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W SAdUFEEL Fobd Tt ARE st
RE BEE Aste YA (-200)d] Bt Lok

2. Ao %A

ANrE W, 2, 8 T Ay SAF LT Hsd, 7 94, 7 A
HE 42 Qs AHst] F2eH A dAHAM A AE3Ad.

3. Ay

1) Yt &
3—3_7?!%94 NEE Hste $8L Artdyg®, =AW AL semi-micro kjeldahl
MY 2 e soxhletd”, HEe A2 3P o2 FFsgct

2) Amino acid '

Amino acid £ A& 40mgs 3t whS-3Fe] Y3, 6N-HCl 15mlE 7133,
115C = 1914 24X 7HE< 7}*Hsﬂ/\lzit} H4t& A AF o}$ phenylisothiocy-
anate (PITC)E 7}3d PITCHFEME TE F 94435 A=zAFct 20mio)
solventel *°]3 microcentrifugeAlZl ¥ A&AE 100ml 3 HPLCE #4
k. £427L2 Table 134 ).

Table 1. HPLC operation conditions

Column : Pico Tag 8.5%X300mm

Column oven temp. : 46T

HPLC pump : waters 510

HPLC injector : waters 712 WISP

Photodiode array detector : waters 990 254nm

Solvent : A) 1.4mM NaHAc, 0.1%TEA, 6% CH3;CN, pH6.3
B) 60% CH3CN

Elution : Linear gradient of solvent B (0-100%)

Flow rate : 1.0ml/min

Run time : 25min

. Equil. time : 10min

. Injection volume : standard 4ul, samples 5ul

;oW e

=S ®®wN

3) Fatty acid
AR £H3H7] 95t AW322E Bligh & Dyer 8% Metcalf 404 o)
e} 22392, AL Kates 59 4022 estadch
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& A& 5gg Astd AR E23aqd 93, CHClYMeOH/H0:(2:1:1,v/v) £
30mlE 7Feta, 587 & £ Foddh. oy T 2FE 3 W&, 2500rpm
oA 1087 FAEs ASAdE s, NAZ FF5AA YR B
#3ld b7l methylationAl A GCE 4 5 ).

JAAL FEEUE AEA ImlE Hslod AZFetzzad 93 CHi;COCH:
5ml+(MgCl: 1g + 10% MeOH)0.1mlE 7}ste] & AHolF 3 1A Fot o] F &
Fo wxajstd sl 2500rpmel A 1027 A FE s AT Hsgh. g7
acetone 1lmlE 7}ste] & A7|n Bysidcirt QA€ (2500pm)Etd, &9l &
NoZ| M2 AAAZ]Z KOH desiccatorell Bastgctzt 34 st ).

A ¥HAl 8 methylationAl#] GC. varian 3400 model®, detectort FID.
columng stable wax 3cm~x0.30m ID, column temp.© 120C ~2407C,
injection temp.= 2207C, split ratiox 50:1, injection volume< 1lul retention

time® WAMY)E integrator® 45t A Fs .

4) Cholesterol
Cholesterol& Liebermann-Burchard %% 8o &R, FIE:
Beckman DU model spectrophotometer® A 8},

5) ¥ @A} ATPase ¥4
LA FIM AL Yang®]W'# Nam¥'Vel 9lstd ZA 393 ATPase 84S
A} & Fiske-subbarow™§ ol ¢Jsted =33}

6) Pepsin°l 23 4318 _
Foje] 238 AL pepsin® 2 A3t Saunder'd ol s ZA A}

m A= 2 33
1 Ay
ZAFoist $£UFole) Y EL Table 2 9 e},

Table 2. Proximate composition of raw Raja skates (%)

Components Huksando Falkland
Raja skates Raja skates

Moisture 77.1 78.4

Crude Protein 21.5 20.4

Crude Lipid 0.68 0.65

Ash 0.72 0.55

Table 204 B kst Zo] YPEL @ Aol 4ok,
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2. Amino acid

A 8E H4EHetd esterification A1 c}-&eo] HPLCZ £4§ Z#+= Table
3 3 ).

Table 3. Amino acid composition of Raja skates(%)

Amino acid H-Raja skates F-Raja skates
Asp. 605.84 9.59 290.21 8.85
Glu. 930.85 14.74 4355.92 13.91
Ser. 289.15 4.58 157.38 4.80
Gly. 556.67 8.81 237.51 7.25
His. 107.62 1.70 58.78 1.79
Arg. 323.57 5.12 160.21 4.89
Thr. 317.23 5.02 164.41 5.02
Ala. 542.89 8.60 283.09 8.64
Pro. 270.20 4.28 136.20 4.16
Tyr. 158.57 2.51 82.31 2,51
Val. 372.99 5.91 197.27 6.02
Met. 175.82 2.78 92.21 2.81
Iso. 348.66 5.51 203.24 6.20
Leu. 577.76 9.15 297.55 9.08
Phe. 215.59 341 123.26 3.76
Try. 0 0 53.25 1.62
Lys. 522.01 8.27 284.85 8.69

TOTAL 6315.42ran) 100.00 3277.64w:24:100.00

elA & 5 AE M o] $9Fo] (Falkland)®t F4+Fole] 9lo] 2o}
LA 9% AT FAe] Ao z+z} 3277.64mg%st 6315.42mg%E Ve =
o] 28} BL Ao el

28} amino acid® £F7F9 ddME FAF6A tryptophane] ¥4 FHA
%tF, 7t amino acid®] #FL £ olr} 9l

49 %0]9] amino acidE 17F°] £4HUR, 4Tl L 16F°] £45Hd 2,
Z4AvE WE glutamic acid’t 27 13.91%9F 14.74% & 2o o7} o] $&
Aoz Andrh olF FAHAAH R ZTAFol9 £UFodH & AoVt V&
< 4t

3. Fatty acid

@A -2 methylationAl A GC2 £4% Z3+ Table 4 8} 2r}.
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Table 4. Fatty acid composition of Raja skates (%)
Fatty acid Huksando Falkland
C/number Total lipid Phospholipid | Total lipid Phospholipid
saturated FA
13:0 5.91 4.59 - -
14:0 1.42 1.35 1.44 1.35
15:0 1.79 1.57 0.97 0.89
16 : 0 1.81 1.95 8.61 8.45
17: 0 2.44 2.36 0.25 0.75
18 : 0 1.53 1.50 2.25 2.20
19:0 4.15 4.26 1.27 1.35
20: 0 15.17 14.96 1.06 1.05
22:0 2.52 2.56 5.16 5.05
23:0 1.18 1.05 - -
24 : 0 1.56 1.57 11.01 10.56
25:0 - - 1.75 1.95
Unsaturated FA(Monomeric)
14 : 1 - - 0.46 -
16 : 1 1.71 1.68 2.95 2.80
18 : 1 5.92 5.79 15.75 15.45
20 : 1 2.78 2.92 4.75 4.85
22 : 1 5.61 5.65 1.86 1.96
24 1 3.22 3.15 5.87 5.97
Unsaturated FA (Dienoic)
16 : 2 - - 5.76 5.97
18 : 2 3.12 3.45 6.85 6.57
18 : 2(t) 1.38 1.30 1.99 2.25
20 : 2 1.74 1.56 3.15 3.05
22 : 2 0.40 0.41 1.14 1.45
Unsaturated FA (Trienoic)
16 : 3 - - 2.48 2.25
18 : 3 10.15 10.06 0.73 0.55
18 : 3 (t) 1.20 1.15 - -
22:3 - - 0.83 0.85
Unsaturated FA(Tetra,penta,
hexaenoic)
18 : 4 - - 1.05 1.09
20 : 4 9.51 9.62 0.89 1.15
20 : 5 3.76 3.78 6.24 6.54
22 : 6 o 3.46 3.57 3.49 3.67
MUFA 25.89 19.19 31.64 31.02
PUFA 34.67 34.48 34.60 35.38
p/s ratio 1.14 0.92 1.02 1.05
n-6 14.01 12.48 14.02 13.87
n-3 17.37 17.41 11.51 11.85
n-3 /n-6 1.24 1.39 0.82 0.85
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Table 4914 R uig} o] FUdFojel FaFoje Afa AL & Aol&
gdou FU4FodAE FEHA 232, ZTAFodA FAE AL T WAL
2 71592 E 7FAl Ciso (tridecanoic acid) 2 Caso(tricosanoic acid)?] QX2 ¢
Zojdut Sojqle EEx|WHAkeln 7' AE 7FE Coso(pentacosanoic acid)el %
o},

B xspx4tel gloj A & monomericol A FAtZojo] Cip0l #4HA 43, &
JEojoAnt okt EAME g od dienoicdlAE ZaZoldA HAEHA gL AL
Ci2012, FYFfelA= HFEHATL. trienoicdll A< FAFANA Cies , Co
o] AEHA 4%E, FYZTodANA Cuast)7t AESHA drh. T3 tetraenoic
M Ciss 7F FAFO AN HEHA it

AMNH g FYFodA A4 105, X34 1850 FA4=HYR, &
ArZolo A TR AL 115, EX 3|4 14F0] EAEd. ) w4te] @94
ol glo]A X3t upAte FAbFolgl £ Folel Qo] Ciso 7} 1.81%, 8.61%% &
o] & BY I, Cuor 15.1% 1.06%2 2 2ol S, ComelAT 1.56%, 11.01%E
vebdich, T3z wbate] e T AFolo 39.48%, FYFoI7t 33.77%F R
of. 2z e PAd FHEe e Ciso, Cizo , Cigod 71582 294
L FdFoloA 2.49%, ZAFoo A 8.38% HE= ).

FH EXxspAgAe] A F4AFAYG F£YFoldA monounsaturated fatty
acid7} 2z} 19.24%%} 31.64% 2 H.o, monomericZ FYFojol B33 o]
5o Adsden, &3 Cuo AL FUFA7 15.75%2 F4Fo] 5.92%Hc}
oF 3uj7teF wol Eof At

dienoic unsaturated fatty acidt 2z} 6.64%9} 18.87% % R F£Fold ¢
g2 ko] FH3e] 9%lR, trienoic unsaturated fatty acidE Z+zt 11.35%%}
4.04% % Bo, ZAFojd ] @o) §HHo] 99, tetra-, penta—, hexa-°lA
t 27t 16.73%} 11.67% 5 B th.971 - Cus (arachidonic acid) € FAt¥o}
ol 9.51%, 54 & 0.89% FH=eo Adct.

Y5z wate] #A$E $9Fold linoleic acid 6.85%, «-linolenic acid
0.73%, arachidonic acid 0.89% &=, 8.47%% HAAT FAFodA:=
linoleic acid 3.12%, « -linolenic acid 10.15% arachidonic acid 9.51% %3
o] 22.78% % Ho L wtie TiFelst dids] 43 AdS veh i 94
t}. 283 EPA, DHACl Q1A & & zlelst itk =3 n-6x44te] A+
Fd%ost FAENI 14%AER A9 AT n-3x4ke] AS 11.5%%
17.37% % B ZiFole o] go] 5o A= AR 2AHY

olg g FANAN FUFRdE AT} JEEE sx)7t o Bof AU
ditzlYoxe] EAZe HAHE AAYL & S A= Amdd.

4 . Cholesterol

%09 cholesterol ¥ Liebermann-Burchard el 93l X3 A=
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Table 58 %t}

Table 5. Cholesterol content in Raja skates (mg%)

Huksando Falkland
Raja skates
T-CHOL Ester T-CHOL Ester
Muscle less than 20 10 20 15
Liver 200~ 300 120 300~ 400 195
Naechangtang 30 12 100 60
Tail 36 16 37 18

felA ¢ 4 & ukel o] cholesterold A%t WF &ol3dd. '
5. ATP 84 ATPase¥@A4

ZUAE duAgA 2M5 ATPS ATPase 4 24 ZAFAE Fig.1,29 et
W}

501 -20°C 50+ 20£2C
o: Huksando
401 40+ x:Falkland
=
2 30% 30
=5 \@ CD
>~ T — ®— \
20+ 201 Q\
10} 10} \o >~
R
e"\
1 1 1 i 1 ]
10 20 30 day 10 20 30 day

Fig 1. ATP concentration in Raja skates muscle at -20C and 20=2T

¢l Fig.1¢14 ¢ 4 A+ vis} Zo] -20TCo BAF wl= ATP-Pi=o] A9
W37 gl e, 20T oA Aol ZHAstel wet iAo TG 53
1098 A5 22 A42FE BHe Fof 20C STHAME 104 o} B3 = 7
S v EA eSS ek 109 AFHsE Fo] E5do] A7 wke] glAR L,
EolH 7t st
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0.8+ 0.8r o: Huksando
x:Falkland
0.7+ 0.7+
— e

0.61 ﬂ\@ 0.6¢+ \
C h .
“\é ‘\\ \\
e 0.51 “® 0.5t ¥
& S e o
E L [ 1 1 1 L
§ ] 1.5 2.0 KCL(mM) 1 1.5 2.0 EDTA(mM)
P
S
2
8
e 0.81 0.8+
o]
&

0.7¢ 0.7+

3
0.6+——® 0.6+
\ X
0.5t I~ 0.5t T~Ix
N ~
\
| 1 1 1 i ]
1 1.5 2.0 Ca% (mM) 1 1.5 2.0 Mg¥(mM)

Fig. 2 ATPase activity in Raja skates muscle

Fig. 2= %oZof #f=o] 4+ ATPase activity® ZAZ Aoz 4o §
Ad2s ImM KCA£ ¥2 wsigle] <Asitst KC19 ¥E7 AW o3
ATPase activityt E4Foluv $9%el7k Z%. A EDTA, Ca” %
Mg®'e] ASE5} F74gel b3 BAEs A FadE EAL e 79
9. oA Aoz BopH FFEe) 7 ImMAM Aol AT ¢ 5 2
Ach.

vt o] &&!” dubsg e alkaline phosphatase® B433AZdz <A
gtk NamHK.®g 22379 ATPase@Ae]l ImM KCl, 2mM EDTA |,
ImM Ca®, ImM Mg®'el4 718 EddEs 25rt Qo & s Ao 47
s, 2# /)l ATPase@dol 0.7~ 0.989oIQAL Fols) A$E 06
~ 07894 At
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6. In vitro digestibility

d]
=

EAEol9} £dFole] A3tES ZaEY] fletod LAk HEX
pepsing 7hate] ¥bEAIFIH A FElse] Yot Hyopu| At NH.-NgFS
A3 AL Table 6,790 vebdch,

Table 62 fralseo] Yo+ ofnjxited £33 ojdjA] B} FAkFold A
Z23go] =t & FUFoE 58.06%, AT E 63.06%F BAch. A9
T 94 olulxito]l AEHg}. ¥H Table 7 & fdHE NH-NEHFE
g A= HPLCE & A3 zteolrt Qo ole Al A3 EA9) 4824

E
She

N e

[ R

Mol ez 4zdn. 2t FAEele) A9sh 2shEo] ¥4 vhebal,

Table 6. Released free amino acid by in vitro pepsin digestion of Raja

skates
Essential (H) pepsin (F) pepsin
amino acid treated untreated treated untreated
Isoleucine 276.72 348.66 150.47 203.24
Leucine 376.67 577.76 175.79 297.55
Lysine 302.91 522.01 140.64 284.85
Methionine 165.47 215.59 103.42 123.26
Phenylalanine 96.53 175.82 47.57 92.21
Threonine 197.47 323.57 97.18 164.41
Tryptophan - - 22.97 33.25
Valine 203.46 372.99 96.73 197.27
Arginine 184.34 323.57 80.47 160.21
Total 1803.57mg  2859.97mg 915.24mg 1576.25mg

Table 7. Periodically released NH:-N contents of Raja skates during pepsin

digestion
sample 4hrs digestion 8hrs digestion 16hrs digestion
condition (H) (P) (H) (H) (P)
Raw 15.5 15.7 33.3 30.5 39.9 37.2
Boiled 17.8 17.5 39.3 32.7 48.5 10.7

Pepsin digestibility (%) : (mg. NH2-N/mg. Total -N) % 100
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v. 2 =

TAZole dFAsLY st E ZAY EH LR £Y44EFo] (Falkland)E T+
o] GGt v BN A3 oed e AEE 4.

Zolo] YR L ZiEolg} FYFold QojA FE, 2w =x|uz} 3E
o] 47z} 77.1%, 21.5%, 0.68%, 0.72%%} 78.4%, 20.4%, 0.65%, 0.55%F R
o}

°}“llr-4}8 HPLCE FA3to 17F°] £45AL, F4FoldA tryptophane]
HAEHA G, Feolu)ite FiaEolsl o B 53] glutamic acid”}
13.91~14.74% X %}

23 GCE E4 8t E3A P4 Z4F o)) F£UdFojd Aol 7z 11
3 10%°] ¥4 =HAx, BB 47 1457 18%50] A=A, 29
3 7|52 E FFAAHAE Ciso, Ci7o, Cro0e SAHF o]l A 8.38%, 44 FofdllA
2.49% % B4t}

%3 p/s ratios FAF9) £YFoldd ddAd A7 1.149 1.02& RHAR
n-3/n-6% 77 1.248} 0.82% Bl n-3 xPAto] T AZojoA vl Wkl
cholesterol®] 73-%+ A& o} ¢ Fo] Alojo] 2 zfo]r} gl

ATP-phosphorust -20Cel4 Rt} 20T A A7e] AFgd sz fFys=
ko] Z7} =gk, ATPase@A L 0.6~0.78% A2 EDTA, KCl, Ca”,
Mg” & 1mM H7}8 € w7t 743 E9keh

23L& ARG E 7t (boiled)@ ol o] oo, FiFolst £9Fojrnr}
t 231&o) o F9t}

oj Az e AAZ v|Feo] Bu FTAFojst £ Foel vlste F)oju] xAte]
o]l B3, AW4te) A$E n-3x 4ol go] FfHe] e AR v Fo F
S A 2y FFAEYES ¢ 5 A

r{o

P B AFE 19958 FFRAYE GedFu] AL e FYHNSTS @
Ay

FrEd

.94 g AA A 54 (FEH) p.299(1986)
2. 343 : AGd g Ay =% (1979)
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A study of the Bio-nutritional evaluation of Raja skates
caught in Huksando area.
~Compare with Raja skates of Huksando and imported-

Lee, Mi-kyung
Dept. of Food & Nutrition
Kwangju Health College

> Abstract <

In order to study of the Bio—nutritional evaluation of Raja skates
caught in Huksando area and imported Falkland area caught Raja skates
were purchased and analyzed.

The results which I got are as follows:

Commercially available Raja skates (Huksando and Falkland product)
showed proximate content in moisture, crude protein, crude lipid and ash,
77.1%, 21.5%, 0.68%, and 0.72% ; 78.4%, 20.4% 0.65% and 0.55%,
respectively.

There are 16 different kinds of amino acid in Huksando Raja skates and
17 different kinds of amino acid in Falkland one by HPLC method.
Especially,glutamic acid contained 13.91~14.74% in both Raja skates.

There are 11 different kinds of saturated fatty acid in Huksando Raja
skates and 10 different kinds of saturated fatty acid in Falkland Raja
skates,by GC method.

In case of unsaturated fatty acid, 14 kinds in Huksando and 18 kinds in
Falkland were analyzed.

There are odd carbon fatty acids Ciso, Cizo and Cigo in both Huksaﬁdo
and Falkland product.

The p/s ratio in both Huksando and Falkland was 1.14 and 1.02,

respectively.
Then-3/n-6 ratio in both Huksando and Falkland was 1.24 and 0.82,
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respectively.

The content of n-3 fatty acid in Huksando product and in Falkland
product showed 17.37% and 11.531%, respectively. The content of n-6
fatty acid in Huksando and Falkland showed 14.01% and 14.02%
Jrespectively.

The Cholesterol content in Raja skates was almost same amount.

ATP-Phosphorus, at high temperature, was released faster than at the
lower temperature.

The ATPase activity of Myofibril protein was inhibited at the relatively
higher concentration of EDTA, KCI, Ca”", and .\'Igz*, but the activity was
very high in the lower (less than 1mM) concentrations.

According to the cooking condition, boiled muscle showed better
digestion by pepsin. From those results, Raja skates (in Huksando) are
better source of amino acids and n-3 fatty acid than Falkland one.

- 265 -



