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EXTENDED ABSTRACT

Introduction

The rapid intensification of aquaculture production of Pacific white shrimp, Litopenaeus
vannamei, has substantially increased global shrimp output but has also heightened
susceptibility to infectious diseases, particularly White Spot Syndrome Virus (WSSV), which
can cause catastrophic mortalities within a few days (FAO, 2024; Islam et al., 2022). Increasing
environmental concerns and restrictions on the use of chemical therapeutics have stimulated
interest in phytogenic feed additives with immunostimulatory, antioxidant, and antimicrobial
properties (Wang et al., 2024; Ghosh et al., 2023). Bermuda grass, Cynodon dactylon, contains
high levels of phenolic and flavonoid compounds and has shown potential for enhancing innate
immunity and oxidative balance in aquatic animals (Savadi ef al., 2020). Although previous
studies have suggested beneficial effects of this plant against WSSV infection (Tomazelli Jinior
et al., 2016), information regarding optimal dietary inclusion levels and economic feasibility
under commercial farming conditions remains limited. Therefore, the objectives of the present
study were to: (i) evaluate the dose-dependent effects of dietary C/ dactylon extract on growth
performance, feed utilization, immune response, and antioxidant status of shrimp; (ii) determine
resistance to WSSV following experimental challenge; and (iii) assess the economic efficiency
of supplementation under commercial production conditions in Iran.

Materials and Methods

A 42-day feeding trial was conducted at a commercial shrimp farm in southern Iran (Kalah—
Minab). The experiment was performed using 500-L fiberglass tanks containing 400 L of
seawater, each stocked with 80 juvenile shrimp (initial body weight approximately 2—3 g). The
study followed a completely randomized design consisting of five dietary treatments with three
replicates per treatment. Water quality parameters remained within optimal ranges throughout
the trial, including salinity (41.0 = 0.6%o0), temperature (29.1 + 0.8°C), pH (8.05 + 0.15), and
dissolved oxygen (5.8 £ 0.4 mg L ™).

Five isonitrogenous (~40% crude protein) and isolipidic (~8% lipid) experimental diets were
prepared containing 0, 200, 400, 800, or 1200 mg kg™ ethanolic extract of C. dactylon. The
aerial parts of the plant were extracted using 70% ethanol, concentrated under vacuum, freeze-
dried, and standardized based on total phenolic content. The extract was top-coated onto feed
pellets using food-grade ethanol and 1% soy lecithin to improve coating stability. Shrimp were
fed to apparent satiation four times daily, and feeding rates were adjusted biweekly. Growth
performance indicators included final body weight, weight gain, specific growth rate (SGR),
feed conversion ratio (FCR), and survival.

For immune and antioxidant analyses, hemolymph samples were collected from six shrimp per
tank to measure total hemocyte count (THC), lysozyme activity, phenoloxidase (PO),
superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA). Protein
concentrations were normalized using the Bradford method.

Following the feeding period, 20 shrimp from each tank were challenged with WSSV in a
biosafety level-2 facility through intramuscular injection of 20 pL viral inoculum (~105-107
copies mL™', VP28 qPCR confirmed). Mortality was monitored for 10 days, and relative percent
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survival (RPS) was calculated. Economic analyses were performed using current Iranian feed
ingredient and shrimp market prices. Benefit-cost ratio (BCR) and return on investment (ROI)
were calculated to evaluate economic performance. Data were analyzed using one-way
ANOVA followed by Tukey’s HSD test (o = 0.05), and quadratic regression models were
applied to estimate optimal supplementation levels.

Results

Water quality parameters did not differ significantly among treatments and remained within
suitable ranges for shrimp culture, indicating that observed differences were primarily related
to dietary supplementation. All diets containing C. dactylon extract significantly improved
growth performance compared to the control group (p < 0.05). Final body weight increased
from approximately 9.2 g in the control treatment to 12.5-12.7 g in shrimp receiving 800—-1200
mg kg extract. Similarly, SGR increased from 2.41% day™' in the control to approximately
2.98% day! in the higher inclusion groups, while FCR improved from approximately 1.85 to
1.33. The best overall biological performance was generally observed at 800 mg kg™
supplementation. Immune and antioxidant responses improved in a dose-dependent manner.
Shrimp fed diets containing 800-1200 mg kg™ extract exhibited significantly higher THC,
lysozyme activity, PO activity, SOD, and CAT levels than the control group (p <0.05), whereas
MDA concentrations decreased significantly, indicating reduced oxidative stress and enhanced
antioxidant defense capacity.

Following WSSV challenge, cumulative survival increased markedly from approximately
42.5% in the infected control group to 73—74% in shrimp receiving 800—-1200 mg kg™ extract,
corresponding to an RPS of approximately 53-54% (p < 0.05). These findings suggest that
dietary supplementation enhanced shrimp resistance to WSSV through improved innate
immunity and oxidative stress regulation. Quadratic regression analyses demonstrated strong
dose—response relationships for major biological indicators (R > 0.97). Estimated biological
optima ranged between approximately 900 and 1100 mg kg depending on the evaluated
parameter, including SGR (~1009 mg kg™'), minimum FCR (~986 mg kg'), maximum PO and
SOD activities (~1050-1100 mg kg™'), and minimum MDA concentration (~1029 mg kg™).
Nevertheless, a biological performance plateau was observed between 800 and 1200 mg kg™,
indicating diminishing returns at higher inclusion levels.

Economic analysis showed that although feed costs increased moderately with higher extract
inclusion, supplementation at 800 mg kg™* provided the highest economic return, with a benefit-
cost ratio of approximately 2.83 and ROI of approximately 182%. Increasing supplementation
to 1200 mg kg did not produce additional economic advantages due to higher additive costs.

Conclusion

The present study demonstrated that dietary supplementation with C. dactylon extract at 800—
1000 mg kg™ significantly enhances growth performance, feed efficiency, innate immunity,
antioxidant capacity, and resistance to WSSV infection in L. vannamei cultured under high-
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salinity conditions (40—42%o). Although biological optimization analyses indicated an optimal
inclusion level close to 1000 mg kg™, economic modeling identified 800 mg kg™ as the most
cost-effective supplementation level under current production conditions in Iran. Therefore, an
operational inclusion range of 800-1000 mg kg™ is recommended to improve productivity,
disease resistance, and profitability in commercial shrimp farming systems. Future studies
should incorporate molecular immune markers, histopathological analyses, multisite validation
across different salinity regimes, and sensitivity analyses under varying market conditions to
further refine the economically optimal inclusion level.
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