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Statistical Analysis of Mackerel Freshness
Depending on

Distribution Condition

Jae-Ung Sung

Department- of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

Mackerel(Scomber- japonicus)-is the most consumed fish species preferred by
the consumer mainly. However, ithe consumption of mackerel can often cause
scombroid fish poisoning (SFP) due to growth of microflora causing the
formation of biogenic amines (BA) during storage at inappropriate temperature.
Of among BA formed in the mackerel body, histamine has been known a
main substances causing allergies. Therefore, to prevent a food poisoning
caused by the consumption of mackerel, main attention has been focused on
the preservation and control of histamine in scombridae species. However,
there is no objective quality criteria to judge the proper freshness of mackerel.

Also, no obvious research has been performed on the quality deterioration of



mackerel depending on temperature-time history. This study was performed to
predict mackerel freshness depending on distribution condition. For the purpose,
temperature and time-varying changes of the BA, VBN, and sensory index are
measured. Then, a correlation between BA, VBN and sensory index and the
changes of freshness depending on storage and distribution condition has been
statistically analyzed. Considering these results, the predictable freshness index
for mackerel was elicited.

The sample mackerel was bought in good freshness, and kept in a constant
temperature, respectively.-The determination of BA was carried out according
to HPLC method using dansyl chloride derivatives. The data obtained in this
study was statistically “analyzed~ by SPSS. software and statistical differences
between temperature and BA were analyzed using ANOVA. And then, if there
is the significant differences, post-hoc test (Tukey) was conducted. Finally,
multiple regression was conducted to find out effects on the BA content and
the freshness depending on temperature-time varying.

The results obtained in this study suggested that the content of histamine, the
most sensitive substance-causing. SFP, increased temperature and time-dependent
manner. Also, the results indicated that the results of VBN, which has been
traditionally used as a freshness criteria in fish and shellfish, were not suitable
for index of mackerel. These results strongly suggested the idea that histamine

is more suitable for freshness index of mackerel than VBN.



O THHARA L, 2008). LEollE FUAN HEF 5L A

Rno=Z 4 A U= decosahexaenoic acid(DHA)

Ao (Park, 2009), +il5e] H s
G E TR AFE LA = o]
Ty o] -5 thEA thaH] of F<l
Hlawz wew o wlgAelr] 23 {FEe AT B AAHE
histamine®] 2]} Scombroid fish poisoning(scombroid poisoning)¥}t
2 A HFEE doF JhsAdol. =Ek(Carelli et al., 2007,
Mackie et al., 1997, Tsai-et al., 2005).

Scombroid fish poisoning< A X7} A3tE ALY vl & 2 AHA
= W HAsY, 53 #A-2dE ofFe] edoly WAL BAA
BHAAE 45 el 5 7] died g% Fo7F addy

(Lehane et al, 2000). 7] F-3)A] F= WAst= histamine 5§

!

7} A 5 235 o]F o= histaminased F{ o= thA] Eajr}
7] wiEo, AEel 7] B @AM AFTES doZ rFA o]

= (Kang et al, 1984). Scombroid fish poisoning®] & F42



5 S fFARS FAE FRreti(Sergio et al, 2007; Shalaby,
1997). Scombroid fish poisoning &= <13t ZAFS ulz o] 2l F&
S8 AR &) wo] oo ik AR F o] el Z
I A A 2k tHCho, 2008).

Histamine> A28 x4 9 AAHAdG=d=A AA x4 D
¥ lar(Nowak, 1994) 2 o= =2l da A st
1824 ez EAFoEA dAA o Z= deA vES HERYA
geth 2y @A g =-8o] Aol flSlskAl =W, H|RbA
F(mast cel)®] FAFAS ol os] LAgstHo] doow WY

W, AFFE pA g wsd Aeise Aow gdA A
23 2

N o

jud

(Maintz, 2007). &8, A Z°] histamines A3 IS A% & 9IS
nx]2x] kA|uk tlgFoR AHHIS =4S YeLHT(Brinker et
al, 1995).

Biogenic amines< @Wbd o2 AEAH ol Eajcts ofn] =4k
BAA GEAE ghgol ol A = AEAEFY ofwl sEES T
st=d(Yildirim et el, 2006), Scombroid fish poisoningS 23}
A=<l histidineo 93] AAdE T histamine2 tE AR
biogenic amines & 3d}4©]t}. Biogenic amines® FwF+ UESHH,
histidine, tyrosine, tryptophan, ~L@] il phenylalanines "] &2 <
s Wol gehk wkgS AAH 27 monoamine?!  histamine,
tyramine, tryptamine, 2121l 2-phenylethylamineS 43},

ornithine¥} lysine< Z}7Z} putrescine?} cadaverines A3, 53|



putrescine< polyamine?! spermidine¥ spermine®] &7 o] ¥
g deH A A H(Smela, 2003).

Biogenic aminesi: 2)3%9] Huj¥wl ofygl WA=
A AR EY, i Jd, =

=]
B
A% =4 (Herbert et al.,, 2005), &2 FA 43 A EZA GFo]X

rir
1o
r o
i)
.
rlo
(i3
fol
>
sl
=2
>
=

a1 Pgow FFolAE Al HEol FHa tH(Cho, 2008). g+, o
HEg o 2 o] K9] Hu 34 Fo histamine, putrescine, cadaverine
I} & biogenic amines< o 7Folal, spermine?} spermidine® %

& biogenic aminesS A 3sF= 7 8ol 9l th(Santos, 1996).

M)

A Y], A& FEX)E= biogenic .aminesE B4 &= dlo= 71
2 F 7HA oy o] EAsted, 2 A MAsE AF X2 o] wj$ &
FstA o] FoA dvkE Aolnk F MAAE 7 A E Aol Hwg @
!
ol 23Fol Al biogenic aminesS  F=35}7/|% % oH1 T F=
g o]Fd= mEFE AEsY]  AdEUT @dAZFA Thin-layer
chromatography (TLC), gas chromatography, capillary
electrophoretic method (CE) & %2 ®WHEO] AA] S AA R, high
performance liquid chromatography (HPLC) ®W¥ o] $f-<3sftfar <&
2 2 91 tH(Cho, 2008; Hwang et al, 1997; Lehane, 2000; Onal, 2007;
Santos, 1996).
uepA B Aol udd AEY T AxE 2dE o]§Ha
2+ biogenic aminese L5 ole A% XxEHZ 7}A st HPLC

s o83 WRler HE

=
o

, A% A3le] wE Z+E biogenic



amines®] A4 o] ool MEAstel olw #AZ A s

o

oo AddkA el FAE MR A ERE AFEEE VBN(volatile basic

A e Zstn Adats] A EL AASA Fach
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1. 438 A=

HoabgsoA A gl A Y 5Hd

japonicus)g Y& olEste] Q¥ ol oARE dAdete] HAF F4
o] 1T E AEstol A¥ AEE ARG AT AEE 1T 1L
Ax ZYdEM@DPE)CZ AdE EA4ske], 4z 5T, 10T, 15T,
el 20Ce) QI StHl ol Bell A ske wAl B E AR SFRITE. o] 5 3
AEE 12417 "t Ao i3 &S] 57l #EAoR
s Faf A H7A F7H o= F=6) 30

Aol AHEE HA AFA, LFeled oA T W dFel 9
g JhA 2 B AEe] AolE FHAse] shal mA

g
WA #e 5% (dorsal meat) S AsteliE A Felo] Al g

ofl

1.2. A%k

Biogenic  amines?] ¥%<¢%  agmatine (AGM) sulfate,
tryptamine (TRY), 2-phenylethylamine (PHE) hydrochloride,
putrescine  (PUT), cadaverine (CAD), histamine (HIS)
dihydrochloride, serotonin (SER) hydrochloride, tyramine (TYR)
hydrochloride, spermidine (SPD), noradrenaline (NOR)



hydrochloride, dopamine (DOP) hydrochloride, spermine (SPM)¥}

=
-z
=

FEARZA ALE %+ 1,7-diaminoheptane (Internal Standard)
9 FEA A dansyl chloride= X% Sigma il (Steinhein,
Germany)ol A T R3FFA T o] 54 acetonitrile®} water= HPLC
& A3t em 01 N HCL ether 5 718 Ak 38 EH

AleFE AHE-sES
2. 439X

2.1. Biogenic amines®] &4

AHE ST S R = 20N
ppmo] HEE & AS B Yo A8, 4

2t /5
=7} 10 ppme 2 A% As FF TELA0a F9

2.1.2. Biogenic amines® F&

Biogenic amines® F%-< Cho(2008)¢] HH S WA 3le] AME3}
Ak FE=S H8 AEE 5 ¢S FH3dke] 01 N HCl 25 mLS 7F
5t & HAEBIAI )AL, ol AS PAE (3000 rpm, 15 min)dF & of 3}
ste] A HE FHshar, Akl oAl 0.1 N HCI 25 mL& 7Fste] ¢

&

o 242 wEsel de FFAL FA 100 mLE ¥ AL FE



2.1.3. Biogenic amines® % A3}

FiaFgd 100 pl, EIEAMYEFEN 500 pl, 18 1%
dansyl chloride o}AE &< 800 pL= 7}ste] &3 & n = &)
of 45CA 143+ st FEASeAT. F=ASE A7 EEE
2oA gl 10% proline €9 0.5 mL9 ether 5 mLE 7}3}9]

g Astel Ak wHT W FeEFE

o
4
—t
o
A
N
it
N,
ot
ol
o
=
S
2
ol
2

2.1.4. HPLC &4 =3
HPLC+  diode array #A=7J(1.-2455)7} +H-zt" HITACHI
L-2000 systemS Ab&st9a,  EgZAPUoz=  Waters Cl18
(3.9x300 mm;, 10 m particle size)S A&t 742 1 mL/min
2 dAsHA stAH. o542 acetonitrile?} HPLCE waters AF-&
ShATE ol 5o 2L 55% acetonitriles % 10% F A8}

i, 158 7HA 656% % gk - 202 7FA] 80% = she] 5% b frAshal,

ol

30274 90% = dte] 53t FAA AT HE9ES UV 254 nm=
a3k

2.2. LA FA71 22 (VBN)9 &4
Buryg A7 A x9 FHEHL conway unitS o] &3 w A

(micro—diffusion)(Ishizaka, 1969)°. % ®A3slAtt. &, A&5E vl



sto] T AsAZl = 10 g= Al 94 224,000 rpm, 25 min)d}o]
AZ=dS 100 mLE 3t Ald &Aooz A}1839 . Conway unitol
A 1 mLe 0.01 N-HoSOs 1 mLS 923 KoCO3EEE 1 mLE
P T 25T QlFFulolE oAl 1A]HEk w&S A7l FH 01 N

NaOH= AA = sto] 23 e =&l 243 Al7lek 7|3k

biogenic amines w4 A &3} FA3A A

2.3. 2t7H(Acid value)9} &3

ANEE 5 g AFsS 250 mbL o A7t flaskell  FH sk,
ether—ethanol’ (2:1) E3t S 100 mLE 7lsto]l A2 & &3] &3
A2l %, 1% phenolphthalein A A] °F& 2~3%-& "ol A 0.1 N

KOH-ethanol & o 2 A A sl L5k}

S e
Ag ANSAT 2 2R ¥ A, F 12448 AgEgon, »
4ge FANHS BeAAe P A4t S 18 A

_10_
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Table 1. Survey sheet for sensory evaluation of freshness of mackerel

Sensory scores

Items
1 2 3 4 5
Eyeball Very
Poor Fair Good  Excellent
transparency poor
Very
Gills tissue Poor Fair Good  Excellent
poor
Too
Hemnia Much . Somewhat - Little Nothing
much
Too
Putrified odor Much . Somewhat  Little Nothing
much
Very
Elasticity Poor Fair Good'  Excellent
poor
Overall Very
Poor Fair Good  Excellent
acceptance poor

_12_



24.3. 49 74

el #9 H3e AD sy Fy A9 99 FAstel 2
ol dal W9 3k =9 glo] HYHoE
Agsdr. 4 ) 2ol E $He A Brege

b ekske g g

0\1

o7
&

Qh
rlo
o,
4
Y
o
fr
A
ol
o
S4%
)

25, A4
HE dolg FA AZE Al SPSS FA AXEOE AL}
ATt %o wE biogenic amines? =Fo]+= ANOVAZE o] &3}

I

BAstgom,) o8 xolzh = AL AEAA (Post-Hoe test)
S Tukey MRS o] &6l AMFAAS HA|s Atk 259 A7)
biogenic amines®| VA= &S _multiple regressions ©]-83}¢
TASA T A5 HAS) AP E3H &6 mWE Xlol= ANOVA, &
T 9} A 7bo] \Hl A = o gk S multiple regression= Alg3to] HA s}

ATt
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1. Biogenic amines® $+% W3}
Biogenic amines< ©|-&3 o] Hd A+ 5, dansyl chloride®ll

ol3] f=As H biogenic amines®] W& =7} -8t FEASE

qe JbsaA gomd ulS gdsidn agH. oeA

gdEo] o] /EMHoOwR EgATE Txslsldltt . Fig, (12 12714
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1.1. Biogenic amines? 34 &

Biogenic amines®] 3|4&S 543 23E Fig. 29 YeER AT
7 AY tryptamine(TRY) 99.40%, 2-phenylethylamine(PHE)
96.10%6, putrescine(PUT)  88.67%, cadaverine(CAD) 87.45%,
histamine(HIS) 97.37%, tyramine(TYR) 36.48%, spermidine(SPD)
49.04%, noradrenaline(NOR) 58.37%, dopamine(DOP) 119.79%,
spermine(SPM) 35.24% % Z}7} =A% ¢t}
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Tryptamine (TRY)
2-Phenyl ethylamine (PHE)
Putrescine (PUT)
Cadaverine (CAD)
Histamine (HIS)

Tyramine (TYR)
Spermidine (SPD)
Noradrenaline (NOR)
Dopamine (DOP)
Spermine (SPM)

Fig. 2. Recovery rate of biogenic amines in mackerel dorsal
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1.2. Steady Z7A A ¢ biogenic amines? W3}
Hx 127H4 =4 dA&de AT+, 5C, 10C, 15T, =1
2l 20C 9 2=elA AFE A7t AsAom s BT o
156A1%F, 10Ce] 4%
96A1 %, 15Ce] A-§ 72412, 183 20T 7% 60A11ke] 722t
Aol HF FujAHo® FeEo] 7 gl sFEH = A9
BAAA7NA Z4E k. 2% A7kl wha} F4-7 &o] & A3}
A oA AW HEFel =38 Hu gk A5 dolg EAdA A
Q== 3}t F 8 biogenic amines® & HS Fig. 3~100] e}
i At
Agmatine& A%7F AslE7] Al&sls A HEEH dAHoz =7}
stti7t Zaste A Ee] HEST Ee PN F HsEeE A

%0 L3 WEx AR A B H ]
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2-Phenylethylamine t] 529 F-7tof| Al A F
5C9 A% 72413 o] Fol= #&ed 4 g 28y Fo7F 38
Y2 10C9 15T, ZEla 20CoA F71ake] 10Tl #HE 19

ppm, 15CelA 10 ppm, 2232 20ClA] 29 ppm7+A] 333

o
i
i
ha
o
=)
Jlm

Cadaverine®] 4 5CE A|egt e oA =% = Al7H
ofEH o R FUtsl= FAZF #EEAT 5T A vAh L=2UE
o] HAEAHAJAT HETo] HluwA Hol A= AR Edr. HFHF

AN A7AA AAH A% A7

i J
2
|
R/
2
S
k)

N(
o
o,
o|\
~
)
g
o

10T+ 85 ppm, 15CE= 83 ppm, 1231 20C+ 581 ppm7HA] H=
Hom, 53 20T 4% AFRAgA 0] durge) nat 723

et A4S AIES A 4 Ak
Spermidine®] 4% tyramine® AE¥ wj-$ FAFE HEde @

F Ay Hd H=ZFE 30 ppm HH FEolH, 1bE e =™
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Dopamine®] 24 W3IA % ol A7 F3@ AEFe| Holg B
s Rstgort, AZRAAH uigel et
Hol 10T A 222 ppm, 15Tl A 149 ppm, 20Tl A 361 ppm7}FA]
g5tk BA 5T A4S TG AEFe] W BAT F ¢l
31, 53] 120417 ol FRE HAFRANGAA FEHA Bk
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Fig. 3. Changes of agmatine in raw mackerel during storage.
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Fig. 4. Changes of tryptamine in raw mackerel during storage.
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Fig. 5. Changes of 2-phenylethylamine in raw mackerel during storage.
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Fig. 6. Changes of cadaverine in raw mackerel during storage.
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Fig. 7. Changes of histamine in raw mackerel during storage.
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Tyramine (ppm)
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Fig. 8. Changes of tyramine-in raw mackerel during storage.

_26_



30

Spermidine (ppm)
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Fig. 9. Changes of spermidine in raw mackerel during storage.
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Dopamine (ppm)
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Fig. 10. Changes of dopamine in raw mackerel during storage.
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967+ Al ZH2E 20.38 mg/100g, 23.85 mg/100g o2 dukael %
7N E ol oo e dE A 20 mg/100gs =¥
e FAYE o F 2 15C9 A% HAF 7277 43 % 33.80
mg/100g, 20T 2 7% 3543 mg/100g &2 e} Z7)| 53 =59
VBNo] &% ¥ 1rt.
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Fig. 11. Changes of VBN in raw mackerel during storage.
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3. A7 Acid Value)d W3}

A A e R ARAY W2

5|\

Ak A3E Fig. 12 4
Bt 257t 2255 AR Asrt w27 JAPEHA 2% 9
Ao m AZIE SIbskAT AF A A 5T, 10T, 16T, =L
il 20CAA Z+2 13.00 mg-KOH/g, 807 mg-KOH/g, 8.08
mg-KOH/g, 123 8.04 mg-KOH/g & =A% At}

_31_



Acid value (mg-KOH/g)

2+ ——A— 20T

0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 12 24 36_48 60 72 84 96 108 120 132 144 156 168

Storage time (hr)

Fig. 12. Changes of acid value in raw mackerel during storage.
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A A9E 74 @B gz gehio] dE A8 Fols

wEedth sl AX7E At 27l kt7E A ®s)

g oA ule 2A ol A ARAFA- APl b B
Bol et AR e
g AR AL T p Aol B HW GERE AAA
o/ Bl e A% =m 5P e Tyow \ZRaAT
ole @ el ZHH BEA 5AS olfele #BEUAlE HAGC
W, AEsH S G5 RES 54, REFE A9 3
453 Adsel §% % el Bosdan pude/ 49 14 5

o5 HEAste] Fig. 13#18<) z}ZH el o).
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Eyeball transparency (score)

0 24 48 72 96 120 144 168

Storage time (hr)

Fig. 13. Changes of eyeball transparency in sensory evaluation of raw

mackerel during storage.
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Gills tissue state (score)

0 24 48 72 96 120 144 168

Storage time (hr)

Fig. 14. Changes of gills tissue state in sensory evaluation of raw

mackerel during storage.
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Fig. 15. Changes of hemia in sensory evaluation of raw mackerel

during storage.
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Putrified odor (score)
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Fig. 16. Changes of putrified odor in sensory evaluation of raw

mackerel during storage.
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Elasticity (score)
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Fig. 17. Changes of elasticity in sensory evaluation of raw mackerel

during storage.
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Overall acceptance (score)
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Fig. 18. Changes of overall acceptance in sensory evaluation of raw

mackerel during storage.
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Table 2. Analysis of variance (ANOVA) for biogenic amines of

mackerel during storage

Biogenic 9
amgi nes Temp.(C) m SD F-value p-value
5 1097.1179 532.07769
10 1941.7120 1155.99918
Agmatine 15 1209.3348 487.65860 3.127 039
20 1066.9487 90.38862
Total 1325.0582 764.98355
5 17.1988 7.11048
10 18.8010 20.82428
Tryptamine 15 14.8522 6.39833 1.962 140
20 36.7791 35.93690
Total 20.4064 19.13932
5 1.6003 2.24859
10 3.4533 6.50049
ezt;ll))flll::lll)i’:l-e 15 1.3829 3.65872 4.289 012
20 13.2642 14.98601
Total 3.9653 8.02348
5 10.6229 2.02333
10 25.3447 29.45929
Cadaverine 15 18.5131 28.68829 3.251 034
20 143.8275 226.46704
Total 38.0383 100.02286
5 4.0367 1.15096
10 646.8513 1268.41691
Histamine 15 424.0030 1106.17697 5.004 .006
20 3196.5145 3864.36344
Total 778.4801 1995:65879
5 9.0429 5.88481
10 9.9890 10.57495
Tyramine 15 11.3784 8.67378 617 609
20 5.0669 11.32580
Total 9.0709 8.58350
5 9.1519 4.42016
10 7.8020 6.70466
Spermidine 15 9.3648 5.52869 1.009 402
20 4.5780 7.49400
Total 8.0935 5.80572
5 16.1260 14.78961
10 54.9021 71.39785
Dopamine 15 26.3884 55.56292 5.865 003
20 175.1082 169.78266
Total 54.3125 95.57419
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Table 3. Analysis of variance (ANOVA) for VBN and acid value of

mackerel during storage

Items Temp.(C) m SD F-value p-value

5 13.2061 5.55542
10 16.0974 6.40653

VBN 15 19.4312 10.45584 1.623 203
20 20.7447 12.04804
Total 16.3958 8.33667
5 6.80 3.699
10 5.35 1.799

Acid Value 15 5.68 1.967 .565 .642
20 6.04 1.983
Total 6.09 2.724
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Table 4. Analysis of variance (ANOVA) result for sensory evaluation of

mackerel during storage

Temp.(C) m SD F-value p-value

5 2.7556 1.26636
10 2.9160 1.44462

mfsylf;’;llllcy 15 2.9544 1.74246 041 989
20 2.7599 1.84065
Total 2.8351 1.44401
5 2.9973 92048
10 3.1675 1.04685

Gills tissue 15 2.9515 1.28920 062 979
20 3.0417 1.34526
Total 3.0384 1.05599
5 4.6961 30049
10 4.6412 41350

Hemia 15 4.6423 31944 169 917
20 45718 47127
Total 4.6512 35181
5 2.8749 00424
10 2.8545 1.16350

Putified odor 15 2.8810 1.36241 088 966
20 2.5972 1.62418
Total 2.8247 1.14844
5 3.0138 89913
10 3.0882 1.00977

Elasticity 15 3.4133 1.03592 245 864
20 3.1369 1.28725
Total 3.1306 98789
5 2.9833 1.04502
10 3.0185 1.30202

ac?:;t‘::llce 15 2.9425 1.49793 048 986
20 2.7708 1.67824
Total 2.9487 1.25987
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Table 5. Multiple regression result for agmatine content of mackerel

during storage

Coefficients of agmatine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  1673.679 423.386 3.953***  0.000
Temp -14.992 26.163 -0.110 -0.573 0.571
Time -3.465 3.495 -0.191 -0.991 0.329
R’ 0.029
F(p) 0.501 (0.610)

SE : standard emor, F(p) : F-value(p-value) of ANOVA for multiple regression
*

¥ ¥ :p < 0.05 ** : p.< 0.01, *F* . p < 0.001

Linear equation
Agmatine = 1673.679 —14.992 X T —3.465 X t

(% T: temperature, t : time )
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Table 6. Multiple regression result for tryptamine content of mackerel

during storage

Coefficients of tryptamine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  -8.474 9.354 -.906 0.372
Temp 1.629 0.578 0.479 2.819%* 0.008
Time 0.211 0.077 0.464 2.730% 0.010
R’ 0.243
F(p) 5.300* (0.010)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation
Tryptamine = —8.474 + 1.629X T + 0.211 X t

(% T: temperature, t : time )
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Table 7. Multiple regression result for 2-phenylethylamine content of

mackerel during storage

Coefficients of 2-phenylethylamine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  -6.702 3.991 -1.679 0.103
Temp 0.742 0.247 0.520 3.009%* 0.005
Time 0.050 0.033 0.264 1.525 0.137
R’ 0.216
F(p) 4.543* (0.018)

% SE : standard error, F(p) : F-value(p-value) of ANOVA' for multiple regression
¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation
2 — Phenylethylamine = —6.702 + 0.742 X T +0.050 x t

(% T: temperature, t : time )
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Table 8. Multiple regression result for cadaverine content of mackerel

during storage

Coefficients of cadaverine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  -99.731 49.637 -2.009 0.053
Temp 9.263 3.067 0.521 3.020%* 0.005
Time 0.712 0.410 0.300 1.738 0.091
R’ 0.220
F(p) 4.646* (0.017)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation

Cadaverine = —99.731 + 9.263 X T + 0.712 Xt

(% T: temperature, t : time )
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Table 9. Multiple regression result for histamine content of mackerel

during storage

Coefficients of histamine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant -2546.572  920.571 -2.766** 0.009
Temp 225.662 56.886 0.636 3.967***  0.000
Time 16.780 7.600 0.354 2.208* 0.034
R’ 0.326
F(p) 7.974** (0.001)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation

Histamine = —2546.572 + 225.662 X T + 16.780 X t

(% T: temperature, t : time )
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Table 10. Multiple regression result for tyramine content of mackerel

during storage

Coefficients of tyramine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  21.632 4.056 5.333*%**  0.000
Temp -0.556 0.251 -0.364 W22 LF 0.034
Time -0.122 0.033 -0.598 -3.638%* 0.001
R’ 0.293
F(p) 6.822** (0.003)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, *#F :p < 0.001

Linear equation
Tyramine = 21.632—0.556 X T — 0.122 Xt

(% T: temperature, t : time )
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Table 11. Multiple regression result for spermidine content of mackerel

during storage

Coefficients of spermidine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  18.066 2.645 6.829%**  0.000
Temp -0.504 0.163 -0.488 -3.081%* 0.004
Time -0.084 0.022 -0.612 -3.866%** . 0.000
R’ 0.342
F(p) 8.583** (0.001)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, *#F :p < 0.001

Linear equation

Spermidine = 18.066—0.504 X T —0.084 x t

(% T: temperature, t : time )
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Table 12. Multiple regression result for dopamine content of mackerel

during storage

Coefficients of dopamine

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  -85.793 45.556 -1.883 0.069
Temp 10.087 2.815 0.594 3.583%* 0.001
Time 0.593 0.376 0.261 1.577 0.124
R’ 0.280
F(p) 6.421** (0.004)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation
Dopamine = —85.793 + 10.087 X T + 0.593 X t

(% T: temperature, t : time )
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Table 13. Multiple regression result for VBN content of mackerel during

storage

Coefficients of VBN

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  -3.745 2.794 -1.340 0.189
Temp 1.074 0.173 0.725 6.219%**  0.000
Time 0.159 0.023 0.805 6.908*** ' 0.000
R’ 0.644
F(p) 29.857**% (0.000)

% SE : standard error, F(p) : F-value(p-value) of ANOVA' for multiple regression
¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation
VBN =—3.745 + 1.074 X T + 0.159x t
(% T: temperature, t: time )
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Table 14. Multiple regression result for acid value of mackerel during

storage

Coefficients of acid value

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  0.513 0.453 1.131 0.266
Temp 0.173 0.028 0.356 6.158***  0.000
Time 0.069 0.004 1.062 18.357***  0.000
R’ 0.912
F(p) 171.444*** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation

Acidvalue = 0.513 + 0.173 XT + 0.069 X t

(% T: temperature, t : time )
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Table 15. Multiple regression result for eyeball transparency in sensory

evaluation of mackerel during storage

Coefficients of eyeball transparency

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  5.832 0.394 14.818***  0.000
Temp -1.09 0.024 -0.426 -4.498%*%  0.000
Time -0.034 0.003 -0.981  -10.351***%  0.000
R’ 0.765
F(p) 53.592%** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, *#F :p < 0.001

Linear equation
Eyeball transparency = 5.832—-0.109X T—0.034 X t

(% T: temperature, t : time )
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Table 16. Multiple regression result for gills tissue state in sensory

evaluation of mackerel during storage

Coefficients of gills tissue state

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  5.176 0.323 16.022%**  0.000
Temp -0.080 0.020 -0.426 -4.009%**  0.000
Time -0.024 0.003 -0.941 -8.847%*%* = 0.000
R’ 0.703
F(p) 39.138*** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, *#F :p < 0.001

Linear equation
Gills tissue state = 5.176 — 0.080 X T — 0.024 X t

(% T: temperature, t : time )
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Table 17. Multiple regression result for hemia in sensory evaluation of

mackerel during storage

Coefficients of hemia

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  5.417 0.114 47.559*%*  0.000
Temp -0.033 0.007 -0.530 -4.707%*%%  0.000
Time -0.008 0.001 -0.907 -8.059%** = 0.000
R’ 0.668
F(p) 33.176*** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, *#F :p < 0.001

Linear equation
Hernia = 5.417—-0.033 X T—0.008 x t

(% T: temperature, t: time )
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Table 18. Multiple regression result for putrified odor in sensory

evaluation of mackerel during storage

Coefficients of putrified odor

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  5.266 0.360 14.636***  0.000
Temp -0.100 0.022 -0.488 -4.481*%%  0.000
Time -0.025 0.003 -0.928 -8.523%** = 0.000
R’ 0.689
F(p) 36.564*** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, *#F :p < 0.001

Linear equation
Putrified odor = 5.266 —0.100 X T — 0.025 X t

(% T: temperature, t : time )
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Table 19. Multiple regression result for elasticity in sensory evaluation

of mackerel during storage

Coefficients of elasticity

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  4.955 0.297 16.697***  0.000
Temp -0.058 0.018 -0.332 -3.181%*%*  0.000
Time -0.022 0.002 -0.942 -9.021%** ' 0.000
R’ 0.714
F(p) 41.205%** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*p <0.05 ** :p <001, **F :p < 0.001

Linear equation

(% T: temperature, t: time )

Elasticity = 4.955—-0.058 X T—0.022 x t
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Table 20. Multiple regression result for overall acceptance in sensory

evaluation of mackerel during storage

Coefficients of overall acceptance

Unstandardized Standardized

Model coefficients coefficients t p-value
B SE beta
Constant  5.681 0.364 15.617*%**  0.000
Temp -0.110 0.022 =489 -4.872%%%  0.000
Time -0.029 0.003 -.960 -9.568%** ' 0.000
R’ 0.736
F(p) 45.958*** (0.000)

SE : standard emor, F(p)-: F-value(p-value) of ANOVA' for multiple regression
*

¥ ¥ o p < 0.05 ** :p < 0.01, 5 + p < 0.001

Linear equation
Overall acceptance = 5.681—0.110 X T—0.029 x t

(% T: temperature, t : time )
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Table 21. Summary of freshness index result of mackerel

I —
Temp. Time

1 Agmatine .039 X X -

2 Tryptamine NS 7 / 99.40
3 ezthl;:':l‘:ﬂe 012 /' X 96.10
4 Putrescine - - - 88.67
5 Cadaverine .034 / X 87.45
6 Histamine 006 b, % 97.37
7 Serotonin = - - -

8 Tyramine NS N N 36.48
9 Spermidine NS N N 49.04
10 Noradrenaline - - - 58.37
11 Dopamine 003 Z4 X 119.79
12 Spermine - - - 35.24
13 VBN NS NR
14 Acid value NS / / NR

% NS : not significant (p > 0.05), NR : not required
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