

[image: image1]
Essential oils: a systematic review on revolutionizing health, nutrition, and omics for optimal well-being









 


	
	
REVIEW
published: 16 February 2024
doi: 10.3389/fmed.2024.1337785








[image: image2]

Essential oils: a systematic review on revolutionizing health, nutrition, and omics for optimal well-being

Camila Pezantes-Orellana1†, Fátima German Bermúdez2†, Carmen Matías De la Cruz2, José Luis Montalvo1 and Andrea Orellana-Manzano2*


1NovaVita, Guayaquil, Ecuador

2Laboratorio para Investigaciones Biomédicas, Facultad de Ciencias de la Vida, Escuela Superior Politécnica del Litoral (ESPOL), Guayaquil, Ecuador

Edited by
 Elisa Belluzzi, University of Padua, Italy

Reviewed by
 Eugenia Bezirtzoglou, Democritus University of Thrace, Greece
 Lia-Mara Ditu, University of Bucharest, Romania
 Arif Jamal Siddiqui, University of Hail, Saudi Arabia

*Correspondence
 Andrea Orellana-Manzano, akorella@espol.edu.ec 

†These authors share first authorship

Received 13 November 2023
 Accepted 25 January 2024
 Published 16 February 2024

Citation
 Pezantes-Orellana C, German Bermúdez F, Matías De la Cruz C, Montalvo JL and Orellana-Manzano A (2024) Essential oils: a systematic review on revolutionizing health, nutrition, and omics for optimal well-being. Front. Med. 11:1337785. doi: 10.3389/fmed.2024.1337785
 

Purpose: Essential oils from various plants have diverse therapeutic properties and are researched extensively. They have applications in medicine, aromatherapy, microbiology, agriculture, livestock, and the food industry, benefiting the population.

Methods: This systematic review followed the PRISMA verification protocol. The study focused on the anti-inflammatory effects, nutraceutical properties, antioxidant and antibacterial activity of essential oils in lemon, orange, cumin, cinnamon, coriander, rosemary, thyme, and parsley. We also looked at their presence in the diet, their effect, their mechanism of action on health, and the most important active compounds. The search was conducted in the PubMed database for the last 12 years of publications, including in vitro, in vivo, and online cell model tests.

Results: Essential oils have been shown to have multiple health benefits, primarily due to their antimicrobial and anti-inflammatory effects. The mechanism of action of cinnamon oil alters bacterial membranes, modifies lipid profiles, and inhibits cell division, giving a potential benefit in protection against colitis. On the other hand, a significant improvement was observed in the diastolic pressure of patients with metabolic syndrome when supplementing them with cumin essential oil. The antimicrobial properties of coriander essential oil, especially its application in seafood like tilapia, demonstrate efficacy in improving health and resistance to bacterial infections. Cumin essential oil treats inflammation. Parsley essential oil is an antioxidant. Orange peel oil is antibacterial, antifungal, antiparasitic, and pro-oxidative. Lemon essential oil affects mouse intestinal microbiota. Thyme essential oil protects the colon against damage and DNA methylation. Carnosic acid in rosemary oil can reduce prostate cancer cell viability by modifying the endoplasmic reticulum function.

Conclusion and discussion: Essential oils have many therapeutic and antiparasitic properties. They are beneficial to human health in many ways. However, to understand their potential benefits, more research is needed regarding essential oils such as coriander, parsley, rosemary, cumin, and thyme. These research gaps are relevant since they restrict understanding of the possible benefits of these crucial oils for health-related contexts.
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1 Introduction

Essential oils (EOs) are fragrant extracts obtained from various plants. Their composition varies depending on the plant species from which they are extracted. It is estimated that more than 200 compounds may be present in these oils. In recent years, essential oils have gained significant popularity in various industries, such as aromatherapy, food flavoring, and natural pharmacological treatments, due to their numerous uses, primary components, and respective properties. Consequently, several applications have been studied, including their antimicrobial, anti-inflammatory, analgesic, and antioxidant properties (1).

The main bioactive compounds of EOs are terpenes and terpenoids, which are responsible for the biological activities mentioned above (2). So, the properties of EOs contribute to the prevention of diseases through different mechanisms of action. In vitro studies are generally carried out, and it has been shown that the anti-inflammatory components of EOs inhibit free radicals that can generate mutations alone. In the DNA. Likewise, when there is prolonged oxidative stress, an excessive accumulation of reactive oxygen species (ROS) can trigger chronic disorders such as metabolic syndrome, cardiovascular diseases, diabetes, and even cancer for the same reason that there are mutations in the DNA. EOs rich in polyphenols and their antioxidant properties act as therapeutic agents for these diseases (3).

Essential oils are used in healthcare to treat specific diseases or health conditions. They can be used to alleviate symptoms associated with conditions such as Alzheimer’s, cardiovascular diseases, sleep/stress disorders, and pain during childbirth (4). Research has shown that rosemary essential oil has potential anticholinesterase inhibitory and antioxidant effects that may help protect the brain from chronic anticholinesterase diseases such as Alzheimer’s. However, more studies are needed to determine the adverse effects or benefits. Additionally, aromatherapy has been found to improve cognitive function in patients with such conditions (5).

Antimicrobials are used for various purposes, including medical use as antiviral agents, immunomodulators, and antibiotics. They are also used as food preservatives due to their antimicrobial and antioxidant properties, which help counteract skin infections and, in addition to preventing food spoilage, are used to combat microorganisms that could be transmitted through food (4). According to Swamy et al. (6), lemon has antiviral properties against the influenza virus, while cinnamon is effective against enterobacteria.

Essential oils can affect bacteria differently, depending on their chemical components. Some oils can kill the bacteria (bactericidal action), while others can only slow their growth (bacteriostatic action). Essential oils can also affect cellular processes, such as nutrient processing, molecule synthesis, and regulation of biological processes between cells. Many plants with these characteristics are still being studied, and more findings are expected as they are widely used. These plants include cinnamon, thyme, rosemary, lemon, orange, cumin, and parsley (4). This systematic review identifies literature from the past 10 years to highlight their uses and effects on health, diet, microbiota, and mechanism of action.



2 Methods

This systematic review follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) verification protocol (7) with keywords in the search strategy as Essential oils, Nutrition, Omics, Bioactive Compounds, Well-being, properties, Application in Foods previously published experimental and/or clinical case trials in mouse models and/or cell lines and studies in human participants were used along with the use of search operators AND, OR. The study focuses on the anti-inflammatory effects, nutraceutical properties, antioxidant, and antibacterial activity, presence in food, effect and mechanism of action on health, and the most important active compounds of essential oils such as lemon, orange, cumin, cinnamon, coriander, rosemary, thyme, and parsley by searching for articles conducted in a cell line (in vitro), mouse model, in vivo specifically in PubMed database.

The study selection process was conducted in two stages. In the first stage, three authors independently reviewed the titles and abstracts of the studies based on the inclusion and exclusion criteria. They identified the studies that met the inclusion criteria and excluded the ones that did not. In the second stage, two authors thoroughly screened all the full articles and excluded the studies that did not meet the inclusion criteria. We developed custom search strategies for the PubMed bibliographic database. The search was conducted directly and included all articles published within the last 12 years without language restrictions. Additionally, we thoroughly examined the reference lists of the selected articles to identify any relevant research that may have been missed during the electronic database search. Three authors gathered the required data from the reports that had been selected. For all incorporated studies, the following details were recorded: author(s), year of publication, type of essential oil, its impact on health, its effects on health, and its presence in the diet. The authors independently reviewed all full articles.



3 Eligibility criteria


3.1 Inclusion and exclusion criteria

Studies were considered eligible if they met the following criteria: (1) retrospective experimental and clinical studies in human subjects and mouse models and/or cell lines, (2) studies investigating the health benefits of the essential oils described above, (3) studies with quantitative and qualitative data, (4) studies without any language restrictions, (5) systematic reviews, and (6) manuscripts in journals with an impact index.

The following studies were excluded: (1) not meeting the objectives of the article, (2) university theses, (3) not meeting the search criteria, (4) book chapters or books, (5) review articles published more than 12 years ago, and (6) studies not found in the database described above.



3.2 Search strategies

To refine the search, specific keywords such as “Essential oils” “Nutrition” “Omics” “Bioactive compounds” “Food application “Wellness” “properties” “mouse models ““experimental” “clinical” “cell lines” were used together with the use of search operators (Nutrition* OR “dietary” OR “nutritional* content” OR “macronutrients” OR “macronutrients” OR “diet”) AND (“Essential oils*” OR “volatile oils* “OR “Extracted oils* OR “Aromatherapy oils*” OR “Plant oils* “) AND (“Essential oils*” OR “Plant oils*” OR “macronutrients” OR “diet”) AND (“Essential oils*” OR “volatile oils* “OR “Extracted oils* Aromatherapy oils*” OR “Plant oils*) AND (Omics* OR “Microbiota*” OR “Genomics*” OR” Metabolomics*”) AND (Bioactive compounds* OR “Functional ingredient” OR “Major active compound *” OR “Active substance” OR “Health-promoting compound*”) AND (Food application * OR “Application in Food Safety “OR “Application in Food Industry”) AND (Wellness* OR “health “) AND (properties* OR “Aspects “OR “Traits”) performed in electronic databases such as Pubmed, ScienceDirect and Scopus.




4 Results


4.1 Study selection

In the first phase of study selection, 107 citations were found in the PubMed electronic database. After thoroughly reviewing the abstracts, we excluded 27 articles with 12 duplicates. We then identified 85 additional articles through PubMed and reviewed their full text. Thus, this study included 80 references (Figure 1).
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FIGURE 1
 Flow diagram of literature search and selection criteria for essentials oils from PRISMA.




4.2 Study characteristics

The table below summarizes the key features of the studies analyzed in this research. These studies were conducted in different countries and published between 2011 and 2023 in both English and Spanish. It was observed that the number of publications increased significantly from 2019. All the selected studies were focused on essential oils, with most of them investigating the properties of these oils, such as their antimicrobial and anti-inflammatory effects. The studies have produced significant findings on the benefits of using essential oils, including inhibiting pathogenic microorganisms, preventing radical formation, acting as natural antioxidants and antimicrobial agents, exhibiting anticancer effects in the intestinal microbiota, and preserving food naturally.

Table 1 shows the type of food used, the analysis of the major active constituent identified, and relevant results in the essential oils performed in vivo or in vitro. The main groups of constituents were in cinnamon essential oil cinnamaldehyde, coriander essential oil β-linalool, camphor, geranyl acetate, and cymene; in cumin essential oil cumin aldehyde, and parsley essential oil myristicin, apiole, α-pinene, and β-pinene. Table 2 shows the most predominant bioactive compounds, their health effects, and tentative mechanisms. The main compounds in lemon and orange essential oils are limonene. In cinnamon essential oil, cinnamaldehyde; in Cilantro essential oil, linalool; in Parsley essential oil, myristicin; in Rosemary essential oil monoterpenes; in Thyme essential oil, thymol with antioxidant activity, antimicrobial, inflammatory activity, and innate immune responses.



TABLE 1 Essential oils and their used as food.
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TABLE 2 Actions in the health of the essential oils.
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Table 2 shows how this essential oil affects health, the analysis of the major active constituent identified, and relevant results in the essential oils performed. The lemon essential oil has been found to contain a significant amount of limonene, which has strong antioxidant properties and can help eliminate DPPH radicals (16). Research has shown that it can also be effective as a food preservative, with concentrations of 0.06 and 0.312 mg/g potentially preventing the growth of pathogenic bacteria like L. monocytogenes (15). Limonene may also positively affect the immune system and intestinal microbiota (25). On the other hand, orange essential oil is also a natural citrus preservative in food due to its antimicrobial properties. Its main compounds, citral, and linalool, have been found to have superior effects on intestinal microbiota in mice when compared to lemon essential oil (17). It is important to note that further research is needed to fully understand the potential benefits of these essential oils in the areas mentioned. And findings regarding essential oils like parsley, cumin, coriander, thyme, and rosemary were relatively scarce, mostly showing effects on health. Mainly, parsley exhibits both antioxidant and prooxidative behavior, making it a promising subject for further investigation. Cumin, with volatile compounds inhibiting neutrophil activation, is strongly associated with treating inflammatory pathologies. Supplementation with cumin in patients with metabolic syndrome is estimated to decrease diastolic pressure (12). Coriander is known for its resistance to bacterial infections and tends to improve health in tilapia (10). Thyme demonstrated inhibition of cell proliferation, varying with the dose in all evaluated tumor cell lines (26).

Table 3 highlights the various omics mechanisms of the essential oils already mentioned above. The essential oils of lemon, orange, and cinnamon influence the intestinal microbiota in the same way the essential compounds of coriander inhibit the activity of gastrointestinal pathogenic bacteria. The essential compound of rosemary oil has an anti-Warburg effect on gastric carcinoma, dose, and time. And a thymol compound-dependent cytotoxic effect on cancer cell lines PC-3, DU145, MDA-MB-231, and KLN205.



TABLE 3 Essential oils and omics mechanism.
[image: Table3]




5 Cinnamon


5.1 Health benefits

In a study by Mohammed et al. (19), six groups of male rats were treated orally for 4 weeks. The control and STZ-treated groups were compared with groups that received low or high doses of cinnamon oil emulsion (COE; 200 or 400 mg/kg Bw) and groups of STZ-treated rats that received COE in low or high doses. The results showed a significant decrease in fasting blood glucose levels, plasma C-peptide, serum triglycerides, total cholesterol, and blood urea nitrogen, with a substantial increase in high-density lipoproteins after 35 days. Glucose tolerance improved, and an increase in pancreatic islet β cells was observed. Both doses improved glucose, insulin, SOD, GSH, amylase, lipid profile, and hepatic MDA levels. Positive histological changes were also observed in the liver and pancreas. The current results revealed that cinnamon oil emulsion (COE) produced more than 1% of total volatile compounds, and GC/MS identified 16 compounds. More than 86% of these volatiles originated from 5 volatiles and included cinnamaldehyde (88.7%), 1,8 cineole (2.02%), acetic acid, 1,7,7trimethylbicyclo [2.2.1] heptyl ester (1.79%), α-Pinene (1.45%), and α-Terpineol (0.92%). This research aimed to examine the potential of essential oils as antitumor agents. In vitro models, including phosphomolybdenum, DPPH, and H2O2 methods, were used to achieve this. This study used BHT (butylhydroxytoluene) and ascorbic acid (vitamin C) as positive controls for comparison (20).



5.2 Food benefits

This review focuses on analyzing the effects of cinnamon oil when used as an additive in poultry feed, addressing its influence on various aspects such as bird performance, carcass characteristics, meat quality, its impact on cholesterol reduction, its antioxidant activity, its effects on immunity and considerations related to microbiology. The key results of this research indicate that including cinnamon essential oil extracts as additives in poultry feed carries notable benefits in terms of improved performance, reduced blood cholesterol levels, and increased activity: antioxidant, immunity booster, and favorable microbiological considerations. Cinnamon could represent a viable alternative to antibiotics, providing excellent safety in aspects related to animal health, the environment, and the economy in the poultry industry. Furthermore, it was observed that the main component of cinnamon oil is Cinnamaldehyde, which approximately represents Cinnamaldehyde (88.2%), eugenol (1.0%), and benzyl alcohol (8.0%) in its composition (34).



5.3 Actions in health

One of the potential health benefits is protection against colitis, which is an anti-inflammatory bowel disease. This is related to the mechanism of action, antimicrobial activity, and anti-inflammatory effect of cinnamon due to the alteration in the bacterial membrane, modifications in the lipid profile, and the inhibition of cell division, as shown in a mouse model study. Cinnamomum osmophloem reduced the expression of Toll-like receptor 4, myeloid adapter protein 88, and nuclear kinase in mice with colitis that had received endotoxin, suggesting an anti-inflammatory effect. In addition, it was identified that the predominant active component in cinnamon essential oil is cinnamaldehyde, which constitutes approximately 68.95% of its composition (31).




6 Cilantro


6.1 Health benefits

In a study conducted by Helal et al. (21) on the motility of third-instar larvae (L3) belonging to the Trichostrongylidaeindicate that these essential oils and their components, such as linalool (68.03%), α-tinene (9.71%), γ-terpinene (10.48%) and camphor (11.76%), could effectively combat infections caused by helminths.

Moreover, studies have shown that essential oils, including cilantro oil, can effectively hinder the growth of clinical strains of dermatophytes belonging to two primary genera, Microsporum and Trichophyton, for up to 21 days. It is worth noting that accurately identifying the specific individual is crucial (22).



6.2 Food benefits

The antioxidant, antimicrobial, and anti-biofilm properties of the essential oil obtained from cilantro (Coriandrum sativum L.) are the most studied concerning its possible application in food. The main volatile components identified in coriander essential oil in an in vitro study were mainly β-linalool, which accounted for 66.07% of the total content, showing a high antioxidant activity with an inhibition percentage of 51.05% in eliminating radicals. Its antibacterial activity presented the most effective against B. subtilis, followed by S. maltophilia and Penicillium expansum (9). An in vivo study assessed the effectiveness of adding 1% coriander oil to tilapia feed to enhance health and immunity against bacterial infections. The key compounds in this oil were linalool and geranyl acetate (10).




7 Cumin


7.1 Health benefits

Recent studies have shown that cumin oil can potentially suppress neutrophil activation, which could be beneficial in treating inflammatory diseases that involve high levels of neutrophil activity. This includes respiratory burst and degranulation induced by formylpeptide receptor agonists fMLF/CB and MMK1 in human neutrophils. These effects’ mean inhibitory concentration (IC50) ranges from 3.8 to 17.2 μg/mL. Additionally, it has been noted that cumin oil contains a high percentage of cumin aldehyde, which makes up 49.9% of its composition (11). Morovati et al. (12) found that cumin essential oil significantly reduced diastolic blood pressure in patients with metabolic syndrome after 8 weeks of treatment.




8 Parsley


8.1 Health benefits

Parsley essential oil exhibits an antioxidant profile due to its higher percentage of DPPH radical inhibition and FRAP value; however, it also showed pro-oxidative behavior according to the TBARS test. On the other hand, parsley essential oil demonstrates more significant bacterial activity after lavender. The main components were myristicin (36.15%), apiole (20.97%), α-pinene (15.47%), and β-pinene (10.43%). The presence of alkyltetramethoxybenzene, limonene and elemicin (6.45, 4.74 and 2.74%, respectively) was also relevant (13).




9 Lemon


9.1 Health benefits

It has been shown that the essential oil obtained by hydrodistillation of discarded lemon leaves contains enough chemicals can inhibit the growth of harmful microorganisms such as C. albicans, L. monocytogenes, and S. aureus. The oil’s most abundant components are limonene (with a concentration of 260.7 mg/mL), followed by geranial (102.6 mg/mL) and neral (88.3 mg/mL). The study also found that a concentration of 25 μM of the oil led to a significant reduction in cell viability, with a 33% decrease in HeLa cells and a 27% decrease in A375 cells. This was also accompanied by notable changes in cellular morphology (14).

The main components of lemon essential oil responsible for its antibacterial and antioxidant properties are terpenoids, with d-limonene being the most abundant. D-limonene exhibits the highest antioxidant capacity and effectively removes DPPH radicals (16).



9.2 Food benefits

In the food industry, lemon essential oil’s antioxidant and antimicrobial properties can be used as a preservative. According to Ben Hsouna et al. (15), the application of this oil at concentrations of 0.06 and 0.312 mg/g presents promising potential for the prevention of contamination and the development of pathogenic bacteria, especially L. monocytogenes, which opens new perspectives in this field.



9.3 Action in health

The effect of limonin on the intestinal microbiota has been investigated in mice, and a significant increase in the diversity of the microbiota present in the colon of mice fed limonin has been observed. Thus, it was highlighted that the composition of the intestinal microbiota community was different compared to the control group. A prediction was made that limonin would positively affect the regulation of amino acid metabolism, lipids, and immune system function. It is highlighted that it can significantly suppress diseases related to the immune system and markers of infectious diseases based on its influence on the intestine (25).




10 Orange


10.1 Health benefits

The Citrus sinensis peel oil has potential antibacterial, antifungal, and antiparasitic effects, according to a study conducted by Anwar et al. (18). The analysis showed that the maximum inhibition zone diameter was 14 mm against E. coli, and the minimum was 10 mm against S. agalactiae. Moreover, the oil was 60% effective in inhibiting leishmaniasis at a 50 μg/mL concentration after 48 h of incubation. The oil’s antimicrobial properties were also demonstrated, suggesting its possible use as a natural food preservative or an effective treatment against various pathogenic organisms. The oil contains β-pinene (0.55%), limonene (96–98%), α-pinene (0.29%), myrcene (1.3–1.45%), and octanol (0.37–0.53%).



10.2 Food benefits

A study assessed commercial orange essential oils’ chemical compositions, antioxidant, and anti-pathogenic properties [Citrus sinensis (L.) Osbeck]. The study used cold pressing (EOP) and cold pressing followed by steam distillation (EOPD). The analysis revealed that both essential oils contained a high percentage of monoterpene hydrocarbons, mainly limonene (89.8 to 90.4%) and myrcene (3.1 to 3.2%). Although both essential oils had similar reducing capacities, EOP showed a more remarkable ability to eliminate free radicals. Regarding anti-pathogenic properties, both essential oils inhibited the biomass and cellular viability of Staphylococcus aureus and Pseudomonas aeruginosa in their biofilms. Additionally, both methods effectively reduced the production of elastase, pyocyanin, and quorum-sensing autoinducers, particularly in Gram-negative bacteria. These findings indicate that EOP and EOPD demonstrate significant antioxidant and anti-pathogenic properties (17).



10.3 Action in health

A recent study examined the effects of administering orange essential oil, as well as limonene, linalool, and citral, directly into the stomachs of mice. The researchers were interested in understanding how these substances might affect the mice’s intestinal microbiota and biochemical parameters. The study found that all four substances could influence the mice’s intestinal microbiota composition, with the relative proportion of Lactobacillus increasing in response to treatment. However, the mice that received limonene had a notably different bacterial composition in their cecum and colon than the other groups. These findings suggest that limonene may have a more pronounced effect on intestinal bacteria, which can lead to significant changes in blood immunological markers and short-chain fatty acid levels in mice (27).




11 Thyme


11.1 Health benefits

Thyme essential oil (TEO) has health benefits due to its bioactive compounds. TEO nanoemulsion improves its biological activity and antioxidant properties and protects against oxidative damage and genotoxicity caused by TiO2-NP. TEO contains 17 bioactive compounds, with thymol and carvacrol being the main components (24).



11.2 Action in health

Thymol has been found to impact prostate cancer (PC-3), breast cancer (MDA-MB-231), and lung cancer cells. The antiproliferative activity of cancer cells varies depending on the dose and time of exposure. Thymol also significantly induces apoptosis in all groups, with the intensity of the response varying depending on the dose administered (26).

Likewise, the antiproliferative activity has been evaluated (in vitro) using three human tumor cell lines: MCF-7 (breast adenocarcinoma), H460 (lung carcinoma), and MOLT-4 (acute lymphoblastic leukemia) using the MTT assay, demonstrating a dose-dependent inhibition of cell proliferation in all tumor cell lines evaluated, and differential sensitivity between them. The main components of the essential oil included thymol (36.7%), p-cymene (30.0%), γ-terpinene (9.0%), and carvacrol (3.6%) (30).

Understanding oils’ effects on our health is crucial, particularly in preventing cellular toxicity and genotoxicity. A recent study found that essential oil compounds can offer protective benefits against oxidative and methylating damage, as seen through comet assays on colorectal adenocarcinoma HT-29 cells. While most of these compounds were found to be cytotoxic to HT-29 cells, they only reached cytotoxic levels at doses equal to or greater than 250 ppm after exposure for 24 h. The study identified thymol as the most effective component in protecting DNA against oxidative damage, while geraniol also showed promise in protecting against DNA methylation damage. This research highlights the potential of essential oil compounds, especially thymol, in protecting the colonic epithelium against oxidative DNA damage and geraniol against DNA methylation damage (32).




12 Rosemary


12.1 Health benefits

A study by Christopoulou et al. (23) assessed the chemical composition, genotoxicity, and antimicrobial, antiviral, and antioxidant properties of certain substances. The results showed that the essential oil, at concentrations of up to 5%, and the extract, ranging from 25 to 90%, did not exhibit any genotoxic effects. The essential oil and the extract also demonstrated antiviral, antifungal, and antioxidant properties. Specifically, the extract exhibited notable antibacterial properties, while the essential oil was primarily effective against S. aureus. The essential oil mainly comprised monoterpenes, constituting 95.57%, whereas sesquiterpenes only represented 4.24%.



12.2 Action in health

A study on rosmarinic acid (RA) and the anti-Warburg effect in gastric carcinoma suggested that rosemary oil may reduce glucose uptake and lactate production in cancer cells. It was found that RA inhibits the expression of hypoxia-inducible factor 1α, which is involved in the glycolytic pathway. In cancer cells, inflammation promotes the Warburg effect. However, RA reduces the production of pro-inflammatory cytokines and inflammation-related microRNAs, which suggests that RA could suppress the Warburg effect through an inflammatory pathway related to interleukin (IL)-6 and the transcription factor STAT3 (28).

Using essential oil to improve the functioning of the endoplasmic reticulum can be a helpful health action in reducing the viability of prostate cancer cells and promoting the degradation of androgen receptors. A study evaluated the effects of rosemary extract, standardized in carnosic acid, on two types of human prostate cancer cells, 22Rv1 and LNCaP, and prostate epithelial cells collected from two patients undergoing radical prostatectomy. The study found that cancer cells significantly altered endoplasmic reticulum stress proteins, while normal prostate epithelial cells did not suffer endoplasmic reticulum stress. This two-stage response suggests that standardized rosemary extract might be a preferable treatment option for cancer cells rather than normal cells.

On the other hand, some results suggest that the identified core genes, such as copalyl diphosphate synthase, phenylalanine ammonia-lyase, cineole synthase, rosmarinic acid synthase, tyrosine aminotransferase, cinnamate 4-hydroxylase, and MYB58, could play a crucial role in the metabolism of Rosmarinus officinalis. This genetic analysis provides valuable information for genetic and metabolic engineering research to improve the biosynthesis of secondary metabolites in Rosmarinus officinalis (33).




13 Discussion

This review emphasizes the significant advancements of essential oils in various fields, such as medicine and the food industry, achieved through in vitro, in vivo, and cell line studies. These breakthroughs provide valuable insights that support the continuation of research in these areas. For instance, the study evaluates the impact of rosemary essential oil extract on reducing prostate cancer cells (28). Moreover, the effects of cinnamon oil as a food additive for poultry are examined. The study explores its influences on avian performance, meat quality, cholesterol reduction, antioxidant activity, and immunity (35).

Insufficient literature exists on essential oils concerning innovative omics action mechanisms, more relevant applications in food to ensure quality, and their benefits and impact on health. Therefore, it is recommended that future research should conduct studies using cell lines (in vivo). This approach promotes more natural additives, thereby reducing the intake of processed additives that may adversely affect human health in the long run. These limitations are significant as they restrict understanding of essential oils’ potential benefits to improve the quality of life and address specific health-related needs in the food industry.

The potential health benefits of rosemary oil have been extensively studied and documented. Compounds included in rosemary oil, notably oleic and linoleic acid, are known to benefit cardiovascular health (36). Evidence is limited for the effects of rosemary oil on glucose. Further research, with more rigorous experimental designs and in larger populations, is required to reach more definitive conclusions about these properties (35, 37–39). One of the main factors contributing to rosemary oil’s potential usage in pharmacological and biotechnological applications is its biological qualities (8, 40). For example, natural antioxidants such as rosemary extracts have shown high thermal resistance and superior antioxidant activity compared to synthetic antioxidants (41). This makes them beneficial for preserving the quality of oils, particularly in high-heat cooking processes like frying (42, 43). Beyond acting as food preservatives, rosemary oil components may have direct health advantages. The oil’s anti-inflammatory effects may also promote brain health by preventing neuronal cell damage (44–46). Ongoing research reveals rosemary oil’s multipronged therapeutic potential—from enhancing heart health to shielding brain function to inhibiting tumor growth (47–49).

Several studies have been conducted that provide convincing evidence of the usefulness of cinnamon essential oil, but most are in vitro or animal research. More large-scale, high-quality human clinical trials are still needed to confirm the effects, establish the optimal dose, assess long-term safety, etc. Mechanistic studies have elucidated certain pathways, such as modulation of glucose transporters, antioxidant enzymes and inflammatory markers that underlie the observed effects. However, further work is needed to elucidate the full pharmacokinetic and pharmacodynamic profile, especially of key actives such as cinnamaldehyde (50–53).

Most research has focused specifically on cinnamon essential oil or cinnamaldehyde-standardized bark extracts. Comparisons of potency, bioavailability, and synergies between components require further research. Despite promising gastrointestinal effects, more extensive studies through rigorous randomized controlled trials on outcomes such as ulcerative colitis, irritable bowel syndrome, and dysbiosis are needed before clinical use can be recommended (54, 55). Safety, drug interactions, and contraindications have yet to be fully established.

Some studies demonstrate the efficacy of coriander oil against organisms such as fungi and helminths and agree that linalool e is the chemically essential compound (56). However, other chemotypes and oil compositions should also be examined, e.g., those richer in decanal, borneol, or geranyl acetate for which these comparative studies would demonstrate bioactivity that may reveal differential effects (57, 58). In addition, more detailed analyses, especially in food matrices exploring lipid peroxidation, protein oxidation, effects on shelf life, etc., would provide additional information along with limited safety studies (59–61). Toxicity, pharmacokinetic, and residue level studies in food-producing animals could allow the administration of higher standardized doses to enhance health effects (62–65). Finally, few in vivo studies explore the bioavailability, metabolism, and excretion of key actives such as linalool and the impact of long-term repeated dosing. Such pharmacokinetic data can help correlate in vitro and clinical results (64, 66).

Finally, lemon essential oil, the main component, D-limonene, boosts antimicrobial and antioxidant effects (15, 67, 68). However, further studies are needed on possible synergies with other components such as geranial (69, 70). In addition, rigorous human clinical trials are required to validate efficacy as a natural food preservative and to determine optimal dosage (71–73). The effect on the gut microbiome is promising, but it is not yet clear what specific changes in bacterial composition drive the observed health outcomes (68, 74).



14 Conclusion

Essential oils extracted from plants have been valued for their medicinal properties for centuries. Modern scientific research is now unraveling the composition and bioactivity of these complex natural extracts, providing insights into how essential oils might be used to help promote health and well-being. Based on the evidence summarized in the provided documents, several key conclusions regarding cinnamon, cilantro, cumin, parsley, lemon, orange, thyme, and rosemary essential oils can be drawn.

Firstly, these essential oils demonstrate varying degrees of antioxidant, antimicrobial, anti-inflammatory, or other beneficial biological effects. These effects are mediated by bioactive phytochemicals in the oils, such as cinnamaldehyde, linalool, limonene, thymol, and carnosic acid. The impacts of oils depend not just on their chemical composition but also on factors like genetics and growth conditions of the source plants. Standardization and quality control are thus important when studying and applying essential oil preparations. Secondly, many oils show promise as natural food preservatives—for example, inhibiting foodborne pathogens like Escherichia coli and Staphylococcus aureus. If efficacious and safe, plant-derived antimicrobials could replace synthetic additives. Areas needing more research include determining effects on food quality and nutritional content during storage.

Some of the main health benefits supported by current evidence are cinnamon oil improving glucose control and blood lipid levels; cilantro oil having parasite-killing properties; cumin oil reducing blood pressure; thyme oil protecting against oxidative cell damage and DNA mutations; and rosemary and thyme oils inhibiting cancer cell proliferation and viability. Further mechanisms of action are being elucidated—for instance, rosemary compounds may suppress altered metabolic pathways in tumor cells. More clinical trials are warranted to verify therapeutic efficacy and safety. An emerging area of research is how essential oil components like limonene and thymol influence intestinal microbiota populations.

So, essential oils are promising candidates for health promotion and disease treatment. However, converting traditional claims into evidence-based applications requires meticulous methodology. Key priorities in the future are clinical evaluations demonstrating efficacy, standardization, and quality control of oil preparations, untangling oils’ mechanisms of action, and further analyzing effects on human microbiota. With rigorous science illuminating their real therapeutic potential, essential oils could reveal themselves to be far more than just pleasant natural scents.


14.1 Limitations

This review is limited by the variability in the chemical composition of essential oils since these can vary according to the species/variety of the plant, growing conditions, time of harvest, extraction method, etc., making standardization and generalization of results difficult. Likewise, there is little information on the absorption, distribution, metabolism, and excretion (pharmacokinetics) of the components of essential oils in humans, and finally, there is not enough scientific evidence on interactions of essential oils with medications, nutrients, and other compounds - nutrient and drug interactions. For data analysis, the use of Cochrane tools to assess the risk of bias in randomized controlled trials, while for observational studies, the quality assessment tool of the US National Institutes of Health was not applied to the results since the included studies are in vitro.




Author contributions

CP-O: Conceptualization, Validation, Data curation, Investigation, Writing – original draft. FG: Conceptualization, Data curation, Investigation, Writing – original draft, Formal analysis, Methodology, Software. CM: Data curation, Formal analysis, Investigation, Methodology, Writing – review & editing. JM: Funding acquisition, Project administration, Supervision, Validation, Writing – review & editing. AO-M: Funding acquisition, Project administration, Supervision, Validation, Writing – review & editing, Conceptualization, Methodology.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by NovaVita S.A. grants for research. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.



Acknowledgments

The authors would like to express their gratitude toward Mary Young and Tamara Packer for their interest in the research and support.



Conflict of interest

CP-O and JLM were employed by company NovaVita.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Aziz, ZA, Abdul, AA, Setapar, SHM, Karakucuk, A, Azim, MM , et al. Essential oils: extraction techniques, pharmaceutical and therapeutic potential - a review. Curr Drug Metab. (2018) 19:1100–10. doi: 10.2174/1389200219666180723144850


 2. Masyita, A, Sari, RM, Astuti, AD, Yasir, B, Rumata, NR, Emran, TB , et al. Terpenes and Terpenoids as Main bioactive compounds of essential oils, their roles in human health and potential application as natural food preservatives. Food Chemistry: X. (2022) 13:100217. doi: 10.1016/J.FOCHX.2022.100217 

 3. Bunse, M, Daniels, R, Gründemann, C, Heilmann, J, Kammerer, DR, Keusgen, M , et al. Essential oils as multicomponent mixtures and their potential for human health and well-being. Front Pharmacol. (2022) 13:956541. doi: 10.3389/fphar.2022.956541


 4. Ramsey, JT, Shropshire, BC, Nagy, TR, Chambers, KD, Li, Y, and Korach, KS. Essential oils and health. Yale J. Biol. Med. 93, 291–305.

 5. Benny, A, and Thomas, J. Essential oils as treatment strategy for Alzheimer’s disease: current and future perspectives. Planta Med. (2019) 85:239–48. doi: 10.1055/A-0758-0188 

 6. Swamy, MK, Akhtar, MS, and Sinniah, UR. Antimicrobial properties of plant essential oils against human pathogens and their mode of action: an updated review. Evid Based Complement Alternat Med. (2016) 2016:1–21. doi: 10.1155/2016/3012462


 7. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD , et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Syst Rev. (2021) 10:1–11. doi: 10.1186/S13643-021-01626-4/FIGURES/1


 8. Aludatt, MH, Rababah, T, Alhamad, MN, Gammoh, S, Al-Mahasneh, MA, Tranchant, CC , et al. Pharmaceutical, nutraceutical and therapeutic properties of selected wild medicinal plants: thyme, spearmint, and rosemary. Therapeutic, Probiotic, and Unconventional Foods. (2018):275–90. doi: 10.1016/B978-0-12-814625-5.00014-5


 9. Kačániová, M, Galovičová, L, Ivanišová, E, Vukovic, NL, Štefániková, J, Valková, V , et al. Antioxidant, antimicrobial and Antibiofilm activity of coriander (Coriandrum Sativum L.) essential oil for its application in foods. Food Secur. (2020, 2020) 9:282. doi: 10.3390/FOODS9030282


 10. Das, S, Pradhan, C, and Pillai, D. Dietary coriander (Coriandrum Sativum L) oil improves antioxidant and anti-inflammatory activity, innate immune responses and resistance to Aeromonas Hydrophila in Nile Tilapia (Oreochromis Niloticus). Fish Shellfish Immunol. (2023) 132:108486. doi: 10.1016/J.FSI.2022.108486 

 11. Korinek, M, Handoussa, H, Tsai, YH, Chen, YY, Chen, MH, Chiou, ZW , et al. Anti-inflammatory and antimicrobial volatile oils: fennel and cumin inhibit neutrophilic inflammation via regulating calcium and MAPKs. Front Pharmacol. (2021) 12:1–20. doi: 10.3389/FPHAR.2021.674095/FULL 

 12. Morovati, A, Gargari, BP, and Sarbakhsh, P. Effects of cumin (Cuminum Cyminum L.) essential oil supplementation on metabolic syndrome components: a randomized, triple-blind, placebo-controlled clinical trial. Phytotherapy Res: PTR. (2019) 33:3261–9. doi: 10.1002/PTR.6500


 13. Marín, I, Sayas-Barberá, E, Viuda-Martos, M, Navarro, C, and Sendra, E. Chemical composition, antioxidant and antimicrobial activity of essential oils from organic fennel, parsley, and lavender from Spain. Food Secur. (2016) 5:1–18. doi: 10.3390/FOODS5010018 

 14. Petretto, GL, Vacca, G, Addis, R, Pintore, G, Nieddu, M, Piras, F , et al. Waste Citrus Limon leaves as source of essential oil rich in limonene and Citral: chemical characterization, antimicrobial and antioxidant properties, and effects on Cancer cell viability. Antioxidants (Basel, Switzerland). (2023) 12:1238. doi: 10.3390/ANTIOX12061238 

 15. Hsouna, AB, Halima, NB, Smaoui, S, and Hamdi, N. Citrus lemon essential oil: chemical composition, antioxidant and antimicrobial activities with its preservative effect against Listeria Monocytogenes inoculated in minced beef meat. Lipids Health Dis. (2017) 16:1–11. doi: 10.1186/S12944-017-0487-5 

 16. Li, Y, Liu, S, Zhao, C, Zhang, Z, Nie, D, Tang, W , et al. The chemical composition and antibacterial and antioxidant activities of five Citrus essential oils. Molecules (Basel, Switzerland). (2022) 27:1–14. doi: 10.3390/MOLECULES27207044


 17. Manzur, M, Luciardi, MC, Amparo Blázquez, M, Alberto, MR, Cartagena, E, and Arena, ME. Citrus Sinensis essential oils an innovative antioxidant and Antipathogenic dual strategy in food preservation against Spoliage Bacteria. Antioxidants (Basel, Switzerland). (2023) 12:246. doi: 10.3390/ANTIOX12020246


 18. Anwar, T, Qureshi, H, Fatima, A, Sattar, K, Albasher, G, Kamal, A , et al. Citrus Sinensis Peel oil extraction and evaluation as an antibacterial and antifungal agent. Microorganisms. (2023) 11:1662. doi: 10.3390/MICROORGANISMS11071662 

 19. Mohammed, KAA, Ahmed, HMS, Sharaf, HA, El-Nekeety, AA, Abdel-Aziem, SH, Mehaya, FM , et al. Encapsulation of cinnamon oil in whey protein counteracts the disturbances in biochemical parameters, gene expression, and histological picture of the liver and pancreas of diabetic rats. Environ Sci Pollut Res. (2020) 27:2829–43. doi: 10.1007/S11356-019-07164-W/FIGURES/3 

 20. Kallel, I, Hadrich, B, Gargouri, B, Chaabane, A, Lassoued, S, Gdoura, R , et al. Optimization of cinnamon (Cinnamomum Zeylanicum Blume) essential oil extraction: evaluation of antioxidant and Antiproliferative effects. Evid Based Complement Alternat Med. (2019) 2019:1–11. doi: 10.1155/2019/6498347 

 21. Helal, MA, Abdel-Gawad, AM, Kandil, OM, Khalifa, MME, Cave, GWV, Morrison, AA , et al. Nematocidal effects of a coriander essential oil and five pure principles on the infective larvae of major ovine gastrointestinal nematodes in vitro. Pathogens. (2020) 9:740. doi: 10.3390/PATHOGENS9090740


 22. Parrish, N, Fisher, SL, Gartling, A, Craig, D, Boire, N, Khuvis, J , et al. Activity of various essential oils against clinical dermatophytes of Microsporum and Trichophyton. Front Cell Infect Microbiol. (2020) 10:1–11. doi: 10.3389/FCIMB.2020.545913 

 23. Christopoulou, SD, Androutsopoulou, C, Hahalis, P, Kotsalou, C, Vantarakis, A, and Lamari, FN. Rosemary extract and essential oil as drink ingredients: an evaluation of their chemical composition, genotoxicity, antimicrobial, antiviral, and antioxidant properties. Foods (Basel, Switzerland). (2021) 10:143. doi: 10.3390/FOODS10123143


 24. Sallam, MF, Ahmed, HMS, Diab, KA, El-Nekeety, AA, Abdel-Aziem, SH, Sharaf, HA , et al. Improvement of the antioxidant activity of thyme essential oil against biosynthesized titanium dioxide nanoparticles-induced oxidative stress, DNA damage, and disturbances in gene expression in vivo. J Trace Elements in Med Biol: Organ of the Society for Minerals and Trace Elements (GMS). (2022) 73:127024. doi: 10.1016/J.JTEMB.2022.127024


 25. Gu, M, Sun, J, Qi, C, Cai, X, Goulette, T, Song, M , et al. The gastrointestinal fate of Limonin and its effect on gut microbiota in mice. Food Funct. (2019) 10:5521–30. doi: 10.1039/C9FO01274E 

 26. Elbe, E, Yigitturk, G, Cavusoglu, T, and Uyanikgil, Y. Apoptotic effects of thymol, a novel monoterpene phenol, on different types of Cancer. Bratisl Lek Listy. (2020) 121:122–8. doi: 10.4149/BLL_2020_016 

 27. Wang, L, Zhang, Y, Fan, G, Ren, JN, Zhang, LL, and Pan, SY. Effects of Orange essential oil on intestinal microflora in mice. J Sci Food Agric. (2019) 99:4019–28. doi: 10.1002/JSFA.9629 

 28. Han, S, Yang, S, Cai, Z, Pan, D, Li, Z, Huang, Z , et al. Anti-Warburg effect of Rosmarinic acid via MiR-155 in gastric Cancer cells. Drug Des Devel Ther. (2015) 9:2695–703. doi: 10.2147/DDDT.S82342 

 29. Petiwala, SM, Berhe, S, Li, G, Puthenveetil, AG, Rahman, O, Nonn, L , et al. Rosemary (Rosmarinus Officinalis) extract modulates CHOP/GADD153 to promote androgen receptor degradation and decreases xenograft tumor growth. PloS One. (2014) 9:e89772. doi: 10.1371/JOURNAL.PONE.0089772 

 30. Niksic, H, Becic, F, Koric, E, Gusic, I, Omeragic, E, Muratovic, S , et al. Cytotoxicity screening of Thymus Vulgaris L. essential oil in brine shrimp Nauplii and Cancer cell lines. Sci Rep. (2021) 11:1–9. doi: 10.1038/S41598-021-92679-X


 31. Li, A, Ni, WW, Zhang, QM, Li, Y, Zhang, X, Wu, HY , et al. Effect of cinnamon essential oil on gut microbiota in the mouse model of dextran sodium sulfate-induced colitis. Microbiol Immunol. (2020) 64:23–32. doi: 10.1111/1348-0421.12749 

 32. Thapa, D, Richardson, AJ, Béatrice Zweifel, R, Wallace, J, and Gratz, SW. Genoprotective effects of essential oil compounds against oxidative and methylated DNA damage in human Colon Cancer cells. J Food Sci. (2019) 84:1979–85. doi: 10.1111/1750-3841.14665 

 33. Moghadam, A, Foroozan, E, Tahmasebi, A, Taghizadeh, MS, Bolhassani, M, and Jafari, M. System network analysis of Rosmarinus Officinalis transcriptome and metabolome—key genes in biosynthesis of secondary metabolites. PloS One. (2023) 18:3. doi: 10.1371/JOURNAL.PONE.0282316


 34. El-Hack, A, Mohamed, E, Alagawany, M, Abdel-Moneim, AME, Mohammed, NG, Khafaga, AF , et al. Cinnamon (Cinnamomum Zeylanicum) oil as a potential alternative to antibiotics in poultry. Antibiotics. (2020, 2020) 9:210. doi: 10.3390/ANTIBIOTICS9050210


 35. Abdellatief, SA, Beheiry, RR, and El-Mandrawy, SAM. Peppermint essential oil alleviates hyperglycemia caused by Streptozotocin-nicotinamide-induced type 2 diabetes in rats. Biomed Pharmacother. (2017) 95:990–9. doi: 10.1016/J.BIOPHA.2017.09.020 

 36. Lahlou, S, Figueiredo, AF, Magalhães, PJC, and Leal-Cardoso, JH. Cardiovascular effects of 1,8-cineole, a Terpenoid oxide present in many plant essential oils, in normotensive rats. Can J Physiol Pharmacol. (2002) 80:1125–31. doi: 10.1139/Y02-142 

 37. Bungau, SG, Vesa, CM, Bustea, C, Purza, AL, Tit, DM, Brisc, MC , et al. Antioxidant and hypoglycemic potential of essential oils in diabetes mellitus and its complications. Int J Mol Sci. (2023) 24:1–22. doi: 10.3390/IJMS242216501 

 38. Naimi, M, Vlavcheski, F, Shamshoum, H, and Tsiani, E. Rosemary extract as a potential anti-hyperglycemic agent: current evidence and future perspectives. Nutrients. (2017) 9:1–19. doi: 10.3390/NU9090968 

 39. Selmi, S, Rtibi, K, Grami, D, Sebai, H, and Marzouki, L. Rosemary (Rosmarinus Officinalis) essential oil components exhibit anti-hyperglycemic, anti-Hyperlipidemic and antioxidant effects in experimental diabetes. Pathophysiology. (2017) 24:297–303. doi: 10.1016/J.PATHOPHYS.2017.08.002 

 40. Micić, D, Ðurović, S, Riabov, P, Tomić, A, Šovljanski, O, Filip, S , et al. Rosemary essential oils as a promising source of bioactive compounds: chemical composition, thermal properties, biological activity, and gastronomical perspectives. Food Secur. (2021) 10:1–16. doi: 10.3390/FOODS10112734/S1


 41. Mira-Sánchez, MD, Castillo-Sánchez, J, and Morillas-Ruiz, JM. Comparative study of rosemary extracts and several synthetic and natural food antioxidants. Relevance of Carnosic acid/Carnosol ratio. Food Chem. (2020) 309:1–39. doi: 10.1016/J.FOODCHEM.2019.125688


 42. Korkmaz, K, Tokur, B, and Ucar, Y. Does adding thyme and rosemary essential oils to sunflower oil during shallow-frying increase the lipid quality of Atlantic Bonito? Int J Gastronomy Food Sci. (2022) 28:100500. doi: 10.1016/J.IJGFS.2022.100500


 43. Moufakkir, C, Kharbach, Y, Tanghort, M, Dassouli, A, and Remmal, A. Antioxidant effect of natural rosemary on the oxidation of mid-oleic sunflower frying oil on chicken wings. Food Sci Technol. (2022) 42:e70122. doi: 10.1590/FST.70122


 44. MacHado, DG, Neis, VB, Balen, GO, Colla, A, Cunha, MP, Dalmarco, JB , et al. Antidepressant-like effect of Ursolic acid isolated from Rosmarinus Officinalis L. in mice: evidence for the involvement of the dopaminergic system. Pharmacol Biochem Behav. (2012) 103:204–11. doi: 10.1016/J.PBB.2012.08.016


 45. Peng, G-j, Tian, J-s, Gao, X-x, Zhou, Y-z, and Qin, X-m. Research on the pathological mechanism and drug treatment mechanism of depression. Curr Neuropharmacol. (2015) 13:514–23. doi: 10.2174/1570159X1304150831120428 

 46. Rahbardar, MG, and Hosseinzadeh, H. Therapeutic effects of rosemary (Rosmarinus Officinalis L.) and its active constituents on nervous system disorders. Iran J Basic Med Sci. (2020) 23:1100–12. doi: 10.22038/IJBMS.2020.45269.10541 

 47. Habtemariam, S
. The therapeutic potential of rosemary (Rosmarinus Officinalis) Diterpenes for Alzheimer’s disease. Evid Based Complement Alternat Med. (2016) 2016:1–14. doi: 10.1155/2016/2680409 

 48. MacHado, DG, Cunha, MP, Neis, VB, Balen, GO, Colla, AR, Grando, J , et al. Rosmarinus Officinalis L. Hydroalcoholic extract, similar to fluoxetine, reverses depressive-like behavior without altering learning deficit in olfactory Bulbectomized mice. J Ethnopharmacol. (2012) 143:158–69. doi: 10.1016/J.JEP.2012.06.017 

 49. Moore, J, Yousef, M, and Tsiani, E. Anticancer effects of rosemary (Rosmarinus Officinalis L.) extract and rosemary extract polyphenols. Nutrients. (2016) 8:1–32. doi: 10.3390/NU8110731 

 50. Berraaouan, A, Abid, S, and Bnouham, M. Antidiabetic oils. Curr Diabetes Rev. (2013) 9:499–505. doi: 10.2174/15733998113096660081


 51. Mishra, A, Bhatti, R, Singh, A, and Ishar, MPS. Ameliorative effect of the cinnamon oil from Cinnamomum Zeylanicum upon early stage diabetic nephropathy. Planta Med. (2010) 76:412–7. doi: 10.1055/S-0029-1186237 

 52. Ping, H, Zhang, G, and Ren, G. Antidiabetic effects of cinnamon oil in diabetic KK-ay mice. Food Chem Toxicol. (2010) 48:2344–9. doi: 10.1016/J.FCT.2010.05.069


 53. Stevens, N, and Allred, K. Antidiabetic potential of volatile cinnamon oil: a review and exploration of mechanisms using in silico molecular docking simulations. Molecules. (2022) 27:1–19. doi: 10.3390/MOLECULES27030853 

 54. Qi, L, Mao, H, Xiaohui, L, Shi, T, and Wang, J. Cinnamaldehyde promotes the intestinal barrier functions and reshapes gut microbiome in early weaned rats. Front Nutr. (2021) 8:748503. doi: 10.3389/FNUT.2021.748503/BIBTEX 

 55. Zobeiri, M, Parvizi, F, Shahpiri, Z, Heydarpour, F, Pourfarzam, M, Memarzadeh, MR , et al. Evaluation of the effectiveness of cinnamon oil soft capsule in patients with functional dyspepsia: a randomized double-blind placebo-controlled clinical trial. Evid Based Complement Alternat Med. (2021) 2021:1–7. doi: 10.1155/2021/6634115 

 56. Cantore, PL, Iacobellis, NS, De Marco, A, Capasso, F, and Senatore, F. Antibacterial activity of Coriandrum Sativum L. and Foeniculum Vulgare miller Var. Vulgare (miller) essential oils. J Agric Food Chem. (2004) 52:7862–6. doi: 10.1021/jf0493122 

 57. Ebrahimi, N, Samad, JH, and Ranjbar, H. Essential oil compositions of different accessions of Coriandrum Sativum L. from Iran. Nat Prod Res. (2010) 24:1287–94. doi: 10.1080/14786410903132316 

 58. Satyal, P, and Setzer, WN. Chemical compositions of commercial essential oils from Coriandrum Sativum fruits and aerial parts. Nat Prod Commun. (2020) 15:1934578X2093306. doi: 10.1177/1934578X20933067/SUPPL_FILE/10.1177_1934578X20933067-SUPPL2.XLSX


 59. Duarte, A, Luís, Â, Oleastro, M, and Domingues, FC. Antioxidant properties of coriander essential oil and linalool and their potential to control Campylobacter Spp. Food Control. (2016) 61:115–22. doi: 10.1016/J.FOODCONT.2015.09.033


 60. Rahim, MA, Imran, M, Khan, FA, Al-Asmari, F, Regenstein, JM, Alomar, SY , et al. Characterization and effect of optimized spray-drying conditions on spray-dried coriander essential oil. Ind Crop Prod. (2024) 209:117976. doi: 10.1016/J.INDCROP.2023.117976


 61. Samojlik, I, Lakić, N, Mimica-Dukić, N, Daković-Švajcer, K, and Božin, B. Antioxidant and Hepatoprotective potential of essential oils of coriander (Coriandrum Sativum L.) and caraway (Carum Carvi L.) (Apiaceae). J Agric Food Chem. (2010) 58:8848–53. doi: 10.1021/JF101645N 

 62. Hajlaoui, H, Arraouadi, S, Noumi, E, Aouadi, K, Adnan, M, Khan, MA , et al. Antimicrobial, antioxidant, anti-acetylcholinesterase, antidiabetic, and pharmacokinetic properties of Carum Carvi L. and Coriandrum Sativum L. essential oils alone and in combination. Molecules. (2021) 26:3625. doi: 10.3390/MOLECULES26123625


 63. Horky, P, Skalickova, S, Smerkova, K, and Skladanka, J. Essential oils as a feed additives: pharmacokinetics and potential toxicity in Monogastric animals. Animals: Open Access J from MDPI. (2019) 9:352. doi: 10.3390/ANI9060352 

 64. Burdock, GA, and Carabin, IG. Safety assessment of coriander (Coriandrum Sativum L.) essential oil as a food ingredient. Food Chem Toxicol. (2009) 47:22–34. doi: 10.1016/J.FCT.2008.11.006 

 65. López, MD, Jordán, MJ, and Pascual-Villalobos, MJ. Toxic compounds in essential oils of coriander, caraway and basil active against stored Rice pests. J Stored Prod Res. (2008) 44:273–8. doi: 10.1016/J.JSPR.2008.02.005


 66. Önder, A, and Önder, A. Coriander and its Phytoconstituents for the beneficial effects. Potential of Essential Oils. (2018) 9:166–189. doi: 10.5772/INTECHOPEN.78656


 67. Hung, YH, Ronny, HJ, Lin, EC, Lee, WJ, Ting, LY, Lin, BB , et al. Effect of lemon essential oil on the microbial control, physicochemical properties, and aroma profiles of peeled shrimp. LWT. (2023) 173:114340. doi: 10.1016/J.LWT.2022.114340


 68. Zhao, C, Zhang, Z, Nie, D, and Li, Y. Protective effect of lemon essential oil and its major active component, D-limonene, on intestinal injury and inflammation of E. coli-challenged mice. Front Nutr. (2022) 9:843096. doi: 10.3389/FNUT.2022.843096 

 69. Pucci, M, Raimondo, S, Zichittella, C, Tinnirello, V, Corleone, V, Aiello, G , et al. Biological properties of a citral-enriched fraction of citrus limon essential oil. Foods (Basel, Switzerland). (2020) 9:1290. doi: 10.3390/foods9091290 

 70. Rossi, P, Willnecker, A, Berti, J, Borgarello, AV, Mezza, GN, and Pramparo, M. D-limonene and geranial fractionation from lemon essential oil by molecular distillation. Lat Am Appl Res. (2011) 41:81–85. doi: 10.5772/intechopen.78656


 71. Freche, E, Gieng, J, Pignotti, G, Ibrahim, SA, and Feng, X. Applications of lemon or cinnamon essential oils in strawberry fruit preservation: a review. J Food Process Preserv. (2022) 46:e16526. doi: 10.1111/JFPP.16526


 72. Magalhães, D, Vilas-Boas, AA, Teixeira, P, and Pintado, M. Functional ingredients and additives from lemon by-products and their applications in food preservation: a review. Food Secur. (2023) 12:1095. doi: 10.3390/FOODS12051095 

 73. Meng, F-B, Gou, ZZ, Li, YC, Zou, LH, Chen, WJ, Liu, DY , et al. The efficiency of lemon essential oil-based Nanoemulsions on the inhibition of Phomopsis Sp. and reduction of postharvest decay of kiwifruit. Food Secur. (2022) 11:1510. doi: 10.3390/FOODS11101510


 74. Lazar, V, Holban, AM, Curutiu, C, and Ditu, LM. Modulation of gut microbiota by essential oils and inorganic nanoparticles: impact in nutrition and health. Front Nutr. (2022) 9:920413. doi: 10.3389/FNUT.2022.920413 


Copyright
 © 2024 Pezantes-Orellana, German Bermúdez, Matías De la Cruz, Montalvo and Orellana-Manzano. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-11-1337785-t002.jpg
Essential  Health action Relevant results Major active Tentative mechanism (how  Reference

oil compound this essential oil has the
effect on health)

‘The antimicrobial activity against

Waste Citrus limon Leaves 1t showed DPPH radical scavenging activity

bacterial species tested were strain

Showed DPPH radical as Source of Essential Ol (IC50 value=10.24mg/mL) and demonstrated
dependent. The antioxidant activity is
scavenging activity Rich in Limonene and agood inhibitory activity against the
given as IC50 value, which indicates the
Demonstrated a good Citral: Chemical pathogenic microorganisms C. albicans, L. Limonene
Cellline LLEO concentration required to give a
1 Lemon nhibitory activity against the Characterization, ‘monocytogenes and S. aureus. Moreover, the  (256.7+ 2.4 mg/mL), )
model § 50% inhibition of the DPPH- radical
pathogenic microorganisms C. Antimicrobial and treatment with LLEO significantly affcted cell | Citral (194.5mg/mL) o
formation
albicans, L. monocytogenes and Antioxidant Properties, viability and morphology from 254M in
LLEO exhibited good antioxidant
S. aureus. and Effects on Cancer Cell  cancer HeL.a and A375 cells, with lower effects
activity, with an IC50 value of
Viability on normal fibroblasts and keratinocytes.
1024228 mg/m.
‘The application of CIEO at a 0.06 and
Citrus lemon essential oil: 0.312mg/g, may open new promising
chemical composition, opportunities for the prevention of
Antioxidant and antimicrobial antioxidant, and contamination from and growth of pathogenic
Inoculated Limonene (39.74%) | Itis demonstrated, in vitro and in situ,
activities with its preservative icrobial activities bacteria, particularly L. monocytogenes, during
2| Lemon in minced and f-Pinene the efficiency of CIEO as a natural (5)
effect against Listeria with its preservative effect  minced beef meat storage at 4°C. Additionally;
beef meat (25.44%). antioxidant and antimicrobial agent.
monocytogenes against Listeria during storage period, physicochemical values
monocytogenes inoculated | were higher in control meat than treated meat
in minced beef meat with CIEO suggesting an efficient antioxidant
activity of CIEO,
‘The LEO and DLEO demonstrated greater
antioxidant activity, measured as DPPH and ‘The antibacterial activities of the EOs on
ABTS free radicals compared with other EOs. three bacteria (Escherichia coli
‘The Chemical Composition | The high concentration of d-limonene Salmonella and Lactobacillus
Monoterpenes
Lemon/ Antibacterial activity and acterial and appeared not to be necessarily associated with acidophilus) were tested by measuring
Invitro (d-limonene and less 6)
Grapefruit antioxidant activity high antibacterial and antioxidant activity, the minimurm inhibitory concentration
so sesquiterpenes) i
Five Citrus Essential Oils | suggesting that the antibacterial and (MIC), minimal bactericidal
antioxidant activities might be related to the concentration (MBC) and inh;
active component profiles and possibly their zone diameter (IZD).
synergism effects
The EOP and EOPD showed
antioxidant activity by
reducing metals, and
Citrus sinensis Essential ‘They could represent natural and safe Could represent natural and safe
particularly the EOP by also
Oils an Innovative alternatives to extend the shelf life of food alternatives to extend the shelf life of
neutralizing free radicals. They The main
Antioxidant and products by preventing oxidation and food products by preventing oxidation
partially affected the bacterial monoterpene was
4 Orange Invitro Antipathogenic Dual contamination by pathogens that spoil food, and contamination by food-spoiling a”n
‘growth while strongly limonene (90.41%),
Strategy in Food ‘meaning the sweet orange EOs can pathogens, meaning that sweet orange
inhibiting the biofilm myrcene (3.19%)
Preservation against be considered as an innovative dual strategy EOs can be considered as an innovative
formation and viability of
Spoliage Bacteria for food preservation, dual strategy for food preservation.
sessile bacteria living ina
pre-existent biofilm (Gram-
negative and Gram-positive)
‘The antibacterial potential of the oil
The antibacterial potential of oil against
against bacterial strains, ie., E. coli, S.
bacterial strains, i, E. coli, S. aureus and S.
f-pinene (0.55%), aureus and . agalactiae, demonstrated
Phytoactive chemicals found in agalactiae exhibited that the oil eficiently
Citrus sinensis Peel Oil limonene (96-98%), | that the oil eficiently controls bacterial
Gitrus oil can serve as controls the bacterial growth. The highest zone
Extraction and Evaluation pinene (0.29%), growth. The diameter of the inhibition
5 Orange prototypes in the production I vitro of inhibition was observed against the strain E. a8)
asan Antibacterial and myrcene (1.3-145%) | zone was maximum against A. flavus.
of new antimicrobial and i coli. The antifungal potential of oil for X :
ngal Agent and octanol (037~ | Phytoactive chemicals found in Citrus
antiparasitic drugs. pathogenic fungal strains,ie., A. flavus, A,
0.53%). il can serve as prototypes in the
niger, A. alternata showed that the oil
production of new antimicrobial and
significantly inhibits fungal growth.
antiparasitic drugs
‘The protective role of COE against
Significant decrease in fasting
More than 86% of | disturbance in biochemical parameters,
blood glucose, plasma Encapsulation of cinnamon
these volatiles: antioxidant capacity, gene expression,
C-peptide, serum triglyceride, oil in whey protein
cinnamaldehyde and histological changes in the liver and
total cholesterol, and blood counteracts the Both doses improved glucose, insulin, SOD, g
(88.7%), 18 cineole | pancreas in STZtreated rats was
urea nitrogen levels, with disturbances in GSH, amylase, lipid profile and hepatic MDA .
Invivo (2.02%), aceticacid, | evaluated. It was reported that STZ has a
6 Cinnamon  significant increase in high- . biochemical parameters, levels. Gene expression was modulated to favor (19)
(Ra), STZ 17,7 trimethylbicyclo | rapid action on pancreatic f cells and
density lipoprotein after gene expression, and antidiabetic results. Positive histological
[221] hept2yl ester | induces a massive reduction of these
35days. Glucose tolerance was histological picture of the | changes are observed in the liver and pancreas.
(1.79%), w-Pinene | cellsin islets of Langerhans resulting in
mproved and pancreatic liver and pancreas of
(1.45%), and hyperglycemia and the ROS generation
islet P-cells showed increased diabetic rats
«Terpineol (0.92%) | in p cells following the increasing of
munoreactivity.
ROS in other organs
cinnamaldehyde
(77.34%), Essential ofls seem to be useful as
Optimization of Cinnamon
transcinnamyl acetate | possible antitumor agents. This work
(Cinnamomum zeylanicum namon essential oil was able to remove
Cinnamomunm zeylanicum (498%), studied the effect of different
‘Blume) Essential Oil hydrogen peroxide depending on the amount,
7 Cinnamon Blume offers novel approach to i vitro benzenedicarboxylic | concentrations of Cinnamonium @0)
Extraction: Evaluation of | 0.7mg/mL of cinnamon essential oil exhibited
chemotherapy treatment acid (3.55%), zeylanicum Blume essential oil against
Antioxidant and 50% hydrogen peroxide removing activity.
apinene (26%)and | HeLa (0.0625 to 41g/ml) and Raji
Antiproliferative Effects
coumaricacid (0.375t0 12j1g/mL) cell lines. mL
(1.79%)
Nematocidal Effects of a
‘The coriander oil and linalool showed the
Coriander Essential Oil linalool (68.03%),
most inhibitory effects against L3s. Combined
‘The coriander oil and linalool and Five Pure Principles on actinene (9.71%), ‘The mode of action of coriander oil and
treatment using coriander oil enhanced with
8 Coriander combinations conferred a Invitro the Infective Larvae of Y-terpinene (10.48%) | linalool is reated to disruption of @)
. additional linalool offered more synergistic
synergistic anthelmintic effect Major Ovine and camphor ‘membrane function
effect on larval motility indicated by the
Gastrointestinal (11.76%)
extensive cuticular damage of treated L3s.
Nematodes In Vitro
Inhibition of 65 essential oils
Activity of various essential ‘The exact content of
and 21 essential oil mixtures
oils against clinical the individual
against several species/clinical All generalspecies tested were completely Inhibition of strain growth for a long
9 Coriander Invitro dermatophytes of components of each @)
strains of dermatophytes of inhibited for 21 days after a single application time
Microsporum and ol was not tested or
two main genera, Microsporum
Trichophyton evaluated
and Trichophyton
Chemical Composition,  Parsley had the highest phenolic content.
myristicin (36.15%), | The antioxidant activity of organic
Antioxidant and Overall, parsley presented the best antioxidant
apiole (20.97%), fennel, parsley, and lavender EOs was
Parsley presented the best Antimicrobial Activity of  profile, given its highest % of inhibition of
10 Parsley Invitro «pinene (1547%), | assessed by evaluating hydrogen (13)
antioxidant profile Essential Oils from Organic |~ DPPH radical (64.28%) and FRAP
and p-pinene donating ability, or radical scavenging
Fennel, Parsley, and (0.93mmol/L. Trolox), but had a pro-oxidative
(10.43%). activity, using the stable radical DPPH.
Lavender from Spain behavior by TBARS.
‘The antioxidant activity was evaluated
Rosemary Extract and ‘The essential oil in dilutions of up to 5% and
by the DPPH radical method, the Ferric
Essential Ol as Drink the extract in the range of 25-90% are not Monoterpenes
Evaluation of Their Chemical reducing antioxidant power (FRAP)
Ingredients: An Evaluation  genotoxic, and confer antiviral, antifungal, and  (95.57%),
Composition, Genotoxicity, assay and the ABTS assay and the
11 Rosemary Invitro of Their Chemical antioxidant properties; the extractalso confers  sesquiterpenes @3)
Antimicrobial, Antiviral, and radical scavenging activity among
Composition, Genotoxicity, | important antibacterial properties, whereas the | amounted only to
Antioxidant Properties rosemary essential oils is mainly due to
Antimicrobial, Antiviral,  essential oil is mainly effective against S. 424%
the different amounts of major
and Antioxidant Prope: aureus.
compounds in the essential oils
The successful
To determine the bioactive Improvement of the Sixty male Sprague-Dawley rats were
identification of 17
compounds, present in thyme antioxidant activity of divided into six groups and orally
bioactive compounds
essential oil and utilze the thyme essential oil against  The TEO nanoemulsion enhances the treated for a period of 21 days. These
was achieved in
nanoemulsion technique to biosynthesized titanium  biological activity of the oil, improves its groups included the control group, the
thyme essential oil
12 Thyme enhance its protective capacity | in vivo dioxide nanoparticles- antioxidant properties, and provides (TEO), with thyml | TEC e £70up the TEON-treated @9
. with thymol
against oxidative stress, induced oxidative stress, | protection against oxidative damage and ’ groups, the TiO2-NP-treated group, and
and carvacrol being
genotoxicity, and DNA damage DNA damage, and genotoxicity induced by TIO2-NP. those groups that received both TiO2-
the main components
caused by biosynthesized disturbances in gene NP and TEO, Blood and tissue samples
present in this
titanium dioxide nanoparticls. expression in vivo were collected for various analyse

essential oil
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Intestinal limonin 168 rRNA gene analysis revealed that Microbial species richness increased
“The gastrointestinal fate of
boosts immunity by intestinal microbial diversity significantly with limonin treatment (imonene
Gut microbiota in limonin and its effect on
1 Lemon optimizing Microbiota (a-diversity and b-diversity) was being its main active compound), while low ©3)
mice the intestinal microbiota
‘macronutrient significantly modified by limonin iversity was observed in obese mice fed a
in mice
‘metabolism. intervention igh-fat, high-sugar diet.
Orange essential il could affect the intestinal
‘The effect of essential oil, linalool and
Orange essential oil, ‘microbiota of mice and improve the relative
citral on immune organ index, IgM and
limonene, linalool and Effects of orange essential | abundance of Lactobacillus. Thi
IL-2 was not significant (p >0.05). A Gut microbiota in
2 Orange citral decrease short-  Microbiota oil on intestinal more obvious effect of limonene @)
significant increase (p <0.05) of mice
chain fatty acids in microbiota in mice linallool and citral, on intestinal bacteria, as
H+K+-ATPase activity, IgA, IgG, and
intestines. well as changes in blood immune index and
IL-2in the limonene group.
short-chain fatty acids in mice.
Rosmarinic acid suppressed glucose uptake
Protein expression was determined by and lactate production and inhibited the
Anti-Warburg effect of
Rosmarinic acid ‘Western blot assay. Mouse xenograft expression of the transcription factor hypoxia-
Gastric cancer rosmarinic acid through
3 Rosemary inhibits Warburg effect | Genomics models were established using MKN45 inducible factor-1a. Inflammation promoted ©8)
clls miR-155 in gastric cancer
in gastric cancer cells. cells to evaluate the anti-Warburg effect I the Warburg effect in cancer cells. As expected,
el
on gastric carcinoma i vivo. itinhibited pro-inflammatory cytokines and
inflammation-related microRNAs.
Rosemary (Rosmarinus cant modulation of endoplasmic
Rosemary extracts Standardized rosemary extract foh officinalis) extract reticulum stress proteins was observed
fwo human
degrade androgen decreases the expression of the modulates CHOP/ cancer cell. This biphasic response suggests
prostate cancer cell
4 Rosemary receptors and reduce Microbiota androgen receptor which appears to e GADDI53 to promote that standardized rosemary extract may ©9)
ines, 22Rv1 an
prostate cancer cell be regulated by the expression of e androgen receptor preferentialy target cancer cells rather than
NCal
viability. CHOP/GADD153 degradation and decrease “normal” cells. This study indicated that the
xenografi tumor growth | main active compound was carnosic acid.
“Thyme essential oil Thymol (main active compound) induced a
demonstrates Detection of cytotosicity | dose-dependent inhibition of cell poliferation
antiproliferative and Detection of cytotosic concentration  Malignant cell of Thymus vulgaris L. in all tumor cellines. Dose-dependent toxicity
5 Thyme cytotoxic activity Genomics range and detection of antiproliferative lines (MOLT-4,  essential oilin brine confirmed that the brine shrimp lethality test (0
against leukemia, activity of essential oil MCF-7 and H460). | shrimp nauplii and cancer  is a suitable method for preliminary toxicity
breast and lung cancer celllines testing of Thymus vulgaris L. essential oil on
celllines. tumor celllines.
Rosemary (Rosmarinus
N “The study showed the dose-and time-
Determine the antiproliferative activity officinalis) extract
‘Thymol oil induces Prostate cancer, dependent eytotoic effect of thymol on cancer
and apoptotic effect of thymol in modulates CHOP/
apoptosis in cancer breast cancer and cell lines PC-3, DU145, MDA-MB-231 and
6 Thyme Genomics prostate cancer (PC-3, DU145), breast GADDIS3 10 promote ©6)
cellsin a time and dose lung cancer cell KLN205. Thymol significantly induced
cancer (MDA-MB-231) and lung androgen receptor
dependent manner. lines apoptosis n all groups in a dose-dependent
cancer (KLN205) celllines. degradation and decrease
manner,
xenograft tumor growth
‘The antibacterial activity of cinnamon
Cinnamon essential oil
is attributed to the destruction of the ‘Treatment with CEO (main compound
has antimicrobial and X
bacterial membrane, modification of essential oil on gut Cinnamaldehyde (6895%)) improved
anti-inflammatory
7 Cinnamon Microbiota the lipid profile and inhibition of cell | Mouse model microbiota in the mouse | symptoms of DSS-induced colits in mice, as 61
effects that protect
division. Suppressed the expression of model of dextran sodium | demonstrated by a decrease in body weight
against inflammatory
TLR4, myeloid differentiation factor 88 sulfate-induced colitis loss and disease activity index scores.
bowel disease.
and nuclear factor kinase.
‘The genoprotective effects of essential
“Thymol was the most protective compound
“Thymol protects colon oil compounds against oxidative and
Effects of Essential Oil against oxidative DNA damage and geraniol
epithelial cells from ‘methylating damage were evaluated by The comet assay in
Compounds Against also protected cells against DNA methylation
oxidative DNA the comet assay in HT-29 colorectal HT-29 colorectal
8 Thyme Genomics Oxidative and Methylated | damage. Other notable compounds were ¢2)
damage, while geraniol adenocarcinoma cells. Most of these | adenocarcinoma
DNA Damage in Human | nerolidol, geraniol, methyl isoeugenol,
protects against DNA were cytotoxic to HT-29 cells at cells.
Colon Cancer Cells eugenol, linalool and a commercial mixture
250 ppm or higher after 24h of
(Agolin).
exposure.
Metabolomics and
Rosmarinus offcinalis
transcriptomics ‘The core genes include copalyl diphosphate
compounds like System network analysis
data of R X synthase (CDS), phenylalanine ammonia lyase
rosmarinic acid, ‘The identification and regulation of the of Rosmarinus officinalis
officinalis were (PAL), cineol synthase (CIN), rosmarinic acid
carnosic acid and biosynthetic pathways and genes will transcriptome and
9 Rosemary Metabolomics retrieved from the synthase (RAS), tyrosine aminotransferase )
carnosol give it unique enable the large-scale production of metabolome—Key genes
Microbial and (TAT), cinnamate 4-hydroxylase (CAH) and
therapeutic effects and these compounds in biosynthesis of
Eukaryotic MYBS8 are responsible for the biosynthesis of
increase metabolite secondary metabolites
Systems Resource important secondary metabolites.

production.
Database.
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1 Cinnamon
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3 Coriander
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Food use type

‘This study was carried out to evaluate the
effects of cinnamon (CO), rosemary (RO)
and a mixture (MO) of these plants oil on
egg production, feed intake, feed
conversion rate, external and internal egg
quality; blood serum mineral contents and

hatchability traitsin different sex.

Essential Oil for Its Application in Foods

Inclusion of coriander oil in tilapia feed to
improve the health of tilapia and its

resistance to bacterial infections

Cumin volatle oils suppressed the
activation of neutrophils and might show
therapeutic potential for the treatment of

neutrophilic inflammatory diseases,

‘The supplementation with cuminum

essential oils decreased diastolic blood

pressure (BDP) i patients with metabolic

syndrome

Parsley presented the best antioxidant

profile

Type of study /
cell line model
(in vitro), mouse
model, in vivo

in vivo

invitro

in vivo

In vitro

Randomized and

Invitro

Study name

Effects of cinnamon and rosemary oils on
egg production, egg quality, hatchability
traits and blood serum mineral contents in

laying quails (Coturnix coturnix Japonica).

Antioxidant, antimicrobial and antibiofilm
activity of coriander (Coriandruns sativuns

L) essential oflfor its application in foods

Dietary coriander (Coriandrum sativun L) oil
improves antioxidant and anti-inflammatory
activity,innate immune responses, and
resistance to Aeromonas hydrophila in Nile

tilapia (Oreochromis ilotcus)

A

nflammatory and Antimicrobial

Volatile Oils: Fennel and Cumin Inhibi
Neutrophilic Inflammation via Regulating
Calcium and MAPKs

Effects of cumin (Cuminum cyminum 1.

esser upplementation on metabolic
syndrome components: A randomized,

triple-blind, placebo-controlled clnical trial

idant and

Chemical Composition, Anti
A

robial Activty of Essential Oils
from Organic Fennel, Parsley, and Lavender

from Spain

Relevant results

“The addition of cinnamon oil o the diets significantly
reduced Feed conversion ratio (FCR).

“The major volatile compounds of the coriander essential oil
i the present study were -linalool 6.07% Coriander
essential oil radical scavenging activity was 51.05%
inhibited. Coriander essential il expressed the strongest
antibacterial activity against B. subtls followed by S.
maltophilia and Penicillium expansum. The strongest

antibiofilm activity of the coriander essential oil was found

against . maltophilia.

Coriander il with 1% incorporation in feed improves

tilapia health and resistance to bacterial infection.

Suppressed the activation of human neutrophils, including
respiratory burst and the degranulation induced by formyl
peptide receptor agonists IMLF/CB and MMK1 in the
human neutrophils (IC50, 3.8-17.2yug/mL).

56 patients with MetS aged 18-60years received either
75 mg CuEO or placebo soft ge thrice daily for 8 weeks.

DBP was significantly lower in CuEO compared with
the placebo group at the end of study (81.4145.88 vs.
84.09+5.54 mmHg, MD with 95% CI: ~3.98 [~7.60,

~0.35] mmHg, p <0.05).

Parsley had the hi content. Overall,
parsley presented the best antioxidant profile, given its
highest % of inhibition of DPPH radical (64.25%) and
FRAP (0.93 mmol/L Trolox), but had a pro-oxidative

behavior by TBARS.

st phen

Major active Reference

compound

amaldehyde (88.2%) )

plinalool 66,07%,
alcanfor 8,34%, acetato o
de geranilo 691% y

cimeno 6,35%

Inalool and geranyl
e 0
acetate

Cumin volatile oil
(CUMIN) revealed high
content of
cuminaldehyde (49.9%)

an

Not mentioned 12)

Myristicin (36.15%),

le (20.97%),
pinene (15.47%), and
p-pinene (10.43%).

13)
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