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Aquafeeds

Soybean meal, distillers grains replace
�shmeal in experimental shrimp diets

2 March 2015
By Vaun C. Cummins , Kenneth R. Thompson  and Carl D. Webster, Ph.D.

Soybeans are the most widely used plant protein ingredient
in aquafeeds

(https://debug.globalseafood.org)
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Global aquaculture production of shrimp has grown dramatically within the last two decades. Future
growth and pro�tability within the shrimp aquaculture sector will be dependent upon continued
improvements in diet e�ciency and formulation that include a reduction in the inclusion of expensive
marine protein sources in shrimp diets.

Among plant-protein ingredients, soybean meal (SBM) has received the most attention and is the most
widely used plant protein ingredient in aquaculture diets due to its wide availability, nutritional
consistency, balanced amino acid pro�le and high digestibility. Although SBM has several positive
attributes that make it a good candidate ingredient for replacement of �shmeal in diets, it also has
negative attributes that can limit its use at high percentages of inclusion.

Distillers dried grains
A potential candidate ingredient for use in combination with SBM is distillers dried grains with solubles
(DDGS), a co-product of ethanol fuel production and the beverage-distilling industry. Ethanol production
in the United States has undergone signi�cant expansion within the last 10 years, and DDGS could be
used as a protein source for shrimp due to its nutrient content, relatively low cost per unit protein, lack
of anti-nutritional factors found in other plant-based ingredients and increasing availability.

A study by the authors evaluated the ability of DDGS to partially replace SBM as the primary protein
source in diets for juvenile Paci�c white shrimp, Litopenaeus vannamei, grown in a clearwater system.

Feeding study

In research that evaluated the ability of DDGS to partially replace SBM
as the primary protein source in diets for juvenile white shrimp, feed
pellet stability may have been an issue.



4/7/2023 Soybean meal, distillers grains replace fishmeal in experimental shrimp diets - Responsible Seafood Advocate

https://debug.globalseafood.org/advocate/soybean-meal-distillers-grains-replace-fishmeal-in-experimental-shrimp-diets/?headlessPri… 3/7

Experimental diets were formulated with distillers dried grains with solubles obtained from the Buffalo
Trace Distillery in Frankfort, Kentucky, USA. Five isonitrogenous (32 percent digestible protein) and
isoenergetic diets were prepared to meet the known nutrient and energy requirements of penaeid
shrimp.

Diet 1, the control, was similar to a commercial diet with 20.0 percent �shmeal and 24.5 percent
soybean meal. Diet 2 completely replaced the �shmeal with SBM (52.5 percent). Diets 3, 4 and 5
evaluated partial replacement of SBM with DDGS at inclusion rates of 10, 20 and 30 percent,
respectively.

Supplemental L-lysine and methionine were included in diets 2 through 5 to meet the essential amino
acid pro�le (on a digestible amino acid basis) of the control diet (Table 1). The nutrient composition of
the experimental diets is shown in Table 2.

Cummins, Ingredient composition, Table 1

Cummins, Mean nutrient composition, Table 2

Ingredient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Soybean meal 24.50 52.50 47.50 43.00 38.50

Distillers dried grains with solubles 0 0 10.00 20.00 30.00

Wheat �our 36.70 26.60 22.30 17.70 12.80

Wheat gluten 5.00 5.00 5.00 5.00 5.00

Poultry by-product meal 5.00 5.00 5.00 5.00 5.00

Menhaden �shmeal 20.00 0 0 0 0

Menhaden �sh oil 2.00 3.70 2.70 2.20 1.90

Soybean oil 2.50 2.50 2.70 2.20 1.90

Dicalcium phosphate 1.50 1.50 1.50 1.50 1.50

Magnesium sulfate 0.60 0.60 0.60 0.60 0.60

Table 1. Ingredient composition (%) of experimental diets with different levels of distillers dried grains with
solubles as replacement for soybean meal fed to juvenile L. vannamei.

  Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Moisture 89.70 ± 0.01 90.01 ± 0.14 89.69 ± 0.01 89.44 ± 0.01 91.54 ± 0.09

Protein 42.54 ± 0.12 41.48 ± 0.11 40.55 ± 0.65 40.42 ± 0.24 40.16 ± 0.08

Lipid 10.17 ± 0.04 9.44 ± 0.06 10.10 ± 0.31 10.53 ± 0.33 11.05 ± 0.17

Ash 10.00 ± 0.05 8.04 ± 0.01 8.70 ± 0.01 8.65 ± 0.05 8.61 ± 0.04

Fiber 0.67 ± 0.56 2.39 ± 0.28 2.73 ± 0.17 3.41 ± 0.05 3.39 ± 0.10

Water stability 87.00 ± 0a 81.70 ± 0.90b 81.70 ± 0.30b 82.00 ± 0b 81.70 ± 0.90b
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Results
Water quality parameters observed in the experimental system for the duration of the feeding trial were
optimal for the growth and survival of white shrimp. At the conclusion of the 56-day feeding trial, the
�nal weight and weight gain of shrimp fed the control diet were signi�cantly higher (P < 0.05) than
those for shrimp fed diets containing DDGS as partial replacement of SBM. However, these parameters
were not signi�cantly different from the values measured for shrimp fed diet 2 without �shmeal (Table
3).

Cummins, Mean growth responses, Table 3

Shrimp fed all diets containing DDGS had �nal weights, weight gains and percentages of weight gain
similar to those for shrimp fed diet 2 (P > 0.05). The percentage of weight gain was some 1,050 percent
higher in shrimp fed diet 1 compared to all other dietary treatments, but no signi�cant differences in
percentage of weight gain were found among shrimp fed diets 2 through 5.

The 2.84 feed-conversion ratio (FCR) for shrimp fed diet 1 was signi�cantly lower (P < 0.05) than for all
other dietary treatments, while shrimp fed the diet containing 10 percent DDGS had the highest FCR,
9.27. This value was different from those for shrimp fed diets 1 and 2, but not signi�cantly different
than the FCRs for animals fed diets 4 and 5 (Table 3). Survival averaged 77.3 percent for the feeding
trial and was not signi�cantly different among all treatments.

Fishmeal replacement
The data from this �rst study to investigate the replacement of �shmeal and SBM in diets for white
shrimp with DDGS indicated that complete replacement of �shmeal by SBM and/or DDGS resulted in
reduced growth and reduced feed conversion in shrimp.

There has been limited success in totally replacing �shmeal in shrimp diets depending upon the
nutrient quality and composition of the substitute ingredients, diet formulation and culture system
utilized. Further, several feeding trials conducted under varying experimental and production conditions

Table 2. Mean nutrient composition (%, dry matter basis) and mean water stability of experimental diets
containing increasing levels of DDGS to replace SBM.

Parameter Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Final weight (g) 10.96 ± 0.62a 8.14 ± 1.56ab 4.46 ± 0.53b 6.54 ± 0.54b 6.10 ± 0.30b

Weight gain (g) 10.01 ± 0.63a 7.09 ± 1.46ab 3.64 ± 0.56b 5.52 ± 0.52b 5.01 ± 0.08b

Weight gain (%) 1,051 ± 82a 670 ± 82b 452 ± 82b 547 ± 67b 491 ± 81b

Feed-conversion ration 2.84 ± 0.26c 5.06 ± 0.42b 9.27 ± 1.78a 6.57 ± 0.31ab 7.66 ± 0.76ab

Survival (%) 88.89 ± 4.44a 73.33 ± 7.70a 82.22 ± 2.22a 71.11 ± 8.01a 71.11 ± 4.44a

Table 3. Mean growth responses of juvenile Paci�c white shrimp fed experimental diets with increasing levels of
DDGS replacing SBM.
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have shown that SBM used in association with terrestrial plant and/or animal protein sources can be
used to partially or totally replace �shmeal as the primary protein source in shrimp diets without
adverse effects on growth performance or survival.

The use of two or more complementary protein sources is more appropriate as a strategy to replace
�shmeal in practical diets than using a single source of protein. This approach could compensate for
possible nutrient de�ciencies of the single ingredient, increase cost effectiveness, reduce the effects of
anti-nutritional factors, increase palatability and increase the pellet stability of diets without �shmeal.

Reasons for reduced growth
In the study, use of DDGS in partial replacement of SBM resulted in reduced growth, but the �nal
weights and weight gains of shrimp fed all diets containing DDGS were similar to those for shrimp fed
a diet containing SBM as the major protein source.

The reasons for the reduced growth in shrimp fed increasing levels of DDGS were not readily apparent.
All diets were formulated to contain similar levels of digestible protein, and essential amino acids met
the nutrient requirements for white shrimp. Shrimp fed diet 1 had growth rates comparable to or higher
than animals in previous studies. The palatability of all diets appeared high, as upon feeding, shrimp
actively and rapidly swam to the pellets and began to consume them.

One possibility could be pellet stability. While data may indicate to the contrary, it seemed that all diets
containing DDGS rapidly disintegrated when shrimp began to manipulate and consume the pellets.

A second possible reason for reduced growth could be DDGS quality. The nutrient composition and
nutritional quality of DDGS varies among sources. The corn DDGS used in the study was from a
distillery, which may have had lower nutrient digestibility than DDGS from another source.

Feeding regime

A predetermined feeding regime was used in the study, so it was not
possible to make comparisons of diet intake among treatments.
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It has been reported that shrimp diet intake has an inverse relationship as �shmeal is replaced by plant
protein sources. In this study, a predetermined feeding regime was used, so it was not possible to make
comparisons of diet intake among treatments. It was shown that FCRs increased in all DDGS dietary
treatments compared to that for the diet with �shmeal, which was probably due to overfeeding because
of the reduced �nal weights of shrimp fed diets 2 through 5.

The percentages initially established were too high, as evidenced by the higher FCR values of shrimp
compared to those in other published reports, but the calculated feeding percentages were reasonable.
The present study was conducted in a closed, recirculating system, where there was no possibility of
exogenous nutrients. When compared to studies conducted in clearwater systems, FCR values in the
present study were similar.

While the average survival in the study was lower than the percentages in other reports, several of those
studies used greenwater culture systems in which there was continuous access to supplemental
nutrients. Survival in the present study was similar to other studies that used clear-water systems.

Perspectives
Based on the results achieved under the conditions and diets of the present study, it can be concluded
that partial replacement of SBM with DDGS is not recommended until further re�nement of diet
formulations determines the reason for the reduced growth observed. Further studies on diet stability,
binder use and type, and DDGS particle size, and their impacts on shrimp growth should be conducted
to improve the development of economical, sustainable diets for shrimp.

(Editor’s Note: This article was originally published in the March/April 2015 print edition of the Global
Aquaculture Advocate.)
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