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ABSTRACT 
 
Aims/Objective:The study aims to investigate the effects of Thymus vulgaris (common thyme) extract at 
specific stages of embryonic development during ontogenesis and to evaluate the benefits or potential 
consequences of its dosage on macroscopic and histopathological changes. 
Study Design:This experimental study involved administering a standardized dose of thyme, a herbal 
supplement with healing properties, to chicken eggs at various stages of incubation, and comparing the 
outcomes with those of untreated control eggs. 
Place and Duration of Study: The study was conducted at the Institute of Ecology and Technology, 
University of Tetovo, located in the Polog region, over a period of six months spanning 2023 and 2024. 
Methodology: Fertilized chicken eggs were assigned to either a control group or an experimental group. 
The experimental group received 0.5 ml of thyme infusion at predetermined stages of incubation. The 
eggs were incubated under controlled conditions (37.5°C, 70% humidity). Embryonic development was 
monitored and assessed on 1, 8, 14, and 21 days old, with particular attention to organ differentiation, 
vascularization, and overall activity. Post-hatching, the chicks were examined for macroscopic and 
histopathological changes. 
Results: The application of thyme extract positively influenced embryonic development at all stages of 
incubation. By the eighth day, treated embryos demonstrated enhanced organ differentiation, with notable 
improvements in vascularization and amniotic membrane development compared to the control group. On 
the fourteenth day, further advancements were observed in the differentiation of extremities and internal 
organs in treated embryos. By the twenty-first day, treated embryos exhibited increased activity and 
accelerated developmental milestones, achieving results comparable to or exceeding those of the control 
group. 
Conclusions: The administration of 0.5 ml of Thymus vulgaris herbal extract supports and potentially 
enhances normal embryonic development in chicken eggs. These findings suggest that thyme extract 
could be a viable natural additive in poultry incubation, with potential benefits for embryo health and 
development. This study underscores the promising applications of thyme extract in organic poultry 
production. 
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1. INTRODUCTION 
 
Embryonic development in avian species is a highly intricate process influenced by both genetic and environmental 
factors. The stages of embryogenesis, from initial blastomer formation to full organogenesis, are particularly sensitive to 
various influences, including nutrient availability, temperature, and exposure to bioactive compounds (Hamburger & 
Hamilton, 1951; Romanoff, 1960; Tizard, 2017; Lambert et al., 2021; Muhammad et al., 2021). Modern broiler breeding 
programs aim for growth and feed efficiency, with feed additives crucial for mitigating environmental stress, improving 
health, and maintaining intestinal integrity (El-Baz &Khidr, 2024). Recent research has increasingly focused on natural 
products and herbal extracts for their potential to enhance poultry production and improve embryonic health (Dorman & 
Deans, 2000; Wu et al., 2019; Ayalew et al., 2022).Burt's review highlights the antibacterial properties of essential oils and 
their potential applications in poultry production, demonstrating how these oils can serve as natural antimicrobials, 
effectively reducing pathogen loads and enhancing poultry health and productivity (Burt, 2004).Thymus vulgaris, 



 

 

commonly known as thyme, is a perennial herb renowned for its broad spectrum of medicinal properties, including 
antimicrobial, antioxidant, and anti-inflammatory effects (Burt, 2004; Zhang et al., 2009; Hesabi et al., 2019; Pajohi-
Alamotiet al., 2021). Thyme (Thymus vulgaris) essential oil, evaluated in vitro and in vivo as an antibiotic alternative in 
quail diets, demonstrates antimicrobial activity, reducing microbial load and improving reproductive health, which benefits 
the embryonic environment (Dehghaniet al., 2019). 
The essential oils of thyme, particularly thymol and carvacrol, have demonstrated significant biological activity, including 
effectiveness against various pathogens and potent antioxidant capabilities (Aeschbachet al., 1994; Pina-Vaz et al., 2004; 
Sokovićet al., 2010; Gholami-Ahangaranet al., 2022). These properties suggest that Thymus vulgaris could confer 
beneficial effects when used as an additive during poultry incubation, potentially enhancing embryo health and 
development. 
In the Sharr Mountain massif, renowned for its rich biodiversity and unique flora, Thymus vulgaris is one of several plant 
species recognized for its significant nutritional and health value. Other plants from the region, including Mint (Mentha 
piperita), St. John's wort (Hypericum perforatum), and Chamomile (Matricariachamomilla), have long been utilized for their 
therapeutic benefits (Rehault-Godbertet al., 2019; Beadiniet al., 2023). Traditionally used in local teas, these plants are 
now acknowledged for their potential as herbal supplements with healing properties. 
In this context, the present study investigates the impact of Thymus vulgaris extract on the embryonic development of 
chicken eggs. Specifically, we aimed to evaluate the effects of a 0.5 ml dose of Thymeinfusion administered at various 
stages of incubation - days 1, 8, 14, and 21 days old. We hypothesized that thyme extract would enhance embryonic 
growth and survival. The goal was to observe both the benefits and potential drawbacks of this treatment by examining 
macroscopic histopathological changes at each stage.This study underscores the potential of thyme as a beneficial 
natural additive for enhancing avian embryogenesis. These findings are consistent with similar research on the effects of 
herbal teas from Sharr Mountain on embryonic development in quail and chicken eggs (Beadini et al., 2023). 
 
2. MATERIAL AND METHODS  
 
2.1. Plant Material and Extraction 
 
The thyme herb (Thymus vulgaris) was collected from the Sharr Mountain massif at an altitude of 1700 meters above sea 
level between July and September 2023/2024 (see Figures 1 and 2). The collected thyme was dried in a drying chamber. 
After drying, the plant material was ground using a specialized apparatus for extraction (see Figures 3 and 4). The 
alcoholic extraction was performed using a Rota Buchi apparatus, which yielded the thyme extract in liquid form. The 
extract was then filtered through a funnel with specialized sieves and stored in jars for preservation and later use 
(Beadiniet al., 2023). 
 

 
Fig. 1Winter Thyme -1700ma.s.l.Fig. 2 Thyme herb tea (Thymus Vulgaris) 

 

 
Fig. 3 Apparatus for grinding herbsFig. 4Apparatus for extracting herbs (Beadiniet al., 2023) 
 
 



 

 

2.2. Preparation and Incubation of Eggs 
 
Fertilized eggs of the Brahma chicken breedwere selected using a fluorescent lamp to identify and remove non-fertilized 
eggs. The viable fertilized eggs were then measured and marked for identification (Fig. 5). These eggs were incubated 
under controlled conditions of 37.5°C and 70% humidity (Fig. 7 and 8). On the fourth day of incubation, measurements 
were taken to observe initial developmental changes. The Thymus vulgaris extract was carefully applied into the air cell of 
each egg to ensure optimal absorption through the egg membrane (Fig. 6). The eggs were monitored throughout the 
incubation period for further developmental changes. 
 

 
 

Fig.5 Fertilized and marked eggsFig.6Dosing procedure  
 
 

 
 
Fig. 7 and 8 Incubator for incubating chickeneggs (Beadiniet al., 2023) 

 
2.3. Monitoring and Analysis 
 
Embryonic development was assessed at specific intervals (1, 8, 14, and 21 days old) to observe growth, organ 
differentiation, and overall activity. The developmental progress of control eggs was compared with that of eggs treated 
with thyme extract to evaluate the effects of the extract on various developmental stages.In the control group, eggs were 
not treated with the solvent. The herbal extract was administered into the air chamber of the eggs to enhance absorption 
through the serous membrane at specific intervals during the 21-day incubation period. Embryonic development was 
monitored at various stages, and changes were analyzed. Post-hatching, specimens were preserved in methanol or 70% 
alcohol for detailed examination of macroscopic changes, histological alterations, and signs of teratogenesis (see Figs. 9 
and 10). 
 



 

 

 
 
Fig.9Decapitation of the fetus  
Fig.10 Preservation of the fetus in conical vials with 70% alcohol 
 
3. RESULTS AND DISCUSSION 
 
The research results encompass measurement parameters including marking, pre-incubation and post-incubation 
measurements, and comparisons between control and experimental eggs. Systematic documentation of morphological 
changes was performed. Fig. 11 illustrates the marking procedure and show eggs opened for examination at various 
stages of embryonic development. The study demonstrates the beneficial effects of Thymus vulgaris extract on embryonic 
development in chicken eggs. Administering a 0.5 ml dose of the extract at different embryonic stages led to significant 
improvements in developmental outcomes, suggesting that thyme positively influences embryo health and growth. Results 
are organized according to specific developmental parameters—such as organ differentiation, vascularization, and activity 
levels—across the chronological stages of Days 1, 8, 14, and 21 of incubation. 
 

 
Fig. 11 .Chicken eggs during the research stage 
  
The experimental group of eggs exhibited notable differences compared to the control group: 
Day 1:Initial observations revealed that the experimental eggs, treated with thyme extract, were comparable to control 
eggs in terms of early embryonic development. Notably, the thyme extract did not impact the formation of early 
blastomeres (Fig. 12a and 12b) 
 

 
 
Fig. 12a) First day of incubation - control egg 
Fig. 12 b) First day of incubation - experimental egg 
 
In Figure 12a, the fertilized control egg shows clear differentiation of blastomeres, a finding consistent with that observed 
in the experimental egg depicted in Figure 12b. 



 

 

 
Day 8: The experimental eggs showed advanced differentiation compared to the control group, with notable 
improvements in heart and blood vessel development, enhanced growth of the amniotic membrane, and more 
pronounced embryo movements, indicating improved development. Fig.13a illustrates the differentiation of the heart, 
significant vascularization, and the growth of the amniotic membrane enveloping the embryo, along with the onset of 
embryonic movement. Fig.13b highlights that the experimental egg displays more advanced differentiation of these 
organs. 
 

 
Fig. 13 a) 8 thday of incubation - control egg   
Fig. 13 b) 8 thday of incubation - experimental egg 
 
Day 14: The experimental eggs showed more advanced differentiation of extremities and other organs compared to the 
control group. The fetus in the experimental group exhibited further development of the head, body, and limbs, with thyme 
extract promoting more rapid and extensive organ growth. Fig.14a clearly depicts the advanced differentiation of the fetus, 
including the extremities and other organs. In contrast, Fig. 14b shows even greater differentiation in the experimental 
egg, particularly in the development of the head, body, and limbs. 

 

 
 
Fig.14a) 14thday of incubation-control egg  
Fig.14b)14thday of incubation-experimental egg 
 
Day 21: By the final stage of incubation, the activity of the fetuses in the experimental eggs was comparable to, or even 
exceeded, that of the control group. The chicks from the experimental eggs exhibited increased movement and higher 
activity levels, indicating that thyme extract had a positive influence on overall embryonic development and vitality. Fig. 
15a clearly shows the increase in fetal activity and the onset of accelerated movements, which is similarly observed in the 
experimental egg in Fig. 15b. 
 

 
 
Fig.15a) 21st day of incubation-control egg  
Fig.15b) 21st day of incubation-experimental egg 



 

 

 
 

 
 
Fig.16a) 22nd day of incubation-control egg  
Fig.16b) 22nd day of incubation-experimental egg 
 
From Day 1 to Day 21, the treated eggs consistently demonstrated more advanced stages of development compared to 
the control group. The improved organ differentiation observed on Day 8 aligns with the findings of Shabani et al. (2022) 
and Beadini et al. (2023), who reported that herbal extracts can enhance organ differentiation and development in avian 
embryos. The more advanced differentiation in the experimental group suggests that Thymus and Chamomile extracts 
may stimulate cellular processes involved in organogenesis and vascular development, supporting their potential role in 
promoting more rapid and efficient embryonic growth. 
By Day 14, the observed advanced differentiation of extremities and other organs supports the work of Labaque et al. 
(2013), which demonstrated that herbal extracts can positively influence fetal tissue growth and differentiation. The 
enhanced development in the experimental group indicates that Thymus vulgaris promotes more rapid and effective 
embryonic growth, likely due to its bioactive compounds, including thymol and carvacrol (Pina-Vaz et al., 2004; De 
Martino et al., 2009; Gholami-Ahangaran et al., 2022). Thymol and carvacrol's antioxidant properties help reduce oxidative 
stress, thereby supporting healthier cell differentiation and overall embryo viability (Hashemipour, 2013). 
Thyme's anti-inflammatory properties, particularly through thymol and carvacrol's regulation of cytokine production and 
inhibition of the NF-κB pathway, help protect developing embryos from inflammation during critical stages of organ 
development (Daglya, 2012). 
By Day 21, the increased fetal activity and accelerated movement in the experimental eggs can be attributed to the 
antimicrobial, antioxidant, and anti-inflammatory properties of Thymus vulgaris (Shapiro & Guggenheim, 1995; Burt, 2004; 
Ebrahimabadi et al., 2010). These properties likely create a more favorable environment for embryonic development. The 
antioxidant activity of Thymus vulgaris mitigates oxidative stress, which negatively impacts embryo viability (Surai, 2007; 
Halliwell&Gutteridge, 2015). This finding aligns with Ruberto and Baratta (2005), who reported that natural antioxidants 
enhance embryonic activity and vitality. The improved activity in the experimental chicks indicates that Thymus vulgaris 
supports normal developmental processes and contributes to overall embryo vigor and readiness for hatching (Surai, 
2020; Ricardo-Rodrigues et al., 2024).Moustafa et al. (2020) also reported that thymol enhances nutrient digestion and 
absorption by stimulating digestive enzymes, which indirectly supports embryonic development by providing adequate 
nutrients during gestation, aligning with our research findings. 
Importantly, the study observed no adverse effects or teratogenic changes in embryos exposed to thyme extract. This 
finding is consistent with Adámez et al. (2012) and Nostro et al. (2004), who reported that appropriate concentrations of 
herbal extracts do not compromise developmental integrity. The absence of teratogenic effects indicates that the dosage 
used in this study was well-tolerated and beneficial for embryonic development (Valenzuela-Grijalva et al., 2017). 
 
 
4. CONCLUSION 
 
The results of this study underscore the potential of Thymus vulgaris as a beneficial additive in poultry production, 
particularly during the incubation period. The extract's ability to enhance embryonic development, stimulate organ 
differentiation, and increase fetal activity -without causing adverse effects - highlights its potential as a natural supplement 
in avian embryology. This research could have significant applications in alternative therapy and the production of bio-
products within the food industry, contributing to the development of natural foods and overall health. Future research 
should aim to elucidate the mechanisms underlying these effects and assess the long-term implications of using thyme in 
poultry production. 
 



 

 

Disclaimer (Artificial intelligence) 
Author(s) hereby declare that Ginger Online Proofreading Service https://www.gingersoftware.com/proofreading, have 
been used during writing or editing of manuscripts. 
 
Ethical approval: All procedures were conducted in compliance with standard ethical guidelines. 
 
REFERENCES 
 

[2] Hamburger V, Hamilton HL. A series of normal stages in the development of the chick embryo. J Morphol. 
1951;88(1):49-92. 
[20] Romanoff AL. The avian embryo: structural and functional development. The Macmillan Company; 1960. 
[1] Adámez JD, Samino EG, Sánchez EV, González-Gómez D. In vitro estimation of the antibacterial activity and 
antioxidant capacity of aqueous extracts from grape-seeds (Vitis vinifera L.). Food Control. 2012;24(1-2):136-41. 
[2] Aeschbach R, Löliger J, Scott BC, Murcia A, Butler J, Halliwell B, et al. Antioxidant actions of thymol, carvacrol, 6-
gingerol, zingerone and hydroxytyrosol. Food ChemToxicol. 1994;32(1):31-6. 
[3] Ayalew H, Zhang H, Wang J, Wu S, Qiu K, Qi G, Tekeste A, Wassie T, Chanie D. Potential Feed Additives as 
Antibiotic Alternatives in Broiler Production. Front Vet Sci. 2022 Jun 17;9:916473. doi: 10.3389/fvets.2022.916473. 
[4] Beadini N, Beadini S, Krpac V, Elezi N, Abdiu N. The effect of Sharri Mountain teas on different stages of 
embryonic development in quail and chicken eggs. ActaMedicaBalkanica. 2023;8(15-16):275-93. 
[5] Burt S. Essential oils: their antibacterial properties and potential applications in foods—a review. Int J Food 
Microbiol. 2004;94(3):223-53. 
[6] Burt S. Essential oils: their antibacterial properties and potential applications in foods--a review. Int J Food 
Microbiol. 2004 Aug 1;94(3):223-53. doi: 10.1016/j.ijfoodmicro.2004.03.022. PMID: 15246235. 
[7]Daglia M. Polyphenols as antimicrobial agents. CurrOpinBiotechnol. 2012 Apr;23(2):174-81. doi: 
10.1016/j.copbio.2011.08.007. Epub 2011 Sep 16. PMID: 21925860. 
[8] De Martino L, Bruno M, Formisano C, De Feo V, Napolitano F, Rosselli S, Senatore F. Chemical composition and 
antimicrobial activity of the essential oils from two species of Thymus growing wild in southern Italy. Molecules. 2009 
Nov 12;14(11):4614-24. doi: 10.3390/molecules14114614. 
[9] Dehghani N, Afsharmanesh M, Salarmoini M, Ebrahimnejad H. In vitro and in vivo evaluation of thyme (Thymus 
vulgaris) essential oil as an alternative for antibiotic in quail diet1. J Anim Sci. 2019 Jul 2;97(7):2901-2913. doi: 
10.1093/jas/skz179. PMID: 31119279; PMCID: PMC6606503. 
[10] Dorman HJ, Deans SG. Antimicrobial agents from plants: antibacterial activity of plant volatile oils. J 
ApplMicrobiol. 2000;88(2):308-16. 
[11] El-Baz A, Khidr R. Role of Feed Additives in Poultry Feeding under Marginal Environmental Conditions [Internet]. 
Veterinary Medicine and Science. IntechOpen; 2024. Available from: http://dx.doi.org/10.5772/intechopen.112130 
[12] Gholami-Ahangaran M, Ahmadi-Dastgerdi A, Azizi S, Basiratpour A, Zokaei M, Derakhshan M. Thymol and 
carvacrol supplementation in poultry health and performance. Vet Med Sci. 2022 Jan;8(1):267-88. doi: 
10.1002/vms3.663. 
[13] Halliwell B, Gutteridge JM. Free radicals in biology and medicine. Oxford University Press; 2015. 
[14] Hashemipour H, Kermanshahi H, Golian A, Veldkamp T. Effect of thymol and carvacrol feed supplementation on 
performance, antioxidant enzyme activities, fatty acid composition, digestive enzyme activities, and immune response 
in broiler chickens. Poult Sci. 2013 Aug;92(8):2059-69. doi: 10.3382/ps.2012-02685. PMID: 23873553. 
[15] HesabiNameghi A, Edalatian O, Bakhshalinejad R. Effects of a blend of thyme, peppermint and eucalyptus 
essential oils on growth performance, serum lipid and hepatic enzyme indices, immune response and ileal 
morphology and microflora in broilers. J AnimPhysiolAnimNutr(Berl). 2019 Sep;103(5):1388-98. doi: 
10.1111/jpn.13122. Epub 2019 May 20. 
[16] Labaque MC, Kembro JM, Luna A, Marin RH. Effects of thymol feed supplementation on female Japanese quail 
(Coturnixcoturnix) behavioral fear response. Anim Feed Sci Technol. 2013;183:67-72. doi: 
10.1016/j.anifeedsci.2013.04.018. 
[17] Lambert RJW, Skandamis PN, Coote PJ, Nychas GJE. A study of the minimum inhibitory concentration and 
mode of action of oregano essential oil, thymol and carvacrol. J ApplMicrobiol. 2001;91(3):453-62. 
[18] Moustafa, Nancy; Aziza, Abeer; Orma, Ola; and Ibrahim, Tarek (2020) "Effect of supplementation of broiler diets 
with essential oils on growth performance, antioxidant status, and general health," Mansoura Veterinary Medical 
Journal: Vol. 21: Iss. 1, Article 5. DOI: https://doi.org/10.21608/mvmj.2020.21.103 
[19] Muhammad AI, Mohamed DA, Chwen LT, Akit H, Samsudin AA. Effect of Selenium Sources on Laying 
Performance, Egg Quality Characteristics, Intestinal Morphology, Microbial Population and Digesta Volatile Fatty 
Acids in Laying Hens. Animals. 2021;11(6):1681. doi: 10.3390/ani11061681. 
[20] Nostro A, Blanco AR, Cannatelli MA, Enea V, Flamini G, Morelli I, SudanoRoccaro A, Alonzo V. Susceptibility of 
methicillin-resistant staphylococci to oregano essential oil, carvacrol and thymol. FEMS Microbiol Lett. 2004 Jan 
30;230(2):191-5. doi: 10.1016/S0378-1097(03)00890-5. 



 

 

[21] Pajohi-Alamoti M, Khaledian S, Bazargani-Gilani B. Antioxidant Effects of Aromatic Plant Essential Oils on 
Oxidative Stability of Ghee. Arch Hyg Sci. 2019;8(4):232-44. 
[22] Pina-Vaz C, Gonçalves Rodrigues A, Pinto E, Costa-de-Oliveira S, Tavares C, Salgueiro L, Cavaleiro C, 
Gonçalves MJ, Martinez-de-Oliveira J. Antifungal activity of Thymus oils and their major compounds. J 
EurAcadDermatolVenereol. 2004 Jan;18(1):73-8. doi: 10.1111/j.1468-3083.2004.00886.x. 
[23] Rehault-Godbert S, Guyot N, Nys Y. The golden egg: nutritional value, bioactivities and emerging benefits for 
human health. Nutrients. 2019;11:648. doi: 10.3390/nu11030684. 
[24] Ricardo-Rodrigues S, Rouxinol MI, Agulheiro-Santos AC, Potes ME, Laranjo M, Elias M. The Antioxidant and 
Antibacterial Potential of Thyme and Clove Essential Oils for Meat Preservation—An Overview. ApplBiosci. 
2024;3(1):87-101. doi: 10.3390/applbiosci3010006. 
[25] Ruberto G, Baratta MT. Antioxidant Activity of Selected Essential Oil Components in Two Lipid Model Systems. 
Food Chem. 2000;69:167-74. doi: 10.1016/S0308-8146(99)00247-2. 
[26] Shabani L, Beadini N, Beadini Sh. The effect of plant extracts as a complementary additive in the diets of broiler 
chickens on growth performance and some blood parameters. Impact Journals. 2022. 
[27] Shapiro S, Guggenheim B. The action of thymol on oral bacteria. Oral MicrobiolImmunol. 1995 Aug;10(4):241-6. 
doi: 10.1111/j.1399-302x.1995.tb00149.x.  
[28] Soković M, Glamočlija J, Marin PD, Brkić D, van Griensven LJ. Antibacterial effects of the essential oils of 
commonly consumed medicinal herbs using an in vitro model. Molecules. 2010 Oct 27;15(11):7532-46. doi: 
10.3390/molecules15117532. 
[29] Surai PF. Antioxidants in Poultry Nutrition and Reproduction: An Update. Antioxidants. 2020 Jan 25;9(2):105. doi: 
10.3390/antiox9020105. 
[30] Tizard IR. Veterinary Immunology: An Introduction. 10th ed. Elsevier Health Sciences; 2017. eBook ISBN: 
9780323523486. 
[31] Valenzuela-Grijalva NV, Pinelli-Saavedra A, Muhlia-Almazan A, Domínguez-Díaz D, González-Ríos H. Dietary 
inclusion effects of phytochemicals as growth promoters in animal production. J Anim Sci Technol. 2017;59:8. doi: 
10.1186/s40781-017-0133-9. 
[32] Wu Z, Tan B, Liu Y, Dunn J, MartorellGuerola P, Tortajada M, Cao Z, Ji P. Chemical Composition and Antioxidant 
Properties of Essential Oils from Peppermint, Native Spearmint and Scotch Spearmint. Molecules. 2019 Aug 
2;24(15):2825. doi: 10.3390/molecules24152825. 
[33] Zhang GF, Yang ZB, Wang Y, Yang WR, Jiang SZ, Gai GS. Effects of ginger root (Zingiber officinale) processed 
to different particle sizes on growth performance, antioxidant status, and serum metabolites of broiler chickens. Poult 
Sci. 2009 Oct;88(10):2159-66. doi: 10.3382/ps.2009-00165. 


