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Reproduction performance of rainbow trout
(Oncorhynchus mykiss) fed an extremely low
fish meal diet for a long term

Masayuki Miura™*, Jun NAGURA,
Takumi Oxazakt', Hideki Ooxama?,
Nobuhiro Suzukr®, Hirofumi Fururra®
and Takeshi Yamamoro*

Abstract: We investigated the growth, survival, and
reproduction performance of rainbow trout (Oncorhynchus
mykiss) fed 5% fish meal diets (ELFM group) from the
juvenile stage to the 3-year-old mature stage. Fish in the
control group were fed approximately 50% fish meal
diets (FM group). The growth of the ELFM group was
significantly inferior to the FM group. However, survival
rates and egg quality parameters were not significantly
different between groups. Thus, a 5% fish meal diet could
be used in almost all stages of rainbow trout farming and
reproduction for selective breeding.
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Table 1. Formulation and proximate composition of the test diets

Diet FMD?* ELFMD"

Ingredients (% wet weight)
Fish meal (CP* = 70%) 50.00 5.00
Defatted soybean meal (CP = 46%) 4.50 50.02
Corn gluten meal (CP = 62%) 3.16 20.11
Wheat flour (CP = 16%) 26.00 8.16
Fish oil 4.71 7.05
a-starch 2.00 1.17
L-Lysine HCI - 1.39
L-Methionine - 0.34
Betaine - 0.50
Vitamin mix 0.50 0.50
Choline chloride 0.25 0.25
Mineral mix* 3.00 5.00
Cellulose 5.88 0.51

Nutrients (% dry matter basis)
Crude protein 47.10 47.30
Crude fat 10.10 10.40
Ash 9.50 8.00
Lysine 3.38 3.31
Methionie 1.24 1.21

* Fish meal-based diet. This fish meal diet was used until the fish
selection (Table 2). Commercial trout feeds (42-57% fish meal)
were used after the fish selection.

" Extremely low fish meal diet: from 2 months prior to the start
of ovulation, this diet was supplemented with 30-40 ppm astax-
anthin (carophyll pink).

¢ Crude protein.

4Yamamoto et al. (2007).
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Table 2. Growth and survival of rainbow trout from the juvenile stage until maturity (3 years of age)

FMD ELFMD Pvalue
Before selection (June 4-October 17, 2013)
Initial number of fish 500 500 -
Initial body weight (BW) (g)* 76 1.2 74 1.2 ns®
Final number of fish 491 492 -
Final BW (g)* 67.9 = 9.6 545 £ 85 <0.01°
Survival rate (%)" 98.2 98.4 ns'
Specific growth rate (% BW/day)* 1.64 1.49 -
Feed efficiency (%)° 1115 100.4 -
After selection (October 18, 2013-October 2, 2015)
Initial number of fish 100 100 -
Initial BW (g)* 65.4 £ 3.1 64.6 £ 3.5 ns®
Final number of fish 90 91 -
Final BW (g)* 2,425 + 508 1,585 = 312 <0.01°
Survival rate (%)" 90.0 91.0 ns'
Specific growth rate (% BW/day)* 0.54 0.51 -
Feed efficiency (%)° 54.8 49.2 -

“Data are presented as mean + standard deviation (SD).
" Survival rate = 100 X Final number of fish / Initial number of fish.
¢ Specific growth rate = 100 X (In (final BW)—1In (initial BW)) / days.

? Feed efficiency = 100 X (Total final BW - Total initial BW + Total dead fish BW) / Total dry feed intake.

¢ Welch'’s t-test. ns: not significant.
" Fisher’s exact test. ns: not significant.

Table 3. Biometric parameters and reproduction performance of brood fi

sh, and egg quality parameters of rainbow trout

FMD ELFMD Pvalue
Total number of fish 90 91 -
Number of matured males 32 39 -
Number of females” 58 52 -
Number of matured females 49 39 -
Female maturation rate (%)" 84.5 75.0 ns"
Number of females used for egg collection and fertilization 45 39 -
BW of females used for egg collection and artificial insemination (g)° 2,637 = 504 1,844 + 271 <0.01
Total eggs collected / fish® 6,480 = 1,825 4,555 + 1,109 <0.01
Eggs collected / gram fish BW* 2.51 = 0.70 2.49 = 0.53 ns'
Ova weight (mg)© 59 + 11 61 + 12 ns'
Eyed egg rate (%)"* 69.9 + 27.4 64.8 + 27.4 ns"’
Hatching rate (%)“° 97.0 = 4.7 95.7 = 5.3 ns"!
Fry deformity rate (%)°" 24 1.7 25+ 3.2 ns’’
Swim-up fry rate (%)“¢ 95.6 + 2.8 90.8 * 15.8 ns*!

* Number of females = Number of fish at the start of maturation—-Number of matured males.
" Female maturation rate = 100 X Number of matured females / Number of females.

“Data are presented as means = SD.

4 Eyed eggs rate = 100 X Number of eyed eggs / Number of fertilized eggs.

¢ Hatching rate = 100 X Number of hatched fry / Number of eyed eggs.

"Fry deformity rate = 100 X Number of deformed fry / Number of hatched fry.

¢ Swim-up fry rate = 100 X Number of swim-up fry / Number of hatched fry.

" P values produced by Fisher’s exact test. ns: not significant.

' P values produced by independent sample Welch’s #test. ns: not significant.

' Data were tested after arcsine transformation.



174 =i AR BRI R

TH2hE S IO S AR % 7275, SRR, WAL, &9
FBLOIEE T EEREE M CEITFZO 5T (P>0.05),
I D FEA~ D ELFM SR OB IR S N 0o 720

INLOFERENS, AEJH72 ELFM filk: % 30 R
BN T ORI A 152 ECHEMED W 2 & D
RS Nz WAL TIT AR B R 2 F W CHEFUN A S i 3 R
DFEPIHETEB L2V AOFINEGEDHR SN TH
0, AR EET O IEEICEI L, JIOH A X A3 IR R
(F4743%) TR L LB L TR E Do 7225, IO S84 REIE
A ER R (FUB43%) 12 B oz B S T»
% (Lazzarotto et al. 2015), b ALbNOWFFE & (X FIRHE R R
IR R 2720 — IR ROKKIETE 2wy, =¥
YADEAII BN TEWAR S RIILHATIIRVwEEZ D
Nize F72, SREIAW7-fik & FAigEo ELFM S % fvC
T IOFEEE AT - 72038 Tld (Yamamoto et al. 2016), FF
2 BRI AR L ST WA WS, IEF IS R HACHE s
BoHNTnE,

KEFZEIZ L > C, =V~ ADKRMAHEfAMZRT L) B
HhLHMORE, AEB L ORBICEAN R EEY 52 5
L, #HREATOIZIZTTOEM T SBM %50%L I
&t ELFM R 2 i CEX 5 2 L AVREN. T2k,
EABFARTLEREZRT =V ARR MR T S B,
BROMEFEMZ LV EOL I ENTREE 2 b, 51013, %
BIZZ o2 VT2V~ 2A0REHREITV, 7 0EHR
Rt rL b, REMO~AEEES, TL17H 2 L
MNTE DB L) BB 2 M L, SR oRMEBIIc X 2
JECRF BTG O IR & BRIk E AR O W TR T 2 h Kz ok
FEROMINZ Y, PESA BT T LEDRD S,

# &

RWFeZ D HIZE L, DSM —2— k) ¥ a r Y ys8y
LV T AT XY T vBH E RN ZZET LRI
BILHL EWFES, 72, EBRAOHAFTIZIH IS5
TN BR K BE AT & > & — BT O Nk B Ok IZ BFLH
LEFES,

X ™

Callet, T.,, E Médale, L. Larroquet, A. Surget, P. Aguirre, T.
Kerneis, L. Labbe, E. Quillet, I. Geurden, S. Skiba-Cassy and
M. Dupont-Nivet (2017) Successful selection of rainbow trout
(Oncorhynchus mykiss) on their ability to grow with a diet

gk - R - AR

completely devoid of fishmeal and fish oil, and correlated
changes in nutritional traits. PLoS ONE, 12, e0186705.

Gatlin III, D. M., FE T. Barrows, P. Brown, K. Dabrowski, T.
Gaylord, R. W. Hardy, E. Herman, G. Hu, A. Krogdahl, R.
Nelson, K. Overturf, M. Rust, W. Sealey, D. Skonberg, E. J.
Souza, D. Stone, R. Wilson and E. Wurtele (2007) Expanding
the utilization of sustainable plant products in aquafeeds: a
review. Aquacult. Res., 38, 551-579.

Kaushik, S. J., J. P. Cravedi, J. P. Lalles, J. Sumpter, B. Fauconneau
and M. Laroche (1995) Partial or total replacement of fish
meal by soybean protein on growth, protein utilization,
potential estrogenic or antigenic effects, cholesterolemia and
flesh quality in rainbow trout, Oncorhynchus mykiss.
Aquaculture, 133, 257-274.

Lazzarotto, V., G. Corraze, A. Leprevost, E. Quillet, M. Dupont-
Nivet and E Médale (2015) Three-year breeding cycle of
rainbow trout (Oncorhynchus mykiss) fed a plant-based diet,
totally free of marine resources: consequences for
reproduction, fatty acid composition and progeny survival.
PLoS ONE, 10, e0117609.

Lazzarotto, V., . Médale, L. Larroquet and G. Corraze (2018)
Long-term dietary replacement of fishmeal and fish oil in
diets for rainbow trout (Oncorhynchus mykiss): Effect on
growth, whole body fatty acids and intestinal and hepatic
gene expression. PLoS ONE, 13, e0190730.

FUPEAGESRERT (1963) F 3 & ST 0250« FUR. EIFEK
TR, ¥, p.107.

BMOKER (2018) “PHi294F 2K - FEIHE A FERTRT. FRMIKRE
BAREEERES, HE, pp. 42-46.

Overturf, K., E. T. Barrows and R. W. Hardy (2013) Effect and
interaction of rainbow trout strain (Oncorhynchus mykiss) and
diet type on growth and nutrient retention. Aquacult. Res.,
44, 604-611.

JKEEFT (2018) JKpEHE. BAMBEETHE, W5, pp. 74-75.
A B (2009) FUEHARGE L AEAETEOBUR. ETRE O R
LR (R RR), EEMEAER, BHG pp. 1-16.
Yamamoto, T., N. Suzuki, H. Fruita, T. Sugita, N. Tanaka and T.
Goto (2007) Supplemental effect of bile salts to soybean meal-
based diet on growth and feed utilization of rainbow trout

Oncorhynchus mykiss. Fish. Sci., 73, 123-131.

Yamamoto, T., Y. Iwashita, H. Matsunari, T. Sugita, H. Furuita, A.
Akimoto, K. Okamatsu and N. Suzuki (2010) Influence of
fermentation conditions for soybean meal in a non-fish meal
diet on the growth performance and physiological condition
of rainbow trout Oncorhynchus mykiss. Aquaculture, 309,
173-180.

Yamamoto, T., K. Murashita, H. Matsunari, H. Oku, H. Furuita, H.
Okamoto, S. Amano and N. suzuki (2016) Amago salmon
Oncorhynchus masou ishikawae juveniles selectively bred for
growth on a low fishmeal diet exhibit a good response to the
low fishmeal diet due largely to an increased feed intake with
a particular preference for the diet. Aquaculture, 465,
380-386.

INFE IR (2018) ~FRK294F FE3E Jr UK E S AR AR SRR, ILBLR R
B BT R, 11, p. 10.



