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The aim of this study was to evaluate the in vitro effect of buffer extracts obtained from leaves of 
various representatives of Thymus genus on the total antioxidant capacity (TAC) of the muscle tissue 
of the rainbow trout (Oncorhynchus mykiss Walbaum). Leaves of Thymus serpyllum L. emend. Mill., 
Th. pannonicus All., Th. pulegioides L., Th. × porcii Borbás (a hybrid between Th. pannonicus and 
Th. pulegioides), Th. alpestris Tausch ex A. Kern. were harvested to study. Freshly collected leaves were 
washed, weighted, crushed, and homogenized in 0.1 M phosphate buffer (pH 7.4) (in proportion 1 : 19, 
w/w) at ambient temperature. The supernatant of the rainbow trout muscle tissue was used to incubate 
with leaf extracts of various representatives from Thymus genus (in a ratio 19:1) at room temperature. 
The most potent antioxidant effect was demonstrated for the extracts of Th. alpestris, Th. × porcii, 
Th. pannonicus, Th. serpyllum, and Th. pulegioides compared to phosphate buffer control (59.5, 48, 
45.9, 43.9, and 38.8%, p <0.05, respectively). The results of this study provide a new perspective on 
the use of various Thymus species as a medicinal plant to improve the antioxidant response of rainbow 
trout. Further studies including the use of other medicinal plants as food additives in aquaculture, the 
assessment of its antioxidant effects on various tissues are in progress.
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Introduction
Recently, medicinal plants came as a promising and substitute method for the control of fish 
disease in aquaculture that offers an alternative because of their immunomodulatory effects, 
to the drugs, chemicals, and antibiotics currently used in aquaculture to control diseases 
(Galina et al., 2009). Additionally, medicinal plants are used in aquaculture not only as 
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chemotherapeutics but also as feed additives, as they contain a wide variety of nutrients and 
chemical compounds with many biological activities including growth promotion, appetite 
stimulation, immune stimulation, antimicrobial, and anti-stress in fish (Chang, 2000; Galina 
et al., 2009; Citarasu, 2010). The mechanisms of action of plants and their derivatives are 
attributed to the presence of many active second metabolites such as alkaloids, steroids, 
phenolics, tannins, terpenoids, saponins, glycosides, and flavonoids (Galina et al., 2009; 
Citarasu, 2010; Harikrishnan et al., 2011). Therefore, the development of new additives for 
aquaculture still attracts the attention of many researchers and fish farmers comprising the 
eco-friendly approach for the control of fish pathogens.

Plants of the mint family (Lamiaceae) produce many metabolites with antioxidant properties, 
that are present as secondary metabolites which are synthesized as a defence mechanism. 
Particularly, Thymus spp. also produce secondary metabolites with antimicrobial, antioxidant, 
antimicrobials, expectorants, antitussives, and antiplatelet drugs (Kulevanova et al., 2000; 
Figueiredo et al., 2008; Costa et al., 2012). The genus Thymus L. consists approximately 
215 species currently recognized (Morales, 2002). These herbaceous perennials and sub-
shrubs distributed in Europe, Northwest Africa, Ethiopia, Asia and Greenland (Morales, 
2002; Bartolucci et al., 2013). It is one of the most widely used genera in folk medicine, 
where it is popular for its stimulatory action on all organism functions (Viuda-Martos et al., 
2011). Many species of this genus are used in traditional medicine as tonics, carminatives, 
antitussives, aromatic, expectorant, stomachic, antispasmodic, bronchospasmolytic, diuretic, 
sedative, diaphoretic, and antiseptics, as well as anti-inflammatory, antioxidant, anthelmintic, 
hepatoprotective and antitumor agents (Khan and Abourashed, 2010; Nabavi et al., 2015). 
Internally, thyme is used for treatment of acute bronchitis, laryngitis, whooping cough, 
chronic gastritis, diarrhea, and lack of appetite, while externally in baths to treat rheumatic 
and skin problems (bruises, sprains, fungal infections) as well as for minor arthritis, gum 
disease, tonsillitis, etc. (Khan and Abourashed, 2010). Moreover, Thymus species have wide 
application nowadays in food as a culinary herb and food flavoring, as well as in cosmetics 
and pharmaceutics in toothpaste, soaps, detergents, creams, lotions, and perfumes. Thymus 
i.e. leaves of Th. vulgaris L. and Th. zygis L. is used as a spice in several foods.

With the increasing interest in herbal medicine, environmental protection, and natural 
products, numerous research in herbal or natural product studies has been published in recent 
years (Kuklina et al., 2017; Vergun et al., 2017). However, literature data on the antioxidant 
activity of Thymus species in the aquacultural application is practically unknown. 

In the last decades, more attention is received the plants possessed antioxidative properties 
as important inputs in organic fish farming. Sönmez et al. (2015) have evaluated effects 
of dietary supplementation of sage (Salvia officinalis), mint (Mentha spicata) and thyme 
(Thymus vulgaris) oils on growth performance, lipid peroxidation level (malondialdehyde, 
MDA) and liver antioxidant enzyme activities (superoxide dismutase, SOD; catalase, CAT; 
glucose-6-phosphate dehydrogenase, G6PD; glutathione reductase, GR; glutathione-S-
transferase, GST and glutathione peroxidase, GPx) in rainbow trout juveniles. Their work 
demonstrated changes in oxidative stress indices and antioxidant defense systems in the 
liver of rainbow trout after long-term exposure to different plant oils. Sage and thyme oils 
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have been determined as convenient and useful antioxidant enzyme stimulators and growth 
promoters. Although, mint oil generally caused an increase in almost all antioxidant enzyme 
levels, all growth parameters, feed conversion ratio, and survival were negatively affected by 
mint diets. Therefore, it is suggested that mint has some undesirable effects on rainbow trout 
physiology and is not a suitable feed additive. Overall, dietary inclusion of sage and thyme oils is 
effective in enhancing rainbow trout growth, reduction in MDA and least changing antioxidant 
enzyme activities at a low level of 500 mg per kg diet, and they can be used as important feed 
supplements for rainbow trout production (Sönmez et al., 2015). To evaluate the effect of 
different antioxidant and antimicrobial sources, semi-fried mullet fish fillets were dipped into 
an edible coating solution containing thyme and marjoram at 2.5 and 5.0% and stored at 4 °C. 
Samples coated with 5% thyme showed the lowest rate of peroxide formation (Yasin and Abou-
Taleb, 2007). Moreover, coated samples with thyme at 2.5 or 5% showed the lowest incremental 
pattern in psychrophilic bacterial counts at any point of time during the cold storage (Kostaki 
et al., 2009). Therefore, these results indicate the potential use of these plant oils.

Therefore, the objective of the present study was to evaluate the in vitro the effect of buffer 
extracts obtained from leaves of various representatives from Thymus genus on the total 
antioxidant capacity (TAC) in the muscle tissue of the rainbow trout (Oncorhynchus mykiss 
Walbaum). TAC is an indicator frequently used to assess the antioxidant status of biological 
samples and can evaluate the antioxidant response against the free radicals produced in 
a given disease (Rubio et al., 2016).

Material and methodology

Collection of plant materials
Samples were harvested in June-August, 2016. Leaves of Thymus serpyllum L. emend. Mill. 
were collected among grass on sandy soil in the edge of a pine forest (Baymaky village, Bilohirya 
district, Khmelnytsky region, Ukraine; N 50° 03´ 58,9´´, E 26° 13´ 37,5´´, 257 m a.s.l.). Leaves 
of Th. pannonicus All. were harvested among grass in the roadside between the two cultivated 
fields (Syvky village, Bilohirya district, Khmelnytsky region, Ukraine; N 50° 02´ 09.6´´, 
E 26° 13´ 19.2´´, 283 m a.s.l.). Leaves of Th. pulegioides L. were collected among grass nearby 
land parcels (Syvky village, Bilohirya district, Khmelnytsky region, Ukraine; N 50° 02´ 02.8´´, 
E 26° 14´ 13.9´´, 306 m a.s.l.). Leaves of Th.× porcii Borbás (a hybrid between Th. pannonicus 
and Th. pulegioides) were sampled in the grass stand, on the side of the footpath of the race 
track (Medovoi Pechery Str., Lviv, Ukraine; N 49° 49‘ 15.1“, E 24° 05‘ 12.5“, 348 m a.s.l.). Leaves 
of Th. alpestris Tausch ex A. Kern. were harvested on the side of the road below the stream, in 
mountain valley Shumneska (Kvasy village, Rakhiv district, Zakarpattia region, Ukraine; N 48° 
09‘ 32.3“, E 24° 21‘ 26.4“, 1259 m a.s.l.) (Figure 1). 

Identification of these five taxa was made according to Nachychko (2014, 2015) and Nachychko 
and Honcharenko (2016). The voucher herbarium specimens of plants used in this study were 
deposited at the Herbarium of M.G. Kholodny Institute of Botany of the National Academy 
of Sciences of Ukraine (KW). Plant samples were thoroughly washed to remove all attached 
material and used to prepare extracts.
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Figure 1 Plants of Thymus serpyllum (A), Th. pannonicus (B), Th. pulegioides (C), Th. × porcii (D), 
Th. alpestris (E) used in our study. Photos by Viktor Nachychko

Preparation of plant extracts
Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1 M phosphate 
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then 
filtered and used for analysis. All extracts were stored at -20 °C until use.
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Experimental fish
Clinically healthy rainbow trout with a mean body mass of 80–120 g were used in the 
experiments. The experiments were performed in water at 14.5 ±0.5 °C and pH 7.2–7.4. The 
dissolved oxygen level was about 9 ppm with additional oxygen supply, with a water flow 
of 25 L.min-1, and a photoperiod of 12 h per day. The same experimental conditions were 
used during the whole research. The water parameters were maintained under constant 
surveillance. The fish were held in square tanks (150 fish per tank) and fed commercial 
pelleted diet.

Muscle tissue samples
The muscle tissue samples were homogenized in ice-cold buffer (100 mM Tris-HCl, pH 7.2) 
using a glass homogenizer immersed in an ice water bath. Homogenates were centrifuged 
at 3000 g for 15 min at 4 °C. After centrifugation, the supernatant was collected and frozen 
at -20 °C until analyzed. All enzymatic assays were carried out at 22 ±0.5 °C using a Specol 
11 spectrophotometer (Carl Zeiss Jena, Germany) in duplicate. The reactions were started by 
adding the tissue supernatant.

Experimental design
The supernatant of the muscle tissue was used to incubate with extracts of various species of 
Thymus (in a ratio 19 : 1) at room temperature. The control group (trout muscle tissue) was 
incubated with 100 mM Tris-HCl buffer (pH 7.2) (in a ratio 19:1). The incubation time was 
2 hours. Total antioxidant capacity was studied in the incubated homogenate (control group 
and in samples with extracts of various Thymus species).

Measurement of total antioxidant capacity (TAC)
The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid 
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined 
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe2+/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly, 
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO4, and 
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead of 
the sample. The mixture was heated in a water bath for 48 hrs at 37 ºC. After cooling, 1 mL of 
20% trichloroacetic acid was added. The mixture was centrifuged at 3000 g for 10 min. After 
centrifugation, 2 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed. 
The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained 
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The 
level of TAC in the sample (%) was calculated with respect to the absorbance of the blank 
sample.

Statistical analysis
The mean ± S.E.M. values were calculated for each group to determine the significance of 
the intergroup difference. All variables were tested for normal distribution using the 
Kolmogorov-Smirnov and Lilliefors test (p >0.05). The significance of differences between the 
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total antioxidant capacity level (significance level, p <0.05) was examined using the Mann-
Whitney U test (Zar, 1999). All statistical calculation was performed on separate data from 
each individual with Statistica 8.0 software (StatSoft, Krakow, Poland).

Results and discussion
In the present study, we investigated the influence of leaf extracts obtained from various 
Thymus representatives on the total antioxidant capacity in the muscle tissue of rainbow trout 
after incubation with extracts under in vitro conditions. The most potent antioxidant effect 
was demonstrated for the extracts of Th. alpestris, Th. × porcii, Th. pannonicus, Th. serpyllum, 
and Th. pulegioides compared to phosphate buffer control (59.5, 48, 45.9, 43.9, and 38.8%, 
p <0.05, respectively). The results showed that the leaf extract of Th. alpestris efficiently 
increased the TAC level in muscle tissue (Figure 2).

Figure 2 The total antioxidant capacity in the muscle tissue of rainbow trout after in vitro incubation 
with leaf extracts obtained from various Thymus representatives (M ±m, n = 8)
* the changes are statistically significant (p <0.05) compared to the control group

Treatment of muscle tissue by leaf extracts obtained from various Thymus representatives 
caused an increase of total antioxidant capacity in muscle tissue of trout. Therefore, it would 
be reasonable to suggest that this enhancement of antioxidant effects is determined by their 
by-products. There are different chemotypes, depending on the dominant component of the 
essential oil such as thymol, carvacrol, linalool, geraniol, thujanol, α-terpineol, borneol, and 
p-cymene (Nabavi et al., 2015). High antioxidant activities have been reported for the thymol 
and carvacrol present in the Thymus plant. Thymol, carvacrol, γ-terpinene, and p-cymene 
are the major compounds of genus Thymus plants which are responsible for its biological 
and pharmacological properties such as anti-mutagenic, antitumor, antioxidant, anti-
inflammatory, etc. (Bhalla et al., 2013). In addition, results from in vitro and in vivo studies 
show that carvacrol possess a variety of biological and pharmacological properties including 
antioxidant, antibacterial, antifungal, anticancer, antimutagenic, antigenotoxic, analgesic, 
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antispasmodic, anti-inflammatory, angiogenic, anti-parasitic, antiplatelet, spasmolytic, and 
vasorelaxant, insecticidal, antihepatotoxic and hepatoprotective activities and uses such as 
feed additive, in honeybee breeding and in gastrointestinal ailments (Baser, 2008). In recent 
years, considerable research has been undertaken in an effort to establish the biological 
actions of carvacrol for its potential use in clinical applications (Suntres et al., 2015). Areas for 
future research are also covered are inhibitions of microbial and fungal toxin production and 
the anti-inflammatory, analgesic, anti-arthritic, anti-allergic, anti-carcinogenic, anti-diabetic, 
cardioprotective, gastroprotective, hepatoprotective, and neuroprotective properties of 
carvacrol as well as metabolic, synergistic, and mechanistic aspects (Friedman, 2014).

Phenolic compounds act as free radical acceptors and chain breakers. They interfere with 
the oxidation of lipids and other molecules by rapid donation of a hydrogen atom to radicals. 
As an alternative antioxidant property, some phenolic compounds with dihydroxy groups 
can conjugate transition metals, preventing metal-induced free radical formation. The redox 
active metal ions such as Cu+ or Fe2+ interact with hydrogen peroxide (H2O2) through Fenton 
reaction to form hydroxyl radicals (·OH), which is the most reactive ROS known, being able 
to initiate free radical chain reactions by abstracting hydrogen from almost any molecule. 
Phenolic compounds with catecholate and gallate groups can inhibit metal-induced oxygen 
radical formation either by coordination with Fe2+ and enhance autoxidation of Fe2+ , or the 
formation of an inactive complex with Cu2+, Fe2+ , or Cu+ with relatively weaker interaction. 
These two antioxidant actions can cause a reduction of the steady-state concentrations of free 
radicals and oxidant species. As a result, the subsequent oxidation of target molecules such as 
lipids, proteins, and nucleic acids is diminished (Dai and Mumper, 2010).

Pronounced antioxidant and free radical scavenging activity of the various Thymus species 
in vitro and in vivo was demonstrated in many studies. Mihailovic-Stanojevic et al. (2013) 
have indicated that aqueous extract obtained from Th. serpyllum (wild thyme) may protect 
against hypertension in an experimental model of essential hypertension. They have 
evaluated total phenol and flavonoid contents, antioxidant capacity, free radical scavenging 
activity and potential antihypertensive effect of aqueous extract obtained from Th. serpyllum 
in spontaneously hypertensive rats and in normotensive Wistar rats. Total phenol content of 
Th. serpyllum was 2008.33 ±10.6 mg.L-1 of gallic acid equivalents (GAE), and rosmarinic and 
caffeic acids were predominant phenolic compounds. The ferric reducing/antioxidant power 
and antioxidant capacity analysis revealed strong antioxidative properties of Th. serpyllum. 
In vitro nitric oxide-scavenging activity of 1 mg.L-1 Th. serpyllum extract was 63.43% with the 
IC50 value of 122.36 μg.mL-1. Bolus injection of Th. serpyllum extract (100 mg.kg-1 body weight 
i.v.) induced significant decrease of systolic and diastolic blood pressure and total peripheral 
resistance in spontaneously hypertensive rats, without effects on these parameters in 
normotensive Wistar rats. The cardiac index remained unchanged after Th. serpyllum extract 
treatment in all experimental rats. Given a dose of Th. serpyllum did not show significant nitric 
oxide-scavenging activity in vivo (Mihailovic-Stanojevic et al., 2013).

Chemopreventive efficacy of the Th. longicaulis C. Presl. extracts, by means of their anti-
inflammatory, cytotoxic and antioxidant activities were assessed in a study of Galasso et al. 
(2014). To this purpose, each extract underwent an extensive screening towards five human 
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cell lines: CCRF-CEM (leukemia); U251 (glioblastoma); MDA-MB-231 (breast cancer); HCT-
116 (colon cancer) and MRC-5 (lung fibroblasts) through XTT [2,3bis(2-methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino)carbonyl]-2H tetrazolium hydroxide] test. The ability of the 
extracts to counteract cyclooxygenase-2 (COX-2) expression was also evaluated by COX-2 
expression assay in human THP-1 monocyte-derived macrophages. COX-2 inhibition could 
represent a valuable anticancer strategy as it is associated with carcinogenesis and over-
expressed in a variety of human malignancies. Th. longicaulis extract sampled in the autumn 
season, which was particularly rich in rosmarinic acid and methylapigenin, exhibited a strong 
antioxidant and anti-inflammatory effectiveness (Galasso et al., 2014).

Natural antioxidants such as phenolic compounds, flavonoids, and other phytochemicals 
can act as free radical scavengers (Tohidi et al., 2017). They also delay the lipid oxidation 
process and might be valuable antibacterial and antioxidant natural sources and seem to be 
applicable in both medicine and food industry (Baharfar et al., 2015). In a study by Baharfar 
et al. (2015), flavonoid-, polyphenol- and anthocyanin-rich extracts of Th. kotschyanus Boiss. 
& Hohen. aerial parts were evaluated for their antioxidant capacity, phenolic and flavonoid 
contents, and antibacterial activity. The results indicated that all of the samples possess high 
potent free radical scavenging and antioxidant activity. They were also rich in phenolic and 
flavonoid compounds. Interestingly, the antioxidant activity of various extracts positively 
correlated with their phenolic and flavonoid contents. Water extract which had the highest 
phenolic and flavonoid content, showed an appreciable 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging activity as well as reducing power as compared with other extracts. On 
the basis of the obtained results from the antibacterial test, the extracts contained moderate 
to good growth inhibitory effect against both Gram-negative and Gram-positive bacteria. 
Therefore, the tested Thymus extracts might be valuable antibacterial and antioxidant natural 
sources and seem to be applicable in both medicine and food industry (Baharfar et al., 2015). 
Saidi et al. (2016) have investigated the antibacterial activity of Th. daenensis Čelak. extract 
against extended-spectrum β-lactamases (ESBL), metallo-β-lactamase-producing Gram-
negative bacteria and methicillin-resistant Staphylococcus aureus (MRSA). Subsequently, the 
antioxidant activity of Th. daenensis extract was assessed. The association between phenolic 
compound and antioxidant activity was found for the ABTS• + method (43.52%) in the lowest 
level, while, for FRAD and DPPH• methods other trends occurred (70.5% correlation for 
DPPH• and 50.9% for FRAD) (Saidi et al., 2016).

Conclusions
According to the results of this study, we addressed the hypothesis that by-products in the 
leaf extracts obtained from various Thymus representatives may be a major contributor to 
increase of the antioxidant capacity of muscle tissue of rainbow trout after incubation in 
vitro. To prove this hypothesis, separation and characterization of secondary metabolites 
compound in plant extracts are required for further study. Moreover, it should be noted that 
measurement only TAC can provide limited information about the antioxidant status because 
TAC assays do not measure all antioxidant components (Rubio et al., 2016). Special attention 
should be given to the evaluation of the effects of plant extracts/products on fish growth, 
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hematological profiles, immune responses and resistance to infectious diseases (Bulfon et al., 
2015). The present results suggest that the future herbal supplementation feeds responsible 
for returning antioxidant capacity of various tissue and, therefore, the triggering the immune 
system of the specific and innate immunity of salmonids. However, the exact mechanisms of 
inducing the biochemical and immunological parameter recoveries using modern molecular 
techniques should be applied to ensure that the species of herbal supplementation feeds used 
in aquaculture are correctly identified, for quality assurance as well as safety.

In conclusion, the obtained data provide a new perspective on the use of various Thymus 
species as a medicinal plant to improve the antioxidant response of rainbow trout. Further 
studies including the use of other medicinal plants as food additives in aquaculture, the 
assessment of its antioxidant effects on various tissues are in progress.
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