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ARTICLE INFO ABSTRACT 

Keywords   In the current study, an agar disc diffusion test was used to determine whether or not the thyme 
essential oil (TEO) had antibacterial properties against pathogenic fish Streptococcus spp. 

Using gas chromatography-mass spectrometry (GC-MS), the analyzed essential oil of thyme 

showed a total of 47 different chemical components. Thymol, P-cymene, terpinene, linalool, 
and endo-borneol were the most abundant active components that were quantified. Three 

bacterial strains (Streptococcus agalactiae, Streptococcus iniae, and Streptococcus faecalis) 

that cause streptococcosis in tilapia were chosen for the purpose of invitro evaluation of the 
antimicrobial activity of TEO at different concentrations against gentamycin which served as 

the control positive. The results showed that the zone of inhibition for Streptococcus agalactiae 

was greatest at concentrations of 1:1 and 1:2. However, when compared to gentamycin, the 
zone of inhibition for concentrations of 1:3 was not significant. Compared to gentamycin, the 

inhibitory zones produced by TEO against Streptococcus iniae and Streptococcus faecalis were 

not significant. In overall, TEO showed efficacy in suppressing the growth of the three strains 
of Streptococcus, with the most successful outcomes shown in inhibiting the growth of 

Streptococcus agalactiae. 
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1. INTRODUCTION 

 
Disease outbreaks in the aquaculture sector are thought to 

have cost more than US$ 6 billion a year worldwide 

(Cantrell, 2023). The largest problem facing aquaculture is 

disease management (Naylor et al., 2023). The use of 

antibiotics is a traditional method to prevent disease 

outbreaks, especially bacterial infections (Chen et al., 2020). 

This approach leads to environmental hazards and increases 

the antibiotic resistance of the bacteria (Sapkota et al., 2008; 

Assefa and Abunna, 2018). So Particular attention has 

shifted towards alternative methods using distinctive 

products, particularly plant-derived natural products, to 

produce safe, cost-effective, and environmentally friendly 

substances for the control of fish diseases (Awaad 2017; 

Brum et al., 2018).  There has been a substantial increase in 

the use of essential oils to manage diseases in fish 

(Wickramanayake et al., 2022). The essential oils are a blend 

of organic fat-soluble compounds with strong scents 

produced by aromatic plants during their metabolism 

(Carson and Hammer, 2011). The antibacterial properties of 

essential oil constituents develop from aldehydes and 

phenolics, which consistently exhibit superior antibacterial 

activity (Ultee et al., 2002). Additionally, the antibacterial 

action of essential oils occurs through the disruption of the 

phospholipid bilayer of the cell membrane, enzyme systems, 

and genetic material of bacteria (Nazzaro et al., 2013). 

Thyme essential oil (TEO) is one of the studied alternatives 

derived from Thymus vulgaris, exhibiting antibacterial, 

antiviral, and antifungal properties (Badera et al. 2010; 

Dawood et al., 2021). Thymol constitutes the main 

component of thyme essential oil, which is accountable for 

its biological and pharmaceutical characteristics (Dauqan 

and Abdullah 2017; Halat et al., 2022). Hence Elkomy et al., 

(2017), proved that TEO was effective in enhancing kidney 

and liver enzyme functions, increased antioxidant enzyme 

activity, and protected tissues from oxidative damage in rats 

subjected to paracetamol toxicity. 

In the aquaculture sector, TEO effectively increased the 

resistance against Aeromonas hydrophila infection in 

Oreochromis niloticus (O. niloticus) (Salam et al., 2021) and 

common carp (Cyprinus carpio) (Ghafarifarsani et al., 

2022). Furthermore, it boosted fish growth performance, 

antioxidant capacity, and immunity (Abutbul et al. 2004; 

Valladão et al., 2019; El Euony et al., 2020).  Thymol has 

received approval from the US Food and Drug 

Administration as a recognized safe molecule for use as a 

food additive (Johny et al., 2010). This authorization 

provides researchers with greater potential to incorporate 

thymol into the treatment regimens for diseases associated 

with food animals, particularly fish. In the present 

investigation, the antibacterial activity of TEO at different 

concentrations was studied against pathogenic streptococcus 

spp. using agar gel diffusion test. 

 

2. MATERIAL AND METHODS 
 

All procedures used during this study had been approved by 

the Scientific Research Ethics Committee, Faculty of 

Veterinary Medicine, Benha University (BUFVTM15-10-

22). 
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2.1. Thyme essential oil (TEO) 

Thyme essential oil was purchased from the National Center 

for Agricultural Research, El Dokki, Egypt. The bioactive 

compounds were analyzed using GC-MS (Agilent 

Technologies) at the Faculty of Postgraduate Studies for 

Nanotechnology, Cairo University. 

 

2.2. Determination of thyme oil's active metabolites using 

GC-MS 

A gas chromatography-mass spectrometry (GC-MS) 

analysis was conducted at the Faculty of Postgraduate 

Studies for Nanotechnology, Cairo University. Utilizing the 

Agilent GC-MS-5975C equipped with a Triple-Axis 

Detector and an autosampler. The gas chromatography (GC) 

column was integrated with a silica capillary column 

measuring 30 m in length, 0.25 mm in diameter, and 0.25 

μm in film thickness, utilizing helium as the carrier gas at a 

flow rate of 1 ml/min. The mass spectrometer operated in 

electron impact (EI) mode at 70 eV, with a scan range of 40-

700 m/z. The split ratio was established at 1:10, with an 

injection volume of 1 μl. The injector temperature was set at 

250 °C, and the oven temperature was held at 40 °C for 3 

minutes before increasing to 300 °C for 4 minutes. The total 

duration of the run was 62 minutes. 

 

2.3. Determination of the antibacterial activity 

The thyme essential oil was tested against different bacterial 

pathogens for their antibacterial activity using agar disc 

diffusion. The tested bacterial strains were Streptococcus 

agalactiae, Streptococcus iniae, and Streptococcus faecalis 

which were identified and verified at the Department of 

Aquatic Animal Medicine, Benha University, Egypt (El-

diam et al., 2023), and stored at -80 ºC until use. Bacterial 

strains were activated using nutrient broth and incubated at 

30 ºC for 24 h. The suspensions of organisms were initially 

adjusted with sterile saline (0.7%) to a density equivalent to 

the 0.5 McFarland standards. 

 

2.3.1. Agar disc diffusion method 

The investigation was carried out in the Laboratory of 

Aquatic Animal Medicine, Faculty of Veterinary Medicine, 

Benha University, Egypt. The antimicrobial susceptibility 

test was conducted using the agar disc diffusion method as 

described by CLSI (2012) and Balouiri et al. (2016). In this 

study, Mueller-Hinton agar; MHA (Oxoid, UK) with a pH 

of 7.4 ± 0.2 was used. Approximately 20 ml of the 

autoclaved medium was poured into sterile plates and 

allowed to solidify under aseptic conditions at a laminar flow 

hood. Approximately 0.2 ml of a 24-h bacterial culture was 

evenly distributed on the sterile MHA plates with sterile 

swab. A 100-microliter of the tested TEO was combined 

with DMSO in ratios of 1:1, 1:2, and 1:3. Subsequently, 100 

microliters from each ratio and DMSO (Control negative) 

were placed onto a sterile Whatman No. 1 filter paper disc 

with a diameter of 6 millimeters. Following the process of 

air drying, the discs were positioned onto the MHA plates 

and exposed to each of the specific bacteria described earlier 

in triplicate. A disc was saturated with an equivalent amount 

of standard gentamycin solution (10 μ g) served as the 

control positive (Paller and Dalmacio, 2022). Following 24 

h incubation period at 30 ºC, the inhibition zones were 

measured to the closest millimeter, and the average of the 

zones from these replicates was recorded. 

The activity index (AI) was applied to compare the 

antibacterial activity of each concentration of thyme oil 

against all bacterial pathogens with that obtained from 

standard antibiotics (Shobier and El Ashry, 2021).  

 
AI = Mean of TEO inhibition zone diameter 

         Mean of the standard antibiotic inhibition zone diameter  

 

2.4. Statistical analysis 

Results are expressed as the mean ± standard error (SE) of 

three replicates. The statistical tests were conducted to 

ascertain the level of significance utilizing one-way analysis 

of variance (ANOVA, Version 22) at a probability limit of  

P⩽ 0.05. The Duncan post hoc test was employed to evaluate 

variances among sample means. 

 

3. RESULTS 
 

3.1. Thyme essential oil GC‑MS analysis  

The principal bioactive compounds identified through GC-

MS analysis in the TEO are listed in Table (1) and illustrated 

in Figure (1), accompanied by their respective retention 

times (RT), area percentages and molecular weight. The 

chromatograms obtained from GC-MS analyses have 

revealed the presence of numerous bioactive compounds in 

the TEO. The analysis of thyme oil revealed that 83% of the 

peaks corresponded to the primary chemical constituent, 

which was identified as an organic compound. The primary 

metabolites identified included thymol (Rt = 13.91 min) 

with an area of 0.75%, followed by P-cymene (Rt = 5.54 

min) with an area of 5.79%, terpinene (Rt = 6.26 min) with 

an area of 7.03%, linalool, and endo-borneol. Caryophyllene 

oxide exhibited a retention time of 19.14 minutes and 

accounted for 1.56% of the area. 

                             

Table (1) GC-MS chromatogram thyme essential oil retention time (min) and area (%) of the various compounds: 

Retention time Compound name Area % Area Molecular formula Molecular weight 

13.91 Promecarb; (Carbamult) 0.75 745259314.08 C12H17NO2 207 

13.91 Phenol,5-Methyl-2-(1-methyl ethyl) 

Thymol 

0.75 745259314.08 C10H14O 150 

5.54 p. cymene 5.79 5744082716.51 C10H14 134 

6.26 Terpinene 7.03 6982086504.10 C10H16 136 

19.14 Caryophyllene oxide 1.56 1552977557.11 C15H24O 220 

 

                               Figure (1). Showing GC-MS curve reading illustrating the active metabolites in thyme oil. 
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3.2. Antibacterial activity using agar disc diffusion test        

The results presented in Figure (2) and Table (2) revealed 

that bacterial strains responded differently according to the 

concentration of thyme oil and gentamycin, which served as 

the positive control. The recorded results revealed that 

thyme oil at concentrations (1:1 and 1:2) has higher 

antibacterial activity against S.agalactia with an inhibition 

zone (1.2±.05 mm and 1.1±.05 mm) respectively, compared 

to (1:3) (1±.05 mm) and gentamycin (0.9 ±.05 mm). On the 

other hand, all concentrations give inhibition zone without 

significance compared to gentamycin against S. iniae. while 

in S. faecalis plates, the inhibition zones of TEO at 

concentration 1:2 and 1:3 were significantly decreased than 

those produced by gentamycin.  

 
 

 

 

 

 

 

 

 

Figure (2). In vitro antibacterial assay of studied thyme oil against A: S. iniae, B: S. 

faecalis, C: S. agalactiae, where letters Gen= gentamycin (control +ve), central disc was 

DMSO (Control –ve) 

Table (2). Inhibition zones represented as means of thyme oil with different concentration 

and gentamycin (control +ve) against S. iniae, S. faecalis, and S. agalactiae.  

Means that have different letters in the same column are considered as significantly 

different at P < 0.05. 

 

3.3. Activity Index  

As illustrated in Figure (3), the activity index (AI) of the 

thyme oil revealed that (1:1) and (1:2) concentrations 

recorded significant differences compared to the positive 

control antibiotic against S. agalactiae which indicate the 

sensitivity of S. agalactiae to TEO. while the AI of three 

TEO concentration against S. faecalis and S. iniae was non-

significant. 

 
Figure (3). showing Activity Index (AI) of the different thyme oil concentrations (1:1, 

1:2 and 1:3) against S. agalactiae (SA), S. iniae (SI), and S. faecalis(SF). Means that 

have different letters significantly different at P < 0.05. 

 

4. DISCUSSION 

 
Studies have mostly focused on the inherent active 

constituents of botanicals, attributed to their exceptional 

antibacterial efficacy, ecological sustainability, and safety 

(Rahman, et al., 2021).  

The principal component of thyme essential oil is thymol, 

which is extracted from Lamiaceae plant families’ including 

Thymus vulgaris. The derivative of this monoterpene finds 

application across various sectors, including food, medicine, 

fragrance, and pest control (Rivas et al., 2010; Meeran et al., 

2017). Extensive research has demonstrated that thyme 

exhibits a range of beneficial properties, including anti-

inflammatory, anticancer, immunomodulatory, and 

antioxidant effects, observed in both in vivo and in vitro 

studies (Alagawany et al. 2021) 

 Consequently, thymol serves as an effective agent in the 

treatment of disorders affecting the neurological, 

respiratory, and cardiovascular systems (Meeran et al., 2017; 

Salehi et al., 2018). Moreover, thyme exhibits a pronounced 

inhibitory effect on a range of bacteria, encompassing both 

gram-positive and gram-negative strains, such as Salmonella 

spp. (Zhou et al., 2007) Aeromonas hydrophila (Liang et al., 

2021), Listeria monocytogen (Ilhak and Guran, 2014), and 

Streptococcus pneumoniae (Lakis et al., 2012).  

The GC-MS analysis conducted in this study revealed that 

thyme oil contained significant quantities of thymol 

(51.94%), P-cymene (14.5%), terpinene (10.09%), linalool 

(3.48%), and endo-borneol (3.95%). Where, thymol with an 

area of 0.75%, followed by P-cymene with an area of 5.79%, 

terpinene with an area of 7.03%, and other bioactive 

compounds. The obtained results were in accordance with 

those obtained by Moualla, and Naser (2015); Cutillas et al., 

(2018). Thymol (2-isopropyl-5-methylphenol) constitutes a 

significant component of essential oils derived from the 

Lamiaceae family (Abdollahzadeh et al., 2014). The 

presence of the phenolic hydroxyl group in the thymol may 

be a contributing factor to its antimicrobial activity 

(Soleimani et al., 2022).  

In the present study thyme oil was effective in inhibiting the 

growth of three different streptococcus spp. namely; 

Streptococcus agalactiae, Streptococcus iniae, and 

Streptococcus faecalis in vitro. Nearly similar findings were 

reported by Tural et al., (2019) who found that TEO 

inhibited the growth of Yersinia ruckeri, Pseudomonas 

fluorescens, Aeromonas sobria, Aeromonas salmonicida, 

Aeromonas veronii and Lactococcus garvieae with an 

inhibition zone ranged from 26.50 to 36.0 mm. Similarly, 

Navarrete et al., (2010) proved that TEO inhibited the 

growth of Vibrio ordalii, Vibrio anguillarum, Vibrio 

parahaemolyticus and Flavobacterium psychrophilum in 

vitro. In addition to the study of Liang et al., (2021) who 

confirmed the in vitro antibacterial activity of thymol against 

Aeromonas hydrophila.  

The studies concerning the antibacterial activities of TEO 

against gram-positive fish pathogens are scarce, but in vivo, 

trials for modulating fish immunity, and antioxidant capacity 

or for controlling bacterial infection are more abundant 

(Gulec, 2013; Valladão et al., 2019; El Euony et al., 2020; 

Salam et al., 2021). In a recent study by Korni et al., (2023), 

TEO significantly contributed to the prevention of 

streptococcosis in Nile tilapia.  

 

5. CONCLUSIONS 
 

The study findings indicate that thyme essential oil has 

substantial antibacterial efficacy against the tested bacterial 

fish pathogens. As a result, this oil can act as a potential 

natural alternative for antibiotics in aquaculture. However, 

more studies are needed to identify the specific active 

chemical substances that are responsible for the 

antimicrobial properties and determine their safety and 

effectiveness in vivo. 

 

 6. REFERENCES  

 
1. Abdollahzadeh, E, Rezaei M, and Hosseini H, 2014. 

Antibacterial activity of plant essential oils and extracts: The 

S. agalactiae S. iniae S. faecalis Conc. 

1.2±.05a 1±.05 1.7±0.04a 1:1 

1.1±.05ab 1.1±.05 1.4±0.04b 1:2 

1±.05bc 1.2±.05 1.2±.03c 1:3 

0.9±.05c 1±.05 1.8±.05 a Gentamycin (control) 



 
BVMJ 47 (2) : 7-11  Amer et al.  (2024) 

 

10 
 

role of thyme essential oil, nisin, and their combination to 

control Listeria monocytogenes inoculated in minced fish meat. 

Food control 35,1 : 177-183. 
2. Abutbul S, Golan-Goldhirsh A, Barazani O, Zilberg D., 2004. 

Use of Rosmarinus officinalis as a treatment against 

Streptococcus iniae in tilapia (Oreochromis sp.) Aquaculture 
238:97–105 

3. Alagawany, Mahmoud, Mayada R. Farag, Sameh A. 

Abdelnour, and Shaaban S. Elnesr 2021. “A Review on the 
Beneficial Effect of Thymol on Health and Production of Fish.” 

Reviews in Aquaculture 13,1: 632–41. 

4. Assefa, A. and Abunna, F., 2018. Maintenance of fish health in 
aquaculture: review of epidemiological    approaches for 

prevention and control of infectious disease of fish. Veterinary 

Medicine International, V.2018.  
5. Awad E, Awaad A., 2017. Role of medicinal plants on growth 

performance and immune status in fish. Fish and Shellfish 

Immunology 67:40–54. 
6. Badera A, Luigi PC, Guido F., 2010. GC-MS analysis of the 

essential oils of ripe fruits, roots and flowering aerial parts of 

Elaeoselinum asclepium subsp. meoides growing in sicily. Nat 

Prod Commun 5,7 :1111–1114 

7. Balouiri, M., Sadiki, M., and Ibnsouda, S. K., 2016. Methods 

for in vitro evaluating antimicrobial activity: A review. Journal 
of pharmaceutical analysis, 6,2, 71–79. https://doi.org/10.1016/ 

j.jpha.2015.11.005 

8. Brum A, Cardoso L, Chagas EC, Chaves FC, Mouriño JLP, 
Martins ML., 2018. Histological changes in Nile tilapia fed 

essential oils of clove basil and ginger after challenge with 

Streptococcus agalactiae. Aquaculture, 490, 98-107 
https://doi.org/10.1016/j.aquaculture.2018.02.040. 

9. Cantrell, D., 2023. Aquaculture: Sustainable food production. 

In The Palgrave Handbook of Global Sustainability. 679 – 70. 
10. Carson CF, Hammer KA., 2011. Chemistry and Bioactivity of 

Essential Oils. In: Thormar H ,ed.  Lipids and Essential Oils as 

Antimicrobial Agents, pp. 203–238. Wiley, Chichester. 
11. Chen, J., Sun, R., Pan, C., Sun, Y., Mai, B., and Li, Q., 2020. 

antibiotics and food safety in aquaculture. Journal of 

Agricultural and Food Chemistry, 68,43, 11908-11919. 
https://doi.org/10.1021/acs.jafc.0c03996 

12. CLSI, Performance Standards for Antimicrobial Disk 

Susceptibility Tests., 2012. Approved Standard, 7th ed., CLSI 
document M02-A11. Clinical and Laboratory Standards 

Institute, 950 West Valley Road, Suite 2500, Wayne, 
Pennsylvania 19087, USA. 

13. Cutillas, A. B., Carrasco, A., Martinez-Gutierrez, R., Tomas, 

V., and Tudela, J., 2018. Thyme essential oils from Spain: 
Aromatic profile ascertained by GC–MS, and their antioxidant, 

anti-lipoxygenase and antimicrobial activities. Journal of food 

and drug analysis, 26,2 , 529-544. 
14. Dauqan EMA, Abdullah A 2017. Medicinal and functional 

values of thyme (Thymus vulgaris L.)  herb. Journal of Applied 

Biology & Biotechnology 5:017–022. https://doi.org/10.7324/ 
JABB.2017.50203  

15. Dawood, M. A., El Basuini, M. F., Zaineldin, A. I., Yilmaz, S., 

Hasan, M. T., Ahmadifar, E., and Sewilam, H., 2021. 
Antiparasitic and antibacterial functionality of essential oils: 

An alternative approach for sustainable aquaculture. Pathogens, 

10,2 , 185. 

16. El Euony, O. I., Elblehi, S. S., Abdel-Latif, H. M., Abdel-Daim, 

M. M., and El-Sayed, Y. S., 2020. Modulatory role of dietary 

Thymus vulgaris essential oil and Bacillus subtilis against 
thiamethoxam-induced hepatorenal damage, oxidative stress, 

and immunotoxicity in African catfish (Clarias garipenus). 

Environmental Science and Pollution Research, 27, 23108-
23128. 

17. El-diam, A., El Asely, A., Abdel Gawad, E., Abbass, A., and 

Shaheen, A., 2023. Prevalence of Streptococcosis-related 
Mortalities in Farmed Nile Tilapia (Oreochromis niloticus) at 

Different Life Stages. Egyptian Journal of Veterinary Sciences, 

54,5 , 949-964. 
18. Elkomy, A., Aboubakr, M. and Ashraf, L., 2017 ‘Ameliorative 

Effect of Thymus Oil on Paracetamol Induced Hepato-Renal 

Toxicity: A Biochemical, Antioxidant and Histopathological 

Studies’. J. Pharm. Clin. Res, 4, 1-8 doi:10.19080/ 

JPCR.2017.04.555637. 

19. Ghafarifarsani, H., Hoseinifar, S. H., Sheikhlar, A., Raissy, M., 
Chaharmahali, F. H., Maneepitaksanti, W., and Van Doan, H., 

2022. The effects of dietary thyme oil (Thymus vulgaris) 

essential oils for common carp (Cyprinus carpio): growth 
performance, digestive enzyme activity, antioxidant defense, 

tissue and mucus immune parameters, and resistance against 

Aeromonas hydrophila. Aquaculture Nutrition ,1, 7942506. 
20. Gulec, A. K., 2013. Therapeutic effects of thyme (Thymus 

vulgaris Linneaus) and fennel, (Foeniculum vulgare Miller) 

essential oils in infected rainbow trout, Oncorhynchus mykiss 
(Walbaum).   Digest Journal of Nanomaterials and 

Biostructures. 8,3 : 1069 - 1078 

21. Halat, D., Krayem, M., Khaled, S., and Younes, S., 2022. A 
focused insight into thyme: biological, chemical, and 

therapeutic properties of an indigenous Mediterranean herb. 

Nutrients, 14,10 , 2104. https://doi.org/10.3390/nu14102104 
22. Ilhak, O, I., and Guran, H. S., 2014. Combined antimicrobial 

effect of thymol and sodium lactate against Listeria 

monocytogenes and salmonella typhimurium in fish patty. J. 

Food Safety. 34, 211–217. doi: 10.1111/jfs.12115. 

23. Johny, A. K., Darre, M. J., Donoghue, A. M., Donoghue, D. J., 

and Venkitanarayanan, K., 2010. Antibacterial effect of trans-
cinnamaldehyde, eugenol, carvacrol, and thymol on Salmonella 

Enteritidis and Campylobacter jejuni in chicken cecal contents 

in vitro. Journal of Applied Poultry Research, 19,3 , 237-244. 
24. Korni, F. M., Mohammed, A. N., and Moawad, U. K., 2023. 

Using some natural essential oils and their nano-emulsions for 

ammonia management, anti-stress and prevention of 
streptococcosis in Nile tilapia, Oreochromis niloticus. 

Aquaculture International, 31,4 , 2179-2198. 

25. Lakis, Z., Mihele, D., Nicorescu, I., Vulturescu, V., and 
Udeanu, D. O., 2012. The antimicrobial activity of thymus 

vulgaris and origanum syriacum essential oils on 

Staphylococcus aureus, Streptococcus pneumoniae and 
Candida albicans. Biology. 6, 857–865. 

26. Liang, C., Huang, S., Geng, Y., Huang, X., Chen, D., Lai,W., 

2021. A Study on the antibacterial mechanism of thymol 
against Aeromonas hydrophila in vitro. Aquacult. Int. 30, 115–

129. doi: 10.1007/s10499-021-00789-0. 

27. Meeran, M. F. N., Javed, H., Al Taee, H., Azimullah, S., and 
Ojha, S. K., 2017. Pharmacological properties and molecular 

mechanisms of thymol: prospects for its therapeutic potential 
and pharmaceutical development. Front. Pharmacol. 8, 380. 

doi: 10.3389/fphar.2017.00380. 

28. Moualla, N., and Naser, M., 2015. Using GC/MS to study the 
chemical composition of essential oil of Thymus Vulgaris L. at 

AL-qadmous area, Syria. Research Journal of Pharmacy and 

Technology, 8,4 , 437-442. 
29. Navarrete, P., Toledo, I., Mardones, P., Opazo, R., Espejo, R., 

and Romero, J., 2010. Effect of Thymus vulgaris essential oil 

on intestinal bacterial microbiota of rainbow trout, 
Oncorhynchus mykiss, (Walbaum) and bacterial isolates. 

Aquaculture Research, 41,10 , e667-e678. 

30. Naylor, R., Fang, S., Fanzo, J., 2023. A global view of 
aquaculture policy. Food Policy, 116, 102422.  

31. Nazzaro, F., Fratianni, F., Martino, L., Coppola, R., and Feo, 

V., 2013. Effect of essential oils on pathogenic bacteria. 

Pharmaceuticals, 6,12, 1451-1474. https://doi.org/10.3390/ 

ph6121451 

32. Paller, G. V., and Dalmacio, F., 2022. Antibiotic susceptibility 
and pathogenicity of Streptococcus spp. isolated from tilapia 

grow-out farms in Lubao, Pampanga, Philippines. AACL 

Bioflux, 15,3 .  
33. Rahman, M. M., Rahaman, M. S., Islam, M. R., Hossain, M. E., 

Mannan Mithi, F., Ahmed, M., and Sobarzo-Sánchez, E., 2021. 

Multifunctional therapeutic potential of phytocomplexes and 
natural extracts for antimicrobial properties. Antibiotics, 10,9 , 

1076. 

34. Rivas, L., McDonnell, M. J., Burgess, C. M., O’Brien, M., 
Navarro-Villa, A., Fanning, S., 2010. Inhibition of 

verocytotoxigenic Escherichia coli in model broth and rumen 

systems by carvacrol and thymol. Int. J. Food Microbiol. 139, 
70–78. doi: 10.1016/j.ijfoodmicro.2010.01.029 



 
BVMJ 47 (2) : 7-11  Amer et al.  (2024) 

 

11 
 

35. Salam, H. S. H., Mohamed, W. M., Aziz, S. A. A. A., 

Mohammed, A. N., and Korni, F. M., 2021. Prevention of 

motile Aeromonas septicemia in Nile tilapia, Oreochromis 
niloticus, using thyme essential oil and its nano-emlusion. 

Aquaculture International, 29, 2065-2084. 

36. Salehi, B., Mishra, A. P., Shukla, I., Sharifi-Rad, M., Contreras, 
M., de, M., 2018. Thymol, thyme, and other plant sources: 

health and potential uses. Phytother. Res. 32, 1688–1706. doi: 

10.1002/ptr.6109. 
37. Sapkota, A., Sapkota, A. R., Kucharski, M., Burke, J., 

McKenzie, S., Walker, P., Lawrence, R., 2008. Aquaculture 

practices and potential human health risks: current knowledge 
and future priorities. Environment international, 34,8 :1215-

1226.  

38. Shobier, A.H., El Ashry, E.S.H., 2021. Pharmacological 
applications of the green seaweed Ulva lactuca. Russ J Mar Biol 

47, 6,425– 439. 

39. Soleimani, M., Arzani, A., Arzani, V., and Roberts, T. H., 2022. 
Phenolic compounds and antimicrobial properties of mint and 

thyme. Journal of Herbal Medicine, 36, 100604. 

40. Tural, S., Durmaz, Y., Urçar, E., and Turhan S., 2019. 

Antibacterial activity of thyme, laurel, rosemary and parsley 

essential oils against some bacterial fish pathogen Acta 

Aquatica Turcica, 15,4, 440-447. https://doi.org/10.22392/ 

actaquatr.549380 
41. Ultee, A., Bennik, M.H.J. and Moezelaar, R., 2002. The 

phenolic hydroxyl group of carvacrol is essential for action 

against the food-borne pathogen Bacillus cereus. Appl. 
Environ. Microbial., 68, 1561–1568. 

42. Valladão, G. M. R., Gallani, S. U., Kotzent, S., Assane, I. M., 

and Pilarski, F., 2019. Effects of dietary thyme essential oil on 
hemato-immunological indices, intestinal morphology, and 

microbiota of Nile tilapia. Aquaculture international, 27, 399-

411. 
43. Wickramanayake, M., Kumarage, P., Majeed, S., and Heo, G., 

2022. An overview of the antimicrobial activity of some 

essential oils against fish pathogenic bacteria. Veterinary 
Integrative Sciences, 21,1, 99-119. https://doi.org/10.12982/ 

vis.2023.009. 

44. Zhou, F., Ji, B., Zhang, H., Jiang, H., Yang, Z., Li, J., 2007. The 
antibacterial effect of cinnamaldehyde, thymol, carvacrol and 

their combinations against the foodborne pathogen Salmonella 

typhimurium. J. Food Safety. 27, 124–133. doi: 

10.1111/j.1745-4565.2007.00064. x. 

 

  
 


