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Chapter I 

INTRODUCTION 

 

The plant African marigold, botanically known as Tagetes erecta L. native to 

Mexico and other warmer parts of America and neutralized elsewhere in the tropics 

and subtropics including India and Bangladesh and locally known as Genda Phool 

belongs to the family Asteraceae syn. Compositae (Batish et al., 2007). It is a small 

shrub and bears yellowish orange flowers in abundance during the flowering season 

which lasts for more than 6-8 month (Vasudevan et al., 1997). Marigold flower 

production is mainly centred in countries like Mexico, Ecuador, Peru, China and 

India. According to National Horticulture Database 2014-15, Madhya Pradesh is the 

leading state in the loose flower production of marigold having 89,000 tonnes 

production. It is very popular as a garden plant and yields a strongly aromatic 

essential oil (Tagetes oil), which is mainly used for the compounding of high-grade 

perfumes (Khulbe, 2015). 

Marigold is grown as an ornamental crop for its flower, which is sold in the 

market as loose flowers in bulk, or for making garlands. It has some distinctive 

characteristics, which make them a very valuable commodity with many industrial 

uses and applications. Their aromatic value enables them to be used as flavorings in 

both the food and beverage industries. These oils are also widely used in both the 

cosmetic and pharmaceutical industries (Wonwood, 1990).The oil carves from 

marigold can cure skin damages, inflammations, diaper irritation and several skin 

problems and is considered to be the best baby oil and for skin nourishments 

(Janakiram and Rao, 1996; Raghava, 1998). 
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Medicinal plants having high therapeutic value are becoming popular in the 

area of medicine for its less expense, less side effects etc. compared to modern 

allopathic drugs (Pavithra et al., 2012). The beneficial effect of herbal medicine 

typically results from the combination of secondary metabolites such as glycosides, 

alkaloids, flavonoids, tannins, gums etc produced in herb (Ahito, 2015). About 70% 

of Indian population (approximately 1.1 billion) are depending on non-allopathic 

system of medicine (Thomas et al., 2006). India harboured around 8% of the 

medicinal plants diversity which is around 0.126% million species of the world (Patel 

et al., 2001). 

Essential oils are natural products that plants produce for their own needs other than 

nutrition i.e. protection or attraction and are complex mixtures of organic compounds that 

give characteristic odour and flavour to the plants (Baser, 2010). 

Tagetes oil has a wild, sweet, fruity almost citrus-like smell and is yellow to 

reddish-amber in colour. The essential oils extracted from leaves, stem, flowers of 

marigold etc. comprise limonene, ocimene, valeric acid and tagetone which is 

reported to be ant-haemorrhagic, anti-inflammatory, antiseptic, antispasmodic, 

astringent, diaphoretic and emmenagogue and is valuable in aromatherapy for its 

powerful skin healing properties (Kirtikar et al., 1975; Shiva et al., 2002). 

Additionally, the decoctions of the leaves of Tagetes erecta and Tagetes patula have 

been traditionally used as ant-malarial and as febrifuge (Rasoanaivo et al., 1992). 

The world production and consumption of essential oils and perfumes are increasing 

very fast. Production technology is an essential element to improve the overall yield and 

quality of essential oil. The traditional technologies pertaining to essential oil processing are 

of great significance and are still being used in many parts of the globe. Conventional 

solvent extraction method has been implemented for fragile or delicate flower 

materials, which are not tolerant to the heat of steam distillation. Different solvents 
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including acetone, hexane, petroleum ether, methanol or ethanol can be used for 

extraction (Areias et al., 2000; Kosar et al., 2005; Pizzale et al., 2002). Hydro-

distillation has become the standard method of essential oil extraction from plant 

material such as wood or flower, which is often used to isolate nonwater-soluble 

natural products with high boiling point. The process involves the complete 

immersion of plant materials in water, followed by boiling (Okoh et al., 2010). 

Chemical investigations of essential oils in the nineteenth century revealed 

that many of the compounds responsible for the pleasant odours contained exactly ten 

carbon atoms. These ten carbon compounds came to be known as terpenes, if they 

were hydrocarbons and terpenoids if they contained oxygen and were alcohols, 

ketones, or aldehydes. Eventually, it was found that there are also minor and less 

volatile plant constituents with fifteen, twenty, thirty, and forty carbon atoms. 

Because compounds of ten carbons were originally called terpenes, they came to be 

called terpenoids if they contained oxygen and were alcohols, ketones, and aldehydes 

(Pavia et al, 2005).  

The estimation of chemical components of oil is possible by various methods 

of which Fourier Transform Infrared (FT-IR) spectroscopy is a high-resolution 

analytical technique to identify the chemical constituents and elucidate the structural 

compounds (Hussain et al., 2007). 

Direct Analysis in Real Time (DART) is an atmospheric pressure that 

instantaneously ionizes gases, liquids and solids in open air under ambient conditions. 

Direct Analysis in Real Time (DART) has been coupled to the AccuTOF atmospheric 

pressure ionization mass spectrometer to permit high resolution, exact mass 

measurements of gases, liquids and solids (Cody et al., 2005). 
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There is a huge demand for essential oils worldwide and they have been traded 

internationally for several centuries. There is hence, a need to improve the quality and 

quantity of the essential oils produced as they have a very competitive and profitable 

market worldwide. The present study was planned with the hypothesis that generally 

Tagetes minuta (wild marigold) is used for extraction of oil and to study their 

phytochemicals but nowaday’s African marigold (Tagetes erecta L.) is a very 

important flower commonly grown as loose flower for use for religious purposes and 

for decoration in marriages. The flowers are offered to the deities in temples and are 

thus available in huge quantities as temple waste. Most of these flowers are either 

dumped by the side of river Ganga or allowed to naturally decay and used as compost. 

Post harvest processing of marigold for its oil, extracted from its flower as well as its 

plant parts may enhance value of the crop multifold since marigold is reported as a 

rich source of bio-colour, pigments and bioactive molecules which may be exploited 

in the food and pharmaceutical industry. This technology may also be used for waste 

management of flowers which are generally discarded after their use in temples; 

marriage decoration etc. 

To best of our knowledge, limited work has been reported regarding oil 

extraction from African marigold plant parts and their phytochemicals screening. 

Therefore, this study was planned with the following objectives: 

1. To standardize the method for extraction of essential oil from marigold plant parts. 

2. Qualitative estimation of essential oil from marigold plant parts. 

3. Quantitative estimation of essential oil from marigold plant parts. 

4. Comparative study of the yield of the essential oil from different flowering seasons. 
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Chapter II 

REVIEW OF LITERATURE  

 

Essential oils are frequently referred to as the “life force” of plants. Unlike 

fatty oils, these "essential" oils are volatile, highly concentrated, substances extracted 

from flowers, leaves, stems, roots, seeds, bark, resin or fruit rinds. The amount of 

essential oils found in these plants can be anywhere from 0.01 percent to 10 percent of 

the total. That's why tons of plant material is required for just a few hundred pounds 

of oil. These oils have potent antimicrobial factors, having wide range of therapeutic 

constituents. These oils are often used for their flavour and their therapeutic or 

odoriferous properties, in a wide selection of products such as foods, medicines, and 

cosmetics. 

This chapter covers up-to-date literatures on essential oils including, extraction 

methods, bioactivities, and their applications. 

The present study on the topic “A Study on the Extraction of Essential Oil 

from Marigold (Tagetes erecta L.) and its Characterization” has been designed to 

investigate the various aspect required for commercialization of this crop for oil 

extraction. The study is categorized according to the designated objectives on which 

the literature was reviewed and are quoted below accordingly. 

2.1. African marigold 

The plant African marigold also a medical plant (Pérez et al., 2006)is 

classified as: Kingdom: Plantae; Phylum: Angiosperms; Class: Eudicots; Order: 

Asterales; Family: Asteraceae; Subfamily: Asteroideae; Tribe: Tageteae.(Joy,2001).It 

contains 56 species of herbaceous plant in sunflower family. Tagetes genus is 
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originated in North and South America. Now-a-days it is also cultivated in Asian 

countries like India, Bhutan, Nepal, and China (Cruz-Ramírez Luís Alfredo, 2006). 

2.2. Plant essential oils 

Plant essential oils (EOs) also known as volatile oils or ethereal oils are 

volatile, natural aromatic complexes, formed by certain plants as secondary 

metabolites (Prabuseenivasan et al., 2006). They are usually the complex mixture of 

natural compounds, both polar and nonpolar compounds (Masango, 2005). 

Essential oils are isolated from various parts of the plant, such as leaves (basil, 

patchouli and cedar), fruits (citrus), bark (cinnamon), root (ginger), grass (citronella), 

gum (myrrh and balsam oils), berries (pimenta), fruits (bergamot, orange, lemon, 

juniper), seed (caraway), flowers (rose and jasmine), twigs (clove stem), wood 

(amyris), heartwood (cedar), rhizomes (ginger, calamus and curcuma) and saw dust 

(cedar oil) (Burt, 2004; Hussain et al., 2008 and Chi, 2013). They are not produced by 

all plants but rather, their occurrence is restricted to well over 2000 plant varieties 

from about 60 different families. However, only about 100 varieties are the basis for 

the economically important production of essential oils in the world (Chi, 2013). 

Essential oils have been studied extensively for their antimicrobial properties 

among other biological activities. Essential oils containing mixtures of volatile 

substances, such as monoterpenes, sesquiterpenes and/or phenylpropanoids, esters, 

alcohols, and terpenoids(Bakkali et al., 2008 and Mohamed et al., 2010) among other 

constituents have been reported to have antibacterial, antifungal, antiviral, nematicidal 

and insecticidal properties (Centeno et al., 2010; Silva et al., 2012 and Pooja et al., 

2013). Since essential oils could contain up to 100 different phytochemicals, they 

have multiple modes of action against bacteria (Lambert et al., 2001). Their 

antibacterial modes of action includes; interference and destabilization of the 
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phospholipids bi-layer of the cell membrane, enzyme systems, and genetic material 

(Kim et al., 1995). Fungal growth inhibition by essential oils just like in the case of 

bacteria involves multiple modes of action such as prevention/reduction of hyphal 

growth and sporulation, alteration of cell wall composition, induction of lysis and 

cytoplasmic evacuation (Kishore et al., 2007). 

2.2.1. Essential oil from leaves of marigold 

The leaf oil of Tagetes erecta was later reported to contain a total of forty four 

constituents with major constituents being limonene, terpinolene, (Z)-myroxide, 

piperitone and piperitenone (Krishna et al., 2004). The essential oil of the leaves of 

Tagetes erecta showed the presence of d-limonene, α-pinene,(Baslas et al., 1981)β-

pinene, dipentene, ocimene, β-phellandrene, linalool, gereniol,(Baslas and Singh, 

1980) menthol, tagetone, nonanal and linalyl acetate. It also contain camphene, 

sabinene, myrecene, (z)-β-ocimene,(Gupta and Bhandari,1975)(E)-β-ocimene, ϓ-

terpinene, terpinolene, p-mentha1,3,8-triene,terpinen-4-ol, p-cymen-9-ol, piperitone, 

thymol, indole, carvacrol, piperitenone, geranyl acetate, belemene, cyperene, β-

caryophyllene , (E)-β-farnesene, ϓ-muurolene, ϓ-elemene, and nerolidol(Machado et 

al., 1994). 

About 19 phytochemicals were identified from methanol extract sample of 

leaves of Tagetes erecta. The major bioactive compound present are Tetra decanoic 

acid, 2,6,10- Trimethyl 14 – ethylene – 14 – Pemtadecme, N – Hexadecanmic acid, 

15-Hydroxy penta decanoic acid and Stigmasterol. About 31 phytochemicals were 

identified from methanol extract sample of flowers, the major are Hexadecanoic acid, 

7-Tetra decenal (z), Vitamin E and Norolean – 12 – Ene (Devika and Justin, 2014). 

The major biocomponent of flowers of Tagetes erecta is carotenoid; includes all trans 
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and cis isomers of zeaxanthines (5%), all trans and cis isomers of lutein, and lutein 

esters (88%) (Leigh et al., 1999). 

Dhingra and Dhingra, (1956) reported that the essential oil of the leaves, 

flowers and stems of Tagetes patula was reported to contain ocimene, limonene, 

linalool, linalyl acetate and tagetone. The steam distillation of fresh leaves offer 0.3% 

of essential oil with a strong, sweet lasting odor and contains d-limonene, ocimene, l-

linalyl acetate, l-linalool tagetone, n-nonyl aldehyde, lutein (Ghosh,.2004). 

Six compounds were identified from the stem and leaves of Tagetes erecta 

plant as 4'-methoxy-eupatolitin-3-O-glucoside, kaempferitrin, rutin, beta- sitosterol, 

daucosterol and gallic acid (Zang and Zhang, 2010). Tygadlo et al., (1994) 

investigated that both the flowers and leaves of Tagetes contain terpenoids, the 

component and composition of the extracts varying with the species. The 

characteristic components of essential oil of T. erecta were piperitone, limonene, 

dehydrotegetone, (Z)-tagetone, terpinolene, E-β-ocimene, linalool, methyl eugenol.  

2.2.2. Essential oil from flowers of marigold 

The oil from the flowering shoots of Tagetes erecta contained piperitone and 

caryophyllene.(Hethelyi et al., 1987), d-limonene, ocimene, 1-linalyl acetate, 

1linalool, tagetone and n-nonyl aldehydes(Sharma et al., 1961),aromadendrene, 

phenylethyl alcohol, salicylaldehyde, phenylacetaldehyde, 2-hexen-1-al, eudesmol, 

tagetone, ocimene, linalyl acetate(Handa et al., 1963),. 3,7-dimethyloct-1-en-6-one, 

3,7-dimethyl-5-hydroxyoct-1-en-6-one and 3,7-dimethyloct-1,7-dien-6-one(Garg et 

al., 1998),myrecene, caryophyllene, p-cymene, d-carvone and eugenol (Baslas et al., 

1981). Tagetes lucida was reported to contain linalool, estragol and methyl eugenol, 

Tagetes minuta contain β-ocimene, dihydrotagetone, tagetone and ocimenones. 
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geraniol (Razdan, 1984),(Z)-β-ocimene(Chalchat et al., 1995),trans-ocimenone, cis-

ocimene, dihydrotagetone, cis-tagetone, cis-ocimene, cis-ocimenone, trans-

ocimenone, limonene, allocimene and cis-tagetone (Hadjiakhoondi et al., 

2008).Tagetes patula contain limonene, α-terpinolene, tagetone, ocimenone, 

piperitone, piperitenone and caryophyllene (Hethelyi et al., 1988). 

Twenty two naturally occurring phytoconstituents were isolated from the 

various fractions of ethanolic extract of flower. They were β – sitosterol(Kojima et 

al., 1990), β- daucosterol (Zhou et al., 2007), 7-hydroxysitosterol (Greca et al., 1990), 

lupeol (Liu and Kong, 2005; Xue et al., 2008), erythrodiol (Antonio et al., 1981), 

erythrodiol-3-palmitate (Shaheen and Aneela, 2004),1-[5-(1-propyn-1-yl)-[2,2-

bithiophen]-5-yl]-ethanone (Tsumotu et al., 1986; Wei et al., 1997; Hai and Yue, 

2008), α- terthienyl (Coogan and Horn, 1965), quercetagetin (Huang, 2006), 

quercetagetin- 7-methyl ether (Vilegas et al., 1999), quercetagetin-7-O-glucoside 

(Nair et al., 1995), kaempferol (Xio et al., 2006), syringic acid (Yang et al., 2003), 

gallic acid (Huang, 2007), 3-β-galalctosyl disyringic acid (Huang, 2007), 3 α 

galalctosyl disyringic acid (Huang, 2007), 6-ethoxy-2,4-dimethylquinoline (Gallagher 

and Stahr, 1980), oplodiol (Werner and Kinzo, 1983; Takahashi and Takani, 2000), 

(3S,6R,7E)-hydroxy-4,7-megastigmadien-9-one (Brigida et al., 2004), palmitin (Wu 

et al., 2005), ethylene glycol linoleate (Wang, 2007), and n-hexadecane (Huang, 

2007). 

Marotti et al., (2004) stated thirty five compounds present in the essential oil 

of the leaves and flowers of six Tagetes species viz. Tagetes erecta, Tagetes filifolia, 

Tagetes lucida, Tagetes minuta, Tagetes patula and Tagetes tenuifolia. Among the six 

species analyzed, the essential oil of the four species including Tagetes erecta, 

Tagetes minuta, Tagetes patula and Tagetes tenuifolia were reported to possess the 
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same pool of components viz. dihydrotagetone, tagetones, ocimenones and piperitone, 

while remaining Tagetes species: T. filifolia and Tagetes lucida had methyl chavicol 

as the main constituent. 

Eighteen components were reported from the essential oil of the aerial parts of 

Tagetes maxima and Tagetes multiflora whereby (Z)-tagetone, dihydrotagetone and 

(E)-ocimenone were identified as major components in the oil of Tagetes maxima 

while the oil of Tagetes multiflora contained (Z)-tagetone,(E)-ocimenone and (Z)-β –

ocimene as major components (Pichette et al., 2005). 

De Feo et al., (2005) stated sixty five compounds were identified in the 

essential oil of the aerial parts of Tagetes terniflora with the main components being 

tagetones, ocimenes, ocimenones, (E)-β-ocimene, transtagetone, limonene, 

isomenthone, spathulenol, cisanethole and transanethole. Maurer and Hauser (1984) 

reported that a monoterpenoid, 5-isobutyl-3-methyl-2-furancarbaldehyde was present 

in the essential oil of the flowers of Tagetes glandulifera. 

2.3. Bioactive Phytochemical Constituents  

Bioactive compounds in plants are compounds produced by plants having 

pharmacological or toxicological effects in man and animals. Although nutrients elicit 

pharmacological or toxicological effects when ingested at high dosages (e.g. vitamins 

and minerals), nutrients in plants are generally not included in the bioactive plant 

compound. The typical bioactive compounds in plants are produced as secondary 

metabolites. Thus, a definition of bioactive compounds in plants is: secondary plant 

metabolites eliciting pharmacological or toxicological effects in man and animals 

(Bernhoft,2010). 

The phytochemical studies of the plants in Tagetes L. could be traced back to 

1920s. Till now, about 126 secondary metabolites with various carbon skeletons, 
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phenolic derivatives, phenylpropanoids, thiophene derivatives, benzofunan 

derivatives, triterpenoids, steroids, alkaloids, flavonoids, carotenoids, and others have 

been obtained from the species of Tagetes L. Some of them showed potent activities 

as leading compounds of the new drugs.A variety of chemical constituents have been 

isolated from Tagetes species and their structures elucidated. They belong to the 

classes as essential oils, thiophenes, flavonoids, carotenoids and phenolic compounds. 

A preliminary phytochemical screening of the crude successive extracts of the roots of 

Tagetes erecta revealed the presence of sterols, glycosides, gums and mucilages 

(Gupta et al., 2009). 

Compounds and aroma of essential oils can be divided into 2 major groups: 

terpene hydrocarbons and oxygenated compounds. 

2.3.1. Terpene hydrocarbons 

The hydrocarbons are the molecule, constituting of H and C atoms arranged in 

chains. These hydrocarbons may be acyclic, alicyclic (monocyclic, bicyclic, or 

tricyclic), or aromatic. Terpenes are the most common class of chemical compounds 

found in essential oils. Terpenes are made from isoprene units (several 5 carbon base 

units, C5), which are the combinations of 2 isoprene units, called a “terpene unit.” 

Essential oils consist of mainly monoterpenes (C10) and sesquiterpenes (C15), which 

are hydrocarbons with the general formula (C5H8)n. The diterpenes (C20), triterpenes 

(C30), and tetraterpenes (C40) exist in essential oils at low concentration (Mohamed et 

al., 2010). Terpenoids (a terpene containing oxygen) is also found in essential oils 

(Burt 2004). Essential oils mostly contain monoterpenes and sesquiterpenes, which 

are C10H16 (MW136 amu) and C15H24 (MW 204 amu), respectively. Although 

sesquiterpenes are larger in molecules, structure and functional properties of 
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sesquiterpenes are similar to the monoterpenes (Ruberto and Baratta, 2000). For 

diterpenes, triterpenes, and tetraterpenes, they have the larger molecule than 

monoterpenes and sesquiterpenes, but they are present at very low concentration in 

essential oils (Bakkali et al., 2008). 

2.3.2. Oxygenated compounds 

These compounds are the combination of C, H, and O, and there are a variety 

of compounds found in essential oils. Oxygenated compounds can be derived from 

the terpenes, in which they are termed “terpenoids.” Some oxygenated compound 

prevalent in plant essential oils are shown as follows: 

2.3.2.1. Phenols 

Hydrocarbons in which one or more hydrogen atoms are replaced by hydroxy 

group (-OH) are named as alcohols and phenols like compounds thymol, eugenol, 

carvacrol, chavicol and thymol, In other words, the hydroxy derivatives of 

hydrocarbons are named as alcohols and phenols. Out of alcohols and phenols, 

alcohols are hydroxy derivatives of aliphatic hydrocarbons, whereas phenols are 

hydroxy derivatives of aromatic hydrocarbons. Phenols have wide applications in 

different fields like medicines. Like exachlorophene which is a phenolic compound is 

antiseptic in nature and acts as a main constituent of mouthwashes, deodorant and 

medicinal skin cleansers. 

Four phenolic derivatives viz, syringic acid (Tripathy et al., 1991), 3,4-

dihydroxybenzonicacid, gallic acid and 3,4-dihydroxy-5-methoxy-benzoicacid(Huang 

et al.,2007) have been isolated from the species of Tagetes L. Among them, the 

positions C-1 and C-4 are substituted by –COOH and -OH, respectively, while no 

substitution occurs at the position C-2 or C-6. The positions C-3 and C-5 are often 

substituted by -OMe or -OH. Some other phenolic compounds like ethyl gallate and 
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methyl-3,5-dihydroxy-4-methoxy benzoate  are also found in the Tagetes (Tripathi et 

al., 1992). 

 

 

2.3.2.2. Alcohols 

An alcohol is any organic compound in which the hydroxyl functional group is 

bound to a saturated carbon atom. 

Monoterpene alcohol: borneol, isopulegol, lavanduol, α-terpineol, and so on. 

Sesquiterpenes alcohol: elemol, nerolidol, santalol, α-santalol and so on. 

2.3.2.3. Aldehydes 

An aldehyde  or alkanal is an organic compound containing a functional 

group with the structure −CHO, consisting of a carbonyl center (a carbon double-

bonded to oxygen) with the carbon atom also bonded to hydrogen and to an R 

group, which is any generic alkyl or side chain. The group—without R—is 

the aldehyde group, also known as the formyl group. Aldehydes are common 

in organic chemistry. Many fragrances are aldehydes e.g. citral, myrtenal, 

cuminaldehyde, citronellal, cinnamaldehyde, benzaldehyde etc. 

2.3.2.4. Ketones 

A ketone (alkanone)  is an organic compound with the structure RC (=O) R’, 

where R and R' can be a variety of carbon-containing substituents. Ketones 

and aldehydes are simple compounds that contain a carbonyl group (a carbon-oxygen 

double bond). They are considered "simple" because they do not have reactive groups 

like −OH or −Cl attached directly to the carbon atom in the carbonyl group, as 

in carboxylic acidscontaining −COOH e.g. carvone, menthone, pulegone, fenchone, 

camphor, thujone, verbenone etc. 

https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Functional_group
https://en.wikipedia.org/wiki/Functional_group
https://en.wikipedia.org/wiki/Carbonyl
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Side_chain
https://en.wikipedia.org/wiki/Side_chain
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Fragrance
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Substituent
https://en.wikipedia.org/wiki/Aldehydes
https://en.wikipedia.org/wiki/Carbonyl_group
https://en.wikipedia.org/wiki/Hydroxyl
https://en.wikipedia.org/wiki/Chlorine
https://en.wikipedia.org/wiki/Carboxylic_acids
https://en.wikipedia.org/wiki/COOH
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2.3.2.5. Esters 

 Ester is a chemical compound derived from an acid (organic or inorganic) in 

which at least one –OH (hydroxyl) group is replaced by an –O–alkyl (alkoxy) group. 

e.g. bomyl acetate, linalyl acetate, citronellyl acetate, geranyl acetate, etc. 

2.3.2.6. Oxides 

An oxide is a chemical compound that contains at least one oxygen atom and 

one other element in its chemical formula. "Oxide" itself is the dianion of oxygen, an 

O2– atom.e..g. 1,8-cineole, bisabolone oxide, linalool oxide, sclareoloxide etc. 

2.3.5.7. Ethers 

Ethers are a class of organic compounds that contain an ether group - an 

oxygen atom connected to two alkyl or aryl groups. They have the general formula R–

O–R′, where R and R′ represent the alkyl or aryl groups. e.g.1,8-cineole, anethole, 

elemicin, myristicin etc. 

Different constituents in essential oils exhibit varying smell or flavour (Burt 

2004). Also, the perception of individual volatile compounds depends on their 

threshold. 

2.3.3. Other bioactive phytochemicals 

2.3.3.1. Flavonoids 

Flavonoids are the main components within the genus Tagetes L., and may 

have the meaning of chemosystematic interpretations up to some extent. Several 

flavonoids have been identified from the genus Tagetes L., which within this genus in 

the free or glycoside form. 

https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Acid
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Alkoxy
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Steinmetz, et al., (1991) stated that among the plant secondary metabolites 

flavonoids constitute the major component, and they are found in all parts while 

several other flavonoids were identified from the aqueous methanolic extract of the 

defatted flower heads and leaves of Tagetes erecta including quercetagetin and 6-

hydroxykaempferol-7-O-glucoside. Additionally, the extract of the leaves particularly 

yielded kaempferol, kaempferol-7-O-rhamnoside and kaempferitrin. Quercetin was 

also found in the dried flowers of Tagetes erecta (Tripathy et al., 1991). 

2.3.3.2. Alkaloid  

Alkaloids are any of a class of nitrogenous organic compounds of plant origin 

which have pronounced physiological actions on humans. They include many drugs 

(morphine, quinine) and poisons (atropine, strychnine). 

Alkaloids are a group of naturally occurring chemical compounds that mostly 

contain basic nitrogen atoms. This group also includes some related compounds with 

neutral and even weakly acidic properties. 

Faizi and Naz, (2002) reported two alkaloids (6-ethoxy-2, 4-dimethylquinoline 

and luteolin) are found from Tagetes genus. Jafrine (Faizi and Naz, 2002) is an 

inherently unstable and structurally novel tetra hydro-β-carboline alkaloid. 

2.3.3.3. Carotenoids  

Carotenoids are the important components from the petals extracts in the 

species of Tagetes L. Carotenoids within this genus mainly composed of all-trans-

lutein, β-carotene, zeaxanthin and lutein esters. Lutein, bearing one hydroxyl group at 

each ionone ring, could be esterifies with the saturated fatty acids, resulting in mono- 

and diacylated derivatives, such as lutein dipalmitate diesters, lutein myristate 

palmitate diesters and lutein violaxanthin monoesters. 

2.3.3.4.   Quinones 
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The quinones represent a class of organic compounds that are formally 

"derived from aromatic compounds [such as benzene or naphthalene] by conversion 

of an even number of –CH= groups into –C (=O) – groups with any necessary 

rearrangement of double bonds", resulting in "a fully conjugated cyclic dione 

structure". 

 Janiszowska et al., (1976) stated that quinones were isolated from different 

parts of C. officinalis. They included plastoquinone, phylloquinone, α-tocopherol and 

ubiquinone. 

2.3.3.5. Tannin 

A yellowish or brownish bitter-tasting organic substance present in some galls, 

barks, and other plant tissues, consisting of derivatives of gallic acid. 

2.4. Pharmacological Actions 

Genus Tagetes has been investigated by many workers for its various 

pharmacological effects viz. antiplasmodial, antioxidant, antidepressant and 

antimicrobial etc. which exhibit a broad range of biological effects, some of which are 

very interesting for possible future development. 

2.4.1. Antimicrobial Activity 

The essential oil of the leaves of Tagetes erecta exhibited moderate 

antimicrobial activity against Bacillus subtilis and Bacillus anthraces while slight 

activity was observed against Escherichia coli, Klebsiella pneumoniae, Salmonella 

pullorum, Salmonella richmond, Salmonella newport, Salmonella stanley, Salmonella 

typhimolium, Staphylococcus aureus, Proteus vulgaris, Pseudomonas agalactiae, 

Apergillus niger, Aspergillus fumigatus, Aspergillus flavus, Rhizophus stolonifer, 

Fusarium sp., Penicillium digitatum and Candida albicans (Grover and Rao, 1978). 
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Garg and Dengre, (1986)investigated that the essential oil of the leaves and 

stems of Tagetes erecta showed noticeable antibacterial activity against four gram 

positive and fifteen gram negative pathogenic bacteria viz. Staphylococcus aureus, 

Bacillusmycoides, Bacillus pumilus, Bacillus subtilis, Salmonella paratyphi A, 

Salmonella paratyphi B, Salmonellaparatyphi C, Salmonella typhi H, Salmonella 

enteritides, Salmonella flexneri, Salmonella typhimurium, Shigellasonnei, Shigella 

schimizii, Shigella shiga, Vibrio cholerae Inawa, Vibrio cholerae Ogawa, Vibrio 

cholerae Eltor and Xanthomonas campestris. 

The alcoholic extract of Tagetes erecta revealed slight antifungal activity 

against Penicillium chrysogenum, Penicillium notatum, Aspergillus niger ISO-I, 

Aspergillusniger ISO-II and Mucor species (Nanir and Kadu, 1987). 

Romagnoliet al., (1994)found essential oil of the flowers heads of Tagetes 

minuta revealed noticeable antimicrobial activity against Bacillus subtilis, 

Escherichia coli, Salmonella typhi, Staphylococcus aureus, Aspergillus niger and 

Trichodermaviride but was found ineffective against Microsporum gypseum. 

Gupta and Vasudeva, (2010) conducted studies on five successive extracts viz. 

petroleum ether, chloroform, ethyl acetate, methanol and aqueous extracts of the roots 

of Tagetes erecta and extracted a new bithienyl compound: 2-hydroxymethyl-non-3-

ynoic acid 2-[2,2']-bithiophenyl-5-ethyl ester from the roots of the plant exhibited 

significant antimicrobial activity against three Gram-positive (Staphylococcus aureus, 

Bacillus subtilis and Micrococcus luteus), two Gram-negative (Escherichia coli and 

Pseudomonas aeruginosa) bacterial and two fungal (Candida albicans and 

Aspergillus niger) strains with minimum inhibitory concentrations (MIC) for the 

extracts ranging between12.5-100 μg/mL 
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Rhama and Madhavan (2011) reported the anti-bacterial activity of different 

solvents of Tagetes erecta flowers against Alcaligens faecalis, Bacillus cereus, 

Campylobacter coli, Escherchia coli, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Proteus vulgaris, Streptococcus mutans and Streptococcus pyogenes. The 

flavonoid possesses antibacterial activity against all the tested strains and shows 

maximum zone of inhibition for Klebsiella pneumonia (29.50 mm). The flavonoid-

Patulitrin is one of the potential elements for its anti-bacterial activity. 

Gupta et al., (2012) studied on the antibacterial effect of Mexican marigold 

(Tagetes erecta) leaf extract at room temperature against 10 gram positive multidrug 

resistant bacterial isolates including Enterococcus faecalis, Enterococcus faecium. 

Staphylococcus epidermidis, Staphylococcus aureus, Bacillus cereus, 

Erysipelothrixrhusiopathiae, Propionibacterium acne, Streptococcus pneumoniae, 

Streptococcus agalactine, Staphylococcus saprophyticus and 6 gram negative 

multidrug resistant bacterial isolates including Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas auregenosa, Salmonella enteriditis, Acinetobacter 

baumannii, Alcaligen faecalis were studied by well diffusion method. The maximum 

antibacterial effect of Mexican Marigold leaf extract among those micro-organism 

was obtained for Acinetobacter baumannii (Acitvity Index = 0.913333333) and 

Propionibacterium acne (Acitvity Index = 0.906666667) and minimum was for 

Streptococcus pneumonia (Activity Index = 0.026666667). The results suggest that 

species of Mexican marigold i.e. Tagetes erecta has antibacterial effect against 

airborne disease causing gram positive and gram negative bacteria and mainly against 

skin infection causing bacteria, and hence can be useful in developing drugs for 

diseases like dermatitis, acne, skin races and also can be developed as antiseptic. 
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Kiranmai and Mohammed (2012) investigated the antibacterial effect of 

different extracts of leaves and flowers of Tagetes erecta Linn. After performing 

preliminary phytochemical screening and thin layer chromatography, antibacterial 

study was conducted according to the agar diffusion method by using gram positive B. 

cereus, S. aureus and gram negative E. coli, P. aeruginosa. This study was shown that 

petroleum ether extract of leaves and ethyl acetate extract of flower of Tagetes erecta 

significantly inhibit the growth of bacteria dose independently.   

Iauket al., (2003) found that the methanol extract and 10 % decoction of the 

plant’s flowers assessed for their activity against anaerobic and facultative aerobic 

periodontal bacteria, namely, Porphyromonos gingivalis, Prevotella spp., 

Furobacterium nucleatum, Caphocytophaga gingivalis, Veilonella parvula, Eikenella 

corrodens, Peptostreptococcus micros and Actinomyces odontolyticus showed marked 

inhibition against all tested microorganisms with MIC ≥2048 mg/L. 

2.4.2. Anti-oxidant activity 

 Basavaraj et al.,(2011) stated that the antioxidant studies on the ethanolic 

extract of Tagetes erecta flowers by three different assays like DPPH, reducing power 

and super oxide radical scavenging activity at different concentrations were used. In 

all the three assay, Tagetes erecta showed better reducing power than the standard 

(i.e. ascorbic acid), and super oxide anion scavenging activity and DPPH antioxidant 

activity showed less than standard. However, ethanolic extract of Tagetes erecta 

demonstrated antioxidant property in all the in Vitro models. 

 Tripathi et al., (2012)conducted a trial to study the essential oil extracted by 

hydro distillation of the aerial parts (leaves, flowers and shoots) of Tagetes erecta 

(Var. Pusa Narangi Genda) of Asteraceae family, was analyzed by gas 

chromatography–mass spectrometry and evaluated for antimicrobial and antioxidant 
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properties. In the aerial part extract forty three constituents were identified, 

representing more than 83% of the total detected. The major components were 

identified as cis-ocimene (18.46%), (E)- oscimene (8.65%), l-limonene (11.16%), (E)-

tagetone (10.56%), b-caryophyllene (6.9%) and dl-limonene (4.16%). The essential 

oil was evaluated in vitro for antioxidant activity using specific assays. A significant 

antioxidant and radical scavenging activity was observed. The oil also exerted 

significant antifungal activity against the phyto pathogenic fungi, Rhizoctoniasolani, 

Sclerotium rolfsii and Macrophomina phaseolina and antibacterial activity against 

Xanthomonas oryzae, Klebsiella pneumonia and Pseudomonas aeruginosa. 

 A 70 % methanol extract of the plant was successively extracted with ether, 

chloroform, ethyl acetate and n-butanol leaving a residual aqueous extract which was 

assayed for antioxidant activity by liposomal lipid peroxidation-induced Fe2+ and 

ascorbic acid. The ether, butanol and water extracts, containing flavonoids, showed 

antioxidant activity (Popovic et al., 1999). 

 Carotenoids such as lutein extracted from marigold (Tagetes erecta) revealed 

significant antioxidant activity whereby they were reported to scavenge superoxide 

radicals generated by photoreduction of riboflavin, hydroxyl radicals generated 

reaction and inhibited in vitro lipid peroxidation (Sindhu and Kuttan, 2007). 

2.4.3. Insecticidal Activity 

Saxena et al., (1992) reported that the acetone extract of the whole plant was 

reported for the growth inhibitory and juvenile hormone mimicking activity against 

the larvae of Culex quinquefasciatus. 

The hexane, benzene, ethyl acetate and methanolic extracts, myristic and 

dodecanoic acids isolated from the hexane extract and the essential oil of Tagetes 
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erecta flowers revealed significant antianemic activity against the root knot nematode 

Meloidogyne incognita juveniles (Ray et al., 2000). 

The essential oils of Tagetes pusilla seeds and Tagetes minuta aerial parts 

exhibited significant insecticidal activity against Aedes aegypti larvae (Chantraine et 

al., 1998). 

Siddiqui and Alam, (1988)investigated thatthe aqueous extracts of flowers, 

seeds, roots and leaves of Tagetes lucida revealed significant nematicidal effect 

against Meloidogyne incognita, Rotylenchulusreniformis, Tylenchorhynchus 

brassicae, Hoplolaimus indicus, Helicotylenchus indicus and Tylenchus filiformis. 

Among all the fractions, the flower extract caused greatest nematode mortality 

followed by seed, leaf and root extracts. 

2.4.4. Antiplasmodial Activity 

Five successive extracts viz. petroleum ether, chloroform, ethyl acetate, 

methanol and aqueous extracts of the roots of Tagetes erecta and a new bithienyl 

compound: 2-hydroxymethyl-non-3-ynoic acid 2-[2,2']-bithiophenyl-5-ethyl ester 

from the roots of the plant exhibited significant schizonticidal activity against 

chloroquine sensitive and resistant strains of Plasmodium falciparum (Gupta and 

Vasudeva, 2010). 

2.4.5. Antidepressant Activity 

 The essential oil of the aerial parts of Tagetes minuta was reported to exert 

antidepressant activity via negative modulation on GABAergic function (Martijena et 

al., 1998). 

2.5. Methods of Essential Oil Extraction from Tagetes erecta L. 
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Essential oils are extracted from oil sacs in flowers, leaves, stems, roots, seeds, 

wood, bark and other plant organs. There are numerous methods available for the 

extraction of EOs such as steam distillation, hydro distillation, maceration, solvent 

extraction and cold pressing also known as expression among other methods 

(Schmidt, 2010). The choice of a particular method will depend on a number of 

factors such the plant material as well as the desired end-product (Kabura, 2009). 

Furthermore, the isolation of an essential oil will be facilitated by its various 

properties as vapour pressure, solubility and polarity among other chemical and 

physical properties (Okoh, 2010). Steam distillation is undoubtedly one of the most 

popular methods of essential oils extraction (Schmidt, 2010). Steam distillation as a 

technique involves distillation of two immiscible liquids, for which steam provides 

one of the immiscible phases. The two substances i.e. water and essential oils mix in 

the gaseous phase and co-distill, but when cooled the two components separates since 

they are immiscible (Pavia et al., 2005). In this method of essential oil extraction, the 

plant material is packaged into a still where pressurized steam from boiling water 

passes through. The heated steam causes globules of oils in the plant to burst and the 

oils to evaporate. The essential oils and steam vapours passes through the top of the 

still into a condenser where they are condensed back to liquids with the oils separating 

from the water and floating on the top (Raaman, 2006). The fundamental nature of 

this technique is that it enables a compound or mixture of compounds to be distilled at 

temperature considerably below that of the boiling point(s) of individual 

constituent(s) (Kumar, 2010). Essential oils typically consist of individual 

components with boiling points of 200°C and above. However, in the presence of 

pressurized steam, these constituents are volatilized at temperature close to 100°C, at 

atmospheric pressure (Rao and Pandey, 2007). 
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2.5.1. Hydro distillation 

Hydro distillation has become the standard method of essential oil extraction 

from plant material such as wood or flower, which is often used to isolate nonwater-

soluble natural products with high boiling point. The process involves the complete 

immersion of plant materials in water, followed by boiling. This method protects the 

oils extracted to a certain degree since the surrounding water acts as a barrier to 

prevent it from overheating. The steam and essential oil vapour are condensed to an 

aqueous fraction. The advantage of this technique is that the required material can be 

distilled at a temperature below 100 °C. 

Baser, (2010) reported hydro-distillation, a method of  essential oil extraction 

which allows for the separation of slightly volatile, water-immiscible substances by 

means of low temperature distillation, being of particular use when the components 

boil at high temperature (higher than 100ºC) and are susceptible to decomposition 

below this temperature. 

Sefidkon et al., (2004) observed that hydro-distilled volatile oils from the 

leaves and stems and the flowers of Tagetes erecta L. were analyzed by a 

combination of GC and GC/MS. Thirty-three components in leaf and stem oil and 34 

components in flower oil were identified. The main characterized constituents were β 

-caryophyllene (8.5 and 35.2%), terpinolene (18.4 and 6.3%), (E)-ocimenone (12.6 

and 9.8%), (Z)-β -ocimene (10.4 and 13.7%), piperitenone (10.4 and 2.6%), (Z)-

ocimenone (5.5 and 7.7%) and limonene (6.2 and 2.5%) in leaf and stem and flower 

oils respectively.  

Wong et al., (2014) elucidated that Cinnamomum zeylanicum is one of the 

herbs and spices plants that come from cinnamon family which contains high quality 

of essential oil. In this study, the essential oil from plant Cinnamomum zeylanicum 
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was extracted using two methods which were steam distillation and soxhlet extraction. 

Steam distillation produced high quality essential oil extraction using separatory 

funnel. Soxhlet extraction produced essential oil in crude from using rotary evaporator 

to purify the extracted product. Cinnamon essential oil contains high cinnamaldehyde 

content which is the main component in cinnamon. The percentage of 

cinnamaldehyde in essential oil from steam distillation was about 90% and 62-73% 

from Soxhlet extraction. Cinnamon essential oil has high antimicrobial properties 

which formed clear zone when tested with gram positive bacteria Bacillus subtilis 

spp. and a gram negative bacterium Escherichia coli. It also showed antimicrobial 

properties with two unknown bacteria with unknown characteristics. Cinnamaldehyde 

contains high antibiotic quality since it is the main compound in cinnamon. 

Hydrodistilled volatile seed oil composition of commonly growing ornamental 

Tagetes patula L. was analyzed for its constituents by GC/MS. Forty constituents 

were identified, comprising 94% of the total oil. Sesquiterpene hydrocarbons (52.7%) 

and oxygenated sesquiterpenes (15.8%) were the main subclasses of volatile oil 

components followed by monoterpene hydrocarbons (12.6%). The principle 

constituents of the volatile oil were (E)-caryophyllene (44.6%) caryophyllene oxide 

(14.8%), germacrene D (3.8%), (Z)-β-ocimene (3.8%) and limonene (3.7%). From 

chemical point of view, oxides (15.7%) were the predominant group of components 

with caryophyllene oxide as their main representative. α-terthienyl (3.8%) comprised 

partially large amount in the volatile oil content despite of its polar and less-volatile 

nature. Taking into account the volatile oil profile, the chemical composition of the 

volatile seed oil of commonly growing ornamental T. patula L. was characterized as 

sesquiterpene and α-terthienyl rich one probably with appreciable biocidal 

(Insecticidal and nematicidal) and pharmacological potential. 
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2.5.2. Solvent extraction  

Conventional solvent extraction has been implemented for fragile or delicate 

flower materials, which are not tolerant to the heat of steam distillation. Different 

solvents including acetone, hexane, petroleum ether, methanol, or ethanol can be used 

for extraction (Areias et al., 2000; Pizzale et al., 2002; Kosar et al., 2005 and Li et al., 

2009). 

Agarwal et al., (2012) mentioned that Soxhlet extraction is one of the 

traditional methods used for the isolation of metabolites from plant material. Analytes 

with medium to low volatility which may play a role for the aroma and quality of oil 

extracted from the plant material are extracted with this technique. The correct choice 

of solvent is important in order to obtain a good yield from the extraction as well as to 

prevent the loss of volatiles. The solvent used in this method is indicative of the 

polarity of the compounds extracted. The extraction is usually carried out for a long 

period. The disadvantage of this technique is that, due to the long heating period, the 

analytes are exposed to high temperatures, which may lead to thermal degradation of 

some compounds. The recovered sample is diluted and has to be concentrated further, 

by evaporation. It is during this step that loss of volatiles can take place (Govender, 

2010). 

2.6. Qualitative and Quantitative estimation of essential oil 

2.6.1. Qualitative estimation by FT-IR Spectroscopy 

In many ways, mid-infrared spectroscopy would appear to be the ideal 

technology for on-line chemicals analysis. After all, IR spectroscopy is the only 

analytical method which provides both ambient temperature operation and the ability 

to directly monitor the vibrations of the functional groups which characterize 

molecular structure and govern the course of chemical reactions. In principle, IR also 
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offers the advantages of continuous (near real-time) operation and low maintenance 

compared to gas chromatography and low cost and structural specificity compared to 

mass spectroscopy. 

The term “infrared” generally refers to any electro-magnetic radiation falling 

in the region from 0.7 mm to 1000 mm. However, the region between 2.5 mm and 25 

mm (4000 to 400 cm-1) is the most attractive for chemical analysis. This “mid-IR” 

region includes the frequencies corresponding to the fundamental vibrations of 

virtually all of the functional groups of organic molecules. These spectral lines are 

typically narrow and distinct, making it possible to identify and monitor a band 

corresponding to the specific structural feature that is to be modified by a reaction. As 

a result, quantitative calibrations performed in the mid-IR are usually straightforward 

and robust, being largely immune to the effects of spurious artifacts (Baughman et al., 

1989; Kelly et al., 1989; Miller et al., 1990; Lodder et al., 1988). 

In principle, the intensity of a given spectral point could be determined by 

simply passing the electrical signal obtained from the IR detector through a narrow 

band electronic filter and the complete spectrum could be measured by varying the 

filter frequency. A much more rapid approach is to use a digital computer to perform 

a Fourier transformation of the inter ferogram, thereby directly yielding the composite 

spectrum of the source, the instrument, and any sample interposed in the optical path. 

This is the basis of all modern rapid-scan FT-IR spectrometers (Hussain et al., 2007). 

2.6.2. Quantitative estimation by Direct Analysis in Real Time 

(DART) Mass Spectrometry 

Direct Analysis in Real Time (DART) is an atmospheric pressure that 

instantaneously ionizes gases, liquids and solids in open air under ambient conditions. 

Direct Analysis in Real Time (DART) has been coupled to the AccuTOF atmospheric 
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pressure ionization mass spectrometer to permit high resolution, exact mass 

measurements of gases, liquids and solids (Cody et al., 2005; Kim et al., 2011). 

Okoh et al., (2008) stated that Calendula officinalis is a medicinal plant whose 

essential oils are used for various purposes. The oils were extracted by hydro-

distillation from fresh leaves, dry leaves and fresh flowers of the herb yielding 0.06, 

0.03 and 0.09%, respectively. The analysis of the oils by GC-MS revealed a total of 

30, 21 and 24 compounds from the fresh leaves, dry leaves and the flowers in the 

same order. Sesquiterpenoids dominated the fresh leaves (59.5%) and flowers (26%), 

while the monoterpenes dominated the oil in the dry leaves (70.3%). T-muurolol 

(40.9%) predominated in the fresh leaf oil; α-thujene (19.2%) and dcadinene (11.8%) 

were also present in high quantities. Whereas, 1,8-cineole (29.4%), g-terpenene 

(11.6%), d-cadinene (9.0%), β-pinene (6.9%) and α -thujene (6.3%) were the major 

components in the dry leaf oil. In the fresh flower oil, α -thujene (15.9%), d-cadinene 

(13.1%) and d-cadinene (10.9%) were the major components. The significance of the 

effect of drying on essential oil composition of this plant is discussed. 

Singh et al., (2012) investigate to characterize diversity in terms of metabolite 

profiles of Cinnamomum tamala Nees and Eberm genotypes; a newly emerging mass 

spectral ionization technique direct analysis in real time (DART) is very helpful. The 

DART ion source has been used to analyze an extremely wide range of 

phytochemicals present in leaves of Cinnamomum tamala. Ten genotypes were 

assessed for the presence of different phytochemicals. Phytochemical analysis showed 

the presence of mainly terpenes and phenols. These constituents vary in the different 

genotypes of Cinnamomum tamala. Principal component analysis has also been 

employed to analyze the DART data of these Cinnamomum genotypes. The result 

shows that the genotype of Cinnamomum tamala could be differentiated using DART 
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MS data. The active components present in Cinnamomum tamala may be contribute 

significantly to high amount of antioxidant property of leaves and, in turn, conditional 

effect for diabetic patients. 

Twenty-one P. betle landraces were analyzed using a Direct Analysis in Real 

Time (DART) mass spectral technique and evaluated on the basis of molecules 

detected in the leaves. Clustering of landraces based on three well known biologically 

active phenols (m/z 151,165,193) showed two broad groups with high and low phenol 

contents suggesting differences in their therapeutic potential. Findings of this study 

could be useful in rapid screening of the landraces for determining their medicinal 

potential and optimum utilization of the bio resource (Bajpai et al., 2013). 

Casta et al., (2016) found that the application of direct analysis in real time 

combined with mass spectrometry (DART-MS) for the qualitative analysis of 

lubricant and oil additives, and the quantitative analysis of a lubricant antioxidant 

additive. Analysed alone and in the presence of a base oil, from filter paper, glass and 

steel surfaces, showed the potential of the DART-MS technique for the direct, rapid 

analysis of lubricant oil additives. The quantitative capabilities of the technique were 

evaluated for the antioxidant in an oil matrix at concentrations in the range 0.1–8 

mg/mL in oil (1–80 μg antioxidant on spot), using a structural analogue of the 

antioxidant as an internal standard. The linearity (R2 = 0.997), precision (% RSD = 

2.6%) and LOD (0.04 mg/mL in oil) of the method demonstrates that DARTMS is 

capable of the rapid determination of additives in oil without pre-extraction. 

Gazimet al., (2008) studied on terpenes and aroma volatiles from flowers of 

Calendula officinalis cultivated in southeastern Brazil were obtained by steam 

distillation (SD), headspace-cold finger (HS-CF) extraction and headspace solid-

phase micro extraction (HS-SPME) coupled with gas chromatography and mass 
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spectrometric analysis. The dried flowers contained 0.1% oil. Kovats indices and 

mass spectra were used to identify 27 individual components in the various volatile 

fractions. The main components present in the volatile fractions of the C. officinalis 

flowers, obtained by SD, HS-SPME, and HSCF, were δ-cadinene (22.5, 22.1, and 

18.4 %) and γ-cadinene (8.9, 25.4, and 24.9 %) while 20.4 % of α-cadinol was seen 

only after SD extraction. 

Mehran et al., (2013) elucidated that Tagetes is a genus of 56 species of 

annual and perennial mostly herbaceous plants in the sunflower family (Asteraceae or 

Compositae). In this research our goal was recognizing the main components of the 

plant to extract useful ones. Essential oils of the leaves, seeds and flowers of Tagetes 

minuta L., growing wild in Iran, were extracted by hydro distillation and analyzed by 

GC and GC-MS. Identification of the constituents of the oils was done by comparison 

of their mass spectra and retention indices with those given in the literature and the 

authentic samples. Twenty-six components were identified in the essential oils of the 

investigated organs. The main components extracted from the leaf oils were dihydro 

tagetone (45.9%), cis-β-ocimene (11.9%) and borneol (11.1%), and those of the seed 

oils included dihydrotagetone (21.0%) and benzoic acid-4-hydroxy-methyl ester 

(33.5%) also trans-ocimenone (27.0%), cis-β- ocimene (26.0%) and cis-ocimenone 

(17.6%) were the major constituents in the flower oils. 
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Chapter III 

MATERIALS AND METHODS  

 

The present investigation entitled “A Study on the Extraction of Essential Oil from 

Marigold (Tagetes erecta L.) and its Characterization” was carried out at the Horticulture 

Research Farm and  Laboratory of the Department of Applied Plant Science (Horticulture), 

Babasaheb Bhimrao Ambedkar University, (A Central University), Vidya-Vihar, Rae Bareli 

Road, Lucknow, Uttar Pradesh during the  year 2013 to 2016.The preliminary qualitative 

screening of phytochemicals in the essential oil of different samples of various parts of marigold 

was done at the Laboratory of Department of Applied Plant Science (Horticulture).The FT-IR 

Spectroscopy was performed at University Scientific Instrumentation Centre (USIC), Babasaheb 

Bhimrao Ambedkar University, Vidya Vihar, Rae Bareli Road Lucknow (U.P.) India and the 

Direct Analysis in Real Time (DART) Mass Spectrometry was done at Sophisticated Analytical 

Instrumentation Facility (SAIF), Central Drug Research Institute (CSIR-CDRI), Lucknow, (U.P.) 

India. The details of materials used and methodologies adopted in the course of investigation 

have been presented hereunder. 

3.1. Experimental Material 

Flower and leaf samples of African marigold (Tagetes erecta L.) variety Pusa Narangi 

Genda were taken for the study of phytometabolites in the essential oil of marigold. Seeds of this 

variety were procured from Indian Agricultural Research Institute, Pusa, New Delhi. 
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3.2. Preparation of nursery beds and sowing of the seeds 

Beds of one meter width and 1.5m length were prepared in the nursery block of the 

Horticulture Research Farm, Department of Applied Plant Science by digging the bed sand 

incorporating well rotten FYM. For winter crop, seeds were sown in nursery in the last week of 

September and for summer crop seeds were sown in the first week of February. Seeds were sown 

at a row to row distance of 6-8 cm and depth of 2.0cm so that the population of the seedlings 

would not be thick. The seeds were covered with sieved leaf mold and germinated 4-5 days after 

sowing. The nursery beds were kept moist during entire period. Standard intercultural operations 

were done at regular intervals for better development of plant. 

3.3. Transplanting 

The seedlings became ready for transplanting when they attained3-4 leaf stage, after 25 

days of sowing in both the season Seedlings which were healthy and free from insect-pest and 

diseases were uprooted with utmost care without damaging the roots of plant and then 

transplanted carefully in the experimental field. A light irrigation was given after transplanting. 

The entire study was subsequently divided into the four experiments listed below:  
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Plate 1: Nursery raising of African marigold (Tagetes erecta L.) at Horticulture Research 

Form 

 

3.4. Experiment Number I 

To standardize the method for extraction of essential oil from marigold 

plant parts: 

Fresh and dried, flower and leaf samples of marigold Tagetes erecta L were collected for 

standardizing the method for extraction of essential oil from marigold. Oil extraction from 

marigold plant parts was done using two methods viz. Hydro-distillation and Solvent extraction. 
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3.4.1. Collection of sample 

For the present experiment, the leaf and flower part of African marigold plant were 

collected at full blooming stage in the early morning. 

 

 

Plate 2:  Collection of fresh flowers of marigold for oil extraction. 

 

Plate 3:  Processing of fresh flowers of marigold for making sample dry for oil extraction. 
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Plate 4: Collection and preparation of fresh and dry leaf sample of marigold (Tagetes erecta 

L.) 

3.4.1.1. Fresh flower and leaf sample 

The fresh flowers and leaves of African marigold (Tagetes erecta L.) cultivated in 

Horticulture Research Farm of the Department of Applied Plant Science (Horticulture), 

Babasaheb Bhimrao Ambedkar University, Lucknow, U.P. were collected at full flowering stage 

in early morning in both the seasons i.e. winter and summer respectively. 

3.4.1.2. Dry flower and leaf sample 

Fresh flowers and leaves collected from the experimental field were processed in the 

Laboratory of the Department of Applied Plant Science (Horticulture) and subjected to air drying 

for 24 hours in shade. The dried plant material was subsequently, powdered using mixer and 

grinder. The samples were protected from direct sunlight and subsequently stored in air tight 

containers for further study. 
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3.4.2. Extraction of essential oil 

Two methods of essential oil extraction were used from the fresh and dry sample of 

flowers and leaves of marigold. 

a. Hydro-distillation using Clevenger’s method 

b. Solvent extraction using Soxhlet apparatus 

3.4.2.1. Hydro-distillation  

The plant parts of African marigold i.e. flower (fresh and dry) and leaf (fresh and dry) 

were subjected to hydro-distillation using a Clevenger’s apparatus. The collection of oil started 

after a heating time of about 40 minutes and was continued till no more essential oil was obtained 

after 5-6 hours. After the distillation process was complete, the volatile essential oils were 

removed from the top of the hydrosol and dried over anhydrous sodium sulphate (Na2SO4) 

(Golfakhrabadi et al., 2015) and stored in small sealed tubes at low temperature for preliminary 

screening of phytometabolites, qualitative screening by FT-IR and quantitative DART-MS 

analysis. 

 

Plate 5: Hydro-distillation using Clevenger’s apparatus 
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PLANT PARTS  

 

(Fresh flowers & leaves and dry flowers & leaves) 

 

 

                                                                                    Cleaning      

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

Samples were dried over anhydrous sodium sulphate and stored in small sealed tubes at 

low temperature 

 

Fig 3.1:  Process for extraction of essential oil by hydro-distillation modified from 

Gavahian et al., 2012. 

 

To remove stone, dust and 

other extraneous matter 

 

 

 

Grinding (Only for dry sample) 

Hydro distillation 

Temperature: 70 – 80°C 

                                                           

Duration 3 hours 

Separation  

(By n-hexane) 
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3.4.2.2. Solvent extraction 

Solvent extraction is one of the traditional methods used for the isolation of metabolites 

from plant material. Analytes with medium to low volatility which may play a role for the aroma 

and quality of oil extracted from the plant material are extracted with this technique. The correct 

choice of solvent is important in order to obtain a good yield from the extraction as well as to 

prevent the loss of volatiles. The solvent used in this method is indicative of the polarity of the 

compounds extracted (Dutta et al., 2014).The extraction is usually carried out for a long period. 

About a significant amount of fresh and dry flowers & fresh and dry leaves of African marigold 

(Tagetes erecta L.) were subjected to solvent extraction for 3-4 hours at temperature 600Cwith the 

help of non- polar solvent n-hexane using a soxhlet apparatus. The oil extracted was stored in 

small sealed tubes at low temperature for preliminary screening of phytochemical, qualitative 

screening by FT-IR and quantitative screening of oil by DART-MS analysis. 

 

Plate: 6 Solvent extractions using soxhlet apparatus. 
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Plate 7:  Oil extraction from dry flowers of marigold through hydro-distillation using 

clevenger’s apparatus. 

 

 

Plate 8:  Oil extraction from fresh flowers of marigold through hydro-distillation using 

clevenger’s apparatus. 
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Plate 9:  Oil extraction from dry leaves of marigold through hydro-distillation using 

clevenger’s apparatus. 

 

 

Plate 10:  Oil extraction from fresh leaves of marigold through hydro-distillation using 

clevenger’s apparatus. 
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Plate 11: Solvent extraction of essential oil from fresh flowers of marigold using soxhlet 

apparatus 
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30 g fresh and dry sample of flowers& leaves of African marigold (Durling et al., 2007) 
 

 

                                                                                    Cleaning 

 

 

Ground into powder (only for dry sample) 

 

 

Placed in filter paper thimble 

 

 

 

 

Extracted for 3-4 hours using n-hexane as solvent 

 
                                                                                 Temperature 60°C 

 

 

 

                    Separation 
 

 

                                                                                 By rotary evaporator 

 

        Samples dried over anhydrous sodium sulphate and stored in sealed tubes at low 

temperature for further study 

 

Fig3.2:  Process for extraction of essential oil by solvent extraction 
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3.5. Experiment Number II 

Qualitative estimation of essential oil from marigold plant parts: 

3.5.1 (A). Preliminary screening of phytochemicals 

The oil samples extracted from fresh and dry, flowers and leaves of African marigold by 

using the Hydro-distillation and Soxhlet methods were tested for presence of bioactive 

phytochemicals using standard procedures as quoted by Mostafavi and Pezhhanfar (2015) to 

identify the secondary phytometabolites in the oil sample. 

3.5.1.1. Detection of Terpenoids (Chloroform test) 

0.5ml of sample 

 

Added 2 ml of chloroform 

 

Concentrated sulphuric acid added carefully 

 

 

Red brown colour at the interface Indicate the presence of terpenoids 
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3.5.1.2. Detection of Steroids 

0.5ml of sample 

 

Added 0.5 ml of chloroform 

 

 Concentrated sulphuric acid added carefully 

 

Appearance of brown ring indicate the presence of steroids 

 

 

3.5.1.3. Detection of Flavonoids (Alkaline reagent test) 

0.5ml of sample 

 

Added 2N sodium hydroxide 

 

Presence of yellow colour indicate the presence of flavonoids 
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3.5.1.4. Detection of Alkaloids  

0.5ml of sample 

 

Added 0.5 ml of concentrated hydrochloric acid 

 

Added few drops of Mayers’s reagent 

 

Presence of green colour or white precipitate indicate the presence of alkaloids 

 

3.5.1.4. Detection of Quinones 

0.5ml of sample 

 

Added 0.5 ml of concentrated sulphuric acid 

 

Formation of red colour indicate the presence of Quinones 
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3.5.1.5. Detection of Glycosides 

0.5ml of sample 

 

Added 2ml chloroform 

 

10% ammonium solution added 

 

Formation of pink colour indicate the presence of glycosides 

 

3.5.1.6. Detection of Phenols 

1 ml of sample 

 

Added 2ml distilled water 

 

Followed by few drops of 10% ferric chloride 

 

Formation of blue or green colour indicate the presence of phenols 
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3.5.1.7. Detection of Triterpenoids 

0.5 ml of sample 

 

Added 0.5 ml Libemann – Buchard Reagent 

(aectic anhydride+ concentrated sulphuric acid) 

 

 

Formation of blue colour indicate presence of triterpenoids 

 

3.5.1.8. Detection of Coumarins 

0.5ml of sample 

 

Added 0.5 ml of 10% NaOH 

 

Formation of yellow colour indicate presence of Coumarins 

 

3.5.1.9. Detection of Tannin 

0.5ml of sample 

 

Added 0.5 ml of ferric chloride 

 

Formation of dark blue or greenish black colour indicate the presence of tannin 
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3.5.1.10. Detection of Saponins (Froth test) 

0.5ml of sample 

 

Added 1 ml of distilled water 

 

Shaken in a graduated cylinder for 15minutes lengthwise 

 

Formation of 1cm layer of foam indicate the presence of saponins 

 

3.5.1. (B). Qualitative screening by FT – IR Analysis 

The qualitative analysis was done by using FT-IR analysis. Sample were placed into 

Fourier Transform Infrared (FT-IR) spectrometer(Nicolet TM 6700, Thermo scientific: USA) 

having a scan range from 400 to 4000 cm-1, at the University Scientific Instrumentation Centre, 

Babasaheb Bhimrao Ambedkar University, Vidya Vihar, Rae Bareli Road, Lucknow (U.P.) India. 

FT-IR Spectrometer was used to identify various types of chemical bonds in a molecule by 

producing an infrared absorption spectrum. The IR spectra were reported as % transmittance.  

The functional groups were determined by comparing the vibration frequencies in wave numbers 

of the sample spectrograph from library of the system and previous literature related to FTIR 

studies. 
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Sample (Oil extracted from different parts of African marigold) 

 

                                      Placed into Fourier Transform 

                                        Infrared (FT-IR) Spectrometer 

 

                                                                                   Scan range from 400 to 4000 cm-1. 

                                      Obtained IR spectra reported as % transmittance 

 

 

Functional groups determined by comparing the vibration frequencies in wave numbers of 

the sample spectrograph from library of the system and previous literature related to FTIR 

studies. 

Fig 3.3:  Process for Fourier Transform Infrared (FT-IR) Spectrometer Analysis 

 

3.6. Experiment Number III 

Quantitative estimation of essential oil from marigold plant parts 

The qualitative analysis of fresh and dry, flowers and leaves essential oil extracted by 

both the hydro-distillation and solvent extraction method was done by using Direct Analysis in 

Real Time (DART) Mass Spectrometry.The DART-MS was done at Sophisticated Analytical 

Instrumentation Facility (SAIF), Central Drug Research Institute (CSIR-CDRI), Lucknow,(U.P.) 

India. The DART-MS was recorded on a JEOL-AccuTOF LMS-T100LC Mass spectrometer 

having a DART (Direct Analysis in Real Time) source. The oil samples extracted from flowers 

and leaves of African marigold by using the Hydro-distillation and Soxhlet methodswere 
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subjected as such in front of DART source. Dry helium gas was used with 4 LPM flow rate for 

ionization at 3500C. Data acquisition was from m/z 50.0 to 1000.0. The orifice was set at 28 V 

and spectra were collected. The components in the oil were identified by comparing their m/z 

values with those of a computer library and with data already published in literature. 

Sample (Oil extracted from different parts of African marigold) 

 

Subjected as such in front of DART source 

 

                                                              Dry helium gas was used with 

                                                                    4 LPM flow rate for ionization at 3500C 

 

Data acquisition from m/z 50.0 to 1000.0. 

 

 

                                           Orifice set at 28 V 

 

Components in the oil identified by comparison of their m/z values with those of a computer 

library and with data already published in literature 

 

Fig 3.4:  Process for Direct Analysis in Real Time (DART) Mass Spectrometry 

3.7. Experiment Number IV 

Comparative study of the yield of the essential oil from different flowering seasons 

Oil was extracted from flower and leaves in different growing seasons by hydro-

distillation and solvent extraction fromfresh and dry, flowers and leaves of marigold (Tagetes 

erecta L.) for 4 hours using a clevenger’s apparatus and soxhlet apparatus. Polar solvent n-hexane 

was used for solvent extraction. Solvent was removed from the samples by using rotary 

evaporator. All extractions were performed in triplicate, and the mean values were reported. The 
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yield of oil was expressed as a percentage of the weight of oil obtained from extraction relative to 

the weight of sample used for extraction. 

                                                  Weight of oil extracted 

        Yield of oil   =                                                              X 100 % 

                                                  Weight of sample used 

 

3.8. Antioxidant activity (DPPH radical scavenging activity) 

DPPH (2, 2 diphenyl1picryl hydrazyl) free radical scavenging assay was measured using 

the method of Molyneux et al., 2004. 0.1 mM solution of DPPH in methanol was prepared and 

1.0 ml of this solution was added to 3.0 ml of extract solution in methanol at different 

concentration (1-16 µg/ml). Thirty minutes later, the absorbance was measured at 517 nm in 

spectrophotometer. A blank was prepared without adding extract. Ascorbic acid (1%) at various 

concentrations (1 to16 µg/ml) was used as standard. Free radical scavenging activity was 

expressed as inhibition percentage and was calculated using the following formula: 

                                                   Acontrol – Atest 
DPPH Scavenged (%)       =                                                               x 100  

                                                        Acontrol 
 

Where, Acontrol is the absorbance of the control reaction and Atest is the absorbance in the presence 

of the sample of the extracts. Results are expressed as IC50, which is the amount of antioxidant 

necessary to decrease the initial DPPH concentration by 50%. 
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Chapter IV 

EXPERIMENTAL FINDINGS 

 

The experimental results obtained from the investigation entitled “A Study on the 

Extraction of Essential Oil from Marigold (Tagetes erecta L.) and its Characterization”  

performed at the Horticulture Research Farm and Laboratory in the Department of 

Applied Plant Science (Horticulture), Babasaheb Bhimrao Ambedkar University, (A 

Central University), Vidya-Vihar, Rae Bareli Road, Lucknow, Uttar Pradesh during the  

year 2013 to 2016 respectively, are presented here under. 

4.1: Experiment Number I 

To standardize the method for extraction of essential oil from marigold plant parts 

 

The standardization of methods for extraction of essential oil from African 

marigold (Tagetes erecta L.) plant parts having hydro distillation and solvent extraction 

using n-hexane was done as per the methods described in the previous chapter.  

 To explore the most suitable method for extraction of the essential oil from 

African marigold (Tagetes erecta L.) plant parts, a comparative study was designed with 

both hydro-distillation and solvent extraction methods. The Table 4.1 and Fig. 4.1 

elucidated the variation in the yield of oil from flowers and leaves extracted by both 

hydro-distillation and solvent extraction methods from various parts of African marigold 

plant. The highest yield of essential oil was obtained by solvent extraction method by 

using n-hexane as a solvent, was recorded (8.33 %) in the Dry Flowers Soxhlet Extract 
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(DFSE) followed by the Dry Leaves Soxhlet Extracts (DLSE) which showed (6.33 %) oil 

yield.  

The highest yield of essential oil from Hydro-distillation method from various 

samples of African marigold plant parts was recorded in the Fresh Flowers Clevenger 

Extract (FFCE) sample (0.45 %) followed by the Dry Flowers Clevenger Extracts 

(DFCE) which showed (0.42%) oil yield.  

Thus, on the basis of the above observations, it can be concluded that solvent 

extraction exhibited higher extraction efficiency than the hydro distillation method. 

Table 4.1: Yield of essential oil extracted from different parts of African marigold 

(Tagetes erecta L.). 

 

S.NO. SAMPLE 

QUANTI

TY OF 

SAMPLE 

(g) 

QUANTITY 

OF OIL (g) 

OIL 

YIELD 

% 

1 Fresh flowers clevenger extract (FFCE) 100 0.45 0.45% 

2 Dry flowers clevenger extract (DFCE) 100 0.42 0.42% 

3 Fresh leave clevenger extract (FLCE) 100 0.39 0.39% 

4 Dry leave clevenger extract (DLCE) 100 0.41 0.41% 

5 Fresh flowers soxhlet extract (FFSE) 30 0.14 0.46% 

6 Dry flowers soxhlet extract (DFSE) 30 2.5 8.33% 

7 Fresh leave soxhlet extract (FLSE) 30 0.12 0.40% 

8 Dry leave soxhlet extract (DLSE) 30 1.9 6.33% 
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Fig. 4.1: Yield of essential oil extracted from different parts of African marigold 

(Tagetes erecta L.). 

4.2. Experiment Number II 

Qualitative estimation of essential oil from marigold plant 

4.2.1. Results of preliminary screening of phytochemicals 

 

The preliminary phytochemical analysis of various samples of marigold was done 

by using the methods described in the previous chapter. The results concerning the 

qualitative screening of the samples are presented in Table 4.2 and results of observation 

of phytochemicals analysis are presented in Table 4.3.   

Terpenoids, flavonoids, alkaloids and coumarins were identified in all the samples 

of flowers and leaves of Tagetes erecta L. essential oil extracted by both Hydro-



Chapter IV                                                                                         Experimental Findings 

54 

distillation and Solvent extraction method. Quinones were present in all samples except 

in fresh leaves samples, extracted by both methods. Test for phenols were showed 

positive for all flowers samples extracted by both methods. Triterpenoids were only 

indentified in the dry flowers. Test for tannins were found positive in fresh and dry 

flowers oil extracted by hydro-distillation method and dry flowers oil extracted by 

solvent extraction method. Negative results were obtained for phytochemicals such as 

steroids, glycosides and saponins for all samples extracted by both methods. Thus, on the 

basis of the above observations, it was concluded that the identification of the above 

compounds supports the use of these oils in traditional medicine as these compounds 

have valuable antifungal, antibacterial and anti-inflammatory properties. 
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Table 4.2: Qualitative phytochemical screening of various oil samples of African marigold (Tagetes erecta L.). 

 

 

 

 

PHYTOCHEMICAL 

TESTS 

HYDRO-DISTILLED OIL SOXHLET EXTRACTED OIL 

Fresh flowers Dry flowers Fresh leaves Dry leaves Fresh flowers Dry flowers Fresh leaves Dry leaves 

TERPINOIDS + + + + + + + + 

 STEROIDS - - - - - - - - 

FLAVONOID + + + + + + + + 

 
ALKALOID + + + + + + + + 

 
QUINONES + + - + + + - + 

 
GLYCOSIDES - - - - - - - - 

 
PHENOLS + + - - + + - - 

 
TRITERPINOIDS - - - - - + - - 

 
COUMANINS + + + + + + + + 

 
TANNIN + + - - - + - - 

 
SAPONIN 

 

 

- - - - - - - - 

 



Chapter IV                                                                                         Experimental Findings 

56 

Table 4.3: Phytochemical analysis of various samples of African marigold (Tagetes erecta L.) showing presence of 

bioactive molecules. 

PHYTOCHEMICAL 

TESTS 

HYDRO-DISTILLED OIL SOXHLET EXTRACTED OIL 

Fresh 

flowers 

Dry 

flowers 
Fresh leaves Dry leaves 

Fresh 

lowers 

Dry 

flowers 

Fresh 

leaves 
Dry leaves 

Terpinoids 

Red 

brown 

colour 

Red brown 

colour 

Red brown 

colour 

Red brown 

colour 

Red brown 

colour 

Red brown 

colour 

Red brown 

colour 

Red brown 

colour 

Steroids 
No 

change 
No change No change No change No change No change No change No change 

Flavonoid 
Yellow 

colour 

Yellow 

colour 

Yellow 

colour 

Yellow 

colour 

Yellow 

colour 
Yellow 

Yellow 

colour 

Yellow 

colour 

Alkaloid 
Green 

colour 

Green 

colour 
Green colour 

Green 

colour 

Green 

colour 

Green 

colour 

Green 

colour 

Green 

colour 

Quinones 
Red 

colour 
Red colour No change Red colour Red colour Red colour No change Red colour 

Glycosides 
No 

change 
No change No change No change No change No change No change No change 

Phenols 
Green 

colour 

Green 

colour 
No change No change 

Green 

colour 

Green 

colour 
No change No change 

Triterpinoids 
No 

change 
No change No change No change No change Blue No change No change 

Coumanins 
Yellow 

colour 

Yellow 

colour 

Yellow 

colour 

Yellow 

colour 

Yellow 

colour 
Yellow 

Yellow 

colour 

Yellow 

colour 

Tannin 
Blue 

colour 
Blue colour No change No change No change Blue colour No change No change 

Saponin 
No 

change 
No change No change No change No change No change No change No change 
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4.2.2. Determination of the functional groups present using FT-IR Spectroscopy 

FT-IR spectroscopic analysis of essential oil from various samples of African 

marigold extracted by both hydro-distillation and solvent extraction methods was done by 

using the methods described in the previous chapter. The FT-IR spectroscopic analysis 

was made based on percentage of transmittance and wave numbers. 

4.2.2.1. Qualitative screening of Fresh Flowers Clevenger Extract (FFCE) using FT-

IR Spectroscopy 

The bonds and the wave numbers (cm-1) of prominent peaks of the major 

constituents obtained from spectra are described in Table 4.4 and elucidated in Fig 4.2. 

The analysis of essential oil of Fresh Flowers Clevenger Extract (FFCE) from African 

marigold has showed the existence of various secondary phytometabolites. The essential 

oil extracted by hydro-distillation method from fresh flowers showed major peaks 

primarily at 3361.7 cm-1, 2958.1 cm-1, 2924.0 cm-1, 2863.2 cm-1, 2734.0 cm-1, 2674.6 cm-

1, 1629.6 cm-1, 1461.7 cm-1, 1379.3 cm-1, 1342.9 cm-1, 1296.4 cm-1, 1247.0 cm-1, 1135.6 

cm-1, 1060.9 cm-1, 885.2 cm-1 and 724.2cm-1. The peak at 3361.7 cm-1  was assigned to 

the N-H stretching vibration while that in the range of 2990-2650 cm-1 is mainly 

attributed to the stretching vibration of   C-H. In addition, the peak at 1629.6 cm-1 is 

assigned to the N-H bend vibration which indicates that some amide compounds existed 

in the hydro-distilled essential oil of fresh flowers from African marigold. The alkane 

peaks at 1461.7 and 1379.3 cm-1 and the peak situated at 1342.9 cm-1 assigned to N-O 

symmetric stretching. The peak at 1296.4 and 1247.0 cm-1 are due to C-O stretching 

vibrations. The peak at 1135.6 and 1060.9 cm-1 are due to C-N stretching vibrations. The 

aromatics were present at the range of 890-750 cm-1. 
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Table 4.4: Wave numbers and related functional groups in essential oils extracted by hydro-distillation from various 

samples of African marigold (Tagetes erecta L.) analyzed in FTIR spectrometer. 

S.NO. 
FREQUENCY 

(CM-1) 

FRESH 

FLOWERS 

DRY 

FLOWERS 

FRESH 

LEAVES 

DRY 

LEAVES 
BOND 

FUNCTIONAL 

GROUP 

1 3450-3400 - 3402.8 - - O-H stretch alcohols, phenols 

2 3390-3300 3361.7 - 3375.6 3383.4 N-H Stretch 
1*, 2* amines, 

amides 

3 2990-2950 2958.1 2957.7 2958.3 2958.2 C-H Stretch alkanes 

4 2950-2900 2924 2924.1 2924.6 2926 C-H Stretch alkanes 

5 2880-2850 2863.2 2863.9 2865.1 2867.7 C-H Stretch alkanes 

6 2750-2700 2734 2733.7 - - H-C=O: C-H Stretch aldehydes 

7 2690-2650 2674.6 - - - H-C=O: C-H Stretch aldehydes 

8 1750-1700 - 1708.4 - - C=O Stretch 
α, β- unsaturated 

aldehydes, ketones 

9 1690-1650 - - 1670.5 1684.6 C=O Stretch Carbonyls (general) 

10 1650-1600 1629.6 1618.4 1625 1617 N-H Bend 1* amines 

11 1550-1500 - - - 1514.2 
N-O asymmetric 

stretch 
Nitro compounds 

12 1490-1450 1461.7 1460.3 1459.9 1454.2 C-H bend alkanes 

13 1390-1350 1379.3 1378.3 1377.8 1375.9 C-H rock alkanes 

14 1350-1300 1342.9 - - - 
N-O Symmetric 

stretch 
Nitro compounds 

15 1300-1250 1296.4 - 1295.4 1268.6 C-O Stretch carboxylic acid 

16 1250-1200 1247 1219.4 1219.8 1219.3 C-O stretch carboxylic acid 

17 1150-1100 1135.6 1135.3 1140 1149.1 C-N Stretch Aliphatic amines 

18 1090-1050 1060.9 1060.8 1062.1 1065.1 C-N Stretch Aliphatic amines 

19 1050-1020 - - - 1033.2 C-N Stretch Aliphatic amines 

20 890-850 885.2 890.8 864.3 875.1 C-H “oop” aromatic 

21 850-800 - 802.9 - 812.3 C-H Bend (para) aromatic 

22 730-700 724.2 724.7 723.1 723.4 C-H rock alkanes 



Chapter IV                                                                                         Experimental Findings 

59 

 

 

Fig. 4.2: Transmittance spectrum of hydro-distilled essential oil from fresh flowers of African marigold (Tagetes erecta L.) through 

FT-IR spectroscopy. 
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4.2.2.2. Qualitative screening of Dry Flowers Clevenger Extract (DFCE) using FT-

IR Spectroscopy     

The bonds and the wave numbers (cm-1) of prominent peaks of the major 

constituents obtained from spectra are described in Table 4.4 and Fig 4.3. The analysis of 

essential oil of Dry Flowers Clevenger Extract (DFCE) from African marigold has 

showed the existence of various secondary phytometabolites. The essential oil extracted 

by hydro-distillation method from dry flowers showed major peaks primarily at 3402.8 

cm-1, 2957.7 cm-1, 2924.1 cm-1, 2863.9 cm-1, 2733.7 cm-1, 1708.4 cm-1, 1618.4 cm-1, 

1460.3 cm-1, 1378.3 cm-1, 1219.4 cm-1, 1219.4 cm-1, 1135.3 cm-1, 1060.8 cm-1, 890.8 cm-

1, 802.9 cm-1 and 724.7cm-1. The peak at 3402.8 cm-1  is assigned to the O-H stretching 

vibration while that in the range of 2990-2700 cm-1 is mainly attributed to the stretching 

vibration of   C-H. In addition, the peak at 1708.4 cm-1 is assigned to the C=O stretching 

vibration which indicates that some α, β- unsaturated aldehydes and/or ketones 

compounds existed in the hydro-distilled essential oil of dry flowers from African 

marigold.. The alkane peaks at 1460.3 and 1378.3 cm-1 and the peak situated at 1219.4 

cm-1 assigned to C –O stretching. The peak at 1135.3 and 1060.8 cm-1 are due to C-N 

stretching vibrations. The aromatics are present at the range of 800-890 cm-1. 

4.2.2.3. Qualitative screening of Fresh Leaves Clevenger Extract (FLCE) using FT-

IR Spectroscopy 

The bonds and the wave numbers (cm-1) of prominent peaks of the major 

constituents obtained from spectra are described in Table 4.4 and Fig 4.4. The essential 

oil extracted by hydro-distillation method from fresh Leaves shows major peaks 

primarily at 3375.6cm-1 2958.3 cm-1, 2924.6 cm-1, 2865.1 cm-1, 1670.5 cm-1, 1625.0 cm-1, 

1459.9cm-1, 1377.8cm-1, 1295.4cm-1, 1219.8cm-1, 1140.0cm-1, 1062.1cm-1 ,864.3cm-1  

and 723.1cm-1. The peak at 3375.6cm-1 in fresh 
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Fig. 4.3: Transmittance spectrum of hydro-distilled essential oil from dry flowers of African marigold (Tagetes erecta L.) through 

FT-IR spectroscopy. 
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Leaves oil was assigned to the N-H Stretching indicates the presence of amide 

functional group. The peak at 2958.3 cm-1, 2924.6 cm-1 and 2865.1 cm-1 was due to C-H 

Stretching which clearly indicates the presence of alkane in the leaves oil.  The peak at 

1140.0cm-1 and 1062.1   cm-1 was indicates the existence of aliphatic amines. In the 

samples studied, the aromatics were present at the 864.3 cm-1 and 723.1 cm-1. 

4.2.2.4. Qualitative screening of Dry Leaves Clevenger Extract (DLCE) using      

             

FT-IR Spectroscopy 

 

The FTIR spectroscopic analysis was made based on percentage of transmittance 

and wave numbers. The bonds and the wave numbers (cm-1) of prominent peaks of the 

major constituents obtained from spectra are described in Table 4.4 and elucidated in Fig 

4.5. The essential oil extracted by hydro-distillation method from dry leaves showed 

major peaks primarily at 3383.4 cm-1 2958.2 cm-1, 2926.0 cm-1, 2867.7 cm-1, 1684.6 cm-1, 

1617.0 cm-1, 1514.2 cm-1, 1454.2 cm-1, 1375.9 cm-1, 1268.6 cm-1, 1219.3 cm-1, 1149.1 

cm-1, 1065.1 cm-1, 1033.2 cm-1, 875.1 cm-1, 812.3 cm-1 and 723.4 cm-1. The peak at 

3383.4 cm-1 in dry leaves oil was assigned to the N-H Stretching indicates the presence of 

amide functional group. The peak at 2958.2 cm-1, 2926.0 cm-1 and 2867.7 cm-1 was due 

to C-H Stretching which clearly indicates the presence of alkane in the dry leaves oil. The 

peak at 1514.2 cm-1 which was only found in dry leaves oil was assigned to the N-O 

asymmetric stretch, indicates the presence of nitro compound in the sample. The peak at 

1268.6 cm-1 and 1219.3 cm-1 indicates the presence of carboxylic acid functional group. 

The C-N Stretching was due to the aliphatic amines at the peak at 1149.1 cm-1, 1065.1 

cm-1 and 1033.2 cm-1. The aromatics were present at the peak 875.1 cm-1 and 812.3 cm-1. 
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Fig. 4.4: Transmittance spectrum of hydro-distilled essential oil from fresh leaves of African marigold (Tagetes erecta L.) through 

FT-IR spectroscopy. 
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Fig. 4.5: Transmittance spectrum of hydro-distilled essential oil from dry leaves of African marigold (Tagetes erecta L.) through 

FT-IR spectroscopy. 
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4.2.2.5. Qualitative screening of Fresh Flowers Soxhlet Extract (FFSE) using FT-IR 

Spectroscopy 

FTIR spectroscopic analysis of the Fresh Flowers Soxhlet Extract (FFSE) was 

revealed the existence of various chemical constituents. The bonds and the wave number 

(cm-1) of prominent peaks obtained from spectra are elucidating in Table 4.5 and Fig 4.6. 

The essential oil extracted by Solvent extraction method from fresh flowers of marigold 

showed major peaks primarily at 3458.2 cm-1, 2923.6 cm-1 ,2853.8 cm-1, 1734.4 cm-1, 

1461.9 cm-1, 1374.3 cm-1, 1245.6 cm-1, 1174.7 cm-1, 1112.5 cm-1, 980.1 cm-1 and 

724.1.cm-1. The transmittance frequency at 3458.2 cm-1 revealed the presence of O-H 

stretch for phenol and alcohol. The frequency band at 2923.6 cm-1 and 2853.8 cm-1 was 

due to C-H stretch which showed the existence of alkanes in the sample. The peak at 

1734.4 cm-1 was assigned to α, β- unsaturated aldehydes, ketones due to C=O stretch. The 

frequency at 1461.9 cm-1 and 1374.3 cm-1 was for alkanes due to C-H bend and C-H rock 

respectively. The peak at 1245.6 cm-1 indicates the presence of carboxylic acid due to C-

O stretch.  The peak at 1174.7 cm-1, 1112.5 cm-1 and 980.1 cm-1 was assigned to aliphatic 

amines due to C-N stretch. The peak at 724.1.cm-1 was due to C-H rock which indicates 

the presence of alkanes. 

4.2.2.6. Qualitative screening of Dry Flowers Soxhlet Extract (DFSE) using FT-IR 

Spectroscopy 

FTIR spectroscopic analysis of the Fresh Flowers Soxhlet Extract (FFSE) was 

revealed the existence of various chemical constituents. The bonds and the wave number 

(cm-1) of prominent peaks obtained from spectra are elucidating in Table 4.5 and Fig 4.7. 

The essential oil extracted by Solvent extraction method from  dry flowers of marigold 
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showed major peaks primarily at 2957.9 cm-1, 2923.8 cm-1,  2862.7 cm-1, 2733.4 cm-1, 

2674.1 cm-1, 1461.7 cm-1, 1379.2 cm-1, 1342.6 cm-1, 1296.8 cm-1, 1247.5 cm-1, 

1135.8.cm-1, 1060.9 cm-1, 887.3 cm-1,  797.8 cm-1 758.2 cm-1 and 724.5 cm-1. The peak at 

2957.9 cm-1, 2923.8 cm-1, 2862.7 cm-1, 1461.7 cm-1, 1379.2 cm-1 and 724.5   cm
-1, 

assigned to the C-H stretching vibrations which indicates the presence of alkanes in the 

essential oil of dry flowers of marigold, extracted by solvent extraction method. The 

absorption band at 2733.4 cm-1 and 2674.1 cm-1 showed the existence of aldehydes in the 

essential oil of dry flowers of marigold extracted by solvent extraction method due to H-

C=O: C-H Stretching. The nitro compound peat was observed at 1342.6 cm-1 and 

carboxylic acid peat was at 1296.8 cm-1 and 1247.5 cm-1 was due to N-O Symmetric 

stretch and C-O stretch, respectively. The peak at 1135.8.cm-1 and 1060.9 cm-1 was due to 

C-N stretching vibrations which mean the functional group aliphatic amines were present 

in the dry flowers of marigold extracted by solvent extraction method. The aromatic 

compounds were present at the peak 887.3 cm-1, 797.8 cm-1 and 758.2 cm-1. 
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Table 4.5: Wave numbers and related functional groups in essential oils extracted by solvent extraction from various 

samples of African marigold (Tagetes erecta L.) analyzed in FTIR spectrometer. 

S.NO. 
FREQUENCY 

(cm-1) 

FRESH 

FLOWERS 

DRY 

FLOWERS 

FRESH 

LEAVES 

DRY 

LEAVES 
BOND 

FUNCTIONAL 

GROUP 

1. 4000-3900 - - 3925.4 - - - 

2. 3900-3850 - - 3869.3 - - - 

3. 3850- 3800 - -- 3824.1 - - - 

4. 3800-3700 - - 3752.3 - - - 

5. 3480-3400 3458.2 - 3430.8 3471.1 O-H stretch alcohols, phenols 

6. 3390-3300 - - - - N-H Stretch 
1*, 2* amines, 

amides 

7. 2990-2950 - 2957.9 - - C-H Stretch Alkanes 

8. 3050-3000 - - 3009.5 3009.8 =C-H stretch Aromatic 

9. 2950-2900 2923.6 2923.8 2920.4 2921.0 C-H Stretch Alkanes 

10. 2880-2850 2853.8 2862.7 2852.1 2852.7 C-H Stretch Alkanes 

11. 2750-2700 - 2733.4 - - H-C=O: C-H Stretch aldehydes 

12. 2690-2650 - 2674.1 - - H-C=O: C-H Stretch aldehydes 

13. 2400-2350 - - 2363.2 2396.4 - - 

14. 2050-2000  - 2037.2  - - 

15. 1750-1700 1734.4 - 1739.0 1735.2 C=O Stretch 
α, β- unsaturated 

aldehydes, ketones 
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1715.2 

16. 1690-1650 - - 1652.0 - C=O Stretch Carbonyls (general) 

17. 1650-1600 - - - 1635.0 N-H Bend 1* amines 

18. 1550-1500 - - 1545.7 - 
N-O asymmetric 

stretch 
Nitro compounds 

19. 1490-1450 1461.9 1461.7 1461.3 1458.5 C-H bend alkanes 

20. 1390-1350 1374.3 1379.2 1377.3 1366.8 C-H rock alkanes 

21. 1350-1300 - 1342.6  - 
N-O Symmetric 

stretch 
Nitro compounds 

22. 1300-1250 - 1296.8  - C-O Stretch carboxylic acid 

23. 1250-1200 1245.6 1247.5 1243.1 1231.5 C-O stretch carboxylic acid 

24. 1200-1150 1174.7 1135.8 1167.1 - C-N Stretch Aliphatic amines 

25 1150-1050 1112.5 1060.9 1095.4 1093.7 C-N Stretch Aliphatic amines 

26 1050-900 980.1 - - - C-N Stretch Aliphatic amines 

27 890-850 - 887.3 840.3 - C-H “oop” aromatic 

28 850-800 - - - 835.4 C-H Bend (para) aromatic 

29 800-760 - 797.8 -  C-H “oop” aromatic 

30 760-720 - 758.2 722.9 728.7 C-H Bend (ortho) aromatics 

31 720-700 724.1 724.5 - - C-H rock alkanes 

32 600-550 - - 582.4 592.9 C-Br stretch Alkyl halides 
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Fig. 4.6: Transmittance spectrum of essential oil extracted by solvent extraction from fresh flowers of African marigold 

(Tagetes erecta L.) through FT-IR spectroscopy. 
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Fig. 4.7: Transmittance spectrum of essential oil extracted by solvent extraction from dry flowers of African marigold 

(Tagetes erecta L.) through FT-IR spectroscopy. 



Chapter IV                                                                                         Experimental Findings 

71 

4.2.2.7. Qualitative screening of Fresh Leaves Soxhlet Extract (DFSE) using FT-IR 

Spectroscopy 

 

 FTIR spectroscopic analysis of the Fresh Leaves Soxhlet Extract (FFSE) was 

revealed the existence of various chemical constituents. The bonds and the wave number 

(cm-1) of prominent peaks obtained from spectra are elucidated in Table 4.5 and Fig 4.8. 

The essential oil extracted by Solvent extraction method from  dry leaves  of marigold 

showed major peaks primarily at 3925.4cm-1, 3869.3cm-1,  3824.1cm-1, 3752.3cm-1, 

3430.8cm-1, 3009.5cm-1, 2920.4cm-1, 2852.1cm-1, 2363.2cm-1, 2037.2 cm-1, 1739.0  cm-1, 

1715.2 cm-1, 1652.0 cm-1,  1545.7 cm-1, 1461.3 cm-1, 1377.3 cm-1,  1243.1 cm-1,  1167.1 

cm-1. 1095.4 cm-1, 840.3 cm-1, 722.9 cm-1.and 582.4 cm-1.  The peaks at 3925.4cm-1, 

3869.3cm-1, 3824.1 cm-1, 3752.3cm-1 2363.2 cm-1 and 2037.2 cm-1 could not be 

identified. The peak at 3430.8cm-1 was due to the stretching vibration of  O-H which 

showed the presence of alcohol and phenolic compounds in the fresh leaves oil of 

marigold (Tagetes erecta L.) extracted by solvent extraction method. The peak at 2920.4 

cm-1, 2852.1 cm-1, 1461.3 cm-1, 1377.3 cm-1 confirms the existence of alkanes. The 

aromatics were present at peak 3009.5 cm-1, 840.3 cm-1 and 722.9 cm-1 which was 

possible due to C-H ortho and para stretching vibration. The transmittance frequency at 

1739.0 cm-1 and 1715.2 cm-1  was due to stretching vibration of C=O which clearly 

showed the presence of α, β- unsaturated aldehydes, ketones. The peak at 1652.0 cm-1 

was assigned due to C=O Stretch which showed the presence of carbonyls (general) 

functional group in the sample. The N-O asymmetric stretching vibration showed the 

existence of nitro compound. The peak at 1167.1 cm-1 and 1095.4 cm-1 confirms the 

presence functional group aliphatic amine in the fresh flowers oil of marigold. The 

carboxylic acid group was present at the peak 1243.1 cm-1 which was due to the vibration 

of C-O stretching.  The lowest peak 582.4 cm-1 of the dry leaves oil of marigold 
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transmittance spectrum speaks about the existence of Alkyl halides which was due to the 

vibration of C-Br stretching 

4.2.2.8. Qualitative screening of Dry Leaves Soxhlet Extract (DFSE) using FT-IR 

Spectroscopy 

 

 FT-IR spectroscopic analysis of the fresh leaves soxhlet extract (FFSE) has 

revealed the existence of various chemical constituents. The bonds and the wave number 

(cm-1) of prominent peaks obtained from spectra are elucidated in Table 4.5 and Fig 4.9. 

The essential oil extracted by Solvent extraction method from  dry leaves  of marigold 

showed major peaks primarily at 3471.1cm-1, 3009.8 cm-1,  2921.0 cm-1, 2852.7 cm-1, 

2396.4 cm-1, 1735.2 cm-1, 1635.0 cm-1, 1458.5 cm-1, 1366.8 cm-1, 1231.5 cm-1, 1093.7 

cm-1, 835.4 cm-1, 728.7 cm-1 and 592.9 cm-1.  The peak at 3471.1cm-1 was due to the O-H 

stretching vibration which revealed the presence of alcohol and phenolic compounds in 

the dry leaves oil of marigold (Tagetes erecta L.) extracted by solvent extraction method. 

The aromatics were present at peak 3009.8 cm-1, 835.4 cm-1 and 728.7 cm-1 which was 

possible due to C-H ortho and para stretching vibration. The peak at 2921.0 cm-1, 2852.7 

cm-1, 1458.5 cm-1 and 1366.8 cm-1 confirms the existence of alkanes in the  dry leaves oil 

of marigold (Tagetes erecta L.) extracted by solvent extraction method. The 

transmittance frequency at 1735.2 cm-1 was due to stretching vibration of C=O which 

clearly showed the presence of α, β- unsaturated aldehydes, and ketones. The N-H bend 

at the peak 1635.0 cm-1 confirms the availability of 1* amines in the sample. The 

carboxylic acid and Aliphatic amines functional group was present in the dry leaves oil at 

the peak 1231.5 cm-1 and 1093.7 cm-1 due to C-O Stretch and C-N Stretch respectively. 

The lowest peak 592.9 cm-1 of the dry leaves oil of marigold transmittance spectrum 

speaks about the existence of Alkyl halides which was due to the vibration of C-Br 

stretching. 
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Fig. 4.8: Transmittance spectrum of essential oil extracted by solvent extraction from fresh leaves of African marigold 

(Tagetes erecta L.) through FT-IR spectroscopy. 
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Fig. 4.9: Transmittance spectrum of essential oil extracted by solvent extraction from dry leaves of African marigold 

(Tagetes erecta L.) through FT-IR spectroscopy. 
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4.3. Experiment Number III 

Quantitative estimation of essential oil from marigold plant parts 

The quantitative estimation of essential oil from various samples of African 

marigold extracted by both hydro-distillation and solvent extraction methods was done by 

using Direct Analysis in Real Time Mass Spectrometry. The DART-MS was done at 

Sophisticated Analytical Instrumentation Facility (SAIF), Central Drug Research Institute 

(CSIR-CDRI), Lucknow; (U.P.) India. The DART-MS was recorded on a JEOL-

AccuTOF LMS-T100LC Mass spectrometer having a DART (Direct Analysis in Real 

Time) source. 

4.3.1. Quantitative estimation of hydro-distilled essential oil from fresh flowers of 

marigold  

The phytometabolite components present in hydro-distilled essential oil from 

fresh flowers of African marigold was subjected to DART-MS and correlates the results 

obtained by FTIR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of hydro-distilled essential oil from fresh flowers of African 

marigold is given in Table 4.6.and Fig 4.10. The constituents were identified by matching 

their mass spectra with those recorded in literature. In fresh flowers essential oil, 

extracted by hydro-distillation method from African marigold, the peak at m/z 114.11 

could be due to n-Heptanal or 2Heptanone having relative intensity (R.I % 4), the peak at 

m/z 135.14 best match with the compound terpinolene, thujene, sabinene, α-terpinolene, α 

pinene, β-ocimene, limonene (R.I % 4).The peak at m/z 139.18 could be due to Tran-

pinane or Cis pinane (R.I % 0.5). However, they have the same molecular formula; a 

distinction could not be easily made. ).  Besides this, the peak of other terpenes was 
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observed at m/z, 149.12, 151.13, and 153.15 corresponding to piperitenone, Ocimenone, 

umbellulone, verbenone (R.I % 10), tagetone (R.I % 90) and Linalool, fenchol, Terpinen-

4-ol (R.I % 13) respectively. The peak at m/z, 167.12 could be due to Trans 

Dihydrocarvone epoxide or a-campholenic acid having relative intensity (R.I % 10). The 

phenolic compound galic acid was present at the peak had m/z, 169.14 (R.I % 5). The 

peak at m/z 170.14 and 180.13 best match with the compound 8 Hydroxy linalool, cis or 

Trans linalool oxide (R.I % 1) and Trans pinocarvyl formate (R.I % 1).The peak at m/z 

183.12, 185.15 and 196.20 could be due to Mannitol (R.I % 7), 3,4-Dihydroxy-5-

methoxybenzoic acid (R.I % 0.5) and Linalyl acetate or Geranyl acetate (R.I % 1), 

respectively. 
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Table 4.6: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in hydro-distilled 

essential oil from fresh flower of African marigold (Tagetes erecta L.) subjected to DART –MS.  

S.NO. 
MOLECULAR 

WEIGHT 

MEASURED 

MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 97 97.08 - 1.5% - 

2. 109 109.08 - 12% - 

3. 114 114.11 C7H14O 4% n-Heptanal, 2Heptanone 

4. 123 123.14 C8H10O 4% p-Methylanisol, 4-Ethylphenol 

5. 135 135.14 C10H16 4% 

terpinolene,  thujene, sabinene, 

α-terpinolene, α pinene, β-

ocimene,limonene 

6. 139 139.18 C10H18 0.5% Tran-pinane, Cis pinane 

7. 149 149.12 C10H14O 10% 
piperitenone, ocimenone, 

umbellulone, verbenone 

8. 151 151.13 C10H180 90% tagetone 

9. 153 153.15 C10H18O 13% linalool, fenchol, Terpinen-4-ol 

10. 165 165.12 C10H14O2 0.5% - 

11. 167 167.12 C10H16O2 10% 
Trans Dihydrocarvone epoxide, a-

campholenic acid 

12. 169 169.14 C7H6O5 5% galic acid 

13. 170 170.14 C10H18O2 1% 
8 hydroxylinalool, cis or Trans 

linalool oxide 

14. 180 180.13 C11H16O2 1% Trans pinocarvyl formate 

15. 183 183.12 C6H14O6 7% mannitol 

16. 185 185.15 C8H8O5 0.5% 
3,4-Dihydroxy-5-

methoxybenzoic acid 

17. 196 196.20 C12H20O2 1% linalyl acetate, geranyl acetate 
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Fig.  4.10: DART-MS spectrum of hydro-distilled essential oil from fresh flowers of African marigold (Tagetes erecta 

L.). 
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Table 4.7: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in hydro-distilled 

essential oil from dry flower of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 

MEASURED 

MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 97 97.07 - 1% - 

2. 114 114.11 C7H14O 5% n-heptanal, 2heptanone 

3. 123 123.14 C8H10O 4% p-methylanisol, 4-ethylphenol 

4. 135 135.14 C10H16 4% 

terpinolene,  thujene, sabinene, α-

terpinolene, α pinene, β-

ocimene,limonene 

6. 139 139.17 C10H18 0.5% tran-pinane, cis pinane 

7. 149 149.11 C10H14O 11% 
piperitenone, ocimenone, umbellulone, 

verbenone 

8. 151 151.13 C10H180 91% tagetone 

9. 152 152.13 C10H16O 12% piperitone, camphor 

10. 165 165.11 C10H14O2 4% furomyrcenol 

11. 167 167.13 C10H16O2 16% 
trans dihydro carvone epoxide, a-

campholenic acid 

12. 169 169.15 C7H6O5 7% galic acid 

13. 172 172.20 C10H20O2 1% trans-linalool oxide 

14. 181 181.12 C11H18O2 0.5% geranyl formate 

15. 183 183.12 C6H14O6 10% mannitol 

16. 185 185.16 C8H8O5 2% 3,4-dihydroxy-5-methoxybenzoic acid 
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Fig. 4.11: DART-MS spectrum of hydro-distilled essential oil from dry flowers of African marigold (Tagetes erecta L.). 
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Table 4.8:  Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in hydro-distilled 

essential oil from fresh flower of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 

MEASURED 

MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 114 114.11 C7H14O 2.5 n-heptanal, 2heptanone 

2. 136 136.04 C10H16 0.7 
terpinolene,  thujene, sabinene, α-

terpinolene, α pinene, β-

ocimene,limonene 

3. 151 151.14 C10H180 2 tagetone 

4. 167 167.13 C10H16O2 0.5 trans dihydrocarvone epoxide, a-

campholenic acid 

6. 207 207.18 C13H20O2 0.6 trans and cis carvyl propionate 

7. 218 218.24 C13H14O3 2 hydroxytremetone 

8. 246 246.28 C17H26O 2 avocadynofuran, amberone 

9. 262 262.26 C17H26O2 1.5 4bacetoxygymnomitr3(15)-ene 

10. 274 274.31 C17H22O3 12 2-acetoxyfuranoelemene 

11. 279 279.27 C18H30O2 11 6b-acetoxyeudesm-4( 15)-en-7bol 

12. 296 296.31 C19H36O2 3 n-heneicosane (c21), methyl oleate 

13. 297 297.31 C19H38O2 3 methyl stearate 

14. 318 318.35 C15H10 7 quercetagetin 

15. 319 319.34 C19H28O4 0.3 4b,5b-diacetoxygymnomitr-3(15)-

ene 

16. 346 346.40 C22H34O3 0.6 11-b-hydroxykauren-15-a-yl- 

acetate 

17 362 362.38 C15H22O10 1.5 catalpol 

18 391 391.34 C24H25NO4 98 flavoxate  

19 392 392.35 C25H28O4 25 glabrol 
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Fig.  4.12: DART-MS spectrum of hydro-distilled essential oil from fresh leaves of African marigold (Tagetes erecta L.). 
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Table 4.9: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in hydro-distilled 

essential oil from dry flower of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 

MEASURED 

MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 218 218.24 C13H14O3 3.9 hydroxytremetone 

2. 274 274.32 C17H22O3 9.9 2-acetoxyfuranoelemene 

3. 296 296.31 C19H36O2 19.8 n-heneicosane (c21), methyl oleate 

4. 318 318.34 C15H10 7.2 quercetagetin 

6. 391 391.34 C24H25NO4 31.1 flavoxate  

7. 392 392.35 C25H28O4 26 glabrol 

8. 393 393.34 C24H40O4 5 chenodeoxycholic acid  

9. 504 504.44 C24H40N8O4 5 dipyridamole  

10. 664 - C41H76O6 4 - 

11. 798 - C51H90O6 4 - 
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Fig. 4.13: DART-MS spectrum of hydro-distilled essential oil from dry leaves of African marigold (Tagetes erecta L.). 
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4.3.2. Quantitative estimation of hydro-distilled essential oil from dry flowers of 

marigold  

The phytometabolites component present in hydro-distilled essential oil from dry 

flowers of African marigold was subjected to DART-MS and correlate with the results 

obtained by FT-IR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of hydro-distilled essential oil from dry flowers of African 

marigold is given in Table 4.7 and Fig 4.11. The constituents were identified by matching 

their mass spectra with those recorded in literature. In dry flowers essential oil, extracted 

by hydro-distillation method from African marigold, the peak at m/z 114.11 could be due 

to n-Heptanal or 2-Heptanone having relative intensity (R.I % 5), the peak at m/z 123.14 

best match with the  compound p-Methylanisol, or 4-Ethylphenol (R.I % 4). The peak at 

m/z 135.14 could be due to terpinolene, thujene, sabinene, α-terpinolene, α pinene, β-

ocimene, limonene (R.I % 4). However, they have the same molecular formula; a 

distinction could not be easily made.  Besides this, the peak of other terpenes was 

observed at m/z, 139.17, 149.11, and 151.13 corresponding to trans-pinane, cis pinane 

(R.I % 0.5 ), piperitenone, ocimenone, umbellulone, verbenone (R.I % 11) and tagetone 

(R.I % 91) respectively. The peak at m/z, 152.13 could be due to piperitone, camphor 

having relative intensity (R.I % 12). The peak at m/z 167.13 best match with the 

compound Trans dihydrocarvone epoxide, or a-campholenic acid (R.I % 16). The 

phenolic compound galic acid was present at the peak m/z, 169.15 (R.I % 5). The peak at 

m/z 172.20, 181.12 and 183.12 could be due to trans-linalooloxide (R.I % 1), geranyl 

formate (R.I % 0.5) and mannitol (R.I % 10), respectively. The peak at m/z 185.16 best 

match with the compound 3,4-Dihydroxy-5-methoxybenzoic acid  (R.I % 2).
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4.3.3. Quantitative estimation of hydro-distilled essential oil from fresh leaves of 

marigold  

The phytometabolites component present in hydro-distilled essential oil from 

fresh leaves of African marigold was subjected to DART-MS and correlates the results 

obtained by FTIR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of hydro-distilled essential oil from fresh leaves of African 

marigold were given in Table 4.8 and Fig 4.12. The constituents were identified by 

matching their mass spectra with those recorded in literature. In fresh leaves essential oil, 

extracted by hydro-distillation method from African marigold, the peak at m/z 114.11 

could be due to n-Heptanal or 2Heptanone having relative intensity (R.I % 2.5), the peak 

at m/z 136.04 best match with the  compound terpinolene,  thujene, sabinene, α-

terpinolene, α pinene, β-ocimene,limonene (R.I % 0.7). The peak at m/z 151.14 could be 

due to tagetone (R.I % 2). However, they have the same molecular formula; a distinction 

could not be easily made. Besides this, the peak observed at m/z, 167.13, 207.1 and 

218.24 corresponding to trans dihydrocarvone epoxide, a-campholenic acid  (R.I % 0.5 ), 

trans and cis carvyl propionate  (R.I % 0.6 ) and hydroxytremetone  (R.I % 2) 

respectively. The peak at m/z, 246.28 could be due to Avocadynofuran or Amberone 

having relative intenity (R.I % 2). The peak at m/z 262.26 best match with the compound 

4b-Acetoxygymnomitr3(15)-ene  (R.I % 1.5). The peak at m/z 274.31,279.27 and 296.31 

could be due to 2-Acetoxyfuranoelemene (R.I % 12), 6b-Acetoxyeudesm-4( 15)-en-7bol  

(R.I % 11) and n-Heneicosane (C21), Methyl oleate   (R.I % 3), respectively. The peak at 

m/z 297.31 best match with the compound Methyl stearate (R.I % 3). Besides this, the 

peak observed at m/z, 318.35, 319.34 and 346.40 corresponding to Quercetagetin  (R.I % 
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7 ), 4b,5b-Diacetoxygymnomitr-3(15)-ene (R.I % 0.3 ) and 11-b-Hydroxykauren-15-a-yl- 

acetate (R.I % 0.6) respectively. In DART-MS spectrum the peak observed at m/z, 

362.38, 391.34, and 392.35 could be due to Catalpol (R.I % 1.5), Flavoxate   (R.I % 98) 

and Glabrol (R.I % 25) respectively. 

4.3.4. Quantitative estimation of hydro-distilled essential oil from dry leaves of 

marigold  

The phytometabolites component present in hydro-distilled essential oil from dry 

leaves of African marigold was subjected to DART-MS and correlates the results 

obtained by FT-IR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of hydro-distilled essential oil from dry leaves of African 

marigold were given in Table 4.9 and Fig 4.13. The constituents were identified by 

matching their mass spectra with those recorded in literature. In dry leaves essential oil, 

extracted by hydro-distillation method from African marigold, the peak at m/z 218.24 

could be due to hydroxytremetone  having relative intensity (R.I % 3.9), the peak at m/z 

274.32 best match with the  compound 2-Acetoxyfuranoelemene  (R.I % 9.9). The peak 

at m/z 296.31 could be due to n-heneicosane (C21), methyl oleate (R.I % 19.8). However, 

they have the same molecular formula; a distinction could not be easily made. Besides 

this, the peak observed at m/z, 318.34 corresponding Quercetagetin   (R.I % 7.2. The peak 

at m/z, 391.34 could be due to flavoxate  having relative intensity (R.I % 31.1). The peak 

at m/z 392.35 best match with the compound glabrol (R.I % 26). The peak at m/z 393.34 

and 504.44 could be due to chenodeoxycholic acid   (R.I % 5) and dipyridamole  (R.I % 

5). 

javascript:treeMenu(0)
javascript:treeMenu(0)
javascript:treeMenu(1)
javascript:treeMenu(0)


Chapter IV                                                                                         Experimental Findings 

88 

4.3.5. Quantitative estimation of solvent extracted essential oil from fresh flowers of 

marigold  

The phytometabolites component present in solvent extracted essential oil from 

fresh flowers of African marigold was subjected to DART-MS and correlates the results 

obtained by FT-IR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of solvent extracted essential oil from fresh flowers of 

African marigold were given in Table 4.10 and Fig 4.14. The constituents were identified 

by matching their mass spectra with those recorded in literature. In fresh flowers essential 

oil, extracted by solvent extraction method from African marigold, the peak at m/z 114.11 

could be due to n-Heptanal or 2Heptanone having relative intensity (R.I % 1.8), the peak 

at m/z 123.14 best match with the compound p-Methylanisol, 4-Ethylphenol  (R.I % 

1.8).The peak at m/z 135.14 could be due to Terpinolene,  Thujene, sabinene, α-

terpinolene, α pinene, β-ocimene,limonene  (R.I % 2.3). However, they have the same 

molecular formula; a distinction could not be easily made. ). Besides this, the peak of 

other terpenes was observed at m/z, 139.17, 149.11, and 151.13 corresponding to Tran-

pinane, Cis pinane  (R.I % 1.6), Piperitenone, Ocimenone, umbellulone, verbenone  (R.I 

% 6.2) and tagetone (R.I % 40.8) respectively. The peak at m/z, 153.19 could be due to 

Linalool, fenchol, Terpinen-4-ol (R.I % 7.4). The peak at m/z 165.11 best match with the 

compound Furomyrcenol (R.I % 2.5). The peak at m/z 167.12 could be due to Trans 

Dihydrocarvone epoxide, a-Campholenic acid (R.I % 6.1). Besides this, the peak of 

observed at m/z, 169.15, 173.18, and 180.20 corresponding to galic acid (R.I % 2.5), 

Trans Linalooloxide (furanoid), 3, 7-Dimethyl-3,7-dihydroxyoct-1-ene  (R.I % 0.4) and 

TransPinocarvyl formate (R.I % 0.3) respectively. The peak at m/z, 183.12 could be due 
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to annitol (R.I % 4). The peak at m/z 185.14 best match with the compound 3,4-

Dihydroxy-5-methoxybenzoic acid  (R.I % 0.3) and the peak at m/z 201.18 best match 

with the compound Aromadendra1- (10),4(15)-diene  (R.I % 2.0). 

4.3.6. Quantitative estimation of solvent extracted essential oil from dry flowers of 

marigold  

The phytometabolites component present in solvent extracted essential oil from 

dry flowers of African marigold was subjected to DART-MS and correlates the results 

obtained by FT-IR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of solvent extraction essential oil from dry flowers of 

African marigold were given in Table 4.11 and Fig 4.15. The constituents were identified 

by matching their mass spectra with those recorded in literature. In dry flowers essential 

oil, extracted by solvent extracted method from African marigold, the peak at m/z 114.11 

could be due to n-Heptanal or 2Heptanone having relative intensity (R.I % 5.8), the peak 

at m/z 123.14 best match with the compound p-Methylanisol, 4-Ethylphenol  (R.I % 3.7). 

The peak at m/z 135.14 could be due to terpinolene, thujene, sabinene, α-terpinolene, α 

pinene, β-ocimene, limonene (R.I % 3.8). Besides this, the peak observed at m/z, 139.17 , 

149.12, and 151.13 corresponding to tran-pinane, cis pinane  (R.I % 2.2), piperitenone, 

ocimenone, umbellulone, verbenone  (R.I % 7.9) and tagetone (R.I % 52) respectively. 

The peak at m/z, 153.15 could be due to linalool, fenchol, terpinen-4-ol (R.I % 14). The 

peak at m/z 165.12 best match with the compound Furomyrcenol (R.I % 4.3). The peak at 

m/z 167.13 could be due to trans dihydrocarvone epoxide, a-campholenic acid (R.I % 12). 

Besides this, the peak of observed at m/z, 169.15 and 180.13 corresponding to Galic acid 

(R.I % 6), and trans pinocarvyl formate (R.I % 0.3) respectively. The peak at m/z, 183.12 
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could be due to annitol (R.I % 7.9). The peak at m/z 185.15 best match with the 

compound 3,4-Dihydroxy-5-methoxybenzoic acid  (R.I % 0.3) .The peak at m/z 193.18 

and201.19 was best match with the compound trans sabinyl acetate  (R.I % 0.3) and 6-

ethoxy-2,4-dimethylquinoline (RI % 2.4). 

4.3.7. Quantitative estimation of solvent extracted essential oil from fresh leaves of 

marigold  

The phytometabolites component present in solvent extracted essential oil from 

fresh leaves of African marigold was subjected to DART-MS and correlates the results 

obtained by FTIR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of solvent extracted essential oil from fresh leaves of 

African marigold were given in Table 4.12 and Fig 4.16. The constituents were identified 

by matching their mass spectra with those recorded in literature. In fresh leaves essential 

oil, extracted by solvent extraction method from African marigold, the major  peaks with 

higher relative intensity  at m/z 173 which could be due to Trans Linalooloxide 

(furanoid),  having relative intensity (R.I % 3.5), the peak at m/z 218.25  best match with 

the compound Hydroxytremetone  (R.I % 12.5). The peak at m/z 246.26 could be due to 

Avocadynofuran, Amberone   (R.I % 11). Besides this, the peak observed at m/z, 262.28, 

274.32 , and 302.36 corresponding to 4b-Acetoxygymnomitr3(15)-ene  (R.I % 10), 2-

Acetoxyfuranoelemene  (R.I % 97.5) and (Z)-Nuciferyl 2-methylbutyrate  (R.I % 32) 

respectively. The peak at m/z, 318.34 could be due to flavonoid compound Quercetagetin 

(R.I % 95). The peak at m/z 319.34 best match with the compound 4b,5b-

Diacetoxygymnomitr-3(15)-ene  (R.I % 20). The peak at m/z 346.37 could be due to 11-

b-Hydroxykauren-15-a-yl- acetate (R.I % 30). Besides this, the peak of observed at m/z, 

362.38 and 374.42 corresponding to Catalpol (R.I % 33.5), and Geniposidic acid (R.I % 
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14) respectively. The peak at m/z, 418.43 could be due to Kaempferol-3-O-α-L-

arabinoside (R.I % 3.5). The peak at m/z 429.42 best match with the compound 37β-

hydroxysitosterol R.I % 6.0). 

4.3.8. Quantitative estimation of solvent extracted essential oil from dry leaves of 

marigold  

The phytometabolites component present in solvent extracted essential oil from 

dry leaves of African marigold was subjected to DART-MS and correlates the results 

obtained by FTIR spectroscopy. A representative DART-MS spectrogram and various 

constituent phytometabolites of solvent extracted essential oil from dry leaves of African 

marigold were given in Table 4.13 and Fig 4.17. The constituents were identified by 

matching their mass spectra with those recorded in literature. In dry leaves essential oil, 

extracted by solvent extraction method from African marigold, the major  peaks with 

higher relative intensity  at m/z 114.11 which could be due to 2-Heptanone  having 

relative intensity (R.I % 3.0), the peak at m/z 136.04 best match with the terpinolene, 

 thujene, sabinene, α-terpinolene, α pinene, β-ocimene,limonene  (R.I % 8.0). The peak at 

m/z 143.12 could be due to 2, 3, 5-trimethylvalerolactone (R.I % 2.1). Besides this, the 

peak observed at m/z, 151.14, 157.11, and 169.16 corresponding to tagetone (R.I % 3.4), 

menthol, dihydrolinalool (R.I % 6.0) and galic acid (R.I % 3.4) respectively. The peak at 

m/z, 173.13 could be due to trans linalooloxide (furanoid), (R.I % 4.1). The peak at m/z 

183.12 best match with the compound mannitol (R.I % 3.4). The peak at m/z 190.17 

could be due to 8, 9-Dehydrothymol acetate (R.I % 8.5). Besides this, the peak of 

observed at m/z, 193.16 and 197.15 corresponding to Trans Sabinyl acetate (R.I % 2.5), 

and syringic acid (R.I % 4.5) respectively. The peak at m/z, 218.25 could be due to 

Lemnalone or Taylorione (R.I % 15.0). The peak at m/z 225.18 best match with the 

compound g-tetradecanolide (R.I % 3.4). 
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Table 4.10: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in soxhlet 

extracted essential oil from fresh flower of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 

MEASURED 

MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 109 109.08 - 6.3 - 

2. 114 114.11 C7H14O 1.8 n-heptanal, 2heptanone 

3. 123 123.14 C8H10O 1.8 p-methylanisol, 4-ethylphenol 

4. 135 135.14 C10H16 2.3 

terpinolene,  thujene, sabinene, α-

terpinolene, α pinene, β-

ocimene,limonene 

6. 139 139.17 C10H18 1.6 tran-pinane, cis pinane 

7. 149 149.11 C10H14O 6.2 
piperitenone, ocimenone, umbellulone, 

verbenone 

8. 151 151.13 C10H840 40.8 tagetone 

9. 153 153.19 C10H18O 7.4 linalool, fenchol, terpinen-4-ol 

10. 165 165.11 C10H14O2 2.5 furomyrcenol 

11. 167 167.12 C10H16O2 6.1 
trans dihydrocarvone epoxide, a-

campholenic acid 

12. 169 169.15 C7H6O5 2.5 galic acid 

13. 173 173.18 C10H20O2 0.4 
trans linalooloxide (furanoid), 3,7-

dimethyl-3,7-dihydroxyoct-1-ene 

14. 180 180.20 C11H16O2 0.3 transpinocarvyl formate 

15. 183 183.12 C6H14O6 4.0 Mannitol 

16. 185 185.14 C8H8O5 0.3 3,4-dihydroxy-5-methoxybenzoic acid 

17 201 201.18 C15H22 2.0 aromadendra1- (10),4(15)-diene 
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Fig. 4.14: DART-MS spectrum of essential oil extracted by solvent extraction from fresh flowers of African marigold               

(Tagetes erecta L.). 
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Table 4.11: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in soxhlet extracted 

essential oil from dry flower of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 

MEASURED 

MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 97 97.08 - 0.5 - 

2. 109 109.08 - 11.8 - 

3. 114 114.11 C7H14O 5.8 2-heptanone 

4. 123 123.14 C8H10O 3.7 p-methylanisol, 4-ethylphenol 

6. 133 133.11 - 0.3 - 

7. 135 135.14 C10H16 3.8 

terpinolene,  thujene, sabinene, 

α-terpinolene, α pinene, β-

ocimene,limonene 

8. 139 139.17 C10H18 2.2 tran-pinane, cis pinane 

9. 149 149.12 C10H14O 7.9 
piperitenone, ocimenone, 

umbellulone, verbenone 

10. 151 151.13 C10H180 52.0 Tagetone 

11. 153 153.15 C10H18O 14.0 linalool, fenchol, terpinen-4-ol 

12. 159 159.14 C10H22O 0.3 1-decanol 

13. 165 165.12 C10H14O2 4.3 Furomyrcenol 

14. 167 167.13 C10H16O2 12.0 
trans dihydrocarvone epoxide, a-

campholenic acid 

15. 169 169.15 C7H6O5 6.0 galic acid 

16. 171 171.17 - 0.2 - 

17. 180 180.13 C11H16O2 0.3 transpinocarvyl formate 

18. 183 183.13 C6H14O6 7.9 mannitol 

19. 185 185.15 C8H8O5 0.3 
3,4-dihydroxy-5-

methoxybenzoic acid 

20. 193 193.18 C12H16O2 0.3 trans sabinyl acetate 

21. 201 201.19 C13H15NO 2.4 6-ethoxy-2,4-dimethylquinoline 
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Fig.  4.15: DART-MS spectrum of essential oil extracted by solvent extraction from dry flowers of African marigold      

(Tagetes erecta L.). 
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Table 4.12: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in soxhlet extracted 

essential oil from fresh leaves of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 
MEASURED MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 101 101.08 C6H12O 1.0 
hex-5-en-1-ol, hex-5-en-3-ol, (z)-hex-3-

en-1-ol 

2. 120 120.08 C8H8O 1.0 phenylacetaldehyde 

3. 137 137.09 C8H10O2 1.0 
2-methyl5propionylfuran, 

1,3dimethoxybenzene 

4. 157 157.15 C10H20O 3.5 dihydrolinalool 

6. 173 173.14 C10H20O2 3.5 
trans linalooloxide (furanoid), 

3,7-dimethyl-3,7-dihydroxyoct-1-ene 

7. 187 187.14 C11H22O2 2.0 methyl decanoate. n-heptyl butanoate 

8. 207 207.19 C13H20O2 3.0 trans and cis carvyl propionate 

9. 218 218.25 C15H24O3 12.5 hydroxytremetone 

10. 219 219.24 C15H24O 1.0 caryophyllene oxide, spathulenol 

11. 246 246.26 C17H26O 11 avocadynofuran, amberone 

12. 262 262.28 C17H26O2 10 4b-acetoxygymnomitr3(15)-ene 

13. 274 274.32 C17H22O3 97.5 2-acetoxyfuranoelemene 

14. 302 302.36 C20H30O2 32 (z)-nuciferyl 2-methylbutyrate 

15. 318 318.34 C15H10 95 quercetagetin 

16. 319 319.34 C19H28O4 20 4b,5b-diacetoxygymnomitr-3(15)-ene 

17. 346 346.37 C22H34O3 30 11-b-hydroxykauren-15-a-yl- acetate 

18. 362 362.38 C15H22O10 33.5 catalpol 

19. 374 374.42 C16H22O10 14 geniposidic acid 

20. 390 390.41 C17H26O10 13 Loganin 

21. 391 391.33 C24H25NO4 5.0 flavoxate  

22. 418 418.43 C20H18 3.5 kaempferol-3-o-α-l-arabinoside 

23. 429 429.42 C29H50O2 6.0 7β-hydroxysitosterol 
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Fig.  4.16: DART-MS spectrum of essential oil extracted by solvent extraction from fresh leaves of African marigold     

(Tagetes erecta L.). 
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Table 4.13: Exact Mass data and relative intensity (R.I.%) in component bioactive phytometabolites in soxhlet 

extracted essential oil from dry leaves of African marigold (Tagetes erecta L.) subjected to DART – MS.  

S.NO. 
MOLECULAR 

WEIGHT 
MEASURED MASS 

MOLICULAR 

FORMULA 

RELATIVE 

INTENSITY (%) 
REMARKS 

1. 109 109.08 C7H8O 18 o-cresol 

2. 114 114.11 C7H14O 3.0 2-heptanone 

3. 115 115.10 C7H16O 3.2 2-heptanol, 3-heptanol 

4. 118 118.09 C8H7N 2.2 Indole 

6. 132 132.12 C6H12O3 2.4 methyl 2-hydroxyisopentanoate 

7. 136 136.04 C10H16 8.0 

terpinolene,  thujene, sabinene, α-

terpinolene, α pinene, β-

ocimene,limonene 

8. 143 143.12 C8H14O2 2.1 2,3,5-trimethylvalerolactone 

9. 146 146.09 C11H14 3.0 desmarestene 

10. 151 151.14 C10H140 3.4 
piperonal, verbenone, thymol, 

carvone, carvacrol  

11. 157 157.11 C10H20O 6.0 menthol, dihydrolinalool 

12. 169 169.16 C7H6O5 3.4 galic acid 

13. 173 173.13 C10H20O2 4.1 

trans linalooloxide (furanoid), 

3,7-dimethyl-3,7-dihydroxyoct-1-

ene 

14. 183 183.12 C6H14O6 3.4 Mannitol 

15. 190 190.17 C12H14O2 8.5 8,9-dehydrothymol acetate 

16. 193 193.16 C12H16O2 2.5 trans sabinyl acetate 

17. 197 197.15 C12H20O5 4.5 lavandulyl acetate 

18. 201 201.17 C13H15NO 4.0 6-ethoxy-2,4-dimethylquinoline 

19. 211 211.17 C12H20O3 4.0 5-acetoxylinalool, 

20. 218 218.25 C15H22O 15.0 lemnalone, taylorione 

21. 225 225.18 C14H26O2 3.4 g-tetradecanolide 
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Fig.  4.17: DART-MS spectrum of essential oil extracted by solvent extraction from dry leaves of African marigold              

(Tagetes erecta L.).
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4.4. Experiment Number 4 

Comparative study of the yield of the essential oil from different flowering seasons 

The Comparative study of the yield of the essential oil from different flowering 

seasons from African marigold (Tagetes erecta L.) plant parts was done using the 

methods described in the previous chapter.  

 To explore the most suited season for extraction of the essential oil from African 

marigold (Tagetes erecta L.) plant parts, a comparative study was designed with winter 

and summer season with both hydro-distillation and solvent extraction methods. The 

Table 4.14 and Fig 4.18 elucidated the variation of the yield extracted by both seasons by 

hydro-distillation and solvent extraction methods from various samples of African 

marigold plant parts.  

 The highest yield of essential oil from flowers was obtained from winter crop 

from the sample DFSE (8.33%) through solvent extraction method by using n-hexane as 

a solvent followed by summer crop from DFSE (7.0 %). The minimum recovery of 

essential oil from flowers was recorded in the summer crop from the sample FFSE 

(0.36%).  

 The highest yield of essential oil from leaves was obtained from winter crop 

from the sample DLSE (6.33%) through solvent extraction method by using a non-polar 

solvent n-hexane as a solvent followed by summer crop from DLSE (5.33 %). The 

minimum recovery of essential oil from leaves was recorded in the summer crop from the 

sample FLSE (0.30%).  

Thus, on the basis of the above observations, it was concluded that the winter crop 

is more suitable for the extraction of essential oil from African marigold (Tagetes erecta 

L.). The hydro-distillation method was the cheap method for oil extraction but the oil 

recovery was record highest in the dry samples of marigold, using n-hexane as solvent by 

solvent extraction method.  
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Table 4.14:  Comparative study of Percentage yield of essential oil extracted from African marigold (Tagetes erecta L.) 

in winter and summer seasons. 

 

Winter season oil yield (%) Summer season oil yield (%) 

Hydro-distillation Solvent extraction Hydro-distillation Solvent extraction 

FFCE DFCE FLCE DLCE FFSE DFSE FLSE DLSE FFCE DFCE FLCE DLCE FFSE DFSE FLSE DLSE 

0.45% 0.42% 0.39% 0.41% 0.46% 8.33% 0.40% 6.33% 0.40% 0.38% 0.36% 0.39% 0.36% 7.00% 0.30% 5.33% 
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Fig. 4.18: Comparative study of Percentage yield of essential oil 

extracted from African (Tagetes erecta L.) in different growing season.  

4.5. Antioxidant Activity (DPPH radical scavenging activity) 

 

DPPH (AAE/ 

mg extract) 

Fresh Flowers 

(FF) 

Dry Flowers 

(DF) 

Fresh Leaves 

(FL) 

Dry Leaves 

(DL) 

10.64±0.47 5.56 ± 0.35 32.71± 0.35 16.48±0.35 

AAE= Ascorbic acid equivalent 

Table 4.19. Antioxidant activity of Tagetes erecta L. essential oils by DPPH assays 

The free radical scavenging ability of Fresh flowers (FF), Dry flowers (DF), Fresh 

leaves (FL) and Dry leaves (DL) essential oil from Tagetes. erecta L. was determined 

from reduction absorbance of DPPH radical at 517 nm. The capacity of natural products 
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to donate electrons can be measured by DPPH radical colour change from purple to form 

yellow DPPH. In this assay, the colour change was observed indicating reduction from 

purple DPPH colour to yellow DPPH signifying that the tested essential oils have 

antioxidant activity. Table 4.19 shows that FL (IC50=32.71±0.35) showed highest radical 

scavenging ability as compared to the other essential oils in the order: FL> DL> FF>DF. 

The antioxidant activity may be due to the presence of hydroxyl groups that might come 

from oxygenated terpenes from essential oil.  
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Chapter V 

DICUSSION 

 

Medicinal plants are natural factories of bioactive phytochemical which have the 

protective curative effect in any living system. Approximately 50% of today’s prescribed 

drugs are derived either from a plant source or manmade imitations of plant compounds. 

The herbs have continuously been used to cure a number of illnesses from ancient times. 

Today, research continues to prove that most of our present medicines are the product of 

research on medicinal plants. Medicinal plants are under investigations all over the world, 

yet a significant portion is still unexplored. Asteraceae is the largest family of 

Angiosperm consisting of more than 1600 genera and 23000 species worldwide (Barkley 

et al., 2006; Panero and Funk, 2008). Many of which have immense medicinal values. 

In tropics, especially in Brazil and adjoining regions it is grown for essential oil 

production (Lawrence, 1985), which has numerous applications for the benefit of human 

society. The oils are good insect repellents and are used in the treatment of certain 

illnesses, such as smallpox, earache, and colds and to reduce fevers. In addition, it has 

been recognized to possess hypotensive, spasmolytic, antimicrobial, antifungal and 

nematicidal properties (Tereschuk et al., 1997 and Mangena and Muyima, 1999). Tagetes 

13 oil, which can be extracted with n-hexane (Wiese et al., 1992), is an established 

product of flavor and a raw material for perfume production (Soule, 1993). 
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Major compounds reported to be present in Tagetes are essential oil and 

flavonoids. Majority of the studies regarding chemical composition of Tagetes focused on 

the yield and distribution of essential oils (Singh et al., 1992; Chalchat et al., 1995; 

Bansal et al., 1999 and Gil et al., 2000). The main constituents of Tagetes oil are ocimene 

(monoterpenes), limonene, dihydrotagetone and tagetenone (Kaul et al., 2005 and 

Upadhyaya et al., 2010). 

The carotenoids are also important constituent of marigold flowers especially 

from T. patula and T. erecta (Vargas et al., 2000). The yellow carotenoid pigments are 

used as source for food colouring and as a source of gum emulsification (Henken, 1992). 

Lutein as carotenoids may help to reduce the risk of some age-related eye disorders such 

as cataracts, photosensitivity disorders and cancer (Vargas and Lopez, 1996). Keeping 

this in view, the present experiment entitled “A Study on the Extraction of Essential Oil 

from Marigold (Tagetes erecta L.) and its Characterization” was planned for the 

execution of present experiment during the years 2013 to 2016. The preliminary 

qualitative screening of phytochemicals in the essential oil of different samples of various 

parts of marigold was done at the Laboratory of Department of Applied Plant Science 

(Horticulture). The FT-IR Spectroscopy was performed at University Scientific 

Instrumentation Centre (USIC), Babasaheb Bhimrao Ambedkar University, Vidya Vihar, 

Rae Bareli Road Lucknow (U.P.) India and the Direct Analysis in Real Time (DART) 

Mass Spectrometry was done at Sophisticated Analytical Instrumentation Facility (SAIF), 

Central Drug Research Institute (CSIR-CDRI), Lucknow, (U.P.) India. Experimental 

findings described in previous chapter are discussed here in with probable cases and 

supporting evidences on the subject which could be made available to the author. 
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Experiment I. Standardize the method for extraction of essential oil 

from marigold plant parts 

The results from the study revealed that highest yield of essential oil was obtained 

from solvent extraction method by using n-hexane as a solvent, was recorded 8.33 % in 

the dry flowers soxhlet extract (DFSE) followed by the dry leaves soxhlet extracts 

(DLSE) which showed 6.33 % oil yield and the highest yield of essential oil from hydro-

distillation method from various samples of African marigold plant parts was recorded in 

the Fresh flower clevenger extract (FFCE) sample 0.45 % followed by the Dry flower 

clevenger extract (DFCE) which showed 0.42%  oil yield.. In addition to processing 

procedure of plant materials and method of extraction employed, yields of essential oils 

T. minuta have been found to vary considerably based on other factors such as the parts 

of the plant from, which the essential oils are extracted, harvesting season and plant 

growth stage Similar observations have also been noted by Senatore et al., 2004; 

Chamorro et al., 2008; Caburian and Osi 2010; Wanzala, 2009; Wanzala and Ogoma 

2013;  Makang’a, 2012;  Karimian et al. 2014; Okoh et al., 2008; Sefidkon and Fathi, 

2012; Boutekedjiret et al., 2003; Tandon, 2008; Tandon, 2008; Moradalizadeh et al. 

2013; Singh et al. 2006). 

The overall yield of essential oil from fresh and dry, flowers and leaves through 

hydro distillation was lower as compared to solvent extraction. Many authors have 

reported that hydro distillation produces lower extraction yields (Stashenko et al. 1997; 

Tuan and Iiangantileke 1997; Simandi et al. 1999). The reason could be that marigold 

possessed highly volatile aromatics that cannot survive the process of steam or hydro 

distillation. We observed that the solvent n-hexane had an ability to dissolve all the 
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odoriferous principles of the flower and possessed a low boiling point (69°C), allowing it 

to be easily removed (distilled off), without resorting to higher temperature. The odorous 

principles present in marigold flowers can be isolated more efficiently by extraction with 

volatile solvents than by hydro distillation. Our results are in agreement with studies of 

(Wang, 2000). 

The difference in oil content of the tested species in turn indicates the positive 

response for selection for oil contents, i.e. an understanding of the variation in quality and 

quantity of oil will be helpful for the selection of species for oil extraction to promote 

farmers to adopt it as a commercial crop It is well known that the chemical composition 

of volatile oils isolated from aromatic plants depends strongly on the extraction method, 

among other variables (Muzika et al. 1990 and Stashenko et al. 1996). The method of 

extraction with volatile solvents was first applied to flowers in 1835 by Robiquest. 

Therefore essential oil is scathed by the thermal conditions of hydro distillation 

(Clifford 1999). Semen and Hiziroglu (2005) examined that the yield of oil from 

Juniperus virginiana was higher when extracted through solvent extraction method than 

those of others obtained by hydro distillation (3.5%) which confirm with the results of the 

present study. 

Experiment II. Qualitative estimation of essential oil from marigold 

plant parts 

The result of the preliminary qualitative phytochemical screening revealed that 

phytochemicals present in the Tagetes oil was available in the samples. Total eleven 

phytochemical tests were performed. Out of eleven test performed, four phytochemical 

which is flavonoid, terpenoids, alkaloid and Coumarins were identified in all the samples.  
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The phytochemical tests for different samples of African marigold Tagetes erecta L. may 

prove to be a rich source of compounds with possible pharmacological values. as reported 

by many researchers, (Grover and Rao, 1978; Garg and Dengre, 1986; Nanir and Kadu, 

1987; Penna et al., 1994; Srivastava and Srivastava, 1998; Mishra et al., 1995; Arora et 

al., 1984;  Broussalis et al., 1999; Chantraine et al., 1998;  Sindhu and Kuttan, 2007;  

Villar et al., 1997; Khan and Evans, 1996; Rajvanshi and Dwivedi, 2017a). 

Our results from the FT-IR analysis exhibits the vibrational frequencies in the 

range of functional group possess the secondary phytometabolites. confirmed the 

presence of (O-H stretch) alcohol and phenol at peak  3480 to 3400 cm-1 (C-H) aromatic, 

890 to 720 cm-1 (C-N) aliphatic amines, 1200 to 900 cm-1 (C-H rock)  alkane, 2900 to 

2850 cm-1   (N-H stretch) amides, 3350 to 3300 cm-1   and 1650 to 1600 cm-1 (H-C=O: C-

H Stretch) aldehydes, 2690 to 2350 cm-1 (N-O stretch) nitro compounds, 1550 to 1500 

cm-1   (C=O) α, β- unsaturated aldehydes, ketones, 1750 to 1700 cm-1  and (C-O stretch) 

carboxylic acid at peak 1300 to 1200 cm-1  in  all the samples i.e. fresh flowers clevenger 

extract (FFCE), dry flowers clevenger extract (DFCE), fresh leaves clevenger extract 

(FLCE) and dry leaves clevenger extract (DLCE) fresh flowers soxhlet extract (FFSE), 

dry flowers soxhlet extract (DFSE), fresh leaves soxhlet extract (FLSE) and dry leaves 

soxhlet extract (DLSE). 

The Fourier Transform Infrared (FT-IR) spectrometer has proven to be a valuable 

tool for characterization and identification of compounds or functional groups (chemical 

bonds) present in an unknown mixture of plant extracts. Moreover, FT-IR spectroscopy is 

an established time saving method to characterize and identify functional groups. Similar 

work was also reported by (Ragupathi, 2011; Grube et al., 2008; Chen et al., 2001; Xie et 
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al., 2001; Bellamy, 1975; Dukor, 2001; Sohrabi et al., 2005; Manoj and Ragothaman, 

1999; Schrader, 1995: Rajvanshi and Dwivedi, 2017b; Rajvanshi and Dwivedi, 2017c). 

 

Experiment III. Quantitative estimation of essential oil from marigold 

plant parts 

The current study identified and quantifies a mixture of compounds in the various 

samples of essential oil extracted from flowers and leaves of African marigold (Tagetes 

erecta L.). The compound of the oil was identified by comparison of their m/z value with 

those of a computer library and with data published in the literature. We observed that the 

fresh flower clevenger extract (FFCE) sample exhibited the major compounds like 

tagetone, m/z 151.13 (Relative intensity 90%), linalool, fenchol, terpinen-4-ol, m/z 153.15 

((Relative intensity 13%), piperitenone, ocimenone, umbellulone, verbenone, m/z 149.12 

(Relative intensity 10%). The dry flower clevenger extract (DFCE) sample showed 

presence of many peaks which could be best match with the compounds like tagetone, 

m/z 151.13  (Relative intensity 91%), trans dihydrocarvone epoxide, a-campholenic acid,  

m/z 167.13  (Relative intensity 16%), phenolic compound galic acid, m/z 169.15 (Relative 

intensity 7%). Quercetagetin, m/z 318.35   (Relative intensity 7%), were the compound 

which could be best match with the peak obtained in the fresh leaves clevenger extract 

(FLCE). Quercetagetin (Relative intensity 7.2%), n-Heneicosane (C21), Methyl oleate 

(Relative intensity 19.8%) were obtained in the dry leaves clevenger extract (DLCE) 

sample was best match with the m/z values of sample. The peaks obtained in fresh flower 

soxhlet extract (FFSE) were best matched with the compounds tagetone, m/z 151.13 

(Relative intensity 40.8%), terpinolene, thujene, sabinene, α-terpinolene, α pinene, β-
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ocimene, limonene, m/z 135.14 (Relative intensity 2.3%). In dry flower soxhlet extract 

(DFSE) the peak obtained were could be due to tagetone, m/z 151.13 (Relative intensity 

52%), linalool, fenchol, terpinen-4-ol, m/z 153.15 (Relative intensity 14%). In 

quantitative screening of fresh leave soxhlet extract (FLSE), the peaks were obtained 

were best matched with the Quercetagetin, m/z 318.4 (Relative intensity 95%). 2-

Acetoxyfuranoelemene, m/z 274.32 (Relative intensity 97.5%). Kaempferol-3-O-α-L-

arabinoside, m/z 418.43   (Relative intensity 3.5%). Terpinolene, thujene, sabinene, α-

terpinolene, α pinene, β-ocimene, limonene, m/z 136.04 (Relative intensity 8%). 

lemnalone, taylorione, m/z 218.25 (Relative intensity 15%).8,9-Dehydrothymol acetate, 

m/z 190.17 (Relative intensity 8.5%) were the compounds which could be best match with 

the peak obtained in the dry leaves soxhlet extract (FLCE). Among the compounds 

identified in EOs in the current study, tagetone was the most abundant constituent 

accounting in most of the samples. 

The findings of the study were in agreement with earlier reports of (Baslas et al., 

1981; Baslas and Singh, 1980; Machado et al., 1994; Dhingra and Dhingra, 1956; Ghosh, 

2004; Tygadlo et al., 1994; Sharma et al., 1961; Xio et al., 2006; Marotti et al., 2004; 

Pichette et al., 2005; De Feo et al., 2005 and Gupta et al., 2009). 

Experiment IV. Comparative study of the yield of the essential oil from 

different flowering seasons 

Our result revealed that the highest yield of essential oil from flowers was 

obtained from winter crop from the sample DFSE (8.33%) through solvent extraction by 

using n-hexane as a solvent followed by summer crop from DFSE (7.0 %). The minimum 
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recovery of essential oil from flowers was recorded in the summer crop from the sample 

FFSE (0.36%).  

 The highest yield of essential oil from leaves was obtained from winter crop 

from the sample DLSE (6.33%) through solvent extraction by using a non-polar solvent 

n-hexane as a solvent followed by summer crop from DLSE (5.33 %). The minimum 

recovery of essential oil from leaves was recorded in the summer crop from the sample 

FLSE (0.30%).  

Temperature plays an important role in plant growth and essential oil yield as a 

whole Plants respond to temperature changes in most of their metabolic activities such as 

photosynthesis, respiration and transpiration (Murtagh, 1996). Water is one of the most 

important environmental factors required for plant growth and development (Yaniv & 

Palevitch, 1982 and Murtagh, 1996). 

Photosynthetic activity is known to be reduced in crops subjected to low light 

levels and water deficit conditions. Letchamo & Xu (1995) hypothesized that dry matter 

formation and accumulation of essential oil in thyme was closely related to 

photosynthesis, and limitations in the net CO2 assimilation rates had a direct or indirect 

effect on shoot growth and production of the volatile oil.  

Regions with sharply defined wet and dry seasons were able to produce good crop 

yield, provided there were no extended periods of water logging. For example, low 

herbage and high oil yield were recorded in geranium after three dry months as compared 

to three wet months (in Kenya (Weiss, 1997). 

The season or month of harvesting was observed to exert remarkable influences 

on the oil yield of essential oil crops. Weiss (1997) reported that the highest oil content of 
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geranium was observed in July (rainy/monsoon) and lowest in February (spring) in 

southern India. Doimo, et al., (1999) reported that not only the seasons and months of 

harvest affected oil yield, but that the geographic area where these crops were grown also 

influenced yield. 

 

Antioxidant Activity (DPPH radical scavenging activity) 

Fresh leaves (IC50=32.71±0.35) showed highest radical scavenging ability as 

compared to the other essential oils in the order: FL> DL> FF>DF. The antioxidant 

activity may be due to the presence of hydroxyl groups that might come from oxygenated 

terpenes from essential oil.  The findings of the study were in agreement with earlier 

reports of (Basavaraj et al., 2011; Tripathi et al., 2012; Popovic et al., 1999; and Sindhu 

and Kuttan, 2007). 
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Chapter VI 

SUMMARY AND CONCLUSION 

The present investigation entitled “A Study on the Extraction of Essential Oil 

from Marigold (Tagetes erecta L.) and its Characterization”  was carried out at the 

Horticulture Research Farm and  Laboratory of the Department of Applied Plant Science 

(Horticulture), Babasaheb Bhimrao Ambedkar University, (A Central University), Vidya-

Vihar, Rae Bareli Road, Lucknow, Uttar Pradesh. The results pertaining to the study are 

summarized below- 

 The highest yield of essential oil was obtained from solvent extraction method by 

using n-hexane as a solvent, was recorded (8.33 %) in the Dry Flower Soxhlet Extract 

(DFSE) followed by the Dry Leaf Soxhlet Extracts (DLSE) which showed (6.33 %) 

oil yield.  

 The highest yield of essential oil from Hydro-distillation method from various 

samples of African marigold plant parts was recorded in the Fresh Flower Clevenger 

Extract (FFCE) sample (0.45 %) followed by the Dry Flower Clevenger Extracts 

(DFCE) which showed (0.42%) oil yield.  

 For standardization of extraction procedure, it can be concluded that solvent 

extraction exhibited higher extraction efficiency than the hydro distillation method. 

 In the preliminary qualitative phytochemical screening, total eleven 

phytochemical tests were performed. Out of which 4 phytochemicals which is 

flavonoid, terpenoids, alkaloid and Coumarins were identified in all the samples. 

 Steroids, glycosides and saponins were absent in all the samples.  
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 Phenols were present in fresh and dry flowers oil extracted by both methods. 

 Triterpenoids were present only in the dry flower sample, extracted by soxhlet. 

 Tannins present in fresh and dry flowers oil extracted by hydro-distillation and dry 

flowers oil sample extracted by soxhlet apparatus. 

 Quinones were absent in fresh leaves sample extracted by both methods  

 Qualitative screening of Fresh Flower Clevenger Extract (FFCE) using FT-IR 

Spectroscopy showed the presence of total 16 peaks. The main functional groups 

found were amide, alkane, aldehydes, carboxylic acid and aliphatic amines. 

 In Dry Flower Clevenger Extract (DFCE) sample, total 15 peaks were obtained with 

alcohols, phenols, alkanes and aromatics. 

 The screening of Fresh Leaves Clevenger Extract (FLCE) showed the presence of 14 

peaks. The main functional groups were 1* 2* amines, amides, alkanes and 

carboxylic acid. 

 Dry Leaves Clevenger Extract (DLCE) showed the existence of 17 peaks and the main 

functional groups found were alkanes, nitro compounds, aliphatic amines and 

aromatics. 

 The observations recorded from the qualitative screening of Fresh Flower Soxhlet 

Extract (FFSE) showed the presence of minimum peaks i.e. eleven (11) from the 

frequency ranges from 400 to 4000cm-1. The characteristic functional group found 

were alcohols, phenols and alkanes. 

 Dry Flower Soxhlet Extract (DFSE) showed the existence of 16 peaks. The main 

functional groups found were alkanes and aliphatic amines. 
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 The maximum number of peaks i.e. 22 was found in the Fresh leaves Soxhlet Extract 

(FLSE). Presence of more peaks clearly indicates the presence of more 

phytochemicals in the sample. Alkanes, aliphatic amines, phenols, alcohols, 

 The observations recorded from the qualitative screening of Dry Leaves Soxhlet 

Extract (DLSE) showed the presence of 14 peaks from the frequency ranges from 400 

to 4000cm-1. The characteristic functional group found were alcohols, aromatics, 

aliphatic amines. 

 The quantitative screening of Fresh Flower Clevenger Extract (FFCE) by DART-MS 

showed the existence of major compounds at m/z values from 50 to 1000. The sample 

exhibited the major compounds like tagetone (Relative intensity 90%), linalool, 

fenchol, terpinen-4-ol ((Relative intensity 13%), piperitenone, ocimenone, 

umbellulone, verbenone (Relative intensity 10%). 

 The Dry Flower Clevenger Extract (DFCE) showed the presence of many peaks which 

could be best match with the compounds like tagetone (Relative intensity 91%), trans 

dihydrocarvone epoxide, a-campholenic acid (Relative intensity 16%), phenolic 

compound galic acid (Relative intensity 7%). 

 Quercetagetin (Relative intensity 7%), 6b-Acetoxyeudesm-4 (15)-en-7bol (Relative 

intensity 11%), 2-Acetoxyfuranoelemene (Relative intensity 12%), were the 

compounds which could be best match with the peak obtained in the Fresh Leaves 

Clevenger Extract (FLCE). 

 Quercetagetin (Relative intensity 7.2%), n-Heneicosane (C21), Methyl oleate (Relative 

intensity 19.8%) were obtained in the Dry Leaves Clevenger Extract (DLCE) sample 

was best match with the m/z values of sample. 
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 The peaks obtained in Fresh Flower Soxhlet Extract (FFSE) were best matched with 

the compounds tagetone (Relative intensity 40.8%), linalool, fenchol, tterpinen-4-ol 

(Relative intensity 7.4%), terpinolene, thujene, sabinene, α-terpinolene, α pinene, β-

ocimene, limonene (Relative intensity 2.3%). 

 In Dry Flower Soxhlet Extract (DFSE) the peak obtained were could be due to 

tagetone (Relative intensity 52%), linalool, fenchol, terpinen-4-ol (Relative intensity 

14%), mannitol (Relative intensity 7.9%). 

 In quantitative screening of Fresh Leave Soxhlet Extract (FLSE), the peaks were 

obtained were best matched with the Quercetagetin (Relative intensity 95%). 2-

Acetoxyfuranoelemene (Relative intensity 97.5%). Kaempferol-3-O-α-L-arabinoside 

(Relative intensity 3.5%). 

 Terpinolene, thujene, sabinene, α-terpinolene, α pinene, β-ocimene, limonene 

(Relative intensity 8%). Lemnalone, Taylorione (Relative intensity 15%).8, 9-

Dehydrothymol acetate (Relative intensity 8.5%) were the compounds which could be 

best match with the peak obtained in the Dry Leaves Soxhlet Extract (FLCE). 

 The highest yield of essential oil from flowers was obtained from winter crop from the 

sample DFSE (8.33%) through solvent extraction method by using n-hexane as a 

solvent followed by summer crop from DFSE (7.0 %). The minimum recovery of 

essential oil from flowers was recorded in the summer crop from the sample FFSE 

(0.36%).  

 The highest yield of essential oil from leaves was obtained from winter crop from the 

sample DLSE (6.33%) through solvent extraction method by using a non-polar 

solvent n-hexane as a solvent followed by summer crop from DLSE (5.33 %). The 
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minimum recovery of essential oil from leaves was recorded in the summer crop from 

the sample FLSE (0.30%).  

 It was concluded from season wise yield of essential oil, that the winter crop is more 

suitable for the extraction of essential oil from African marigold (Tagetes erecta L.). 

The solvent extraction method exhibited higher extraction efficiency than the hydro 

distillation method using n-hexane as solvent by solvent extraction method, recorded 

maximum essential oil yield in both the winter and summer. 

 The Fresh leaf (FL) sample (IC50=32.71±0.35) showed highest radical scavenging 

ability as compared to the other essential oils in the order: Fresh Leaf> Dry Leaf> 

Fresh Flower>Dry Flower. 
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Table: 6.1 Summary of FT-IR analysis of essential oil extracted from African marigold (Tagetes erecta L.). 

S.NO. 

FREQUENCY 

RANGE 

(cm-1) 

ESSENTIAL OIL 
TOTAL NO. OF 

PEAKS 
MAIN FUNCTIONALS GROUPS 

1. 400-4000 (cm-1) 
Fresh flower clevenger 

extract 
16 

Amides, alkanes, aldehydes, carboxylic acid, 

Aliphatic amines 

2. 400-4000 (cm-1) 
Dry flower clevenger 

extract 
15 Alcohols, phenols, alkanes, aromatic 

3. 400-4000 (cm-1) 
Fresh leaves clevenger 

extract 
14 1*, 2* amines, amides, alkanes, arboxylic acid, 

4. 400-4000 (cm-1) 
Dry leaves clevenger 

extract 
17 

Alkanes, Carbonyls (general), Nitro compounds, 

Aliphatic amines, aromatic 

5. 400-4000 (cm-1) 
Fresh flowers soxhlet 

extract 
11 

Alchohols, phenols, , 

alkanes, 

6. 400-4000 (cm-1) 
Dry flowers soxhlet 

extract 
16 Alkanes, aliphatics amines. 

7. 400-4000 (cm-1) 
Fresh leaves soxhlet 

extract 
22 

Alkanes, phenols, aliphatic 

amines. Carboxylic acid 

8. 400-4000 (cm-1) 
Dry leaves soxhlet 

extract 
14 Aromatic, alkanes, Aliphatic amines 
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Table: 6.2 Summary of DART-MS analysis of essential oil extracted from African marigold (Tagetes erecta L.). 

S.NO. 

 

ESSENTIAL 

OILS 

NO. OF COMPOUND 

IDENTIFIED 
MAIN COMPONENTS PRESENT 

1. FFCE 17 
Piperonal, verbenone, thymol, carvone, carvacrol  (R.I 90.0%), Piperitenone, Ocimenone, 

umbellulone (R.I 10.0 %), Trans Dihydrocarvone epoxide (R.I 10%), Linalyl acetate, (R.I 1.0 %) 

2. DFCE 16 
Piperonal, verbenone, thymol, carvone, carvacrol  (R.I 91.0%), Piperitone, Camphor (R.I 12.0 %), 

Piperitenone, Ocimenone, umbellulone (R.I 11.0 %), 

3. FLCE 19 
Flavoxate  (R.I 98.0%), Quercetagetin (R.I 7.0%), Hydroxytremetone (R.I 2.0%), 2-

Acetoxyfuranoelemene (R.I 12.0%), 

4. DLCE 11 n-Heneicosane ( R.I 19.8%), Quercetagetin (R.I 9.9%), 2-Acetoxyfuranoelemene ( R.I 7.2%), 

5. FFSE 17 
Piperonal, verbenone, (R.I 40.8%), Trans Dihydrocarvone epoxide, (R.I 6.1%), Piperitenone, 

Ocimenone, (R.I 6.2%), Mannitol (R.I 4.0%), 

6. DFSE 21 

Piperonal, verbenone, thymol, (R.I 52.0 %), 3,4-dihydrobenzoicacid ( R.I 14.0 %), Trans 

Dihydrocarvone epoxide, a-Campholenic acid ( R.I 12.0 %), Galic acid ( R.I 6.0 %),  β-

ocimene,limonene ( R3.8 %) 

7. FLSE 23 
2-Acetoxyfuranoelemene (R.I 97.5%), 4b,5b-Diacetoxygymnomitr-3(15)-ene( R.I 20.0 %), 7β-

hydroxysitosterol ( R.I 6.0 %),  Dihydrolinalool ( R.I 3.5 %) 

8. DLSE 21 
Terpinolene, Thujene, sabinene, α-terpinolene, α pinene, β-ocimene, limonene (RI 8.0 %), 

Menthol, Dihydrolinalool (RI 6.0 %), 8,9-Dehydrothymol acetate ( RI 8.5 %) 
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Conclusion 

The present investigation entitled “A Study on the Extraction of Essential Oil 

from Marigold (Tagetes erecta L.) and its Characterization”  has concluded that the 

amount of oil obtained from the fresh part of the plant is very small as compared to the 

dry part of the plant. The solvent extraction exhibited higher extraction efficiency than 

the hydro distillation method. 

The qualitative screening of essential oil extracted from Tagetes plant parts shows 

the presence of flavonoid, terpenoids, alkaloid, phenols and Coumarins in the plant which 

shows that T. erecta is an important source of many pharmacologically and medicinally 

important phyto-constituents. There is huge scope for research; the plant could be further 

exploited in future as a source of useful phytochemical compound for the pharma 

industry.  

 The quantitative screening of Extracts by DART-MS showed the existence of 

major compounds like tagetone, linalool, fenchol, terpinen-4-ol, piperitenone, ocimenone, 

umbellulone, verbenone. 

The antioxidant activities obtained in marigold seem to be in good accordance 

with the medicinal uses of African marigold. 

 On the basis of results obtained during study, we can say that the fresh leaf 

soxhlet extracts showed better results than other samples. 

Many Indian herbs are being used in traditional practices to cure various human 

ailments. Tagetes erecta has an important place among such anti-oxidants, anti-

inflammatory medicinal plants; it can also be used in treating wound, liver disorder and 

diabetes. Furthermore, in future study, the isolated principles from Tagetes erecta needs 

to be evaluated in scientific manner using various innovative experimental models and 

clinical trials to understand its mechanism of action, in search of other active 

constituents, so that its other therapeutic uses can be widely explored. 
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