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This study evaluated the effects of dietary supplementation with the red macroalgal
extract Acanthophora spicifera on growth performance, survival, and feed utilization
efficiency in common carp (Cyprinus carpio). Following acclimation, 144 fish with an
initial mean body weight of 37 + 0.45 g and mean length of 13 + 0.27 cm were
randomly allocated to four dietary treatments, including three experimental diets and
one control, with three replicate tanks per treatment. Fish were stocked in twelve 300-
L fiberglass tanks at a density of 12 fish per tank and reared for 60 days under
continuous aeration. Experimental diets were supplemented with 0 (control), 100, 200,
or 400 mg of A. spicifera extract per kg of diet. Biometric measurements were recorded
at 10-day intervals throughout the experimental period. At the end of the trial, growth
performance and feed utilization were assessed using mean body length, mean body
weight, weight gain (WQ), specific growth rate (SGR), growth rate (GR), relative
growth rate (RGR), survival rate (SR), condition factor (CF), feed conversion ratio
(FCR), feed efficiency/protein efficiency ratio (FE/PER), and voluntary feed intake
(VFI). Dietary supplementation with 100 mg kg™ A. spicifera extract significantly
improved growth performance and feed utilization compared with the control (p <
0.05). Increasing the supplementation level to 200 and 400 mg kg™ resulted in a
progressive attenuation of these beneficial effects; nevertheless, both treatments
generally maintained better performance than the control. Overall, the results indicate
that dietary supplementation with A. spicifera extract at 100 mg kg™ diet was the most
effective treatment for improving growth performance and feed utilization in common
carp, while maintaining high survival.
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EXTENDED ABSTRACT

Introduction

Marine algae are rich sources of nutrients and bioactive compounds and have considerable
potential as functional dietary supplements in aquaculture. They provide proteins, essential fatty
acids, vitamins, minerals, polysaccharides, pigments, and antioxidants that may contribute to
improved growth, physiological condition, and health in aquatic animals (Vijayaram et al.,
2024). Extracts of the red macroalga Acanthophora spicifera contain a variety of bioactive
metabolites, including polyphenols, polysaccharides, proteins, and antioxidant compounds, and
have demonstrated antibacterial and immunostimulatory properties, highlighting their potential
as functional feed additives (Huang et al., 2025). Despite increasing interest in the use of marine
algae in aquaculture, information on the effects of 4. spicifera extracts on growth performance
and feed utilization in common carp (Cyprinus carpio) remains limited. Common carp is an
economically important species widely cultured in freshwater aquaculture systems (Saikia and
Das, 2009; Troca and Vieira, 2012). Therefore, this study evaluated the effects of dietary
supplementation with 4. spicifera extract at different inclusion levels on growth performance,
survival, and feed utilization efficiency in common carp.

Materials and Methods

The study was conducted over 60 days in 2020 at the Aquaculture Laboratory of the Faculty of
Natural Resources, Khatam Al-Anbia University of Technology, Behbahan, Iran. A total of 200
common carp (mean body weight: 37 £ 0.45 g; mean length: 13 + 0.27 cm) were obtained from
the Shahid Maleki Native Fish Conservation Center, Ahvaz. Following transportation in
double-layer polyethylene bags containing approximately one-third water and two-thirds
oxygen, the fish were acclimated for two weeks in a 120-L fiberglass tank. Subsequently, 144
fish were randomly allocated to four dietary treatments, including one control and three
experimental groups, with three replicate tanks per treatment. Fish were stocked at 12
individuals per 300-L fiberglass tank and maintained under continuous aeration and a 12 h
light:12 h dark photoperiod. The control group received a basal diet without algal extract,
whereas the experimental diets were supplemented with 4. spicifera extract at 100, 200, and
400 mg kg diet. During the experimental period, 40% of the water was replaced daily, and
tanks were siphoned to remove feces and uneaten feed. Biometric measurements were
conducted at 10-day intervals. At the end of the experiment, growth and feed utilization were
evaluated using mean body weight and length, weight gain (WQG), specific growth rate (SGR),
growth rate (GR), relative growth rate (RGR), survival rate (SR), condition factor (CF), feed
conversion ratio (FCR), feed efficiency/protein efficiency ratio (FE/PER), and voluntary feed
intake (VFI).

Results

Dietary supplementation with A. spicier extract significantly affected several growth and feed
utilization parameters in common carp (p < 0.05). The 100 mg kg ! treatment exhibited the best
overall growth and feed utilization performance. The highest values of weight gain, specific
growth rate, growth rate, relative growth rate, and feed efficiency, together with the lowest feed
conversion ratio, were recorded in this treatment compared with the control group (p < 0.05).
Growth rate also differed significantly between the 100 mg kg™! treatment and the control and
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higher-dose treatments (p < 0.05). Increasing the extract concentration to 200 and 400 mg kg™
resulted in a progressive reduction in the magnitude of the observed growth and feed utilization
responses. Condition factor and survival rate did not differ significantly among treatments (p >
0.05), although survival was numerically highest at 100 mg kg™ and lowest at 400 mg kg™'.
Voluntary feed intake was highest in the 200 mg kg™ treatment and lowest in the 400 mg kg™’
and control groups; however, the difference between the 100 mg kg™' treatment and the other
groups was not statistically significant (p > 0.05).

Conclusion

Dietary supplementation with A. spicifera extracts at 100 mg kg™ diet produced the most
pronounced improvements in growth performance and feed utilization efficiency in common
carp. Higher inclusion levels of 200 and 400 mg kg™ resulted in progressively weaker
responses, suggesting that the beneficial effects of the extract may be concentration-dependent,
with diminishing responses at higher inclusion levels. The lack of significant differences in
survival and condition factor indicates that the primary effects observed in this study were
related to growth and feed utilization rather than these parameters. The observed responses may
be associated with the bioactive properties of A. spicifera extracts. Previous studies have
reported substantial antioxidant activity and the presence of diverse bioactive compounds in
this species, including fatty acids, hydroxyl-containing compounds, alkanes, and ester
derivatives, which may contribute to antioxidant and antibacterial activities (Akbar and Hasan,
2024). Samrit et al. (2024) reported antioxidant activity of A. spicifera ethanolic extract and
found no cytotoxic or genotoxic effects at concentrations below 100 ug mL™". In addition,
Guillén et al. (2024) reported the presence of compounds such as digeneaside in A. spicifera
extracts and suggested that these compounds may contribute to the protective properties of the
alga. More broadly, Liao ef al. (2025) demonstrated that dietary seaweed supplementation
improved survival, feed conversion, muscle omega-3 fatty acid content, and immune responses
in shrimp. Although these findings provide biological support for the use of seaweed-derived
products as functional feed additives, the specific mechanisms underlying the growth-
promoting effects of 4. spicifera extract in common carp require further investigation. Overall,
the present study identifies 100 mg kg diet as the inclusion level associated with the most
favorable growth and feed utilization responses under the conditions tested.
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