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Freshness and Antioxidant Activities in Pacific Oyster Crassostrea gigas
Using Rack-and-Bag Culture or Suspended Culture Methods

Yong-Jun Choi, Nguyen Thanh Tri, Jeong-Mee Lee', Seok-Joong Kang and Byeong-Dae Choi*

Department of Seafood Science and Technology/Institute of Marine Industry, Gyeongsang National University, Tongyeong 53064,

Korea
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The nucleotides and their related compounds, including ATP (adenosine triphosphate) , ADP (adenosine diphosphate),
AMP (adenosine monophosphate), IMP (inosine monophosphate), HxR (inosine) and Hx (hypoxanthine), were near-
ly identical in oysters Crassostrea gigas from the two culture methods. The K-value was lower than the threshold
value such as 11.2-12.1. Although oysters have low amount of IMP, it was detected in this experiment. DPPH radical
scavenging activity did not vary significantly with sample amounts (100, 300, and 500 ng/mL). DPPH (1,1-diphenyl-
2-picryl-hydrazyl) radical scavenging activity was 76.0-80.7% compare with the ascorbic acid standard. Superoxide
anion scavenging activity reached 49.3% in the rack-and-bag culture sample at 500 pg/mL. However, the reducing
power and Fe?* chelating activity were very low compared with their respective standard. The oyster culture methods
did not affect oyster quality in terms of antioxidant activities.
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F T 4AHEo] WRJAJE 0 & 282 uho A pabEof ogt
Alo] Z7kstar glom, Al&ke] wata vhi Ay} z|ufo] ok
T AE YR Azt WSkl kel gk 2152l
SAbE0] 4|7} A} Z7ke 2 0 & of & ¥ rh(Kang and Kim,
2013). <pakE 4H] ST 22 8)e] jistol| whet 71 7] Y
Wk §Fr2E Wskeka 9ok 53], Hols 7R AR R
£ AAAEY] B E7t HolR] L Qlo], AlAAIEo] AwfA]

obAA BFH7) 2 Flabo]l 2 7S 11 9ltk(Son et al., 2014).
SAAN7IA] 22| A E5HA JEEA 9] thofel A7 = ol gk
on, o1& A= F3t 2 7HEe] dUstE 7hA et &
A EA o] I (Kang et al., 2010), A8 8 AR 9
Z-8(Leeetal., 2012), 2| ol wh2 PP E-2] 2fo], Alet Kt

T AR et w2 Gt Aolofl Rt A= o] FoIH

o

CHKim et al., 2014). =3HAYZ-2 A5 555 7] A dhil4 ol A
AAE AASIL Z4F A E 531 T Aol A Thuf= i
o] thefet Jej o] 7hgAlF o ' &80l 7HEstt

G2514] QFAAEZ O] 9= 2447 YRS A FH8H] wizoll
e A=t vlste] vhelol £o] AAlsk= AL =(Y Y
ojglF)y 2o & I8l 7] Foll wEEe= 532 ¥
2 A3 S glo] Aol etk ApdAl 22 T o] AL
of thualA] Aol of 2] FYE-S ZHJFEE oA A4
AL FAL bl g wa SE Y] o7k 4 Ao R F=A4H
CTHKORDI, 2004). 3HH, YubA © & 4=6}4] Fraioh= 27¢
o o] A A U= ZFAAE R T4 4], i) Yol &F
A5k Zo] Fu] HollA o Frhal g A Qlrk(Lee etal., 2012).
wepA] 2 Atoll s = o83 ARTPHA] Al S
7] {1t WA= FARES Eskal, AT FA 0 R 31 Y
AZ Fdol o2 T EAS Blsl] $lste Azl ot

=
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Mok GBI S vl isto] P ol i 7|22

=2 B E AR AT A(F Y) oA 20151 2] %
TA AR - A RS AR SHIT & AR ol AR Al B F
e S7HAE 27] NAISA A B Aol ol =8-5to] 4
AR A4 FAH(E D Tk Aol 6HEE 1147t
Al DA77 FARE A= (AT 3HFf 34417 ZFEAI 71
A AR AAZ(A2), 719 A oA o r 6d R
B 1197HA] 5 2H|= A A AA G4 5 249 SA
A FAR A )l A oF 537 37 2(B1), 2B %= A
Aol A =ohA S &2 et =(B2)e o8-8kl aL, thx+
2 A|gE(Table 1% o} §3fe] pguy o) e o g
ArelE A& 2AKSISI ). ATP (adenosine triphosphate) 2 3+
3}5HE-2 Sigma-Aldrich Ltd. &S AH8-8F9 1, 71 9] S =
HPLC & AH st

SHALAIZ S X0 EA

fa I Ry =

o)

AAAEA 222 Ryu et al. (2009)2] Hrof whel A&
0.5 goll 10% HCIO, (perchloric acid, PCA) & 10 mLE 7}3]
FA2HeE 7, 4,000 pmell A 1087 A4 2 2] 5to] 455 &

sholek. 2722 chstel 10% PCA -1 10mLE 9j2} -2 =
22 28] W sto] 434S Fokgich AE AL ol 50
N KOHZ pH 6.52 243t 3, 10% PCA-E2 7|50 100
mLZ 83} tt 0T oA 3087 FA|3t & 0.45 um mem-
brane filter= o]3}5t A 72202 HPLC (Shimadzu Co., Tokyo,
Japan)E ARE-SHo] vt 22 271 0 = 2AI5E3ITh Column
2 Phenomenex C18 (4.6 X 250 mm, 5 pm), ZH-2=+= 40T,
o]542 50 mM KH,PO, (pH 7.5), 42 0.8 mL/min, 254
nmof|A] 10 uLE FYsto] A&sFaL, F5849] retention
time H|Tato] SAVTUHES BRlatgic). AR
< BE S ol8oto] 7 AZ8H 9 peak HA O 2
Arslo] A@ks}gict. ATP, ADP (adenosine diphosphate), AMP
(adenosine monophosphate), IMP (inosine monophosphate),

Table 1. Sample code and sampling date of oysters Crassostrea gigas

V2 (Crassostrea gigas)2] 3AFsFERA 501

inosine, hypoxanthine 35-%-2 Sigma-Aldrich Ltd. A|&& A}
23519931, 0.001-1.0 M =2 ZA5E &, 9]0 2A0 T BA
slo] 2 skgITh K-7H2 Saito et al. (1959)0] A|2FsH ATP £
a2} ol A A4 == HxR (inosine)y} Hx (hypoxanthine)©]
ATP HHJAME Sleko A 2pA)8h v&2 1akich K value
(%)=(HxR+Hx)/(ATP+ADP+AMP+IMP+HxR+Hx) x 100

DPPH (1,1—=diphenyl-2—picryl-hydrazyl) free
radical AHEN =X
A AR A RE Hol 259 =0 =5 gesto] 54

DPPH #tt]Zt 27242 Jao and Ko (2002)7} 7]<3S B
= oE A Fsto] ARESERT &, 2 AR E TRt E=(100,
300, 500 pg/mL)= A3t o2 A= 0.1 mLet AF 214
1.5x10* M= Azt DPPH &< 0.1 mL-& 96-well plateof|
H7yete] 2 Estar Aol A 3027t §kg- A7l $ UV £33
FLAE o5t 517 nmoj A FHE=E SA6HH et
2 A& Al ke 2L, BE A2 334 S4 ko] 3
w2 T61iTh DPPH i)z A2 & ohZah 22 540
o} AAFs}SIth. DPPH radical scavenging activity(%)=[1-(
FARET-A BT/ FA =] X 100

ek

Superoxide radical 2AHEH &H

Superoxide 2~ &2 Nagai et al. (2003)2] Wl o] ufe} =
At s AUz E AlRE ohFg 5%=(100, 300, 500 pg/
mL)E A %3k S AlRo] 62 uM NBT2} 98 uM NADHE
3H3-5F 20 mM Tris -8-4(pH 8.0y &35t thS, 20 mM Tris
&3} 33 UM PMSE 247+ 37Fskgieh. a4x2] whg-9] A3t
7} obd PMS/NADHo|| 9J3}o] -G-8 %]= superoxide:= A}5
A 9] formazan© 2 FHAEH, o] & ZA5}7] ko] 560 nm
of|A] 10827 RES-AJFTE E3h, oFd t 22O = cateching: A
8-5}0] superoxide = 2/dS HlaL £AFSH{TE. Superoxide
scavenging activity (%0)=[(FE 5L/ -FEE0)/FEE
A7 % 100

FRAP (ferric ion reducing antioxidant power)0i|

o &
olst etEls £d

4 A x3 = A5 FRAP 54 {'H-2 Oyaizu (1986)H
S Za1sle] FRAP £94-8- 25 mL acetate buffer (300 mM,

Sample codes Description

Sampling date

10-A1 Individual, Cage for 24 hr 2016-01-04
10-A2 Individual, Daily variation in cage for 3-4 hr on air 2015-12-04
: Suspended and pond culture during 53 days in ey
10-B1 Gosung province 2015-12-08
10-B2 Suspended culture 2015-12-08
MO Market 2015-12-04
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pH 3.6)5 37C oA 7123t 3, 40 mM HClo] €33+ 10 mM
2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) 5 mL} 20 mM ferric
sulfate (FeSO,) 2.5 mL-Z 7Fato] A 235k3ict. Al 2H 0.9 mL
FRAP reagent®]] =& 0. 03 mLetZHFL009mLE YL s
37°C oA 10 min BH&-A]1 5700 nmojl A FE=E S5k
o FA R AR Al 70% ofghe-S ol 243} t)

Ferrous ion (Fe¥) Z0|El &M =X

Ferrous ion Z&o|8 &-A]-2 Decker and Welch (1990):H
< o]gato] A5t A Al=H 0.1 mM FeCl= o

& FE9] A5} T3 T3 96-well plateo]] £551al 30z
HES A1 7] 3(A2), 0.25 mM ferrozineS A7k the 1057k
HF2)5F 5 562 nmol| A 243}t

SAA

E A% 2]+= SPSS Version 18.0 (SPSS Inc., Chicago, IL, USA)
program= ARE5F0] One-way ANOVA-tests AA|SF &
Duncans multiple range test (Duncan, 1955)= 8+ 7F2] 5-9]
4 (P<0.05y= HA s

k-

M

ot

¥

-

QM0 W2 A Y 1 BRSMO| Hat

MA =T} 4=5F=2] adenine nucleotide ¥ 7 HHEZL 2
A3k A3HE Table 200 e sich 7iAl= 2] ikt =4 ¥
3}+= ATPOJ| A Hx (hypoxanthine) 2.2 F-8 &= Ao 4] Al
A& 2] ATP, ADP, AMP, IMP, HxR, Hx®] &% 2| &= 77} 1.20,
0.72. 0.55, 0.07, 0.24 2 0.09 umol/go]%1il, A2 A|Z2] ATP,
ADP, AMP, IMP, HxR, Hx%] =4 %|+= Z}+Z} 1.12, 0.68, 0.51,
0.05,0.22 ! 0.08 umol/g®] 1tk 2812 B1 A| 2] ATP, ADP,
AMP, IMP, HxR, Hx2] A %= Z+z} 1.02, 0.60, 0.46, 0.05,
0.20 2 0.08 umol/go] %L, B2 A|&22] ATP, ADP, AMP, IMP,
HxR, Hx9] &4 x]+= 77} 1.05, 0.63, 0.49, 0.06, 0.21 2 0.07
umol/go| GIT}. 2|3 ufEAL X 5o] ATP, ADP, AMP, IMP,
HxR, Hx®] &Ax)+= Z+2} 1.11, 0.65, 0.49, 0.07, 0.22 2 0.10

umol/g®] AT,

ATP= FHAE Y] o ZKollA Fagt sjihied Aol
u, G247 SolASY-S 734 ADPF AMPE: A4t
ATP TOH ]% IMP= ©|72] Ar]/d+E 123l of 7o Al
A=l =2 Hrlele A E2 Ag3tctal dtck(Fletcher and
Statham, 1988). Watanabe et al. (1985)= | 7+= T}F2] AMP
= 95131 9l 01 AMP-deaminaseS $H-5-5131 QUA| ¢kom
2 IMP7} A ER] Q=thal B35k, Joo et al. (1996)0]
2% 9 upx|gte] aAAEAS AAS A3t IMP7L A&
7] RSkTL SYAAIE, Foll T ATP BISHEHES 293
A3t IMP7} 225 425 9lohs A3koh 271514 glelTh(Yo-
koyama et al., 1996 ).

**%«1 “E—E* 37 Pff}h K%I% ATPo} 71 Zoflihzof gt

11

oo

i
=9 “’El Wl Ao ELEWI whet 71 ey =t Eekl
o} ATPoA| AMP= &3l %]= Zo] A|gte| o] 11 o] -9 vh3-
& - M| dojubr] wfiZe] o] & -85k A Eth= HxR
o] Xt (Xanthine) .2 24| Ba= 717 Baslo] Ars
H7lsh= Zlo] A A™slthal s th(Yokoyama et al., 1996 ). £
AFAT} ZF A7 K G52 11.2-12.1 2 uf- A =7} 22 A
ojglon, & lhypoxanthme (Hx)= EFFE oF7|6h= A
T AR 0 & 2 Kbitter flavor)o] 7]o]3}7| wj o] o] o] FeF
EOMAA] BT 517] fIeiA AE=GA7} Fast offoltt.

DPPH 2hcizr A2

WA= 2 48k=29] DPPH 2tz 2A2dS 735t0] Ta-
ble 3o UERH I iA1= Al 9 A2 100, 200 2 300 pg/
mL w0l A 72} 62.8, 65.2, 74.4% 2 63.3, 64.1, 67.6%°]
93z, 42512 B1 9 B2 100, 200 2 300 pg/mL =0l A 2+
7} 64.6, 66.5, 69.8% M 61.0, 65.6, 70.1%°] ATk vFEof| 4]
3k F& 7}7} 624, 65.6, 68.5%E HL0] Z7to] whE W3}
= Stk 2AZAS Blshy] flsko] AME-gt 35 ascorbic
acid®] 2AZAE 83.0-83.3%2 F=o w2 HIt= ¢ldls
o o] A& S Uetil= &= oo W elollA S7d% At
2} o] A ZIch

Table 2. Contents of nucleotide and their related compounds of the oyster Crassostrea gigas on different cultured conditions

Sample Concentration (umol/g)

codes ATP ADP AMP IMP HxR Hx K-Value
I0-A1 1.20£0.07 0.72+0.02 0.55+0.03 0.07+0.01 0.24+0.03 0.09£0.02 11.5
10-A2 1.12+0.04 0.68+0.05 0.51£0.01 0.05+0.00 0.22+0.02 0.08+0.01 11.2
|0-B1 1.02+0.05 0.60+0.03 0.46+0.03 0.05£0.01 0.20£0.02 0.08+0.01 11.6
10-B2 1.05+0.02 0.63+0.02 0.49+0.02 0.06+0.01 0.21£0.03 0.07+0.02 11.2
MO 1.11+0.06 0.65+0.04 0.49+0.03 0.07+0.02 0.22+0.03 0.10+0.02 12.1

Values are means+SD of triplicates. K value (%)=(HxR+Hx)/(ATP+ADP+AMP-+IMP+ HxR+Hx)x100. APT, adenosine triphosphate; ADP,
adenosine diphosphate; AMP, adenosine monophosphate; IMP, inosine monophosphate; HxR, inosine; Hx, hypoxanthine.
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Table 3. DPPH free radical scavenging activity of different con-
centration of oyster Crassostrea gigas

Table 4. Superoxide anion scavenging activity of different concen-
tration of oyster Crassostrea gigas

Concentration (ug/mL, %)

Sample codes

Concentration (ug/mL, %)

Sample codes

100 300 500 100 300 500
Ascorbic acid 83.0+1.9° 83.1£2.12 83.3+2.12 Ascorbic acid 48.3+3.92 57.5+1.1° 66.5+0.8°
10-A1 62.8+4.72 65.2+4.3? 74.415.0° 10-A1 22.9+9.12 37.1£5.4° 49.3+4.0°
10-A2 63.3+3.12 64.1+3.42 67.6+3.7° 10-A2 24.0+2.3? 36.2+6.9° 49.244.0°
10-B1 64.615.72 66.5+4.82 69.8+4.3%® 10-B1 22.8+4.9 25.2+6.22 44.3+4.1°
10-B2 61.0+5.9° 65.616.3% 70.1£5.6° 10-B2 21.41+6.8° 35.0+4.2° 44.3+8.9°
MO 62.4+1.12 65.6+5.82 68.5+4.7% MO 25.7+8.5 34.346.6° 47 448.9°

Values are means=SD of triplicates. Means followed by the differ-
ent superscripts within the same row indicate significant difference
(P<0.05).

Shakila et al. (2016)°] 2J5FH A o] & Thlz 7}=H3|
29| DPPH o}t]7 A998 2793 23t 77-79%2] 24
= UEH AL, 7htaliol] ARg-E 4] FRe REAIRE 5
254Hze] Ajepol wret 1 2ol h2 A e el s
1:]- Z]I:H-Q,] 6‘1—131201 lr_o]— X—]EQ,] Eﬂo]i 3} E]L- _?JK]—E_HL
(Grammatophora marina)s AlcalaseZ 7} 2318le] DPPH
2Ho)Z AASA S SA3 AT 86.5%9] 2 4 Ho=t,
ol Aol - EPuHlE, 43 ?J% AEALHE,
7tzE|olE Y SR 2Y Fo| I AT ghrhal 46l
(Affan et al., 2006). wh2tA] = FAAX A|22 DPPH o]zt
2784 0] 66-70%E =& AL Fo| T ES Ho|PET
k= ZaF ATto] 9l Ao 2 AZEE el Kimetal. (2015)2 =
7b-28l= 2 DPPH 2htl|Z 22753 ABTS 2ht] 2 #]sf &3
o A e} gaks) B ate] A RIStk 89
t}. Mendis et al. (2005)2 oju] Aztgl 7lpEalE2 e 4
A5t HELo] = 9 gHAkSl EAJ o FLof| A His-Gly-Pro-Leu-Gly-
Pro-Leu (797 Da) Wi €& 714 &= HElo| =7} gFAKSHA 01 BHT
o} )23t 8 GAIBHSS ZHrh T 118t 0% 7} Re
S pAjero] ol Mel o] vjlo] Q3ake v]aicka stick

Superoxide anion ZtC|ZH A7E

=

Superoxide anions+= A 222 443510 ROS (reac-
tive oxygen species)E A/dA17 |4, ThlAl 9l DNAE &
APAPIER, o] % A7 SRS 27 HH 4441 F ) 4k
QHstof 71ofe 4= Ak(Xie et al., 2008). 7iAl= % Gol=
9] superoxide anion 2}t]Z A4S S 51| Table 49 Lt
Eh ik, AAZ Al 2 A2 100, 200 2 300 pg/mL 5o
A 7471 22.9,37.1,49.3% H 24.0, 36.2, 49.2%0] 9431, 4512
B1 ¥ B2+ 100, 200 2 300 pg/mL 5ol A 242} 22.8, 25.2,
44.3% 9 21.4,35.0,44.3%0]| At ofE | A LYot =2 ZF2-
257,343, 474%% 5%9| F7t] whet F7FstAIRE 23
ascorbic acid2] AAZA]L 83.0-83.3% % o f= Hil=

Values are means=SD of triplicates. Means followed by the differ-
ent superscripts within the same row indicate significant difference
(P<0.05).

ATt F(Crassostrea gigas) 7V-ElE 2R E 2% A5
| =7} F HAAZ(RAW 264.7)0l SA4-S UehfA] 9b-Sat
FAlo] DNA $A4-0 2 B E| H $ 3= superoxide radical E4

0] 13.0-48.5%% Ko uje} o} G IS W YTk sho] 24k
7Hg BAES AATM R A0 45t 75
o] =2 Hglo|t 2 83}t 4= 9l S8 7]'ZOPME}(Qlan et al.,
2008), & A A = A A3t A5 AME-SHA] 2 A| Rt super-
oxide anion 427 ZHA]-2 32 ascorbic acid2] H] w5} o]
60-70%¢l] o] =& 3 32 T/ W alrt

el

A2 o] pitshk-g-o] 23w = F4t ’&ﬁ}lﬂ %{P Zlof| A}
£ o] FABHAAS Ll 52 &
ZJ3to] Table 50f Ve Qict. 3321 ascorbic acid7} =7
2710l wjel Y AH 0 2 Z7kslolt). Tefu mE AlRe) 7}
7} thE ol Al ghed S wig- ol gkl o ofgt kel
& 7|87 |= ol 2l A o & wekE SiTt. Surendraraj et al.
(2013)0]| w}=2H |22 Eichornia crassipes)?] 84 4 OﬂEP
2 322 BAYE WK 23 vlEeRiEe] bt 2
S8 A4 2259 ferric iron Y o] =2 A0 & LERL} ,4]
g Eo] A 0 AlROAIE o] Zho] B¢ Wekth. 2o
%NS o F7 HUG BAR AR5 1 74
Bojzo $eI2 S 24 ATl r1e el el 7l ba) =] 4
el el =] gl ME = BTt o 2 9fee w2l
o7 8}0] 7l 7} 27l Ee R Fe T 3 27
3}%itH(Shakila et al., 2016). AF ol ALEE 2L 7}2=H a7
27 e ol v W2 ghe B ieh

Fe?" chelating activity

AR sk ©-E Fe* chelating A4S = 4'5]-01] Table 6
o Yehflch. AR HE 300 pg/mLolA ¥E<Q] EDTAL
85.8%9] X1 ghS KL, 7hAl=E Al HA2= *]E%‘—E 100,

-
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Table 5. Reducing power activity of different concentration of oyster Crassostrea gigas

Concentration (ug/mL, @700 nm)

Sample codes

100 300 500
Ascorbic acid 0.122+0.003° 0.398+0.006° 0.671x0.072°
10-A1 0.008+0.002° 0.011+0.0012 0.012+0.001®
10-A2 0.007+0.000? 0.009+0.0002 0.013+0.0012
10-B1 0.007+0.0022 0.008+0.0022 0.012+0.0022
10-B2 0.005+0.003° 0.007+0.0012 0.011+0.003°
MO 0.004+0.0102 0.006+0.0002 0.010+0.0022

Values are means+SD of triplicates. Means followed by the different superscripts within the same row indicate significant difference

(P<0.05).

300, 500 pg/mL 5 E o) Al 24 27.8%0 A H I 37.1%2 5k
o] W2 2}o]7} A Q)r}. 5= Bl € B2 A& %% 100, 300,
500 ug/mL o A 24 28.2%00 A 232 39.4%= A=

H|5lo] &F7F 529ka1, upEof|A] F-9)3l = chelating E3F7} W
o} 39.1%°] it} == AR A Fe* o] &5 235h= A&
71t5h7] o fick. nulE2 FEol 45 25k A3
= o 9= A FolA A2 HleS AR Zof o
%ﬂi e ordE %“Jih%ﬂl J«LO% o}ll free EPEI%P

Fe sicha g 47@] O‘E}(Prasad et al 2004) Nahnamon et al
(2011)0fl T} FE| = EAjepat F40] & chelating B4 71
W WS etlol WE =0 2717 Hom 4858 2
SHE.O171 wWolx] 11, histidineX} ZFo] imidazole 18] & 7}A|H
chelating Z4lo] ol ctal st wfeba] ah7lpris) H
AU el chlar o] G ol g
& chefat ohnliAbe gH9akL Qo] BTl F718 1A

o FEsteha o)Al
AL AL

A7 ISUE AP 8o A
OWHHP Ale] dgro & saEglon], AFAR Yol 7
A=,
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