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FEED SUSTAINABILITY (/ADVOCATE/CATEGORY/FEED-SUSTAINABILITY)

Fishmeal-free feeds for hybrid tilapia
Thursday, 2 January 2014

By Nathan Gur  and Guy Rubinstein

Experiments conducted at Ginosar Experimental Station in Israel

The use of plant-based protein sources for aquafeeds provides �exibility in formulating diets for tilapia
and other �sh.
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For years, �shmeal has been considered an essential ingredient in �sh and crustaceans feeds. Due to rising prices
and the ever-growing gap between �shmeal supply and demand, however, intensive research is being conducted to
identify suitable substitutes for �shmeal that support production levels equivalent to those achieved with feeds
containing �shmeal.

Fishmeal’s contributions to growth performance in cultured �sh are its high protein level, an amino acids pro�le
similar to that of �sh carcasses, high digestibility, high palatability and ability to attract �sh to feed. Fishmeal lacks
anti-nutritional elements, but contains essential omega-3 fatty acids and high levels of minerals such as salt, calcium
and available phosphate.

All these features can be obtained from substitute ingredients, but the challenge is to �nd an optimal combination
that results in feeds that are cheaper than those based on �shmeal.

Tilapia testing
Tilapia are ideal candidates for the development of �shmeal-free feeds because they are omnivores with relatively
low nutritional demands. Most studies reported so far suffered two main drawbacks: They were conducted with small
�sh, single ingredient replacements were evaluated, and in most, palatability and its effects on feed consumption
were ignored.

Furthermore, earlier studies lost relevance due to the major change in feed production method from pelleting to
extrusion and subsequent changes in nutritional values of some of the ingredients. Current research on �shmeal
substitutes is based on composite feed content that is formulated from many protein sources with minerals and
palatability-enhancing additives.

Feed development
Work by the authors focused on evaluating the applicative aspects of tilapia feeds, including testing feeds during
grow-out to market size and comparing extruded composite formulations to a �shmeal-based control feed. All
experiments were carried out at the Ginosar Experimental Station of Israel’s Department of Fisheries and Aquaculture
using all-male Oreochromis niloticus x O. aurea hybrids.

In the three-year study, a �rst phase evaluated the growth performance of hybrid tilapia fed diets with varying levels of
�shmeal and �shmeal-free diets containing protein from various plant sources. In subsequent phases, the growth
performance of tilapia fed �shmeal-free diets containing various combinations of animal and plant proteins were
evaluated. Calculations of yield took into account the differences in size-dependent prices the farmer received for �sh
obtained under the treatments tested.

Experiment 1
Experiment 1 was a growth evaluation of hybrid tilapia fed three diets containing decreasing levels (15, 10 and 5
percent) of �shmeal and three �shmeal-free diets based on plant protein sources (soy meal, sun�ower meal and
dried distillers grains).

All diets were prepared as �oating pellets with 30 percent protein content and 3,000 Kcal/kg digestible energy. The
experiment was conducted for 110 days in 5-cubic-meter tanks, with 4 replicate tanks/treatment. Fish with an
average weight of 92.3 g were stocked at 80/tank. The results are presented in Table 1.

Gur, Experiment 1, Table 1

Final weight (g) 422.30a 433.20a 418.40ab 412.40ab 397.70bc 382.40c

Treatment 15%
Fishmeal

10%
Fishmeal

5%
Fishmeal

Soy
Meal

Sun�ower
Meal

Dried
Distillers

Grains
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The diets with �shmeal supported higher growth and feed e�ciency. However, the soy-based diet resulted in �sh
performance not signi�cantly different from that obtained with the �shmeal diets. With the prices for feed ingredients
and marketed �sh at the time the experiment was conducted, the diets containing 5 and 10 percent �shmeal were
most economical.

Experiment 2
In a second experiment, the growth of tilapia fed diets containing soy or sun�ower oil cakes supplemented with
poultry slaughter house offal containing poultry meal, feather meal and blood meal was compared to �sh given a
control diet based on soy oil cake plus 10 percent �shmeal.

All diets were prepared as �oating pellets with 30 percent protein content and 2,900 Kcal/kg digestible energy.
Conducted in 5-m3 tanks with 4 replicates/treatment, the experiment lasted 84 days. Fish of 126.5-gram average
weight were stocked at 80/tank.

The results are presented in Table 2. No signi�cant difference was found among the �shmeal control and the animal
protein substitute treatments in growth parameters and feed e�ciency, as well as survival and condition. Overall, the
soy-based diet including all three substitutes was most e�cient and economical, whereas the feather meal-based
diet was inferior.

Gur, Experiment 2, Table 2

Daily weight gain
(g) 3.29ab 3.42a 3.29ab 3.19bc 3.03cd 2.94d

Feed-conversion
ratio 1.61cd 1.59d 1.64cd 1.71bc 1.79ab 1.84a

Yield value (U.S.
$/tank) 66.5 68.3 66.5 64.0 60.5 57.5

Feed cost (U.S.
$/tank) 28.1 26.3 24.6 23.0 22.2 22.4

Net income (U.S.
$/tank) 38.4 42.0 41.9 41.0 38.3 35.1

Table 1. Experiment 1 – mean �sh performance and economic evaluation.

Soy oil cake (%) 37.0 31.5 37.6 40.9 30.8 26.5

Sun�ower meal
(%)

Fishmeal (%) 10.0

Treatment 10%
Fishmeal

Soy
Composite

Soy +
Corn

Gluten
Meal

Soy + Corn
Gluten +

Attractant

Soy + Dried
Distillers

Grains

Soy + Corn
Gluten +  
Distillers

Grains
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Experiment 3
In experiment 3, tilapia received �shmeal-free diets containing plant protein ingredients compared to two control
diets: a feed based on soy oil cake plus 10 percent �shmeal and a diet based on soy oil cake plus the poultry offal
from experiment 2.

All diets were prepared as �oating pellets with 30 percent protein content and 3,150 MJ/kg digestible energy. During
the 60-day experiment, �sh of 157.8-gram average weight were stocked at 60 tilapia/5-cubic-meter tank, with four
replicate tanks/treatment.

The results are presented in Table 3. Fishmeal-free diets based on plant protein ingredients supported growth
performance as well as the diets containing 10 percent �shmeal. This was made possible by increasing the level of
digestible energy and supplementation with the essential amino acids lysine and methionine at the same total protein
content.

Gur, Experiment 3, Table 3

Poultry meal (%) 10.0 5.0 5.0

Feather meal
(%) 9.0 3.0 3.0

Blood meal (%) 5.0 4.0 4.0

Final weight (g) 325.00a 314.50a 315.30a 326.40a 333.80a 336.00a

Daily weight
gain (g) 2.38ab 2.27ab 2.22b 2.37ab 2.49a 2.47a

Feed-
conversion ratio 1.73a 1.83a 1.81a 1.77a 1.75a 1.83a

Yield value (U.S.
$/tank) 44.5 42.0 41.8 43.5 45.0 41.5

Feed cost (U.S.
$/tank) 23.8 22.1 22.6 23.0 23.0 22.2

Net income
(U.S. $/tank) 20.7 19.9 19.2 20.5 22.0 19.3

Table 2. Experiment 2 – mean �sh performance and economic evaluation.

Soy oil cake √ √ √ √ √ √

Treatment 10%
Fishmeal

Soy
Composite

Soy +
Corn

Gluten
Meal

Soy + Corn
Gluten +

Attractant

Soy + Dried
Distillers

Grains

Soy + Corn
Gluten +  
Distillers

Grains
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Although no signi�cant difference (P < 0.05) was detected among treatments, the soy composite diet containing
poultry wastes was most economical. Among the all-vegetable diets, the feed with soy and dried distillers grains was
slightly more economical than the others.

(Editor’s Note: This article was originally published in the January/February 2014 print edition of the Global
Aquaculture Advocate.)

Authors

Corn gluten
meal √ √ √

Fishmeal √

Poultry offal √

Dried distillers
grains √ √

Attractants √

Final weight (g) 291.2 304.7 292.4 295.0 297.3 293.3

Daily weight
gain (g) 2.48 2.72 2.49 2.54 2.58 2.51

Feed-
conversion ratio 1.80 1.77 1.94 1.84 1.91 1.85

Yield value (U.S.
$/tank) 22.1 23.2 20.9 22.4 22.2 21.4

Feed cost (U.S.
$/tank) 10.0 9.1 9.3 10.0 9.5 9.3

Net income
(U.S. $/tank) 12.1 14.1 11.6 12.4 12.7 12.1

Table 2. Experiment 3 – mean �sh performance and economic evaluation.



8/20/2019 Fishmeal-free feeds for hybrid tilapia « Global Aquaculture Advocate

https://www.aquaculturealliance.org/advocate/fishmeal-free-feeds-for-hybrid-tilapia/?headlessPrint=AAAAAPIA9c8r7gs82oWZBA 6/6

NATHAN GUR

Zemach Feed Mills 
Zemach 15133 
Mobile Post Jordan Valley

natan@zmf.co.il (mailto:natan@zmf.co.il)

GUY RUBINSTEIN

Ginosar Research Station 
Department of Fisheries and Aquaculture 
Israel Ministry of Agriculture and Rural Development 
Bet Dagan, Israel

Copyright © 2016–2019 Global Aquaculture Alliance

All rights reserved.

mailto:natan@zmf.co.il

