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Abstract

Seasoned low-salted pollack Theragra chalcogramma intestine (Changran Jetgal, CJ), a traditional Korean
salt-fermented seafood was prepared using a commercially available method and irradiated using gamma
rays (0-10.0kGy) to investigate the effect of gamma irradiation (GI) on food quality. The pH decreased
with GI, while the acidity increased. TBA, VBN and NH,-N also showed a tendency to gradually increase
with increasing GI. After 2.5kGy GI, the number of viable cells in CJ was reduced by one log compared
to that observed in non-irradiated CJ, and no living cells were detected after 7.5kGy GI. In case of
instrumental color parameters, as the GI increased, the L and a value increased, while a and AE values
decreased. Though up to 2.5kGy GI had no effect on color quality, over 7.5kGy GI resulted in
significantly poor quality CJ surface color. Saturated fatty acid contents increased in irradiated CJ, while
those of polyenes and monoenes decreased slightly as the GI dose increased. Exposure of CJ of GI had
no effect on the free amino acid and mineral composition. Those results demonstrated that the appropriate
GI dose for CJ ranged from 2.5 to 5.0kGy, which may be recommended for industrial application.
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| Alaska pollack intestine |

|

| Thawing at room temperature for 48 hr., 10C |

|

Washing in 10% Nacl solution, draining and
separating

|

| Seasoning in 1st seasoning solution |

|

| Aging at 0£2°C for 25 days |

| Starch syrup |

|

| Aging at 0+2°C for 25 days |

| Spreading 2nd seasoning solution |

| Vacuum packaging in plastic film bag |

[Fig.

1] Sampling Flow diagram for seasoned
low-salted pollack (Theragra chalcogramma)
intestine processing.
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International Co. Ltd., Ottawa, ON, Canada)=S ©]&
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<Table 1> Recipes of 1% and 2™ seasoning
solution  for  pollack  (Theragra
chalcogramma) intestine processing
Material Composition'
D-sorbitol 3.0
1 seasoning solution’ Monosodium 5.0
glutamate
Total 8.0
Red pepper 4.2
D-sorbitol 5.0
Monosodium 39
glutamate '
2™ seasoning solution’ Sugar 0.5
Garlic
powder 33
Radish 0.5
Total 16.7

'Percentage (Wt%) to the raw pollack intestine.
Refer to the comment in [Fig. 1].
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<Table 2> Proximate composition and salinity of seasoned low-salted pollack (Theragra chalcogramma)

intestine
Proximate composition (g/100g) Salinity
Moisture Crude protein Crude lipid Ash Carbohydrate (g/100g)
Content 57.1+0.1 33.0+0.4 0.440.1 8.1£0.3 1.4£0.2 10.5+0.1

- 486 -



Zop AL 2 A2k Theagra dalcgranmm) e EREY

T AdE & F ATE Lee et al2000)14 & Al v, ol AdEEel vAEY] A
2 54719 A9 A3l drbd 2ARE - oF o TP 2 9= vAANL AdEEe] 22
e Al Rk EEVIZE BE AETel B Al Akl s mdEe] Aol A
S7retion AdErel vpd ARkl v Ho| ofm e HAo] TF £t vropx]= Zlo
55 obv|iE] Ao FFEE A4S TR = Ba Stk webA fvkd 2APEE o &
thools mAE A As) 9 oopvlwE dA sl EAEY fE T 2ske WES UA
S/ £ o] Zbed Zlow R glow,  stal #FEUIRE AAshe At Sle dow
Ahn et al.(2000) ®A] H# SAAA] AQG Ale- AdETt

Aol A ZAksel G4 Fel et )

MRS ERdon Aolgomd TeAow 2 ZOMM TAb o ARz ZESM
%f;& Ad ARRE ﬂ]—%:{z %jﬂ ilj 0 A 2 10-10.0kGyS EAFAZ F7bol
i“j;f{f %_1“9}9?’;“5}% ‘i};ﬂ% o ToWE 9 eRue wEeel wiE 39
GrA Bohstel AdsEs gei g e S E

o) B A% LEA ¥E4F F7h SEE we

<Table 3> Changes in moisture content, Aw, salinity, pH, acidity, TBA value, volatile basic nitrogen
(VBN) and NH2-N content of seasoned low-salted pollack (Theragra chalcogramma) intestine
at different gamma-irradiation doses

Irradiation dose (kGy)

0 1.0 25 5.0 75 10.0
Moisture 57.1 572 56.7 57.0 56.9 56.5
(g/100g) 0.2 +0.1 0.2 £0.1 £0.2 £0.1

Aw 0.88+£0.01™ 0.86+0.01 0.87+0.01 0.87+0.01 0.88+0.02 0.88+0.01
(ng‘lllg(‘;gy) 10.5:0.1 10.420.3 10.6£0.2 10.5+0.1 10.6£0.2 10.4+0.2
- 6.22 6.19 6.17 6.14 6.13 6.13
p +0.09N +0.10 +0.10 +0.11 +0.12 +0.10
A(f;‘llj;y 3.040.6™ 3.040.4 3.120.8 3.340.4 33404 3.4+0.6
TBA Value d cd be ab a a
(OD) 0.014£0.004  0.019+0.006%  0.025£0.005*  0.029+0.003 0.034£0.004°  0.037+0.003
(m?g//]?(l)\IOg) 12.240.3N8 12.5+1.1 12.3£0.7 13.4+1.0 13.4+1.5 13.8+1.2
(nljgf/lf(')lgg) 39.240.8° 39.8+1.1° 41.2+1.5% 41.4+2.0® 43.5+1.6" 43.7£1.3

NS, no significant differences within the same row. The data represent meantstandard deviations of triplicate
determination. Different letters in a same row (a-d) are significantly different (P<0.05) by Duncan’s multiple
range test. Aw, Water activity; TBA, Thiobarbituric acid; VBN, Volatile basic nitrogen; NH»-N, amino
nitriogen.
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<Table 4> Changes in viable cell counts of seasoned low-salted pollack (7Theragra chalcogramma) intestine

at different gamma-irradiation doses

(CFU/g)
Irradiation dose (kGy)
0 1.0 2.5 5.0 75 10.0

H ZAMO] A= (2.8-4.6)x10°CFU/g, 1.0kGy A1, &R WS o= pH7E Astew, @7}
ZAFFO AT E(1.6-2.0)x10°CFU/E, 2.5kGy % F5shs 5 HEAO] W Ao ddA gl
50kGy FAFFe AEeE 4 (2532)x UhLee, 2001; Kim et al, 1993). 4% do &
10°CFU/g, (1.4-1.9)x 10°CFU/go.® UEht #2174 dte 27] =S ]Oio}% A& AF kA
o7 Ao, 75kGy o8 ZARARIA A 9 FA RS oASHelN Fasgh, B
v FAEfo] BT AMEEHE ZoE yepwth AdedAel o] i iA}% s8] & &
Cho(2000)°] °Jald Fhmpal ZApM o] Frheks @RZe] E vAE 5 FaAA FE73
= SR Fdags Aasklon, 10kGy T WAl i wAAS AT 5 o,
M= HEHA &3Uth Noh(2004)9] AelA B A7 FAMA 2 shelflife FYol= a7
T gbd Ak 2w el vl Aol AY FoE AlRdTh fepd AR &
1.6x10°CFU/gS H<l WHA, 3kGy =AM ool oy FaAde v Ax WHgls 4% 47
A AA FaEe] HEEHA AU 2070 ©]3F = <Table 5>9F #th H]ZARE 9 1.0-10.0kGy
9] colonyE &1 4 Qlem & AgAdset AR W A% L gho] 207, a 194, b

Zk 105, AE #E 71308 ZmpAd FAPA o)
Z7 kel wEl L @ b 3 F7hek o, a
&I AE 32 R Jak Aastes AEE U
EFUIgIth o) WRARA FAPA B wWE A

<Table 5> Changes in color values of seasoned low-salted pollack (Theragra chalcogramma) intestine at

different gamma-irradiation doses

Irradiation dose (kGy)

Color value

0 1.0 2.5 5.0 7.5 10.0
L 20.7+0.4 21.740.5° 22.7+0.4° 23.0+0.7° 23.4+0.8° 29.4+0.2°
a 19.4+0.4° 16.3+1.0% 15.9+0.4 16.3+0.4% 18.4+0.8% 17.4+0.9%
b 10.5+0.2¢ 10.6+0.5¢ 10.7+0.1% 11.2+0.4% 11.6+0.3® 12.040.2°

AE 71.3+0.2° 62.7+1.1° 61.4+0.7¢ 62.4+0.5% 63.9+0.6° 61.8+0.5%

*dMeans within each row followed by the same letter are not statistically different (P>0.05). L, Lightness; a,

Redness; b, Yellowness;

AE, Color difference. The data represent meantstandard deviations of triplicate

determination. Different letters in a same row (a-d) are significantly different (P<0.05) by Duncan’s multiple

range test.
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<Table 6> Changes in fatty acids composition of seasoned low-salted pollack (Theragra chalcogramma)
intestine at different gamma-irradiation doses

(Area%)
. Irradiation dose (kGy)

Fatty acids

0 1.0 2.5 5.0 7.5 10.0
14:0 1.8 1.7 1.7 1.1 1.9 2.0
16:0 14.1 15.0 15.6 16.0 16.7 16.2
16:1n-9 2.1 22 33 2.9 2.5 2.1
17:0 0.1 0.1 0.1 0.1 0.1 0.2
17:1n-8 0.4 0.4 0.6 0.5 0.7 0.4
16:4n-3 0.5 0.3 0.4 0.2 0.3 0.2
18:0 2.4 2.6 2.6 2.5 2.7 34
18:1n-9 11.2 11.1 10.9 10.6 10.7 10.2
18:1n-7 3.0 2.9 32 3.8 3.1 3.6
18:2n-6 44.7 45.0 45.4 45.6 45.8 46.8
18:3n-3 2.8 3.0 34 2.8 2.8 3.1
18:4n-3 0.3 0.4 0.6 0.4 0.3 0.3
20:0 0.6 0.6 0.7 0.2 0.5 0.2
20:1n-4 0.7 0.7 0.5 0.7 0.6 1.2
20:2n-6 0.1 0.1 0.2 0.1 0.1 0.1
20:4n-6 0.9 1.0 1.4 1.2 0.9 0.8
20:4n-3 0.3 0.5 0.6 0.2 0.4 0.4
20:5n-3 5.5 53 5.2 54 4.2 4.0
22:1n-9 0.2 0.2 0.3 0.4 0.2 0.2
22:0 0.3 0.2 0.3 0.3 0.1 0.2
22:4n-6 0.2 0.1 0.1 0.3 0.2 0.1
22:5n-3 0.3 0.4 0.3 0.7 0.5 0.4
22:6n-3 5.6 5.6 4.4 4.6 4.8 45
24:1n-9 0.2 0.4 0.5 0.4 0.2 0.3
RRPF1 0.79 0.73 0.62 0.63 0.54 0.52

1Remaining ratio of polyunsaturated fatty acid, (20:5n-3+22:6n-3)/16:0.
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16:0, 18:1n-9, 18:2n-6, 20:5n-3 % 22:6n-3°. Z
DEEFESAGALS] 287 A dErseh 7
npd o R ZAbE Y AR 1EEESA
HAbe] -8 (Takiguchi, 1987)S Auji Az}
(20:5n-3+22:6n-3/16:0) B ZAFFOIA = 0793 H
Qo FAPAFO] SIS 10kGyollA= 0.52
2 Aak FAaEE, Anpbd AR A AL
LRI st AbshHtEl S AT
FAEA = dE o2 16:0, 16:1n-9, 20:5n-3 4

22:6n-3 A4k ol A

o]+=

PN
¢

¢

=

o
s
§H
s

QL'

&
A hydrocarbonfF 7} A7 AW BAALI B
3 SAarS A EA G 9Xd alkylZ] S 7R
2-alkylcyclobutanone® 7} A& Aoz A
SlTHNawar, 1986; Letellierb and Nawar, 1972).

(Kwon et al., 1996)t 7Anhd A AR 9] A

Wakel WEE AR ds, Eeldae dad
W S FUbe RRAOE ek
W, A7 0 eEe] meh mwdare 37k,
Fele gangon AAde A 8
o th FgEgEY ot @4 FFL
W) A9 DEFERARAC] A3} 5 BN
of s Aol AL AP HEA R0
2 B3 glon ¥ ATAsY AAHE %
creb it

4. Z0Kd AL & Zeizel gold=E

BN
_|>L
Y
-
>
o

H] ZAME, 5.0kGy 2 10.0kGy =
o AR fElobu Al 24E A o 4
W= <Table 7>3 vk FAES] M o9
Agu) AN EoR deA e fElobr] At
e B FAF7E 1,815.9mg/100g, 5.0kGy 9
10.0kGy 7HHd Aol A= 242} 2,629.1mg/100g

<Table 7> Changes in free amino acid composition of seasoned low-salted pollack (Theragra
chalcogramma) intestine at different gamma-irradiation doses
(mg/100g)
Amino acid Irradiation dose (kGy)
0 5.0 10.0
Phosphoserine 122.4 ( 6.7 129.2 ( 49 191.6 (598
Taurine 21.5 (12 18.3 ( 07 18.9 ( 0.6)
Phosphoethanolamine 0.7 ( 0.0) 0.9 ( 0.0 17.2 ( 0.5
Aspartic acid 0 ( 0.0 64.7 ( 25 60.5 ( 19
Threonine 33.7 (19 34.5 ( 13) 63.8 (19
Serine 47.9 ( 26) 53.6 ( 20 94 (298
Glutamic Acid 803.1 (44.2) 1334.8 ( 50.8) 1266 (38.2)
a -aminoadipic acid 1.7 ( 0.1 24 ( 0.1 2.8 ( 0.1
Proline 443 ( 249 43.1 ( 16 51.1 ( 15
Glycine 30.8 ( 34.8 ( 13) 159.3 ( 48
Alanine 51.5 (239 50.5 ( 19 130.3 ( 39
a -aminobutyric acid 0.5 ( 0.0 1.5 ( 0.1 14.8 ( 04
Valine 46.5 ( 2.6 51.5 ( 2.0) 73.5 ( 22
Cystine 1.6 (0.1 43 ( 02 4.5 ( 0.1)
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ot AL b 2K Thaagra dualcogranma) NEe| EESY
Methionine 17.8 ( 1.0) 21.6 ( 08 31 ( 09
Isoleucine 28.2 ( 1.6) 32.1 (12 444 ( 13
Leucine 543 ( 3.0 622 ( 24) 120.1 ( 3.6)
Tyrosine 374 ( 2.1 39.4 ( 15) 61.3 ( 1.9
Phenylalanine 37 ( 2.0) 455 ( 17 56.7 ( 17
B -Alanine 1.7 ( 0.1 202 ( 08) 425 ( 13)
Tryptophan 2013 ( 11.1) 121.4 ( 4.6) 103.4 ( 3.
Histidine 12.9 ( 0.7 135 ( 05 30.6 ( 0.9)
Ornithine 63.9 ( 3.5) 266.1 ( 10.1) 302.6 ( 91
Lysine 492 ( 2.7 70.1 ( 2.7 137.7 ( 42)
Ethanolamine 19.9 ( LD 26.3 ( 10) 1224 ( 3.7
Arginine 86.1 ( 47 86.6 ( 33) 111 ( 34
Total 1,815.9 (100.0) 2,629.1 (100.0) 3,312 (100.0)
9 3312.0mg/100gC. & FAPAZO] ZF718EE S arginine®] Z7|3FEFe] wla] 2ujo]t F7telelo
o] EefjHo] frejobrnAte] FEHEE T W ol AZY IvE AA st 55% Te
7¥ohe AEE B BlERARRY T frEoh e A Vloske AoR ®Wastal ltk(Park
"] 4k glutamic a01d7]- 803.1mg/100g .2 7} et al, 1998). H] AL, 5.0kGy X 10.0kGy Z=AF

A eSO T2 Z tryptophan, phosphoserine,
arginine, ornithine, leucine, alanine, lysine O %
UERETE 5.0kGy 2 10.0kGy FAFO] frejo}u]
A 24 A w%abA vk, Zvhl 2t
spo] Z7Kgtel wheh ofulieab ghape] Z7bohe

x
A4S Btk 2 AulAd ofu Ak glutamic
acid, glycine 2 alanine 5 ° % YEFHTHKim et

, 2001). Nam(2012)°] oJstd HEx] A o] {7

O}U]L—_’&% A717rel w2k 2HE YAl (aspartic

acid, glutamic acid), ©%¢7|(threonine, serine. glutamine,
proline, glycine) 12|31 <&5+7|(valine, methionine,
isoleucine, leucine, phenylalanine, histidine. arginine)
obvliAre] 249 Wskrt 4RO ol W
x%oﬂ =E _q oJ3rs u]z] Aoz th;].
aAFo SR Fhuba FARA
_%_

glopr]Ate] 2A4Jo] WSty

53t Fm|

A AA Fabd

o] Z7tel wek
on ofd HadA

Aoz FEHETY Yoon et al.(2003) A4

Aol A7)t et Uk

Zeo) Fuo® dTFE S
At
YE = valin?}

%
NA FEI AR F1A 24E W
A= <Table 8>3 7ol B ZAFTS] F9 37
AL NaZl 279.7mg/100 go = E} F-718 ] n]s)
W e AHskaL dgle, s, Fe, K B Ca
solQlth. 5.0kGy 2 10.0kGy AR F714
S 9 A A v ZAeE A9 H]zEte] 3
R ZAbe] o%k 1A e W= A9 gle A
o= I

.

i

ARl Aboli= HolA okgkrh i*}éj%%ﬂ wE
W AR pHE ARG SHEEE A
A vkobA= AgE UEhiglen At pHe
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<Table 8> Changes in mineral contents of seasoned low-salted pollack (Theragra

at different gamma-irradiation doses

EN)

chalcogramma) intestine

(mg/100g)
. Irradiation dose (kGy)
Mineral 0 5.0 10.0

K 26.2+41.0° 29.0+0.7° 30.9+1.1%
Ca 12.0+0.2° 13.8+0.2° 16.5+0.1°
Mg 3.1£0.1° 4.20+0.1° 4.140.1*
Na 279.7£1.1° 343.542.7° 331.5+1.6°
Fe 41.3+0.4° 47.8+0.4° 37.3+£0.2°
Zn 0.240.1° 0.4+0.0° 0.6+0.0°
Cu 1.8+0.1% 1.9+0.1 1.7+0.1
P 4.0+0.1° 43+0.1° 5.740.1°

103.0+7.3 77.149.3° 89.9+3.0"
Se 0.8+£0.1%8 0.8+0.1 0.840.1

NS, no significant differences within the same row. The data represent meantstandard deviations of triplicate
determination. Different letters in a same row (a-c) are significantly different (P<0.05) by Duncan’s multiple

range test.

W= H3F S7Fskelth TBA #e ZARA |
upel Hxp Frbete] Akde] Abslrb AsEa
S golatglon, VBN RS u|ZAMLT}
12.2mg/100g, 7AHid APkl w} 12.3-13.8mg/100g
o fFolAl Aol= UGtk obwiAbd A 3
28 B ZAME7F 39.2mg/100g, 1.0-10.0kGy FAHF
o &= 39.8-43.7mg/100gE AP o] S}k
el Fx FrRsklth wlEANRS] At
(2.8-4.6)<10°CFU/g, 1.0kGy =AM AdFe=
(1.6-2.0)x10°CFU/g, 2.5kGy ¥ 5.0kGy ZAF*2
A= 22 (2.5-3.2)x 10°CFU/g, (1.4-1.9)x10°CFU/g
o2 Uesten 75kGy oS A FeA =
FEgto] BF APEEE Zlo® e
Az 3w Mo E e AR o
7kl wek L # b 3 71, a @k 4E
@ iR A Ak AR 16
18:1n-9, 18:2n-6, 20:5n-3 % 22:6n-30.% 1L
SRS 2487 =4 vEbte 1
A HARY] ZHEE(20:50-3+ 22:6n-3/16:0)
Aol F7hedrE Ak AAHUT felohve

AR B ZAME7) 1,815.9mg/100g, 5.0kGy 2! 10.0kGy

[e) e
M

¥

2ok

FARA =

it . =
3312.0mg/100g 0.2 FAMAZo] F7MEeE F3
g T7hlen 2 oAb glutamic

acid, Tryptophan, Phosphoserine, Arginine, Ornithine,

Leucine, Alanine, Lysine 0|1 FAMAZo] &
7hste] wkgl Felofn|weAt ST SIS

Q F714Le NaZtb 279.7mg/100gC. 2 EF H7]2 0|
vlE] @2 e AAskal Ql9lem, S, Fe, K
2 Ca o]l om hupid ZAe| ofgk Fr7)A <)
Hsh= AL gl Zlox eItk
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