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Aquafeeds

Animal protein meals reduce feed costs
but don’t improve shrimp performance

2 March 2012
By Alberto J.P. Nunes, Ph.D. , Pedro Henrique Gomes dos Santos  and Silvia Pastore, M.S.

Most experimental diets led to a loss in shrimp weight at
harvest

The ingredients evaluated in the study included a range of rendered
animal byproducts.

(https://www.globalseafood.org)
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Brazil is among the largest global producers of beef, pork and poultry. In the slaughtering of these
animals, a number of high-protein meals that can be used as ingredients in animal feeds are generated.

In aquatic feeds, various types of rendered animal byproducts are frequently incorporated to meet the
nutritional requirements of farmed �sh and shrimp. Among the most widely used animal ingredients
are poultry by-product meal, feather meal, meat and bone meal, blood meal and �shmeal made from
marine �sh offal and �sheries bycatch.

Due to their year-around availability and attractive prices, these raw materials have been used in the
composition of diets for the grow-out of white shrimp (Litopenaeus vannamei). However, it is unclear
whether the use of these ingredients entails some expense to the growth performance of the species.

The authors conducted a study to establish if savings in formula costs translated into any loss in the
growth performance of white shrimp fed diets containing animal byproduct meals produced in Brazil.

(https://bspcerti�cation.org/)

Study setup
The study was conducted at the aquaculture facilities of the Instituto de Ciências do Mar (LABOMAR)
in northeastern Brazil. Initially, non-speci�c-pathogen-free shrimp were purchased as P.L.12 and stocked
at 2 postlarvae/L in 3,000-L nursery tanks until they reached about 1 gram in body weight.

Shrimp were then transferred to round 23-cubic-meter tanks at 250 animals per square meter. At 2.03 ±
0.21 grams mean body weight, 2,000 juvenile shrimp were transferred to 50 indoor 500-L tanks
operated under continuous water recirculation and �ltering. Forty shrimp were stocked in each tank and
raised for 74 days.

Ten protein ingredients of animal origin were evaluated in the study. Ingredients were purchased locally
from known manufacturers or distributors. All ingredients were manufactured in Brazil, with the
exception of salmon meal imported from Chile and used as a control. Prior to formulation, the
ingredients were sent for chemical analysis to a specialized laboratory (Table 1).

Nunes, Proximate composition, Table 1

Composition Salmon
Meal

Swine
Plasma

Meal

Blood
Meal

Meat
and

Bone
Meal

1

Feather
Meal

Meat
and

Bone
Meal

2

Tilapia
Meal

Poult
By-

Produ
Mea
With

Feath
Mea

Moisture (%) 7.7 8.4 7.0 6.0 8.3 5.0 6.3 7.

Crude protein (%) 66.1 78.5 87.2 41.1 75.6 47.6 62.8 62

https://bspcertification.org/
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All diets contained 45.0 percent soybean meal, 30.0 percent wheat �our, 2.0 percent �sh oil, 2.0 percent
soybean lecithin, 1.0 percent vitamin-mineral premix, 0.5 percent synthetic binder and 0.03 percent
potassium chloride.

The control diet had a maximum inclusion of 14.4 percent salmon meal (Table 2). In the other diets,
salmon meal was partially or completely replaced by the tested ingredients using the maximum
allowed inclusion. No attempt was made to balance diets for micronutrients such as essential amino
acids, fatty acids and minerals. Only crude protein and total fat were adjusted in the experimental diets.

Nunes, Composition and formulated chemical pro�les,
Table 2

Total fat (%) 10.0 0.1 0.4 10.1 6.9 11.9 6.9 13

Fiber (%) 0.1 0 0.1 0.6 5.6 1.3 0.1 0.

Ash (%) 15.4 8.2 5.4 41.8 34.7 23.1 14

Phosphorous (%) 2.3 0.3 0.2 6.5 0.3 5.3 4.0 2.

Calcium (%) 3.6 0.1 0.6 15.7 1.5 11.6 8.5 4.

Digestibility
(pepsin at
0.0002%)

76.6 99.1 61.7 45.5 11.1 54.6 79.0 42

Peroxide (meq
O2/kg) 5.1 0 10.9 3.1 12.2 5.6 2.2 65

Market price (U.S.
$/mt) 1,439 5,000 777 460 432 576 1,093 80

Table 1. Proximate composition, pepsin digestibility, freshness and market value of animal ingredients evaluated
in the study.

Composition Salmon
Meal

Swine
Plasma

Meal

Blood
Meal

Meat
and

Bone
Meal

1

Feather
Meal

Meat
and

Bone
Meal

2

Tilapia
Meal

Poult
By–

Produ
Mea
With

Feath
Mea

Salmon meal 14.37 – 8.80 6.32 3.98 1.75 – –

Swine plasma
meal – – – – – – – –

Blood meal – 16.24 7.00 – – – – –

Meat and bone
meal 1 – – – 12.95 – – – –

Feather meal – – – – 14.39 – – –
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The shrimp diets were prepared using a laboratory extruder equipped with a 1.8-mm die. Shrimp were
fed twice daily to excess using feeding trays. Five tanks were designated for each diet type.

Results
There was little variation in water quality throughout the experimental period – 29 ± 2.8 ppt salinity, 7.9
± 0.25 pH and 26.9 ± 0.30 degrees-C temperature. At shrimp harvest, there were statistically signi�cant
differences for all shrimp performance parameters (P < 0.05, Table 3).

Nunes, Mean performance of white shrimp, Table 3

Meat and bone
meal 2 – – – – – 17.72 – –

Tilapia meal – – – – – – 15.12 –

Poultry by–product
meal with feather

meal
– – – – – – – 15.

Poultry by–product
meal – – – – – – – –

Local �shmeal – – – – – – – –

Kaolim 4.40 3.23 2.47 – 0.40 – 3.25 4.2

Soybean oil 0.70 – 1.20 0.20 0.70 – 1.10 –

Others* 80.53 80.53 80.53 80.53 80.53 80.53 80.53 80.

Formula cost (U.S.
$/mt) 671.5 585.1 649.3 602.7 578.4 576.7 633.5 578

Estimated
Proximate

Composition (%)

Crude protein 35.00 37.40 37.40 35.00 39.00 35.00 35.00 35.

Total fat 7.00 7.00 7.00 7.00 7.00 7.20 7.00 7.0

Methionine 0.64 0.62 0.61 0.56 0.53 0.52 0.64 0.5

Methionine and
cycstine 1.16 1.17 1.17 1.07 1.44 1.03 1.16 1.1

Lysine 2.18 2.45 2.46 2.04 1.96 1.96 2.19 2.0

Calcium 0.66 0.50 0.50 2.40 0.50 2.30 1.43 0.8

Phosphorus 0.62 0.54 0.50 1.30 0.43 1.30 0.90 0.6

* 45.0% soybean meal, 30.0% wheat �our, 2.0% �sh oil, 2.0% soybean lecithin, 1.0% vitamin-mineral premix, 0.5%
synthetic binder and 0.03% potassium chloride.

Table 2. Composition and formulated chemical pro�les of diets.
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Final shrimp survival was higher than 90 percent for shrimp fed all diets except those including swine
plasma meal, poultry byproduct meal with feather meal, poultry byproduct meal and �shmeal. Higher
shrimp yields were observed for diet treatments with partial substitution of salmon meal with meat and
bone meal, blood meal and father meal. Although the yield for shrimp fed diets with complete
replacement of salmon meal was not statistically different (P < 0.05), they all achieved values below
500 grams per square meter. Shrimp fed feather meal achieved the lowest yield.

Weekly shrimp growth also varied statistically according to diet type. Growth in excess of 0.80 grams
was only achieved with diets with partial substitution of salmon meal, except in the case of blood meal
substitution. Shrimp fed poultry byproduct meal with feather meal grew only 0.55 grams per week.
Comparatively, the diets containing meat and bone meal promoted weekly growth of 0.81 and 0.67
grams.

Feeding diets with tilapia meal or local �shmeal saw weekly growth of 0.60 and 0.71 grams,
respectively – lower values than the 0.87 grams achieved with the control diet. These differences,
however, were not statistically signi�cant (P > 0.05).

Apparently, shrimp feed intake was not negatively in�uenced by the animal ingredients used, except
when the animals were fed poultry byproduct meal with feather meal. Feed conversion rose
signi�cantly when shrimp received diets with poultry byproduct meal with feather meal and tilapia
meal, which suggested lower protein digestibility for these ingredients.

Most diets led to a loss in shrimp weight at harvest. An exception was the diet containing 7.0 percent
blood meal in combination with 8.8 percent salmon meal (Fig. 1). However, the small 3.4 percent
savings in formula cost is unlikely to justify the use of blood meal to partially replace salmon meal. The

DietDiet Survival
(%)

Survival
(%)

Yield
(g/m )
Yield

(g/m )22
Growth

(g/week)
Growth

(g/week)
Feed Intake
(g/shrimp)

Feed Intake
(g/shrimp)

Feed-
Conversion

Ratio

Feed-
Conversion

Ratio

Salmon meal 90.0 ± 2.6ab 555 ± 59a 0.87 ± 0.07ce 13.50 ± 0.92ac 1.74 ± 0.08a

Swine plasma meal 86.5 ± 3.9ab 480 ± 57a 0.79 ± 0.05acd 11.50 ± 0.92ac 1.71 ± 0.07a

Blood meal 92.0 ± 2.7ab 535 ± 32a 0.82 ± 0.03ac 13.40 ± 0.78ac 1.76 ± 0.02a

Meat and bone meal 1 98.0 ± 0.5b 567 ± 20a 0.81 ± 0.03ac 14.60 ± 0.32b 1.82 ± 0.04a

Feather meal 94.0 ± 1.7b 515 ± 22a 0.77 ± 0.04acd 13.30 ± 0.39ac 1.81 ± 0.03a

Meat and bone meal 2 93.0 ± 1.2cb 442 ± 20ab 0.67 ± 0.04ab 11.00 ± 0.59ab 1.74 ± 0.03a

Tilapia meal 92.0 ± 1.5ab 391 ± 34ab 0.60 ± 0.05bd 10.50 ± 0.76ab 1.91 ± 0.06ab

Poultry by-product meal with
feather meal 79.5 ± 4.4a 288 ± 30b 0.55 ± 0.02b 8.90 ± 0.42b 2.24 ± 0.18b

Poultry by-product meal 88.5 ± 3.1ab 487 ± 43a 0.78 ± 0.04ae 12.40 ± 0.83ac 1.79 ± 0.04a

Local �shmeal 89.0 ± 2.3ab 444 ± 30a 0.71 ± 0.02abc 10.80 ± 0.52ab 1.72 ± 0.04a

Table 3. Mean performance of white shrimp fed diets containing different animal protein sources. Columns with
same letters indicate no signi�cant difference among diets (P = 0.05).
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most signi�cant decreases in shrimp body weight (over 20 percent) were found for diets with total
replacement of salmon meal. The only exception was for poultry byproduct meal, which saw a 14.8
percent loss in �nal shrimp body weight compared to that for the salmon meal control diet.

(Editor’s Note: This article was originally published in the March/April 2012 print edition of the Global
Aquaculture Advocate.)

Authors

Fig. 1: Final body weight of juvenile shrimp after 74 days fed diets
containing rendered animal by-products. Columns with same letters
indicate no signi�cant difference among diets (P = 0.05).
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