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DESCRIPTION

Aquaculture production depends on the ability of fish, shrimp,
mollusks, and other cultured aquatic animals to convert feed
nutrients into body tissue, energy, and physiological functions.
Feed is one of the largest operational costs in many aquaculture
systems, making efficient digestion an important area of
research. Digestive enzymes participate in the breakdown of
proteins, carbohydrates, and lipids into smaller molecules that
can be absorbed through the intestinal tract. The activity,
quantity, and distribution of these enzymes vary according to
species, developmental stage, feeding habits, environmental
and feed these

differences can support better feed formulation and improved

conditions, composition. Understanding

animal performance [1].

Protease activity is particularly important in aquaculture because
protein is commonly included at relatively high levels in
formulated diets. Dietary proteins must be hydrolyzed before
their amino acids can be absorbed and used for tissue formation,
enzyme synthesis, immune functions, and other metabolic
processes. Proteases such as trypsin, chymotrypsin, pepsin, and
various peptidases contribute to this process. Their activity can
change with age, feeding status, temperature, and dietary
composition. Young animals may show substantial changes in
digestive enzyme production as their digestive organs develop,
making early-life nutrition an important area for enzyme-related
studies [2].

Digestive enzyme activity is closely associated with feed
composition. Changes in protein source, lipid level, starch
content, fiber concentration, and feed additives can influence
enzyme production and activity. Ingredients containing plant
based proteins may contain compounds that affect digestive
processes, while processing methods can alter the availability of
nutrients and reduce or modify certain undesirable components.
Fermentation, extrusion, heating, and other feed-processing
approaches may change the physical and chemical properties of
feed ingredients. Researchers can compare enzyme activity

alongside growth, feed conversion, nutrient retention, and
intestinal condition to evaluate the biological response to

different diets [3].

Age is another major factor affecting digestive enzyme profiles.
Larval fish often begin external feeding during a period when
their digestive organs are still developing. During this stage,
endogenous enzyme production may be limited, and the
nutritional characteristics of live feeds can become particularly
important. As larvae develop into juveniles, the digestive tract
becomes more functionally mature and enzyme patterns change.
Monitoring these changes can assist in selecting suitable feed
types and feeding schedules for different developmental stages

(4].

The study of digestive enzymes can also contribute to the
evaluation of feed additives. Probiotics, prebiotics, phytogenic
compounds, organic acids, enzymes, and selected microbial
products have been investigated for their effects on digestion and
intestinal function. Some additives may influence the intestinal
microbial community or modify digestive enzyme activity.
However, responses are often speciessspecific, and results
obtained under laboratory
correspond to commercial production systems. Controlled
with suitable sample and appropriate
biochemical methods needed to establish

relationships [5].

conditions may not always

experiments sizes

are reliable

Modern analytical techniques have expanded research on
digestive enzymology. Traditional enzyme assays remain useful
for measuring specific activities, while molecular approaches can
examine the expression of genes associated with digestive
enzymes. Proteomic and metabolomics methods can provide
additional information about changes in digestive and metabolic
processes. Combining enzyme activity data with growth
performance, nutrient digestibility, intestinal morphology, and
can provide a complete
assessment of how aquatic animals respond to different diets [6].

Digestive enzyme research is also relevant to sustainable feed

molecular measurements more
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development. As aquaculture increasingly uses alternative
protein and lipid sources, researchers need to determine how
cultured these

Ingredients derived from insects, algae, single-cell organisms,

effectively species can  digest materials.
agricultural by-products, and plant sources may have different
nutritional profiles and physical characteristics. Evaluating
enzyme activity together with nutrient digestibility can help
identify suitable inclusion levels and processing methods. This
approach can support the development of feeds that provide

adequate nutrition while reducing unnecessary nutrient losses

(7].

Accurate interpretation of digestive enzyme measurements
requires careful experimental design. Enzyme activity can be
affected by tissue sampling location, extraction procedure,
storage  conditions, assay temperature, pH, substrate
concentration, and analytical method. Results from different
studies may therefore be difficult to compare
methodologies differ substantially. Standardized procedures and
clear reporting of experimental conditions are important for
producing meaningful datasets [8].

when

Digestive enzyme activity serves as a primary foundation for
efficient nutrient utilization in aquaculture, directly influencing
animal growth, feed conversion efficiency, nutrient retention,

feeds

represent one of the largest financial investments in aquaculture

and overall operational costeffectiveness. Because
systems, understanding how aquatic species including fish,
shrimp, break down dietary proteins,
carbohydrates, and lipids into absorbable molecules is essential
for optimizing feed formulation [9]. Proteases like trypsin,
chymotrypsin, pepsin, and peptidases are especially vital due to
the high protein demands of aquatic diets, yet their production

and  functional distribution fluctuate

and molluscs

according  to
developmental stage, feeding habits, ambient environmental
conditions, and feed composition [10].

CONCLUSION

Aquaculture  digestive  enzymology
physiology, microbiology, feed
production. Research in this area can improve understanding of

nutrition,
animal

connects
technology, and

how cultured species process nutrients and respond to changes

in diet and environmental conditions. By examining enzyme
activity alongside growth, feed utilization, intestinal health, and

J Aquac Res Dev, Vol.17 Iss.7 No: 1001127

OPEN 8 ACCESS Freely available online

nutrient retention, researchers can develop a clearer picture of
digestive performance. Continued investigation of digestive
enzymes across species and life stages can support improved feed
strategies and more efficient aquaculture production while
reducing nutrient waste and unnecessary feed expenditure.

REFERENCES

1. Lance QJ, Mu Y, Zhao Z, Lam VW, Sumaila UR. Economic
challenges to the generalization of integrated multi-trophic

aquaculture: An empirical comparative study on kelp monoculture

and  kelp-mollusk  polyculture in  Weihai, China. Aquac.
2017;471:130-139.

2. HuangF, Pan L, Song M, Tian C, Gao S. Microbiota assemblages of
water, sediment, and intestine and their associations with
environmental factors and shrimp physiological health. Appl
Microbiol Biotechnol. 2018;102(19):8585-8598.

3. Ahmed N, Thompson S. The blue dimensions of aquaculture: A
global synthesis. Sci Total Environ. 2019;652:851-861.

4. WangY, Zhang C, Li Y, Zhang H, Wang ], Feng F. Effects of dietary
glycerol monolaurate on the growth performance, digestive enzymes,
body composition and non-specific immune response of white shrimp
(Litopenaeus vannamei). Aquac. Rep. 2020;18:100535.

5. Naylor RL, Hardy RW, Buschmann AH, Bush SR, Cao L, Klinger
DH, et al. A 20year retrospective review of global aquaculture.
Nature. 2021;591(7851):551-563.

6. Ambasankar K, Dayal ]S, Vasagam KK, Sivaramakrishnan T,
Sandeep KP, Panigrahi A, et al. Growth, fatty acid composition,
immune-related gene expression, histology and haematology indices of
Penaeus vannamei fed graded levels of Antarctic krill meal at two
different fishmeal concentrations. Aquac. 2022;553:738069.

7. Wang X, Zhang Q, Zhang T, Shao S, Wang Q, Dong Z, et al.
Evaluation of antioxidant capacity and digestive enzyme activities in
Mytilus galloprovincialis exposed to nanoplastics under different
patterns of hypoxia. Mar Environ Res. 2023;183:105849.

8. Sallam GR, Fayed WM, Elsawaf MA, Mabrouk HA, Al-Absawey
MA, Henish S, et al. Phyto-additive fueling fertility: Nanocurcumin
enhances red tilapia foundation stock breeding in saline waters.
Aquac. 2024;592:741268.

9. Natale S, Bertini A, Gisbert E, Andree KB, Benini E, Vallainc D,
et al. First insight into temporal variation of digestive enzyme activities
in flathead grey mullet (Mugil cephalus) during the on growing phase.
Aquac. Rep. 2025;41:102652.

10. Yu XZ, Yu Y, Liu ZY, Zhu TS. Comparative nutrition and physiology
of turtles: Mechanistic insights for sustainable aquaculture and

conservation. ] Nutr. 2026:101420.


https://www.sciencedirect.com/science/article/abs/pii/S0044848617301114
https://www.sciencedirect.com/science/article/abs/pii/S0044848617301114
https://www.sciencedirect.com/science/article/abs/pii/S0044848617301114
https://www.sciencedirect.com/science/article/abs/pii/S0044848617301114
https://link.springer.com/article/10.1007/s00253-018-9229-5
https://link.springer.com/article/10.1007/s00253-018-9229-5
https://link.springer.com/article/10.1007/s00253-018-9229-5
https://www.sciencedirect.com/science/article/abs/pii/S0048969718340452
https://www.sciencedirect.com/science/article/abs/pii/S0048969718340452
https://www.sciencedirect.com/science/article/pii/S2352513420306256
https://www.sciencedirect.com/science/article/pii/S2352513420306256
https://www.sciencedirect.com/science/article/pii/S2352513420306256
https://www.sciencedirect.com/science/article/pii/S2352513420306256
https://www.nature.com/articles/s41586-021-03308-6
https://www.sciencedirect.com/science/article/abs/pii/S0044848622001855
https://www.sciencedirect.com/science/article/abs/pii/S0044848622001855
https://www.sciencedirect.com/science/article/abs/pii/S0044848622001855
https://www.sciencedirect.com/science/article/abs/pii/S0044848622001855
https://www.sciencedirect.com/science/article/abs/pii/S014111362200294X
https://www.sciencedirect.com/science/article/abs/pii/S014111362200294X
https://www.sciencedirect.com/science/article/abs/pii/S014111362200294X
https://www.sciencedirect.com/science/article/abs/pii/S0044848624007294
https://www.sciencedirect.com/science/article/abs/pii/S0044848624007294
https://www.sciencedirect.com/science/article/pii/S2352513425000389
https://www.sciencedirect.com/science/article/pii/S2352513425000389
https://www.sciencedirect.com/science/article/abs/pii/S0022316626000696
https://www.sciencedirect.com/science/article/abs/pii/S0022316626000696
https://www.sciencedirect.com/science/article/abs/pii/S0022316626000696

	Contents
	Digestive Enzyme Activity as a Foundation for Efficient Nutrient Utilization in Aquaculture
	DESCRIPTION
	CONCLUSION
	REFERENCES


