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Determination of Chemical Freshness Indices for Chilled and Frozen Fish
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Abstract

Aquatic raw materials easily undergo deteriorative changes, and thus it is very important to keep fish meats
fresh during transport and processing. The K, value, biogenic amines, trimethylamine (TMA) and volatile basic
nitrogen (VBN), which are reported fish freshness indices, were measured for 20 samples. The K, values were
normally in the range of 7.8~43.6%, except those for some fish including squid. The contents of biogenic
amines were negligible, and a correlation (r=0.894) was found between the contents of TMA and VBN,
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K3t 24& $13 ATP, ADP, AMP, IMP, inosine,
hypoxanthine®} ¥ Z3¥3} biogenic amines®] FFF-&
SigmaA}l(St. Louis, MO, USA)ell A i3k A& A8
sl o, AlaxielE $13F HCIO, KOH £¢] 7]&}
ke Aok EgAlekS AHg-Ekd ot
o 25 % pH &H

WAele] ¢ oA F4 2x=F Ao,
‘g%“"] o A= 2 258 243y} pH &4

& ]85 10 goll T2 £ sl #4)7] (HR 1385,
Philips, Austria)® ¢f 387t ddstA £33 ¥ pH
meter(Comning 240, USA)Z. 23] 3193 c}®.

HPLC®& ol 8% Kt &3

oJ% 10 g& WA ¥EF 10% perchloric acide} §
A AT F 30% Wig A dAEe sl A5
& sty AFES T Aejsiq 45ge @
st} o] & P& vEF 5 M KOHE2 22 pH 6.5
2 9¥ ¥ 10% HCIO 422 100 mLE #§31%
o} o] A& 30% W] F A Fesl] dL AMFASE
K3t #4452 313led, A& FY=FS 10 uLy
o} 4o AF2-¥l HPLCY Waters 501 (WatersAl,
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FEEwsE 23U FR=HAAUFs)= 052
&g o}. 2% & pBondapak Cis (3.9 mm i.d. X 300 mm,
WatersAh)y S AHR-3I 5 44 40°C2 {-A18150 .
f4e 2 20 mLE 3} o)A R 1% tri-
ethylamine (H,PO.Z pH 6.5 4)& 283t}
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o]-% 2 g& 0.4 M HCIO, 10 mL¢} o] FA3kA17]
¥ 3,000x goll A 1087} A E-elsled AH5A-S 3]
At AFES FYsHA Ay F AEAg wow
04 M HCIO, 8422 25 mLE #-&3}9ic}. Biogenic
amine-fF-2] ¥FF 2 2 B-phenylethylamine, histamine,
serotonin, cadaverine, spermine, spermidine, putrescine,
tryptamine, tyramine-3- z}z} 70, 80, 60, 90, 130, 120,
90, 60, 60 mg# s} FFol 5 B2 Eislo]
287G ) Alg % EFE 1 mlel 2 M
NaOH 200 pL¢} ¥3} sodium bicarbonate 300 pL%
7}t ¥ acetonedl] 1% 552 235 dansyl chloride
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42 YA F, 100 pLe] ammonia-§-8-2 7}3}
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o]71-¢ HPLC #4-¢ A& 3}¢lc}. Biogenic amines
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A9} 3} c}. Gradient elutiong 83} 7]E2] B 7™
o}= we], £ 2§44 0.1 M ammonium acetate 2}
acetonitrile 31 898 AM8-3le] f-af] =A-& w7}
o] A&% A3, 0.1 M ammonium acetate?} acetonitrile
o] 40:60 (vw)e] W1 W Fel5o] 7 FEale]
ol & ol ¥ A2 ARGt f-452 1.0 mL/mingl S
W A8 9 5] 48 10 pLg2, 254 nmoll
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Table 1. Determinations of pH and temperature for various fish. All fish except tuna were chilled ones
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Samples Scientific name English name pH Temp. (°C)
1 Trichiurus lepturhs Hairtail 6.85 4
2 Scomber japonicus" Mackerel” 6.80 4
3 Scomber japonicus® Mackerel” 6.52 3
4 Limanda herzensteini Flatfish 6.34 4
5 Ostrea denselamellosa Oyster 5.99 4
6 Cololabis saira Pacific saury 6.10 4
7 Thunnus thynnus” Tuna" 6.15 4
8 Thunnus thynnus® Tuna® 5.98 3
9 Gadus macrocephalus Pacific cod 6.64 3

10 Pleuronichthys Frog flounder 6.32 4
11 Oplegnathus fasciatus Rock bream 6.40 4
12 Anago anago Conger eel 6.36 4
13 Scomberomorus niphonius"” Spanish mackerel” 6.58 4
14 Scomberomorus niphonius® Spanish mackerel” 6.25 3
15 Nibea albiflara Yellow drum 6.88 4
16 Todarodes pacificus” Common squid" 6.08 4
17 Todarodes pacificus” Common squid” 6.71 3
18 Epinephelus tauvina Black-spotted grouper 6.61 4
19 Pagrus major Red sea-bream 6.02 4
20 Larimichthys polyactis Yellow croaker 6.87 4

“?Fish brought from different places.
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Table 2. Determination of ATP-related compounds for various fish extract and the resulting K; and H values

AlgdlA e uBondapak Cs BYL A3ty 9 &

silE w2y 3

2 254 40°CollA] Ee)E Wl

A8 52 ATP F-3j4HE-& 43l Kghe 734
t}. Fig. 1> ATP #3335 A5EH 25 %
Ao ik HPLC A2 2rIEWE N Fo). I3 F

IMP AMP  ADP

K

H

Sample  Scientific name English name H,

(umol/g) (umol/g) (umol/g) (umol/g) (umolg) (%) (%)
1 Trichiurus lepturhs Hairtail 1535 0078 2794 0.050 - 36.6 348
2 Scomber japonicus® Mackerel” 0356 1.780  4.473 - - 323 79
3 Scomber japonicus® Mackerel? 0400 2500 6900 0260 0400 29.6 4.1
4 Limanda herzensteini Flatfish 0.539 » 6.338 0.057 0.180 7.8 7.8
5  Ostrea denselamellosa Oyster 0078 0345 0117 0256  0.160 784 14.2
6  Cololabis saira Pacific saury 0881 0.862 4298 0.081 4298 289 14.6
7  Thunnus thynnus" Tuna” 0.161 0.529 - 0.172 - 7.8 233
8  Thunnus thynnus® Tuna® 0180 0.650 6900 0373 0376 10.7 23
9  Gadus macrocephalus Pacific cod 0650 2.030 0.045 0.149 0397 98.5 23.8
10  Pleuronichthys Frog flounder 1780 0.186 2.857 0.074 0.220 40.8 36.9
11  Oplegnathus fasciatus Rock bream 0.653 0266 6888 0.135 0222 11.8 8.4
12 Anago anago Conger cel 0240 0370 2300 0231 0.880 209 8.2
13 Scomberomorus niphonius” Spanish mackerel” 0324 0837 3926 0.079 - 22.7 6.4
14 Scomberomorus niphonius® Spanish mackerel” 0130 0850 6200 0179 0.390 13.6 1.8
15 Nibea albiflara Yellow drum 4.883 - 0270 0.044  0.200 94.8 94.8
16  Todarodes pacificus" Common squid” 1.729 - 0.168  0.284 - 91.9 91.1
17  Todarodes pacificus” Common squid® 2500 0220 0230 0337 0360 92.2 84.7
18  Epinephelus tauvina Black-spotted grouper 1.720 1935 0364 0.029 0.138 90.9 428
19  Pagrus major Red sea-bream 0220 0210 1930 0.19 - 18.2 93
20 Larimichthys polyactis Yellow croaker 0860 1770 3.400 0.170  0.530 43.6 14.3

“Fish brought from different places.

Not detected.
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Fig. 1. HPLC chromatograms of ATP-related compounds.
A. Standard samples, B. Extract of mackerel.

& Alg-sled & A], ATP #3452 hypoxanthine,
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3.19, 434, 5.43, 7.84, 11.82, 1838302 vjehic}.
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7}7k 4,47, 1.78, 0.36 pmol/g ¥ Ao viepyte
o, Ztzh A% o] Fe] glo g F3ledAl Kk 32.3
% ch. Bergannd} Kleemann’& H 9] stripg AHE-
3led hypoxanthine®} inosine, AMPS} IMPE- 7Hz} 2
A3 F =88 FE K 73l o] F AEARR
sla x|a7) W | wrled] HEAA g5 EAHE
4 u} gich. Table 2= Al AMER o7 20F2]
FZ9& HPLCE ¥A3to] 22 ATP #31313HE9
T ol 2R A Kts RoAF5 gl

Table 214 8 4= Sl ZAYH, ATP ¥3ibE 5
IMP7} 71 Wel -] Iz o1 R 2 4
A 5]+ inosineo|+} hypoxanthine?] &ek& 7tz} 0.078~
2.500 pmol/g, 0.078~4.883 pmol/g.2_2. IMPel] ®] &
stk ol7le AME 24417 Wle] AU A RelAE
IMP7} #43] FrRbche 7|&e] Bux X3}
It i}, &el, 317, el &, 7HEd RS 499 K
e Z+z} 0~10, 10~20, 20~50, 35~60% H< Hel 2l
o, Kgtel 60%% Joml 1544 Hojatelely B
] el B dFellA] AMSE A8 E2] dubH <l
Kigh2- 7.8~43.6% WS4 A= qlct. 28y, 2
Ao} Zo] A IMP o] ohE o) Fof] w]3lo] &
23] F7] w#ol AR Kgke]l 90% ol
¥A A==, ol d A Ao} 9 Al
AEo) "oz = Z-& 2fnlgh= #o] o} o] o
ol 73S ATP F&|2] 2] diapAdo] of$- gk
A& oJulsl, w3k 24y Foo} ZHe Aol F
o] A% ATP F-3{7 ZollA IMP7} A2 =] &
ohe 7129 Lt dxsta gut o] 59 A%
ol ATP #8AHE o]2]2] 7oz ¥ =&7psd
& AEAER A= Zlo] ¥ Qe A
w3, UubH]l ATP E&Aol o] Ea4tEe] A
A7 g de] ATP7} #3552t 53] inosine
o] 5] HR A olFo] sli=vl", o7]ol &3
= oFo| & -, 325, snapper, skipjack F-o] 3l
o} weba, o]f A FES Katirle e A E2A
AANEE veplis Zlo] A sict. HH(%)S [HY
(IMP+HR+H,) x 100]2.2 ehlli=d] o]& ojF2] 7
ol Az ke &89 5 el AR 7
o] Kghe A& A3} 98.5%% vl FA vehde
vh Hgh& 23.8%cl E33taict. ofe} &AMl of
T2 HRS| EH1]7} 74.5%01 wzba] o} o] Fofl ]
3lo] inosine ¥8Fo] v]-¢ ¥F2d] 7]¢ldh= Zolt. &
o] 9% HRE Eu]7} 63.9%2 c}& o]Fd] nsly
¥ 3 HR o] & 1o vepydr)

Biogenic aminef= A4l S-ol|A] v FE 2g2] 2|
2A] o]43 4 9low], B3], cadaverine> 5§, 95,
AR SeM $2 237 ° 5 vk Bwst ¢l
o}, &} Sayem El Daher 59& $-%o] glo] AxX]
B2 o8 F7 amineF-E ZHEZ I} putrescine,
cadaverine, spermidines} EFAlo]d= 22l Ab
A7 A%k Borsigdct. B el A5R
AHEE o} fo] A2 E 24 biogenic amine {5 £4
% o HPLCEAE $&f ZFEFos AHEE AL
tryptamine, B-phenylethylamine, putrescine, cadaverine,
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Fig. 2. HPLC chromatograms of biogenic amines. A.
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histamine, serotonin, tyramine, spermidine, spermine¢]
Qoy, o]Ee HEBE A7le zFzb 7.26, 8.40, 9.40,
10.47, 11.55, 15.64, 19.66, 23.65, 25.73:%-2 & i}ely}t
v}(Fig. 2). Biogenic aminef+= * ZMIZ} FrE] oul
Moz A3 Z71el7] Axtalel, n5ole} Hola) e}
742 A g0 8ol 4] histamine2 20 mg/100 go]H &
E3HAlERlet e & ¢ glou Y B A Agd
o1% &9l Hse] HPLC £4% W% 23 bio-
genic amine - 2454 o 2.0 2 vhepde}.

o]F 20 &A% TMA % VBNe| §hakd
Table 3ol By vje} 2o} YWk o 2, VBNA| %7}
5~10 mg%olsho]al o} A8} 20 mg%oltelA
= AlAdEH 50 mg%eol ol vt § Abeieti B
TH T k. B A4 TMA ek 0.15~6.74
mg%e]13l, VBN &8k 4.42~32.00 mg% $1 2 v}
ehgoh F37 ¥40]= TMA, VBN @8 2.5 Ao 4
A ke, o 1e] ARl TMA gebo) e
W VBN &ty & 7log p}z}x} - e
A 52 APTAZL o5& o 7 ddct(Fig. 3).
AlA 2 Malle} Poumeyrol“"”—,;— |, Ach-F(whiting),
wgoleh e olZelA MR wel TMASH
TVBNS A% A3} A3 Ad3A7) 9lo] o] &9
AFe A 6]-8-(TMA/TVBN X 100, %) PEro. 2 % 2]s}
A AEAE 4o &3t o] df, TVBNS A4

Standard s'amples. B. Extract of squid. Peak 10 indicates a z27)o A9 AAE A koo, ofEe] uleh

solvent peak.

Table 3. Determination of trimethylamine and volatile basic nitrogen for various fish extract

Sample Scientific name English name TMA (mg%) VBN (mg%) PY (%)

1 Trichiurus lepturhs Hairtail 0.82 20.81 3.94
2 Scomber japonicus" Mackerel” 372 24.58 15.13
3 Scomber japonicus” Mackerel” 1.36 18.71 7.27
4 Limanda herzensteini Flatfish 1.34 30.63 4.37
5 Ostrea denselamellosa Oyster 0.15 4.42 3.39
6 Cololabis saira Pacific saury 1.79 2334 7.67
7 Thunnus thynnus" Tuna" 1.38 21.96 6.28
8 Thunnus thynnus® Tuna” 4.10 21.63 18.96
9 Gadus macrocephalus Pacific cod 4.24 18.41 23.03
10 Pleuronichthys Frog flounder 5.51 21.77 19.84
11 Oplegnathus fasciatus Rock bream 4.03 23.41 17.21
12 Anago anago Conger eel 2.64 6.35 41.57
13 Scomberomorus niphonius" Spanish mackerel” 3.89 18.29 21.27
14 Scomberomorus niphonius® Spanish mackerel” 6.74 8.78 76.77
15 Nibea albiflara Yellow drum 5.31 24.36 21.80
16 Todarodes pacificus” Common squid” 4.02 14.54 27.65
17 Todarodes pacificus” Common squid” 1.43 15.94 8.97
18 Epinephelus tauvina Black-spotted grouper 6.47 32.00 20.22
19 Pagrus major Red sea-bream 1.47 18.36 8.01
20 Larimichthys polyactis Yellow croaker 2.85 16.43 17.35

"PFish brought from different places.
YTMA/TVBN X 100, %.
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Fig. 3. Correlation between trimethyamine and volatile
basic nitrogen contents for various fish.
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