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Abstract

Mackerel (Scomber japonicus) is one of the most important cultured marine species on the southern coast of Korea.
However, microbiological spoilage of mackerel can occur because of bacteria, yeast, and molds. Therefore, in this
study, we investigated the chemical composition of salt mackerel and characterized and identified proteolytic
microorganisms isolated from salt mackerel. The moisture, crude protein, crude lipid and crude ash contents of salt
mackerel were found to be 62.1%, 17.3%, 16.3%, and 2.6%, respectively. Eleven microorganism strains were isolated
from salt mackerel and characterized to determine the optimum pH and temperature for their growth and their
viability in sodium chloride. Based on determination of 18S rRNA genes and 16S rRNA genes. the dominant yeast
and bacteria species Rhodotorula glutinis and Escherichia hermannii, respectively. R. glutinis and E. hermannii
showed optimum growth at 25T, pH 7.0 and 8% and 6% sodium chloride, respectively.
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HuojRe] fEael Tl 1Eofme] St vl
SEI7|2A AdsollA ol o=, Aol=], A7
o], FXe} I 4t TFE BAHCE EXth 59| 1T
ojof= VTEEISERHPAR] eicosapentaenoic acid(EPA)2}
docosahexaenoic acid(DHA) 5©°] T-fFEo] o] FHojut
YA 7158e 7L Qdrk E3L FEY opn| At
it 9 HERI B, E 5 5% ITAE Bol 2k
Aol FFA 7= =tk EPAY DHAS| 7542 E%
ZYAEE A9 2, @4 o 2y 9 7y A2 &

A7l A BY 5o] EIEIT 9lthMedina G,
1996; Nordoy 5, 1993; Simopoulos, 1991). T&o0] XL
Agie] wisie Als) Wrio Apiglo] AFSEA 715
A9l A7 22 §LS 7bA AlZEEs} 2B uhy gl =
Alo|th(Horrocks and Yeo 1999; Lee 5, 1997).

et wSof el BT 23] s ool
BR5] A3, Fg0] BAG] SRECE e Nl
7] fvh. EZ IS5 Blcheefd A AJEo] Eol ‘2101 o]
5 Au5o| Rusk E2t Aol o3} olg=l] o]
e e pes] ZsAENT Qu wds] 4
tH(Shin 5, 2006; Yoon 5, 2007). tj&E0o] oj&d & Hxr}
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55| Aot Ho] f-87Ixto] Fal Tl Hgos Ab
7HEY dm=E olgshrlo A et B ol A%
E E= AR o5 tLim 5, 1997). ESH T
4 FHHUoEA F8% ofF= 1L AR
B9 offgo® Qlste] mAEe] ozt Fujrt AT
5] A =i Qltk AAE Aol o3t o 9 Fufof] &
gt R 31(Sakada 5, 1980; Shewan, 1971)2} of&3} %Ak
710 Exstal Sl ThlEs|aAo] o3t o}&o] AREH
Slof] #et AF7F HAEA QtPyeun 5, 1996; Ueno
5, 1988).

ol2]gt o|f& wgEo] osf Hd % APt F55H
Y31, oF7 WYSk= & 7FAAo] Wol Hoh B
S22 7t Basi sk 18y dA7HA] 150
Fafigto] #E A= wHshy, 1509t wE At
T 2 15019 4 A S At HRe
B2 AAEY @5 ol&(Lee 5, 1993)5kAY ¥
50 AR Al A AP & A2 BES IAgsto] dxs)
£ WH(Ahn 5, 1991), It BEI A 2=5 Yot
oFH4d A3 Ha &, 2007), Brine *2] RIHAubourg?}
Ugliano, 2002), A9 F7|¢= o83 A% &3}
(Goulas¥} Kontominas, 2007), SH} FEE0|L A1EQ] &
2 o83 A Mol S8 Tl UtHHong 5,
2005; Jung 5, 2004; Shin 5, 2006).

q
shi, Helg 15e] B 279 54 AN %

ek
R

Az 3¢ ¥ Y 24y

E AY 72 3150(Scomber japonicus, mackerel)=
bFEAl DA SO U= Hs WHFALFO oA FYsIS
I, Alge FA7E 9F 200-250 g e He 1501 o685
of Atofl ARSIt Alm o] AU s olA A
FHIL = WS o8I Fig. 1). 5, 9= W2 Al
Aslal E=& =9 AlAste] olFd 55 AART F 544
Skl IR & 52 AlASH] ThA] 4] d2 S
T} o]%F 12-18 h 5t &/dsto] Atof AREsITh

AJ2kS- Sigma(Sigma Chemical Co., St. Louis, MO, USA)
oA FUstA o, ThlsolmEE E23t Fuyd nlgEo]
4 9 A5 B4 Ayl dHAst] 8= UV-pharmaspec
1700(Shimadzu, Kyoto, Japan) & Spectra max M2(Molecular
devices, Sunnyvale, CA, USA)E ©o]&5}o] =45t

’ Salting mackerel ‘
|

’ Unfreezing ‘
|

’ Evisceration ‘
|

’ Washing ‘
|

Immersion
(5% NaCl solution 10-20TC, 1 h)

|

’ Moisture elimination ‘

|
’ Add salt ‘

|

’ Aging, 12-18 h ‘
|

’ Package ‘

Fig. 1. Preparation method of salt mackerel.
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o &, UIeEF 42 AR 0.5 gOf nitric acid?} H,0.5
2o} BEJA1Z] ¥ Whatman No.2 filter paper (Whatman,
Maidstone, Kent, UK)o]l 913ttt o7t Al=o] S5
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Spectrometer(Perkin Elmer Co., Norwalk, CT, USA)E o]-&
stel 2gsteirt
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Scanning electron microscopy (SEM) AR} 0| 4& o]&
sto] AlAgE 15019t A4 7|xto] AkFl) isole] &+
S WISt AES 45 FEZ IxIx1 em8] A7|=
HitH S o]-8sto] AfH okt 2.5%2] glutaraldehydeS
o]gsto] 4TAA 2A1ZF IHAIZ] & pHZF 7.281 0.1 MY
PBS &0 & 25ttt &< 5 isoamyl acetateS #| 2|5}
1, CDP AX3t & FEslo] SEM ZAdu|7(Hitachi
S-2500C, Hitachi, Tokyo, Japan)< ©]-&s}o] =459t
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Zus0je] Hujy ojuE Lol

Fgole] R Helt Oh 5(1998)9) S wWget
04 28I AR 1 g F519] 0.9%(w/v) NaCl 71t
3 homogenizer(Kinematica AG, Luzern, Switzerland)E ©]
&5to] #23} 51, #FE3HE 34 Y 100 uLE YM agar
(BD, Difco™, Becton, Dickinson & Co., Fraanklin, NJ,
USA) 82|12} Nutrient agar(BD, Difco™, Becton, Dickinson
& Co.)afiA] o]l @55}@‘4 25T NI 482417 HidRt & H
2] FeEdolut Me] F+, colony Z71°f| W} w5 w5}
Rt 7H15019] e, oy dut Aol 71 Bol
FEE7] whEo] B AFofa= 25TolA vigste] 7 R
o] Y PAE = EstarAt st

o B

LT

2t050] Hij #FFo| 534
16S TRNA 2 188 rRNA A4} f7|AE BAS S5
3F 2HE #5 F8S AAISIH: A429] w04 24
A7 52 U] LS 10000 ool 1087F it
2Jslo] FAIE 3]4=51a, Wizard genomic DNA purification
kit(Promega, Madison, WI, USA)S] ®I'Ho| w2} &35
o}, o]% EajH 9] 542 @rta 2 A (Macrogen, Seoul,
Korao Sigslel A7\ fstalc 1] 2 ol
100% &/d2 7HAL Y= 5ol bit score FLo] &

F=2 Kqeiste] =AY}

250 g & 4%

223 Ao ERE F4]0 0364‘*9 H|Z]= IAto] tigt &
e ZARIALE 2288 72 YM agar HiA] @ Nutrient
agar Y| A]9]| streakingd}o] 5C0ﬂ/\1 HjoFst & YM broth 2
Nutrient broth HjAS WEo] 2 YA =L(10° log
CFU/mL)Z #Z5}3t}. Shaking incubatorE ©]-8-319] 10,
15, 20, 25, 30, 37CO] 29 S<t B oW, rppmS 15002
=917, 6A|7HC) 540 nmol|A LTS 4519t

pHO| 2 # A%
Z|3 pHE 0.1 M A|EZ24F 25-89%(pH 4.0-5.0), 0.1 M
QIAF Y=-8M(pH 6.0-7.5), 0.1 M Tris 24Z-8H(pH 8.0-9.0)
S ARg3to] Z17F 4.0-8.09] HQE pH 435 YM broth®}t
Nutrient broth HJ#]o] 943+ H%(10° log CFU/ML)E £2]
3F & HEskaL, 25ToA 4847 uidsto] 540 nmojlA]
a2 2435190k

NaCl &of| e & M2
29 vBEERE 4 sk iE 759 A o4RE
otsly] Qs #-2 A4S B%(10° log CFU/mL)E 1004

SMT T NaCl9] sEE L w
shaking incubatorof| 4] 447} Bk
S5ttt

beof| HFoto] 25T
¥ 600 nmoM FF=E

— o = = T
Fa15019] ARHE-Z ACACHS l%‘&PO# 4% 2
(Table 1) $E31Eko0] 62.1£3.2%=2 7P Wkl Rekhaal =

AR 47} 17.342.8, 16.342.1%, Z31& %L%kﬁ 2.6:0.8%=
S78E . Park 5(1997)0] W21 5of9] At A
A<, o1 5 ARIHR] 2 ARA ] Apolof we tha
Aol7} ghs ACR TSI glom), HE Hojo] Fg i
ool 64-76% A E= ZoE Hilst O]I‘J(Park 5
1997). Song 5(2005)0] OJ5hd S=Eateko] A9 & o WS
43.94%0°1H, ZPHAN Ao e 744 18.87%,
33.75%= Hskal QJth(Song 5, 2005). O] E Ao A
= TEUY, 2929 4= Park 59 A7t AAH 02
LARSE AoRS B9tk ZA|Ha ZehiE shako]] QlojA =
2 Aol e gieh 28l Nam SQ01DE 2 A7
ok= oftte] Aolg Hith o= A5ol9] Aol Ald
of wet gL wol W] q—a%_] Aow Az Heh

714 d=F 842 ICPE o]-gsto] EA51tk(Table 2).
UEFY ZE0| 9F 4.2740.3, 4.34+0.8 mg/gC2 27} 714
B2 e Bl vidls, da w08 SE0leH, 4
Z} 0.2440.02, 0.15+0.04 mg/g T-Fotal ATt E3L Ti, V
8l Ba= SHEA] 9o, & d7ellA LoD 3 LOQ=
100 ppbE A7t & OFL A= 7183 oA H
o 29 chAnte] Rr|AE g BAolA Na, K7} 7Hg
o] TR0l SIcke U8t B, Aee] ofgt =
AU Ao = ALmETHChoi 5, 2008).

A4 Z280H% v1f Znsolel 28

7h5010] Hafo] e 78 2x0] WElE SEM A4 @

uva% olgsle] AT, kFole] 27 BHL 9
A)9] AlE+= 1,0008] B &= S7551%10L, (B)Y] AlE+= 508)

Hﬂgi 275tk AR 01891 AHA) o] 24

20| Blglon] Hulo] ZepAl Wio] glo] BIENEY 1

Table 1. Proximate composition of salt mackerel

Crude Crude Crude

Moisture protein lipid ash

Component
(o)

62.1+32Y 173428  16.3+2.1 2.6+0.8

"MeantSD (n=3).
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Table 2. Mineral content of salt mackerel

Al Ti Cr Cu Ba Ca

Mg Fe Zn Na K \%

mg/g  0.15£0.04" ND? 0.02+0.00 0.02£0.00 ND

0.17£0.05 0.24+0.02 0.02+0.00 0.004&000 4.27+0.3

4.30+0.8 ND

YMeantSD (n=3).
IND, not detected.

&F& Holu, ojgo] Fufixlo] A4k g2 - B)oll= &
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THFig. 2). o|2fgt A= ZA] & FxRoj|A Hujj A] 59
7 5=, 3 HEfe] 717 A% Al myofilament
7} S-ota AFEX|SPt dojuk= o2 HA(Yund Lee,
19978 A<t FARE HFS Ak

E3h Yoon 5(2007) 7Fal5019] A & 2ALE A
g A}, A 717kl wet J23, A= oA, B
7} ZAaske Zog B 19T Yoon 5, 2007). o] AE
EE 2 A7) 23E RS0 2270 JAIE A
2 Qlsf} 4143t o] 5o Hls] Fufj ojgo] Aol 229
BI7F 945 dold A0E Az Hrt

ZTS0le] HIIY 0ME 2| 53

NS 83’ & 1 g& FI6kL 0.9% NaClZ 715k
% homogenizer(Kinematica AG)Z w23} 3191, YM agar
9} Nutrient agar o}850] W} Al Rejaisich. 25C
4] 48:24171 BoFBl. oM, FeRolLt o] S, colony
of 57| Sof ofs} #EE Relskgict. Eek, (uSole] %

(A)

wfjo]] w|R= & FokE7] $15Ho] ribosomal RNA A E2A]
S 0]83191, 1 ZAI= Table 30 YERAACE YAE
Rhodotorula glutinisZ 7% =2 ™, Rhodotorula <52 3]
ol| wol EAstH, A SAo] A3t o= A Utk
YB= Saccharomyces cerevisiae, YG= Saccharomyces sp.
2 AR o, sHH Alt9] 39 BA 9 BB Escherichia
hermannii, BC= Staphylococcus caseolyticus® 57| it}
S, Oh 5(1998)°] 5120] oJ8l YM agar W15 o} g3}
o £uE R 23} 3 1450 TRE FelGiT, 12
I} 2 A9} ZUSHA| Candida 43} Rhodotorula 0] £-2]
b SgIERs WS} fAROB, o] R sjogel st
Al SASHL U= AR LA Slth &3, Cryprococeus
2, Trichosporond; 55 H2[3t Ao H 15T}
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Fig. 2. Scanning electron microscope images of fresh and proteolytic salt mackerel muscle.

A, fresh salt mackerel x1,000; B, proteolytic salt mackerel x50.
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Table 3. Identification of yeast and bacteria isolated from salt
mackerel

Strains" Identification Strains Identification

Y?A  Rhodotorula glutinis  BYA  Escherichia hermannii

YB Saccharc_;my ces BB Escherichia hermannii
cerevisiae
YC Candida zeylanoides BC Staphy ZOC(.)CCMS
caseolyticus
YD ND?
YE ND
Saccharomyces
YF boulardii

YG Saccharomycete sp.

YH ND

YYA, Rhodotorula glutinis; YB, Saccharomyces cerevisiae; YC, Candida
zeylanoides; YD, unidentified organism; YE, unidentified organism;
YF, Saccharomyces boulardii; YG, Saccharomycete sp.; YH, uni-
dentified organism; BA, Escherichia hermannii; BB, Escherichia
hermannii; BC, Staphylococcus caseolyticus.

JY, yeast.

3B, bacteria.

ND, not detected.

O = 3133, 540 nmollA SFEE ST oH, 48417
HjoF & 2o mE JF= Fig 30 yelilth 27E
Tttt S AL B tE2A vERgth I Z3h a5
9] 7% 20-25CAR|9] F20lA 7 AF=7) =9kou,
10CH 37T = 79 J3EC] R3tTh M, Alit- BA,
BB, BC 25 ZE20 & 37C 9 S04 A% &5/} =9t
on, 95|8 FHl= G| AojA 2 A2A] gl 2%
7F FEHE EC] W2 AE Hoth 1500+
23t A= oF2] mH]stH, Oh 5(1998)2] Aol ofstH
5ol A Eejsto] o] HA2Eg ST A} Higt
AL & 4= JtHOh 5, 1998). 18 YG, BB= 10T 9 A
29|ME o FFEC] 40% oo E F Ao, UE +E
T3 A2 ME S ok A o= Hof, Hafgt o] 7kl
5019 E4o] JFZ 713 5 US AoE AlEHrh

ZuS0] Boff F32| pHofl WE FeF

22 g Alet F40 IF=2 vIAE A F pHOl e
0] /g WS ATt AR YA, YB, YC= pH 7
oA 7P & AL pH 5.001M 7P W2 ARES 2
k. YBE pH 10014 7Hg 2 82 B, YO

(A) Yeast
2 —-YA +YB -~YC 5 . YD 4F+YE —-~YF 5 --YG +YH
~ —~ /é\
g 1.6 g 1.6 =16 r
w 12 w12 w12 r
o (] Q
2 08 r 208 r 208 r
: = :
n 04 r N 04 | A 04
o o o
0 L L ) 0 L L L 0 L L )y
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Temperature (°C)
(B) Bacteria

_ ~-BA +BB ~BC

e Qo = =

OD value (540 nm)
© B o N o N

L L ! J
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Temperature (°C)

Temperature (°C)

Temperature (°C)

Fig. 3. Effects of temperature on the growth of yeast (A) and bacteria (B) in YM, nutrient broth medium for 48 h.

YA, Rhodotorula glutinis; YB, Saccharomyces cerevisiae; YC, Candida zeylanoides; YD, unidentified organism; YE, unidentified organism; YF,
Saccharomyces boulardii; YG, Saccharomycete sp.; YH, unidentified organism; BA, Escherichia hermannii; BB, Escherichia hermannii; BC,

Staphylococcus caseolyticus.



668

pH 4.09} 5.0004 22 HFES Ht}. 9, YD+= pH
404 7P =& HFES HQOL, YA, YB, YCO g

2 pHolA= A74E0] RobA ARk 23E H3ith YG
£ pH 6914 2] Aol 7MY =3kom, W2 pHRI 42} 59
A EC] 7P Rt AAHo R aro] HS YDE A
QI3 YAz pH F4 F-2ollA 7MY =2 88 B,
YD= pH7F B2 oA 71} =2 S Bt 2HA, Al
- BA, BB B pH 7.0%1 54 F9IolA 7MY =2 A%
= H%lom, pH 4.02} 5.0004 7Fg F& JFES Holoh
(Table 4). T3t pH7} $430] obd HF 2AY =obd of
9] A vH|sHA et 2 A= Oh 5(1998)9]
223t A% % C lipolytica FM59] 2] pHE 6.5-7.59]|14
7HE /3730 e A9t FYSHITHON 5, 1998). ol
Song 5(2005)0f| 2JstH AlA%E 1150 7§ pH7L 5-6 Al°]
Qld|, Fuj7b €45 pH7} 2o |= ZAoE Hilsty Qlk
(Song 5, 2005). o]= & AFE} 1507} Haff EHA
o] §/d740] o]FolAl= 24 pH7t B0l Hol &= F
7t AYPe= Aoz 9T 4 Qlok
#52| NaCl o ms g

3 HA= QA F SRl Al
2 o9 gHsE dAteloith ¥ gt
(10° log CFU/mL)Z 1008} 3]4%t & NaCle] 5=
3t tubeo]

ol
i

=

=3
=

Z3lo] 25T shaking incubatorof|A] 447t uj

FAEALGESTA ATH AT (2020)

& F 600 nmojlA FBEE SHSIGH dEk
sto] AFRE 1Q7R] o B FFE S5 St
a0, 2, 4, 6, 8, 10%EE Z33}9lon, 1 Ai}= Table
59 At} iR ool 6-10% T4 F4lo] HYaL, H]
A =2 10%2] FFoAE Z Aotz 2R Hof 73t
HWAES 7L Sl= ALE ABZHEH YA, YC, YE, TF,
YG7F 6-10% TgollA] w2 44 B3, YHE 2%°l4
Z 4Aslelt). Ak BHHETHE T W2 9] 55of|A
Z AJoke FElE Holow, dritt B2 tE AR &
A=), Ald BAE 6%0]A4], BBE 10%, BC= 0%C)|4] 0.67,
0.55, 0.552 7F¢ =4 45901, BA, BBE Az 2
5 ODgo] Roker, BCY| %= Iskold 3= 4t
o] Wttt gHH, Oh 5(1998)2 10%clA % g4o] & ==
ZAoZ HIET 9lom ol A oA H|=gE HFS K
THOh 5, 1998). @A 15025 E9] & 9 £/ &
gt A= mH|sh, AR Bl A E7FsST S, &
L7t EZ oA EN F T =2 XM E & A=
A0 Hol Y/ido] ZFsirhal gzt=m, thRES] o] =2
Y| FEoME o] AEC] =3It o|= sl et +F
9] EA42 49 U/do] 2 FolMx EEgt S4S ok
Ro7 ZHEglow, ozfgt o] 2HZQ] Huljo] Tk
AOo=E AREET Hwang?} Kim(2005)2 AFRE501oA
histamine= F-3lol= 582 7H AlvtbS B85kl o, 5
Fofl TAE Aleto] B2 AR A5t Hwangy} Kim,

et

e

o

Table 4. Effect of pH on the growth of yeast and bacteria in YM and nutrient broth (ODs40)
pH
Strain"
4 5 6 7 8

Yeast YA 0.114 0.025 0.135 0.611 0.071
YB 0.364 0.142 1.292 1.421 0.338

YC 0.034 0.133 2.011 2.142 1.820

YD 1.345 1.320 1.232 0.403 0.794

YE 0.137 0.685 1.086 1.212 0.663

YF 0.160 0.969 0.992 1.211 0.831

YG 0.444 0.793 2.408 1.165 1.227

YH 0.100 0.737 0.982 0.944 0.639

Bacteria BA 0.373 1.042 1.088 1.454 1.156
BB 0.550 0.947 0.972 1.291 0.869

BC 0.141 0.665 0.747 0.932 0.644

YA, Rhodotorula babjevae; YB, Saccharomyces cerevisiae; YC, Candida zeylanoides; YD, unidentified organism; YE, unidentified organism; YF,
Saccharomyces boulardii; YG, Saccharomycete sp.; YH, unidentified organism; BA, Escherichia hermannii; BB, Escherichia hermannii; BC,

Staphylococcus caseolyticus.
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Table 5. Effect of salt concentration on the growth of yeast and bacteria in YM and nutrient broth medium at 25C for 96 h (ODég00)
Strain) After 4 days
0% 2% 4% 6% 8% 10%
Yeast YA 0.862 0.914 0.786 0.821 0.985 0.802
YB 0.938 0.843 0.835 0.770 0.801 0.934
YC 0.556 0.556 0.562 0.549 0.576 0.618
YD 0.719 0.737 0.673 0.770 0.739 0.783
YE 0.677 0.711 0.744 0.676 0.845 0.681
YF 0.817 0.786 0.794 0.886 0.82 0.697
YG 0.796 0.82 0.853 0.888 0.788 0.792
YH 0.812 0.901 0.728 0.804 0.875 0.898
Bacteria BA 0.485 0.507 0.504 0.675 0.533 0.497
BB 0.489 0.503 0.483 0.499 0.542 0.551
BC 0.500 0.485 0.498 0.389 0.442 0.450

YA, Rhodotorula glutinis; YB, Saccharomyces cerevisiae, YC, Candida zeylanoides; YD, unidentified organism; YE, unidentified organism; YF,
Saccharomyces boulardii; YG, Saccharomycete sp.; YH, unidentified organism; BA, Escherichia hermannii; BB, Escherichia hermannii; BC,

Staphylococcus caseolyticus.
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4 o2
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S &2 a9 Escherichia hermannii, Staphylococcus
caseolyticus=. 5= ATt

A2 aEAEe] B43 Q4 Wk Qs gt
WAA R AR L2 =4S ol&ste] A%
4 $7Fe =ol= A7t wol X Utk o] 4
B2 Mo} E 7k A 3718 Rolt A7l o]

Z8% 7|2 A=/t B 0= ARE6, A7 AR v
2ol 2 uf 9o} go| el #Eo] thste] FiE BAe]
5K s fso] ol M| A9 Zhusole)
e F7keked 2 mgo] | B0 Amgth

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Tae-Hyung Kwon https://orcid.org/0000-0002-2250-9444
Jong-Hwa Lee  https://orcid.org/0000-0001-6544-724X

References

Ahn CB, Kim BG, Lee CH, Lee HY, Lee EH. The effect
of cellophane film packing on quality of semi-salted and
dried mackerel during processing and storage. J Korean
Soc Food Sci Nutr, 20, 139-147 (1991)

AOAC. Official Methods of Analysis. 15th ed, Association
of Official Analytical Chemists, Washington DC, USA
(2000)

Aubourg SP, Ugliano M. Effect of brine pre-treatment on



o FLAZALIESS]Z] A27E ASE (2020)

lipid stability of frozen horse mackerel (Trachurus
trachurus). Eur Food Res Technol, 215, 91-95 (2002)

Choi JS, Shin SH, Ha YM, Kim YC, Kim TB, Park SM,
Choi IS, Song HJ, Choi YJ. Mineral contents and
physiological activities of dried sea tangle (Laminaria
Jjaponica) collected from Gijang and Wando in Korea.
J Life Sci, 18, 474-481 (2008)

Goulas AE, Kontominas MG. Effect of modified atmosphere
packaging and vacuum packaging on the shelf-life of
refrigerated chub mackerel (Scomber japonicus): Bio-
chemical and sensory attributes. Eur Food Res Technol,
224, 545-553 (2007)

Ha JH, Lee US, Heo SK, Bae DH, Park SK, Hwang SS,
Ha SD. Combined effects of antibacterial film and
storage temperature on shelf-life and microbiological
safety of mackerel. J Fd Hyg Safety, 22, 317-322 (2007)

Hong JY, Nam HS, Huh SM, Shin SR. Changes on the
rheology of salted mackerel by treatment of Korean
herbal extracts and methods of storage. Korean J Food
Preserv, 12, 578-582 (2005)

Horrocks LA, Yeo YK. Health benefits of docosahexaenoic
acid (DHA). Pharmacol Res, 40, 211-225 (1999)
Hwang SJ, Kim YM. Isolation and identification of a
histamine-degrading bacteria from salt mackerel. J Life

Sci, 15, 743-748 (2005)

Jung BM, Chung GH, Jang MS, Shin SU. Quality charac-
teristics of citron treated mackerel oil and fillet during
refrigerated storage. Korean J Food Sci Technol, 36,
574-579 (2004)

Lee HA, Yoo 1J, Lee BH. Research and development trends
of omega-3 fatty acid fortified foodstuffs. J Korean Soc
Food Sci Nutr, 26, 161-174 (1997)

Lee JS, Joo DS, Kim JS, Cho SY, Lee EH. Processing of
a good quality salted and semi-dried mackerel by high
osmotic pressure resin dehydration under cold condition.
Korean J Food Sci Technol, 25, 468-474 (1993)

Lim CY, Lee SJ, Lee IS, Kim JG, Sung NJ. The formation
of N-nitrosamine during storage of salted mackerel,
Scomber japonicus. J Korean Soc Food Sci Nutr, 26,
45-53 (1997)

Medina AR, Gimenez AG, Camacho FG, Perez JAS, Grima
EM, Gomez AC. Concentration and purification of
stearidonic, eicosapentaenoic, and docosahexaenoic acids
from cod liver oil and the marine microalga Isochrysis
galbana. ] Am Oil Chem Soc, 72, 575-583 (1995)

Nam KH, Jang MS, Lee DS, Yoon HD, Park HY. Effect of
green tea and lotus leaf boiled water extracts treatment
on quality characteristics in salted mackerel during
storage. Korean J Food Preserv, 18, 643-650 (2011)

Nordoy A, Hatcher LF, Ullmann DL, Connor WE. Indi-
vidual effects of dietary saturated fatty acids and fish oil
on plasma lipids and lipoproteins in normal men. Am J
Clin Nutr, 57, 634-639 (1993)

Oh EG, Park MY, Chang DS. Proteolytic yeasts isolated
from mackerel (Scomber japonicus). J Korean Fish Soc,
31, 471-476 (1998)

Park YH, Jang DS, Kim ST. Processing and Using of Fishery
Science. Hyungseol Press, Seoul, Korea, p 73 (1997)
Pyeun JH, Lee DS, Kim DS, Heu MS. Activity screening
of the proteolytic enzymes responsible for post-mortem
degradation of fish tissues. J Korean Fish Soc, 29,

296-308 (1996)

Sakata T, Nakaji M, Kakimoto D. Microflora in the digestive
tract of marine fish-I: general characterization of the
isolates from yellow tail. Mem Fac Fish Kagoshima
Unvi, 27, 65-71 (1978)

Shewan JM. The microbiology of fish and fishery products
a progress report. J Appl Bact, 34, 299-315 (1971)
Shin SR, Hong JY, Nam HS, Huh SM, Kim KS. Chemical
changes of salted mackerel by Korean herbal extracts
treatment and storage methods. Korean J Food Preserv,

13, 18-23 (2006)

Simopoulos AP. Omega-3 fatty acids in health and disease
and in growth and development. Am J Clin Nutr, 54,
438-463 (1991)

Song HN, Lee DG, Han SW, Yoon HK, Hwang IK. Quality
changes of salted and semi-dried mackerel fillets by UV
treatment during refrigerated storage. Korean J Food
Cookery Sci, 21, 662-668 (2005)

Ueno R, Sakanaka K, Ikeda S, Horoguchi Y. Purification
of pepstatin insensitive protease from mackerel white
muscle. Nippon Suisan Gakkaishi, 54, 691-697 (1988)

Yoon KY, Hong JY, Kim MH, Cho YS, Shin SR. Changes
on the characteristics of salted mackerel treated extracts
of edible plants during storage. Korean J Food Preserv,
14, 439-444 (2007)

Yun JU, Lee SH. Studies on the histological changes of
pacific saury (Cololabis saira) by the salting, freezing,
thawing and heating. J Korean Soc Ind Food Technol, 1,
86-93 (1997)



