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ABSTRACT 

Essential oils are plant‘s secondary metabolites that are known for their fragrance and 

food flavour properties.These odoriferous oils offer a promising potential for multiple 

applications such as in the fields of agriculture, food, cosmetics, medicine, 

pharmaceutical industry and aromatherapy. Chemistry and biological attributes of 

essential oils are deemed to be varied not only among different varieties of the same 

plant speciesnevertheless different agro-climatic conditions also affect the 

biochemical composition of the oils due to morphological diversity of the plants.In 

the present dissertation, selected medicinal herbs such as Mentha spicata, 

Menthapiperitta, O.basilicum Lamiaceae] andC.citratus[Poaceae], harvested from 

different geographicalzones of Punjab, Pakistan, were evaluated  for yield, physico-

chemical and biological potential of their oils which were produced by two different 

methods including hdrodistillation (HD) and supercritical fluid extraction (SCFE). 

Gas chromatography attached with flame ionization detector (FID) and Gas 

chromatography fitted with mass spectrometry (MS)analyses of chemical costituents 

of volatile oils showed the presence of different types of oxygenated monoterpene 

(OM), monoterpene hydrocarbon (MH), sesquiterpene hydrocarbon (SH), oxygenated 

sesquiterpene (OS) and phenyl propanoid (PP).Depending upon the isolation mode, 

the tested essential oils exhibited a promising extent of antioxidant and antimicrobial 

and hemolytic activities, total phenolics and total flavonoids contents.With respect to 

different harvesting such as drought stressed, hilly, arid and irrigated regions, the 

tested essential oils revealed considerable differences in yield, chemical composition, 

TPC, TFC and biological properties that can be linked to varying agro-ecological 

parameters of the regions under study.Generally, the essential oilsextracted from the 

drought stressed region leave samples presented superior antimicrobial and hemolytic 

actions while,samples from hilly regions exhibited a greater range of antioxidant 

potential and total phenolics and flavonoids. A significant variation noted in the 

percentage yield,volatiles chemical composition and biological properties/actionscan 

be related to theirvariable chemical profiling resulted from morphologicaldiversity of 

the plants. 
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CHAPTER 1     

INTRODUCTION 

1.1 General Introduction 

Currently, on global level, there is a growing interest to shift health related prodcuts 

from allopathic to traditional and plant based healthcare products. About 80% of the 

population, especially in South Asia and Africa rely on folk medicines for their 

primary healthcare needs. With the advent of new areas in modern food sciences such 

as optimal nutrition, now there is a revival of interest in the use of plants as a source 

of food and medicine. 

 According to estimates, global market (2002) for medicinal and scented plants 

was US$ 62 billion and is predicted to reach at level as high as US$ 5 trillion by 2050 

(Shinwari et al., 2000). Plants are recognized as the richest source/basis of antioxidant 

nutrients and biologically active constituents such as phenolics, flavonoids, alkaloids 

and terpenoids with multiple biological activities such as antioxidant, antimicrobial, 

antinflammatory, antidiabetics and anticarcinogenic etc. (Shahidi, 1997; Ghanbari 

etal., 2012; Ahmed et al., 2016). 

Various folk medicinal applications and therapeutic properties of medicinal 

plants and herbs can be linkedto the presence ofa wide array of bioactives so called  

―plantsecondary metabolites‖ for example,alkaloids, terpenoides, steroids and 

phenolics which act as drugs and nutraceutical leads (Gull et al., 2015;Sahib et al., 

2013;Dai and Mumper, 2010). Basically, the use of plants as folk medicine is that 

such plants consist of synergistic and side-effects neutralizing combinations of 

bioactives extracts (Gilani and Atta-ur-Rahman, 2005). 

Among plants, herbs are one of the promising sources of volatile components and 

aromatic compounds. Many literature reports have shown that usage of herbs 

comprising of antioxidants and other nutraceutical components is beneficial for 

improvement of health because it decreases rate of degenerative mechanisms and 

effectively slow the basiccause of certain diseases due to theirnutraceutical attributes 

(Shahidi, 1997; Gilani and Atta-ur Rehman,2005; Sahib et al., 2013; Anwar et al., 

2016a).  In, fact, natural extracts of therapeutic herbs contain hundreds of organic 

compounds which basically exhibit multiple biochemical and biological functions due 
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to which they seem to be part of high immune system of plants (Shahidi, 1997; Anwar 

et al., 2016a; Preedy 2016). 

Many herbs are valued as important ingredients of our daily diet andimpart flavor 

and stability to the foods. Several herbs are used as conventional remedy to 

curevarious diseases such as diabetes, cancer, mellitus, hypertension and immune 

suppression (Descalzo andSancho, 2008; 2008;Ghanbari et al., 2012).  

Recently,the herbs derived extracts and essential oils, as well as their food 

flavoring components have gained much appreciationdue to their strong antioxidant, 

antimicrobial with promising biological, cosmo-nutraceutical and pharmaceutical 

applications (Burt, 2004; Anwar etal., 2009;Preedy2016).The increasing demand of 

herbal products is an evidence of their sound safety, effectiveness and drug 

interactions (Celiktas et al., 2007). Over the last few decades, a significant body of 

scientific proof is demonstrating multiple biological such as, antioxidant, anticancer, 

anti-inflammatory activities andnutraceutical potential of therapeutic herbs (Burt, 

2004; Hussainet al., 2011; Preedy,2016; Anwar et al., 2016b). 

1.2. Chemistry of Essential Oils 

Essential oils (EOs),being odoriferous and ethereal substances, are used as flavoring 

foodsagents for perfumery,aromatherapy and pharmaceutical applications (Celiktaset 

al.,2007; Edris, 2007). 

 Chemically, the essential oils (EOs) can be defined as composite mixtures 

ofvolatilechemicalconstituents obtained from variousplant parts such as flowers, fruits 

leaves and barks. Technically speaking, volatile essential oils (EOs) are made up of 

two main groups of volatilechemicalcompounds such as terpenoids (monoterpene, 

diterpene, polyterpene) and other aromatic substances (aldehyde,alcohols, phenols, 

andmethoxyderivative).However, the main proportion of essentialoils are composed 

of terpenoids,which canbe further grouped into monoterpene,diterpene and 

sesquiterpene depending upon thenumbers of isoprene units(Burt,2004; Edris, 2007). 
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1.2.1 Oxygenated Compounds 

Essentialoils (EOs)mainly consist ofstraight simple chain chemical compounds and 

some theiroxygen consisted derivativessuch aspolyphenols,alcohol, ketones, ester, 

aldehyde and usuallyoxide products (Runckles and Mabry, 1973). The functional 

groups (FG) ofthese oxygenated compounds (OC) are normally -ols, -ate, -al and–

ones groups (Schanubalt and Kurt, 1999). 

1.2.1.1 Aldehydes 

Monoterpenes aldehyde contain citral, geranials and neral. Cinnamic 

aldehydebasically havestrong anti-microbial influence and are found usually in 

lemon-scented toxicities, antifungal and disinfectedcontrols (Parry, 1981).   

 

Cinnamics aldehyde 

1.2.1.2 Alcohols 

Monoterpene alcohol 

Alcohols contain good antiseptic, anti-fungal and anti-viral properties with minor side 

effects such as skin irritation or toxicity and also have anenriching energizing effect 

(Saba et al., 2013). Therefore, some examples of these alcohols are seen aslinalool (in 

rose), citronellol (in geranium) and terpineol (in juniper) etc. 

Sesquiterpene alcohol 

This typeis usuallynot present inessential oils (EOs), however whenever found, 

exhibitmultiple characteristics as liver and glandular tonic, anti-inflammatory and 

mostly anti-allergen (Anwaret al., 2009b;Saba et al., 2013). Many other oils that have 

sesquiterpene alcohols are sandalwood, ginger, patchouli, vetiver, carrot seed, 

everlasting, valerian etc. 
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Menthol 

1.2.1.3 Esters 

Esters are seen in oils with a greatscentedpower and high fruity aroma. Theseshow 

usuallynoany antimicrobial effect but basically are used with other potent 

antimicrobial oils as neryl acetate, geranyl acetate etc. (Betts et al., 1999). 

 

Geranyl acetate 

1.2.1.4 Phenols 

Phenols are potentantisepticchemicals which indicate a great role asantimicrobial, 

strong antifestering and much effective antibloodsuckingfunctions. They have 

temperately high tonic, strong antiviral, compelling antifungal and immune 

increasingeffects. Basicallythree (03)types of phenols which form essential oils 

(EOs)are as thymol, carvacrol and primarily eugenol (Hussain et al., 2008). 

  

 Thymol  



5 
 

Phenols in a very ow concentration commonly affect enzyme activity especially of 

those enzymes which are related to energy generation mechanism whereasat high 

conc.they denature to protein blocks (Betts et al., 1999). 

1.2.1.5 Ketones  

Essential oils having ketonic group show high toxic nature but excellent therapeutic 

value and are not foundextremely anti-microbial as menthone. 

 

Menthone 

1.2.1.6 Oxides 

These oxides normally exhibit highantiinfectiousresults in nature. They showlinctus 

properties andare utilized in conjuction with different oils as Eucalyptus volatile oil 

contain 1,8 Cineol (Farzanehet al., 2006).  

 

 1,8- Cineol(Eucalyptol) 

1.2.2 Terpenes 

The word terpene iscommonly derived from a word ―Turpentine‖ which belongs to 

English language (Guenther, 1952). Basically these contain multiple bonds due to 
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being unsaturated hydrocarbons which show the specific formal, conformational and 

natural relationto the isoprene unit (C5H8).These have molecular formula (MF) 

C10H16, are therefore, composed of02 isoprene units(n=2) attached by head to tail 

fashion (Pinder, 1960). Thus, volatile oils (VOs)in addition to the terpenes C10H16 

often have greatercomprehensive carbon and hydrogencompounds ofalmost identical 

composition but of high molecular weight (MW). Although essential oils have 

complex composition but the major ones and highly utilized are monoterpenes 

(Seigler 1998).This huge group of chemical compounds is found usually in all kinds 

of essential oilsand is divided into three main categories as; 

1.2.2.1 Monoterpenes: 

For monoterpene n=2. These exhibitantibacterial,antinflammatory, antiviral 

andantiseptic. Some have interestingstimulating effect, linctus and slimy membrane 

tonicsbutothers are applied asdistinctive agents such as limonene,-pinene, cypress 

and camphene etc. 

1.2.2.2 Diterpenes: 

For diterpene (C20H32)‗n‘ is greater than 2. These areinfrequently/rarely found in 

essential oils (EOs) and due to high boiling points & less volatility these distill only in 

minute amounts. 

1.2.2.3 Sesquiterpenes: 

For sesquiterpenes (C15H24) ‗n‘ is greater than 2. These contain significant 

pharmacological & antiinflammatory nature and are used as in conjuction with 

chronic inflammation such aschamomiles, valeranon, santalalol and blue yarrow 

which are seen in almost all volatileoils (Svoboda and Deans, 1995).     

1.3.Isolation of Essential Oil, Their Distribution and Characterization 

The isolation ofessentialvolatile oil (EO) is a key step towards exploring their 

commercial applications which basically depend on its density and diffusion rateof 

volatile oil (VO) through the tissues of the plant to theoutside surrounding surface 

from where oil is detachedthrough multiple techniques. Depending upon the nature, 

composition and stability of volatile essential oil, different ways and meansare 

employed to extract essential oils (EOs) from different herbal plant resources. 



7 
 

MostlySteam distillation (SD) and hydrodistillation (HD) methods are used now-a-

days on a vast level to separate oil fromherbal plants (Sokovic andVan Griensven, 

2006; Saba et al., 2013). Othertechniques for extractionof volatile oils(VOs) use to 

applySCFE liquid (CO2) or microwaves, and hot steam at low or high pressure 

distillation (Donelianet al., 2009). The EOs detached by high steam distillation (SD) 

or byexpression method (EM) which arecommonlyfavored nutraceuticallyand 

pharmacologically. Mode of extraction technique as well as extraction temperature, 

duration and number of extraction cycle etc.adversely effect on theproduction and 

strength of major constituents in volatile oil (Li et al., 2014; Tarek et al., 2014).  

In fact, volatile oils (VOs) are produced by an endemic population of plants 

and there can be amultiplecauses of variation in composition (% age),yield ofEOs and 

quality of oilsisolated from different plants as well as within the species of the same 

plants. Infact, different agro-climatic conditions exert noticeable effect on 

composition and quantity of odoriferous plant volatileoils (Gongaet al., 2014). 

Genetic, physiological and seasonal factors such as temperature, humidity, altitude, 

rainfall as well as harvesting conditions play avital role to depict biochemical 

attributes of all essential volatile oils (EVO). Moreover, the maturity stages and 

harvest times also cause variation in physicochemical parameters of the plant fragrant 

volatile oils (Kelen and Tepe, 2008). The herbal plants extracted oils fromthe different 

localities show remarkable difference in quality and composition due to many factors 

involved including  agro-ecological, plant structure, stage and vegetative cycle period 

etc., (Angioni et al., 2006).   

To know and understand about the nature ofessential volatile oils (EVOs), 

along with exploration oftheirbiocompositional data and nutra-pharmaceutical as well 

as potential therapeutic applications is a challenging task. The current advancements 

and progress in spectroscopy and chromatographicalmethods/techniques have 

revolutionzed and changed the image and detailed understanding of biochemical 

attributes of volatile oils (VOs). Multiplepractices have been widely employedto 

study the chemical profiles of fragrantvolatile oils including UV-spectroscopy, Infra 

red spectroscopy, GC (gas chromatography) etc.(Bakkali et al., 2008). The ever 

growing applications of ethereal oils/EOs in multiplefields/areas such 

asmedicines,perfumery, greasepaints andfunctional foodshavestimulated the need 

fordiscovery of some innovative and novel techniques for detailed study of the 
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biochemical profile of essential oils. Gas chromatography coupled with mass 

spectrometry (GC-MS) satisfactorily fulfilled all required analytical demands. GC-

MS has also provided a best way for identification of essential oils (EOs) composition 

accurately and proved to be an authentic approach  to characterize each component 

with their abudance in volatile oils (VOs) (Jerkovicet al., 2001; Gulluce et al., 2007; 

Anwar et al.,2009a).  

1.4 Recent Trends for the Applications of Essential Oils  

As a flavoring agents with characteristic essence, the essential volatile oils (EVOs) 

have extensively been used for multiple applications including cosmetics and beauty 

products, perfumes, confectionary and baked food products as well as beverages 

(Burt, 2004). The uses of essential oils (EOs)and herbal extracts are recently gaining 

much appreciation due totheir diverse biological and pharmaceutical 

activities(Bowles, 2003; Souza etal., 2007). Many herbs, due to theiressential oil 

production potential,have been explored oncommercial level (Maksimovicet al., 

2008). About 300 odoriferous volatile oils, out of almost 3500 plant oils are 

recognized internationally and thus are being employed, especially in agronomic, 

food, sanitary, cosmetic, medicines and on scentedproduction trades (Sivropoulouet 

al., 1997; Burt, 2004).  

Sometypes of scented oils and their major fractions (such as) 

citronellal,limonene, pinene etc.are commercially employed/used as a main element 

intooth pastes, pharmaceutical and germ-free(hygienic) multiple food products. 

Several herbal essential oilsalso employed as food preservervatives in addition totheir 

medicinal uses against different ailments(Hussain et al., 2008; Burt, 2004). For 

example, they are employed in treating skin infections, throat disorders and 

aromatherapy applications.In fact a variety of herbal essential oils(EOs) and /or their 

mixtures are utilized in aromatherapy as a remedialaid, especially forsyndromes 

(Hajhashemiet al., 2003). 

Plant essential oils have recently attracted greaterscientific and commercial 

acceptance worldwide due to their multiple biological and pharmaceutical 

applications (Burt, 2004; Jieet al., 2007).Several plant etheral oils/essential oils, being 

mixtures of secondary metabolites, show/exhibitpotent bactericidal,fungicidal and 
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antioxidantactivities (Burt, 2004;Ayda, 2008). Various recent reports reveal 

diverse/multiple applications of plant essential oils as natural antioxidant/ 

antimicrobial(Hussainet al., 2011), anti-cancer, anti-inflammatory and anti-

proliferative agents (Hussain et al., 2010; Salaza et al., 2011). Advanced level 

research is now exploring new ways/avenuesforthe novel application of many volatile 

oils astonic, therapeutically potent as well asremedial agents against  lethal diseases 

and health disorders (Sokovic and Van Griensven, 2006; Celiktaset al., 2007; 

Kelen&Tepe, 2008; Politeoet al., 2007).Worldwide, the growing uses of EOsin field 

of pharmacy, cosmetics, confectionary food productsand beverages industries prompt 

the need to explore and characterize new  and sustainable plant sources ofvolatile oils 

(Delaquis et al., 2002; Anwar et al., 2016a). 

Infact, various plant volatile oil hasrevealedstrong potency to be an 

antibacterial, disinfectant, antifungal agent, insecticide and as herbicide 

(Maksimovicet al., 2007). Especially,essential /volatile oils are proved to be more 

effective than synthetic antibiotics because oftheir broad spectrum applications and 

synergistic effects. Bactericidal potencyof scented extractsare famous basically due to 

airfumigation. The essential oils are used as natural preservatives duringstorage of 

foodsto protect them from fungus (Holley and Patel, 2005). Essential/volatile oils of 

specific herbal plants such as mint, basil, dhania etc.have offered/ exhibitedbroad 

spectrum antioxidant and antmicrobial potency in differentfood applications (Ruberto 

and Baratta, 2000) andthus being assafer/natural antioxidants are utilized as 

protectorsto secure fats/oils and related products (Bozinet al., 2006). Currentscientific 

reports are mainly focusing on antioxidant and biological applications of volatile oils 

(Tepeet al., 2007). 

 So, due to multiple benefits of essential volatile oils (EVOs), it is essentialto 

understand theirmechanismof actions and biological potential for novel appliancesin 

health, nutra-pharmaceutical sector as well as other applied areas (Carson and Riley, 

2003).  

1.5 Essential OilsIndustrial Status in Pakistan  

In our country, Pakistan,a large number of industries are 

preparingdifferentgoods,perfumes, tooth pastes, brews and usually ice creams. These 
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industrial unitsare usingessential/ ethereal oils andinfusiondistillates which are largely 

imported from the western countries. For example, these oils are locally used in soaps, 

face paint, detergents and other industries ranging from animal feed to biopesticides. 

As flavorants, essential oils are used in a variety of foods such as ice creams, baked 

products, soft drinks, candy, and confectionary products. As pharmaceutical 

ingredients, essential oils (EOs) are utilized in dental products such as toothpaste and 

medicines, as well as in aromatherapy and other pharmaceutical products. 

Pakistan as an agricultural country, with diverse agro-climatic and agro-

ecological zones, is rich inpharmaceuticaly, biologically and economically important 

flora. The diverse agro ecological and environmental conditions inPakistan arevery 

appropriate forgrowth and development of local agriculture and cultivation of 

manyvarieties of aromatic herbs and medicinal plants producing essential 

oils(EOs)(Erdemgilet al., 2007; Anwar et al., 2009b). . Many native medicinal herbs 

and aromatic plant species, which are wildly grown and /or cultivated, can be 

explored for production of essential oil (EO) and bioactive extracts with potential 

nutra-pharmaceutical applications (Ahmad, 2007; Muhammadet al., 2015).   

Generally, aromatic plants /herbs and spices are cultivated or wildly grown in 

various regions of the country with essential oil (EO) prospects. Likewise, 

Lamiaceaefamily, which is commonly known as‗‗Mint family‘‘, is a very popular, 

consisting ofabout 253 generaand many species as high as 7000 (Hedge, 1992). Plants 

of this family have great potential for isolation of distinct secondary metabolites and 

volatiles (Wink, 2003). In this agricultural country (Pakistan), some highly valued 

Lamiaceaespecies such ascommon basil/ sweet basil, and wild mint etc. are used for 

volatile oil production on commercial level(Wazir et al., 2004). Similarly 

anotherimportantfamilyis Poaceae which comprises severalendemic species of 

medicinal plants/herbs and grasses such as lemon grass (Cymbopogoncitratus) among 

others with essential oil (EO) potential (Wright et al., 2009; Figueirinha et al., 

2010;Bansod and Rai, 2008). 

The present status of active essential oil (EO) industry in Pakistan is not so 

appealing as this industry has not yet beenwell established locally due to several 

reasons such as lack of agronomic and scientific tools, materials and experties for 

cultivation, growth and production of essential oils. Despite the fact that there is great 

https://en.wikipedia.org/wiki/Poaceae
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potential for essential oil production in Pakistan, but even then local market for 

essential oil production is representing less than 1% of need in worldwide market. 

Almost all oflocal oil demand is met through imports from major producers such as 

China, France and Brazil (Pakistan Statistical Year Book, 2008). Such condition 

prompts the basic need to explore local flora for extraction of EOs (essential oils) 

followed by their physico-chemical characterization for potential uses. 

1.6 Project Rational 

The composition and biological characteristics of a specific plant volatile oil(VO) are 

reported to be varied among different species, different production areas and 

harvesting seasons. Such variations in volatile oil composition can be linked to the 

genetic factors as well as morphological features including species /variety type,plant 

developmental stages, variations in farming conditions of the plant (Gonga et al., 

2014).Moreover,techniques used for handling, storage and isolation of essential oil 

might have significantaffect on the yield and quality of oil produced(Van Vuuren et 

al., 2007). Infact, genetic and agroclimatic variations as well as handling and storage 

conditions play vitalpart while describing/definingchemical nature and biological 

characteristics of essential/volatile oils (Julianiet al., 2002; Angioniet al., 2006).  

Pakistan is blessed with huge reservoirs of medicinally and /or economically 

important flora with potential for bio-prospecting.Pakistan has highly diversified 

topographical environment containing/comprisingfertile lands, mountainous to sub-

mountainous regions and semi–arid to arid areas which possess diverse agro-climates 

ranging from temperate to sub-tropical and tropical environments. The average 

temperature limit in such areas may differ from 01ºC (winter season) to 39 ºC 

(summer season) with widely varying annual rate of rain fall. Such a diverse agro-

ecological and agro-climatic conditions favor a rich and unique medicinal and herbal 

flora with characteristic bioactives profiling (Naseer et al., 2014). It can be guessed 

that  wide ranging agro-ecological and topographical nature in Pakistan might have 

critical role and impact towards defining the chemistry and biological 

properties/attributes  of volatile oils (VOs) obtained from a specific plant species 

depending upon the production region as well asharvesting environment (Hussain et 

al., 2010; Gonga et al., 2014). 
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Eventualy,plants and widespread medicinal flora in Pakistan is primarily 

described by specific agro-seasonalconditions that might affect yield and composition 

of phytochemicals and volatile fractions of herbal essential oils (EOs). Thus a 

plausible justification and reasoning exists for evaluation of variations in different 

biochemical attributes of essential/EOsobtained from selected medicinal herbs 

harvested from diverse agro climatic areas of Pakistan. Moreover, as such no previous 

reports are available on studying detailed biochemicals profiling of selected herbs 

essential in relation to isolation of oils by two different techniques employed.  So the 

present research project (RP) was mainly designed to evaluate differences inyield(% 

age), physico-chemical profile and biological potencies of essential /volatile oils 

(VOs) isolated from four different selected medicinal herbs such as Mentha piperita, 

Mentha spicata, Ocimum basilicum and Cymbopogon citratus that were collected 

from different agroclimatic locations of Punjab, Pakistan. The samples of volatile oils 

(VO) were extracted by hydro distillation (HD) techniqueand supercritical fluid (SCF) 

extraction method and were characterized for theirbiological activities as well as 

chemicals profiling using GC-FID/GC-MS with ultimate goal toexplore their potential 

applications in the nutra-pharmaceutical sector. 

1.7 Specific Aims and Objectives of Study 

Following are the main objectives of thisstudy:- 

i. Appraisal of variations in oil production yield, detailed composition and 

biological attributes of  ethereal oils/essential oils isolated from particular 

herbs (harvested) from varied agro-climatic areas of Pakistan 

ii. Assessment of differences in oil yield,biochemicalcharacteristics of volatile 

oils with respect to different extraction techniques (ET) such as hydro 

distillation (HD) and super critical fluidextraction(SCFE). 

iii. Characterization of essential volatile oilsconstituents using GC-FID/GC-MS. 

iv. Evaluation of the biological potentials(antioxidant, antimicrobial and 

hemolytic) of  oils isolated as a function of different harvesting regions and 

isolation techniques 

 



13 
 

CHAPTER 2 

LITERATURE SURVEY 

2.1Essential Oils 

The volatile liquid mixtures, extracted from different parts of aromatic plants and 

having essence,are generally known as essential oils also so called ethereal oils (Burt, 

2004; Saba et al., 2013).The volatile compounds of essential oils have low boiling 

point and are composed of mainly two groups i.e. terpenoids and aromatic substances 

(Edris, 2007; Bazaid et al.,2013).Due to possessing unique fragrance and odour, plant 

volatile oils are used in cosmetics and perfumes and are also added in foods and 

confectionary products for flavoring purposes (Burt, 2004). The essential oils have 

recently become more popular due to their interesting multiple biochemical 

properties/attributes such as antioxidant, antimicrobial, fungicidal and anti-

inflammatory activities and pharmaceutical uses (Souza et al., 2007). In this regard, 

numerous recent studies reveal the potential uses of essential volatile oils (EVO) as 

antioxidant/antimicrobial (Hussain et al., 2011), anti-cancer, anti-inflammatory, anti-

mutagenic and anti-proliferative agents (Bhalla et al., 2013). 

The essential oils (EOs) are isolated usually from differentportions of 

plantse.g., fruits, leaves,shoots, root, grass, gum, berries, seeds, flowers, twigs, wood, 

heartwood and saw dust (Sood et al., 2006). The size and volume of plants to store 

and produce essential oils is usually observed in higher magnitude in Angiosperms 

than all other genera (Cava et al., 2007).Worldover, volatile/ ethereal oils have been 

obtained/produced more than 2000 different plant species and are being employed for 

commercial and pharmaceutical purposes (Van de Braak and Leijten, 1999).  

Among plant species, aromatic herbs are one of the promising sources of 

essential oils (EOs).Many herbs such as coriander (Coriandrumsativum), thai basil 

(Ocimumbasilicum), piper Chaba (Piper sarmentosum), finger root 

(Boesenbergiapandurata), Chinese chives (Allium ramosum) and lemongrass 

(Cymbopogoncitratus), being good source of volatile oils, are used to add a unique 

flavor to many Asian dishes due to containing flavoring constituents such as ascitral, 

linalool and limonene etc. (Dudman 2005). 
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2.2 Essential Oil Potential of Selected Herbs from Lamiaceae and Poaceae 

Family 

2.2.1 Family Lamiaceae  

The family Lamiaceae, also commonly known as Labiateae, is popular due to 

functional food and medicinal properties of its herbs which have been used since early 

times.Family Lamiaceaeordinarily contains 254 genera and almost7,200 species (Ali 

et al., 2000 and Hedge, 1992). Some important herbs related to genera mentha, 

ocimum, oregano, sageetc. alongwith several other herbs and some trees are included 

in this important family (Wink, 2003; Hussain et al., 2008). 

For the research work of the present dissertation, four (04) herbal species 

belonging togenus Mentha, Ocimum and Cymbopogen have been selected after 

thorough ethno-medicinal literature survey and are reviewed as under: 

2.2.1.1 Genus Mentha 

The genus Mentha is broadly distributed throughout mild regions of the world 

containing more than 30 species, such as Mentha spicata, Mentha piperitaandMentha 

longifoliaamong others (Gulluce et al., 2007). These species are  are cultivated on 

commercial basis in different countries of Europe, Australia, America and Asia (East 

Asia)for essential oil production (Gulluce et al., 2007).Mentha species are generally 

applied as spice and flavoring source in multiple food commodities such as breads, 

salads, soups and cheese and are also employed for preparation of herbal teas 

(Yadegarinia et al., 2006).Moreover, these species oils are frequently utilized in the 

folk medicines for the treatment of different ailments due to their anti-spasmodic, 

analgesic, antimicrobial etc. activities (Morenoet al., 2002). The Mentha oils, which 

are often isolated by hydro distillation (HD) from aerial parts, are also commonly 

employed as ingredients in different cosmetics and pharmaceutical products. Mentha 

species essential oils,especially isolated fromM. piperita and M. spicata, show strong 

antimicrobial potential, antioxidant and radical-scavenging activities due to presence 

of phenolics and mainly terpenoids base volatile substances (Hosseinimehr et al., 

2007). 
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2.2.1.2 Genus Ocimum 

The Genus Ocimumis distributed/foundextensivelyin almost all mild areas of the 

worldand comprises more than 150-155 species. Some fo the most important species 

of this genus  such as O.sanctum, O.gratissimumand O. basilicum are widely  

cultivated in Europe, Australia, America etc.due to multiple/many applications of 

their volatile oils (Jirovetz and Buchbauer, 2001; Silva et al., 2004). Medical and 

pharmaceutical research proved that the leaves of these plants are commonly used as 

anti-spasmodic and stomachic agents due to their strong free radical scavenging and 

antimicrobial (Sajjadi, 2006;Matasyohet al., 2007; Bozinet al., 2006).  

2.2.2 Family Poaceae 

This family(Poaceae)is also known as Gramineae(true grasses)being as a fifth (5
th

) 

vast range spreaded plant familycontainingmonocotyledonousblooming plantshaving 

more than 10,000 domesticatedcommonly used species. However, the word 

"grasses",sea grasses fall outside from this family as same as, rushes and usually 

sedges are related to the Poaceae, existing as members belonging toorderPoales, but 

sea grasses are basically members of another order,Alismatales. Grasslands 

commonly cover approx. 20% offlora on Earth. Poaceae herbs are also distributed in 

other habitats, including wetlands, forests, and tundra. Agrarian grasses grown-up for 

their comestible seeds are called grains orcereals. There are three popular grains such 

as wheat, rice and maizeand provide more than half of all calories of humans 

food(George, 1985; Peter and George, 1995).Major sources of carbohydrates and 

protein are present in cereals. Sugar is produced on a large scale from Sugarcane. 

Many other grasses are grown for sheep and cattle providing indirectly more human 

calories. Same as,grass fiber in the form of pulp is also used for making paper andbio 

fuel. Lemongrass is a famous Graminaceous perennial plant containing characteristic 

aroma which is ascribed due to citral, chief constituent of lemongrass oil. Lemongrass 

is mostly used for food and especially for tea flavoring purpose. 

2.2.2.1 Genus Cymbopogen 

The genus Cymbopogon, commonly known as lemongrass or oil grass,is mostly 

cultivated in Asian, African, Australian and Tropical Islands (Soenarko, 1977).Some 

speciesof this genus are used as culinary and medicinal herbs due to their fragrant 

https://en.wikipedia.org/wiki/Category:Plant_families
https://en.wikipedia.org/wiki/Monocotyledons
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https://en.wikipedia.org/wiki/Order_%28biology%29
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nature related to citrus lemon, for example, Cymbopogon citratus(lemongrass), 

tanglad, barbed wire grass etc. 

Lemongrass is generally used as a foodon domestic and applied scale in Asian 

cuisine and as a therapeutic herb in East Asia, America and India. It has 

anelusivecitrus flavor and can be powdered to use frequesntly. It is usually used as a 

water extract in the form of teainTogo (from African countries) and Mexico (from 

Latin American countries), soups, curries, poultry, fish, beef and seafood. Research 

indicates that lemongrass oil can be used as natural pesticide and a preservative due to 

consisting of antifungal properties/agents(Shadab, 1992).The citrus flavor of lemon 

grass is mainly attributed to the presence of citral. Chemically two geometric isomers 

combine and form citral compounds which are found in very high concentration in 

lemongrass extract. The trans isomer of citral is Geranial and makes almost 40-62% 

in lemongrass and neral sahres about 25-38% (the cis isomer of citral) in lemongrass 

taste (Simon et al., 1984). 

2.3 Factors Affecting Composition, Yield and Biological Activities of 

Essential Oils  

Numerous genetic and agro-climatic factorsmay affect the chemistry/composition and 

%age yield of volatileoils(Hussain et al., 2008). These features may include 

geographical deviations, climatic and maturity variations, genomic differences, 

development stages of plant species and the part of plant used (Anwar et al., 2009b).    

2.3.1 Geographical variations 

Geographical variations depend upon different parameters such as soil texture, 

altitude, heat and drought in the harvesting areas which cause pronounce effect on 

physico-chemical traits, quality and quantity of volatile oil. Literature reports reveal 

variations in composition and yield ofvolatile oils (VOs)with respect to agro-climatic 

and ecological localities (Van et al., 2007). For example, Abderrahmane et al. (2015) 

andHussain et al. (2008) explored considerable changes inyield percentage and 

composition of oils from Tetraclinis articulate andMentha spicata, Mentha pipperita, 

Mentha longifolia (L.), respectively. These differences were mainly linked to the 

varied climatic conditions, difference in altitudeand composite soil profiles resulting 

in different chemical products in the plantsin due part to morphological diversity 

https://en.wikipedia.org/wiki/Cymbopogon_citratus
https://en.wikipedia.org/wiki/Citrus
https://en.wikipedia.org/wiki/Tisane
https://en.wikipedia.org/wiki/Togo
https://en.wikipedia.org/wiki/Mexico
https://en.wikipedia.org/wiki/Latin_America
https://en.wikipedia.org/wiki/Soup
https://en.wikipedia.org/wiki/Curry
https://en.wikipedia.org/wiki/Pesticide
https://en.wikipedia.org/wiki/Preservative
https://en.wikipedia.org/wiki/Antifungal_drug
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(Vokou etal., 1993). Terblanche, (2000) and Milos etal. (2001) revealed that yield and 

chemistry ofEOs from Satureja cuneifolia ten, Thymus algeriensis, Boiss.& Reut and 

Thymus vulgarisvariedconsiderablydue to changedaltitude of localities where 

different plants were grown. Mainly,two basic climatic factors such as drought and 

heat affect strongly due to which rate of essential oil (EO) production from Artemisia 

afrawas changedsignificantly  (Graven et al. 1990). 

Tajidin et al., (2012)extracted essential oilfrom Malaysian lemongrass and 

then observed the effect of its three different development stages on noted yield, 

configuration and percentage of major citral components bythe digitalgas 

chromatography (GC) attached with mass spectrometry(GC-MS) All such samples of 

plants were collected at 167, 198, and 230 days afterplanting. Lemongrass harvested 

at 167 and 198 days after planting exhibitedconsiderablygreater oil constituents than 

those harvested at 230 days. From all three stages of maturity a total of 65 compounds 

were detected.Yet, only 13 contents were commonly observed at every maturity step. 

Just 7 compounds(3-undecyne, neral, β-myrcene, geranial and geranyl acetate) out of 

discussed 13 copmounds showedgreater concentration than unit percent (01%). 

Although, the citral content at 198 days after planting was higher by 11.4% than at 

167 days after planting but citral reduced by 5.4% when was harvested at 167 days 

compared to at 230 days after planting. Citral content exhibited pale at almost 6.7 ± 

0.3 months after implanting. Thus, maturity stage at harvest levelsusually affected the 

oil composition and citral abundance inlemongrasss sapmle oil. Hence, lemongrass 

sample must be collected at appropriate level of developmentto get greater oil yield of 

volatile oil. 

Bazaid et al. (2013) inspected the volatile oil composition of varied species 

such as basil, rosemary, marjoram, and rose plants grown in various regions at Taif 

Governorate of Saudi Arabia (SA). Furthermore, the main components as well as, 

changes in compositions of volatile oil (VO) were also observeddue to variuos 

changes in the collection regions. These oils percentage varied from 0.68 to 0.79 % 

according to the sample harvesting location. The major constituents of volatile oil 

detected by GC-MS were 1,8-cineole, linalool, estragole, eugenol, limonene etc.and 

were identified in all such samples obtained from different geoghraphical locations. 

The results of this study finallyproved that the %ages of crucial components of 
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volatile oil (VO) basically differ as a function of topographical regions, environmental 

conditions of the mainlocality and soil texture.  

Zaeddi et al., (2016) explored and estimated composition/chemistry of dill, 

parsley, coriander and mint volatile essential oils (VEO)produced from plants 

collected at different harvest dates to verify best harvest time.Essential oils (EOs) 

were isolated by hydrodistillation (HD)having a Clevenger system and were detected 

by gas chromatograph combined with flame ionization detector and gas 

chromatograph connected with themass spectrometry. These samples showed major 

components as suchdill (β-phellandrene), parsley(1,3,8-p-menthatriene),shoots(β-

phellandrene),coriander(dodecanal)and mint(carvone). 

Snoussi et al., (2015)employed XTT assay to note the effects by Spearmint 

volatile oil(SVO) on the inhibition and eradicationof Vibrio spp. biofilm. 

Composition of this oil was dectected by GC/MS which revealed 63 main components 

showing 99.9% of total oil contents but commonly two basic constituents were 

observed as carvone (40.8%±1.23%) and normally thelimonene (20.8%±1.12%). 

Spearmint volatile oil (SVO) showed good antimicrobial action against the 30 

Vibriospp. strains,monitored usingfilter paper disc diffusion assay (DDA)and also 

microdilution tests and measurement of inhibition zones revealed strong effect of oil 

on microorganisms. Likewise,a good antioxidant activity was exhibited/ offered by 

four different tests. So, this species can be explored for potential uses in preparations 

of folk medicinesandfunctional foods with aided medicinal value. 

Jardinetti et al., (2016) investigated thatCymbopogon citratusvolatile oil 

obtained in differentfour (04) seasons (fall,summer, winter and spring) of the yearhas 

varied chemistry and antifungal potential. A total of eight (08) samplesof volatile oils 

isolated by hydrodistillation (HD) were examined  yield as well as fungitoxicity was 

evaluated/examined in vitro@n C. gloeosporiodes (Colletotrichum gloeosporiodes)at 

multipleconc. (0, 0.25, 0.5, 0.75 and 1 μL mL
-1

, respectively). The citral (neral and 

geranialmixture) was observd major component by GC-MS. Less yield (0.25%) was 

seen in summer season by the ethereal oilproduced  from garden-fresh leaves whereas 

dry leaves showedalmost 0.48% oil yield  in fall. The tested essential/ volatile oil 

(VO)@ of about 0.75- 1 μL mL
-1

reducedthe mycelial development and sporulationin 

vitrotests significantly.  
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2.3.2 Seasonal and maturity variations 

Several literature studies reported thechanges in yield andbiochemical composition  of 

volatile oils (VOs) produced from different herbs which were harvested invaried 

seasons atdifferent durationof Sunshine (Julianiet al., 2002; Kofidisetal., 2004).Paul 

et al. (2001) investigated dissimilarities in harvest product and chemistry of 

Santolinarosmarinifoliaoil which was mainly due tochange in rise or fall in 

temperature during harvesting. 

Ecological factors such as rain fall, wind speed, temperature, intensity of 

sunshine light, humidity level etc. and agronomical methodologies exert significant 

effect on the quality andmain constituenal composition of the ethereal oils/essential 

oils (EOs). Hendriks et al.(1997) reported that climaticchanges exhibit notable effect 

oncomposition/quality and yield of volatile oil (VO) ascribed to morphological 

featuresof aromatic plants. 

Compositional and yield variations with respect to varied seasons were seen in 

Thymus vulgarisessential oil(EO) from Newzeland(Gimpsey et al., 2006). Same as 

goodyield in Thymus vulgaris essential oil (EO) was dectected in spring season. The 

thymolcontent was found to be varied from 31.5-52.4% in nine (09) month harvesting 

time. Oxygenated compounds were observed in greater amount inthyme essential 

/volatile oils (VOs) in springbut relatively lesser in winter (Santos et al., 2004). 

Likewise, thyme essential oil (EO) exhibited higher phenol contentin winter 

(December) (Gimpsey et al., 2006). Similarly, Guedes et al. (2004) extracted ethereal 

oil from Hypericumandrosaemum leaves samplesharvested during one year; after 

each two month of interval collected from Arouca (Portugal) and observed difference 

in oil production and its composition as well. Many reports fromprevious studies 

reveal notable variations in percentage yield as well as essential oil quality with 

respect to plant development stages. 

Marotti et al. (1994) worked with regard to ripe seed stagesinFoeniculum 

vulgare essential oil and noted a  higher yield with greater amount of limonene as a 

main component in starting ontogenic level,whereasanother component (E)-anethole 

was found higher in concentration in the late seed phase.The essential oil (EO) yield 

from Origanum vulgarespecies was detected less in low temperature and damp 

vegetative time but greater oil yield was practically experienced in hot 
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temperaturebloomingstage(Skoula and Harborne, 2002). Thus,production of volatile 

oil (VO) is normally reduced after flowering because all the leaves are almost dried 

and aged. During autumn season, the concentration of thymol and carvacrol contents 

was observedto be less than other seasons.  Yildirim et al. (2004) also reported 

variations in composition and production of oil yield in Teucrium orientale L.with 

respect to harvesting periods. 

Saeband Gholamrezaee (2012) compared oil yield fromMelissa 

officinalisatthree different stages (before flowering, flowering and after the flowering 

phase) and investigated best time of harvest. Hydro- distillation (HD) method was 

employed to isolate essential oil and the whole composition was assessed by 

GC/MS.Thus,at first stage (before the flowering) step, oil yield was noted 

usuallyhigher containnig 37constituents and primecomponens were seen decadienal 

(29.38%)and geraniol (25.3%).  At the second (flowering) stage, almost 36 total 

compounds were foundand two (02) components as decadienal (28.04%), geraniol 

(24.97%)were seen in high percentage. Whereas, just 16 components were identified 

in the third (after flowering) stage as having carvacrol(37.61%) andmethyl citronellate 

(32.35%) as main components. It was profoundly investigated that harvesting stages 

strongly affect the M. officinalis L. essential oil (EO)composition and yield percent. 

The essential oil (EO) yield varied considerably from month-to-month as well as 

function of micro-environmental (sun or shade) conditions. 

Celiktas et al., (2007) analyzed R. officinalis essential oil (EO) produced  from 

three (03)localitiesplants at four unlikeperiods in a year to check antimicrobial 

strength of the essential/volatile oils (VOs) and methanolic extracts (ME) against nine 

(09)bacteriological strains including S. aureus, P. vulgaris, K. pneumonia, E. feacalis, 

E. coli, S. epidermidis, B. subtilis and  C. albicans. By using Clevenger 

apparatus,essential /volatile oils were isolated from aerial portions of the plant after 4 

h extraction time while methanolic extracts were obtained after 9 h Soxhlet apparatus 

extraction technique. The antimicrobial activities were analysed by different assays 

including methanolic extracts by the disc diffusion assay(DDA) and oils from the R. 

officinalis by MIC.All bacterial strains showed sensitivity in case of essential oils and 

were moderatelysensitive for methanolic extracts which may be differed due to varied 

location and seasonal habitats. 
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Falco et al., (2013) investigated physico-chemical and biologicalbehavior of pink 

flowered oregano harvested in single and binate rows. The main factors of soil 

covering, fresh biomass,growth and compositional behavior were 

apparaised/evaluated. Binate row populations showed higher percentage of essential 

oil (EO) containingocimenes as a major component while single row population‘s oil 

showed sabinene as main compound.The extraction of oil was done by 

hydrodistillation (HD) method and compositional analysis was made by GC-MS 

method.  

2.3.3 Genetic differences 

Genetical variations depend upon various factors such as genotype and chemotype. 

Genotype is related to the genetic make-up characterized by its phenotype while 

chemotype is generally concerned with the production of a sigle chemical 

compositional profile forthe specific level of the secondary metabolites used. 

Genomic makeup of the plants is one of the most prominent parameter which 

characterizes essential oils (EOs) composition (Graven et al., 1990).  

Galambosi and Peura (1996) grewtwenty four (24)barren&Ninghteen 

(19)cultivated caraway populationsat similarconditions/set up and comparedvariances 

between yields and oil percent composition ofboth forms. Lakusic et al. (2013) 

screened out variations in composition and production yield inSalvia officinalis 

essential oil (EO) produced from plants grown under differentdevelopmental stages 

which included two populations with different ecological background. 

Elhassan, et al.(2014) comparedthe essential oil production yield and 

compositional analysis of the oils obtained from the dried fruit ofXylopia aethiopica 

(Dunal). Zekri et al., (2016) evaluated variations in spearmint (M. spicata)leaves 

essential oil (EO) which were obtained from Meknes and Azrou (Middle-Atlas). The 

results of chromatographic analyses of these oils depicted diverse chemical profilesof 

the oils from two selected regions which can be mainly linked/ascribed to 

morphological diversity of the plants. 
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2.4 Techniques for Isolation of Essential Oils 

There are multiple techniques that can be used forisolation of essential/volatile oils 

(VOs)and can be grouped into several methodologies such as enfleurage (E), 

steamdistillation (SD), solvent extraction (SE), hydrodistilation (HD) and especially a 

newer efficient approach that is supercritical fluid extraction (SCFE). Widely 

employed two physical methods including hydrodostillation (HD)and /or steam 

distillation (SD)are most often used for isolation/extraction of essential oils from 

vegetable/plant materials (Whish, 1996). 

The steam distillation method can be explainedthat when two insoluble liquids 

are combined, a vapour pressure is exerted from each pure immiscible liquid (Saba et 

al., 2013). The total vapour pressure (VP)seems to be equal to the sum of all 

individual (partial) pressures by almost each component in the mixture. When both 

internal vapour pressure(VP) becomes nearly equal to the external atmospheric 

pressure (Pa), then the wholemixture starts to boil vigorously which indicates that 

boiling point (BP) ofsolution mixture is normally attained at low temperature than BP 

of the separate constituents.Steam distillation (SD) methodis therefore used to 

separate volatile components from non-volatile components with reduction in BPand 

thus avoiding high temperature (Donelian et al., 2009).  

Furthermore,application ofatmospheric oxygen instead of steam usually 

protects the compounds from the oxidation which is a plus point of this 

methodology(Krell, 1982). But there is a disadvantage (drawback) that esters and 

some other compounds may be hydrolysed and thermally decomposed at high 

temperature in this process (Houghton and Raman, 1998). Moreover,some polar 

constituentsmay be lost in essential oil (EO)due to appearance of affinity for aqueous 

phase (water)(Bakeret al., 2000; Masango, 2004). No doubt SD is very famous and 

one of the most often used technique for essential oils extraction. Almost93% of the 

total oils are obtained by this method, eventhough due to thermal decomposition, non-

availability of steam generators and appropriate distillation vessels;it is not a preferred 

technique in research laboratories(Saba et al., 2013).  

According to Ozeket al.(2010), Szentmihályiet al. (2002) andsame as Wang et 

al.(2010), hydrodostillation (HD) is common approach employed to isolate ethereal 
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oils (EOs) from therapeutic plantsand many herbs. In this technique,all the plants or 

herbsare crushed and ground material in bulk is dippedin water, and strongly heated 

(using an external heat source) until vapours start to form. Literature show recently 

many studies on an easily managed and vailableexperiment as Clevenger-type 

apparatus for HD (Sokovic and Griensven, 2006). In both upper discussed tecniques, 

hydro and steam-distillation, condensation of vapours occurs to separate oil and water 

layers ordinarily (Houghton and Raman, 1998). To ensure efficient condensation of 

steam, care must be taken to prevent loss of the lower boiling point essential oil 

fractions. However,many survey reportsare found onsignificance and consequenceas 

well as pluses and minuses of almost both hydro- as well as steam- distillation 

methods.In water relevant separatingmethods, normally all plant or herbal fine lot 

with water is added in a still or large round bottom flask and all the material  is boiled 

eventually and then steam is carried to condenser to cool and then separateaqua 

soluble part ofodoriferous highly volatile oil (VO). However, such a technique 

normally gives a better-quality product as intensity of heat can be controlled than the 

first one steam-distilled process (Ackerman, 2001). Still,Charles and Simon (1990) 

recommended that SD type techniqueproved to be betterand effectiveinstead of HD 

method due togreater oil yield production from sample selected part for extraction 

while products by both methods showed same composition.  

Comparetively, Whish (1996) observed no any dissimilarity between essential 

oil yields when tea tree oils were produced via SD and HD methods,whereas, 

Khanaviet al., (2004) stated better essential oil yields fromS.persica and S. byzantine 

by HD method instead of SD. Sefidkonet al.(2007) screened outextracts 

fromSaturejarechingeri by the steam, hydro- and combinedwater-steam distilled 

process. The maximum product wereachieved by HDmethod and least by 

steamdistillation (SD) (Sefidkonet al. 2007). Terblancheet al. (1998) exracted by two 

extraction techniques: hydro-distillation (HD)and microwavedistillation (MD) 

methods forsequestration of volatile oil from Lippascaberrima.Comparitvely, yield of 

oil obtained from MD method was lower than other HD isolating technique and 

minute variations were observed in compositional parameter between both oils. Same 

as required time (duration) to run a process is very essential parameters which also 

influence yield and composition of volatile oil (VO) (Koedam,1982; Masango,2004). 
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Commercially, production costs can be minimized by using short term distillation 

cycletechnique. Koedam (1982) during aqua-distillation (hydrodistillation) found 

thatchange in pH (acidity) of the distillation water can alter effectively amounts of 

components in scented oil. During the whole distillation process normally oxygenated 

compounds (OC) were first free from the samplelot then others non-oxygenated 

components (Baker et al., 2000). All that happened basically due to steam which 

rupture oil glands and eliminates oil finally from where they are vapourised (low 

boiling) immediately. It was also observed that polar oxygenated compounds (OC) are 

greaterhydro-dissolvedinstead of non-oxygentaed components (NOC) and therefore, 

evaporated first (Baketet al., 2000). Koedam (1982) detected principally carvone (b.p. 

230 °C) in firstly distilled fraction from the dill and seed plants by HD extraction 

method and minute amount of limonene (b.p. 176 °C), than the latter fractions 

obtained and the concentration of limonene remained high during all the time of 

distillation.Baker et al. (2000) elucidated about extraction of some lipids containing 

volatile components to prevent their own discharge which gives low yield of oil. 

Large sized sesquiterpenes distil later than smaller sized particles of oxygenated 

monoterpenes (OM). 

By the last few decades, super critical fluid extraction(SCFE), involving 

carbon dioxide as SCF, has also gained significant recognition for essential oil 

extraction due to its eco-friendly nature and mild operational conditions (Rezazadehet 

al., 2008;Zekovicetal., 2009;Capuzzo et al., 2013; Coelho etal.,2016). In supercritical 

fluid extraction, CO2 is basically drawn from the cylinder of CO2 which is then 

condensed by passing through a dryer and then to a cooling device. The CO2is then 

send to extractor by using twofold syringe pump. The extractor is then placed in oven 

to regulate temperature. ThenSCF(CO2) leaves the extractor vessel via a 

micrometering valve which basically controls pressure release in that system.The 

herbal material of ground sized (70-80 mesh) were added in extractor. Normally, the 

extractor vessel was pre-heated to start extraction and then, oil was collected in a 

glass vial (Alkire, 2000; Rezazadehet al., 2008).Supercritical carbon dioxide ex-

traction (SC-CO2) is a simple, fast and effective technique as compared with 

conventional methods such as steam distillation and Soxhlet extraction based process 

(Bimakr et al., 2016). 
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Rezazadeh et al., (2008) isolated essential oil of Lavanders by two methods including 

SCFE and HD to observe its composition and oil yield. Almost 17 compounds by 

HDtechnique were detected and main constituential elements were found to be β-

pinene (35.8%) and lavandulyl acetate (14.2%). Whereas, linalyl acetate (73.5%) and 

lavandulyl acetate (7.6%) was observed as chief components in SCFE extracted 

oil.Zekovicet al., (2009)investigated the difference between mentha essential oil (EO) 

and extract composition at varied conditions of pressures/temperatures bySCFE. The 

composition of essential volatile oil (EVO) and extracts were noted by GC–MS. The 

key composition of EO and in CO2 extract collected at 100 bar pressure were 

normally L-menthon and menthole but squalene was main at higher pressures (from 

150-400 bar).Capuzzo et al., (2013) worked on SCF-extraction of plant material using 

propane, butane, CO2 and ethylene solvents and evaluated their acaricidal, 

antimycotic, antimicrobial, insecticidal, cytotoxic and antioxidant actions. 

Coelho et al., (2016)isolated distilled essential oil from almost 07 species e.g., 

Mentha pulegium, Thymus vulgare, Foeniculum vulgare,Santolina chamaecyparisus, 

Coriandrum sativum, Satureja fruticos and Satureja montana by SCFE and assessed 

the percent yield and  composition.  

Saha et al.,(2016) extracted essential oil (EO) fromcumin seed (CS) by 

hydrodistillation (HD) and super critical fluid (SCF) extraction method. The oil was 

analysed by GC-MS. EO from Cumin obtained by HD methodshowed higher %age of 

cuminaldehyde (52.7%), than by SCFE (37.2%) method, but less %age of cuminic 

alcohol(13.3%) by HD method than the SCFE (19.3%) technique. Likewise, HD oil 

exhibited superior antioxidant activity (AA) calculated by DPPH and also by FRAP 

test and the more total phenol content (TPC). 

Many authors extracted volatile oils (VOs) by hydro, steam 

distillationandsuper critical fluid (SCF) extraction and reported variable results. 

VOsisolated by hydro/steam-distillation showed high graph for terpenes. 

Comparatively, super critical extracted oil showed high %age for oxygened 

compounds (OC) (Donelianet al., 2009). 

Khajehet al.(2004) compared changes in %age yield and bio chemical 

composition of hydrodistilled (HD)Carumcopticumoil obtained from supercritical 

fluid (SCF)extraction technique. Silva et al. (2004) found different results forthe 
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Ocimum genera (O. micranthum, O. selloi and O. gratissimum) by produced by 

various techniques includingsteam distillation (SD), microwave ovendistillation and 

new method as supercritical fluid (SCF) extraction. Noatble variation in 

compositional analysis by GC/MS test was noted (Sapkale, 2010).The authors overall 

concluded that chief constituents were same in the oils obtained by three methods but 

there were variations with respect to percent composition. 

2.5 Chemical Composition of Essential Oils 

Terpenes join each other by "head-to-tail" alignment to make different kinds of highly 

potent terpenoids(monoterpene, sesquiterpene, diterpene, larger sequences) (Saba et 

al.2013).  The basic and small category of terpenoids is monoterpenes having C10, 

which are attached by two (02) isoprene units but in some cicumstances hemiterpenes 

(C5); sesquiterpenes containing C15, containing 3 isoprene units; diterpenes C20, 

having 4 units; triterpenes C30, composed of 6 units and tetraterpenes C40, 

comprising of 8 isoprene units. 

Essential oils (EOs)basically contain volatile terpenoids as well as aromatic 

compounds. Various studies in the literature report the use of different techniques to 

investigate and compare compositional analysis of EOs from each other in a single 

genera or different genera from other families. Mostly researchers make use of simple 

Gas chromatographyor Gas chromatography combined with mass spectrometers (GC-

MS), to analyze types of chemical components (Jerkovicet al. 2001). 

Delaquis et al. (2002) worked onmany essential oils of several plant species 

includingAnethum graveolens (leaves), C. sativum (seeds), C. sativum (leaves) and E. 

dives(leaves)and revealed notable results for oils obtianed by using a  fractional 

distillation (FD).The oil  samples were characterized by GC-MS. The Cilantro 

sativumoilscontained aldehydes and alcohols (C6-C10) due to which this oil 

exhibitedpotent effect against Listeria monocytogenes. 

Tabanca et al. (2004) did research on Lamiaceae family oils from in Turkey 

and explored chemotypes of two categories. This whole work was done in different 

periods of vegetation. Major components were seen as cis-sabinenehydrate (30–44%) 

and terpinen-4-ol (8–14%) along with small quantity of carvacrol  
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Santos et al. (2005) usedsteam distillation (SD) method to isolate EOs from 19 

selected samples of Rosmarinus officinalis. The oil production yield was obtined 

0.38% (1999 cropping time) to 0.49% (1998 cropping time). Total 20 components 

were detected including α-pinene (40.56 to 45.11%) followd by 1, 8-cineole (17.41 to 

19.36%), camphene (4.72 to 6.05%) and then verbenone (2.33 to 3.85%). 

Flamini et al. (2005) investigated some monoterpene rich products (68–73%) 

from the EOs of S. lanigera, S. spinosa and also S. syriaca. Two species: S. lanigera 

&S. spinosa exhibited thymol as major constituent with concentration of 54.9% and 

68.9%, respectively.S. syriacashowed basic constituents as thymol,α-pineneand 

isobornylacetate (15.4%, 12.6% and12.0%, respectively). Helaletal.(2006) worked on 

eight species from different families and extrcated their EOs and determined 

antimicrobial activity. The EOs from C. citratus, O. basilicum and also O. majorana 

weremore effectiveagainst A. niger, A. flavusbut less against S. cerevisiae.Gas 

chromatography attached with Mass Spectrometery (GC-MS) test showed  two major 

components as citral and myrceneconstituting about 75.1% of Cymbopogon citratus 

essential oil; 1,8-cineole, bezynen,1-methyl-4-(2-propenyl)& same as trans-a'-

bisabolene were found to be in high percent  (90.6%) inO. basilicum; whereas4-

methyl-1(1-methylethyl)-(CAS),3-cyclohexen-1-01,trans-caryophyllene and 

terpinenewere detected as the chief elements (65.1%) in Origanum majorana oil. 

Delamare et al. (2007) analyzedEO from two (02) Brazilian Salvia plant 

speies Salvia officinalis and Salvia triloba. By the help of GC–MS, major components 

in S. officinalis oils were detected as camphor, borneol, Euclyptol and β-pinene, while 

S. trilobaessential oil showed1,8-cineole, camphor and α-thujone. Jelali et al. (2007) 

took fresh leaves of Origanum majorana and extracted essential/ volatile oil by HD 

and by capillarygas chromatography (CGC). Major components of this oil were γ-

terpinene, α-terpineneand terpinen-4-ol. 

Sokovic et al. (2007) isolated oils from M. piperita,M. spicata,O. basilicum, T. 

vulgaris, O. vulgare, C. aurantium, S. officinalis, L. angustifolia and C. limonby 

water-distillation. Potential of these oils and key fractions of oil as α-pinene,β-pinene, 

camphor, 1,8-cineole, carvacrol etc. wasevaluated  against some human pathogenic 

bacterial strains and high efficacy was noted for Origanum vulgare oil. 
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Hussain et al., (2008) investigatedradical scavenging potentials of EOs from  four 

Lamiaceae plantsincluding Lavandula angustifolia,Pogostemon cablin, Melissa 

officinalis, and Salvia officinalis,  isolated by hydrodistillation. Oil yileds were   found 

as P. cablin(1.97%),M. officinalis (0.24%), L. angustifolia (0.58%) and S.officinalis 

(0.46%).  

Previous authorsrevealed that origion and cultivars have strong effect 

onchemistryof O.sanctum, O. gratissimum andO.basilicumethereal 

extracts/Eos(Silvaet al.,2004; Zheljazkovet al., 2008).  

Singh et al. (2009) investigated 68 major constituents in hydroistilled essential 

oil from Eucalyptus tereticornis (E. tereticornis) leaves usingGC-MS.Antioxidant 

behaviour of these oils was checked by scavenging 2,2-diphenyl-1-

picrylhydrazil(DPPH), superoxide anion (O2
−•

) &hydroxyl (OH
•
) radical. Main 

fractions from EO were α-pinene (28.52%), 1,8-cineole (19.49%),β-citronellal 

(14.16%), (−)-isopulegol (12.36%) and (+)-β-citronellol (11.72%). Anwar et al., 

(2010) extracted spearmint EO extracted by hydrodistillation method and 

characterized it for composition, antioxidant and antimicrobial potential. Basic 

components were found as 1,8 cineol (4.0%),cis-carveol(24.2%), carvone 

(51.7%),limonene (5.4%) andcis-dihydrocarvone (2.1%). Behzad et al. (2012) 

determined yield &composition of hydro distillated EOform morphological traits in 

six (06) lemon balm accessions which were collected from the different provinces of 

Iran. Their results revealed that the geranial and citronellal which have therapeutic 

characteristics can be raised indirectly by introducing such morphological traits. 

Byusing such types of results, breeders can harvest plants with  high shoot length 

which can offer higher essential oil (EO) yield. 

Saba et al. (2013) produced steam distilled (SD) oil from Eucalyptus 

citriodora(E. citriodora) leaves and determined composition, antioxidant and 

antimicrobial (antibacterial & antifungal) activities andrecorded oil production yield 

up to 1.82%. Basic part of oil includes(4.2%), α-terpinol (6.3%), citronellal (22.4%), 

citronellol(21.0%), patchoulene(10.2%),germacreneD (7.4%), sabinene γ-

phellandrene (3.2%), eugenol(3.8%), α-pinene (2.5%), β-citronellal (3.3%), citrinyl 

acetate (2.8%), geranial oxime (1.9%), paraldehyde nitrile (1.9%) and the remaining 

18 minor components were lower than 1% each.Tsai et al., (2013) tested the physico-
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chemical properties, antimicrobial, antioxidant and anti-inflammatory actions of two 

species of mint such as peppermint and chocolate mint volatile oils extracted by 

Clevenger-type apparatus employing SD (steam distillation). Tested oils exhibited 

good concentration of chief constituent, menthol and other fractions composition as 

alcohol (43.46-50.11%) and terpene (18.56-21.08%). Thus both oils can be used 

especially in aromatherapy, perfume industry and therapeutic remedicies. 

Nouret al., (2013) used an innovative technique to isolate highly volatile 

essential oil (VEO) from Cymbopogon citratusaerial parts. Extraction process was 

done throughmicrowave-assistedhydrodistillationMAHD) by using heat of 

microwavesthroughpredictableHD method. The chief component was found to be  

Citral and others prominent were borneol, (Z) citral and β-mycrene. 

Joshi (2014) isolated esstial oil from flowering part of Indian basil by HD 

technique and assessed 25 key components by gas chromatograph fitted with flame 

ionization detector and, as well as, gas chromatograph coupled with mass 

spectrometer. Methyl eugenol (39.2%) and methyl chavicol (38.2%), from 98.6% of 

the whole EO contents. Snoussiet al., (2015) worked on the aerial portionof the 

Mentha spicata and extracted EO to use as an antioxidant and anti-Vibrio spp. Their 

efficacy was noted by inhibition zone on biofilm of Vibrio spp. and abolitionby XTT 

tests. Gas Chromatograph conneted with mass spectrometer showed 63 basic 

constituents in compositional analysis constituting 99.8% of whole oil sample. 

Carvone (40.9% ± 1.24%) and limonene (20.7% ± 1.13%) were found to high percent 

part of essential oil. 

Chenni et al., (2016) extracted Egyptian basil EOs byHD and SFME 

conventional techniques and both oils were compared to check their physico-chemical 

characterization,antioxidant and antimicrobial potential. Gas Chromatography 

attached with mass spectrometer showed its total 65 components presenting of total 

oil as 99.1% and99.2%by HD and SFME, respectively and linalool (48.4% HD; 

43.5% SFME) andmethyl cavicol (14.3% HD; 13.3% SFME). Mith et al., (2016) 

reported compositional results ofhydrodistilled essential oils (HEO)from O. 

basilicum, O. canum and O. gratissimumleaves collected from Benin.These oils were 

evaluated by two popular techniques; GC-FID methodand GC-MStechnique and 

hence, chief constituents (43.1–44.6%) andlinalool (24.7–29.6%) fromO. basilicum; 

https://www.researchgate.net/profile/Abdurahman_Nour
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carvacrol (12.1–30.8%) andp-cymene (19.4–26.3%) in the O. canum; thymol (28.2–

37.8%) and γ-terpinene (12.6–19.2%) fromO. gratissimumoils. Farouket al., 

(2016)reported chemistry of Ocimum basilicum L.volatile oil from Egypt country and 

other Saudi Arabia byGC-MS. Total 56 constituents were precisely detected in 

Egyptian herbal oil, while 64 components found in the Madinah oil. Methylchavicol 

(27.83%) and linalool (25.34%), were detected in a high conc. in Egyptian Ocimum 

basilicum (methylchavicoal-linalool chemotype), however eugenol (25.84%) and 

linalool (13.42%) were found aschiefcompounds in Madinah herbal volatile oil 

(eugenol-linalool chemotype). 

Elhassan et al., (2016) analyzed ethereal oils fromC. proximus inflorescence 

sample leaves byusing GC-MS method. The major composition of oil was found 

aslimonene (2.45, 4.03%),elemol (12.95, 14.44%), Piperitone (43.3, 45.7%), 4-carene 

(7.54, 9.75%).  

The foremost comopnents recognized in C. nervatus inflorescence oil were: d-

Limonene (9.49%), trans-p-menthe-2,8-dien-ol(14.16),α-verbenol (20%),trans-

pincarveol (19.42%),cis-piperitol(8.48%),cyclohexanol-2-methylene-5-(1-

methylethenyl) (8.33%), 2-cyclo pentyl- cyclopentanone (7.27%) and carvone 

(4.59%), whereas the major identified components in C. citratus EO were citral, 

basically a mixture of the stereoisomer geranial (33.74%) and normallyneral 

(26.22%), β-pinene (9.36%) andGeraniol (3.48%). Laggoune et al., (2016) analyzed 

Mentha spicata L., low boiling point essential oil by taking plant sample from 

Ghardaïa and its chemical composition/profile checked by Gas Chromatography 

attached with mass spectrometry.There were 29 total constituents detected but the 

highest abundance percentage (44.06%) was seen for ciscarvone oxide, (15.32%)for 

1,8-cineole,(8.85%) for cis-dihydrocarvone and (5.80%) for  limonene. 

2.6Antioxidant and Other Biological Activities of Essential Oils 

Plant volatile oils are gaining much recognition now-a-days due to their potential 

nutra-pharmaceutical and therapeutic uses and broad spectrum biological activities 

such as antioxidant, antidiabetic, antibacterial and antifungal properties (Saba et al., 

2013). 
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2.6.1 Antioxidant activity 

Antioxidants are commonly defined as ‗‗substances used in lessamount than the 

oxidation substrate to inhibit the oxidative methods.‘‘Both synthetic and natural 

antioxidants are in use; however the uses of later class,derived from 

botanicalresources, having greater scientific concentration due to its medicinal 

benefits (Shahidi, 1997; Hussain et al., 2008).   

Antioxidant activity can be accomplished by various mechanisms such as:  

1. Transferance of hydrogen atoms or electrons through redox processes and 

transform free radicals tohighly stable and constant species 

2. Decrease generation of reactive oxygen species by chelating proxidant metal 

ions  

3. Conversionof lipid peroxidesto highly stable final products by decomposition 

4. Deterringtoxicaction of prooxidant enzymes  

A variety of routine calorimetric antioxidant assays are in use forestimation of 

antioxidant strength of natural plant products (NPO) &volatile oils (VO) (Anwaret al., 

2009; Hussainet al., 2011). However, researchers are trying to develop novel 

techniques to evaluate antioxidant potency offoodstuffs and other plant materials 

(Natellaet al., 1999; Siquet et al., 2006).    

2.6.2 In-vitroantioxidant activity of essential oils   

This type of poteny showen by voalatile oils and their extracts can be evaluated by  

different in-vitroantioxidant assays such as; 2,2-di(4-tert-octaphenyl)-1-

picrylhydrazyl(DPPH) method to scaveng radicals, %Inhibitionof the linoleic 

acidperoxidation (PILAP) and β- carotene bleaching in linoleic acidsmethod (LAM), 

ferricreducing antioxidant assay(FRAA) (Hussain et al., 2011). Huang and Prior 

(2005) stated some important requirements such as assessing the basic chemistry of 

sample, using a biologically related source of radicals, reproducibility, measureable 

definite endpoint, easy to use and well-known chemical mechanism and updated 

equipments used for measuring antioxidant capacity of plants or herbs. 

It is importantto measure antioxidant capacity of any sample by at least two or 

more assays to verify and authenticate by comparing multiple datadepending upon the 
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chemistry of compounds and mode and efficacy of analytical process(Schlesieret al., 

2002). Bleaching β-caroteneLAS has been used in a number of studies to assess 

basicallyantioxidantcapacity of volatile oils (Tepeet al., 2005; Anwaret al., 

2009ab).The PILAP is also very applicable and an effective assay forvaluationof 

antioxidant capacity of plant and herbs samples (Siddhuraju and Becker, 2007; Saba 

et al., 2013). Same as, another potent,simple, reproducible and time efficient method 

such as bleaching of β-carotene in LAS is also very useful especially for rapid 

estimation of antioxidant activities of different plant extracts and EOs (Miller, 1970; 

Saba et al., 2013).The presence of hydroxyl groups exhibit mainly antioxidant effects 

of plant volatile oils (PVO) and extracts (Vekiariet al., 1993; Junet al., 2001).   

Varying degrees of antioxidant potencis are observed in plant essential 

ethereal oils (EEO) and relatedextracts (OE)(Tabata et al., 2008). Many past survey 

reported varied antioxidant actionsby Mentha ethereal oils (EO)(Kofidiset al., 2004; 

Singh et al., 2005).  Several other highly recommended publications (Bendiniet al., 

2002; Martinezet al., 2001) depicted antioxidative potential ofvital ethereal oils. Some 

of the volatile oils have been found to be additionallyuseful and effective than some 

man-made antioxidants substances or compounds (Mimica, 2004). The essential 

volatile oils (EVOs) from the Lamiaceae family herbs have proved as a good source 

of natural antioxidants. For example, antioxidant potential of Origanum EOs and 

Rosemary EOs have been documented (Daferera et al., 2000; Sokmenet al., 2004). 

Rosemary‘s essential oils are yet utilized to enhance shelf-life of foodstuffs 

(Cuvelier,Richard,&Berest, 1996). Melissaofficinalisethereal volatile oils (EVOs) and 

its extracts have shown strong antioxidant potency (Triantaphyllouet al., 2001; 

Venkutoniset al., 2005). 

2.6.3 AntioxidantPotential of Selected Herbs  

2.6.3.1Antioxidant activity of Mentha spicata 

Laggouneet al., (2016) evaluated the essential/volatile oil (VO) of Menthaspicata L., 

nurtured at Ghardaïa (Algerian Septentrional Sahara) which was isolated by a 

hysrdistillation (HD) method. Antioxidant activity in percent was exploredby means 

oflinoleic acid (42.24%), DPPH
• 

(93.45%), ABTS (74%) and Fe
2+

-Ferrinassays 

(66.84%). Abootalebiana et al., (2016) investigated TP and antioxidant poteny of 05 

Iranian mint from 02 varied species, M. spicata (Mzin1, Mzin3and Mzin8) andM. 
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longifolia L. (Mzin5 andMzin6). Total phenolics values vary from50.1 in Mzin3 to  

67.3 for Mzin6. Sample of Mzin6 exhibited highest radical scavenging potency at all 

conc.  

2.6.3.2Antioxidant activity ofMentha piperita 

Tsai et al. (2013) examined the biochemical composition of two mint Peppermint and 

chocolate mint essential oils (EOs) which were  isolated by SD method in a 

Clevenger-type apparatus connected with a steam producing generator. Highest 

antioxidant activity including DPPH and β-carotene LA tests was shown by 

peppermint oil than chocolate mint (4.45 - 19.86 μl/mL) but the chocolate mint oil 

expressed greater scavenging NO radical activity than the other peppermint oil(0.31 

and 0.42 μl/mL, respectively). Singhet al., (2015) measuredantioxidant potential of 

not just peppermint oil but also its varied solvents extracts and detected significant 

potentialfor both the oil and extracts. Moreover, the tested oil exhibited almost 

1/2antioxidant power than standard BHT. Najafian et al. (2016) observed 

polyphenolic componds and antioxidant activity of M. piperita&S. rebaudianaby 

FRAP and  DPPHassays. Samples without any earliertreatment were treated by HPLC 

to detect PC and their antioxidant properties were found by FRAP and DPPH assays. 

Total 06 PC were discovered and found in M. piperita. Hesperidin, eugenol, coumarin 

and vanillin wereidentified as the chief components in stevia. Peppermint proved 

higher antioxidant behavior/potentialby both FRAP and DPPHassaysthan stevia oil. 

2.6.3.3 Antioxidant activity ofOcimum basilicum 

Farouk et al.,(2016) determined the composition/chemistry and antioxidant potency 

ofO. basilicumvolatile oil (VO) from 02 countries Egypt and Madinah, Saudi Arabia 

(SA) by GC-MS. Egyptian herb exhibited total 56 components and maximum by 

Madinah oil as 65. The antioxidant potential was examined, where different tests were 

applied as scavenging by DPPH and % inhibition of linolelic/β-Carotene bleaching in 

addition tocomputing the total phenolics (TPs) for these examinedEOs. The volatile 

oil (VO) of the Egyptian basil as O. basilicum revealed greater scavenging potential 

with IC50 0.21 mg/ml, in a contrast with Madinah chemotypeIC50 4.04 mg/ml, which 

was accredited to primarily majoralterations in chemical components and TPcontent 

weightage for both the herbs. Notable antioxidant activity as 86.9% byEgyptian O. 

http://www.sciencedirect.com/science/article/pii/S1878535211000232
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basilicum L. oil was compareable with the strong synthetic antioxidant, TBHQ 

(98.8%). 

2.6.3.4 Antioxidant activity ofCymbopogen citratus 

Geetha etal.(2016) investigated the antioxidant potential of Cymbopogan citrate by 

using different assays.Same as, the acetone extract wasscrutinized by varied methods 

of DPPH, phosphomolybdenum reduction test, FRAP, metal ion chelating potency, 

lipid peroxidation reducing test, reducing power testand superoxide radical 

scavenging method. Lemongrass (Cymbopogan citratus) extract exhibited IC50 value 

for DPPH test to be 38.49 μg/ml, FRAP at 709.73mmol Fe(II)/g, 

phosphomolybdenum conc. 535.16mgAAE/gextract,chelating 

ability37.32mg/EDTA/g, LPO potential of extract withIC50value as 31.67 μg/ml. The 

IC 50value of superoxide radical scavenging method was observed as 238.84 μg/ml. 

Kahsay and Mariam (2016) determined the antioxidant capacity of methanol extract 

and essential oils by H2O2 radical scavenging method. Inhibition of microbial growth 

showen by methanol products was maximum due to presence of flavonoids and some 

other high boiling point constituents. 

2.6.4 Antimicrobial activities  

Many Researchers have classified antimicrobial agents into two types as; 

1. Antibiotics: some specific groups of microorganismproduce natural substances  

2. Chemotherapeutic agents:Many substances chemically synthesized 

Burt (2004) reported that biological processes in bacteria are different from 

those in the animal cells. During chemotherapy this difference appeared very clearly. 

Antibiotic natural substancesusually show a static effect and sometimes cidal effect 

on a series of microorganisms. Effectby antibiotics on bacteria and some other 

microorganisms is detected and measured by inhibition zones (in mm). 

Natural source used as antimicrobial agents have been generally discovered 

something new and natural known as ‗‗Essential Oils‘‘used with wide spectrum 

biological activities (Hussain et al., 2008). For example, essential oils (EOs) can kill 

or reduce thedevelopment of microbes such as bacteria (antibacterial), viruses 

(antiviral),fungi (antifungl), and parasites (antiparasitic) due to presence of 
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considerable amount ofantimicrobial agentsincluding monoterpenes, eugenol, 

cinnamic aldehyde and thymoletc (Quinn et al., 2004; Balchin and Deans, 1997; Saba 

et al., 2013).  

2.6.5 In vitro tests of antimicrobial activity   

Evaluation of antmicrobial potential of ethereal oils (EOs) against bacterial strains can 

be done by different methodologies (Tepe, 2008). The principlesof these techniques 

employed are published in vaious reviews, full length articles, symposium and high 

level conferences (Hodges and Hanlon, 1991)but the reality is that still there is no 

uniform and standard technique settled to evaluate varied antimicrobial potentials by 

plants extracted stubstances and compounds to deal risky conditions for food 

destruction and permanent infectious diseases caused by microorganisms (Davidson 

and Parish, 1989).  

Many analytical assays like microdilution, well diffusion (WD), disc diffusion 

(DD) and calculation of minimum inhibitory concentration (MIC) are commonly in 

practice to assess/ calculate antimicrobial potential of ethereal oils and plants derived 

major components (Julianoet al., 2000; Holleyand Patel, 2005).The old NCCLS 

(National Committee forClinical Laboratory Standards) assay against bacterial 

strainsvulnerabilitychallengingisupdated for measuringsuch oils (Hammeret al., 1999; 

NCCLS,2000). Researchers then start to adapt variousnew 

investigationalproceduresand protocols to deal next future challenges.  

A number of factors like type of extraction method,development stage, 

inoculum volum, source of culture medium employed, pH, incubation time and 

temperature of medium can affect oil yield results and major outcome of a method 

(Rios et al., 1988). 

Disc diffusion assay (DDA) is often practised for screening of volatile oils 

(VOs) to discove antibacterial potency. In this method essential oil (EO) of some 

specific concentration is dropped on same sized paper discs and then placed on a 

inoculated agar medium plate (Saba et al., 2013). Many factors such as essential oil 

concentration droppedupon paper discs (6-8 mm sie) and the thickness of agar 

layercan cause differencesignificantly between different studies.  
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In Agar ‗WD assay‘ wells are prepared by usually cutting the wells in ‗agar WD 

assay‘and placed in agar petriplate and the EOs are dropped on those wells to screen 

out multiple essential oils (EOs) and same as high numbers of 

bacteriologicalsegregates are to be separated (Deans et al., 1993;Senatore et al., 

2000).   

In past survey reports, both methods as paper DD assay (Firouzi et al., 

1998;Elgayyaret al., 2001) and the other WD method (smith-Palmer et al., 1998) are 

stated to find out the antimicrobial potential of different samples of ethereal oils from 

many plants and herbs. The best detection way in antimicrobial behaviour of scented 

oils is basically assesment of MICs, by which reproducible results can be 

/generated/measured. Likewise, in manyother cases, the smallest bactericidal 

concentrations (MBCs) or same as bacteriostatic conc. are employed, both upper 

discussed methods are related with the MIC (Pintore et al., 2002).  

The quantification of optical density OD and ECby possiblecomputation are 

normally mostly used methods(Ismaiel and Pierson, 1990; Pol and Smid, 1999; 

Skandamiset al., 2001; Ulteeand Smid, 2001).  

Assessment ofconductometry, equivalent & end-pointare rarely used now-a-

days. An advanced microdilution technique (MDT)can be used to find value of MICs 

of oil dependinh upon themixture used. The resazurin is known as a best 

redoxindicator as a pictorial detector of minimum inhibition conc. value (Sarker et al., 

2007). Thesefindings almostmatchpositively with the results attained by other old 

techniques as optical density (OD).Thisassessment method/ way is more profound and 

complex instead of ADM (Mann and Markham, 1998). Normally cell development is 

assessed by ‗Resazurin‘, which is a redox indicator. It is a violetand also not harmful 

dye when it is reduced to normally resorufin by adding oxidoreductases (OR) enzyme, 

its colour changes into purple/pink and becomes fluorescent(Figure 2.2). Same as, it 

can also more reduced to hydroresorufin which is commonly found non-fluorescent 

and transparent (Sarker et al., 2007). This upper discussed asssay(resazurin reduction) 

used to measurepollution in milk (Nicholl et al., 2006). Listeria monocytogenes 

produced from Tween-80 during antibacterial process of an etheral volatile oil 

constituent defrost periods (freeze–thawcycles) (Cressy et al., 2003).  



37 
 

There is a drawback by large number of applications of Tween-80 as it dissolves the 

volatile oils which causes turbidity visual interpretations and optical density (OD) 

detections (Carson et al., 1995).The clove and oregano ethereal oils commonly 

showlesserMICs values in agar instead of ethyl alcohol or Tween-80. Thus,it was 

concluded that antibacterial effect of essential volatile oils is reduced in solvents and 

detergents (Juven et al., 1994). 

2.6.6 Antimicrobial activity ofAll species 

2.6.6.1Antimicrobial activity ofMentha spicata 

Nosrati, et al., (2011) differentiated between natural metabolites (as a natural 

Fungicide) andartificial fungicides and their applications in different fields.Different 

concentrations of Mentha spicata L. essential oils (1 µL, 3 µL and 5 µL) were made 

to check its antifungal potential and were practiced on the mycelial growth (MG) of 

Fusarium oxysporumby using a paper disc assay. Selected samples werepreserved at 

25 °C for 08 days and daily were checked carefully. The sample having 3 µL and 5 

µL exhibited maximum antifungal activity after 2 and 3 days of incubation, 

repectively but the sample containing 1 µL showed least activity. It was concluded 

that this antifungal potential against any strain basically depends upon concentration 

of EO isolated from M. spicata harvested fromYazd, Iran. 

Karim et al., (2016) estimated effect of two mint oils as M. spicata and M. 

pulegium EO for the development of yeast but also observed an inverse relation 

between concentration of essential oil and logarithm of number of microorganisms. 

Very low concentration of these two samples oil have effect on the spoilage yeast and 

even can enhance sensory properties of Doogh. Thus, these oils can also be used as a 

preservative for harmful mixtures. Brahmiet al., (2016) exploredEO of Speamint 

leaves collected from Algeria country isolated by Clevenger type apparatus 

hydrodistillation and oil composition was assessed by GC/MS.So. the volatile oil 

(VO) ofM. spicata consists of total 50 components showing 98.9 % of the oil and 

major components were detectedas carvone (48.5%) and limonene (20.7%). This 

sample oil showedstrong antimicrobial action against Candida albicans showng 

inhibition zones (in mm)as 14.4 ± 1.5 to 44.2 ± 1.1 mm. Five different assays were 

employed to check antioxidant potentialwhich indicated moderate level 

activityexhibited by essential oil of spearmint. 

http://www.tandfonline.com/author/Brahmi%2C+Fatiha
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2.6.6.2Antimicrobial activity ofMentha piperita 

Tsai et al., (2013) examined biochemical properties of two types of mint (Peppermint 

and chocolate mint) and contrasted their own behavior as an antioxidant, 

antimicrobial and anti-inflammatory. These ethereal volatile oils were separated by 

using SD method by adjusting Clevenger-type apparatus with a steam generator to 

produce steam. The MIC of M. pipperita oil sample 03 bacterial strains such as;E. 

coli,P. aeruginosa and S. aureus(0.14, 0.92 0.08 %v/v, respectively) was 

higherinstead of chocolate mint (CM) (1.22 0.09, 0.23 %v/v, respectively) which 

proved that these essential oils can be used as in medicinal and pharmaceutical 

purposes. Singhet al., (2015) worked on peppermint oil and different its conc.against 

GP and GN bacterial strains usingagar WDD distilled conc. of essent. oil stopped the 

growth of microbes and their outcomeswere compared with those of antibiotic 

gentamycin. These oils exhibited a wider spectrum of potential but less strong 

inhibition than the examined commercial antibiotic. Results of MICs values for the 

bacteriological strainswere 0.4% to 0.7% v/v approximately. 

2.6.6.3Antimicrobial activity ofOcimum basilicum 

Chenni et al., (2016) appliedtwo extraction techniques as SFME and conventional HD 

to derive basil leaves(from Egypt) essential oil (EO) and compared differences in 

biochemical activities of both extracts. Five (05) types of microorganisms were used 

to assess antimicrobial potency as 02were Gram-positive (GP) bacterialstrains, (S. 

aureus andB. subtilis), 02Gram-negative (GN) bacteriail strains, (E. coliand P. 

aeruginosa) and 01against yeast, (C. albicans). It was detected that the first SFME- 

essent. oil was a greatmethod of natural antioxidants production and strong 

antimicrobial agents to safe food. 

 Mith et al., 2016 investidated different species of basil genera from Lamiaceae 

family as O. basilicum, O. canum and O. gratissimum from the Benin to compare 

antimicrobial potentials by uing DD and broth microdilution (BM)  assays basically to 

assess the essent. oils and their major constituents against 02 foodborne bacteria, L. 

monocytogenes and S. enterica. The selected sample oils and their chief components 

showed prominent and distinguished antimicrobial potentials against the most active 

L. monocytogenes&S. Typhimuriumstrains. 

http://www.sciencedirect.com/science/article/pii/S1878535211000232
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The volatile oil (VO) by O. canumwas collected at 7h and the other O. gratissimum 

oil at 19h which showed remarkablegreateractions against L. monocytogenes&also S. 

Typhimurium (MICand MBC 0.34–2.5 μL/ mL) with significance (p< 0.05), while 

somehow lesser potential by O. basilicumas (MIC and MBC 2.0–8.0 μL/mL) at about 

hours of daytime yield, but lowest existing at 19h (MIC and MBC 12.0–32.0 μLmL
1-

). 

In the hours of daytime cultivation, can stimulate the conc. of constituents of EO and 

their biological potential againstdifferent strains of bacteria. 

2.6.6.4Antimicrobial activity of Cymbopogen citratus 

Naik et al.,(2010)investigatedthe lemongrass essent. oil (EO) against some 

bacteriological strains asGram +ve (S. aureus, B. cereus, B. subtilis) &Gram –ve (E. 

coli)andP. aeruginosa by applying two methods; agar diffusion test and broth dilution 

assay. By using the BM,MIC and MBC methodswere assessed.This essent. oil was 

proved to be effective against all these selected specimens except just P. aeruginosa. 

Highly sensitive (Gram positive organisms)proved high effectiveness by lemon grass 

oil than gram negative. 

Rego et al., (2016) used lemon grassessential oil (EO) to check the influence 

on S. mutans biofilm made on the surface of hydroxyapatite discs (HAD). The 

exposure of bacterial S. mutansstrain onlemon grass oil was checked by the inhibition 

zone (IZ) test in planktonic suspension and MIC. The HAD were ustilized to simulate 

the tooth surface by evaluating the effect ofessential oil (EO) in biofilms. Likewise, 

these biofilmswere settled on the discs for almost 5 days. Daily these were added in 

the following way as G1- mixing for 5 min in LGOto 0808 mg/ml (taken as a test 

group) and G2 –Brain Heart Infusion 1% Sucrose (taken as a negative control). 

Therefore, biofilms were calculatedto form colonyforming unit (CFU) and changed 

into log10. All the values were investigatedstatisticaly by ANOVA test with a P value 

<0.05. The susceptibility assessment was almost positive expressing thestop of 

microbialgrowth and MIC values was found nearly 0.04 mg/mL. Biofilm results 

reduced the bacterial development in G2 than G1 showing a statistically difference (P 

<0.034). In view of the limitations of this work, it was resulted that lemon grass 

essential oil (LGEO) was much effective in controlling bacteriological growth in 

biofilms of Streptococcus mutans used. 



40 
 

2.7 Hemolytic Activity 

Haemolysis process is basically ‗‗the splitting (rupturing) of erythrocytes (RBCs) and 

the discharge of their main components (cytoplasm) outside the surrounding fluid 

(e.g. blood plasma)‘‘ (Malagoli, 2007; Gould et al., 2000). 

Antonioet al. (2015) evaluated EO of Vernoniachalybaea by testing toxicity of 

hemolytic activity in Brazil. The plant material was collected from the Meruoca 

mountain region (MMR), Sobral, Ceará state (SCS), Brazil. The hydrodistillation 

technique using Clevenger-type apparatus was employed to isolate essential /volatile 

oil which was run for 2 h.To test hemolytic potential fresh blood about (10 mL) 

wasadded in EDTA sterilizedmini tubes and then was centrifuged. After the whole 

plasma elimination, the pellet comprising RBCs were washed almost 05 times by 

using phosphate-buffered saline and, again mixed in phosphate-buffered saline 

solution to get approx. 8% (v/v) suspension. Different microcentrifuge tubes were 

used in which 100 μL of the upper prepared suspension was added and 2-fold serially 

diluted with 0.005 to 2.5 mgL
1-

 scented oil. However, 4% (v/v) erythrocyte 

suspension (ES) and 0.1-100 μM essential oil concentration were made ready to 

analyse and all wereincubated with constant stirring of about 60 min at 37 ºC 

temperature. Then samples were basically centrifugedfor 2 min at 1000 rpm after this 

incubation period. The hemoglobin discharge was assessed by checking A at 540 nm 

by BiotekSynergy HT (BSHT) multiplate reader and supernatants were commonly 

shifted to 96-well plates. 

These assays exhibited at different concentrations as 0.039, 0.078, 0.156, 

0.312, 0.625, 1.25 and 2.5 mgL
-1

, the %age fraction of hemolysis reached from 0.1% 

to 4.89%. The statistical analysis showed asignificant andsubstantialvariance at a level 

as p = 0.05 when it was compared to the positive control (PC) TritonX-100 with the 

essent. oil used. Such volatile oil (VO) of Vernoniachalybaea showed exhibited 

minute hemolytic potency in a range of investigated concentrations. 

Samber et al., (2015) observed hemolytic activity in vitroof  mint (M.piperita) 

essent. oil and its majorcomponents on human RBCs. At 2000 μg/ml, mint family oil, 

carvone, menthol and menthone primarily presented 6, 19, 27, and 42% hemolytic 

potential, respectively, Although FLC, an antifungal therapeutic agent (ATA), 

https://en.wikipedia.org/wiki/Erythrocyte
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Blood_plasma
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exhibited 85% at almost similar conc. Thus, whole measured lot ofcomponents 

showed less hemolysis insteada conventional drug (CD) even at very maximum 

conc.Pedro et al., 2016 foundessential oil of Cymbopogon citratus L. to be active 

against subtle strains of S. aureus, Candida species and protozoan strains comprising 

of Leishmania species.The oil of C. citratus triggered an indoctrination decay on 

Leishmania promastigotes inducing apoptosis. C. citratusexhibitedharmfulness 

against Hela and Vero cell lines and prompted haemolytic acticity. C. citratusEO 

exhibited greater that 50% haemolysis of human red blood cells (RBC) after almost 1 

hour incubated time and for conc. of 100 µg/ml and 200 µg/ml. Low conc. of C. 

citratusEO indcated no haemolytic efficacy (12 µg/ml). 

Review of literature discussed in the currenyt chapter revealed that selected 

herbs have considerable potential as a source of biologically active agents.However, 

the profiling of volatiles and biological princliples ofherb essential oil are reported to 

be nortabley varied  as function of agroclimatic regimes. Thus, after a whole 

relatedreview study,yetno earlier reports are found on the comprehensivecomposition 

of volatile oilsand estimation of biological such as potent antioxidant, strong 

antimicrobial anddistincthemolytic activities of selected herbs essential scented oils 

with regard to harvesting of plants from different agro-ecological areas of 

Punjab,Pakistan. This has prompted us to charecatrize the biochemical attributes of 

essential oils from selectedherbs collected from different agroclimatic areas of Punjab 

so asto assessto what extent the morphologicaland agroclimatic factors affect the 

profiling and biological activities of the hydrodistilled and supercritical fluid extracted 

volatile oils.  
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CHAPTER 03 

MATERIALS AND METHODS 

This whole research work was mainly conducted in different laboratories of 

Department of Chemistry, University of Sargodha, Pakistan. Moreover, some 

trials/assays/testes were carried out at Department of Chemistry &Biochemistry, 

University of Agriculture, Faisalabad, Pakistan; Department of Veterinary 

Microbiology (DVM), University of Agriculture, Faisalabad, Pakistan and in 

LISCENT Lab, COMSAT University, Abbottbad, Pakistan. 

3.1. Materials 

3.1.1Chemicals and standards labelling 

Table 3.1 Some important chemicals, reagents and standards used in the present study 

experiments along with their company are enlisted here.  

Sr.No. Chemicals Used Chemical Company name with location 

1 Sodium Sulphate Sigma-Ald.Chemical. Corpo.(St. Louis, 

Missouri, USA) 

2 Methanol Mercks (Darmstadt, Germany) 

3 2, 2,-diphenyl-1-picrylhydrazyl Sigma-Ald. Chemical. Corpo. (St. Louis, 

Missouri, USA) 

4 Linoleic acid Sigma-Ald. Chemical. Corpo. (St. Louis, 

Missouri, USA) 

5 gallic acid Sigma-Ald. Chemical. Corpo. (St. Louis, 

Missouri, USA) 

6 Folin-Ciocalteu reagent Mercks (Darmstadt, Germany) 

7 trichloro-acetic acids Sigma-Ald.Chemical. Corpo.(St. Louis, 

Missouri, USA) 

8 ammonium thiocyanate Mercks (Darmstadt, Germany) 

9 aluminum chloride Mercks (Darmstadt, Germany) 

10 sodium nitrite Mercks (Darmstadt, Germany) 

11 ferous chloride Mercks (Darmstadt, Germany) 

12 feric chloride Mercks (Darmstadt, Germany) 

13 potassium fericyanate Sigma-Ald. Chemical. Corpo. (St. Louis, 

Missouri, USA) 

14 butylatedhydroxytoluene (99.0 %) Sigma-Ald. Chemical. Corpo. (St. Louis, 
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Missouri, USA) 

15 Dimethylsulfoxide Sigma-Ald. Chemical. Corpo. (St. Louis, 

Missouri, USA) 

16 3-[4,5-dimethylthiazol-2,5diphenyl- 

tetrazoliumbromide] 

Sigma-Ald. Chemical. Corpo. (St. Louis, 

Missouri, USA) 

17 penicillin/streptomycin solution Oxoid Ltd. (Hampshire, UK) 

18 Reference chemicals for GC-MS: 

Standard series of n-alkanes C9-

C24),  

Citronellal, β-Citronelol, α-pinene, 

camphene, β-pinene, myrcene, α-

phelandrene, limonene, p-cymene, 

ocimene, terpinene, 1,8-cineol, γ-

terpinene, linalool, menthone, 

borneol, menthol, terpinene-4-ol, α-

terpineol, estragole, dihydrocarveol, 

dihydrocarvone, pulegone, carvone, 

pipretone, bourbonene,thymol, 

fenchone, fenchyl alcohol, fenchyl 

acetate, anethole, piperitenone oxide, 

p-anisaldehyde α-copaene,β-elemene, 

β-caryophyllene, β-cubebene, α-

bergamotene, αcaryophyllene, γ-

murolene, germacrene D, cadinene 

and caryophyllene oxide etc. 

 

Sigma-Ald.Chemical. Corpo.(St. Louis, 

Missouri, USA) 
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3.1.2 Instruments Used 

The information regarding the instruments used for analytical assessment during the 

present work, their manufacturer‘s name, model and company locationare provided in 

the following Table 3.2.   

Table 3.2 Instruments used described by their specific model and company name 

Sr. 

No. 

Instruments Used Model, Manufacturer with  Location 

1 GC-MS Clarus 600; Perkin Elmers,NY, USA. 

2 Electric Balance MP-300, Ohyo, Japan 

3 Oven (Hot air) IM-30 m, Irmecos,Germany 

4 Ultra low Freezer  UF V 700, Sanyo,Germany 

5 Spectrophotometer U-2001, model 121-0032 Hitachi,. TokyoJapan 

6 Water Bath WNB 14, Memmertt, Japan 

7 Orbitrary shaker SOD1-G93ACM,Gallenkamp, England 

8 Magnet Stirrer IKA, Gallenkamp, England 

9 Autoclave Kyoto 600-8530, Omron, Japan 

10 Rotary vacuum 

evaporator (RVC) 

(EYELA, N-N Series), Rikakikai Co. Ltds. 

Tokyo, Japan 

11 Blender used TSK-949, Westpoints, France 

12 Clevenger C -3451, Sanyo,Germany 

13 SFC MUMBAI-400079,DEVEN, Supercritical Pvt. 

Ltd., India 

14 Laminar air flow ACH-4D, Dalton, Japan 

15 Incubator ReptiPro 6000,NY, USA 

16 Centrifuge    H-200NR, Kokusan, Germany 

17 Microplate Stirrer MMS-2AD, Gallenkamp, UK 
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3.1.3 Collection of plant materials 

Four medicinal herbs,belonging to twodifferent families including Lamiaceae and 

Poaceae,were selected for the present study based on theirwide scale distribution and 

ethnomedicinal uses. Three different samples of aerial parts (leaves) of the selected 

herbs were harvested from each of the four agroclimatic regions (drought stressed, 

hilly, arid and irrigated) of Punjab, Pakistan (Table 3.3) during March–April, 2014. 

The data for important agroclimatic factors such as average temperature, total rainfall, 

and average relative humiditywere also recorded for each of the areas.The herbal 

materials from various zones were further recognized/identified and authenticated by 

a known Taxonomist, Dr. Hassan Munir, Assistant Professor, Department of 

Taxonomy, University of Agriculture, Faisalabad, Pakistanand Dr. Mansoor 

Hameed, Assistant Professor, Department of Botany, University of Agriculture, 

Faisalabad, Pakistan. The samples of the selected herbs were packed in neat and clean 

polythene bags and were brought to the experimental lab, washed with pure tap water 

and wereshade-dried in a well- ventilated analytical lab.  
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Table 3.3 Description of the plant materials employed in this /present disertation. 

 

Sr. 

No 

Species 

used 

Agro-climatic region/ Average 

Temp.  

Relative 

humidity  

Total 

Rainfall 

Wind speed 

(Knots) 

1.  

a.  

Mentha 

spicata 

Drought stressed 

( Layyah) 

26.5°C 48% 0.6mm 0.1 

b. Hilly 

(Murree) 

10°C 78%  3.1mm 0.9 

c. Arid 

(Rawalpindi) 

20°C 70% 2.8mm 0.5 

d. Irrigated 

(Faisalabad) 

25°C 54% 1.8mm 0.8 

a.  

Mentha 

piperita 

Drought stressed 

( Layyah) 

26.5°C 48% 0.6mm 0.1 

b. Hilly 

(Murree) 

10°C 78%  3.1mm 0.9 

c. Arid 

(Rawalpindi) 

20°C 70% 2.8mm 0.5 

d. Irrigated 

(Faisalabad) 

25°C 54% 1.8mm 0.8 

2.  

a.  

Ocimum 

basilicum 

Drought stressed 

( Layyah) 

26.5°C 48% 0.6mm 0.1 

b. Hilly 

(Murree) 

10°C 78%  3.1mm 0.9 

c. Arid 

(Rawalpindi) 

20°C 70% 2.8mm 0.5 

d. Irrigated 

(Faisalabad) 

25°C 54% 1.8mm 0.8 

3.  

a.  

 

Cymbopog

en citratus 

Drought stressed 

( Layyah) 

26.5°C 48% 0.6mm 0.1 

b. Hilly 

(Murree) 

10°C 78%  3.1mm 0.9 

c. Arid 

(Rawalpindi) 

20°C 70% 2.8mm 0.5 

d. Irrigated 

(Faisalabad) 

25°C 54% 1.8mm 0.8 
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3.1.4. Strains of microorganism used to assess antimicrobial activity 

of all essential oils 

3.1.4.1 Bacterial Strains 

(i) Bacillus subtilis (B. subtilis)NCTC 10400 

(ii) Pseudomonas aeruginosa (P. aeruginosa)NCTC 1662 

(iii) Staphylococcus aureus (S. aureus) NCTC 6571 

(iv) Bacillus cereus (B. cereus) ATCC 11778 

(v) Bacillus pumilis(B. pumilis) wild type 

(vi) Salmonella poona(S. poona)NCTC 4840 

(vii) Escherichia coli (E. coli)ATCC 8739 

3.1.4.2 Fungal Strains 

(i) Aspergillus niger(A. niger)ATCC 10575 

(ii) Aspergillus flavus(A. flavous) ATCC 32612 

(iii) Alternariasolani(A. solani)ATCC 11078 

(iv)  Fusarium solani(F. solani)ATCC 36031 

(v) Alternariaalternata(A. alternata) ATCC 20084 

(vi) Mucormucedo(M. mucedo)ATCC 6258 

(vii) Rhizopussolani(R. solani) ATCC 11062 

Bacterial and fungal straincultures were procured/ obtainedfrom Department 

of Veterinary Microbiology (DVM), University of Agriculture, Faisalabad, Pakistan. 

Basically, media of all bacterial and fungal were used to measure antimicrobial 

potential of selected /particularspecies from Lamiaceae and Poaceae familyherbal 

essential oils (EOs).   

3.2. Isolation of Essential Oils  

Two different techniques including hydro distillation (HD) and supercritical fluid 

extraction (SCFE) were practisedto extract/isolate essential oils (EOs) from the 

selected herbs.  
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3.2.1 Hydrodistillation (HD) 

For isolation/extractionof essential oils,the crushed, dried and finely ground (70-80 

mesh) herbal material were hydrodistilled for almost 3 hours by Clevenger-type (large 

apparatus).Distillates of volatile oils (EOs) were freed of traces moisture using 

anhydrous Sodium Sulphate, if any, and were cleaned by filteration and then stored at 

almost -4 °C until tested further for different tests/assays. 

3.2.2 Supercritical fluid extraction (SCFE) 

The process of supercritical fluid extraction (SCFE) was conducted in Rosa lab. at 

University of Agriculture, Faisalabad, Pakistan using a SCF extractor (DEVEN, 

Supercritical Pvt. Ltd., India). 

In supercritical fluid extraction, CO2 is basically drawn from the cylinder of 

CO2 which is then condensed by passing through a dryer and then to a cooling device. 

The CO2 is then sent to extractor by using twofold syringe pump. The extractor was a 

vessel of 0.4 liter internal volume, and was placed in a temperature controlled oven to 

regulate temperature of extract. The extractor was then placed in oven to regulate 

temperature. Then SCF (CO2) left the extractor vessel via a micrometering valve 

which basically controled pressure release in that system.The dried andfinely ground 

(70-80 mesh) herbal plant materials were placed in a preheated SCF extractor.  The 

extraction parameters were as follows: time needed for isolation, stagnantremoval 

(isolation) for 90 min and then vigorousremoval (isolation) for 30 min; temperature, 

45
o
C; pressure, 100 bar; rate of flow of liquid carbon dioxide, 10ml/min. The essential 

volatile oils(EVOs) werestored in a vial (made up of glass) (Rezazadeh et al., 2008; 

Sapkale, 2010). 
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Fig. 3.5: Supercritical fluid extractor machine used for extraction of essential oil 

(EO). 
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3.3 Analysis of Isolated Essential Oils 

3.3.1 Physical parameters 

The physical properties  for example refractive index (25°C), color anddensity (25°C) 

of oils was tested. Both values (refractive index &density) were determined  

following standardmethods (Guenther, 1960). The refractive index of the essential 

/volatile oils (EVO) was measured by using a digitalrefractometer RX-7000a (Atago 

Co. Ltd., Tokyo, Japan). 

3.3.2 Chromatographic analysis 

3.3.2.1 GC-FID 

The gas chromatograph Clarus 600 attached with Flame Ionization Detector (Perkin 

Elmers USA) was used for GC analysis. The essential oil chemical components were 

separatedon Elite-5 MScapillarylong column (30 m × 0.25 mm) with 0.25 μm film 

thickness.The injector temperature waskept at  300 ºC.However, 1.0 µL amount of 

sample was added/injected in the splitless mode. Carrier gas such as, Helium (He) 

was selected/usedwith a rate of flow ( 1.5 mLmin
1-

.)The initial temperature of column 

was set at 150 ºC and remaind same for almost 1 min and after that started to increase 

upto 290 ºC with  rate of 10 ºC min
1-

 and lastly remained same for 5 min.All the basic 

quantification was done by anintegral, data-handling software programe given by 

manufacturer of gas-chromatograph (Perkin-Elmer, Norwalk, CT). The%tageof all 

components/compoundsbased on total peak area was reported without using of 

correction factors. 

3.3.2.2 Gas chromatography/mass spectrometry (GC-MS) analysis 

GC-MS analysis of volatile oils was made using a Clarus gas chromatograph (600 

Model) fitted with Mass Spectrophotometer (Perkin Elmers USA).. The essential oil 

chemical components were analyzed/separated on Elite-5 MS -capillarylong column 

(30 m × 0.25 mm with 0.25 μm coating /film thickness). All chromatographic 

conditions used were the same as stated earlier in GC-FID experiment. MSD (mass 

spectra determination) processwas run in electronionization (EI) mode with 70 eV 

ionization potential(IP) and the mass scanned was between 30-500 m/z. The 

temperature of MSD transferline was kept at 370°C. 
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3.3.2.3 Compounds identification 

The authentic identification of volatiles /compounds was made following the protocol 

as reported earlier in our publications (Hussain et al. 2008; Hussain et al., 2010) as  

well as stated by stated by Adam (2001) and others (Mimica-Dukicet al., 2003; 

Vagionas et al., 2007). 

3.4. Biological Attributes of Essential Oils 

3.4.1 Antioxidant activity 

3.4.1.1 DPPH assay 

The antioxidant potential of isolated essential /volatile oils (VOs) was assessed by 

quantifying the power to scavenge2,2׳-diphenyl-1-picrylhydrazyl stable radicals 

(DPPH) spectrophotometrically by following method of Mimica-Dukicet al.(2003). 

The oil concentrations (0.5 to 300 µg/mL in  methyl alcohol) were mixed with  1 mL 

of 90 µM DPPH solutionfollowed by additing of 95% methanol to make volume 

upto4 mL.After completing incubationprocess for almost 1 h at 25ºC,the absorbance 

(A) of both blank solution and final reaction solutions were noted. At parallel, a 

synthetic antioxidant (Butylated hydroxytoluene,BHT), was employed /usedto use as 

a positive control. The disappearance of colour of DPPH solutionwith resepct to  

absorbance (A) value was noted spectrophotometrically at 515 nm 

(spectrophotometer,U-2001, model 121-0032 Hitachi, Tokyo, Japan). DPPH 

freeradical scavenging (% age) exhibited by essential volatile oil (EVO)was 

measuredas under: 

Scavenging (% age) = 100 x (Ablank - Asample/Ablank)  

 Wherever A (absorbance)blank denotes the absorbance of control reaction 

mixture (having all the reagents but excluding test compound) and 

A(absorbance)sampleof required test compound. The 50% scavenging conc.(IC50)of 

essential/volatile oils(VOs) was calculated from the graph-plotted between%age for 

scavenging and volatile oil (VO) Conc. 

3.4.1.2 Percent inhibition of linoleic acid (C18:2) peroxidation  

The inhibition (in %age) of linoleic acid peroxidationvalues by selected samples of 

essential oils (EOs)was tested to assess  potency of oil that how much it can inhibit 
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peroxidation (Iqbalet al. 2005;Hussain et al., 2008). The conc.of 5 mg of EO was 

mixedto asoln. of 0.13 mLoflinoleic acid, 99.8% of 10 mL ethanol and 10 mL volume 

of 0.2 M of Na3PO4 buffer of pH 7 almost. Then soln. was diluted with distilled water 

upto 25 mL by volume. Then,total solution was incubated almost at 40°C for 175 h 

time period. The degree of oxidation (DO) was calculated by peroxide value by means 

of spectrophotometeric technique(Yenet al., 2000). To almost 0.2 ml of sample 

solution, 10 ml of 75% ethanol, 0.2 ml volume of an aq. solution of 30% of 

ammonium thiocyanate and0.2 ml of ferrous chloride solution (20 mM in 3.5% 

hydrochloric acid) were added serially. After shaking of 3 min, the absorbance (A) 

was recorded at 500 nm by spectrophotometer (U-2001, Hitachi instruments Inc., 

Tokyo, Japan). A control was prepared with linoleicacid except addition of essential 

volatile oil (EVO). Butylated hydroxytoluene(BHT) was taken as a positive control 

(PC). Finally %age inhibition of linoleic acid (LA) oxidation was counted by the 

following equation: 

% inhibition of linoleic acid oxidation = 100 – [(Abs. increase of sample at 175 h / 

Abs. increase of control at 175 h) × 100] 

3.4.2 Determination of total Phenolics and total flavonoids content  

Total phenolics amount was analysed by FolinCiocalteu reagent methodas stated by 

Chaovanalikit et al. (2004). Concisely, 50 mg of oil was mixed up with 0.5 mL of 

Folin-Ciocalteureagent and deionized 7.5 mL water. All the mixture soln. was kept at 

25 °C for almost 10 min and then 20% of Na2CO3 (w/v, 1.5 mL) was added. The 

solution was heated by placing in waterbath at almost 40°C for 20 min duration and 

then it was cooled in an ice bath to low temperature of mixture solution; absorbance 

(A) was checked at 755 nm by spectrophotometer (U-2001, HitachiInstruments Inc., 

Tokyo, Japan). By constructing gallic acid calibration curve (in a range of 10-100 

mgL
-1

; R
2
=0.9986), amount of total phenolics was measured spectrophotometrically.. 

All data was computed as gallic acids equivalent (GAE) g/100g of dry herbal/ plant 

material. All the samples were analytically examined in triplicate and the results 

wereaveraged.   
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Determination of total flavonoid content (TFC) 

Total flavonoid contentswere estimated spectrophotometric assay(Dewanto et al., 

2002). Briefly, 0.1 mg mL
1-

 of the essentialvolatile oil (EVO) were diluted with 04 

mL H2O in a 10 mL large sized volumetric flask.Initially, 05% NaNO2 soln.almost 

(0.3 mL) waspoured to each volumetric flask constantly; at 5 min, 10% of AlCl3 (0.3 

mL) was added; and finally after  6 min1.0 Mof NaOH (2 mL)was poured. Likewise, 

2.4 mL of H2O was then mixed to the reaction flask and shaken well. Absorbance (A) 

of the mixture was noted at 510 nm. Determination of flavonoid contents wasmade  as 

catechin equivalents (g100g
-1

 of dry weight). Triplicate measurements of each 

samplewere made and the data /results averaged. 

3.4.3 Antimicrobial Activity 

Theisolated essential/volatile oils (VO)were analysed against a group of selected 

microbes. All the seven (07) bacterial strains were cultured overnight at 37 ºC 

temperature innutrient agar (NA) mediumwhereasall theseven (07)fungistrains were 

culturedovernight at 30 ºC temperature in potato dextrose agar (PDA) medium. 

Following antimicrobial tests were usedto assess the antimicrobial activty of EOs.  

3.4.3.1 Disc diffusion method   

Antimicrobial potential in different EOs was assessedusing paper disc diffusion 

process as described in NCCLS(1997). Concisely, 100 µL ofsuspension having 10
8
 

colony-forming units (CFU)mL
-1

 of bacterialstrain cellsand 10
4
 sporesmL

-1
 of 

funguspouredon the petri dishes having Nutrient agar& Potato dextrose agar medium 

(almost 50 mL media per dish), respectively.  A6 mm sized (in diameter) of paper 

discs were individualysoaked with ca15 µL of volatile oil or chief constituents of 

ethereal oils and positioned/placed on agar thatearlier had been inoculated by selected 

test microbes. The amoxicillin was taken as a positive control (PC) for bacteria 

whereas Fluconazole for fungi to compare antimicrobial inhibition zone. Discs 

without usingoil were named as a negative control (NC). Plates were left at 4 ºC for 

1h and then incubatedat37 ºC for almost24 h for bacteriological strain detection and at 

30 °C for 48 h for fungiform strain detection. Antimicrobial potential was measured 

by calculating their diameter of inhibition zone in mm unit (including disc diameter of 
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6 mm sized) for  selected test organismscontrasting with positive and negative 

controls values. 

3.4.3.2 Determination of minimum inhibitory concentration (MIC)  

Thedevelopment of microbes was prevented by using a micro dilution broth 

susceptibility test to determine MIC valuesas revealed  by the National Committee for 

the Clinical Laboratory Standards (1997). For bacteriological strains, nutrient broth 

(NB, Oxoid) was used and other sabouraud dextrose broths (SDB, Oxoid) for fungi 

strains , added with Tween 80 detergent to a final conc. of 0.5% (v/v). The selected 

/test bacteriological strains were cultured overnight at about 37°C in NB whereas 

fungiforms were cultured overnight at about 30°C in SDB. Dilution series were 

madefrom 0.03 to 72.0 mgmL
-1

 of volatile oil or chief constituents in a 96-well 

microtitersized plate, 160 μL conc. of both NB and SDB for bacteria and fungi, 

respectively, were poured onto microplates and 20 μL of usuallytested soln. Then, 20 

μL of 5 × 10
5
cfumL

-1
 of standard microbe suspension were inoculated onto 

microplates. Plates were placed  (incubated)at 37°C for almost 24 h for bacteria and at 

30°C for almost 48 h for fungus. The same experiment was doneconcurrently for the 

growthof control (NB + Tween 80) and other sterilitycontrol (NB + Tween 80 + test 

EO). Amoxycillin was choosed as a reference compound for the antibacterial and 

Fluconazole for the antifungal potentials. The developmental growth phase was 

shown due to of a white ‗‗pellet‘‘ formed on well bottom. 

3.5 Hemolytic Activity 

The samples of essential oils (EOs) weretested on human erythrocytes (O blood 

groups) by following the assay described by Malagoli, (2007). All the human blood 

sampleswere taken  from physically fit volunteers. The test blood was centrifuged at 

almost 5,000 rpm for five minutes and erythrocyte suspension (2 %) was developed in 

germ-free phosphate buffer saline for hemolysis.The hemolytic potential of essential 

/volatile oils (VOs) were checked under in-vitrosituations, almost for each plant 

sample, different conc. (50–500 μg/mL) of EO were mixed to 0.85% NaCl soln. and 

then obtained a 2% suspension of the human erythrocytes. After 30-min incubation 

time at 25°C, cells were centrifuged completely and the supernatant was utilized to 

calculate the absorbance (A) of the released hemoglobin (Hb) at nearly 540 nm. 

However,two controls were madeexcept essential oil (EO); negative control received 
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hygienic phosphate buffer saline (PBS), while positive control received 0.1% Triton 

X-100.Thus the average value was determined from triplicate trials. 

Hemolysis percentage (% age) forall sample was measured by dividing sample's 

absorbance (Asample) on positive controlabsorbance (complete hemolysis) multiplied 

by 100 (Gould et al., 2000). 

3.6 Statistical Analysis  

Different(03) samples of each herbal plantmaterial were harvested from different (04) 

agro-climatic regions. Each sample was tested separately in triplicate to check its 

composition, antioxidant, antimicrobial, determination of TP & TFC and hemolytic 

activityand all the data is reported as mean (n = 3 x 3 x 1) ± standarddeviation (n = 3 x 

3 x 1). All the presented data were analyzed by analysis of variance (ANOVA) with 

the help of Minitab 2000 Version 13.2 statistical software (Minitab Inc. 

Pennysalvania, USA) at 5% significance level. 
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CHAPTER 4 

RESULTS & DISCUSSIONS 

Genus Mentha 

4.1 Mentha spicata 

Table 4.1.1.Agro-climatic variation in physical properties of Mentha spicata 

leaves essential oils isolated by the hydro distillation (HD) and supercritical fluid 

extraction (SCFE) 

 

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation    

3SCFE = Supercritical fluid extraction 

 

 

 

 

 

 

Sr. 

No 

Parameters
1
 

Habitat  Colour Odour Solubility 

(g/100g ) 

Density 

(g/cm
3
) 

25°C 

Refractive 

index 

(25°C) 

Acid 

value 

(mg/g ) 

Ester value 

(mg/g ) 

HD
2
 

1 Arid Yellow 

green 

 

 

 

Minty 

 

 

Insoluble in 

water& 

Soluble in 

Alcohol 

0.85 ± 0.05a 1.45 ±0.07b 0.62±0.01 a 19.10 ±0.81b 

2 Irrigated yellow 

greenish 

0.86 ±0.04ab 1.44 ±0.05ab 0.62 ±0.03 a 22.00 ±0.92c 

3 Hilly brownish 

yellow 

0.83 ± 0.04 a 1.50 ±0.03c 0.71 ±0.05b 18.10 ±0.68 a 

4 Drought stressed Green 0.91±0.08c 1.41 ±0.02 a 0.80±0.07c 19.30 ±0.77b 

SCFE
3
 

1 Arid Yellow 

green 

 

 

 

Minty 

 

 

Insoluble in 

water& 

Soluble in 

Alcohol 

0.89 ± 0.07b 1.46±0.05b 0.69 ±0.04a 20.10 ±0.93 a 

2 Irrigated yellow 

greenish 

0.87 ±0.06 a 1.44 ±0.07 a 0.64 ±0.02 a 25.20 ±0.95c 

3 Hilly brownish 

yellow 

0.85 ±0.05 a 1.54±0.08c 0.75 ±0.06b 19.70 ±0.83 a 

4 Drought stressed Green 0.93 ±0.09c 1.53±0.07c 0.85 ±0.09c 21.20 ±0.89b 
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Table 4.1.2. Agro-climatic variations in the yield of M. spicata leaves essential 

volatile oil isolated by the hydro distillation (HD) and supercritical fluid 

extraction (SCFE) 

Sr. 

No. 
Habitat 

Parameters
1
 

HD
2
 

Yield (%) 

SCFE
3 

Yield (%) 

1 Arid 0.72±0.02
 c
0 0.50±0.02

a
 

2 Irrigated  0.62±0.02
 b
 0.61±0.02

b
 

3 Hilly 0.76±0.02
c
0 0.64 ±0.02

ab
 

4 Drought stressed 0.41±0.01
 a
 0.46±0.01

 a
 

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation  

3 SCFE = Supercritical fluid extraction 
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Table 4.1.3. Agro-climatic variation in chemical composition of Mentha spicata 

leaves essential oil isolated by the hydro distillation (HD). 

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification on the basis of retention index, 3RT = identification based on retention time, MS = 

identification based on comparison of mass spectra. 

t = traces <0.05 

 

 

 

Sr. 

No. 

Components 

 

RI
2
 % Composition

1
 

Habitat Identification
3
 Drought 

stressed 

Hilly Arid Irrigated 

1 Camphene 954 - - - 2.39±0.03 RT, RI, MS 

2 β- pinene 979 - - - 1.18±0.02 RT, RI, MS 

3 limonene  1029 2.39±0.06 a 9.28±0.26c 3.69±0.04b 3.53±0.05b RT, RI, MS 

4 1, 8-cineole 1031 0.60±0.02 a 8.46±0.23d 3.38±0.03b 6.01±0.14c RT, RI, MS 

5 γ-terpinene 1060 0.17±0.01 a 6.42±0.20c 1.24±0.02b 1.31±0.02b RT, RI, MS 

6 cis-sabinene hydrate  1070 0.89±0.03 a 2.59±0.03b 3.32±0.03c 2.79±0.04b RT, RI, MS 

7 linalool  1097 2.10±0.05b t  1.30±0.01 a 3.15±0.06c RT, RI, MS 

8 isopulegol  1147 1.93±0.04 a t 3.47±0.02c 2.54±0.05b RT, RI, MS 

9 Menthone  1152 1.10±0.03 a 1.02±0.02 a 23.88±0.71c 5.34±0.03b RT, RI, MS 

10 borneol  1169 1.04±0.01b t 0.21±0.01 a 0.22±0.01 a RT, RI, MS 

11 menthol  1172 9.27±0.21b 2.98±0.04 a 7.25±0.20b 14.51±0.41c RT, RI, MS 

12 terpinen-4-ol  1177 2.49±0.06c 5.21±0.11d 0.39±0.01 a 1.27±0.03b RT, RI, MS 

13 p-cymen-8-ol 1183 - - - 0.97±0.01 RT, RI, MS 

14 α-terpineol  1189 1.58±0.03c 0.18±0.01 a 0.29±0.01 a 1.29±0.02b RT, RI, MS 

15 cis-dihydrocarveol  1190 0.80±0.01 a - 2.78±0.02c 1.89±0.03b RT, RI, MS 

16 cis-dihydrocarvone  1197 3.34±0.10c 0.10±0.01 a 0.19±0.01 a 0.40±0.01b RT, RI, MS 

17 trans-

dihydrocarvone  

1203 1.02±0.01b 1.89±0.02c 0.79±0.02 a 2.01±0.03d RT, RI, MS 

18 trans-carveol  1217 15.91±0.42c 1.09±0.01a 0.41±0.02 a 1.33±0.02b RT, RI, MS 

19 cis-carveol  1229 0.21±0.01 a     1.29±0.02d 1.06±0.02b 1.23±0.02c RT, RI, MS 

20 carvone  1243 47.15±1.4c 33.42±1.0b 31.65±0.9 a 27.37±0.82 a RT, RI, MS 

21 carvone oxide  1247 2.54±0.05c 11.15±0.31d 0.72±0.02 a 1.72±0.02b RT, RI, MS 

22 bornyl acetate  1289 0.92±0.02b - 0.42±0.01 a 1.11±0.01c RT, RI, MS 

23 Thymol 1290 t - - 2.48±0.02 RT, RI, MS 

24 piperitenone  1343 0.13±0.01 a 1.23±0.02c 0.85±0.02b 1.34±0.02c RT, RI, MS 

25 cis-carvyl acetate  1368 t 0.11±0.01 a 0.73±0.02 a 3.24±0.04b RT, RI, MS 

26 Pipertone oxide 1370 1.01±0.03 a 6.35±0.15c 1.42±0.04 a 2.11±0.03b RT, RI, MS 

27 β-bourbonene  1388 0.45±0.01b - 0.39±0.03 a - RT, RI, MS 

28 β-caryophyllene  1421 0.11±0.01 a 1.71±0.04b 2.28±0.05c 0.30±0.01a RT, RI, MS 

29 germacrene D 1489 0.44±0.01 a 1.29±0.03b 0.49±0.01 a 0.47±0.01 a RT, RI, MS 

30 caryophyllene oxide  1583 0.57±0.02 a 0.69±0.02b 1.39±0.02d 0.95±0.02c RT, RI, MS 

31 1,10 di-epi-cubenol  1616 t 0.21±0.01b 0.69±0.01c 0.11±0.01 a RT, RI, MS 

TOTAL 

 

97.88 96.71 94.68 93.56  
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 Figure  4.1.1 GC-MS chromatogram of Mentha spicataleaves essential oil isolated by 

hydrodistillation from drought stressed region plants 

 

 

 

Figure 4.1.2 GC-MS chromatogram of hydrodistilled M. spicataleaves essential volatile oil 

from hilly region plants 
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Figure  4.1.3:  GC-MS chromatogram of hydrodistilled Mentha spicataleaves essential oil 

from arid region plants 

 

Figure 4.1.4:  GC-MS chromatogram of hydrodistilled Mentha spicataleaves essential oil 

from irrigated region plants 
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Figure 4.1.5 Agro-climatic  variation in main chemical components of hydrodistilled M. 

spicata leaves essential oil 
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Table 4.1.4. Agro-climatic variations in composition of Mentha spicata leaves 

essential volatile oil isolated by SCFE method 

Sr. 

No. 

Components 

 

RI
2
 % Composition

1
 

Habitat 

Identification
3
 

Drought 

stressed 

Hilly Arid Irrigated 

 

1 

limonene  1029 1.31±0.03 a 9.59±0.29d 7.37±0.22c 6.36±0.19b RT, RI MS 

2 1, 8-cineole 1031 1.07±0.02 a 7.31±0.24d 6.67±0.18c 5.93±0.17b RT, RI MS 

3 γ-terpinene 1060 t 6.89±0.20b 4.15±0.14 a 4.85±0.07a RT, RI MS 

4 cis-sabinene hydrate  1070 0.17±0.01 a - 0.13±0.01 a 2.26±0.06b RT, RI MS 

5 linalool  1097 1.16±0.02 a 2.81±0.09b 2.78±0.07b 3.67±0.09c RT, RI MS 

6 isopulegol  1147 1.03±0.02 a 2.74±0.08b 1.39±0.04 a 3.27±0.08c RT, RI MS 

7 Menthone  1152 1.09±0.01 a 2.64±0.06b 1.17±0.03 a 22.58±0.6c RT, RI MS 

8 borneol  1169 t 1.02±0.02b 0.34±0.02 a 0.46±0.02 a RT, RI MS 

9 menthol  1172 1.49±0.02b 3.67±0.05c 6.25±0.15d 0.78±0.02 a RT, RI MS 

10 terpinen-4-ol  1177 0.68±0.01b 1.29±0.03c 1.84±0.03d 0.17±0.01 a RT, RI MS 

11 p-cymen-8-ol 1183 t - - 0.22±0.01 RT, RI MS 

12 α-terpineol  1189 1.12±0.03b 0.44±0.01 a 3.23±0.07d 2.47±0.07c RT, RI MS 

13 cis-dihydrocarvone 1190 1.03±0.02 a 1.36±0.02b 5.13±0.14c 1.43±0.04b RT, RI MS 

14 cis-dihydrocarveole  1197 0.11±0.01 a 0.14±0.01 a 0.23±0.01b 0.71±0.03c RT, RI MS 

15 trans-dihydrocarvone  1203 1.72±0.03c 1.21±0.02b 0.16±0.01 a 0.22±0.02 a RT, RI MS 

16 trans-carveol  1217 t 1.10±0.02b t 0.18±0.01 a RT, RI MS 

17 cis-carveol  1229 0.25±0.01 a 5.29±0.16b 0.21±0.01 a 0.26±0.02 a RT, RI MS 

18 Carvone 1243 52.31±1.5c 35.11±1.1b 34.58±1.0b 30.89±0.9 a RT, RI MS 

19 carvone oxide  1247 4.22±012c 1.56±0.02 a 7.87±0.21d 2.55±0.07b RT, RI MS 

20 bornyl acetate  1289 0.49±0.01 a 1.83±0.03c 1.74±0.05c 1.43±0.04b RT, RI MS 

21 Thymol 1290 t - 0.20±0.02 a 0.34±0.02b RT, RI MS 

22 piperitenone  1343 9.93±0.30c 0.53±0.01 a 1.98±0.03b 0.42±0.03 a RT, RI MS 

23 cis-carvyl acetate  1368 0.23±0.01 a 0.67±0.02c 0.35±0.02b 0.26±0.02 a RT, RI MS 

24 Pipertone oxide 1370 1.67±0.03b 1.92±0.03c 2.65±0.06d 1.13±0.03 a RT, RI MS 

25 β-bourbonene  1388 0.34±0.01 a 2.73±0.05c 2.13±0.05b t RT, RI MS 

26 β-caryophyllene  1421 0.86±0.02b 1.48±0.04c 0.16±0.01 a 0.19±0.01 a RT, RI MS 

27 α-caryophyllene 1455 3.11±0.09c 1.24±0.02b 0.23±0.02 a 0.12±0.01 a RT, RI MS 

28 germacrene D 1489 0.27±0.01 a 2.12±0.04c 1.19±0.02b t RT, RI MS 

29 γ-cadinene 1514 1.66±0.03c 0.31±0.01 a 1.22±0.03b t RT, RI MS 

30 caryophyllene oxide  1583 1.02±0.02b 1.09±0.03b t 0.15±0.01 a RT, RI MS 

31 1,10 di-epi-cubenol  1616 4.21±0.11 a 0.27±0.01 a - t RT, RI MS 

32 α-muurolol 1646 6.17±0.19c 1.02±0.02b T 0.19±0.01 a RT, RI MS 

TOTAL 

 

98.91 97.38 95.46 93.67  

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification based on retention index, 3RT = identification based on retention time, MS = identification 

based on comparison of mass spectra. 

t = traces < 0.05 

 

 

 

 



64 
 

 

 

 

Figure 4.1.6.  GC-MS chromatogram of Mentha spicataleaves essential oil isolated by 

supercritical fluid extraction (SCFE) from drought stressed region plants 

 

 

Figure 4.1.7:  GC-MS chromatogram of Mentha spicataleaves essential oil isolated by SCFE 

from hilly region plants 
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Figure 4.1.8:  GC-MS chromatogram of Mentha spicata leaves essential oil isolated by SCFE 

from an arid region. 

 

 

 

Figure 4.1.9:  GC-MS chromatogram of Mentha spicataleaves essential oil isolated by SCFE 

from irrigated region plants 
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Figure 4.1.10:Agro-climatic variation in the major chemical components of SCF extracted 

Mentha spicataleaves essential oil 
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Table 4.1.5. Agro-climatic  variationin antioxidant activity of M. spicata leaves 

essential oilsisolated byHD & SCFE 

Sr. 

No. 

Parameters
1
 Habitat  

 Drought 

stressed 

Hilly Arid Irrigated Carvone BHT 

HD
2
 

1 DPPH, IC50,   

(µg mL
-1

) 

13.2 ±0.4
b
 12.5 ±0.4

 b
 16.2 ±0.6

c
 17.1±0.7

 c
 16.7 ±1.5

 c
 9.8±0.2

 a
 

2 Inhibition of 

linoleic acid 

peroxidation (%) 

60.3 ±2.5
 b
 62.6 ±1.7

 c
 59.8 ±1.7

 b
 57.1±2.2

 b
 31.2 ±0.9

 a
 90.3±2.7

 d
 

SCFE
3
 

1 DPPH, IC50, 

(µg mL
-1

) 

12.6 ±0.4
 b
 10.3 ±0.4

 a
 14.3 ±0.6

 b
 16.3 ±1.5

 c
 16.7 ±1.5

 c
 9.8±0.2

 a
 

2 Inhibition of 

linoleic acid 

peroxidation (%) 

69.9 ±2.8
 c
 71.2 ±2.9

 c
 66.3 ±2.6

 c
 61.2 ±2.5

 b
 31.2 ±0.9

 a
 90.3±2.7

 d
 

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction  BHT: Butylated hydroxy toluene 

Table 4.1.6. Agro-climatic  variationintotal phenolic and total flavonid contents 

of essential oils ofM. spicataisolated by HD & SCFE 

Sr. 

No 

Parameters
1
 Habitat 

Drought 

stressed 

Hilly Arid Irrigated 

HD
2 

1 TPC (g GAE /100g) 32.66 ±1.29
b
 34.26 ±1.38

c
 31.79 ±0.91

a
 30.99 ±1.26

 a
 

2 TFC(g CE / 100g) 9.89 ±0.41
c
 10.12 ±0.42

d
 7.65 ±0.26

b
 4.66 ±0.20

 a
 

SCFE
3
 

1 TPC (g GAE /100g) 36.37 ±1.13
c
 38.19 ±1.55

d
 33.55 ±1.35

b
 31.21±0.96

 a
 

2 TFC(g CE / 100g) 12.45 ±0.50
c
 14.88  ±0.61

d
 10.23 ±0.35

b
 8.76 ±0.38

 a
 

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 
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Table 4.1.7Agro-climatic variation in antibacterial activity of Mentha spicata 

leaves essential oils isolated by HD & SCFE 

 

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction  4Amoxycilin: Standard drug 

 

 

 

 

 

 

 

 

 

Sr. 

No 
Habitat 

Bacterial Strains 

S. 

aureus         

B. 

subtilis         

B. 

cereus        

B.  

pumilis       

P. 

aeruginosa           

S. Poona            E .coli 

HD
2
 

Diameter of Inhibition zones (mm)
1
 

1 Drought stressed 38.0 ±1.5d 39 ±1.1d 33 ±1.0d 28 ±0.9c 29 ±1.1c 32 ±1.2d 19 ±0.8c 

2 Hilly 31.0±1.2c 26 ±0.7c 28 ±1.1c 24 ±0.6b 24 ±0.6b 27 ±1.1c 21 ±0.5d 

3 Arid 30.0 ±1.1bc 19 ±0.8 a 23 ±0.9b 22 ±0.9 a 21 ±0.5 a 22 ±0.9b 16 ±0.6b 

4 Irrigated 21.0±0.6 a 14 ±0.4 a 19 ±0.8 a 20 ±0.7 a 18 ±0.6 a 16 ±0.5 a 17 ±0.7b 

5 Carvone 24.0±0.9 a 22±0.6b 20±0.8 a 22±0.6 a 19±0.6 a 21±0.9b 14±0.5 a 

6 
4Amoxycilin 39.0±1.6d 40±1.2d 34±1.4d  31 ±1.0d 32±1.3d 33±1.2d 21±0.6d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought stressed 21.2±0.6b 10.1±0.3 a 32.4±0.9b 80.4±2.2b 24.2±0.7 a 31.6±0.8a 121.4±3.2b 

2 Hilly 65.2±2.0c 50.7±1.5b 81.2±2.3c 85.3±2.6b 78.5±2.5b 68.6±2.2b 101.7±3.1 a 

3 Arid 78.1±2.4d 123.2±3.6d 110.9±3.3c 110.3±3.3c 96.3±2.9c 98.4±3.1 b 327.9±9.7d 

4 Irrigated 100.6±3.0e 331.8±9.9e 322.1±9.6e 241.3±7.2d 328.9±9.9d 317.6±2.8d 132.3±4.1c 

5 Carvone 80.3±2.5d 95.3±2.9c 218.0±6.1d 111.2±3.1c 317.4±9.1d 107.8±3.2c 335.9±10.3d 

6 
4Amoxycilin 10.5±0.3 a 9.2±0.3 a 7.2±0.2 a 63.7±2.1 a 69.1±1.9b 18.3±0.4 a 100.6±3.2 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 

1 Drought stressed 34 ±1.4d 37 ±1.6c 31 ±1.0c 25 ±1.0c 27 ±1.13d 32 ±1.09d 24 ±0.67d 

2 Hilly 29 ±1.1c 23 ±0.9b 24 ±0.9b 23 ±0.8c 22 ±0.87c 27 ±1.11c 15 ±0.62b 

3 Arid 27 ±1.1b 21 ±0.6a 20 ±0.7 a 21 ±0.5b 19 ±0.61b 22 ±0.65b 10 ±0.41 a 

4 Irrigated 19 ±0.5 a 15 ±0.5 a 18 ±0.7 a 17 ±0.6 a 15 ±0.59 a 16 ±0.61 a 10 ±0.51 a 

5 Carvone 23±0.9 a 21±0.6a 19±0.6 a 22±0.6b 17±0.72 a 15±0.59 a 11±0.31 a 

6 
4Amoxycilin 36±1.4d 38 ±1.5d 33±1.3d 30±1.1d 29±0.88d 29±1.10d 25±0.77d 

MIC, minimum inhibitory concentration (µg mL
-1

) 

1 Drought stressed 22.3±0.7 a 17.8±0.5a 31.6±1.0 a 53.2±1.6b 52.2±1.6b 34.0±1.05 a 87.8±2.8b 

2 Hilly 49.6±1.6b 92.5±2.9b 78.1±2.5b 88.6±2.7c 101.2±3.1c 61.7±1.9b 336.3±11.0c 

3 Arid 89.4±2.8c 102.3±3.1c 203.5±6.2c 104.3±3.3d 113.5±3.6c 109.9±3.8c 349.3±10.5d 

4 Irrigated 324.1±10.2
e 

325.7±9.2d 321.9±9.9d 314.2±10.0
e 

337.1±11.2d 322.1±9.8d 357.2±11.5d 

5 Carvone 116.2±3.6d 100.5±3.3c 311.6±9.6d 93.4±3.0c 325.7±9.4d 336.1±10.3d 342.1±11.8c 

6 
4Amoxycilin 12.5±0.4 a 22.7±0.7 a 27.3±0.8 a 14.4±0.5 a 31.3±0.9 a 37.8±1.2 a 61.8±1.9 a 
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Table 4.1.8. Agro-climatic variationinantifungal activity of Mentha spicataleaves 

essential oils isolated by HD & SCFE  

 

1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE= Supercritical fluid extraction  4Fluconazole: Standard drug 

 

 

 

 

 

 

 

 

Sr. 

No. 
Habitat 

Fungal Strains 

 

A. 

flavous        

A. 

solani         

F. 

solani        

R. 

solani     

A. 

alternata    

A. 

niger      

M. 

mucedo    

HD
2
 

Diameter of Inhibition zones (mm)
1
 

1 Drought stressed 41±1.6d 38±1.4c 35±1.1d 33±0.9d 29±1.1d 37±1.4d 32±1.3d 

2 Hilly 33±0.9c 36±1.4bc 30±0.9c 30±0.8c 26±0.7c 34±1.0c 27±1.1c 

3 Arid 27±1.1b 31±0.9 a 29±0.8b 27±1.1b 22±0.6b 31±1.2c 21±0.7 a 

4 Irrigated 21±0.6 a 28 ±1.1 a 19±0.6 a 21±0.8 a 18±0.7 a 16±0.5 a 19±0.6 a 

5 Carvone 30±1.2b 28 ±0.8 a 23±0.9 a 21±0.6 a 19±0.6 a 26±1.0b 25±0.8b 

6 
3Fluconazole 42±1.5d 40±1.6c 37±1.1d 35±1.0d 31±0.9d 39±1.3d 34±1.2d 

MIC, minimum inhibitory concentration (µg mL
-1)

 

1 Drought stressed  11.1±0.3 a 14.2±0.4 a 17.3±0.5 a 16.5±0.5 a 25.7±0.8 a 12.9±0.4 a 22.5±0.7 a 

2 Hilly 14.9±0.4 a 21.4±0.7 a 23.1±0.7 a 22.8±0.7 a 76.3±2.3b 16.4±0.5 a 62.5±1.9b 

3 Arid 81.6±2.5b 42.1±1.3b 34.1±1.1b 77.3±2.2b 101.5±3.1c 90.3±2.7c 117.4±3.5d 

4 Irrigated 112.0±3.4c 67.2±2.1c 128.3±3.9d 112.8±3.4c 142.3±4.3e 321.5±9.9d 132.8±4.0e 

5 Carvone 20.5±0.6a 76.2±2.3d 116.2±3.5c 123.4±3.7c 123.4±3.7d 71.3±2.2b 81.5±2.6c 

6 
3Fluconazole 10.0±0.3 a 10.6±0.3 a 12.5±0.4 a 13.7±0.4 a 16.4±0.5 a 11.8±0.4 a 18.2±0.5 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 

1 Drought stressed 47±1.78d 41±1.6d 38±1.19c 43±1.31d 35±1.4d 40±1.5c 39±1.2d 

2 Hilly 39±1.24c 39±1.2c 31±0.95b 38±1.12c 32±1.3c 38±1.5c 30±0.9b 

3 Arid 33±1.03b 33±0.9b 40±1.61d 31±0.94 a 27±0.8b 30±1.2 a 28±0.8b 

4 Irrigated 27±0.7 a 25± 1.0 a 25±0.7 a 29±0.8 a 21±0.6 a 26±0.7 a 22±0.6 a 

5 Carvone 39±1.1c 37±1.4c 34±1.0b 37±1.3b 29±1.1b 35±1.4b 31±0.9c 

6 
4Fluconazole 48±1.9d 43±1.2d 41±1.6d 45±1.6d 37±1.4d 45±1.8d 42±1.7e 

MIC, minimum inhibitory concentration (µg mL
-1)

 

1 Drought stressed 10.4±0.3 a 12.6±0.4 a 17.2±0.6b 11.5±0.4 a 14.1±0.4 a 12.7±0.4 a 15.8±0.5 a 

2 Hilly 21.4±0.7b 14.0±0.5 a 29.8±0.9c 15.3±0.5b 20.1±0.6b 14.8±3.8 a 31.0±1.0b 

3 Arid 34.2±1.1c 35.2±1.1c 13.1±0.4 a 27.3±0.8d 72.5±2.2d 26.7±0.8b 66.3±2.0c 

4 Irrigated 72.3±2.2d 41.5±1.5d 41.8±1.3d 34.6±1.1e 119.8±3.6e 74.2±2.5c 106.3±3.2d 

5 Carvone 22.2±0.7b 19.4±0.6b 21.0±0.68b 21.5±0.7c 31.4±1.0c 17.2±0.5b 20.9±0.6a 

6 
4Fluconazole 10.1±0.3 a 10.5±2.9 a 11.0±0.37 a 10.1±0.3 a 12.4±0.4 a 10.2±0.3 a 11.6±0.4 a 
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Figure 4.1.11 Some plates of agar exhibiting zones of inhibition by tested M. 

spicataessential volatile oils from four different geographical regions (Drought 

stressed, Hilly, Arid and irrigated regions). 
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Table 4.1.9. Agro-climatic variationinhemolytic activity (%)of M. spicata leaves 

essential oils isolated by HD & SCFE 
 

Parameters
1 

Drought 

stressed 

Hilly Arid Irrigated PBS Triton 

-x-100 

HD
2
 

 52.35±1.9
 c
 47.96±1.4

 b
 61.19 ±2.5

 d
 68.71 ±2.8

 e
 1.03 ±0.1

 a
 100 

SCFE
3 

 41.29 ±1.7
 c
 37.11 ±1.5

 b
 45.62 ±1.4

 d
 48.25 ±1.9

 e
 1.03 ±0.1

 a
 100 

  
 
1 Values are mean ± standard deviation of the three different samples of M. spicata from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

 
2 HD = Hydrodistillation 
3 SCFE = Supercritical fluid extraction 
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4.2. Mentha piperita 

Table 4.2.1. Agro-climatic variation in physical properties of M. piperita leaves 

essentialoils isolatedby hydro distillation (HD) and supercritical fluid extraction 

(SCFE) 

Sr. 

No 

Parameters
1
 

Habitat Colour Odour Solubility 

(g/100g ) 

Density 

(g/cm
3
) 

25°C 

Refracti

ve index 

(25°C) 

Acid 

value 

(mg/g ) 

Ester 

value 

(mg/g ) 

HD
2 

1 Arid Pale yellow  

 

 

Minty 

 

 

Insoluble in 

water 

Soluble in 

Alcohol 

 

0.87±0.03 a 1.53±0.05c 1.44±0.04b 24.7±0.9 a 

2 Irrigated Pale yellow 0.95±0.04c 1.49±0.04b 1.46±0.04c 26.1±0.8c 

3 Hilly Brownish yellow 0.90±0.02 ab 1.45±0.04 a 1.42±0.04 a 25.3±0.7b 

4 Drought stressed Brownyellow 0.98±0.04d 1.44±0.04 a 1.49±0.04d 26.2±1.1c 

SCFE
3 

1 Arid Pale yellow  

 

 

Minty 

 

 

Insoluble in 

water 

Soluble in 

Alcohol 

 

0.92±0.03b 1.59±0.05b 1.48±0.04b 26.4±0.8 a 

2 Irrigated Pale yellow 0.96±0.04c 1.49±0.05 a 1.49±0.04c 29.1±1.2d 

3 Hilly brownish yellow 0.89±0.02 a 1.49±0.04 a 1.45±0.04 a 27.8±1.1b 

4 Drought stressed Brownyellow 0.99±0.04d 1.48±0.04 a 1.52±0.05d 28.1±0.8c 

 

1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3SCFE = Supercritical fluid extraction 

 

Table 4.2.2. Agro-climatic variations in yield of M. piperita leaves essential 

volatile oil isolated by HD and SCFE methods 

 

1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 

Sr. 

No. 
Habitat 

Parameters
1
 

HD
2
 

Yield (%) 

SCFE
3 

Yield (%) 

 

1 Arid 0.82±0.03
c
 0.65±0.02

c
 

2 Irrigated 0.64±0.03
b
 0.57±0.01

b
 

3 Hilly 0.91±0.04
d
 0.68±0.04

d
 

4 Drought stressed 0.55±0.02
 a
 0.54±0.03

 a
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Table 4.2.3. Agro-climatic variations in chemical composition of Mentha piperita 

leaves essential volatile oil isolated by hydro distillation (HD). 

Sr. 

No 

Components 

 
RI

2
 

% Composition
1
 

Habitat 
Identification

3
 

Drought 

stressed 

Hilly Arid Irrigated 

1 α-pinene  939 1.38±0.04 a 8.56±0.26c 8.32±0.24c 1.82±0.03b RT, RI, MS 

2 camphene  954 5.11±0.15d 4.77±0.12c 3.79±0.11b 2.11±0.06 a RT, RI, MS 

3 β-pinene  979 2.28±0.06 a 4.34±0.13c 4.07±0.12b 4.27±0.08c RT, RI, MS 

4 β-myrecene  991 0.10±0.01 a 2.28±0.07b 3.81±0.15c 3.89±0.07c RT, RI, MS 

5 4-carene  1022 1.01±0.03 a 1.22±0.05b 1.98±0.05c 2.83±0.05d RT, RI, MS 

6 p-cymene  1025 0.83±0.02b 2.10±0.06c 0.26±0.02 a t RT, RI, MS 

7 limonene  1029 10.65±0.31c 7.35±0.22b 0.75±0.03a 0.29±0.01 a RT, RI, MS 

8 1,8-cineol  1031 1.34±0.03c 1.55±0.04d 0.81±0.03 a 1.28±0.03b RT, RI, MS 

9 linalool  1097 2.65±0.07c 1.27±0.03b 6.88±0.23d 0.71±0.02 a RT, RI, MS 

10 isopulegol  1147 0.87±0.02c 0.46±0.02b 1.13±0.03d 0.25±0.01 a RT, RI, MS 

11 Menthone  1152 33.21±0.96c 31.93±0.95b 30.97±0.94b 27.67±0.85 a RT, RI, MS 

12 isomenthone  1162 1.41±0.03b 0.83±0.03 a 4.44±0.15c 1.19±0.04b RT, RI, MS 

13 menthol  1172 1.53±0.04b 2.23±0.06c 0.46±0.03 a 9.84±0.30d RT, RI, MS 

14 terpinene-4-ol  1177 1.27±0.03b 1.69±0.04d 0.29±0.02 a 1.47±0.04c RT, RI, MS 

15 neoisomenthol  1187 3.11±0.09c 3.08±0.05c 0.30±0.01 a 0.79±0.03b RT, RI, MS 

16 α-terpineol  1189 2.05±0.06d 0.96±0.02c 0.47±0.02b 0.11±0.01 a RT, RI, MS 

17 γ-terpineol  1199 1.16±0.04b 1.02±0.03b 3.83±0.15c 0.66±0.02 a RT, RI, MS 

18 cis-carveol  1229 11.45±0.32c 0.84±0.02b 0.75±0.03b 0.42±0.02 a RT, RI, MS 

19 pulegone  1237 0.78±0.02 a 0.91±0.02b 0.91±0.04b 1.69±0.05c RT, RI, MS 

20 Carvone 1243 2.13±0.06 a 7.27±0.22c 5.02±0.15b 16.01±0.50d RT, RI, MS 

21 Isopulegyl acetate  1263 0.21±0.01 a 0.12±0.01 a 2.46±0.07c 1.38±0.04b RT, RI, MS 

22 Menthyl acetate 1301 1.91±0.04d 1.67±0.03c 0.39±0.02 a 1.27±0.03b RT, RI, MS 

23 piperitenone  1343 1.12±0.03c 0.59±0.02 a 0.87±0.03b 1.18±0.03c RT, RI, MS 

24 α-ylangene  1372 0.12±0.01 a 0.76±0.03c 0.34±0.01b 2.07±0.07d RT, RI, MS 

25 α-copaene  1377 0.14±0.01 a 0.28±0.01b 0.69±0.02c 1.08±0.04d RT, RI, MS 

26 β-bourbonene  1388 0.86±0.02c 0.17±0.01 a 0.73±0.03b 0.18±0.01 a RT, RI, MS 

27 β-elemene  1391 0.13±0.01 a 0.77±0.02b 4.47±0.13c t RT, RI, MS 

28 cis-jasmone  1393 1.38±0.04c 0.44±0.02b 0.42±0.02b 0.10±0.01 a RT, RI, MS 

29 longifolene  1409 - 0.15±0.01 t t RT, RI, MS 

30 β-caryophyllene  1421 0.94±0.03c 1.47±0.03d 0.48±0.03b 0.27±0.02 a RT, RI, MS 

31 β-cubebene  1423 0.09±0.01 a 0.18±0.01b - - RT, RI, MS 

32 thujopsene  1426 t 1.34±0.03 t - RT, RI, MS 

33 aromadendrene  1441 0.10±0.01 a 0.36±0.02d 0.25±0.02c  0.17± 0.01b          RT, RI, MS 

34 α-caryophyllene  1455 t 0.28±0.01 - - RT, RI, MS 

35 γ-muurolene  1480 0.10±0.01 a 0.20±0.01b 0.57±0.03c - RT, RI, MS 

36 germacrene D  1485 0.11±0.02 a 0.94±0.03c 0.94±0.03c 0.91±0.02b RT, RI, MS 

37 ledene  1498 t - 0.15±0.01 - RT, RI, MS 

38 α-muurolene  1500 t T 0.12±0.01 - RT, RI, MS 

39 cuparene  1505 0.20±0.02 a - t 0.44±0.02b RT, RI, MS 

40 amorphene  1441 0.12±0.01 a 0.11±0.01 a 0.31±0.02c 0.27±0.01b RT, RI, MS 

41 δ-cadinene  1523 1.29±0.04c T 0.28±0.01 a 0.71±0.03b RT, RI, MS 

42 α-cadinene  1539 t 0.38±0.02 a 0.69±0.03b 2.14±0.06c RT, RI, MS 

43 α-calacorene  1546 0.10±0.01 a T 0.11±0.01 a 0.23±0.02b RT, RI, MS 

44 elemol  1550 0.17±0.02b 0.24±0.02c - 0.12±0.01 a RT, RI, MS 

45 spathulenol  1578 0.13±0.02b 0.15±0.03b 0.10±0.01 a 0.80±0.02c RT, RI, MS 

46 caryophyllene oxide  1583 0.12±0.01 a 0.12±0.02 a 0.49±0.02b 1.22±0.04c RT, RI, MS 

47 α-cedrol  1596 2.14±0.06b 0.13±0.01 a 0.11±0.01 a - RT, RI, MS 

48 β-eudesmol 1651 0.27±0.02 a 0.28±0.02 a 0.36±0.02b 0.36±0.02b RT, RI, MS 

TOTAL 96.01 95.75 94.62 92.20  
1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification based on retention index, 3RT = identification based on retention time, MS = identification 

based on comparison of mass spectra. t = traces < 0.05 
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Figure 4.2.1 GC-MS chromatogram of M. piperita leaves essential volatile oil by 

hydrodistillation from drought stressed region plants 

 

 

Figure 4.2.2. GC-MS chromatogram of hydrodistilledM. piperita leaves essential volatile oil 

from Hilly region plants 
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Figure 4.2.3. GC-MS chromatogram of hydrodistilled M. piperita leaves essential volatile oil 

from Arid region plants. 

 

 

 

 

 

Figure 4.2.4 GC-MS chromatogram of hydrodistilled M. piperita leaves essential volatile oil 

from Irrigated region plants. 
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Figure 4.2.5 Agro-climatic variation in main chemical components of hydrodistilled M. 

piperita leaves essential volatile oil 
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Table 4.2.4. Agro-climatic variations in chemical composition of Mentha piperita 

leaves essential volatile oil isolated by SCF-extraction. 

Sr. 

No 

Components 

 

RI
2
 % Composition

1
 

 

Identification
3
 

Drought 

stressed 

Hilly Arid Irrigated 

1 α-pinene  939 3.89±0.14b 8.18±0.37c 1.57±0.05 a 3.79±0.11b RT, RI, MS 

2 camphene  954 4.78±0.20b 6.11±0.23c 2.81±0.08 a 2.11±0.06 a RT, RI, MS 

3 β-pinene  979 2.63±0.11c 2.17±0.15b 2.27±0.07b 1.28±0.04 a RT, RI, MS 

4 β-myrecene  991 2.06±0.14b 7.66±0.26d 1.36±0.04 a 3.61±0.12c RT, RI, MS 

5 4-carene  1022 1.23±0.04 a 4.24±0.14c 2.14±0.06b 1.29±0.04 a RT, RI, MS 

6 p-cymene  1025 0.67±0.02 a 1.12±0.03b 4.81±0.13d 2.88±0.09c RT, RI, MS 

7 limonene  1029 1.02±0.03 a 2.06±0.12c 1.61±0.05b 3.62±0.10d RT, RI, MS 

8 1,8-cineol  1031 0.73±0.02 a 1.01±0.03b 1.22±0.04c 1.34±0.04d RT, RI, MS 

9 linalool  1097 0.51±0.02 a 1.86±0.12b 2.28±0.07c 2.85±0.09d RT, RI, MS 

10 isopulegol  1147 0.24±0.01 a 0.71±0.02 a 2.36±0.07b 3.50±0.10c RT, RI, MS 

11 Menthone  1152 43.91±1.3c 32.79±0.9 a 33.69±1.01b 31.52±0.11 a RT, RI, MS 

12 isomenthone  1162 1.69±0.10c 1.33±0.04b 1.72±0.05d 0.31±0.01 a RT, RI, MS 

13 menthol  1172 3.77±0.11c 2.47±0.11b 7.89±0.23d 1.36±0.04 a RT, RI, MS 

14 terpinene-4-ol  1177 2.25±0.12d 1.94±0.13c 0.70±0.02 a 1.14±0.03b RT, RI, MS 

15 neoisomenthol  1187 2.54±0.14c 1.88±0.12b 0.61±0.02 a 2.94±0.01c RT, RI, MS 

16 α-terpineol  1189 2.86±0.15c 0.10±0.01 a 1.31±0.04b 1.44±0.04b RT, RI, MS 

17 γ-terpineol  1199 0.41±0.01 a 1.55±0.04b 1.12±0.03b 5.77±0.21c RT, RI, MS 

18 cis-carveol  1229 1.12±0.03 a 1.62±0.05b 2.28±0.07c 1.65±0.05b RT, RI, MS 

19 pulegone  1237 2.15±0.12b 1.71±0.05 a 2.04±0.06b 1.71±0.05 a RT, RI, MS 

20 Carvone 1243 3.78±0.18b 3.88±0.18b 5.19±0.15c 2.17±0.07 a RT, RI, MS 

21 isopulegyl acetate  1263 2.95±0.13c 1.10±0.03 a 2.21±0.07b 1.13±0.03 a RT, RI, MS 

22 menthyl acetate 1301 0.57±0.02 a 1.56±0.05d 1.04±0.03b 1.22±0.04c RT, RI, MS 

23 piperitenone  1343 2.21±0.11c 1.88±0.06b 1.18±0.04 a 1.91±0.06b RT, RI, MS 

24 α-ylangene  1372 1.32±0.04 a 1.52±0.05b 1.63±0.05b 2.33±0.07c RT, RI, MS 

25 α-copaene  1377 0.24±0.01 a 1.82±0.05d 1.39±0.04c 0.48±0.02b RT, RI, MS 

26 β-bourbonene  1388 0.29±0.01 a 1.25±0.03b 2.25±0.07c 1.24±0.04b RT, RI, MS 

27 β-elemene  1391 1.38±0.04b t t 1.18±0.03 a RT, RI, MS 

28 cis-jasmone  1393 0.12±0.01 a t 0.18±0.01b 0.23±0.01c RT, RI, MS 

29 longifolene  1409 0.51±0.02c 0.09±0.01 a 0.26±0.01b 0.86±0.03d RT, RI, MS 

30 β-caryophyllene  1421 1.02±0.03b 1.05±0.03b 0.51±0.02 a 2.10±0.07c RT, RI, MS 

31 β-cubebene  1423 0.28±0.01b 0.16±0.01 a 0.75±0.03d 0.44±0.02c RT, RI, MS 

32 thujopsene  1426 - t 0.81±0.02 - RT, RI, MS 

33 aromadendrene  1441 0.40±0.01b - 0.41±0.01b 0.20±0.01 a RT, RI, MS 

34 α-caryophyllene  1455 0.11±0.01 a 0.13±0.01 a t 0.24±0.02b RT, RI, MS 

35 γ-muurolene  1480 0.93±0.20 - t - RT, RI, MS 

36 germacrene D  1485 1.03±0.03c 0.54±0.02b 0.39±0.01 a 1.13±0.03d RT, RI, MS 

37 ledene  1498 0.35±0.01 t - - RT, RI, MS 

38 α-muurolene  1500 0.24±0.01 a 0.88±0.03c 0.81±0.02b 0.22±0.02 a RT, RI, MS 

39 cuparene  1505 - 0.10±0.01 a - 0.20±0.01b RT, RI, MS 

40 amorphene  1441 0.15±0.01 a 0.52±0.02b t - RT, RI, MS 

41 δ-cadinene  1523 0.82±0.02c 0.34±0.01 a 1.50±0.05d 0.62±0.02b RT, RI, MS 

42 α-cadinene  1539 0.32±0.01b 0.21±0.01 a 0.53±0.02c - RT, RI, MS 

43 α-calacorene  1546 0.27±0.01 - - - RT, RI, MS 

44 elemol  1550 0.12±0.01 a 0.14±0.01b 0.13±0.01 a 0.31±0.02c RT, RI, MS 

45 spathulenol  1578 t 0.11±0.01 - T RT, RI, MS 

46 caryophyllene 

oxide  

1583 0.11±0.01 a 0.68±0.02d 0.62±0.02c 0.24±0.02b RT, RI, MS 

47 α-cedrol  1596 0.08±0.01 a t 0.34±0.01b 0.10±0.01 a RT, RI, MS 

48 β-eudesmol 1651 t 0.18±0.01b 0.21±0.01c 0.14±0.01 a RT, RI, MS 

TOTAL 98.13 97.52 95.66 92.80 RT, RI, MS 
1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.2RI = Identification based on retention index, 3RT = 

identification based on retention time, MS = identification based on comparison of mass spectra. t = traces < 

0.05 
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Figure 4.2.6. GC-MS chromatogram of M.piperita leaves essential volatile oil isolated by 

supercritical fluid extraction (SCFE) from drought stressed region plants 

 

 

Figure 4.2.7. GC-MS chromatogram of M.piperita leaves essential volatile oil isolated by 

SCFE from hilly region plants 
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Figure 4.2.8. GC-MS chromatogram of M.piperita leaves essential volatile oil isolated by 

SCFE from  arid region plants 

 

 

 

 

Figure 4.2.9. GC-MS chromatogram of M.piperita leaves essential volatile oil isolated by 

SCFE from Irrigated region plants 
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Graph 4.2.10 Agro-climatic variations in basic chemical constituents of SCF extracted 

M. piperita leaves essential volatile oil 
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Table 4.2.5: Agro-climatic variations in antioxidant potential of M. piperita leaves 

essential volatile oils isolated by HD & SCFE  

Sr. 

No 

Parameters
1
 Habitat   

Drought 

stressed 

Hilly Arid Irrigated Menthone BHT 

 

HD
2
 

1 

 
DPPH, IC50, 

(µg mL
-1

) 

15.2±0.4
b
 11.3±0.3

 a
 16.7±0.5

b
 17.1±0.6

c
 32.3±0.9

d
 9.8±0.2

 a
 

2 Inhibition of 

linoleic acid 

peroxidation (%) 

64.2±1.9
b
 65.7±2.0

c
 58.4±1.7

b
 55.3±1.6

b
 40.5±1.2

 a
 90.3±2.7

d
 

 

SCFE
3
 

1 

 

DPPH, IC50, 

(µg mL
-1

) 

12.8±0.4
 a
 10.5±0.3

 a
 15.1±0.5

b
 18.9±0.5

c
 32.3±1.0

d
 9.8±0.2

 a
 

2 Inhibition of 

linoleic acid 

peroxidation (%) 

64.8±1.9
b
 69.7±2.1

c
 61.4±1.8

b
 58.3±1.7

b
 40.5±1.2

 a
 90.3±2.7

d
 

 

1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction  BHT: Butylated hydroxy toluene 

 

Table 4.2.6. Agro-climatic variation in total phenolic and total flavonid contents 

of essential oils of M. piperita isolated by HD & SCFE 

Sr. 

No. 

Parameters
1
 

 

Habitat 

Drought stressed Hilly Arid Irrigated 

HD
2
 

1 TPC (g GAE /100g) 35.62±1.0
c
 37.21±1.11

d
 33.76±1.0

b
 29.11±0.8

 a
 

2 TFC (g CE / 100g) 10.37±0.3
c
 12.54±0.3

d
 9.85±0.2

b
 5.67±0.1

 a
 

SCFE
3
 

1 TPC (g GAE /100g) 39.43±1.2
b
 41.98±1.3

c
 37.15±1.1

a
 36.83±1.1

 a
 

2 TFC (g CE / 100g) 13.67±0.5
c
 15.28±0.6

d
 12.34±0.3

b
 11.01±0.4

a
 

 

1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 
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Table 4.2.7. Agro-climatic variation in antibacterial activity of M. piperita leaves 

essential oils isolated by HD & SCFE 

Sr. 

No 
Habitat 

Bacterial Strains 
 

S. aureus         B. 

subtilis         

B. 

cereus        

B.  

pumilis       

P. 

aerugino

sa           

S. 

Poona            

E . coli 

HD
2
 

Diameter of Inhibition zones (mm) 
1 Drought stressed 51±1.5d 39±1.1d 34±1.0d 30±0.9bc 35±1.0d 37±1.1c 23±0.6c 

2 Hilly 39±1.2b 34±1.0b 30±0.8c 29±0.7c 32±0.6c 31±0.5 a 28±0.8d 

3 Arid 30±0.9a 31±0.9 a 25±0.7b 23±0.6b 27±0.7b 36±1.2b 24±0.7c 

4 Irrigated 23±0.5 a 29±0.7 a 19±0.5 a 18±0.4 a 20±0.6 a 28±0.8 a 14±0.4 a 

5 Carvone 48±1.4c 36±1.0c 31±0.9c 29±0.7c 32±0.6c 36±1.0b 21±0.6b 

6 
4Amoxycilin 54±1.6d 41 ±1.2d 36±1.1d 34±1.0d 38±1.1d 39±1.2d 29±0.7d 

MIC, minimum inhibitory concentration (µg mL
-1

) 

1 Drought stressed 10.7±0.3 a 16.3±0.5 a 27.3±0.8 a 37.3±1.1b 17.5±0.5 a 25.1±0.8b 61.3±1.8b 

2 Hilly 19.48±0.6a 27.3±0.8b 59.4±1.8b 42.7±1.3c 23.1±0.7b 39.8±1.2d 41.5±1.2 a 

3 Arid 62.8±1.9b 34.8±1.0c 81.4±2.5c 134,6±4.0d 49.2±1.5c 34.7±1.0c 56.2±1.7ba 

4 Irrigated 126.7±3.8c 41.6±1.3d 313.2±9.5d 328.2±9.9e 301.4±9.1d 41.2±1.2d 337.9±10.2d 

5 Carvone 14.2±0.4 a 19.7±0.6 a 42.9±1.3b 41.3±1.2c 22.7±0.7b 33.9±1.0c 274.2±8.2c 

6 
4Amoxycilin 10.2±0.3 a 12.3±0.4 a 17.2±0.5 a 22.1±0.6 a 13.1±0.4 a 14.9±0.4 a 41.8±1.3 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 
1 Drought stressed 44±1.3d 37±1.1d 32±0.9c 29±0.8c 33±0.9d 35±1.0d 26±0.7d 

2 Hilly 35±1.1b 32±1.0b 31±0.9b 27±0.8c 31±0.9c 28±0.8b 23±0.7c 

3 Arid 28±0.8b 30±0.9b 28±0.7b 22±0.6b 21±0.6b 33±0.9c 19±0.5b 

4 Irrigated 18±0.5 a 23±0.6 a 17±0.5 a 14±0.4 a 18±0.5 a 22±0.6 a 11±0.3 a 

5 Carvone 41±1.2c 35±1.0c 31±0.9b 25±0.7b 31±0.9c 33±0.9c 24±0.7c 

6 
4Amoxycilin 47±1.4d 39±1.1d 37±1.1d 32±0.9d 32±1.0d 37±1.1d 28±0.8d 

MIC, minimum inhibitory concentration (µg mL
-1

) 
1 Drought stressed 13.0±0.3 a 14.1±0.4 a 23.7±0.7 a 41.0±1.2b 13.5±0.4 a 18.3±0.5 a 66.2±2.0b 

2 Hilly 26.3±0.8 a 24.8±0.7b 27.4±0.8 a 63.2±1.9c 22.4±0.7 a 55.8±1.7c 147.2±4.4c 

3 Arid 56.2±1.7b 30.1±0.9b 71.3±2.2b 142.4±4.2d 227.3±6.8b 31.5±1.0b 307.2±9.2d 

4 Irrigated 321.4±9.6c 61.5±1.8c 293.7±8.8c 338.1±10.1e 311.4±9.3c 121.3±3.6d 351.4±10.6d 

5 Carvone 21.3±0.6 a 18.2±0.5 a 27.1±0.8 a 81.6±1.5c 22.6±0.7 a 31.1±0.9b 76.3±2.3b 

6 
4Amoxycilin 10.5±0.3 a 12.4±0.4 a 15.7±0.5 a 19.2±0.6 a 16.3±0.5 a 14.7±0.4 a 29.2±0.9 a 

 

1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SCFE = Supercritical fluid extraction 

4Amoxycilin: Standard drug 
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Table 4.2.8. Agro-climatic variation in antifungal activity of M. piperita leaves 

essential oils isolated by HD & SCFE  

 

1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SCFE = Supercritical fluid extraction 

4Fluconazole: Standard drug 

 

 

 

 

 

 

Sr. 

No. 
Habitat 

Fungal Strains 

 

A. 

flavous 

A. 

solani 

F. solani R. solani A. 

alternata 

A. niger M. 

mucedo 

HD
2
 

Diameter of Inhibition zones (mm) 
1 Drought stressed 44±1.7d 45±1.3d 48±1.9d 42±1.6d 40±1.5d 38±1.2d 33±0.9d 

2 Hilly 42±1.5c 41±1.4c 40±1.5c 37±1.1c 35±1.2c 25±0.7b 28±0.8bc 

3 Arid 39±1.1b 38±1.2b 33±1.0b 32±0.9b 27±0.7b 21±0.6 a 22±0.7ab 

4 Irrigated 25±1.0 a 22±0.8 a 19±0.7 a 22±0.8 a 21±0.6 a 16±0.5 a 13±0.5 a 

5 Carvone 42±1.5c 40±1.4c 43±1.6bc 39±1.1c 37±1.2c 33±1.0c 29±0.9d 

6 
4Fluconazole 46±1.4d 48±1.9d 51±2.0d 47±1.8d 42±1.5d 39±1.1d 32±1.4d 

MIC, minimum inhibitory concentration (µg mL
-1

) 

1 Drought stressed 13.2±0.4 a 12.4±0.4 a 16.3±0.5 a 15.3±0.4 a 14.0±0.4 a 24.1±0.7 a 27.5±0.8 a 

2 Hilly 17.1±0.5 a 19.3±0.6 a 32.5±1.0 a 26.3±0.8 a 22.9±0.7 a 78.3±2.3b 42.7±1.3b 

3 Arid 41.3±1.2b 33.6±1.0b 45.3±1.4b 30.7±0.9b 55.8±1.7b 123.6±3.7c 121.9±3.6c 

4 Irrigated 62.3±1.9c 121.3±3.6c 301.1±9.0c 116.3±3.5c 124.2±3.7c 321.9±9.7d 342.7±10.3d 

5 Carvone 17.0±0.5 a 26.3±0.8 a 22.1±0.6 a 18.8±0.6 a 17.0±0.5 a 41.0±1.2 a 33.4±1.0 a 

6 
4Fluconazole 12.1±0.4 a 11.0±0.3 a 10.0±0.3 a 11.3±0.4 a 13.8±0.4 a 20.1±0.6 a 22.5±0.7 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 
1 Drought stressed 46±1.6d 48±1.8d 49±1.9d 47±1.8d 41±1.5c 40±1.4c 37±1.2c 

2 Hilly 41±1.4b 40±1.3b 41±1.4c 36±1.3b 38±1.2b 34±1.3b 32±1.1b 

3 Arid 44±1.3c 39±1.2 a 38±1.2b 33±1.1b 29±0.9 a 31±1.0 a 30±0.9ab 

4 Irrigated 32±1.2 a 35±0.9 a 28±0.6 a 25±1.0 a 24±0.5 a 27±0.6 a 26±0.6 a 

5 Carvone 43±1.3c 45±1.4c 44±1.3c 46±1.4c 38±1.2b 37±1.1c 31±0.9b 

6 
4Fluconazole 49±1.5d 52±1.6d 51±1.5d 49±1.4d 48±1.5d 44±1.3d 38±1.2c 

MIC, minimum inhibitory concentration (µg mL
-1

) 

1 Drought stressed 23.1±0.7 a 14.3±0.4 a 13.1±0.4 a 18.4±0.7 a 26.3±1.1b 18.5±0.7 a 18.5±0.5 a 

2 Hilly 49.0±1.5d 28.1±0.8c 39.3±1.3c 36.2±1.4c 41.2±1.5c 28.4±0.9b 24.3±1.0 a 

3 Arid 39.4±1.2b 31.5±0.9c 45.2±1.7d 40.2±1.3c 72.3±2.9d 39.3±1.6c 38.3±1.5c 

4 Irrigated 53.2±1.6d 44.3±1.3d 62.7±2.6e 88.4±3.4d 84.3±2.4e  71.3±2.9d 81.4±3.2d 

5 Carvone 46.5±1.4c 23.1±0.7b 27.3±1.1b 25.3±1.4b 41.1±1.6c 20.5±0.8 a 29.7±0.9b 

6 
4Fluconazole 15.3±0.5 a 10.1±0.3 a 10.7±0.4 a 14.3±0.4 a 15.3±0.6 a 17.0±0.5 a 19.6±0.8 a 
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Figure 4.2.11. Some plates of agar exhibiting zones of inhibition by tested M. piperita 

essential volatile oils from four different geographical regions (Drought stressed, 

Hilly, Arid and irrigated regions). 
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Table 4.2.9. Agro-climatic variation in hemolytic activity(%) of M. piperita leaves 

essential oils isolated by HD & SCFE 
 

Parameters
1 

Drought stressed Hilly Arid Irrigated PBS Triton-

x-100 

HD
2
 

 58.44±1.7c 52.19±1.5b 69.32±2.0d 71.61±2.1d 1.03±0.03 a 100 

SFCE
3
 

 47.21±1.4c 43.10±1.2b 50.81±1.5c 54.27±1.6d 1.03±0.03 a 100 

  
1 Values are mean ± standard deviation of the three different samples of M. piperita from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 
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4.3. Genus Ocimum (Ocimum basilicum) 

Table 4.3.1. Agro-climatic variation in physical properties of O. basilicum leaves 

essential volatile oils isolated by hydro distillation (HD) and supercritical fluid 

extraction (SCFE). 

Sr. 

No 
Parameters

1
 

Habitat Colour Odour Solubility 

(g/100g ) 

Density 

(g/cm
3
) (25°C) 

Refractive 

index 

(25°C) 

Acid 

value 

(mg/g ) 

Ester 

value 

(mg/g ) 

HD
2
 

1 Arid Brownish 

yellow 

 

 

 

Basil 

 

 

 

 

Insoluble in 

water 

Soluble in 

Alcohol 

0.96±0.03b 1.48±0.04a 1.74±0.06b 29.3±0.87 a 

2 Irrigated Brown 

yellow 

0.97±0.02a 1.43±0.04a 1.72±0.05 a 28.4±0.85 a 

3 Hilly Light pale 

yellow 

0.95±0.027a 1.49±0.06b 1.80±0.05a 31.1±0.92b 

4 Drought 

stressed 

Reddish 

yellow 

0.98±0.030b 1.41±0.04a 1.94±0.06b 35.2±1.1c 

SCFE
3 

1 Arid Brownish 

yellow 

  

 

 

 Basil 

 

 

 

Insoluble in 

water 

Soluble in 

Alcohol 

0.97±0.02 a 1.49±0.05b 1.80±0.05 a 30.1±0.89 a 

2 Irrigated Brown 

yellow 

0.98±0.03b 1.40±0.04 a 1.81±0.05 a 29.4±0.86 a 

3 Hilly Light pale 

yellow 

0.96±0.02 a 1.48±0.04a 1.87±0.06b 32.1±0.94b 

4 Drought 

stressed 

Reddish 

yellow 

0.99±0.03b 1.43±0.04a 1.98±0.06b   35.6±1.1c 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 

Table 4.3.2. Agro-climatic variation in the yield of Ocimum basilicum leaves 

essential volatile oil isolated by the hydro distillation (HD) and SCF-extraction 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 

Sr. 

No. 
Habitat 

Parameters
1
 

HD
2 

Yield (%) 

SCFE
3 

Yield (%) 
1 Arid 0.78±0.02b 0.69±0.02a 

2 Irrigated 0.49±0.01 a 0.67±0.02a 

3 Hilly 0.87±0.03c 0.71±0.03b 

4 Drought stressed 0.39±0.01 a 0.62±0.02 a 
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Table 4.3.3. Agro-climatic variations in composition of Ocimum basilicum leaves 

essential volatile oil isolated by hydro distillation (HD). 

 

Sr. 

No. 

Components 

 
RI

2
 

                        % Composition
1
 

Habitat 
Identification

3
 

Drought 

stressed 

Hilly Arid Irrigated 

1 limonene  1031 2.34±0.07a 2.86±0.09c 2.52±0.08b 2.21±0.07 a RT, RI, MS 

2 1, 8-cineol  1034 3.10±0.10 a 5.44±0.21b 3.49±0.10 a 5.43±0.16b RT, RI, MS 

3 cis- β-ocimene 1041 2.81±0.08 a 3.10±0.09b 3.11±0.09b 5.24±0.15c RT, RI, MS 

4 fenchone  1088 2.73±0.08b 4.93±0.14c 1.77±0.05 a 2.83±0.08b RT, RI, MS 

5 linalool oxide   1090 1.01±0.03 a 5.86±0.19c 2.62±0.08b 2.99±0.09b RT, RI, MS 

6 linalool  1099 38.47±1.15d 34.16±1.10c 31.81±0.95b 29.91±0.89 a RT, RI, MS 

7 camphor  1150 3.64±0.10c 1.43±0.04 a 2.21±0.07b 2.15±0.06b RT, RI, MS 

8 α-terpineol  1191 4.59±0.13c 3.28±0.09b 1.91±0.06 a 3.21±0.09b RT, RI, MS 

9 cis-geraniol 1255 5.70±0.17c 3.18±0.09b 2.87±0.09 a 3.05±0.09b RT, RI, MS 

10 linalyl acetate  1257 1.51±0.05 a 2.17±0.07 a 3.25±0.12 a 3.62±0.10 a RT, RI, MS 

11 bornyl acetate 1292 3.91±0.11d 2.31±0.07b 2.97±0.09c 2.16±0.06 a RT, RI, MS 

12 α-copaene  1379 0.23±0.01 a 2.44±0.07b 2.31±0.07b 3.28±0.09c RT, RI, MS 

13 β-cubebene  1389 2.13±0.06b 0.88±0.03 a 4.58±0.14c 0.57±0.02 a RT, RI, MS 

14 β-caryophyllene  1421 2.39±0.07c 1.76±0.05b 1.61±0.05 a 2.41±0.07c            RT, RI, MS 

15 α-bergamotene  1439 2.14±0.06 a 2.24±0.07b 3.42±0.10d 2.32±0.07c RT, RI, MS 

16 α-humulene  1457 1.27±0.04c 2.82±0.08d 2.18±0.07b 2.11±0.06 a RT, RI, MS 

17 γ-muurolene  1483 1.77±0.05 a 2.73±0.08b 2.79±0.08b 3.31±0.09c RT, RI, MS 

18 germacrene D  1489 0.29±0.01 a 2.62±0.08d 1.15±0.03b 2.09±0.06c RT, RI, MS 

19 β-selinene  1491 0.36±0.01 a 0.31±0.10 a 2.21±0.06c 1.74±0.05b RT, RI, MS 

20 bicyclogermacrene  1503 t 2.15±0.06b 2.30±0.07c 1.92±0.06 a RT, RI, MS 

21 γ- cadinene  1515 5.38±0.21c 0.24±0.10 a 1.18±0.04b 0.86±0.03a RT, RI, MS 

22 (-) calamenene  1519 2.12±0.06b 0.37±0.02 a 2.75±0.08c 0.43±0.01 a RT, RI, MS 

23 spathulenol  1580 2.27±0.07d 0.33±0.01 a 1.55±0.05c 1.32±0.04b RT, RI, MS 

24 caryophyllene oxide  1584 2.28±0.07c 0.69±0.02 a 1.16±0.03b 2.29±0.07c RT, RI, MS 

25 viridiflorol  1595 2.19±0.07c 2.77±0.08d 1.89±0.06b 1.09±0.03 a RT, RI, MS 

26 cadinol, epi-α   1645 1.15±0.03 a 1.63±0.05b 2.52±0.08d 2.36±0.07c RT, RI, MS 

27 β-eudesmol  1656 0.90±0.02b 1.11±0.03c 1.45±0.04d 0.31±0.02 a RT, RI, MS 

28 α-cadinol   1658 0.25±0.01b 0.71±0.02d 0.31±0.01c 0.20±0.01 a RT, RI, MS 

29 α-bisabolol  1689 0.36±0.01b 0.92±0.03d 0.27±0.01 a 0.44±0.02c RT, RI, MS 

TOTAL 

 

97.35 95.44 94.16 91.85  

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification based on retention index, 3RT = identification based on retention time, MS = identification 

based on comparison of mass spectra.t = traces < 0.05 
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Figure 4.3.1. GC-MS chromatogram of hydrodistilled O. basilicum leaves essential 

volatile oil from Drought Stressed area plants 

 

 

 

Figure 4.3.2.GC-MS chromatogram of hydrodistilled O. basilicum leaves essential 

volatile oil from Hilly area plants 
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Figure  4.3.3.GC-MS chromatogram of hydrodistilled O. basilicum leaves essential 

volatile oils from Arid area plants 

 

 

 

 

 

Figure 4.3.4.GC-MS chromatogram of hydrodistilled O. basilicum leaves essential 

volatile oil from Irrigated area plants 
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Figure 4.3.5 Agro-climaticin main chemical components of hydrodistilled Ocimum 

basilicum leaves essential oil 
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Table 4.3.4. Agro-climatic variations in chemical composition of Ocimum basilicum 

leaves essential volatile oil isolated by supercritical fluid extraction (SCFE) 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification based on retention index, 

 3RT = identification based on retention time, MS = identification based on comparison of mass spectra 

t = traces < 0.05 

 

Sr. 

No. 

Components 

 
RI

2
 

                        % Composition
1
 

Habitat Identification
3 

Drought 

stressed 

Hilly Arid Irrigated 

1 limonene  1031 1.09±0.03 a 3.31±0.09d 2.24±0.07b 2.61±0.08c RT, RI, MS 

2 1, 8-cineol  1034 1.42±0.04 a 5.28±0.18d 1.84±0.05b 2.67±0.07c RT, RI, MS 

3 cis- β-ocimene 1041 3.51±0.11d 1.44±0.04 a 1.78±0.04b 2.27±0.06c RT, RI, MS 

4 fenchone  1088 0.81±0.03b 0.58±0.02 a - 2.31±0.05c RT, RI, MS 

5 linalool oxide   1090 2.12±0.07b 2.11±0.06b 1.38±0.04 a 2.11±0.04b RT, RI, MS 

6 linalool  1099 54.17±1.62c 36.04±1.08b 33.17±0.10 a 31.45±0.94 a RT, RI, MS 

7 camphor  1150 2.89±0.08c 2.14±0.06 a 2.62±0.08b 2.91±0.08c RT, RI, MS 

8 α-terpineol  1191 2.88±0.08c 2.81±0.08b 1.31±0.04 a 2.88±0.08c RT, RI, MS 

9 cis-geraniol 1255 2.90±0.09b 2.91±0.09b 2.17±0.05 a 3.02±0.10c RT, RI, MS 

10 linalyl acetate  1257 2.25±0.05b 3.41±0.10d 2.41±0.07c 1.04±0.03 a RT, RI, MS 

11 bornyl acetate 1292 2.99±0.10d 2.83±0.08c 2.29±0.06b 2.01±0.05 a RT, RI, MS 

12 α-copaene  1379 2.46±0.06b 1.29±0.04 a 3.76±0.14c 3.78±0.17c RT, RI, MS 

13 β-cubebene  1389 3.92±0.12d 0.22±0.01 a 1.71±0.04b 2.62±0.07c RT, RI, MS 

14 β-caryophyllene  1421 2.41±0.06b 2.38±0.06b 5.87±0.18c 1.87±0.04 a RT, RI, MS 

15 α-bergamotene  1439 1.37±0.03 a 12.93±0.39c 5.17±0.18b 5.11±0.14b RT, RI, MS 

16 α-humulene  1457 1.36±0.04 a 2.32±0.05c 2.79±0.07d 1.89±0.05b RT, RI, MS 

17 γ-muurolene  1483 3.71±0.17d 2.23±0.05b 2.44±0.06c 2.11±0.06 a RT, RI, MS 

18 germacrene D  1489 2.19±0.05b 1.28±0.03 a 2.76±0.06d 2.34±0.05c RT, RI, MS 

19 β-selinene  1491 0.25±0.01 a 0.42±0.02 a 2.49±0.07b 5.19±0.16c RT, RI, MS 

20 bicyclogermacrene  1503 3.62±0.14c 1.51±0.05b 1.25±0.04 a 1.53±0.03b RT, RI, MS 

21 γ- cadinene  1515 1.05±0.03b 0.82±0.02 a 1.83±0.05c 2.21±0.05d RT, RI, MS 

22 (-) calamenene  1519 1.73±0.05c 1.33±0.03b 3.52±0.19d 0.51±0.02 a RT, RI, MS 

23 spathulenol  1580 0.42±0.02c 0.15±0.01 a 0.62±0.02d 0.28±0.01b RT, RI, MS 

24 caryophyllene oxide  1584 1.73±0.05c 2.77±0.08d 0.56±0.02b 0.29±0.01 a RT, RI, MS 

25 viridiflorol  1595 0.57±0.02 a 0.85±0.03b 0.61±0.02 a 1.44±0.04c RT, RI, MS 

26 cadinol, epi-α   1645 0.41±0.02 a 0.35±0.02 a 2.94±0.09b 0.40±0.02 a RT, RI, MS 

27 β-eudesmol  1656 1.33±0.05 a 1.71±0.04b 2.31±0.06c 1.33±0.04 a RT, RI, MS 

28 α-cadinol   1658 0.44±0.02 a 1.59±0.03c 3.23±0.10d 0.93±0.03b RT, RI, MS 

29 α-bisabolol  1689 0.15±0.01 a 0.31±0.02b 0.78±0.03c 3.12±0.09d RT, RI, MS 

TOTAL 

 

98.32 97.90 95.85 92.23  
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Figure  4.3.6. GC-MS chromatogram of Ocimum basilicum leaves essential volatile oil 

isolated by supercritical fluid extraction (SCFE) from drought stressed region plants 

 

 

 

Figure 4.3.7. GC-MS chromatogram of Ocimum basilicum leaves essential volatile oils 

isolated by SCFE from a hilly region plants 
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Figure  4.3.8. GC-MS chromatogram of Ocimum basilicum leaves essential volatile oil. 

isolated by SCFE from an arid region plants 

 

 

 

 

Figure  4.3.9. GC-MS chromatogram of Ocimum basilicum leaves essential volatile oils 

isolated by SCFE from an Irrigated region plants 
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Figure  4.3.10Agro-climatic variations in the basic chemical constituents of SCF 

extracted Ocimum basilicum leaves volatile oil 
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Table 4.3.5. Agro-climaticvariations in the antioxidant potential of Ocimum 

basilicum leaves essential oilisolated byHD & SCFE  

Sr. 

No 

Parameters
1 

Habitat 

 

 

Drought 

stressed 

Hilly Arid Irrigated Linalool BHT 

HD
2
 

1 

 

DPPH, IC50, 

(µg mL
-1

) 

7.1±0.21
 a
 5.8±0.17

 a
 9.9±0.29

 b
 10.1±0.30

b
 17.1±0.51

c
 9.8±0.29

b
 

2 Inhibition of 

linoleic acid 

peroxidation (%) 

90.7±2.72
d
 91.5±2.74

d
 85.6±2.56

c
 81.4±2.44

b
 77.2±2.31

 a
 90.3±2.71

d
 

SCFE
3
 

1 

 

DPPH, IC50, 

(µg mL
-1

) 

6.1±0.18
 a
 4.3±0.12

 a
 7.2±0.21

 a
 9.5±0.28

b
 17.1±0.51

c
 9.8±0.29

b
 

2 Inhibition of 

linoleic acid 

peroxidation (%) 

90.1±2.70
d
 93.5±2.81

d
 89.5±2.68

c
 87.6±2.62

b
 77.2±2.31

 a
 90.3±2.71

d
 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction  BHT: Butylated hydroxy toluene 

 

Table 4.3.6: . Agro-climatic variation in total phenolic and total flavonid contents 

of essential oils of O. basilicum isolated by HD & SCFE 

Sr. 

No. 

Parameters
1
 Habitat 

Drought 

stressed 

Hilly Arid Irrigated 

HD
2
 

1 

 

TPC (g GAE /100g) 29.56±0.88
c
 30.11±0.90

d
 27.45±0.82

b
 23.74±0.71

a
 

2 TFC(g CE / 100g) 7.26±0.21
b
 9.55±0.28

c
 5.20±0.15

 a
 3.99±0.11

 a
 

SCFE
3
 

1 

 

TPC (g GAE /100g) 36.67±1.10
c
 42.69±1.28

d
 34.44±1.03

b
 28.87±0.86

 a
 

2 TFC(g CE / 100g) 12.82±0.38
c
 16.49±0.49

d
 9.34±0.28

b
 5.33±0.15

 a
 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 
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Table 4.3.7. . Agro-climatic variation in antibacterial activity of O. basilicum 

leaves essential oils isolated by HD & SCFE 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SCFE = Supercritical fluid extraction 

4Amoxycilin = Standard drug 

 

 

 

 

Sr. 

No 
Habitat 

Bacterial Strains 

S. aureus         B.subtilis         B. 

cereus        

B.  

pumilis       

P. 

aeruginosa           

S. Poona            E .coli 

HD
2
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

35±1.4d 40±1.6d 42±1.3d 37±1.4d 38±1.5d 34±1.3c 33±0.9d 

2 Hilly 34±1.3c 39±1.6d 34±1.3b 32±1.1b 32±1.2c 32±1.1c 28±1.0c 

3 Arid 27±1.1 a 34±1.4b 30±1.2b 31±0.9b 28±1.1b 25±1.0b 24±0.9b 

4 Irrigated 24±0.7 a 24±0.9 a 23±0.8 a 19±0.8 a 17±0.6 a 13±0.3 a 15±0.5 a 

5 Carvone 30±1.1b 37±1.4c 38±1.5c 35±1.2c 37±1.4d 33±1.3c 30±1.2c 

6 
4Amoxycilin 37±1.3d 42±1.6d 44±1.8d 39±1.5d 39±1.6d 38±1.5d 35±1.3d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

30.1±1.1b 18.4±0.8 a 17.0±0.7 a 22.5±0.7 a 24.5±0.8b 43.1±1.3b 56.3±.7b 

2 Hilly 43.2±1.5c 32.3±0.9b 41.6±1.3b 60.4±2.5c 66.5±2.0c 77.8±2.3c 83.5±2.6c 

3 Arid 81.2±3.3d 63.2±2.6d 61.8±1.9c 77.6±3.1d 87.4±2.7d 99.2±3.0d 93.2±2.8c 

4 Irrigated 97.5±4.0e 92.5±2.8e 107.2±3.3d 307.3±9.3e 261.3±8.0e 352.7±10.3e 341.3±10.1d 

5 Carvone 54.3±2.2c 45.3±1.8c 23.7±0.7 a 41.9±1.3b 31.6±1.0b 69.4±2.1c 59.5±1.8b 

6 
4Amoxycilin 16.9±0.7 a 12.4±0.5 a 11.8±0.5 a 14.3±0.5 a 13.5±0.4 a 15.2±0.5 a 17.5±0.6 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

37±1.4d 39±1.5d 50±2.0e 35±1.3d 39±1.6d 32±1.2d 39±1.6d 

2 Hilly 33±1.2b 38±1.4c 32±1.2c 31±0.9b 31±1.0b 30±1.1c 33±1.3c 

3 Arid 23±0.9 a 31±1.1b 29±0.8b 30±1.1b 27±0.6b 23±0.7 b 27±0.8b 

4 Irrigated 21±0.8 a 23±0.8 a 18±0.7 a 17±0.5 a 21±0.7 a 19±0.8 a 18±0.6 a 

5 Carvone 35±1.3b 37±1.4 c 45±1.9d 33±1.2c 36±1.6c 30±1.2c 36±1.5c 

6 
4Amoxycilin 38±1.5 d 41±1.6d 49±1.8e 37±1.3d 40±1.4d 35±1.4d 40±1.4 a 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

39.3±1.2b 22.1±0.9b 10.0±0.4 a 28.5±0.9 a 16.5±0.5 a 50.4±0.9b 23.1±0.7 a 

2 Hilly 64.3±1.9c 35.2±1.4c 54.2±1.7b 64.3±2.0c 67.3±2.7c 69.4±2.8c 73.4±3.0c 

3 Arid 82.4±2.5d 52.7±2.2d 87.3±2.6c 71.4±2.9c 83.2±3.7d 89.6±3.6d 81.0±2.5c 

4 Irrigated 97.9±3.0e 86.5±2.6e 325.1±9.3d 335.8±8.9d 99.7±4.0e 315.0±9.2e 324.8±9.6d 

5 Carvone 51.4±1.6c 40.6±1.7d 15.4±0.5 a 47.5±1.4b 44.3±1.8b 68.3±2.1c 37.5±1.3b 

6 
4Amoxycilin 15.3±0.6 a 12.1±0.5 a 10.3±0.3 a 17.2±0.6 a 13.4±0.6 a 19.5±0.6 a 12.8±0.4 a 
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Table 4.3.8. . Agro-climatic variation in antifungal activity of Ocimum basilicum 

leaves essential oils isolated by HD & SCFE 

 

1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SCFE= Supercritical fluid extraction 

4Fluconazole: Standard drug 

 

 

 

 

Sr. 

No 
Habitat 

Fungal Strains 

 

A. 

flavous        

A. 

solani         

F. solani        R. solani     A. 

alternata    

A. niger      M. mucedo    

HD
2
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

40±1.2d 37±1.1d 31±0.9c 36±1.0d 30±0.8d 33±1.0d 35±1.1d 

2 Hilly 36±1.0c 33±0.9c 27±0.8b 31±0.7c 25±0.6c 28±0.7c 31±0.9c 

3 Arid 32±0.9b 28±0.8b 22±0.6 a 29±0.8b 21±0.6b 26±0.7b 29±0.8b 

4 Irrigated 22±0.6 a 17±0.5 a 21±0.6 a 11±0.3 a 18±0.5 a 20±0.6 a 22±0.6 a 

5 Carvone 37±1.1c 32±0.9c 26±0.8b 29±0.8b 24±0.7c 30±0.9c 30±0.9b 

6 
4Fluconazole 41±1.2d 40±1.1d 34±1.0d 38±1.1d 32±0.9d 34±1.0d 37±1.1d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

16.8±0.5 a 27.8±0.7 a 65.4±1.9b 41.3±1.1b 76.4±2.3b 28.1±0.8 a 22.1±0.6 a 

2 Hilly 36.1±0.9b 69.4±2.7b 87.9±3.4 c 62.4±1.5b 90.9±3.7c 78.0±2.6c 41.0±1.2b 

3 Arid 72.9±2.2c 81.5±3.4c 116.5±4.1 88.1±3.5c 120.3±3.6d 88.5±3.4d 77.4±2.3d 

4 Irrigated 118.2±3.5d 243.2±1.0d 125.1±4.9d 362.3±10.9d 230.1±7.0e 132.5±4.1e 120.6±3.7e 

5 Carvone 23.5±0.7b 69.7±2.1b 87.4±3.3c 88.3±3.1c 91.2±3.5c 54.2±1.6b 55.1±1.7c 

6 
4Fluconazole 10.2±0.4 a 13.7±0.6 a 17.6±0.6 a 14.0±0.5 a 22.1±0.7 a 16.3±0.4 a 13.9±0.5 a 

  SCFE
3
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

46±1.4d 40±1.2c 42±1.3c 45±1.4d 42±1.3d 39±1.1d 38±1.0d 

2 Hilly 37±1.1c 39±1.2b 31±0.9b 40±1.2c 35±1.0b 38±1.1c 28±0.8b 

3 Arid 31±0.9b 31±1.0 a 28±0.8b 36±1.0b 32±0.9b 31±0.8 a 27±0.8b 

4 Irrigated 28±0.8 a 30±0.9 a 24±0.7 a 27±0.8 a 21±0.6 a 29±0.8 a 25±0.7 a 

5 Carvone 42±1.2c 38±1.1b 41±1.0c 43±1.2c 39±1.1c 34±0.9b 32±0.9c 

6 
4Fluconazole 49±1.5d 44±1.2d 45±1.4 a 48±1.4d 44±1.3d 40±1.2 a 41±1.1d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

11.6±0.3 a 22.6±0.7b 20.3±0.6b 16.8±0.5 a 20.1±0.5b 19.2±0.4 a 21.2±0.6b 

2 Hilly 64.9±2.0b 32.7±1.0c 61.5±2.5c 40.0±1.0c 51.3±1.5d 29.3±0.9b 59.0±2.4d 

3 Arid 74.1±2.3c 61.2±1.8d 81.3±3.3d 58.3±1.8d 68.3±2.7d 58.5±1.8c 73.3±3.0e 

4 Irrigated 89.2±2.7d 77.1±3.1 e 92.3±3.7e 90.1±3.6e 114.2±3.5e 62.4±2.5d 84.3±3.4e 

5 Carvone 15.3±0.5 a 51.2±2.2d 32.9±1.1b 21.2±0.6b 40.1±1.2c 46.3±1.9c 36.2±1.5c 

6 
4Fluconazole 10.0±0.3 a 11.0±0.4 a 10.7±0.4 10.2±0.3 a 11.2±0.4 a 13.4±0.4 a 12.2±0.3 a 
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Figure 4.3.11. Some plates of agar exhibiting zones of inhibition by tested O. 

basilicum essential volatile oils from four different geographical regions (Drought 

stressed, Hilly, Arid and irrigated regions). 
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Table 4.3.9. Agro-climatic  variationinhemolytic activity (%)of Ocimum 

basilicum leaves essential oils isolated by HD & SCFE 

 

 

Parameters
1 

Drought 

stressed 

Hilly Arid Irrigated PBS Triton-x-

100 

HD
2
 

 43.11±1.2
c
 36.23±1.08

b
 49.21±1.5

d
 53.45±1.6

d
 1.03±0.03

 a
 100 

SCFE
3
 

 36.28±1.0
c
 29.82±0.89

b
 38.54±1.2

c
 44.27±1.3

d
 1.03±0.03

 a
 100 

  
1 Values are mean ± standard deviation of the three different samples of O. basilicum from typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

 

2 HD = Hydrodistillation 

3 SCFE = Supercritical fluid extraction 
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4.4. (GenusCymbopogen)Cymbopogen Citratus 

Table 4.4.1. Agro-climatic variation in physical properties of Cymbopogen  

citratus leaves essential oil isolated by hydro distillation (HD) and supercritical 

fluid extraction (SCFE) 

Sr. 

No 

Parameters
1
 

Habitat Colour Odour Solubility 

(g/100g ) 

Density 

(g/cm
3
) 

(25°C) 

Refractive 

index 

(25° C) 

Acid 

value 

(mg/g ) 

Ester 

value 

(mg/g ) 

HD
2
 

1 Arid Light Pale 

yellow 

 

 

 

Strong 

lemon 

 

 

 

 

Insoluble in 

water 

Soluble in 

Alcohol 

0.95±0.02 a 1.46±0.05b 1.41±0.04 a 19.6±0.5 a 

2 Irrigated Pale 

yellow 

0.96±0.02 a 1.43±0.05b 1.44±0.05b 24.3±0.7b 

3 Hilly Pale 

yellow 

0.97±0.03b 1.42±0.04a 1.45±0.05b 25.3±0.8b 

4 Drought 

stressed 

brown 

yellow 

0.99±0.03b 1.41±0.04 a 1.47±0.05b 27.4±0.9c 

SCFE
3
 

1 Arid Light Pale 

yellow 

 

 

 

Strong 

lemon 

 

 

 

 

Insoluble in 

water 

Soluble in 

Alcohol 

0.91±0.02 a 1.47±0.05c 1.41±0.04 a 20.1±0.6 a 

2 Irrigated Pale 

yellow 

0.93±0.02a 1.45±0.04b 1.43±0.05b 23.1±0.7b 

3 Hilly Pale 

yellow 

0.97±0.03b 1.42±0.04 b 1.46±0.05b 26.2±0.9c 

4 Drought 

stressed 

brown 

yellow 

0.98±0.03b 1.41±0.03 a 1.49±0.04a 29.3±1.0d 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 

Table 4.4.2. Agro-climatic variation in the yield of Cymbopogen citratus leaves 

essential oil isolated by hydro distillation (HD) and supercritical fluid extraction 

(SCFE) 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SCFE = Supercritical fluid extraction 

Sr. 

No. 
Habitat 

Parameters
1
 

HD
2 

Yield (%) 

SCFE
3 

Yield (%) 

 

1 Drought stressed 0.62±0.01
 a
 0.49±0.01

 a
 

2 Hilly 0.88±0.03
c
 0.67±0.02

b
 

3 Arid 0.83±0.02
b
 0.66±0.03

c
 

4 Irrigated 0.69±0.02
 b
 0.64±0.02

 b
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Table 4.4.3. Agro-climatic variation in the chemical composition of Cymbopogen 

citratus leaves essential oil isolated by hydro distillation (HD). 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification based on retention index, 

 3RT = identification based on retention time,  

MS = identification based on comparison of mass spectra 

t = traces < 0.05 

 

 

 

 

Sr. 

No

. 

Components 

 

RI
2
 % Composition

1
 

Habitat 

Identification
3
 

Drought 

stressed 

Hilly Arid Irrigate

d 

1 α-pinene  939 6.62±0.2b 13.04±0.40d 9.36±0.3c 4.25±0.1 a RT, RI MS 

2 Camphene 954 6.25±0.19b 11.34±0.36c 6.37±0.17b 2.39±0.07 a RT, RI MS 

3 Limonene 1029 6.13±0.18c 1.47±0.04 a 8.26±0.27d 4.72±0.17b RT, RI MS 

4 Linalool 1097 3.07±0.09c 0.21±0.01 a 1.12±0.03b 5.43±0.18d RT, RI MS 

5 Isopulegol 1146 1.09±0.04c 0.30±0.02 a 0.71±0.02b 5.69±0.19d RT, RI MS 

6 Citronellal  1153 5.21±0.17c 0.68±0.02 a 0.62±0.03 a 2.17±0.06b RT, RI MS 

7 Menthenol 1172 6.89±0.21b 8.74±0.27c 1.34±0.03 a 1.71±0.05 a RT, RI MS 

8 Terpinine 4-ol  1177 0.09±0.01 a 0.57±0.02b 1.23±0.03b 7.32±0.22c RT, RI MS 

9 Alpha terpenol 1189 0.48±0.02 a 0.64±0.02b 1.45±0.04c 3.18±0.10d RT, RI MS 

10 Estragol  1195 t - - 1.73±0.04 RT, RI MS 

11 β-citronellol 1228 4.83±0.16c 3.85±0.18b 5.62±0.18d 3.37±0.11 a RT, RI MS 

12 Carvone 1243 4.78±0.13c 3.54±0.10b 2.03±0.05 a 7.44±0.28d RT, RI MS 

13 Gernaniol 1255 0.34±0.02 a 1.39±0.03b 1.37±0.04b - RT, RI MS 

14 Linalyl acetate 1257 0.16±0.01 a 1.09±0.03b 2.41±0.05c 2.49±0.05c RT, RI MS 

15 Methyl citronelate 1260 0.41±0.02 a 6.85±0.21c 1.29±0.04b 1.07±0.03b RT, RI MS 

16 Geranial 1271 38.82±1.21d 32.37±1.01c 29.33±0.89b 21.61±0.66 a RT, RI MS 

17 Bornyl acetate 1285 0.15±0.01 a 3.24±0.10c 1.46±0.04b 1.28±0.04b RT, RI MS 

18 Citronelyl acetate 1315 t 0.40±0.02 a 1.66±0.05b 3.67±0.14c RT, RI MS 

19 Neryl acetate 1365 2.21±0.05b 1.08±0.03 a 2.47±0.06c 2.94±0.09d RT, RI MS 

20 cis carvyl acetate 1368 0.94±0.03 a 1.31±0.04c 0.15±0.01b 2.16±0.06d RT, RI MS 

21 α-copaene 1375 0.28±0.02 a 0.51±0.02b 0.17±0.01 a 1.62±0.05c RT, RI MS 

22 Methyleugenol 1404 0.14±0.01 a 0.16±0.01 a 1.10±0.03c 0.93±0.03b RT, RI MS 

23 α-cedrene 1409 t 1.27±0.03 - - RT, RI MS 

24 β-caryophyllene 1421 0.66±0.02 a 1.24±0.03b 9.29±0.28c 1.73±0.06b RT, RI MS 

25 γ-muurolene 1480 0.36±0.02 a 0.22±0.01 a 2.78±0.08c 1.20±0.03b RT, RI MS 

26 Germacrene D 1485 2.28±0.05d 0.30±0.02 a 1.25±0.03b 1.54±0.04c RT, RI MS 

27 Spathulenol 1580 3.31±0.10c 0.25±0.01 a 0.41±0.02 a 1.50±0.05b RT, RI MS 

28 Caryophyllene oxide 1583 3.38±0.11d 0.18±0.01 a 1.32±0.03c 1.08±0.03b RT, RI MS 

TOTAL 

 

97.94 96.23 94.57 92.22  
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Figure 4.4.1. GC-MS chromatogram of hydrodistilled Cymbopogen citratus leaves 

essential oil from drought Stressed region plants 

 

 

 

 

Figure 4.4.2 GC-MS chromatogram of hydrodistilled Cymbopogen citratus leaves 

essential oil from hilly region plants   
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Figure  4.4.3 GC-MS chromatogram of hydrodistilled Cymbopogen citratus leaves 

essential oil from arid region plants 

 

 

 

 

 

Figure  4.4.4. GC-MS chromatogram of hydrodistilled Cymbopogen citratus leaves 

essential oil from irrigated region plants 
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Figure  4.4.5. Agro-climatic variation in main chemical components of 

hydrodistilled Cymbopogen citratus leaves essential oil 
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Table 4.4.4. Agro-climatic variations in chemical composition of Cymbopogen 

citratus leaves essential oils isolated by the supercritical fluid extraction (SCFE) 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2RI = Identification based on retention index, 

 3RT = identification based on retention time,  

MS = identification based on comparison of mass spectra. 

t = traces < 0.05 

 

 

 

Sr. 

No

. 

Components 

 

RI
2
 % Composition

1
 

Habitat 

Idenification
3
 

Drought 

stressed 

Hilly Arid Irrigated 

1 Alpha pinene  939 4.23±0.13c 17.94±0.56d 3.28±0.09b 2.71±0.08 a RT, RI, MS 

2 Camphene 954 3.51±0.11c 8.39±0.27d 2.74±0.07b 1.75±0.05 a RT, RI, MS 

3 limonene 1029 2.37±0.07b 5.41±0.18d 1.87±0.05 a 2.83±0.09c RT, RI, MS 

4 Linalool 1097 5.26±0.16b 7.68±0.27d 2.85±0.08 a 5.91±0.19c RT, RI, MS 

5 Isopulegol 1146 2.14±0.06d 1.55±0.04b 1.12±0.03 a 1.71±0.04c RT, RI, MS 

6 Citronellal  1153 5.35±0.18c 1.25±0.03 a 6.18±0.19d 2.07±0.06b RT, RI, MS 

7 Menthenol 1172 3.73±0.17c 6.39±0.20d 2.04±0.05b 1.41±0.03 a RT, RI, MS 

8 Terpinine 4-ol  1177 3.61±0.12d 1.10±0.03b 1.88±0.04c 0.62±0.02 a RT, RI, MS 

9 α- terpenol 1189 0.42±0.02b 1.09±0.03c 0.21±0.01 a 1.52±0.04d RT, RI, MS 

10 estragol  1195 0.26±0.01b 1.01±0.03c 0.11±0.01 a 1.01±0.03c RT, RI, MS 

11 β-citronellol 1228 2.16±0.06 a 1.46±0.04 a 17.19±0.52c 14.64±0.46b RT, RI, MS 

12 Carvone 1243 2.24±0.06 a 2.03±0.05 a 3.10±0.09b 4.36±0.16c RT, RI, MS 

13 Gernaniol 1255 1.56±0.04c 0.08±0.01 a 1.96±0.05d 0.28±0.01b RT, RI, MS 

14 Linalyl acetate 1257 6.16±0.19c 0.21±0.01 a 0.42±0.02 a 1.34±0.04b RT, RI, MS 

15 Methyl citronelate 1260 1.74±0.05c 1.48±0.04b 1.29±0.03 a 4.73±0.17d RT, RI, MS 

16 Geranial 1271 39.32±1.19d 33.52±1.03c 31.97±0.97b 29.98±0.91 a RT, RI, MS 

17 Bornyl acetate 1285 0.79±0.02b 1.92±0.05d 0.09±0.01 a 1.23±0.03c RT, RI, MS 

18 Citronelyl acetate 1315 1.12±0.03 a t 1.71±0.04b t RT, RI, MS 

19 Neryl acetate 1365 0.92±0.02d 0.32±0.02b 0.53±0.02c 0.11±0.01 a RT, RI, MS 

20 cis-carvyl acetate 1368 2.41±0.06c t 0.18±0.01 a 1.06±0.03b RT, RI, MS 

21 α-copaene 1375 2.03±0.05d 0.09±0.01 a 0.14±0.01b 1.14±0.03c RT, RI, MS 

22 Methyleugenol 1404 1.53±0.04c 0.12±0.01 a 2.01±0.04d 1.61±0.04b RT, RI, MS 

23 α-cedrene 1409 0.74±0.02b 0.33±0.02 a 0.78±0.02b 1.02±0.03c RT, RI, MS 

24 Beta caryophyllene 1421 0.81±0.02 a 1.24±0.04b 1.77±0.04d 1.59±0.04c RT, RI, MS 

25 γ-muurolene 1480 0.21±0.01 a t 0.44±0.02b 0.73±0.02c RT, RI, MS 

26 Germacrene D 1485 1.80±0.05b 1.14±0.04 a 1.21±0.04 a 7.94±0.27c RT, RI, MS 

27 Spathulenol 1580 2.45±0.07d 1.04±0.03b 0.62±0.03 a 1.38±0.04c RT, RI, MS 

28 Caryophyllene 

oxide 

1583 0.09±0.01 a t 7.98±c 0.29±0.01b RT, RI, MS 

TOTAL 

 

98.96 96.92 95.67 95.02  
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Figure 4.4.6. GC-MS chromatogram of Cymbopogen citratus leaves essential oil 

isolated by supercritical fluid extraction (SCFE) from drought stressed region plants 

 

 

 

Figure 4.4.7.  GC-MS chromatogram of Cymbopogen citratus leaves essential oil 

isolated by SCFE froma hilly region plants 



107 
 

 

 

Figure 4.4.8.  GC-MS chromatogram of Cymbopogen citratus leaves essential oil 

isolated by SCFE from  arid region plants 

 

 

Figure  4.4.9 GC-MS chromatogram of Cymbopogen citratus leaves essential oil 

isolated by SCFE from  Irrigated region plants 
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Figure # 4.4.10 Agro-climatic variations in the major chemical components of 

SCF extracted Cymbopogen citratus leaves essential oil 
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Table 4.4.5. Agro-climatic variation in antioxidant activity of Cymbopogen 

citratus leaves essential oils isolated by HD & SCFE 

Sr. 

No 

  Parameters
1
  

Habitat 

  

Drought 

stressed 

Hilly Arid Irrigated Citronell

al 

BHT 

HD
2
 

1 

 
DPPH, IC50, 

(µg mL
-1

) 

13.8±0.4
 a
 10.1±0.3

 a
 14.3±0.4

 a
 16.2±0.6

 b
 52.7±1.6

 

c
 

9.8±0.2
 a
 

2 Inhibition of linoleic 

acid peroxidation (%) 

91.5±2.7
 c
 92.8±2.7

 c
 90.2±2..6

 b
 87.3±2.5

 b
 38.6±1.5

 

a
 

90.3±2.7
 

b
 

SFCE
3
 

1 

 

DPPH, IC50, 

(µg mL
-1

) 

11.5±0.4
 a
 9.8±0.3

 a 
 13.2±0.4

 a
 15.9±0.5

 b
 52.7±1.6

 

c
 

9.8±0.2
 a
 

2 Inhibition of linoleic 

acid peroxidation (%) 

92.1±2.8
 c
 93.2±2.9

 c
 90.3±2.6

 b
 89.9±2.6

 b
 38.6±1.5

 

a
 

90.3±2.7
 

b
 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SFCE = Supercritical fluid extraction 

 

Table 4.4.6. Agro-climatic variation in total phenolic and total flavonid contents 

of essential oils of Cymbopogen citratus isolated by HD & SCFE 

Sr. 

No. 

Parameters
1
 Habitat 

Drought stressed Hilly Arid Irrigated 

HD
2
 

1 

 

TPC g GAE /100g 18.56±0.6
b
 22.14±0.7

c
 17.55±0.5

b
 15.23±0.6

 a
 

2 TF g CE / 100g 4.87±0.1
b
 5.12±0.2

c
 3.89±0.1

 a
 3.67±0.1

 a
 

SFCE
3
 

1 

 

TPC g GAE /100g 25.66±1.0
c
 27.53±1.1

d
 23.93±0.9

b
 21.64±0.8

 a
 

2 TF g CE / 100g 5.29±0.2
c
 6.35±0.2

d
 4.96±0.1

b
 3.22±0.1

 a
 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 3 SFCE = Supercritical fluid extraction 
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Table 4.4.7.  Agro-climatic variation in antibacterial activity of Cymbopogen 

citratus leaves essential oils isolated by HD & SCFE 

 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SFCE = Supercritical fluid extraction 

4Amoxycilin: Standard drug 

 

Sr. 

No. 
Habitat 

Bacterial Strains 

 

S. 

aureus         

B.subtilis         B. 

cereus        

B.  

pumilis       

P. 

aeruginosa           

S. Poona            E .coli 

HD
2
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

43±1.2d 39±1.1a 35±1.0c 40±1.2d 37±1.1d 28±0.8c 29±0.8d 

2 Hilly 37±1.1b 38±1.2c 32±0.9c 29±0.8b 33±1.0c 25±0.7b 21±0.6b 

3 Arid 25±0.7 a 34±1.1b 30±0.9b 26±0.8b 30±0.9b 23±0.6 a 18±0.5 a 

4 Irrigated 19±0.5 a 29±0.8 a 25±0.7 a 22±0.5 a 23±0.6 a 19±0.5 a 15±0.4 a 

5 Carvone 40±1.2c 36±1.1b 31±0.9b 37±1.2c 36±1.0d 26±0.7b 27±0.8c 

6 
4Amoxycilin 45±1.4d 41±1.3d 38±1.0d 44±1.3d 40±1.2e 30±0.9d 31±0.9d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

14.3±0.5 a 14.3±0.4 a 24.1±0.6b 18.1±0.4 a 19.1±0.5 a 67.9±2.3b 58.7±1.8b 

2 Hilly 65.4±2.0c 18.3±0.5 a 51.0±1.5c 77.5±2.1c 41.3±1.3c 90.1±2.7c 143.0±4.3c 

3 Arid 91.2±2.5d 34.2±1.1c 87.2±2.7e 95.6±3.1d 65.6±2.0d 108.7±3.1c 278.3±8.2d 

4 Irrigated 301.2±9.1e 78.3±2.2d 93.4±2.9e 109.8±3.3e 101.4±3.1e 312.0±9.6 d 324.5±9.7e 

5 Carvone 26.4±0.8b 22.8±0.6b 71.2±2.1d 32.6±0.9b 29.7±0.8b 79.7±2.3b 96.4±2.9b 

6 
4Amoxycilin 10.5±0.3 a 11.5±0.4 a 12.4±0.5 a 10.2±0.4 a 11.9±0.4 a 15.8±0.5 a 14.2±0.5 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

40±1.2d 37±1.1d 33±1.0c 38±1.2d 33±0.9c 25±0.7c 22±0.5c 

2 Hilly 33±1.0b 34±1.1c 31±0.9c 25±0.7b 31±0.9b 22±0.7b 18±0.5b 

3 Arid 29±0.8b 30±0.9b 26±0.5b 23±0.8 a 29±0.8b 16±0.5 a 16±0.6b 

4 Irrigated 18±0.5 a 25±0.8 a 20±0.9 a 17±0.4 a 19±0.6 a 14±0.3 a 10±0.3 a 

5 Carvone 38±1.1c 36±1.0c 30 ±0.9b 36±0.8c 30±0.8b 21±0.6b 20±0.6c 

6 
4Amoxycilin 42±1.2 d 39±1.1 d 35±1.0 d 39±0.9 d 38±0.7 d 27±0.5 d 24±0.4 d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

17.1±0.4 a 19.2±0.8 a 23.1±0.6 a 20.2±0.7 a 24.0±0.4 a 92.3±2.8b 284.3±8.6b 

2 Hilly 76.2±2.3b 31.5±0.9b 79.0±2.3b 93.2±2.8c 72.3±2.2b 247.3±7.4c 310.4±9.4c 

3 Arid 97.3±3.0c 40.9±1.1c 99.2±2.9c 240.2±7.1d 87.2±2.7c 306.2±9.2e 318.7±9.6c 

4 Irrigated 317.8±9.4 d 91.4±2.7 d 308.3±9.6 d 317.5±9.3e 301.5±9.1 d 332.8±1.0e 359.7±10.8 d 

5 Carvone 23.7±0.6 a 24.1±0.7 a 82.1±2.5b 34.2±0.9b 80.3±2.5c 289.2±8.7d 297.3±9.0b 

6 
4Amoxycilin 12.2±0.5 a 14.6±0.3 a 19.9±0.8 a 14.2±0.3 a 17.4±0.4 a 23.7±0.7 a 29.5±0.8 a 



111 
 

Table 4.4.8. Agro-climatic variation in antifungal activity of Cymbopogen citratus 

leaves essential oils isolated by HD & SCFE 

 

1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SFCE = Supercritical fluid extraction 

4Fluconazole=Standard drug 

 

 

 

 

Sr. 

No. Habitat 

Fungal Strains 

 

A.flavous A.solani F.solani R.solani A.alternata A.niger M.mucedo 

HD
2
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

42±1.2d 39±1.1d 36±1.0d 45±1.3d 41±1.2d 39±1.1d 41±1.4c 

2 Hilly 39±1.0c 32±0.9c 33±1.0c 41±1.1c 38±1.0c 35±0.9c 42±1.2b 

3 Arid 34±0.8b 24±0.7b 30±0.9b 36±1.0b 31±1.1b 26±0.8b 37±0.9b 

4 Irrigated 28±0.8 a 18±0.5 a 19±0.4 a 26±0.7 a 23±0.6 a 18±0.4 a 28±0.5 a 

5 Carvone 40±1.2c 36±1.1c 34±0.9c 42±1.1c 37±1.0c 37±1.1c 44±1.2c 

6 
4Fluconazole 45±1.3d 42±1.2d 40±1,3d 46±1.4 d 43±1.3 d 42±1.2 d 47±1.4 d 

MIC, minimum inhibitory concentration (µg mL
-1)

 
1 Drought 

stressed 

12.1±0.3 a 20.4±0.5 a 19.9±0.4 a 10.3±0.4 a 17.3±0.4 a 20.1±0.5b 11.2±0.3 a 

2 Hilly 43.2±1.3b 73.5±2.3c 29.0±1.0b 25.3±0.6b 20.2±0.5b 38.9±1.1c 29.1±0.9c 

3 Arid 55.2±1.7c 121.2±0.3d 34.2±0.8c 34.7±0.7c 47.4±1.5c 87.6±3.3d 33.4±0.7c 

4 Irrigated 87.2±3.3 d 295.8±8.9e 305.7±9.0d 96.4±2.9 d 148.6±4.4 d 294.5±8.5e 87.7±3.4 d 

5 Carvone 16.7±0.4 a 32.0±0.9b 28.1±0.5b 18.3±0.5b 36.1±0.9c 26.4±0.7b 17.9±0.5b 

6 
4Fluconazole 10.8±0.3 a 13.2±0.5 a 16.4±0.3 a 10.5±0.3 a 11.6±0.4 a 13.7±0.6 a 10.0±0.4 a 

SCFE
3
 

Diameter of Inhibition zones (mm) 
1 Drought 

stressed 

44±1.6c 38±1.0c 39±1.1c 41±1.2c 43±1.4 d 40±1.2 d 43±1.3 c 

2 Hilly 41±1.1b 31±1.0b 34±0.8b 42±1.2c 41±1.1c 37±0.9c 44±1.5 d 

3 Arid 43±1.3c 28±0.8 a 31±1.1 a 38±1.0b 34±0.8b 33±0.6b 40±1.2 b 

4 Irrigated 35±1.0 a 29±0.7 a 28±0.6 a 28±0.8 a 24±0.7 a 31±0.9 a 29±0.8 a 

5 Carvone 39±1.3b 33±1.1b 37±1.2b 41±1.3c 42±1.2c 38±1.0c 39±1.1 b 

6 
4Fluconazole 48±1.4 d 41±1.2 d 43±1.2 d 44±1.3 d 46±1.5 d 41±1.1 d 44±1.2 d 

MIC, minimum inhibitory concentration (µg mL
-1)

 

1 Drought 

stressed 

12.1±0.3 a 22.4±0.6 a 23.1±0.6b 26.1±0.5b 14.2±0.4 a 19.2±0.4 a 21.2±0.4b 

2 Hilly 29.2±0.7b 51.9±1.4b 47.8±1.4c 18.6±0.4 a 23.9±0.6b 35.2±1.0b 19.2±0.5 a 

3 Arid 21.8±0.5b 91.3±2.7d 57.3±1.8c 31.7±1.2c 57.8±1.8c 42.1±1.1c 24.1±0.7b 

4 Irrigated 42.6±1.3 d 88.5±3.4c 93.2±2.9 d 92.8±2.8 d 119.4±2.9 d 53.2±1.3 d 87.4±3.4 d 

5 Carvone 37.4±0.9c 42.3±1.2b 31.0±1.1b 26.2±0.7b 20.9±0.5b 21.0±0.5 a 29.4±0.9c 

6 
4Fluconazole 10.0±0.3 a 13.9±0.5 a 11.6±0.4 a 10.8±0.3 a 10.3±0.4 a 13.4±0.5 a 10.6±0.3 a 
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Figure 4.4.11. Some plates of agar exhibiting zones of inhibition by tested C. 

citratusessential volatile oils from four different geographical regions (Drought 

stressed, Hilly, Arid and irrigated regions). 
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Table 4.4.9: Agro-climatic  variation in hemolytic activity (%) of Cymbopogen 

citratusleaves essential oils isolated by HD & SCFE 

 

Parameters
1 

Drought 

stressed 

Hilly Arid Irrigated PBS Trito

n-x-

100 

HD
2
 

% inhibition 51.14 ±2.1b 49.19 ±2.0b 58.23 ±1.7c 61.10 ±2.4d 1.03 ±0.03 a 100 

SFCE
3
 

% inhibition 33.41 ± 1.3b 30.51 ±1.2b 39.31±1.2c 41.17 ±1.6d 1.03 ±0.03 a 100 

  
1 Values are mean ± standard deviation of the three different samples of C. citratusfrom typically each habitat, 

analyzed individually in the triplicate. Means followed by unlike superscript letters in almost same column 

represent significant variance (p < 0.05) among all habitats.  

2 HD = Hydrodistillation 

3 SFCE = Supercritical fluid extraction 
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Discussions 

4.5 Percent (g 100g
-1

)yields and physical properties of selected 

medicinal herbs essential oils 

The yield of extraction method and some physical attributes of essential /volatile oils 

(VOs) extracted by hydrodistillation (HD) and supercritical fluid extraction (SCFE) 

from aerial parts/leaves of selected medicinal herbs  are listed in Tables 4.1.1, 4.1. 

4.2.1, 4.2.2, 4.3.1, 4.3.2, 4.4.1, 4.42, respectively. Maximum essential oil yield (dry 

mass basis)was recorded by HD and then SCFE fromdifferent herbs such as M. 

spicata(0.76 %by HD and 0.64%by SCFE) followed by M. piperita (0.91 % by 

HDand  0.68 % by SCFE) and O. basilicum  (0.87 % by HD and  0.71 % by SCFE). 

Likewise, maximum essential oil yield was noted from C. citratus (0.88 g 100g
-1

 by 

HD and then by SCFE (0.67 g 100g
-1

). Overall, among the selected species and 

isolation techniques, the results revealed that hydrodistilled M. piperita showed 

relatively greater oil than others. 

The differences in essential volatile oils compositionregarding different species and 

extraction techniques were noted to be significant (p< 0.05). Such variations in %age 

of oil yieldcan be linked to the different morphological diversity of herbsharvested 

from differentagro-climatic regions. Previously, Abbaszadeh et al. (2009)and Hussain 

et al. (2010) evaluated that yield of volatile oils from different Mentha species varied 

based on agroclimatic conditions and experimental areas.According to literature 

reports essential oil contents of herbs arebasically dependent on degree of 

temperature, relative humidity duration and intensity of sunshine, wind speed and 

rainfall (Vernet et al. 1977; Hussain et al.,2010). 

Colour and odour of these ethereal oils isolated from the selected medicinal herbs 

showed characteristic features depending upon the nature of the species and habitats. 

As expected, the isolated volatile oils (VOs) were insoluble in aquabut soluble in 

organic solvents such as methanol and ethanol due to presence of terpenoids, alcohols, 

organic acids, and esters etc.The refractive index (RI) of three Lamiaceae familyherbs 

essential volatile oils (EVO) ranged from 1.4000-1.5900 (Tables 4.1.1, 4.2.1 and 

4.3.1). Whereas, refractive index (RI) of theC.citratus essential oil was 1.4100-1.4700 

(Table 4.4.1). The refractive index is a vital physical parameterwhich is often 
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determined for identificationof clarityofthe volatile oils(VO) because plant oils 

exhibit specific range for this attribute. The density at 25
o
C of the tested Mentha and 

Basil species essential oils belonging to Lamiaceae family ranged from 0.83-0.99g 

cm
-3

(Tables 4.1.1, 4.2.1 and 4.3.1) while C. citratusfrom Poaceae showed  0.91-

0.99gcm
-3

.M.spicataEO indicated least density while the oil from M. piperita and O. 

basilicumrevealedgreater density. Every volatile oil (VO) exhibits a range value of 

refractive index (RI) and same as density values at definite temperature (Bowles, 

2003). 

The acid values of M.spicata, M.piperita and O.basilicumessential oils (EOs) ranged 

from 0.62-1.98mg/g(Tables 4.1.1, 4.2.1 and 4.3.1). Acid value of the essential oil 

from C. citratus, a member of family Poaceae, was quite lower in the range of 1.41-

1.49mg/g (Table 4.4.1). The essential volatile oils (EVOs) from both M. piperita and 

O. basilicum exhibited higher acid contents than Mentha spicata. Theester values of 

M.spicata, M.piperita and O.basilicumessential oils ranged from 18.1-35.6 mg/g 

(Tables 4.1.1, 4.2.1 and 4.3.1). Acid value of C. citratus essential oil from family 

Poaceae was 19.6-29.3mg/g (Table 4.4.1).Maximum ester values were observed for 

O. basilicumoil and minimum for M. spicataoil.The values of refractive index, 

density, acid value and ester value forMentha spicata, M. piperita and O. basilicumas 

well as C.citrate esessential oils investigated revealed significant difference(p< 0.05) 

among agro-climatic areas selected. 

As can be seen from the data of Tables 4.1.1, 4.2.1 and 4.3.1,the yielddifferences and 

variations in physical assets of M. spicata, M. piperita and O. basilicumvolatile oils 

(VOs)in relation to variedagro-climatic  regions (drought stressed, hilly, arid and 

irrigated) of Pakistan are quite notable. Major differences were prominent in different 

species that can be linked to specific climate temperature, humidity range, rainfall, 

sunshine duration, air speed.Relatively a higher percentage yield of essential oil from 

almost all the selected species was received from samples harvested fromhilly region 

which may be linked to the less intensity of sun light, mild temperature (average day 

temperature 10-12 
o
C) and high rainfall in hilly areas that support healthy plantation 

along with least leakage of major components from the cells of leaves (Saeedfaret al., 

2015; Tavakoliand Aghajani, 2016). 
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The samples from arid and irrigated (plain) areas also offered good amounts of 

essential oils while the least essential oil yields were observed from drought stressed 

(saline) regions.  

During the summer, the selected saline and drought stressed region in Pakistan 

is relatively hot with an averageday temperature 35-45
o
C. The lower yields from 

drought stressed (saline) areas can be linked to selective evaporation of oils due to hot 

conditions (Hussain et al.,2010). 

4.6 Chemical composition of essential oil 

All theGC-MS results dataof the hydrodistilled (HD) and SCF- extracted  essential 

oils from three species of Lamiacea and one species of Poaceaefamily are given in 

Table 4.1.3, 4.1.4, 4.2.3, 4.2.4, 4.3.3 and 4.3.4) and 4.4.3 and 4.4.4, respectively. 

4.6a. Family Lamiaceae 

Genus Mentha 

According to results by GC-MS analysis of the two  Mentha species comprising ofM. 

spicata, and M. piperita, hydrodistilled M. spicata  essential volatile oil 

(EVO)showed the occurrence of 27-31 compounds while SCF- extracted oil had 29-

32 compounds, representing 93.56-97.88and 93.67-98.91 oil composition, 

respectively.  Whereas, M. piperitaexhibited  44-48 compounds by HD and 46-48 

compounds by SCFE, representing 92.20-96.01 and 92.80-98.13 composition of 

EVO, respectively. The  basic components inhydrodistilled M. spicata volatile oils 

from different regions were identified such as carvone (27.37-47.15), trans-carveol 

(1.09-15.91%), menthone (1.10-23.88), menthol (2.98-14.51), limonene (2.39-9.28%), 

1,8-cineol (0.60-8.46%), carvone oxide(0.72-11.25%). Other important components 

such as piperitenone oxide (1.41-6.35%),terpinen-4-ol (0.39-5.21), piperitenone (0.13-

1.34%), borneol (0.01-1.04%), germacrene D (0.44-1.29%) and β-caryophyllene 

(0.11-2.28%) were also detected. By SCFE, the highest constituents %age wise in M. 

spicata volatile oil were identified to be carvone (30.89-52.31), cis-carveol (0.21-

5.29%), menthone (1.09-22.58), menthol (0.78-6.25), limonene (1.31-9.39%), 1,8-

cineol (1.07-7.31%), γ-terpinene(0.02-6.89), carvone oxide(1.56-7.87%) followed by 

piperitenone oxide (1.13-2.65%),terpinen-4-ol (0.17-1.84), piperitenone (0.42-9.93%), 
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borneol (0.07-1.02%), germacrene D (0.06-2.12%) and β-caryophyllene (0.16-

1.48%). Some earlier reports on composition of M. spicata scented oils showed that 

highest conc. of carvone (48.51%) and then, menthone (22.92%), limonene (5.78), 

and 1,8-cineole (3.07%)  were detected  as main components (Adam et al., 1998; 

Hussainet al., 2010; Sokovic andGriensven 2006 ).  

The major composition inM. piperita volatile oils by HD were found to be 

menthone (27.67-33.21%), limonene (0.29-10.65%), α-pinene (1.38-8.56), camphene 

(2.11-5.11), isomenthone (0.83-4.44%), neoisomenthol (0.30-3.11%) and menthyl 

acetate (0.31-1.91%). M. piperita essential volatile oils by SCFEshowed the 

occurrence of  menthone (31.52-43.91%), limonene (1.02-3.62%), α-pinene (1.57-

8.18%), camphene (2.11-6.11%),isomenthone (0.31-1.72%), neoisomenthol (0.61-

2.94%) and menthyl acetate (0.57-1.56%). According to Pino et al. (2002) and 

Hussainet al. (2010), menthol, menthone andmenthyl acetate were investigated to be 

chiefpart of M. piperita fragrant oils.Such changes in compositions of variedspecies of 

Mentha volatile oilmight be associated to the varied agro-climatic environments of the 

regions and isolation techniques employed. Overall, in the present study, the essential 

oils isolated by SCFE showed relatively greater amounts of the major chemical 

components that might be in due part to the high purity and concentration of the SCF 

extracted oils.  

Genus Ocimum 

The profile of chemical constituents analyzed in the volatile oil of hydrodistilled and 

SCF-extracted O. basilicumessential oil from different agro-climatic regions are given 

in Table 4.3.3 and also mentioned in Table 4.3.4, respectively.A total of28-29 

compounds were detected in the hydrodistilled and SCF-extracted O. 

basilicumessential oil, representing 91.85-98.32%of the whole oil composition.The 

mainvolatile constituents in tested hydrodistilled O. basilicum oil were identified to be 

linalool(29.91-38.47%), 1,8-cineol (3.10-5.43%), α-terpineol(1.91-4.59%), γ-cadinene 

(0.24-5.38%), cis-β-ocimene (2.81-5.24%). 

On the other hand, SCF -extracted oil showed the distribution  of higher levels 

of linalool (31.45-54.17%), α-bergamotene (1.37-12.93%), 1, 8-cineol (1.42-

5.28%).GC-MS profiling of O. basilicum essential oils produced by two different 

techniques exhibited significant (p< 0.05) qualitative and quantitative dissimilarities 
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that can berelated to chemical quality & purity of the oils obtained.The present 

resultant dataexhibit similarity to the earlier literature reports on the 

percentagechemical composition of O. basilicum essential oils analyzed from 

manycountriessuch as Brazil (Silvaet al., 2004), South Verona(Zheljazkovet al., 

2008) and Turkey (Telci et al., 2006). 

4.6b. Family Poaceae  

Genus Cymbopogon 

The chemical composition ofhydrodistilled and CSF-extracted Cymbopogon 

citratus(C. citratus)essential oilanalyzed from different agroclimatic regions 

populations is given in Table 4.4.3 and 4.4.4.C. citratus showed the presence of 26-28 

and 28-29compounds by hydrodistillation and supercritical fluid 

extraction,representing 92.22-97.94% 95.02-98.96% of the total oil. The 

hydrodistilled C. citratusessential oil contained Geranial (21.61-38.82%), Alpha 

pinene (4.25-13.04%), β-citronellol (%3.37-5.62), Camphene (2.39-11.34%), 

limonene (1.27-8.46%), Linalool (0.21-5.43%), Linalyl acetate (0.16-2.49%), 

Citronellal(0.62-5.21%), Germacrene D (0.29-2.28%), Caryophyllene oxide (0.18-

3.38%) and Citronelyl acetate (0.02-3.67%) as the main components. The 

composition of main components, although varied among the selected habitats, of C. 

citratusessential oil was noted to be quite comparable with the earlier reports on this 

species(Ranitha et al. 2001; Mittler 2000; Bavita et al., 2012).  (Morales et al., 1993; 

Ahmad and Husain, 2008; Kofidiset al., 2004; Ruban, 2009; Taiz and Zeiger, 2010). 

By supercritical fluid extraction (SCFE), the major constituents inC.citratus essential 

oils were identified to be Geranial(29.98-39.32%), Alpha pinene (2.71-17.94%), β-

citronellol (2.14-17.19%)Camphene (1.75-8.39%), limonene (1.87-5.41%), Linalool 

(2.85-5.91%), Linalyl acetate (0.21-6.16%), Citronellal (1.25-6.18%), Germacrene D 

(1.14-7.94%), Caryophyllene oxide (0.09-7.98%) and Citronelyl acetate (0.03-1.13%) 

(Chalchat and Ozcan, 2008; Telci et al.,2006).Compositional analysis of selected 

Poaceae (C. citratus) essential oils analyzedby two different techniques varied 

significantly (p< 0.05). The variations in chemical constituents of lemongrass (C. 

citratus)essential oil tested can be associated with different morphology of the plants 

characterized by different agro-climatic factors. 
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4.6.1 Agro-climatic variation in chemical constituents of selected herbs essential 

oils 

GC-MS analysis of the tested Menthafragrant oils from different regions revealed that 

these mainly consisted of oxygenated monoterpenes then oxygenated 

sesquiterpenes.Overall, compositional study of the selected family Lamiaceae and 

Poaceae volatile oils revealed significant (p< 0.05) differences among four different 

agroclimatic regions. 

Relatively higher percentages of chemical components were recorded in SCF- 

extracted essential oils from Mentha piperitaplants of drought stressed region.Servani 

et al. (2014), described in detail that water deficit conditions inhibit photosynthesis 

proess by stomatal closure and metabolic severe loss. Leaves stomata show slightly 

deficiency in water, opened gradually in light and close rapidly in dark which isbasis 

of less escape of potent components from oil mitochondrial glands by sun light.  

 For example, SCF- extracted M.spicatafragrant oil analyzed from four varied 

regions showed greater percentage of its main constituent, carvone (30.89 to 52.31%) 

with its  highest level (52.31%) in the samples of drought stressed region among 

others. Meanwhile, M.spicataessential oil obtained by HD offered lower  percentage 

of carvone, in the range of 27.37 to 47.15 %.The variations for contents of other 

important components in M.spicataessential from selected regions were also 

pronounced with contribution of menthol (2.98-14.51%), menthone (1.10-23.88%), 

limonene (2.39-9.28%) and pipertone oxide (1.01-6.35) while  by SCFE were menthol 

(0.78-6.25%), menthone (1.09-22.58%), limonene (1.31-9.59) and pipertone oxide 

(1.13-2.65%). Another Mentha species, namely M.piperitaessential oil, contained 

highest percentage of menthone, in the range of 27.67 to 33.21% by HD and 31.52 to 

43.91% by SCFE. Other chief part of essential volatile oil of M.piperita were detected 

to be α-pinene (1.57-8.18%), menthol (1.36-7.89%), γ-terpineol (0.41-5.77%) and 

limonene (1.02-3.62%). 

In General, M. spicata volatile oils showed carvone as a major constituent (Adam et 

al., 1998).  

 Sokovic and Griensven (2006) describedthe compositionnotedM. 

spicatavolatile oil from Montenegro location and found basic chief fractions as 
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carvone (48.52%), menthone (21.93%), limonene (5.79%) and 1,8-cineole (3.06%). 

Linalool was noted to be the major constituent in wildly grown M. spicataplant 

essential oil in Greece (Kofidis et al., 2006). 

Such type of variations in chief composition of M. spicatavolatile oils (VOs) 

obtained from herbs grownig different locations from various countries might be 

associted to the geographical conditions of areas, adaptive metabolism, state of 

maturity and seasonal conditions of plants.Hussain et al. (2010) examined 19 

components in the volatile oil of M. spicata showing carvone percentage (51.7%). In 

the present work, hydrodistilledM. spicataessential oilscontained lower levels of 

carvone (47.15%) while somewhat higher (52.31%) level of this compound was noted 

for SCF-extracted oil. The principal component in the hydrodistilled and SCF 

extracted essential oil of O. basilicum from four different agroclimatic regions was 

found to be linalool in the range of 29.91 to 38.47% and 31.45 to 54.17%, 

respectively. With either of the employed extraction technique, the highest contents of 

the major component, linalool, as well as some of the other components, were 

detected in the samples from drought stressed area. Previously, Hussain et al., (2008) 

inspected basic composition (%age) of basil oils extracted from samples of 04 seasons 

(summer, autumn, winter and spring). Linalool was found as the chief component 

(55.9-61.6%) and others were, epi-α-cadinol (8.7-11.5%), α-bergamotene (7.4-9.3%) 

and γ-cadinene (3.3-5.5%).In Omani basil volatile oil, linalool (69.9%) was detected 

as the key component (Hanifet al., 2011). According to Chenni et al., (2016), sweet 

basil (Ocimum basilicum L.) leavesessential oil collected from Egypt was dominated 

by linalool (48.4%). 

The essential oil fromCymbopogon citratus(C.citratus)populations collected 

from different regions of Pakistan signified geranial as a main component with its 

contribution in the range of 21.61 to 38.82% by HD and 29.98 to 39.32% by SCFE. 

Highest percentage of geranial was detected in  drought stressed region samples 

followed by hilly, arid and irrigated regions. In addition, other important  components 

detected were camphene (2.39-11.34%), limonene (1.47-8.26%), menthenol (1.34-

8.74%), β-citronellol (3.37-5.62%), carvone (2.03-7.44%), citronellal (0.62-5.21%) 

andneryl acetate (1.08-2.94%) with their  levels varying over a considerable range  

among the selected regions. Such variations in the composition of volatile 

components  can be related to the diverse agro-ecologicalconditions of areas(Chalchat 
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and Ozcan, 2008). According to previous study, Matasyoh et al.(2011) found geranial 

(39.53%), neral (33.31%) and myrecene (11.41%) as the major part in essential 

volatile oil (EVO) of C.citratus.Gbenou et al., 2013) reported 16 chemical 

components in the C. citratusessential oil, in which Geranial (28.04 %), neral 

(19.94 %) and myrcene (28.04 %) were basic key components.Effect of geographical 

and climatic zonevariations on the composition of C. citratusessential oil  was 

recorded  by Pintoet al.(2015)who found 13 and 12 major constituents in the essential 

oil from Brazil and Cuba, respectively wherein  geranial(51.14-53.2%) and 

neral(35.21-36.37%) were common constituents. 

4.7Variations in antioxidant activities of isolated essential oils 

The isolatedvolatile oils showed appreciable in-vitroantioxidant activity as evaluated 

by computing their capacity to scavenge DPPH free radicals and inhibition 

(retardation) of linoleic acid (LA) peroxidation(%). 

4.7a DPPH free radical scavenging activity 

The data forpercent assessment of DPPH radical scavenging strength of the tested 

Lamiaceae & Poaceae essential volatile oils (EVO), stated as IC50,is depicted  in 

Table 4.1.5 to Table 4.4.5. The DPPH free radical scavenging potential exhibited by 

selected oils varied significantly (p< 0.05) among various agroclimatic regions. 

In DPPH experiment, the power oftested oils to act as donor of hydrogenatoms 

or electrons in transformation of DPPH
•
 into its highlyreduced form DPPH-H was 

estimated. All examined oils reduced stable & purple-colored DPPH radical into 

yellow DPPH-H.The hydrodistilled M. spicataoils from different regions showed 

DPPH radical scavenging ability (IC50) in a range of 12.5-17.1 µg mL
-1

while SCF- 

extracted oil in range of 10.3-16.3 µg mL
-1

 with  higher levels of this antioxidant 

attribute for hilly region populations. Almost similar trends of antioxidant activity 

were recorded for M. piperita volatilel oil with DPPH free radical searching (IC50)in 

the range of 11.3-17.1 µg mL
-1

 by HD method and 10.5-18.9 µg mL
-1

 by SCFE 

method. As expected, a higher scavenging activity was exhibited by the oils from 

hilly region populations and then drought stressed region. Superior DPPH radical 

scavenging of the oils from hilly regions can be related to higher contents of 

antioxidant components and free radical scavengers in the related samples. 
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Meanwhile, hydrodistilled sweet basil (O. basilicum)essential oils demonstrated 

relatively a lower DPPH free radical scavenging potency(IC50 values 5.8-10.1 µg 

mL
-1

) compared with SCF- extracted oil (IC504.3-9.5 µg mL
-1

) indicating superiority 

of the latter extraction technique towards isolation of good quality oil which can be 

linked to mild operational conditions of this method in comparison to the HD. As 

against SCFE, during HD, the plant materialsare isolated at an elevated temperature 

and chances of deterioration of some volatile heat sensitivecomponents may exist.  

The essential oil isolated by HD and SCFE from C. citratus[family Poaceae] 

also exhibited considerable antioxidant potential in terms of scavenging DPPH free 

radicals  with  IC50 values,10.1-16.2 µg mL
-1

,for  HD method and 9.8-15.9 µg mL
-

1
for  SCFE method. Likewise,mint species, DPPH free radicals scavenging efficacy of 

C. citratuswas noted to be higher for the populations from hilly region which can be 

correlated to relatively higher antioxidant phenolics contents and other free radical 

scavengersin these oils. 

Overall, as given in Table 4.3.5, the highest DPPH free radical scavenging 

powerwas recorded for O. basilicum essential volatile oil which was even comparable 

with synthetic antioxidant, BHT (IC50 9.8 µg mL
-1

) whereas the minimum effect was 

observedfor M. spicata volatile oil (Table 4.1.5). The higher antioxidant potency of O. 

basilicum and M. piperita oils in present analysis may be linked to higher 

concentration of linalool and menthone, respectively in their oils along with other 

phenolics.Moreover, our data showsstronglycloseness with the outcomes of Tepe et 

al. (2007), who investigated that antioxidant potential by whole oil is often greater 

than the individual components.  

The present findings can also be supported by previous reports of some 

researchers who evaluated the antioxidant potencybyLamiaceae volatile oils (Mimica-

Dukic et al., 2004; Dastmalchi et al., 2008). Bozin et al. (2006) reported O. 

basilicumvolatileoil to be a strong source of antioxidants (IC50 0.39 µg mL-1). Politeo 

et al. (2007) explored that O. basilicum ethereal oil and familiar synthetic antioxidant 

BHT exhibited almost alike radical scavenging power with IC50 standards of 1.38 and 

0.91 g L
-1

, respectively. Gulluce et al., (2007) and Dorman et al., (2003) inspected 

radical scavenging power for M. longifolia and M. piperita;M. dalmatica and M. 

spicata species, respectively. In another study, Mata et al., (2007), screened ethanoic 
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product of M. spicata which exhibited less antioxidant potential than the BHT. 

Hussain et al. (2008) described that O. bacilicumscented oil leaves samples harvested 

from hilly and plane areas exhibited higherDPPH radicals scavenging potency (IC50 

8.33-10.0µg/mL), O. gratissimum (IC50 6.8-8.3µg/mL) and O. sanctumoil (IC50 11.2-

13.4 µg/mL)generally. 

4.7 b Percent inhibition of linoleic acid oxidation 

Antioxidant potential seen by volatile oils isolated by HD and SCFE from selected 

species of Lamiaceae and Poaceae was basicallycalculated by computing %inhibition 

of linoleic acids (LA) oxidation(Tables 4.1.5, 4.2.5, 4.3.5, and 4.4.5). In fact, 

polyunsaturated fatty acid (linoleic acid) oxidizes Fe
+2

 to Fe
+3

 to form oxidation 

peroxides, which makes complexcomposite with the SCN¯and its conc. was estimated 

spectrophotometricaly by calculating absorbance (A) at 500 nm. Larger A value, 

greater would be the conc. of peroxides produced during chemical reaction and thus 

decreases potential of antioxidant behaviour. The hydrodistilled and SCF-extracted O. 

basilicumessential volatile oil (EVO) from different 04 regions exhibited percentage 

of inhibition of linoleic acid (LA) peroxidation in the range of 81.4-91.5%and 87.6-

93.5%, respectively followed by M.spicata (57.1-62.6%) by HD and (61.2-71.2%) by 

SCFE and M. piperita  (55.3-65.7%)by HD and (58.3-69.7%)by SCFE.  

 The essential oil of C. citratus, produced from different areas by HD and 

SCFE, inhibited the linoleic acid peroxidation with contribution in the range of 87.3-

92.8%and 89.9-93.2%, respectively as against the chief component Geranial (38.6%). 

In comparison, the major component of O. basilicum volatile oil, linalool displayed 

good percent inhibition of linoleic acid (LA) peroxidation (77.2%) antioxidant 

potency. The level of % inhibition of linoleic acid (LA) oxidation exhibited by 

selected families Lamiaceae and Poaceaevolatile oils differmeaningfully (p< 0.05) 

among all species and regions selected. 

The variation in the extent of retardation of linoleic acid peroxidation of tested 

volatile oils among different agroclimatic regions  might be is due part to the varied 

contents of the antioxidant bioactives such as total phenolics and/or other volatile 

components of the fragranted volatile oils which act as peroxidation inhibitors (Lu 

and Foo, 2000). Kelen and Tepe (2008) analysedsignificantstages of retardation of 

peroxidation exhibited by ethereal oils obtained from variedLamiaceae species. 
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Yadegariniaet al. (2006) determined retardationof the peroxidation ofM. piperita oil 

to be 50.17%, substantially lesser than the BHT. Gulluce et al. (2007) stated theM. 

longifoliavolatile oil showedapprox. 37% inhibition of the linoleic acid (LA) 

oxidation.Inhibition of linoleic peroxidation inbasil ethereal oil was also reportedby 

Hussain et al. (2008).The present antioxidant related assays results favor the potential 

uses of the tested essential oils as a natural cause of antioxidant/antimicrobial agents 

for uses as additives in food science applications. In the present era of optimal 

nutrition, food researchers and functional food and nutraceutical industry is keenly 

looking for replacing synthetic antioxidants with plant based safer, healthier and 

natural antioxidants (Anwar et al., 2016b; Hussain et al., 2008). 

4.8 Variation in total phenolics (TP) and total flavonides (TF) 

contentsof tested essential oils 

The volatile oils extracted by HD and SCFE techniquesfrom selected species of 

Lamiaceae and Poaceae from different regions (hilly, drought stressed, arid and 

irrigated regions) also offered considerable extents of total phenolics and same as total 

flavonoids (Table 4.1.6, 4.2.6, 4.3.6 and Table 4.4.6). 

Mentha spicata essential oil across the selected four regions showed values of 

TPC (g GAE /100g) varied over 30.99-34.26 by HD and 31.21-38.19 by SCFE and 

the values of TFC (g CE / 100g) 4.66-10.12 by HD and 8.76-14.88 by SCFE method 

(Table 4.1.6). These results show SCFE method isolated relatively a pure essential oil 

with higher concentration of bioactives. The isolated Mentha piperita essential oil 

contained TPC (g GAE /100g) in the range of 29.11-37.21 by HD and 36.83-41.98 by 

SCFE and TFC (g CE / 100g) 5.67-12.54 by HD and 11.01-15.28 by SCFE (Table 

4.2.6). For both the Mentha species, the values of TPC and TFC, which were quite 

comparable, were recorded to be higher for hilly regions followed by drought 

stressed, arid and then irrigated indicating considerable variations among regions 

studied.  

Meanwhile, isolated O. basilicum essential oil had TPC (g GAE /100g) in the 

range of 23.74-30.11 by HD and 28.87-42.69 by SCFE and TFC (g CE / 100g) from 

3.99-9.55 by HD and 5.33-16.49 by SCFE, showing almost similar trends for 

distribution among regions as far Mentha species (Table 4.3.6). 
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The essential oil of C. citratus from Poaceae family also contained reasonable level of  

TPC (g GAE /100g)with contribution  in the range of 15.23-22.14 by HD and 21.63-

27.53 by SCFE while the  values of TFC (g CE / 100g)were  3.67-5.12 by HD and 

3.22-6.35 by SCFE (Table 4.4.6). The quantity of TP and TF in C. citratus essentialoil 

were also noted to be higher for hillyregion samples among others. 

The greater amount of phenolics as well as flavonoids and linalool in O. 

basicilium essential oil among others can be linked to the superior antioxidant 

activities of this species.The contents of TPC and TFC in the selected species 

essential oilsvaried pointedly (p< 0.05) in relation tosegregating techniques.  

 The total phenolic content of M. spicata extract, reported by Kanatt et al. 

(2007), was 26.0 mg per g of wet weight of extract. In another report, Schereret al. 

(2013) reported about methanolic part in M. spicataessential volatile oil as 75.9 (mg 

GAE/g)According to Benabdallah et al. (2016)the total phenolic contents of 

05Mentha spp. ranged from 14.8 to 43.1 (mg GAE/g)in which highest value was 

showen by M. aquatica whereas minimum by M. villosa. The hydrodistilled and SCF 

extracted essential oil of C. citratus from hilly, drought stressed, arid and irrigated 

regions exhibited TPC (Table 4.4.6) 22.14, 18.56, 17.55 and 15.23 by HD and  27.53, 

25.66, 23.93 and 21.64 by SCFE, respectively while TFC  5.12, 4.87, 3.89 and 3.67 

by HD and 6.35, 5.29, 4.96 and 3.22 by SCFE, respectively. Thetrends ofTPC and 

TFC in C. citratus EO were also practically noted to be higher for hillyregion 

samples. 

It can be observed that TPC and TFC values for the selected species essential 

oils were higher from hilly regions among others. These trends for occurrence of TPC 

and TFC in the this research workare nearly close by the outcomes of an earlier 

investigation by Patel et al., (2010). The greater %age of TPC and TFC in tested 

samplescan also be linked to higher antioxidant potentials of these samples among 

others. Moderate temp. conditions and high rain fall in hilly areas can be a main logic 

of healthy growth of Lamiaceae and Poaceae herbal familieswith higher retention of 

antioxidant phenolics. Moreover, the present results revealed that SCFE method 

produced pure essential oil with relatively a higher concentration of TP and TF. There 

are also many reports that contents of secondary metabolites (SM) such as phenolics 

may increase in the plants due to effective secondary metabolism under favorable and 

http://www.sciencedirect.com/science/article/pii/S057017831630029X#b0100
http://www.sciencedirect.com/science/article/pii/S057017831630029X#b0100
http://www.sciencedirect.com/science/article/pii/S057017831630029X#b0170
http://www.sciencedirect.com/science/article/pii/S057017831630029X#b0170
http://www.sciencedirect.com/science/article/pii/S057017831630029X#b0020
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healthy harvesting conditions. For example, Dyab et al., (2015) reported comparison 

on the extracts of peppermintand lime which contained total phenolic and total 

flavonoid contents as 360.04, 421.96 and193.02, 53.41 mg/100g, respectively in 

Egypt.Tavakoli and Aghajani (2016) analyzed phenolic compounds in Hyssopus 

officinalis volatile oil from plants of 03 regions including non-stress, mild stress and 

intense stress and found to be 88.5, 73.2 and 65.7 µg, respectively.Olaiyaet al. (2016) 

compared the of level TPC and TFC in essential volatile oils of C. citratus and C. 

sinensis from Nigeria as(372.81 µg/mL) and (262.81µg/mL) and total flavonoid 

contents (377.88µg/mL) and (79.65µg/mL), respectively. Pedroet al. (2016) reported 

total phenolic contents (272.54-688.22 mg/100 g) and total flavonoids contents(40.49-

106.23 mg/100 g) in Ocimum basilicum L. leaf productsvbcfachieved at varieddegrees 

of temperature (10-30
°
C) as well as extraction time duration (20-60 min) in  Brazil 

and noted considerable variations with respect to extraction conditions. 

4.9 Variations in antimicrobial activities of Lamiaceae and Poaceae 

essential oils 

The results for antimicrobial (antibacterial and antifungal)  activities of Mentha 

spicata,Mentha piperita, O. basilicum and C. citratusessential oils, produced from 

different agroclimatic regions,  against panel of microorganisms are described in 

Tables 4.1.7, 4.1.8, 4.2.7, 4.2.8, 4.3.7, 4.3.8, 4.4.7 and 4.4.8. The tested hydrodistilled 

Mentha spicata essential oilexhibited antibacterial potential with larger inhibition 

zones (14-39mm) and smaller MIC values (10.1-331.8µg mL
-1

)compared with SCF-

extracted counterpart inhibition zones (10-37mm) and MIC values (17.8-357.2µg mL
-

1
)against selected strains of bacteria (Tables 4.1.7). Mentha spicataoil also showed 

good antifungal potential with inhibition zone (16-41mm) and MIC values (11.1-

321.5µg mL
-1

)by HD method and inhibition zone (21-47mm) and MIC values (10.4-

119.8µg mL
-1

) by SCFE against tested strains of fungi. Somehow a superior 

antibacterial activity was seen in Mentha piperita essential oil with inhibition zones 

(14-51mm) and MIC values (10.7-337.9µg mL
-1

) by HD and inhibition zone (11-

44mm) and MIC values (13.0-351.4µg mL
-1

) by SCFE against the selected strains of 

bacteria. The oil also showed very good antifungal potentialshowing inhibition zone 

(13-48mm) and MIC values (16.3-342.7µg mL
-1

) by HD and inhibition zone (24-

https://www.researchgate.net/researcher/2107186151_Charles_Ojo_Olaiya
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49mm) and MIC values (13.1-84.3µg mL
-1

) by SCFE against the tested strains of 

fungi.  

The essential oil of O. basilicumfrom different regions exhibited a wide 

ranging antibacterial activity against tested bacteria with inhibition zones (13-42mm) 

and (17-50mm) and MIC values (17.0-352.7µg mL
-1

) and (10.0-335.8µg mL
-1

) by HD 

and  SCFE method, respectively. The hydrodistilled and SCF extracted O. 

basilicumessential oil also exhibited appreciable antifungal activity as evident by the 

recorded values of inhibition zone  (11-40mm) and (21-46mm) and  MIC (16.8-362.3-

76.4µg mL
-1

) and (11.6-114.2µg mL
-1

), respectively. 

As far as antimicrobial potential of volatile oil of C. citratus ofPoaceae family 

is concerned, the hydrodistilled and SCF-extracted oil exhibited inhibition zones of 

15-43mm, 10-40mm and MIC 14.3-324.5µg mL
-1

and 17.1-359.7µg mL
-1

 against 

tested strains of bacteria, respectively while inhibition zone of 18-45mm, 24-44mm 

and MIC 10.3-295.8µg mL
-1

, 12.1-119.4µg mL
-1

µg mL
-1

, respectively against 

selected strains of fungi.Antimicrobial activities ofPoaceae species essential 

oilsvaried significantly (p< 0.05) between the two extraction techniques. 

With regard to extraction techniques, among the oils tested, an excellent 

antimicrobial activity (antibacterial activity and antifungal activity) was noted for the 

essential oil of Mentha piperita extracted by SCFE method while the least 

antimicrobial activity (antibacterial activity and antifungal activity) was investigated 

for Mentha spicataoil obtained by HD method. A potent antimicrobial potential of 

Mentha piperita oil can be associated to higher concentration of menthone in it. 

Generally, the selected Lamiacaeae species oils presentedhealthier antibacterial action 

against the Gram-positive bacteria instead ofother type as Gram-negative 

bacteria.Escherichia coliwere found to be the most resistant strain while B. subtilisand 

S.aureus were the most subtle strains analyzed. Among the various fungal strains 

tested, A. flavous, A. solani, F. solaniR. solani,A. niger and A. alternata were proved 

to be most resistant strains. The differences in antimicrobial potentials of Mentha 

volatile oils regardingvaried species was statistically significant (p< 

0.05).Sivropoulou et al. (1995), Mimica-Dukic et al. (2003) and Vagionas et al. 

(2007) extractedvolatile oils from theM. piperita and M. spicata, M.arvensis,S. biflora 

and O.basilicum reported that these oils due to richness in  menthone, piperitone 
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oxide, carvone and linalool can be explored as a sustainablesource of natural 

antimicrobial agents. 

Interestingly,quite inconsistent and irregular trends of antimicrobial activities 

of the tested Mentha spicata,Mentha piperita, O. basilicum and C. citratusessential 

oils were recorded with regard to agroclimatic regions (Table 4.1.7, 4.1.8, 4.2.7, 4.2.8, 

4.3.7, 4.3.8, 4.4.7 and 4.4.8).Among two Mentha essential oils, Mentha spicata 

essential oil exhibited highest inhibition zones against bacterial strain B. 

subtilis(39mm) with MIC(10.1µg mL
-1

) from drought stressed region while  lowest 

against B. subtilis(14mm) with MIC (331.8µg mL
-1

) from irrigated region by HD 

method. In case of SCFE, highest antibacterial action was observed against B. 

subtilis(37mm) with MIC (17.8µg mL
-1

) from drought stressed region and lowest 

activity was investigated against E .coli (10mm) with MIC(349.3 and 357.2µg mL
-1

) 

fromarid and irrigated regions, respectively. Generally, maximum antifungal activity 

of Mentha spicata was observed against A. flavous (41mm) with MIC(11.1µg mL
-1

) 

from  drought stressed region and minimum against A. niger (16mm)with MIC 

(321.5µg mL
-1

) from  irrigated region by HD method while for SCFE, Mentha spicata 

essential oil exhibited best antifungal activity against A. flavous (47mm) with 

MIC(10.4µg mL
-1

) from drought stressed region and lowest against A 

.alternata(21mm) with MIC (119.8µg mL
-1

) from  irrigated region.  

The data for antimicrobial activity of Mentha spicataessential oils varied 

notably among the selected four regions that can be linked to varying composition of 

the oil from varied habitats. Mentha piperitaessential oil showed stronger 

antimicrobial activities than Mentha spicataessential oil but with somewhat varying 

extents against different microbial strains. For example, the hydrodistilled M. 

piperitaessential oil exhibited maximum antibacterial activity against S. aureus 

(inhibition zone 51mm and MIC10.7µg mL
-1

) from drought stressed region while the 

minimum (inhibition zones 14 mm and MIC337.9µg mL
-1

against E. coilfrom irrigated 

region. On the other hand, SCF extracted M. piperitaoil showed highest antibacterial 

activity against S. aureus (inhibition zone 44mmwith MIC13.0µg mL
-1

) from drought 

stressed area however, the  lowest against E. coil (inhibition zone 11 mm with 

MIC351.4µg mL
-1

) from irrigated region. 
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Antifungal activity of hydrodistilled Mentha piperita essential oil was examined to be 

highest against F. solani (inhibition zone 48 mm with MIC16.3µg mL
-1

)from drought 

stressed region while least against M. mucedo (inhibition zone 13mmwith 

MIC342.7µg mL
-1

)from  irrigated region. While SCF-extracted M. piperita essential 

oil from drought stressed region showed highest antifungal activity against F. solani 

(inhibition zone 49 mm with MIC13.1µg mL
-1

) whereas the oil from irrigated region 

had the lowest activity against A. alternata (inhibition zone 24mmwith MIC84.3µg 

mL
-1

). 

Meanwhile, the hydrodistilled essential oil isolated from drought stressedO. 

basilicum plants exhibited highest antibacterial activity against B. cereus (inhibition 

zones 42 mm with MIC17.0µg mL
-1

) while the lowest against S. poona (inhibition 

zones 13 mm with MIC352.7µg mL
-1

) from irrigated region. The SCF extracted O. 

basilicum essential oil from drought stressed region had greater antibacterial activity 

against B. cereus (inhibition zone 50 mmwith MIC10.0µg mL
-1

)while the lowest  

against B. pumilis (inhibition zone 17mmwith MIC335.8µg mL
-1

) from irrigated 

region. 

Regarding antifungal potential, the hydrodistilled O. basilicum essential oil 

from irrigated region, showed maximum activity against A. flavous (inhibition zone 

40mmwith MIC16.8µg mL
-1

)whereas the minimum against R. solani (inhibition zone 

11 mm with MIC362.3µg mL
-1

). Similarly, the essential oil, extracted by SCFE 

technique from irrigated region, had also highest antifungal activity against A. flavous 

(inhibition zone 46mmwith MIC11.6µg mL
-1

) while the lowest against A. 

alternata(inhibition zone 21mmwith MIC114.2µg mL
-1

). 

Among the selected species of family Lamiaceae, the hydrodistilled and SCF- 

extracted M. piperita oil from drought stressed region exhibited the highest 

antibacterial activity (inhibition zone 51mmagainst S. aureus while the lowest against 

E. coli(10 mm) by M. spicata essential oil. These trends in the present experiments  

arequite comparable to the research findings of some previous studies (McGaw et 

al.,2002;Gulluce et al.,2007). 

Therefore,trends for antimicrobial activity of C. citrarusessential oil were also 

consistent with present results of essential volatile oils from Lamiaceae family species 
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(M. spiata, M. piperita and O. basilicum).  Highest antibacterial activity for 

hydrodistilled C. citrarus essential oil was investigated against S. aureus (inhibition 

zone 43 mm with MIC14.3µg mL
-1

)from  drought stressed region while the  lowest 

against E. coli (inhibition zone 10mmwith MIC359.7µg mL
-1

) from irrigated region 

by SCFE method. As far as antifungal activity is concerned, the hydrodistilled C. 

citrarusoil from drought stressed region showed the highest activity against R. solani 

(45 mm with MIC10.3µg mL
-1

) and lowest against A. solani and A. niger(18mmwith 

MIC295.8µg mL
-1

) from irrigated region. Similarly, SCF extracted C. citrarusoil 

from drought stressed  and irrigated region indicated maximum antifungal activity 

against A. flavous (inhibition zone 44 mm with MIC(15.1µg mL
-1

)while  minimum 

against A. alternate (inhibition zone 24 mm)with MIC119.4µg mL
-1

), respectively.  

Such random patterns of antimicrobial activities exhibited by the tested 

essential oils in relation to extraction techniques and agroclimatic regions in the 

present work can be attributed to variable bioactive/volatiles composition of the 

oilsfurther defined by the morphological traits of the plants. It has been revealed in 

some previous studiesthat diversity in chemicals of volatile oils affectstheir biological 

potentials(Celiktas et al., 2007). It can be observed from the present random 

developmentsthat antimicrobial effectiveness of the tested essential oils is not only 

dependent on chemical composition of the oils, nonetheless it is species dependent as 

well.The trends for variations in antimicrobial activities as revealed in this work are 

related by manyearlier researchers who reported variations in natural potencies of 

volatiles from a sample of plant collected from varied regions, which might be 

recognized to vary in conc. of bioactive components from each herb in several 

climates (Marechal et al., 2004;Saba et al., 2013).Moreover, whole the volatile oils, 

offered potent antimicrobialeffectiveness than the individual major component, tested 

in parallel trials. This effectiveness can be related to synergistic effects resulting in 

superior biological activities. It has been revealed that the concentration of minor 

constituents as well as promising contact between the major constituents has a strong 

effect on the antimicrobial potential of Thymus caramanicus essential oil(Ebrahimi et 

al., (2009). In the current scenario, when growing antimicrobial resistance (AMR) is 

posing serious threats of infectious diseases, there is more need for the search of safer, 

effective plant based antimicrobial agents. In this regard,the tested oils can be a 

potential candidates for isolation and purification of natural antimicrobial/antioxidant 

agents.  
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4.10 Variation in hemolytic activity of Lamiaceae and Poaceae 

essential oils 

Table 4.1.9, 4.2.9, 4.3.9 and 4.4.9 showed hemolytic potencyof the selected species 

(M. spiata, M. piperita and O. basilicum) and (C. citrarus) essential volatile oils.The 

hemolytic activity of the tested oils was also evaluated under in-vitroconditions on 

human erythrocytes (O blood groups). Hydrodistilled and SCF- extracted Mentha 

spicataand Mentha piperita essential ethearel oils from varied areasshowed 

percentage inhibition in a range of 47.96-68.71% and 37.11-48.25% and 52.19-

71.61%, and 43.10-54.27%,respectively. The essential volatile oil (EVO) from O. 

basilicumsamples of different regions also showed good results with contribution 

36.23-53.45% by HD and 29.82-44.27% by SCFE which were  lower than Mentha 

piperita essential oil. The hemolytic activity of C. citratus from family Poaceae was 

investigated to be 49.19-61.10% by HD and 30.51-41.17% by SCFE. Data for the 

hemolytic activity of selected species essential oilsisolated by two different 

techniques varied significantly (p< 0.05) among different agroclimatic regions. It is 

evident that O. basilicum essential oil extracted by SCFE method from hilly region 

(29.82%) showed least hemolytic values than all others which can be attributed to the 

greater conc. of phenolics and higher antioxidant power of oils from hilly region. 

Among Lamiaceae species, the hydrodistilled and SCF extracted M. spicata 

essential oil showed highest % inhibition (68.71%) from irrigated samples while the 

minimum (48.25%) for hilly region. The tested M. piperitaessential oil showed 

greater values of percentage inhibition than M. spiataessential oil. In case of SCF 

extracted M. piperitaessential oil, the highest percentage inhibition (54.27%) was 

noted for oil samples isolated from irrigated region while lowest % inhibition 

(43.10%) for hilly region samples.By thehydrodistilation, the highest % 

inhibition(71.61%) was also observed for oil samples from irrigated region and the 

lowest (52.19%) forhilly region samples. The SCF extracted essential oil from O. 

basilicumfrom irrigated region exhibited greater percentage inhibition potential of 

hemolytic (44.27%) while lowest from hilly region (29.82%). Similarly, the oil 

extracted by hydrodistillation method fromirrigated region samples exhibited highest 

(53.45%) while the lowest (36.23%) from hilly region samples. Likewise,SCFE and 

hydrodistilled extracted C. citrarusessential oil exhibited highest percentage 
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inhibition (41.17% and 61.10%) from irrigated region samples while the lowest 

(30.51% and 49.19) from hilly region samples, respectively.  

Least hemolytic (cytotoxic) activity was shown by the oil samples derived 

from hilly region among others which can be attributed to the greaterquantity of 

phenolics and higher antioxidant power of oils. Thus, flavonols and their glycosides 

are effectually used as antioxidants to behave as safeguard on RBCs from the free 

radical arbitrated oxidative hemolytic activity and also connecting of flavonoids with 

red blood cell (RBC) membranes considerably stops fat (lipid) peroxidation (Daiet al., 

2006). 

In fact,erythrocytes (red blood cells) are considered as a major target for the 

free radicals attack due to comprising ahigh membrane conc. of polyunsaturated fatty 

acid (PUFA) and oxygen carryinglinked with redoxactive Hb (hemoglobin) 

moleculeswhich are developers of activated oxygen species (Ebrahimzadehet 

al.,2009). In order to assess the potential pharmacological applications of volatile oils, 

researchers focused on hemolytic activity of plant oils (Antonio et al., 2015).In the 

recent work, the essential oils extracted by SCFE method produced good results than 

HD method oil that can be linked to purity of the former method oil with higher 

amounts of bioactive components.  

Inclusively, data of the present work exhibit that essential oils and bioactive 

compounds from selected herbs of Lamiaceae and Poaceae species are potential 

source of biologically active components. The tested oils were mostly rich in 

oxygenated monoterpenes (OM). Especially, selectedvolatile oils exhibited high 

antioxidant and radical scavenging potentials due to occurrence of considerable 

amounts of TPC and TFCalong with other bioactives. The tested oils also exhibited 

considerable antimicrobial potential and hemolytic activity. Moreover, agroclimatic 

localities exerted a substantial effect on %age of yield, composition and biological 

potencies of the tested ethereal oils. The findings of the present work provide valuable 

data relevant to composition and biological attributes of Lamiaceae and Poaceae 

herbal essential scented oils in Pakistan. Based upon the present data, it would be 

interesting select proper habitats/region for growth and cultivation of these herbs for 

production of valuable essential oils with potential pharmaceutical and biological 

applications in the local functional food, nutraceutical and pharmaceutical industries. 
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5.1  CONCLUSIONS 

1. This research workexplores the comparison of the yield and biochemical 

quality of essential oil of selected medicinal herbs grown under different 

agroclimatic conditions(drought stressed, hilly, arid and irrigated) of 

Punjab,Pakistan. 

2. Considerable variations in yield, physiochemical and biological attributes of 

essential volatile oils produced by hydro-distillation (HD) and supercritical 

fluid(SCF) extraction technique were recorded. 

3. GC-FID and GC-MS analysis of chief components in volatile oils explored the 

existence/occurenec of different types of oxygenated monoterpenes, 

monoterpene hydrocarbons, sesquiterpene hydrocarbons, 

oxygenatedsesquiterpenes and phenyl propanoids.  

4. With respect to different collection regimes, such as drought stressed-, hilly-, 

arid-, and irrigated- regions, the tested essential oils revealed considerable 

differences in yield, composition, TPC & TFC and biological actions that can 

be linked to the diverse agro-ecological conditions oflocalities.   

5. Generally, the essential oils isolated from the drought stressed region plants 

exhibited superior antimicrobial and hemolytic activities while those from 

hilly regions depicted a higher extent of antioxidant activity and total 

phenolics and flavonoids.  

6. Overall, a significant variation was noted in yield, volatiles composition and 

biological properties of tested oils with respect to extraction techniques and 

harvesting areas that can be mainly linked to the variable chemicals profiling 

resulted from morphological diversity of the plants studied. 

  



134 
 

6.1  SUMMARY 

The whole research work presented in this thesis was performed in different 

laboratories as Department of Chemistry, University of Sargodha, Sargodha, Pakistan; 

Department of Chemistry and Biochemistry, University of Agriculture, Faisalabad, 

Pakistan; Department of Microbiology,University of Agriculture, Faisalabad, Pakistan 

and LISCENT lab, COMSAT Abbottbad, Pakistan.In this study, comparative research 

work was done on extraction of essential oils by two different extraction 

methodologies of hydrodistillation (HD) and supercritical fluid extraction (SCFE) on 

three  species from two  genera of Lamiaceae and one  species from genus of Poaceae 

family which was collected from four different agroclimatic [drought stressed 

(Layya), hilly (Murree), arid(Rawalpindi) and irrigated (Faisalabad)]regions of 

Pakistan to investigate their yield, chemical composition, determination of TPC & 

TFC, antioxidantand antimicrobial potential of the ethereal/essentialoils. Efforts were 

madeappraise differences in yield, composition and biological potentials of the 

volatile oils isolated with resepct to herbs collected from four different regions of the 

Punjab, country.  . 

Of the ‗‗Mentha‘‘ genera of Lamiaceae family investigated, Mentha spicata 

showed greater oil yield (0.76% ) from hilly region by Hydrodostillation (HD) than by 

Supercritical fluid extraction (SCFE) (0.64%) whereas Mentha piperita essential oil 

also offered same effects but bit greater yield from hilly region by Hydrodostillation 

(HD)  (0.91%) than by Supercritical fluid extraction (SCFE)  (0.68%) than all other 

regions. Essential oil from second genera ‗‗Ocimum‘‘ of Lamiaceae family explored, 

Ocimim basilicum showed 0.87% yield from hilly region by Hydrodostillation (HD) 

and 0.71% yield by Supercritical fluid extraction (SCFE) from same hilly region than 

all other regions. Different trend of essential oil yield was observed from all three 

species from two genera but maximum yield was resulted from Mentha piperitaas 

(0.91%) from hilly region. Essential oils from Cymbopogon citratus species of 

‗‗Cymbopogon‘‘ genera in Poaceae family indicated 0.88% oil yield by HD and 

0.67% by SCFE from same hilly region. Such variation in oil yields may be linked to 

morphological, and biochemical diversity of the plants attributed to different 

typographical conditions and environment factors. 
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Using GC-FID and GC-MS, Mentha spicata ethereal/volatile oil showed greater 

percentage of its chief constituent, Carvone by SCFE(30.89 to 52.31%) from four 

different regions than by HD (27.37 to 47.15 %) but in both cases greater percentage 

was seen in drought stressed region due to morphological diversity of plants and may 

also be linked to high salinity in this area that may pose less leakage of components 

by protection from high sun light. Mentha piperita essential oil offered highest 

percentage of Menthone as in the range 27.67 to 33.21% by HD and 31.52 to 43.91% 

by SCFE which was observed greater. Major component in essential oil of O. 

basilicum leaves extracted from four different agroclimatic regions by HD was found 

as Linalool in the range of 29.91 to 38.47% and by other technique of SCFE as 31.45 

to 54.17% and in both cases greater percentage was found from drought stressed 

region due to outmost purity of oil. Furthermore, the selected Lamiaceae species oils 

also had significant amounts of different minor chemical constituents consisting of< 

10%. Essential /volatile oils from Cymbopogon citratus species of ‗‗Cymbopogon‘‘ 

genera in Poaceae family signified Citronellal as a main component by percentage as 

21.61 to 38.82% by HD and 29.98 to 39.32% by SCFE.  

The analyzed Lamiaceae and Poaceae essential oils showed very good 

antioxidant activity as DPPH, IC50 (µg/mL) and retardation of usually linoleic acids 

peroxidation (%). O.basilicumvolatile oil showed relatively greater scavenging 

potentialfor radicals with generally lesser IC50 values (4.3-9.5 µg/mL) and 

tremendous % inhibition of the linoleic acids peroxidation (87.6-93.5%) by SCFE 

method while least from the M. spicata essential oil asIC50 values (12.5-17.1µg mL
-1

) 

method andpercent inhibition of linoleic acid peroxidation (57.1-62.6%)by HD 

method. The greater antioxidant potential of O. basilicum oils linked with higher 

contents of total phenolics and flavonoids because phenolics are strong free radical 

foragers and peroxidation retarders. 

The selected species ethereal oils from both families of Lamiaceae and 

Poaceae offered highest contents of Phenolics and Flavonoids from hilly regions. 

Highest values of TPC (g GAE /100g) as high as 28.87-42.69 were found from O. 

basilicum essential oil by SCFE from Lamiacea family while least values from 

Mentha spicata essential oil 30.99-34.26) by HD. The essential oil of C. citratus from 

Poaceae family presented good values of TPC (g GAE /100g) as 21.64-27.53 by 

SCFE than 15.23-22.14 by HD. Same as in Lamiacea family highest values of TFC (g 
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CE / 100g) were observed from O. basilicum essential oil as 5.33-16.49 by SCFE and 

least 3.99 -9.55 by HD from same herb O. basilicum essential volatile oil. Overall 

good results of TPC and TFC tests from O. basilicum essential oil by SCFE may be 

linked to higher antioxidant activities of these samples in hilly region than other areas  

because mild temperature conditions and high rain fall in hilly areas can support 

growth of healthy plants leading to higher concentration of antioxidant phenolics. 

The antimicrobial potential of Lamiaceae volatile oils against a group of 

bacteriawas found highest for Mentha piperita essentialoil (14-51mm) with smaller 

MIC values (10.7-337.9µg mL
-1

) in drought stressed region while the lowest values 

from Mentha spicata essentialoil ( 10-37mm) with smaller MIC values (17.8-349.3µg 

mL
-1

) by SCFE in irrigated region. The antifungal activity was seen maximum for 

Mentha piperita essentialoil (24-49mm) with smaller MIC values (13.1-84.3µg mL
-1

) 

by SCFE oil from drought stressed regionagainst the strains of fungi while minimum 

forO. basilicum essential oil (11-40mm) with smaller MIC values (16.8-362.3µg mL
-

1
) by HD from  irrigated region. The antimicrobial potential of Poaceae oils against a 

group of microorganisms was investigated to be almost same by inhibition zones of C. 

citratus as (15-43mm) with smaller MIC values (14.3-324.5µg mL
-1

) by HD as a 

maximum value against selected strains of bacteria) in drought stressed region while 

(18-45mm) with smaller MIC values (10.3-294.5µg mL
-1

) by HD against from 

irrigated region against selected strains of fungi.It has been reported that saline 

drought stressed agro-climatic conditions help to cover the surface of plant cells to 

stop the leakage of oil components from plant mitochondrial cell organelle and thus 

support for a higher bioactive contents. Thus best antimicrobial activity of Mentha 

piperita oil may be due to greater concentration of menthone in this volatile oil. 

Generally, the selected Lamiacaeae volatile oils had better antibacterial potential 

against Gram-positive bacteria istead of other type (Gram-negative bacteria).  

The hemolytic potency of all selected species essential volatile oils were tested 

under in-vitro conditions human erythrocytes (O blood groups). Maximum hemolysis 

percentage was found from Mentha piperita essential oil as 52.19-71.61% by HD and 

minium was observed in O. basilicum as 29.82-44.27% by SCFE. The hemolytic 

activity of C. citratus oil from Poaceae family was found greater by HD as49.19-

61.10% than by SCFEas 30.51-41.17%. Least hemolytic (cytotoxic) activity was 

shown by the oil samples derived from hilly region among others which can be 
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attributed to the greaternumber of phenolics and higher antioxidant potecy of the 

volatile oils. Thus, flavonols and their glycosides are effectually used as antioxidants 

to behave as safeguard on RBCs from the free radical arbitrated oxidative hemolytic 

activity and also connecting of flavonoids with red blood cell (RBC) membranes 

considerably stops fat (lipid) peroxidation 

The essential volatile oil samples from the Lamiaceae and Poaceae species 

collected from the hilly region exhibit good antioxidant and antimicrobial potential 

among other regions. The deviations in oil production yield and chemical 

attributes/compositionas well as biological potential of majority of the tested volatile 

oils collected from varied agro-ecological locations, were found statistically 

significant. These variations are basically due to different phenological position and 

ecologicalconditions that can affect biosynthesis and biochemicals profile of volatile 

oils. 

The presented data revealed valuable information about composition, 

antioxidant and antimicrobial potentials ofvolatile oils extracted from Lamiaceae and 

Poaceae species native to Pakistan. Thus, future researche under in-vivo conditions 

are recommended to describe typically antimicrobial and antioxidant potentials of 

both Lamiaceae and Poaceaevolatile oils having different remedial and 

pharmaceutical uses. Likewise, the isolation of each/individual ethereal oils bioactive 

constituents is recommended for specific functional food as well as nutraceutical 

applications.Research work should also be done in order to assess the efficiency of 

these volatile oils for utilization as possiblestrong basis for natural antioxidants and 

antimicrobiological agents, as well as foodspreservatives. 
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7.1 FUTURE PROSPECTS OF RESEARCH 

The present work on have provided an insight into the variation of biochemical 

attributes of oils isolated from the herbs harvested from different areas that can be 

mainly  in due part to morphological divesrsity of plants. This also reveales 

rindications of the functional mechanisms of thesurvival of these herbs in. Hence, a 

need araises to carry out intensivestruggles on climatic variations in the 

geographicalconditions in several plant parts under diverse circumstanceswhereas 

contrasting with the regulatorygroups. Therefor such type of work 

mayadditionallyenrich our consideration of the functional investigation of 

multiplebasic proteins convening abiotic stress tolerance in theseplant species. 

 Likewise, future studies under (in-vivo)situations/conditions are recommended 

especially to elucidate typically antimicrobial and antioxidant potentials of both 

Lamiaceae and Poaceae volatile oils having different remedial and pharmaceutical 

uses in the native medicine systems. Similarly, the isolation of individual/each 

ethereal oils bioactive constituents highly recommended for appraisal of specific 

functional food as well as nutraceutical applications of these herbs oils. 
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