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Abstract

To develop the new type of salt-fermented seafoods, the salt—fermented oysters in olive oil (product SO)
were manufactured, and food components and quality characteristics of product SO were examined. The optimum
processing condition for product SO is as follows. The raw oyster with no shell was washed off with 3% saline
solution. Then dewatered, and dipped in the brine-salting solution made up with saturated saline solution and
oyster sauce (2:1 v/v) mixture added 1% sodium erythorbic acid and 0.2% polyphosphate. After salt-fer-
mentation it ripened by brine salting at 5+1°C for 15 days. Then dried at 15°C for 4 hours with cool-air, and
packed in No. 3B hexahedron type can. Finally, poured with olive oil and seamed it by double-seamer. The
moisture, crude protein, crude ash and volatile basic nitrogen contents of the product SO were 61.6%, 12.0%,
16.3% and 34.3 mg/100 g, respectively. In taste-active components of the product SO, total amount of free
amino acids is 2,335.4 mg/100 g and it has increased by 50% overall during salt-fermentation 15 day. Taurine,
glutamic acid, proline, glycine, alanine, B-alanine and lysine were detected as principal free amino acids. The
contents of inorganic ions were rich in Na and K ion, while the amounts of nucleotide and its related compounds
and other bases except betaine were small. From the results of this research, the product SO had a superior
organoleptic qualities compared with conventional oyster product, and could be reserved in good conditions
for storage 90 days at room temperature.
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Raw shelled oyster
|

Washing in 3% salt solution

l
I |

Brine salting:
dipping in saturated salt
and oyster sauce
(2:1 v/v) solution

Dry salting
with 20% salt

! I

Fermentation Fermentation
at 5x£1°C for 15days at 5+ 1°C for 15days
| l

Dewatering Dewatering
| |
Cool-air drying Cool-air drying
(15°C, 4 hrs) (15°C, 4 hrs)

Canning in olive oil Canning in olive oil

Product SO

Fig. 1. Flow sheet for the salt-fermented oysters in olive oil
processing.
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Table 1. HPLC conditions for analysis of nucleotide and its
related compounds

Item Condition

Instrument Yeongin HPLC 9500

Column Synergi 4u hydro~RP 80A, 250X 4.60 mm
Eluent 0.04 M KH:PO,-0.06 M K:HPO, (pH 7.5)
Flow rate 1.0 mL/min

Detector UV 254 nm

Sample road 20 uL

SRR

L

~550°Cell A} 5~64] 7k 714] 8] 3} A] 7] ¥ ashless filter paper
2 oj3}sle] Ao 2 A4-3) v} ICP(Inductively Cou-
pled Plasma Atomic Emission Spectrometer, Atomscar 25,
TJA Co., USA)ZH Na, K, Mg, Ca, Cu, Fe @ Mn¢} &
A9 81 tH(28,29).

4, R
oIr

FSAA

BFA = F ALY Frled 53w E FH A7) 9419
panel-& FA ] &2 Co} AJAIF SO, 18)al &= Al
AEFES =, 3 227, A2 2 293 7] 3 el sl
SHA HAHG: ofF T, 4 F8, 3 HE, 20 HE, Lol
v o 2 Hrlstgith 5 Ae] AdE SPSS system
(Statistical Package, SPSS Inc., USA)-& o} &3} ANOVA
test @ Duncan’s multiple range test® p<0.05 %ol A
Al&m7re] oS 233 3k vh30,31).

Ags 238 27 Co A A F
SO9| dubd ¥ A, A7) ]ﬁ‘:(VBN) T 9 pHE
Table 2o vehf ot sz Co] 4%, =D WA, =2
2 23 E ks 27k 585%, 11.1%, 2.3% = 17.1%°)% 32,
A AE SO= 47 61.6%, 12.0%, 2.0% 2 16.3%2A4 HE
ol vl 3 22 Ads] ZFAg ubH el Al o] R E 2 qlF)
Z3]§-9] §ko] Frlsladct b, A Fr)1d 4= o pH

o A B2 C¥ 22.4 mg/100 g ¥ 6.1021 9] v]sted A A F
SO 44 A7t 27049 AF2 A3 Ied 4714
22 343 mg/100 g & Z7}g)F vbd, pHE 5852 vhas
Zrastdh.

HNB A2 7| EEF AR Zo Folrlxedl 245
opv] Al AbFEAA 24 ¥-41¢ A= Table 33 2t} of
ZT C 9 AAF SO Fo}v| ko) 332 7471 10,874.1
mg/100 g = 11,496.0 mg/100 g2 ¥ E =2 11,790.8
mg/100 g} ¥]s=3lsdch F 8 FAlobw] Ak Asp, Gly, Pro,
Gly, Cys, Leu, Phe @ Lys 5.0 24 Folv| 4b3) 3Hato}

u] e Ab-g ¥R 2 ofv] eabe] IR FhfrE ] oo,

2 298X A 7 A A F Abolol W xteo] & Kol
A Fgkeh.

AR A3 7| 59F LR 2o FAAEAL 285

Table 2. Proximate composition, volatile basic nitrogen (VBN) contents and pH of salt-fermented oyster in olive oil

. (g/100 g)
Sample” Moisture Crude protein Crude lipid Crude ash VBN (mg/100 g) pH
Raw oyster 7651057 12.9%0.2 1.6%=0.1 1.8%0.1 135%0.1 6.41
C 585%05 11.1£0.3 23201 17.1+04 224%+04 6.10
SO 616+04 12.0x=0.2 2.0%0.1 16.3£0.3 34.3%+05 5.85

YRefer to the comment in Fig. 1.
4 . .
"Mean®SD value of triplicate.
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Table 3. Total Amino acid contents of raw oyster and salt-

Table 4. Fatty acid composition of raw oyster and salt-

fermented oyster in olive oil (mg/100 g) fermented oyster in olive oil (area %)
. . Raw Sample” . Sample”

Amino acid oyster C SO Fatty acid Raw oyster C SO)
Aspartic acid 1,164.2° 1,109.1 1,166.8 14:0 3.3? 3.0 2.7
Threonine 617.8 566.5 556.8 15:0 05 0.3 0.3
Serine 598.9 569.1 581.6 16:0 16.8 17.3 175
Glutamic acid 1,564.5 1,439.7 1,674.8 16:1n-7 5.0 3.2 34
Proline 996.4 812.7 832.8 17:0iso 06 0.3 0.3
Glycine 767.4 7409 918.0 17:0 1.0 0.7 0.7
Alanine 4136 345.6 387.3 17:1n-8 08 0.4 04
Cystine 697.9 615.7 663.3 17:2n-8 09 0.5 0.6
Valine 437.8 4224 4232 16:4n-3 21 1.9 1.4
Methionine 292.7 2454 265.2 18:0 2.3 33 3.1
Isoleucine 310.8 290.6 289.0 18:1n-9 2.0 26.8 271
Leucine 967.0 9158 898.3 18:1n-7 6.5 5.1 54
Tyrosine 4746 486.6 48338 18:2n-6 L3 35 3.1
Phenylalanine 628.3 593.3 6129 18:3n-4 0.3 03 0.2
Histidine 302.4 274.8 286.0 18:3n-3 04 07 06
Lysine 1,002.5 932.3 934.7 18:4n-3 30 15 14
Arginine 554.0 5136 521.5 20:0 14 0.3 0.3
20:1n-9 6.3 39 37
Total 11,790.8 10,874.1 11,496.0 20-9-6 05 09 08
URefer to the comment in Fig. 1. 20:3n-6 05 0.3 0.3
“Mean value of duplicate. 20:4n-6 2.2 1.0 1.0
20:3n-3 1.1 0.1 0.1
20:4n-3 05 0.2 0.1
GCEA FA3 AI= Table 49 Zvh. 8 A2 4% 20:5n-3 23.4 139 145
14:0, 16:0, 16:1n-7, 18:1n-7, 18:4n-3, 20:1n-9, 20:5n-3 ¥ gg? o ?g (1)8 (1)3
22:6n-3 Sl F8 74 X] Hatelgl ot 71 S s AR o1'5n-3 11 08 0.9
ZCYSOEF a2 a|ugo odgko 2 18:1n-9 22:4n-6 0.2 0.2 02
o) 2417} UES) obAz, o eo] 160, 20503, 22603 2Zon 0 o o o
2 18:1In-7 €22 FAW7E itk dE23 C ¥ AAE 22:6n-3 126 6.3 6.8

SO Abelel FAAWAF 249 Aol A gith
20| Folye

F 509 freotrleal =4S
A 75 Table 5l Vet glct. A
28 F 7 F 2% Ao FolH "r“/‘“]v Zule] wt
¢l taste—active components® =}-4-3}= o}ml =4
gk A F5AF] 1,549.6 mg/100 g, EH.:_?‘ C+ 1,866.3
mg/100 g, Al A3 SO= 2,335.4 mg/100 g 2. 24 FALE
ZFofl o] d¥ 7R asle] A ?‘ﬂ’ﬂ—‘li °F 20~50% A
28] frefotrlmAtake] Frbsted i, 2T Coll ¥l A
¥ S02 frejotvrlimabe] gFo] 25% A= wgkeh =+
Co} A SO 7be] frelofm|eabe] 3k 2to] = Ak
#H A7 F ASFEN o] i SAL sl A
T Ajolof] 2% Z o2, o] fejotrlical §EFe] Aol
E7)1EEF QAR F AAE we] B4 = A #edstg]
2t A= 98 AFe F2 fFeolv it nE 7] 5A
3lital Tau®] o] 7205 mg/100 g2 A A & 24l
2] 8k gl A, o] 9 e Glu, Pro, Gly ¥ Ala 59
Bk o] 22 olw| LA EL SR IR R §
UL A o] A3 A, or]ell= A RA S
AEF= s 7P & addelele Ao] Bax el gl

olm] - Ak

Az

Mool Mo
2 ° np o

do Ho ot o afn

YRefer to the comment in Fig. 1.
PMean value of duplicate.

(32,33).
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Table 5. Free amino acid contents of raw oyster and salt-

fermented oyster in olive oil (mg/100 g)
)
Amino acid Raw Sample
oyster C SO
Phosphoserine 377 2.7 12
Taurine 7205 2299 304.8
Urea 3278 305.3 449.4
Aspartic acid tr 64.4 77.4
Threonine 229 75.1 571
Serine 209 56.1 64.8
Asparagine 38.7 275 63.2
Glutamic acid 68.0 151.1 237.8
Sarcosine 6.4 3.2 5.3
Proline 84.1 185.3 212.8
Glycine 50.4 124.6 150.9
Alanine 726 152.1 149.7
@ ~Aminoiso—n—butyric acid 15 3.4 3.7
Valine 7.8 394 31.5
Cystine 1.1 3.2 4,1
Methionine 2.7 85 11.4
Cystathionine 39 9.2 83
Isoleucine 55 29.8 244
Leucine 11.0 50.8 41.6
Tyrosine 9.1 32.7 29.6
B-Alanine 19.4 449 105.8
Phenylalanine 5.0 25.4 22.9
D,L-8-Aminoisobutyric acid 1.2 2.1 24
¥ —Amino-n-butyric acid 1.7 3.7 75
Ethanolamine 15 3.0 3.0
NH;3 116 1104 133.2
Ormnithine 44 10.8 10.8
Lysine 125 52.4 504
Histidine 9.3 245 25.2
3-Methvl-L-histidine 1.2 2.7 3.0
Arginine 232 32.1 41.6
Total 1,549.6 1,866.3 2,335.4
Refer to the comment in Fig. 1.
"Mean value of duplicate.
3] Gly, Arg, Ala % Glu 52] 9 &) Zv}x ¥ 13 v} glr}
HE AEH dE2T Cet AAFE SO #A4AHEA ¢
7)€l @71 A &2 =4S Table 60l Vbt d#A A H &

Ao 2/-& ¥l AFoll A= IMP(29.6 mg/100 g) &} =] 2Fe]

ADP, AMP, inosine ¥ hypoxanthine°] 7 &= o). ==
Col A1AF SO9 datadd 23 242 9 A IMP#} vl ?&4
ADP, AMP, inosine ¥ hypoxanthine £°¢] &= g2, o
AR AR5 Y27 ko] vzl AMPS} IMP 52 &
o] Bl B AF Sl TR AL Rl &
4 912 (38), £ 7]
vjgko] =2 Thef] W
L8 —*rzq Hloh
s, AE AE, HE

TMA ¥ total creatinine 5 4% 18 gy e B
g A AT HEEE

=

=9

C2} A1 A1E SO betaine, TMAO,

¥+
G2 455 Y
Sl de] FE3H o] 5o A ot
S 8-9) betaineS ¥ E A=l 6285 mg/100 g2 ©}
e gldes, LR F HaT Co As o &
2 st o, AlAE SOw AN AHre & A
Zd o -{-H betaineo] H 53t 2T Coff 1] 3
@& oFo] zk=3) ¢l %t} Betaine® 2 A7 2 ?"’:
2 2 yol frefelr| it tjEe] 7| EHE AL R
AFL F2 AHepdAAd Eeoletar A=)
TN[AO“ )= Co} AAIF SO 8.1~15.1 mg/100 g
Az vk FHEe] slom, o] FdEA ol o)FHe F
A ¥l TMA & 9 4] 1.5~58 mg/100 g .2 v = &§-5
o} 9l2lc}. Total creatinine?] 7-%, ko] 30~40 mg/100
g AE2A At o Fol vl&) &gk FfrEe] oldled, dx
?— Ce} Al AlE SO 7rell= ¥ #o]7} glsdt)h. Creatinine2
FALE Ao g2t Feighla gzl EA LA
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o
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(39) Z9] shibolit, o4 Ak of Fool u] &) grape] mlake] =
27189 PTE Z AAF A0l 23] Yt naA

qEgg & zleg B

Frlol 2 242 ICPE4 #4138 A& Table 7 vie}
gith AEe] F7)0]& 242 Na o]°] 476.2 mg/100 g
2 7H wol gfrEel e, thge] K o] 2(128.2 mg/
100 g), Mg ©]2(22.9 mg/100 g)°o1l i, Y A] Cuy, Ca, Fe
2 Mn o].9_ _Eo] a8 zﬂ-%g] o] 019\11:} ]Zﬂ%— SOQ] 731_?_
AR E F AFZ A TR Na o]o] 754 F7}

Table 6. Nucleotide and its related compounds, other base contents of raw oyster and salt-fermented oyster in olive oil

(mg/100 g)
1)
Raw oyster Sample
C SO
ATP tr? tr tr
ADP 78 6.0 52
Nuclentide and its AMP 46 3.8 3.0
related compounds IMP 296 184 20.2
Inosine 57 10.2 9.8
Hypoxanthine 1.0 5.1 3.9
Betaine 628.5+15.7° 316.0£10.6 581.4+12.1
TMAO 151x1.1 81x04 10.2£0.7
Other base TMA 1505 5.8+0.3 3606
Total creatinine 39.1x0.1 30.7+02 31.8%0.1

"Refer to the comment in Fig. 1. ’Mean value of duplicate.

IMean £ SD value of triplicate.



Table 7. Inorganic ion contents of raw oyster and salt-

fermented oyster in olive oil extracts (mg/100 g)
.. Sample“

I R t

norganic ion aw oyster C SO
Na 47627 4,480.7 35736
K 128.2 139.6 1385
Mg 229 56.2 55.0
Ca 4.1 6.4 42
Cu 12.1 12.0 112
Fe 9.1 9.0 57
Mn 1.1 0.8 0.6

1)Refer to the comment in Fig. 1.
“Mean value of duplicate.

9o K ¥ Mg o] 5% 234 Zrlslge. £7148 5
% Na o)1} Cl o) 22
= (40)31,]_ ogu]-;q o _?_7]
active componental--— A eg 39
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T5A EAC st AEd A v}
AW g 7588 98] 3712°Col 4] 30 %k
1 AA F HZT Co A A F SO 73,
4% TBAZL ¥ pH, 28l 2 FARAWA 24
S- ol3lsla FAle] WstE &7 AFE Table 87} 9ol v}
et 72 AL 717 5 2T Co 8 2 58.9%
A 61.6%Z A A F SOE 61.6%°lA 62.8% % 2F7F &7}
3}l a7, IPAl o3 71 A Ak o A] 20.9 mg/100 goll Al 25.1 mg/
100 go.2, 2831 30.1 mg/100 goll 4 31.6 mg/100 g &
7t FrVehe 73S Btk pHe o AAE 7 A ¥
) ek &9, £ AAFL 7SR E T A Fel 2R AR
F AR AE 8 FH a4V E Zlo g Kol TBA%HJr
TAA AL 2409 WstE FA sl sl TBAGHS =

C9] 7% 0.19300 41 0.221 82, A1 A F SO 0.166°1 4 0. 186 °
2 o7k Zhslginh 37+2°Cell A 3097 7R & A
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Table 9. Changes in fatty acid composition of salt-fermen-
ted oyster in olive oil incubated at 37+2°C for 30 days

(area%)
Incubating period (days)

Fatty acid 0 30

c? S0 C SO
14:0 3.07 2.7 34 34
15:0 0.3 0.3 05 05
16:0 173 175 183 18.1
16:1n-7 32 34 38 40
17:0iso 03 0.3 0.4 05
17:0 0.7 0.7 1.0 0.9
17:1n-8 0.4 04 05 05
17:2n-8 05 0.6 0.3 0.3
16:4n-3 19 1.4 0.8 0.1
18:0 33 3.1 39 35
18:1n-9 26.8 27.1 26.9 27.3
18:1n-7 5.1 5.4 75 7.0
18:2n-6 35 3.1 14 12
18:3n-4 03 0.2 0.2 0.3
18:3n-3 07 0.6 0.8 0.8
18:4n-3 15 14 19 21
20:0 03 0.3 0.3 0.2
20:1n-9 39 37 3.9 43
20:2n-6 0.9 0.8 11 1.0
20:3n-6 0.3 0.3 0.1 0.2
20:4n-6 1.0 10 09 12
20:3n-3 0.1 0.1 0.1 0.1
20:4n-3 0.2 0.1 0.1 0.1
20:5n-3 139 145 122 12.4
22:0 05 03 0.2 0.1
22:1n-9 19 19 15 13
21:5n-3 08 0.9 1.0 1.2
22:4n-6 0.2 0.2 0.1 0.1
22:5n-3 0.9 0.9 09 0.8
22:6n-3 6.3 6.8 6.0 6.5
RPF? 12 1.2 1.1 12

YRefer to the comment in Fig. 1.
"Mean value of duplicate.
3)Remaining ratio of polyunsaturated fatty acids, 20:5+22:6/16:0.

obx 7 A3 E3hat 4 wi-alabe] 24u)7} obk FobA
& W AAROE 2SS wolx| ehskeh mebd & A
F SOt 7H2A4 712 F 15 FAo] P etA £
937 9ee & F o, ol d FA9 fAdE F2Y
Nl WA A, E2YE A Fhs 2 B o] 2
g 9e Aoz Azkeerh

Table 8. Changes in quality characteristics of salt-fermented oyster in olive oil incubated at 37+2°C for 30 days

Storage day Sample” Moisture (%) VBN (mg/100 g) TBA value (O.D.) pH
0 C 58.9+0.77 209*13 0.193%0.002 6.04

SO 618113 30.1£0.6 0.166x0.003 5.85

15 C 60.2£09 222*03 0.212+0.001 6.07

SO 62.1206 30.9*05 0.179£0.009 5.88

30 C 61.6x1.1 25.1%£02 0.221 =0.006 6.12

SO 62812 31.6x02 0.186+0.004 5.89

YRefer to the comment in Fig. 1.

IMean*+SD value of triplicate.
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2 223 229 E T3t Ade HEARYE 5 v A3 F7HE B 2kgte] XVWEM A= S o
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2 Eo Aed B 287 ode AR AAFHAG A FA0) HASA FAHI TS RFAL, =3 AT

g, 7k F dE2T Cok AIAE SO =t Al 2 FE LA 90d St TS FAsk e ek =3,

3, AlAF SO &7 Cell ¥ A4 90 Fa 2T Coh AAIE SO =, A 2
< BAgL gt ot, WAl ok 4= A& ARt 7152 WS ST AR, /424
‘Fl"ﬂ/ﬂ-& 5% OILH—C% frol el okt - BHE T b wo} shRTA 2 of AAE BT AR 2] ARE S
Skeh Zb A AL 717 & BeA 549 MEE 2R, o AA L B2 AR £ A4l o3 A5A VN amst HA
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Table 10. Changes in total viable cell counts and sensory evaluation of salt—fermented oyster in olive oil incubated at 37+2°C
for 30 days

Storage da Sampie” Viable cell counts (CFU/g) Sensory evaluation (5 score scale)”
orag v ampie -NaCl 0% medium NaCl 2.5% medium Taste Odor Color
0 C -2 - 35° 3.2 37

SO - - 43° 35% 39

5 C - - 35 33 38

SO - - 45° 35® 41"

4 C - - 38 3.4 3.8°

; SO - - 46" 37 45°

Anchovy fillet” - -

YRefer to the comment in Fig. 1. ?Not detected. 3)Anchovy fillet in olive oil on the market.
“Means (n=9) with the same alphabet in column are not signicantly different by Duncan’s multiple range test (p<0.05).

Table 11. Changes in quality characteristics of salt-fermented oyster in olive oil stored at room temperature for 90 days

Storage day Sample” Moisture (%) VBN (mg/100 g) TBA value (OD.) pH
0 C 584+0.8” 214+04 0.191+0.003 5.82

SO 60.8+£0.6 30702 0.166=0.005 5.74

- C 59.7+1.1 226105 0.198£0.008 5.83

‘ SO 623105 3184038 0.170 £0.005 5.76

60 C 60.210.4 243+02 0.206 £0.002 5.94

’ SO 62715 33.0£0.2 0.172=0.007 5.81

90 C 60.60.6 25.1+0.4 0.213%0.008 6.02

; SO 63.1£0.7 325104 0.181 £0.002 5.84

YRefer to the comment in Fig. 1. ®Mean+SD value of triplicate.
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Table 12. Changes in viable cell counts and sensory evaluation of salt-fermented oyster in olive oil products during storage

90 days at room temperature

Viable cell count (CFU/g)

Sensory evaluation (5 scale score)”

St d Y

orege day  Sample NaCl 0% medium __ NaCl 25% medium Taste Odor Calor
0 C -2 - 36° 3.4 37

SO - - 43 3.7 3.9

20 C - - 3.7 35" 38

S0 - - 45" 3.8% 4.4

0 C - - 38 36 39

SO - - 46 3.8 45"

%0 C - - 3.8° 36" 39

SO - - 46° 40° 46°

DRefer to the comment in Fig. 1. PNot detected.

YMeans (n=0) with the same alphabet in column are not signicantly different by Duncan’s multiple range test (p<0.05).

Table 13. Comparison of sensory evaluation of salt-fermented oyster in olive oil product (SO), salt-fermented oyster, canned
smoked-oyster in oil and anchovy fillet in olive oil on the market

3 2
Sensory evaluation (5 scale score)

1
Sample Texture Taste Odor Color Overall acceptance
Product SO 39 41° 49 41° 43
Salt-fermented oyster on the market 3.7 40° 3.4° 3.6” 4.0°
Canned smoked oyster in oil on the market 3.3 3.8 40" 3.8% 42°
Anchovy fillet in olive oil on the market 3.3° 34 3.6° 39° 38

YRefer to the comment in Fig. 1.

“Means (n=9) with the same alphabet in column are not signicantly different by Duncan’s multiple range test (p<0.05).
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