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Abstract: In the study of the nutritional requirements of phospholipids in fish larvae, three diets were tested, containing 4 %, 2 % and
0 % soybean lecithin. Larvae of Japanese flounder, Paralichthys olivaceus, were cultured using these three diets. A control group was
fed only rotifers, Brachionus plicatilis. Growth and survival after 30 days of culture, of larvae fed 2 % and 0% soybean lecithin were
significantly lower that for larvae fed diets wit 4 % soybean lecithin and the control group. The amino acid composition of the larvae
fed the different diets was very similar for all groups, and it was not dependent on the diet fed. Results indicate that larval Japanese
flounder need phospholipids in the diet, which may be covered by supplementing the diet with 4% soybean lecithin.
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1. Introduction

The production of marine fish larvae usually relies on the use
of live food such as rotifers and Artemia sp. The culture of
these organisms is throublesome due to the variability in the
nutritional quality of these organisms and the uncertainty in
its production due to factors beyond our control, such as
climate [1]. Several authors have achieved the culture of fish
larvae with microdiets [2]-[5]. In experiments with
microdiets, supplementing the diets with phospholipids
enhances the growth and survival of the larvae, and decreases
the incidence of malformations. The aim of this research was
to demonstrate the effect of several levels of dietary soybean
lecithin on the growth, survival and body amino acid
composition of Japanese flounder larvae.

2. Materials and Methods
2.1 Rearing Method

Larvae of Japanese flounder (10 days after hatching) were
stocked in 100 1 tanks at a density of 10 larvae per litre (1000
larvae per tank). Larvae were fed microdiets every half an
hour from 9 am to 4 pm. Rotifers were added to all the tanks
as a supplement every day at 4:30 pm at a density of 5
rotifers/ml, to provide food during the night. Water was
exchanged 3-5 times per day, and gentle aeration was
supplied. All groups were replicated in 3 tanks per treatment.

2.2 Diets

Zein-microbound diets were used for al treatments. The
preparation of the diets followed the procedures described in
[6]. The ingredient composition of the diets used are shown
on table 1.

Table 1: Composition of microdiets used (g/100 g dry wt.)

Ingredient Diet1 | Diet2 Diet 3
casein 30.00 30.00 30.00
fish meal 20.00 | 20.00 20.00
Krill meal 10.00 10.00 10.00
Arginine-HCl 1.30 1.30 1.30
Lysine-HCl 1.70 1.70 1.70
vitamins 6.00 6.00 6.00
minerals 5.00 5.00 5.00
Soybean lecithin 4.00 2.00 0.00
Soybean oil 0.00 2.00 4.00
Squid liver oil 3.00 3.00 3.00
n-3 HUFAs 3.00 3.00 3.00
dextrin 6.70 6.70 6.70
attractants 1.30 1.30 1.30
zein 8.00 8.00 8.00
TOTAL 100.00 | 100.00 | 100.00

2.3 Analytical Methods

At the end of the experimental trials, samples from all
treatments were taken, and tissue and dietary amino acids
were determined using a Shimadzu HPLC after hydrolysis of
the protein at 110 °C for 22 hours with methane sulphonic
acid. N-leucine was used as internal standard. The crude
protein of the diets were determined using the Kjeldhal
method. Lipid class composition was determined using an
latroscan system. Fatty acids were analysed by gas
chromatography, after esterification to methyl esters. All data
were analysed using Statview.

3. Results
3.1 Growth and survival

Growth and survival of the larvae fed the four experimental
diets are shown on figures 1 and 2. Growth was best for
larvae fed rotifers. Survival of larvae fed on rotifers was
similar to the survival of larvae fed diet 1, with 4% soybean
lecithin. However, larvae fed diets with 2% soybean lecithin
(diet 2) and 0% soybean lecithin (diet 3) had significantly
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lower survival. This indicates the need of phospholipids in
the diets for Japanese flounder larvae.
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Figure 1: Mean body length (mm) of the larvae fed the
different diets after 10, 20, 30 and 40 days.
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Figure 2: Survival of red sea bream larvae fed the different
diets after 10, 20, 30 and 40 days.

3.2 Biochemical analysis
The gross biochemical composition of the diets used are
shown on table 2. Crude protein and total lipids were similar

in all diets used.

Table 2: Proximate composition of microdiets used with
Japanese flounder larvae (% dry weight)

Diet1 | Diet2 Diet 3
Crude protein 61.69 62.75 61.50
Total lipids 12.31 12.12 12.89

The lipid fractions of the diets are shown on table 3.

Table 3: Lipid fractions of the diets used with flounder
larvae, as % of total lipids (spectrophotometric method)

Lipid fraction Diet | Diet 2 Diet 3
Neutral lipids 76.89 84.47 86.22
Polar lipids 23.11 15.53 13.78
Total lipids 100.00 100.00 100.00

It is outstanding the high proportion of polar lipids in diet 1,
with 4% soybean lecithin.

Lipid classes in each lipid fraction of the diets are shown on
table 4. The polar fraction of diet 1 has a higher amount of
phosphatidil choline and phosphatidil inositol than for diets 2
and 3.

Table 4: Lipid class composition of the lipid fractions of

diets used
Lipid class Diet 1 Diet2 | Diet3
Neutral lipids:
Steryl esters 1.41 0.73 0.49
Triglycerides 92.07 91.62 96.93
Free fatty acids 3.15 2.96 1.13
Cholesterol 2.08 0.71 n.d.
Diglycerides 0.70 n.d. n.d.
Monoglycerides 0.58 3.98 1.45
Total 100.00 | 100.00 | 100.00
Polar lipids:

Phosphatidyletanolamine 3.29 3.52 3.57
Phosphatidylinosotol 10.54 6.97 9.93
Phosphatidylcholine 82.75 79.36 17.52

Sphingomyeline 1.77 3.71 41.24

Lisophosphatidylcholine 1.65 6.44 27.73

Total 100.00 | 100.00 | 100.00

The fatty acids of the lipid fractions of the diets are shown on
table 5. The essential fatty acids EPA and DHA are present at
high levels in all diets.

Table 5: Fatty acids of the lipid fractions of diets, as % of
total fatty acids

Fatty acid | diet 1 diet 2 diet 3
NL PL NL PL NL PL
14:0 4.57 1.08 399 | 1.40 3.88 2.01
14:1 0.27 n.d. 0.30 n.d. n.d. n.d.
15:0 0.28 0.15 0.31 n.d. 0.19 0.23
16:0 13.56 | 20.08 [13.43 |[18.53 |11.78 | 21.76
16:1 4.70 2.60 417 | 437 | 473 4.04
17:0 0.64 0.27 0.58 | 0.78 0.77 0.53
17:1 1.29 0.19 1.16 | 0.64 1.21 0.54
18:0 2.52 2.73 2779 | 2.44 2.53 2.83
18:1 15.85 13.21 [17.59 [13.00 |17.41 | 16.66
18:2n-6 | 12-16 | 31.83 |18.91 |23.21 |24.09 7.01
18:3n-3 | 2.03 2.89 2.88 | 3.93 4.48 1.03
18:4n-3 | 2.01 0.23 1.67 | 1.11 2.17 0.64
20:1 3.51 1.32 298 | 1.93 3.10 2.25
20:2n-6 | 0.23 0.09 0.19 | n.d. 0.12 n.d.
20:3n-3 1.08 0.73 0.94 | 0.75 0.62 1.38
20:4n-3 | 0.85 0.29 0.64 | 0.26 0.46 0.52
20:5n-3 | 13.38 12.52 [10.82 [13.87 |11.60 3.16
22:1 2.57 n.d. 2.08 n.d. n.d. n.d.
22:5n-3 1.33 0.48 1.09 | 2.80 0.59 0.80
22:6n-3 | 16.01 9.06 [12.65 [10.97 | 9.96 15.52

The total amino acid composition of diets and larvae are
shown on table 6 and 7. The composition is very similar in
all groups of diets and larvae. It can be noticed that there
seems to be no interaction between dietary lipid quality and
the assimilation of dietary amino acids, since the amino acid
profile of all larvae was very similar.
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Table 6: Total amino acids in the diets (g/100 g dw)

Amino acid Diet 1 Diet 2 Diet 3
Tau 0.27 0.32 0.28
Hypro n.d. n.d. n.d.
Asp 10.11 12.02 9.95
Thr 1.73 2.03 1.69
Ser 2.59 3.58 3.06
Glu 9.51 11.20 9.47
Pro 4.01 4.73 3.98
Gly 1.53 1.77 1.52
Ala 2.38 2.82 1.16
Cys 0.04 0.06 0.04
Val 2.15 2.69 2.17
Met 0.82 0.79 0.84
Ile 2.15 2.35 1.84
Leu 4.92 5.53 4.58
Tyr 1.99 2.64 2.16
Phe 2.11 2.63 2.17
His 1.14 1.36 1.13
Lys 3.92 4.72 3.93
Trp 1.13 0.93 0.99
Arg 2.95 3.51 2.94

Table 7: Total amino acids in the larvae after 30 days
feeding on the different diets (g/100 g dw)

Amino acid | Diet1 | Diet2 |[Diet3| Diet4

Tau n.d. 0.04 n.d. 0.09

Hypro n.d. 0.31 n.d. 0.36
Asp 15.65 4.67 |13.88| 15.29
Thr 2.50 2.15 230 | 2.39
Ser 3.52 2.67 322 | 343
Glu 8.28 7.44 7.57 | 8.03
Pro 2.63 2.54 | 246 | 2.71
Gly 3.10 2.96 3.14 | 3.24
Ala 3.15 272 1270 | 3.11
Cys 0.17 n.d. n.d. n.d.
Val 2.24 2.01 3.14 | 2.31
Met 1.96 1.62 1.54 1.65
Ile 1.76 1.61 1.72 1.80
Leu 3.98 3.49 3.69 | 392
Tyr 2.04 1.78 1.56 1.97
Phe 2.29 2.00 | 208 | 2.26
His 1.51 1.39 1.35 1.39
Lys 4.02 3.37 358 | 3.82
Trp 0.55 n.d. n.d. 0.13
Arg 3.68 3.31 3.09 | 3.66

4. Discussion

Best growth and survival was achieved when diets were
supplemented with 4 % soybean lecithin, compared to 2 %
and 0 % dietary soybean lecithin. Final length of larvae fed 0
% soybean lecithin was nominally (but not significantly)
higher than for larvae fed a 4 % soybean lecithin diet, but this
group (0 % SBL) had a survival of only 7 %, so only the
most fit larvae survived and grew. These results are similar to
the results found by other researchers [7] who found that 4 %
soybean lecithin had a positive effect on growth performance
of rainbow trout fry. Even though the nutritional
requirements of Japanese flounder and rainbow trout are very
different, this result is in line with the results of the present
research. Results with Japanese flounder juveniles (initial
weight 6.3 g) showed that 2 % soybean lecithin had no
substantial effect on growth and feed [8] but in that research

all diets had high amounts of squid liver oil, probably
masking the effects of soybean lecithin, and only one level of
soybean lecithin was tested (2 %). Researchers working with
smaller Japanese flounder juveniles (1 g initial weight) found
that 5.2 % Soybean lecithin improved growth [9], confirming
the results of the current research.

In other studies [10], researchers also found increased
survivals of yellow croaker larvae when dietary soybean
phospholipids increased from 2.6 to 5.7 %. Similar results
were obtained for loach Misgurnus anguillicaudatus larvae,
obtaining increased growth and survival with dietary soybean
phospholipid levels above 2 % [11]. In studies with
pikeperch, Sander lucioperca larvae, dietary levels of 5 and 9
% significantly increased growth and reduced skeletal
deformities [12]. The effect of dietary soybean lecithin in sea
bream, (Sparus aurata) larvac was also studied by other
authors [13]. They found that increasing dietary soybean
lecithin up to 8 % significantly improved digestive enzymes
activities, enterocyte maturation, utilization and deposition of
dietary essential fatty acids and larval growth. Soybean
lecithin has also proven to be effective in crustaceans. In
trials with Litopenaeus vannamei fed feeds with 1 and 4 %
soybean lecithin and three levels of fish oil, shrimp fed diets
with 4 % soybean lecithin had better growth and lipid
utilization [14].

Phospholipids are essential nutrients in diets for fish larvae,
since they form part of cell membranes [15]. There seems to
be no interaction between dietary lipid quality and the
assimilation of dietary amino acids, since the amino acid
profile of all larvae was very similar. The results found in
this research indicate that lecithin supplementation improves
the nutritional quality of the diet for Japanese flounder
larvae, suggesting the need of dietary phospholipids by
Japanese flounder larvae. This need may be provided by
supplementing the feeds with 4 % soybean lecithin.

5. Acknowledgements

This research paper is an extract from a previously
unpublished chapter from the author’s PhD thesis carried out
at Kagoshima University, Japan. The publication of this work
was supported by Instituto Nacional de Pesca, Guayaquil,
and Proyecto Prometeo, Secretaria de Educacién Superior,
Ciencia, Tecnologia e Innovacion, Republic of Ecuador.

References

[1] Lain, “Factors affecting the large-scale production of
four species of commercially important marine algae”,
Aquaculture, 44, pp 161-166, 1985.

[2] Kanazawa, S. Teshima, “Microparticulate diets for fish
larvae”, NOAA Tech. Rep. NMFS 70, Natl. Mar. Fish.
Serv. Seatle, Wa., 1988.

[3] Kanazawa, S. Koshio, S. Teshima, “Growth and survival
of larval red sea bream Pagrus major and Japanese
flounder Paralychthis olivaceus fed microbound diets”,
J. World Aqua. Soc., 20, pp31-37, 1989.

[4] J. Lopez-Alvarado, “Amino acid nutrition of two marine
fish larvae: the red sea bream, Pagrus major, and the

Volume 4 Issue 9, September 2015
WWW.ijsr.net

Paper ID: SUB158536

Licensed Under Creative Commons Attribution CC BY

1708




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

Japasese flounder, Paralychthis olivaceus”, PhD Thesis,
Kagoshima University, pp. 158, 1995.

[5] J. Lopez-Alvarado, A. Kanazawa, “Effect of dictary
protein sources in microdiets on feeding behavior and
growth of red sea bream, Pagrus major, during weaning
and metamorphosis”, Journal of Applied Aquaculture, 7,
pp. 53-66, 1997.

[6] S. Teshima, A. Kanazawa, M. Sakamoto,
“Microparticulate diets for the larvae of aquatic
animals”, Mini Rev. Data File Fish. Res., 2, pp. 67-86,
1982.

[7] Azarm HM, Abedian-Kenari A, Hedayati M, “Growth
response and fatty acid composition of rainbow trout
(Oncorhynchus mykiss) fry fed diets containing different
levels of soybean and egg lecithin®, Aquaculture
International, 21, pp 497-509, 2013.

[8] K.D. Kim, K.M. Kim, K.W. Kim, Y.J. Kang, S.M. Lee,
“Influence of lipid level and supplemental lecithin in diet
on growth, feed utilization and body composition of
juvenile flounder (Paralichthys olivaceus) in suboptimal
water temperatures”, Aquaculture, 251, pp 484-490,
2006.

[9] O. Uyan, S. Koshio, M. Ishikawa, S. Uyan, T. Ren, S.
Yokoyama, F.R. Michael, “Effects of dietary phosphorus
and phospholipid level on growth, and phosphorus
deficiency signs in juvenile Japanese flounder,
Paralichthys olivaceus”, Aquaculture, 267, pp 44-54,
2007.

[10]]. Zhao, Q. Ai, K. Mai, R. Zuo, Y. Luo, “Effects of
dietary phospholipids on survival, growth, digestive
enzymes and stress resistance of large yellow croaker,
Larmichthys crocea larvae”, Aquaculture, 410, pp 122-
128, 2013.

[11]J. Gao, S. Koshio, W. Wang, Y. Li, S. Huang, X. Cao,
“Effects of dietary phospholipid levels on growth
performance, fatty acid composition and antioxidant
responses of Dojo loach Misgurnus anguillicaudatus
larvae”, Aquaculture, 426, pp 304-309, 2014.

[12]N. Hamza, P. Kestemont, I.B. Khemis, M. Mhetli, C.
Cahu, “Effect of different sources and levels of dietary
phospholipids on performances and fatty acid
composition of pikeperch (Sander lucioperca) larvae”
Aquaculture Nutrition, 18, pp 249-257, 2012.

[13]R. Saleh, M.B. Betancor, J. Roo, C.M. Hernandez-Cruz,
F.J. Moyano, M. Izquierdo, “Optimum soybean lecithin
contents in microdiets for gilthead seabream (Sparus
aurata) larvae”, Aquaculture Nutrition, 19, pp 585-597,
2013.

[14]D.R. Sanchez, J.M. Fox, D. Gatlin, A.L. Lawrence,
“Dietary effect of fish oil and soybean lecithin on growth
and survival of juvenile Litopenaeus vannamei in the
presence or absence of phytoplankton in an indoor
system”, Aquaculture Research, 45, pp 1367-1379,
2014.

[15]R. Saleh, M. Izquierdo, “Optimum phospholipids and
antioxidant levels to de-velop novel microdiets for
gilthead sea bream larvae”, Larvi 2013, pp 411, 2013.

Author Profile

Julio Lopez-Alvarado received a B.Sc. in Marine
Sciences from Universidad de Las Palmas de Gran
Canaria, Spain 1987, M.Sc. in Aquaculture from the
University of Stirling, Scotland 1990 and Ph.D. in
Fisheries from Kagoshima University, Japan in 1995.
During the last 20 years he has been working at several
private and public institutions related to aquaculture production and
research.

Volume 4 Issue 9, September 2015
WWW.ijsr.net

Paper ID: SUB158536

Licensed Under Creative Commons Attribution CC BY

1709






