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Movement of two-year-old Arabesque greenling,
Pleurogrammus azonus, in the northern Japan Sea
suggested by the results of tagging experiments

Masayoshi SASAKI
Hokkaido Wakkanai Fisheries Experimental Station,
Wakkanai, Hokkaido 097, Japan

In order to elucidate the movement of two-year-old Arabesque greenling, Pleurogrammus
azonus, in the northern Japan Sea, tagging experiments were carried out at the Musashi
Bank off the west coast of Hokkaido on May 17 1986 and at Kafukai on the east coast of
Rebun on May 19 1986. Up till August 1988, 33 of 3000 fish released at the Musashi Bank
were recaptured and three were estimated to be two years old based on the age-length relation-
ships: two were caught near the release position within two weeks and one was taken off Cape
Ofuyu in March 1987. On the other hand, 22 of 768 fish released at Kafukai were recaptured
and 12 were considered to be two years old. Most these fish were caught in the coastal waters
of Rishiri and Rebun Islands within one month and two were taken in the waters northwest
of Wakkanai and southeast of Rishir: Island in the autumn.

These results indicate that two-year-old Arabesque greenling inhabiting the Musashi
Bank in spring are distributed off Cape Ofuyu in winter and also confirmed a hypothesis
that two-year-old fish are distributed in the waters near Rishiri Island and Wakkanai in

autumn.
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Fig. 1. Map of northwest coastal area of Hokkaido

showing localities and bottom contours.
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Table 1. Recoveries of Arabesque greenling released on May 17, 1986 at the Musashi Bank.

No  Date Position Gear Body length  Body weight Days after
(mm) (g) release
1 May 20,1986 near r. p. gillnet 3
2 May 20,1986 near r. p. gillnet 3
3 May 20,1986 near r. p. gillnet 3
4 May 20,1986 near r. p. gillnet 285 335 3
5 May 20,1986 near r. p. gillnet 275 292 3
6 May 20,1986 near r. p. purse seine 3
7 May 21,1986 near r. p. purse seine 295 320 4
8 May 21,1986 near r. p. purse seine 4
9 May 21,1986 near r. p. purse seine 4
10 May 21,1986 near r. p. purse seine 280 310 4
11 May 21,1986 near r. p. purse seine 300 370 4
122 May 21,1986 near.r.. p.. purse seine 4
13 May 21,1986 near r. p. purse seine 1
14 May 21,1986 near r. p. purse seine 4
15 May 21,1986 near r. p. purse seine 278 352 4
16 May 21,1986 near r. p. purse seine 4
17 May 21,1986 near r. p. purse seine 4
18 May 22,1986 near r. p. purse seine 5
19 May 22,1986 near r. p. purse seine 5
20 May 22,1986 near r. p. purse seine 5
21 May 22,1986 near r. p. purse seine 5
22 May 22,1986 near r. p. purse seine 312 350 5
23 May 22,1986 near r. p. purse seine 5
24 May 23,1986 near r. p.  purse seine 238 205 6
25 May 23,1986 near r. p. purse seine 276 285 6
26 May 23,1986 near r. p. purse seine 267 320 6
27 May 23,1986 near r. p. purse seine 6
28 May 28,1986 near r. p. purse seine 255 160 11
29 May 31,1986 near r. p. purse seine 280 262 14
30 Oct. 16,1986 near r. p. gillnet 295 406 152
31 Mar. 12,1987 off C. Ofuyu trawl net 281 329 301
32 Jun. 2,1987 Senposhi bottom setnet 310 420 383
33 Jun. 5,1987 Shosanbetsu: setnet 870 '.* 386 386

r.p. : release position:
** Total length
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Table 2. Recoveries of Arabesque greenling released on May, 19 1986 at Kafukai.

No  Date Position Gear Body length Body weight Days after
(mm) (g) release
1 May 21,1986 Kafukai bottom setnet 2
2 May 21,1986 Kafukai bottom setnet 2
3 May 22,1986 Kafukai bottom setnet 3
4 May 22,1986 Kafukai bottom setnet 3
5 May 23,1986 Kafukai bottom setnet 270 % 160 4
6 May 28,1986 Funadomari bottom setnet 9
7 Jun. 1,1986 Funadomari bottom setnet 13
8 Jun. 1,1986 Funadomari bottom setnet 13
9 Jun. 1,1986 Funadomari bottom setnet 13
10 Jun. 4,1986 Kafuka bottom setnet 16
11 Jun. 5,1986 Funadomari bottom setnet 17
12 Jun. 5,1986 Funadomari bottom setnet 209 17
13 Jun. 11,1986 off Senposhi trawl net 231 168 23
14 Jun. 11,1986 off Senposhi trawl net 224 148 23
15 Jun.. 16,1986 Oniwaki setnet 230* 136 28
16 Jun. 19,1986 Oniwaki setnet 235 120 31
17 Jun. 21,1986 Oniwaki setnet 275 249 33
18 Jun. 22,1986 Kafukai bottom setnet 260* 120 34
19 Jun. 25,1986 Kafukai bottom setnet 280* 190 37
20 Jun. 7,1986 Kafukai bottom setnet 280 * 180 13= =41
21 Sep. 25,1986 off Senposhi trawl net 224 129
22 Oct. 14,1986 north of trawl net 238 148
Wakkanai

-

Lz 2 e ofiElbicBi L - bo LiEES hi,

Fork length

PLEORERD G, Zhd TREHED 2 @i 6 ArhalLike, HE4 D % { KZE130~150 m 8 —H i 5}
Mg HEHICDEMESN TR, LD E S ICHllic bBBT 2 @HE ST EDALNEL -
1o Ffo. T E T A SR ICHEPIEPE K3 K OFL B FEPRIRIC 2 RDAT T 5 LIlEES h
TV | COFRBARIET 28RPB SN, BRI OO 2&Ud. BFEFIR « tLXERDICH

LirL. SEORETHKELBOBMERGDEL . BHRHOLHIRBELA+ITHEEELD
N5, SHRIBICEFIC 2 BAOERBGIE#EE L TT-> TV & &b, KEICHENILBEKIESTIR S
AfEKIEICA T 5 2 SRICOERKFKZT- TuhEdhE R oW A S, BiniddtBE A TITH
NT Bk A TTEEOREB AR ICTHIICRT L. 2 RR0o9Th - BEIARET 2068 bH 59,



6 Ak EE

N a
46 i . 142E
¥ )
/) {
}
! :
. yoX-1
{
- 'V] ’ 5//0
7
A
15 vi-2V-1 d
,-/0' o Shosan-
betsu
44 - -
Cape Ofuyu

Fig. 3. Recoveries of the Arabesque greenling which were suggested two years old.
Roman and Arabic numerals indicate recapture in month and number
respectively. Symbols mean as follows ; release position : ¥¢,period for which
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days : A,101 to 150 days : O,151 days to 1 year : L.
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Gonadal development of cultured scallops, Patinopecten

yessoensis (Jay), off Rumoi, Hokkaido

Kenji KAWAMATA
Hokkaido Kushiro Fisheries Experimental Station,

Kushiro, Hokkaido 085, Japan

Reproductive cycle of 3-years-old scallops, Patinopecten yessoensis (J ay), cultured
off Rumoi, Hokkaido, was surveyed from April 1980 to March 1982 by means of their
gonadal histological features. The annual reproductive cycle was classified into the follow-
ing five periods according to the maturation process of gonad ; Spawning period (April-
May), Recovering period (June-July), Early growing period (August-November), Late
growing period (November-February) and Maturing period (March-April). This repro-
ductive cycle was almost similar to that of cultured scallops in Lake Saroma, except 1 or 2
months accelerated duration of each periods. The features of recovering and early growing
periods of cultured scallops off Rumoi had the shorter duration and smaller frequency of
degenerating-absorbing stage, and the longer duration and larger frequency of early growing

stage than those of cultured scallops in Funka Bay.
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Fig. 1. Monthly changes of maturating processes of gonad of 3 -years-old scallops
cultured off Rumoi, Hokkaido.

: Early growing stage, @ : Late growing stage, : Maturing stage,
M : Spawning stage, 3 : Degenerating-absorbing stage.
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Table 1. Monthly changes in gonad condition of 3-years-old scallops cultured off Rumoi, Hokkaido.

Date qf Age Mean shell Gonad index #: 1 Male Female Herma. %¢ 2 Sampl.
sampling height (mm) Male Female | m i Y VI I v Vv Vi v nos.
Apr. 7,1980 3 122 +5 25.72.9 23.8+3.8 24 21 1 1 47
Apr. 14 3 117+5 28.6+2.9 26.6+2.5 21 26 47
Apr. 21 3 122+ 4 28,9+2.2 28,0+3.2 14 6 26 3 49
Apr. 28 3 114*5 22,7t2.3 19.5%3.5 19 11 8 1 49
May 6 3 116 £5 20,829 17.0%3.4 8 19 2 18 47
May 13 3 122+3 18.3%£4,5  15,0%2,1 1 16 3 &7 1 48
Jun. 30 3t 118%4 g.8kg 2 11.3%k2d A0 10 22 4 46
Jul. 29 3t  103+5 B 2 1.4 12 4 7 5 28
Sep. 1 g¥ 109 = 4 5.4 * 1.2 26 21 1 48
Oct. 11 g 98 t+4 6.3 £ 1.4 18 29 1 48
Nov. 26 3t 106%5 4.5 £ 0.8 25 2 5 24 3 59
Dec. 22 3t 107x6 8.2+1.5 9.6x1.1 11 9 1 28 44
Apr.10 3 120 + 4 21.2+3.2  20.5%4.2 19 3 19 1 42
Apr. 16 3 121 +4 19.7+£3.3  19.1*4.5 g 1 13 18 51
Apr. 24 3 120+ 3 17.4+3.5 17,5%4.8 12 9 17 38
Apr.30 3 1195 15,63, 7 13.2%3.0 2 18 5 25 50
May 8 3 121 +4 11,725 9.8+1.3 2 23 1 22 48
Jul. 30 3*  117x4 5.0 = 14 1 12 8 15 36
Sep. 2 3t  124+3 6.0 £ 1.0 21 1 21 2 45
Oct. 3 3t 12314 7.2 1.5 28 22 50
Oct. 29 gt M1B+4 8.9+1.5 9.9+1.6 18 27 45
Nov. 25 3t 121+4 7.5%1.5 Br1.1 24 1 21 4 50
Dec. 23 3t 121x5 10.9+1.8  10.8+1.6 5 13 1 28 47
Feb. 23,1982 3% 129+ 5 15,5+3.3 13.7+2.0 8 19 12 12 51
Mar.18 3t 125+ 4 17,8+2.9  17,0+2.5 24 1 27 52

Gonadal developmental stages are as follows ; I : Early growing stage, Il : Late growing stage, IV : Maturing stage,

V ! Spawning stage, VI Degenerating-absorbing stage.

# 1 ! Gonad index (gonad weight / soft body weight X100 ) are represented sexually during the seasons distinguishable for sex of
gonad with the naked eye.

#% 2 ! Hermaphrodite scallop has the bisexual gonad where the testicular lobules and the ovarian lobules mix as mosaic.

TR ALTE WS VoL 6 B WS 7 198 20 i g
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Fig. 2. Monthly changes of average gonad indices of 3 -years-old scallops cultured off
Rumoi, Hokkaido.
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Release of cultured seeds of the sea urchin, Stromgyloc-
entrotus intermedius ( A. AGAssiz ), in the Pacific
coastal waters of southern Hokkaido
I . Growth and reproductive cycle

Yukio AGATSUMA and Haruhiro MOMMA *
Hokkaido Hakodate Fisheries Experimental Station, Hakodate, Hokkaido 042, Japan

* Hokkaido Institute of Mariculture, Shikabe, Hokkaido 041-14, Japan

The cultured seeds that were produced from the adult sea urchin, Strongylocenirotus
intermedius, from the coastal waters of the Sea of Japan, Hokkaido, were released in the
coastal waters of the North Pacific Ocean at Shikabe in southern Hokkaido in September
of 1983 and 1984. The growth and seasonal changes in gonad developement of these seeds were
monitored for three years ( September 1983 to October 1986 ) and were compared with those
of the native population.

The released seeds grew more rapidly during the first 14 months and reached to 40m in
test diameter for 8.5 to 9 months after release. However, the growth rate of the introduced
sea urchins decreased thereafter and was lower than that of the native stock after three years.
In addition,it took four and over five years for the native and introduced individuals, respec-
tively, to attain to 60mm, a minimum fishing size at Shikabe.

Most introduced sea urchins matured when they became one year old. They showed a de-
fined annual reproductive cycle and spawning occurred in autumn, when their adults indig-
enousto the Sea of Japan spawn. However, the gonad index ( gonad weight X100 /body
weight, g in wet weight ) of the introduced population was lower than that of the native
population during the fishing season, November to February. Thus, there was a difference
in reproductive cycle between the native and introduced populations.

The effectiveness of releasing cultured seeds on the sea urchin fishery in the coastal

BXHES A 151 (198848 H290 5288)
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region of the Pacific Ocean and Funka Bay, southern Hokkaido, was also discussed.

W, /37 vy = ( Strongylocentrotus intermedius)® AT 4 EEORHROFIBIC L &5 - T,
BELSN A ATHET O BREESEBEORMTITONA L) Tl -t ThOEDATREEDOK
AR E E A odIicid R G . Y4 X TOMRENRNT &, & Sicillicid oo R RE
SRR SR AR I R 5 € D ER &S5,

EABREFEE H AR D O AL RS ACE IR B L -7 v = id, HpDw = LR D,
BRIZEEDRD & B AR EE Y — 6 OEREE R T, S oBRL Y =0RERIIOCO Y =it~ T
HrLem@EshTwa!,

TYNT vy —OBHRARBNICEASEL1-0IC, 2B SICATHEORREE KA E LHE
bihvd, L L, KT 2EHEHAY —OERE Mo A S Cf THiFS T 205 HET AT LR, &~
DR THRT 2EHORAY —OEMERET 2 ETORE LKA b0 L EbN %,

O, IS PHEHAENFEOB Y = A SN A TR A . b rE s ASE R o Bt H
SEITHRL . BMEEAT > TV 3. AP T, CH oD RS HCO KRB &S, AR Ic Rk &
A (REF) OBEL oHBITE A LE2Wohic Lz, T TR, MRBORES & U il
WARICO KRB EH DR TIFMIch > THALAOTEOHEL HET 5,

Wk b, AFEICTH AV O AR ERHIBOK E R R iR R B R A SV
R GEEAERE e RICECBEA KT 5,

Yo

Sea of
Japan

Hokkaido

b L (&¢Funka Bay

Pacific Ocean

Sampling location

500

Fig. 1. Shikabe area and sampling location.
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Fig. 2. Growth of the introduced group released in 1983 and the native 1982-year-class group.
Open and closed circles show mean test diameters of the released and native groups,
respectively, and vertical bars represent standard deviations. Roman numerals
indicate ages of the sea urchins.
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Fig. 3. Growth of the introduced group released in 1984 and the native 1983-year-class group.
Open and closed circles show mean test diameters of the released and native groups,
respectively, and vertical bars represent standard deviations. Roman numerals

indicate ages of the sea urchins.
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Fig. 4. Growth of the native 1981-year-class group.
Open circles show mean test diameters of the native group, and vertical bars

represent standard deviations. Roman numerals indicate ages of the sea urchins.
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Fig. 5. Seasonal changes in gonad indices of the introduced groups released in 1983 and
1984 and the native group.
Closed circles show mean test diameters of the released and native groups, and
vertical bars represent standard deviations.
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Table 1. Seasonal changes in gonad developmental stages of the released groups.

Released Bats No. Frequency of each gonad developmental stage (%)
group examined 0 1 H H v v
Sep. 6,1983 56 8.9 5.4 39.3 46. 4
Oct. 3 50 8.0 10,0 82.0

Nov. 2 31 87,1 12,9
Dec. 7 30 6.7 26,17 3,3 3,3 60.0

Mar. 7,1984 39 28,2 48,17 23.1
Jun. 7 24 4.2 54,2 41,7
Oct. 29 38 3.0 9.1 6.1 81.8
Dec. 17 35 28.6 28.6 34,3 8.6
1983 Mar. 19,1985 19 10.5 78.9 105
May 30 36 2.8 75.0 2272
Aug.26 31 38.7 61,3
Oct. 21,22,31 130 5.4 2.3 92.3
Apr. 4,1986 20 10,0 85.0 5.0
Jun. 2 12 91.7 8.3
Sep. 2 12 25.0  75.0
Oct. 6 7 100.0
Oct. 21 6 100.0
Oct. 29,1984 30 6.7 3.3 10.0 50,0 30,0
Dec. 17 51 39,2 7.8 25.5 23.5 3.9
Mar. 19,1985 38 21.1 52,6 A | .3
May 30 33 66.7 30.3 .0
Aug.26 60 1.7 30.3 68.3
1984 Oct. 22,31 38 8.3 2.6 5.3 2.6 84.2
Apr. 4,1986 60 1.7 28.3 66.7 .3
Jun. 2 18 5.6 88.9 5.6
Sep. 3 2l 33.3 66,7
Oct. 6 26 3.8 19,2 76.9
Oct. 21 51 2,0 3.9 2.0 92.2

0 : neuter, I :recovering stage, 1l :growing stage, II ! pre-mature stage,

IV : mature stage, and V : spent stage.
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Fig. 6. Size frequency distribution of the 1 -year-old introduced group of different gonad
developmental stages released on September 6, 1983.

fREOEREE. 3 A»05 BitiiEr-BE22 L., BECHA LEY Z8EN» . #TREE
i3k, TERP-BERL, & SICEALBBEIHOMEESE CHELI. 8 A9
Ricipd THERBRGEIHH, & . BEATORRSHIBEE S 2 REE~BITT 28E0EL -1, TOHR
AR08 2 S11 A I ic @O EL AR L, HTRETOBRESHES ha s EEK LD,
2B CEBENITDRE V0D, #b - A S TEERD & —MEEMAHIT Ui $/, BB OEME
(SRR 1 A L 7o I KR kT L. RSB o @G iikic i 5 12 (Table 1) o

Table 2. Seasonal changes in gonad developmental stages of the native group.

Date No. Frequency of each gonad developmental stage (%)

examined I I I v v

Aug.29,1983 31 16.1 83.9

Mar. 7,1984 50 28.0 72.0

Jun. 7 3 100, 0

Oct. 29 8 12,5 37.5 37.5 B2

Dec. 17 13 T.7 69,2 23,1

Mar.19,1985 17 23.5 76.5

May 30 8 12.5 87.5

Aug.26 9 55.6 44,4

Oct.21,22,31 74 44,6 35.1 20,3

Apr. 4,1986 16 6.3 25.0 56,3 2.5

Jun. 2 10 30,0 40,0 30,0

Sep. 2 16 43.8 31.3 25,0

Oct. 6 41 39,0 48.8 2.2

Oct. 21 55 43,6 52,7 3.6

I : recovering stage, Il ! growing stage, 1I: pre-mature stage, IV: mature stage,

and V Ispent stage. No neuter gonad was observed.
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Fig. 7. Size frequency distribution of the 2 -year-old native group of different gonad
developmental stages on September 6 ,1983.
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Seasonal changes in biochemical composition
of the scallop, Patinopecten yessoensis

in Nemuro Bay, Hokkaido

Kouji Tsuyl and Hajime NISHIDA
Hokkaido Kushiro Fisheries Experimental Station,
Kushiro, Hokkaide 085, Japan

The fishery of scallop (Patinepecten yessoensis) has lately developed in Hokkaido
and the amount of the captured scallop has increased up to one of the most important fishery
products. And so material, nutrient constituents of scallop have been studied in other insti-
tutes, as concerns native scallop of Funka Bay and Okhotsk Sea, but they haven't been
proceeded about scallop properties of The Nemuro Strait.

The purpose of this paper is that material properties of scallop captured in this sea
are dissolved for natural products. And so constituents changes were examined in the differ-
ences of seasons, fields, sexes, parts of beings and so on.

1. Glycogen content in the adductor muscle was different between the natural scallop
and planted one on the bottom for several months. In the case of natural scallop it was incr-
eased in summer but seemed to be approximately contrary for planted one on the bottom. Also
ATP and its related compounds were more contained in these adductor muscles than those of
other parts of scallop in both sexes.

2. Not only the weight changes, but also constituents differences were clarified in the
sexes between the pre- or post spawning for gonads of natural scallop and planted one on the
bottom.

In reference to generai constituents, low moisture and lipid contents, high protein con-
tent were clarified in testis, compared to those of ovary in May, that is, on the nearest
spawning. Cl4: 0, C20:5 and C22: 6 ratio in fatty acids composition of total lipid and
also glysine and alanine contents in free amino acids composition were different between the
two. But after spawning those differences in both sexes were decreased.

3. Lipid content in the viscera was much higher than other parts of tissue and partic-
ularly it was high level in summer. Also useful substances, for example, taurine, EPA
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(eicosapentaenoic acid) and so on were more contained in this tissue, in no respect of fields
and sexes.

4. Constituents in the mantle presented a little changes according to the fishery fields,
ages and sexes. It was also slightly known that glycogen and free amino acids contents in-

creased 1n summer.
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Fig. 1. Seasonal change of the weight composition of scallop’s soft parts in each different.
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Table 1. Weight composition of scallop’s soft parts in each different in June.

(%)
silaie Gonad Mantle Viscera
muscle
Planted scallop 3 44.4 5.8 18.9 11.6
of Nemuro Bay (32.9)* (4.3) (14.0) ( 8.6)
(3 years) ? 41.6 8.3 20.4 10.4
(29.3) (5.8) (14.4) ( 7.3)
Planted scallop 3 46.3 6.4 19.0 12..2
of Nemuro Bay (44.6) (6.2) (18.3) (11.8)
(4 years) 2 44.3 7.5 17.9 10.2
(41.9) Crl) (16.9) (9.7)
Planted scallop 3 37.9 6.5 19.3 13.2
of Lake Saroma (24.8) (4.3) (12:70 ( 8.6)
(4 years) @ 36.3 7.2 1813 13.2
(22.7) (4.5) (12:1) (8.3)
* Average weight (g)
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Fig. 2. Seasonal change in the chemical composition of the adductor muscle of scallop.
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Table 2. Chemical composition of the adductor muscle of scallop in June.

(9%)
Water Protein Glycogen Lipid
Planted scallop 8 74.1 16.3 7.8 0.8
of Nemuro Bay (62.8)* (30.1) (3.1)
(3 years) 2 73.8 171 8.1 0.9
(65.3) (30.8) (3.3)
Planted scallop ) 73.2 16.0 9.1 0.8
of Nemuro Bay (59.9) (34.0) (2.8)
(4 years) 2 73.8 15.3 8.5 0.8
(58.4) (32.6) (2.9)
Planted scallop 3 76.5 1958 2.8 0.9
of Lake Saroma (73.6) (11.8) (3.7)
(4 years) 2 77.0 17.5 2.0 0.8
(76.1) ( 8.5) (3.4)

* Dry matter
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Fig. 3. Seasonal change in the chemical composition of the gonad of scallop.
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Table 3. Chemical composition of the gonad of scallop in June. (%)
Water Protein Glycogen Lipad
Planted scallop 3 85.9 9.1 0.3 1.8
of Nemuro Bay (64.2)* (2.3) (9.0
(3 years) ¢ 86.7 8.9 0.3 L3
(67.1) (1.9) (10. 1D
Planted scallop 5 83.1 112 0.3 1.8
of Nemuro Bay (65. 8) (1.6) (7.8
(4 years) 2 86.5 8.5 0.2 1.5
(63.4) (1.6) (11. 1)
Planted scallop 5 82.4 14.1 0.1 1.5
of Lake Saroma (80.5) (0. 5) (8.4
(4 years) ? 85.9 9.8 0.1 1.5
(69.7) (0.6) (11.0)

* Dry matter

it KRH., IR L biT, ~9 — v B BUSHRIFHE 7Y 20— OB Z SR E < .
o, WREARO TADS ) 2 -4 OMNicHd 2 2IRHOBMDHEE TH - f2. T/, LIFHOBEN
ZALEKRRE, MlFH & b0 DML D bEVIRETHR L. Chud, ROy o <#liE4E£HO
HHTHREROMRTH 1o —H. MWIH3EH, 4 FA LYol 4 ERLHR LSS, yo<il

80 ]
Native scallop Planted scallop
w
70 .% 3;—‘=9:—8:°"._:9wmer
. %‘/lale 2
0 Female
6o}
L
20}
% Lipid
ob Protein
1 Protein
& Glycogen Glycogen
o, N r K . e
May June July Aug. Sep. May June July Aug. Sep.

Fig. 4. Seasonal change in the chemical compesition of viscera of scallop.
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Table 4. Chemical composition of the viscera of scallop in June. (%)
Water Protein Glycogen Lipid
Planted scallop 3 67. 6 12. 8 0.4 18. 8
of Nemuro Bay (39.5)* (1.1 (58. 1)
(3 years) ? 68. 5 13.1 0.4 1T
(41. 5) 1.4 (56. 3)
Planted scallop 3 68.9 12.0 0.4 18.5
of Nemuro Bay (38.4) (1.3 (59.4)
(4 years) g 69. 1 12.3 0.3 156.7
(39.6) (0.8) (50.7)
Planted scallop 3 75..5 14.5 0.2 6.6
of Lake Saroma (59. 2) 0.7 (27.1)
(4 years) 2 75.9 16.2 0.2 B.b
(63.0) 0.7 (22.9)

* Dry matter
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Fig. 5. Seasonal change in the chemical composition of mantle of scallop.
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Table 5. Chemical composition of the mantle of scallop in June. (%)

Water Protein Glycogen Lipid

Planted scallop 3 81.3 11.8 2.1 0.8
of Nemuro Bay (63.00* (11.3) (4.1
(3 years) g 82.6 10.8 2.3 0.8
(62.0) (13.2) (4.3)

Planted scallop 3 81.9 12.1 1.2 0.8
of Nemuro Bay (66.7) ( 6.4) (4.5)
(4 years) ) 82.3 12.1 Lo 0.7
(68.0) (5.7 (3.9)

Planted scallop ) 83.2 12.0 Ll 1.0
of Lake Saroma (71.8) ( 6T (5.8)
(4 years) 2 84.0 12.7 1.2 1.0
(79.4) (1.2 (6.0)

* Dry matter
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Fig. 6. Seasonal changes of ATP and its related compounds in adductor muscle of scallop.
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Table 6. ATP and its related compounds in adductor muscle of scallop in June.

(#mol./g)

Hx HxR AMP IMP ADP ATP Total
Planted scallop & 0.07 0.14 1.40 0.06 2.41 2.82 6.90
of Nemuro Bay
(3 years) 2 0.07 0.03 1.13 0.09 2.65 3.33 7.30
Planted scallop 5 0.07 0.21 2.41 0.05 1.83 1.66 6.23
of Nemuro Bay
(4 years) ? 0.09 0.18 2.23 0.07 2.69 2.62 7.88
Planted scallop ] 0.09 0.20 1.21 0.03 1.94 1.98 5.45
of Lake Saroma
(4 years) e 0.13 0.29 1.49 0.06 2.51 2.36 6.84
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Fig. 7. Seasonal change of ATP and its related compounds in gonad of scallop.
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Table 7. ATP and its related compounds in gonad of scallop in June. (#mol./g)
Hx HxR AMP IMP ADP ATP Total

Planted scallop 5 0.17 0.17 0.40 0.08 0.36 0.18 1.36
of Nemuro Bay
(3 years) 2 0.09 0.14 0.39 0.05 0.26 0.10 1.03
Planted scallop 5 0.58 0.26 0.69 0.07 0.43 0.27 2.30
of Nemuro Bay
(4 years) @ 0.07 0.22 0.34 0.06 0.19 0.16 1.04
Planted scallop & 0.16 0.03 0.74 0.04 0.58 0.34 1.89

of Lake Saroma
(4 years) g 0.12 0.11 0.45 0 0.38 0.15 1.21
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Fig. 8. Seasonal change of ATP and its related compounds in viscera of scallop.
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Table 8. ATP and its related compounds in viscera of scallop in June. (#mol./g)
Hx HxR AMP IMP ADP ATP Total

Planted scallop 5 0.14 0.72 0.12 0.36 0.55 0.01 1.90
of Nemuro Bay
(3 years) 9 0.20 0.71 0.11 0.24 0.04 0 1.30
Planted scallop 8 0.13 0.65 0.15 0.28 0.04 0 125
of Nemuro Bay
(4 years) ¢ 0.17 0.54 0.21 0.30 0 0 1.22
Planted scallop & 0.23 0.47 0.18 0.33 0.01 0 1.22

of Lake Saroma
(4 years) S 0.24 0.43 0.15 0.30 0 0 112
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Fig. 9. Seasonal change of ATP and its related compounds in mantle of scallop.
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Table 9. ATP and its related compound in mantle of scallop in June. (amol./g)
Hx HxR AMP IMP ADP ATP Total

Planted scallop 3 0.07 0.29 0.77 0.03 0.11 0.15 1.42
of Nemuro Bay
(3 years) g 0.12 0.46 1.44 0.10 0.18 0.16 2.46
Planted scallop 3 0.08 0.35 1.04 0.26 0.11 0.08 1.92
of Nemuro Bay
(4 years) 2 0.08 0.35° 1.16 0.03 0.15 0.15 1.92
Planted scallop & 0.09 0.19 0.80 0.15 0.14 0.10 1.47

of Lake Saroma
(4 years) 9 0.07 0.15 0,68 0.17 0.12 0.02 1.21
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Fig. 10. Seasonal change of free carbohydrates of scallop’s adductor muscle and gonad.
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Table 10. Free carbohydrates of scallop in each different in June. (%)
Adductor Gonad Mantle Viscera
muscle
Planted scallop 3 0.33 0.51 0.61 1.14
of Nemuro Bay a.* (3.6) (3.3) (3.5)
(3 years) 2 0.34 0.49 0.71 1.10
(1.3) 3.1 (4.1) (3.5
Planted scallop ] 0.37 0.43 0.80 0.98
of Nemuro Bay (1.4) (2.5) (4.4) 3.1)
(4 years) 2 0.35 0.47 0.87 1.08
(1.3) (3.5) (4.9) (3.5)
Planted scallop 3 0.38 0.34 0.42 1.00
of Lake Saroma (1.6) (1.9 (2.5) 4.1
(4 years) 2 0.39 0.30 0.40 1.05
(.7 2n (2.5) 4.4

* Dry matter
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Fig. 11. Seasonal change of free carbohydrates of scallop’s viscera and mantle.
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Table 11. Aminoc acid composition in the extracts of scallop’s adductor muscle in June.

(mg/100g)
Planted scallop Planted scallop Planted scallop
(3 years) (4 years) of Lake Saroma

Amino Acid 3 ) 8 Q 3 ?
Taurine 441.5 408.3 468.2 453.6 712.9 765.6
Aspartic Acid 2.8 2.3 1.5 2.4 Pr: 2.6
Threonine 40.5 41.0 46.3 48.8 63.2 52.0
Serine 0 6.5 7.6 6.5 13.0 15.2
Glutamic Acid 101.4 87.5 106.0 96. 1 98.0 101.1
Proline 48.2 49.7 61.9 59.2 83.8 71.0
Glycine 1260.1 1214.9 1444.1 1423.1 1191.9 1243.3
Alanine 268.2 2218 288.3 270.2 180.5 163.6
Cystine 18.8 17.5 34.3 27.6 18.2 14.4
Valine 7.3 16.1 21.5 17.1 23.4 20.9
Methionine 74.3 105.1 85.1 70.2 175.8 162.0
Isoleucine 12.0 10.5 10.0 6.3 13.3 145.6
Leucine 7.1 6.3 7.0 6.1 8.0 10.8
Tyrosine = = 2.9 2.6 = —
Phenylalanine 5.4 = 4.2 = 5.3 72
Lysine 4.5 4.8 4.6 4.2 6.3 6.7
Histidine 6.9 3.8 8.4 5.3 15.4 15.1
Arginine 106.9 105.4 100.7 118.9 84.7 86.1

Total 2423.2 2301.0 2702.6 2618.2 2693.5 2752.2
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Fig. 12. Seasonal change of Glycine, Alanine and Taurine in the extracts of scallop's
adductor muscle.

Table 12. Amino acid composition in the extracts of scallop’s gonad in June. (mg/100g)

Planted scallop Planted! scallop Planted scallop
(3 years) (4l years) of Lake Saroma

Amino Acid 5 ? 3 ? 3 Q
Taurine 394.9 350.5 414.1 350.5 507.0 361.7
Aspartic Acid 5.8 3.9 4.7 4.2 9.3 6.1
Threonine 8.3 10.6 12.8 11.1 152 119
Serine 12.0 10.8 147 10.9 17.9 13.3
Glutamic Acid 51.8 41.5 66.4 45.0 77.2 51.8
Proline 12.6 - 7.1 =% 12.5 8.9
Glycine 709.9 624.2 842.3 589.1 961.3 671.0
Alanine 45.3 42,1 55.2 34.0 68.8 45.4
Cystine Tr. Tr. Tt TE: Tt Tr.
Valine 7.2 8:8 6.8 4.7 9.0 6.4
Methionine 7.8 8.4 3.0 3.0 9.0 19.3
Isoleucine: 9.1 8.2 1.5 8.9 5.4 1.7
Leucine 7.0 7.2 4.1 8.4 9.5 10.2
Tyrosine 4.0 6.4 - ] 11.1 6.7
Phenylalanine 4.8 2.60 4.7 - 59 5.5
Lysine 15.8 12:11 1.7 13.7 20.2 14.8
Histidine: 4.3 3.9 3.9 3.6 3.9 4.3
Arginine: 46.5 41.4 48.0 32.6 57.7 35757

Total 1347.1 1182.6 1498.0 1119.7 1830.9 ' 12845
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Fig.13. Seasonal change of Glycine, Alanine and Taurine in the extracts of scallop’s
gonad.

Table 13. Amino acid composition in the extracts of scallop's viscera in June. (mg/100g)

Planted scallop Planted scallop Planted scallop

(3 years) (4 years) of Lake Saroma
Amino Acid 3 2 () 2 5 g
Taurine 685.0 659.7 619.2 652.0 839.2 820.3
Aspartic Acid 61.5 55.7 43.9 38.6 85.8 82.9
Threonine 128.6 116.5 90.6 93.4 136.8 136.1
Serine 79.3 72.3 58.5 51.9 87.6 86.7
Glutamic Acid 144.9 130.2 111.8 108.3 158.1 155.3
Proline 66.6 61.9 50.5 49.9 74.8 74.1
Glycine 764.3 708.5 671.3 664.0 826.0 801.6
Alanine 129.7 118.3 111.9 110.4 153.4 147.0
Cystine 17.3 15.4 12.9 12.2 18.1 19.4
Valine 72.0 65.2 52.2 51.5 80.6 80.3
Methionine 24.2 20.5 19.3 16.3 287 23.0
Isoleucine 48.8 43.0 33.4 33.3 50.8 51.3
Leucine 91.7 82.5 64.6 64.7 98.5 99.7
Tyrosine 46.7 42.6 34.8 34.8 49.6 50.5
Phenylalanine 64.2 57.4 46.7 46.5 71.4 722
Lysine 117.0 105.1 85.2 81.3 123.8 122.0
Histidine 17.4 15.3 13.7 12.5 16.5 15.6
Arginine 109.2 99.7 84.7 82.9 111.6 111.0

Total 2668.4 2469.8 2205.2 2210.5 3006.3 2949.0
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Fig. 14. Seasonal change of Glycine, Alanine and Taurine in the extracts of scallop's

viscera.

Table 14. Amino acid composition in the extracts of scallop's mantle in June. (mg/100g)

Planted scallop Planted scallop Planted scallop
(3 years) (4 years) of Lake Saroma

Amino Acid s 2 3 2 & ?
Taurine 234.2 221.2 234.8 230.9 262.5 256.7
Aspartic Acid 6.7 Tr. 3.6 Tt Tr. 8.2
Threonine 25.1 21.3 27.7 26.4 30.3 28.8
Serine 19.6 17.4 20.5 19.3 22.7 22.0
Glutamic Acid 46.0 35.9 51.3 45.2 45.4 43.9
Proline 12.1 8.4 12:1 10.4 13.9 13.4
Glycine 756.7 756.8 766.8 763.0 778.0 757.1

Alanine PE Tr. Tr. T, Tr Tr:
Cystine 9.1 9.1 10.8 10.7 11.8 10.0
Valine 16.5 15.5 18.9 17.9 21.4 20.3
Methionine 14.6 14.1 15.4 14.5 16.4 16.0
Isoleucine 9.3 8.5 10.1 9.7 11.6 11.3
Leucine 13.8 12.9 15.4 14.7 17.1 16.8
Tyrosine 8.2 7.9 10-1 8.8 10.1 9.8
Phenylalanine 11.7 10.8 13.3 12.6 15.8 151
Lysine 15.6 11:2 18.7 16.3 19.1 17.7
Histidine 1.9 1.2 9.1 8.0 9.4 8.7
Arginine 136.3 146.4 143.4 151.3 143.4 134.2

Total 1343.4 1310.6 1382.0 1359.7 1428.9 1390.0
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Fig. 15. Seasonal change of Glycine, Alanine and Taurine in the extracts of scallop’s

mantle.
Table 15. Fatty acid composition in adductor muscle of scallop in June. (%)
Planted scallop Planted scallop Planted scallop
(3 years) (4 years) of Lake Saroma
Fatty Acid ) Q ] 2 (e] ?
€ 12:0 = - = = 0.1 Tr
C 13:0 T Tr. 1r: T = =
C 14:0 4.1 4.0 4.5 4.1 3.8 3.6
C 15:0 1.0 1.0 1:1 1A L5 1.4
C 16:0 18.4 18.2 18.5 18.1 17.4 16.8
C 16:1 4.8 4.7 5.0 5.5 4.5 4.0
C 17:1 = = s = 0.2 0.3
C 18:0 7.3 Tl 7.0 6.9 7.4 7.3
C 18:1 4.0 4.0 4.0 4.3 3.4 3:2
C 18:2+? 1.2 1.1 0.8 1.2 0.9 1:5
C 18:3+20:1 3.8 3.6 3T 3.8 3.9 3.9
C 20:4+22:1 2.4 2.5 2T 2.6 3.5 3.1
C 20:5 29.7 30.5 29.7 28.9 28.2 27.8
C 22:0 0.1 0.1 0.1 0.1 = —
C 22:5 0.7 0.8 0.8 0.7 0.6 0.6
C 22:6 19.0 18.8 18.6 18.9 21.1 23.4
C 24:1 1.2 1.2 1.0 1.0 1.1 1.1

Others 2.3 2.4 2.5 2.6 2.4 2.4
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BRESA»SIAIChLTEDL LI, £/, SATR. #90 v, V) v rORMEESIEHETAZ(Z
Hot, TO®,, NS LB HERICH -1,

NEROERET 3 2 BRI, . Fil, ilichrb o9, MR E RIS o, L L. B
FHTEEM (7. 8. 9) ic, Wind 2ERICH 70
B AR R

Tablel5. 17, 19, 21 ic6 HoMdE 3 £H. 4 FHE LUy o=@ 4 FROR B OLIFEO IS
MAakE . Table 16, 18, 20. 22 IC KKRH & HEEHOFABIZELE 5 L1,

AEOIE 8RR, Co:s, Cz:s, Cis:0, Cis: o0DHICE { | #lll. @, HHIC L2233
ol otz LinL, BRI ZE(ESS SN, 5 AL S 9 Hithir., KKE., #iHE bIc#TCx:
WL, Cu:oli#iMA 2 L7,

EMINTIE. B, FRICLZ2Z2RBH O -, KBH, ifH & SBETAS Ml RI
O, BN s ATKEDd -7, THbb, 5 HORMTIE. Co:s5, Ca:6. Cis:0. Cis: 0 DIMHIC

Table 16. Seasonal change in the main fatty acids composition
of adductor muscle of scallop. (9%)

14:0 16:0 16:1 18:0 18:1 20:5 22:6 Sat. Mono. Poly.‘

Native scallop
May 3 5 171 4.3 6.7 38 286 225 213 81 511
2 3.5 17.3 3.7 6.8 3.7 293 226 276 7.4 ©51.9

July [} 4.6 189 5.7 5.2 4.3 268 208 287 100 47.6
¢ 4.8 19.7 4.7 4.5 37 27.6 21.0 29.0 8.4 48.6
Aug. 3 4.7 182 4.6 6.0 43 269 207 289 8.9 47.6
- 41 17.8 4.5 6.2 38 217 211 28.1 8.3 48.8
Sep. 8 3.8 186 3.9 7.8 45 242 21.5 302 8.4 45.7

40 183 3.8 8.4 43 251 20.1 307 8.1 45.2

Planted scallop

May 8 3.7 IT4 4.2 7.2 39 304 20.9 283 8.1 5.3
b 3.4 175 4.5 7.4 43 3.0 19.8 283 8.8 50.8
June 3 4.5 18&5 5.0 7.0 40 297 186  30.0 9.0 48.3
? 4.1 18L 5.5 6.9 43 289 189 291 9.8 47.8
July - 4.7 189 4.7 6.0 41 291 187 29.6 8.8 47.8
Aug. & 39 185 44 7.2 42 215 20.8 29.6 8.6 48.3
& 410 1811 4.6 7.5 43 212 202 297 8.9 474

Sep. [} 39 193 386 730 39 265 2L0  30.5 7.5 47.5
B 40 192 3.6 .50 400 269 20.2 30.7 7.6 47.1

* Sat : Satarated acids;. Mono : Monoenoio: acids,. Poly : Polyenoic: acids
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£, PRTIH, C2o:5, Cu:o0, Cis:0, Ce: 1B L0LYEHEL ~Tce TOE, HHOFR LN
h, Cz:6, Con:5, Cis:0, Cis: o SEELAD, 5 HOFMEOHKICHE L TW L HEHAL o,

HIBROIENBOIH T, Co: sOBHRIETHSREH, HiFH L bR TRE (b ont,
KHMHTH, Co:sHETS A S THICOU ERL A%, 8 Hic3E—27 %02 555, TR, THIC
BLEWliERL, TAMS8 Aithd TaM Lz, —4. HIEHTREET, Ca:sH5 Ao 6 Aith
HT. BT, THPSBARPUTRE(EDL, 208, WFhbAREBIFBELD. —F. K
ARH, tisH., BHICHHDST, Co: sORFHBZE(LICH L, Cis: 0, Cis:1 FHOZE({LEZRL, AD
HBsE oz, 212, EIEFHE (6 H) OB s OB TIE, Ce:0., C: 1 BEL DT, Ca:s
TR, BEDEOLEYAREHEBL T, &b -1,

ALKTIE, B, Fie, BECLIBOEIED OOV, OB, Ca:s& D ECz:6 D
GO ERELHKED -1, T, BANELR. KRATS ALSIHIRAH, C2: s OBMECH: 5D
s ohi,

Table 17. Fatty acid composition in gonad of scallop in June. (%)
Planted scallop Planted scallop Planted scallop
(3 years) (4 years) of Lake Saroma

Fatty Acid 8 ? & @ 3 [

C 12:0 == - - = 0.1 0.1
C 13:0 Ty TE; b s 8 Tt = =

C 14:0 3.6 9.0 2.8 8.4 2.8 7.5
C 15:0 1.1 0.9 0.9 0.8 0.9 0.9
C 16:0 12,7 16.6 12.5 17.1 14.4 15.3
C 16:1 7.1 8.6 5.7 8.3 3.6 5.4
Ci 1751 = = - - = -

C 18:0 9.8 7.6 9.4 7.3 10.8 8.5
C 18:1 5.8 6.5 6.2 (0 | 4.5 5.4
C 18:2+7? 1.8 1.5 1.4 1.2 1.6 1.6
C 18:3+20:1 3.7 2.9 6.0 2.8 3.4 3.1
C 20:4+22:1 3.2 2.2 3.1 2.2 6.0 4.2
C 20:5 27.2 24.9 28.5 25.6 25.3 23.1
C 22:0 0.1 0.1 0.1 0.1 = =

C 22:5 1.0 0.7 1.2 0.6 11 0.7
C 22:6 18.1 13.4 17.7 13.1 21.2 18.8
C 24:1 1.2 1.0 L1 1.0 1.3 1.3
Others 3.6 4.0 3.4 4.2 3.0 4.1

U iER

) vISES R, @i, @, FiRicorb o, AER, HE, SR, BRoBICEVEERL
fro Fio, BRABNICIE, DEBISTIREASTHHAVOIHL T, OB TIR. 5 BH S8 BiIThH.,
ZhiKkE ., #Hic, FMBOBETCEETH -7/, 5 HOEMIRTIR, KRH., HifH & bicEdL#ED
B3 Eoy vIFHABATED ., 20H. BEOEFN (LD, 0,1 550%8LE -7/, (Table 23,
Fig.16)

% 3
BN THIBS WA KR4 FREMEBHTRITS AT FRTE. FEBTH-TH, K2 &
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Table 18. Seasonal change in the main fatty acids composition of gonad of scallop. (%)

14:0 16:0 16:1  18:0 18:1 20:5 22:6 Sat. Mono. Poly.*

Native scallop
May ] 0.8 14.0 3.4 9.1 6.7 36.0 17.0 23.9 11.1 53.0
? 20.5 19.2 8.6 4.8 6.3 2.7 e | 44.5 14.9  28.8

July & 2.7 14.2 4.4 8.1 53 241 232 250 9.7 47.3
¢ 7.2 16.7 5.9 7.1 6.4 21.8 19.3 3L0 123 4L1
Aug. & 4.6 13.8 5.8 9.6 5.3 227 209 280 11.1 43.6
? 54 153 6.3 7.5 6.4 227 20.2 282 127 429
Sep. 3 3.9 124 5.4 10.8 56 188 222 27.1 1.0 410
¢ 3.4 137 6.2 9.7 7.0 19.9 20.5 268 13.2 40.4

Planted scallop
May 3 LT 13.2 5.7 10.1 6.8 35.6 13.3 25.0 12,5 48.9
2 17.5 184 10.7 5.2 7.0 234 6.9 41.1 17.7 30.3

June 3 28 125 5.7 9.4 6.2 285 17.7 247 119 46.2
84 17.1 8.3 7.3 7.1 266 13.1 328 154 387

July 5 3.0 129 4.7 9.8 59 249 199 257 10.6 44.8
9.1 I7.5 7.9 78| 6.7 233 146 337 14.6 379

Aug. & 3.3 129 5.5 10.0 56 220 19.7 262 1L1 39.7
B 6.7 16.1 6.7 A ] 7.2 227 174 30,5 13.9 40.1
Sep. 3 3.6 127 5.1 10.2 55 209 230 265 10.6 43.9
- 3.3 143 4.9 8.4 6.8 223 225 260 1.7 44.8

* Sat: Saturated acids, Mono : Monoenoic acids, Poly : Polyenoic acids

(k. KERER cErd 0, RBJFERR. MFI4FHEIV L, OEBVARTH -7, Lol

FESIcHd AMMNERSS TR, KR, Hific k38030, HERBELEL THIC, KE0E
BELH, DOWTHEME LS, T, KEFOTEMEB) I ERMBTROKAE (. &ic, KRATRE
SPEATE BN 5 Hickhk~, T HICHEEEEDE R L. ThOORERIE, IS D & i3iE—8
LT3,

HFEIRCIE, EIRi# TERISOT(LOALOF ., RAMICHREICE VO THRELBODED GNi,
Fibb, EIREEIOS AT, FElcH~RiEks . 20EH, BliE<. ¥ »v7H, ATPHA
HYE, BT I O SEHEBAHES, - 1. BERICE LTI, BEROBUCHA, EHPA CTRbSE
WEEhA, M7 I BRERSS . EULETET I/ B (Vo vy, of vy, Y viEE)
ICERBHONID T, £1-. BB, 5 AICEIPRTCu: o OFEH . R THCr:s. Cz
eDBESHMEDEL . NE ST OHE LFEROBEREL >1o. THhOOIENRRMERDERS, 77 » 7
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Table 19. Fatty acid composition in viscera of scallop in June. (%)
Planted scallop Planted scallop Planted scallop
(3 years) (4 years) of Lake Saroma
Fatty Acid 3 2 3 2 ) -]
C 14:0 6.2 7.0 6.0 9.7 7.6 10.4
C 15:0 0.5 0.6 0.5 0.7 L1 0.5
C 16:0 14.8 15.7 15.3 22.8 12.8 18.8
C 16:1 20.8 20.6 21.8 28.9 13.4 17.3
C 18:0 3.8 3.9 3.6 4.6 4.9 6.3
C 18:1 10.3 10.7 11.6 15.2 9.4 12.7
C 18:2+7 3.7 3.8 3.5 2.6 3.9 3.1
C 18:3+20:1 31 3.2 3.3 3.9 3.7 4.9
C 18:4 4.1 4.0 3.9 2.0 5.1 3.7
C 20:4+22:1 0.6 0.6 0.7 0.5 2.1 1.8
C.22:2 0.5 0.5 0.5 0.4 0.4 0.5
C 20:5 26.5 24.8 25.0 7.6 26.5 14.9
C 21:5 0.8 0.7 0.7 Tr. 11 0.7
C 22:5 0.2 0.2 0.3 Tr. 0.2 0.1
C 22:6 3.9 3.4 3.7 1.0 7.4 3.9
Others 0.3 0.3 0.3 0.1 0.1 0.1

b7 b ) g 2R EOIE O OFAURIC £ 5 Db, ERIRTOR. BERTh b 54T
(K38 LD Dh, 5%, BRITI2MLELHL I,

HER, 7)) a4 vREDFEREETH 'Y, 2OMENLERT 7 » 7 b v REEMETRTS
LENTV S, HEBRER Y FH A DBE. 7)) 2/ yORPNELEKAH L HBATRETR
D, RERAGEMIcHHY L. s TR s @msa ohi. Zhsid, 75 ¥ 7 b O
KEOAY) (B BREEESNS, /2. BEOT: RESICOVTIE, BESSNFEMISE .
STEICESETU LA FADF I 9 v a YT R M ET- R, B7 1 /BOULTLY Y v v,
Iy il TI7=v, TAF=BERKRBOTERATHALHEEL TV, KRH, HIFHE S,
CNOEBHICMS T 5807 3 / ROBNLER U -7, BHRIE(LTR., KRB0/ ) v b8 H
& XE 713 (h

bR, 2 TH 4O, FBROBREEAAV. FEAFEOTIENBETHLW LS, FHSR LM
DOEELICHA, PUOEVEAERL, XRAR., HiFHL 2100 520%0MMTHE L., EfcEs %
L1 F1, IEHROLHTS, BIRE(LENET 282 HH2EPAICSVTIR, KAH., tiEH &
bICHEERTT, BN E(LD A Shic, Ll MBEOEPAD LY 28AEFEELIES. 5 AhD
7ﬂmbﬂﬁ¢L.%hmh~Hmtéﬁﬁﬁaaﬂ.ﬂﬁﬂﬂﬁmﬁalmﬁﬂtﬁw~ﬁtaﬁﬂé
155, BN, fOFAICH~, BRicETh, FOLOTIRIH LD, BNz 5 ALK, X
ARE. HEEHOMTHMER L, Chud, WHARKEBELSREAZES, 957 vt F FOSH
BOEFVIHTRAEVGEEDN S, 5%, BHEOMKIc>VWT, BET 24080855, Bl7 /8
MBRICEO TR, O LB LEEBE, 99 ) v, TRASTFE VB, ALd=v, &) ¥, XY ¥,
of YR EBERICETN. S AICIE, BT ¢ BERSBLE{ N1, 2/, KBHFLERTZHE
BicsL Tk, FERDTHE5 9 ) vHEOEETR L, Chid, BEkoEsBESERicE{
7, THIRELUHIBREFOFMICMST5L 055 9 yHBEMT50TREOHE, Jones™
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Table 20. Seasonal change in the main fatty acids composition of viscera of scallop. (%)

14:0  16:0 16:1 18:0  18:1  20:56  22:6 Sat. Mono. Poly.*

Native scallop
May 8 6.9 161 19.7 4.2 12.0 23.6 3.6 262 317 27.2
83 165 20.5 4.7 13.0 19.3 3.0 205 335 22.3

July 8 10.0  23.0 27.1 4.7 15.3 7.2 .5 37.7 424 8.7

B 7.0 168 16.1 43 11.3 215 6.4 271 27.4 27.9
Aug. 3 58 166 17.4 3.6 1.8 24.8 6.1 250 29.2 30.9
¥ 9.3 235 266 44 175 5.6 1.3 37.2 441 6.9
Sep. 3 58 165 19.5 3.7 12.2 230 4.6 260 31.7T 27.6
? 84 21.0 247 43 142 125 2.2 37 389 147

Planted scallop
May 3 10.3 15.7 16.6 2.3 6.3 29.5 4.1 28.3 22.9 33.6
2 11.3 16.8 16.5 2.4 5.9 28.6 3.7 30.5 22.4 32.3

June 3 6.0 153 2L3 3.6 11.6 25.0 3.7 249 329 287
9.7 228 289 46 15.2 7.6 1.0 371 44.1 8.6

July 3 7.3 164 224 33 1.1 237 39 21.0 335 27.6
10.3 230 28.4 4.6 15.3 7.1 0.8 379 43.7 7.9

Aug. 3 80 203 253 39 146 13.9 2.1 32.2 39.9 16.0
B 6.2 168 206 40 134 ZL7 3.8 27.0 340 255
Sep. 8 89 176 151 2.7 6.6 30.2 6.0 29.2 2.7 36.2
i 89 168 14.2 2.7 6.7 29.1 6.1 28.4 20.9 35.2

* Sat : Saturated acids, Mono : Monoenoic acids, Poly : Polyenoic acids

BHER LTV B,

AER, SHEA RS KARE, HBEL LW BTHEBL, 2075%L1 LMY YIEHTH -1z T17.
ALz <. BRI B TEVWSED S, ABBRTHENARLE TCr: 6 45Ca:s L 0 F
. MDA TIRFIC, Ca:s D LD BBNELEEDL -2 Thid, OO HRE., BEABR®REH S
3P BRO VTN HECo: sOHHBENEHCe: s L DFmWHRILESH LN ETHHELE. Bu b b
DEIE Tz, BEEMNIC, ABEIT BRE(ESDWERLSH O, MECRARELTE 0., SEEHEMEY
SENTOSalfiEtdid 5, Kopama MV HEHMHASOES 458, 72 WV vBEZREL, 48
BizE s LTamRT 28R EBTH S, BE. AEBREE L L TFYEIIIKAANISA TV 30, RHiC
R, kb, MENRPERINA LY THA LBV TIE, FRGOBMIEE & ST, AERMEOR
ZbPIhi,



Table 21. Fatty acid composition in mantle of scallop in June.

RERRE+ 7 7 4 4 OFEFHERIC OV T
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Planted scallop

Planted scallop

Planted scallop

May June July Aug. Sep.

(3 years) (4 years) of Lake Saroma

Fatty Acid 3 9 8 g 3 ]
C 14:0 2:2 22 2.1 2.1 2.2 2.1
C 15:0 0.9 0.9 1.0 0.9 11 1.1
C 16:0 1.9 11.9 11.6 11.6 11.9 11.1
C 16:1 6.8 6.4 7.2 6.8 6.3 3.5
C 18:0 8.7 9.3 8.9 9.1 9.8 10.0
C 18:1 7.8 7.8 B.7 8.5 6.3 6.2
C 18:2+? 2.8 2.4 3.3 3.2 2.7 3.0
C 18:3+20:1 6.5 6.8 1.2 6.9 6.4 6.6
C 184 2.2 2.3 2.4 22 2.3 2.4
C 20:4+22:1 5.0 5.1 5.5 5.6 6.8 7.0
C 22:2 0.7 0.8 0.8 0.8 0.7 0.8
C 20:5 20.2 20.3 18.2 18.8 17.4 18.1
C 22:5 0.8 0.7 o7 0.8 0.6 0.6
C 22:6 21.8 21.6 20.8 212 24.2 26.3
C 2421 0.9 0.9 0.8 0.8 0.9 0.9
Others 0.7 0.7 0.7 0.7 0.3 0.4

100 p

Native seallop Planted scallop
Mantle
Bt Adductor l
Adductor muscle muscle

%

50 F

® Male
25F © Female
D e A " " "

May June July Aug. Sep.

Fig.16. Seasonal change of phospholipid in scallop’s total lipids in each different.
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Table 22. Seasonal change in the main fatty acids composition of mantle of scallop. (%)

14:0  16:0  16:1 18:0  18:1 20:5 22:6  Sat. Mono. Poly.*

Native scallop
May 3 2.3 12.2 6.0 8.6 8.7 19.4 19.1 23.1 14.7  38.5
22 116 5.0 8.8 85 189 20.2 226 13.5 39.1

July ] 2.5 121 4.5 8.5 80 168 229 231 125 39.7
" 25 126 4.4 8.9 7.6 17.2 227 240 120 39.9
Aug. 3 25 115 4.1 8.2 7.5 159 25,0 222 116 40.9
B 25 1.8 5.7 8.5 76 17.1 242 228 133 41.3
Sep. 5 22 119 5.9 9.3 8.2 154 229 234 141 383

23 12.0 5.4 9.6 81 150 238 239 135 388

Planted scallop

May @ 3.2 138 5.0 10.5 50 21.8 2.8 2.5 10.0 43.6
B 3.4 13.8 5.1 11.4 54 222 21.2 286 10.5 43.4
June & 21 116 7.2 8.9 87 182 208 226 159 39.0

2.1 116 6.8 9.1 85 188 212 228 153 40.0

July 8 3.6 16.0 9.8 1.7 1.1 124 124 3L3 20.9 24.8
2 2.9 13.17 Tl 10.7 9.8 183 17.2 27.3 169 32.5
Aug. 3 2.5 129 6.0 9.8 82 159 2.0 252 142 36.9
B 24 124 6.5 9.3 86 164 21.9 241 151 383
Sep. 8 34 136 4.3 10.9 5.2 164 242 279 9.5 40.6
2 3.6 13.9 4.2 11.0 5.1 165 23.7 285 9.3  40.2

* Sat : Saturated acids, Mono : Monoenoic acids, Poly : Polyenoic acids
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Table 23. Phospholipid in scallop’s total lipids in each different in June. (%)

Adductor

e Gonad Mantle Viscera
Planted scallop 3 68.1 50.8 84.5 6.3
of Nemuro Bay 0.6)* (0.6) (0.8) (1.2)
(3 years) ? 70.3 45.9 96.0 7.9
(0.6) (0.6) 0.7 (1.4)
Planted scallop 3 66.2 54.8 97.6 5.1
of Nemuro Bay (0.5) 0.7 (0.8) (1.0)
(4 years) ) 57.2 3.7 77.0 10.2
(0.4) (0.6) (0.5) (1.3)
Planted scallop 3 64.7 62.0 77.1 18.3
of Lake Saroma (0.6) (0.9) (0.8) (1.2)
(4 years) ¢ 70.2 51.5 77.1 22.0
(0.5) (0.8) (0.8) (1.2)

* (%) in tissue
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Seasonal variations of components in
different parts of cultivated Japanese kelp

( Laminaria japonica)

Akihiko FUKUSHI
Hokkaido Hakodate Fisheries Experimental Station,

Hakodate, Hokkaido 042, Japan

The seasonal variations of chemical components in the blade, stipe and holdfast of
Japanese kelp ( Laminaria japonica) cultivated at Minami-kayabe, southern Hokkaido, were
examined. In every part, the mannitol increased and the ash decreased from May or June, al-
though both contents in the blade showed the most marked seasonal changes. The stipe and
holdfast also contained the crude fibers at higher rates than did the blade and the crude al- -
ginic acid content was highest in the stipe. Although the crude protein content decreased
slightly in every part from March to August, the degree of change was the biggest in the
blade. The iodine content was fairly high both in the holdfast and stipe but remained at a
low level in the blade.
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BH LUMHEHO 3 WAL (Fig.]) €T T, ¥AOCTREERE, SWOITLitE—LH5L5 18
FLABE L1,

D% 1550 CIcTIRIL - e E L, TOBEEIKSGE L,
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I—F s ) IKAL - R & A AR,

LE. ARECET ZRGERIBAYME L TR,

— )
Holdfast i
Stipe

Fig. 1. Sampling parts of cultivated Japanese kelp (Laminaria japonica).
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Fig. 2. Seasonal variation in ash content of dry matter.
The same symbols apply to Figs. 3-7.
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Fig. 3. Seasonal variation in mannitol content of dry matter.
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Fig. 4. Seasonal variation in crude fiber content of dry matter.
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Fig. 5. Seasonal variation in crude alginic acid content of dry matter.
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Fig. 6. Seasonal variation ini crude protein content of dry matter.
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Fig. 7. Seasenal variation in iodine content of dry matter.
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Studies on the extrusion cooking of marine products

Il . Characteristics of sardine extrudates

Masahiko KITAGAWA and Kouhei Nisur **

Hokkaido Kushiro Fisheries Experimental Station,
Kushiro, Hokkaido 085, Japan

The effects of pre-extrusion addition of NaCl and/or sucrose (glanulated sugar) to
the mixture of defatted sardine protein (marine beef) and defatted soy protein (DSP) at the
ratio of 80 :20 and immersing extrudates into various solution were studied in relation to
water absorbing ratio, concentrations of NaCl and sucrose, penetration, and fracture st-
rength, Penetration and fracture strength of extrudates were compared with those of roast
chicken, roast pork and imitation crab leg. The extruder used in this study was a twin-screw,
fully intermeshing type (KOBELCO TCV-50L, L/D =24). It was equipped with a
long nozzle die for cooling and was operated at 50 rpm, within 129~171°C .

Extrudates moistured to 60% and 65%, respectively, without NaCl or sucrose were
immersed in water;1 %, 3% NaCl solution; 2%, 5% sucrose solution; and 2 % NaCl
- 5% sucrose solution. The extrudates moistured to 65% along with 1% and 3 % NaCl,
and 1% NaCl-3 % sucrose, respectively, were immersed in water. The one with no NaCl
or sucrose was retorted with water. 1% NaCl-3 % sucrose solution, 3 % beef extracted
solution, soy sauce, and ketchup.

Water absorbing ratio, penetration and fracture strength, and concentration of NaCl
and sucrose in extrudates were measured at 0, 1, 3, 5, and 22 hours. Penetration and frac-
ture strength were low in extrudates moistured to 656% and those with addition of 1% NaCl

and 3% sucrose. Lengthwise fracture strength to the direction of extrusion was less than

* HAKEYS W6EMKFARS (R62410A 5 H. EWiEl) TOMRELLL,
B b ROKE SRR

** Present address : Hokkaido Central Fisheries Experimental Station,Yoichi,Hokkaido
046,Japan

WLHES A 154 (198848 H29H ZH)
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widthwise f.s. in every extrudate. The results of fracture strength measurements and SEM
(scanning electron microscopy) observations showed that extrudates had fibrous structure
which ran along the direction of extrusion.

Remarkable increase of water absorbing ratio and decrease of penetration and fracture
strength were observed in water, 2% and 5% sucrose solution. Concentrations of NaCl
and sucrose in extrudates became half of those of the immersing solutions after 22 hours.
Retorting of extrudates contributed to improvement of texture except for the cases of soy
sauce and ketchup.

These results suggested that seasonings such as NaCl and sucrose should be added
pre-extrusion to obtain a certain final concentration in extrudates. Retorting and pre-extru-
sion addition of water or seasonings were found to improve texture of extrudates.
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Table 1. Composition of raw materials for extrusion cooking.

Raw material ¥! Moisture Seasonings (%)
no. (%) NaCl Sucrose
1 60 = =
2 65 —= =
3 65 1 —_
4 65 3 =
5 65 1 3

* 1: Raw materials were the mixture of marine beef and
DSP at ratio of 80: 20,
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Feed port Barrels Die
i Hopper barrel Il Barrel 1 i Barrel 2 i Barrel 3 |
Screw pitch (mm)
l 40 7" 30 | " 20 E 125 |
Screw elements
T TT T T T i
- *2 3 | || ]
F F F KlD F F F KD F |F| F (F F|=
L l 1 1 | | i
Length of screw (mm) |
L I 1 } 1 ' b1 1 1 1 1 L i FEREN l L $ l '
100 ' 400 500 700 800 . 1000 1100 _ |
0 o 300 600 900 1200

*1 F; Forward screw element
%2 KD ; Kneading disk element (25mm thick disk X 2)
%3 KD ; Kneading disk element (I12.5mm thick disk % 4)

Fig. 1. Combination of screw elements.
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Table 2. Condition of extrusion cooking.

Temperature (°C) Pressure(ks/ci) Raw
Emzl;date " Barrels and dies Materials mat;:;i_al
' HB*!' B1** B2 B3 DH* D1* D2 B2 B3 DH B3 DH
Initial*> 18 145 160 170 112 86 73 — == = 0 0 =
1 22 129 1590 171 121° 941 87 146 169 146 19 14 1
2 22 151 162 162 124 102 96 154 160 142 6 4 2
3 22 152. 164 167 115° 95 89 156 167 143 6 5 3
4 22 152 162° 171 122 103 101! 156 166 142 & 4 4
i 22 130 168° 171 122 97 o4 1555 1700 142 8 8 5

#1 HB: Hopper barrel

#:2 B : Barrel with heater and coolér-

#:3 DH : Die holder

¥4 D: Die

% 5 Initial : Initial extrusion condition.

Note : Hopper barrel and long nozzle die were being cooled with water, and the speed! of
screw roatation was set at 50 rpm.

BRESUEE

WFhOREERAVTSH, 272 b v — S OERRIEELELTED . MLHE LAORHFER SO
ﬂ‘-':af:o
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EBRER L7z. Plate ] IC& 4 XK 1 Olih, #&EmOBFHAME (LIF. SEMEKYE, ) BE A
7R L7co Plate 2 it 2 5K 2 O, #MEOSEMER%., Plate3 IL&4XE 4., 5 0o
SEMEEZ%, Plated iCH 1 OMBEFEOSEMEHEZR Lz, Chodh s, WTHOREMG, fi "
CEBRIZR LI LARICH - - SR EL F H>ARRERSATH S L LD -1t KO EBW PR
myoREC L HBBEOELIR SOOI, -1,

Plate5 iCo —2 + F 4 v OB FMMTHEOSEME HAER L1z, M —EARIZH->THH, MEd
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Lengthwise
Widthwise

Cooling long nozzle die

Widthwise fracture face

.

irection of extrusion

Fig. 2. Fracture strength directions and faces to the direction of extrusion.

Table 3. Moisture and protein content of extrudates, and penetration and fracture
strength of extrudates, roast chiken, roast pork, and imitation crab leg.

Extrudate Moisture Protein  Penetration _ Fracture strength (g) Raw material
no. (%) (%) (g) Widthwise Lengthwise no.
1 59,5 37.2 545 1256 1212 1
2 64,9 32.4 331 933 856 2
3 64,8 31,5 303 1218 794 3
4 64.4 30.4 215 404 353 4
5 65.8 30.1 172 434 374 5
Roast chicken = - 155 2740 146 —
Roast pork = 145 320 195 =
Imitation crab = = 36 660 53 ==
leg *1

* 1. Texturized kamaboko in a shape of crab leg.

Fig.3. Fig. 4 icilkl | 2B mikic@E L&D, 3. 5. 2205#ic 1 2WKREG AR,
B L ORI D OMEER L, o Bicfen, BcRidk, 2% L0065 MR TEL < B
L. 2B TR EOMEWTFNLT0% L~ Ll 1 $BL03 ik, 2 $RE—5 % s
BOWKFREE LOBINE R o, 2205E#EOMIZ30~40% Th - 1o WKBORINICPEOEFARE, &t
Wi & bibd s@EEZR L, BkEoFLLOEEThOOER, BFICHD Lic. K, 2B BLUS
% REHR IR L /- SUB 0225 0 $EAE . REMTh 2. &4 BEROW 3L -k, TR TH.
LDEIURBERPBRONE» 7. $h, Fig. 3. Fig. 4 OFHK (B) &M (A) EH[HRE



68 ol HEEZ - f8 MOF

Direction of extrusion — Direction of extrusion —3»
Plate 1. Scanning electron micrographs Plate 2. Scanning electron micrographs
of extrudate Nol. of extrudate Na 2.
w Widthwise fracture face (60x). a: Widthwise farcture face (60% ).
b: Lengthwise fracture face (60 ). b: Lengthwise fracture face (60x).

8968 25K

. S kb e —_—

«— Direction of extrusion

<——Direction of extrusion

Plate 4.- Scanning electron micrograph of
plane of membrance of extrudate
Nol (60X ).

&——— Direction of extrusion
Plate 3. Scanning electron micrographs

of lengthwise fracture Plate 5. Scanning electron micrograph of
fa'r:es of sx”ugua:e(sﬁlox) lengthwise fracture face of
a7 FtricdtE - roast chicken (60%).

b: Extrudate No5 (60x ),
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Fig. 3. Effect of immersing extrudate No.l in various solutions. (A) Penetration
vs water absorbing ratio; (B) fitted regression line of (A). Symbols : water,
( 0———0); 1% NaCl solution, (O—— ); 3% NaCl solution,
(m———®): 2% sucrose solution, (&4—-—2); 5% sucrose solution,
(a—-—a); and 2% NaCl—5% sucrose solution, ( +———-¥),
1500 1500
5 A s B
o (-]
= + Y=1154.2—-1241X
& B r=0.85
@ =5
g E Y =1139.8—15.87X
£ 1000 @ 1000 r=0.79
5]
= 5 Y =1097.0~13.27X
£ o r=0.82
g
: & Y =1028.9-8.28X
% i .4 . r=0.78
S 500 ey = 500 o % Ngra
= S W £ N\
& T & NN
3 3 Y = 1032.5 - 8.52X
Y =974.9—10.18X r=0.78
r=0.72
0 1 L 0 1 1
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Fig. 4. Effect of immersing extrudate No.l in various solutions.

Water absorbing ratio (%)

fracture strength
of (A). Symbols:

water, (C———0);
3 % NaCl solution, (Bm——n ) ;

Water absorbing ratio (%)

(A) Lengthwise

vs water absorbing ratio; (B) fitted regression line
1 % NaCl solution, (O——0);

2 % sucrose solution, (&—-—a);

5% sucrose solution, ( &—-—a);

§ e b

and 2% NaCl— 5% sucrose solution,
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Fig. 5. Effect of immersing extrudate No.2 in various solutions. (A) Penetration
vs water absorbing ratio; (B) fitted regression line of (A). Symbols: water,
(0———0); 1% NaCl solution, (O———0): 3% NaCl solution,
(M——m); 2% sucrose solution, ( ~—-—~aA); 5% sucrose solution,
(4a—-—a); and 2% NaCl—-5% sucrose solution, ( ¥———¥ ).

Lengthwise fracture strength (g )

A > B
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=
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Fig. 6. Effect of immersing extrudate No.2 in various solutions. (A) Lengthwise
fracture strength vs water absorbing ratio; (B) fitted regression line of (A).
Symbols: water, ( O———0); 1% NaCl solution, ( O——03 ); 3% NaCl
solution, (M———M®); 2% sucrose solution, (&—-—a); 5% sucrose solution,
(A—-—a); and 2% NaCl— 5% sucrose solution, (v ——-¥).
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Fig. 7. Concentration of NaCl (A) and sucrose (B) vs water absorbing ratio for
extrudate No.l and No.2, respectively. Symbols: extrudate No.l, (&—— —A)
and extrudate No.2, (&———a) in 1% NaCl solution; extrudate No.l,

( vV— ——7) and extrudate No.2, (v——¥ ) in 3% NaCl solution;

extrudate No.l, (O———0) and extrudate No.2, (B———® ) in 2% sucrose
solution; extrudate No.l, ({O—— —O) and extrudate No.2, (#—®) in §%
sucrose solution: and extrudate No.l, (0———0) and extrudate No.2, ( &——®)

in 2% NaCl— 5% sucrose sclution.
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Fig. 8. Effect of immersing extrudates containing NaCl and/or sucrose in water.
(A) Penetration vs water absorbing ratio; (B) fitted regression line of (A).
Symbols: extrudate No.3, (O——-0); extrudate No.4, (®&——=@); and
extrudate No.5, (&—-—n),
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Fig. 9. Effect of immersing extrudates containing NaCl and/or sucrose in water.
(A) Lengthwise fracture strength vs water absorbing ratio; (B) fitted
regression line of (A). Symbols: extrudate No.3, (O———0); extrudate
No.4, (@——e); and extrudate No.5, (A—-—a).
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Fig.10. Concentration of NaCl and/or sucrosé remained in extrudate vs water
absorbing ratio of extrudate No.3, No.4, and No.5 when immersed in water.
Symbols: NaCl concentration of extrudate No.3, ( O———0), extrudate No.4,
(@——®), extrudate No.5, (4&——a); and sucrose concentration of
extrudate No.5, (v———¥),
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Table 4. Moisture, Water absorbing ratio of retorted extrudates, and comparison of
penetration and fracture strength among retorted extrudates, roast chicken, roast
pork, and imitation crab leg.

#1  Moisture Water absorbing Penetration _ Fracture strength (g)

Retort solution

(%) ratio (%) (g) Widthwise  Lengthwise

Control ** 64.9 = 331 933 856
Water 82.4 75,1 26 234 206
1% NaCl-3% sucrose 76,6 57.8 86 413 174
3% beef extracted 78.3 49,2 145 335 255
Soy sauce *3 62.4 24,4 276 567 443
Ketchup 53,2 =9.1 948 2352 2120
Roast chicken = — 155 2740 146
Roast pork === = 146 320 195
Imitation crab leg** =5 — 36 660 53

%1 30g of extrudate No.2 was retorted with 50ml of each solution at 110°C for 1 hour.
*% 2. Control was extrudate No.2 without retorting.

%3 Deluted with 6 volumes of water.

%4 . Texturized kamaboko in a shape of crab leg.
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Utilization of stick water in the manufacturing
process of fish meal from Japanease sardine
IV. Utilization of ultrafiltration for

manufacturing of natural seasoning

Hiroshi NoMATA and Tadashi OHORI
Hokkaido Kushiro Fisheries Experimental Station,

Kushiro, Hokkaido 085, Japan

In ultrafiltration of stick water in a manufacturing process of fish meal from Japanese
sardine, the effects of type of module, concentration of stick water and using protease jointly
were studied on flux and composition of permeate.

1) Initial flux of spiral-wound type was higher than those of capillary and tubular
type : Initial flux of spiral-wound, capillary and tubular type were about 70€ /nf *hr, 30 ¢
/mi*hr and 30€ /ni = hr, respectively. However, the fluxes of each type decreased steadily
with increasing logarithm of concentration factor.

2) In ultrafiltration by a total circulation under three levels of concentration fac-
tor, the fluxes decreased with operating time, and reached steady state in 75 min. The value
of flux in steady state was lower in higher concentration factor.

3) The value of flux obtained by using protease jointly was 1.5-2.0 times higher than
that of control, and the value and change of flux differed from kinds of protease used.

4) Yields of permeate, free amino acids (FAA) and total amino acids (TAA) ob-
tained by ultrafiltration were increased by using protease jointly, and these amounts for 90
min were 1.5-2.0 times, 1.5-2.5 times and 1.5-3.5 times, respectively, larger than those of
control.

* EKHIE. BAKEASHMGFEREFTAS (HM63E4 H 38 , HEH) KB TOmRER L.
HYHS A 155 (19884E8 H20H <)
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Fig. 1. Schematic flow diagram of manufacturing of natural
seasoning from stick water.
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Table 1. Characteristics of UF membrane modules used (from published data)

Recommended operation range

Cut-off

Modules MW Type MM * Area Temperature pH
NTU 3250 C1IR 20,000  Capillary PS** 0.40d 0 ~70°C 2~12
NTU 3520 P18B 20, 000 Tubular PS 0.76of 0 ~60°C 2 ~11
NTU 3150 S2 20,000 Spiral-wound  p§ 2.0 of 0 ~40°C 2~11
SIP 1013 6,000 Capillary PS 0.20of 0 ~80°C 1~14

* Membrane material
*% Polysulfone

Feed tank —> Permeate

UF module

Fig. 2. Schematic flow diagram of ultrafiltration unit.
P, high pressure pump ; PG1 and PG2,
pressure gauge ; PV, pressure control valve ;
FM, flow meter ; HE, heat exchanger.



80 FR - AHE &

BOHREL XUENE ., £y 7OMEHE LOCEDFAB v Fic kD, F/. SRR ORE T BciIRIC
LOHEBLI,

SR NMEER il T, 4 7 o BHED TR LU Z OGO B RETEIC £ 0 BE
L7z Table2iZ/;Rd 5 D4 ooy EEEREA RV, 55, AEBTCHERALAL7< /M. 7= /A,

Table 2. Characteristics of protease used (from published data)

Proteases Origin Optimum pH Optimum temperature
Amano P Asp. melleus 7.5 (6.0~9.0)* 45°C (~45°C)
Amano A Asp. oryzae 7.0 (6,0~10.0) 50C (~457C)

S 297 Asp. oryzae (5.0~8.0) 52~53C (~507C)
Amano M  prge— 3.0 (3,0~6.0) 50°C (~40°C)
Alcalase Bac. licheniformis 8.3 (5.0~10,0) 60°C (~60°C)

* Stable range
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Fig. 3. Effect of type of module on flux in ultrafiltration of stick water.
O—0, capillary type (NTU 3250 C1R); O——0, tubular type (NTU
3520 P18B) ; &——=a, spiral-wound type ( NTU 3150 S2) . Operating
conditions : linear velocity, 1.0m./sec ( NTU 3150 S2, apparently
0.2m/sec) ; pressure, 1.0kg o ; temperature, 40°C.
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Fig. 4. Changes of flux in ultrafiltration of stick water by a total circulation.
O—0, concentration factor (CF) 10 ; O—0O, CF 2.0 ; &—=2,
CF 3.0 . Operating conditions : UF membrane module, NTU 3250 C1R ; linear
velocity, 1.0m“sec ; pressure, | Okg,/cd ; temperatue, 40°C.
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Fig. 5. Effect of using protease jointly on flux in ultrafiltration of stick water.
O—oO, control ; O—0O, Amano P; &—5, Amano A; e—@, 5297 ;
®—8, Amano M; &a—a, Alcalase. Operating conditions :UF membrane
module, SIP 1013 ; linear velocity, 2.0m “sec ; pressure, 1.0kg.”cd ; temperature,
45°C ; enzyme concentration, 0.1 % (w./v) ;pH, 6.3 ( Amano M, 3.0) .
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Fig. 6. Effect of concentration factor on flux in ultrafiltration using protease jointly.
Symbols and operating conditions were the same as Fig. 5.
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Fig. 7. Effect of using protease jointly on free amino acids concentration in permeate.

Symbols and operating conditions were the same as Fig. 5.
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Fig. 8. Effect of using protease jointly on total amino acids concentration in permeate.

Symbols and operating conditions were the same as Fig. 5.
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Table 3. Yields of permeate, free amino acids(FAA) and total amino
acids(TAA) obtained by ultrafiltration using protease, for 90min.
Operating conditions were the same as Fig.5.

Proteases Permeate (£) FAA (g) TAA (8)
Control .13 71 122
Amano P 10,25 100 204
Amano A 16,01 184 431
S 297 14,89 176 439
Amano M 13,06 139 354

Alcalase 14.82 168 439
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(Hokkaido Central Fisheries Experimental Station)
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(Hokkaido Hakodate Fisheries Experimental Station)
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(Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station)
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(Hokkaido Kushiro Fisheries Experimental Station)
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(Hokkaido Abashiri Fisheries Experimental Station)

b 5 18 37/ A K PE G BR A BRI L B
(Monbetsu Branch, Hokkaido Abashiri
Fisheries Experimental Station)

b # & S M A K E R8RS
(Hokkaido Wakkanai Fisheries Experimental Station)

t#BETEEREBRE LY 57—
(Hokkaido Institute of Mariculture)
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Hokkaido 042, Japan)
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Hokkaido 051, Japan)
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FETM31
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¥ e N F A 51 539-112
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