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Abstract

The seasonal variations of environmental sea water, and carotenoid and lipid composition
of reddish muscle tissue of arkshell, Anadara broughtonii in Chungmu and Y&su-area were in-
vestigated. In the sea water, pH value, salinity, electrical conductivity of Chungmu and Ydsu-
area were similar tendency, but water temperature in annual average at Chungmu-area was
ahout 2°C higher than that of Ydsu-area.

The concentration of nitrite-nitrogen, ammonia-nitrogen, phosphate-phosphours at Chungmu-
area were slightly higher than those at Ydsu-area. Meanwhile the concentration of silicate-silicious
at Ydsu-area was about 2 times higher than that of Chungmu-area.
The bacterial density of the sea water was ranged from 3.6 to 93/1060m! for coliform and 3.
0 to 15/100m! for fecal colifrom at Chungmu-area, but the coliform was ranged 7.3 to 150/100
miand the fecal coliform was ranged 3.6 to 20/100 mlat Ydsu-area.
Among the coliform, 8.9 % Escherichia coli, 33.9 % Citrobacter freundii , 41.1 % Enterobacter aerogenes
groups were classified and 16.1 % was not identified.
In the hemoglobin content of reddish muscle tissue of arkshell, one from Chungmu-area was
ranged from 1.1 to 2.58/dl and one from Ybsu-area was ranged from 1.7 to 4.4 g /dl. In total
carotenoid content, 0.80 to 1.28mg/100 8 muscle was in Chungmu-area and 0.45 to 0.99mg/100
g muscle was in Ydsu-area. :
Among the carotenoid compositions, pectenolone content was 63.0% in annual average from
Chungmu area and 59.6 % from Ydsu-area, 6.5% from Chungmu area and 18.9 % from Ydsu-
area in A-carotene, 9.9% from Chungmu-area and 9.1 %from Yosu-area in pectenoxanthin, 11.
2% from Chungmu-area and 5.2% from Y§su-area in diatoxanthin monoester were observed.
In the seasonal variation for the major carotenoids, the content of pectenolone was continuously
incresed -before spawning period and showed the maximum in July, but decresed after spawning
period. Diatoxanthin monoester was gradually incresed during all growing period from March
to next January. And S-carotene was decresed before spawning period and showed the maximum
in July but incresed after spawning period.
The major fatty acids of total lipid and fractionated lipid classes from total lipid namely neutral-,
glyco- and phospholipid were Cy:o, Cis:py Cier Cxo:iz Cisia Cx:sand Cyg.jacid in the muscle
tissue of arkshell.
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The content of neutral lipid showed about 2 times higher than polar lipid in the muscle tissue
of arkshell from both Chungmu and Yosu-area. The content of total and neutral lipid was décresed
during spawning period. In the seasonal variation for fatty acid compositions; the content of
polyenenocic acid in total and neutral lipid was decresed and saturated acid was incresed. On
contrary, polyenoic acid in glyco and "phospholipid was incresed and saturated acid was decresed

during spawning period from July to September.

The sterol composition in total lipid were mainly consisted of cholesterol, campesterol, brassicasterol
and [-sitosterol. Especially, the rate of content in cholesterol showed decrese dunng spawning
period butcampesterol showed increse from March to November.
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Fig.1.Location of experiment station
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‘Materials

Extd, with acetone
at room temp.

J J

Acetone soln. Decolored materials

Conéd. below 40° under N,

Partiton between p.e. : peroxide-
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Total carotenoids

Fig. 2. Extraction method of the carotenoids from
the muscle of ark shells.
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Fig. 3. Preparative thin-layer chromatogram of
carotenoids in the muscle of ark shell.
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Table 1. Absorption maxima of the isolated carotenoids from the muslce of shell

Isolated carotenoid

Absorption maxima(nm)

Band Identification

Petroleum ether _Chloroform Benzene Ethanol

1 449 4775 . 4625 4925 462 487 452 480 B-carotene
(449) (478) (462)  (493) (462)  (487) (453)  (480)

2-1 4495 478 460 439 463 493 4525 480.5  diatoxanthin
(451) (479) (458)  (486) (453) (481) monoester

2-2 450 479 461 490 462 492 451 479 pectenoxanthin
(450) (479) (460)  (489) (463)  (492) _ (451) (479) monoester

2-3 461 472 469 461 pectenolone
(461) (470) (462) monoester

3 461 472 469 461 pectenolone
(461) (470) (462)

4-1 449.5 478 460 489 463 493 4525 4805  diatoxanthin
(451) (479) (458)  (489) (453)  (481)

42 450 479 461 4% 462 492 451 479 pectenoxanthin
(450) (479) (460)  (489) (463  (492) (451)  (479)

5 450 478 460 4895 462 492 451 479 3, 4, 3-trihydroxy-7- 8-
(451) (479) (460)  (489) (463)  (493) (452) (480) didehydro-/3-carotene

Number in parenthesis are absorption maxima from references
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Fig. 6.

TLC chromatogram of the unsaponifiable
matters in total lipid from the muscle
of ark shell.

Absorbent ; Wakogel B-10(5504 in thickness)
‘Developing solvent : hexane:ethylether(7:3)
Indicator ; 0.01% rhodamin 6G-ethanol soln
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Table 2. Operation conditions for gas-liquid chromatography

Ttems Fatty acid methyl ester analysis Sterol analysis

Instrument GLC(Shimadzu GC-6A) GLC(Shimadzu GC-6A)

Column DEGS(15 %), glass 2m X 3mm I'D. 0OV-17(3 %), glass 2m X3mm L.D.
Column, temp. 164°C A 263C

Detector FID. FID.

Detector oven temp.  180°C 280°C

Carrier gas N,, 60ml / min. N,, 60m!/ min,

Chart speed 5mm / min, 5mm / min.

4 FAEAL, GLC £HzAL Table 29} 7
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27 AAMA ZAR £&, pH, g¥x 2 A
Z1Axxe] Wshgelel AFAE Table 3o v}
ehfisict.

FEE FHTHe) A4 #Hspd el AFA=
6.2~24.6C, 182091211, oAy ALE 5

1~241%C, 166CEA FFFoo] F7F L& 4
FS Bk TS d59 $280] 15~25T
el Sz wErst A Jepdoia It
Aol FFrade] HF o] 182CEA ¥R
AN FAel FL A0 ALBFIc) .
pH2 w3hy9el JExe FF5IA 8.
1~83, 82013, dAxFdors 8.0~82, 812
A A¥AQ ¢ pHE vieb vl

5L 30 %, o)Akl ek,

A7IAEw o] Wayelel HFAe 74
o) &} 33.25~43.10S Jem, 39.95S [em, oJ42gmod of 4]

36.75~43.808 [cm, 40105 jemzA] A2 e ¥
Tdem, £59 Rud elsid, «dgksjse
A7 A EEE 31.30~56.508 /em2} 5L &ul Q)

doselw

Table 4o dFAFel Hshdglel B4
£ vel gl

obd Aty Aiel wishiddel AFAE F7p
el A 0.0013~0.0109mg/ I, 0.0063mg/ { o]<] 1,
g 0.0018~0.0137mg/ I, 0.0078mg/ [
BA T FAA opAAM A4 FE Aol
A9 ek

A4bd Arel Wz el HFAe FF4d
ol 4] 0.0197~0.0470mg/ I, 0.0273mg/ I o},
4l 0.0030~0.0594mg/ | 24 oF Ao
Aol A AL Freo HFAE o, o
FrddAMe A71EE 7paAde] Fgith

FEUold Ao Wl FFAE 2T

AEES Wb $1E306~341 %022 AY7) 99 3% ND~0.0158mg/ I, 0.097mg/ I, oI
:I‘ablé 3. General characteries of sea water at each area (Mar. 1987-Jan. 1988)

w Chungmu Yo6su

Items Min. Max. Mean Min, Max. Mean
Temperature( C ) 6.2 24,6 18.2 5.1 24.1 16.6

pH 81 8.3 8.2 8.0 82 8.1
Salinity(°/ o) 306 3.1 33.0 311 336 3238
Electrical 33.25 43.10 39.95 43.80 40.10

conductivity (S / cm)

36.74.
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Table 4. Nutrients of water samples at Chungmu and Ydsu-area (Mar.  1987-Jan. 1988)

(Unitv: mg/1)

\Arezﬂ Chungmu Yosu

Items Range Mean Range Mean
NO;-N 0.0013-0.0109 0.0063 0.0018-0.0137 0.0078
NO;-N 0.0197-0.0470 0.0273 0.0030-0.0594 0.0272
NH-N ND-0.0158 0.0097 ND-0.0167 0.0134
PO-P 0.0042-0.0722 0.0268 0.0114-0.0722 0.0372
Si0,-Si 0.22-0.63 0.38 0.20-2.58 0.76

ND : None detected

$oje] A4 ND~00167mg/ I, 0.0134mg/ | 24 o] EAHslglc)

oprde] o7t =& e eyt LA N Ae] FEH ] rsHFAE F
it qlel W e} FFHe FFrdd  Fede) A9 3.0~15/100ml, 8/100mig L,

A} 0.0042~0.0672mg/ I, 0.0259mg/ 1 F.om, oj5 ;e A 3.6~20/100ml, 11/ 100mi2A]

F ol 4] 0.0114~0.0722mg/ 1, 0.0372mg/ I S} WAFT A9} A ke 2 Yepyde)
A T Wb 99} HEAE A5ed A xS rlEETAe 25599

o] 0.20~2.58mg/ I,
20 A= Foh

Agsoo] FR5Ae] Hlste] opdAY AL

bAoA Aa Y ARl TR
% L7 Hol e} eode] gty FAY
F st

o K| F A T

el AFez AfPHAE Table 50
vhel Wl

HAdTe FxWle} JsgEx e 9
Aol A 3.6~93/100ml, 22/100miQ 3, o<

0.76ng/ 1 24 354 mrk

A 3.0~91/100ml, 52/100mI% 3L, H4¢S
o4 3.0~23/100ml, 55/100mizA < Fedo]

Hl% skl

AFTe FAR F59} Aol 100cell /
ml ¥},

LAXFANFY] WEs} FRFART g5
o] 714 Eol EAsA eyl

Sy YAFe] 244 Table 6o el
At

Z 567 FF oA Enterobacter aerogenes o] 23
T3(41.1%), Citrobacter freundito) 197FF(33.

oA e 7.3~150/100ml, 31/100mizA o3¢ 9%), Escherichia colito] 5FF(89%)&¢o.2 B
Table 5. Bacieriological examination results of the sea water samples(Mar. 1987-Jan. 1988)
Ttems MPN / 100ml 7
\ Total coliform  Fecal coliform  Fecal streptococcus Plate count/ mi N »
.0S

Area Range G.M/? Range G.M. Range GM. Range Median
Chungmu 3.6-93 22 30-15 8 30-91 52 <30-2.3x107 1.1x10? 6
Ydsu 7.3-150 31 36-20 11 3.0-23 55 <30-2.1x10° 96 6

b GM. : Geometric mean value

? N.0.S : Number of samples
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Table 6. Coliform classification resiilts by IMVIC reaction and E.C. test (Mar.' 1987-Jan. 1988)

Groups Ecl Cf? Ea? :

= U d( %) Total
A~ 1 T 0 N S™% 1 1 ST(% 1 N ST.(%) Untyped(%) Tota
Chungmu 0 0-2 0 2(74) 2 7 9(333) 4 0 1 11(40.7) 5(185) 27
Yésu 1 0 2 0 31103 1 9 10345 2 7 1 2 12(414) 4(138) 29
Total 1 0 4 0 5(89 3 16 19(339) 6 13 1 3 23(4L1)  9(161) 56
" Ec. 1 Escherichia coli, ? Cf. : Citrobacter freundii
® E.a. :  Enterobacter aerogenes ¥ 8T. : Sub-total
2], 53 = At Hemoglobin & 2t2| AXE W3}

ARS8 X7 7b5e) woly sl Al frel
H¥ E. coli 130) 7o 7A&5]#] o} thsjo]
91Xk, Bardsley™s| s} Citrobacterdoln}
Enterobacter 40] Wo] A&E™ Buid) 93}e]
LD A Azde] AsEPAUL, doB
299 7H5Ao) Atk AAE | Qich

) 5.0
* 1 4.0
-

3

g
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MONTH

: total carotenoid from cultured on Chungmu - area
: total carotencid from cultured on Y3su- area

: hemoglobin from cultured on Chungmu -ared

: hemoglobin from cultured on YJ¥su-area

Fig. 7. Seasonal variation in content of total
-
carotenoid and hemoglobin from the muscle of
ark shell cultured on the bottom of each.
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L

Carotenoid®] $4-& 7t |4 Ro}Al caro-
tenoid & 7FA| ¥ &< spectrum2} A (p.e, ch-
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Fig. 8. The visible absorption spectra of G-carotene
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Fig. 9. The visible absorption spectra of diatoxan-
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A4 velhdle] $E pectenoxanthinsd 2l Xyshed
ov, Lol 2]3} o)A 3}uh-§- 7 3}, Amax 439, 468nm
24] 11nm blue shiftd}el, 28w F-Z72 Co-
TLCel| ¢j3te] sheiAle] vieh} pectenoxanthin
22 FA stgdow, HAsbdel RfXE Mol pec-
tenoxanthin monoester®. ZAste A L2 Tt
"k

Band 2-3, Pecienoione monoester : pink 44 ¢} Band
2-3%, 7MY FF spectrumel Fig. 11614 R,
Amax 461nm(in p.e.), 472rnm(in chloroform), 469nm
(in'benzene), 461nm(in ethanol) &} ketocarotenoid
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450

Absorbance

400 450 500 nm
Fig. 10. The visible ahsorption spectra of pecte-
noxanathin(——) and its I, isomerization

product-——) in P.E.

E-59] single band& jel 2=, NaBH,o| 9
3 A A B2 Amax 451, 479nm Z.4] 10nm blue
shift3}sd 2z, o] AL Lol &7k o)A 3puk-g 2 7o)
XX Amax 443, 471nmZA] 8nm blue shiftdte]

Absorbance

500 nm

Fig. 11. The visible absorption spectra of pecte-
nolone (——), its reduction product(-—
-) and [, isomerization product of reduction
produci(—-—) in P.E.

7. AA4

g FH st 3] A

XF pectenolone®} Y =]}t

28} 2 kieselgel 60F, acetone @ p.e.(3:7) %
kieselgel 60F, benzene : ethyl acetate Me-OH
(15:4:1)"A418) £F7}9) Co-TLCA &J3le] T
#J o} el pectenolone > 2 FA 3} 2.0, 315
2] Rfx) 2 ¥o} pectenolone monester2 Exj
e Ao g wekdd,

Band 3, pectenolone : orange#) 2] Band 3+, Band
2-30fj 4] 9} 7ro] vleht} pectenolone S 2 FA s}
Aok

Band 4-1, diatoxanthin : orange# 2] Band 4-1&,
Band 2-1¢]4je} o] v‘iel} diatoxanthin® &
Aot

Band 4-2, pectenoxanthin : orange} 2} Band4-
2%, Band 2-24) 412} 7o) v}el} pectenoxanthin
22 FAstch

Band 5, 3,4,3'-trihydoxy-7',8' -didehydro-B-carotene
: 3 o] Band 5+, 7FX| % &4 spectrume]| Fig.
126l 4] 8], Amax 450, 478nm(in p.e.), 460, 489.
5nm(in chloroform), 462, 492nm(in benzene), 451,
479m(in ethanol)®] [-carotene type2 F<

Absorhonce

400 450 500 nm

Fig. 12. The visible absorption spectra of 3, 4,
3’-trihydroxy-7°,8’-didehydro- 3-carotene
(—) and its L isomeriztion product
(—— in P.E.
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spectrum & el o] EF 34,3 -trihydroxy-7),
8'-didehydro- 8- carotene®} %] &}] 2.7 Lol ¢
g ol 3ub-g A3 Amax 442, 470nmZA] 8nm
blue shift 3}ich. zelx FFs}e] Co-TLCe]
o)sted Fdgo] vreh} 34,3 -trihydroxy-7'8'"-
didehydro-8-carotene 2 2 £ 3}oic},

F5Ak g oA A 2042 & carotenoid §F
s} flof|A] FRE carotenoidF Ao A=W
5}-2 Table 75} 8ol Z}2k EAJ8}sict.

% carotenoid 332, FF-Ato] 0.80~1.28mg %,

MARA a0 BE vz

7)%-9] ‘Carotenoid =0} A4 W} 8l

7 1.09mg %0 od4r4ko] 0.45~0.99mg %, BT
0.71mg %24 F%4bo] A vhehb(Fig. 6), 2%
o} F4ol| A e FE AL Bobdn) o
2| Ak} o ibel A whzte] AlgL7] A 7EA]
AL Freitrt A7) o] Foll= 3HAs}e]
A8 B9l

%+, carotenoid & A o] A} Z5-4F-2, pectenolone
o] 36.6~75.7% AT 630 %A FAHAEE ol F,
1.9] diatoxanthin monoester 2.9~27.8 % i+ 11,
2%, pectenoxanthin 7.1~11.7% 4 9.9%, 5-

Table 7. Seasonal variation in content and percentage composition of carotenoids in the muscle of

ark shells cultured on the bottom of Chungmu-area

‘87 MAR.  MAY  JULY _ AUG, SEP, NOV, '88 JAN.
Total carotenoids 0.80 0.83 1.28 1.20 1.20 1.16 1.15
(mg / 100g of muscle) )
composition( %)
3-carotene 16.2 10.6 2.3 2.5 3.8 4.3 6.1
Pectenolone monoester 15 2.5 14 1.8 6.2 9.6 17.9
Diatoxanthin monoester 2.9 5.5 7.0 7.3 12.5 15.2 27.8
Pectenoxanthin monoester 0.2 0.1 1.2 1.0 1.3 2.1 1.6
Pectenolone 62.1 71.0 74.4 75.7 66.3 55.2 36.6
Diatoxanthin 2.0 2.1 0.8 0.9 1.2 1.5 0.9
Pectenoxanthin 13.0 7.1 1i.7 9.5 8.1 10.9 8.9
3,4,3-trihydroxy 7°8'- 2.0 11. 1.2 1.3 0.6 1.2 0.2

didehydro-/3-carotene

Table 8. Seasonal variation in content and percentage composition of carotenoids in-the muscle of

ark shells cultured on the bottom of Y¢su-area

87 MAR. MAY JULY SEP, NOV, 88 JAN
Total corotenoids 0.45 0.49 0.99 0.95 0.68 0.67
(mg / 100g of muscle)
composition( %)
B-carotene 17.6 16.9 6.1 20.1 22.3 30.6
Pectenolone monoester 10 28 25 23 2.7 37
Diatoxanthin monoester 3.1 44 4.8 5.1 6.2 78
Pectenoxanthin monoester 0.1 0.3 1.7 0.8 1.3 22
Pectenolone 63.2 63.8 73.2 59.9 53.2 445
Diatoxanthin trace 13 1.5 1.2 25 2.8
Pectenoxanthin 13.2 8.3 8.1 8.7 9.2 6.8
3,4,3 -trihydroxy -7°,8’- 1.8 2.2 21 19 2.6 1.6

didehydro-/2-carotene
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2.
-

carotene 23~162% I 63% pectenolone
monoester 1.4~179% 34 5.8%, diatoxanthin
0.8~21% HA 1.3%, 3,4,3 -trihydroxy-7",8'-di-
dehydro- f-carotene 0.2~2.0% 3¥ 1.1% &
3 pectenoxanthin monoester 0.1~2.1% %3 1.
1%9) 2.2 g43la vk

o] A2, pectenoloneo] 44.5~73.2% H-F 59.
6 %2 A FAE-E o) F 11, 71.¢] B-carotene 6,1~ 30.
6% 7 189%, pectenoxanthin 6.8~132% =
¢ 9.1 %, pectenoxanthin 6.8~13.2%3 4 9.1 %,
diatoxanthin monoester 3.1~7.8% S+ 52%,
-pectenolone monoester 1.0~3.7% 34 25%, 3,
4,3'-trihydroxy-7",8’-didehydro-/4-carotene 1.6~2.
6% 7 2.0%, diatoxanthin trace~2.8% =
16% 2283 pecter_loxanthin monoester (0.1~2.
2%3F 11%9] o2 §HR3te], F7Aket o
A #2042l FA carotenoidse SU3shA Tt
ol A Ao xlols) glel,

53], Table 75} 8| A} &eFo] =4 vhebut pec-
tenolone, diatoxanthin monoester, pectenoxanthin

2 B-carotene$-2] 47}#] &8 carotenoids%, dia-

L.

274 5ol oFAl ek et sl 3
A FAtslehr A7) ol FelE A% Zaste,
diatoxanthin monoester= 4 % 7] 5ol A4 z91
&, B-carotene Atet7] o)H7}hA| zhasichr)
A7) ol Fele A% E7bebo] ARbls WH
A7 ek, o)A Mz F40] Yoz
AVAF B4 A5 Batsto] o) caroten-
olds 7} | /0] FAof A dFgFS F& e
= B9, |
olelg A+, kel MFET7F FE o] AL
W 27, Anadara broughtonii-sol= lutein R -1
42} carotenoids9} §Feko) e} Z-8-¢l) »)sled 5~10
W o] Wol §fdctargt Birel wlwsle] H3
% carotenoids®] FFH-olA Areldtir). @}
e el EMY7F 5l 25, Anadara broughtonii-$-&)
carotenoids®4}-& A)&3}o], pectenoxanthin®}
Fa¥olw, 12 pectenolone

monoester, diatoxanthin monocester 2] 3! pec-

pectenolones]

tenoxanthin monoester 2 diester & A St}
gt B 519} u) &} pectenoxanthin diester= &
AshA] sk 298l 4L fatsledh,

toxanthin monoester2 #)2)&+ t} 2 carotenoids EXE =40 HRA B}

= dub o JFFHRele o2 A Ao f2 4, o, XA giake] Big .

9] carotenoid 2. 4 3ke] Solsheich, S|zA%e] £24 Gt 2404 FHY 3
28], o] Foll A pectenolone Algt7lolAzk 4, & 9 QA FHapel AP W= Table 99|

Table 9. Seasonal variation in content of lipid classes in total lipid from the muscle of ark shells

(% in weight)

Cultured on the bottom of Cultured on the bottom of

TL Chungmu-area TL Y§su-area
(g/100g of muscle) (g / 100g .of muscle)

NL GL NL GL PL

81 MAR,. 0.36 61.3 5.0 29.3 0.39 65.4 5.1 275
MAY 0.37 62.2 5.2 311 0.39 66.1 4.3 26.9
JULY 0.48 62.7 6.1 287 0.46 67.2 45 26.3
AUG, 0.39 62.0 5.8 27.3 - - - -
SEP. 0.37 60.8 5.5 30.2 0.36 65.3 5.2 271
NOV, 0.34 59.9 6.3 315 0.34 673 48 26.5
'88 JAN. 0.34 61.2 5.7 309 0.34 66.9 5.0 25.9

TL : total lipid , NL : neutral lipid, GL : glycolipid, PL : phospholipid
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A9 e, A opite] o} o]
S kel 038%R o, AR F43 7
48t4drh
.2 FFA H@zlSele 42" 599~62.
7% B 614%, FAA 50~63% FHF57% 2 <l
A 273~315% B 299%S Fo2 FHaiv,
o] At I 27 Kol = T4 A4 65.3~67.3% ¥ 66.
4%, 3AA 43~52% B 4.8% % A4 259~27.
5% i 26.7%2) 22 st AR fabsld
o}

o} 2efedolut Wekoul, Al WS uw, ZAA
9] Pao] AR Foll i tht e HFE B
gout 28E & syl dehdA ok, F
EPE 7 AAzAH] BT ATlA Tzl
£ 24249 Puko] I4XA gRET Yoix
sk 22y W7} uix) &, Tapes philippinarum,
249 £AYL 50 %ol dol FHALE FAH}

Table 10. Seasonal variation in fatty acid composition of the total lipid from

shells culivred on the bottom of Chungmu-area

A7 89le] B3 =749 Carotenoidq 49} x| AARe] W3}

AzZAGE FHR L gapo] x| Ae| ws}

83

£ A nlwate] Tk Abo)shgict.

EX|Z 9| XUz Ao Bs}

F3AE 9 o]l A 2N ge] XL FAE
= AurakzAd e AlAdA wW3le Table 10, 1134
2},

F5AF A28 E2XAHE, Cy:0(149~253
%, BT 20.4%), C:1(12.8~159 %, B 139%),
Cs(9.3~16.1%, B 13.3%), Co:x( 10.6~155%,
FA122%)D Cr:sAH28~153% AF 6.6%)5
o $Oo2 Fa FAAMALE o Fn], o454t 5]
ZM%e) EANAL, Cp o(224~266%, BT 24.
2%), Ci:1(12.4~156 %, BT 142%), Cu:(126
~14.4%, B 137%), Caie(9.8~18.6 %, 3 13.
2%) R Cu:sAH34~128%, HF 67%)59) %=
o2 FQ FAHAWARE o] Fo] HME fFAFslsdchs

ARE AuAtzA 2] Wste 74 @ oAt
ol A ©} o] polyeneit-& Alttr] AA 7o F
P}, A Fol e ZHaskdon, o) g} Hi)
2 33 AR ol 5~7¥e Ao}

the muscle of ark

(Expressed as peak area %)

Fatty acid 87 MAR MAY JULY AUG SEP, NOV, 88 JAN,
14:0 0.1 0.1 trace 0.1 11 0.5 01
15:0 0.3 0.4 0.4 0.2 17 16 0.2
16:0 25.3 25.2 21.1 242 15.0 149 17.0
17:0 2.3 2.4 26 105 2.2 2.3 2.4
18:0 3.0 3.2 2.7 49 23 3.6 58

Saturated 31.0 313 26.8 39.9 22.3 22.9 25.5
14:1 45 3.0 1.6 14 73 1.0 09
15:1 0.1 0.1 0.3 2.1 04 0.5 01
16:1, 42 39 28 04 2.3 24 1.9
17:1 - - - - - 05 -
18:1 12.3 159 145 140 13.2 14.7 12.8
20:1 0.4 04 trace 0.6 0.3 0.1 0.4

Monoene 215 23.3 19.2 185 235 20.1 16.1
16:2 08 05 06 02 05 06 09
18:2 9.0 76 56 6.5 50 92 52
18:3 09 11 14 16 26 120 16
20:2 123 125 108 115 123 106 155
20:3 - - - - - - 6.6
20:5 88 80 15.3 43 32 28 38
22:6 111 110 160 9.3 14.7 14.8 . 161

Palyene 423 40.7 49.8 334 383 500 " 497
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Table 11. Seasonal variation in fatty acid composition of the total lipid from the muscle of ark shells

cultured on the bottom of Y@su-area

(Expressed as peak area %)

Fatty acid 87 MAR, MAY JULY SEP NOV, 88 JAN,
14:0 0.1 0.1 0.1 0.1 trace 0.1
15:0 03 0.3 04 0.3 0.3 03
16:0 26.4 26.6 23.0 224 233 235
17:0 2.8 34 3.0 38 2.2 33
18:0 2.1 2.0 1.7 28 2.1 29

Saturated 31.7 324 28.2 29:4 279 30.1
14:1 2.0 24 1.6 15 1.7 22
15:1 0.2 0.2 0.3 0.6 0.8 0.2
16:1 44 5.4 5.3 30 33 45
17:1 - - - - 1.3 -
18:1 136 15.6 12.4 15.1 13.6 14.8
20:1 0.3 0.2 0.5 trace 0.2 0.4

Monoene 205 238 20.1 20.2 20.9 22.1

. 16:2 0.7 0.5 0.6 0.7 04 05
18:2 8.4 8.3 10.3 6.3 : 7.0 7.3
18:3 0.6 0.4 1.4 1.6 2.3 08
20:2 14.1 138 137 14.4 126 135
20:3 - - 105 - - -
205 7.9 5.6 3.6 34 70 12.8
226 13.2 129 10.4 18.6 14.1 9.8

Polyene 44.9 415 50.5 45.0 434 447

A7 5o F7se S B AR gz2Ho)
Ak olw Cpes¥ Co-eitel ke F5-Ako]
T 6.6%, 13.3%0]m ofpate] HF 6.7%, 13.2%
e A7) 2 8Y e A AE ey}
FALE T F2 AGAE, 7599 5
27N, Anadara broughtonii® &3} WA 3}o)
Egsle] 229 AL FAse APAaERA
e thhe] ApolF Mgl ok, w3 WE*7} 7}
2iu] 9] 28l Cuo Cisirs Cisnyy Conis B Caiett
o] £ FH3tw T Bae}k FAkehsTh
EX|A 9| sterolTAle| B3}
34k 2 oA w280 FR A A Fe
g 2738l 2eks) 2738} E3o) sterolz o) AR
2 w3} Table 12, 134 7zt EA|8ksic)
27351 5-aFS Table 12604 A3 T4 260
~374%, 37 309%™, A4k 24.0~322%,
BF BI5%EA, A2 FAsty, AdA wis
B, 743 oAt A o} o] ARgEr]Fel
i F7bshe AeS Bk Hhak LEYE A

2} Batillus cornutus 5 A 589 57138159 3
gko] WAF(15.7~6.5 %)l A Bk 53448
~221%)7} ¥oial wsisich 39, B3gES
TLCol| 2}3lof Fig. 6olA] 3 ¥-21% 2+ Frof
ek %5 ¥l Fr. 1(4-desmethylsterol) Q) sterol
A Re] 232 89.3~97.2%, 7 953 %0|H of
TAF 94.7~97.2%, A 6.4 %2 FAHEE o
5o Fr.2(less polar compound)¥ 1 §&ko] wj
5 Ak

4-desmethylsterol®] ZA1-&, Table 1344412 &,
ZFB22) =)z 788, cholesterol(RRT : 1.00)
36.5~46.4%, BT 428%2X FRAEEL ol
29] campesterol(RRT : 1.35) 20.4~27.9%, 3
& 22.9%, brassicasterol( RRT : 1.12) 13.2~17.
3%, A7 157% 2 [-sitosterol (RRT : 1.63)
65~9.4%, BT 74%9] €22 Fisld, ogat
1) 27}-& o) 4}, cholesterol 36.6~45.7%, =
408 %24 o] %31, 19} campesterol
20.0~28.2%, B 23.2%, brassicasterol 15.0~17.

= k=Bl
FAAEE
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Table 12. Seasonal variation in yield of each fractions separted from unsaponifiable matters in total
lipid from the muscle of ark shells by thin layer chromatography
(% in weight)

Cultured on the bottom of Cultured on the bottom of
Chungmu-area Y su-area
USM in total Fraction from USM USM in total Fraction from USM*™
lipid 1 2 lipid 1 2=
87 MAR, 26.4 942 58 285 970 30
MAY 28.5 96.3 3.7 288 959 4.1
JULY 34.3 96.7 33 28.4 97.2 2.8
AUG. 374 89.3 10.7 - - -
SEP. 30.7 96.5 35 322 97.0 3.0
v NOV, 33.0 97.1 29 240 96.8 3.2
8 jaN. 26.0 972 28 265 947 53

* USM : unsaponifiable matters
 Fraction numbers as illustrated in Fig. 6. chromatogram of TLC on separation of the unsaponifiable
matters from the muscle of ark shells

4%, B 163% 2 B-sitosterol 51~93%, 7  Ldte AS Rk

71%9) 22 T3, A2 FAHTh Johe} Hata®% 7fekzsfe) Bulzs) e sterol
el 3, AR WEE uu, FFA o4l 242 cholesterolo] 14.17%, 13.8 %, 24-methyle-

ol 4] t} 7o] cholesterold 7Y7}A] Z, Abgr] necholesterol ©] 39.9%, 48.6%, brassicasterol®|

o] A7} Zr}stelz), Algbz| oA HE] A3ty 19.4%, 11.5% 18] 3 B-sitosterol o] 10.5%, 11.

o, campesterol& 4A71E 119714 74]—’—’;,‘- 7+ 9%3 FARH kL Busgict

Takle 13.+Seasonal variation in sterol composition of total lipid from the muscle of ark shells determined

b
y GLC (Expressed as peak area %)

Cultured on the bottom of Cultured on the bottom of
Chungmu-area Y6su-area
Component in relative Component in relative
retention time retention time
068 100 112 135 163 18 068 100 112 135 163 1.80"
'87TMAR. 6.2 365 132 279 6.5 9.7 54 366 152 282 5.1 9.6
MAY 4.0 414 143 269 6.7 6.7 6.1 377 165 247 5.6 9.5
JULY 34 464 155 222 6.8 58 5.1 457 150 209 7.9 54
AUG. 3.6 457 162 216 7.0 5.8 - - - - - -
SEP. 43 442 159 205 94 5.7 4.9 436 174 200 84 5.7
NOV, 4.7 436 172 204 7.7 6.4 5.1 424 167 200 9.3 6.4
88 JAN. 48 420 173 211 75 7.4 5.0 387 171 2586 6.0 7.6

* Relative retention time (RRT) of sterols in muscle of ark shells are calculated in relation to
retention time of cholesterol as 1.00 and the sterols identified are 1.12 in brassicaterol, 1.35 in
campesterol, 1,63 in B-sitosterol and 0.68, 1.80 are unidentified,
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SNRES| XY el Ha)

234 R A5 Johse FHADL T
= AWAkzA 9 Al A Wil Table 14, 159 2t

3 D259 FAALL, Conl(149~37.9%,
P 228%), Cyr(115~245%, BT 18.7%), Ca:»
(69~176%, HE 116%), Cu:o(44~142%, BT
82%) ¥ CurcAH(41~188%, BT 81%)58] &2
2 FLFHARAE o7, G54 M2 S £
AR AL, Cp:o(17.4~357 %, B 254 %), Cu:i(11.
9~26.1%, 37 191%) Cu:x(101~129%, F7F 11.
8%), Cy:2(68~14.8%, BT 10.7%) B Cn:6AH5.1
~199% HF 87%)5 £22 T2 FAARL
& %o 42 FAbssc,

ARA Agatzae) sk, 2T fAHL
2 fAskTh & 374 4abol A T o) pol-
yene 4+& Ak7]o]H 5~79 el Z7RIkA ALl
Fol Zrasld o, olsh w2 AL A7)

NECD D LR

o)A 5~747tel= FaPcrt A7 FelE 7}
e A4S o dixzzoelgr), oluf Cyus Y Caie
Arel gheke, 54 B 4.3%, 8.1 %08 oAk
o] HF 53%, 87 %A=, AHa7) % 8~9 ol A
22 vepych

CIX| R o| X|gAtzEAe| s}

3 i34k W 2 %0 BA AL A

= AwAakzA e AdA WalE Table 16, 173
2},

22 A 2789 FRAL, Cpko(3.1~336%,
AT 184 %), Ci:1(2.8~350%, AT 146%),
Cis:5(0.2~635%, FF 125%), C: (38~16.6 %,
HF 97%), C:o35~154%, W 82%) 2 C
o:sAH5.0~85%, Hd 56%)52 €22 F8 F
A ALE o) 1, oAt B 20 BHAS
Cue0(13.9~40.3 %, BT 28.0%) Ci:,(88~24.5 %,
HF 153%), Cu:o(6.6~126%, 3T 8.3%), Cao:s
(0.3~47.3%, FF 11.1%) 2 CeriH02~21.9%,
B 6.0%)ed 22 FR TS o] F

o
£

Table 14. Seasonal variation in fatty acid composition of the neutral lipid from the muscle of ark

shells cultured on the bottom of Chungmu-area

(Expressed as peak area %)

Fatty acid 87 MAR MAY JULY AUG SEP, NOV, 88 JAN,
14:0 02 0.1 0.1 01 0.1 0.1 0.3
15:0 0.3 0.5 03 0.3 0.6 0.7 0.5
16:0 16.8 37.9 24.4 181 26.3 21.2 149
17:0 2.3 31 29 2.0 41 24 34
18:0 0.9 0.1 11 - 0.2 - 16

Saturated 205 38.6 28.8 205 31.3 24.4 20.7
14:1 26 52 2.1 15 36 1.2 08
15:1 - 0.1 0.1 - 0.2 0.3 -
16:1 25 46 4.2 30 37 43 17
17:1 - - - - 05 17
18:1 115 245 199 218 22.3 162 144
20:1 0.6 - 0.6 - - 09 03

Monoene 14.7 344 269 263 298 234 189
16:2 - - 0.3 - - - 12
18:2 6.8 8.8 7.3 8.8 7.1 142 44
18:3 11 0.3 2.3 15 24 13.0 16
20:2 13.1 10.2 119 6.9 119 9.9 176
20:3 - 05 - - - 08
20:4 - - 312 - - 18
20:5 1838 - 74 - - - 41
22:6 - 4.1 8.3 45 125 8.2 188

Polyene 39.8 239 375 52.9 339 453 50.3
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Table 15. Seasonal variation in fatty acid composition of the neutral lipid from the muscle of cultured

on the bottom of Ydsu-area

(Expressed as peak area %)

Fatty acid 87 MAR,_ MAY JULY SEP NOV, _ '88 JAN
14:0 0.1 0.1 0.2 0.1 0.1 0.1
15:0 03 04 0.3 0.2 04 04
16:0 17.4 357 20.3 26.7 240 282
17:0 23 37 24 42 26 29
18:0 06 0.2 2.2 04 0.1 0.2

Saturated 207 40.1 254 3L6 272 318
14:1 11 0.1 2.6 27 26 2.8
15:1 - 0.1 0.1 - - -
16:1 35 6.1 82 40 47 57
17:1 08 - 0.7 - - 02
18:1 11.9 224 16.5 26.1 212 16.4
2071 0.3 - 1.0 0.2 - 0.3

Monoene 17.6 28.7 29.1 33.0 285 17.7
16:2 - - 06 - - -
18:2 14.8 9.2 135 68 11.3 8.7
18:3 2.8 0.3 2.1 2.0 47 09
20:2 121 127 125 101 103 129
20:3 - - 0.3 0.1 - -
20:4 25 - 0.2 - - -
20:5 05 5.4 26 32 74 12.7
22:6 199 - 105 6.3 10.1 5.1

Polyene 52.6 276 423 285 4338 403

Table 16. Seasonal variation in fatty acid composition of the glyco lipid from ihe muscle of ark

shells cultured on the bottom of Chungmu-area

(Expressed as peak area %)

Fatty acid 87 MAR. MAY  JULY _ AUG. __ SEP NOV. 88 JAN,
14:0 0.2 28 0.3 trace 0.1 0.1 0.2
\15:0 0.2 0.9 0.7 0.1 02 0.3 1.0
16:0 114 172 18.4 31 209 239 336
17:0 1.7 43 34 0.5 28 36 11
18:0 - - 2.3 0.1 0.2 45 0.1
Saturated 135 25.2 25.1 38 24.2 32.4 36.0
14:1 37 2.1 17 03 1.1 16 32
15:1 - - 0.4 0.2 trace - -
16:1 28 34 17 05 37 2.1 2.4
17:1 - 0.6 16 04 1.1 - 37
18:1 5.2 35.0 179 28 96 172 14.3
20:1 0.3 - 0.3 1.2 0.4 - 0.3
Monoene 120 411 236 54 15.9 209 239
16:2 - 17 1.1 - - - -
18:2 5.4 78 44 35 154 9.2 11.6
18:3 2.1 02 16 635 84 30 89
20:2 38 153 16.6 80 106 54 8.2
20:3 - - 0.6 45 1.0 2.2 -
20:4 - 14 39 38 35 25 1.3
20:5 7.3 5.1 83 - 5.1 5.0 85
22:6 - - 9.3 - - - -
Polyene 18.6 315 458 833 44.0 2713 38,5
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Table 17. Seasonal variation in fatty acid composition of the glycolipid from' the muiscle of ark shells

cultured on the bottom of Ydsu

(Expressed as peak area %)

Fatty acid 87 MAR - MAY JULY SEP, NOV. 88 JAN,
14:0 0.3 2.0 03 0.1 04 0.2
15:0 0.3 1.1 06 0.3 05 18
16:0 20.7 403 28.0 139 247 403
17:0 15 2.7 32 0.3 12 4.4
18:0 86 0.3 2.9 38 36 0.2
Saturated 314 464 35.0 184 304 469
14:1 24 37 23 13 28 57
15:1 - - - 0.2 0.1 -

16:1 6.1 0.4 8.1 - 15 24
17:1 08 0.4 0.4 14 14 trace
18:1 20.2 245 14.1 88 - 109 134
20:1 0.4 - - - 0.6 09
Monoene 20.9 29.0 24.9 117 173 224
16:2 - - - - - -

18:2 15 5.2 119 18 97 37
18:3 45 0.2 11 4.2 21.9 38
20:2 8.1 85 126 69 69 6.6
20:3 - 15 - 31 1.2 - 86
20:4 - 24 - 47 19 22
20:5 0.3 6.0 43 47.3 43 41
22:6 16.1 - 72 - - -
Polyene 30.5 238 37.1 68.0 45.9 29.0
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Table 18. Seasonal variation in fatty acid composition of the phospholipid from the muscle of ark

ghelis cultured on the bottom of Chungmu-area

(Expressed as peak area %)

Fatty ‘acid 8TMAR, MAY JULY  AUG, __SEP NOV, '88 JAN,
14:0 0.2 0.1 0.3 0.1 0l 04 01
15:0 05 0.6 24 05 L1 66 12
16:0 435 26.0 213 184 93 182 50.2
17:0 2.4 23 24 16 47 21 52
18:0 - 21 2.9 23 13 05, -
Saturated 46.6 311 293 229 295 278 567
14:1 38 16 0.8 08 08 09 26
15:1 - 19 - - - . -
16:1 0.6 44 17 25 ol 19 40
17:1 - 47 44 05 16 9.4 03
18:1 48 92 6.7 6.1 67 66 109
20:1 - - 04 - - - -
Monoene 9.2 218 14.0 99 9.2 18.8 17.8
16:2 - - - 12 - 03 -
18:2 8.0 52 5.7 54 6.1 41 6.1
18:3 11 - 09 22 13 30 0.4
20:2 6.7 15.0 16.9 130 17.4 15.1 85
20:3 - - 03 - 31 40 -
20:4 - - 08 - 3.1 40 -
20:5 10.1 - - 240 - - -
22:6 - 205 244 16.4 285 235 93
Polyene 25.9 40.7 49.0 62.2 56.9 50.0 4.3

Table 19. Seasonal variation in fatty acid composition of the phospholipid from the muscle of ark

shells cultured on the bottom of Y&su

(Expressed as peak area %)

Fatty acid 9/ MAR, MAY JULY _ SEP. Nov, '8 JaN,
14:0 01 08 0.1 03 02 0l
15:0 03 2.0 05 15 04 16
16:0 30.8 28.1 481 29.0 29.3 314
17:0 17 53 4.7 21 6.0 49
18:0 - - - 04 43 04

Saturated 329 36.2 53.4 31.8 402 384
14:1 14 09 15 1.2 13 13
15:1 - - 2.0 - 0.7 -
16:1 37 70 01 16 37 21
17:1 - 14 18 30 - 21
18:1 34 99 107 85 103 8.6
20:1 04 - - 0.2 - -
Monoene 8.9 192 16.1 145 16.0 14.1
16:2 - - - 0.1 13 0.4
18:2 7.7 10.0 7.0 54 6.1 6.7.
18:3 0.7 - 03 1.0 12 038
20:2 8.7 16.1 121 16.8 136 176
20:3 - - - 02 - -
20:4 183 - - - - -
20:5 112 174 8.8 215 177 113
22:6 112 174 838 215 17.7 103
Polyene 463 435 29.1 462 399 3638
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