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A Comparative Study on the Lipid Class Composition and the
Fatty Acid Composition of Sweet Smelt, Plecoglossus
altivelis, from Marine and Fresh-Water Habitat

Toru Ora* and Toru Takaer*

Abstract

The lipid class composition and the fatty acid composition of lipid classes of
sweet smelt, Plecoglossus altivelis, caught from different habitats were determined
by column chromatography and gas-liquid chromatography.

The lipid contents in the flesh of young sweet smelt obtained from the sea and
the lake were 1.7%, and 2.49, respectively. On the contrary, those of the river
sweet smelt caught in June were 5.4% in male and 4.69, in female, and furthere-
more, decreased to 1% in the spawning season. The econtent of cholesteryl
esters in the flesh lipids of young fish had a high level compared with that of the
adult fish from the river. The triglyceride content of the adult fish in June was
more than that of the young fish, but decreased in the gpawning season. In the
fatty acid composition of triglyceride fraction in flesh lipids, those of the young
fish had relatively high contents of 20:503 and 22:6w3, whereas those of the
river-caught adult fish were characterized by relatively high amounts of Ci,
polyunsaturated acids.

The comparison of the fatty acids of neutral lipids in each organ between male
and female fish in the spawning season indicated slightly higher contents. of
16:1, 18:1, 20:5»3 and 22:6w3 in the female.

From the fatty acid analyses, it was suggested that there are differences in
the feeding behavior and the activity in connection with sexual maturation between
male and female fish in the spawning season.

Introduction

Few studies on the lipids of sweet smelt, Plecoglossus altivelis, have been publi-
shed. Shimma and Taguchil) reported the differences in the fatty acid composition
between wild and cultivated sweet smelt lipids. They observed that in the dorsal
musele triglycerides of the wild fish, a sum of Cy, and Cig acids reached more than
509, of the composition, while the cultivated fish had around 40%,. Ota and
Yamada? revealed that the fatty acids of the flesh lipids of the wild sweet smelt
contained more C,q unsaturated acids compared with those of three other fresh-
water fish lipids examined, and were very similar to those of algae which are the
major diet of sweet smelt.

It is well known that the fatty acid composition in fish lipids is largely
dependent on environmental conditions3-®. Thus, sweet smelt living in some
different habitats may have the characteristic lipid constitution reflected by the
environmental factors to some degree; furthermore, it is estimated that the
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Table 1. Biological characteristics and lipid content of sweet smelt.

Number| Body | Body Lipid content (%)
Habitat Datehof Sex*! jof fish | length | weight | H.I*2|G.I*2 P %
cate sampled| (cm) (g) Flesh | Liver | Gonad
Sea
(C”;;.Of.) Apr. 4,72| MF| g3 76 | 46 | 14| —| 17 | 16.3 -
mi
Lake s
(Lake Biwa) | M8y 12,772 MF | 30 7.7 | 48 | 14| —| 2.4 | 13.3 —
ol M 5 | 157 | 575 | 13| —!| 5.4 | 9.4 —
June 29,772 & 5 | 159 | 60.5 | 1.4| — | 46 | 9.0 -
| M 4 | 149 | 569 | L5 —| 40 | 4.7 -
. 11, 71
Aug. 11 F 1 | 170 | 767 | L7 —-| 29 | 3.8 —
vy | M 2 | 174 | 138 | 0.5| 8.6 3.4 | 48 | 44
. t. 21, 71
River |°P F 3 | 178 | 70.8 | 2.2|12.8] 2.8 | 40 | 42
(River
Jinzu) mo| M 2 | 183 | 8.0 | 0.7 58| 21| 50 | 28
t. 28, 72
Sep F 2 | 175 | 930 | 1.5/268] 2.9 | 31| 6.9
ol M 5 | 18.8 | 883 | 09| 71! 31 | 36 | 23
. 12,72
Oct: F 5 | 17.2 | 65.3 | 8.9|153] 24 | 3.7 | 6.8
| M 5 | 13.1 | 25.4 | 1.0| 45| 10 | 31| 322
t. 29, 73
Oc F 6 | 144 | 351 | 29(139] 10| 30 | 41

#  M-Male, F-Female
*2  Hepatosomatic index (Liver weight X 100/Body weight)
*3  Gonadosomatic index (Gonad weight x 100/Body weight)

changes in the lipid components occur during the life cycle.

In the present paper, the lipid contents, the lipid class composition and the
fatty acid composition of each organ of sweet smelt collected at sea, in a lake and
in a river were investigated in order to clarify the characteristic of lipid composi-
tion.

Materials and Methods

Materials The sweet smelt used in the experiments were collected along the
coast of Himi, in River Jinzu in Toyama Prefecture and in Lake Biwa in Shiga
Prefecture. The fish obtained from the sea and the lake were both young fish, while
the fish collected from the river were adult fish. The date of catch, the number
of fish sampled and the biological characteristics of sweet smelt are shown in Table 1.

Lupid etraction Lipids in the tissues were extracted according to the method
of Bligh and Dyer?.

Column chromatography (CC) and thin-layer chromatography (TLC) The lipids
were separated by silicic acid-celite 545 (2:1 W/W) CC using chloroform and
methanol into neutral lipids and phospholipids. Neutral lipids were subjected to
CC on silicic acid (Kanto Chemical Co. 100 mesh) as described in a previous paper®).
The incomplete portions of fractionation by CC were further separated and purified
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preparative TLC (Wakogel B-10, thickness 0.5 mm) with the solvent system of
n-hexane: ethyl ether: acetic acid (70:30:1 V/V).

Gas-liquid chromatography (GLC) GLC was carried out on a Yanagimoto G80
gas chromatograph equipped with a hydrogen flame ionization detector. Two
columns (75cm in length, 3 mm id. glass and 30cm in length, 3mm id.
stainless steel) packed with 29, OV-17 on Chromosorb W AW DMCS (80-100 mesh)
were used for hydrocarbon, steryl ester and sterol analyses. The column tem-
perature was programmed from 160°C to 220°C at 4°C/min for the analysis of
hydrocarbons, from 240°C to 330°C at 4°C/min for the analysis of steryl esters, and
it was maintained at 240°C for the analysis of sterols as acetates. The peaks were
identified by comparison with standards (e.g. pristane, squalene and cholesteryl
C,4-Coo esters). The fatty acids from each lipid class were esterified with boron
trifluoride-methanol reagent or diazomethane in ether.

Two glass columns (150 cm in length, 3 mm i.d.) were packed one with 10%
diethylene glycol succinate (DEGS) on Chromosorb W AW (80-100mesh) and the
other with 59, DEGS on Chromosorb W AW DMCS (100-120mesh) for the analysis
of fatty acid methyl esters.

The column temperature was maintained at 185°C. The identification of the
peaks was made by the comparison with standards and by the semilog-plot
procedure. The fatty acid composition was calculated from the peak areas deter-
mined by the halfband width method. The column packed with 5% DEGS was
well suited for the separation of C polyunsaturated methyl esters.

Results and Discussion

Lipid content 'The lipid contents in the liver, gonad and flesh of sweet smelt
are summarized in Table 1. The lipid contents in the flesh of young fish from the
sea and the lake were 1.79, and 2.49, respectively; on the contrary, the lipid
contents in the flesh of the fish caught in the river in June were 5.4%, in the male
and 4.6%, in the female, but decreased to ca. 1%, at the stage of sexual maturation.
The liver contained more lipids than the flesh; the lipid contents of the liver of
the young fish were especially higher compared with those of the adult fish. The
difference in lipid content between the male and the female was not clear in both
flesh and liver.

The seasonal changes of the lipids in the flesh of fish have been examined by
several investigators®-1D). Wadal?) revealed that the decrease of the lipids In
the flesh, liver and head of the lean sardine was related to the sexual maturation.
Takashima et al.}®) observed that in the maturing female rainbow trout, the level
of lipid content in the viscera was lower compared to the immature one. Con-
sequently, it is estimated that the decrease in the lipid content of the liver and
flesh of sweet smelt in the spawning season is related to starvation, the lipid being
used as source of energy for maturation.

Lipid class composition The lipid class composition in the lipids of the flesh
and ovary of the female sweet smelt are shown in Table 2. From GLC analyses,
it was recognized that in hydrocarbons, squalene was a major component and pris-
tane was particularly detected as a minor component in the lipids of the young fish
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Table 2. Lipid class composition of the flesh and ovary lipids of sweet
smelt (as Y, of the total lipids).

Habitat Sea Lake River
Flesh Ovary
Lipid class
Apr. 4 May 12 June 29% | Sept. 28* | Oct. 29* | Oct. 29
Hydrocarbons 0.2 0.6 0.3 0.3 0.5 1.0
Steryl esters 2.2 2.7 0.6 0.4 1.0 2.9
Triglycerides 17.8 35.7 5.1 71.6 19.0 47.9
Diglycerides 3.2 3.7 2.8 2.4 1.0 2.8
Free fatty acids 2.3 29.3 3.3 6.8 17.4 6.0
Sterols 4.7 4.4 1.6 2.4 8.0 6.0
Phospholipids 42.6 20.7 14.9 14.6 51.5 31.5
Unknowns** 5.0 2.8 1.4 1.5 1.6 1.9
* Female flesh lipids were used for the experiments.
** Monoglycerides may be present.
Apr, Flesh Oct. Flesh
June Flesh Oct, Ovary
2
3
1 4 g
uotrc ”g?min 2056.‘: 3339(;'"510 10 20 30 min

Fig. 1. Gas liquid chromatogram of cholesteryl esters in the flesh and ovary lipids of

sweet smelt.
1-Cholesteryl C,, ester, 2-Cholesteryl C,, ester, 3- Cholesteryl C,; ester,
4-Cholesteryl C,, ester, 5-Cholesteryl C,, ester

caught from the sea. Sterol in steryl esters and free sterol was almost cholesterol.
Cholesteryl esters were composed of the Cp, to Cy, esters and cholesteryl C,q ester
was the major component as shown in Fig. 1. Such results were slightly similar to
the results obtained by Ikekawa et ali®). The cholesteryl ester pattern of the
young fish from the lake was similar to that of the fish from the sea and the river.
The cholesteryl esters of the ovary contained more Cq and C,, esters than those of
the flesh lipids. The comparison of the lipid classes of the flesh indicated a higher
content of cholesteryl esters in the young fish compared with the adult fish.
Shimma and Taguchi?® observed that the cholesterol content in the dorsal flesh
lipids was higher in the fresh-water and brackish water fish than in the marine
fish; they? also observed that the free cholesterol contents of the flesh lipids of
the wild sweet smelt were 41.0 mg/100 g of flesh in the male and 33.4 mg/100 g
in the female. In this investigation, the cholesterol contents in the flesh lipids
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were slightly higher than the values reported by Shimma and Taguchi. Especially,
the flesh lipids of the young fish from the lake had high cholesterol contents (65 mg
in cholesteryl esters and 106 mg in free cholesterol) compared with those of the
other two groups from the sea and the river.’

Comparing the lipid class composition of the young fish with that of the adult
fish in June, it is clear that the former contained more free fatty acids and less
triglycerides. These results suggest that the lipid metabolism in the young fish
is more vigorous and the rate of lipolysis is larger than in the adult fish.

In the spawning season, a pronounced reduction of triglycerides in the flesh
lipids was recognized. On the other hand, the levels of triglycerides and cholesteryl
esters in the ovary lipids were higher than those in the flesh lipids. Takashima et
al1®) observed that in the maturing female rainbow trout, the contents of free
fatty acids and of triglycerides in the liver as well as the plasma were larger, while
triglycerides in the visceral adipose tissue and phospholipids in the liver decreased.
From these results, they estimated that the stored lipids were moved into the liver
and then extruded into the blood in form of lipoprotein, and transported to the ovary.
Watanabe and Ando®) studied the changes of cholesterol in the egg of the rainbow
trout during its development and suggested that the cholesteryl ester played an
important tole in the fat metabolism in the development of the egg. In this
investigation, the differences in lipid class composition between the flesh and the
ovary were recognized clearly. Hence, it was considered that in the spawning
season the consumption and the transportation of stored lipids in the tissue occured.
The high concentration of cholesteryl esters in the flesh lipids of the young fish
and in the ovary lipids may be correlated with the transfer of the lipid component
in the lipid metabolism of the fish.

Fatty acid composition The comparison of the fatty acid composition among
various lipid classes of flesh lipids indicated that triglycerides were rich in 14:0 and
16:1, while phospholipids were rich in 18:1 and low in Cy polyunsaturated acids
(Table 3). The composition of free fatty acids was partially similar to that of trigly-
cerides, showing a slightly higher level of C,q polyunsaturated acids. Generally,
free fatty acids of the flesh are belived to arise from hydrolysis of phospholipids!?,
but the composition of free fatty acids in this investigation was not necessarily the
same as that of phospholipids. Consequently, this fraction may be derived not
only from the hydrolysis of phospholipids but also from the lipolysis of triglycerides.
The triglycerides of the young fish collected from the sea and the lake contained
more 18:4w3, 20:5w3 and 22:6w3 as compared with that of the river-caught
adult fish. Especially in the triglycerides of the fish from the sea, a high percentage
(12.19,) of 22:6w3 was determined; furthermore the ratios of w3 to w6 acids and
(18:2+418:3) to the total of polyunsaturated acids were 6.9 and 0.2 respectively.
These values are typical of marine fish lipids!®). On the other hand, in the
river-caught fish a relatively high amount of Cy4 polyunsaturated acids as compared
with the fatty acid composition of the fresh-water fish lipids® was determined. It
is estimated that the relatively high contents of Cy polyunsaturated acids depend
largely upon the dietary fatty acids as described in a previous paper®).

As we compared the fatty acid composition in the triglycerides of the ovary
lipids with that of the flesh lipids in the spawning season, it was clear that the
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Table 3. Fatty acid composition of various lipid classes

Flesh
Fatty acid Apr. 4 May 12 June 29

TG*L | FFA*® | PL* | TG | FFA 1 PL | TG j FFA ] PL

Saturated acids
12:0 0.2 Tr¥2 Tr Tr Tr Tr Tr Tr —
140 8.0 4.4 2.3 10.0 3.8 8.6 8.5 4.3 3.0
150 1.1 1.2 0.7 1.5 0.9 2.1 0.4 0.4 1.0
16:0 21.6 43.5 22.6 18.7 33.2 31.8 28.2 32.0 48.2
170 1.2 1.3 1.8 1.4 1.0 3.2 0.9 0.9 1.6

18:0 2.8 3.2%¥1  4.4%| 9.9 3.7 8.1%8 1.6 5.9% 7.0%

19:0 — 0.4 — 0.6 0.2 — — — —
Total 4.9 54.0 31.8 35.1 42.8 53.8 39.5 43.5 60.8

Monoenoic acids
14:1 1.4 0.6 0.3 1.8 0.5 1.6 0.4 0.3 1.0
15:1 0.2 0.6 0.6 0.2 0.2 1.5 0.1 0.3 0.6
161 10.0 7.2 3.2 17.0 9.4 11.3 21.9 16.9 6.9
17:1%¢ 0.8 0.8 0.8 1.5 0.8 2.2 3.7 2.5 1.6
18:1 12.8 8.2 9.6 11.5 8.3 18.9 8.9 8.0 13.4
19:1 0.7 0.5 0.4 - Tr 0.5 0.1 0.3 0.5
20°1 1.1 1.1 0.5 Tr Tr Tr 0.1 0.4 0.4
22°1 0.4 Tr Tr Tr Tr Tr - - —
24°1 Tr Tr 0.7 - Tr - — — -
Total 27.4 19.0 16.1 32.0 19.2 35.9 35.2 28.7 24.4

Polyenoie acids
16:207 - — — - - — 0.6 0.8 —
16:3wd — — — — - — 5.5 — —
16743 — — — - — — 1.0 0.8 —
16:401 — — — - — — 0.8 0.5 —
18:2w6 2.8 2.1 0.9 4.3 3.1 1.5 1.7 1.8 14
18:3w6 0.2 Tr Tr 0.5 0.2 0.2 0.5 0.2 0.6
18:3w3 3.0 1.8 0.8 5.1 3.9 0.9 6.0 8.5 3.4
18:4w3 5.1 3.3 1.0 4.3 2.7 0.7 1.1 0.9 Tr
20:2w6 0.2 — Tr 0.3 0.2 0.4 Tr Tr Tr
20:3wb Tr Tr Tr Tr Tr Tr Tr Tr Tr
20:406 1.4 1.4 1.3 1.5 2.9 1.3 0.2 0.7 0.5
20:403 1.9 1.7 0.7 1.8 1.3 0.7 0.4 1.0 Tr
20: 503 8.2 8.1 10.9 6.3 9.2 1.4 5.1 8.1 5.2
21:6w2? L5 Tr 0.6 — — — — — -
2246 — — - 1.3 0.7 — 0.6 0.3 Tr
22:506 - — - 1.1 1.3 - — — —
22:5w3 1.4 Tr 1.5 1.2 1.3 1.1 0.9 1.3 0.9
22:603 12.1 8.6 34.5 5.2 11.3 2.1 0.9 3.0 2.8
Total 37.8 27.0 62.2 32.9 38.1 10.3 25.3 27.9 14.8

#1 TG-Triglycerides, FFA-Free fatty acids, PL-Phospholipids
*2  Trace * Includes 16:3w4 * Includes 16:204
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Table 4. Fatty acid composition of neutral lipids obtained from the flesh, liver,
testis and ovary of sweet smelt in the spawning season (%).

Oct. 29 Oct. 12
Fatty acid Flesh Liver .
Testis | Ovary
M+ | P ‘ M | F M | F

Saturated acids
12:0 0.4 0.2 0.2 0.2 0.2 Tr# 0.4 0.3
14:0 7 7.2 7.2 6.8 2.9 2.0 4.0 5.3
15:0 1.0 0.7 0.4 0.3 0.4 0.3 0.5 0.4
16:0 26.2 30.0 33.6 27.6 42.9 35.5 50. 2 30.1
17:0 1.3 1.4 0.6 0.4 1.1 0.6 1.1 0.6
18:0 2.8 3.2 N b. b*? 5. 6% 3.4%8 4,74 3. 843
Total 39.4 42.7 47.5 40.8 53.1 41.8 60.9 40.5

Monoenoic acids
14:1 1.3 1.0 0.5 0.5 0.4 Tr 0.5 0.3
15:1 0.2 0.1 Tr Tr Tr Tr Tr Tr
161 15.1 15.4 25.3 29.0 10.2 17.6 16.6 27.6
17:1% 2.3 2.0 2.2 3.3 1.2 1.2 1.2 2.9
18:1 6.1 8.2 6.3 6.7 6.2 13.3 9.5 11.1
19:1 0.2 0.2 Tr Tr 0.5 0.6 Tr 0.4
20:1 0.4 0.2 — 0.2 — 1.7 — 0.5
Total 25. 6 27.1 34.3 39.7 18.5 34.4 27.8 42.7

Polyenoic acids
16:207 0.9 0.7 0.6 Tr - — - -
16:304 4.3 1.9 — — — — — -
16403 1.2 0.3 0.3 0.6 0.4 Tr - -
18:24,6 3.1 2.8 1.9 1.8 1.2 0.9 0.8 1.4
18:3w6 0.3 0.3 0.3 0.3 Tr Tr - 0.3
18:303 11.5 8.8 6.4 4.6 3.1 1.7 11 3.3
18:443 1.0 0.7 0.5 0.4 Tr Tr Tr 0.4
20:206 0.1 0.2 Tr Tr 0.6 Tr Tr Tr
20:306 0.2 0.2 Tr 0.2 Tr Tr Tr 0.4
20:406 1.4 1.4 0.7 0.8 1.5 1.3 1.1 0.8
20:403 0.7 0.8 Tr Tr Tr Tr Tr 0.4
20:503 4.9 6.4 4.2 6.5 1.5 6.1 3.6 5.1
2246 0.7 0.5 Tr 0.6 1.1 Tr Tr Tr
22506 — — Tr Tr Tr Tr Tr Tr
22:503 L5 1.7 1.5 1.7 2.5 L5 2.0 13
22:603 3.2 3.5 1.8 2.0 10.6 12.4 2.7 3.3
Total 35.0 30.2 18.2 19.5 28.5 23.9 11.3 16.7

*1 M-Male, F-Female *2 Trace *3 Includes 1

[~

304 *¢ Includes 16:2e4

former contained more 16:0, 16:1, 18:1 20:5w3 and 22:6w3 than the latter. It is
suggested that these changes in the fatty acid composition between the flesh and
the ovary lipids reflect the influence of the feeding behavior and the transfer
of the stored lipids into the ovary.

The fatty acid composition of neutral lipids in the flesh, hver, ovary and
testis in the spawning season are shown in Table 4. In each organ, the contents
of 16:1, 18:1 20:6w3 and 22:6w3 were slightly higher in the female than in those
of the male except for 20:5w3 in the liver.
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Kawanabe et al.2 and Miyadi?) observed the difference in the feeding
behavior between male and female sweet smelt in the spawning season; they also
observed that the male sweet smelt maintains its sexual activity throughout the
spawning season, while the maturation in the females was not constant and the
activity to maturation differed with the individual. Such biological characteristics
may be closely related to the sexual difference in fatty acid composition. That is
to say, it was considered that the low contents of 16:1, 18:1, 20:5w3 and 22:6w3 in
the male fish lipids indicated cessation of feeding and a high degree of utilization of
the stored lipids as a source of energy for sexual maturation.
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