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Figure 3. Influence of red pepper powder on the intestinal microbiota compozition in 3.
mtermedius at phylum (A) and genusz levelz (B).

A
Driven by sustainable aguaculture goals, this study evaluated dietary red pepper

powder (Copsicum annuum) supplementation (0-2%) over 50 days on
Strongylocentrotus intermedius. Red pepper powder significantly promoted
growth and reduced FCR (P < 0.05), with 1.0% showing optimal results. It improved
gonadal color, increased protein and lipid content, and enhanced digestive,
immune, and anticxidant enzyme activities while lowering MDA levels. The 1.0%
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bacteria (e.g., Firmicutes), with fewer pathogens. Immune- and antioxidant-related
genes were upregulated, and pro-inflammatory genes downregulated. Qverall,
1.0% supplementation optimized intestinal microbiota, improved antioxidant and
immune functions, reduced oxidative stress, and enhanced growth and gonadal
quality in 5. intermedius.
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group had the highest microbial diversity and a higher abundance of beneficial :
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O Immune and Antioxidation Related Parameters
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Figure 1. Schematic diagram of the recirculating aguaculture system C - . -
Water guality was stabilized through mechanical and biclogical filtration combined N - - .
with ultraviclet disinfection, ensuring physicochemical consistency and biosecurity. :1 i . ] i - L .
Each tank was equipped with separate inlet and outlet systems to guarantee water . I LI
independance and improve the reproducibility of the results. i .
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| Results l Figure 4. Immune and antioxidant parameters of 5. tneermedius supplemented with

differant level: of red pepper powder

H Growth performances O Physiological response-related genes

Tahle 1 Effects of different red pepper powder additive levelz growth performance of
Stronzyvlocentrotu: intermedin: (5 intermedins).

- i
Growth Parameters LC LL LM LH ; A ! ol 2l
BW (g} MITE0IH FATE0M 24272031 233400 ! - g

FBEW (gF 34355026 IZR602T 38120520 3644 =050 =M -3y

WGR (%) 4128+ 174 4859 =128 ST1£34 4569 £ 2 60 E §:1

SGR. (% day 1) 0.69 = 0.02¢ 0081 £ 0.00% 0.9 = 0,04¢ 0.81 = 003k o o o L
DTW (g} 1.44 = 008 LAT2005% 161 £ 008 1.45 = 0,05k o L “ W

DTI (%) 422015 40920060 4222024 3972016 g g 5 " B

GWW (g)® 704 £ 0.1% B33£012 232011 B6E =013 H™ $ N - % e 2 } H
GSI (%) 2224 =04 2382024 24392041 23,82 = 0542 ! | E H

FCRY 2052007 1B1E001° 1692008 152 2 0,08 -l H -l ! 1

SR (b0 100 = 0008 106 & 0.00% 104 = 0,008 100 = 000 i UL i - g el L e o

Values (mean = 5E; n =3) with diffarent ipte differ significantly (P <
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In conclusion, dietary supplementation with red pepper powder significantly improved the
growth performance of 5. intermedius, with its beneficial effects primarily linked to enhancad
antioxidant defenses, improved immuns function, and modulation of intestinal microbiota. At the
malecular lavel, these improvements were associated with the upregulation of antioxidant- and
immunity-related genes and the downregulation of stress-response and pro-inflammatory genes,
thereby contributing to physiclogical homeostasis under intensive aguaculture conditions.
Furthermore, red pepper powder improved gonadal pigmentation, promoted nutrient deposition,
and enhanced gonadal quality. Thess findings not only highlight red pepper powder as a potent
natural antickidant but also underscore its promise as a green, safe, and sustainable feed additive
in sea urchin farming. Importantly, its stress-mitigating capacity carries global significance for
. . . . . B . . . sustainable aquaculture. Under the present experimental conditions, ~1% inclusion was identified
Figura 2. Venn diagram representation of operational taxonomic units (OTUz) in the intestinal as the optimal doszge.

microbiota of 3. intermediuz with varying red pepper powder supplementstion.




