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A Comparison of the Taste and Nutritional Properties of Domestic
Mottled Skate Beringraja pulchra according to the Area Caught,
Sex, and Weight

Hyun-Su Jo, Ki Hyun Kim!, Min Ji Kim!, Hyeon Jeong Kim!, Dae-Hyeon Kwon,
Yang-Jae Im, Min Soo Heu? and Jin-Soo Kim'*
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Development Institute, Incheon 400-420, Korea
'Department of Seafood Science & Technology/Institute of Marine Industry, Gyeongsang National University, Tongyeong 650-160, Korea
’Department of Food & Nutrition/Institute of Marine Industry, Gyeongsang National University, Jinju 660-701, Korea

This study investigated the taste and nutritional properties of domestic mottled skate Beringraja pulchra as affected
by the area caught, sex, and weight. Regardless of these three parameters, free amino acids comprised the main factor
affecting taste in all B. pulchras. Taste values for B. pulchra ranged from 2.24 to 3.61, which were much lower than
values for other fish. The total amino acid content in B. pulchra ranged from 18.82 to 21.34 g/100 g, similar to values
in other fish. The major amino acids affecting both the taste value and total amino acid in B. pulchra were glutamic
acid, aspartic acid, and lysine. Mineral content in B. pulchra was as follows: calcium, 252.7-288.3 mg/100 g; phos-
phorus, 248.2-269.3 mg/100 g; potassium, 345.9-389.5 mg/100 g; magnesium, 24.1-26.7 mg/100 g; and iron, 0.4-0.7
mg/100 g. Based on the results of free amino acid and taste value (used as an indicator to evaluate taste), and total
amino acid and minerals (used as an indicator to evaluate nutritional value), the taste and nutritional properties of B.
pulchra were not influenced by the area caught or weight, but were affected by the sex of the fish.

Key words: Beringraja pulchra, Fish taste compound, Mottled skate, Skate ray
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a1 31tK(Chyung, 1977; Ishihara, 1990; Jeong, 1999). ®3F, 3 S-EUeto A o]gH FFol= T2 ARESE SARAE, 5
ol ol 7t dof &k ATl R shtEAl, 22 F2o)s]| ol TukA W Y oA U B g x| 3 Q)u}
Hithol| A AHEQF 28-S lsto] A W A4Sk 25 of (Jo and Kim, 2008). Z-&012] 7}42 SAHE Aotat A=
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Aol wheba = Aol 7L A, 1FE, S5 E ATHH A
oA FaFol| wpehA = xFo]7} Ao et al., 2012).

S, 330l 9] AlEeHA EAJof Bt A2 SAkE $of
oF it Zoof Jof Aaketa 54 Blal(Lee, 1996), 501
o gt 2y =S4 gt A-H(Lim, 2003), -0 7t g
%] 0] Q= taurineof] 3+ A5-(Ballatori and Boyer., 1992),
2ol A4A 8 FA ofd-7#2l dermatan sulfateof] #3F A+
(Tsegenidis, 1992), FAF 25 012] o12] 2|, 411 2 Fepo]
w2 W54 EA vlw(Jo et al, 2012) 5] Atk 284, 25
01312 olslaH, SPAsH, 717 71554 B4} A o] T
T ATRE B 75 Fols) AR vlAE 3 olstshy B4
Z Ao et e17(Jo and Kim., 2008; Lee et al., 2008), 8-012]
AT A7 71540 et A7(Choi et al., 2003), G714+ ]
2] s/ &o19] A% F o] 2elA] 540l ek AH(Kim et al,
2010) 3ol slek e, 23019 = og] Ao, A 9
o] A Fegoll whE 7HA T} 0] 0] =8 gt A JYA RO A
A of] gt 2AR= obA] AHE vl gich

2 Aol A= o A qH(SAE A} = ¢Igh), 4
o W o)) FHEEE 55 A5l B Bgolel 714
3} £r2) ofuleAlT) ATP Bl B3 262 20 0 A% 2 o
FIE BT A & A E SH o R Fgojout ¢

o3

Pl st A=stAAL, ok2d] UAt Folote BlaL
ahairt.

VERETT
&#20]

A B2 A3 280 Beringraja pulchray=20124d 599 S
AR QI sl A = I B Ho|A] o2 5o Ao g
oA FH(5.6 kg o142 115w, 4.5-5.5 kg 92 55, 4.4
kg ol3te] A5 9 48 gelstol AsHArHTable 1),

= o=Z= =2
20|M HAE(omission test)

Zgo19] 2l HlAEE SAE Ak thA e 219kl A of

— 1=

35}t 232ko] oFAS AREBle] Kim et al. (2006¢)9] HHH o]

ua} A AIsHI T

Zol9 el HAES I3t AA Y A5 3ol 5=
(301 30 goll 300 mLO] F-F5 7IskaL, nhafet th2, o] &
90T oA 2417 E9F =5, W2E 2 3,000 rpmof| A 20+ F<F
A EERH S H)S FHlE o8] 7HA] F579] Aol Sk
A f2 ob] Ak ATP ¥ &4 9 ekl (betaine) 52 2=
gk 57 Aol 2 Al A A sho o2k 2ol Al =513l
th. &, QU HIAES Q3 AR F 2t 3o 9 5
SE Yo g 51qlaL, 2] on|ietto] A A H Al &= Amber-
lite IR-120 (H* form) =215 S3A17] 202, ATP HAEZ
o] A|AH A&+ Dowex 1 %8 (formic form) 4=%|(J.T. Baker
Chemical Co. Phillipsburg. USA)E S3}A|7] A o2, HEle]
o] AlAH AlZE+= Dowex 50w x8 (H™ from) 4=%|(J.T. Baker
Chemical Co. Phillipsburg. USA)E 534171 202 31¢C
™, opu| AR ATP Tl E 2 o] A A% Al &+ Amberlite IR-
120 (H* form) <=X|(Fluka Chemika Co. Switzerland. USA)%}
Dowex 1 X8 (formic form) A& 414 E1}A17] A 0.2 o}
1] 1Ak} | ERel o] A A ¥ A 2= Amberlite IR-120 (H' form)
212} Dowex 50w x 8 (H" from) A& 22 E1hA)71 A
O &2, ATP ¥ 43} HgRQlo] Al A% A&+ Dowex 1 %8
(formic form) =22} Dowex 50w X8 (H* from) 2| & &4}
2 FHAIZ A=, T2aL, ofufieil, ATP el &4 ol He
olo] AIAH A&+ Amberlite IR-120 (H' form) 54|, Dowex
1 X8 (formic form) 42| ¥ Dowex 50w X & (H* from) %] &
A B ALR sheleh

o1&} A2 A 5ES o83 LA HAEE dY gk 4
502 S % panel membero] 2]5}o] AA|SHATE &, 2.0
A HAEE 278 35o] 9 55 Ao g A eE
Fo= shaL, A A2gt A& oI5 F7tol| &gt gt st
ojxt} ofgt ¢ 1 Aol wpet 4-15 o7 ApEststo] ve
Wtek

Seloto| At 2 taste value

I~

frejoba Al BA1E QIR AlEe 5ol gl 20%
trichloroacetic acid (TCA) 30 mLE 7}sto] #2438}, A

Table 1. Brief report on the sampled state of domestic mottled skate Beringraja pulchra used in this experiment

. Body
Area caught Sex Fish Total length Length Width Weight Sample code
weight (cm) (cm) (cm) (kg)
Heavy 110 80 80 8.4 H-FE-HE
Heuksando Female Intermediate 93 59 58 54 H-FE-IN
Light 82 53 58 3.4 H-FE-LI
Male Intermediate 85 53 60 4.6 H-MA-IN
Daecheongdo Female Intermediate 82 50 61 4.6 D-FE-IN
Male Intermediate 85 48 58 5.5 D-MA-IN

H: Heuksando; D: Daecheongdo; FE: Female; MA: Male; HE: Heavy; IN: Intermediate; LI: Light.
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mg)°ll 6 N HCI 2 mLE 751, W53t th2, ©]& heating
block (HF21, Yamato Scientific Co., Japan)ol|A] 7|3}
(110C, 24A17H3t 3 glass filter2 o2} W ZHA=z381a1, o] &
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Table 2. Result of omission test on the taste of domestic mottled skate Beringraja pulchra

Sample Omitted code!

code? C A B A-B A-N B-N A-B-N
H-FE-IN 5.0£0.0%4  1.7+0.3% 4.240.3° 4.110.0° 1.810.2% 1.940.1¢ 2.640.1° 1.5£0.2¢
D-FE-IN 5.0+0.0° 1.740.2¢ 4.0£0.1° 4.240.3° 1.8+0.3¢ 1.540.2¢ 2.840.2° 1.5+0.2¢

IC: the original extracts, A: the extracts from which amino acids were eliminated by introducing the colume of Amberlite IR-120 (H" from),
B: the extracts from which betaine was eliminated by introducing the colume of Dowex 50w x 8 (H* from), N: the extracts from ATP re-
lated compounds were eliminated by introducing the colume of Dowex 1 x 8 (formic from), A-B: the extracts from which amino acids and
betaine were eliminated, A-N: the extracts from which amino acids, ATP related compounds were eliminated, B-N: the extracts from which
betaine, ATP related compounds were eliminated, A-B-N: the extracts from which amino acids, ATP related compounds and betaine were
eliminated.,

2Sample codes (H-FE-IN and D-FE-IN) are the same as explained in Table 1.

35: score felt the taste of original extracts, 1: score unfelt the taste of original extracts.

“Means with different letter in the row are significantly different (P<0.05).



132

e

= reloful i abat ATP 73l BAE AAT AR(EH 19), 6
eJobu| e Abat wletel & A AT AIR(HF 18), 12l Fejo}

o)Ak ATP 32l 22 9 welele

LA o & A A AR(

A 1.5)5 0 2| QA E] Q). o]Afe] BAEAL HFolo] o
¢ FE25 gt 2u|A glAES] AT} SAEA 11-101_,] up

ol 2 ofulieite] 71 A7) 2gatel 2o %
E] M—'—l, ]']'EHX] ATP 1_%]. = EJ—]’ HﬂE]'?_T_‘

ok ghekE ek,

ZZE};

s, YA |, $5
AR S R0l 33l ool Hlame)

Aatel gho] frefor]iito] 7 23t gk A
A ATP el 233} HlERQIE gte) A5 2

= 2o

oJAe] o] e ul4 g AE

gke]

)] SuH EAE

29

&l

A3} SAbea

of o

T, U

%ﬁ%ﬁl%

RN

22 of2] x| ogo] BA glo] FFolY T8 P HEE BE o
ofn]i=Ako 2 Fhere|gic.

weloto[=At 2 taste value

olg] 2|9, A 9 Fgol w2 Fgol9] %ﬂowli&fﬂ &
I} 2402 Table 32} 2t} & fejobn| il g o]g] ]
A FEol(FTH 2 G2 A9 SAtmAto] 258 mgo =,
QJXJE*PA 298 mgo] H]ste] oF 13, 4%7} ok, A 2ol
oY B AA(EAEATS] - 258 mg/100 g, hA =
Abo] 712.298 mg/lOO 2)°] FA(SZAEAR] Z-9-251 mg/100
g, WAHEAR] 79273 mg/100 g)of] v]5te] sqkon, Fafd
HA5o)(ZAbEAL AFA) 2] 749 244-258 mg/100 g MY & F5
ol 7P AL, thE o2 AFE W LFFY olgirh 1
2, o] 5 250l 9] fE]ot] Al F ke SATEARS B2

A

Table 3. Content (mg/100 g) and composition (g/100 g free amino acid) of free amino acid of domestic mottled skate Beringraja pulchra

according to the area caught, sex and weight

Amino acid Heuksando (H)' Daecheongdo (D)
FE-HE FE-IN FE-LI MA-IN FE-IN MA-IN

Phosphoserine 0.5 (0.2) 0.5 0.2) 0.3 (0.1) 0.5 (0.2) 0.3 (0.1) 0.9 (0.3)
Taurine 444 (18.2) 342 (13.3) 419 (16.5) 455 (18.1) 375 (12.5) 328 (12.0)
Phenylethylamine 1.3 (0.5) 1.9 0.7) 1.5 (0.6) 1.5 (0.6) 1.6 (0.5) 1.2 (0.4)
Aspartic acid 0.3 0.1) 1.0 (0.4) 1.2 (0.5) 14 (0.5) 1.0 (0.3) 1.6 (0.6)
Threonine 4.2 (1.7) 2.9 (1.1) 44 (1.7) 3.9 (1.6) 105 (3.5) 6.7 (2.4)
Serine 1.3 (0.5) 24 (0.9) 34 (1.4) 4.8 (2.0 0.8 (0.3) 6.3 (2.3)
Glutamic acid 127 (5.2) 5.7 (2.2) 75 (3.0) 9.3 (3.7) 6.3 (2.1) 9.2 (3.4)
Sarcosine 248 (10.2) 65.6 (25.4) 450 (17.7) 55.9 (22.2) 57.8 (19.3) 38.0 (13.9)
AAAA? 0.4 (0.2) 0.3 (0.1) 04 (0.1) 0.2 (0.1) 0.7 0.2) 0.4 (0.2)
Proline 1.9 (0.8) 16.3 (6.3) 9.0 (3.6) 49 (1.9) 179 (6.0) 5.8 (2.1)
Glycine 1.0 (4.5) 17.8 (6.9) 94 (3.7) 1.4 (4.5) 104 (3.5) 16.1  (5.9)
Alanine 7.3 (3.0 5.3 (2.1) 8.8 (3.5) 8.3 (3.3) 14.8 (5.0) 9.5 (3.5)
AABA 04 (0.2) 0.2 (0.1) 0.3 (0.1) 0.5 (0.2) 0.8 (0.3) 0.5 (0.2)
Valine 29 (1.2) 2.2 (0.8) 2.2 (0.9) 3.0 (1.2) 1.5 (0.5) 2.9 (1.1)
Cysteine 0.1 (0.0) 0.1 (0.0) 0.2 (0.1) -
Methionine 17 (0.7) 1.5 (0.6) 1.6 (0.6) 2.2 (0.9) 1.0 (0.3) 1.5 (0.5)
Cystathionine-1 2.2 (0.9) 0.7 (0.3) 0.5 0.2) 0.3 (0.1) 3.9 (1.3) 0.6 (0.2)
Isoleucine 2.0 (0.8) 14 (0.5) 1.3 (0.5) 2.0 (0.8) 0.9 (0.3) 1.7 (0.6)
Leucine 2.7 (1.1) 2.0 (0.8) 2.0 (0.8) 2.7 (1.1) 14 (0.5) 2.2 (0.8)
Tyrosine 3.9 (1.6) 1.5 (0.6) 14 (0.5) 25 (1.0) 1.2 (0.4) 1.8 (0.7)
B-Alanine 856 (35.1) 73.3 (28.4) 75.2  (29.6) 571  (22.7) 101.4 (34.0) 103.8 (38.0)
Phenylalanine 1.8 (0.7) 1.3 (0.5) 1.2 (0.5) 1.9 (0.7) 1.1 (0.4) 1.4 (0.5)
GABA 0.3 (0.1) 0.3 (0.1) 0.6 (0.1) 0.3 (0.1) 0.3 (0.1) 0.4 (0.1)
Ethylamine 1.6 (0.7) 1.2 (0.5) 0.7 (0.3) 1.0 (0.4) 3.7 (1.3) 14 (0.5)
Ornithine 1.4 (0.8) 1.8 (0.7) 2.1 (0.8) 1.8 (0.7) 1.1 (0.4) 3.2 (1.2)
Lysine 248 (10.2) 139 (5.4) 26.9 (10.6) 242 (9.6) 16.4 (5.5) 201 (7.4)
1-Methylhistidine 0.1 (0.0) 0.1 (0.0) 0.2 (0.1) - 0.1 (0.0) -
Histidine 2.1 (0.9) 1.3 (0.5) 2.8 (1.1) 2.7 (1.1) 35 (1.2) 3.0 (1.1)
3-Methylhistidine 0.3 (0.1) 0.1 (0.1) 0.3 (0.1) 0.3 (0.1) 0.3 (0.1) 0.3 (0.1)
Arginine - 1.3 (0.5) 1.9 (0.8) 1.6 (0.6) - -
Total 244 (100) 258  (100) 254  (100) 251 (100) 298  (100) 273 (100)

'Sample codes are the same as explained in Table 1.

2AAAA: o-Aminoadipic acid, AABA: a-Aminobutyric acid, GABA: y-Aminobutyric acid.
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EaFH.0)(1215.7 mg/100 g)2] 0|5 FHK(Kim et al., 2012)°]
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S, Jo et al. (2012)2 SAHEAL W Y AL 5o (F5
#1)9] 100 g & trichloroacetic acid (TCA) 71873 A4 3=
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& 28 TCA 7184 Ao tfffo] S0} ghmjolz 7
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grol| WA|glo] 350] T taurine (ZHZ}F 44.4 mg/100 g, 34.2
mg/100 g ¥ 41.9 mg/100 g), sarcosine (Z}Z} 24.8 mg/100
g, 65.6 mg/100 g ¥ 45.0 mg/100 g) 2! B-alanine (Z+Z+ 85.6
mg/100 g, 73.3 mg/100 g ¥ 75.2 mg/100 g)°| 1L, o] 5 ©]<]
of LFF AT o 2801 = lysine (24.8 mg/100 g 2
26.9 mg/100 g)= 35| gl

ol2) 2|eJol| 12 ZFo|(FET U A7) taste value (2]
ofu]eAL Shepat o] 5] ol tfat @)X 2 Tefsho] BHAlel ot
5= Table 49} 7t} Kato et al. (1989)0] H113+ f-2]ot]| =
AF2] ghof| tf gt & X]+= aspartic acid”} 71 %ot 3 mg/100 mg
01911, T2 2 glutamic acid (5 mg/100 mg)2] <0131 2™,
o]5Z 7| e frE|otu]=Ate] H]sto] Bl of= RIZH(7] €} o}
1=Abo]| H|3}o] aspartic acid®] 7-¢- 7-8748l =, glutamic acid
o] 79 4-608) AE7} T17shsi oA,

o1g] 2|9 o] w-& FZol(FFE X dF) Y taste value= =
AP AbO] 2242 T A = AFE] 2,589 H|sto] Wkal, AHE(F5
)2 79 A=A B mAbe] W oFA1 0] 9 72+ 2.24
9 2.58%, 2719] 747} 3.42 9 3.400] H|sto] Wekon, ol
S0l A4 5o 3612 7P B9k, ooz AFTF
(3.01) ¥ F55K2.24)9] <=0| it} $HH, taste valueZ A3 E
5019] ghof] S v A= F8 FEjop|ieik o]g] 2|4,
gl o)x) Zeol THARl0] B glutamic acid (1.13-2.55)
2 UERgT. o]} re APAIR B]2o0] o} o]] Ao, 4
oA 7)ol WAGlo] F3-019] Bt F A T gk uju]
SFA T glutamic acid®] BkQl 7Hgto] 5= pho = A E Sich

S, Kim et al. (2006b)2 =3} X5279] taste valueE 7

E5F A7} total taste valuer= =2 739 40.180] %111, 5271

Table 4. Taste value of domestic mottled skate Beringraja pulchra according to the area caught, sex and weight

Taste Heuksando (H) Daecheongdo (D)
Amino acid (r:‘(;ffgg'g)z FE-HE' FE-IN FE-LI MA-IN FE-IN MA-IN
Aspartic acid 3 0.08 032 0.39 0.46 0.32 052
Threonine 260 0.02 0.01 0.02 0.02 0.04 0.03
Serine 150 0.01 0.02 0.02 0.03 0.01 0.04
Glutamic acid 5 255 113 1.51 1.87 1.25 1.84
Proline 300 0.01 0.05 0.03 0.02 0.06 0.02
Glycine 130 0.08 0.14 0.07 0.09 0.08 0.12
Alanine 60 0.12 0.09 0.15 0.14 0.25 0.16
Valine 140 0.02 0.02 0.02 0.02 0.01 0.02
Methionine 30 0.06 0.05 0.05 0.07 0.03 0.05
Isoleucine 90 0.02 0.02 0.01 0.02 0.01 0.02
Leucine 190 0.01 0.01 0.01 0.01 0.01 0.01
Phenylalanine 90 0.02 0.01 0.01 0.02 0.01 0.02
Lysine 50 0.50 0.28 0.54 0.48 0.33 0.40
Histidine 20 0.11 0.06 0.14 0.14 017 0.15
Arginine 50 0.00 0.03 0.04 0.03 0.00 0.00
Total ; 361 224 3.01 3.42 258 3.40

'Sample codes are the same as explained in Table 1.
’The data were quoted from Kato et al. (1989).
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0] Z9-25.210|191 .01, 5| 5=0] - 24.510]{rfar Hal
1u} Itk E3h Kim et al. (2012)& 212 7hckato] o] whAk 1t
AF BL.019] taste valueS HESH 21} total taste value:= Z}
F27.10 ¥ 26.640]ickar B gt v 9ick 18], Jo et al.
012y SALEOA] o2 D5, $5 U AFTel B
(7} HENA o2l BET BFOIIZS] A
A9k v AESH] Siste] AR U A AN AT
o1 Tholle AR} He] Afo] S FHBHIE ofgirki wa
gt Bf QAk. o] 9 e 4HE9] taste value@} H3-0] €] A}
of &Jgh gt £ o] Aol B g w|Ro] Kol 2509 nhe o}
£ abEl vlske] Tt e s] Wol 3Eol Y] Fhle Ui
Uoks A &fgt A4 oghE e o] stk aamHRE 44
Hl efmujoto] gkof| ofsto] A ufjErkar =4 = it

ATP

N ol r2t oy

e

4 =3

Nucleotidei= S412] G4 AJ2d H o] ofu gt R-2f e 2
£ EAElR YL, 1 F 5 ofuliAlolu} BRe] SRuc)
AN e A0 2 kel 9oLt ofsi5e] 2% S adenos-
ine triphosphate (ATP)2} o] 20| £3hE]o] A== ol9] Tl
E4o] 8 A&l 0|52 o572 gtofl o5t = A
o 2 A Qi of2et A4 o]g] 2|9, AE H ofH| F
ool Tk 2 2-5019] ATPS} o] 0] Thel 2 b HAl3fe]
5k A3= Table 5@ 2t

o 9| 5-0] ATP =4 9k 11 5=9 Ssagol whef o]
7} 20, SE| P42 ATPE F45] BafElo] o]o] Ul
=219] ADP, AMP, IMP, inosine (HxR) % hypoxanthine (Hx)
So] Z71E th(Park et al., 1995). FE 0] o] ATP T 242 5
AHEAVSE o H AR} 22 0]8] R o B2o]3L, 4 9 o}
FFol #A glo] K 3-8-0]7} ATP, ADP, AMP, IMP, HXR
Hx} 28 650] SAEo], WP ol72] ATP 28] 422
veRh 702 24 It SAEAL BTN ET D AR
9] 100 g F ATP HH=2 9] 315k ATP7} 5.7 mg, ADP7} 6.1
mg, AMP7} 6.2 mg, IMP7} 1.3 mg, HxR©¢| 14.1 mg ¥ Hx7}
3.6 mgS UER QIoh oA At 350l (F5 2 9)<] 100
g & ATP #1529 3+2kS ATP7} 7.3 mg, ADP7} 7.1 mg,

AMP~7}10.5 mg, IMP7} 1.1 mg, HxR©] 17.7 mg ¥ Hx7}3.5
mgl &, SAHEARS] JEo|(FFT B ) ATPe} oo
A= ool vlste] IMPF Hx7} i m|stHA| EAL F-AFSHR
Oy R] AR 7§ B =Stk

SAEA 555 219 100 g & ATP =4
3tek2 ATP7} 3.4 mg, ADP7} 6.8 mg, AMP7} 3.4 mg, IMP
7} 1.6 mg, HxR©o] 12.5 mg ¥ Hx7} 2.3 mgl.2, SAHEALS]
AZo|(FTE ¢ dH) o ATP WA= ol vlsto] ADP
S} IMP7} frAFsEA L wluSHA] =943, Ui 4] 852 1|
Sk R ffell A =t

SAREA ZOl(Y ) LFFH AT 100 g T ATP 3
H=A =2 ATP7F 2442 4.3 mg 2 8.9 mg, ADP7| 212} 6.9
mg 9 11.5 mg, AMP7} Z}2} 4.0 mg ¥ 6.8 mg, IMP7} 22+
1.0 mg ¥ 1.7 mg, HxR¢| Z+Z+ 11.8 mg ¥ 16.5 mg, Hx7} 2}
7104 mg % 3.8 mg 2, E5eo] vlsto] mFape] A9 Lkt
i, Asge] B9 =it

o] o] A= n|Fo] Hol ojg] 2o, A U o] J| ol T
Alglo] & Ado|A HES e gole £ ATP =4
2= HxRZE HeE|Qlct.

31, Park et al. (1995)2 1150}, A7¥o|, A&, o}, &, &
7R, 5 7hRju, ), 8 o], of o], welmelo} 2 11
9] 100 g & ATP =4 b A 21} ATPE| ¢
0-58 mg 9], ADP2] 7% 0-16 mg 8], AMP2] 7 0-21.3
mg 9], IMP2] 7 $-0-342 mg 1 9] @ HXxR+Hx 2] 7 $-15.6-
171 mg ¥ ¢]o]glttar Bk vl 9111, o] 5 ATP WHEH
IMP+=“gn|2lo] o} £-=5}a1, ATP2F AMP+= 1| o] glA|
9k, o] 5 57} glutamic acid®} A5l - AT e R
V= yebHeE AL H gk vl Qi

o] o] Aol B g n| o] Hof o]g] 2o, dHl U ofH| &
ol TA Lol & AP oA HER i FHFol= gke AA7F
2 f2] of] Akl glutamic acid @] g Wal, E3F o] 9}
FSBIT} e ATP BRSS9 3Hdk of 5 Hol AA| 4]
o7 ghe] e of wo gt A E I dRtA o g, 4
Aol 3H8olE 39 FH = ol Az sto] JHot= A2 &
228} QFIL U ofof| ofsto] A= S3t gFn| wjizoletar &

Table 5. Content of ATP-related compounds of domestic mottled skate Beringraja pulchra according to the area caught, sex and weight

(mg/100 g)

ATP-related Heuksando (H) Daecheongdo (D)
compound FE-HE' FE-IN FE-LI MA-IN FE-IN MA-IN

ATP 4.3£0.12 5.7+0.0° 8.9+1.02 3.4+0.3¢ 7.3+0.72 5.4+1.78bc

ADP 6.9+0.1° 6.1+0.1¢ 11.5+1.22 6.8+0.1° 7.1£0.5° 3.6%2.0¢

AMP 4.0+0.2¢ 6.2+0.1¢ 6.8+0.1° 3.440.2¢ 10.5¢1.72 12.444.72

IMP 1.0+0.0¢ 1.320.1° 1.740.2° 1.6+0.1° 1.1+0.2 7.440.3°

HxR 11.8+0.0° 14.1£0.3¢ 16.5+0.1° 12.5+0.2¢ 17.7+0.62 17.7+0.12

Hx 0.4+0.04 3.6+0.3% 3.840.02 2.3+0.1¢ 3.5+0.0° 3.840.1°

ISample codes are the same as explained in Table 1.

“Means with different letter in the row are significantly different (P<0.05).
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o] o] -f-2jobn| ikt ATP W52 o] ke Zpo] 7} I H 4]
A7, L A== 7P 1o 2R Bt fo] 7} mjulste]
AZole s Aol tha F-=ske] et B ]l

Z0}0| LAt

o A9, A 9 Sl whE 35019 F ofv] Al g

& Table 63 2t} o] A4 HEH 65 g9 &2,
FE F obn| At o W 17F 0%, o3 X[, JE ¥l
off g 2tol= A=A Tk AAF A E FZAFTTE
3L 7)) 100 g 3 officAl F oS SAkEA o] 18.82 g©
2, =1t 19.12 gof BIsto] oF 1.6%7F Wekont 27 2
o7k it A=A t A FE(FFE H 97
FQ oM A (A of]ieite]l Hisko] 9% o) frElE &
Aoz 75 she] H2| 7| wtot of off A 5}A| ¥of5}+= aspartic
acid (42} 1.79 /100 g 2 1.85 /100 g)2} glutamic acid (Z}
712,98 /100 g 2 3.20 ¢/100 g) (Kato et al., 1989), 12|11 3
F ANAGE ofm] Akl Tysine (X5 2.00 g/100 g) (Kim et al.,
2006b) 3} 22 3502 2to] 7} ik ?HE, o5 SAkEA
3 YRR 230l (555 9 92 100 ¢ F] tryptophan:
A 2J7t 95-20] Ha obm)leAl FFS 217 9.37 g W 9.08 gO. 2
ZAA| ot ied &) A o] HHk a=Eo] ATt

o mhE FAEAE HFol(FTT ) 100 g T ofvlieat
o YGAlo] 18.82 go 2 719 21.34 gof wlsto] of
11.8%7} ATk SATEA () $AT =219 5=
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£ ofu| A2 9 A] aspartic acid (22} 1.79 g/100 g & 2.21
g/100 g), glutamic acid (Z}2} 2.98 g/100 g 2! 3.44 /100 g)
(Kato et al., 1989), 12|11 lysine (212} 2.00 g/100 g ¥ 2.25
g/100 g) o & Jhigof| §lofAf= 2to] 7k 1l ot F5ell qlolA
= Abol7k llet. gH, o] 5 Al o] thE SAREAR JE0l(F
)9 100g & H4= oAl Fhef2 ¢FFl0] 937 go &2, 4=
7191 10.62 gol v]5to] T vkt ol 5] 2 gul 1 of
oliedto] gfste] 7]o] Ak 0.2 A ol 7} gisih. g
o] 9} -2 Ao e A Ak 2HEo]9] F ofu|eAlat I
Srolnlibe] £ F, 2|3 8 ofuliedte] 5 W 4w
SAEAS) IAST L AL Uehfolc.

oA FEFol| whE SAMEAR ol (A ] 100 g T oFr] e
Al & sheke 115F0] 19.29 g0 & S59K(18.82 g)it A5
(18.86 g)ll HI5ke] oF 2%7}F =k o ut =LA| 2po] 7k QI W #] ¢F
ATt oA FEFol whE SATEAL o (HH)Y] =8 FE
o] =AHaspartic acid (52 7-9-1.96 g/100 g, 5552
74$-1.79 g/100 g, A==2] 749-2.01 g/100 g), glutamic acid
(5] A2 3.06 /100 g, F522] 29 2.98 ¢/100 g,
Z2Fo] 72 3.06 2/100 g) U lysine (1520] 42 1.96 ¢/100
g, 5599 45200 g/100 g, AFF2] 45 1.91 g/100 g))>
opu|le Ak F5F, T E Aol ol A Afol7t giSd
o1 4] Zeol wHE FAHEAL OIS 100 g B of
uleAt g 9 2AS 0] 79 7171928 ¢ U 48.0%, %
ZFO] 79 712+ 9.37 g Y 49.8% W A 5wk A4-9- 22+ 9.09
g % 48.2% ol | 5% Ajolo] k2 ol 5e] 243} g 1t

Table 6. Total amino acid content of domestic mottled skate Beringraja pulchra according to the area caught, sex and weight

Amino Heuksando (H) Daecheongdo (D)

acid FE-HE' FE-IN FE-LI MA-IN FE-IN MA-IN
Asp 1.96 (10.2) 1.79 (9.5) 2.01 (10.7 2.21 (10.4) 1.85 (9.7) 2.02 (9.5)
Thr 091 (4.7) 0.83 (4.4) 0.81 (4.3 0.98 (4.6) 0.85 (4.4) 1.01 (4.7)
Ser 1.04 (5.4) 1.13 (6.0) 1.12 (6.0) 1.18 (5.5) 1.05 (5.5) 1.04 (4.9)
Glu 3.36 (17.4) 2.98 (15.8) 3.06 (16.2 3.44 (16.1) 3.20 (16.7) 3.39 (15.9)
Pro 0.67 (3.5) 0.53 (2.8) 043 (2.3) 043 (2.0) 0.61 (3.2) 0.42 (2.0)
Gly 0.82 (4.3) 0.89 (4.7) 0.99 (5.2 1.00 (4.7) 1.03 (5.4) 1.04 (4.9)
Ala 1.23 (6.4) 1.29 (6.9) 1.34 (71 1.46 (6.8) 1.33 (7.0) 143 (6.7)
Cys 0.02 (0.1) 0.01 (0.1) 0.01 (0.1 0.02 (0.1) 0.12 (0.6) 0.09 (0.4)
Val 1.04 (5.4) 1.14 (6.1) 1.00 (5.3 1.17 (5.5) 0.98 (5.1) 1.07 (5.0)
Met 0.56 (2.9) 0.53 (2.8) 0.55 (2.9 0.65 (3.0) 0.52 (2.7) 0.63 (3.0)
lle 0.94 (4.9) 0.98 (5.2) 0.87 (4.6 1.04 (4.9) 0.86 (4.5) 1.01 (4.8)
Leu 1.70 (8.8) 1.65 (8.8) 1.60 (8.5 1.87 (8.8) 147 (7.7) 1.81 (8.5)
Tyr 0.46 (2.4) 042 (2.2) 0.43 (2.3) 0.53 (2.5) 046 (2.4) 0.57 (2.7)
Phe 0.86 (4.4) 0.90 (4.8) 0.84 (4.5) 1.00 (4.7) 0.85 (4.5) 1.05 (4.9)
His 0.55 (2.8) 0.60 (3.2) 0.58 (3.1) 0.64 (3.0) 0.58 (3.0) 0.66 (3.1)
Lys 1.96 (10.1) 2.00 (10.6) 1.91 (101 2.25 (10.6) 2.00 (10.5) 248 (11.6)
Arg 1.21 (6.3) 1.15 (6.1) 1.31 (6.9) 1.47 (6.9) 1.36 (7.1) 1.59 (7.5)
Total 19.29 (100) 18.82 (100) 18.86 (100) 21.34 (100) 19.12 (100) 21.31 (100)
EAA? 9.28 (48.0) 9.37 (49.8) 9.09 (48.2) 10.62 (49.9) 9.08 (47.5) 10.87 (51.1)

'Sample codes are the same as explained in Table 1.
2EAA: essential amino acid



136 2R84 /1R - WA - HAA -

= 3A o7k § et

T, 2801100 g & & ohv| Al ko] 18.82-21.34 g |
flof o]28, thFEA QI Tl AE A F0] shtolglaL, B
ob|i=Ak0] 9.08-10.87 g W9, 35 Al1A|ghobm] ARl lysine
o] 1.91-2.48 gof| 0|22, YdA & ou|7} Q= AlFaA &

o] shp e gl

‘= E8E sk v 7] (macro mineral) ¥} 5170l 71 o]
35 H Q8 2 3= v]gk F£7]3 (micro mineral) 2 s 4 Ut}
E3H 77182 ufrtol| A A ASH= AabEol thefst Rt =
2 gheko] FhrE o] ol A o2 A A QltH Mok etal., 2008).
o18] 2|4, g 9l o] 4| Fegoll whE 230l 9] e 7] A
b= 2t QL 4E 9 okl vk 7] "ol &6k A
F | sto] UehdH A 7H= Table 72 Zth. o 214 o<
SATEARY A=A HZol(FFE A @29 100 g
e 249|749 7171 283.1 mg & 288.3 mg, ¢l
263.2mg % 266.5 g, 252 7% 247} 3743 mg
g, TF1u|%0] -9 22 24.5 mg 9 25.0 mg, H o
0.5 mgo &, 25-0]9] o] & A Hof wp2 774 Tk
ol A AR EA] ekttt Eeh, S FEleh SAtE
3OI(FF) YA 712 100 g F 7714 o2 2
o] A< 747} 257.1 mg @ 252.5 mg, B2 79 357.1
mg, "FI4|52] 7 24.1 mg, A - 0.5 mgo =, oA
B|ato] Zh4, ol 9l O] A9 ok, vt Aol A
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mg, 212] 739~ 247} 264.0 mg % 269.3
350.7 mg & 345.9 mg, v} 1Y|-2] - 2H2F 26.7 mg 4 26.1
mg, HO| 4% 2174 0.7 mg B 0.4 mgl 2, FU2 9] Z-Z-of
So ol Histo] AgwF 9 AFTE 2 ou] 9l H=o 2t
ol ¢ldith
ool 7714 o] thigt Az njRo] Kol Fol= &
U 2ZollA el mhE YR Fr1AEE, L L EE)Y] A

Aol 7k Q1 oL, o] 2] A1 i} ofA] Foll uhE ko=
AR EIA] ket

o, FEole] F1E T At QY] S ol A1, A4
H gl oA Sl BAgle] 242} 252.7-288.3 mg/100 g W 9]
2 248.2-269.3 mg/100 g M| &, ¢Jo], 1150], Ao, tht,
A T3 2 o 79 ol e A 42 6-42 mg/100 g
5! 160-210 mg/100 gef BI5}e] 7 A< W7 24 E 3 TtH(Na-
tional Fisheries Research & Development Institute, 2009). I
3, g olo] 24t 219 T &2 of3l A, A 1 o]
Zgpoll Aol 1:1.02-1.009) ¥ glo] Gick. A, 24e0] A%
aepato] obel §4-R 1 A mejwolof 5t ol %
o §4-8-2 SIA, ekl D 2 C, 25, 4.9, phytate, 5
|9 S5} -8 o]y 71A] @1x}7} 9l o LK(Park et al., 1997),
ShU7E 24t 9lo] B &(21% ul& 122:1)e]ct o]e]
w4 Bl Fgolol el U B4 gl o
oo)eh 2T Z4re Mo} 5ol Tz EAS A

120715, Al 9 0] TYa] o 28] 55 °
Ik A9 Sk A, ool g3 3 ofd 7] 4
7 W8] o] Pof3ha(Chun and Han,, 2000), 92tk
212 SA1E Eop Alo] ElolA] 25 7] 448 QoA(The
Korean Nutrition Society, 2010)2 <& A Qit}. 12|11, ¢l
w, M <1227} DNA, RNA £2] alAla} nucleotide 50|
HEE 0] oA, AA AR 7S, AAI9] oluA] T £,
A A, a9 HEe 25k Aol o9t
/& pH A, tiARE ol Al A7 ol | &1 9] A3t o] F 2 Q14
S} Hkgoll 23t o] aanof B4t 5t ol wle- Fa7H A
2752 §Rekal glou, 719 B Aol A we] drE
o] Qlo} Ay o] £-27} A YYa= LA 3Ith(The Korean
Nutrition Society, 2010).

g0l g g o8 A, A B oA Sl BAIRL
0] 345.9-389.5 mg/100 g H 9=, dlo], 31501, AFo], o+, d
2| B3} 22 0]72] 300-450 mg/100 gol H]ake] SAFAL
ekt (National Fisheries Research & Development Institute,
2009). A o] ZHAIE ol 2AsHEA AR Y
pHY| 24, 217 259 F24 A, & T UHEF °]29
S 7SR QIR I8 FUASS ool 2
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Table 7. Mineral content of domestic mottled skate Beringraja pulchra as affected by caught area, sex and weight

(mg/100 g)
Mineral Heuksando (H) Daecheongdo (D)
FE-HE' FE-IN FE-LI MA-IN FE-IN MA-IN
Ca 287.9+1.8% 283.1+1.9° 273.7+7.9° 257 1+2.4° 288.3+14.8% 252.7+8.2°
P 264.0£14.2%° 263.2+5.12 269.3+10.32 252.5+4.1° 266.5+3.62 248.2+6.5°
K 350.7+0.1¢ 374.3+0.1° 345.9+0.4f 357.1+0.2¢ 389.5+0.82 364.2+0.2¢
Mg 26.7+0.8? 24 5+1.5® 26.1+5.7%° 24 1+1.5° 25.049.5%® 24.6+1.3%
Fe 0.7£0.12 0.5+0.0° 0.4+0.0° 0.5+0.0° 0.5+0.0° 0.5+0.0°

'Sample codes are the same as explained in Table 1.

2Means with different letter in the row are significantly different (P<0.05).
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shehar o A Qlh(Kim et al., 2006b). o]4k2] A7}
Age] Baelo Rt FFoll At ol F50
so] ARSIV Th ke, 2Hgolo] vl gk of
o] Ao, AR A ol Foll A §le] 24.1-26.7 mg/100 g H
2 §HElo] g, ol Bolo] Biare Z71AA B
HaA7|13, HEFS] v S SAAA =59 QA A
Ho|| Tosh= o2 A A Uth(Yoshimura et al., 1991).
eo19] A e ol Ao, Al & oA Sl BAglel
0.4-0.7 mg/100 g M=, ¢1o, 150, Aof, i+, |4 st
22 0]52] 0.5-0.9 mg/100 g <o) B|a}to] G-AFl A Th(Park
etal, 1995). A2 G4 M4 71 gl 7} Fof| 25}
A A& 9 cytochromedt 2= A4E F/dshaL, B RS
L AR E 2151, B-carotene T} 22 provitamine©| vitamin
AR Hgket= apgo|uh 4ke] U721 purine B 5ol %
wj2E-E 3= A o2 A A Ith(The Korean Nutrition So-
ciety, 2010).

Slo] o2 717 A% 71 £3HE 715 gt o) e) B
o 2 H(50-644] IR 2EO| 79 3.5 g, U4r2] A9 570
mg, v 1H459] 7 %295 mg, 919] 9 580 mg, H| A9 7.1
mg2 2 A|A]E 1L Qltk(The Korean Nutrition Society, 2010).
whebd, 50-6441 W19] HH7H 2] 100 g A8 29
190 271 W dael delo] ZEo] A9 9.9-11.1%, 2
9] 4% 44.3-50.6%, "} 152 A 8.2-9.1%, ¢19] H$-
42.8-46.4%, B2 7S 5.6-9.9%7} A H =0, TFE S-4]9] 4]
ol wl Tshe A B8] dFA Zuolx 24T
Qo) 39l olelol, 2, th % W Aol nFUoRE o
o]/} Qlekan shehE e,

e

N o 4o for T

Al Ab

& Qe st (ol AR el Y A8 ot
9 AHl2A}, RP-2013-FS-005)9] 2902 8 w9l
T o] Ege FA B5lA AAF ="y
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