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KEYWORDS ABSTRACT
Introduction: The global aquaculture sector relies heavily on the sustainable
expansion of shrimp farming. However, the industry’s long-term sustainability
replacement is threatened by its dependence on fishmeal (FM), an increasingly expensive and
ecologically limited finite resource capped at an annual global production of
approximately five million tons. Rising market prices, combined with climate-
protein source  driven fluctuations and inter-industry competition, expose shrimp production to
significant economic risks. While substituting FM with alternative protein
sources 1s essential, high inclusion levels of alternative ingredients frequently
vannamei induce metabolic, physiological, and digestive dysfunctions in shrimp. This
review systematically evaluates recent scientific advances regarding the
nutritional efficacy, physiological limitations, and application potentials of
nutrition major alternative protein categories to establish sustainable feed formulation
strategies for shrimp.
Materials and methods: A systematic review of peer-reviewed literature was
nutritional conducted using major scientific databases. Seven alternative protein categories
in shrimp feeds were evaluated: plant protein concentrates, insect meals, single-
cell proteins (SCPs), terrestrial animal by-products, fishery waste/hydrolysates,
Essential microalgae, and macroalgae.
Results and discussion: Each evaluated protein family presented specific
advantages and biological bottlenecks:
balance Plant concentrates and glutens: High protein density, but levels above 15-20%
FM replacement trigger gut inflammation and growth retardation due to anti-
nutritional factors (ANFs) and essential amino acid deficiencies.
Insect meals and SCPs: Rich in bioactive compounds (taurine, chitin,
nucleotides) that enhance immunity and gut microbiota, but inclusion is capped
by chitin digestibility, high nucleic acid content, or fatty acid imbalances.
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Animal by-products and fishery hydrolysates: Cost-effective and ANF-free;
hydrolysates upregulate mTOR signaling and improve palatability, though LC-
PUFA deficiencies remain a limiting factor.

Algae: Serve primarily as functional additives boosting antioxidant capacity and
immunity rather than primary protein sources. Crucially, no single alternative
source can completely replace FM without causing physiological trade-offs.
Conclusions: Relying on a single alternative ingredient for complete fishmeal
replacement in shrimp feeds is physiologically unviable due to shared biological
bottlenecks, including amino acid imbalances, ANF toxicity, LC-PUFA
deficiencies, and reduced palatability. To overcome these metabolic barriers,
future aquafeed formulations must integrate three synergistic strategies: (1)
advanced biotechnological interventions, such as microbial fermentation and
enzymatic hydrolysis, to neutralize ANFs and enhance nutrient bioavailability;
(2) a multi-protein formulation approach combining plant, terrestrial animal,
microbial, and marine waste proteins; and (3) targeted supplementation with
functional feed additives (such as crystalline amino acids, bile acids, and
immunostimulants) to mitigate lingering metabolic and digestive stress.
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Table 1 Evaluation of alternative protein source replacement levels for fishmeal in different shrimp/prawn species.

Replacement level in

Species Protein source diet Measured indices Reported optimal level Reference
Black tiger Growth performance,
shrim ‘(gP Green algae meal Partial fishmeal  postlarval survival, whole- Variable, depending on Anh et al.
monogonj (Cladophora spp.) replacement body proximate formulation (2018)

composition

Growth performance;

o .
Hydrolyzed squid protein Supplementation of ~ compensated soybean- 1% supplementation

P. monodon

powder soybean-based diet related deficiencies in fishmeal diet) (2024)
early growth
G;:‘I:;nn(‘;\;r Cowpea meal (Vigna Dietary fishmeal =~ Growth performance, feed Potential confirmed in Aya et al.
P unguiculata) replacement efficiency practical diets (2015)
rosenbergii)
 Soybean meal and distillers Partial to complete ~ Growth performance,‘ final Successful replgcement, Tidwell et al.
M. rosenbergii by-products fishmeal survival, economic no loss in (1993)
yp replacement feasibility survival/growth
Regi cherry Spirulina meal (Arthrospira  Direct inclusion (0, GrOWt.h? survival, body Marked improvement in Namaei Kohal
shrimp (N. . o composition, reproductive growth and
s platensis) 1,3,5,8, 10% SP) . . et al. (2018)
davidi) performance reproductive survival
Pamﬁc white Mealworm (7enebrio . Growt'h, serum 30% (above 30% Sharifinia et al.
shrimp (P. . Gradual (0-100%) biochemistry, innate
. molitor) . reduced growth) (2023)
vannamer) immune responses

Final weight, protein/lipid ~ 50% (100% reduced
efficiency, digestive trypsin activity and
enzymes (trypsin, lipase) growth)

L. vannamei Black soldier fly larvae (H.  Gradual (0, 25, 50,
postlarvae illucens) 100%)

Zamani and
Jafari (2025)
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Replacement level in

Species Protein source diet Measured indices Reported optimal level Reference
. . Growth performance, FCR 0 ..
P. vannamei Black soldier fly larvae (H. 100% under high stocking 100% (no reduction in Nunes et al.

postlarvae

P. vannamei

P. vannamei

P. vannamei

P. vannamei

P. vannamei

illucens) growth) (2023)

density

Growth, lipid/sterol
100% metabolism,
hepatopancreas health

Novel bacterial protein CAP
(C. autoethanogenum)

0 1 0 ]
IOQ/c> (with 0.06 @blle Shi et al. (2023)
acid supplementation)
Replacement of

.. o) [ 1 :
Corn gluten meal (CGM) fishmeal-containing Growth, protease activity,  24.47% (in diets with

protein/lipid digestibility  30% initial fishmeal) ™ €t 3l (2023)

diet
Multi-protein blend Growth, digestibility, body 100% (equal to 78.4%
(MBM:PBM:BM:CGM, 100% composition, amino acid of total dietary Yeetal. (2011)
6:6:5:3) balance fishmeal)
0 0
Chlorella meal (C. Fishmeal Protein retention, weight 20% (above 60% .
sorokiniana) replacement gain, pigmentation caused gr.owth Lietal. 2022)
’ retardation)
Brown macroalgae (S. Partial fishmeal Growth, villus length, 6% dietary Zeynali et al.

ilicifolium) replacement gut/liver microbiome supplementation (2020)
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