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This study compared the sensory and nutritional characteristics of mottled skate Beringraja pulchra caught off Ul-
leung Island (U-MS), Korea, with those caught off Daecheong Island (D-MS). Based on their trichloroacetic acid—
soluble nitrogen content, free amino acid content, and taste value, the taste of intermediate weight female U-MS
was superior to that of both other U-MS and D-MS. The urea content of U-MS was higher in females than males
and increased in the order heavy>intermediate>light individuals. There was, however, no difference in urea content
between U-MS and D-MS. The taste and flavor characterization results suggest that the level of ammonia, which was
converted from urea, influenced the quality of fermented U-DS. With the exception of the light U-DS, the other U-MS
exhibited no difference in terms of hardness. The total amino acid content of U-MS was higher in females than males
and increased in the order intermediate > heavy > light individuals. The total amino acid content of U-MS was also
higher than that of D-MS. The major amino acids of all MSs were aspartic acid, glutamic acid, leucine, and lysine.
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48 o] g3to] ik ol alo ShEIMe E ThE FHEoislel M2 Y e

e SA4 oL, o] gro] M=3}E|Qlr}. o] 2 ¢lske] -3
013z 2| 7], 7kalFo] Sf o] A= HilE A|E o & 2te]
= A0k, A=) 1 Aol uhE Fol A theksiA il &
a1 QltkJo et al., 2013; Park et al., 1995).

g, vt Aafiok AalolA o=l gl= gol9
AYAEFS 1992 2 0] 7 oF 3,400 M/T7HA] ABALE] Gl oLt
|90l F7sto] 2000 %= 0] 2] 74-9- 500 M/T o5tz o]
o] FF A7 BRSO FaL Qlof, thFo] Y= AL 9L
47§ o] tHNFRDI, 2010). o] & Q15}o] s A= 330
= A3 s Bty olFom A AstaL, S pAkeke 9|
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AR go] o] AFEHY EAof Tt A E = SAEAR B0
o 4=¢)4t Z-o1 2] oF AYstelA £ vl al(Lee, 1996; Joetal.,
2012b), F-ol9] gt &4 Edof et A+H(Lim, 2003),
Zof Zhol| eREo] Q)= taurineo] #3H ¥-+(Ballatori and
Boyer, 1992), 5] 44 f2 A4 tbd7<l dermatan sulfate
of] 3t ¢1L(Tsegenidis, 1992), HAF ZH50] o] SAME 4o}
T A = Akt 22 o8] X, Al W S| - 54
9 JokA EA H|1(Jo et al., 2012a; 2013), =] 5 3]
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Kim, 2008; Lee et al., 2008), Z-0{2] <A1} A7} 7|50 T
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% d(heavy, HE)= U-FE-HE, 5% {(intermediate, IN)Z U-
FE-IN, A= (light, LI)& U-FE-LL &5 ¢12HU)ol| A 1]
ek A 5 Zl(male, MA)9] 52 U-MA-IN, thA = At
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Table 1. Rough informations and sample code of mottled skate Beringraja pulchra used as samples in this experiment

Bod
Coast Sex Weight Total length - y - Sample code
(cm)  Length (cm) Width (cm) Weight (g)

Heavy (HE) 100 63 75 8.0 U-FE-HE

Female (FE) Intermediate (IN) 91 57 64 55 U-FE-IN
Ulleungdo (U) .

Light (LI) 73 44 51 25 U-FE-LI

Male (MA) Intermediate (IN) 95 52 60 5.0 U-MA-IN

Dae-cheongdo (D) Female (FE) Intermediate (IN) 87 57 56 6.0 D-FE-IN
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AL $740) AR50) FU7 Sold 4 YEs A%
= H(conical tube)of] YA AR5 )& ¥, A
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, XP-329, New Cosmos Electric Co. Ltd., Japan)= 7%
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Duncan®] 459171 (Duncan's multiple range test)Z ©]-8-5}
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A SR AR ol AnE
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o}, Aol whE Faliehit Eol(F5 ) TCA 7Hd A4
ek oF AT S2710] Z47F 1.39 g/100 g 9 1.12 g/100 g& 2,
o] =7lol| v|sto] oF 24%7} ok, BHe] = o] 4
Aol vlgto] o e|et A= Ut oA Sl whE Felgt
A 2SO (A)2] TCA 7R84 A A hafe 747+ 1.21 ¢/100 g,
139 ¢/100 g @ 1.10 g/100 g© &, ZFeFo] 714 =917, t}-&
O 2 15 W AT ol ek wEhA] oA Sl thE
A T (A T A== FFFel 7MY 2t 4
oL, thE o 2 15w W A5 ol qlrh 2, Jo et al.
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Fig. 1. Comparison of the TCA soluble-N content of mottled skate
Beringraja pulchra according to the area caught, sex and weight.
ISample codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN and D-
FE-IN) are the same as explained in Table 1. *Different letters on
the data indicate a significant difference at P<0.05.
(2012a)2 A3fiQk(SAtE )4l F5-0) o] Fad TCA 7HA A
4 qHepe] A% PLO.0SIH 15T 554 A9 Aolrt ¢l
Ao, ol 52 Aol vlstol= EhThal Bt vt Sl
o1 A Y (Eaftt Asfiehy el uhE FEol(HH, 55
TCA 7184 A4 F=F2 72171 1.39 /100 g 2 1.07 g/100 g&
2 S3jebato] Ajshetate] ulste] of 30%7} S0k, ghe]
Safiqbte] Asftatel wistol ozt A H U ol
TCA gpe] Atz v o] Mol g olo] gy el 4

Z

-], o4 T Y B FF ol o BIA AHY AL 5
sfiQtito] ZFstel et 34 = ik

gh, AHE] TCA 7H8/d A4 ke 7ehgol, 4], 1L
o, Ao, s, FAI, 871, o, wo] W wigtolep 2
2 k0] 70] -9 290-735 mg/100 g 9], e A o], Ao A
of, 7127, axe}, A&, W, vpA|e 9 =1k 22 AR Fo| A

- 311-884 mg/100 g ¢, S, A3, S, oA 2 =
A1) A9 564-863 mg/100 g W= LA Qrh(Park et al.,
1995). 0|2} -2 =AHZ O] TCA 7HE-A) A4 3ol gt B
OF 2 9] o] Aol ofslH TCA 7H8/d A g2 3017t
Ut of sl 7ol vlste] 5] wtet, ole Aol IS F
o grsol e 84, ol 5 TMAOSL 22 dAds
of ok gl of 97| 2ol 2k T Slrh(Park et al., 1995).

SHH, Jo etal. (2013)> SAHE bt A = AL 22 A]
ol M o E FFoHA, T F2 dEe
5t7] ffsto] euld HIAES AARE 23} of A ol A}
o g9 F8 JAEL frejotn| Aol plrtar Hingk vl
Qlek whba] & Aslof A= Jo et al. (2013)9] AX}= vjgto
2 Fo At 2go1 9 gl Holshs 8 AEE frefotu|
Akt o] o] FFgdE B2 AlES= taste value® TTHS}IL, O]
=°l tisted HEstaA} gt Fa &5 = At 8019
frejotulieat A B =4S AE Y oA FE R e E
ole] AIE MRt H-EA(UA, S5 )9 ol At vl
i =T 2 3= Table 29+ 2ok, 218019 frefobu| Al &
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3t PAFTH) 27F, 70] 26501313, o
T Y01 27F, AT ATl B 28F0] T
H, AsfiHHESE, 222 785 2750] T = dt. A
2 Foieht FEA(EFH A fFrelohveat S I
0] 337 mg/100 g 2 4719 235 mg/100 gof| H|}o 2F 43%
7t ol, 9te] ke gl $:700] wjsto] W5l weie
AE U FENEED) WA 8 Fohu Ak tau-
rine (18.9%), sarcosine (10.1%) proline (28.2%) 4 B-alanine
(17.7%) 53} 22 4321131, =712 proline (8.5%) 5 Al 2|2t

308, o5 F8 F2|of| Ak prolinedr A |3t whl
AL JLAJSHA] b= ol ARO & o] R o)A 91l &, Jo et
al. (2013)%= A LA F-5-0ol(FF5) 2 4ol mhE Elotr]
Al SRS AR Apold BFole] felofulidl &
Shego] F719] 79-298 mg/100 g =, 4=512] 273 mg/100 g
of wate] oF 9%7} e kehal Bk vl ik, of 2] S wh
2 SaRk Bl(T] Falot)t SRS nFol
318 mg/100 g, 5] 337 mg/100 g, T12] a1, AZFFe] 220
mg/100 g2, TFFo] 7P =3kl tha e 2 ATH W AT

Table 2. Comparison of the free amino acid (FAA) content of mottled skate Beringraja pulchra according to the area caught, sex and weight

(mg/100 g)
East coast West coast
FAA
U-FE-HE' U-FE-IN U-FE-LI U-MA-IN D-FE-IN
Phosphoserine 0.3 (0.1)2 0.2 (0.1) 0.1(0.1) 0.1(0.0) 0.1 (0.0)
Taurine 75.2 (23.6) 63.7 (18.9) 52.8 (24.0) 56.6 (24.1) 46.0 (14.7)
Aspartic acid 3.4 (1.1) 2.7 (0.8) .7(0.8) 2.0(0.9) .9 (0.6)
Threonine 10.7 (3.3) 10.3 (3.1) 0(2.7) 6.6 (2.8) 5(2.1)
Serine 9.8 (3.1) 2(1.8) 11.3 (5.1) 7.0 (3.0) 10.3 (3.3)
Asparagine 0.9(0.3) .1(0.0) A(1.4) 2.3(1.0) 6.8 (2.2)
Glutamic acid 7.4 (2.3) 1 (2.4) 2(2.8) 3.5(1.5) .0(1.6)
Sarcosine 32.5(10.2) 34.1(10.1) 22.8 (10.4) 26.1 (11.1) 53.6 (17.2)
a-Aminoadipic acid 0.1 (0.0) .1(0.0) 0.2 (0.1)
Proline 51.4 (16.2) 94.9 (28.2) 28.5 (13.0) 20.0 (8.5) 22.8(7.3)
Glycine 14.3 (4.5) 12.8 (3.8) 8(3.1) 15.4 (6.6) 14.9 (4.8)
Alanine 12.2 (3.8) 11.2 (3.3) 15.9 (7.2) 11.6 (4.9) 10.1(3.2)
a-Aminobutyric acid 0.4 (0.1) 3(0.1) 0.4 (0.2) 0.2 (0.1) 0.5(0.2)
Valine 1.9 (0.6) 1(0.6) 1.5(0.7) 1.3(0.6) 1.4 (0.4)
Cysteine 0.2 (0.1) 1(0.0) 0.1(0.1) 0.1(0.0) 0.2 (0.1)
Methionine 0.7 (0.2) 1(0.3) 0.5(0.2) 0.6 (0.3) 1.7 (0.5)
Cystathionine-1 4.8 (1.5) 1(0.6) 0.4 (0.2) 0.7 (0.3) 5.6 (1.8)
Isoleucine 1.3 (0.4) 4(0.4) 0.9 (0.4) 0.9 (0.4) 0.9 (0.3)
Leucine 2.1(0.7) 3(0.7) 1.5(0.7) 1.4 (0.6) 1.3(0.4)
Tyrosine 1.1(0.4) 2(0.4) 0.9 (0.4) 1.1(0.5) 1.1 (0.4)
B-Alanine 68.8 (21.6) 59.6 (17.7) 46.2 (21.0) 62.4 (26.6) 101.0 (32.3)
Phenylalanine 1.1(0.3) 4(0.4) 1.1 (0.5) 0.9 (0.4) 0.9 (0.3)
géﬁm'”m”b”tym 0.4 (0.1) 5(0.1) 0.2 (0.1) - 0.4 (0.1)
Ethanolamine 0.3 (0.1) 3(0.1) 0.0 (0.0) - 0.3 (0.1)
Ornithine 2.3(0.7) 0(1.2) 0.7 (0.3) 1.2 (0.5) 1.0 (0.3)
Lysine 10.7 (3.4) 12,5 (3.7) 8.8 (4.0) 11.0 (4.7) 15.6 (5.0)
Histidine 2.3(0.7) 2.4(0.7) 0.7 (0.3) 1.1(0.5) 1.5 (0.5)
Arginine 1.5(0.5) 1.3(0.4) 0.7 (0.3) 0.7 (0.3) 0.9(0.3)
Total 318.1(99.9) 336.9 (99.9) 219.9 (100.0) 235.0 (100.3) 312.3(100.0)

Sample codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN and D-FE-IN) are the same as explained in Table 1.
The values in parentheses indicate [(g of each amino acid/100 g of total amino acid)] x 100
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o] Faliebit FEol(HH) Y =8 Fefotn| Ak taurine
7} 23.6%, 18.9% 9 24.0%), sarcosine (Z}2} 10.2%, 10.1% 2
10.4%), proline (Z+2+ 16.2%, 28.2% % 13.0%) ¥ B-alanine (
247} 21.6%, 17.7% 2 21.0%) 53 22 450)90th. S5 3
Fo ol 29:9] 0}2) A ojof e felobu] Al FREE
fjH4to] 337 mg/100 g O &, A3l 3F4H2] 312 mg/100 gofl ] s}
o oF 897} Yol Zjol7} Ueich HFAFEL, 922 70
Fejotu] Ak FafQFARY] A9 taurine (18.9%), sarcosine
(10.1%), proline (28.2%) 4 B-alanine (17.7%) 53} 22 4%
o191, HILHALS] 7% proline (7.3%)2 A2 350l ick.
Joetal. (2012b)1= MBI o]2}5 FEol(F5 %, AH)
oA (R G = SAHE Zhyofl whE frEjobu] At Foke]
79 Aol 7} Qloiekan vk vl o).

s, 2Hgolo] felotulicdl Fekke A, of] S o
o} A (Fa ekt Asfiehell A gle] 220-337 mg/100 g 'Y
9], 050] TCA 714 A4 &ekel 1,073-1,392 mg/100 g
¥I9lol u]5}o] o} Wokt|, ol TCA 7h84) Ak 3 of
o SHEO] Sl 84, hR Yol B BTy EolgAlo| &
(trimethylamine oxide, TMAO) $F&(Kim et al., 2010)E°]
glopu] it F3hako] ALk Alofl Al €] ¥ )17 wiol 2t HehE 91
t}. 314, Cho and Kim (2008)-2 =t L4+ & =@ 4k A2 501 5]
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©-388-580 mg/100 g 9]0t H1sle], B F3jokk
0]9] f-ejotu| Ak kol v|gke] =3k=t, ol= 80139
A 5 Ao ofsto] T 2 RE fejofn|icito] TRk
2o AAE 3] Tl e Bebel Atk e, 2Hgole] fejo}
0] eAE SRS AMS o] 7o o] & T (Vithde] 1,523
mg/100 g, c}eko] 1,326 mg/100 g, Hho] 1,345 mg/100 g, T
=01 902 mg/100 g, J012] 1,090 mg/100 g, B 7] 735 mg/100
g, A78°] 510 mg/100 g)of| H|5}o = H-5-5] WAL, WAl of
0] o]5 2FHE 207 mg/100 g, A= 383 mg/100 g, =7}
20 311 mg/100 g)el] vl3koti= G AR H9lo|gl oLt o] 5 of
5 AA5 o] 72] 44 histidine, B A5 o] 79| 749 taurine
oo Al LJRh i A5 & ohge ofU Sirk(Park et al., 1995).

URbA O 2 fejohn|inihd AHE 0] dhof| X[thsA ok
o z]= Ao 2 4 A QthFuke and Konosu, 1991). 121+
ol5 Fejotn]ieibE 77t Bte| 27} gt whes] ko]
AL sho] I pAHEO] ghofl 24| RS wxIvka weket
T Yitk(Kato et al., 1989). o]2i3 A A FaoH&T %
ACHAF ZHE-olo] A Y ofA| kel mhE 59 Ut S
taste value= A H 11, o] S Aokt E)AHe] 1A ST} v
L HESH 2= Table 32 2k fr2jobu]|=Ake] gt tfgt
2]+ aspartic acid”} 7 @ol 3 mg/100 mgo| 3L, the-2
& glutamic acid (5 mg/100 mg)2] <=0]glom, o] 52 7|el &
glopn| i Abo]] B|Ele] ghof| ofg= WIFH(7]E} ofu| i Ato]| H]s}o]

Table 3. Comparison of the taste value of mottled skate Beringraja pulchra according to the area caught, sex and weight

) ) Taste threshold East coast West coast
Amino acid
(mg/100 g) U-FE-HE! U-FE-IN U-FE-LI U-MA-IN D-FE-IN

Aspartic acid 3 1.13 0.90 0.57 0.67 0.63
Threonine 260 0.04 0.04 0.02 0.03 0.03
Serine 150 0.07 0.04 0.08 0.05 0.07
Glutamic acid 5 1.48 1.62 1.24 0.70 1.00
Proline 300 0.17 0.32 0.10 0.07 0.08
Glycine 130 0.1 0.10 0.05 0.12 0.1
Alanine 60 0.20 0.19 0.27 0.19 0.17
Valine 140 0.01 0.02 0.01 0.01 0.01
Methionine 30 0.02 0.04 0.02 0.02 0.06
Isoleucine 90 0.01 0.02 0.01 0.01 0.01
Leucine 190 0.01 0.01 0.01 0.01 0.01
Phenylalanine 90 0.01 0.02 0.01 0.01 0.01
Lysine 50 0.21 0.25 0.18 0.22 0.31
Histidine 20 0.12 0.12 0.04 0.06 0.08
Arginine 50 0.03 0.03 0.01 0.01 0.02

Total - 3.62 3.72 2.62 2.18 2.60

ISample codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN and D-FE-IN) are the same as explained in Table 1.
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Fig. 2. Comparison of the urea and ammonia contents of mottled
skate Beringraja pulchra according to the area caught, sex and
weight. 'Sample codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN
and D-FE-IN) are the same as explained in Table 1.
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Fig. 3. Comparison of the odor intensity of mottled skate Beringra-
Jja pulchra according to the area caught, sex and weight. 'Sample
codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN and D-FE-IN)
are the same as explained in Table 1.
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Fig. 4. Comparison of the hardness of mottled skate Beringraja
pulchra according to the area caught, sex and weight. 'Sample
codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN and D-FE-IN)
are the same as explained in Table 1. *Different letters on the data
indicate a significant difference at P<0.05.
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Table 6. Comparison of the total amino acid contents of mottled skate Beringraja pulchra according to the area caught, sex and weight

(g/100 g)
. . East coast West coast
Amino acid
U-FE-HE' U-FE-IN U-FE-LI U-MA-IN D-FE-IN
Aspartic acid 1.8(9.2) 1.6(7.6) 1.5(7.9) 1.7(8.5) 1.7(8.3)
Threonine? 0.9(4.6) 0.8(3.8) 0.7(3.7) 0.9(4.5) 0.8(3.9)
Serine 1.0(5.1) 1.2(5.7) 0.9(4.7) 1.0(5.0) 1.0(4.9)
Glutamic acid 3.7(18.9) 3.7(17.6) 3.4(17.8) 3.7(18.5) 3.4(16.5)
Proline 0.8(4.1) 1.0(4.8) 0.8(4.2) 0.8(4.0) 0.9(4.4)
Glycine 0.6(3.1) 0.6(2.9) 0.6(3.1) 0.6(3.0) 0.5(2.4)
Alanine 0.8(4.1) 1.1(5.2) 1.1(5.8) 1.0(5.0) 1.2(5.8)
Cysteine 1.1(5.6) 1.1(5.2) 0.94.7) 0.9(4.5) 1.2(5.8)
Valine? 1.1(5.6) 1.3(6.2) 1.2(6.3) 1.1(5.5) 1.3(6.3)
Methionine? 0.5(2.6) 0.6(2.9) 0.6(3.1) 0.5(2.5) 0.6(2.9)
Isoleucine? 0.7(3.6) 1.0(4.8) 0.9(4.7) 1.0(5.0) 1.1(5.3)
Leucine? 1.8(9.2) 1.9(9.0) 1.8(9.4) 1.7(8.5) 1.8(8.7)
Tyrosine 0.3(1.5) 0.3(1.4) 0.3(1.6) 0.4(2.0) 0.4(1.9)
Phenylalanine? 0.8(4.1) 0.9(4.3) 0.8(4.2) 0.8(4.0) 0.9(4.4)
Histidine? 0.5(2.6) 0.6(2.9) 0.6(3.1) 0.5(2.5) 0.5(2.4)
Lysine? 2.0(10.2) 2.1(10.0) 1.9(9.9) 2.1(10.5) 2.0(9.7)
Arginine? 1.2(6.1) 1.2(5.7) 1.1(5.8) 1.3(6.5) 1.3(6.3)
Total EAA? 9.5(48.6) 10.4(49.6) 9.6(50.2) 9.9(49.5) 10.3(49.9)
Total 19.6(100.2) 21.0(100.0) 19.1(100.0) 20.0(100.0) 20.6(99.9)

'Sample codes (U-FE-HE, U-FE-IN, U-FE-LI, U-MA-IN and D-FE-IN) are the same as explained in Table 1. ’EAA, Essential amino acid.
3Value in the parenthesis was calculated by [(each amino acid content/Total amino acid content)>100].
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