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Aquafeed manufacturers are facing current and predicted near-future shifts in the availability and pricing of feed
ingredients, mostly associated with shortages of natural resources and increased biofuel production. Accordingly,
�exible, nutritious, and cost-effective diet formulations based on accurate analysis of the digestibility of essential
nutrients, as well as possible effects of antinutritional factors, are required. In addition, innovative diet compositions
and the use of unconventional ingredients may achieve further advances in feed stability and attractiveness.

The sustainable use of protein sources includes consistent monitoring of ingredients in order to manage potential
variations in nutrient composition for precise feed formulation. In addition, variations in nutrient availability related to
the type and homogeneity of protein sources, as well as processing strategy, can be expected.

Digestive capacity
The presence and availability of amino acids are key quality factors for feed protein. The potential for dietary amino
acids to provide nutrition and support growth depends on adequate feed processing by the external and internal
systems of the shrimp with essential size reduction of the protein polypeptide arrangements by digestive enzymes.

Hydrolysable protein is assessed in shrimp feeds and ingredients
through a controlled reaction that simulates shrimp digestion.
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Nutrient availability corresponds to the e�ciency of nutrient incorporation after processing by feeding and digestive
systems. Digestive capacity is an essential link to the nutritional potential of feed protein sources that can be
correlated to both nutrient composition and availability.

Shrimp digestive capacity can be assessed in vitro by determining the degree of protein hydrolysis (DH percent)
through a speci�c pH-stat method using enzymes of the target species. Standardized enzyme extracts recovered
from shrimp hepatopancreas tissue can be assayed with ingredients or �nished feeds and the DH percent monitored
over time. The pH-stat method has been consistently used in the assessment of protein quality in ingredients and
�nished feeds by the feed industry.

Predicting protein digestibility

If nutrient assimilation involves effective processing by digestive enzymes, a correlation between apparent
digestibility and digestive capacity would be expected. The concept of simulating shrimp digestion through
determination of the extent of protein hydrolysis has been con�rmed by trials with Paci�c white shrimp (Litopenaeus
vannamei).

The precise capacity of species enzymes to break peptide bonds in feed protein proved to be a predictor of  protein
digestibility. Signi�cant correlations between in vivo apparent crude protein digestibility (ACPD) and in vitro DH
percent with shrimp enzymes were found for �shmeal ingredients as well as experimental diets.

Recent preliminary results indicated that over a wide range of animal and plant ingredients, the relationship between
ACPD and DH percent may exhibit a logarithmic �t. Ingredients of ACPD above 80 percent were more precisely
discriminated by in vitro DH percent with enzymes. Accordingly, increased nutrient assimilation levels of certain
ingredients would depend to a larger extent on more effective enzymatic digestion.

Further re�ning of reaction details as well as a wider analysis of ingredients would provide a better understanding of
this method’s potential for shrimp nutrition. Assessment of the importance of shrimp digestive capacity in the
relationship between nutrient presence and availability could further assist the evaluation of protein quality in
ingredients and �nished feeds.

Feed composition appeared to affect shrimp digestion e�ciency. Levels of certain indispensable amino acids in six
commercial feeds were found to be correlated to DH percent of L. vannamei enzymes as previously reported for (P.
monodon). Signi�cant positive correlation was veri�ed between DH percent and methionine and methionine plus
cystine levels (r  = 0.67 – 0.92). On the other hand, a negative correlation was found between DH percent and total
indispensable amino acid de�cit index (r  = -0.70). This could be further related to dietary requirements of key
individual amino acids (Fox et al., 2007) as well as their availability, although it still remains to be con�rmed.

Nutrient presence and availability in feeds can be correlated with the
capacity of protein digestion in penaeid shrimp.
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Shrimp performance trial
It is accepted that increased dietary protein digestibility may not necessarily lead to higher growth through tissue
accumulation. On the other hand, the digestive capacity of hepatopancreas enzymes upon protein in commercial
feeds has been correlated with such key performance features of farmed shrimp as growth and feed e�ciency.

In a recent clearwater trial by the authors, juvenile 3-g L. vannamei were reared at 114 shrimp per m  in 500-l tanks at
29.5 degrees C., and fed six commercial feeds using feeding trays. After 56 days, yield, growth rates (0.56-0.98 grams
per week) and feed conversion were signi�cantly correlated with in vitro DH percent with shrimp enzyme extracts.

In contrast, feed protein composition (amino acid pro�le, true protein, nonprotein nitrogen) and pepsin digestibility
showed little or no prediction of shrimp performance. Moreover, feeds ranked by compositional features varied
noticeably in relation to the parameter considered, indicating the features may be not su�cient for complete
evaluation of protein quality.

Effective protein enzymatic breakage correlated with higher shrimp growth and culture performance may encourage
increased application of the DH percent concept as a nutritional criterion. Assessment of protein quality in
ingredients and feeds may include digestive capacity combined with compositional features to examine feed
potential in terms of nutrient presence and availability.

(Editor’s Note: This article was originally published in the November/December 2007 print edition of the Global
Aquaculture Advocate.)
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