other seafood
products.
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=W 4HE - 2 (Pacific oyster Crassotrea gigas)e- 4+ 37} 417 A 4= Qlth(Jeong et al., 2015; Gokoglu, 2020).
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fied atmosphere packaging, MAP)& o|-&5}o] =Ujofl =2 &
THE BAzol A E I Ak shlt) 2 A
F9| =]opste] wal, Aol F4 9 O}Z‘i“ AsHE 25
= F4H Ba U A7 A S rRE HEse o
1S 3toi(Tsironi and Taoukis, 2018). £3] n]A=314 H3}
o) Q&) Hujjal7] Hla B8 W o] 3}k EA A7) w2
Al dojubs AR A 27 715l tig a0l AA|AL
QItk(Singh et al., 2016; Laorenza et al., 2022). w}e}A] A=
o A-L35}17] Y3t 24 7|2, MAP, Z15-3E4(vacuum pack-
aging), ‘5534 (active packaging) ¥ 2|53 ZAK(intelligent
packaging)ol] ¥t AL o] o]Fo] 2| 1L It (Kontominas et
al, 2021). 1 % MAPE £ A] 7|42 2| 3kslo] 24 §7] =
A 2010) 717 24 2ReHE 71 ERA, Skt AE AR
off g5lof w79l 2o AFEo] Utk So], MAP7] 4
Aol v|Al= RS H7KEE A= Sezer et al. (2022)0]
MAPE o|-&5}o] F-X] 7)) 40](Oncorhynchus mykiss) 2 tA]
OF 11°5-0|( Trachurus trachurus)2] Y7 X234+ 5= biogenic amine
A A aukE gelstg e, Li et al. (20200 MAP 2%
% F-E(Takifugu obscurus)®] volatile basic nitrogen (VBN),
trimethylamine 2! thiobarbituric acid reactive substances®] A}
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Ak 1o 8et b= ol-gshlen, Ztar 9l Z17o] k2t
9.6+ 1.8cm 2 43+ 1.1 cme] A& A ao] Aol ALgat
t}. 222 10°C ofstofl A 2417k o] AR A= 25513t &
= o1} 4o] 540 & ¢lsf n|AEY] i""ﬁE F ot Alss
A 91310] 9] o 1(Park et al., 2020) Z! TLufjsh BRAIRL Tl B
Az A2 AA o 4= A Esto] MAP:&Z }o] Al o Ls}
7] S8l iy & =kl s 2= %}7—}—? z27]
A MAPE A= e &2 2453t A 100 g S35

300 mLE Z2|ogdl AR o]| 7 EASFGon, 224
Qoo BB 211 vEE Eeslol Barslol AHAAT,

ZIA #3222 MAP AX|(TPS-TR1; Total Packaging
System, Hwaseong, Korea)E ©]-&3}0] 7|4 =A] H|&S

75t Table 1). tixr2e ¥t ti7jx4
(N O :CO,=78:21:1) 0.2 3AFakGiaL 7t 714 244 &
3] J0}7l R AFE N,= 90, 80,70 H 60%S-= CO,
10, 20, 30 9 40%2] H| &= ZAs}o] £ T 4+ 1°Col|A]
DS Therek Aol S4HE MAP 2419] 0, 4
Fo| Aot Tm AlA N whet 371744 v =] 5ol 0411]5]
VBN 9] Z7E o] Zof e oisl w3k 0w (Ozogul
et al., 2004; Babic Milijasevic et al., 2019; Monteiro et al.,
2020), olof| wpek 2 Ao A= N, W CO,E ol-&stof 7|4 =
A B8 A5k

rlr o°1'

UHARA

MAP & A 59| Uit B4 AE537H(MFDS, 2022)
o] WA EH F mA = AIE ol Eohs W o= 3513l
o} A= A& 25 gof| 0.1 M phosphate buffer saline (PBS; pH
7.2y 225 mL 7}sto] 108 3]43F £ stomacher (BagMixer
400 VW; Interscience, Saint Nom, France)E ©|-8-3}o] 25
2 @A FAsE AR | mLE Fsfel A21514
of whe} gjAstar 7 T 314 S PCA (plate count agar;
Difco Laboratories, Detroit, MI, USA)o]| 5510 &35t &
35+ 1°Co]| 48+ 2417 Eok HloF B A E] T2 ALs)

et
pH

71 213 24 A771200] T2 2 0 57159 pH At
£ 2435}7] €J3f pH meter (Orion Star A211; Thermo Scien-
tific, Waltham, MA, USA)E A8} L) 5 g0 Al A28} 5
R 45 mLE Bst0] #3905 240] ALgac

a b

o
2|2 SEF B H’E?H anthrone-sulfate solution ©]-&
A © 1 Anacleto et al. (2014)2] WH-S
A7 g sto] Akﬂo}ﬁq 0.5 gof stdehe A= Al=of 30%

Table 1. The gas composition of general packaging (GP) and modi-
fied atmosphere packaging (MAP) for raw oyster Crassostrea gigas

% of different gases

Sample code ——— .
% Nitrogen % Oxygen % Carbon dioxide
GP! 78 21 1
MAP 90-10 90 - 10
MAP 80-20 80 - 20
MAP 70-30 70 - 30
MAP 60-40 60 - 40

!GP, General packaging; MAP 90-10, Modified atmosphere
packaging condition by 10% CO,+ 90% N,; MAP 80-20, 20%
CO,+80% N_; MAP 70-30, 30% CO,+70% N,; MAP 60-40, 40%
CO,+60% N,
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KOH &9 5 mLE 7}ste] 95°CollA| 20427+ 5=t &+ 23t
Na,SO, €9 0.5 mL % 95% ethanol 5 mLE H7}5}% 95°Co]
A BRA] 15527 SR 7 e Al RS HalEe(1,259 g, 10
min)steiTh 71 & AHFHE A AT AHE] 2 mLe| SR
2} 99% ethanol 2.5 mLE 7}t YAlEZ S 5, S M HCI 2
mLE Y11 $P435] 834171 = 0.5 M NaOH= 53510 557
2 o] g3to] 50 mLE HET RS AR FAOZ AFEI
ch A& 89 5 mLoj 0.2% anthrone-sulfate solution=- 10 mL
7F8FaL 95°Coll A 10871 S8t 7 ®d31o] microplate reader
(Synergy HTX; Biotek, Winooski, VT, USA)Z o|-&3}o] 620
nmoJ A SFEE 5453} Glycogen T2 glucose s
TEAR ARt Aol wet Qs en, glycogen A
A= 0.95 #5to] ghitstitt.

ETI40| 718 pE

FH0] 7184 hl A FheF2- Biuret assay ©]-8-510] &
A3l th(Jiang et al., 2019). 1 mLe] FZ14=0f 4 mL<] biuret
X]eKSigma Aldrich, St. Louis, MO, USA)S 411 E3}5}0],
Aleo]| 4 3087t W3 3 microplate reader (Biotek, Syn-
ergy HTX)E ©]-8-510] 540 nmojA] S¢ =5 57833l 7t
|4 chl Al $Hek2 bovine serum albumin (Sigma Aldrich) 2
EE ehl AR 2t 15 4 of whel A EFet it

= A
ETI40 B

S714=0] B = F o8 © = A|(Hanna HI 93414; Hanna In-
struments, Woonsocket, RI, USA)E A8-5l0] =431¢1 0,
A8 &71°) SX4= °F 10 mLE 255t 543t 5 0-1,000
NTU (nepheometric turbidity unit)= LFEF AT
By @7 W4

3Hkg 7] A A(volatile basic nitrogen, VBN) &= 415574
(MFDS, 2022)¢] v|=Fetikconway) 2 45 Wl =4
stich oAk A= A= 10 goll 57 50 mLE 75}k 30
w7k wyksto] JEskoih AEE 892 4E2(1,100 g
10 min)sto] 45042 23k 5 0|2 ojaksto] 5% H,S0, §2
2 o3 pH 452 24 F 100 mLE 483 21 AR £
O 2 o] g5}l Conway?| H4lof 0.01 N H,SO, 1 mL, ¢
Aol A2 §olnt 28} K SO,2 212 | mLY A7kt 5
NE S A Al G-Hat 3o} -§olg Ao] 25°CoflA] 1A]
7+ HESAIZATE o] % WAl ol Brunswik AJA| 2R gt W 71E
% mpo] A2 {2E o]-§-3ke] 0.01 N NaOH=E 2|43t 5, ok
I 22 ALHA 0 &2 AESGT). 78 A2 33] ghEste] A

4 67] A(mg/100 )=
(A2 AR AT ARA]) % 0.14% 97} x 3 A4
REE)

%100

3

Bt £ AR YE ook A da=
o] ol A3 §lall SPSS 27 (Statistical Package for Social
Science, Chicago, IL, USA) 5A] T2 13- 0] g-3}o] BAHE
A (ANOVA)S =383t &, P<(.05 432014 Duncan’s multiple
range testS A A3} T

2 Aol St BE AL 38 MEstel Ao
o o

Zn 2 D3

Rl i

MAP 7|42/ 24 A= 4°C A% 717to] whg
ubdlE4: WSk Fig. 13} ek MAP 24 314 he A28
%271 1.69 log CFU/g 0.2 AJZ}alo] Aukofj 7] A 0.2 32215
tf| =+ (general packaging, GP)2| 7% #4142} 2.69 log
CFU/go| =519l o]3 6Uxlo] 3.32 log CFU/g7HA|
7¥5}9itE. Son et al. (2014)0] WEH F=9] 27| kAt
o] 79 236-2.68 log CFU/go| ™ 5°Coll A 627F 23 A] 3.5
log CFU/g ©]4}, 847t A4 A] 4.0-4.34 log CFU/go 2 57}
Qhehar ®are]of Qirk & Aol A A=o] 27] YHtAlet =
T8 3 197F sizto] A EHA A7 Ao} 2ge Aow
AL E ) Jeong et al. (2021)2 E4= A &Fet =% Yol A dfi$
2 A% 0 2 Agalo] Algl B A4H 02 BE A
3ol gste] BEkE Lhehfo] R HHel @ Al thact
Akl B sk up Qlek w3 Lee et al. (2020)- ¢854

A
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Fig. 1. Changes in viable cell count of raw oyster Crassostrea gi-
gas under the modified atmosphere package condition stored at
4°C. GP, General packaging; MAP 90-10, Modified atmosphere
packaging condition by 10% CO,+90% N,; MAP 80-20, 20%
CO,+80% N_; MAP 70-30, 30% CO,+70% N,; MAP 60-40, 40%
CO,+60% N,,
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Fig. 2. Changes in pH of raw oyster Crassostrea gigas (A) and packaging water (B) under the modified atmosphere package condition stored
at4°C. GP, General packaging; MAP 90-10, Modified atmosphere packaging condition by 10% CO,+90% N,; MAP 80-20, 20% CO,+80%

N,; MAP 70-30, 30% CO,+70% N_; MAP 60-40, 40% CO,+60% N_,

7] #4 1.65 log CFU/gO &, Q@A s} A2]E £3) u]4)
QQIES a7 T AE) A Z E3kE et
= A 0 &2 WSS}, o] 2f gt Aol whf, oFA ol A
1z szl o] e ZHEol A 2 n A
L2 aglo] AL A AE W s LP=E U
W Ao & ek

MAP 90-10, 80-20, 70-30 2! 60-40 (|3} MAP 1-HA| 2=
A 6Lz of] AREA|lF=7T 242} 2.07, 2.17, 2.15 2 2.23 log
CFU/go 2 27] @2 tfju] §-2|o]3k Z7ke L) kbt
Lekjing and Venkatachalam (2018) MAP 42 E3f| =2
UubAat= 9 Pseudomonas spp. 2] /370l A= e &
QI8F5 o H o= MAP 4] o]-8-% CO, 7t n] =2 thAF 2t
#9] 0, of5HS jAlstEA HekAo 2 ujEe] AEES
ste] H3712E 5 AR RS Bk A0E s
ck(Sivertsvik et al., 2002). T3+ CO, = F-14=¢] &-5f =] o]
carbonic acid7} A=A A pH7} WolA| 11, &€ AbA v]E
o] Zaxgto] whet m|dE -E JAIskE Ao ® Halk|o] §)
tH(Kimbuathong et al., 2020).
pH

pHE 29 A =S AFst= 2l Ax 5 shtz, A
=0l T ol = B glycogen©] s IE S 714 24t
<= AAdsto] A% 9 f5 -y & pHZE AdtE = A o= o
# 9Jth(Mudoh et al., 2014). URkA o2 AlASH H=29] pH
£ 6.3-6.5011 6.3 o]l A" 257, 6.2-5.9= "2,
5.2 0J5}el 29 BT S20] ANES /AT o= Ao
Hotstth(He et al., 2002; Jeong et al., 2015). Fig. 2A0] A A =]
of Sl 4°C A% % 42| pH WBklA] GPe] 4% 2] pH
630 “Uhg $7 4ol 427 A Al 6182 “FE" 5
Fo2 w7k A5t glom 62 A4 Al 61022 pHt A
4717 % A3 olAl = g0l LTl MAP 12 27] pH

2

I
-

4y ne e
dob gy
-{o‘u ;0 4

o

oo

6.25% 64} AAF A] 6.199] =3l MAP 2% 24 £ 7}
A 2.2 HalES Uelith MAP2, 3 € 4= 27| pH 212} 6.25,
6.31 4 6.310]%1oH 6 A1 = 77} 6.02, 6.00 X 6.002
2 43kt Lekjing and Venkatachalam (2018)> MAP =
(Crassostrea belcheri)®] pH7} th o]l B8} A 4717t S0k &
23 HSHE e A] ghghom, Wk 7ol A 12 A7 Al o
2 OF 5.871A] pH7F 45k O, MAP =2 pH 6 o=
S A2 B st

A7 S22 pH ¥3}k= Fig. 2Bo]| Uehfglom =
] pH #3}e} v 16}l wff 4747170 7 o] whet F-214=9
pH7F 23] 2 4:5H apo] ek, GPe| 7 pH 6.5°]
A A &Fsto] 3212} 214k A] 5,828 pH 6 0|5} 7+48tg.oH 6
2 3} & pH 5.40] =25}t MAP 1.2 27] 647914 1Y
A7 2 pH 5.55% A 3] 7Hastlon o]% A o] A% 6
Y A3 3 pH 5452 1=tk MAP 2,3 9 4 25 MAP |
I GARSE ko] Urehsk e, A7 02kl Al oF pH 6.59] 4]
AFsto] A 193]l 212 571, 5.68 2 5.39% B3] 74
3t o] g E]o] 6U} A A| ZH2E 543,537 U 5.349] pH
A3p} shelsloin. 3a5e) A% 27] 34 pH Ak 3
Zlof| CO, 7} -8-8lf = | A] carbonic acid7} A8 /d =] 3L H7} 57}
Sl A] o] 2 I8l pH7F 7HAH A 0 &2 g2l = (Masniyom et
al., 2005; Gokoglu, 2020) ] 2{g+ CO, ]l 7]¢1%t pH =
AHES HIERE A1E 2 MAP 7o A #4840l 58441
S )z Ao F HAE o] Qltk(Kontominas et al., 2021).
& - A3} F204 pH A5k Q13f glycogen T 5 URHA|
4= 5ol tigh 4 B UehA] ghgke B2 MAP2] CO,
2 QIR 5314=9] pH A5k= 4 ¥stol| Y 7124 %=
Ao Amdr

Glycogen &t

Glycogen = 570 M} AZbS Hojshe AEo=
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Fig. 3. Changes in glycogen contents of raw oyster Crassostrea
gigas under the modified atmosphere package condition stored at
4°C. GP, General packaging; MAP 90-10, Modified atmosphere
packaging condition by 10% CO,+90% N,; MAP 80-20, 20%
CO,+80% N_; MAP 70-30, 30% CO,+70% N,; MAP 60-40, 40%
CO,+60% N,,

2o AX =7} AshE ol whet glycogen o] 7HAsHHA =
o] b Ol PO Z W= 202 Bilgo] 9ltt
(Madigan et al., 2013). MAP 2% =4 ¥ 4°C A% 5 A%
717kl whE glycogen $Heg WSS 2hlgh A= Fig. 32t &
o} A A A A 29 glycogen FHFS 1,005.26-1,030.45
mg/100 g© =2, A%7|7ko] Zapgho]| whal 2} sk 3k
< et GP= A% 54272 46| 7haste] 682.79
mg/100 gofl =253tk MAP A|22] 749~ 64 &<t MAP 1,
2,39 4= 747} 781.93, 785.77, 768.04 4 751.39 mg/100 g7k
A asto], GPol| vl FhaxZo] AA Uretytth 535 MAP 1
3} 2+= 64 A% Al GP2] 3Y A% $ glycogen $?l 767.39
mg/100 gt} glycogen TgFo] =2 2 0 & YEpSIT =9 &
7 S AF A7 o] w2t glycogen B2 2Rl 7} Qlof 271 gly-

op~
=
-
o
2
rt['.

800
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MAP 70-30
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tHtme
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Fig. 4. Changes in soluble protein contents of raw oyster
Crassostrea gigas package water under the modified atmosphere
package condition stored at 4°C. GP, General packaging; MAP 90-
10, Modified atmosphere packaging condition by 10% CO,+90%
N,; MAP 80-20, 20% CO,+80% N,; MAP 70-30, 30% CO,+70%
N,; MAP 60-40, 40% CO,+60% N,,

cogen g2 Aolsht A% F A =7t AsHE|HA] glycogen
o] o] o] pH7} oA = A o & K il o] §lrk(Isono etal.,
2020; Chen et al., 2022). 0|23t e 5°Cof|A 647 A%+
Al 29 glycogen®] g=Fo| 7] 702.519) 4] 545.22 mg/100 g
7HA] ZHAFTkal B33k Son et al. (2014)2} 323 8-7]0f| W&
ZA7178H A=9] glycogen EF 1SS 2113t Yoon et al.
(2022)9] Ao M RIgE 4= glom &2 Aqto A A|tsh=
MAP 27102 A%7|7F 5 A29] glycogeno] 23l == A&
WAste] AAEE FAT = & A0 R AR HTh

EXI40| 18y il o

Table 2. Turbidity changes of raw oyster Crassostrea gigas packaging water under the modified atmosphere package condition during stor-

age at 4°C
Storage days
Sample code
0 1 2 3 4 5 6

GP! 30.734£0.48%92  88.65+3.454 124.50+2.00% 144.56+0.56"¢ 205.84+1.28* 292.52+5.75" 318.50+8.50"
MAP 90-10 31.7841.24%8¢  47.50+1.50%" 63.02£0.12% 101.69+0.43%¢ 127.78+4.66°" 154.504+2.50%° 167.7210.44¢
MAP 80-20 30.4040.86% 51.90+7.00°® 60.50+3.50%¢ 106.14+2.028¢ 123.16+1.01% 158.00+1.00% 159.26+1.01¢
MAP 70-30 31.85+£1.70%" 61.75+7.85% 63.65+15.35% 104.71+0.58%¢ 133.81+1.658 227.50+17.50%° 250.91+3.7582
MAP 60-40 32.7240.42¢ 54.45+1.05B° 63.82+1.518¢ 106.35+0.80%° 132.03+2.865¢° 262.50+40.50% 249.71+5.458a

'GP, General packaging; MAP 90-10, Modified atmosphere packaging condition by 10% CO,+ 90% N_; MAP 80-20, 20% CO,+80% N.;
MAP 70-30, 30% CO,+70% N_; MAP 60-40, 40% CO,+60% N, *Values are means+SD. Values sharing the same uppercase letter within
a row are not significantly different at P<0.05; values sharing the same lowercase letters within a column are not significantly different at
P<0.05.
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2 ET 7 Tl oheke] ko] WA Uebith 571
49| 27| 7HeAd i g2 GPY 73 257.06 rng/lOO g
olm, 27|75t Z715lo] 6U}ol| A 588.64 mg/100 g7}
A Z7Feksieh. MAP 19] 79 A4 7|3HE<t 257.36-410.86
mg/100 g¢] }¢l= = Zéﬂﬁ 7V Wz} 2ol AA ettt
MAP 2, 3 5l 49] -9 A% 27 °F 258 mg/100 gO= A
Zsto] 62 AR & 717 44921, 448.89 9 439.51 mg/100 g
7] F7Fsk3et. MAP 2 5319 g ¥sh= 784 o
w2 3k H §]—9]- L A)sE Agko 7 A} 7)7HEor 21k th
(Table 2). GP £ 24=9] Bz = A7 |7k 2= Wy} 71 325}
Al bt om 27] €% 30.73 NTUY A 62 73} 3 318.50
NTU7ZHA| 278199tk MAP 1 2 2= %7] 2+2+31.78 2 30.40
NTUol|A A&kste] 642} AR A] 167.72 2 159.26 NTU7}
A F7ksto] v A WMslEo] Aglom £ 272 [-oA <l A}
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