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Article Info ABSTRACT
Article type: Taurine is an essential micronutrient for the larval development of Pacific white shrimp
Research Article (Litopenaeus vannamei), yet its bioavailability in culture systems is often limited by rapid

leaching. This study evaluated the effects of liposomal taurine enrichment of Artemia on
growth performance, survival, and carcass quality of shrimp larvae during the critical
Mysis 3 to postlarva 5 stages. Larvae were obtained from a commercial hatchery and
reared under controlled conditions. Five taurine enrichment levels (0, 100, 200, 400, and
600 mg L") were tested in triplicate over an 8-day feeding trial. Taurine-enriched Artemia
significantly improved larval dry weight, body length, and survival compared with the
control treatment (p < 0.05). The highest performance was achieved at 400 mg L',
resulting in a dry weight of 163.2 pg ind™" and a survival rate of 84.7%. Carcass
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Keywords: treatments, while total lipid content remained unaffected. In addition, fatty acid profiles,
whiteleg shrimp, particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), were
Artemia, enhanced at the optimal enrichment level. Polynomial regression analysis estimated the
liposomal taurine, optimal taurine enrichment level to be approximately 390-405 mg L. Overall, the results
growth, demonstrate that liposomal taurine enrichment of Artemia is an effective strategy to
survival. improve nutritional quality, growth performance, and survival of L. vannamei larvae, with
clear implications for commercial shrimp hatchery production.
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EXTENDED ABSTRACT

Introduction

Global shrimp aquaculture depends heavily on strong larval performance, with Litopenaeus
vannamei dominating production owing to its rapid growth and broad environmental tolerance
(Asmild et al., 2024). However, the Mysis 3 to postlarva 5 (M3—-PL5) developmental window
remains a critical bottleneck in hatchery production, where deficiencies in live-feed
micronutrition—particularly taurine and long-chain polyunsaturated fatty acids (LC-PUFAs)—
can severely limit growth and survival (Hansen and Meller, 2021; Huang et al., 2022). Taurine
is conditionally essential in many aquatic larvae and plays key roles in osmoregulation,
membrane stabilization, bile acid conjugation, lipid metabolism, neuro-sensory development,
and immune and oxidative homeostasis (Salze and Davis, 2015; Shi et al., 2023). Nevertheless,
free taurine is highly water-soluble and rapidly leaches from live feeds, reducing its
bioavailability to larvae (Watson et al, 2015). Liposomal delivery systems can encapsulate
hydrophilic compounds, reduce nutrient loss through leaching, and enhance targeted delivery
via enriched live feeds such as Artemia (Ozkizilcik and Chu, 1994; Pattni et al., 2015;
Hawkyard and Koch, 2016; Large et al., 2021). Building on these principles, the present study
evaluated the effects of taurine-loaded liposomal enrichment of Artemia on shrimp larval
performance and estimated the optimal enrichment level using quadratic polynomial regression
models.

Materials and Methods

Larvae at the Mysis 3 (M3) stage were obtained from Sanderf Hatchery (Jask, Iran) and
acclimated to laboratory conditions at the Persian Gulf Ecology Research Center (Bandar
Abbas, Iran). A completely randomized design was used to evaluate taurine—liposome
enrichment at five levels: 0 (control), 100, 200, 400, and 600 mg L™!, with three replicate 60-L
tanks per treatment (200 larvae tank™'). The feeding trial lasted 8 days (M3 to PLS), during
which larvae were fed taurine-enriched Artemia four times daily. Seawater was filtered,
chlorinated, and subsequently dechlorinated prior to use. Key water quality parameters were
maintained within optimal ranges for shrimp larvae: salinity 40—42%o, temperature 28 = 1 °C,
pH 8.0 £ 0.2, dissolved oxygen 5.5-6.5 mg L', and low concentrations of unionized ammonia
and nitrite (Lin and Chen, 2001; Valencia-Castafieda et al., 2018). Daily water exchange rates
of 30—40% were applied throughout the experiment. Taurine-loaded liposomes were prepared
using the thin-film hydration method with a phosphatidylcholine: cholesterol ratio of 7:3,
followed by homogenization and brief sonication. Liposome particle size (~100—150 nm),
polydispersity index (PDI < 0.3), and encapsulation efficiency were verified using dynamic
light scattering and HPLC-FLD following o-phthalaldehyde derivatization (Danaei et al., 2018;
Lombardo and Kiselev, 2022; Santini et al., 2022). Artemia nauplii (Instar 1I) were enriched for
12 h in taurine-liposome solutions corresponding to each treatment level, then thoroughly rinsed
with clean seawater prior to feeding (Hawkyard and Koch, 2016; Van Stappen et al., 2024).

At the end of the trial, final dry weight (ug ind™*; 70 °C for 24 h), total length (measured under
a stereomicroscope), and survival (%) were recorded. Whole-body proximate composition was
analyzed for crude protein (Kjeldahl method) and total lipid (Soxhlet extraction), while taurine
content was quantified by HPLC. Fatty acid profiles were determined by GC-MS following
fatty acid methyl ester (FAME) derivatization (Randall, 2011; Sdez-Plaza et al., 2013;
Hewavitharana, 2020). Data were tested for normality (Shapiro—Wilk) and homogeneity of
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variances (Brown—Forsythe) prior to one-way ANOVA, followed by Tukey’s HSD post hoc test
(p < 0.05). Effect sizes (n?) and corresponding 95% confidence intervals were reported where
applicable. Dose-response relationships were modeled using quadratic polynomial regression,
and stationary points were used to estimate optimal taurine enrichment levels (Lakens, 2013;
Chen and Chen, 2025).

Results

Taurine enrichment significantly increased larval dry weight, total length, and survival
compared with the control treatment (p < 0.05). The 400 mg L' treatment yielded the best
overall performance, with dry weight reaching 163.2 £ 4.8 pg ind' compared with 118.6 = 3.5
pg ind ™ in the control (+37.6%), and survival increasing from 69.2 + 2.8% to 84.7 + 2.1%.
Total length was also significantly greater at enrichment levels of 200-400 mg L. In contrast,
a modest decline in performance was observed at 600 mg L', indicating a saturating, inverted-
U dose-response pattern. Crude protein content and whole-body taurine concentration
increased with taurine enrichment, peaking near 400 mg L' (65.2 + 1.3% DW and 14.8 + 0.5
mg g' DW, respectively), whereas total lipid content did not differ significantly among
treatments. Taurine enrichment was also associated with higher proportions of long-chain
polyunsaturated fatty acids, particularly docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA), which were highest at approximately 400 mg L' (DHA: 8.4 = 0.3%; EPA: 6.7
0.2% of total fatty acids), suggesting enhanced lipid uptake and retention during early larval
development. Quadratic polynomial regression models were significant for both dry weight and
survival (p < 0.01), estimating optimal taurine enrichment levels of approximately 390 mg L™
for growth (R? = 0.88) and 405 mg L' for survival (R*=0.91). The overlapping optimal range
of 380410 mg L' maximized both endpoints, consistent with physiological sufficiency at
intermediate doses and diminishing returns at higher enrichment levels.

Conclusion

Liposomal taurine enrichment of Artemia represents an effective and operationally simple
strategy to enhance growth, survival, and biochemical quality of L. vannamei larvae during the
M3-PL5 developmental window. The mechanistic basis for these effects is well supported:
liposomal encapsulation reduces taurine leaching and improves nutrient delivery, while taurine
itself contributes to osmoregulation, membrane integrity, bile salt conjugation, lipid digestion
and absorption, neuro-sensory development, and antioxidant and immune function (Salze and
Davis, 2015; Pattni et al., 2015; Large et al., 2021; Shi et al., 2023). Quadratic dose-response
models converged on an optimal enrichment level near 400 mg L', balancing maximal
biological performance with practical hatchery applicability. Although the present study was
conducted over a short time frame under controlled laboratory conditions, future research
should extend assessments into the nursery phase, incorporate oxidative stress and immune
biomarkers (e.g., malondialdehyde, phenoloxidase activity), and disentangle the relative
contributions of taurine and liposomal phospholipids through the inclusion of empty-liposome
and free-taurine control treatments. Despite these limitations, the results provide strong
evidence that liposomal taurine enrichment can be readily integrated into live-feed enrichment
protocols to produce higher-quality post larvae and improve overall hatchery efficiency.
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