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Effect of Heat Treatment on Biochemical Characteristics of
Pacific Oyster Crassostrea gigas

Kil Bo Shim*, Mina Kim, Kunbawui Park, Kwangtae Son and Chi Won Lim

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

The aim of this study was to investigate changes in the biochemical characteristics of the Pacific oyster Crassostrea
gigas in response to boiling water bath (85°C, 100°C) and autoclaving (100°C) heat treatments for 5, 10, 15, and 20
min. The weight loss (7.6-9.5%) of oysters exposed to a 100°C boiling water bath for 15 min was lower compared
to those receiving no treatment. Oysters exposed to the 100°C boiling water bath for 20 min lost 27.8% of their
total weight. The 100°C autoclaving treatment resulted in weight loss of 13.0-26.1%, with the highest weight loss
occurring after 10 min of treatment (26.1%). Heat-treated oysters had significantly higher levels of crude lipid and
crude protein relative to untreated oysters (P<0.05). In the heat-treated oysters, total amino acids (including proline
and glutamic acid) were increased, but they were decreased by the 20-min 100°C boiling water bath and autoclav-
ing treatments. The fatty acid composition of oysters was not significantly affected by the water bath heat treatment,
but oysters treated with 100°C autoclaving for 20 min had decreased polyunsaturated fatty acids. Oysters exposed to
the water bath heat treatment had significantly increased vitamin A content, but 100°C autoclaving for 20 min was
associated with reduced vitamin A content, as compared to all of the other heat treatments. Therefore, oysters were af-
fected by heat treatment, undergoing metamorphosis and weight loss, but nutrient quality did not change significantly
compared to controls, except with the 20-min 100°C boiling water bath and autoclaving treatments.
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%) 21th(Jeong et al., 2015; Park et al., 2008; Xiao et al., 2011;
=2 A whl Ayl ek, v E HIEIE ol Oshima et al., 1993). T3t & 50°Col|A] 10259t #]-2AHF

Sl Qi 9423k o oFAlEo ]E]-(Son etal. 2014) k=B ) Aejshd v He| e s @ o] FA43] gAag it op et 7HAA
ZA 2 thE g7} Asto] askEa|E 7] 4 54 7HA 2lo] o3t efgho|u} 3] Mgk glrkar B 1% itk (Cook and
poom w0 E 2 HAMS Q270 i olslo] 24 Rupple, 1992; Andrews et al., 2000).

Asl7h ke A| Y%= ©he 7HA| AL Qlek(Park et al., 2006). gutA o7 AEAYGoA = A FE HED 7] Y
3 AZS A A F9lo Bfs e

Sk AlEEEAE 5 Yol = flote] ot 7k E AV 2244 oA H=d, tiEE
AES olat d3Isto] Y%= 3+ ‘?:%?E— T o2} QI A of] & o) A 7haAlE AlxE g %’"X o= 7k, 2, At 5
33 Aloluh vlol g A 5 4 A 48 4= Itk (Potasman et ¥ 2]2] 5-7d(thermal processing)> §t 7}#] o]|Ak E§5HA
al., 2002; Feldhusen, 2000; Cliver, 1997, Grimes, 1991). o]&] TH(Chung et al., 2012). ~AHEO] gt 25 € A4 2]+ boiling
o =9 AP S Fsl| flake] AAAES} H Ql5Ast (Sablani et al., 1998), blanching, frying (Ou and Mittal, 2007;
£ A8 & skl e, Aol HrHeE o] 8ok Wit Southern et al., 2000; Zorrilla and Singh, 2000; Farkas et al.,

http://dx.doi.org/10.5657/KFAS.2015.0876 Korean J Fish Aquat Sci 48(6) 876-882, December 2015
@ @ This is an Open Access article distributed under the terms of Received 22 September 2015; Revised 4 Novemebr 2015; Accepted 1 December 2015
the Creative Commons Attribution Non-Commercial Licens
LAl (http://creativecommons.org/licenses/by-nc/3.0/) which permits *Corresponding author: Tel: +82.51.720.2671 Fax: +82.51.720. 2669
unrestricted non-commercial use, distribution, and reproduction in any medium,

provided the original work is properly cited. E-mail address: kilbo1221@koreakr

Copyright © 2015 The Korean Society of Fisheries and Aquatic Science 876 pISSN:0374-8111, elSSN:2287-8815



A2 =]

1996), steam (Cheigh et al., 2011; Chen et al., 1993), micro-
wave (Hu and Mallikarjunan, 2004), roasting (Chang et al.,
1998) 5&] WHo] o] & aL glow, o] Fof et AA 2] wd
ol A= ek

e dA s vdE 24 AN A A3
shal g, veknl, 227 971, M 5 AE 9o
wisk, 7152 54 wek 5o R7bHel wekE 4
(Tijskens et al., 1997; Arroqui et al., 2001).
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SFE AR fIste], 85°C 22004 5,10, 15, 202 5<F
ARAAA GA 2 E A8 oH, 100°Ce 2,28t a1yt
2+7](HS 50208, Hanshin Co. Ltd., Korea)E ©|-8-3}¢] 22} 5,
10, 15,202 5%+ SA &5 HAIskSIh 2t A2 24 of w2t
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ZFehal g oA steko] Al R ARSI

ut

e

Aub o] Zgub o 2 =H.0 105°Cof|A] A7tE Az
chal 212 semi-micro KjeldahlH, 22|92 Soxhlet 3%
32 A3k o & 717 S48 THAOAC, 1995).

Folch et al. (1957)9] ol 2Jste] A|R2] 5ujEFo)]
chloroform:methanol (2:1 v/v)g&Ho g A& &3 &,
14% BF,-methanol-& ©]-8-5}o] X["H4ke| methyl esters}o],
gas chromatography (GC 2010plus, Shimadzu, Japan)E ©]-&
3o Bt

Soto|iAt B2t

A& 0.2 g& 6 N HCIZ 4] 110°C2] heating blockol| A 244
7 sty Al =8 H S A 55417 5, pH 2.29]
AAF 5o 0 & 50 mL2 -85l 0.20 um membrane filter
2 ofa}sto] ofu]ic Ak A 7] (Sykam 4300, Sykam, Germany)
2 olgato] Ao,

HIEFZ! A St

ol

H]EFY] A EHEFS Kwak et al. (2004)2] B8 . 5=A5}0]
ARESEITE AR 3 g& 2 H| AEekA o] 3§ ethanol

Fa Mt 877

30 mL, 60% KOH &< 3 mL, 12|31 10% pyrogallol 1 mLE
H71510] ]2 8H7 WZTI01H 3082 BT T, AL
2 WA S5 30 mLE 7l 24 Rz 7| = &7
ZofAaale 2749} petroleum ether® 3 5, Folzh 7]
of| Etsto] WAA T & & = Heo ZAMENZ 7] of &
7] 31 petroleum ether 50 mL¥] 73510 23] 2319t &4
petroleum ether 22 57> 10 mL#4] phenolphthalein A] 2F.©.
= Qo] =2] ok2 Wi 71A] =A|SFRL AL, petroleum ether 52
sodium sulfate= 7}3] S5 24 Zapao] $ATH Pe-
troleum ether 2&H-2- 25°C of| A 719} 5-Z35}0] methanol 5
mLZ A-835}31 0.25 um membrane filter= &35} T}, o] A]
292 Develosil RP-Aqueous C30 (4.6 X 250 mm, 5 um par-
ticle size, Phenomenex, Tokyo, Japan)Z# -2 o|-8-5lo] HPLC
(Surveyor Plus HPLC system, Thermo, USA)= £45}4tt.

Alg B A A= SAS (SAS Institute, Cary, NC, USA) ©|
gofo] 2} A@ae] Bk BEAAE Tt AR1H) o]
[oJNe)

can’s multiple range testo]] W} P<0.05 oA 6242 #
%31 th(Steel and Torrie, 1980).

Az AHgE 2Ee B 2t Zas AR Zolt
slglot B BAL fol2el Hol7k YolehP0.05). G
215 57 9Re ZH(l 2 7)) Wit 24, 2, 92 A R
7¥7+9.7 cm, 4.6 cm, 61.8 go| 2121, 85°C A =] &) o] AR&E 7+
=2 217} 9.3-9.8 ¢cm, 4.6-5.2 cm, 55.1-64.9 go] %t} 1|1t
100°C 3tz 2 gajg]s 242 742 9.9-10.5 cm, 4.7-5.3
cm, 51.4-66.2 g, 100°C 1B 7] S o] 8-5lo] G ejw zh=
2 727+ 9.0-9.8 cm, 4.5-5.0 cm, 55.7-61.3 go| A ti(Table 1).
o 2Tt do] A= 10.8 go] 9l 85°Cofl A A A2
A=Y Bt A= 104-12.0 g0 2 GA 2] Agto] DojH 4
5 oA S7Fehe Aol AAIRE EA 2 Azt e Hdt A
O] 9431 Afol= it vhHel 100°C -2=20) 4] 20+
A2 & o] Fot FA= 7.8-10.0 g0 2 thE IA e Azt
of vjste] M3lrF 2 Ao & Vbt T35 100°C L Ewt 7]
oA dA e & 29| FFAE GA Y AlZtol whek 2k 9.4
g,80¢,8.1g, 8.8 go|th(Fig. 1). thZ2-2} vl wsle] EA 2]
Bof g=o] FA| ¥sh= 85°C A 2] 2.3-3.6% 7HFEIA
o, 158 o]/dol| A= th ol Hsto] obgl o, o] = 74|
2ol o5k Ao & AbrETh 100°C =204 1580517t
A A3 ] gt =& ko]l B|5ke] 7.6-9.5% = %1leH, 20
B 59 dA e 22 27.8% FEQITE 100°C Y Et]
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Table 1. The profile of oyster Crassotrea gigas by various heat
treatment at 85°C, 100°C boiling water bath, and 100°C autoclav-
ing for 5, 10, 15, and 20 min

Time Shell Shell Total
Temp. (min) length breadth Weight
(cm) (cm) (9)
Control - 9.7+14%  4.6+£0.9* 61.8+15.92
5 9.8+2.32  4.7+0.6* 57.3+20.82
- 10 9.6+2.6° 4.6+0.6>* 55.1+15.82
Boiling 85°C
15 9.3+2.5°  5.0£0.7®® 64.9+23.6°2
20 9.3+2.17  52+1.2% 63.3+18.52
5 10.0+1.82 5.3+0.6° 63.4+39.5°2
- 10  10.0+1.8> 5.3+0.6¢ 62.3+13.5°
Boiling 100°C
15  10.5+1.4> 51+0.9¢ 66.2£19.5°
20 9.9+1.0°  4.7+0.9° 51.4+29.22
5 9.5+1.3>  4.5+1.0¢ 55.9+23.52
Auto- 100°C 10 9.8£2.77  4.6%1.0° 55.7+32.4°2
claving 15  9.6+2.0° 5.0%0.7 56.7+21.1°
20 9.0+2.37  4.5+0.9%c 61.3+32.42

Means with different superscript in the row are significantly differ-
ent by Duncan's multiple range test (P<0.05).

o] g3lo] AA 2|3t F2 13.0-26.1% AFH lon, 102

et AR

Table 2. The change of proximate composition of oyster Crassotrea gigas by various heat treatment at 85°C, 100°C boiling water bath, and

5 497} 26.1%5 714 7k wlgo] %E}(Flg. 1).
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Fig. 1. The loss in weight of oyster Crassotrea gigas by various
heat treatment at 85°C, 100°C boiling water bath, and 100°C auto-

85°C boiling 100°C boiling 100°C autoclaving

claving for 5, 10, 15, and 20 min.

Means with different superscript on the bar are significantly differ-
ent by Duncan's multiple range test (P<0.05).
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2o A ek 2] gheke- 717k 1 g/100 g B 10.44
/100 go] 1.0, 85°Coll Al A A{2]H =] 2AH
Zehm A FeRe 10.22-12.69 ¢/100 g
o]gltk. 18] 100°C 2ol A GA 3 =2 =A% 4

1.67 2/100 go]glom,

Zoj A2 224} sheke 27519
Bt} 100°Co) A A8t 2o x4} 3leko] ¢ =gkt =
whald ek 20 g asiel fAfsle] dAe] we Al

<351 TH(Table 2).

2 Aol ofafol 715}9r S8l ARel 7}
v, 85CoH AA et

Temp. Time (min)  Moisture (g/100g)  Crude protein (g/100 g)  Crude lipid (g/100 g) Ash (g/100 g)

Control - - 74.74+0.24° 10.44+0.019 1.00£0.299 2.4040.102

5 75.5610.092 10.22+0.05¢ 1.5410.14¢ 1.8910.04¢

. 10 73.95£0.11¢ 12.6910.28¢ 1.32+0.23°0 1.85+0.06°
Boiling  85°C

15 73.4910.08% 12.090.09¢ 1.67+0.219 1.70+0.07¢

20 73.85+0.67¢ 11.44+0.12f 1.630.62¢f 1.650.08¢

5 72.6520.50 13.08+0.24° 2.3340.193¢ 1.7310.08°

o 10 70.67£0.319 12.92+0.11° 2.02+0.41% 1.750.08°
Boiling 100°C

15 70.57+0.449 13.29+0.112 2.14+0.35¢%0 1.71£0.02%

20 70.40£0.38" 16.4410.20° 2.33£0.212 1.6810.05¢

5 70.03£0.19¢ 13.1620.12% 2.64+0.33° 2.20+0.03¢

Autoclav- 100°C 10 68.80+0.02¢ 14.5310.26% 2.82+0.31c 2.23+0.07¢

ing 15 68.17+0.48° 15.80£0.11¢ 2.9140.81% 2.3340.03¢

20 67.41£0.11d¢ 14.63+0.29° 3.06+0.29° 1.99+0.07¢

Means with different superscript in the row are significantly different by Duncan's multiple range test (P<0.05).

}ghere 1.32-
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2okl sleke k72 02-2.33 g/100 g, 12.92-16.44 ¢/100 g
olglom, B3] 208 et 7HAX Tt 2o 2R Fere
16.44 /100 g = 7P pho] F7kstgich. whdell, 100°C ALt
HA7|E o]&sto] ARt =9 AN W 2ok ek
Z¥7F 2.64-3.06 g/100 g, 13.16-15.80 g/100 g &2, 7}EA|7}o]]
w2 Gae] Aol 7t 91eiek. ol et Auk Aol O3 8
Fepo] A Qlste] ATiAOR £AY U 2Lt Fafo]
Z7FekoATt. 55°C u|gk = o A A e|H =0 SR ¥
Bh= 29O 72°C, 85 AH A 48 9 B]8 Fapo] Zhadt
Th= B 9F B A AT -GARSFE T Chei et al., 1991; Chai
etal., 1984).

K|HEAE X AH]

o'L- Lo

2ol ofgt =] AAE 28] W3} 5 F=a Aol o
g ATE Table 30 Ueh glet =9 =8 A W4H palmitic
acid (C16:0), oleic acid (C18:1), eicosapentaenoic acid (EPA)
(C20....) (C20:5n-3), docosapentaenoic acid (DHA) (C22....)
(C22:6n-3) o]t} A 2J5}A] 22 =9 C16:0- 18.34%°] %1
o, 85°Coll A A 2|E 2o APAE 2L vt Eo]
Ak thar @& 2/gH] o] gleh. Wil 100°C 220l A] 20
= GAE 2 adEA7|oA 107 st GA Y g 25
Al Qletale 2t E ke tha =2 2/4JH| 0|8l Oleic acid
(C18:1) ZAu]t= th79t AH )77k w5 $-20]gl0m,
EPA % DHA ZAJH 81353+ 4 3fo|9lch. B3] o] %ol u}
e} Alol= 91X)5k DHA 2487} EPA 48]} -2 Zo]
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22 <l vhd of =2 DHAO| H]3}e] EPA 24| 7} vl ¢ &
EA Aol gict. Zapx|ubal, micQllal, BE3IA AR 2
H| 528k 2o glom, AAg]of QJgh AHPAE 2/dH]
H35}H= o] ofshol).
ugTFEA el SJgt 2] AHAF 2A9u] = AP ehA] 9
i tet Blaste] 9221 2fo|7} gl AR HE it
(Cruz et al., 2008). T8+ 12X 7k A 2| w)= 2AHEE 22 o
AP 5 A AR Ak 9l dEl, SEkgo] KE 1L
717k Aol Etstal Akt 24do] dR ouj7E] 2
At 2 &7t Gl A2 Aol AGEERE EelEAY 5
07)1= Ao & 24319 tHOhetal., 1989). Z2E%
N ExA A 297 A 22 At v
HEZE Yo| 7t At Aol = 7HE Akt Al
F4ghthal 2 131 th(Kong et al., 2002).
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272 Fohulieit TR 6.65 g/100 go|w, Lrotu] i
At} v hzobu e At ko] 242} 1.59 9 5.06 g/100 go] STk
ERE Fepou| e Aby} vl dopu] k) H]&o] 0.24% Xl o]
721 0.7 o] grofl wiste] ullg- =2 gho]$itt. 53] proline
FaFol 2.94 g/100 gol, & FaFo] 44.2%5 Ax|3aL ek,
dA 2ol oJsto] YR oful Ak Frletlon, Paobu| e
A I tj 2 E T S8t 85°C dA| @Rk =2 1.68-2.39
/100 g, 100°Coll A A 2|7t 2 242t 1.71-2.58 ¢/100 g &
2.01-2.58 g/100 go| AT}, EEH 100°C o A= sz Rrhs=

Table 3. The comparison of fatty acid composition of oyster Crassotrea gigas by various heat treatment at 85°C, 100°C boiling water bath,

and 100°C autoclaving for 5, 10, 15, and 20 min

) 85°C Boiling 100°C Boiling 100°C Autoclaving

Fatty acid Control - X X X X - - X X X X -
min  10min 15min 20min ~ 5min 10 min 15min 20min  5min 10 min 15 min 20 min

C14:0 3.93 414 410 4.04 419 472 487 476 398 411 425 441 463
C16:0 18.34 17.82 18.02 1853 1796 19.68 19.80 19.63 1786 19.03 17.30 19.98 19.63
C18:0 3.86 392 383 446 368 386 351 412 41 333 388 362 425

> Saturates 28.51 2785 2770 28.83 27.72 30.18 30.79 30.70 2794 2869 27.32 29.88 30.58

C16:1 3.16 408 368 365 4.22 357 399 357 362 367 372 476 3.61
C18:1 11.24 10.72 11.22 1074 11.21 11.86 10.88 11.81 11.72 12.02 10.81 11.57 1237
C20:1 5.19 325 377 300 347 376 341 340 395 316 382 344 390
>Monoenes  19.72 18.11 1874 1747 1889 1919 1840 18.88 1929 1884 1850 19.76 19.88
C18:2n-6 0.94 119 097 113 1.10 116 137 125 1.00 093 085 178 098
C18:3n-3 0.75 090 096 113 092 086 073 090 0.74 0.88 085 033 0.73
C18:4n-3 3.26 330 332 330 390 359 376 365 3.71 360 354 348 3.75

C20:4n-6 1.97 177 168 189 1.9 190 169 172 167 204 189 149 1.60
C20:5n-3(EPA) 27.04 2947 29.69 28.81 29.03 28.67 2823 27.77 29.81 30.03 29.51 28.53 28.45
C22:6n-3(DHA) 14.32 1452 1436 1413 1417 1234 1214 1265 13.16 1298 1442 13.16 10.96
> Polyenes 51.77 54,04 5356 53.70 53.39 50.63 5082 5042 5277 5246 5418 50.36 49.54
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AFEA7E of-gsto] GA T FofA tha =2 FEFolqd
TH(Table 4).

GA 2ol ofgt 74719 ofm| Al S tha Afo]7} Q%1 e
U 22 2pols= mlulsginh. ZLe{u proline S A2 o] 9f
sto] djzo] ulste] tha: F7Fskgl o, 85°C I 2] gt F&
3.33-4.09 g/100 go|em, 100°C EA4 &gt 22 z+2) 3.21-
433 ¢/100 g, 1.89-4.71 g/100 go]gic}. Uk 100°C 1gHE
71014 204 F2t FA 2] =2 1.89 ¢/100 g & = 74314
t}. ESF85°C EA et =9 glutamic acid $HFE 0.76-0.94
/100 g, 100°C FA 2|3 22 2} 0.80-1.07 /100 g 2 0.93-
1.06 /100 g& & Z7}3kieh. 100°C 20 S0t A4 2|3t =
O] Fobm| Ak thA] aste] ZFE A 2ol ofgt w2 Als
ok A FA o] 9fsto] Fotn| At ko] ¥slel=
ALz BiEglon], n|teha] Gk 22 44| glutamic
acid = Fol= Zlo] A=A K} faZo] Arfal H st
S TH(Mun et al., 1999; Steet et al., 1983; Tanaka and Kimura,
1988).

ulop - upaupe] - £ - YA Y

HIEFRI A 3}

A 2of] ofgh ol THt-E o] Y= vlet A g HskE =
AbskQom, 2] HIEHT] A @FkS 24.74 ug/100 go] itk
(Fig. 2). 85°C 2420 A A ejgt =9 Hletil A g2 &
A2 A zkel] whel 242} 124.76, 127.14, 134.28, 80.41 ug/100 g
ojglom, 155 7FE7HA] = 3ol S7FsEal o, 204 71l
M FAH Zaskh 100°C F-2pzo) A A st =
2 gAA7ro] 1087HA] = 111.93-163.65 pg/100 g7lA] &
7¥skgl o} 0] 141.67 ug/100 g (155), 90.87 ug/100 g (20
1R 74kt T3 100°C LYE 7| S o] 8sto] g
2|3t =] Hlebul A FFFS 105714] 157.47-207.73 ug/100 g
7R Z718H o nz A 2 158 7 A 2] Sofl= 201.49
ug/100 g, 2042 7FE A 2] Fofi= 112.30 ng/100 g O & 745}
et

2 =84 H]EMTI 2l thiamine, riboflavin, niacin, folic acid,
HEtRl B6, HIEFRI B12E 3Hskal §Qlom, of2fgh vlehil
o 1A 93] Ect E3] v]EkTl C, folic acid, thiamine, H]E}

Table 4. The change of total amino acid content of oyster Crassotrea gigas by various heat treatment at 85°C, 100°C boiling water bath, and

100°C autoclaving for 5, 10, 15, and 20 min

Amion acid Control 85°C Boiling 100°C Boiling 100°C Autoclaving
(9/100 g) 5min 10min 15min 20min ~ 5min  10min 15min 20min  5min 10 min 15 min 20 min
Histidine 0.13 016 022 017 028 015 019 021 017 018 022 022 033
Isoleucine 0.17 017 020 020 023 019 024 029 0.1 021 024 025 024
Leucine 0.29 031 037 035 042 031 041 047 036 037 044 045 044
Lysine 0.28 034 040 037 047 035 045 052 039 039 048 049 052
Methionine 0.1 011 014 013 017 012 016 019 014 014 017 017 0.8
Phenylalanine  0.18 018 021 019 026 017 024 026 0.21 021 024 025 028
Threonine 0.22 022 026 024 028 022 028 032 024 027 031 031 031
Valine 0.20 019 023 022 027 021 027 032 023 023 027 027 028
Total E 1.59 168 201 187 239 171 224 258 195 201 238 241 258
Arginine 0.19 024 028 027 061 031 039 043 033 029 039 041 068
Aspartic acid 0.41 043 053 048 056 049 063 070 054 052 068 069 069
Serine 0.19 021 025 023 027 022 028 031 024 025 032 031 032
Glutamicacid ~ 0.73 076 090 085 09 080 096 107 081 093 105 105 1.06
Proline 2.94 333 409 359 39 346 397 433 321 433 471 465 1.89
Glycine 0.15 015 017 016 017 015 018 019 015 017 020 020 0.19
Alanine 0.32 028 032 029 034 028 034 038 029 032 037 038 038
Cystein 0.02 003 002 003 008 003 004 004 003 003 004 004 008
Tyrosine 0.10 014 013 015 022 015 022 024 019 017 020 020 025
Total NE 5.06 557 669 606 716 589 7.00 770 579 701 795 793 555
Total 6.65 725 871 794 955 760 924 1028 774 901 10.33 10.34 8.13
E/NE ratio 0.24 023 023 024 025 029 024 025 025 022 023 023 032
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Fig. 2. The change of vitamin A content of oyster Crassotrea gigas
by various heat treatment at 85°C, 100°C boiling water bath, and
100°C autoclaving for 5, 10, 15, and 20 min.
Means with different superscript on the bar are significantly differ-
ent by Duncan's multiple range test (P<0.05).
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