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Raw oysters Crassostrea gigas are highly susceptible to microbiological and biochemical alterations, owing to their
high moisture content and delicate muscle structure. This study aimed to evaluate the efficacy of lemon extract and
modified atmosphere packaging (MAP) in preserving oyster quality during storage. The experimental design com-
prised of three groups: Normally packaged oysters (NPO), MAP-stored oysters (MAPO), and lemon extract with
MAP-stored oysters (MAPLO). Key quality parameters, including pH, glycogen content, soluble protein, turbidity,
and volatile basic nitrogen, were analyzed for various storage durations at 4, 10, and 20°C for each group. These
findings revealed that MAPLO effectively maintained oyster quality and mitigated undesirable sensory concerns, par-
ticularly the off-flavors that are typically associated with MAP. These results indicate that the combined application
of lemon extract and MAP is a promising strategy for preserving the freshness and organoleptic attributes of oysters.
Furthermore, these findings highlight the potential of extending this methodology to enhance the shelf life and quality
of diverse seafood products.
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S H7iskar A1EE] (1,259 g, 108) &, 2 mL 5 M HCI 7}
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o] 69 & 1.81 X 2.30 log CFU/g® Z7}o0] Z9kal, MAPLO
L 1.68 log CFU/g AlZkste] 4°C 2 10°C A3 A] ZH2F 1.68
4l 2.10 log CFU/gE YeRH™ 7] gkt f-o]u|gh 2pol&
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g W= Aot 71 S7Fsk e (Fig. 10), =2 Faf 7]
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Fig. 1. Changes of viable cell count in raw oyster Crassostrea gigas stored at (A) 4°C, (B) 10°C and (C) 20°C. NPO, General packaged
oyster; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon extract oyster. Values with

different uppercase letters indicate significant differences between packaging conditions (P<0.05). Values with different lowercase letters

indicate significant differences between dates (P<0.05).
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Fig. 2. Changes of pH in raw oyster Crassostrea gigas stored at (A) 4°C, (B) 10°C and (C) 20°C. NPO, General packaged oyster; MAPO,
Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon extract oyster. Values with different uppercase

letters indicate significant differences between packaging conditions (P<0.05). Values with different lowercase letters indicate significant

differences between dates (P<0.05).

Table 1. Changes of glycogen contents in filling water stored at 4°C, 10°C and 20°C

- Storage days

Errgp()eé? Sample 0 1 2 ) 3 ' 4 5 6
NPO 1050.35+£2.11%*  959.54+1.99% 920.80+2.08% 852.47+1.29% 830.30+0.84F¢ 772.54+2.717 694.70+£3.41¢°

4 MAPO 1120.14£2.71% 1064.28+2.92%° 997.64+1.10%° 970.21+£1.19%° 942.11+3.98% 915.21+2.657 907.57+1.45%
MAPLO  1122.24+1.94%2 1095.37+2.84% 1003.63+2.35% 983.93+2.65°* 947.11+1.465 926.21+4.677 919.57+0.68%
NPO 1050.35+£2.25" 953.44+2.29% 867.89+0.69% 793.99+1.13% 726.99+2.43% 692.49+3.377 651.22+1.50%°

10 MAPO 1120.14£2.71% 1036.00+£1.85%° 996.69+1.89% 942.20+2.49™ 924.15+3.30% 871.69+1.197 785.90+3.25%
MAPLO  1122.24+1.92*2 1053.84+1.3782 990.87+0.59%° 959.73+1.52° 922.72+1.46% 892.55+2.01 818.05+3.16%
NPO 1050.35+1.83% 873.67+2.16% 818.97+1.51¢¢ 637.981+2.83™> - - -

20 MAPO 1120.144£1.71%2  986.57+0.41%° 881.40+1.88> 783.10+1.26™ 691.25+1.45F - -
MAPLO  1120.14+2.71% 986.57+2.1782 881.40+2.90° 783.10+1.04°* 691.25+2.65F - -

NPO, General packaged oyster Crassostrea gigas; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged
with lemon extract oyster. Values with different uppercase letters indicate significant differences between dates (P<0.05). Values with differ-
ent lowercase letters indicate significant differences between packaging conditions (P<0.05).
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2 6.3 014 ujl "very good," 6.2-5.9 1| "good," 5.8 ]
"off," 5.7-5.5¥ o "musty," Z12]1L 5.2 0|3} ¢ "sour" &
2 "putrid" .2 A Hk(Jeong et al., 2015). 224 27 & 4°C,
10°C 2 20°C 2% 5 6 &<t 5t =2 2] pH H3h= Fig. 2
of Yehi o m, 5.52-6.539] ] 9lof| 4] M55t 4°C H 10°C
A A, MAPO 2 MAPLOO|| A A=2] pHE= 747F 5.90 o]
& FASH AA S fAI5kE A & wehE = B, NPO
£ 4CH 10°C A% 642k 72} pH 5.88 9 5.802.% s}t
sk3ltt. 20°C 217 270 = pH 47t F45H] 8= of
NPO2} MAPO:= 7}z 39219} 421 3fo] Hujl 2| o] =3l
1, MAPLO= 44 %}o] pH 5.802 & th2 XA BT o -3t
pH #-A| B35 HQloh 24 2108 F-%14=2] pH H3l = {-A

7R MAP A% =9 54
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A

gk 7 aFo] e A gk, A 2] pHE o F45HA dash= &
ASItH(Fig. 3).

FH49] 7] pHE BE 24004 6.45-6.600.2 F 20| &
Ho|Z] oo}, NPOOIA= 4°C A% A] 54}l pH 5.93,
10°C AAF A] 22}of| pH 5.56 0.2 Ho|A 5.80 o|a}= 74
&Fglc}. B, MAPO @ MAPLO®| A= 4°C 2% A] 62714,
10°C 217 A ZF2} 5U21eE 64 7HA] pH 5.80 o] f+-2]5hH
"good" “FElE FAI5HSITE 20°C Aol A= pH A7t A A
sHA| wEA e, NPO= 582kof, MAPO ¥ MAPLO= 5
dztel pH 5.5 o512 "ol A AdS Fostoict.

o]+ Lee et al. (2020)2] A--ef AR Ak, 4°Cof| A
A3t =9 pHE= 69714 5.90 o5tz 7haxshA] gtom, =
o] A=t pH 7ho] WA A7 QS Barskich
2 A= MAP A7 53f glycogen®] 24t S2|0] oA
o pH §-A] E3}7} Q)52 ERI5}3IT. o] & &3l MAP A 4o]

A== I S
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Fig. 3. Changes of pH in filling water stored at (A) 4°C, (B) 10°C and (C) 20°C. NPO, General packaged oyster Crassostrea gigas; MAPO,
Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon extract oyster. Values with different uppercase
letters indicate significant differences between packaging conditions (P<0.05). Values with different lowercase letters indicate significant

differences between dates (P<0.05).

Table 2. Changes of soluble protein contents in filling water stored at 4°C, 10°C and 20°C

- Storage days
Errgp()eé? Sample 0 1 2 ) 3 ' 4 5 6
NPO 202.02+0.80% 291.00+0.25F 327.52+2.3552  403.85+3.70° 423.12+0.34% 489.50+1.35% 619.31+0.86"°
4 MAPO 207.77+1.54F 222.63+0.825° 255.49+3.39%  307.79+2.34%° 323.70+1.43%° 344.92+2.33" 344.50+2.35"
MAPLO  202.02+0.77%° 212.13+1.68™ 245.49+3.39%¢  294.79+0.66°° 313.70+1.43% 321.42+1.17°% 336.33+2.12%°
NPO 202.02+0.78% 298.77+1.517 343.72+1.57%  419.84+1.30° 454.58+2.00% 652.88+1.708 774.91+2.33"
10 MAPO 207.77+1.85% 251.37+0.83 272.94+0.19%  329.67+0.53 431.71+0.93% 502.59+7.51%° 511.57+0.71%°
MAPLO  202.02+0.96%° 222.37+0.83% 265.79+3.04%¢  309.67+0.53% 411.71+0.93% 468.09+1.01°%° 494.08+4.43%
NPO 202.02+0.97° 305.65+2.79% 646.35+4.1952 1,249.67+2.49" - - -
20 MAPO 207.77+2.75% 273.47+0.72% 302.89+2.16%° 616.33+4.22%° 797.73+3.17~ - -
MAPLO  202.02+1.53% 233.47+0.72P° 305.89+1.84> 551.33+0.78% 702.73+1.83* - -

NPO, General packaged oyster Crassostrea gigas; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged
with lemon extract oyster. Values with different uppercase letters indicate significant differences between dates (P<0.05). Values with differ-
ent lowercase letters indicate significant differences between packaging conditions (P<0.05).
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Fig. 4. Changes of turbidity (NTU) in filling water stored at (A) 4°C, (B) 10°C and (C) 20°C. NPO, General packaged oyster Crassostrea
gigas; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon extract oyster. Values with
different uppercase letters indicate significant differences between packaging conditions (P<0.05). Values with different lowercase letters
indicate significant differences between dates (P<0.05).
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Fig. 5. Changes of volatile basic nitrogen (mg/100 g) in raw oyster Crassostrea gigas stored at (A) 4°C, (B) 10°C and (C) 20°C. NPO,
General packaged oyster; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon extract
oyster. Values with different uppercase letters indicate significant differences between packaging conditions (P<0.05). Values with different
lowercase letters indicate significant differences between dates (P<0.05).
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Table 3. Changes of sensory evaluation in raw oyster Crassostrea gigas stored at 4°C, 10°C and 20°C

Sensory Storage days
Sample attribute 0 1 3 4 5 6
Appearance 5.00£0.00¢ 3.90+0.74®  3.40+0.708¢ 2.50+0.71°® 2.20+0.42° 1.70+0.82%  1.50+0.537
Sour taste 5.00£0.00¢ 4.40+0.70* 3.70+0.82*  3.00+0.47~ 2.80+0.42* 2.40+0.84® 2.10+0.88°
NPO  Fishy taste 4.80+0.42~  3.80+0.63*® 2.70+0.48%¢ 1.80+0.79° 1.60£0.70° 1.50+0.71%  1.20+0.42F
Off flavor 4.90+0.32*  3.50+0.53* 2.40+0.52* 1.50+0.53® 1.20+0.42° 1.10+0.32° 1.00+0.00°
Overall preference 4.80+0.42%  3.10+0.32® 2.80+0.42® 2.30+0.48° 1.90+0.88°® 1.60+0.70° 1.10+0.32F
Appearance 5.00+£0.00* 4.80+0.42"8 4.40+0.525¢ 4.10+0.32° 4.00£0.47°° 3.60+0.52°F 3.40+0.70F
Sour taste 5.00£0.00* 5.00+0.00* 4.90+0.32* 4.70+0.67® 4.60+0.70® 4.30+0.48%C 4.00+0.47¢
MAPO Fishy taste 5.00£0.00* 4.80+0.42"8 4.50+0.53%¢ 4.40+0.525¢ 4.20+0.63°° 4.20+0.63°° 3.80+0.42°
Off flavor 5.00£0.00* 4.80+0.42* 4.20+0.63% 3.90+0.328¢ 3.50+0.71°° 3.30£0.67° 2.80+0.63F
Overall preference 5.00£0.00* 4.70+0.48" 4.60+0.52* 4.00+0.47® 3.50+0.53° 3.30+0.67¢ 2.80+0.79°
Appearance 5.00+0.00¢ 4.90+0.32* 4.70+0.48* 4.70+0.67* 4.60+0.70" 4.50+0.71*  4.50+0.714
Sour taste 5.00£0.00* 5.00+0.00* 5.00+0.00* 4.90+0.32*  4.90+0.32*  4.904+0.32*  4.90+0.32*
MAPLO Fishy taste 5.00£0.00* 4.90+0.32"8 4.90+0.32"® 4.80+0.42"® 4.60+0.70"® 4.50£0.53% 4.50+0.53®
Off flavor 5.00£0.00* 4.80+0.42"8 4.60+0.52"% 4.50+0.53%8 4.50+0.53% 4.40£0.52% 4.40+0.52°
Overall preference 5.00+0.00* 4.90+0.32*  4.90+0.32* 4.90+0.32* 4.60+0.70* 4.50+0.71*  4.50+0.714

NPO, General packaged oyster; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon ex-

tract oyster. Values with different letters differ significantly (P<0.05).
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Table 4. Changes of sensory evaluation in raw oyster Crassostrea gigas stored at 10°C

Sample igrri];ﬁtré, - 1 5 Storag3e days ; - -
Appearance 5.00£0.00* 4.00+0.82% 3.60+0.52%¢ 3.10+0.88°® 2.50+0.53"F 2.00+0.82%F 1.80+0.79"
Sour taste 5.00£0.00* 4.50+0.718 4.20+0.63%¢ 3.80+0.92°® 3.50+0.53"F  3.10+0.57%F 2.70+0.48%

NPO  Fishy taste 5.00+0.00¢ 4.50+0.53*® 4.00+0.82% 3.40+0.70° 2.90+0.74°°® 2.40+0.52°¢ 1.90+0.74F
Off flavor 5.00£0.00¢ 4.20+0.79® 3.80+0.63® 3.60+0.52® 3.00+0.67°¢  2.50+0.85° 1.60+0.70°
Overall preference 5.00+0.00¢ 4.00+0.94® 3.70+0.48% 2.70+0.82° 1.90+0.88®°  1.70+0.82°  1.40+0.70°
Appearance 5.00£0.00* 4.60+0.528 4.10£0.57¢ 3.90+0.32°¢ 3.50+0.53°  2.90+0.32F  2.50+0.53%
Sour taste 5.00+0.00¢  4.80+0.42"® 4.70%0.48"5C 4.40+0.845° 4.20+0.92°°F 4,00+0.47°% 3.80+0.42F

MAPOQO Fishy taste 5.00£0.00* 4.50+0.53® 4.00£0.47¢ 3.80+0.63°® 3.40+0.70°F 3.20£0.79%F 2.80+0.42"
Off flavor 5.00£0.00* 4.40+0.70® 3.90£0.57¢ 3.80+0.42° 3.50+0.71¢  3.00£0.47° 2.60£0.52°
Overall preference 5.00£0.00* 4.50+0.53% 4.10£0.74® 3.60+0.52° 3.00+0.47°  2.50£0.53F 2.00+0.67F
Appearance 5.00£0.00* 4.80+0.42"8 4.60£0.52*5¢ 4.30+0.675°° 4.10+0.57°® 3.80+0.63°¢ 3.50+0.71F
Sour taste 5.00£0.00* 4.90+0.32"8 4.90£0.32*8 4.70+0.48"® 4.60+0.52"8 4.50£0.53% 4.50+0.53®

MAPLO Fishy taste 5.00£0.00¢ 4.80+0.42"® 4.50£0.53%¢ 4.40£0.525° 4.20+0.63°°® 4.00£0.47° 4.00£0.47°
Off flavor 5.00£0.00¢ 4.70+0.48"® 4.50£0.53%¢ 4.20+0.42°° 4.10+£0.32°° 3.90+0.57°  3.80+0.63°
Overall preference 5.00£0.00* 4.80+0.42"8 4.70+0.48"%¢ 4.50+0.53%¢ 4.30+0.67°® 3.90+0.32°F 3.80+0.42F

NPO, General packaged oyster; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon ex-
tract oyster. Values with different letters differ significantly (P<0.05).

Table 5. Changes of sensory evaluation in raw oyster Crassostrea gigas stored at 20°C

Sample Ser)sory Storage days
attribute 0 1 2 3 4 5 6
Appearance 5.00+0.00¢  3.90+0.74®  3.40+0.708 2.50+0.71¢  2.20+0.42°® 1.70+0.82°¢ 1.50+0.53F
Sour taste 5.00+0.00¢ 4.40+0.70® 3.70+0.82¢ 3.00+0.47°  2.80+0.42° 2.40+0.84°F 2.10+0.88F
NPO  Fishy taste 4.80+0.42" 3.80+0.63®8 2.70+0.48° 1.80+0.79°  1.60+0.70°F 1.50+0.71°F 1.20+0.42°F
Off flavor 4.90+0.327  3.50+0.53®8 2.40+0.52° 1.50+0.53°  1.20+0.42°% 1.10+0.32f  1.00+0.00F
Overall preference 4.80+0.42%  3.10+0.328 2.80+0.42% 2.30+0.48°  1.90+0.88°°® 1.60+0.70° 1.10+0.32F
Appearance 5.00£0.00* 4.20+0.79® 3.90+0.57® 3.40+0.52°¢  2.80+0.42° 2.50£0.53°  1.90+0.32F
Sour taste 5.00£0.00* 4.70+0.48" 4.20+0.79% 3.90+0.32%¢  3.50+0.53°° 3.40+0.52°  3.20+0.42°
MAPO Fishy taste 5.00£0.00* 4.10+0.57® 3.90+0.328 3.20+0.42° 2.70+0.48° 2.50+0.53°F 2.10+0.57¢
Off flavor 5.00+0.00¢ 4.20+0.63% 3.70+0.48° 3.10+0.32° 2.60+0.52F 2.00+0.47%  1.80+0.42F
Overall preference 5.00£0.00* 4.00+0.47® 3.80+0.63% 3.20+0.63°  2.50+0.53° 2.20+0.42°¢ 1.90+0.32F
Appearance 5.00£0.00* 4.60+0.52"8 4.20+0.635¢ 4.00+0.47°® 3.90+0.74°°C 3.50£0.71°  3.00+0.47¢F
Sour taste 5.00£0.00* 4.80+0.42"8 4.80+0.42"® 4.60+0.52°¢ 4.50+0.535C 4.201+0.42°° 4.00£0.67°
MAPLO Fishy taste 5.00£0.00* 4.60+0.52"% 4.30+0.485%¢ 4.20+£0.42%¢ 4.00+0.67¢ 3.80+0.63° 3.80+0.63¢
Off flavor 5.00£0.00¢ 4.60+0.52"® 4.50+0.535%¢ 4.10£0.32°° 3.90+0.57° 3.70%+0.67° 3.70+0.67°
Overall preference 5.00+0.00¢ 4.70+0.48"® 4.60+0.52®% 4.40+0.52® 4.00£0.47¢ 3.80+0.42°¢ 3.70+0.48°

NPO, General packaged oyster; MAPO, Modified atmosphere packaged oyster; MAPLO, Modified atmosphere packaged with lemon ex-
tract oyster. Values with different letters differ significantly (P<0.05).
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