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Food Quality Evaluation of Raw and Salted Mackerel

Collected at Market in Busan

Shin-Young Park

Department of Food Industrial Engineering,
Graduate School of Industry,
Pukyong National University

Abstract

In this research, nutrients of a raw mackerel were compared ‘with those of a
salted mackerel, and change of composition of a raw mackerel and a salted
mackerel in the course of storage and-distribution’ was investigated.

As for proximate composition, a raw mackerel had more moisture contents
than a salted mackerel, while a salted mackerel had more crude lipid than a raw
mackerel. Salinity of a raw mackerel was 0.5% and that of a salted mackerel
was 1.04%. Content of free amino acid in a raw mackerel and in a salted

mackerel was about the same. Major ingredients were histidine, taurine,

_Vi_



glutamate, glycine in the order of high quantity. There was no significant
difference in composition of fatty acid in a raw mackerel and in a salted
mackerel.

With respect to change of composition in a storage at 4C, volatile basic
nitrogen (VBN) slowly increased more in a raw mackerel than in a salted
mackerel. Content of free amino acid in a salted mackerel did now show any
remarkable change, but content of histidine decreased slowly. Composition of
fatty acid in a salted mackerel did not changed significantly. Content of
peroxide value (POV) and thiobarbituric acid value (TBA-value) increased, but a
raw mackerel showed lower increase than a salted mackerel by durations of
storage. In the care of biogenic amines, histamine was generated in a raw
mackerel from the 10th day of storage, and cadaverine and putrescine were
generated from the 15th -day of storage. In a salted mackerel, histamine was
generated from the Sth day of storage; and cadaverine and putrescine ‘were also
generated from the 5th day, but quantity of cadaverine and putrescine was lower
than that of histamine, but it increased gradually over the storage period.

From comparison of raw mackerels and salted mackerels that are being sold at
supermarkets and conventional markets, it was found that salted /mackerels
presented higher density “.of ~salinity. and VBN while -showing difference by
manufacturer. Although a raw-mackerel purchased ~ata conventional market
showed high POV, in general salted mackerels showed higher POV. In addition,
it was observed that salted mackerels had higher TBA-value than raw mackerels.
Moreover, K-value, a freshness index, was 5.29~23.56% in raw mackerels,
however, it was very high in salted mackerels as 94.19~97.59%. As for ATP

related substances, IMP, a main substance of taste compounds was 6.86~19.56

— vii —



umol/100g in raw mackerels while 0.25~0.70 pmol/100g in salted mackerels. In
addition, biogenic amine was not found in raw mackerels and freshness change
was outstanding in salted mackerels.

Considering above results, it was concluded that salted mackerels were of
lower quality than raw mackerels in terms of freshness and oxidation of fat. To
prevent over-supply of salted mackerels, which are expensive because of
manufacturing cost, and to make a supply of salted mackerels with high quality
in market, exact information of manufacturing and wvalidation date should be

informed for customers.
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BoAd o] Al 3159 (Scomber japonicus, Mackerel):= 2007 1€ 3}
2008 10€e] FAkA]l Al APAFT P AAulEA AdAHE =7

BuEE Tt YA APAR 20,

A 317 em, AT 615 cm, AF 381 cm)E ukz Tlete] Amojm
EORA U #mEe] 2e 4) dAS

o]
Agstel RP VAL Eael TUste] ARolz AR,

2. Aok

Ao Algxo]F  FF3% histamine dihydrochloride (HI), cadaverine
dihydrochloride  (cadaverine), putrescine = hydrochloride = (putrescine) ¥}
& 3 A 2Fel o-phthalaldehyde’ (OPA)E SigmaAlol A F4sko] A3l o)
=4 Al%FS HPLCH &2 AFS s, 71| ok S5 = AFE-ak i

3. Yyt ¥ (proximate composition)® g = (salinity) &%

Ao 4L 29 A5 106ToA Fdrtd Adxpo=z 2adude
semi-micro KjeldahlH o 2 3|&2 550CAA AAFsHozr A
ethyl etherE® ©o]&3% Soxhlet oz ®AEFATHAOAC, 1995). 18]l



H

n2

= MohrHel wal AgNO; 2 A o7 =439 tH(Skoog, 1996).

4. 8 o}v =2k (free amino acid composition) 3

o

F gt & 75% ethanol 25 mLE

Frelobn it §F 54 74 A% 5 g

2al ZobA 3,000 rpmoZ 15%1 AL ¥ F s FHotol
TEF7I BT Ral 75% ethanol 25 mLE TRAl H7bste] AR

kit o] AAFS Aol FAol = ujrtx] 3 wkHEsglow, 7t
F=3le] & o]y R AHLsta, 5 mLE FHdte] 57 - sulfosalycylic acid

250 mgs Y & E&gsta wFE3 AlA Adw Azl & Lithium citrate
5] 4 5l o] 0.2 um membrane filter® o] 73 o}

o}n| = Ak2}5 # 4 7] (Pharmacia Bioteck Biochrom 20)% 413} th

o
jan
=
[}
=

=)
o
N

S
h
154
o
oft
ot

(Spackman et al., 1958).

5. K& (K-value) &3

membrane filter® o3 F HPLCol FYsFA L, column ©l&F5 ZFOo=+
0.2% triethylamine &< (pH-7.0)< - AF83} 3t} (Iwamoto et al,, 1987).
HPLC (Waters, controller 600, —TM=600-"intelligent pump, dual

Aabsorbance  detector 2487, column oven 410 %  differential

o

-

5

refractometer) S Ab&3le] ATP #dEZ steks A3 & A% A

Kzt obel 2o ola) Astatach

HxR + Hx



K (%) = x 100
ATP + ADP + AMP + IMP + HxR + Hx

6. ATP #HEZ(ATP related compounds) & =3

ATP #HE4

o

FZ35to] FE9S HPLC(Waters, controller 600,
TM-600 intelligent pump, dual A absorbance detector 2487, column oven
410 % differential refractometer)E& AF&3te] 413} Th.(Iwamoto et al,,
1987). column< p-Bondapack Cis (3.9x300 mm)e <AE8]  column
(Waters model 91822, TIreland)S AF&3tAth ol £dL2 2%
triethylamine-phosphoric acid €Z%&d(pH 7.0 AFEsI93 F5% 0.8

mL/min, column <% 40C, #A=3% 254 nmel 4 30

M
=
M
1%
ol
ol
32
M
(o]
8
B

™22 auto chromatography data systeme &3] &3] Axked

R

7. A 4Ak(fatty ‘acid composition)' 24 &4

Ao & 74 AR <55 d23Is t3 A& 58 &9 chloroform
: methanol &&m(2:1 v/v)& 78t FE8tal A H 2 TS AAT &

14% BF3-Methanol &% © 2 methyl ester® &} thH(Folch et al, 1957;
Metcafe et al, 1966). AW4Fe]  methyl ester® capillary column
(HP-INNOWax polyethylene .glycol-capillary 30.3 mx>250:mx0.50 m, model
No. Agilent 19091N-233)¢] #-#% gas chromatography (Agilent 6890N)ZE
o] &3t A4k 2SS FASATE A WA methyl ester A4S AT
A WA methyl ester®] retention timed W] dle] Feldtlom A wbAL

22 ARvtEO e 7k vanAs FHAdd e HEER eIt

8. 34 9712 A (volatile basic nitrogen, VBN) =4



44052 Conway unitE o] &3t Wb (HAEAY,
1960)2.= FAststh 7 A8l 20% TCA (trichloroacetic acid) & 4o =
200 A ste] A F AAEE (3,000 rpm, 15, 4T)st AE A
oJyslo] Alg oz ALEEth Conway unit Al HsBO3 1 mLE ¥ a1,
QAo ANmHH x3 K.CO; 27 1 mLE Y1 F45 2o} dHs +
37Ce F27]olA 80+ AA T

o

001 N HSO.Z AA3

9. Biogenic amine &% =%

A A5 10 g

R4

o

A3k 0.6N HCIOs (PCA) 10 mLE H7Fgtth 4T,
6000 rpmell Al 107F HA4ldel she] FFds FHstal ¥ E thA 06 N
HCIO; 10 mLE #H7bsto] f4dde oo 45 #3206 N HCIO =
25 mL &gt}

FZANe =AY 9o =& A 045 mm. membrane filter® o 3},

27]3te] HPLCol =3ttt HPLC+= oY = watersAt2] controller 600,

-

)
1%
ftlo

rlo
8|\

TM-600 intelligent pump, Programmable Pump 590, Scanning Fluorescence
detector 474, column oven 4105 AF&3l5 9™ columne Nova-Pak CI18
(39x150 mm)9] Y4EH] column - (Waters model 086344, Ireland)S
AR&st A th OPTA oF3 Al & gholl o Zt 3k B85 913 [ TA#e] 0.01 inch

stainless ¥ 200 cmE A4 3Fo] A8k oh(Veclana-Nogues et al.,, 1995)

10. 43L& 7H(peroxide value, POV) B4 F 53

A3t E 7= 7 A8 5S TESS S Al59 5ufEe] chloroform

: methanol =321 v/v)E 7lete] A AL F=E35te] AOACH ulzt

=38t A8 1 g& FH3le] & (Glacial acetic acid : Chloroform = 1:1)



25 mLE 7 &
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33 o
FEol e te dadM 1087 BARAL. FHF B oml B 7l

A A sta BE F 1% AR 8§91 mLE AAfez Fgate] 001

dlo

Ak 1 mLE Zbste] vpAE ot b

-

N sodium thiosulfate§ 4 o2 HAste] HAtstE7E 4FEs T (Folch et
al.. 1957)

11. &84 4d3=F XA ZF(thiobarbituric acid value,
TBA-value) &3

T84 ddsl=

F AAdES S 20go 4TCT= YJzhe 20% TCA - 2M
phosphate buffer &< 50 mLE &&s3ste] &3 Ak vl A4S 100
mLE AE3ta o#ste] of#tl 5 .mlol] 0.005 M- 2-thiobarbituric acid 5
mLE F7bste] bl 15A1%E AAekSAtE o] 895 530 nmolA F3%
ZA4ste] SAHEY FF=o 100e #otL AMRE AIRTFAR HFo]Fo

T8 dHs R AdFeR AR, (Witt et al.,, 1970)
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Table 1. Proximate composition of raw and salted mackerel

(unit : %)
Moisture | Crude protein | Crude lipid Ash Salinity
Raw  |69.90£0.17*"| 20.65£0.18" | 9.93+0.20" | 1.22+0.08° | 0.51£0.07°
Salted | 61.85+0.27° | 17.60£0.30> | 18.16+0.79" | 1.95+0.06* | 1.04+0.02°

1) Different superscripts within a same column are significantly different by Duncan's multiple

range at P<0.05.



!

oje} Z&
3.8 g/day=

-

1

1985).

=
o

]

-
R

sl

o] TH(

_]
2000 mg (&5 5 goll i)z HfA

9 goly =8 XHFFor

-

1

1987), o] FToA= E3] AA YEF HHZEY 70% o]

9lom, AlA KA TE(WHO) A

Fal oot

Hhz &

S

58 g (6 g°l

om JHA =

[e3]
2R

al

—
fite)

g

A

A a5 ol ot

-

1l

t}. Table 2

T

0]
T

h
a8

5t

o

e

=)

1~2% o= eyt

oot

1.2. #Elopv =2t o B

™
W

o

N

el

.5H
<

A

750} §- o]

FANTE e s

mg/100g,

A 350 7k 684.27
ZA

507.26 mg/100g .2  URE}LEou}

Aaso] 32528

oo
Z}A]

histidine

==
=5

e
i+

)\)]\}j\v—A y
=
K3

&

”]—31

o

Y5 A

=

=

)
=

2ol 47.54%

1

<
=

A=l

X]— 7(] )

=

mg/100g &

el o] 1t
glopr=4ke] 49.10%

2 A
249.09

glolr] ko] WMale] wE A3 (Lee et al., 1989)

mg/100g &
ZFils o)+

[e)

i

[e)

i



Table 2. The comparison of free amino acid content in muscle of raw and

salted mackerel

(unit : mg/100g)

No. Amino acid Raw Salted
1 Phosphoserine 3.54 (0.52) 3.57 (0.70)
2 Taurine 101.74 (14.87) 94.33 (18.60)
3 Phosphoethanolamine 4.08 (0.60) 0 (0.00)
4 Urea 37.34 (5.46) 0 (0.00)
5 Threonine 12.25 (1.79) 7.35 (1.45)
6 Serine 4.74 (0.69) 5.26 (1.04)
7 Asparagine 2.16 (0.32) 0 (0.00)
8 Glutamic Acid 30.50 (4.46) 15.64 (3.08)
9 Proline 7.42 (1.08) 6.76 (1.33)
10 Glycine 9.91 (1.45) 6.68 (1.32)
11 Alanine 20.03 (2.93) 20.47 (4.04)
12 a-Aminoiso-n-butyric Acid 1.43 (0.21) 0 (0.00)
13 Valine 5.52 (0.81) 4.30 (0.85)
14 Cystine 3.43 (0.50) 0 (0.00)
15 Methionine 6.77 (0.99) 4.02 (0.79)
16 Leucine 2.71 (0.40) 0 (0.00)
17 Tyrosine 10.90 (1.59) 6.16 (1.21)
18 Phenylalanine 5.40 (0.79) 0 (0.00)
19 B-Aminoisobutyric ‘Acid 3.72 (0.54) 0 (0.00)
20 T-Amino-n-butyric Acid 0 (0.00) 1.14 (0.23)
21 Ammonium Chloride 36.55 (5.34) 29.82 (5.88)
22 Ornithine 3.03 (0.44) 3.69 (0.73)
23 Lysine 43.38 (6.34) 44.11 (8.70)
24 Histidine 325.28 (47.54) 249.09 (49.10)
25 Arginine 243 (0.35) 4.87 (0.96)
Total 684.27 (100) 507.26 (100)




11599l inosine-5'-monophosphate®t 2 ofv] =2kl ¥ 3o A 9
23 (4, 198D AT, aiEold =5% AE sto] o=
o] =4kl histidines WA ANl H5AQl Q4o AFAT]ojd ol Al
ot iboly dEA kel tEo o5& LA 7= P. morganii®t &<
At EErAEES-(decarboxylase)ol 93] histamineo 2 Walo] F=27],
BE TR, ¥E 59 HFs A4S doti(Kang and Park, 1984).
Histidine t©tgo2 ®e %S Yeldax 9JE  taurine FTHS
A algofoll Al 101.74 mg/100g (14.87%), ZtirsofolAl 9433 mg/100g

(18.60%) ol et wek ZAEure] FAGa & 4 &  glutamic acide

Aasol= 3050 mg/100g (4.46%), Fasol= 1564 mg/100g (3.08%)2]
S YERAE e 350 A|EQ narezushi®l A4 T AHIAE 2

AR MR th3 Hil(ltow et al, 2006)°lA FAIH-. Aasole &

obvlit 249 Ak 5 fobul et FeFol fARRH Ao R vhehg

dSelo] AWt AL Table 3% #ow, F At
Stako]l A 1% o] saturate . (38.46%)>polyene  (31.33%)>monoene
(30.21%) 9] TolaL, taSol= saturate (40.9296)>polyene
(30.74%)>monoene  (28.34% )L = A5 ol9l Frar ol ~dA At
e Aol 7 AATH
ol Aldarsole] AL =4 B FUE FEE A (Park et al,
2006)3F A 3}oll A polyene (43.3%)>monoene (30.8%)>saturate (25.9%)e} 3L
U2 s ta Aoz AT, ol A AHAC wE Aolzhar



Table 3. The comparison of fatty acid composition in muscle of raw and salted

mackerel (unit : area%)
Raw Salted
C14:0 6.65 8.83
C15:0 1.06 1.33
C16:0 20.86 21.23
C17:0 1.14 0.96
C18:0 5.27 4.45
C20:0 1.82 1.88
C22:0 1.02 1.52
C23:0 0.64 0.72
Saturates 38.46 40.92
Cl4:1 0.43 0.54
C15:1 0.08 0.08
Cl6:1 5.81 5.98
C17:1 0.72 0.61
Ci18:1 21.13 19.13
C20:1 0.26 0.28
C22:1 4 -
C24:1 1.78 1.72
Monoenes 30.21 28.34
C18:2 2.74 2.82
C18:3 2.19 2.26
C20:2 0.11 0.12
C20:3 1.66 1.65
C20:4 0.74 0.70
C20:4 - -
C20:5 8.28 8.13
C2222 0.31 0.27
C22:6 15.30 14.79
Polyenes 31.33 30.74
UFA"/SFA’ 1.60 1.44
MUFA®*/SFA 0.79 0.69
PUFA"/SFA 0.81 0.75
o3 26.51 25.88
w6 451 4.59
o3 /-6 5.88 5.64
Total 100 100

1) UFA: Unsaturated fatty acid

3) MUFAs; Monounsaturated fatty acid

2) SFA: Saturated fatty acid

4) Polyunsaturated fatty acid



Aol 20.86%, s o] 21.33% AT WS Z S| H4kol A= oleic acid
(Cigpel T2 Aoz Aiusoe= 21.13%, Fisols 19.13% oAl
D= E IR HA o A decosahexaenoic  acid (DHA, Cog)7} A5 o=
15.30%, rasole= 14.79% %  palmitic acid (Cigo), oleic acid (Cig1),
decosahexaenoic acid (DHA, Caoze)7F A2 50%0]7dS A8t H ). Park et
al. (2006)°] Aol A 66.2%¢etar gt A3 A et oghe] zpol7b AT
A=A T FUlzEE Astadet Ty eSS s
&7} 9)+= decosahexaenoic acid (DHA, Cae)7F 15.30%, eicosapentaenoic
acid (EPA, Cons)7F 828% % w34 A4k shaFo] tha =94t} o]= Ryu
et al. (2002)¢] Z3¢} vzt Ath. 53] -39 0-69 ZAH|7F Aol
2% 583, tisol= 564 fEuete AT 05-114-80 3 EH o
PUFA® F8 Tuddel 2 F# AdS Aoz Zrf PUFA/SFAS ZAH|&=
Bl= v A wpghAlgt Aak 24 S YERANaL, b

Rl

2

p=2
o

2.1. 3T 9724 FF W3
Baugolsh Aol 4T N F FuH Arlaxel g WEe Fig

1ol YeEhde tasole] A F7lelE 18243001 mg%E  AA T

Awggde e IR, AY 09AREH guges ¥
Z7154¢ 30-40 mg%s 9l AR, AaFol= 1594 FEHAY Aasol=

Z27] 3 A7) A4 TS 12.1140.01 mg%E UERY 7harso]o] Haho
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Fig. 1. Change in the content of volatile basic-nitrogen (VBN) of raw and salted

mackerel during the storage at 4C.



L "ojAARE o e ke Rsd sEs YEler, Aarsolst
B AR g dridae] FEel #Es SUkekth ol
7157 aso] fillet Ax R A F FAWUSb] @3 A5 (Shin et al,
20009 9 T ol Amwste]l #F A7 (Song et al, 2005) H
A 5o]57e] histaminedtel #3 A5 (Koh and Park, 1982)¢ Z3}e}
ARSI R A W R alsole] Amel wE EAdGVIEL o F
B3 AT(Cho et al, 2009)°] Mol Wl fAF Ao 3hlE9
A A71E 7 ASaA S7hvs Bal(Takahashi, 1935)004] o4+
T AlZko]l Autda s S VA ae SR Egler,
d T3 =v7be 2 A Sole AFSM ST <, 1986
2 A, 1983) = Bavt 9l
3

£ 2

B2
£
rr
2
tos

Sy
i

Aigol B taselE 5T 24 Ao 8U3t ARstus Ay Z

9 2VAEZ g @S BEAMERRE FATL s (AR

2 TMAOS] gl o3 APH=-TMA 8 A= 714543 A
SAdl ol o] Fajwo] A= dRYorEA Sl 7]l
ol th(Lee et al,, 1993). webA A A71dLe vgEo] o dds
AE2rst gro g WAEtE 2 S ®(Shin et al, 2004), o#7Fo A=d4H



Aty 7]Eo 2 5~10 mg%e AASH oS 15~25 mg%S HE Ax9]

AFAE] A F AEWe] AEE o Faha ek

A RaEels W FE/1HE AR A, FEF B AYA
AgHon Asa glo] 1FUAA 159744 QA we o 2 Folzh
Agich. T GRE FuFelt AFY oy Felukm wi AU A
N LI EER R

A A ® Farsole] A vy o= Aor FAHAT

asole] A T frejobiadl heke] WistE Table 49k 2tk A x7]9]
r ofwl Ak FFEF2 507.26 mg/100glHl A 5YA= 594.89 mg/100g,
10€ A= 473.82 mg/100g, 15 A= 49552 mg/100g, 20 7= 586.52 mg/100
golth. W2 Al ofvl=4ke] Shefo]l TUMEE d¥S Hided | AAdS
A7ge u f2 opH|mito] FUhSshE AL AAEHS AU|E A EAgt v E
o)k Tz a7 Al el th(Sakaguchi et al.,, 1984).

basojel A4 713 T fElobn| At FAl taurine®} histidine; lysineS
Aeletd EE  ofpgke] FZkE S o £ UATh o= taurine ¥
histidines A&t EE ofnx=Abol A8 S7HEATkaL g A+4(Woo and
Endo, 1996)¢} 1159 Ad(Sakaguchi et al, 1984)°ll4 taurines A< s}l
& opu|Abo] AAets st SUtekvta & A3 fAbek AT 53] St

7]

%ol A2 glutamic acid, alanine, valine, leucine, tyrosine, phenylalanine,

o

ammonium chloride ©]¢la1l, U A= Z71Eo0] A gkt

Table 294 A5 2] histidine =2 325.28 mg/100g°] L =Hl



Table 4. Changes in free amino acid content of

salted mackerel during the

storage at 4°C (mg/100g)

No. Amino acid 0 day 5 day 10 day 15 day 20 day
1 Phosphoserine 3.57 2.65 0 0 0
2 Taurine 94.33 118.90 91.64 91.64 94.17
3 Threonine 7.35 7.30 8.27 9.45 15.14
4 Serine 5.26 4.46 3.67 3.14 6.52
5 Asparagine 0 0 0 0 0
6 Glutamic Acid 15.64 19.15 22.27 19.94 33.81
7 Proline 6.76 0 4.97 4.13 8.09
8 Glycine 6.68 6.36 9.35 8.55 12.82
9 Alanine 20.47 20.90 23.91 27.98 35.41
10 Valine 4.30 7.62 7.90 10.11 20.52
11 Cystine 0 0 0 0 0
12 Methionine 4.02 6.01 4.82 6.32 16.43
13 Leucine 0 4.06 3.13 3.69 12.23
14 Tyrosine 6.16 7.87 9.83 11.48 29.29
15 Phenylalanine 0 6.48 7.46 8.63 16.49
16  Homocystine 0 14.25 0 0 0
17  r-Amino-n-butyric Acid 1.14 0 0 0 0
18 Ethanolamine 0 1.87 2.14 2.85 1.97
19  Ammonium Chloride 29.82 29.62 28.89 3111 43.99
20 Ornithine 3:69 156 2.16 3.08 5.67
21 Lysine 4411 11.98 15.63 12.90 21.85
22 Histidine 249.09 321.38 225.06 240.52 206.57
23 Arginine 4.87 247 2.73 0 5.56
Total 507.26 594.89 473.82 495.52 586.52




FagolE 24909 mg/100go & ZFHAF AU Gl HaE] hiagole]
histamine®] $taFo] Za® AL FFarso] AxIAFelA  histidine &= 5F-H
histamine¢] AAE3A7] @&l Zo=2 AzE. iFole] 553 Bi
7148t obm] Akl histidines H2 A A ®Wol Eo9lEdH ATt
AstEH HEo] Ao AEow  EEibihg(decarboxylase)S Yo A
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Ao} FAFe A tHLee et al., 1989).

2.3. A =24 WAg)

asole] A% S AWAE sEF WS Table 594 #Zth Table 3¢lA]
Aarselet taso] Ax A & AA A 24 T EZSATARY] palmitic
acid (Cigo)7}F ®WHES ARG FA=d Fasos A 7k
S FAAER Ga A IR FA7F HJAY Saturate’} monoene
N polyenes 5718l AE¢S HAed & W £
yglon o= HAAGol{Fe] A EXsA 4] o] §of #ek AF(Lee et
solE A2 Ao dxAsket

al
A Hpak 2A e wWstE At ARUEH 5, 1984)91 A%  monoene©]

gttt ®Baskelch. PUFA/SFAS Z=AHl= A 7] 0762 AF F
2 W3Es Holx &tirt 20 Aol 0.89% TS st o zbelrt AA =
ettt

eicosapentaenoic acid (EPA, Cos) =25 Zastiar 59, FE1973) %=

|

O

A A Tolm A He] Absket ZhERS| 2 Q19 decosahexaenoic acid
(DHA, Cxg)9 A7 Astga sta=d 2 A g A= decosahexaenoic
acid (DHA, Cuxe)7F A% 7)ol 14.79% = A7 Algbo] Ate] wel =}
Fastehl A 209 Ao 19.92% %2 5718 AT, eicosapentaenoic  acid
(EPA, Cuws)= A Z7]o 813%Ath7E Hak #adte] A 2044 =
762%% Fastlon & F2 oyl < DHA, EPAS 22 o-37

AAre Qzke] A7 Aol Fod 4L Fo] AAWA B AT

N

ololAgrt. WA, BAF, nAY, VFAR S FAW oy
w37 Qo Amsby, PaBeuelAl, AL, BAzHES A



Table 5. Changes in fatty acid composition of salted mackerel during the storage

at 4C (unit : area%)
0 day 5 day 10 day 15 day 20 day
C14:0 8.83 6.87 5.92 5.50 5.37
C15:0 1.33 1.08 1.02 0.95 1.13
C16:0 21.23 21.34 21.71 20.03 20.60
C17:0 0.96 0.94 0.88 0.81 1.12
C18:0 445 5.25 5.60 5.52 5.19
C20:0 1.88 2.75 2.07 2.96 2.46
C22:0 1.52 1.97 091 333 1.41
C23:0 0.72 0.64 0.60 0.77 0.98
Saturates 40.92 40.84 38.71 39.87 38.26
Cl4:1 0.54 043 0.38 0.30 0.34
Ci15:1 0.08 0.08 0.12 0.11 0.12
Cl16:1 5.98 5.79 5.80 4.95 5.21
C17:1 0.61 0.61 0.60 0.53 0.63
C18:1 19.13 21.44 22.19 23.72 19.10
C20:1 0.28 0.27 0.24 0.21 0.30
C22:1 - - - - -
C24:1 1#72 1.60 1.77 1.86 2.16
Monoenes 28.34 30.22 31.10 31.68 27.86
C18:2 2.82 24?2 2.29 2.71 1.84
C18:3 2.26 1.81 1.50 1.33 1.35
C20:2 0.12 0.12 0.09 - 0.12
C20:3 1.65 1.69 1.60 1.75 1.89
C20:4 0.70 0.65 0.70 0.54 0.72
C20:4 - - - - -
C20:5 8.13 7.62 7.49 7.24 7.62
C22:2 0.27 0.30 0.31 0.35 0.42
C22:6 14.79 14.33 16.21 14.53 19.92
Polyenes 30.74 28.94 30.19 28.45 33.88
UFA"/SFA’ 1.44 145 1.58 gl 1.61
MUFA”/SFA 0.69 0.74 0.80 0.79 0.73
PUFA"/SFA 0.75 0.71 0.78 0.71 0.89
o3 25.88 24.41 25.9 23.64 29.61
o6 4.59 4.23 3.98 4.46 3.85
o3 /ar6 5.64 5.77 6.51 5.30 7.69
Total 100 100 100 100 100
1) UFA: Unsaturated fatty acid 2) SFA: Saturated fatty acid
3) MUFAs; Monounsaturated fatty acid 4) Polyunsaturated fatty acid’—‘l‘ %%}‘ﬂ' O]'L] E}



H Ze X Ajdi sol= a3t e Aow dEA AUk Tl
100 g =9+ DHA®F EPA7} 2990 mgl & 3743 AZ= 650 mge 44
o EH o] UAH=FHFANE A, 1995).

0-39 o6 FtiTolel AY FAAE FAasHA ol 209 A 77
29.61%, 3.85% ol om w-3/0-62] v = A Z7] 5640d Hld A%
2044 = 7697 F7HE o] Aasolet kAR F Aol 7k IS

P

A z710 Aagojel YAksEzF= 3.89+0:04 meq/kgol A aL kil
01+0.78 meq/kg. 2 ENEH Shin et al. (2006)9] -2 7)ol A
Fasole AR 7] AxEE7E7E S7beksiHaL gk A3 fFAbe AT A1
5dA Aiusoles 826+1.23 meg/kg, TS E 15194042 meg/kgl =
kol FrtstATh L AR 71 EeE AASOlY HAsETE AT
Z7 ko] A 20€ Ao 12644164 meqg/kgl = UERSF BEES 7Fu 5o =
A1 st w438 STkt Al 209 o 73484091 meq/kg o=
Uelstth o8 st A3 Lee et al. (1993)2] Aol A 5C AHAoA A7 <]
st E7 7 AE 209 Aol BF 50 meg/kgoleo R =A R Ay}
AAskATE. Kim et al. (2008)¢] Aol A&7|ite] Hojds
WAkstE7 7Y 4% S7FE dEhiTaL skdoh e Aa ) b o
alsol ol o] x| HAkst b ol m A= kel el A3k Aol A

»
)
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Fig. 2. Change in the content of peroxide value (POV) of raw and salted

mackerel during the storage at 4C.



Yol A 1293F AAste ot Agtolwo]l dAIs=E ] ko] F Ao
Aol Hil(Ryu et al, 2002) sttal, A9 5ol fillet A% =

A F ZAW3te] A (Lee et al, 1998)elA 10% 94 Ad 47 5%

ArAgTEG AsEEr wgied Ago] AsE FXE Wiz
AZbsictn BWaskl o, Ahn et al. (1978)%= NaCle] 4haE =R 3=
A3%E Belva &dn. 2 A= Aasole wHE Fisoe
Hrbst =7 A7) SME e AdE B owW Ago] AbsE FXE

25, T84 dHd=F AAAF WS
FA9 A EE dotr 7] fste] FR oolgEE TBAZS Aol
FaFolE 4T AFstdA 2 g3k WstEs A9 E koh(Fig-3).
Solo AeE AH %71 0.04£0.01 OD./gx100= -9 e ke
U 93 9S4V 7S AR EA S GFe TUteke kS o2
Az AFoE 3174001 0.D./gx1008] BA =2 F43] S7FstATh.

o] 9} 7ta o] 9 4T AV ket TBA#S HA Z713hd]
a1 1.8+0.03 O.D./gx100, 10¥ A Fol= 29+0.05
0.D./gx100, A% 20Qel+= 4.3+0.01 O.D./gx100¢] A4 =S e
W tusolE A% 59410303£0.02 0.D./gx100,” 109 9=  3.86+0.16

o

l

0.D./gx100, 159l  3.96+0.01L -0.D./gx100, A& 209+ 4.83+0.1
0.D./gx1009] AR FoR Aigortes thh & FFS YehgdAT
ksl A Z7tete AgS Byt o= APuEolo fillet AZE L AF F
FAWsle] A (Lee et al, 1998)oA AJ7toll wel TBAZ S <vts)
S7hete BEeldvta & Aol FAbskAth

TBAGLS A8 At 24 2A s wor Azt 11
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Fig. 3. Change in the content of TBA value of raw and salted mackerel during

the storage at 4°C.



= TBA#Y A=
kel web A A FEFe] Aol FEl A WA triglyceride ] S
U JeRE 4o Ao o3 CxARFREH FolEHE AHAbo] FQ3

Ao w Agatar vk dFATHE, 1994).

A= 7

B
o

rlo

Biogenic amine T3t 2% A%, 4 R HaAA Fo AAHE=
EAE AF AH Al AFZA 2 daRAE ASse Ass A4S
A7 52 N-nitrosamine¥ 2& =3 Wetsdz ddkd
NE 7FeAS A Uk A FAA T2 AEH T biogenic aminel 2=
putresine, cadaverine, 3—phenylethylamine, tyramine, tryptamine, histamine,
spermine, spermidine % _agmatine %°] Ao HEF . nAE] 2l
frejopr)mibe]l geik whgo R AAdEHE AR dHA  ArHBardicz,
1993; Shalaby, 1996; Ten Brink etral, 1990). oo w3t ZWAF 2= Al
W Z9] biogenic amine &% FANKim et al, 2002), Al 7+ =9
biogenic amine $F%F ZAHKim et al., 2003)7F 1t}

Ausojel 7hasole] AZFFEF2E<  4ColA 2  biogenic amine?]
e A¥rd BusoldAe SR TSARY ZbE 8] #Eol
H L Qo (A F ok ek 4,-2007), 7Y He &# Xl E4.8) histamine]
HE3go] 7% E=gton 13S0 = cadaverine, -putrescine ©] At}
Histamine< A% 109%-E Ad=He] = ko] 714 mg/100ge] Ao
A7 204l 11.16 mg/100g o2 e tH(Fig. 4).

a2y cadaverine®} putrescine> A% 1547kA A=A oyt A%
2099 cadaverine® 951 mg/100g, putresincee 5.30 mg/100ge] A
= A TH(Fig. 4)
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Fig. 4. Change in the content of biegenic amine of raw mackerel during the

storage at 4C.



ro

AHbA 0 2 histamine AX=A3stet Y& P morganii S°l XA
histidine decarboxylaseol]  ¢]&te] EEHFNES-S dHlola]  AAHT A
st=d(Kimata and Kawai, 1958, 1959: Kawabata and Suzuki 1959),
Yamanaka et al. (1982)% histamine®] A4S histamine-forming
bacteria®.t}+= histidine decarboxylase activity’} 823 285 3Sivja
H gk bp 9l
Histamine® — AARAQl  histidine> @A FAoln|wito g of 79
e s BEo] e B ofyg; HAS ool d2E Fo FEdHE
g Ho] 9lol histamine™ W Yol AdEthi Frh(Hibiki and
Simidu, 1959).

A go] ol QlolA histidined] #¥XE HW FY oA o wie HES

FHT 383 BES dme o] Xgk Aol HAlo] HL2 ARG

el s Bk otYg e ofFd "We T oA dFE AT

S Aog 4#A ArHHibiki and Simidd;1959b; Simidu and Hibiki,

i)
%

o
2
©

L

1954). 7ta5919] | biogenic amine A AF 5YHE  histamine©]
Aol 043 mg/100g® FEe UHEUHIS W, A% 209l 1553
mg/100ge2  A@7izte]l Frtdss APdEE  F7beksit. . Cadaverine
A % histamine¥ FFE7EAI 2 AAE 5U6] 1.17 mg/100g, A 20l
6.62 mg/100g .= A 77 3toll ufe} A ko] Frhstdtk HEW putrescine
A% 104744 A H A gokem cA4Z 15699 1.50-mg/100g, A7 204
2.32 mg/100g®] A FS e AT (Fig. 5).
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Fig. 5. Change in the content of biogenic amine of salted mackerel during the

storage at 4°C.
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Table 6. Comparison of salinity, VBN, POV and TBA in muscle of raw and salted mackerel collected at various

market
Purchase date Manclilzf?; e Shelf-life Szl(lj;;)ity (XEOIZ) (;Z/Ig) (O.DT./]::IOO)
A market Oct. 7, 2008 Oct. 7, 2008 Oct. 8,2008 ~0.19+0.08 18.48+0.74  3.93+0.03  1.00+0.02
B market Oct. 7, 2008 Oct. 7, 2008 Oct. 8, 2008  0.30+0.03 13.51%0.10 10.24+0.42  0.98+0.01
C market Oct. 7, 2008 Oct. 7, 2008 Oct. 8, 2008 0.28+0.02 15.1240.40". 3.9240.06  0.25+0.01
e D market Oct. 14, 2008  Oct. 14, 2008  Oct: 15, 2008  0.5840.00 14.04£0.50  6.48+1.18  1.50+0.01
E market Oct. 14, 2008  Oct. 14, 2008  Oect. 15, 2008  0.44+0.11 14.84+0.40  3.95+0.05  1.27+0.03
F market  Oct. 14, 2008  Oct. 14, 2008  Oect. 15, 2008 = 0.22+0.02 14.93+0.21  2.63+1.14  0.74+0.01
A product Aug. 22, 2008 & Sep.. 3, 2008  1.91+0.07 29.68+0.70 35.67+0.45  4.94+0.13
B product Aug. 22, 2008 Aug. 22, 2008 _-Aug. 30, 2008 | 1.60+0.07 20.58+0.99 - 29.28+1.88  10.24+0.07
alted C product Aug. 22, 2008 - Aug. 22, 2008  1.83+0.07 40.46+:1.39 4577142  7.86+0.19
D product Aug. 22, 2008 - Aug.-30, 2008 1.60+0.14 29.01£0.68 26.26+1.25  3.41+0.04

" Manufacture date of Salted mackerel didn't identify.
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Table 7. Comparison of the contents of ATP ralated compounds in muscle of
raw and salted mackerel collected at various market

(unit : pmol/100g)

ATP ADP AMP IMP Hx HxR
R-1 0 0 0.4535 6.8619 2.4998 0.1160
R-2 0 0 0.3272 8.5221 2.5980 0.1303
R-3 0 0 0.3893 12.8202 3.8311 0.0526
Raw
R-4 0 0 0.3886 19.5644 1:9571 0.3122
R-5 0 0 0.2631 18.5918 1.7424 0.0531
R-6 0 0 0.3850 14.2825 0.7646 0.0549
S-1 0 0 0 0.6271 5.5506 5.1752
S-2 0 0 0 0.6175 5.4283 5.2919
Salted
S-3 0 0 0 0.2506 4.8753 5.2953
S-4 0 0 0 0.7093 6.6993 4.8023




Table 8. Comparison of the contents of biogenic amine in muscle of raw and

salted mackerel collected at various market

Biogenic amine Amine contents (mg/100g)

Hm" ND?

R-1 CA? ND
pU” ND

HM ND

R-2 CA ND
PU ND

HM ND

R-3 CA ND-
PU ND

Raw HM ND
R-4 CA ND
PU ND

HM ND

R-5 CA ND
PU ND

HM ND

R-6 CA ND
PU ND

HM 3.56

S-1 CA 1.03
PU ND

HM 27

S-2 CA 8.59

PU 5.06

Salted HM 20.16

S-3 CA 15.96

PU 1315

HM 0.87

S-4 CA 0.5
PU -

Y. HM: Histamine ® CA: Cadaverine >’ PU: Putrescine ¥ ND: not detected
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