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Population Genetics of the Breeding Groups of Walleye
Pollock (Theragra chalcogramma) Based on Tetrazolium
Oxidase Polymorphism

Munehico IWATA**
(Hokkaido Central Fisheries Experimental Station)

A study based on the population genetics was carried out to detect reproductive units of the
walleye pollock, Theragra chalcogramma (PALLAS). Sixteen sample lots were collected widely
from the coastal regions of northern Japan and from the Bering Sea. Extracts of the brain tissues
from 1013 specimens were analyzed by 13% starch gel electrophoresis. Sliced gel was incubated
in a reaction mixture containing nitro-blue tetrazolium and phenazine methosulfate.

Tetrazolium oxidase polymorphisms were classified into three phenotypes, S, SF, and F,
whose frequencies agreed closely with the expected frequencies from the Hardy-Weinberg law.
Statistical tests show that there are two major breeding groups of the walleye pollock in the

examined regions, viz. in the vicinity of Japan and in the Bering Sea.
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RAEFEOAY + v X SHEBOBEER, FIAHEOREL L LCEFSHTHMA LTV, 1970ED
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BRirprAnz b, ThoOHTEHERL O BENFEI IUREENORE L Sh A ME%M ok Shict
e b { fe oz (IWATA & HAMAL 1972), L7cdiS THBHBEIL A A © = &b, £EOERcL
REoREr— oA TERICEE, T h & O HELIERCHECL, BRLIC{ s tBbh
%o

faEdSEOMHNOEE L "REOTEERM” CTHL LE LT, FORMATOTRERIIERR
FITHLNED, “REFHE (gene pool) HItHTHMEER" LABMCEL LI ENTES, LA
- THEAOREANAEREFE S L, SfFHoRETLic L 28HoFEoBET &I Ts - &
e, HEOMEEDEBBYIGHC L Tu 20 &0 BN T4 2 LA TE22FTCH S,

M # v -2 7 LHBMRARFEE TIZ, HHEOMBNET, TORERBHOLEFTEORSEH T2 = L4
MHRTVSA (BB, 1966 ; KARLSSON & CARLSSON, 1968), —7, BB EORSOT(L T T R
LisviEFie s nicm@B 2RI (B4, 196628) . £ L GIETRAROKEEY 2%
DOHELE v A7 AOBBAEMOEH TR« RO ERT, ZhiREMHTKRES LEAORN o
VY a7 P S TLHER L (JOHNSON ef al., 1964, GRELL et al., 1965), FEisicEHic>\TD
HERMEMA ST b T3 (CROW and KIMURA, 1970),

KEd oo T Mk LHEROTHEI NS0 - A5 HifE A4 (CUSHING, 1964, A, 1967), & /8
F[RBEORBIC L » THMOBEH A AL, MECmihox v 27 BDOEH, S TEAOMEOET
BRRZR, Thokd Lo fEEROBREAYIRLTHIS L 5ici -1 (LIGNY, 1969),

EFLTIE, R FHCERTE A4 b v ¥ 50, $o0RABOHEERMERF - TV 5HM
T, METHBEOTELRAERCOCTHE TS, COHMTHEIRRBEL Y712, ABD1%F
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Fig. 1. Map showing sixteen sample lots in the vicinity of Japan and in
the Bering Sea.
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A4 b7 # 5@ tetrazolium oxidase (TO) OWARE CTHRILLEL2SWRHE Y P51 icfn bl
BAR, AFREL D ER~<—1 v 7% TOI6BEA T (Fig. 1, Table 1), 1 EE&230 ks H145E A%
AT Do

FfEDd S LEENTVWAER 25em BB FO#ABEEDOBLRE -~ 2 — Ik B 12 L 5 5T N
B b h o oD TSR Lcfh ety 35em Ll EoMERRRLE LTH- 0 EAREETRELED
MRS L, EREICHE DR - T BRlE & MRS LT, MO TR —200CTHRE ¥ TF L
foo GHBROT A VL Ao A2 —vit, PELEBEOTMOBMEL KEIHLEESALBEIZEIR
Hadbhanh, @MTT AV F M 4« AZ—VICERIR o (IWATA, 1974), AR OR AR
BT TO BETHEOKBHEIER 2T/ Foictsd TO BEFHEOKANEEELE
HERicVOT (IWATA, 1973), HEHET ST BE L 7o\ CRT L7220

HADR##E 2.5ml © CF b v (96A) ANMEERE L, RBCHEATAB A2, SRT
R L7 s, TR 8ml o LTS AR, ERERESEOBRUKRKEMLTA AT AB ey
A KX Lz, Bul4r#iit 4°C, 20,0006 €205 [TV, LW % Toyo No. 2 @ 4x6mm O AHLIZTH
SRTFvF v ¥LIHiA LT,
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AEHLiAL Smm BEXO7 2 U ABIEMAE A Y 5 A0 LELASE, ) 1kg OFED 2HEYOE,
FI80°CO B % AT T EBEOBLEHIE Uiz, istkBifiLd o Led ¥ A ORI ST 5 728T70~80°Cic
It Ltz
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GHRABi 2, MEEOE#: 0.06 M LIOH £0.3M H;BO; #4475 RIDGWAY et al. (1970) ©F
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BEEABORTLET v 7 v i, 1mm H500 2mm OFXRAFAALT, 100ml dhz
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was actualized by the electrophoresis in LB AKBTS 1% F LB L, —T)
13% starch gel in the Ridgway’s (1970) SHd- v Fik SF Mlod - & bl < ki35 1
buffer system. AvrrREUfEFeRdas oLt Fig. 2 ©

FF FSFFSFSTF S

PHENOTYPES



4  BHFTEE

LHLNTHD KBBILAFr by #5300 TOR REEFOEICERSIATRBATEY 2=, b (FV A
7424 F) 02T, S, SFH, FR 03RAZORETFOMC 2 >OMGRETHH Sicdicdk U
T b #R LTS, Ticbht SFRIR 2 o0 MLREETF TO® & TOf 4, ZD2200@EFZL 5
TEThENER LI 28EO+7 ==, + SLEFD, HEUWEMEAICEKSEL, SS, SF, FF 03 @807 1
VL A EBRLTWE DL EL BRS,

CZOLHICSH, SFRRIVFRN2HTBIETICE s TETH2o00RBESEE 1 REESETH
HiebiE, BSHCHT AN EANRER LTChHME D, = h & o 372 Hardy-Weinberg o#:HIl-Ci
HENLZBETHETAETTH S, T THERICOWT, SR 2 — v blETFHERRD,
+OHEHM S Hardy-Weinberg DERIZ S & F TR O 3 Mo EELFH L (Table 1),

Table 1. Observed and expected* (in parentheses) frequencies of tetrazolium
oxidase phenotypes in walleye pollock from Hokkaido vicinity and
the Eastern Bering Sea.

Sample number : henotypes Allelic frequency
all;d areat No. of fish - K = Spr F TOs TO" x2
1 Hachinohe 9% 38 44 0.344 0.656 1.443

14
(11.3) (43.3) (41.4)

2 Usujiri 59 0.415 0.58  1.358

8 33 18
(10.2) (28.7) (20.2)
3 Sahara 60 12

33 15 0.475 0.525 0.634
(12.5) (29.9) (16.6)

4 Kushiro 48 8 23 17 0.406 0.594  0.002
(7.9 (23.2) (16.7)

5 Iturup Is 49 8 25 16 0.418 0.582 0.129
(8.6) (23.8) (16.6)

6 Kumaishi 94 0.511 0.489 0.378

26 R 24
(24.5) (46.9) (22.6)

7 Ofuyu 145 26 72 47 0.428 0.572  0.030
(26.5) (71.0) (47.5)

8 Northern Wakkanai 60 8 34 18 0.417  0.583 1.648
(10.4) (29.2) (20.4)

9 Western Sakhalin 60 16 30 14 0.517 0.483  0.002
(16.0) (30.0) (14.0)

10 Belkina 72 12 41 19 0.451 0.549 1.615
(14.7) (35.7) (21.7)

11 Rausu 108 19 57 32 0.440 0.560 0.545
(20.9) (53.2) (33.9)

12 Northern Unimak Is 31 0 6 25 0.097  0.903
(0.3) (5.4 (2.3 0.486%

13 Western Pribilof Is 30 0.067 0.933

0 4 26
(0.1) (3.7 (2.1

14 C. Navarin 31 0 6 25 0.097 0.903 0.357
(0.3) (5.4 (2.3

11 25 0.176  0.824 0.026

15 C. Olyutorskiy 37 1
(1.1) (0.7 (25.1)

16 Bowers Bank 33 0 5 28 0.076 0.924 0.223
(0.2) (4.6) (28.2)

* Assuming Hardy-Weinberg equilibrium.
1 See the numbered localities in Fig. 1. %25y =5.99
# Two collections were pooled to increase the expected value.



Table 2. Chi square values and significance of differences between the observed frequencies of
tetrazolium oxidase S, SF and F phenotypes (right upper), and between the frequencies
of TO® and TOf allele (left below).

Sample number and area 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Hachinohe 4.3 6.8 1.4 2.4 9.9%* 4.4 4.7 8.8 6.9 5.8 12.5™ 23.0" 3.0 6.5 15.9*
2 Usujiri 1.6 11 07 03 42 08 00 383 04 0.5 2120 0500050 1327 55"
3 Sahara 5.3* 0.9 1.4 08 14 06 Y1 07 02 05 26.7 368 368 18.4* 3.4
4 Kushiro .3 00 190 0.1 27 12 08 28 12 05 166 201%™ 200% 9.8 20.2%
5 Iturup Is 1.6 0.0 0.7 0.0 2.4 0.1 0.4 2.2 0.6 02 18.5% 22.3% 2.37F .4 2.3
6 Kumaishi 10.8* 26 0.4 28 22 35 44 02 32 29 31.0% 37.7% 3.7 2.5% 3B.5%
7 Ofuyu 3.4 0.1 0.8 01 0.0 3.2 1.0 2.8 1.1 0.3 23.1** 30.5°* 30.5™ 16.4** 30.9**
8 Northern Wakkanai 1.7 0.0 0.8 0.0 00 26 0.0 3.4 04 0.5 21.7%.26.4* 26.4% 21.7" 26.1%*
9 Western Sakhalin 9.1* 2.4 04 26 2.1 0.0 27 2.4 1/9 2.1 27.1% 33.2% 33.2% 20.9% 33.5%
10 Belkina 40 0.3 04 o4 93 11 02 0.3 1 | 0.5 26.8** 31.6** 31.6** 18.1** 31.5**
11 Rausu 3 02 04 03 ©¢1 20 01 02 1.8 0.0 20.7%% JULT* 31.7" 17.6% 32.1%*
12 Northern Unimak Is 14.7%* 19.4*F 26.8%F 17.7* 18.9%* 33.1% 24.0" ]19.6% 30.8" 24.1%* 24.5%* 0.3 0.0 19 0.2

13 Western Priblof Is 17.5%% 23.1%* 29.8% 213" 24.4%F 37.3%F 27.9"* 23.3% 34.9% 28,0 28.4% 0.4 0:3 37 0.2

14 C. Navarin 14.1%% 19.4%* 25.8%% 17.7% 18.9%* §3.1%* 24.0** 19.6** 30.8% 24.1%* 24.5** 0.0 04 1.9 0.2

15 C. Olyutorskiy 6.5% 1327 18.3%* 10.0% 114" 224" 164" ]13.8™ 25.8% 184" 15 24 3.8 24 1.2

16 Bowers Bank 20.8%* 95.5%F 30.6%* (20.2%* 22.3%* 36.4%* :30.9% 26.1%* 33.5%* Jl.6** 3¢2.1** 0.2 0.1 0.2 3.2

* Significant at the 5 per cent level of significance.
*#* Significant at the 1 per cent level of significance.
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Wi T2 W A% 2 TEIMTA L, Table 1 i+ X swfifdb o AARYE L h 84 U EAT
3 EXEARTHLY, 1.648 (P=0.44) Lich, +_ToEEAL 3 A HARANAIC L {—F L
HETSL L EELZONS, 2OZ LR ECHAILL A7 o550 TO OREMHEEY, 1EETFHEC
BI5 2 HBIETFOHBC IO THAI LEATRELTHDLHTHD,

HFRABOPEREATICY - TR D, SF Mgt %<, SHEFRABIESF LWL 0L, SHL
CA T FRINE A T4 00 2B KSTE S, MiHCRTH2EARL1 ~NBEATHARRO &
N, AA—Y IR LICARGL VEEINTLOTH L, BECIRIZ~I6EANAD, ~—VU v 7L
DELRIEATHS, Lo CHAMTREMOEHE 5 L U BETHEMOHANEEELFAL e
i, FEAMTIELVCARBBABE, B ILRETREXZSLTHELH LV I RMERHICL hh 1 2 F
BER AT -7 (Table 2)o ZodE P=0.05 #{iH@&O B EREE2 275 12=5.99, 3.84 (d.f.=
2, DEizh, APFHERZEVGT, BATEOIFERELS— v 7ififgEo 5 EL L HGCEEN CRBIH
EBICRETHECERLBD AL, AFMEARL TO) (OREFHEN L s tfon B AR H
BALOMIEAEE L LR D, Zhxk{ ERTHBOFEAN, BLO<—) v 7gED 5 FARMTILE
hZh, BRRKEDH, htoUCEETHIEMCHTHERERED bR REREEE 5 UNTRE
THECHESE (BRE1%F135%) OWDLAE A 2 BHREIL, BATHOIERE - ~—) v 7
OS5 BEARMORMAETH L, BT FANEEOAY + v 450 TO OFETHIET (Drs. JOHNSON
& UTTERIC{RME, 5. 1973) , A0 Unimak Fibflofide, Pribilof BmfloBEA L iiE% Ly
TENH BT 5T,

FHEDA S + o F7DRMEHC DL TOYIEITGM (1954, 1956, 1957) ik U b, 83, H1i O
ZRWTITR - IEREREIC X 2RO, HA Lk LoRREDE, HAaEmoBR-Ciitiolg
SOWEMIE L b, ChoOREPYRCTAHEOHA Y . v— o YAARERCH H, oA D
BEEMNRGEVIHEEIHMSEEEOHCLDERERETHS, L LTWE, BREOHMEEZSWT
IFAH L (1961) HEEIME G AT ERT2A - B2RicouwT, Z0A - B2ROBZH AT THA& -
Agrih (1969) 13 A5 H H ORI E OB AT - oo REPIE CIRRE (1959) 2 EHER S TH A e
DAY | F 5% 420 population (=38 L, IWATA & HAMAT (1972) (2 0 AT 8 20 local form
Db % L Lice Lo LRIFRIC, TEAEM, (EIRH B % R+ 2 R e o\ T o s Sk
B4 % population B OIFE L T 41X D b, T o7z “local form™” GEARD &u5FEEWE
BICIRE L, ~—V v 7R KESIc T, [ (1972) REIS oy, I oE, N
B X b 200 OMFEXER Lz,

EROFRETA Y b Y F 7 OEKEOBREHDRMIL G < CRich, 8ob ORI « BB RE~H DS
HIEERWTHLOTHE, —HIBUEZL L DM SR TWDA Y + v & 7 OEHEGRNL (RIE, 1956 ;
M, 1973 3k, 1974) , HAEOWELD & HBO1BVERDIEHORERT UL L, 1970FELED 4 — v
2 @EdbdmEIng L b AHEG TR A, BEAEE, JLiEETEREORBE HERS, MR =te7
BERE HAF ey EEKRCE CAS TS ALEEEE LM L, ~— 1 ¥ ZETIER - N
(1972) A EFMABEM L CAE B Liz4 BEOBELTV, 4V o — b A br 77 ) villE
TBB L1 FEEoEHLEELH S (FH, 1973) . chbOERkiiABROEMBHER» b /5 L,
1~ 2 MM TI00~180= 1 A4 BHT 52 L2\H D, BEEGEOER L3 EIPE O BERL R SR O
BETHL D IEBREREET2HEL55 L% 2 bR Do AEBEESKELBHE R LTV S8EC
i3, EINEHAHED 1 KEOATHIE - TWA0N, BRHOFKREINLETOMRTORLLITMEL S
TVABKREOEIFEC L EEEFEHY T 0, v, BERERSh kol aTlted -1
Dhy, REOSEMEREH S hRThiEfcbiovw s EBbhd, L LAKBRLRHEEZ TS L, D AF v Hf
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BEAR L D AARERET, FhA ) o— b AME VRS-V v 7EARRE o2 ook, Hir
LicA¥ b9 ¥ SOKEMKOMETH 2R LD 5, R0 TO RETFHEL VR SLLBET
BEIERECTAEMERIT, P27+ 2 EEMIOBHORRILASD, hbD 2 50RO ENER
WE—B LT3,

Ar w70 TO BESMFEOTG 2 @B OMIRETE S U 1 RIETHROZETICH S0 il
GBCE T ES 3B TE Z LR L, COBETFENTEREE LTH D, EMbickT3 22
ORALRIETSEFOREXThEhp £ q &L, SHrlEFRCHEICEDE <, ERMOR &G T
i,

( pF+qS)2=p2FF+2 pqFS+q?SS
Ligh, 2EOBEFEMLHONANMELEGRY, CoGEER#FEIADETTHD, MEHORH
oW TOREOFIIL, MARKERT (1963) 437 o OF B K FF##Eo LDH-1 & LDHS 02207
4V A NAMICEREET A2 LT, COMEN2EROE) T+ VD4 7F==, FA4 R
HELTHMEENR TV LW LTLR, 0L LT E2FofEORREL, TO 0RLS Y
FOBEOLRL Y, ~ToEkiGoRRLE> F1 2 ¥n 5 L 5 ERI%ESE (WHITT et al., 19734,
b : WHEAT et al., 1973) i L - CREFHIHINL It 225 H =U=RA, 4r-=ATH1RE
TEO2HIEETICY > THERIh S 2 BEMETHL - L83RE Sh, ThTEHREFNCKEAS
M HSN T 5, (JOHNSON, 1972 ; JOHNSON ef al., 1970 ; ALLENDORF, 1973 ; UTTER, 1971),
¥ 7= NUMACHI (1972) (L 4 S icik 3 BEFOFGEXH L TW58, Tho b 2REBETHLLL
Tuwbe P EofBickt s TO oM TRMEOKI TS 74 VA L« #2—vORRLE—FKL
TlvB,

BEEOBEERRTFRCHGC LR THS “HHN RREOEHH Ll FRIORMETHL EBbh D
2% BREER G LT HKIRTORRIRE, 2k i BRGCEBCARTAMNERMANEL LTw5, A
b F Sl RREON REORERLRIC L HRELIREFMOTEL, ROBROMHELMLTE{D
BEFEOMGE X h MO ERET 2 L& 5 M L /HE & OLPENRREEH b+ 5 43
H5,
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Hardy-Weinberg $Efll.L b igF S 213 L { —F L7
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THiOCHEREN TS bl 2o LRERICERTH Ay by F 5 AR HEEHCR TS
DEEZ Bitlc,

- [

HUINEEK (1960) : JWEMF 1-418 DM BN

ALLENDORF, F. W. (1973) : Genetic variation, inheritance, and preliminary population distribution
of some proteins of Salmo gairdneri. M. S. thesis Univ. Washington, 1-61.

BREWER, G. J. (1967) : Achromatic regions of tetrazolium stained starch gels: Inherited electro-
phoretic variation. Am. J. Hum. Genet. 16, 674-680.

Crow, J. F. & M. KIMURA (1970) : An introduction to population genetics theory. Harper & Row



8 AHFE

Publishers, N.Y. 1-591.

CUSHING, J. E. (1964) : The blood groups of marine animals. Advance Mar. Biol. 2, 85-131.

GRELL, E. H., K. BRUCE JACOBSON, & J. B. MURPHY (1965) : Alcchol dehydrogenase in Drosop-
hila melanogaster : isozymes and genetic variants. Science 149, B0-82.

Hawmar, 1., K. KYusHIN, & T. KINOSHITA (1971): Effect of temperature on the body form and
mortality in the developmental and early larval stages of the Alaska pollack, Theragra chalcog-
ramma (PALLAS), Bull. Fac. Fish. Hokkaido Univ. 22, 11-29.

WA BT « e (1969) : HUERRK S L b EEEBBLELTFEROA Y Py X 71000 T Hi1
# SCKTHR (29) 37-92

AHEE (1954) : LEBERUOAY b 4 5 OFIKREE L, HEICH b EBAORRIC L 5ERICD
WT dekir# (11) 36-67

(1956) :dt@lioBEES@EREL t0FE A ¥ + v ¥ 5 (Theragra chalcogramma

(PAr1AS)) 50-69 JEAKBF » deAKEE

(1957) : HAOREORE,» LALEMABOA Yy F 9 F 50HE 2 v—v 2 v OMEIC2WT
JekBF# (16) 63-69

IwWATA, M. (1973) : Genetic polymorphism of tetrazolium oxidase in walleye pollock. Jap. J. Genet.
48, 147-149.

(1974) : Genetic identification of walleye pollock (Theragra chalcogramma) populations

of the basis of tetrazolium oxidase polymorphism. Comp. Biochem. Physiol. 50B (in printing).
& 1. Hamai (1972) : Local forms of walleye pollock, Theragra chalcogramma (PALLAS),
classified by number of vertebrae. Bull. Jap. Soc. Sci. Fish. 38, 1129-1142.

JOHNSON, F. M. & C. DENNISTON (1964) : Genetic variation of alcohol dehydrogenase in Drosoph
ila melanogaster. Nature 204, 906-907.

Jonnson, A. G. (1972) : An electrophoretic investigation of the family Scorpaenidae. Ph. D. Thesis
1-56. Univ. of Washington.

Jonnson, A. G, F. M. UTTER, & H. O. HODGINS (1970) : Interspecific variation of tetrazolium oxi-
dase in Sebastodes (Rockfish). Comp. Biochem. Physiol. 37, 281-285.

KARLSSON, B. W. & E. 1. CARLSSON (1968) : Levels of lactic and malic dehydrogenase isoenzymes
in mammary gland, milk and blood serum of the rat during pregnancy, lactation and ivolution.
Comp. Biochem. Physiol. 25, 949-971.

LB - EHAF - 2UFE— (1972) 1 A MV FFORBE—H2F+ v AU BEKEFSGIvHEIY
A HZKGE 38 400-409

AFHR—ES « ATH—EF » i (1961) : LI UBELAKKIC ST A Ay v ¥ 70RFMEIC 2\ T

(F#D deARA#M 18 84-9

LiGNY, De W. (1969) : Serclogical and biochemical studies on fish populations. Oceanogr. Mar.
Biol. Ann. Rev., 7. 411-513.

WHRE (1972) : AF b2 4 3O@E—HPBIOT HEKEFEYY#HUY A HKIE 38 362-371

MARKERT, C. L. (1963) : Cytodifferential and macromolecular synthesis. Academic Press, N. Y. 1-65.

BAFE (196) : mFERAT EFEHE Jin 1-229

NuMacHI, K. (1972) : Genetic polymorphism of tetrazolium oxidase in black rockfish. Bull. Jap.
Soc. Sci. Fish. 38, 789.

HaE— (1974) : EHOMEFHFE BIFFRE 13 FAHEE ¥ 1-36

BEEX (1956)  HABOKABERELTORE : Ay + v 45> AKHE (4) 93-140



FrI/IGA - AF X —EOERBPRCLHAY + v ¥ SERBET W TOEMBESHNTE 9

(1959) : BXBICHIT A A v &4 7O Population #EOHT-1 HAPFER 5 119-125

RIDGWAY, G. ], S. W. SHERBURNE, & R. D. LEWIS (1970) : Polymorphism in the esterases of Atla—
ntic herring. Trans. Am. Fish. Soc. 99, 147-151.

BWARBCR (1967) : fuMlomEM HAZE 33 372-381

WOHGEEE « IWOBRE (1972) @ Ay by F FORF—~—Y v 7@K BRKEFSYvEo7 A K
it 38 389-399

TANING, A. V. (1946): Stage of determination of vertebrae in teleostean fishes. Nature 157, 594
-595.

(1950) : Influence of the environment of number of vertebrae in toleostean fishes.
Nature 165, 28.
(1952) : Experimental study of meristic characters in fishes. Biol. Rev. 27, 169-193.

TESTER, A. L. (1937) : Populations of herring (Clupea pallasii) in the coastal waters of British
Columbia. J. Biol. Bd. Canada. 3(2), 108-144.

it #Q973) AF— v 2WEEROAY PV ¥ FMECOVT JLARAR 30 (6) 122

(1974) : & LTIBHEBADA 7 + 7 & 3RO T (R

UTTER, F. M. (1971) : Tetrazolium oxidase phenotypes of rainbow trout (Salme gairdneri) and
Pacific salmon (Oncochynchus spp.). Comp. Biochem. Physiol. 39 B, 891-895.

WHITT, G. S., W. F. CHILDERS, & P. L. CHO (1973 a) : Allelic expression at enzyme loci in an int-
ertribla hybrid sunfish. J. Heredity 64 (2), 53-61.

5 . J. Tranquilli, & M. Champion (1973 b): Extensive heterozygosity at three

enzyme loci in hybrid sunfish populations. Biochem. Genet. 8, 55-72.

WHEAT, T. E. and G. S. WHITT (1973) : Linkage relationships of six enzyme loci in interspecific
sunfish hybrids (Genus Lepomis). Genetics 74, 343-350.

HHAE (1973) : AF F v X SOEZBRGICOWT—F A F+ » P ESHRE BHKEEHSRPHERYE
70-72



detigENKERBRBHY W17 BRS04 1 A 11

) v ) a2 v 7 OEBERNHE"
EOKSH LR LiETRE, Xk XvEToEECoLT

oW & W
Cle it e P 7K B 48

Physiological Studies of Laminaria japonica var, ochotensis

The effect of temperature, light intensity and salinity upon
photosynthesis and respiration of young sporophytes

Yoshiaki NITHARA
(Hokkaido Wakkanai Fisheries Experimental Station)

1. Photosynthesis and respiration of young sporophytes of Laminaria japonica var. ochotensis
in culture are measured by using the manometric method in order to study the effect of
temperature, light intensity and salinity.

2. Photosynthesis measured at a light intensity of 10 Klux various in different temperatures.
The optimum temperature in photosynthesis is between 8 and 15°C and the maximum value is
obtained at 10°C. Respiration quotient (R. Q.) at this situation is from 0.94 to 1.03.

3. At a temperature of 15°C the compensation point is 130 lux and the saturation point 10 Klux
with the value of net photosynthesis of 45.0 Oyul/mg dry wt.,/hr. The optimum salinity at this
situation is between 28.00% and 36.00%.

4. Photosynthesis increases during the growth of young sporophytes derived from the 1-year-old
and 2-years old plants. The result shows that the higher value is always obtained in the
decendant derived from the 1-year-old plant.

¥ 2 N &

TEO KA LRI 2 AMEATRIT7 =2 U R2IE U, UBROKEMcov-ThEhTEk
(CHAPMAN, 1961 ; BROWN & JOHNSON, 1963 ; Jgif, 1963 ; OcATA & MATSUI, 1965 ; ¥4 « #iH .,
1965 ; NEWELL & PYE, 1968 ; KJELDSEN & PHINNEY, 1971 ; YOKOHAMA, 1971),

2 v 7% (Laminaria) TRREBEMORM LY, RES LUES oMKz TOHEEE (KT
1947 ; HASEGAWA, 1962, 1971 ; YABU, 1964 ; KAIN, 1964), —74, #HEicou iz KAIN (1969) ik
FIZ X 5T L. hyperborea OB =HM L TOBEMRES X OKEL#E L T », DRUEHL (1967) |t
L. saccharina r L. groenlandica OGHip KR LEGFERELXOBETHEHTELL L T 5, 1=
LUNING (1971) % L. hyperborea DEERFERHZLOXREREBEOT(LD ) XA TREINL LBELTY
Do TOX5ICAKR, ¥ HABRELFREATLVAMBOERE LT RETAEELTREL ST
WED, EEO= Y FTRBTRIAL EEHRE L ORFEFTFIBEBEINSCE - Titte ZODEH

* WAEE A8
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BRY@5 A TREC L - TRIEHEOFRE & KSR EEZERROBELE L, Chbick XiETHE,
RESIUCEFOEBNT BT T, F1FHav AL 28 B2y 7 oo ETFichRT o4
FoEERCH S XERBOELLHBERYRAZLOT, TOBRELHMET 5,

ARCADTEL S CRMZB ki KFBEERT R, ¥~/ 2t ) , 780 HEY
- oHRER K REREET ST C RO L VEHoEL £ TS,

mHEEAE

RVCAcHFHI19714E 9 A AL SCBAAT, 1972 10AFIRBBITHRE LY ~ Y = v 7 (Laminaria
Japonica var. ochotensis) ® 14EHBS LU 2FEBORESL RS LTEEAT X HINEE, ThEuBERLT
Bl Th D, BWECE L TIKE 14°C, 4BMBY CERIZAEEELT, BER 4,000 lux) O&HT
TA—F 2 v—7F AR LI-HE#HAK 100ml H7-bic ESI i (TATEWAKI, 1966) 2ml #&HEmMLi=d D
TR,

KRBTSRI~ 2 1) o, 278(T—AF A 7BES, W4 KK, G2-14 B, #BiF: 0.89
B) THMEL, HEX7—A 7L 7OMEEC Lichiale. GHO%RMIT 17.0-18.0ml DL 0%EH L,
AR 5.0ml, mBEEOMECRSESIc 15%KOH Kif# 0.2ml, BV AOKFHUECZHED
i© 3N-H 80, % 0.2ml fju iz, SERPLARTIS 2 224K b S¢FB 2 FRARBICE L Th L%l L,
WRME I ESRRTE FEELERNATHESEL, 15°CTERSHLLOXEERL LTI, EEE lmg,
1S RET FOoMEKERA SRR L L, chh biFREEOrERRE A5 icd OxiEa R E
&Lt MBS EEE (AR8ET - A6 FL 20S5-W/NL) Liahy (HEvzsv 7, 100
V-200W, 7 4tV 7r 2z (100V-300W) ik b 2,000lux ¥ CTREXITELERER (FEELrrsvy)
@ 2% 2,000]ux LA LOSEE 3 MOEHE M Ui, BEEZKhosBma it & UTHESMET S5 %
Bic X bl Lo ¥ iR B ONE XEENEE (1969) 2, 7= w7 4 ARIEIEERLEELSE (19
64) KK Lizdiote

& ®

1) BEOKE® OtoN—REHE)
i Uc3EfE CHEIZBR ) R 15EH =2 v 7ol o bk LicFHER 2.8an, EiE 0.6 cm Offff
Thbh, ERMANIC24FMZKE TH#E L, BE 10Klux cfHKE 5-200C ORI CEAR & 2 3l

g,

Net photosynthesis
(Oz ul/mg dry wt. /hr)
= =
'\\o
J
‘/°

i s i i

5 10 15 20
Temperature (T)

Fig. 1. Net photosynthesis of young sporophytes of
Laminaria japonica var. ochotensis in various
temperature. The experiment is conducted at
a light intensity of 10 Klux.
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ELIk (Fig. 1)o XAMDOBMMIZICCTRL, XENOIBHOHARMGEHIZE-15°CTHS, BETOW
WA KIR 5 °CT 17.5 Ogpul/mg dry wt./hr, & 20°C € 19.0 Ogul/mg dry wt./hr, Ki{ii 8-15°C T
14.5-15.5 Ogul/mg dry wt./hr TH -7z, KR 20°C Bl EicoL - Tk M B B CH - Fofomdic
BER LD o2, KRICCHFO#EX15°CLL ORI E~TRERRE#KRED Lz, Thbeibo
E4RREEYT LEKRICCOR O~ 5°CTi129.5%, 20°CTii58.8% TH »1cc ZOXEH—E
BBl ZOPRER R. Q) (20.94-1.03 TH -1

2) MEORE OtHM—Xih)

LS (RSERO) REREOREBCRH GO LM UL 14H 2 v 7OlEFr bk LIcEE
ER 2.8cm, ¥ 0.6cm DYETH D, AEISCCHEL, MEL 040 Klux = THL 2 TH g
Fig. 2 THh 5, TeisHEBRATICEMEC 1 FFRIGGH B A BUE 227, BE 0lux OBFORFR ik 15 Ogul/
mg dry wt/hr TH bt A 130 lux 87, EEEMHET 10Kux *CcE@xfmL, 10Kux ©
KfaicES o FOXMANC I AN AREIL 45.0 Ogpl/mg dry wt./hr TH 57,

2

-
(=]

-

Net photosynthesis
(Oul ymg dry wt. /hr)

[ 21638 1025 30 10
Light intensity (Klux)
20.

Fig. 2. Net photosynthesis of young sporophytes of
Laminaria japonica var. ochotensis in various
light intensities. The experiment is conducted
at a temperature of 15°C.

]
~
- f'" o Oshidomari
E Z 6ok ® Senposhi
E'U
&
M
Py
O
v~ -
- 20
i A JL - i
2 4 6 8107 20 30

Light intensity (Klux)

Fig. 3. Net photosynthesis of young sporophytes of
Laminaria japonica var. ochotensis collected
at two different sites in Rishiri Island in various
light intensities. The experiment is conducted
at a temperature of 15°C.
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FLRARARMN, AREEOKE 0.5m fiEOL A LRELAEER = v 7 (CFS%ER 3.0cm, ¥R
0.8cm) OEhfE*EH LB SoXsh— G > Fig. 3 ioiLi. W RBEBIZFhFR 5.0, 8.0 Ogul/
mg dry wt.,/hr TH D, FKfafiiiic 11 Klux FoBOMESEEIIFRER 40, 42 Ogul/mg  dry
wt./hr TH -7z,

3) HAREOERW OLHM—HmihE)

ARG Lol kKSR (ES:33.12%) 2EHRLTEEL, H50REFEKTRRLELD
T, VYY) 2 T OGEORESRICH T AMGREORE LR~ 1 FHa v 72 REE L TSR -
TS (RS, FHEE 2.7cn, 6 0.6 cm) i+ O KBEIC A N4 B ERICE Lo
LT oM, FEORUFHIBRECTLLHELHIZ 2y 7EEIGH - TV SRAFHTIERICE Lt o1
T O OEBRONMAET Licod Fig. 4 TH 5 (KHEISC, FE 10 Klux, #§ L1-##k% 0.1 N-HCI
T pH 8.15 I @li¥t), KAKDT-HD W 7RI 28.00-36.00 % TH 0, 33.12% CREGMEIT-71 &
FRIE43.00% L\ TR L2 v 7SRO L AL SR, KT IREELS. 0% T it B0k i i 215 7-05
I H~66% D& T A &t

5 8 &
)

s+l
(=)
-
0\

Apparent photosynthesis
(Opul/mg dry wt. /hr)

10 20 30 40 50
Salinity(%,,)

Fig. 4. Apparent photosynthesis of young sporophytes

of Laminaria japonica var. ochotensis in

various salinities. The experiment is conducted
at a temperature of 15°C and at a light intensity

of 10 Klux.

=

£

~
E b 60 —o—Sporophytes derived from |-year-old plant
fo. 2] —e—Sporophytes derived from 2-years-old plant
eT
E - o /—-"‘Do
2E
O
=]
o=
=

20 25 30
Blade length(mm)

Fig. 5. Net photosynthesis of young sporophytes of
Laminaria japonica var. ochotensis derived
from 1l-year-old and 2-years-old plants in
various stages of development. The experiment
is conducted at a temperature of 15°C and at
a light intensities of 10 Klux.
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4) 1FBAVY7HLV2FHEAVTEBECLTRLYFEOLEICLH I ASRBOTIL
1FHE2FEHDY ¥) avy e ThfhidRe L, BERLTHLSEOTHEE 130mm 526 2.8cm
¥ COLEBIE S KARBROB(LATE Lz (Fig. 5o 14FH & 2B 2 v 7 bERERB bk
LRI S THRARIEY Y 3.0 Ogpl/mg dry wt/hr 2 Bk iin LTV nfce 24EH = v 772 684
FBIRRIFH =2 v 7O LB Rc il L TEROERRITEA YE UTH - S RIE (CE589%) (23
TNtz fots = OBEONE R4 KEISC, ME 10Klux t5%,
5 RREVVVIAVToHBcEFIERGFOoRNERCOLT
FIRBAEZEDOKE 0.5m i L ALLERE LA K= v 708 E#EAL, GRECBINHEY
EEH lecm oD Lk, # 4cm DO THAN Fig. 6 25k Lz, 642.5mu £ 660 mu I35 W%

dis —— Blade length : 1.1+0.6em
. «---- Blade length : 3.9+0.7em
b
s 04
=
13
°
2 0.2
z 0
i _— m
400 500 600 700

Wavelength (my)

Fig. 6. The absorption spectra of each fraction in
young sporophytes of Laminaria japonica
var. ochotensis. The solvent is ethyl-ether.

(EHBRAICID 7er 7 4 AaBERDI,

7um7 40 a(mg%)=(9.93 Dgo—0.777 Degya.sl X ﬁm%% (ml) x —aﬂz-ﬂ?g_)
Dogs: =—F % 1 ICfRF Lok D 642.5mp (it 20K
Dggo " 660  mp "

ThbbPEHER 1.1+0.6cm OEFCIXEEM YD 721.7mg%, 3.9+£0.7cm OFEMFETIL 815.0mg
%tﬁ‘f:o

£ B

KAIN (1969) 2 Laminaria hyperborea, L. digitata, L. saccharina % Saccorhiza polyschides
O 4 FORMAN Lo g B LEES L OWE L OBGRE M, L RcET 5 SR 4 fidkic 10-
20 lux (1-2 pg cal/cm? sec.) TH b, JEIZoTir L. digitata = L. hyperborea Ti310°CH>517°C
ORHTABEDLERRCH LA S. polyschides TIL10°C L W1TCOHMRL W ERETLZ L, RLUIC
L. saccharina CRRITCTHOMICHB LTI ERARL{hWwWc B E L, ¥ - KELDSEN &
PHINNEY (1971) 27 fiofgdic oL TRE, H7EEAESRCHIE TE B2 W1, TOH T
L. saccharina D% FOFRIE 10-13°C THE T IER 30.0-35.0%TH H, 20°CLLETHAEME LU
BHRELSMATE & L b, ZOMTHEERREEE SOl AARBC ST 2 oMBERTHEL L L
7z DRUEHL (1967) % L. groenlandica TiZfbLRICHBG-£4ZEKE, SESTHD, chboBE
RAAZOMORRICET 556G 2BET 55, L. saccharina ClZa afhEo L 5 iekic#Sizfl s LT
L. groenlandica I H L EEHEARELSEFCHEELTWES LRNTLE, EXITY) v 2v 7ORESK
BAAE LR RARO»O@REL8-15°CTH b, L. digitata k L. hyperborea \Z{tli=fi5 T
Hote LM LAMORIM LI Ces T 130 lux THAHZ ExELD EERCLELBERET KAN
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(1969) DEER LU L THEIEVATE o720 ZOZ b Y v 2 v 7OHGEOE FIZIZEKR,
EREOLEEILEL W25, BEOEHIZoL-TIZ 0Klux FcofEfzrLicd, EEZix 50K
lux TREHEBARET LA Toh LomBE CIZEBEHRE L LTl boLBbhb, BERBRED =
v7OBAETYE Fig. 3 1212 30Klux FcLlLhmLTwicund 0Klux HobhbXEAMMEAET LT
Yol Edi b, ZHRIERCRHASREERELZEXTLTVA, KT QUD) kY 22 v 7
(L. religiosa) % i\ THE « OEFBEETIZ L 5 R4HBET, 15.40-38.74% (L#EALRF) TOM
BRCHRatLBm L, 7o YABU (1964) $ KAHRAK CEZRE3R.087%) @K% 5%, 10%, 20% Lk
MU, Y 42 7ORMBHELERFEOEEFRABRAOLOBELALMRETHS LREL
Tudho Vo) =2y 7 TREERO SO 3 I 28.00-36.00% %@l Thil KIELDSEN &
PHINNEY (1971) 23145 L= L. saccharina Offit 2 A LR LT BRIETH D, —EHHDL ETL14E
Bav7l2HHav7Oth PR B8 E LUEET2ER LICBE, EF»YECELEITOLEED
EEHEIREAFRALTH D, XARET1EH = v I Lo ETEI 1. TOZ LI, EHL
(1967) 29 Y 2> 7O 1FEAOLOIREF 9 ACFEIEVHEL LSS, TLT2FHDY ¥ Y23y 7
XI1FEADLO LV EL T APHLUBCREEES BRI LS, RBOEZF L 1FHD30 L YR8
NTWAHLHIE, BN L MO OXEL EP—FREE-TVWE00% LR b, F23ER 3.0
em ¥ CAE IO SRR AWK Licoll 2 v 7 Ofilaskiz LA KSR ST e bR D
ZELBREOSHBEELEBLhS, BECOWTIRERE LI/ ne 7 4 LadS ML L2230 D
LATHLRERELOMENHLITHL LEL BRD,

= ®

1. Loy &) ay 7O L, KEREPERANETS Lok b BE, KR, EISRED
BE LR KAROEIT OV TRB LT 5,

2. BETLCIHXSROI-DOMBEEGRIL 8-15°C T H H, KAMOESHEIL 10°CORRS R,
R. Q.12 0.94-1.03TH 572,

3. AMISCIi 2MICARER 130lux T, 10Klux THEMMICEL, TOMOMEARR
45.0 Ogpl/mg dry wt/hr THh ot FrESBEC OV TIREARO IO E S BT 28.00-
36.00% TH - 720

4. ERCHES KREROEIEERE LR ARRIEIHML, 1EHE2FR2YTETh
FRAEE LTHLESE TR IEH 2 v 72 ok LichiBOXER#AIE TR, 51

x [
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Studies on Odor of Walleye Pollock-1

Identification of odor constituents in carbonyl, acidic, and basic

fraction of the casing “Kamaboko™ (Japanese style fish paste)

Masayoshi, NAKAMURA Kaoru TAMOTO,
Kayoko KASAHARA** and Kokichi NISHIBORI**
(Hokkaido Central Fisheries Experimental Station)

** Notre Dame Seishin University)

For the purpose of qualitative improvements of processed foods which was produced from the

Walleye pollock meat, some problems to be solved lie, and one of them is the peculiar odor observed

only in the Walleye pollock’s products and has been disliked by the consumer.

In the present work the volatile components of casing “Kamaboko™ produced from the Walleye

pollock meat were studied gas chromatographically.

The results obtained were as follows :

The water-bleaching process in “Kamaboko” manufacturing brought about many changes
quantitatively in volatile components of the finished product, but not qualitatively.

In the volatile components of “Kamaboko”, four kinds of carbonyl compounds (acetaldehyde,
propionaldehyde, n-butyraldehyde or iso-valeraldehyde or methylethylketone and n-capro
aldehyde), seven kinds of volatile fatty acids (acetic, iso-butyric, n-butyric, iso-valeric n-valeric,
n-caproic and sorbic) and four kinds of amines (trimethylamine, dimethylamine, methylamine and
ammonia) were identified gas chromatographically and infra red spectroscopically.

The acidic fraction volatilized at relatively high boiling point-sorbic acid which was added
artificially as antiseptic and unidentified two components-was found to be important components
of the peculiar odor in “Kamaboko”.
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AR HESE IS LATHEIAS,

ZHOLIRAICH - T, CHOEFLEBMCLFEEFMICE, X VHROCHHTLHIITRORE
LU EROMER LY L&, HREO—HLAEATH), FrohFCEAEFHACHALTER
LWL BT OV TR, Tk, FHREHROMAR LM% 2 bhitd i bitu,

ERB00FT Pyl 55 EHAEOFIRELWIRTAF P A5, AFRERLTLEZE, HE
i o L, —FREERCHA IR IBET, AFRHERZ 4 » ¥ a2 -« 7o o 7 DEEHMITL
5EVLTH, HOWELT I —A4£ECHRIhL 0%,

BHREARY L L TEELMU Y GBI A o F sl LTHAT2 LT, K hligo—oL
LTAY ro ¥ SHEORIMEE L - T 5D,

BH D (XA + 7 X SHRRO RGN FC2CTHRL, Ay b v & 7 A2 TV 2R 2 Ry
HL, €050 1HGEA VA vATATe FThDo L, B 2R FEET THS LEF LTS,
EHIChbOffic, AAFE~ L 4RY, TR, HEIWSERELTV-5,

Ay by A SORRIELZHEZTCRLT, £H T, RIBR[TLIALRSY, SEIIE¥E»FEFEIOR
SRSV TEHRH L, dERORIART LORBXT-0T, #BET 5,

X B F &

1. pEECEHOBER

BEPEOAr v FSEHELELL, EREZTOE E, KBXE2)Z5 EARE BRKL#E L,
ENThicfliz %, TAWI0Y%, BEAKEEE0.2%, BWES%, 7Arx i vERY—X0.5% B IUERR
BRY A=A T4 1 %%EML, 05M6VHR L KWT, B 4om oifby =) F v r—Aicil, 90
CTAOFMMEA LTaiFs & L, BenfEas s L,

2. ARI/NBEREBNES LUHIOREH

1) £8%5HF

AEHM: »F20gw@YL, 50ml F=f7 5 AaIC AN, Ml 20ml 2L T7 4~ s @ETES
L, BEbiczhiHREE P T SMMEL, FO=A73 A0~ , Fe A=A« X — 23— (NF
H.S. V. £8%) 5ml 24 A2 w30 EE Lz,

At c EET RS GC-4AMPHL, » 35 4R2EX 3m, & Smm DAF VLR, T ARKO—
160°, 4°C/ 5 DR E TIT » 720 fEF54I2 Carbowax 20M 5%, Diasolid L 60~80mesh # i\, 4+ U Vv
—#HAI: Ne Ziik 15ml/5 T, ®IMBRAEES+ v LRHBTT o7

2 HrE=rmy

ANE=rFHFOFE : R LICr T CFROERGKEML, AEZ7FA2ICAR, =V e —4
—TBOCIT IR L7c i, Ny #AXOml/FOiR Tl S, 2 rf=rllah0.2%242=n7
z=Ne F5ovD 2N EERPICRVE, hEgohorrsf=rlifxe ¥/ v LTHMLTI,

Bonfce F7 7733 BHL, 284 1.8kg VT, %4 9.1mg & 5.9mg THo1s

ABFEUE - Bohie F7 VY 0.2~03mg % 10ml F=f75A=icAh, 2N EEEE ML,
BELICAS 7 4 A LTAIBTEHL, RBRBGEPTCLHMMERE LI, 0o =M75A2d o0 HS. V.
5ml #4227 v RO EHT AV,

TGt RS O HT &t & U,

(3] mRiERS

BHERTOGE: @R LA TECRBHDL2%24 2+ 3kg £ 4kg KRBLAREL, FHk 2 ZREK
7 b Yy Al TS, HIERH EELT BERFEF PV YABELTHELL

AHOMY: coF bV Y AHABUOMTHIRL, Bl LCBERG x=—TATHIKL, 27V 22Y
TCrFnzATAE LTz, COEVR A FA=AT LBE=—F VX H A7 e PTG
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S H A W GCS5A WAy, #FAREE 3m, # 3mm OAF VYV A, # 7 ARESC
H T - 720 £ #IIZPEG 6,000, 10%, Shimalite W 60~80mesh #fi\>, #F + U ¥—# AlL He %
fif 20ml/53C, BINBEHAWEERNETT -1

W EIEER T

ISR A O : BERG OB & L ARC LT AESATRCHREN I TRt L L, kuT
WIE M, R LT, SR A, IURZEURL, 2)% 2kel b, %4 0.7690g & 0.1530g
THoto

A ORBE B oh o lRERES 10mg /RS AR, BT L )RR RN, BHics
S74NMAET L ETEHEL, BIEBE - CIOBMME LT, HERT L Ly, oBBRERO
H.S. V. 10~20ul ## 2 7 s FHOEE Lz,

Sr¥idett : B H Yy GC-063 BAH, #7A412KEE 2m, & 3mm OAF VY VA, #F5ARELE
BT » 72 fREFHIL Squalane 20% * Glycerol 2.5%, Diasolid L (2.5% KOH) 60~80 mesh #H\»,
F 4 ) ¥Y—H AR Ne il 15ml/5 T, RHBIMERTERIBTT -7

(a) Non—bleaching

st.

10111213

1415

(b) Water—bleaching

2
1 J\3 4 5 ¢ 789 lon st
e e e
ﬂ (e¢) Dried pollock
11
13
9
8
10 12
5
12 34 6 7
e . =
o 5 10 15 (min)

Fig. 1. GLC of whole flavor.
Column : 3m x 3mm stainless steel tube packed with 5% Carbowax
20 M on 60-80 mesh Diasolid L. Column temp.: 40-160° (4°C/min).
Detector : FID. Carrier gas : Np at 15 ml/min.
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2 R & R

1. 2R&EKD

AL Lok 3F CRBERUO MK, ARH2DAMK & bF LRl LS > Tiedd, IlKEo
BT f vREE STV, ZhEH A7 e LICKER Fig. 1 0Lk b ThHo,

2Ok 5 IEEEK TIR15ME, ABETIRIIEO C— 2 Bhbhidl, HEmk Sy — 2 1ifHE L 2L
[k, Carbowax 20M #{RIFHETHH A7 v b 75 20 HITEIERX X AHER 04 B0 CERIT
Eabbhiol, FORCKEAFIFC MBI LR UL T LT LAY b £ 508 LSRG % 0 A
7 oG LR R TH S, ChoOMicdd b EUMERS AT, NTAHEGOREFAE (HhTw

(a) Non—bleaching

(b) Water—bleaching

Cs (e) Authentics

Cs

Cs Cy4 st.

P

0 b 10 15 (min)
Fig. 2. GLC of carbonyl fraction.

Column : 3m x3mm stainless steel tube packed with 5% Carbowax
20 M on 60-80 mesh Diasolid L. Column temp.: 40°~160° (4°C/min).
Detector : FID. Carrier gas : Ny at 15 ml/min.
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Hb0DEEZ RS,
2. ANLFEZILES

BohicgERi Fig. 2 0Lk THDH, RFAEDLD, BRICOVGVTLAENHFTH A2 v HiEiThc
W, A YT IAT A=A PR L U CHIRRIEFR (LU tr 28) AR 7oiE il Table 1 Th %,

Table 1. tg carbonyl fraction

Non-bleaching Water-bleaching Authentics
Peak No. tr Peak No. tr Name tr
1 0.17 1 0.17 Acetaldehyde 0.17
2 0.23 2 0.23 Propionaldehyde 0.23
iso-Butyraldehyde 0.25
Acetone 0.25
n-Butyraldehyde 0.32
3 0.34 3 0.34
iso-Valeraldehyde 0.36
Methylethylketone 0.36
4 0.41
5 0.73 4 0.72 n-Caproaldehyde 0.72
6 0.86 8 0.85
(7) (1.00) (6) (1.00) iso-Amylalcohol (1.00)

ZOLAE, MR SRR DA 2 vt s =ik, SRICEEEO L O E— 2 K E GG TS TH
L TWw5,

FEShtlAitb s b KEVWE—ID7 2 TAFE FE, FhiZTFrErvTAFE F, £hhb
IATAFTFATAFE Fing 23 VATAFe FBABWEAFL=FAY b v EBbRBLD, BIUA
FeTF AT FO 4G T FOMICHEEX 21Ky, KBE1RFSEESRATIER 1,

3. EBEERS
S5 Fig. 3-) kRT 0 TH 5.

(a) Non—bleaching \/ ){]
X3
(b) Water—bleaching N
p
~
x2
20 50 ) 70

0 10 20 30

80(min)
Fig. 3-(1). GLC of acidic fraction.
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2 (a) Non—hleaching
1
3
45
\ 6 7 8. 3
2 (b) Water—bleaching
1

(‘:J C5I| (e) Authentics

Cs
Cs

| Jb‘“u JU\

0 5 10 15 20 (min)
Fig. 3-(2) GLC of acidic fraction.

Column : 3m x3mm stainless steel tube packed with 10%
PEG 6000 on 60-80 mesh Shimalite W. Column temp. :
80°. Detector : TCD. Carrier gas: He at 20 ml/min.
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FEp: S b A, AWK L 20 2 — IR ELBU LT, 22 TR 25 O LR M s
D3IDDKENRE—2T, LLMBORHREL > T

¥, RAAEOT S, WRIRVE s+ r=ATFADHA 7 o i ET5 & Fig. 3-2) ® L3 h T,
ThE s v A EER R A tr ARdDH L Table 2 D& hTHS,

Table 2. tg of acidic fraction

Non-bleaching ‘Water-bleaching Authentics
Peak No. tr Peak No. tr Name tr
1 0.49 1 0.48 Acetic 0.49
2 0.64 ) 0.63
Prapionic 0.68
3 0.74 3 0.74 iso-Butyric 0.73
4 1.00 4 1.00 n-Butyric 1.00
5 1.18 5 1.17 iso-Valeric 1.18
6 1.70 6 1.70 n-Valeric 1.7
T 1.93 Y g 1.92
iso—Caproic 234
8 3.00 8 3.00 n-Caproic 2.99
9 3.28 9 3.27

TOXb5Kc, B 4 VESER, /A=A, A4V ERER, AL EEBRIV s vwh e v BO
CHAVAESH, Y—2®HS2, 7, 9 LMPhEHO 3RV AE ST,
HHABOKRERIBAVRLTCAY b v X FHCHERT 200, HEV-IREMDClRT 200205
foid, REE LI zollo s vHAuvkiEn ok CRESRF g T 5 L BhhSEAicow
T, KEREBZGI VRERT2TEEL, 271k, A7 egiicfiiLis

FORPL Fig. 4 0L BN T, KERE—20F0D3 5 L3 AZVLREOC— 7 ZBEAICHRETS =
EERLTVWD, ZOBFEFHL, Nujol i X DiFsAA=2 p AR F~0H Fig. 5 TH 5,
IDISIE, BERFOBBRATCET S b REVE—2RENLHRAGO Y LYY RTHS

Dbk,
(a) Antiseptic %

W

* %
(b) Non—bleaching

5

«
0 10 .20 h 60 70 80 90 100(min)
Fig. 4. GLC of acidic fraction in the antiseptic.
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Transmitance

3600

~

A

2800

2000

1800 1600 1400

1200

1000 800

Wave number(cm)

Fig. 5. IR spectra of authentic sorbic acid and acid fraction in the antiseptic.

4. EEMHD

The solid line indicates authentic sorbic acid and the dotted line indicates

the antiseptic.

Bonf-Ex Fig. 6 0t hThib,

WA FREDID, LD tp Y 2FAT § vaEETRkeS 2, Table 3 i shs,

DL S, MK LKBEDOE C— 7 LB LS D2, RATIige < EMRE L
TIY, CRAFATIV, B AFATIvEIVZ v2=7HRAEINI,

kY AT

4/|(a)Non (b) Water—bleaching (¢) Authentics
-bleaching
1 |
x2
4
1 TMA
3 NH;;DM
0 25 5 75 25 5 75 0 25 5 75
(min)

Fig. 6. GLC of volatile basic fraction.

Column : 2m x 3 mm stainless steel tube packed with 20% Squalane and
2.5% Glycerol on 60-80 mesh Diasolid L. (2.5% KOH). Column temp.

1 400,

Detector : TCD. Carrier gas : Ny at 15 ml/min.
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Table 3. tr of volatile base fraction

Non-bleaching Water-bleaching Authentics
Peak No. tr Peak No. tr Name tr
1 0.36 i 0.36 Ammonia 0.36
2 0.57 2 0.57 Methylamine 0.57
3 0.87 3 0.87 Dimethylamine 0.87
4 1.00 4 1.00 Trimethylamine 1.00
% -3

Al Lic@#in i s o R, FHEMICIRMEEE oKX & & R asis b, @K T
FTOLET I YREE o, SO ERERZETOH A2 e TH OB IR IR LTWDH, Tinhbbi
RS &b TR TP, KRIC X hErkEhs X 5 £ 0, TOEAIMEREERS R
T, BYERGEEI G, BRI IEEORIMMERLICIIEEER Y, L CE0h TLRBARD3I oD
— 7B LTS Ellbhd, COSBLORADE—ZIXBIBHAIE LTHEMLLY v vBICRRT S 2
EBG ol D 2 WA SV TS BOBRRY Fichull bituvd, ThbilAayr by X sHIChRTS
WHBBVIXAY Py TG LRI RKMICE Ut 0 LS h B,

WAy b7 X DRSS & TS b, (SRR B 5 U I R R b D S A MR
BRERIIALNID G, AR ARG, BCHEAr v 4 SEROBHM LV DRAS Y A VAT AT
b P LUPRHRG EHESRS 2RENEIF B EA LB LRI o1,

= #

Ay bu A FEEMNETLIAENEIFC VML, CORSRGET A s L, KOKRERI
1. BETESROKBERIEL, »2iFc RARSORNEY bcbT, BB izb63ily,
2. PEFIRKEGELT, AAE= AR, MRS T, EIERRS 48, F15ES ERE L
3. W¥rTETHHORGIIBERG, BT EOEMATOBREH Yy v vBEESL 3G D b
HEhB EHE SR

% ik

1) PR - I - MT (1973) - BRAMBGEDE A A K E2F & AR F K2l biE |
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RS R O E & ko Ris M EH I b L4
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Wh,
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w2 THAHRGZEREL, lem? Y HFHI0EOR
BTt L2 € 2 U Rikfkosd & & FlaTidtiy
5AFIIEEETIE Lok R, AR 1ECRYELEH
M LFOEETEHICEE L, RET ol 5 44
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AR, BESsLUEEMEFORERIOR
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FR4R - Bt B SEANRT - RS
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HAL L, ROERE B,

1. B THESDOKERFECL D, 2EECBENTD
RIVZERH 508, BENERIZAR, |

2. HEFIRGEGELTALE= L4/, BERS
7ML, EEEMER S 4 6, PSSR AE L.
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it BELKEHRS

de #g i 32 f K E R B B
(Hokkaido Central Fisheries Experimental Station)

L E I RKEABHHRT S
(Usu Branch, Hokkaido Central Fisheries
Experimental Station)

e ¥ 8 37 A MoK E R BB
(Hokkaido Hakodate Fisheries Experimental Station)

i ETEEKERBBERT 5
(Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station)

db # i 37 8l B K E R B ¥
(Hokkaido Kushiro Fisheries Experimental Station)

de # i 37 M E K E R B
(Hokkaido Abashiri Fisheries Experimental Station)

AL ¥ B 37 A K P A B Y R G
(Monbetsu Branch, Hokkaido Abashiri
Fisheries Experimental Station)

Aedgai sz Az K BE B 35 v = < i
(Saroma Branch, Hokkaido Abashiri
Fisheries Experimental Station)

de ¥ o BE W K E R BB
(Hokkaido Wakkanai Fisheries Experimental Station)

LdEIRERERS € v 2~

(Hokkaido Marine Cultivation Center)

046
i B Az riTEY
(Yoichi, Hokkaido, Japan)

059-01
734 T A5 BRHY
(Usu, Date, Hokkaido, Japan)

042 a y
A 2 I 1-2
(Yunokawa, Hakodate,
Hokkaido, Japan)

051
S Wit RET 1-10
(Funamicho, Muroran,

Hokkaido, Japan)

085

@l iy 2-6

(Hamacho, Kushiro, Hokkaido, Japan)
099-31

HaZE T 31

(Masuura, Abashiri, Hokkaido, Japan)
094

L A i ki 5

(Minatomachi, Monbetsu.
Hokkaido, Japan)

093-02
W B BB T S
(Sakaeura, Tokoro, Hokkaido, Japan)

097

fEPTH SR 4-5-4

(Horai, Wakkanai, Hokkaido, Japan)
041-14

¥ AR

(Shikabe, Hokkaido, Japan)

HFM50 4 1 A 25 HHEI
MEFI50 4 1 A 31 HRTT
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