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EXTENDED ABSTRACT

Introduction

Aquaculture has become an important contributor to global food security by providing a
sustainable source of high-quality protein and has surpassed capture fisheries in global aquatic
animal production. This expansion has also been accompanied by challenges associated with
intensive production, including disease outbreaks, environmental stress, and concerns regarding
the extensive use of antibiotics. These challenges have increased interest in safe and sustainable
alternatives, including phytogenic feed additives derived from medicinal plants and herbs.
Phytogenics contain a variety of bioactive compounds and have been reported to possess
antioxidant, antimicrobial, anti-inflammatory, immunomodulatory, and digestive-enhancing
properties, with potential benefits for fish growth, health, and stress resistance. Among
commercially cultured species, Siberian sturgeon (Acipenser baerii) is of particular importance
because of its high growth potential, early maturation, and adaptability to aquaculture
conditions. However, its sensitivity to environmental and husbandry-related stress highlights
the importance of appropriate nutritional and health management. Garlic (4/lium sativum),
thyme (Thymus vulgaris), and cumin (Cuminum cyminum) are medicinal plants that have been
investigated for their potential growth-promoting and immunomodulatory effects in
aquaculture species. Their combination in a commercial phytogenic supplement may provide
complementary or synergistic effects. Therefore, this study evaluated the effects of dietary
supplementation with different levels of the commercial phytogenic additive Copal, containing
garlic, thyme, and cumin, on growth performance, selected innate immune indices, and
hematological parameters in juvenile Siberian sturgeon.

Materials and Methods

An eight-week feeding trial was conducted using a completely randomized design to evaluate
the effects of dietary Copal supplementation in juvenile Siberian sturgeon. A total of 180 fish
with an initial body weight of 57.98 + 1.46 g (mean + standard error) were randomly distributed
among twelve 2,000-L circular tanks, with 15 fish per tank. Four experimental diets were tested:
a control diet without Copal (C0) and diets supplemented with 0.5% (C0.5), 1% (C1), or 2%
(C2) Copal, with three replicate tanks per treatment. Experimental diets were prepared using a
commercial feed (FFS1) by incorporating the powdered phytogenic additive with gelatin as a
binder, followed by drying and refrigerated storage until use. Fish were fed their respective
diets three times daily to apparent satiation. A flow-through water system, controlled water-
quality conditions, and a 12 h light:12 h dark photoperiod were maintained throughout the
experiment. Growth performance and feed-efficiency indices were assessed at four-week
intervals. At the end of the trial, blood samples were collected to determine hematological
parameters and selected immune-related indices, including total protein, total immunoglobulin,
lysozyme activity, and alkaline phosphatase activity, using standard analytical methods. Data
were tested for normality and homogeneity of variance and analyzed using one-way analysis of
variance (ANOVA), followed by Tukey’s post hoc test. Statistical significance was accepted at
p <0.05.

Results

No significant differences were observed among dietary treatments for the measured growth
performance and feed-efficiency indices (p > 0.05), although some parameters showed non-
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significant increasing trends in Copal-supplemented groups. Dietary supplementation with
0.5% Copal resulted in a significant increase in alkaline phosphatase activity compared with
the control group (p < 0.05). In contrast, no significant differences were detected among
treatments for the other measured immune indices (p > 0.05). Regarding hematological
parameters, eosinophil percentages were significantly higher in the control and C0.5 groups
than in the other treatment groups (p < 0.05), whereas no significant differences were observed
in the other leukocyte parameters (p > 0.05).

Conclusion

Under the conditions of the present study, dietary Copal supplementation did not significantly
affect growth performance or most of the measured immune and hematological parameters in
juvenile Siberian sturgeon. However, the significant increase in alkaline phosphatase activity
at the 0.5% supplementation level suggests that Copal may influence selected components of
innate immunity. The absence of significant effects on growth contrasts with some previous
studies reporting growth-promoting effects of individual phytogenic ingredients, including
garlic and cumin, highlighting the potential influence of plant composition, fish species,
supplementation level, feeding duration, and rearing conditions on the efficacy of phytogenic
additives. Further studies should investigate a broader range of Copal inclusion levels, longer
feeding periods, and its effects under environmental or pathogen-related stress conditions to
better characterize its potential role in modulating growth, immunity, and stress responses in
Siberian sturgeon.
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