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Natural antioxidant supplements are important in aquaculture. This research evaluated the
effect of thymol in the diet of rainbow trout on growth performance, muscle antioxidant
status, and muscle quality during refrigerated storage. Rainbow trout with an initial weight
of 15 + 0.1 g were fed four experimental diets containing 0, 0.1, 0.2, and 0.3% thymol for
60 days. At the end of the rearing period, growth indices and antioxidant status in fish
muscle were measured. Subsequently, fish fillets were stored at 4°C for 12 days, and
oxidative spoilage indices were determined at 3-day intervals. Fish fed the diet containing
0.2% thymol exhibited the best growth performance. The activities of superoxide
dismutase, glutathione peroxidase, and catalase, and the glutathione index in the muscle
of fish fed different levels of thymol were significantly (P<0.05) higher than those in the
other groups. Muscle malondialdehyde content in fish fed 0.2% and 0.3% thymol was
significantly (P<0.05) lower than in the other two treatments. Peroxide value (5.33 to
13.33 meq O2/kg extracted oil), thiobarbituric acid reactive substances (1.12 to 1.40 mg
MDA/kg), and total volatile nitrogen content (20.91 to 28.47 mg N/100 g) were measured
at the end of refrigerated storage. Overall, feeding rainbow trout a diet containing 0.2%
thymol is recommended to improve growth performance, and feeding thymol at 0.2% and
0.3% is recommended to enhance muscle antioxidant capacity and delay oxidative
spoilage until the ninth day (9 days) of refrigerated storage.
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EXTENDED ABSTRACT

Introduction

Appropriate nutritional formulations are essential to sustain fish health, improve feed efficiency, and
support production in aquaculture. Modern feed formulations increasingly incorporate natural
phytogenic additives due to their antioxidant, antimicrobial, antiparasitic, and digestive-stimulating
properties. Synthetic antioxidants and preservatives, while historically utilized, present risks of toxicity,
liver damage, and potential carcinogenicity. Consequently, research has shifted toward natural
phytogenic compounds as safe alternatives to boost endogenous antioxidant defenses and delay post-
mortem spoilage. Fish muscle tissue is highly vulnerable to rapid post-mortem deterioration because of
its high moisture content, nutrient availability, neutral pH, and elevated levels of polyunsaturated fatty
acids. Dietary antioxidants can fortify muscle antioxidant capacity during the culture period, thereby
extending flesh shelf life and maintaining quality during subsequent cold storage. Thymol ( 7hymus
vulgaris) is a prominent natural phenolic compound possessing recognized free radical-scavenging
capabilities. Although dietary thymol has been reported to improve growth metrics in rainbow trout
(Oncorhynchus mykiss), comprehensive evaluations regarding its simultaneous impacts on growth
performance, endogenous muscle antioxidant enzymes, and subsequent fillet oxidative stability during
refrigerated storage remain limited. Rainbow trout represents a primary commercially farmed salmonid
that is routinely distributed and preserved under chilled conditions. This study evaluated the hypothesis
that dietary thymol supplementation (0.1% to 0.3%) optimizes growth parameters, enhances muscle
antioxidant enzyme activity, and suppresses oxidative spoilage in rainbow trout fillets during 12 days
of refrigerated storage at 4 °C.

Material and Methods

Juvenile rainbow trout (15 # 0.1 g) were acclimated for 10 days and distributed into four triplicated
experimental groups (15 fish/tank). Over a 60-day trial, fish were fed a commercial diet supplemented
with crystalline thymol at 0% (control), 0.1%, 0.2%, or 0.3% (w/w). Feed was prepared by spraying
ethanol-dissolved thymol onto pellets, followed by air-drying. Water parameters were controlled daily,
and feeding was conducted three times daily at 3% biomass. At day 60, growth indices (FBW, WG,
SGR, FCR, CF, HSI, VSI) were evaluated. Dorsal muscle samples were collected to assay superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced glutathione (GSH), and

malondialdehyde (MDA). Fillets were stored at 4 + 1 °C for 12 days, and quality parameters (pH, PV,
TBARS, TVB-N) were assessed every 3 days. Data were analyzed using one-way and two-way ANOVA
(P < 0.05).

Results

Dietary supplementation with 0.2% thymol significantly improved growth performance compared to the
control group, yielding the highest final body weight (103.00 £ 3.00 g), weight gain (87.75 + 2.64 g),
and specific growth rate (3.18 + 0.01%), along with the lowest feed conversion ratio (0.71 £+ 0.02)
(P £ 0.05). Growth performance indices (CF, VSI, HSI) were not significantly altered. Muscle
antioxidant defenses were elevated in thymol-treated groups. SOD activity increased significantly in the
0.2% and 0.3% groups; CAT activity was significantly higher in all thymol groups than in the control,
and GPx activity peaked at 0.3% thymol. Muscle MDA levels were significantly reduced in the 0.2%
and 0.3% thymol treatments compared with the control and 0.1% groups (P < 0.05). During 12 days of
storage at 4 °C, fillet pH and TVB-N increased across all groups. By day 12, control TVB-N reached
28.47 £+ 3.52 mg N/100g (exceeding the high-quality threshold of 25 mg N/100g), whereas the 0.2%
thymol group retained the lowest value (20.90 + 2.72 mg N/100g). The value of PV in the control and
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0.2% thymol groups exceeded the permissible limit (10 meq O2/kg extracted oil) and reached 13.33 and
10 meq O2/kg extracted oil, respectively, and the content of TBARS in all groups at the end of the
storage period exceeded the permissible limit (1mg MDA/ kg) and ranged from 1.12 to 1.40 mg MDA/
kg.

Discussion

The enhanced growth performance at 0.2% thymol aligns with phytogenic compounds' ability to
stimulate digestive enzyme secretion, improve nutrient absorption, and support intestinal health. The
non-linear response at 0.3% thymol, where growth metrics did not increase further, may reflect
phytogenic dose-response dynamics in which excessive levels slightly alter palatability or gut
microbiota balance. The elevation of SOD, CAT, and GPx activity in muscle tissue confirms that dietary
thymol strengthens the endogenous radical-scavenging network. Phenolic compounds like thymol
directly reduce systemic reactive oxygen species (ROS) accumulation and downregulate lipid
peroxidation, as evidenced by lower tissue MDA levels before slaughter. Throughout refrigerated
storage, post-mortem enzymatic activity and bacterial decomposition typically degrade proteins and
lipids, generating volatile bases and secondary oxidation products. The lower TVB-N accumulation and
suppressed PV in fillets from thymol-fed fish show that depositing dietary phenolic antioxidants into
muscle tissue effectively delays primary lipid oxidation. Muscle antioxidant deposition sustained muscle
integrity during storage, maintaining overall product freshness within established quality standards.

Conclusion

Feeding rainbow trout a diet supplemented with 0.2% thymol optimizes growth performance and feed
conversion efficiency. Both 0.2% and 0.3% thymol enhance endogenous muscle antioxidant enzyme
activities and effectively preserve fillet quality by suppressing oxidative spoilage and volatile nitrogen
accumulation until the ninth day (9 days) of refrigerated storage.
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