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Changes in the Flesh Lipids of Fish during Frozen Storage.
Part II. = Flesh lipids of several species of fish

K020 Takama, Kéichi Zama and Hisanao IcArRASHI

Abstract

The minced flesh of five species of fish was stored at —20°C for up to 100-120
days, and the samples were withdrawn at intervals throughout the storaged period.
The properties of the lipids extracted from these samples were compared.

The rates of free fatty acid production in this minced flesh, exhibited as uM/
day/100 g, were approximately as follows: Alaska pollack 12.0 (up to 40 days,
and then the free fatty acid development held at a level of ca. 450 uM/100 g of
flesh), mackerel 8.0, yellowtail 3.1 and northern blenny and flying squid 2.0,
respectively. The accumulating amounts of the liberated free fatty acids were
fairly less when compared with those of decreased lipids.

From these findings, the lipid degradations were attributed to the influences
of hydrolysis and oxidation.
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% B’

BH RkOSERAOARZRACIY, WIN ARRELIHERE2E D, F a1 v ¢~ THlEE,
HYTFL R HED —20°C il 12, ZORA% 0 HEFR & L 12,
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WOHBINI DRz, F X T (Stichaeus grigorjewi, HERZENSTEIN) i 1968 4F 6 iz 2k
HTHLNIZbDE—KARTHBLI LD, 127255 (Seriola quinqueradiata, T.et S.)it
1968 42 10 AAL¥EEMATI TABT S, EHATRERAFINIZADTH 3, ¥ b Y& 513 500g
T, FHY MR 2B0g $0, TRYNETISFRBESRELY, ZhFh10g FOoREY = FL
VIRICHEDI, I5XHEBABE BT IELCRL Y, Ly b ERCAREENSTbATH 3
WA A9 (Todarodes pacificus, STEENSTRUP) % & Fu 71z (1966 429 B, BANENRE). C OB
A, AP 0537 RUNOATARSTOMEL, RBBIRGEE 1/8 BOEWEE bic
BRUBRERBIAL 12,

IR #8ke b, RBRBRERREOT S@EIL, Zraku s - A2 — 1 (2:1, by vol)
BRSHATLIE, 2EAT2~3 MMM E2EEL, MHiM% Folch OEHETAEL, sun
oV A BEER BRLCESNIBEMERIBRE L.

TAMOZ LIRS F574— 1. VoBREEHMBERONA IEEE (2~2.5g) O 40 {5
DY 48 (Mallinckrodt £, FERD O X 51z x4 7 —HERE 110°C TEMAL) % nnkraic
ME I 3% 30cm OEER Y 5 £ iCFEHL, 5°C OFAKEBEL 25 N, KRR Tr o< F 257
120 BBHINRA U DPERDO /v u kb ABIREL TH I &L, Zuukvs 700ml, BEXT
* b 500 ml OFHE 2 BEMIEER L, MOTELINZ 22— (750ml) BHR% Y » 8%
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2. EREDBOAR BRLFRS AR & - A RREI VBN TRRER, T Tl
B, x-FAT1ERSE RELIOL, 20 15g # MCCARTHY 619 OFEERAEN, 4V F ne
= - HHEAL VIEHE (1.8g OWHEN Y% 30ml D4V Fuses —aicd:Hp?) 30ml &Ex—Fa0
0 ml RAL, S5H/BIEHT L (2x15ecm) KFERL I, 1 THRL -BHIEE 1g 2PBDO =~
FABEELTH S gL, =—F 150ml COBEHR 2 PHIEERSEL, X561 29% $8 -
T~V 200 ml CORHMK % ERERIEERK 43 & L TE T,

TOMOREE FRIEVBROREINERD? LRBRCLTAF 2257V 2R/E, A F6-D
HRru= 57, vxFrerda—in . anyBEY =5 EEHEZHES Gmmx2m X
F=Hh T L) RIT o120 BRERDIEROIDOMB 2 v < +2° 57 4 —~i3 Wakogel B-0 L —
k% 110°C, 30 &¥EMAbHE, BMEERSIIINFYY - 2~ 50 - FiE (90:10:1, by vol) %, Yo
FERESTiZZwakv s - x2 7~ - Bl - K (25:15:4:2, by vol) % BEEHI & U THF o Tz0 T8
R X b, a3 vz Wos i X S TREEL 77,

RRbLUER

Favt—fIRRERY) ZFLUHREEE LT —20°C RRPERL RO R B I IRESLY 2K,
VU BRR, PHERRRE X OBRERRIRRIC DV TR Table 1 DX 5 Th B, 12 Fig. 1 LA
100g FORRBEROELRL 1od3, WEHEIRIBROERE (WM/100g ) % EAMIKEFRT 3 & Fig.
20D&5TH5B, Table 1 B Fig. 1 XY EBDD 0% —> OHLMES S 13y 3B (V8K
DBECELTE X5 b OX5 - 4 78 PHREENECERT 395 725 7B IOWHE b8
PTBINTH - K< uf) RARHINGY, BHBRERE»OA2E Fig 2 0L 5icar b
VXTI 4 B3R 40 ALURIFEA KRR BRI, Ll X4 k94 5 0 B
TSR AE PR REEE WX B AR 40 BATIEIZAY 12.0,M/H & HED TRV, #3249 8.0 M/ H TR B S &N
AHERLOBBRTHEESHEC SO LBbNZ, +HY 7113# 2.0 M/ H O S THBISIHEL % £R
T5H, BIER 40 BAEDA # RBEOEIZRL TS, 755514,k + 47 % & OEO
3. 1uM/ARRLT B, 2RRDN 809 YV VBT ED LTS R b & &5 4 5 Tid ik
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Table 1 Lipid data for the minced flesh of various species of
fish during storage at —20°C

[XXII, 4

Alaska pollack

Total lipid Total PL*’ Total NLP FFA®
Days :
Y |%ofmineed| 4y | 1y lgofTL4| LV. |%of TL| LV. |o6ofTL
0 0.85 27.2 191.9 81.2 157.6 12.9 203.6 4.7
10 0.76 42.3 194.3 3.7 122.7 13.1 202.9 13.1
30 0.83 49.6 197.0 66.3 180.0 14.4 142.4 18.1
40 0.79 4.4 195.6 66.6 180.1 13.9 130.7 17.7
60 0.77 65.4 180.4 61.0 114.6 16.9 179.8 20. 8
90 0.76 60.7 199.0 60.5 172.1 17.1 151.2 21.0
120 0.76 62.7 202.0 60.8 174.9 15.8 171.7 22.4
Flying squid
0 1.73 27.6 171.8 81.5 168. 6 12.1 186.6 0.9
7 1.73 26.0 163.8 80.8 165.1 12.8 187.2 1.4
21 1.70 30.2 165.9 80.0 155.0 11.2 190.3 1.3
28 1.60 27.2 166.3 79.5 146.5 12.5 187.7 1.6
42 1.79 26.1 164.8 79.3 156.4 11.2 194.6 2.3
70 1.51 30.8 182.1 8.5 145.1 13.2 187.6 2.2
98 1.30 30.6 173.7 76.1 75.3 13.8 180.3 3.1
Northern blenny
0 1.63 8.5 166.8 34.3 133.7 57.7 174.1 1.2
10 1.42 10.6 179.8 35.9 102.1 53.5 179.5 2.8
20 1.46 13.5 172.3 36.3 175.0 54.8 180.9 2.7
25 1.61 13.1 170.4 29.2 171.8 60.2 179.2 6.2
40 1.58 13.6 178.7 36.1 174.3 69.5 187.2 2.6
60 1.50 14.3 182.0 36.7 — 60.0 189.3 3.3
120 1.51 19.5 170.2 30.5 160.3 58.3 — 6.0
Yellowtail
0 5.01 6.3 157.2 18.4 140.8 76.8 156.7 1.4
7 5. 80 6.5 164.7 16.4 157.7 81.2 163.3 2.4
14 4.61 7.2 165.2 18.6 153.0 76.8 155.4 2.4
21 5.81 5.9 188.6 14.3 163.1 78.8 186.3 —
28 5.41 7.2 193.6 15.5 — 76.5 189.0 2.0
56 5.74 1.4 186.4 14.4 192.1 77.2 190. 4 3.1
84 5.63 9.0 186.5 13.5 161.2 82.2 188.1 4.3
Mackerel
0 15.52 2.3 149.4 6.2 108.1 89.7 151.1 0.5
10 16.25 3.6 152.9 5.5 160. 8 92.5 145.4 0.7
20 15. 92 3.7 150. 9 4.1 109.5 91.1 142.6 0.7
30 14.71 3.8 141.4 5.9 93.5 90.0 140.6 1.0
40 14.95 3.7 146.4 5.6 93.6 89.2 146.7 1.5
80 14.63 3.6 109.3 5.9 63.7 88,8 146.3 1.6
110 14. 42 4.8 149.5 5.6 115.1 88.9 146.4 1.3

a) Phospholipid, b) Neutral lipid, c) Free fatty acid, d) Total lipid
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Fig. 1 Changes of lipid content in several stored species of fish at —20°C
Phospholipid, ——— : Nentral lipid, —— : Freefattyacid
* From data in previous report®
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Fig. 2 Developments of free fatty acid during storage at —20°C of various species of

ase of phospholipid (as lecithin) and dvelopment of
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Table 2 Fatty acid composition of the minced flesh of various species
of fish during storage at —20°C

Alasgka pollack
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Table 2 Continued

Flying squid
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Table 2 Continued

Yellowtail
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* N: Neutral lipid, F: Free fatty acid, P: Phospholipid
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. DEEALND, Fig 3 ARERENBRELBDY VIREE (Vv 7L EUTHE) & OBFE2RL
e, YUY IR (Vv 7)) OKBITL > TOABRERIEEL ERT 3 & $hif, OLLEY 61D §
BRLTVA X5 ) /T~ YV IRROEEDITORLNELT, Vo Fy 1M OEPT 2uM Ol
RERGRARRYSZERR T 5 C & s h, AEmEEEHENE JM/BO VL FL 1uM (0 £93) 12202723,
ILICHHIRE S & bIAMRT B L X120>2.0 &5, BOSUND 52 D= v B (—15°C) OER
TIRMESH T 0=4.6, WBHT =27 THB3L L BFLTVEY, +HINT20, 2¥ +9¥IT
1.5, 72345 TLL, $2T3.2 48T02%RL, ¥ 12RNTHWTFNE 03 2.0 U TTH 3,

Table 3 Fatty acid content of minced flesh of various species
of fish during storage at —20°C

Alaska pollacks’

Satd. acid Monoenoic acid Polyenoic acid *M.M.W. of FA
Days m
g/100 g 9% of 9% of % of
flesh ~ |Total FA| ™8 |TotalFA| ™€ |[TotalFA| FL NL

0 256 53 173 36 51 1 276 —
10 209 B4 146 38 30 8 274 -
20 119 49 143 39 15 12 278 -
60 195 61 108 34 18 5 276 -

120 168 53 115 36 33 11 278 -
Flying squid®

0 639 64 166 16 197 20 275 —

T 619 63 133 13 235 24 27 —
21 676 (1] 165 17 118 B 272 —
28 24 81 121 13 45 6 265 —
42 48 ] 175 17 4 7 267 -
98 586 85 100 14 6 1 263 —

Northern blenny®’

0 436 34 631 49 214 17 274 275
20 439 39 590 52 103 9 269 274
40 447 36 588 48 192 16 269 275

120 410 35 609 53 141 13 266 272
Yellowtail®!

0 1.8 g 41 2.3¢ 52 0.3g T 272 273

1 2.1 45 2.1 46 0.4 9 270 214
14 1.6 40 2.1 52 0.3 8 278 270
b1l 1.6 32 2.3 46 1.1 22 276 268
28 1.9 43 2.0 44 0.6 13 277 278
84 1.2 28 2.7 62 0.5 11 218 272

Mackerel’

0 5.3¢g 38 T.48 53 1l.4g 10 268 270
10 6.7 45 7.0 47 1.2 8 274 268
20 6.5 46 6.7 46 1.1 8 262 269
40 5.8 4 6.4 48 1.1 8 269 273

110 4.9 39 6.3 50 1.4 11 2714 275

— 208 —



1972] B BB B 3 REHREROE/L-1I

. Table 3 Continued

Alaska pollack®’

_ Satd. acid Monoenoic acid Polyénoic acid
D&yﬂ mg/loo g 9% of % of v 9% of *M.M.W. ]
flesh Total FA| ™8 | Total FA | ™8 | Total FA
.0 17 43 13 33 10 26 282
10 43 43 31 31 26 . 26 290
20 40 M 38 31 42 -3 291
60 87 54 46 29 27 17 273
90 80 50 49 30 31 20 275
120 70 41 54 32 47 27 285
' Flying squid®’

0 1 T 3 19 1 10 271

7 18 71 4 18 3 12 271
21 14 59 4 17 b 2% 279
28 18 71 B 19 3 10 272
43 23 55 9 21 10 b7 280
98 18 49 8 21 11 31 284

Northern blenny®’

0 6 31 9 45 b 23 282
20 13 34 20 51 6 15 217
40 11 a7 20 50 9 22 279
60 16 32 pJ 49 10 19 265

120 21 23 42 46 27 30 296
Yellowtail®’

0 32 46 27 39 1 15 283

7 35 49 25 36 10 15 —
14 41 41 41 41 18 18 289
28 29 42 31 4 10 14 283
56 45 35 59 45 20 20 287
84 56 40 65 46 13 13 281

Mackerel®’

0 39 48 32 39 10 12 276
20 40 36 b4 49 17 15 279
40 78 36 108 49 33 15 279
80 79 33 119 50 42 17 280

110 65 34 90 47 35 18 283

a) Calculated from the fatty acid composition of phospholipid (as lecithin)

b) Calculated from the fatty acid compositions of phospholipid (as lecithin) and
neutral lipid (as triglyceride)

¢) Calculated from the fatty acid composition of free fatty acid fraction

* MM.W.: Mean molecular weight

Table 2 &Y IREH JOPEREOEL 2 IGHHBOMEE R I2h5, HiERLLFLELT, F12
BHEELITYV Y FEUTEHASTFED S 2N FNOEHROEHE (mg, d 34 id g/100g B)
BHATIRE © &/ FASFEE : BEMEFEIL : U T Table 3-a,b 2R T2, T ORERD 5 it —OHRA)
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BRI, 12 ¥ 4 HOBLIEBEICE YL TREREIESBIL, MIRHNE LD 2
A ERERL TV, Lind, COBRATH 0=0.2 CHMERBEREIED TES, &
RBETRITROBILSBIC L BREEAONS,

BRI ROZ SRt D Tid CrizHOV 519 OBFZI khif, 2BRcBInTITbh, &Y
AR (0.7~1.0x107g/g) Ik X H ML DN, 2 Bk H ISR 6 ORBEMRIC L > TR
EBFDNB LENBHONT V5, JBRES T8y FUTHI Fig. 1 ORRT S, Mk 10~20
H B OEE 2 IS RR LR & 40~50 B A OB IRV BBD OGN, &4 iR R NER DR
AZZHOKE b b - TEFRMY (10~20 HAE) ORRKBPVKENbDLEALNS,
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