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Physicochemical Quality and Luminescence Characteristics of
Gamma-irradiated Dried Fish Products

Eun-Joo Park, Han-Na Jang, Deokjo Jo, Gui-Ran Kim, and Joong-Ho Kwon*

School of Food Science and Biotechnology, Kyungpook National University

Abstract Dried fish products, such as seasoned cuttlefish, anchovy, and filefish, were analyzed to investigate the
physicochemical quality and luminescence properties following gamma-irradiation. The overall color difference slightly
increased in all irradiated samples, showing significant changes in Hunter’s L, a, and b color values. Cuttlefish and filefish
showed higher values in hydrophilic browning, whereas anchovy showed a higher value in lipophilic browning. The brown
color intensity of filefish showed a dose-dependent increase. The thiobarbituric acid (TBA) value significantly increased in
irradiated samples of cuttlefish and anchovy, which have relatively high lipid contents. Irradiated samples, except anchovy,
were not suitable for screening using photostimulated luminescence (PSL) because only negative or intermediate values
were observed. Thermoluminescence (TL) measurements were suitable for all fish samples, i.e., irradiation-specific glow
curves were obtained, signal intensity increased, and the TL ratio fulfilled the criterion. There was no significant difference
among the irradiated samples with regard to the sensory properties.
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ZAM| oe 7EeHA olsle] Zg a3F HyET o) FEd,
AEe] 2H F Aol 7Fssle] 231 998 WX 4 U, &
F 540 gl 5 98 7K 33 S-S Aduk,12). Al
A FE5d 71 F(FAO), =AHLAE 7| F(IAEA) B HNARA7]F
(WHO) 35 3lolol H 10 kGy ©]3tE HAM 2A1d RE
2372 ofmgt HAEHA Qlslel I, nAEEE EAE o
077 eria AEA SO ZH(13,14), WA ZARIES] ok
’dol T A7)l sl AA AT ol whet ofn] FiHE
I FUAE T HEE o] 7&o] AL YN, 1 o]go]
AAFSZ F= Jok(13). 22 sdlox= ofsif &%
of thaliMut MAE AL JAE BFow I 7kGye #vkA
ZARE 3838l 2lo] st AZRGAR Uist dAHe] XA
=3 et

SRR AP AR ES] AR 89S Eol] gt o7 2
A F, 2AREY FAA S (labeling)e}t o] T & Qe
ZAFAE9] Bl W (identification method)ol] #3H A7t EQ
gk 202 HIFEATH(15,16). WA AP ES Sl gr
= FARAA ] HAHE] W ool A Sl el BHE
£ fEiM = dasieh ol wet fEuetelAs WA ZAL

S7FAE 26500 tiste] ERINFHOEA FA=FEE EAH

(photostimulated luminescence, PSL), &%r% &A%

nescence, TL), A3 -F™ F4H(electron spin resonance,

ESR), hydrocarbon #2415 (GC-MS) 5= ZAIg v} JATK17).
e B AolMs AXF F HlwE &v|FFo

oA, FxE, FAol| el Frkd Al mE o]5}EhE

(thermolumi-
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Al 2Abe dEdAE AT HEEAPI AT A
AE Co-60 P AL A]4(100 kCi point source AECL IR-79,
MDS Nordion International Co. Ltd., Ottawa, Canada)S ©]-8-3}
o A7V dAs AFEE Z/\]_o}ogl(o 1,3 % 5 kGy), oluj
e gRlol= alanine dosimeter (Bruker Instruments, Rhei-
nstetten, Germany)S ©]-83}] ESR spectrometer (JES-TE300
Jeol, Tokyo, Japan)ollX] A} & AAT]= fiee radicale 731
srlsisiet. Qg FA0A A EAKre-irradiationy= SUT 2AL
AAE o] &3l 1kGye] S574%S 4=F 3t
TEEE pH % JAHME £H

ZAxFe] R 298 8 AR oF 1ol Sl Infrared
Moisture Determination Balance (Kett, FD-240, Tokyo, Japan)E
ol &3ttt pH 24L& BA R 5 goll Hol& 50mLE 7}3)
o] LAE2](1,006xg, 20min)gt & JSHS FH3F] pH meter
(ORION 3 STAR, THERMO electron corporation, San Jose,
CA, USAZ ZA3FHT(18). 71AIN = ZHol= color & color
difference meter (Minolta, CR-200, Osaka, Japan)S A}-&-3}th.
Hunter scale®l] 2|3+ L(H %), aZA %), bEA ), AECAHEE 24
b #E EAE tisl 53] vk SAEA, o] o FEulvd
9] L, a, b %2 ZH7} 97.79, —0.38, 2.050]31t}.

ﬁa

d2kstol] olgk 2w 9 ¥ R4A Maillard
g 8 Ao R FRste] A4Sk XE Aksto)
=+ Han 5(19)° €3t WHe| wel chloroform-meth-
anol (2:1, vv) &1lE, Maillard W3-l 93t ZM == Chung¥}
Toyomizu (20)2] ®Hell W2} H,0-methanol (1:1, v/v) SulE 7}
7} ARgsldth BAAE 10gd ZF S0 25mLE E98IA 120
E7F wAsE & AAEE(1,006xg, 10min) 2 ] 3}3ke] spectro-
photometer (UV-160 PC Shimadzu, Kyoto, Japan)E A}-& 3}
20melN FFEE SHSATH

Thiobarbituric acid (TBA) %t ¥ volatile basic nitrogen
(VBN) &2 =3
AP AR gl e A58 AEAE ARE dotnr] ¢
a Tumer (219 Wl Fstel Ao Abst Al AP EHE
malondialdehydeQ} 2-thiobarbituric acid®] NSO 2 TBA #<
At =, EAAE 1ol 2N phosphoric acidoll &-3) gt
20% TCA (trichloroacetic acid) €< SmL<} 0.01N TBA (2-

thiobarbituric acid) €< 10mLE I8t G@=oA 3087+ 719
3}t 2 % isoamyl alcohol-pyridine (2:1, v/v) £ 15mLE
7¥ek 5 94l EEste 4l digh $EEE 538 mmollA &
Atk AxFe] Mg dolrr] 3 WA H7 AL 5H
< Conway units ARESHE vFEHH(22) 02 A3
59 B 59 ImLE Conway 57| 24, 0.01N K,CO,
mLE WHol Y3, K,CO; 1mLE o4 ¢ 9 2HT &
25°CoIA] 6087F BBl X7} B 2712 0.01 N¢] NaOH
golog HAAsle] sreEe =43}

_

XU (Photostimulated luminescence, PSL) &4

FAFas3(PSL) 4L CEN W 23)0l F=3kadh Alde A
FAE 508 ZFZ) petridisholl ©ol Al& chambero] ¥ PSL
photon countE 33] WHE ZA3IATE 7]1719] cycle time 1 sec,
cycle 3197 60, dark count 28+1.5, light count 25+1.8¢] 1T}
=452 ¥HJollA] lower threshold value (T,)= 1,000 photon
count/min, upper threshold value (T,)¥ 5,000 photon count/min
o|glen, T, 3t #h2 H] ZAPA|E(negative contro)=, T, ©]
olH Z/\P\LL(posmve contro)2 FE3ks]ch.

92 (Thermoluminescence, TL) &4
CEN W3 (24)9l 3l 7EF 200-300 goll thal] #lFo] &
Hol e ol=d deje] 12 AFASA AF SFTE
7}’5}@] ultrasonic agitator *2]3F ¥ 125 um sieveE SHAIA
ES F3Hh 93719l sodium polytungstate solution (2.0 g/mL)
% 7kt 71%S AAaL, IN HCl 2 1N NH,OH #z|¢
T 9 e AlH A3l aluminium disc (¢ 6 mm)oll A
o} 50°C incubatordll A S5 = g3t & =431tk FH|
H F71Z29 TL spectra 42 TLD system (Harshaw TLD-
4500, Germany)2 ©]-&3lo] 3L =% N, gas (99.999%)2 ZH K
WA 2712% 50°C, 7H-E 5°Cls, HEF2E 350°C 2102

245191 TH25-27).

HsAAL

A B2 AL oo wE F5r FARIE St B, A, o]
H, 2 2 HH 7|szol disle] AHEEE 28 2099 A
ARdel o3 sEAEHG: oFF EH, 4: £ 3 2
A gt 1: vl EA grho g AAISHITH2S).

SHXE|

BE AP 33 whEsily, A wE Ao fode
SAS (statistical analysis system) (26)°l] <3t F2HEA13} Duncan’s
multiple range testol] 2J3] 773} Th.

I_I:I

TE 2, pH H 7[A™ME HS}

el ARl mE AxRe] SR, pH B 71A1A Al
Hsk= Table 13 72t} RT3 49 24oA1E 29.56-33.96%,
HAEE 6.68-749%, BAE 21.51-28.10% HAZ o] A
ARl RS eAoA, EA], HE ol AxY e =
AR BOA FEgEo]l tha AEgioy, Ao xjek dxe
43 AEFE YERA] S3tThp<0.05). Li%«l pHE 9270
A(6.71-6.95), BX1(6.49-6.60), FE(6.16-6.20) == A=,
BR] 79 AR L Fhe] vha FTHEATHp<0.05). 7
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Table 1. Changes in moisture content, pH, and Hunter’s color value of dried fishery products by irradiation

Hunter’s color”

Sample Irradiation Moisture pH

dose (kGy) content (%) L a b AE

Cuttlefish 0 32.61+0.60%° 6.82+0.00° 72.14+£2.33% -2.224+0.22% 8.11+1.40° 0°
1 33.96+0.70° 6.820.00° 70.25+1.72° -2.25+0.22° 8.99+0.49° 2.27+1.48"
3 29.56+0.35¢ 6.71+0.00° 66.46+0.82° -1.98+0.25° 8.5140.85° 5.75+0.79°
5 33.90+0.27* 6.95+0.00* 67.58+0.78° -2.02+0.21* 10.63+0.68" 5.28+0.40°

Filefish 0 7.49+0.12* 6.20+£0.01° 64.75+3.88* 0.53+£0.49* 10.14+1.89° 0°
1 6.68+0.18° 6.26+0.02* 62.80+1.89* 0.81+1.06* 11.34+2.04* 3.35+1.00*
3 6.68+0.18° 6.16+0.02° 61.97+2.43* 0.58+0.24* 12.18+1.99° 3.80+£2.57*
5 6.77+0.03° 6.19+0.02% 65.00+2.94* 0.68+0.35* 9.58+2.43* 3.05+1.89*

Anchovy 0 26.27+0.20° 6.49+0.01° 54.86+3.20° -0.65+0.74™ 7.25+1.00* o°
1 21.51+0.36¢ 6.53+0.02° 61.05+5.15* -2.05+0.96° 6.43+2.16* 7.36+3.81°
3 24.33+0.24° 6.60+£0.01* 61.45+7.85% -0.53£1.54® 8.20+3.02° 7.49+£2.22%
5 28.10+0.04° 6.57+0.01* 62.24+7.59* -0.54£1.57° 8.56+2.84* 9.83+7.08"

YL: Degree of lightness (white +100<>0 black)
a: Degree of redness (red +100< -80 green)
b: Degree of yellowness (yellow +70<> -80 blue)

AE: Overall color difference (AIAL2 + Aa2 + Ab2 )

IMean+SD (n=3)

“*Means followed by different letters within the same column are significantly different (p<0.05).
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Fig. 1. Changes in lipophilic and hydrophilic brown color value
of dried fishery products by irradiation.
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[
H
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ANNGT BT Q0), AH 7170 me Ade] Bey
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PSL &¢ol &4

73xFe] PSL A¥= Fig. 29 2ot 24ox1€] 4% 0-5 kGy
ZAA &S] photon count #FO] 279-562 PCs HLIZ 1,000 ©]3}2]
S8 e vepdel wel AR gl ofEgo] AT
F x| 74 8] ZARAFA photon countdte] 312 PCsZ <4
() 3L YeRN ey, 1kGy o2 AR 1,285-3,214

Table 2. Changes in TBA value and VBN content of dried fishery
products by irradiation

Sample Irradiation dose TBA (mg/Kg) VBN (mg%)
(kGy)

Cuttlefish 0 38.16+2.47° 63.78+0.28""
1 30.23+0.79° 36.41£1.51°

3 64.21£0.56* 61.46+0.23"

5 67.58+0.42* 33.14+£1.19°

Filefish 0 402.75+£5.43° 18.88+3.47%
1 407.54+11.12* 24.49+1.40°

3 402.35+0.35° 27.30+0.01*

5 393.80+0.13° 9.78+6.30"

Anchovy 0 354.35£20.35°  26.59+1.40®
1 286.58+2.19¢ 25.46+0.38°

3 421.44£10.19°  28.97+0.29°

5 587.73£2.29* 27.17+0.78%

YMean+SD (n=3)
**Means followed by different letters within the same column are
significantly different (p<0.05).

1.E+07
—~ 1.E+06 |-
£
< 1E+05 © Intermediate region (1,000-4,000 cpm)
- 1
S 1E+04 | e —
o ! A —"
§ 1E+03 F
2
= TBH0Z F o Cuttlefish
£ | w01 | —= Filefish

—4— Anchovy
1.E+00 T T T T T T
-1 0 1 2 3 4 5 6

Irradiation dose (kGy)

Fig. 2. Photostimulated luminescence analysis of dried fishery
products by irradiation.
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Fig. 3. TL Glow curve of minerals separated from dried fishery
products by irradiation.
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o] Afol7F YehE & 7] F R AR UTH23,33,34).

SHH AXFEHEE 23 vu|Z9] normalizationS ¢35k 1
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H7 A Table 49 2T oAolAlsh Azl A9 u,
A, 013, 227k @ Ak 7 5o vk He] 2AMZe] w
Fo1H9l Zol2 viehiA gkgieh. WA A5 AWA /1%
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Table 3. Thermoluminescence determinations of dried fishery products by irradiation

Irradiation dose (kGy)
Sample TL glows"
0 1 3 5
TL, (nC) 17+7% 436192 445204 1,315+1,220
Cuttlefish TL, (nC) 4,418+1,581 3,686+993 3,087+877 3,641+£997
TL ratio 0.004+0.005 0.118+0.093 0.144+0.233 0.361+1.223
TL, (nC) 136=+15 7,986+3,045 20,094+16,351 38,570+16,082
Filefish TL, (nC) 24,090+6,640 18,593+4,549 20,980+8,441 22,956+5,630
TL ratio 0.006+0.002 0.430+0.669 0.958+1.937 1.680+2.857
TL, (nC) 123+47 4,561+1,655 9,406+2,752 4,977+2,412
Anchovy TL, (nC) 15,860+3768 19,546+5,338 16,996+1,437 11,196+2,927
TL ratio 0.008+0.013 0.233+0.310 0.553+1.915 0.445+0.824

1)TL], Integrated area between 150 and 250°C of first glow curve; TL,, Integrated area between 150 and 250°C of second glow curve; TL ratio,

TL /TL,
IMeans+SD (n=3)



172

AN EAEEA A 45 A A 2 5 (013)

Table 4. Changes in sensory properties of dried fishery products by irradiation

Irradiation dose (kGy)
Sample Sensory properties
0 1 3 5
Cuttlefish Taste 3.80+0.77"° 3.35+0.93* 3.20+0.95* 3.25+0.85*
Color 2.95+1.15° 3.65+0.88* 3.30+1.13* 3.40+1.19*
Odor 2.25+1.21° 2.90+1.29* 2.70+1.03" 2.30+1.08°
Texture 3.40+0.94* 3.30+0.92° 3.35+1.14* 3.25+0.72*
Overall acceptance 3.50+0.76* 3.25+0.97* 3.35+0.88* 3.65+1.09*
Filefish Taste 2.86+1.12° 2.95+0.95° 2.86+0.99° 2.91+£1.15°
Color 3.31+0.89° 3.50+0.96" 3.68+0.83* 3.361.00°
Odor 2.86+1.12° 2.72+1.12° 3.40+1.36* 2.82+1.14°
Texture 2.50+0.91° 3.09+0.92* 2.95+1.09° 2.91+1.11°
Overall acceptance 2.68+1.08° 3.22+0.81% 3.22+1.23% 3.18+0.91°
Anchovy Taste 3.68+0.99* 2.91+1.02* 3.00+1.11° 3.32+1.09*
Color 3.50+0.91* 3.05+1.00* 3.23+1.27° 2.91+0.97*
Odor 2.82+1.30° 2.64+1.18" 2.55+1.34° 2.59+1.18°
Texture 3.59+1.01* 3.18+0.91* 2.86+1.08" 2.91+1.06°
Overall acceptance 3.73+£1.12° 2.95+1.00° 3.23£1.11° 2.91+1.27°

"Mean+SD (n=20)

**Means followed by different letters within the same row are significantly different (p<0.05).
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