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Abstract 
Mexican marigold (Tagetes minuta L.) and its accruing products have a long worldwide history of human 

uses such as food, therapeutics and aromatherapy which are inherent in the plant’s unique chemical 

composition and bioactivities. In the recent past, T. minuta essential oils (EOs) have received great 

attention in research, and their phytochemistry, bioactivities and uses remain the focus of considerable 

scientific studies. The interest in EOs is largely due to increased demand by consumers for natural-based 

products such as additives, drugs and pesticides, whose global acceptability and safety is highly regarded 

compared to synthetic products. The purpose of this review is to document the existing value addition 

and evidence-based multipurpose potential and considerations of T. minuta as a new generation crop as 

provided for by in-depth scientific studies of its EOs. Among the bioactivities and therapeutic properties 

attributed to T. minuta EOs include: antihelminthic, carminative, arthropod repellency, sedative, 

weedicidal, antiseptic, diaphoretic, spasmolytic, germicides, stomachic, antispasmodic, antiprotozoal, 

bactericidal, emmenagogue, nematicidal, insecticidal, fungicidal, antiviral and other microbicidal 

properties against a wide range of plant, human and animal pathogens, pests and parasites. Oil of T. 

minuta is therefore a potentially useful agent for protecting food crops on farm and in storage and 

livestock, thereby enhancing food security and improving human livelihoods. Nevertheless, increased 

value addition and the need for validation of traditionally claimed usages and applications of T. minuta 

EOs through in-depth scientific studies should be prioritized to globally position this plant as a new 

generation crop. 
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1. Introduction 
Plants produce a wide array of secondary metabolites during their growth and development [1]. 

Essential oils also known as ethereal or volatile oils are among the most important compounds 

of secondary metabolism of aromatic plants [2]. The term ‘essential’ indicates that the oil 

carries a distinctive scent or essence of the plant. Generally, essential oils consist of volatiles, 

complex mixtures of natural, aromatic oily liquid blends characterized by a strong fragrance. 

They are usually liquid at room temperature though some are solid or resinous and ranging in 

colour from pale yellow to emerald green and from blue to dark brownish depending on the 

plant species producing it [3]. 

The biosynthesis and storage of essential oils is not restricted to specialized plant parts but 

rather occur in various parts of the producing plants such as leaves, flowers, seeds, fruits, roots 

and barks. Essential oils are extracted using one of several techniques such as steam 

distillation, hydrodistillation, cold pressing and solvent extraction [4, 5]. Being secondary 

metabolites, essential oils are not vital for growth and development of the producing plant. 

Their role has been hypothesized to include protection against pathogens and pests by acting 

as antifeedants, antibacterials, antivirals, antifungals and insecticides [6]. In a number of plants, 

the essential oils suppress growth of neighbouring plants through allelopathic effects hence 

offering the producing plant a competitive advantage [7]. 

Chemically, essential oils (EOs) belong to two biosynthetically related groups namely; 

terpenes and aromatic compounds of low molecular weight of which monoterpenes form the 

major component [8, 9]
. Essential oil of a single plant species can contain between 20 and 60 

components or more at varying concentrations [10]
. However, they are characterized by two or 

three major constituents, which are present at high concentrations (20-90%) and various minor 

components present in trace amounts [7]. While it has been suggested that major components of 

EOs are the primary determinants of their biological properties [4, 11], there is also evidence that  
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minor/trace components of EOs play an important role in 

determining the biological properties of the EOs such as 

antimicrobial activities through synergism [12, 13].  

Biosynthesis of essential oils is restricted to approximately 3000 

plant species from more than 60 families with about 300 plants 

being the basis for the production of most of the economically 

important essential oils in the world [4, 14]. However, most of 

these plant species are not fully being utilized at subsistence and 

commercial levels in order to realize their value to humanity. 

The aim of this review therefore is to present the existing value 

addition and evidence-based multipurpose potential and 

considerations of T. minuta plant as an important yet 

underutilized new generation crop based on in-depth scientific 

studies of its essential oils. 

 

2. Tagetes minuta L. 

2.1 Taxonomy and origin of Tagetes minuta  

Tagetes minuta L. is an annual aromatic herb that belongs to the 

family Asteraceae and the genus Tagetes, which is one of the 

most abundant plant taxonomical groupings, comprising of 

about 1,000 genera and over 23,000 species [15]
. Tagetes minuta 

is known by several common names such as Mexican marigold, 

wild marigold, stinkweed, stinking roger and khaki bush [16]
. In 

East Africa, the plant is known by different local and indigenous 

ethnic-based names such as, Ol’ bangi (Maa), Omosumo (Kisii), 

Kivangi (Kamba), Ang’we/Anyach (Luo), Mũbangi (Kikuyu), 

Etakanyi (Luhya), Chemiasoriet (Kalenjin), Mubangi (Meru), 

Mukazimurofa (Runyankole), Rwasesa (Rukonjo) and 

omukazimurofu (Rutooro) [17]
. The plant is native to the 

temperate grasslands and montane regions of southern South 

America, including countries such as Argentina, Chile, Bolivia, 

Peru [18, 19]
. The plant has since been introduced to many parts of 

the world including Africa, Australia, New Zealand, United 

States, Europe and Asia where it grows wildly and as a weed 

although it has lately been grown commercially in many regions 

of the world [20]
. 

 

2.2 Morphology and habit of Tagetes minuta  

Tagetes minuta is a strongly scented annual herb reaching 

heights of 50-150 cm and consisting of erect and at times highly 

branched stem [21]
. The leaves which are 3-30 cm long and 0.7-8 

cm wide are mostly opposite but often alternate in upper parts of 

the plant. The leaves are dark-green to slightly glossy green, 

pungent, glabrous and pinnately compound with 9-17 leaflets. 

The leaf margins are acute and serrate while the leaflets have 

linear-lanceolate margins finely serrulate, with orange 

translucent glands and 2-4 cm long [19]
. The undersurface of the 

leaves has small, multicellular and punctate glands, which are 

orangish in colour and when punctured produces a liquorice-like 

aroma [22]
. The glands may be found on stem and involucre 

bracts too [15, 19]
. The heads are numerous and usually supported 

by a flat-topped cymes yellowish green in colour and 10 to 15 

mm long, 2-3 mm wide with each surrounded by four or five 

fused involucre bracts. There are usually 3 to 5 lemon-coloured 

ray florets, and 10 to 15 yellow-orange disk florets per capitula. 

The achenes are cylindrical, dark brown to black in colour, 10 to 

12 mm long with pappus consisting of 1-4 tiny, unequal awn-

like scale, 2-3 mm long, and 3-5 ovate to lanceolate scales 0.5-1 

mm long (Authors’ field observations) (Figure 1). 

 

 
 

Fig 1: Habit and morphological characteristics of Tagetes minuta L. (A) Habit, (B) Leaf under surface, (C) Leaf upper surface,  

(D) Heads, and (E) Leaflet. 

 

2.3 Essential oils of Tagetes minuta  

Essential oils of T. minuta have been extensively studied both in 

vivo and in vitro for various bioactivity properties and have been 

reported to have antimicrobial, insecticidal, nematicidal, 

acaricidal and repellency action against a wide range of human, 

livestock and plant pests and pathogens [23]
. The chemical 

composition of essential oils from T. minuta sampled from 

different regions of the world have been studied and compared 
[24, 25]. Significant differences in the chemical profiles of 

essential oils of T. minuta have been reported and these have 

been attributed to a wide range of human and environmental-

based factors. These factors include: the harvesting method, 

geographical location of the target plant [25, 26], growth stage at 

harvest [24, 27], plant parts used [24, 26, 28] and the climatic 

conditions under which the plant grows [29]. The variations in the 

chemical composition of EOs from the same plant species result 

in chemotypes, which are the result of biological variations 

caused by the effects of different soils, temperature, weather 

conditions and light among other factors [5]. This implies that it 

is possible for the chemical composition of plants that are 

botanically identical to vary. For example, a comparison of the 

chemical composition of T. minuta EOs from Madagascar 

showed that the (Z)-β-ocimene and dihydrotagetone constituents 

were considerably lower than those of T. minuta EOs from 

India, Turkey, Rwanda and France [30].  

Chemotypic variation of T. minuta essential oils has been 

reported in several studies. For instance, untargeted analysis of 

GC-MS data and hierarchical clustering analysis (HCA) of T. 

minuta EOs from South Africa revealed two major chemotypes 
[31]. Further orthogonal projections to latent structures-

discriminant analysis (OPLS-DA) showed that (E)-tagetone, 

dihydrotagetone and (Z)-tagetone were the characteristic marker 

constituents for chemotype 1, while (Z)-β-ocimene, (E)-

ocimenone and (Z)-ocimenone were the characteristic marker 
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constituents for chemotype 2. In another study, the chemical 

profiles of essential oils from aerial parts of T. minuta grown in 

Egypt, South Africa and UK were evaluated [25]. The study 

identified two chemotypes; one characterized by higher content 

of tagetones in the UK sample, and another characterized by 

elevated proportion of ocimenes and ocimenones in the Egypt 

and South Africa samples. 

 

3. Antibacterial activity of Tagetes minuta essential oils 

Antibacterial activity is one of the most widely studied areas in 

essential oil research. Antibacterial activity of T. minuta EOs 

against a range of human, plant and animal pathogenic bacteria 

has been studied. A study was conducted to assess the 

antimicrobial and antioxidative activities of essential oils of 

three South African plants including T. minuta [32]. Agar 

diffusion assays were used to determine the antimicrobial 

activities of EOs against two Gram-positive bacteria - Bacillus 

subtilis and Staphylococcus aureus - and two Gram-negative 

bacteria - Escherichia coli and Pseudomonas aeruginosa. 

Tagetes minuta EOs whose major components were (Z)-β-

ocimene and dihydrotagetone exhibited a concentration-

dependent antibacterial activity against the test bacteria, where 

the activity of the EOs increased with concentration. However, 

Gram-positive bacteria were more sensitive to the EOs than 

Gram-negative bacteria, a finding that concurred with previous 

studies, which reported that Gram-negative bacteria are 

generally more resistant to the effects of EOs than Gram-

positive bacteria [33, 34]. In another study, the chemical 

composition, antioxidant, antimicrobial and cytotoxic activity of 

T. minuta EOs were evaluated. The antimicrobial effect of the 

essential oils was evaluated against two Gram-negative bacteria 

Salmonella typhi and E. coli and two Gram-positive bacteria S. 

aureus and B. subtilis. In addition, microdilution method was 

used to assess the minimum inhibition concentrations (MICs) of 

the EOs on the test pathogens. There was a concentration-

dependent antibacterial activity of T. minuta EOs whose main 

components were dihydrotagetone, (E)-β-ocimene, tagetone, 

(Z)-β-ocimene, limonene and epoxyocimene. The MICs for S. 

typhi, E. coli, S. aureus and B. subtilis were 150 ± 8, 165 ± 9, 

67±8, and 75±7 µg/mL of T. minuta EOs, respectively. Similar 

to the previous findings, the EOs had a significantly stronger 

antibacterial effect on the Gram-positive bacteria than on Gram-

negative bacteria [35]. Antibacterial activity of limonene 

enantiomers ((+), (−) and the racemate) singularly and in 

combination (1:1) with 1,8-cineole has been reported against S. 

aureus and P. aeruginosa [36].  

Antibacterial activity of T. minuta EOs obtained from different 

geographical regions and having different chemical profiles has 

also been studied. In one such study, the antibacterial activity of 

EOs extracted from aerial parts of T. minuta from Egypt, South 

Africa and the United Kingdom and having different percentage 

chemical compositions were tested against eight bacterial 

pathogens by determining the minimum inhibitory 

concentrations using broth dilution method. The EOs had great 

inhibitory activity against Gram-positive bacteria (B. cereus, B. 

subtilis, S. aureus and S. faecalis) than Gram-negative ones 

(Proteus mirabilis, Pseudomonas aeruginosa, E. coli, and S. 

typhi) [25]. The study further showed variation in bioactivity of 

essential oils from the three geographical locations which was 

attributed to differences in the percentage compositions of the 

major and minor essential oil constituents with the EOs from the 

United Kingdom exhibiting a higher antibacterial activity 

compared to EOs from Egypt and South Africa.  

Essential oils from a single plant may comprise of hundreds of 

major and minor components resulting in a myriad of possible 

biological interactions and anticipated effects [37]. It has been 

reported in literature that generally, essential oils that contain 

phenolic structures such as carvacrol, eugenol and thymol 

produce the highest antimicrobial activity [38 39]. However, more 

often than not, the level of antibacterial activity of EOs is 

usually as a result of unique complex synergistic and 

antagonistic biological interactions among different constituents 

of the EOs [37]. Systematic and comprehensive investigations 

such as subtraction bioassays should therefore be conducted to 

accurately determine the levels of biological interaction, 

mechanisms and combinations that are responsible for the 

antibacterial activity of active components of the EOs, which 

have been isolated by bioassay guided fractionations.  

As previously stated, many studies have established that EOs 

are more efficacious towards Gram-positive than Gram-negative 

bacteria. The variation in sensitivity of Gram-positive and 

Gram-negative bacteria to EOs can be attributed to structural 

differences in cell walls of the two microbe groups. Roughly, 

90% of the cell wall of Gram-positive bacterial is made up of 

peptidoglycan (murein), a mesh-like polymer of sugar and 

amino acids coupled with other molecules such as teichoic acid 

and proteins. This configuration of Gram-positive bacteria cell 

wall easily allows hydrophobic compounds to penetrate the cell 

and thus act on either the cell wall within the cytoplasm or both, 

thus making the Gram-positive bacteria more susceptible to 

antibacterial effects of EOs and other similar natural compounds 
[40]. On the contrary, Gram-negative bacteria possess a more 

complex cell wall that has a much thinner peptidoglycan 

surrounded by an outer membrane consisting of proteins and 

lipopolysaccharide (LPS). It has been suggested that the 

presence of LPS and more specifically its O-side chain is 

responsible for greater resistance of Gram-negative bacteria to 

hydrophobic EOs by restricting their diffusion into the 

cytoplasm [40, 41, 42]. 

 

4. Antifungal activity of Tagetes minuta essential oils 

Essential oils and plant extracts in general have been reported to 

have antifungal activity against a broad range of pathogenic 

fungi [43]. High levels of activity against Botrytis cinerea were 

reported in 13 out of 345 plant extracts [44]. In the study, among 

the 49 essential oils analyzed, the most commonly occurring 

components in oils exhibiting high levels of antifungal activity 

were: limonene, 1,8-cineole, α-pinene, β-pinene, β-myrcene and 

camphor, which have been identified as some of the common 

components of T. minuta essential oils. Limonene, 1,8-cineole, 

α-pinene and camphor have been shown to have antifungal 

activity against a wide range of fungi such as Rhizoctonia 

solani, Fusarium oxysporum, Penicillium digitatum, Aspergillus 

niger, Verticillium fungicola and Trichoderma harzianum [45, 46]. 

Tagetes minuta essential oils have been evaluated for their 

fungicidal effects against a broad range of fungal pathogens. 

Essential oils extracted from leaves of T. minuta had higher 

activity than oils extracted from flowers of the same plant 

against eight phytopathogenic fungi namely: Rhizoctonia solani, 

Fusarium solani, Sclerotinia sclerotiorum, Fusarium oxysporum 

pisi, Sclerotium rolfsii, Pyricularia grisea, Fusarium oxysporum 

lentis and Alternaria solani [47]. The percent inhibition of EOs 

from flowers at 1000 μg mL-1 were in the range of 8.9 to 35.1% 

with the highest activity reported against F. oxysporum pisi and 

the lowest against P. grisea. Leaf EOs on the other hand had the 

highest and least activity against S. rolfsii and F. oxysporum 

lentis, respectively. Concentration-dependent antifungal activity 

of EOs of T. minuta extracted from aerial parts was reported 
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against Aspergillus niger and Candida albicans with 

corresponding MIC values of 135±15 and 115±8 μg/mL, 

respectively [35]. Similarly, a concentration-dependent antifungal 

activity of T. minuta EOs against the fungus A. niger and yeast 

C. albicans was reported with the activity increasing with 

increase in the concentration of essential oil [32]. However, in 

some studies, diluted oils have been shown to result in larger 

zones of inhibition than those of undiluted oils. These cases of 

deviation from the expected results may be explained by the 

hypothesis that diluted oils diffuse more easily in the media 

compared to undiluted oils [32, 48].  

 

5. Insecticidal activity of Tagetes minuta essential oils 

Chemical control of pests using insecticides remains one of the 

most effective strategies in pest management [49]. Indeed, 

synthetic insecticides have played a major role in the control 

and management of many economically important pests thus 

boosting crop yields and animal productivity and enhancing 

global food security [50]. However, increased public awareness 

of the negative effects associated with synthetic insecticides 

such as high persistence of residues, toxicity to non-target 

organisms, increased cases of development of resistance in some 

pests, health risk to humans and general damage to environment 

has generated interest in biopesticides with botanical-based ones 

experiencing the greatest revival. Most plant-insect interactions 

are chemically mediated by secondary metabolites. Generally, 

plants that show well-developed defense mechanism against 

pests are usually good sources of new insecticidal substances 

and comprise the main focus by Scientists seeking to develop 

plant-based insecticides [51]. Essential oils as candidate for novel 

insecticides have numerous advantages; they are easy to extract, 

are biodegradable and hence ecofriendly, have low persistence 

in soil and water, and require less stringent approval and 

regulatory mechanisms due to their long usage history [52, 53]. 

Insecticidal activity of T. minuta essential oil against head lice, 

Pediculus humanus capitis, a human ectoparasite that causes 

Pediculosis capitis has been studied [54]. In the study, a linear 

regression model reported a Lethal Time (LT50) value of 16.4 ± 

1.62 min with histopathological analysis of the treated adults 

showing pronounced disassembly of actin and myosin filaments. 

In another study, T. minuta EOs whose main constituents were 

limonene (13.0%), piperitenone (12.2%), and α-terpineol (11%) 

produced a dose-dependent toxicity against the cabbage aphid 

Brevicoryne brassicae with high dose (125.8 μlL-1 air) resulting 

in >90% insect mortality [55]. Tagetes minuta essential oils from 

fresh and dried plant materials have also been reported to be 

highly effective against the larvae of Anopheles stephensi with 

the LC50 values of 1.0532 and 1.0315 mg/L, respectively [56]. In 

another study, significant insecticidal activity of the EOs from 

aerial parts of T. minuta was reported against Aedes aegypti 

larvae [57]. Essential oils of Tagetes minuta were also found to 

have repellent and antifeedant activity against diamond 

backmoth, Plutella xylostella (L.) (Lepidoptera: 

Yponomeutidae) [58]. Essential oils from three genotypes of T. 

minuta were screened for their potential toxicity against three 

stored product beetle species: Callosobruchus maculatus 

(Fabricius), Sitophilus oryzae (Linnaeus) and Tribolium 

castaneum (Herbst) [59]. The EOs from genotype 1 of T. minuta 

(TM-1) induced 100% adult mortality in the three beetle species 

at dosages of 50,000 ppm and 500 μg/insect in fumigant and 

contact toxicity tests, respectively. Furthermore, essential oils 

from TM-1 deterred oviposition and suppressed egg hatchability 

by 81% and 91%, respectively in T. castaneum at a dosage of 

70, 000 ppm. 

6. Acaricidal activity of Tagetes minuta essential oils 

Plant essential oils have been studied extensively for their 

biocidal effect against a broad range of economically important 

arachnids especially ticks and mites revealing promising results. 

Control of tick species that infest livestock is especially of great 

importance in the livestock industry as it boosts productivity. 

Ticks cause extensive socio-economic losses to livestock 

industry by weakening the affected and infested animals through 

blood loss, reduction in the quality of the hides and more 

importantly, the ticks acting as vectors and reservoirs of a broad 

range of viral, rickettsial, bacterial and protozoan pathogens 

which are responsible for great economic losses globally [60, 61]. 

A study to evaluate the acaricidal activity of essential oils from 

leaves and stems of T. minuta against several tick species 

demonstrated that EOs of T. minuta had over 90% efficacy 

against four tick species at a concentration of 20%, an efficacy 

comparable to a number of referenced conventional acaricides 
[62]. In another study, EOs of T. minuta whose major constituents 

were dihydrotagetone (54.10%) limonene (6.96%), tagetone 

(6.73%) and (E)-β-ocimene (5.11%) were shown to have 

significant activity against larvae, nymph and adult R. microplus 
[63].  

Essential oils of T. minuta from different plant parts in varied 

growth stages were investigated for their biocidal activity 

against Varroa destructor, an ectoparasitic mite of the Apis 

mellífera [64]. The study findings revealed that the medium 

percentages of dead mites after six hours of treatment were 97.7, 

98.3 and 100 for EOs from leaves of bloomed plants, leaves of 

non-bloomed plants and flowers, respectively. In a closely 

related study, T. minuta essential oils whose major components 

were (E)-β-ocimene (62.8%), (Z)-ocimenone (10.2%), (E)-

ocimenone (6.6%), limonene (5.8%) and dihydrotagetone 

(4.2%) were evaluated for their biological activity against V. 

destructor [65]. The percentage values of mite mortality sprayed 

with the EOs concentrations of 3, 4 and 5% were 64, 72 and 

72%, respectively. In addition, significant acaricidal efficacy of 

T. minuta essential oil against V. destructor adult mite when 

administered through pulverization has been reported [66]. 

 

7. Repellent activity of Tagetes minuta essential oils 

Repellents have been defined as substances that acting locally or 

at a distance, deter an arthropod from flying to, landing on or 

biting host human and/or animal skin or a surface in general [67]. 

Currently, considerable research efforts have been directed 

towards the development of alternative repellents to synthetic 

chemicals for control of insects and arthropods most of which 

are vectors to important diseases affecting humans and 

livestock. This is especially important because overreliance on 

synthetic chemicals is not without serious environmental and 

health concerns. Among the potential candidates in this regard 

are essential oils. Indeed, essential oils belonging to plants from 

numerous species have been studied extensively to assess their 

repellent properties with a number of them being the basis of 

some commercial repellent formulations [68]. Tagetes minuta 

essential oils have been studied for their repellent activities 

against a number of human and animal parasites such as ticks 

and mosquitoes [37].  

 

7.1 Repellency against ticks 

The essential oils of T. minuta were investigated for their effect 

on the climbing response of adult R. appendiculatus using a 

dual–and no–choice assay arrangement [49]. Both assay methods 

used in this investigation independently showed a significant 

repellent effect of T. minuta essential oils against the test 
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organisms. The repellent effect was however less in no-choice 

assay compared to the dual-choice assay, especially for lower 

doses. Moreover, the study confirmed that T. minuta essential 

oils had effect on the adult R. appendiculatus both in the 

presence and absence of host-derived stimuli. 

In a related study, the repellency of essential oils of T. minuta 

obtained from three agro-ecological zones in Kenya was 

evaluated against R. appendiculatus using a dual-choice tick 

climbing assay apparatus [69]. The study established a significant 

difference in chemical composition and dose-dependent 

repellency of T. minuta essential oils from the three agro-

ecological zones. The higher activity of essential oil from one of 

the three regions was associated with the presence of relatively 

high amount of guaiacol, compared to oils from the other two 

regions, with synthetic blend assays showing that guaiacol and 

guaiacol-alloocimene blend had the highest repellency. 

In addition to R. appendiculatus, the activity of essential oils of 

T. minuta has been studied against other types of ticks. Anti-tick 

properties of the essential oils of T. minuta obtained by 

hydrodistillation from a combination of flowers, leaves and soft 

stems were evaluated for anti-tick properties against Hyalomma 

rufipes [70]. Tagetes minuta EOs whose major components were 

(Z)-β-ocimene (28.5%), (E)-β-ocimene (16.83%) and 3-methyl-

2-(2-methyl-2-butenyl)-furan (11.94%) had a dose-dependent 

repellent activity against H. rufipes. Furthermore, probit 

analysis revealed a repellent EC50 of T. minuta EO to be 0.07 

ml/mL and 0.07 ml/mL for male and female ticks, respectively. 

Additionally, the essential oils were found to induce delayed 

molting in 60% (s.e±4.7) of nymphs after 25 days in comparison 

with the control group. 

 

7.2 Repellency against mosquitoes  

The repellent activity of T. minuta essential oils against some 

mosquito species has been investigated. The chemical 

composition and repellent effect of T. minuta essential oil on the 

host-seeking female Anopheles arabiensis mosquitoes was 

investigated using the human-bait technique [37]. This study 

which was designed to simulate field situation was based on the 

proportion of host-seeking female A. arabiensis mosquitoes 

landing on the bait (human forearm) and biting it following its 

treatment with either the essential oils of T. minuta or Vaseline® 

(a non-perfumed petroleum jelly), which was used both as a 

diluent as well as a control. There was a significant dose-

response effect of repellency with more test mosquitoes 

significantly landing and biting the control arm treated with pure 

petroleum jelly than the arm treated with the essential oil of T. 

minuta whose main constituents included (Z)-β-ocimene, (E)-β-

ocimene, (Z)-tagetone, (E)-tagetone, dihydrotagetone, and 

piperitenone. 

In another study, the repellency effect of forty-one essential oils 

that included those of T. minuta against three mosquito species 

namely: Aedes aegypti, Culex quinquefasciatus and Anopheles 

stephensi was investigated [71]. The repellent test employed the 

human-bait technique with the testing period lasting up to 8 

hours. Furthermore, since the test mosquitoes included both day 

and night biters, different testing periods were used i.e. 0800 to 

1600 h for A. aegypti and 1600 and 2400 h for A. stephensi and 

C. quinquefasciatus. The protection time was calculated as the 

duration between the application of a repellent and the first two 

bites or two bites in successive observations. Tagetes minuta 

essential oils offered a protection of 60 minutes against A. 

aegypti and 480 minutes (the maximum protection time) for 

both A. stephensi and C. quinquefasciatus. In a closely related 

study, promising repellent activity of T. minuta essential oil 

against the three aforementioned mosquito species was obtained 

with the test oils providing 86.4, 84.2 and 75% protection 

against A. stephensi, C. quinquefasciatus, and A. aegypti, 

respectively after a study period of 6 hours [72]. In addition to 

mosquitoes, T. minuta EOs have been investigated for their 

repellent properties against other insects. Tagetes minuta EOs 

whose main constituents were (Z)-tagetone, (E)-β-ocimene and 

dihydrotagetone were found to have good repellent activity 

against Triatoma infestans (the insect vector of Chagas disease). 

At a concentration of 0.5% (w/v), the essential oils of T. minuta 

produced an average repellency of 94.7% [73].  

 

8. Nematicidal activity of Tagetes minuta essential oils 

Plant-parasitic nematodes are important parasites that cause 

great damage to many agricultural crops resulting in losses 

estimated in the order of billions each year [74]. Botanicals have 

received much attention in the management of nematodes where 

they are used in four main ways: 1) used as part of the plant 

directly, 2) using extracts of parts of the botanicals, 3) using 

compounds of botanicals possessing nematicidal activity and 4) 

using plants as oil seed cakes, mature crop residue and organic 

amendments [75].  

The toxicity of two compounds; (Z)-β-ocimene and 

dihydrotagetone isolated from the EOs of T. minuta was 

investigated against the eggs and juveniles of Meloidogyne 

incognita, a plant-parasitic nematode [74]. Tagetes minuta 

essential oils at a concentration of 4%, 3%, 2% and 1% were 

strongly toxic to both the eggs and juveniles of the test 

nematode. Moreover, the egg-hatch inhibitions by the above oil 

concentrations were in the range of 72 to 79% in 14 days with 

the inhibitory activity being concentration-dependent. The study 

additionally showed that of the two compounds, 

dihydrotagetone was more toxic to the eggs of M. incognita and 

the compound killed the juveniles much faster (in 72 hours) 

compared to (Z)-β-ocimene (in 96 hours). 

In addition to plant-parasitic nematodes, T. minuta essential oils 

have been studied for their nematicidal activity against animal 

gastrointestinal nematodes such as Haemonchus contortus, an 

important pathogenic nematode of ruminants [76]. In the study, 

two bioassays: an egg hatch test (EHT) and larval development 

test (LDT) were used. Tagetes minuta essential oils displayed a 

dose-dependent effect in the EHT, inhibiting 98.1% of H. 

contortus larvae hatching at a concentration of 2.5 mg mL-1. 

Furthermore, the effective EOs concentration that suppressed 

50% (EC50) of egg hatching was 0.53 mg mL-1. With regard to 

the larval development test, T. minuta EOs at a concentration of 

10 mg mL-1 inhibited 99.5% of H. contortus larval development 

with an EC50 value of 1.67 mg mL-1. 

 

9. Allelopathic effect of Tagetes minuta essential oils 

Allelopathy, which is a biochemical interaction among higher 

plants in which certain plants release metabolites that have 

either stimulatory or inhibitory effects on the growth of the 

receptor plants has been recognized and studied for many years 
[77, 78, 79]. Allelopathy is generally recognized as an important 

ecological factor that determines the structure and composition 

of plant communities [80]. This phenomenon of certain plant 

species possessing the capability to affect surrounding plants 

has been widely documented and is currently being explored as 

a potential method of weed control and management [79, 81].  

Tagetes minuta essential oils and their principal components in 

the vapour phase were studied for their allelopathic activity on 

roots of Maize (Zea mays L.) [80]. The volatile oils of T. minuta 

whose main components were limonene, β-pinene and α-pinene 
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showed strong inhibitory and oxidant effect on the root of Z. 

mays seedlings. The phytotoxic action of T. minuta EOs against 

Z. mays was attributed to increased lipid peroxidation rates 

indicating an induction of ROS-generated oxidative stress. With 

regard to the terpenes studied, ocimenone had the highest 

inhibitory effect on the root growth and the highest oxidative 

value. Thus, the high phytotoxicity action of T. minuta EOs was 

attributed to its high content of ocimenone. In another study, the 

allelopathic potential of EOs of T. minuta against three invasive 

weeds: Chenopodium murale L., Phalaris minor Retz., and 

Amaranthus viridis L. was investigated [81]. The results of the 

study established a concentration-dependent response in which 

volatile oils of T. minuta reduced germination in the three test 

weeds with maximum reduction observed in C. murale followed 

by P. minor and least in A. viridis. Moreover, LC50 values for C. 

murale and P. minor were lower (0.761 and 0.822 mg/petri dish, 

respectively) compared to those of A. viridis (2.745 mg/petri 

dish). Similarly, seedling length also followed the same pattern 

with maximum reduction observed in C. murale. Two 

compounds that have been commonly isolated from T. minuta 

EOs i.e. α-pinene and its isomer β-pinene have been shown to 

have strong allelopathic effects, and their ecological role on the 

allelopathic interactions among plants is well documented [82].  

The phytotoxic effect of aqueous extracts and essential oils of T. 

minuta on the callus growth and induction on four plant species; 

Oryza sativa (Dongjinbyeo), Brassica campestris subsp. Napus 

var. pekinensis, Raphanus sativus var. acanthiformis and 

Sesamum indicum (Ansanggae) have been studied [83]. Species-

specific inhibitory trends from the essential oils and the aqueous 

extracts were observed. The percentage of total callus induction 

on O. sativa though slightly decreased in proportion to the 

concentration of the EOs was not significantly different to the 

control. For B. campestris var. pekinensis, however, the 

percentage of total callus induction was significantly inhibited 

by 20 µl essential oil. With regard to the callus growth, when 

tested in 20 µl essential oil, callus growth of the four receptor 

species decreased significantly compared to that of the control. 

The callus relative growth rate (RGR) in 20 µl essential oil was 

repressed in the following order: S. indicum, B. campestris, O. 

sativa and R. sativus. 

 

10. Antioxidant activity of Tagetes minuta essential oils 

An antioxidant is defined as any substance, which when present 

at low concentrations in combination with an oxidisable 

substrate, significantly delays or prevents oxidation of the 

substrate [84]. Oxygen though a vital component for living 

system, is a highly reactive atom that is capable of forming 

damaging molecule (free radicals). Free radical-mediated 

oxidation of various biological substances has been associated 

with numerous diseases such as cardiovascular disease, 

Alzheimer’s disease, arthritis, inflammation, diabetes, 

Parkinson’s disease and several types of cancers [4, 84]. To 

prevent oxidative damage, many diseases have for a long time 

been treated using antioxidants [85]. The use of synthetic 

antioxidants has raised health concerns especially after some 

such as butylated hydroxyanisole (BHA) and butylated 

hydroxytoluene (BHT) were reported to be toxic and potentially 

carcinogenic, by inducing DNA damage [86]. As a result, there is 

increased need to find alternative naturally-based antioxidants 

especially from plants and plant metabolites. Indeed, numerous 

studies have been conducted on essential oils as potential 

sources of natural antioxidants [84, 87, 88].  

The antioxidant activity of essential oils isolated from T. minuta 

flowers was studied with the hydrogen atom-or-electron 

donating ability of the Eos assessed using the 2, 2-

diphenylpicrylhydrazyl (DPPH) radical scavenging assay [88]. 

The DPPH scavenging activity of the EOs was compared with 

those of the standard antioxidant, ascorbic acid. The DPPH free 

radical scavenging activity of the essential oil was lower 

(73.4%) at a concentration of 200 μg/mL, in comparison to that 

of ascorbic acid (94.1%) at similar concentration. Tagetes 

minuta EOs at a 200 μg/mL concentration reduced the 

concentration of DPPH free radical with an efficacy of about 75 

μg/mL concentration of the standard antioxidant. Moreover, T. 

minuta EOs achieved 50% reduction of the DPPH radical with 

EC50 value of 86.35 μg/mL. A study that similarly used the 

DPPH radical scavenging assay to evaluate the antioxidant 

activity of T. minuta essential oil whose main constituents 

included, trans-ocimenone (51.7%), cis-tagetone (17.7%) and 

cis-ocimenone (7.7%), reported an EC50 value of 0.8mg/mL [89]. 

Another study similarly employed the DPPH radical scavenging 

assay to evaluate the antioxidant properties of both the essential 

oils and solvent extracts of T. minuta [84]. In the study, the active 

constituents were isolated by thin layer chromatography (TLC) 

and high performance liquid chromatography (HPLC). The 

active fractions were later detected using gas 

chromatography/mass spectrometry (GC-MS) and nuclear 

magnetic resonance (NMR), with the active components tested 

quantitatively for their radical scavenging activity by 

Ultraviolet-visible spectroscopy (UV/Vis). Tagetes minuta 

essential oils whose main chemical components included (E)-β-

ocimene (15.90%), L-verbenone (15%) and limonene (8.02%) 

were reported to have strong antioxidant activity with an LC50 of 

1.49 g/l-1 after 30 minutes of evaluation. 

 

11. Anticancer activity of Tagetes minuta essential oils 

Cancer is a leading cause of death worldwide, accounting for 

more than eight million deaths in 2012 [90]. It is estimated that 

roughly 60% of drugs currently used for cancer treatment have 

been isolated from natural products with plants being the most 

important sources [91]. Systematic screening of plants especially 

those that are prominently used in various types of ethnic 

medicine has led to the discovery of important drugs such as 

taxol, camptothecin and camptothecin [92]. Essential oils from a 

wide range of plants have been extensively studied for their 

anticancer activities including melanoma, leukemia, 

glioblastoma, and oral cancers, besides breast, cervix, colon, 

liver, pancreas, prostate and uterus cancers [93].  

Anticancer activity of T. minuta and Ocimum basilicum EOs 

was conducted on two human promyelocytic leukemia cell lines 

(HL-60 and NB4) and an experimental animal model cancer cell 

line, Ehrlish ascites carcinoma cells (EACC) [88]. For in vivo 

studies, three treatments: initiation, pre-initiation and post-

initiation were used to study the chemopreventive and/or 

chemotherapeutic efficacies of the two essential oils based on 

the survival of tumor (EACC) transplanted in female mice. In 

the case of the in vitro tests, T. minuta essential oils showed a 

higher anticancer activity against NB4 and EACC cell lines 

compared to O. basilicum EOs, while O. basilicum essential oils 

exhibited higher bioactivity than T. minuta EOs against HL-60 

cell line. For in vivo studies, the pre-initiation treatments were 

more effective for both essential oils compared to initiation and 

post-initiation treatments on the tumor (EACC) transplanted 

female mice. In another closely related study, chemical 

composition, antioxidant, antimicrobial and cytotoxic 

bioactivities of the two aforementioned EOs was studied [35]. In 

the study however, the activity of the EOs against two human 

tumor cell lines namely, nasopharyngeal cancer cell line (KB) 
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and liver hepatocellular carcinoma cell line (HepG2) was 

studied using a modified MTT assay. At lower concentrations, 

(<50µg/mL), T. minuta EO had no significant effect on KB and 

HepG2 viability. At much higher concentrations (50-200µg/mL) 

however, T. minuta essential oils showed concentration-

dependent effects on the cell viability with maximum reduction 

in cell viability observed at concentrations of >200µg/mL. 

Additionally, IC50 values for KB and HepG2 were 75±5 and 

70±4 µg/mL of T. minuta essential oils, respectively. In another 

study, T. minuta EOs whose main constituents were (Z)-

ocimenone (15.9%), (E)-ocimenone (34.8%) and (Z)-β-ocimene 

(8.3%) showed potent cytotoxic activity against MCF-7 breast 

tumor cells, with an IC50 of 54.7±6.2 µg/mL [94]. Furthermore, 

1,8-cineole, a common occurring constituent in T. minuta EOs 

has been shown to induce apoptosis of human colon cancer cells 
[95].  

 

12. Other activities of Tagetes minuta essential oils 

There have been numerous reports of bioactivities of Tagetes 

minuta essential oils and their components including: 

antidepressant activity via negative modulation on GABAergic 

function [96], tranquilizing, hypotensive, bronchodilatory, 

spasmolytic and anti-inflammatory bioactivities [97, 98] and 

antifeedant activities [58]. 

Essential oils have been considered relatively non-toxic to 

mammals and hence completely safe to use because they are 

‘natural’ [99]. However, most EOs can be toxic at high 

concentrations, especially when taken orally [100]. Some EOs can 

be toxic when applied topically or orally even at very low 

concentration due to the presence of toxic components. In vitro 

and in vivo studies have shown that T. minuta EOs are 

phototoxic [101]. It is for this reason that the Scientific Committee 

on Consumer Products (SCCS) has recommended a maximum 

level of 0.01% T. minuta EOs in leave-on products (except 

sunscreen cosmetic products), provided that the terthiophene 

content in the EOs does not exceed 0.35%. Additionally, SCCS 

recommends that T. minuta extracts and oils should not be used 

as ingredients of sunscreen products [102]. With the exception of 

aromatherapy, there is little information in literature on safety 

considerations in using T. minuta EOs. Thus, comprehensive 

toxicity tests are required in order to ascertain the safety of 

using the EOs of T. minuta in pharmaceuticals, agrochemicals, 

food and beverages and in sociocultural ethnic practices, among 

other applications. 

 

13. Conclusion  

The biological activities of Tagetes minuta essential oils and 

their components are widely documented worldwide, 

ethnobotanically inherent in people’s culture/taboos and well 

recognized in modern life styles. Validation of some of the 

useful folkloric claims about T. minuta through scientific 

evaluation of its essential oil has shown the plant to contain 

compounds and/or blends that have a wide range of bioactive, 

cosmetic, food and therapeutic properties, such as 

antihelminthic, carminative, repellency, sedative, weedicidal, 

antiseptic, diaphoretic, spasmolytic, germicides, stomachic, 

antispasmodic, antiprotozoal, bactericidal, emmenagogue, 

nematicidal, insecticidal, fungicidal, antiviral, and other 

microbicidal properties. Undertaking in-depth scientific studies 

to properly understand the underlying science of these 

properties of T. minuta essential oils and their components will 

indisputably enhance and facilitate a high level of acceptability 

and henceforth, value addition usage and applications of these 

oils in the pharmaceutical, agricultural, food and perfumery 

industries. This review therefore presents Tagetes minuta as a 

promising multipurpose new crop of the world whose potential 

is yet to be optimally utilized at subsistence and commercial 

levels. 
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