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Some studies have reported that microbial flocs can serve as a 
rich nutrient source for marine shrimp farmed under zero-water-
exchange conditions. But to what extent does this endogenous 
contribution allow reductions in the nutrient content of formu-
lated diets?

The authors set up a study to evaluate how limiting essential 
amino acids (EAAs) and long-chain polyunsaturated fatty acids 
(LC-PUFAs) in a diet would affect the growth performance of 
juvenile Pacific white shrimp, Litopenaeus vannamei, raised in 
the presence of bioflocs in a zero-water-exchange system. 

The work was conducted at the aquaculture facilities of Insti-
tuto de Ciências do Mar (LABOMAR), located in northeastern 
Brazil. The study was financed by FINEP, the Brazilian Minis-
try of Science and Technology. 

Experimental Design
A total of 48, 1-m3 outdoor tanks were used in the study. 

Twelve diets with 12.0, 8.0, 4.0 or no fishmeal combined with 
32.4, 37.7, 42.9 and 48.2% soybean meal, respectively, were 
designed to contain 2.0%, 1.0% or no fish oil. The diets were 

lab-extruded and formulated to contain 
30% crude protein and 8% fat (Table 1). 

As fishmeal levels were reduced, no 
attempt was made to supplement diets 
with synthetic amino acids or to fortify 
them with feeding attractants. Since fish-
meal was replaced by soybean meal and as 
inclusion of fish oil was reduced, dietary 
fat was balanced by adding soybean oil. 

Four replicate tanks per diet type were stocked at under 128 
shrimp/m3 with juvenile shrimp of 3.04 ± 0.43 g body weight. 
Raised for 10 weeks, the shrimp were fed daily by hand broad-
casting at 7:30 a.m., 11:00 a.m. and 3:30 p.m.

Results
Biofloc volume increased from a mean of 8 mL/L in the first 

week to 54 mL/L in the last week of shrimp culture. Mean water 
salinity, pH, temperature and dissolved oxygen reached 32 ± 0.03 
g/L, 8.29 ± 0.31, 31.3 ± 1.04° C and 4.6 ± 0.01 mg/L, respectively. 
Total ammonia nitrogen, nitrite, nitrate and total alkalinity 
reached averages of 0.58 ± 0.04 mg/L, 0.38 ± 0.03 mg/L, 2.31 ± 
0.11 mg/L and 156 ± 2.6 mg/L calcium carbonate, respectively. 

At harvest, no statistical difference (P > 0.05) among dietary 
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Summary:
In a study, the authors evaluated how limiting dietary 
essential amino acids and long-chain polyunsaturated 
fatty acids would affect the growth performance of 
white shrimp raised in a zero-water-exchange biofloc 
system. The shrimp were fed diets with varied levels of 
fishmeal and fish oil and supplemented with soy prod-
ucts. The dietary compositions significantly effected 
growth performance. The flocs contributed to nutri-
tion, but higher levels of fishmeal and fish oil enhanced 
shrimp growth and final body weight.

production

The authors’ study was conducted in a biofloc system at LABOMAR’s experimental 
aquaculture facilities in northeastern Brazil.

Ingredient
Salmon Oil
(% of diet)

Salmon By-Product 
Meal (% of diet)

12% 8% 4% 0%

Soybean meal

Soybean oil

Kaolin

Others*

2.0
1.0
0

2.0
1.0
0

2.0
1.0
0

2.0
1.0
0

32.4

1.3
2.3
3.3
6.3

46.0

37.7

1.6
2.6
3.6
4.8

46.0

42.9

1.8
2.8
3.8
3.3

46.0

48.2

2.1
3.1
4.1
1.7

46.0

Table 1. Composition of experimental diets.

*Other ingredients included 25.0% wheat flour, 10.0% dried molasses,  
5.0% soy protein concentrate, 2.0% phosphate bicalcium, 2.0% soybean  
lecithin, 1.5% mineral-vitamin premix and 0.5% urea formaldehyde binder.

Dietary Levels Of Fishmeal, Fish Oil Affect Shrimp 
Growth In Zero-Exchange Biofloc System
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treatments was observed in final shrimp survival (74.8 ± 6.4%), 
yield (1,339 ± 183 g/m3), feed-conversion ratio (2.01 ± 0.32) and 
feed intake (20.6 ± 0.2 g/stocked shrimp). However, shrimp 
weekly growth and final body weight did differ statistically (P < 
0.05) among feed treatments. 

In general, shrimp body weight and weekly growth increased 
as fishmeal content increased in the diets. For diets containing 
4% fishmeal, final shrimp weight increased progressively in 
response to the dietary levels of fish oil. Comparatively, in the 
diets with no or 8% fishmeal, final body weights were higher in 
the treatments with 1 or 2% fish oil compared to the ones with-
out. At 12% fishmeal, shrimp growth was only improved when 
2% fish oil was used. 

Despite the presence of bioflocs in the rearing system, results 
indicated the nutrient compositions of the diets had a significant 
effect on the growth performance of juvenile white shrimp 
farmed under zero-water-exchange conditions. 

Perspectives
In this study, microbial flocs provided some level of nutrient 

contribution to reared shrimp. Otherwise, it would not have been 
possible to achieve shrimp growth and survivability with diets defi-
cient in EAAs and LC-PUFAs. In addition, the test diets were 
low in crude protein relative to the stocking density adopted. 

Higher dietary levels of fishmeal and fish oil enhanced 
shrimp growth and final body weight, indicating that higher 
EAA and LC-PUFA content may be desired in zero-water-
exchange systems for L. vannamei.

Fishmeal
(% of diet)

Fish Oil (% of diet)

0% 1% 2%

0
4
8
12

13.19 ± 0.10aA

12.82 ± 0.08aB

13.82 ± 0.09aC

14.47 ± 0.09aD

13.72 ± 0.08bA

13.71 ± 0.09bA

14.37 ± 0.09bB

14.51 ± 0.09aB

13.66 ± 0.08bA

14.37 ± 0.09cB

14.36 ± 0.10bB

14.84 ± 0.09bC

Table 2. Mean final body weight of white shrimp 
fed diets with varied fishmeal and fish oil content 

after 10 weeks of growth in a zero-water-
exchange system. Lower-case and capital 

letters indicate non-significant differences among 
dietary fish oil and fishmeal levels, respectively.

Diets used in the study contained from 0 to 2% fish oil 
and up to 12% fishmeal.




