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Hoku Dai Suisan Iho  (Bulletin of the Faculty of Fisheries, Hokkaido Univ.) 

27 (1), 30-36, 1976. 

• Lipids of Mast' Salmon - IV. 

Changes of lipid composition and fatty acid composition 
in flesh lipids of juvenile masu salmon in the 

early stage of sea water life 

Tom  i OTA* 

Abstract 

The lipid class distribution and the fatty acid composition in each lipid class 
of the flesh lipids of the juvenile masu salmon (Oncorhynchus ma-sols) in the early 
stage of sea water life were investigated, and were compared with the previous 
results with regard to the flesh lipids of river-caught juvenile masu salmon. 

Squalene was a major compone.nt of hydrocarbons in the flesh lipids, but 
pristane which was not detected in the flesh lipids of river-caught maso salmon 
was present as a minor compone.nt. 

Triglyeerides in the total lipids decreased at the early stage of sea water life 
and increased at the. end of June. The content of phospholipids in the flesh did 
not change much during early life in sea water (about 800 mg/ 100 g of flesh). 
In the fatty acids of triglycerides, the ratio of (18:2-1-18:3) to the polyenoic acids, 
CI , and 0„ acids decreased, while the ratio of total co3 to co6 fatty acids, 055 and 
022. acids increased. 

The fatty acid composition in sterol esters contained more 20:503 at the early 
stage in sea water life than that in other lipid classes. Palmitoleie and olc•ie 
acids in sterol esters increased; on the contrary, 20:5w3 and 22:6w3 progressively 
decrease.d with the growth of the fish in sea water. 

It was considered that the fatty acid composition in the flesh lipids of the 
juvenile masu salmon in the early stage of sea water life was rapidly converted 
from fresh-water fish type. to marine fish type by the effects of marine environmental 
factors and that sterol esters played an important role in lipid metabolism. 

Laboratory of Chemistry of Fish Oil, Faculty of Fisheries, Hokkaido 

University. 
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Introduction  

Saddler et al.
1) 

and Parker et al.
2) 

have studied the changes that 

occur in the lipid content of juvenile chum salmon (Oncorhynchus keta)  when 

they have descended to the sea, demonstrating that the lipid content of 

the fishes' bodies, and the total monoenoic acids in the fatty acids that 

compose the lipids, both decline during early sea water life. However, no 

investigation has been made of how other lipid components change during 

thiisperiod. 

The 'author and a colleague have previously reported
3-5) research on 

the topic of how fish physiology and environmental factors are related to 

changes in body lipid components as fishes grow and mature. These studies 

** 
used masu salmon (Oncorhynchus  masou).  

We expect that juvenile masu salmon undergo the same kind of rapid 

change in their body lipid components as chum salmon when their living 

environment is also altered in the spring, as they leave the rivers they 

were spawned in and descend to the sea. In order to clarify this point, 

the present author conducted an investigation of the lipid composition and 

- the fatty 'acid composition of the flesh of juvenile masu salmon during 

the early.stage of their sea life. Furthermore, the author compared these 

results with the lipid composition 5) of the flesh of river-caught juvenile 

masu salmon, studying the changes that occur in composition during early 

sea life. 

Translator's  note: The Japanese name for this fish is sake  or 
sakemasu. Reference 2, according to the title, is concerned with pink salmon 
and not chum salmon. 

** 
Translator's  note: The Japanese name for this fish is sakuramasu. 

I have followed the author's supplied translation - masu salmon (Oncorhynchus  
mason) - although a leading Jap.-Eng. fisheries dictionary lists this fish _ 
as pink salmon (Oncorhynchus goIlmscha). 

/31 
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Experimental Tiethods

Test Fish and Li 9.d Extraction: The masu salmon used in the experiment

were all captured in 1972, some being caught in middle and 1.ate May off the

coast of Kamiiso in Hol.ckaido, and some in late June off the coast of Samaiii

in the Hidaka district of Hokkaido. After measuring the body length and body

weight of each fish, lipids were extracted from the flesh using the procedure

of Bligh and Dyer6)

Chromato'graphY_: Silicic acid column chromatography (CC) was used

for lipid fractionation and thin-layer chromatography (TLC) for preparative

purification of lipid components, following the methods previously reported5).

To identify lipid components, TLC was carried out using a thin-layer plate

having Tdakogel B-5 as adsorbent (thickness and size of the plate were 0.25 mm

and 20 x 20 cm respectively). Lipid components were activited for 60 minutes

at 110°C and then developed with n-hexane-ethyl ether-acetic acid (90:10:1

or 80:20:1 v/v). The reagent used for detection was a 10% phosphomolybdic

acid ethano]. solution. Gas chromatographical analysis (GLC) of hydrocarbons,

sterols and fatty acids employed a 10% DEGS column and a 2% OV-17 column.

Sterols were converted to acetates and fatty acids were methyl esterified,

after which analysis was carried out under the same conditions reported

previously5)

Results and Discussion

Change in Lipid Content: Table 1 indicates the body length, body

weight and flesh lipid content of the fish used in the experiment. As a

previously published report 5) demonstrated, the lipid cotitent in the flesh

of masu salmon that.are still in a river but will descend to the sea, is
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about 1/2 that of the type of masu salmon that will eventually remain in

the river -- 1.9% as compared with 4.2%. The present experiment indicates

that the lipid content in the flesh of the sea-going type of masu salmon

tends to decline even furt-her in the early period of their sea life, as

contents of 1.5% and 1.4% were found for fish captured in mid-May and late

May respectively. Moreover, in late June, before the fish begin their

migration to deeper offshore waters7)II), body length became longer and the

lipid content in the flesh increased to 2.7%. This kind of decline in the

lipid content during the early stage of sea water life has also been

observed in chum salmonl) and pink salmon*2). The explanation for this

change is thought to be that lipid metabolism picks up in response to the

fish's new living environment and its qualitatively and quantitatively

altered diet, with the result that lipids are utilized as an energy source.

Chn,es in Lipid Cosition:

of masu salmon caught at three different times for this experiment are

shown in Table 2. In addition to the lipid components shown in Table 2.,

wax esters, diacyl glyceryl ethers and fatty alcohols were also found to

be present in trace amounts, according to the results of TLC analysis

(Fig. 1).

The main components of the flesh lipids were found to be triglycerides

and phospholipids; sterols, both in ester form and. free form, were somewhat

lower in content thaj/those found in masu salmon during their river period5)

The quantity of phospholipids per 100 g of flesh was approximately 800 mg,

practically unchanged from that found in river masu salmon; in contrast,

The lipid compositions of the flesh

Translator's note: The Japanese name for this fish is karafutomasu;

it differs from the sakuramasu here referred to as masu salmon but elsewhere

called pink salmon.

4

/32
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the amount of triglycerides had declined following the descent to sea water. 

Consequently, the diminished lipid content in the flesh that was described 

above is mainly accounted for by a decline in triglyceride components, as 

the quantity of phospholipids shows little variation. 

As can be seen from Fig. 2, GLC analysis of hydrocarbons and sterols 	/33 

indicated that squalene was the major component of hydrocarbons, but that 

pristane, which was not detected in the flesh lipids of river-caught masu 

salmon, was also present. Moreover, a trend was observed for the amount of 

pristane to increase as the number of days the fishes have spent in sea 

water increases. As zooplankton form the chief part of the diet of masu 

salmon in their early sea life,it is thought that the pristane detected as 

a component of hydrocarbons comes from plankton lipids
9)10)

. The major 

component of sterols was found to be cholesterol. 

Changes  in Fatty Acid Composition: Table 3 shows the fatty acid 

compositions of flesh lipid classes. The fatty acid compositions of 

triglycerides and diglycerides were rather similar, having a higher content 

of monoenoic acids than the other lipid classes. In contrast, free fatty 

acids and phospholipids were high in acid 16:0, and phospholipids were 

found to have particularly high quantities of 22:6w3. As for the fatty 

acid compositions of sterol esters, the content of acid 16:1 resembled that 	/34 

found in triglycerides and diglycerides,while the amounts of 16:0, 18:1 

and some other acids were similar to those detected in phospholipids. 

Acid 20:5w3 comprised 17% of sterol esters in mid-May, a higher proportion 

than any other sterol ester component during the fishes' early stage of 

sea life. 

If we examine how triglyceride component fatty acids change when 

masu salmon migrate from their river environment to the sea, we find from 
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the various fatty acid ratios ll) in Table 4 that the content of acid 16:0

does not vary much between fresh--water and sea water, remaining constant

in comprising around 65% of total saturated acids. Since acids 16:1 and

18:1. showed a tendency to decline when the fishes begin sea life, the ratios

16:0/16:1 and 16:0/(16:1+18:1) increased. In contra-st, acid 20:1 did not

decline but increased when the fishes reached the sea, and acids 22:1 and

24:1 were also detected, with the result that the ratios of (20:1+22:1+24:1)

to the total. monoenoic acid content showed higher values than those found

under fresh•-water conditions. The polyenoic acids 18:2co6 and 18:3cO3, which

have high contents in flesh lipid triglycerides of fresh-water masu salmon,

declined in quantity as soon as the fish reached the sea, whereas 20:5w3 and

22:6w3 increased. These variations in polyenoic acid content also were

exhibited by the (18:2+18:3/total polyenoic acid) ratios and the values for

- showed that the proportion of monoen.oic acids foundEw3/Zw6. Saddler et a1. 1

in the lipid component fatty acids of chum salmon diminishes, while the

ratio of polyenoic acids increases, during the early period of their life

in the sea. A similar trend was observed in this study of masu salmon.

As for the d_ifferences between fresh-water and marine fishes in the

fatty acid compositions of their lipids, it is already known that acids

16:1, 18:2w6 and 18:3w3 are found in greater quantities in fresh-water fishes,

while 20:1, 22:1, 20:5co3 and 22:60 are more abundant in marine fishes 9,11,12)

It has been observed that acids C16 and C18 comprise a smaller proportion

of the lipid component fatty acids when masu salmon migrate from the river

to the sea, whereas acids C20 and C 22 increase in amount. It is believed

that the flesh lipid components of masu salmon rapidly change under the

influence of dietary lipids and other factors after the fishes are in sea

water; the shifts in fatty acid ratios shown in Table 4 illustrate well



how the fatty acid compositions of lipids vary from fresh-water conditions 

to marine conditions. 

As described above, there is a large amount of acid 20:5w3 in the 

fatty acids comprising sterol esters during the early stage of the masu 

salmons life in the sea. This tendency is similar to that pertaining to 

the flesh lipids of river-caught masu salmon. However, the content was 

found to be higher in the type of masu salmon that descends to the sea, 

9.3%, compared to a value of 7.6% observed for the type that remains in 

the river.
5) 

Addison et al. 13) investigated the lipid components of cod 

(Cadus morhue)  flesh and reported that sterol esters had a very high content 

of acid 20:5w3 - from 25.9% to 27.5% - in contrast to the 7.3 - 8.9% levels 

found in triglycerides. Glomset
14) has reported that plasma cholesterol 

is formed from cholesterol and the position-2 fatty acid of lecithin by 

means of lecithin-cholesterol acyltransferase (LCAT); this indicates that 

the large amounts of 20:5w3 found in the fatty acids that compose sterol 

esters may be due to phospholipid fatty acids. If we look at the changes 

in the fatty acids that cempose sterol esters, we find that acids 20:5w3 

and 22:6w3, which display high contents in the early period of sea life, 

decline as time passes in a sea water environment, whereas in contrast to 

this acids such as 16:1 and 18:1 show increased contents. This change is 

opposite to that which occurs in triglycerides with respect to the above-

named fatty acids. Reflecting on these variations in  fatty acid composition, 

and bearing in mind that esterification of sterols accelerates with an 

increasing degree of unsaturation of fatty acids
15)

, it can be inferred 

that lipid metabolism becomes more active in the early period of sea life, 

and that sterol esters are intimately involved in lipid metabolism in the 

masu salmon's body during this time.
16)17)18) 

7 

/35 
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Summa ry

The flesh lipid composition and fatty acid compositions of masu salmon

during their early stage of sea water life were investigated and the variations

found for lipid components were studied. The results can be summarized as

f. ollows :

1) The main component of hydrocarbons was squalene. Pristane, which

could not be detected in the flesh lipids of river-caught masu salmon, was

also present.

2) The quantity of triglycerides detected declined in the early

stage of sea life, resembling the variation in lipid content; however,

triglycerides increased in amount at the time when masu salmon begin their

migration to offshore waters. On the other hand, the amount of phospholipids

showed no marked variation, staying at around 800 mg per 100 g of flesh.

3)
Among the fatty acids comprising triglycerides, C16 and C18 decreased

in quantity after the masu salmon reached sea water, as did the (18:2+18:3/

total polyenoic acids) ratio. Contrary to this, the amounts of C 20 and C22

increased, as did the Ew3/Ew6 ratio.

4) The fatty acids comprising sterol esters showed a different

trend from that seen for other lipid components, having high amounts of 20:5to3

during the early sea life period. Acids 16:1 and 18:1 increased in quantity

as time passed in sea water, while acids 20:5w3 and 22:6w3 declined. This

tendency was opposite to that found for these fatty acids in triglycerides.

5)
It is thought that lipid metabolism is very active in the body

of masu salmon during the early period of their life in the sea, and that

the fatty acids compos:ing flesh lipids are rapidly converted from the f.resh--

water type to the marine type of compas9_tion under the influence of the fishes'
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new diet and other changes in their external environment. It is further

supposed that sterol esters play an important role in lipid'metabolism

during this period.

In conclusion, the author wishes to thank Professor Tetsu Takagi

of the Faculty of Fisheries at Hokkaido University for reviewing this paper

in manuscript.

Table 1. Body length, body weight and lipid Matent in the ffesh, of
the juvenile masa salmon.

Date of catch
Locality

Number of fish

Lipid content in flesh

May 1.6, '72 May 30, '72

Sex
Body len;th (cm)
Body -weight (g)

Coast of Katniiso
June 22, '72

Coast of Sainani

2
Femalc

23. 9
191

2.7

Table 2. Lipid class distribution in the,/lesh of the ju.aert•ile nras:a

salrno>a (as per cent of total lipids).

Lipid class May 16TI May 30

xych-eea,ruons
Sterol esters*
Triblycerides
Diglycerides
Free fatty acids
Stcrols**
Phospholipids
Unluiowns* "

0.1
0. 6

914.9
2. 2
3.8
4. 6

57.5
6.2

0.2
0.5

19. 0
1.8

10.3
5.1

60.2
2.9

June 22

0.2
0. 4

G0:9
3.6
8.3
3. 6

28. 9
1.0

/31

/32

* Inclùdes small aniounts of wax esters and diacyl glyceryl ethers.
Includes small amounts of fatty alcohols.

*** Mono ^lycerides may be present.
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n

v

1 2 3 4 5 6 7.

Fig. 1. Thin-layer chromatograms of each
fraction in neutral lipids separatsd
by the silicic acid column chronia-

tography.
1: Hydrocarbon fr., 2,3: Sterol ester
fr., 4: Triglyceride fr., 5: Diglycer-
ide fr., 6: Sterol fr., 7: Free fatty
acid fr. A-Wax esters, B-Diacyl
glyceryl ethers, C-Fatty alcohols,
D-Unlaiowns. ZVAKOGEL L'-5

(0.25 mm), Activation: 110°C, 60
min. Solvent: n-Hesa.nc: Ethyl
ether-_lcctic acid (\'o. 1-3 00:10:1
and 1o. 4-7 80:20:1 v/v)

Hydrocarbon Fr.

June22

May 30

I

pristane FyaytC Squatene

-^_^*_^•^--=-'-`---"-
0 10 20 30 min

m- 4'C1min •N- NOT
170'C 200'C

Fig. 2. Gas liquid clu•omatograms of hy-
drocarbons and storol acetates in
flesh lipids of the juvenile masu
salnion.



Table 3. Fatty aci<l composition of lipid classes in flesh lipids of the
junenile vtasu salmon. (%).

1 alt;
Acid

Sterol esters

A* ]3* C*

TCl^ lycerides

A B C

Diglycerides

A B C

Free fatty acids

A B C

Phoepltolipids

A 13 CV

Satura ted acid

12:0 1.1 2.7 1.4 0.5 0.3 0.2 1.1 0.2 0.3 0.3 Tr Tr Tr 0.5 '1'rI
[•1:0 1.6 1.7 6.6 5.2 4.9 5.7 4.4 4.3 5.7 2.7 3.1 4.0 1.9 1.5 2.2
15:0 0.7 0.9 2.0 0.6 0.6 0.5 0.5 0.7 0.7 0.5 0.3 0.3 0.4 0.4 0.2
16:0 30.1 30.5 24. 6 19. 9 24.0 20. 0 28. 8 25.8 17. 9 43.5 37.1 35.0 30.1 32.5 27.0
17:0 9.0 2,5 1.4 1.1 1.4 0.7 1.2 1.9 1.0 0.9 1.1 0.8 1.1 1.2 0.7
18:0 2.4 2.2 5.3 4.6 5.3 3.9 3.6 4.3 3.4 3.8 3.4 4.3 4.0 3.4 5.9

Total 37. 9 46. 5 41. 3 31. 9 36.5 31. 0 39. 6 37. 2 29. 0 51. 7 0.0 44.4 37. 5 39. 5 36. 0

llonoenoic a cid
14:1 0.9 1.4 2.6 0.5 0.4 0.4 0.3 0.4 0.6 0.2 0.2 0.3 0.2 'J'r Tr
15:1 0.4 0.7 0.9 0.1 0.1 0,1 Tr** 0. 2 0.2 0.1 Tr Tr 1.0 0.1 0.2
10:1 7.4 10.0 11.2 11.6 7.2 8.7 8.9 7.3 9.8 5.1 4.5 5.3 4.5 2,8 2.9
17:1*" 0.9 1.0 1.3 1. 1 0.7 0.8 0.5 0.6 0.9 0.5 0.1 0. G I O' D 0.1 0.3
18:1 10.9 11.5 14-.2 9.3. 3 20.9 21.7 18.1 22. G 24. 8 12.8 12.0 15.9 11.2 10.3 13.5
39:1 0.8 Tr '1'r 0.1 0.4 Tr 0.4 0.3 0.3 0.2 Tr 0. 5 1 0. 2 Tr Tr
20:1 1.1 1.0 1.0 3.0 2.5 6.7 2.4 2.3 6.9 1.7 1.2 4.3 0.6 0.8 1.8
22:1 0.8 Tr Tr 1.9 1.2 4.2 1.2 1.4 3.7 1. 1 Tr 1.9 - - 0.5
21:1 Tr Tr 3.1 1.1 0.6 0.5 Tr 1.0 0.8 Tr Tr Tr 0.4 Tr Tr

Total 22.7 25.6 34.3 13. 33.3 43.1 31.8 36.1 48.0 21.7 18.3 28.8 18.6 14.7 19.2

l'olycnoic acid

18:2u.6 1.2 1.4 2.2 3.9 2.3 1.7 2.3 2.0 1.7 1.5 1.9 1.3 1.3 1.3 0.6
18:3("3 0. 8 1.2 0. 9 3.0 1.6 1.3 2.0 1.2 1.4 1.7 1. 7 1.3 1. 2, 1. 3 0. 5
18:4w3 0.8 0.8 1.1 1.7 2.1 2.3 1.4 1.3 1.9 0.9 0.9 1.5 0.4 1.1 0.5
20:2CO6 Tr Tr 0.6 0.4 Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
20:3-6 Tr Tr Tr 0.4 Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
20*06 2.1 1.5 1.5 1.0 1.0 0.6 1.2 1.3 0.7 1.7 1.5 0.7 2.3 2.6 0.9
20:4(o3 2.1 1.8 5.1 1.5 1.7 1.2 1.0 1.2 1.9 1.5 1.6 1.4 1.3 1.7 0.9
20:5c,)3 17.0 11.3 6.3 1.9 6.0 7.0 5.6 4.3 5.3 8.7 11.6 9.0 8.6 8. 8 7.6
21:5t,,21 Tr Tr Tr 0. 5 Tr 0. 4 Tr Tr Tr Tr Tr Tr 0.4 -- Tr
22:5to3 1.2 1.3 1.0 .1.8 2.0 2.4 1.9 1.7 1.7 1.3 2.0 1.7 2.1. 2.9 2.2
22:6U3 14.2 8.6 5.4 6.7 13.5 9.0 13.2 13.7 8.4 9.3 15.5 9.9 26.3 26.1 31.6

Total 39.4 27.9 24.4 25.1 30.2 25.9 28.6 '26.7 23.0 26.6 36.7 26.8I 13.8 45.8 44.8

* A-May 1G, 33-May 30, C-Junc 22 ** Trace *** Includes 1G:2w4

Table 4. I'atly acid chain length composition and seueral ratios of fat^q acids
in. triglycerides Gf flesh lipide of the jusenile masu sa.lnton.

--- - _ __----- ^_ ^ ^ I Fresh-water* . - Sen water

Clz
C1a

c1s

C16
Cl,
C18

Clo
C20

C21
C,Z
C;4

16:0 as °,^ of saturatcd acids
10:0/1G:1
1G:0;(16:1-i-18:1)
('10:1 1-23:1 ^ lonoenoic acids
(18:2-1• 18:3)/l'oly-cnoic acids
S'n:31E<oG '

Apr. 30 May 1G I May 30 I June 22

Ieatt•y acid chain len8ths (%)

0.7
4.9
0. 9

35.6
2.5

45.7
0.3
6.8

2. 6

65. 3
1. 5
0.51
0.02
0.G
1.9

--- -- - -- I
° Data quoled from the previous papcr31 about

Ratios
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