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In order to evaluate the marine mollusc muscle as foodstuff not only from the biochemical aspect
but also from the view point of food science, we have analyzed the protein and amino acid compositions
of the echiurid (Urechis unicinctus) and sea hare (Aplysia kurodai) muscle.

The protein quality of the muscles was also investigated using i» vitro methods based on in vitro
digestibility, predicted digestibility, computed PER (C-PER) and discriminant computed PER(DC-PER),

The remarkable feature of the protein compositions of the both muscles was that water soluble
protein occupied a large amount of the muscle protein with fairly lowet contents of the salt soluble
protein,

' From the analysis of SDS-PAG electrophoresis, the sarcoplasmic proteins in the echiurid and the sea
hare muscles were composed of 15 and 10 subunits, respectively.

The free amino acid compositions of the total amino acids in the echiurid and sea hare muscle were
characterized with 75% of glycine and alanine, and with 78% of taurine, respectively.

The amino acid anaylsis of both muscle proteins showed that the echiurid muscle was rich in
glycine, aspartic acid, glutamic acid, arginine and lysine, but was poor in cysteine, while the
sea hare muscle was rich in glycine, glutamic acid, aspartic acid and arginine, but was negligible
in cysteine and tryptophan. In the total amino acid profiles of the freeze dried muscles in echiurid
and sea hare, there was not found a significant difference compared to the amino acid compositions
of the muscle proteins. Predicting the protein quality of the echiurid and sea hare muscles using

the in wvitro method, it was apparently low compared to the muscle protein of fishes.
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(1) EHES MK

& 5(1982)9 FHikdl wel WEstylch oz
HESHAA Biyon w hES 53t KEBENRE
B —#e dlsledE = subunit o] S5fFE HE
5}7] $18}e] Weber 9} Osborn(1959) &) Fikel] wizh
sodium dodecyl sulphate-polyacrylamide gel (SDS-
PAG) EHR KBS FHistz gel ko) 4 sl subunit
9 BEEERE = micrometer 2 HlEsle) o BBHIE
£ HEstn 2FRY WERELzR Idgch o+
subunit & 45TEE F—HFE4ESE BREKBTE SDS
molecular weight markers (cross-linked hemoglo-
bin 3} cross-linked albumin, Sigma {LE2#8)9] FEH
PEEZY ET 5T HEBHES HRIES
Al sty =

2) WY Molv =BHRS BEEENC =& ¥
Fhgobel =] MM

Y ol = BRMKS HEHRT WS BRstd
6N HCl 24 HEzemstarfEa 110°ColA 248578 I
KB AE o =BEBSHE(LKB M, 4150—
alpha D= Gfislg vh. 2ele ZREEEK o
=R HEEel B MRSHE T HEE &
5(1982)9] FHkel wet Fmslg o, B RE
e obr] BMRS M ol BEBSH A

o 1 A =

SHstd . ® Y foln »RAKS T BHE
HIROLS) RS Aol A Mason et al
(1980)8] Ko 2, zelw tryptophaned Hugli 9}
Moore(1972)%] Fko 2 #£4& REste M oty
Al BB EA sk o

(3) In Vitro Digestibility, Predicted Digestibility,
Computed PER (C-PER) =) Discriminant Computed
PER(DC-PER)¢] JszhEL

In Vitro Digestibility: porcine panceatic trypsin,

cysteine &

porcine intestinal peptidase, bovine pancreatic a-
chymotrypsin @ Streptomyces griseus protease &}
ERBEEES 24 ANRC sodium caseinate 5 $E=
Sl AOAC(1982)%] kel whel Hmstd o}
Predicted Digestibility, C-PER, DC-PER:
C-PER-2 AODAC(1982)¢] {5EH:(Ryu, 1983)2 %
sl 2.9, Predicted digestibility 8} DC-PER 2

Ryu(1983)71 #RET Hike = #Histgd
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= =& REHE MR T8 file Hodey
BHe 82 2% 5 3% 249+
Table 1. Proximate composition of echiurid

and sza hare muscle

(unit: %

Sample Moisture Crude protein Fat Ash
Echiurid 83.97 10.19 1.71  1.42
Sea hare 89. 38 6.33 1.60 2.47

T4 BEHRY F&e] o2 ®EIwe Had
Wkt ARG K& Rt e AR Byt
(B, 1973). 2t ERH+FY BEEl A
= HEE AEo] 78.50%, Tt 60.86%F /&
Hehel & BEE ATE ¢ 4 Jddrh

ol AEREHEC dsted 1 #MKkE ST ERe
Table 26} zheh. M Ze Qleire 2 BFRtoy
IEREBEERC)L 0.6%F AN Y1, BEBEE
Fel e AEHE BHREERECT &8 22040
58.9% % At sted o] THH HEN 2 ERE
8 AESE ol FL YR BEEERY B
Me BEE BRRS BEREORA St 2819
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Table 2. Composition of muscle protein in echiurid and sea hare

Non-proteinous N.

Protein fraction (mg-N/g-muscle)

Sample (mg-N/g-muscle) Water soluble Salt soluble Alkali soluble Stroma

Echiurid 9.56(40.6)* 13. 86(58.9) 0.05(0.2) 0.04(0.2) 0.02(0. 1D

Sea hare 7.55(38.8) 11.07(56.9) 0.49(2.5) 0.32(1.6) 0.03¢0.2)
* Percentile ratio was described in parentheses.

ol T s Aol BEeld s & F4d 9 Table 3. Subunit distribution on SDS-acryl-

AME FEBHBEERS £8 BHY 38.8%7A &
slgen] BEBEHRTY ABERAHEA Siie &
=7l 56.9% 24 olE TEFY BHR: £8 53
95% LlEo] 23 vt EREKERE 2 HHEER
B £33l ERyE TLAAE 2 Bl J9 A
oo

A3} TLEHY o|e FEEARERY #H
wEREDEY —Hme HRe Aoz gHA g
SR (JBHE, 1981), A+ Al & FBRES FEEOR
mEe g )£ KEQE & F AHCEES #
1966).
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Fig,1. SDS-PAG electrophoretograms of the water
soluble proteins in echiurid(E) and sea hare
(S) muscle

amide gel electrophoretograms by
relative mobility in the water solu-
ble proteins of echiurid and sea
hare muscles

Subunit distribution in water

Relative Dalton unit soluble proteins
mobility  (X1073)
Echiurid Sea hare
0. 006 220 + —_—
0. 020 200 + -
0.038 195 + —
0. 064 166 + +
0.073 160 - +
0. 091 148 + -
0.132 124 + -
0.150 116 - +
0.158 111 — 4+
0.180 101 + —
0.193 95 — 4+
0.225 83 — -+
0.230 74.5 + -
0.291 69.5 + -
0. 340 61.5 + +
0.414 55 - +
0.425 53.5 + —_
0. 482 47.5 + —
0.523 44 + —
0.542 42 — -+
0. 661 33 - +
0.686 31.5 + o
0.780 25.5 + -
AL KEMEHES 25 15fF9 subunit 7}

ST E 25,5006 41 220, 000717 BEEEESIA]  HERE
3 Qgen, F44 AkBEEEAEE MEd Wt
44 =L 102 subunitr} SFE 33, 0006] 4
166,000 A A HEBid . g+ ozl AES F
49 KBEHEAES o] F+ subunit ft JLiFl A
L S5FB 61,5003 166,0008] F subunit & £
gt A T4 KBEHERAES subunit 8] 4
e &S S W BREBNES] subunit FFH(E
%, 1982)¢l R[4/ P EBEAES subunit &
R £, 1084)q] sk &4 B2 ERT deE
& T slgth ol E R R Fe KERWS BB
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Free amino acid profiles ef the al-
eohol extracts from echiurid and
sen hare muscles

(mg/100g-wet muscle)

Amino acid Echiurid Sea hare
Lys 73.79 1.49
His — 1.61
Arg 238.97 7.91
Tau 366. 41 277. 41
Asp 163.21 16. 66
Thr 18.66 1.11
Ser 16.33 0.98
Glu — 16.19
Pro — 1.32
Gly 2113.07 5.18
Ala 707. 44 14.04
Cys -— —
Val 1.23 0.31
Met 3.92 5.61
Ile 4.68 0.43
Leu 2.95 0.55
Tyr —_ 0.50
Phe 3.71 0. 32
NH? 33.17 2.51
Total 3747.53 354.11

100 g W 2118. 07 mg =4 Mo} v] =B 3747. 53 mg
2] K 56% % AA AL 2 o= alanine
#519%90 707 44mg & SHFZ Yo} F ob¥l:
7e A% B MEHEH =R 75%4717] o=
2] glycine, alanine, taurine, arginine, aspartic
acid & AT LR Q=@ & 96%7H
AR st o] & olr|mBRE MBS BT Ak fa
el BES AR A= 9

@, ThY delMe REECH =R e
AHEel sk FE 1/10s] AR ot o RS
= % M EE MRS Jdzezler Bils
ek

FAEe MRl =8 354.11 mg/100 g-muscle
1 s} e ol RS taurine 224 Y 8L E
A5t AR SpEels EES R dodrh

AR YHelrl el st FE(1968)= A

2o] o) 24 el HFEetE] R ST S glycine
5} alanine @ taurine & &% &ol & Hegelel =R
9 # o5 ANteALE BESget & 1T
Boll A e fro] 4475 ¢ ¢l arginine 3} aspartic
acid 7} 919 R ATAAE Al 9A @
U AR Aag] ok Hel #EE 290 AE
s} T40 WS HREMEBEA B 2 FREEER
& Bk %o i Bty 6N HCl Jnik ot
T 2 obe mERRE AR RERE Table 5ol
Epd gl et

Table 5. Amino acid profiles of frez proteing
of defaited and non-proteinons nit-
rogen compounds in echiurid and
sea hare muscies

(N g-A.A./16 g-N)

Amino acid Echiurid Sea hare
Ile 0.28 0.22
Leu 0.55 0.45
Lys 1.02 0.60
Phe 0.19 0.18
Tyr 0.14 0.15
Cys 0.01 Tr
Met 0.35 0.11
Thr 0.38 0.31
Trp 0.22 Tr
Val 0.36 0.32
Arg 1.19 1.25
Gly 1.93 3.69
Asp 1.75 1.59
Ser 0. 47 0.52
His 0.24 . 0.28
Ala 0.68 0.60
Glu 1.72 1.81
Pro 0.34 0.31
NHz 1.63 1.50
Total 13.43 13.95
2-N/100 g-sample
protein 14.50 3 14.81
Recovery (%) 92. 62 94,28

Ur: Trace amounts are detected.

W 16g@e T B Aol QelAr olsl
ERAHT el A EEEKE] 92.62% 24 of
u = @AHREY Ftlhe kSRR 1T
W #iko] 991ee WRstdsh RWoE Be o
u] =B glycine, aspartic acid, glutamic acid,
arginine, lysine 5& Eglor], BEEpkoln R
o Hsts @ifetvl sl rhifkoln]:=ERe] JhigMY
X EE 2F5 A& & 5 Qo+t
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Table 6. Total amino acid profiles in freeze-dried muscle of echiurid and sea hare

Echiurid Sea hare
Amino acid
g-A.A. /100 g-wet muscle g-A.A,/16 &-N  g-A,A./100 g-wet muscle g-A.A./16g-N

Ile 0.28 3.06 0.16 2.38

Leu 0.54 5.96 0.27 4.85

Lys 0.535 6.11 0.20 3.58

Phe 0.23 2.56 0.14 2.44

Tyr 0.20 2.17 0.12 2.22

Cys 0.02 0.17 Tr Tr

Met 0.19 2.10 0.08 1.40

Thr 0.34 3.79 0.17 3.02

Trp 0.17 1.89 Tr Tr

Val 0.32 3.55 0.17 3.04

Arg 0.54 6.03 0.33 5.98

Gly 1.30 14.53 1.26 22.71

Asp 1.76 19.53 0.97 17. 40

Ser 0. 37 4.08 0.25 4. 47

His 0.09 1.04 0.07 1.22

Ala 0.53 5.87 0.25 4.40

Glu 1.89 21.09 1.22 21.93

Pro 0.28 3.21 0.24 4.24

NH; 0.21 2.34 0.11 1.96

Tr: Trace amounts are detected.

T4 GAHME oln BRI A ZHE [ Table 7. Predicting the protein quality of
o ZZ e slolglon) £EEEgo w ulo| A,ﬁ;} echiurid and sea hare muscle using
o] 9 ofnxfpe 2t glycine © 24 A obu]xw in vitro methods

9] 26.43% 7% &A45 e 99l 3 glutamic ac1d£]-
aspartic acid @ arginine o] il WS B 445
o] ggl o, 4%3] cysteine 5} tryptophan-& jEEFE
o FHEstA = Aol EEolw =R ML wel

7 fekedl W MBS ?ﬁﬂl SHE ok =R
MBS Table 6] VERIQ T AEe] Bl glut-
amic acid, aspartic acid, glycme, lysine, arginine,

lewcine o] Mgy Be ARG Akkolvl @
o] Eislx cysteine 3} methionine @ 8}te] histid-
ine £ o Bl Wikwy Fdvt. 2eln Tl 3l
o A& glycine, glutamic acid, aspartic acid, leu-
gy sgkead,
isoleucine #£-& 7 Fo] Mg om k3] cys-
teine 3} tryptophan & JifFEe] A}l o).

Table 64] YE}d amino acid profile 3} HEEERE
Fell ojste] in vitro Tho B JE MARE EHH
sl I HEES SB/MES eyl #BRE
Table 74} #7319 o}
o] Wl =& Bo]H 2 predicted digestibility
X casein ¥} & S wqrt. o8z C-PER &}
DC-PER & 23 FT47t @7 caseine] thale] w

cine, serine Z5o]| histidine,

taurine,

in vitro digestibility & casein

In vitro  Predicted
Sample dig. dig. C-PER DC-PER
Casein
(ANRC) 20.00 87.2) 2.50 2.50
Echiurid 82.79 96. 63 0.91 1.56
Sea hare 86.51 06. 31 1.38

2.07
o] Woix ZEEES HEFEHM Rl el &
AXE AL & Jddeh ez AEL BH
nlxfBY GEEANAE &% }‘J],‘r_@ﬂ[ﬂ cysteine o}
By 2 FRES B Bitsid Ads] BEFS Aol
gled &= F#sla C-PER o]} DC-PER o] F 4o
23 Eua AL Be ﬁ?-’] {FRAMER B8
of Ao = #Hiegl

gsd, A=Y EE‘{Eﬂ' ,—{'%Zi% A otH xBol
H—flHolw xEolgd 7] W Feln, F4&%& tryptop-
han o] f= =] @8 Zlo] = [ﬁ‘”i = e

Zelv Aol 4o HE BEioln| R
B3l lysine o]} arginine ¢] Eiffy 'EJEEEIE% LedEd
+ REstd o BE u& B 4fstz glexnz
HHhHEAE AT £ LY BMEMRE ERoE
= 9l et
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KETF DD Bl AE3 F49 AREY
FEHE detd A BEHE 9 o =BERE 5
BESIR o, invitro Bl 4 BHEY FEHEE
+ A% HBE ¥iTskg o

A&} T4 WS K4 10.19%9 6.33%9 H
BEPRES afstz 94

ol % # W AEd e FEEARELFE;40.6
%%, REWEAE58.9% WHAMELE0.2%, ¢
ZeMEERNE 0.2% 9 REBEAYE0.1%, 2
Bl Tl el FEEHEBEE; 38.8%, KB
WERHE; 55.0%, BWHalEaHE; 2.5%, o4

EUERAL 1.6% % EARAE 0.2%2 R
of slgteh.

Rpyo s g LEL Hott KBEREHEY sub-
unit S Al HE, AEL 15 subunit,

T4 108 subunit 7} &M= o el
HEEolTl Rl BURES TR #R, AEE sly-
BUppEolvl =0 & 75% & A}

arginine g

cine 3} alanine o]
= &tgxm, glycine, alanine, taurine,
aspartic acid & ST BRY) # 6% = AHH
st T4 MiEEelT R B AR M
epgEoln] RS #9 1/106] FiEstelow]  taurine
o] #MifriEotml ] # 78%EF AA AT
HEHY ol =BERE ST HR NEY ®w
BB = glutamic acid,
arginine, lysine o] who] 4 #xle] ¢lgl 3 cysteine

& 2 Akl A

glycine, aspartic acid,

Z2El3, ¥4 WBHEYE glycine, glutamic
acid, aspartic acid, arginine o] mto] §-¢-so] glgl
©.n cysteine 3} tryptophan -2 JIfiEe] FiEstd of.

g, AE3 TLHY kS HE R bds AS
2. glutamic acid, aspartic acid, glycine, arginine,
leucine o] zglm T4 glycine, glutamic acid,
aspartic acid, leucine, serines] Wik 2o 482
Byt

in vitro }o 2 ol F T B WEAEY &3
BE #HEd B oln ¢uA KEBYY AER
Bel Hzte "ol g o 5 gtk

&

&

ol el Bk BrEstd F4l %
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