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Northward migration of Japanese flying squid,
Todarodes pacificus (STEENSTRUP), in the Japan Sea
off northern Honshu in the early summer

Shiro T AKAYANAGI
Hokkaido Hakodate Fisheries Experimental Station,
Hakodate, Hokkaido 042, Japan

Japanese flying squid, Todarodes pacificus (STEENSTRUP), were tagged and released in
the Japan Sea off northern Honshu in late June of 1982, 1983 and 1987 in order to clarify
their northward migration.

Most squid tagged in offshore waters moved to coastal waters of southern Hokkaido,
but there were annual variations in the size and maturity of squid and the pattern of their
migration. Similarly, individuals tagged in coastal waters moved to the southern Hokkaido
waters but showed higher gonad index than did those in offshore waters.

Based on these results, factors affecting the northward migration are discussed in re-

lation to oceanogrophical conditions, size and maturity of squid.
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Fig. 1. Map showing the study area and release positions in 1982 (O, OO ), 1983 (A ), and
1987 (O, W),
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Table 1. Number of squid tagged in the Japan Sea off northern Honshu and
recaptured squid.

Tagging iath Location Number of Number of
area Latitude Longitude tagged squid recaptured squid
Coastal Jun. 22,1982 41°-00'N 140°-00' E 100 7 (1.0)°
waters  Jun. 9,1987 41°-00'N 140°-00'E 47 3 (6.4)
Jun, 22,1987 41°-00'N  140°—00" E 75 3 (4.0)
Jun. 26,1987 41°-10'N  140°-00"E 125 11 (8.8)
Offshore Jun, 24,1982 40°-15'N  137°-30" E 725 50 (6.9)
waters  Jun, 22,1983 40°-15'N 137°-15"E 250 24 (9.6)
Jun, 23,1987 40°-15'N 136°-30'E 50 2 (4.0)
Jun. 24,1987 40°—15'N 138°-00'E 56 5 (9.2)
* Recapture rate in parentheses.
132 134
36 b ° 5

4°N

134 136 13‘§ 14? 1:12'5

Fig. 2. Release and recapture positions of squid tagged in offshore waters in 1982. Closed
circle indicates the release position. Arabic numerals show the recapture positions
and the durations after release (e.g.,0:within 10 days, 1:10-19 days, 2:20—29 days).
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Fig. 3. Release and recapture positions of squid tagged in offshore waters in 1983. Symbols
as in Fig. 2.
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Fig. 4. Release and recapture positions of squid tagged in offshore waters in 1987. Symbols

as in Fig. 2,

.

138 140 WTE -
Fig. 5. Release and recapture positions of squid tagged in coastal waters in 1982. Symbols

as in Fig. 2.
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Fig. 6. Release and recapture positions of squid tagged in coastal water in 1987. Symbols
as in Fig. 2.
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Fig. 7. Size frequency distribution of squid caught in coastal and offshore waters of the

Japan Sea off northern Honshu in late June.
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Fig. 8. Maturity composition of squid caught in coastal and offshore waters of the Japan

Sea off northern Honshu in late June.
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Fig. 10. Horizontal distribution of water temperatures at a 50-m depth in early July in
1982 and 1983 (Japan Sea Regional Fisheries Laboratory, 1982, 1983). Closed circles

indicate the release positions.
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Ecological studies on zoospores of Laminaria
I. A quantitative method to examine zoospores of

Laminaria in the sea

Shin-ichi NABATA
Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

Seawater samples with zoospores of Laminaria shedded in the laboratory were filtered
through membrane filters (0.45#m pore size, 47mm in diameter) with low sucking pressure.
The filters were then cultured in PESI media, at a temperature of 10°C, with a light intensity
of 3000 lux, and with the day length set at 12 hours. The sporophytes growing on the cul-
tures were counted as soon as they could be visually identified.

The results of the counts suggested a high correlation between the number of sporophytes
on the filters and the amount of zoospores in the sampled seawater.

By seawater filtration, it is impossible to directly count the actual number of zoospores
in the sea, because zoospores are lost in each process of seawater sampling, filtration, and
cultivation. However, using the value measured under the same conditions for comparison,
it is possible to examine the change in the amount of zoospores.

The filter sucking method is suitable for outdoor studies, enabling investigation in situ

of the daily changes of shedding and the distribution of zoospores.

#
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v 7 OEETHAZVRNA TllEFiRmMfaKkE L. Th% 5 COBEHTREL. 105, 205, 3056 X T60
DRI EIBHELTHS, AZXYY ¥ =KL > T10al, 30nl, 50ml5 LT 100 ol 2O B, EOHS 7
77 40— CGREMER. BEADALEO 5um. EE4Tm) LHEEREE (Y~ PREH, ~vFq—7
AEL—4%— WP—45) #HAOTHE L, SE604%ICHBLA-bOREIFN. s 188E L. &
D7 45— i3 PESIf{b#AER: Lz~ v — LiICAh. 10°C. 30001ux . 12: 126:RIOBAREAT, 1 @R
—EOBKETOREHOERL, 3~ 4 B%IC0.5 ~ 1micEE LTS EAEMSIT Titl L. B
PESI @&{t#kic REMOEMAR ¢ 1o, 1/ LOB{EY v==9 4 (fHK - kKF 1979) 2MA i,
2. H5EAEE (1)

74 8 —RBBEICE 5T, 3 v TREFRIHOHEZEHZ LI TOEMTH~ /. 1983114 1 ~ 2 BICHA
AIED Y ¥ 2y THEADLS., BKE3LOF ) TF L YRIE3~56HMRTI Bic6EBRK L. 7
fTBEREC L ZBREEET B/, RRICEELE 3BOHER (BH7T 2 ) vElEHR 2.5 X 3.8 X 0. 2cm)
%, BEEREFLTKEF50mDE T AICHM L, BABFICKR CLBINLER L. HKL-BKIIESLI
ERZCHLR-T. 1 £0ARY) 75— 3KICBO ST, BAMEZLBREE 280 TS COBRMICH 1B
MBEL7. 0% EB%E 1B 250 i F230., 7 s s —THEBLI. 7 4 05— EAFHBIZI0C. 3000
lux . 14: 108RIDO BARHAT, PESI bk % AV THER L, B~BHERICRF L RTFEEHE LA 4B
AV TORTERTHAL EEZHBETEHD. AF Ly T —OT a3 — VIEKTHRE L CHRESED fFE % D
Wiz (B« chi 1966).

3. HHAE (2)

NSO BB R SO SERSERIC I, Pl v A o v TOBES RS NS, Lr LEF 2 nMi#Eita v 7
OFEEBRROSNAL L, TORHT s vy —HBHEICL - TZOMAD 2 v THETFOKE - BEAHELTOE
fATH~Fz, 19865 12H 18H Ot 3 BHICERSEIRIBOKZE (. 3 mD 2 ¥ THEDP L. TTHS3InMEORE.
BLUEOEFOKE I mOERD &, LERRKBLEHOTHAEZIEOH ) =57 L YRITEK L. k&I
TARF o 7 ATHS L TERZICHESRD ., 1 BEic 1 B 300 ol 2 2 EO#EBET -7 THhOHD7
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WeaDa¥2Y—+Foy 2 2L, RABOT oy 7 EiR40x40%30mT, BHEBmD R 7 ¥ L A WO B
Lic7ay 2 2@e2&B LT vy 7OHFEELBE L1
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1. EARER

2 v 7OMETRERRER > TV A0T, BEFENGKERBLT7 4 v 5 —ICHE L BSIE. K
HMET TEREOAL LTEDONT, L LRARBKERE LIBAIKE, Thi v TOBETFLEET
ALLBMMTHELLEDD, 740y —CLERL, ARTOLRRETZ ARSI SORTHRLE->THOIEL
1o

30 min.

=

60 min.

20 min.

Sporophytes/cm?
s
L]

10 min.

1

10 30 50 100

Filtered seawater with zoospores(ml)

Fig. 1. Relationship between the amount of filtered seawater with zoospores and the number
of sporophytes growing on the filters. Seawater samples with zoospores of Laminaria
were filtered at 10 min.(O), 20 min.(A), 30 min.(]), and 60 min. (@) after shedding.
Vertical bars; SD.

Fig. 1iGRLA XS IC, M0 HICEEABL, 7 4 05— LT LcEEFichkd alTEE(y)E. &8
BI0nITLE6£0.7TEE a CPEELEERE, LTEHR . 30aT8 0+ 2 9K cd, 50mTI2.5 = 2.1
Bk cl, 100mT31.0 = 3.6 @& cdiiih, EETFERNGRORERx) LIICHML 1. y OREHETE
BEYE RO ZEBERRITT=13.283+0.326 (x—47.5) E72h, HEBAFEM r 140,996 TH -1

FRRR LS ITlETFRHEP SBB 5 ETORMICL-T, [—RBRTE7 r vy — LICRFLL
faFEBICIIRELEZN D -1, THOLE ClETRNBKERMELICEpDbET, 7405 — LORTF
FEIE 102D B S /D10 <, 20535, 30 BRICH I TR0, 605 kITIE PP Lize L LE UREICH
BLI SO TR ENTNICEDHBMFENEY S, EHREN XS ABERIE. 103#%TY=2.915+0.078 (x
—47.5), r=0.988, 203 % TY=9.345+0.250 (x—47.5), r=0.987. 303 % Ty = 20. 645+ 0.472
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(x—47.5), r=0.993 ThH-re LOLHCHMAEKTr 3EOBARBVTH0. B EOBWEEZR L.
Ehn=40BETE Pr{Ir|>0.950]=0.05 THHLZAD5, HEFEMKr 15 FOBBRTH<THN
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L7 4 s —BBHICE > TRF Lo Y TORTERER L. fHREOBESE. 1 BEO138D 5168HC
FELAT2YEI0.4 0.1 @ o BORTESEE LTV BR&RICIZHM L T20853053 ic @Y
L7cboizid 3. 1+ L4@EE o /8, 2HHO 1 B30SICERLAZ DT 6.0 £ 1.2 @K/ o /FedSHE L
TWze £LT 1830555 6 B3 TORICEE LB TIE 21.4 + 6.5 @ /o /BOBKEIRES NI
IENAITIE I BFRERRTE 708, 90D SIFICREBELA-bDOTIR 2.0 0.5 @& od /1HET
L LTV,

5000 ¢~

P

:

Sporophytes on the filters / e

Sporophytes on the acrylic-plates/ cm? / h

12:00 18:00 0:00 6:00 12:00
Nov.1 Nov. 2

Fig. 2. Daily changes in shedding of zoospores of Laminaria japonica var. ochotensis
investigated by seawater filtration (O) and by fixed settlement plates (@) at
W akkanai, Hokkaido, from November 1 to 2, 1983. Vertical bars; SD, &; No data.

—H. 7405 —@BEOHESE. | BEOI38HTIE 34. 4 + 12,2 Bk /of, BERERNDI6HFICIE 44.7+8.3
Bk dTh -7 BREO0E30FITEPPMMLTTLT + 20.08E adsfib, £LT2HHD 1 B304
34,293 + 137. 8 Bk cdOBA MM TENS, TORIZAOHERD 6 BFIC 174.6 + 58.2 @ik /cdish, B
I 9 B¥3053IT43 100. 7 = 35.0 & /cd i TR L1 COh O ORERDS (MEHRETO 7 4 v —t:THa v 7
OEETFRHBEAEL LTREIKEZ 2 L8R hi.
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AP SIR LIz bDIZ 7 4 ¥ — EiT 33.8 + 4. 1 {8k cdD AT ADBTRYE Lice LALHE I ndOXKEEZOE
BTRehTh 1.3 0. 2K od. 0.8+ 0. 2@k cdd i, 3 v 7HEDOK 2~ 4 FBitTFiiho1,
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Fig. 3. Distributions of zoospores of Laminaria religiosa investigated by seawater filtration
at Oshoro Bay, Hokkaido, on December 18, 1986 (3:00 p. m.)
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Studies on the extrusion cooking of marine products
. Effect of various extrusion conditions on freeze-
pulverized-BUNASAKE (fall chum salmon)*

Masahiko KITAGAWA and Kouhei NISHI**
Hokkaido Kushiro Fisheries Experimental Station,
Kushiro, Hokkaido 085, Japan

The effect of various extrusion conditions on freeze-pulverized-BUNASAKE (fall chum
salmon) which contained skin and bone were studied. FCP was the mixture of freeze-
coarsely-pulverized-BUNASAKE and defatted soy protein (DSP) at the ratio of 80:20, and
FFP was the mixture of freeze-finely-pulverized-BUNASAKE and DSP at the above ratio,
Both were moistured to 65%.

The excellent extrudates of FCP and FFP which had continuity of extrusion and fibrous
structure running along the direction of extrusion were extruded by a KOBELCO TCV-50L
extruder (L/D=24) equipped with a cooling long nozzle die and breaker plate 1 and 2, at
100 rpm with the barrel temperature of 160~180°C, and the die temperature 180~130°C. The
excellent extrudate of FFP was also extruded without any breaker plates at 80 rpm with the
barrel temperature of 145~165°C, and the die temperature 112~73°C. The differences of fracture
strength between widthwise (W) and lengthwise (L) were observed in excellent extrudetes,
and W/L fell between 2.09 and 4.54. There were no remarkable changes in total amino acid
and fatty acid compositions of extrudates. Decrease of protein of high molecular weight in
extrudates which showed good or excellent conditions was observed by SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis).

»  BHF63ERE HAKEFLESRAS (634 A 20, Hadl) TOEHREE L.

+ B duiml R kRS

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

#HXES A 158 (19896 2 A210FH)
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BRFHEhILSRNE-117Y, L L, ERHELZRAY 521k, ThE, HELBULET, Chold, @
WEOSHETOBRRL L LKEMES v 7 H, FH, B, BEBROALOTH 5. RBOHEERARL, £k
BEINTWREALESULYD, ZALEPTH HE0 bAERMSE, CaGRbFEF. /. HHOBEHM
HIcbABRT 260 TH 5, SMIE 7+ + o 2B, BARK. 5. HESALCTIHENRLLbOEREE
L. 222 bn=Ya e 79% 77270, Boni8LH LAoRICoLTERHE LAER, HFomRs
BohiOTHET 3.

® B 5 &
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BAKEHRISH L DRI NL 7+ 7 EISERRAL L USSR EEREE Lice 77+ 7 RESHR
BRI -50COSBMEL VRO LA 7+ 287 « L—% <Y Fv o THEIE, RESEETHZSBEIL.

Fall chum salmon with skin and bone

Freeze—pulverizing

Coarsely [

o]

Mixing with defatted soy protein (DSP)
Pulverized meat : DSP =80 : 20 (w/w)

Adjusting moisture
(Moisture = 65 %)

ror]  [Frr]

Extrusion cooking

Fig. 1. Flow chart for preparation of raw materials.
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ZxH¥— IAFM-1(Fv A7« 3 208)) THRELLLDOTHS. LOHBBA%XISIK7 7/ ¥EZ Y
IWFVP-OR (£Y A7+ 370 8) 2L T, — 100CE FCRE LI bONBERBBNTHE ),
Fig. 1icRLiz&H e, BL20HERRALRIEXE Y v/ 78 (R /v E— 2600, BRfRHERED
%80: 20 (w/w) KRS L. KISHICHEL-bDAETI IR M V—TFave 2o+ v 7TEEE L, LI, 7
+4 rHEERRRNAEERETEI IR Pv— Y3 v e o ¥ v TERE FCP. 7, REEEBRADOZTHE

FFP&d 3,
2. THRM=Tav koY

R L2 R bov—4E, WASSMEAT RS 2 B L LB TCV-50L & (L/D=24, D=50m) T,
Wla vy ) Zvg 4 (£FE500m, HOE35m, HOOES 5m) 2K L1

Feed port Barrels Die
| Hopper barrel | Barrel 1 I Barrel 2 | Barrel 3 i
Screw pitch (mm)
| 10 [ 30 I 20 [ 125 |
Screw elements
F*! F F F F | F |F|F|¥B| F | F |F|F|-
Lengthl of screw (mm)
1 Jl; 1 : 1 1 % i { 1 L ! s } Ll 1 % L = 1
g 10 20 L 400 500 6(1:0 00 800 Lo 1000 1100 b

1 F:Forward screw element.
2 KD:Kneading disk (12.5mm thick disk x 4).

Fig. 2. Combination of screw elements.

* ®

Table 1. Conditions of extrusion cooking.

Pressure
Batendats mft:r‘:al Ssr*? Temperature (°C) (ke./ cd) Breakg;
no. code® (rpm) Barrels and dies Materials Barrel and die plate
HB”BI**B2 B3 DH*DI*D2 B2 B3 DH B3 DH
1 FCP 100 15 145 160 165 112 86 73 106 151 104 7 5 1
2 FCP 100 15 160 175 180 120 86 73 107 168 135 7 5 1
3 FCP 100 15 160 175 180 120 86 73 150 174 140 42 32 142
4 FCP 100 15 160 175 180 180 160 130 137 170 143 3B 24 142
5 FCP 150 15 145 160 165 112 86 73 105 143 79 7 5 1
6 FCP 150 15 160 175 180 120 86 73 150 175 140 34 20 142
T FCP 130 15 160 175 180 120 86 73 150 168 136 41 31 1+2
8 FFP 80 15 145 160 1656 112 86 73 137 156 130 22 19 =
9 FFP 100 15 160 175 180 180 160 130 165 173 145 12 3 1+2

*1 FCP: Mixture of freeze-coarsely-pulverized BUNASAKE (fall chum salmon) and defatted
soy protein (DSP) at the ratio of 80 :20.
FFP : mixture of freeze-finely-pulverized BUNASAKE and DSP at the same ratio.
*2 Ssr Speed of screw rotation.
*3 H opper barrel.
*4 B Barre with heater and cooler.
«5 DH: Die holder.
+6 D: Die with heater and cooler.
*7 Breaker plate 1 was a 50mm thick disk of 55mm in diameter with 24, 4.5m diameter holes

ﬁn{l breaker plate 2 was a 50mm thick disk of 50mm in diameter with 91, 1.0mm diameter
oles.
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DEHA Table 1 IR LI. 22 U a— [kl (REOWE SR, BE&AE) . N, 5488 (FEO
O BEHEIL &) DEdic, TL—H—F— b, 8LV 20EHERGOTIEMA s TL—H—FL— 1,
50mm * 550 ¢ DA X S T4 5m ¢ OAHUBMEITHD.  [6E 2 (250m X 50m ¢ DA E ST 1. 0m ¢ DFEIE
- bDTHS. Fr—h—7—bE, ¥4 aM LI LYOFNE S SITlb L RNCERL .,
Fhae—EOHEICEHiT s L&, BHlo Yy s Xy A BEIOENEE—LL, 22 Fv— #REOEH
AEHLETLUEEANLTE26DTHD, LI LYOREOHUBED - HICHHShSE bOTH S,

3. SHE

—ME R B XU pH: KSR BEEMRERE (105°C) ok b, Hy v 23 vy — vigic & 58S %RIC
6.25 23 U TRY 1. 2M6HIE BLich and Dyer 68O kbt LTE& L. pHIZ#5 2 ik #
— 5 ZROTHE L1

LR : HAGEHRS O RO 0.2 -~ 7' > v ERREIC L 54 Itk - 1.

BB <5 —  : BESY OB HIcEE THHABEYL., Weper and Osporn 5% OFEIC LA~ T
0.1%SDS—10BHEYT 2IAT I FANMCTHRBET~1e FTFR~—H—&LT,. T-707)r (4T
160,000), M#F 773 ¥ (HFRET,000), #2507 3 v (53FR45,000), FEMNT /=4 VA (BF
B24,000) 20T,

BT EAREEERE - SR DL HCP- 2R SRR, SLUHML EI0EA F » 225y #1245 D Rl %
fT-72tk. B S-S50 EABFERREESELHVTIT- 70

BWEE: 7 F—TEMBLA A —2icT. HABER3me =— FABl7 S v Je—, BEEIERNEDB
ZHV, ANEEHER 20w min., FRTHE L. ABOKXEZE305m* 5mé L, BEWEENTICESNT
BTOREET, LM LABICH L TR (D AE sl CHT) ARo 2 BEERR L.

T3/ B . 6nSHEEMNIAK YA TR L. HIL L8500 67 3/ EBSHTITIC L D llE L7,

IeffiERsAEL : PrevorS'YOAEICE D LIEHOIETM A FLro a7 LA B L, BEFR 2027776
C—-9AM (FID, CR-3A ¥— # AFRE@ER) ICLDBEE L. X202 /774 —DFRHFEROLEEHT
5o

#1174 : 10%DEGS. chromosorb W(AW-DMCS) (60/80mesh), #72#542mX3m 1. d.. #5
LRBE: 180°C. FIDIRAE /A LIREE : 230°C/ 230 °C. &% : 30nl /min., K% : 50ml “min. . 2¥4: 500
ol /min,, TowF%—%: 4dmV/ 7R r—v, BE: 10, F+— FRE—F: 5m/min.

BRELUEE

Plates 1 ~9icfgonfzifiLH L¥Na 1 ~No 9 %R L1ce LI LN 1 8 L TN b (3 Rl 5 o&HL
Lz 28E058 b ot LM LYNZ., Na3. Na6. No7 (0 LH L S&icWh., dsttkic /R To
foo HLHAL#Na 4, No B, MO DU AIERICE S, —RRaE~w MR LI Eh, MLH Likich
BT &t MLHLYN ]l ~NTR FCPERBLLAGDT, 79+ Y7 EHLLTRY ) a—[lx
% (100, 130, 150rpm ). ~¥LviREE (B1~B3=145~165°C. 160 ~180°C). ¥ 1 & (DH~ D2=
112 ~73°C. 120 ~73°C. 180~130°C). LU FL—H#—7L—+ (BP=1, 1+2) 2THLL., THhS
ZMAESDET Table 2 ICRLAZ 9 F v FEZHICLDEGONIbOTH D IHLH LN 8 5 L UNa 9 BF
FPEEEELALOT, 22 Y o —[Alkzkk (80, 100rpm)., YL viEEE (B1~B3=145~165°C. 160~
180 °C). ¥4 &HF (DH~D2=112~73C. 180~130°C). 7v—#—F b=t (BP=0. 1+2) % &ML
L. AR LTRONASDTH S, £7-. Plate 1032 R b—TYave s 0¥ RO FCPEFRLI.
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Plate 5. Photograph of extrudate No. 5. Plate 6. Photograph of extrudate No. 6.
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Plate 9. Photograph of extrudate No. 9. Plate 10. Photograph of raw meterial (FCP).

Lengthwise

Widthwise

Cooling long nozzle die

Widthwise fracture face
Lengthwise fracture face

Plane of membrance

Fig. 3. Fracture strength directions and faces to the direction of extrusion.




Table 2. Conditions of extrusion cooking and penetration, fracture strength among roast chicken, roast pork, and texturized food.

ket B nustodal G Temperature(°C) Pressure (kg/cif) Breaker Penetration [Fracture strength (g) W Condition
1 FCP 100  145~165 112~ 73 151~104 7 5 1 96 113 136 0.83 X
2 FCP 100 160~180 120~ 73 168~135 7 5 1 106 293 210 1.39 A
3 FCP 100 160~180 120~ 73 174~140 42 32 142 184 330 199 1. 65 @]
4 FCP 100 160~180 1B0~130 170~143 35 24 I o 157 890 196 4. 45 ©
b FCP 150 145~1656 112~ 73 143~ 79 T 5 1 86 35 64 0.54 X
6 FCP 150 160~180 120~ 73 175~140 34 20 1+2 148 510 418 j O
T FCP 130 160~180 120~ 73 168~136 41 3 1+2 170 415 363 1.14 O
8 FFP 80 145~165 112~ 73 156~130 22 19 - 212 474 182 2.60 ©
9 FFP 100 160~180 180~130 173~145 12 3 1+2 144 440 211 2.09 ©

Roast chicken — = 7= — - - - - 155 2740 146 18. 77

Roast pork = = = = = = = = 146 320 195 1.64

Imitgtion crab — = = - = - = - 36 660 53 12. 45

leg*

* 1 FCP:Mixture of freeze-coarsely-pulverized BUNASAKE (fall chum salmon) and defatted soy protein (DSP) at the ratio of 80:20.
FFP : mixture of freeze-finely-pulverized BUNASAKE and DSP at the same ratio.

* 2 Ssr:Speed of screw rotation.

* 3 B:Barrel with heater and cooler.

* 4 DH: Die holder.

* 5 D:Die with heater and cooler.

* 6 Breaker plate 1 was a 50mm thick disk of 55mm in diameter with 24, 4.5mm diameter holes and breaker plate 2 was a 50mn thick
disk of 50m in diameter with 91, 1.0m diameter holes. i

* 7 Extrudate condition on fibrous structure and continuity : X, no good; A, not accepted; O, good; ©, excellent.

* 8 Textuized kamaboko in a shape of crab leg.

Note : Hopper barrel and long nozzle die were being cooled with water,

QCNLAK O G 2 A EL =AY X 4 T YN H ARG 4 4 £ £

1
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Table 2 KLLMD Z v+ FREBLIUMLE Lo —2 bF4+ v, 8K, BEb T oWiE%:
He# Uf5RAIR Lice $£1o, Fig. 3iCiILIHL Alick 4 2 BE AR (Bl A, SWAE) . L 08TE
e (LT, SEM&8Sd, ) BHEOM LH L¥nctd 5 L@BIHA R L. i L LBoM{toamic>1nT
i, BIR DY THEES N L S ICE L LA EIice 4 5 EEh & S oRicESED Sh. L bRETAHE
LR LSS, HRbEh- L S5, —EAHE JHLHLAR) KBEPT{, ARLBLHLT
BEHEHFZED SIS OISV T, HR(LIVESRIFTH S & 4K L 7.

ok, ARttt oo—2 bF4+ v, K BELTECOBMEEE RS L, R bR
B LD bEWVEE T -1, BT, o—2 bF+ v, BEHLFIETE, BFH LN DORICEAFLESRS
. ThoORM M DOMIEE4 18.77. 12.45 2R L1

FCPitoWTHM#EERE L, HLHLYING TRFNSEN AL D EVELD, ThoolicELY
ENBH oI, Bl RO 4.45 LB LE{ . BIFTHRLIREER L. /-, Plate 11IC#IL
HL¥e 4 DRV AREBAR LA, L LARICH > TREPTL. TORIG bo— 2 b F+ v PNAn
BLAAABERZRCCESLHEUL TV, HLHELYNGE, F0EH4 5L SIERCODTHST
Eb b, —EHRBICH - - B RS E i, —A. HLHLYIN . No 5 TIRENT LR
LD ECEE L BN R ShEh -1,

Plate 11. Photograph of tearing extrudate No.4. Plate 12. Photograph of tearing extrudate No. 1.

Plate 12iC#LHLYINo 1| 22 AREA R Lz MILH LN 1 34 A 5 ZEHA L HIRET, Hofa
St d MBS R AEENE Shdibhssie ot LUK L¥IN 3 Tid. Plate 395 bMESh 5 LK
SNBSS TThhE TR IC B L 23 (L I LH LN 4 TR SR & Sl o Mo s 24
BROWEhH o1, LT, HLHLENAD 7 » + 75 4L D BEVERED 7 9% ¥ 7E£80CL(B 1
~B 3 )i 145 ~ 165°C. #' 4 (DH~D 2 )RR 112 ~73°C& 51 3 120 ~73C) T, Fv—A—7Tr— 1 1
ZH0, 22 2— [l % 150rpm i LR EH#TH FCP 0 BIiFSM#S{LI3WETH 5 LR h . i,
XU IVEEE 145 ~ 165 °C% 160 ~ 180 Cic, %4 f@HAE 112 ~T3°C% 120 ~73°Cic, R 2 Y = —[A4x3%100rpm
Ho 150rpm ICR/ELTH, TL—H—7L—F 1 DAHTRSLAIBLUFA F Sy TORFENEHLEL
iNo 4 THAS O E THET AT LMBTERNV L b1,

MWLM LYN3. N6, N7 Tid. METEEENLDES DD, HliH RETIEE4 1,656, 1.22, 1. 14
Efiote NLIVRES 160 ~ 180°C. ¥4 BE% 120 ~73C& L. Fv—A—FL— b 1 XU 2ZH LA
BR. Sl Y450y TORSEDRHLELYNADOEAS LEIFEL R T EDEAIKT ST L
MTES, LHL. ¥4 BESE L LYIN 4 © 180 ~ 130 CIR L~ TEW 7z 3Hh, HilTH & o £
5600, HLHLYNADL S ICHAFLEOTRES -7 ThoOLE LRWFhbMBLL TV E




T+ rEERREARAVE IS R A=Y Ve Py F v SitonT 27

M, W3 LI AIYNEMSE CBFEHEBEIREL VAL h ot 27 ) 2 —[ElEES 100rpm A5 130,
150rpm & ER S SHRLIREL W ET 2 F LV HRIED S hED -1,

FFPIDOWTIEHHIF LI L¥INa 8, N9 & HEIF NN L D EVWEiZ L H. ThooOic 2 5Ll EDEHR
Sht. Wl BEhiiEhEh2.60, 2.09 &, FCPOi L L¥Na 4 @ 4.45 2 FEIAA, 2480
o EEELA~ MROW L LY CRIFUHSHLIAETEH - /2, FFP T3 FCP THRB(LARBTH 727 »
VUG OSUIVRRE 145 ~ 165°C. ¥4 BB 112 ~73C. FL—h—Tv— bR{ER) TLHBLTETS
AT tMibr ot $1-. FFP IR FCP TREFUHB(LOBEONA 2 » + Y FRHETH, L3 BLUFA
FAFICEd ERBENNE412%s /cd. 3kg /adEEVICbhrbbod, FOM LH LN B HB{LIRE
EE2ET5LLBEH oM.

WTFhoM LIHLEE &, SEABERMBESRIFIE -TH, £FLLEVEBERTRES. #hoofliio—
AMFH v, SRIOEVWEDTH -7,

BUF IS EREOM LI LM 4., N8, 5L0MIE. il THOohA<41 7 vHEBEHLD bHL »
CLPFK, Fh, w1 7YOBEBRECLLSTUARE 2 « + ¥ FREIE LS QD o1,

P EOEERD S, FCP hofBLIRBORF ML LYERE 2 v+ ¥ 7RHLE LT, L (B1~B3)
3B 160 ~ 180°C. ¥4 (DH~D2) BEI180~130C:L., FL—#—7L—F 1 BLU 2 ZEHLIETH
ERoiu LprlEhic, FFPIcoL TR, ThEFEEHHEL L. Thi b SBASEH BV YLvREE,
Y4BE, 7L—h—7 1= rERER) Th, BIFTHEMEIREDT LH LY Boh AT L8EH LR,

8885 15K

15K 26
Direction of extrusion
Plate 13. Scanning electron micrographs of extrudate No. 4.

a: Lengthwise fracture face (150X).
b: Plane of membrance (150X).
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Plate 13ic, #8 LI LN 4 0N, SEFREOSEMEE (150 £) 2R L. B> 2 LERIcELH L
FHEITHTEHREOMEMESBES A, & SR LH LARICH - 728 2 m ~310 # m O D & R
ShTVAT EHHESh, HLHLYNE, N9t T bEHEL SEMBEEEMNB LN, LT
S5b, MLHLPNad, Na8 &5 TUNo 9 (2 L LAMICH - it 2B 4 2B TH A L L8RS h
T

Table 3. Moisture, protein content, lipid content, ash, pH and digestibility of extrudates
made from FCP or FFP.

Extrudate = Raw material Moisture Protein Lipid Ash Digestibility

no. code *' @ % @ @ B @

Raw material FCP 64.8 26.3 2.3 2.7 6.74 98.5

1 FCP 61.7 2.2 3.4 2.6 6.73 89.0

2 FCP 62.5 2.9 2.5 2.5 6.78 100. 2

g FCP 60. 6 30.4 2.8 2.5 6.79 101.5

4 FCP 61.4 32.2 2.9 2.8 6.80 9.9

5 FCP 61.7 2.4 3.0 2:7 6.74 95.9

6 FCP 61.5 2.6 2.5 2.5 6.80 96.9

7 FCP 62.8 2.2 2.5 2.5 6.80 95.9
Raw material FFP 65.2 28.2 2.5 2.1 = &
8 FFP 61.9 31.0 2.3 2.2 = =

9 FFP 60. 5 31.0 2.9 2.9 6.85 82.3

* 1 FCP: Mixture of freeze-coarsely-pulverlized BUNASAKE (fall chum salmon) and defatted
soy protein (DSP) at the ratio of 80:20. FFP: mixture of freeze-finely-pulverized
BUNASAKE and DSP at the same ratio.

Table 3ic#LH LN 1 ~Na 9 O—#%5Y. pH., BLUMEREFR Lo KDIFCP, FFP &L »
YRI5 TH - 1os, WTFhb 2 o F ¥ 7V HE0~62%8BICHD Lo THiZR 2 Y 2 — EIRE%80~ 150
rpmé& L7286, LM LEES ERL, SEIHV-®Ho 7 Xy 4 (£2E500m. HOM5m, HOE
35m) T+AEAMHRMB NS, WL LYPREOT M LHES i, KPERLPTP-1T
L&, LM LOBEESIERICERLPTV I LiIck B b LS N, WY /Y2137 v F v 7. WTh
LEWVAR LTV AH, Zhidkaorbick nadeicnli:botEL ohi. BH, IKaOEDORN
oW T SRR T EHBEZ SNt pHIEDOL TR F 7L L 3F LOERB RSN -1, HEFI,
FLHLYINa ], No9 THNEZETFEI-LEHE, WTFhbbFL EER L.

Table 4 KREELUHBLHLIIOST 3 / BllEAT Lico FCPBXUFFP & 6 L LAIOEERH T
/B, GluMBREE{, RV TAsp. Lys., ArgOETH-7T-. 27 I /BBREBLH LY TEWEEE -
o, THEBLH LYOKFORPCEEZbDLEEASNS. BMLELYO TaudBEICHSDEBRSNLT
EL, HLELYNABEIUNID TyrOEHBEL . HisOfidsEr 12T AR, =7 AP W—F 372
o YIREBT I/ BHEBRICELOELBRSOED -1,

Table 4 12k LU LK LYO2IEH OIS AR Lz FCP. FFP& &3 LU LYo#nal i
1218: 148212 ~23 4 BLEB|BEL, DTT22:6. 16: 0, 20: 5., 14: 0 BHEBHZ VRS TH - o,
THRAb—Pa e sy FrSick s MRIETROE LWMRIEIRSAEP -7,




Table 4. Total amino acid composition of raw materials and extrudates.

(mg.~100g wet matter)

Extrudate FCP* FFP*?
By e e e Rt et
Amino acid
Tau 131€ 0.5)* 46( 0.2) 73( 0.3) 105( 0.4) 108( 0.4) 114( 0.4) 95(0.4) 62(0.2) 53( 0.2) 58(0.2) 174(0.7)
Asp 2780(11. 1) 2999(11.2) 2047(11.0) 2084(11.1) 2880(10.8) 2928(11.2) 3041(11.1) 3022(11.0) 2882(11.1) 3091(11.2) 2814(10.8)
Thr 1176( 4.7) 1251( 4.7) 1260C 4.7) 1254( 4.7) 1220( 4.5) 1239( 4.7) 1257( 4.6) 1274( 4.7) 1199( 4.6) 1271 4.6) 1194( 4.6)
Ser 1245( 4.9) 1318( 4.9) 13200 4.9) 1334( 5.0) 1302( 4.9) 1313( 5.0) 1331( 4.9) 1338( 4.9) 1288( 5.0) 1355( 4.9) 1334( 6.1
Glu 4385(17.4) 4675(17.5) 4702(17.6) 4726(17.6) 4352(16.2) 4575(17.4) 4731(17.3) A778(17.5) 4552(17.5) 4910(17.8) 4302(16.4)
Gly 1507C 6.0) 1596( 6.0) 1571 5.9) 1691( 6.3) 1612( 6.0) 1661( 6.3) 1649( 6.0) 1681( 6.1) 1371( 5.3) 1446( 5.3) 1576( 6.0)
Ala 1438( 5.7) 1530( 5.7) 1538( 5.8) 1565( 5.8) 1722( 6.4) 1524( 5.8) 1597( 5.9) 1597( 5.8) 1428( 5.5) 1536( 5.6) 1696( 6.5)
Val 1183( 4.7) 1322( 4.9) 1272( 4.8) 1284( 4.8) 1456( 5.4) 1213( 4.6) 1338( 4.9) 1343( 4.9) 1337( 5.2) 1416( 5.1) 1410( 5.4)
Met 538( 2.1) 537( 2.0) 558( 2.1) 529( 2.0) 636( 2.3) 523( 2.0) 594( 2.2) 510( 1.9) 503( 1.9) 485( 1.8) 598( 2.3)
Ile 1096( 4.3) 1168( 4.4) 1120( 4.2) 1118( 4.2) 1194( 4.5) 1119 4.3) 1179( 4.3) 1179( 4.3) 1217 4.7) 1298( 4.7) 1138( 4.3)
Leu 2009( 8.0) 2168( 8.1) 2128( 8.0) 2121( 7.9) 2014( 7.5) 2134( 8.1) 2185( 8.0) 2194( 8.0) 2166( 8.3) 2277( 8.3) 1936( 7.4)
Tyr 672( 2.7) 686( 2.6) 685( 2.6) 674( 2.5) 452( 1.7) 679( 2.6) 732( 2.7) 720( 2.6) 753( 2.9) 769( 2.8) 416( 1.6)
Phe 1240 4.9) 1288( 4.8) 1258( 4.7) 1270( 4.7) 1128( 4.2) 1238( 4.7) 1327( 4.9) 1323( 4.8) 1232( 4.7) 1313( 4.8) 1088( 4.1)
Lys 2042( 8.1) 2206( 8.2) 2158( 8.1) 2169( 8.1) 2462( 9.1) 2138( 8.1) 2244( 8.2) 2265( 8.3) 2175( 8.4) 2288( 8.3) 2324( 8.9)
His 824( 3.3) 966( 3.6) 882( 3.3) 957( 3.6) 1108( 4.1) T77( 3.0) 882( 3.2) 970( 3.5) B96( 3.5) 1046( 3.8) 1126( 4.3)
Arg 1787( 7.1) 1876( 7.0) 1829( 6.8) 1862( 6.9) 1792( 6.7) 1843( 7.0) 1922( 7.0) 1921( 7.0) 1895( 7.3) 1921( 7.0) 1758( 6.7)
Pro 1171C 4.6) 1152( 4.3) 1461( 5.5) 1240( 4.6) 1410( 5.3) 1232( 4.7) 1218( 4.5) 1208( 4.4) 1012( 3.9) 1041( 3.8) 1292( 4.9)
Total 25233 26784 26762 26883 26848 26255 27322 27385 25959 27521 26176

* 1 FCP:Mixture of freeze-coarsely-pulverized BUNASAKE (fall chum salmon)and defatted soy protein (DSP) at the ratio of 80: 20,
* 2 FFP: Mixture of freeze-finely-pulverized BUNASAKE and DSP at the above ratio.
* 3 RM:Raw material without extrusion.

= 4 Percentage of each amino acid is given in parentheses.

0 2CALAEEG o £ EL—Ad X 6T ANBINBRH L 4 £ £
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Table 5. Fatty acid composition of total lipid in raw materials and extrudates.

FCP*! FFP*?
Extrudﬂtﬂ no. "ﬁﬁ;sr‘”‘ih”v”7”72‘““'""”3’”VVV"W”idur7”"’5””””"’6” ”7 ”ﬁﬁ“““““é-””‘“‘“g““
Faltyac]d o A JURRNPU SR U0 N .../ A0 . WO, SO
Component** Peak area %
12:0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.2
14:0 4.4 5.4 4.3 6.0 4.7 5.0 4.9 4.8 6.1 5.0 5.3
15:0 0.5 0.7 0.5 0.6 0.6 0.6 0.6 0.5 0.6 0.5 0.4
16:0 123 134 1.6 1222 120 125 126 12.3 11.8 10.8 11.4
18:0 4.1 3.8 4.0 4.0 3.8 3.8 3.9 4.0 3.9 4.1 3.6
20:0 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.5 0.3 0.4 0.6
22:0 't i tr tr 0.1 tr tr tr tr 0.1 tr
16:1 7.8 8.1 6.9 7.1 7.4 7.9 7.0 7.1 8.1 177 8.0
18:1 24.6 21.2 234 228 2.6 223 23.0 22.6 22.6 23.0 21.6
24:1 1.0 1.0 0.9 (7 | A 1.0 1.0 1.0 1.1 1.0 1.0
18:2 27 2.6 2.5 2.4 2.8 2.5 2.3 2.5 3.3 4.1 2.8
18:3+20:1 7.8 9.2 10.9 9.3 9.5 9.7 9.2 9.1 187 12.7 10.6
20:2 1.3 1.7 1.4 1.4 1.6 1.6 1.3 1.4 1.4 1.2 1.6
20:4+22:1 6.3 7.2 7.6 7.8 7.9 7.6 7.4 7.4 9.3 8.5 8.8
20:5 7.8 8.7 6.9 7.8 8.2 8.1 7.6 {5 Bl 5.3 .7
22:2 1.0 1.0 0.8 0.9 1.0 1.0 0.9 0.9 1.0 0.9 1.0
22:5 3.4 3.2 2.9 2.9 3.6 3.2 2.8 2.9 2.4 2.9 3.0
22:6 14.4 12,1 14.8 14.0 13.4 12.5 14.9 15.1 9.2 1.7 12.4

Y Saturate 2.9 240 21.0 225 21.9 226 226 22.3 22.8 21.0 21.5
ZMonoene®® 33.4 30.3 3.2 310 30.1 3.2 3L0 30.7 3.8 317 30.6
ZPolyene®*® 30.6 20.3 20.3 29.4 30.6 289 29.8 30.5 2.4 261 285
ZUnsaturate 78.1 76.0 79.0 77.5 78.1 77.4 77.4 717 77.2 T79.0 78.5
Z'Saturate
2 Unsaturate

* 1 FCP:Mixture of freeze-coarsely-pulverized BUNASAKE (fall chum salmon) and defatted

soy protein (DSP) at the ratio of 80: 20.
* 2 FFP:Mixture of freeze-finely-pulverized BUNASAKE and DSP at the above ratio.

* 3 BRM: Raw material without extrusion.

0.28 0.32 0.27 02 02 029 029 029 0.30 0.27 0.27

* 4 No. of carbon atoms : no. of double bonds.
* 5 tr: Trace (less than 0.05%).
=6 18:3+20:1 and 20:4+22:1 were not included.

Plate 14iZJ8¥} (FCPOA)BLUMLILIIOS #SDS—8MERE—0. 1 MANVAT T8/ — ViERKAIHE
#a530 0.1 % SDS—10B# U T2 Y7 3 FALBRKBOERERL 2. [ (FCP) B L UHB{LAB DM
LHLYN 1. Na5icid. FhEFNETONTFRETT <Y FHRESAT-H., HBEEFTELHLYNG, N
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Plate 14, SDS-polyacrylamide gel electrophoresis of raw material and extrudates, MW
is the standard protein marker and 24000—160000 are the molecular weights of
it. RM is raw material of FCP and sample numbers on top of the gel are

as given in Table 2.

8. BLUN 9 THAIETHES Wi sy FHEBRICR SN, -7z, Bl TOERLEShB LT Lico
WTRIBRISHERBMES ATV S, COTEhn, MBHLIC X285 Y7 BRFOIR. TEBHER Shibs,
LoOROATHEBENTICEtERTEo 00, HEE, Yva2R8iICL 29 TFRAGHIEE BRI TS 5,
REOEENHAL., RN T ITRMTRES AL E. K. Kty v 928, BELEEZ28U0H. LS
PTHERELDBFEERENHEC . CagB LG . 5K, ZOBERBEEIKERNCSBICOE: > TRHHT
F5LFEAONE, LpL, BEEBRINAAR (B, K280) LHNSREE LTHHT 5186, BETE
TRESOMEHNEBRLTENESD . TOMLFRERET SLEHNTTE I, S0, 74+ BEEEBHAL R
IERKEY v HERBLTZ IR b= Ya v 79 FICH LR, HIBLTEZ T Lb ot &
foo 74 BEEMBBAL, RMBBED 7 v ¥ v 7RELD VL, F4RBEEGDICREL, TLv—Hh-—
Fr— Ml BIU2EEHT L LI THHMBILTE R LSbh ot LEHST. TR b= a v
29F% Y TORBUY ¥ Y IEHERET BT LICLY, EERNHAOMITFERICENIAZEELSNE,
LT icHE L BHERERI., KETEABFETHIRNFHORERSFIAEABIRNE (ES{tE#t
) IKk->Tirbhi.

T+ B S EE L. FHAR - T E E L BAKERRSH dhamFRFicETRLE
o F, AEHOWR, EinfFRICHEMA TSV E LIS KELBIBEEDWIEROSHAER KICERL £
ER)

E 3 #

T4 7 REHBBAS L UBERRBNEZ TR E L. 8408ERBALRIE G v 27 HERBEL
bOEZ 9 F Y IREEIEL. 29 F v/ EEEEONEPLH LAOMERICOVL TR L
1. BHASMBYBRESIE, R 2 Y o —[E#aE 100rpm, 2% L VIREE 160 ~ 180 °C. %4 {1 180 ~ 130°C. 7L —
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A==+ 1EIUZOMRICLY, BIFTHEBLIREOMH L LY B Shis

2. BUEEMBYERPE., BESHBIRALE CEHORD,. Fhib b2 2 Y 2 —[ElEEE80rpm | #¥ L VIRES 145
~165°C. ¥4 @EE112~T3C. 7L—A—7L— P RFEAL VS BRLERETORIFUMARIEIEORE L L
B ohi.

3. L LMO—BIRS T, KIH3 ~5 b LILANE, TOMOBRBICT v+ ¥ FICLEEFLOVE
A AR Aw: R

4. BLELAOT I B, TaulciIo-2BRONAETE, FLH LN A, N9 D Tyr, Hisic®
BEROhEDE, Fo 3y FICkE3FLVELRRShiih ot 7o, BRI VL TE 2 v F v 7
itk AEHICET (R Rohih -1,

5. LHL#ID5 $SDS—8MEE—0. 1M * vh 7 b x5/ — ViGHATEERSICOVWT, 0.1 %SDS—
104972 )7 3 FrAVBRKBET - 7266R, kS X OHBIEAROR L LY CISEDNFRE R
T PR S, $BERIFSI L Licid #h oo v KA B Shidh -,

6. TH2Rb—Tavesyt Tk, EEBBAONIEKOVDLESELTRHETESEELONT,

X ik

1) AuNHEEE - B8 #EF (1987) KEMERME Lz 22 bv—Yave oy BIH <49y
EHOWRZ IR bV—Pav 2y FdryiEo0T dkEAAE 4 (7-9) 151 - 168

2) dUNME - T (1988) KEWMEREELAETIIZRbA—TavedoFvs F28 wA9v
ZRVIMLE LonTESE JkEs#E 31 63-75

3) RBERIIAPN—YarvesodyIBERAEMEERE (1987) IIAbv—YavedoFvy
285 — 331 JHk

4)  ERHEZFX (1985) HIFSUERE RMER KBRS FIMEMHRKBEOBRE OkeEfr HFomerzss)
356 — 365

5) HHEFEX - BHISE - F) F- AR (1988) WHHG2ZEE ANBEEDFEENRSFIBHEGTIRRE
OEE UKEFHREHER 1020

6) BuicH, E.G. and W.J. Dygr (19570 A rapid method of total lipid extraction and
purification. Can. J. Biochem. Phisiol., 37 (8) : 911 — 917

7)  BARfEEHES (1983) @ RS TRREERE  325 — 327

8) iBAEal B8 fdsk - ARHERK - BHEAET - BHFEX - GRS S - FHEER— (1985) : £ ICLZEBO
FARRREE 4 ¥ »ORERIG HKE 51 (9)  1559—1565

9) WeBer, K. and M. Ossorn (1969) The reliability of molecular weight determinations
by Dodecyl sulfate polyacrylamide gel electrophoresis. J. Biol. Chem., 224 : 4405 —
4412

10) - Prevor, A.F. and F. X. MorpreT (1976) Utilisation des colonnes capillaries de verre
pour 1'analyse des corp gras par chromatographie en phase gazeuse. Rev. Fse. Corps.
Gras., 23: 409 — 423
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