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Fisheries Biological Studies on the Young Alaska Pollack,
Theragra chalcogramma (PALLAS)

Difference in growth between year classes around the south-western
coast of Hokkaido in the northern Pacific Ocean

Kiyoshi HAYASHI
(Hokkaido Central Fisheries Experimental Station)

Alaska pollack is very widly distributed in the northern Pacific Ocean and commercially
most important in Japan, in recent years; the Japanease annual yield of this species reached 3, 021
thousand metric tons in 1973, being about one-third of the total catch of all kinds. Around the
south-western coast of Hokkaido, from the Cape Erimo to the Cape Esan, the annual catch
increased from 3,500 tons in 1957 to 91,000 tons in 1970, and recently a high level at 60~70
thousand tons has been steadily attained.

In the present paper some informations are given on the difference in growth between
different year classes in the south-western coast of Hokkaido. Materials were collected at times
from commercial catches by set-nets and Danish seines in this area during 1958 and 1969.

The following method was used to demonstrate the difference in growth between year
classes ; the frequency distribution of body length was figured monthly, and the modal values
traced as growth

The body length of one year-and two-year-old fish are determined in winter, because Alaska
pollack apparently cease its growing during this season.

The abundance of a year class was indicated the number caught when they began to be
utilized by the commercial fisheries in the area, i. e, the number of individuals caught by
commercial fisheries through in the spawning season were graphically analyzed by the use of the
probability papers to determine the ratio of each year class, so that the abundance of a year class
could be calculated with this ratio of individuals.

As a result, it was indicated that the 1959 year class grew most rapidly and in contrast the
1963 year class showed the sllowest, and that the growth of year classes seemed to be gradually
reduced from 1959 to 1963. Moreover, it is noteworthy that the 1959 year class was utilized
commercially from 1962; the 1963 year class from 1967 to 1969, and that the catch of Ala-
ska pollack has increased year by year from 1962 to 1969, relating with increase of the
population.

The information presented here suggests that when a population density was increasing,
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the growth of the year class became highly correlated with the population abundance. The growth

are influenced by the abuundance at young stage of that year class.
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Fig. 1. Map showing the fishing ground and
the spawning ground of Alaska pollack
in the Pacific coast of South-western
Hokkaido.
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Table |. Annual catches of Alaska pollack landed in Japan

Total catch Around Japan B _| -
YEAR in Japan Soﬁm:m Othier ‘ares
1962 452,534 14,755 375. 662 62, 117
63 531, 691 ‘ 26, 418 368, 057 137, 216
64 683, 880 34, 796 433, 514 215,570
65 690, 895 26, 186 347,114 317, 595
1966 774, 788 41,011 305, 210 428, 567
67 1, 247, 003 62,047 370, 465 814, 491
68 1, 606, 025 75,895 296, 736 1,233,394
69 1,944, 320 59,970 336, 228 1,548, 122
70 2, 346, 710 91,133 326, 225 1,929, 352
1971 2, 707, 443 88, 700 413, 292 2, 205, 451
72 3,035, 285 68, 230 527, 757 2,439, 298
73 3,020, 870 64,959 552, 628 2, 403, 283
(Unit : metricton)
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Fig. 2. Growth curve in the young stage of
Alaska pollack in year classes.
Table 2. Mean body length and catch number of year classes
Year class 1959 1960 1961 1962 | 1963 l 1964 1965 19665 1967
pooppethatone |y | 16| 44| 40| 20| 134| 18| 13| 140
Body length at two -
years old (mm) 269 266 243 242 216 233 235 245 257
Catch number of 55. 94

fishes (x108) 25.25 | 3L.33| 46.94 | 70.53 | 107.03 | 77.68 | 101.16 | 95.65
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Fig. 3. Frequency distribution of the body length
in yearling and 2-year-old fishes in winter
season.
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Fig. 4. Relationship between mean body length
and catch number in year classess.
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year old and that of two years old.
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Studies on the reproduction of a scallop,
Patinopecten yessoensis (JAY)-1
Reproductive cycle of the cultured scallop

Kuniyoshi MARU
(Hokkaido Abashiri Fisheries Experimental Station)

The author has been observed on the annual reproductive cycle of a scallop, Patinopecten
yessoensis (JAY) by a histological observation as well as by the seasonal change of the gonad
index, and also gave a consideration upon a possible environmental factors for their reproductive
cycle.

In this study, 2 year old scallops, cultured by the hanging method, were collected from Lake
Saroma, northeastern part of Hokkaido, at a monthly interval from January 1973 to April 1974,

The results obtained are as follows:

1. The developmental process of the germ cells was classified into following several stages
respectively. Female germ cells: (1) oogonium stage, (2) synaptic stage, (3) yolkless stage, (4)
early yolk-formation stage, (5) late yolk-formation stage and (6) maturation stage.

Male germ cells: (1) spermatogonium stage, (2) primary spermatocyte stage, (3) secondary
spermatocyte stage, (4) spermatid stage and (5) spermatozoon stage.

2. On the basis of cytological characteristics in the development of germ cells and of the
relative amounts of germ cells, the maturational processes of the gonad were classified into
(1) spent stage, (2) resting stage, (3) early growing stage, (4) late growing stage, (5) maturing
stage and (6) breeding stage.

3. From the histological observation in the gonads, the maturing stage was appeared from April
to June and the breeding stage occurred from May to June. The spent stage was only found in
June and thereafter the gonads being in the resting stage until October. The early growing
stage rose from November to January in next year and then the gonads proceeded to the late
growing stage from January to March.

4. A hermaphrodite gonad containing testis-ovum was observed during this study.

5. The gonad index (gonad weight x100/soft body weight), even in the same histological stage,
shows a considerable individual variation.

6. The gonad index rapidly increased during from April to May and reached to a maximum
value just before breeding. After breeding, the index value reduced rapidly, reached to a
minimum in August and rose again gradually.

7. The maturing and reproductive period of scallop coincides with increasing of temperature
and elongating of sunshine. The gonads growth in spring and autumn concurs with high values
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of stomach content index (stomach content=100/weight of digestive diverticulum) which
corelated closely with the plankton production.
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Table 1.

Maturity in cultured scallop in every month.

F—

Sex Female Male
Date S}:ge Spent | Resting gﬁﬁﬂg gri‘:vtien . Mmuing% Breeding | Spent | Resting grE::il.:ylg gr})’:li(;g Maturing | Breeding
Jan. 11 73 3 3
Feb. 28 3 5
Mar. 13 3 1 2
May 12 : 2 4
May 18 I 2 1 2 1
Jun. 18 1 l 1 2 1 1 1
Jul. 19 2 : 4
Aug. 20 2 I
Sep. 20 2 3
Oct. 17 3 ' 2 1
Nov. 7 3 2 2
Dec. 5 3 2
Jan. 22 '74 1 2 3
Feb. 5 3 [ 2 1
Mar, 8 1 3
Apr. 11 2 i 1 1 1

Figure shows number of individuals and * mark indicates bisexual gonad.
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Fig. 3. Seasonal changes in gonad index of cultured scallop.
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Fig. 4. Seasonal changes in water temperature at the scallop
culture ground and duration of sunshine observed at
Tokoro agricultural meteorological station.
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Fig. 5. Relation between seasonal changes in the settling
volume of plankton and the stomach content index
of cultured scallop.

(a) Settling volume of plankton at the scallop cul-

tured ground.
(b) Stomach content index of cultured scallop.
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Photomicrographs of feinale germ cells in various maturation stages. Figs. 1, 2 and 8, Bouin-fixed
and Delafield's haematoxylin-eosin stained ; Figs. 3,5 and 6, Bouin-fixed and Hidenhain’s iron
haematoxylin-light green stained ; Figs. 4 and 7, formolcalcium-fixed and Sudan black B stained.
Fig. 1. Oogonium. x 1300.

Fig. 2. Oocytes in synaptic stage. x 1300,

Fig. 3. Oocyte in yolkless stage.x590.

Fig. 4. The same oocyte as above. x 520.

Fig. 5. Ooccyte in early yolk-formation stage. x 590.
Fig. 5. Oocyte in late yolk-formation stage. x 590.
Fig. 7. The same ococyte as above. x 520.

Fig. 8. Oocyte in maturation stage. x 59().



stained with Delafield’s haematoxylin-eosin. Magnification of all figures is 1300 times.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.

o o

PLATE Il

Photomicrographs of male germ cells in various maiuration stages. Fixed in Bouin's fluid and

Spermatogonia in resting period.

Primary spermatocytes in synaptic siage.
Primary spermatocytes in post-synaptic stage.
Secondary spermatocytes.

Spermatids.

Mature spermatozoa.



PLATE Il

Photomicrographs of transverse sections through ovaries in various stages of maturity. Fixed in
Bouin's fluid and stained with Delafield’s haematoxylin-eosin. Magnification of all figures is 96
times.

Fig.
Fig. 2.
Fig. 3.
Fig.
Fig. 5.
Fig.

1
2
3
4.
3
6.

Spent stage, collected on June 18.

Resting stage, collected on July 19.

Early growing stage, collected on December 5.
Late growing stage, collected on February 28,
Maturing stage, collected on May 18.
Breeding stage, collected on May 12.
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PLATE IV
Photomicrographs of transverse sections through testes in various stages of maturity. Fixed in
Bouin's fluid and stained with Delafield’s haematoxylin-eosin. Magnification of all figures is 96
times.

Fig. 1. Spent stage, collected on June 18.

Fig. 2. Resting stage, collected on September 20.

Fig 3. Early growing stage, collected on December 5.
Fig. 4. Late growing stage, collected on February 28.
Fig. 5. Maturing stage, collected on May 12.

Fig. 6. Breeding stage, collected on May 18.




PLATE V

Photomicrographs of transverse sections through a hermaphreditic gonad in various portions.
The speciman collected on February 28 1973 fixed in Bouin's fluid and stained with Delafield’s
haematoxylin-eosin. Magnification of all figures is 390 times.

Fig. 1. Hermaphroditic gonad. showing few young oocytes present in lobules which contained
multiplicating spermatogonia and developing spermatocytes

Fig. 2.

Fig. 3. Hermaphroditic gonad, showing masses of young oocytes growing in testis.

. 4.

Fig

The same section as above.

The same section as above,
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HE Ok O LN ELI= > T

BOo#k ¥ -@ m &
(el b ok A RE)

Studies on Freezing and Refrigeration of Marine Products—11

On bicchemical changes of adductor muscle of sea scallop
(Patinopecten yesscensis) during storage

Kohei NisHI and Hajime NISHIDA
(Hokkaido Central Fisheries Experimental Station)

Changes in the concentration of ATP and its related compounds. free carbohydrates and
free amino acids in muscle of the shelled frozen scallop (Patinopecten yessoensis) during the
storage at 0°, —15° and —30°C were determined in this experiment.

At the same time the scallop stored at —30°C for about 6 months was allowed to stand at
0°C and changes of ahove chemical compounds in it were determined.

Results of changes of ATP and its related compounds in the storage at 0°C were similar
to known observation.

During the storage at —15° and —30°C ATP was rapidly decreased at one time. At the
same time glycogen was also decreased. It is suggested that this phenomenon is occured by tem-
porary consumption of energy during quick freezing. Above results have not been known.

Also changes of free amino acids and free carbohydrates were showed almost similar
patterns, whereas changes of glycogen weren’t in both temperature. In K value apparent degrada-
tion of freshness appeared on 10-20th day at —15°C, whereas it was observed to continue high
freshness for the long time at —30°C.

In thawing experiment continually high freshness was shown up to —5°C (3 hours) and
yet, as standing for long time at the same temperature accumulates inosine and hypoxanthine,
subsequent processing must be started at once.

Scarcely any changes of free amino acids was observed under some different conditions of
storage and thawing period.

] B

SEIEEERIZ ST B 5 774 (Patinopecten yessoensis) O BRI L 5 SERH AL, MLE
BELTOBMUAGENSOobD, EEA4THVIOMIMELTHEE (LAEL) A REAL TSI
7, BOEAH L EMED ZOELTRRN 7 7 v AICBIIER D X 510k - DU ATRSSEL AL
T3, BADOBRENEAOMEL—FBE », FO1btORERENASZARTELL-TV 5,
I TESGE S T A A DOE(CERE L2 M A DR BAHTH O T 5 & & iz, b % 44

i A89
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BELERET TV B,

ITTFRESMOAMES M5 HEE LT, MERBRGO FELY Avic @iy Rohs, FES

(1958) x4 » HiP % ML, —6°Chk LTLITCTOM e Adenosine tri-phosphate (ATP) 35 X Ut #iti{k
EMOES LU FRERC OV TRE L T 5, RESTESDCRST, #eo ARG ATP B
AL s BT 58 H 5 (FFFE1961, TARR1966), HH 1961134+ o + 7 A MBS L0 H2 74/ B
KA O —5°Cls L U 20CTORTRN DT T O b2 3t L T\ 5, 20 X 5 7% ATP Mifts
Mok OB Lo B R, BT REES 5150 0T ¢, ARHER Y OFHINTo 450
CHLERCHEAREL T3, Thit«0REXBCI%1% < Rbh3 (A5 1974,G. ]. FLICK
%1972, D.F. HiLTz 1970, TARR 1966),

T T ATP Bt Mo 2k b4, thofREFmEO O Abatii L, REOMEC X h R B
BH L\ AENECRELHTAHENHbh s, HLtz (1971) i34 % 7 # 1 @ Octopine (% Arginine
phosphate (AP) @ & ATP i@ ciic vl ha0aflEL, Foii%%2 AL T Octopine
DER R &2 77 A OEBEOIRENCHIV 5 3 Lii<Twa, ¥4 HILTZ 5 (1973) 1%, HEFHA D
JE# 8 ~10H T Hexose mono-phosphate (HMP) xStk 5 &b~ BEERTCHRS L, TOEM
L 8 fik Octopine 35 X ¢ Hypoxanthine (Hx) @A #¥ 1L ¢, #F0#5CTo Hx EFEHEIEIT R
HREOWEOH 3 EEC, ChickL, BEBOREH MEBR TR CoReEARRbhich - oLl
Twb, ZHICHES (1974) 12 =474 4 O @iho ATP Bl {t&4, AP 3 LU Fructose 1,6-di-
phosphate (FDP) o Z{b&#i5 L, —7C T AP 2l 6h, T —6.5°C {3 b ATP o415
DIz L~ Adenosine di-, mono-phosphate (ADP, AMP) % 1 1f FDP o kiR bhic il <Tuw B,
& THADOMLEME L TOMATHEREORE L EHO4LE Lo Mfic v ToO #HEL Rbhd

(YA 1973) 5

ATP 053 HGERC4:+ % Inosine mono-phosphate (IMP) (2 ¢ 225 =5 ¥ROE S O—2ThHD
T EDHIBAT VS, M (1961) It+2 754 HiEEEHE R b, AMP-deaminase iFit% H2,
- T IMP oA Ebhi\ LG LT3, LvL Hitz & (1970) (2 Z&8Ric24% 9 H (BOURNE
1964) ICHE LS T A GHEBLA-RHOME s e <+ 277 4 — (TLC) T L2 IMP DA
v PRBEL W55, ORFECLOCREbhh Tz sMELTWA, kb (1973) L+ 7
A AEORETIC IMPOFEX AT A2 < 757 4 —CEELTV5, ZOLHCHETHAIC
1t AMP deaminase iG{t%H T 500 ENIBER LV, SO L3 bidb 2T HICROT 77 EC
LEbh T3 (B11971),

AWRIL+ £ T H 1 OBRRESERD 0°, —15°% L U8—30°C CoOlFE+ o ATP = X OBuli{eas 7
V2= VROGRIC X 5OTHS SN MAEREOACHLC LAY s /B <744 FED
LA RIS HETE 4 OMERISHHE L fo S5 —30CTH 6 AREER L2 T/ %
0°C i Lo B A olE Eic 2 5 5 b EH0 B b &RlIE L. ChboiRERGT, Mt
THAERHEL, MLEHS 4R L LTRSS ECE iy s b 500 &k b
et L,

HESIUHE

A B o W O

R 2 T H 219754 2 Ak it R ERT CER L 2Bl 2 7 A A TH B, FEhic [lifHT5 2
TIERTIMMEL, ABE*XKRV b0 3T 22 A Fr —ABOMMIc O, H)=FL 7 4L
& THEH L EIE B —30C TR Lz, —3CCIREROBELLTOE T, —15COHHIT—BE
1ot —15°COERBCB LM L1, 0°C oB&R oM @b o% 0°C DERECHEEL- b
D% fvizg AR OFERIL AT OB GIIER 156 FHEE Bl L0, CCOBEREBT3H
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MEHLRAL -0 XAV,
Inosine (HxR) & Xo* Hx OFEH

EREREKLE (Fum 1973) w# U Tii->7c, MBLEA 558 #HFFL, 5 % Al 20ml %
iz, #1552 4 ZA+5, HFEHHENo. 2 X H-THHBL, 2% 1ml % 1 NKOH ThHIL, Bk
¥ —KOH g © 10ml 1o % L1, BFERIGO RIGHHRK 12 4+~ 74 1 ml, Hasting-Sandroy #&#]
# (pH7.6) 5\ 2 0,1 M NH,CI-NH,OH (pH 9.4) ###% 2ml, BiEAK 1.5ml 5 LU%%E 0.5ml
T37C, 60 FEIEL Tz, AU 1= FRE% 200nm OE KA WEL Hx L 0° HxR |2 R L 1=,

TF=vRz2zvis 4 FEOEER

BHAEREAFAZ0~r 57 4 —Tliatoe # 7 LRI 5 %REKER+ 2 % — OS5 5Sml
# 5 NKOH cehfiL, g c8mliz L, £o@OLoM L Hv72, ALz # 7 &1k Dowex 1
x4 D CI"H (1x3cm) %At HHOERE Y74 1mliz0.5ml D 0. 1M &9l v—2% e tcb
O ftz, Hx, HxR OG0 mES (1973) OFETHMLALO%MY, 22 v4 24 FHMg
7K & 0.2M NaCl 547 0.01 M HCL & OFBBELRT Fili L, Hx, HxR 058, 3¢ =
ZVUFEA FBCR5g AT T 7Y av L, BHEEO 250nm OB EAMEL, Flo2vts4{ FO
FFBOEREY 12100 £ LT, #EgR% AL EIREY ATP, ADP % L0° AMP %~ 100.8, 103.24
FLU94.53% ¥AVTHEAFHLA.

HHEHOER

MPEMFE S H /L, %80%2 2/ —AHK20ml %z, 13MsEy+ 14X 1L, A 10ml
FRMETTAZ / —nkfiE, PEKCOmlcHE Lo Sincfitli, BROERICR 7/ —2
— WML (fRJF 1971) & Az, A (10~70 pg S HIZH A L 5 ICEYTBERTHERLAZLD) 1mlic
5%7 =/ —n1ml ez, iR 10 SHELHR BEEE (FOHEER Sml 2z, WL Hh#
480 nm DWRAWEL 2 Flic 7= — 2 TEEL-BRGC L 0 IEEERE v 2 —ARELT
Fb L1,

WHET : JBOER

AAS 5 #RFTL, Wl1%E 2V vES0ml iz, +E=r+4XL, EbLK 58T5, 20 5K
5ml # Dowex 1x8CI-Blo # 7 &€ Filifiiz 0.01% HCl # v & 2 v Bk %, BilEAT50ml oA
L b ORaifcft Lo, EikiEiz Yemm, Cocking 8 (it 5 1968) 128 U TiF -tz IV 2-iB i T
3M EFREfRMiHE (pH5.0) THB, BB 7 ) v 2 fGTiERL, 7 1 /BEEEL L TEbLE,

7 a—rrOER
MATIRE 2212 0.1% Ag.SO, EH 5%+ Y 7 o A RERIGH 23 ml Mz H =¥+ 1AL, TAifThe
L, BEME SIS EImET 5, HaEABE RO L THES YR . #oni H 2ml CBE
B 6ml &z, 6% 30 it TmEEne Ly, KG#ES20mm 0BRIEAWEL, Fra-Axf
WML B SN 7 ) a—r v BA AL, CORETO Iz —F v bl na—ALDROER
iz LA YAk TSHS (MENDEL & 19544, b),

HREIUVER

BER LU BEKEDHO HiR b0 ATP Bil{E&Ho b o Zkicov Tk $HO #iy GFES
1958, PR 1974, FLICK & 1972, HILTZ & 1970) 2% b, —#NciEd#0:5 ATP © @iz fEuy,
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ADP, AMP i L U° IMP o —Bp97ciiimo#, #A L, #\T Hx 510 HxR ol ibh 5, Hx,
HxR oI 0ffilc L - TH#Ex S5 ([1F5 1973), Fig 1 R4+ 2 741 O 0°C TD fFkh o
ATP LA OB AR LIt DTH S, 0 Hid AL E 12 REO B 3 Lo NER R TH 5.
1HE»H ATP opi/baiilic4 U, 6 HHicit Opmole/g 12 E L7, DM ADP i2b¥Fhfesi b i
HERLIOZTHLA, AMP x40 H¥T0.71 umole/g 25 3.68 pmole/g ~HiML, <O WP
HEATVA, HxR 12 AMP LR S% — v RRLTWA, HxR of&ik 2 B HERC Bt =L Tw
5 AMP L3 Ric- Tv b, Hx BEFBYEHMmL, 6 0 Hii 2 pmole/g R L1z, (LEHOLEE
12 8.73 pmole/g T ATP. ADP, AMP, HxR %t ¢ Hx O S 1T # 4 78.4, 12.49, 8.13, 0, 1.14
%THAED ATP ©hH %, ATP OoFfEREE, #iitsE $ L0 (BN ek b REkE
Wb b, WA od - RETOEERIL FIE (1961) O3z L5 L, 5~9 pmole/g L Aic h @ EH
Rbehs, Frcfym (RS ol vt &+« OMEO SIS T sMEOREC X 5EHD
BRI AR S,

oy F I A (Spisula sachalinensis) DB {IERI L EETFTL A2 744 & l~T ADP & AMP o#ihn
MR T, SR HxR 35 L 08 Hx o4 nm@iiic B ens (i 1961), 4$HEORE

—50 .05

—10 b=5.0

| o)
!
[ =}
K value

Nucleotides (umole/g)
HxR and Hx (umole/g)

=10

(dallysl

Fig.1. Changes of ATP and its related compounds in scallop muscle during
storage at 0°C. ATP((), ADP(»), AMP(x), HxR(®), Hx(a), Total
(ATP+ADP+AMP+HxR+Hx) (), K value(W), pH(--+)
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ELTHW (SAITO 5 1959) Sh T % ATP Mt 4o+ HxR+Hx o548 (Kfi) ¢ R
5L, 2HHO52 56 HADR~ZM . LRAARLTG-3, 2oz ATP opd, Hx oy BEE
TH%bo 61 HOFBHLOAKAI D, L BlEEHO kT Bhh, Sfcrk AR WETtH-
oo GEIMEH BRME LT - 7228, WA S (1973) REft x4 Ho 0~ 2 ColyMih4 HH2 6 VB-N®
BLEAYRTGS, 0°CTONETKEC L 54080 A RICETS MM 4: & 1o REL 5 3 HEEOR
BRI THD, Lvl, Bt 507 : /B BELSO%REcMET2HEORBSIOT I/
B2l AMP i FOHESHE (155 1969) TO 5 OB XEB/T 2 L. Vb D SR~ (23 OLEG6
HEZAIZ35 EBbhd, 0°CTHET HxR, Hx 5 XUz 2 vt 54 FOLRN4BOZHA0LHELE
mL7, coB®iz ATP 556 Hx ~OGFHRA~OHHENL L0235 VR 8ED L Y OSN3
AHRPE L OIEONNEN Ty, B ZOMOpH 26,5556 6.0 ~DETFEmRLE, LEDX5120°C
ToRritikd o ATP Mt & HoB L UOBRECHROh 30 LRBERS AR L4 — Y &m
Lice 2% bk 740 ATP S8R & L CHE (FJF 1966) LT\v-%, ATP-ADP-AMP-HxR-Hx
i - THEAHOWHEIEITL, BRMc Hx oBREEcBoh 2, HF (1961) 132771 1
Bz iz AMP-deaminase 2L TL 4728 IMP BfFfEL e\ 2 M L Tuv 525, Htz 5 (1970) (%
PEl(polyethylene imine) i1 e —20 TLC ¢ IMP OffE 4+ MR L T 5, FllAH (1973) &
Dowex1x8D# 5 a7 u~ |} #3574 —T0.1M & —0.05M 8§~ — ¥ coEtmpic IMP oy —2
PEEL TV, £564 Dowex 1x4 DA F L2 <757 4 —T0CO2HH»S IMP Ofzficig
BoE— 7 ¥#BEL T3, PEl e e -2 TLC TR CE i -1

Fig.2,3 12—15° £ —30°Cic filich o ATP BIE{LAHOALA T LD THE, ML &L L HHE
ATP 22uicmd L, —15°C Tik 2 A%, —30°C Tix 1 Ai#ic Oumole/g i27ch, TOE &4 16X
U 4. 6umole/g IEHE L1, = o Hx 3 L 0° ADP o (bt 4 7c v 25, HxR {2-15°C o F 1.3
pmole/g WZIHNL, 1 0#c Opmole/g 12, —30°C D#§&IL 1. 1pmole/g 1278 - 72 Opmole/g i@ §d
L7ze AMP 12 —15°C i1 10 A [ #-C§) 5pmole/g i X h, —30°CTi1 7.4pmole/g 2256 3 H I1IC
L. 7Tpmole/g 1A L7435 A H # To 5.6pmole/g @it L #2c =0k 5 feiuli@ ATP ofalteM
PIRBEOMEC L5k A ¥ - OERC L0 Bbhs,

coz ki Fig 5icpt i sciific 7 =—rv ofbalohaRdic t - THiEshd, &
HHRETLRRTERF o, A% LA ATP GRS L, THRBEAMCHERL THF
ML 7-#5i2 “thaw-rigor” LFL T—i5i7: ATP of§fi-fh=3a¥-0alnrHEBEE» B b
hdleé, LOLAEARTIREOL S BlGRAbhiky: (DYER 1974) St rmbhATwv 58, &
Mo &5 fedi I o—s e ATP oMb e mt B ash T oy, WiRECsF 5 ATP oEl
WIZKE =B D0, ChILEEELRON, H5WIREEC L 3REEENONE, EFicXs0nH b
Tl L L —15°C o854k 4 B Hic#) 1. Opmole/g iz —B5BmL -8 OTH A TR LI 2 TH
HOicxtL, —30°C o4 3 HEB® 4. 5umole/g 225 45 1 H® 0. Temole/g ~MA L., U8 HHD
3.5pmole/g ~MERL TW20%R5 L, —15°CTiz ATP OGREHZELR TV S0, 5 ik
SRFAOEBENCThATVS00ICE~, —30°C TIHERGHENLRIF LT ETHE L i
BonThD,

DX 5K ATP Bt &0 38, ARFCMEToM#ERL—15°C £ —30°C Ltk 5 (FRED
ERERENDDZ LN ELORD, LHEREKI:—-15°C 0B 510~20BHIC6~57 B LR L.
EZFLUVHEETERLAOKRL, —30°C T 85 BHEATL SMETH 5, Thlm IR & L UrE
BT HHEIL LR -30°C LT oisias R £ 0 AERE T 2 (REFT 2 L TRBETH S,

LLEMRST & L 5ic ATP (b0l h OBl E DM Ic X b Eh A bhiz, 0°C & —15°C
OEET IS HRTHRINEL B HDAT, VWb SEHRONESMIE- L 4 5, —5—30°C 0
HREL TOREHNMEL, RRGRENLLAEL TV 08 R e,

HHMOT I /BT LB L RCAROBRKT THE - LK HBAT V5, B it iph
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Fig.2, Changes of ATP and its related compounds in scallop muscle during
storage at —15°C. ATP((), ADP(a), AMP(x), HxR(@), Hx(a), Total
(ATP+ADP+AMP+HxR+Hx) ([, K value(H).

.II

Nucleotides, lIxR and Hx (zmole/g)

0 o 10 0]
(days)
Fig.3. Changes of ATP and its related compounds in scallop muscle during
storage at —30°C. ATP(D), ADP(a), AMP(x), HxR(®), Hx(a), Total
(ATP+ADP+AMP+HxR+Hx) ([1), K value(H),
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DEHCHE L b, FROOMGOERNAELBND, DYER & (1974) 12 5°C oL T\ ok & 7
74 DR & taste ¥ LU texture FOMHEAVGALBRLMETTHERL, WERAL LEHOFRE L LI
Wbt 5 LT B, EES BRI+ 2 TERID texture DA EFBI TV B, FE LI 0°,
—15° H XU —-30°C TiFRrho 7 ) 2~ v, IFERHER OGERET ¢ 2 o kR ko ATP Btk &
HERTLTHEL 2o FOEES Fig 4,5 WRlLi, 0°C OBHO 2 Y 2 —4 v it 19.5mg/g 55 2
HEFCELT, +O% 4D 8. 5mg/g LA L, 6 HH® 10.0meg/g Lot 5 L0 5 §fEA%RL
T B, & ORAMGEIEEL 1. 1mg/g 25 4.6mg/g ~EBL, W7 s /BETR AT LE, -
foo PHIZ 6.6 0B 61 ANEHALTWAEZ L bRERORIGETARZ s TWa 2 E2BRE, it
ATP Db - T Bz b dFTEEIR5S, LT~ L 5 A BEKNL 6 H BT 50 % LE - T
5% BUEROAYENETA L, coRSToREIl BV tEBERbhs, WTFRiELTh 0°C TORE ©
HEL 6 BEHIE e s L CORETSH B,

—15° F LV —30°C DBGOWEET 3 / B L OREBEE £ AUEERRLTW5, Fhiel
7Y 3= vEOBRHEDHTH e Bt » T, IWRTIICRBENERS 50, — Bl L, FUTO
BCEEL TS, £0#—15°C OBSRIFHRENIE CIREALELRLY, —30°C 0BG 20 HEE
T 12.6mg/g b 4. 4mg/g ~HA L, ATP oiffns & $i286 HH®D 11. 6mg/g ¥ TRME KT T 5,
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Fig.4. Changes of glycogen, free carbohydrates and free amino acids in scallop
muscle during storage at 0°C.
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