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                            Abstract 

Murraya exotica, commonly known as orange Jasmine, belongs to the 

family Rutaceae. It is a popular hedge plant in the tropics and is commonly 

grown in gardens for its glossy green foliage and large clusters of fragrant 

flowers. The potential of Murraya exotica has never been fully exploited in 

Pakistan and very little work has been carried out on the flower and essential 

oil production of this plant. The present study was therefore carried out to 

explore the flower production potential of Murraya exotica under local 

conditions (Faisalabad region) with the aim to explore the crop as a high value 

non-traditional for value addition through essential oil extraction. Moreover, 

the standardization of the SCFE technology and comparison of essential oil 

extraction methods was done to obtain high quality essential oil. The study 

comprised of five experiments. In the first experiment, the effect of different 

levels of NPK (17:17:17) and FYM on growth and production of Murraya 

exotica flowers was investigated. The results indicated that an increase in 

fertilizer levels caused a significant increase in plant height, number of 

branches, number of flowers, size of flowers, fresh and dry weight of flowers 

with maximum values recorded in plants supplied with 20g NPK/plant/month + 

4kg FYM. In addition, the same dose also significantly enhanced the nutrients 

contents (N, P and K) and photosynthetic pigments in the flowers. The super 

critical fluid extraction (SCFE) technology for the extraction of essential oil of 

Murraya exotica was optimized in the second experiment. A temperature of 

40
o
C and pressure of 80 bar was found to be optimum for the obtaining the 

highest quantity and quality of essential oil through SCFE technology. The 

various methods viz. SCFE, solvent extraction and steam distillation were 

compared for their efficiency in extraction of essential oil in the third 

experiment. It was observed that the SCFE was the most economical and 

suitable method for essential oil extraction of Murraya exotica. Fourth 

experiment was comprised of the phytochemical analysis of Murraya exotica. 

It was revealed from the experiment that carbohydrates, phenolic compounds, 



 
 

xv 

phytosterols, alkaloids, flavonoids and proteins and free amino acids were 

present whereas fixed oils and fats and saponins were absent. In the fifth 

experiment, the effect of Alumina-buffered phosphorus (P) fertilizers on 

growth of Murraya exotica was compared with conventional P fertilizers. The 

results suggested that low but continuous supply of phosphorus (P) through 

Alumina-buffered phosphorus fertilizer was better than conventional fertilizers 

in improving the growth of Murraya exotica.   



1 
 

CHAPTER 1       INTRODUCTION 

 

Murraya exotica is an evergreen shrub, belongs to family Rutaceae, 

usually grows up to 2 to 3 m in height. M. exotica are also known as orange 

jasmine, Murraya paniculata, mock orange (Bailey, 1978). It has spreading 

crown and short trunk which is rather corky and fragrant. Alternate Leaves 

with usually 3-9 leaflets are produced on this plant. The leaflets are 1-5 cm 

in size, dark green in color, glossy, cuneate or rounded at the base. Fragrant 

white flowers in the form of small clusters produced at the end of branches. 

Later shiny, red elliptic fruits about 1 cm long are developed. The plant can 

be pruned into animal and other shapes (topiary) and grown as a potted plant 

(Whistler, 2000). It can be used as an ornamental or an accent plant or 

cultivated as a bonsai (Gonzalez, 2002).  

Murraya exotica are adapted to a wide range of conditions. The specie 

grows from nearly sea level to an elevation of 1500 m. This plant is 

moderately intolerant of shade, though it produces few flowers growing well 

under partial shade. It is a hardy plant and can survive the temperature of 

about -4
o
C (Neal, 1965). Natively it was found in China, India, Sri Lanka, 

northeastern Australia and Taiwan (Parrotta, 2001). 

Medicinally it is an important plant. The leaves of the plant are 

stimulant and astringent. The different parts of the plant are found to be used 

for the treatment of diarrhea and dysentery in the Philippines and China. The 

leaves and bark of roots were used to treat the cough, rheumatism and 

hysteria whereas; twigs are widely used for cleaning teeth. M. exotica plants 

contain the antibiotic activities and can effectively be used against certain 

pathogens like Micrococcus pyogene and Escherichia coli. The use of M. 

exotica roots as a painkiller and as an infertility mediator had also been 

reported in China (Kong et al., 1980). M. exotica also possess antifungal and 

antibacterial activities (El-Sakhawy et al., 1998). 

Nutrition is one of the most important factors needed for better plant 

growth. Fertilizer application in a balanced way helps the plant to use the 
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nutrients efficiently. A balanced fertilization program ensures that fertilizers 

are applied in adequate amounts, and in correct ratios for optimal plant 

growth. It works more than simply by replacing the amount of any nutrient 

removed by the plants. It also maintains the nutritional level of the soil and 

productivity of plants (Swarup et al., 1998). 

Application of nitrogen (N), potassium (K), and phosphorus (P) in 

different combinations manipulate the growth of flowering plants (Younis et 

al., 2010; Younis et al., 2011). These nutrients are the main components in 

mineral fertilizers applied to the plants (Kashif et al., 2014). Nitrogen has 

more influence on plant growth, quality and yield than any other element 

does and its excess application enhances vegetative growth (Kashif et al., 

2014). Potassium is necessary for the formation of sugars, starch, synthesis 

of proteins and cell division that are the basic physiological functions of the 

plants. While the transfer of energy, synthesis and breakdown of 

carbohydrates and photosynthesis are some of the necessary life process that 

could not be accomplished in the absence of phosphorus (Obreza, 2001)  

Organic materials generally improve the soil organic matter content, 

which is a basic indicator of soil health and resilience (Riaz et al., 2008; 

Tariq et al., 2012; Yasmeen et al., 2012). These materials enrich the soil fertility 

and enhance its ability to supply the significant quantities of nutrients 

required for plants (Krishnamurthy et al., 2001; Tariq et al., 2012; Riaz et 

al., 2015). Organic manures not only recover the soil conditions by 

enhancing nitrifying activities of the micro-organisms but also enhance the 

cation exchange capacity of soil (Gasser, 1964; Singh and Dubey, 1987; 

Qasim et al., 2014). In addition, they also form the humic acid, which helps 

in reducing the soil pH and decrease the volatilization loss of NH3 (Tisdale 

et al., 1985; Younis et al., 2013). As compared to other commercial flower 

crops, very little work has been carried out on nutrition in M. exotica and 

hence, such information is totally inadequate.  

Essential oils are highly volatile substances isolated from an 

odoriferous plant. Such oils are known as essential, as they were thought to 
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represent the characteristic essence of odor and flavor. Essential oils are 

distilled volatiles of planting materials which have strong aromatic 

compounds that occur naturally in plants, i.e. alcohol, phenols, 

hydrocarbons, aldehydes and esters, etc. are some of the components of 

essential oil (Younis et al., 2008). 

Volatile oils have found to be used for thousands of years. The ancient 

civilization of Mesopotamia, over 5,000 years ago, had machines for 

obtaining essential oils from plants. The ancient civilization of India, Rome, 

Egypt and Greece used the essential oils to make perfumes the essential oils 

have been found in 3,000 years old tombs in the Pyramids and early Greek 

physicians mentioned the use of essences of aromatic plants and oil message 

for their healing and mood enhancing (Lawrence, 1991). 

There is a diverse range of products in which we can use essential oil 

some of these include perfumes, flavorings essence, pharmacology, and as 

aromatic and antiseptic roles in so many everyday consumer products. They 

have a substantial action on the human CNS (Central Nervous System), 

counteracting mental tension and nervousness, decreasing stress, and 

comforting. In addition to that, essential oils are also used as therapeutic 

agent that is once again a sort of medicine (Sattar and Mahmud, 1992). 

There is a large number of plant species are available that bears the 

essential oils (Formaceck and Kubeczka, 1982; Younis et al., 2011). These 

oils are extremely volatiles and can be isolated by using different extraction 

techniques. We can extract just grams of essential oil from kilo grams of 

flowers (Lis-Balchin and Deans, 1997; Younis et al., 2009). There are a 

number of methods like steam and hydro distillation, effleurage, CO2 and 

solvent extraction etc. are available that can be employed for extracting the 

essential oils. Each method of extraction actually has its own advantages 

and disadvantages (Baser, 1992; Zoebelein, 1997; Younis et al., 2007). 

When we talk about essential oil extraction methods the steam 

distillation is one of the historic methods humans have ever seen (Younis, 

2006). Old-fashioned distillers recommend this way of extraction for 
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various oil extractions and emphasized that no one of the novel method 

yields that good essential oil in quality. Another way of extracting essential 

oil from tender herbs and aromatic plants was solvent extraction method that 

produces a considerable yield of essential oil at very cheap inputs and is 

comparatively rather more everyday being utilized method to extract 

perfume from the flowers. This method involves a solvent like hexane to 

concentrate the flower petals and take out the perfumes this render the 

chemical compound known as concrete. The absolute is obtained from 

concrete by extraction with alcohol (Mostafa et al., 2004). 

Extraction of the volatile oils by means of the supercritical fluid 

extraction method (SCFE) has been the subject of substantial interest. In this 

procedure a supercritical fluid mainly the CO2 is used to extract the aromas 

of plants. Carbon dioxide has many distinct characteristics as it is non-

hazardous, inert and has low values of pressure (7.38MPa) and temperature 

(31.1
o
C) known as the critical values. The main characteristics of the SCFE 

are the varied range of the extraction conditions (temperature and pressure) 

that can be used for essential oil extraction. As compared to conventional 

methods, SCFE is more convenient and superior because it is more selective 

and causes no thermal degradation of components and extracts obtained 

have no added solvent and gives oil of superior quality (Wood et al., 2006; 

Carlson et al., 2001). 

The essential oil components can be recognized by using the Gas 

chromatography mass spectrometry (GC-MS). It is a specific analytical tool 

used for separation, characterization and qualitative examination of essential 

oil (Francoise, 2003). It combines the characteristics of gas-liquid 

chromatography and mass spectrometry. The gas chromatography helps to 

determine the chemical components of essential oil as it utilizes a capillary 

column, which depends on the column's dimensions, as well as the phase 

properties (Farooq et al., 2012). The mass spectrometer breaks the each 

molecule into ionized fragments and used the mass to charge ratio for 

detecting these fragments (Niemann et al., 2005). 

http://en.wikipedia.org/wiki/Gas-liquid_chromatography
http://en.wikipedia.org/wiki/Gas-liquid_chromatography
http://en.wikipedia.org/wiki/Mass_spectrometry
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Soilless media are used to grow the containerized woody ornamentals. 

These media usually lack the ability to retain the phosphorus as a result most 

of the P applied leached down and decreases the availability of phosphorus 

to plants which ultimately results in increasing the root-to-shoot dry weight 

ratios (Lynch and Beebe, 1995). Conventional phosphorus fertilizers convey 

high amount of Phosphorus for a short period of time and failed to supply 

the phosphorus at a constant. To overcome this situation a new phosphorus 

fertilizer (alumina-buffered phosphorus) was developed for the production 

of horticultural crops in soilless media (Lin et al., 1996; Lynch et al., 1990). 

This is solid phase alumina-buffered phosphorus (Al-P) fertilizer in which 

phosphate adsorbed to tiny particles of aluminum oxide that can added to 

soilless media to regulate phosphorus levels over an extended time period 

and at low concentrations (Coltman et al., 1982; Elliott, 1989). 

Solid-phase alumina behaves like a buffering agent and maintains the 

equilibrium between the solution and adsorbed phosphate and releases only 

the micromolar concentrations of P (Comerford, 1998). So by this way 

plants can be benefitted and continually received the essential nutrient over 

extended periods of time. Slow-release fertilizers are in distinguishing the 

sense that the release of phosphorus is not according to plant needs but as a 

function of pellet dissolution that can sustain sufficient phosphorus 

concentrations over an extended time period and cannot put a stop to 

phosphorus leaching in soilless media (Havis and Baker, 1985). 

In Pakistan, commercial flower and essential oil production from M. 

exotica is just a new kind of the agricultural activity. Therefore, there is 

inadequate information of production available to local producers. New 

entrants and existing procedures must stay up to date for agronomic 

practices, more productive varieties and extraction methods. 

The main purpose of this study was to build up the production 

potential of the plant for a non-traditional high value crop and widen this 

knowledge to farmers to introduce this crop in the cropping system. In these 

studies, efforts were made to understand the growth and flower production 
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potential, extraction of the essential oil through different extraction methods 

and GC-MS analysis of M. exotica essential oil. The objectives of the 

research were 

1. To exploit the potential of flower production by employing synthetic 

(NPK) and composted manure (FYM) under Faisalabad conditions 

2.  To standardize the SCFE technology for M. exotica essential oil 

3. To identify the best essential oil extraction method and analyze the 

chemical components of M. exotica essential oil through GC-MS 

technique  

4.  To analyze the phytochemical properties of M. exotica 

5. To study the effect of alumina-buffered phosphorus fertilizer on growth 

of M. exotica 
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CHAPTER 2     REVIEW OF LITERATURE 

 

2.1. Rutaceae: 

Rutaceae is a big family, which comprises of a large number of herbs, 

shrubs and trees. Normally contains about 150 genera and 1500 species.  

Spines and winged petioles are the characteristic features of this family. 

Species are mainly found in warm and tropical regions. Economically, it is 

very important family which produces not only the timber, but also a source 

of citrus fruits such as oranges, grapefruits, limes and lemons etc. The 

flowers contain aromatic oils and leaves of some species are used as spices 

(Bhatterjee, 2000). 

2.2. Murraya: 

There are about 15 species of trees and shrubs found in the genus 

Murraya, both wild and are being cultivated in Pakistan. The genus is named 

in the honour of John Andreas Murray (1740-1791), professor of medicine 

and botany, Gottingen (Nasir and Ali, 1979).  

2.3. Murraya exotica: 

Murrava exotica is the member of family Rutaceae. Synonyms of 

Murraya exotica are Murraya paniculata, orange jasmine, mock orange, 

satin wood or Chinese box (Bhatterjee, 2000). It is an evergreen shrub. 

Orange jasmine generally grows 2-3 m in height but can reach up to 8 m in 

height. Stem bark is of grey color looks fissured and rough. Slender twigs 

and branches of Murraya exotica are abundant at all heights (Keating and 

Kennedy, 1997). Pinnately compound alternate leaves have three to nine 

leaflets. The leaflets are dark green in color which is 1-5 cm in size, ovate, 

obtuse, and occasionally notched and gives citrus smell when crushed (Little 

et al., 1974). Fragrant white flowers in the form of small clusters are borne 

on this shrub. Sepals of the flower are 3mm in size, pubescent, lobes are 

triangular and apically obtuse. Petals are 12-15mm, oblong to lanceolate, 
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sparsely pubescent, glandular and ovary, locular elongate, stigma lobed. 

Fruits are elliptic, shiny red in color and 1 cm long (Liogier, 1988).  

Murraya exotica grow from nearly sea level to 1300 m elevation and 

adapted to extensive range of conditions. It grows most on well drained 

soils, though it favors the limestone areas. Moderately it is intolerant of 

shade, although it produces few flowers in clusters, while growing well 

under partial shade. It can survive the temperature of about -4
o
C (Neal, 

1965). 

Murraya exotica is a popular hedge plants in the tropics. It can be 

pruned into different shapes (topiary), cultivated as a bonsai and grown as a 

potted plant (Whistler, 2000). In trading its wood sometime is referred as 

Chinese boxwood or Adaman satinwood which is used for cabinet work, in 

making tool handles, walking sticks, and turnery (Sastri, 1962). 

Murraya exotica synonyms (Murraya paniculata, Chalcas exotica, 

Millsp orange Jessamine) is a part of family Rutaceae, originates in South-

Eastern Asia Malaysia and India. It is a bushy like decorative plant, with 

dark green leaves, small scented white flowers and small reddish orange 

fruits when ripped. The plant grows slowly and if environment conditions 

are appropriate it can bloom all year round. It can be grown by seeds and 

soft wood cuttings but there is need to germinate seeds as early possible 

right after harvesting because their viability greatly reduced as long as 

storage time increases (Sonia and Mariana, 2011).  

 Medicinally it is very important plant. Traditionally leaves, bark and 

roots are found to be widely used in South East Asia and China. It was 

reported that leaves have been used for the treatments of diarrhea and 

dysentery. Powdered leaves are applied to cuts. In Indonesia the leaves are 

thought to be astringent and used to treat venereal diseases (Sastri, 1962). In 

china root bark of Murray exotica is considered as an antiseptic and used to 

cure bone ache, gout, contusion and oil obtained from charred bark is 

commonly used for toothache (Kinoshita et al., 1985; Perry and Metzger, 

1980).   
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Ng et al. (2012) reported that in Malaysia Murraya exotica is  known 

as “Kemuning Putih” where it is commonly used in cuisine as an additive to 

enhance the flavor of food because its leaves possess the strong fragrance 

which make it suitable to be used in Malay dishes whereas, flowers are used 

in making cosmetics.   

2.4. Fertilization: 

The use of fertilizers in a balanced way not only supplied the nutrients 

in sufficient amounts but also enhances the efficiency of the plants to get 

benefitted from the applied nutrients (Younis et al., 2014). The main 

purpose of using the fertilizers is to replace the amount of nutrients that has 

been depleted in the soil profile because of continuously taken up by the 

plants needed for their growth. So by the application of fertilizers in a 

correct way, adequate nutrients can available that not only meets the needs 

of the plants but also enhances the nutritional level of the soil which 

ultimately results in better crop production (Swarup et al., 1998; Younis et 

al., 2013a; Younis et al., 2013b). Non judicious application of fertilizer and 

organic manures not only effect the plant growth but also results in low 

yields (Abdel-Mawgoud et al., 2007). 

Law-Ogbomo and Egharevba (2009) conducted a field experiment to 

determine the optimum rate of compound fertilizer NPK (15:15:15) and 

planting density. They used two tomato cultivars with three planting 

densities and three levels of NPK fertilizer. It was observed from the results 

that  the application of  NPK fertilizer ( 15:15:15) in combination with 

planting density enhances the production of tomato in a positive way by 

increasing the height of  the plant,  number of days  to 50 percent flowering,  

yield  and the percentage of marketable yield. They also found that by 

increasing fertilizer application all measured parameters also increased up to 

the highest level and conclude that a combination of 400kg NPK ha
-1

 per 

hectare gave the highest significant yield.  

An experiment was conducted on rose (Rosa centifolia) by Anwar-Ul-

Haq et al. (1999). In this study they applied nitrogen and potassium alone 
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and in combination by keeping phosphorus constant to check their effect on 

vegetative and reproductive growth they found that with increasing nitrogen 

dose vegetative parameters as height, spread of plant and numbers of leaves 

were superior. Vegetative growth was also enhanced in combination of high 

nitrogen and low potassium dose. They further stated that flower size, 

quality and number of flowers were increased significantly with increasing 

potassium dose. Where, height of plant, number of petals/flower and size of 

flowers was best when nitrogen and potassium were applied in combination 

of (N=1680 gm/plot + K=516 gm/plot or N=1680 gm/plot + K=774 

gm/plot). Whereas, size of each plot was 4.50 sq.m. 

One of the most important factors that affect plant growth is 

fertilization. Any deficiency of fertilizer effects the plant growth which 

appeared as one of symptoms like stunted growth, small leaves, less 

elongation of branches and general reduction of vigor and light green foliage 

(Louis and Frederick, 1982). Fertilization is the only source to supply 

essential nutrients needed to plants. 

Nitrogen is one of the most important essential plant nutrients that 

play a key role in the synthesis of proteins and many organic substances in 

plant cell. Phosphorus is the second most important macro element 

necessary for the plant growth. The deficiency of phosphorus restricts plant 

growth and development because the oxidized P- compounds are necessary 

for the development of living organs as it is essential constituent for nucleic 

acids (Re em, 1997). The role of potassium in plant growth is also well 

known. Potassium helps in improving not only growth, yield and  drought 

resistance but enzyme activation, assimilate transport, balance of ions and 

water regulation  are  also some of the important functions of the plants that 

cannot be fulfilled in the absence of potassium (Poole and Conover, 1990). 

The main sources of these important elements are mineral and organic 

fertilizers (Hanafy, 1994). When appropriate fertilizers are applied, plant 

growth is always improved from the qualitative and also the quantitative 

point of view (Louis and Frederick, 1982). Stimulatory effect of NPK 
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fertilizer and benzyladenie at the rate of 4 and 8 g pot
-1

 and 20 and 40 ppm 

L
-1

 and their combinations on the growth and chemical constituents of 

Codiaeum variegatum L. plants was studied by Nahed G. Abd, (2007). It 

was found from the results that the application of fertilizer with 

benzyladenine and their combination influenced the growth of plants in 

terms of  height, branches, leaves number, root length, fresh and dry weight 

of leaves, chlorophyll a, b, carotenoids content, total carbohydrates as well 

as the percentages of nitrogen, phosphorus  and potassium. 

El-Tayeb et al. (2010) conducted two pot experiments with M. exotica 

to determine the role of application of compost and loam to sandy soil in 

reducing the lethal effects of lead (Pb), cadmium (Cd) and nickel (Ni). He 

observed the results that heavy metals greatly decreased the vegetative and 

root growth and survival % of M. exotica. Application of 20% by volume of 

compost or loam greatly reduced the poisonous effect of the heavy metals 

and enhances the plant growth. They recommended that amending polluted 

sandy soil with 20% of compost (by volume) decreased the injurious effects 

of heavy metals and improve growth and quality of the plant.  

Saleem et al. (2005) Studied the effect of simple and compound 

fertilizer 17:17:17 (NPK) on fruit set and drop patterns in Kinnow & 

Feutrell’s Early under Faisalabad conditions. In this trial five treatments 

with four replications were used where, T1= 1 Kg tree
-1

 (NH4)2SO4 + 2 Kg 

tree
-1

 S.S.P + 3 Kg tree
-1

 K2SO4, T2= 2 Kg tree
-1

 (17:17:17), T3= 2.5 Kg tree
-

1
 (17:17:17), T4= 3 Kg tree

-1
 (17:17:17), T5= 3 Kg tree

-1
 (17:17:17) in two 

splits (2 Kg tree
-1

 (17:17:17) in March and 1 Kg tree
-1

 (17:17:17) in Aug-

Sep). They found  no specific effect on fruit setting by type of fertilizer as 

highest fruit set (169.75 fruitlets branch
-1

) was recorded in Kinnow and 

Feutrell’s Early (518.88 frutilets branch
-1

) trees, when fertilized with simple 

and compound fertilizers, respectively. Fruit set was more (399.63) in 

Feutrell’s Early compared with Kinnow (122.78). Fruit drop was minimum 

when compound fertilizer was applies at the rate of 3 kg in two splits (T5). 
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Total fruit drop in kinnow was 87.18% and Feutrell’s early (96.62%). 

Feutrell’s Early retained 2.44% fruit, in comparison to 10.81% in Kinnow.  

In a trial on potting substrate Kent et al. (2007) stated that NPK can 

simply applied on surface of potting media. They recommended N-P-K ratio 

of 1:1:1 for soil-based media on Cordyline fruticosa and for soilless media 

suggested a ratio of 3:1:2. Watfa (2009) found that application of NPK 

(1:1:1) had a significant effect on Aleppo pine seedlings. All the plant 

height, stem diameter, number of leaves, fresh weights of leaves, stems and 

root length and carbohydrates contents in leaves significantly increased with 

all NPK fertilization treatments. The highest N and P contents were 

recorded by using NPK at ratio of 2:1:1 and 1:1:1. 

Niazi et al. (2002) examined the effect of FYM (Farm Yard Manure) 

amendment on growth of fodder beet on saline and saline sodic soils. He 

used the seeds of two kinds (coated and non-coated). Application of 

sufficient amounts of FYM influenced the growth of shoot whereas; non-

coated seeds produced taller plants than coated seeds. Number of leaves, 

fresh weight of plants, protein and chlorophyll content were also 

significantly increased by adding FYM.  

Verma et al. (2011) stated that organic manures along with integrated 

use of fertilizers not only improves physicochemical and biological 

properties of soil but also advances the efficiency of applied fertilizers. The 

fertilizers are known to get better the quality of the produce and helps in 

enhancing the soil fertility. Judicious applications of fertilizers with 

combination of organic manures are viable for sustainable agriculture and 

can be feasible for commercial scale production of yields and in a more 

profitable way. In addition, they are easily available, not so costly and eco-

friendly. Therefore, there is need of time to be focused on increasing the use 

of organic manures such as farm yard manure. 

Siddappa and Hedge, (2011) conducted a field trial at Kittur Rani 

Channamma College of Horticulture, Arabhavi, Gokak (Tq.), Karnataka to 

check the effects of  nutritional treatments on the performance of Murraya 
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koenigii ( curry leaf var. Suvasini). They applied recommended dose of 

fertilizer (RDF) with farm yard manure (FYM) and foliar spray of 

vermiwash. The results indicated that among the nutritional treatments, RDF 

+ FYM (10.00 kg/plant) with vermiwash foliar spray at 50 per cent dilution 

produced higher fresh leaf yield (17.74 t/ha) followed by FYM + RDF 

without vermiwash (15.79 t/ha) and FYM along with vermiwash (15.65 

t/ha) compared to control (6.32 t/ha). 

The response of Gladiolus upon application different levels of 

nitrogen, phosphorus and potassium (NPK). The fertilizers were applied in 

two doses i.e. after 30 and 45 days of planting. The obtained results 

indicated that vegetative parameters of growth (height of plant leaves 

number, length of leaves and spikes) were the maximum with the 

application of NPK (10-10-5 g/pot). The fertilizer treatment NPK (5-5-5 

g/pot) causes the increase in corn diameter and corn weight, whereas spike 

emergence and opening of first and last floret was also the maximum with 

this treatment. Treatment NPK (10:5:5 g/pot) gave the highest number of 

florets per spike. It was obvious from the results that the increase in 

vegetative growth was the result of high doses of nitrogen whereas modest 

application of NPK enhanced both vegetative as well as reproductive growth 

of gladiolus. 

Plants need a well-balanced diet for their better growth and quality of 

yield. Today nutrients are mostly supplied through inorganic fertilizers. The 

haphazard and continuous use of inorganic fertilizers results in an imbalance 

of nutrients in soil which has adversely affected the soil health, which 

ultimately decrease the quality and yield of the produce. Therefore, the 

integrated use of inorganic nutrients along with organic manures plays a key 

role in better plant growth. Where, manures are the substances that are 

added to soil to enhance its fertility and helps the plants to utilize the 

nutrients efficiently (Boller and Hani, 2004). Manures increase the organic 

matter content and decrease the loss of nutrients by increasing the biological 

activity of the bacteria in the soil that not only retain or trapped the nitrogen 
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from being lost but also enhances the carbon content and other constituents 

that ultimately increased the soil humus content, biological activity and 

physical structure of the soil (Wagner and George, 2004).  

Nafees et al. (2007) conducted a two year experiment to check the 

effect of different doses of simple and compound fertilizers on vegetative 

growth and in reducing the malformation of inflorescence of Mango. They 

used urea, SSP and K2SO4 as simple fertilizer and NPK 17:17:17 as a 

compound fertilizer. They observed the early and vigorous shoot emergence 

with high doses of compound fertilizer. They also found that the nitrogen 

level in leaves was increased from April to June and then decreased up to 

September irrespective of type and dose of fertilizer.  

An experiment was conducted on gladiolus to overcome the problems 

of poor crop stand, and non-uniform sprouting. They made three different 

treatments with NPK (17:17:17) and humic acid (HA). T1= applied at 

planting T2= at three leaf stage, T3= at six leaf stage, on five cultivars 

“Essential”,“Coeveira”, “Eminence”, “Fedo” and “Cantata” for uniform 

crop stand, growth, flowering and quality. It was observed from the results 

that treatment T1, application of NPK and humic acid at planting and T2 (at 

3 leaf stage) gave good quality gladiolus with uniform sprouting at early, 

more foliage, earlier spike emergence, greater leaf area, more number of 

florets and total chlorophyll content, longer stems and spikes, higher flower 

quality, longer vase life, higher number of cormels per clump, and greater 

cormel diameter and weight. Among cultivars “Fado” proved best for 

commercial cultivation.  

Lumu et al. (2013) performed two experiments in Uganda to study the 

performance of pine seedlings with different soils and NPK compound 

fertilizer formulations and amounts. In first experiment they collect the soil 

from different four sites, site-1 (Katugo), site-2 (South Busoga), site-3 

(Mbarara) and site-4 (Mbarara). The results showed that SOM (site 1), total 

N (site 2) and available P, K, Ca and Mg were below the critical values. 

Low nutrient concentrations reduced growth, with seedling height highest in 
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Katugo and girth highest in the Mbarara. For the experiment two they used 

three compound fertilizers source. A (25−5−5), B (17-17-17) and C 

(18−4−14). The results obtained from the experiment revealed that NPK 

fertilizer (17-17-17) gave significant results related to mean height and girth 

after half month whereas, there were no significant differences in mean 

heights for fertilizers A and C after a 1½ months application. After 3 

months, fertilizer B had the best mean height and mean girth (16.75 cm, 

0.23 cm) respectively, as compared to fertilizer C and A with (13.42 cm, 

0.175 cm) and (12.44 cm, 0.174 cm) respectively. After concluding from 

results they recommended NPK fertilizer (17-17-17) best for the growth of 

pine trees. 

Qasim et al. (2008) conducted an experiment to check the effect of 

NPK (17-17-17) on growth of two rose cultivars. They applied the fertilizers 

by fertigation by using two levels (250 ml and 500 ml) with three intervals 

of days (2, 4 and 6) the obtained results showed that growth characteristics 

(plant height, number of branches, number of leaves, number of flowers 

plant
-1

, number of petals flower
-1

 and leaf nitrogen, phosphorus and 

potassium percentage) were maximum with the highest level (500ml) 

applied after 2 days intervals. Whereas application of  250 ml after 6 days 

interval takes more time for the emergence of first flowers. 

There are many researchers who worked with alumina buffered 

phosphorus in soilless media and concluded that the addition of Al-P at 1% 

of the media volume was adequate for optimal plant growth of many 

horticultural crops (Brown et al., 1999; Lin et al., 1996; Tanaka et al., 2006) 

and very small amounts of phosphorus were lost even if large quantities of 

water passes through the medium because the concentrations of soluble P 

remain very low with buffered phosphorus fertilizers. As compared to 

conventional fertilizers it was observed that leaching was reduced to less 

than 1% in alumina- buffered phosphorus fertilizers (Borch et al., 1998; Lin 

et al., 1996).  
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Anil and Pal (2003) conducted a field trial to check the effect of 

various fertilizers on growth parameters of rose cv. Grauss-an-Teplitz. They 

found that the treatment where they applied full dose of NPK (50, 40, 30 

g/m
2 

resulted in increasing the leaf area index, single flower weight, flowers 

numbers and also the yield of flowers/ha, whereas the treatment (4 kg FYM 

+ remaining required dose of NPK by chemical fertilizers + Azotobacter) 

was similar with the treatment in which full dose of NPK was applied with 

relevant to the number and yield of flowers.  

To evaluate the effect of various growing media and inorganic NPK 

fertilizer (19-19-19) an experimental work was carried out on Amaryllis 

(Hippeastrum vittatum). Three growing media, 1=clay, 2=composted leaves, 

3=sand plus composted leaves (1:1) and three fertilizer levels 0, 2.5 and 5 

g/plant applied alone as well as in combinations were used. The trial was 

conducted for two growing seasons to understand the effect on vegetative 

and reproductive growth parameters as well as the leaves chemical 

constituents. After analyzing the results it was observed that the growth 

parameters of Amaryllis were significantly increased with increasing the 

fertilization rate. The highest fertilization level also enhanced the mineral 

nutrient (NPK) and total chlorophyll content of the plant. While, sand 

+composted leaves with higher fertilizer rate (5 g/plant) was found to be 

superior in producing Amaryllis with better vegetative growth, good quality 

flowers more number of bulbs, increase in the levels of NPK, total 

chlorophyll and total carbohydrates contents (El-Naggar and El-Nasharty, 

2009). 

Brown et al. (1999) conducted the experiment on rhododendron and 

forsythia plants grown in a soilless medium. They made four treatments 1: 

soluble P, 2: slow release P, 3: 0.5% and 1% solid-phase alumina-buffered P 

(Al-P). Phosphorus concentration was highest in the leachate with soluble 

phosphorus treatment and lowest was for both of Al-P treatments. It was 

observed that Al-P supplied sufficient P for plant growth throughout the 

season while significantly reducing phosphorus leaching. Shoot dry mass 
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was more for forsythia plants when grown with 0.5% Al-P whereas 1% Al-P 

produced the highest rhododendron plants  

Soilless media are generally used for container-grown woody plants. 

As compared to natural soils these media lack the ability to hold and release 

the phosphorus which required for continues the supply of phosphorus. If P 

is supplied in soluble form, much of it is leached from the containers upon 

irrigation and becomes an environmental pollutant (Tilt, 1988). As 

compared to bedding plants woody plants have long production cycle. To 

supply the nutrients  slow-release fertilizers are mainly used, these fertilizers 

release the phosphorus and other nutrients depends upon the coating 

thickness, temperature and water content of the medium (Tisdale et al., 

1985) but this release may not be according to the demand of the plants need 

and excess release results in leaching.  

Soilless media containing peat, sand and vermiculite was used to 

compare the effect of alumina buffered fertilizer with commercial 

phosphorus fertilizer to grow potted marigold. It was shown from results 

that marigolds grown in medium amended with alumina buffered P had 

similar or superior shoot growth of marigold as cleared from the results 

regarding height, number of branches flower production and fresh and dry 

weights. Media amended with 1% or 2% of the total media volume with 

alumina- buffered phosphorus was found to be sufficient for the growth of 

marigolds compared with conventional phosphorus fertilizer with 

significantly reducing the phosphorus leaching (Lin et al., 1996). 

Soilless media are popularly used in greenhouse crop production are 

more uniform and more suitable for containerization than mineral soils 

(Bunt, 1988; Flegmann and George, 1977; Nelson, 1991). Peat, vermiculite, 

perlite, bark, and rockwool are used the most extensively. These 

components, however, have poor P-retaining ability (Fox and Kamparath, 

1971; Marconi and Nelson, 1984) and they allow as much as 75% of the P 

applied to be leached and lost (Yeager and Barrett, 1984). Thus, they result 

in inefficient fertilizer use and environmental contamination. 
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2.5. Essential Oils: 

The essential oils are fragrant and highly volatile aromatic compounds 

of plant materials. They called as essential because they thought to represent 

the odor of the plant from where they are extracted and the name of oil is 

given by the name of plant from which it is derived e.g. rose oil, citrus oil, 

jasmine oil etc. (Anonymous, 2004). Aromatic substances are consisted of 

different chemical compounds that occur naturally in the plants. 

Hydrocarbons, phenols, Alcohol, ketones, esters and aldehydes are some of 

major constituents of the essential oils (Lawrence, 1991; Deng et al., 2006; 

Diaz-Maroto et al., 2002). Essential oils are volatile oils generated by plants 

through secondary metabolism. There are many uses of essential oils i.e. 

used in foods as flavoring, cosmetics, perfumes and toothpaste medicines 

e.g. clove oil for toothache, peppermint oil indigestion and eucalyptus for 

inhalation (Patt et al., 1988).  

Commercially most important, high in value and small in volume, 

essential oils are the natural plant products produced by the secondary 

metabolism of the plants. In past role of essential oils was limited to use as 

perfume in cosmetic industry, nowadays other properties also be considered 

for this area of application (Manou and Barel, 1993). In contrast to synthetic 

chemicals, which are specific in their role essential oils are very diverse in 

their action and cause several effects. Essential oils are produced in 

glandular trichomes and characterized by strong and concentrated odor. 

Essential oils are consisted of several individual elements and groups. 

Oxygen, as the key element in essential oil plays important role along with 

other elements (Francoise, 2003). 

Essential oils are pure and concentrated energies held in specific cells 

in aromatic plants called the aromatic cells that are located in particular 

parts of the plants, for M. exotica these aromatic cells are located in petals 

and leaves, for rose and jasmine found in petals and for orange, in peel, etc. 

Various plant organs either produce or store the essential oil in spaces 

between the tissues of plants called as “oil ducts”. 
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Fragrances have been used for thousands of years by the ancient 

civilizations of, India, Rome, Greece and Egypt. They used the essential oils 

as a basic source for making their perfumery products. They have been 

found in 3,000-year old Pyramids, and was used by early Greek physicians 

as oil massages for healing. The ancient civilization of Mesopotamia, over 

5,000 years ago, had machines for extracting essential oils from plants 

(Dupler, 2000).  

2.6. Essential Oils Extraction: 

Essential oils are the volatile oils made up with different aromatic 

chemical compound of the plants. Some of the major components include: 

hydrocarbons, ketones alcohols, aldehydes, phenols and esters. Different 

extraction techniques like supercritical fluid extraction, solvent extraction, 

and steam distillation can be employed to extract these highly volatile oils 

(Younis et al., 2009). An essential oil is mainly extracted from different 

parts (flowers, leaves, bark and roots ) of aromatic herbs plants and trees by 

using steam or hydrodistillation methods. These compounds are main 

additives used for enhancing aroma and flavor associated with herbs, spices 

and perfumes (Croteau, 1986). 

Essential oil can be extracted by using different methods in which 

some of them are not commonly used today. Essential oil extraction by 

using different methods brings large differences in results. The quality and 

quantity of essential oil greatly depends on the extraction method and large 

difference in results can be expected by using different methods 

(Kocourkova et al., 1999). Several works have been published regarding 

essential oil extraction from aromatic plants (Anitescu et al., 1997; Laenger 

et al., 1997).  

Steam distillation method is more frequently used to distill the 

essential from different plant parts. Most of the distilled oils are clear but 

some of the oils are yellow or amber in color i.e. oil obtained from 

patchouli, orange and lemongrass. Essential oils represents the true essence 

of the plants from where they are extracted they are not like the fragrance or 
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perfume oil because these oils are artificially created and do not contain 

therapeutic properties as possessed by the true essential oils (Nigam & 

Ahmed, 1991).  

The selection of extraction methods needs special attention that 

depends upon the extracting sample and the desired end products. The 

volatile oils are made up of different chemical components and some of 

them are very unstable and can change chemically when faces the high 

temperature conditions. In this way a solvent extraction found to be suitable 

that prevent the chemical alterations of essential oils due to high 

temperature. The essential oil can be extracted by solvent extraction method 

(hexane etc.), steam distillation and high pressure CO2 techniques (Baser, 

1992; Zoebelein, 1997).  

Essential oil extraction requires special technical interest because it is 

the main thing which determines the quality of essential oil any wrongly 

executed method can change the chemical nature of essential oil. In past the 

steam distillation was the most popular method for extraction of essential 

oils (Durst and Gokel, 1987).  

Steam distillation is a process whereby pressurized steam passed 

through the plant material, placed in chamber of the still. After passing 

through the plant material steam releases the essential oil, held in small 

intercellular pockets. Once essential oil released, evaporates and travels 

together with the steam towards still’s condensation chamber. After 

condensation steam cools into water and essential oil appeared as a thin film 

on the surface of water. Essential oil can be removed by decanted from the 

surface. Water which is left behind is known as floral water or hydrosol. The 

hydrosol retains many of the therapeutic properties and in some situations 

diluted treatments are required  than hydrosol is preferred to essential oil, as 

in case of treating sensitive individual or child (Wilson, 1995).  

Mann and Saunders, (1960) stated that steam distillation is a process 

that involves the passage of steady flow of steam into the planting material. 

This technique has been widely used to extract the aromatic compounds 
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from the plants. The obtained oil has the characteristic odor of the original 

plant (Strietwieser et al., 1992). Main disadvantage of this method is 

thermal degradation of the components of the essential oil because the 

extraction is being carried out at high temperatures (Romanik et al., 2007). 

When steam distillation is used the monoterpenes have been reported to 

undergo susceptible chemical changes and loss of the compounds with high 

volatility can take place during the evaporation (Diaz-Maroto et al., 2002). 

Solvent distillation is another method which is more frequently used 

to extract the essential oils. A usual solvent is hexane. The end product of 

solvent extraction is called concrete oil. Alcohol is used to obtain the 

absolute from the concrete by employing extraction. Solvent extraction 

yields about 10 times that obtained by steam distillation. A brownish liquid 

with a typical odor called the absolute oil is the pure oil that can be 

separated from concrete by extracting with alcohol. Actually it is not 

distilled oil but a blend of decanted and recovered oil as it would critically 

damage the petals and their essence (Lawrence, 1997). 

Solvent extraction is a method that used the organic solvents to extract 

the aroma of flowers or other delicate parts of plants that yields a higher 

amount at low costs. Hexane is mainly used to extract the volatile 

compounds from the plant material. This renders the concrete that can be 

dissolved in alcohol to remove the solvent. After evaporating the alcohol an 

absolute remains, though more cost efficient but residues of the solvent may 

remain in the absolute which is the main disadvantage of this method. 

(Wilson, 1995)  

Solvent extraction is one of the traditional methods used for the 

essential oil extraction of plant materials. Analytes that play a role for the 

aroma and quality of oil extracted from the plant materials and usually have 

medium and low volatility can be extracted using this technique (Romanik 

et al., 2007). One thing that should be consider is the choice of the right 

solvent in order to get good quality of oil from the extraction and to prevent 

the loss of volatiles The correct choice of solvent is also important in order 
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to obtain a good yield. The solvent used in this method is investigative of 

the polarity of the compounds extracted.  

Beart and Patrick, (1996) demonstrated solvent extraction as a method 

that used a hydrocarbon solvent to saturates flowers which are placed in 

chamber. The essential oil along with waxes and fatty acids dissolves in the 

solvent which is called as Concrete oil. Absolute oil is obtained by adding 

alcohol which dissolves the essential oil left behind the waxes which are not 

dissolved in alcohol and precipitate out and easily removed by simple 

filtration. After evaporating the alcohol pure absolute oil is obtained.  

Supercritical fluid extraction (SCFE) is a rapid, selective and 

convenient method used for extracting volatile components of planting 

material. In supercritical fluid extraction carbon dioxide is mainly used as 

supercritical fluid to extract the aroma of plants (Pourmortazavi and 

Hajimirsadeghi, 2007). Food, pharmaceutical and cosmetic industries 

favored the supercritical fluid extraction and considered as the superior and 

most efficient method for extracting the oil components than other 

conventional extraction methods (EiKani et al., 1999). 

Chatzopoulou and Katsiotis, (2003) studied the extraction of volatiles 

of Juniperus communis by employing the different extraction methods such 

as Hydro distillation (HD), headspace (HSE) static technique and super 

critical fluid extraction (SCFE). They observed the significant differences in 

the percentage of major components in the volatile oil. Monoterpene 

hydrocarbons were predominately extracted using all three methods and 

headspace technique gave the highest yield where the main constituents 

were 89.9% of the oil yield followed by hydro-distillation where the 

percentage of components in oil was 60.6% and in supercritical CO2 extract 

it was 56.2%. Percentages of the sesquiterpene constituents in essential oil 

also varied, where supercritical fluid extraction produces the highest yield of 

22.7%, in the hydro distilled oil it was 21.9%, while the headspace 

technique gave 4.2% only. Richter and Schellenberg (2007) stated that the 

steam distillation method is considered as most commonly used method for 
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the extraction of aromas. However, it has been critically viewed and found 

that it seriously causes the thermal degradation of the true aroma compounds 

and resulted in the formation of undesired compounds and alters the 

chemical composition of the essential oil. The other methods used for the 

extraction process are solvent and supercritical fluid extraction. Solvent 

extraction employed an organic solvent for extraction whereas; in 

supercritical fluid extraction (SCFE) supercritical carbon dioxide acts as an 

organic solvent. With SCFE the extraction process can be done by varied 

extraction conditions of temperature and pressure.  

Wenqiang et al. (2007) extracted the essential oil of clove buds by 

using supercritical fluid extraction (SCFE). They used three-level 

orthogonal array design to check the effect of different parameters, such as 

temperature pressure and particle size on the extraction yield and the 

contents of eugenol. It was observed from the results the temperature greatly 

influences the extraction of the eugenol whereas oil yield was less affected 

by the particle size. The maximum amount of eugenol (58.77%) was 

obtained when employing the extraction conditions of 50
o
C and a pressure 

of 10 MPa. Further they also made a comparative study on essential oil 

extraction by using different methods. The essential oil was extracted by 

using supercritical fluid extraction, steam distillation, hydro-distillation and 

Soxhlet extraction. By analyzing the oil through gas chromatography/mass 

spectrometric a total of 23 compounds were identified. It was observed that 

nearly similar components of the essential oils were extracted from different 

extraction methods with relative difference in percentage. Supercritical fluid 

extraction was found to be optimum method for the extraction of clove oil 

with high quality as cleared by viewing the characteristics of the oils.  

Essential oil extraction of geranium oil was done by modeling the 

supercritical fluid extraction method. The extracts were analyzed by using 

GC-MS. Supercritical fluid extraction method was found to be the best after 

evaluating the organoleptic quality (color and odor) of the essential oil with 

other commonly used methods whereas extraction conditions of SCFE for 
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geranium oil was found to be: temperature of 40
o
C, pressure of 90–100 bar 

and time of 15-30min. (Gomes et al., 2007).  

Donelian et al. (2009) stated that patchouli produces very important 

essential oil which possesses a central value in making cosmetics and 

perfumes and as the natural flavoring additives for food. Steam distillation 

was most abundantly used to extract the chemical constituents of patchouli. 

The high temperature effects resulted in the loss of so many important 

constituents i.e. Patchoulol and patchoulene which ultimately results in 

decreasing the quality of the oil, because the oil quality mainly depends on 

the relative concentration of these constituents. Keeping this in mind 

essential oil extraction of Patchouli was carried out by employing 

supercritical carbon dioxide (SCFE) with different treatment conditions of 

pressure and temperature (8.5 and 14MPa) and (40
o
C and 50

o
C) 

respectively. The obtained results showed that Patchouli oil obtained from 

supercritical carbon dioxide extraction at 14MPa and 40
o
C resulted in 

highest yield (5.07%) than steam distillation (1.50%). Higher concentrations 

of Patchoulol were obtained from the oil extracted from SCFE showed that 

quality of essential was also increased with increase in yield. 

To optimize the experimental conditions of SCFE for the essential oil 

extraction of Artemisia sieberi an experiment was performed by Ghasemi et 

al. (2007). The supercritical fluid extraction (SCFE) was employed to 

extract the essential oil with different conditions of temperature, pressure 

and extraction time. 308-338K, 10.1-30.4 MPa and 15-30 min ranges of 

temperature, pressure and extraction time respectively were used for the 

experiment. It was observed from the observations that 30.4 MPa, 318 K 

and 25 min conditions of pressure, temperature and extraction time 

respectively gave highest yields. On the other way, at gently higher 

temperature of 328 K with the same conditions of pressure and time was 

found to be more suitable for the extraction of camphor. 

Della Porta (1996) used the supercritical fluid extraction by using CO2 

as a supercritical fluid to extract the essential oil of rose. They found that the 
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extraction condition of 80 bar pressure and 40
o
C temperature was the 

optimum process condition to produce volatile rose oil with an overall 

50.0% of the extraction of 2-phenyl ethanol. The notable thing is that, this 

compound is water soluble and most of it is lost when steam distillation is 

used. It was also noticed that very low percentages of undesired compounds 

like paraffins and long chain alcohols were extracted by this method. 

2.7. Oil Yield, Composition and Phytochemical Properties of Murraya 

exotica: 

Essential oils and extracts have a key role in food preservation, 

pharmaceuticals, alternative medicine and have been used for many 

thousands of years for natural therapies (Reynolds, 1996; Lis-Balchin and 

Deans, 1997). Chemical compounds of essential oils like linalool, 

caryophyllene oxide, α-pinene, α-terpinol possess antifungal and 

antibacterial activities (Matasyoh et al., 2007). 

Essential oil extraction from the ariel parts (flowers and leaves) of 

Murraya exotica was done and the obtained oils were taken for the gas-

chromatography-mass spectrometry analysis. It was revealed from the 

results that 0.07% and 0.05% oil was yielded in v/w basis and 56 and 72 

components of the essential oil were identified from the leaves and flower 

respectively. The major components of the leaf oil were consisted of mainly 

(E)-nerolidol (27.8%), α-zingiberene (10.0%), β-caryophyllene (9.7%), 

(E,E) farnesol (8.9%) and δ-elemene (5.1%), while flowers oil had high 

percentages of (E,E,E)-α-springene (23.8%), (E)-nerolidol (18.7%), (E,E) α-

farnesene (13.2%), methyl palmitate (6.8%) and germacrene B (5.9%) 

(Raina et al., 2006). 

Hydro-distillation method was employed for the volatile oil extraction 

of M. exotica and oil obtained was analyzed by GC and GC-MS. The results 

indicate that the main components of M. exotica essential oil were 

spathulenol (17.7%), α-pinene (13.3%), caryophyllene oxide (8.6%), and α-

caryophyllene (7.3%) (Li et al., 2010). 
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Olawore et al. (2005) took leaves and fruits of M. paniculata L (Syn= 

M. exotica) to observe the chemical composition of the volatile oil obtained 

from them by employing the gas chromatograph-mass spectrometry 

analysis. Sesquiterpenoids with high percentage were found in both oils. 

The major constituents of the leaf oil were β-cyclocitral (22.9%), methyl 

salicylate (22.4%), trans-nerolidol (11.7%), α-cubebene (7.9%), (−)-cubenol 

(6.8%), β-cubebene (5.8%) and isogermacrene (5.7%). β-caryophyllene was 

found in high percentage  (43.4%) in fruit oil then rest of the components 

which were zingiberene (18.9%), germacrene D (8.3%), α-copaene (5.5%) 

and α-humulene (5.1%). 

Chowdhary et al. (2002) used two species of the genus Murraya 

namely M. exotica and M. koenigii for their research work related to the 

chemical composition analysis of the oil obtained from the leaves by gas 

chromatography mass spectroscopy. A total of thirty nine compounds were 

identified from the oil of M. koenigii, where, 3-carene (54.2%), 

caryophyllene (9.5%) were recorded as the major constituents. While the 

caryophyllene oxide (16.6%), caryophyllene (11.8%), spathulenol (10.2%), 

β-elemene (8.9%), germacrene D (6.9%) and cyclooctene, 4-methylene-6-

(1-propenylidene) (6.4%) were found to be the major constituents in the oil 

of M.exotica out of 58 identified compounds. It was also observed that oil 

obtained from both species were different from the qualitatively and 

quantitatively point of view. 

Desoky (1995) carried the extraction of essential oil by using the 

cyclohexane as an organic solvent from the leaves of M. exotica and isolated 

the five new phytosterols including isopropyl, methyl-cycloart and 

methylyacetate. These chemical compounds were identified by analyzing 

their physical chemical and spectral characters that includes, IR, ‘H and 13C 

NMR and mass spectrometry. 

Forty four components of the essential oils were documented after 

analyzing through GC±MS from M. exotica. The oil yield was found to be 

0.02%, 0.04% and 0.05% from fresh flowers, fruits and leaves respectively 
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after extracting through hydro-distillation. Monoterpene hydrocarbon α-

pinene was found as major constituent in all oils.  Analysis of antifungal and 

antibacterial properties of the oil was also carried out and it was observed 

the M. exotica oils possess strong antifungal activity against Candida 

albicans and have a poor antibacterial activity against Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus and Sarchina lutea (El-

Sakhawy et al., 1998). 

M. paniculata Jacksyn Syn (M. exotica.) also called as orange Jasmine 

produces fragrant white flowers in the form of clusters. Two extraction 

solvents were used for the experiment. Firstly liquid carbon dioxide was 

engaged to extract aromatic constituents from fresh flowers.  Yield of the 

essential oil was found to be 0.64%. Phenyl ethylalcohol (3.3%), indole 

(1.2%), E-nerolidol (7.6%), benzylbenzoate (7.0%), Phenylethylbenzoate 

(9.2%), manool (29.4%), etc were identified as the major components.  

Secondly pentane was used for extraction which yields 0.62% of the oil. GC 

and GC/MS analytical techniques were employed for the chemical 

components identification of the oils and the percentage of manool was 

found to be high then other component (Rout et al., 2010). 

Der Joan (1979) found the five chemical components i.e. 1,8-cineole, 

hydroxy citronellal, iso-eugenol, geranyl acetate and dimethyl anthranilate. 

Whereas  Li et al. (1988) extracted  the essential  from the leaves of M. 

exotica in China and  it was found that total 19 components were present in 

the oil out of which only six were identified  which includes the  

caryophyllene (50.0%), humulene (7.1%), -cadinene (5.1%) and -curcumene 

were the major constituents.  

The essential oil obtained from flowers consisted mostly of α-

Terpeneol, hydroxycitronallal, isoeugenol, geranyl acetate, cadinene and 

dimethyl anthranilate (Wang, 1979). Phytochemical studies on M. exotica 

revealed the presence of flavonoids, coumarins, carotinoids, alkaloids and 

volatile oil. α-pinene, β-pinene, limonene, terpinolene, β-caryophyllene, 

citral, citronellol, benzyl acetate, phenylethyl alcohol, geraniol and 
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sesquiterpene alcohols in the volatile oil of the flowers of orange jasmine.  It 

was reported that the chemical constituents of the essential oil from the 

flowers of certain Murraya species varied with locality (Gupta and Chandra, 

1974). 

Aziz et al. (2010) extracted four coumarins i.e. trans-gleinadiene, 5,7-

dimethoxy-8-(3-methyl-2-oxo-butyl) coumarin and toddalenone while 

studying  the  phytochemical characteristics of M. exotica. Isolation and 

identification of the compounds were done by using chromatographic 

technique and spectroscopic methods respectively. The extraction of trans-

gleinadiene has been reported first time. On comparing the antimicrobial 

activity evaluation of different crude extracts and pure compounds it was 

found that chloroform extracts of the leaves and gleinadiene exhibited 

moderate activity against Bacillus cereus.  

Phytochemical studies on M. exotica have resulted in the isolation of 

alkaloids, coumarins and flavones from fruits, flowers leaves and bark. 

Fresh flowers of M. exotica on steam distillation yielded dark colored oil 

(0.01%) with pleasant odor. The oil found to contain sesquiterpenes 

(predominantly 1-cadinene) a sesquiterpenes alcohol and probably methyl 

anthranilate. The closely related spp. M. Koenigii Spreng has also been 

investigated in the recent years and as many as thirteen carbazole alkaloids 

have been isolated from the leaf, bark and root (De-Silva and De-Silva, 

1980).  

2.8. Gas Chromatography–Mass Spectrometry (GC-MS): 

Gas chromatography–mass spectrometry (GC-MS) is a procedure that 

collectively used the characteristics of gas-liquid chromatography and mass 

spectrometry to classify different compounds within a test sample (Jenke, 

1996). GC-MS has wide applications in many processes like drug detection, 

environmental analysis, identification of unknown samples fire investigation 

and explosives investigation. Gas chromatography–mass spectrometry (GC-

MS) can also be used for the security purposes for to detecting substances in 

baggage or on human beings. Trace elements in materials can also be 
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recognized that were formerly thought to have disintegrated further than 

identification (Rowley, 2001).  

GC-MS has been marked as "gold standard" for the identification of 

forensic substances because it is used to perform a specific test. The specific 

test positively recognized the actual presence or absence of any specific 

substance in a given sample. Whereas, a non-specific test merely indicates 

that a substance falls into a class of substances (Bliesner, 2006). Gas 

chromatography-mass spectrometry (GC-MS) is an influential tool used for 

the separation and structural clarification of components of volatile mixtures 

(Jennings and Shibamoto, 1980). The mass spectrometer is a sensitive, 

universal detector and has been widely used in combination of gas 

chromatograph for the analysis of foods, petroleum and pharmaceuticals 

products. 
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CHAPTER 3    MATERIALS AND METHODS 

 

Present research studies were initiated in the year, 2011 and to follow 

the objectives of the study five experimental projects were carried out. 

Materials and methods for each of the projects are detailed out in the 

following sections. 

3.1. Optimizing the Nutritional Requirement for Flower Yield and 

Quality of Murraya exotica: 

In this experiment, response of M. exotica regarding its vegetative and 

floral characteristics was evaluated within the agro-climatic conditions of 

Faisalabad. The present study was conducted during two years of 2011-12 

and 2012-13 at field areas of Rosa project, Institute of Horticultural 

Sciences, University of Agriculture, Faisalabad. Prior to experiment the 

analysis of soil type, pH, and organic matter % was done. One year old 

plants of equal height with 3x3 feet distance between plants & rows distance 

were used for the experiment. Composted cow manure and garden fertilizer 

with NPK ratio of 17:17:17 were used for fertilizer trial. NPK and FYM 

(Farm Yard Manure) treatments were per plant basis, where NPK was given 

each month and FYM was added at the start of experiment. Irrigation and 

weeding practices were same for all the treatments. There were seven 

treatments and four replications in this experiment. Treatment combinations 

and data recorded on different parameters given below: 

To= Control  

T1= 10g NPK/plant/month +3kg FYM/plant 

T2= 10g NPK/plant/month +4kg FYM/plant  

T3= 15g NPK/plant/month +3kg FYM/plant 

T4= 15g NPK/plant/month +4kg FYM/plant  

T5= 20g NPK/plant/month +3kg FYM/plant  

T6= 20g NPK/plant/month +4kg FYM/plant   
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3.1.1. Soil Analysis:  

Physical and chemical properties of soils were determined before and 

at the termination of experiment. Analysis of soluble ions was done 

according to the methods described by the U.S. Salinity Laboratory Staff 

(1954) except otherwise mentioned. Description of the methods is given 

here. 

3.1.1.1. Textural Analysis:  

Hydrometer method (Bouyoucos, 1962) was followed for particle size 

analysis. Forty grams of air dry soil was taken in a 400 mL beaker, 40 mL of 

2 % sodium hexametaphosphate [(NaPO3)6] solution was added, mixture 

was transferred to dispersion cup and stirred for 10 minutes. The contents of 

dispersion cup were washed into 1000 mL graduated cylinder having 1L  to 

capacity within 36+ 2 cm height. Hydrometer (ASTM 152H) was placed in 

cylinder and made the volume up to 1000 mL with distilled water. 

Hydrometer was removed and contents of cylinder were shaken manually by 

means of a metal plunger. When uniform suspension was obtained, plunger 

was taken out and after 4 minutes hydrometer reading (HR1) was recorded. 

Shaking procedure was repeated by removing hydrometer with minimum of 

disturbance and second hydrometer reading (HR2) was recorded after 2 

hours. Since hydrometer is calibrated at temperature of 68
0
F (20

0
C), the 

HR1 and HR2 were corrected for temperature variation (For each degree 

above 20
o
C, added a factor of 0.3 to the reading and for each degree less 

than 20
o
C, subtracted a factor of 0.3 from the reading to get corrected 

hydrometer reading) and designed as CHR1 and CHR2, respectively. 

 

Calculations involved are; 

Silt + clay (%) =  [(CHR1)100] / (weight of soil) 

Clay (%)      =  [(CHR2)100] / (weight of soil) 

Silt (%)            =  % (silt + clay) - (%) clay 

Sand (%)          =  100- [% silt + %clay] 

Soil textural class was determined using USDA textural triangle. 
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 3.1.1.2. Soil Saturated Paste: 

Soil was soaked with distilled water and allowed to stand over-night. 

Then saturated paste made which glistened did not accumulate water in 

depression and fell freely from spatula. 

3.1.1.3. Saturation Percentage (SP): 

A known weight of saturated paste was oven-dried at 105
o
C to a 

constant weight and saturation percentage was determined by the formula:  

  

          Loss in weight on oven drying (g) 

SP = -----------------------------------------   x 100 

        Oven-dried soil weight (g) 

 

3.1.1.4. pH of Saturated Soil Paste (pHs): 

With the help of Sensodirect-200 pH meter, pH was recorded after 

calibrating it with buffer solutions of pH 4.00 and 8.00. 

3.1.1.5. Soil Saturation Extract: 

Extract from the soil saturated paste was obtained by applying 

positive pressure with the help of filter press. Sodium hexametaphosphate 

(0.1 %) solution was added @ one drop per 25 mL extract to prevent 

precipitation of salts during storage. 

3.1.1.6. Electrical Conductivity of Saturation Extract (ECe):  

With the help of Jenway Model-4070 conductivity meter, ECe was 

noted after calibrating it with 0.01 N KCl solution. Cell constant (k) was  

Calculated by the formula: 

  

                  1.4118 dS m
-1

           

K =     ------------------------------ 

            EC of 0.01 N KCl (dS m
-1

) 
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3.1.1.7. Soluble Ca
2+

 + Mg
2+

: 

Saturation extract was titrated with 0.01 N EDTA (disodium) solution 

to a blue end point using feriochrome black T indicator in the presence of 

NH4OH + NH4Cl buffer solution for the determination of Ca
2+

 + Mg
2+

 

(Method 7 of U.S. Salinity Lab. Staff, 1954) using the formula: 

 

                                               mL of EDTA used x 0.01 

Ca
2+

 + Mg
2+

 + (mmolc L
-1

) =       --------------------------------- x 1000 

                                                 mL of extract taken 

3.1.1.8. Soluble Na
+
 + k

+
: 

These were determined with Jenway PFP-7 flame photometer having 

Na
+
 or K

+
 filter in place. The instrument was calibrated with a series of Na

+
 

or K
+
 (0-20 ppm) standard solutions (Method 10a and 11a of U.S. Salinity 

Lab. Staff, 1954). The standard graphs were drawn separately for Na
+
 and 

K
+
. Then readings of test samples were recorded. 

 

           Na
+
 or K

+
 (mg L

-1
) x Dilution factor 

Na
+
 or K

+
 (mmolc L

-1
) =      ----------------------------------------------  

    Equivalent weight of Na
+
 or K

+
 

 

3.1.1.9. Soluble COs
2-

: 

Carbonates were determined by titrating 10 mL saturation extract 

against 0.01 N H2SO4 to a colorless end point using phenolphthalein as 

indicator (Method 12 of U.S. Salinity Lab. Staff, 1954). Concentration of 

carbonates was calculated by using the formula: 

 

                             (2 x R1) x 0.01  

CO3
2-

 (mmolc L
-1

) =      ------------------------------- x1000 

                  mL of sample taken 
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3.1.1.10. Soluble HCO
3-

: 

Bicarbonates were determined by titrating the aliquot after CO3
2-

 

determination against 0.01 N H2SO4 to a pinkish yellow endpoint using 

methyl orange as an indicator (Method 12 of U.S. Salinity Lab. Staff, 1954).  

 

          (R2 – R1) x 0.01  

HCO3
-
 (mmolc L

-1
) =     ------------------------------- x1000      

            mL of sample taken 

 

Where, 

R1 = mL of H2SO4 used for CO3
2-

 and R2 = mL of H2SO4 used for 

HCO3
-
. 

3.1.1.11. Soluble Cl
-
: 

These were determined by titrating the aliquot after CO3
2-

 and HCO3
-

determination with 0.01 N AgNO3 solution to a brick red end point using 

potassium chromate (K2CrO4) as an indicator (Method 14 of U.S. Salinity 

Lab. Staff, 1954). 

 

                             mL of AgNO3 used x 0.01  

Cl
-
 (mmolc L

-1
) =  -------------------------------------------- x1000 

   mL of sample taken 

 

 

3.1.1.12. Soluble SO4
2-

:  

These were determined by difference, i.e. SO4
2-

 = TSS – (CO3
2-

 + 

HCO3
-
 + Cl

-
), Where concentration of all ions expressed in mmolc L

-1
. 

3.1.1.13. Sodium Adsorption Ratio (SAR): 

 The SAR was calculated by the formula:  

SAR (mmolL
-1

)1/2 = Na
+
 / [(Ca

2+
 + Mg

2+
) / 2]1/2,  

Where, concentration of all ions is in mmolc L
-1

 (Method 20b of U.S. 

Salinity Lab. Staff, 1954). 
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3.1.1.14. Organic Matter: 

Soil organic matter was determined. For this purpose, two grams of 

soil were swirled in 10 mL of 1.0 N K2Cr2O7 solution, added 20 mL of 

concentration H2SO4, mixed it well and allowed to stand for 30 minutes. 

Then diluted to about 200 mL with distilled water and titrated against 

FeSO4.7H2O in the presence of 0.5 g NaF and 30 drops of diphenylamine as 

indicator to dull green endpoint. 

 

Organic matter was calculated by the formula: 

OM (%)   = [(Vblank - Vsample) x M x 0.69] / [Wt. of soil (g)] 

Where,  

Vblank     = Volume (mL) of FeSO4.7H2O used in blank, 

 Vsample  = Volume (mL) of FeSO4.7H2O used to titrate the sample, 

 M            = Molarity of FeSO4.7H2O solution, 

0.69        = 0.003 x 100 x (100/74) x (100/58), where, 

0.003        = me wt. of carbon, 

100        = To convert OM in %, 

100/58      = Factor to convert carbon to OM and 

100/72      = Recovery factor for carbon. 
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Table 3.1. Characteristics of Soil Used in Studies:  

Characteristics Unit Depth (0-15 cm) Depth (15-30cm) 

Textural class - Sandy clay loam Sandy clay loam 

Sand % 69.2 63.3 

Silt " 14.1 15.0 

Clay " 16.7 21.7 

pHs - 7.31 7.42 

ECe dS m
-1 

1.53 1.73 

TSS mmolc L
-1

 15.3 17.3 

Soluble ions 

CO3
2-

        mmolc L
-1 

Absent 0.40 

HCO3
-
 " 2.56 3.85 

Cl
-
 " 5.12 6.21 

*SO4
2-

 " 6.85 7.22 

Ca
2+

 + Mg
2+

 " 6.09 7.12 

Na
+
 " 8.26 9.21 

K
+
 " 1.79 0.51 

SAR    (mmol L
-1

)
1/2 

4.44 4.87 

OM % 0.91 0.86 

SP " 28.40 29.43 

*By difference = TSS - (CO3
2-

 + HCO3
-
 + Cl

-
) 
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Fig 3.1. M. exotica plants at the start of experiments 
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3.1.2. Plant Height (cm): 

The height of plant was measured from ground level to the tip of the 

largest branch with the help of a measuring rod at the end of experiment. 

3.1.3. Number of Branches Per Plant: 

  Total number of branches produced by each plant was counted.  

3.1.4. Number of Flowers Per Plant: 

Total number of flowers per plant was counted to identify the best 

treatment for flower production under Faisalabad climatic conditions.  

3.1.5. Size of Flower (cm): 

The size of full bloom flowers was measured with the help of a 

vernier caliper (HT0403-A1, Cingda Industry Co., Ltd. China). 

3.1.6. Fresh Flowers Weight (g): 

The full bloom fresh flowers per plant were picked and labeled. Then 

the flowers were weighed on an electrical weight balance. The average 

weight of flowers per plant was sought out. 

3.1.7. Dry Flowers Weight (g): 

After recording the fresh weight of flowers, the labeled flowers were 

dried in the open place under partial shade. The flowers were weighed and 

re-weighed. When there was no further loss of weight, the final dry flower 

weight was recorded. 

3.1.8. Leaf Mineral Content: 

Leaves of similar age from the experimental plants were collected 

randomly and analyzed for N, P, and K concentration.  

3.1.8.1. Leaf Sampling: 

In each replication, mature leaves obviously of normal health i.e. 

without symptoms of deficiency, injury by insects and disease symptoms 

were collected. These leaf samples were placed in labeled paper bags and 

were brought to laboratory for further process without undue delay. 
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3.1.8.2. Sample Preparation: 

Leaves along with their petioles were washed with detergent and then 

with tap water and finally with well rinsed distilled water for 2-3 times so 

that the effect of detergent was washed out. Afterwards the leaves were 

dried under shade for 48 hours and then were packed in perforated paper 

bags. After labeling, bags were punched and placed them in oven for drying 

at 60
o
C for over 48 hours. The dried leaf samples were then taken out and 

grinded to fine powder in an electrical stainless steel grinder (Moulinex, 

AR1044, Tokyo, Japan). This powder was stored in properly labeled air 

tight plastic bottles at room temperature for further process. 

3.1.8.3. Leaf Nitrogen (N %): 

Total N was determined according to Chapman and Parker, (1961) 

method, which involved digesting the plant material with concentrated 

sulphuric acid (H2SO4) and digestion mixture (digestion mixture, 

comprising K2SO4, CuSO4 and FeSO4 in ratio of 10:0.5:1). One gram of 

oven dried, powdered sample was transferred to kjeledhal digestion flask 

along with 30 ml concentrated H2SO4 and 10 g digestion mixture. After 

keeping for half an hour it was heated slowly in the beginning and then on 

full heat till a transparent green liquid material resulted. On cooling, 

contents were transferred to a 250 ml volumetric flask and volume was 

made up to the mark with distilled water. 

Five ml of aliquot from this prepared material was taken and distilled 

in microkjeledhal apparatus using about 10 ml of 40% NaOH. Ammonia 

vapors were received in 10 ml of 4% H3BO3 and mixed indicator of 

bromocresol green and methyl red. When the color is changed from light 

pink to light green, this distillate was titrated against N/10 H2SO4 till 

original color of methyl red was restored (light pink). For the quantity of 

acid used in titration, the percentage of element N was calculated by using 

the formula; 
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                  A x B x C x 0.0014 

 N (%) =                                       x 100 

                              D 

 

A     =    Quantity of N/10 H2SO4 used 

B     =    Blank reading (N/ H2SO4 used in blank reading) 

C     =    Volume made after digestion (250) 

D     =   Volume of digested sample used 

100 =    For percentage 

0.0014 = Factor (which is equal to g of N in ml of N/ H2SO4) 

3.1.8.4. Blank Reading: 

Blank reading was taken for eliminating the percentage of N present 

in other chemical used to digest the sample. All the procedure except adding 

the sample was same as for samples. 

3.1.8.5. Wet Digestion for Elements Other Than Nitrogen: 

The digestion for estimation of P and K was done according to the 

method described by Yoshida et al. (1976). One gram oven dried leaf 

sample was transferred to 100 ml beaker and 10 ml of tri-acid mixture 

(HNO3, HClO4 and H2SO4 in ratio of 5:2:1) was added to it. It was covered 

with watch glass and allowed to stand still for about four hours till all the 

initial reaction subsided. It was heated gently until the solid material 

disappeared, then heated vigorously till a clear colorless solution resulted, 

when the volume was reduced to 1.5 ml, it was removed and cooled. Then 

distilled water was added to it to make volume up to 100 ml in volumetric 

flask. The samples were stored in plastic bottles for further analysis. 

3.1.8.6. Leaf Phosphorus (%): 

Phosphorus was determined according to the method described by 

Chapman and Parker (1961). Color of the sample was developed by adding 

5 ml of dilute H2SO4 (1:6), 5 ml of 5% ammonium molybdate and 5 ml of 
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0.25% ammonium vanadate. The standard curve was prepared by using 

different concentrations of potassium dihydrogen phosphate. The colored 

samples were fed in spectrophotometer at a wave length 420 nm and 

transmittance was noted which was compared with that of standard curve to 

find out the quantity of the element in ppm which was then converted into 

percentage by using the following formula. 

 

         ppm on graph x dilution    

P (%) =                                                x 100 

                        10
6 

 

3.1.8.7. Leaf Potassium (%): 

Potassium was determined by flame photometer according to the 

method described by Chapman and Parker (1961). Quantity of element was 

estimated in ppm by comparing the emission of flame photometer with that 

of standard curve which was then converted into percentage by using the 

following formula. 

 

              ppm on graph x dilution    

K (%) =                                                        x 100 

                                       10
6
   

                      

3.1.9. Total Chlorophyll Contents (mg g
-1

 FW): 

Chlorophyll contents were calculated by using the method of Arnon 

(1949). Fresh leaves of (0.5 g) were chopped into segments of 0.5 cm and 

extracted with 5 mL acetone (80%) at 10
o
C overnight. Centrifuge (H-200NR                                

Kokusan, Japan) the material at 14000 x g for 5 min. and measured the 

absorbance of the supernatant at 645, 652 and 663 nm on spectrophotometer 

(Hitachi U 2001, 121-0032).  

Calculated a, b and total chlorophyll. 

Chl a = [12.7 (OD 663) -2.69 (OD 645) ] x V/1000 x W 

Chl b = [22.9 (OD 645) -4.68 (OD 663)] x V/1000 x W 
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Total Chl = [20.2 (OD 645) + 8.02 (OD 663)] x V/100 x W  

Where, V is the volume of sample extract and W is the weight of the 

sample. 

 

 

Fig 3.2. Murraya exotica plants at blooming stage at the end of experiment 

3.1.10. Statistical Analysis: 

Experiment was laid out according to Randomized Complete Block 

Design (RCBD) with seven treatments and four replicates. The data were 

subjected to statistical analysis using analysis of variance technique at 5% 

probability (Steel et al., 1997). 
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                  Experiment #2 

3.2. Standardization of SCFE Technology for Essential Oil of Murraya 

exotica: 

The present study was conducted at Rose project laboratory, Institute 

of Horticultural Sciences, University of Agriculture, Faisalabad.  

3.2.1. Collection and Preparation of Flowers: 

 Flowers, were collected from the Murraya exotica plants from the 

Field Area, Institute of Horticultural Sciences, University of Agriculture, 

Faisalabad, for this purpose more than 2000 plants were grown on an area of 

1 acre of land. Flowers were picked early in the morning and their fresh 

weights were taken and then petals were separated and used for supercritical 

fluid extraction (SCFE). Prior to placement in SCFE apparatus (DEVEN, 

Supercritical Pvt. Ltd, India) the petals were spread in a tray under shade at 

room temperature in order to remove the excessive moisture and then were 

used for extraction. Twenty kilograms of M. exotica petals were extracted in 

a single batch of SCFE. Three treatment conditions with three replications 

were used to get reproducible results. Treatments plan is given below: 

T1= 35
o
C/75 Bar   

T2= 40
o
C/80 Bar  

T3= 45
o
C/90 Bar  

3.2.2. Yield Attributes:  

 Yield of concrete oil (%)  

 Yield of absolute oil (%)  

3.2.3. Physical Attributes:  

Color of Absolute oil, refractive index, congealing point, optical rotation, 

specific gravity 

3.2.4. Chemical Attributes:  

Acid number, ester number 

The detail of each attributes discussed in experiment # 3.  
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3.2.5. Statistical Analysis:  

Experiment was laid out according to Completely Randomized Design 

(CRD).The data were subjected to statistical analysis using analysis of 

variance technique at 5% probability (Steel et al., 1997). 

 

Experiment #3 

3.3. Comparative Efficacy of Various Essential Oil Extraction 

Techniques on Oil Yield and Quality:  

The present study was conducted at Rose project laboratory, Institute 

of Horticultural Sciences, University of Agriculture, Faisalabad. Flowers 

were picked and their fresh weights were taken and then their petals were 

separated and spread in a tray under shade at room temperature in order to 

remove the excessive moisture and then used for extraction. Three 

replications were used in each extraction method. From the previous 

experiment of standardizing the SCFE treatment’s best result was used to 

compare with steam distillation and solvent extraction methods. This 

comparison was made on the basis of following attributes: 

3.3.1. Yield Attributes: 

Yield of Concrete oil (%); Yield of Absolute oil (%) 

3.3.2. Physical Attributes:   

Color of Absolute oil; refractive index; congealing point; optical rotation; 

specific gravity  

3.3.3. Chemical Attributes: 

Acid number; ester number  

Extraction of essential oil by employing different methods is given below: 

3.3.4. Supercritical Fluid Extraction (SCFE): 

Any compound above its critical temperature and pressure is called 

supercritical. At supercritical stage, neither liquid nor gaseous form exists. 

An intermediate of both liquid and gas known as fluid can be found with 
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properties of liquid and gas molecules as shown in fig. The SCFE pilot plant 

has one CO2 up hold tank, heat exchanger, gas booster, one extractor and 

one separator vessel. A gas booster received liquid CO2 (99% pure) from a 

cylinder and pressurized a jacketed surge tank which in turn provided gas to 

a jacketed extraction vessel. The jacketed surge tank was placed between the 

gas booster and the extraction vessel in order to avoid potential pressure 

overshoots allowing a better pressure control. The temperature of the surge 

tank and extraction vessel was controlled by a thermostatic water bath. The 

M. exotica flowers were filled in extraction vessel after weighing of 20kg 

weight. The extraction pressure was maintained by the gas booster, 

monitored by a pressure transductor and controlled by a pneumatic control 

valve. The samples were collected at different time intervals in separation 

vessel at specified temperature and pressure ranges as mentioned in 

treatments section. That allows the separation of the oil by changing the CO2 

phase. The temperature and pressure maintained through connected 

computer having SCFE run software. Absolute oil was collected in flask. 
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Fig 3.3. Pilot plant of Supercritical fluid unit used for essential oil extraction 

of Murraya exotica flowers 

3.3.5. Steam Distillation: 

Steam distillation is the common method of extracting essential oil 

from aromatic plants Steam distillation was done in a still. Fresh flowers 

were placed in the plant chamber of the still, and pressurized steam 

generated in a separate chamber and circulated through the flowers. The 

heat of the steam forces oil ducts to open and release essential oil. The water 

in the steam exchanges for oil within the oil ducts and volatile components 

are carried away in the steam flow stream. The essential oil together with 

the steam molecules, travel through a tube into the still's condensation 

chamber. As the steam cooled, it condensed into water. All the vapors 

condensed and collected in receiver, the liquid called as hydrosols (water + 
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oil). The water obtained from steam distillation unit has a thin layer of oil on 

the surface of water, which was collected by further process. In this way 

twenty kilogram flowers was used in steam distillation unit to collected 

hydrosols. 

Thin layer of oil was recovered from hydrosols by using organic 

solvent (n-hexane). The n-hexane was added in hydrosols which extracted 

all the oil from hydrosols and two surfaces were formed (organic and 

aqueous layer). These two surfaces were separated by using separating 

funnel. The upper organic layer was preserved for further processing. Oil 

was separated from organic solvent (n-hexane) by using process of 

evaporation. All the n-hexane was distilled by using rotary evaporator at 

45°C and the remaining concrete oil was collected in another flask. To 

remove moisture from concrete oil sodium sulphate was added in this 

concrete oil and was filtered through a filter paper. In this way, concrete oil 

was obtained. 

To get absolute oil from concrete oil a minimum volume of absolute 

alcohol was added in the concrete oil. All the natural waxes were removed 

by absolute alcohol. These natural waxes were filtered through filter paper. 

Now-absolute alcohol was removed by using process of distillation by using 

rotary evaporator. Least traces of n-hexane were removed by bubbling 

nitrogen gas through this oil. In this way oil was obtained by using steam 

distillation. 
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Fig 3.4. Steam Distillation unit used for the essential oil extraction of 

Murraya exotica flowers 

 

3.3.6. Solvent Extraction: 

For solvent extraction n-hexane was used using Soxhelt's extraction 

apparatus for the extraction of essential oil. The flask containing organic 

solvent was heated to boil. Solvent vaporized through the side tube in to the 

condenser, where vapors condensed and fell into the thimble. This organic 

solvent extracts all the volatile compounds from the petals. The level of 

organic solvent and the extracted volatile compounds in the jacket and also 
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in siphon raised up. After some time siphon sucked up whole the organic 

solvent from thimble to flask. In this way, all the volatile compounds come 

in to the flask along with solvent. Now only solvent (n- hexane, bp= 68
o
C) 

vaporizes from flask because the organic components in the flask have high 

boiling point temperature, therefore not vaporizes easily. In this way organic 

solvent further extracted aroma from petals and fall into the flask. This 

process was revised for three to four times. Then the petals in thimble were 

discarded and new petals were added in the thimble and repeated the above 

process. In the end, solvent containing organic components was preserved 

for further process. 

Concrete Murraya exotica oil was further processed to remove any 

remaining solvent from the oil. Distillation process was performed to 

recover solvent from concrete oil (organic solvent and essential oil) and this 

was done by rotary evaporator (EYELA, N-N Series, Rikakikai Co. Ltd 

Tokyo, Japan). The rotary evaporator combines evaporation under vacuum 

and condensation (liquid-gas-liquid). That’s why this process is called as 

distillation. Concrete oil added in round bottom flask of rotary evaporator. 

Temperature of rotary evaporator was set at 45
o
C. At this temperature, all 

the solvent distilled from concrete oil. Further solvent was recovered by 

increasing temperature of rotary evaporator up to 50°C.  In this way all the 

organic solvent was recovered to be used again. Distillation by using rotary 

evaporator is useful because this process does not lose the active ingredients 

of the oil.  

Organic residue remaining in the flask or rotary evaporator was 

collected in another flask. The moisture was removed from the residue by 

adding sodium sulphate and then it was filtered. In this way concrete oil free 

from moisture vas obtained. Absolute oil from concrete oil was recovered 

by adding some quantity of absolute alcohol in concrete oil. The alcohol 

removes all the natural waxes present in the essential oil. Once again the oil 

was filtered this through a filter paper. Absolute alcohol was removed by 

performing distillation process by using rotary evaporator. Least traces of 
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alcohol were removed by bubbling nitrogen gas through this oil. In this way 

absolute oil was recovered by using solvent extraction process. 

 

 

Fig 3.5. Soxhelt’s  Apparatus  

 

3.3.7. Observations: 

3.3.7.1. Concrete Oil Percentage: 

Concrete oil is the extract of previously live plant tissue contains all 

hydrocarbons, soluble matter and waxy substances (Moyler, 1995). Concrete 

oil was taken in pre-weighed 100 ml flask. Weight of concrete oil was 

determined by again weighing the flask. The difference of two weights was 

noted as the weight of the concrete oil. Percentage yield of concrete oil was 

calculated based on petals weight as under: 
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                                        Weight of concrete oil  

Percentage of concrete oil =                                        x100 

                                             Weight of petals 

 

3.3.7.2. Absolute Oil Percentage: 

After removing the natural waxes present in concrete oil, the product 

obtained is called absolute oil. Percentage yield of absolute oil was 

calculated based on concrete oil. 

Absolute oil percentage is given as under: 

 

                                     Weight of absolute oil 

Percentage of absolute oil =                                     x 100 

                                           Weight of petals 

 

3.3.8. Physiochemical Analysis of Murraya exotica Essential Oil:  

This part of study was carried out in Department of Chemistry, 

University of Agriculture, Faisalabad and Department of Chemistry, Forman 

Christian College Lahore. In this experiment physio-chemical attributes of 

essential oil (absolute oil) were studied.  

3.3.8.1. Physical attributes:  

Following properties of absolute oil were recorded: 

3.3.8.1.1 Color: 

Color of absolute oil was determined by spectrophotometric method 

(Paquot, 1986a). In this method spectrophotometer recorded the   

transmittance measurement between 400 and 700 nm  

3.3.8.1.2. Refractive Index: 

Refractive index of oil is the ratio of the speed of light at a definite 

wavelength in vacuum to its speed in the oil. Refractive index of the oil was 

recorded at 25°C by using Abbe's refractometer (Paquot,1986b). 
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3.3.8.1.3. Congealing Point: 

In case of mixtures, such as essential oils, congealing point is 

determined instead of melting point. In its determination, the oil is super 

cooled so that upon congealation liberation of heat occurs with immediate 

crystallization (Gunkel et al., 2010). Congealing point of the oil was 

determined by taking a small amount of oil in the capillary tube, which was 

then suspended inside a large tube along with a standard thermometer. Inner 

and outer tube was cooled together to a temperature 5°C below the expected 

congealing point. The inner walls of the tube were rubbed with a 

thermometer quickly up and down in the oil. The temperature was noted 

constantly. There was a rise in temperature which soon approached a 

constant value. This value was taken as congealing point of the oil. The 

process was repeated many times in order to ensure accuracy.  

3.3.8.1.4. Optical Rotation: 

10 ml polarimeter tube containing oil was placed in between polarizer 

and analyzer. Care was taken in filling the tube to avoid air bubbles, which 

could disturb the rotation of light. Analyzer was slowly turned until both the 

halves of the field were viewed through the telescope. The direction of 

rotation was determined, if the analyzer was turned counter clock wise from  

the zero position to obtain the final reading, the rotation is levo ( +) if clock 

wise dextro(-). 

3.3.8.1.5. Specific Gravity: 

The specific gravity of the essential oil of was determined by using 

specific gravity bottle. Filled the pre weighed 10 ml specific gravity bottle 

with essential oil leaving no air bubbles. Weighed the bottle again and 

calculated the density of the oil by using the formula: 

 

                       Weight 

Density =            

                       Volume 
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                   Density of the liquid at °C 

    Specific gravity =   

                            Density of the water at the same temperature 

 

3.3.8.2. Chemical Properties: 

3.3.8.2.1. Acid Number: 

Acid number is the number of mg of potassium hydroxide required to 

neutralize the free fatty acids in 1 g of the oil. Acid number was determined 

through indicator method (Paquot, 1986b). In this method, 1.5 g of absolute 

oil was taken into a 100 c.c. sponification flask and 15 c.c. of 95% alcohol 

and 3 drops of 1% phenolphthalein solution were added. Titration of the free 

acid with a standard 0.1 normal aqueous solution of potassium hydroxide 

was done by adding alkali drop wise at a uniform rate. The contents of the 

flask were continuously agitated. The first appearance of red color was 

considered as an end point. Process was repeated 3 times to get mean value. 

The acid number was calculated by the following formula, 

 

                     56.1 (Number of c.c of 0.1 KOH) 

Acid number = 

                            Weight of the sample (g) 

 

 

3.3.8.2.2. Ester Number: 

The ester number is the number of mg of potassium hydroxide 

required to saponify the esters contained in 1 g of oil. Another sample of 1.5 

g of absolute oil was taken. Previous procedure (acid number determination) 

was followed and 10 c.c. of 0.5 normal solution of potassium hydroxide was 

added. A glass air-cooled condenser was attached to the flask and contents 

were refluxed for one hour on a water bath. The apparatus was removed and 

allowed to cool at room temperature for 15 minutes. Excess alkali was 

titrated against standardized 0.5 normal aqueous HCI. The ester contents 

were calculated by the following formula: 
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                   28.05 (a) 

Ester number = 

                         S 

Where, 

            a = Number of c.c. of 0.5 normal HCI used in the sponification 

     s =   Weight of sample in g 

 

3.3.9. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis and 

Identification of Compounds:  

Qualitative analysis of essential oils was performed by gas 

chromatography-mass spectrometry (GC-MS) using Agilent Technologies 

6890N-5975B system, with data acquisition parameters as follows:  

Carrier gas was Helium with a flow rate 1.0 mL/min, constant flow 

mode; injection volume 0.1 μL, inlet temperature 250°C; Agilent 

Technologies HP-5MS 30 m 0.25 μm column. Temperature program: 50°C 

for 1 min, 5°C/min to 100°C, 9°C /min to 200°C, hold 7.89 min; transfer 

line temperature 280°C; electron ionization, electron energy 70 eV, scan 

mode, mass range 35-400 Da, quadrupole temperature 150°C, source 

temperature 230°C. Acquired data were analyzed by Agilent Technologies 

MSD Chem Station software in conjunction with AMDIS (Automated Mass 

Spectral Deconvolution and Identification System) and NIST MS Search 

software. Two different mass spectra libraries were used for mass spectra 

identification: Wiley Registry of Mass Spectral Data 7th Edition (338000 

spectra, 289000 unique compounds), NIST/EPA/NIH Mass Spectral Library 

05 with 190825 spectra, 163198 unique compounds. The compound 

identification was finally confirmed by comparison of their relative retention 

indices with literature values (El-Sakhawy et al., 1996; Raina et al., 2006; 

Rout et al., 2007; Rout et al., 2010). Adams (1979) suggested that although 

a large library of mass spectra were readily available from reliable sources 

like NBS (National Bureau of Standards), but only the major components 
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could be easily and unequivocally identified. However, since then large 

improvements have been made in the library of mass spectra. On-line 

available literature was also of consulted at large in this regard.  The 

quantitative data were obtained electronically from the FID area percentage 

without the use of any correction factors. 

3.3.10. Statistical Analysis: 

Experiment was laid out according to Completely Randomized Design 

(CRD) with possible treatments each replicated thrice. The data was 

subjected to statistical analysis using analysis of variance technique at 5% 

probability (Steel et al., 1997). 

 

  Experiment # 4 

3.4. Phytochemical Properties of Murraya exotica: 

The freshly collected plant materials (2 kg) of M. exotica were washed with 

distilled water and air dried. After drying, the powdered plant materials was 

macerated with petroleum ether to remove fatty substances, the marc was 

further extracted with of 50% aqueous ethanol solution for 3 days (3X3L). 

The aqueous ethanol solution was decanted after 24 hours. The extract was 

separated by filtration and concentrated under vacuum using rotary 

evaporator at 40
o
C. Ethanolic extract of M. exotica was subjected to 

qualitative tests for the identification of various active constituents’ 

carbohydrate, alkaloid, amino acids, flavanoids, gum and phytosterols etc. 

(Gautam and Goel, 2012) 

3.4.1. Test for Carbohydrates:  

A small quantity of the extract was dissolved separately in 4 ml of 

distilled water and filtered. The filtrate was subjected to the following testes 

to detect the presence of carbohydrate. 

 



56 
 

 

Molisch’s test: 

The filtrate was treated with 2-3 drops of 1% alcoholic α-napthol 

solution and 2 ml of concentrated H2SO4 was added along the sides of the 

test tube. Appearance of brown ring at the junction of two liquids shows the 

presence of carbohydrates. 

3.4.2. Test for Fixed Oils and Fats: 

Spot test: 

Small quantity of extract was pressed between two filter papers. 

Appearance of oil stain on the paper indicates the presence of fixed oil. 

3.4.3. Test for Proteins and Free Amino Acid: 

Biuret test: 

Small quantity of the extract was dissolved in 3 ml of distilled water 

and equal volumes of 5% sodium hydroxide solution and 1% copper 

sulphate solution were added, appearance of pink or purple color shows the 

presence of proteins and free amino acids. 

3.4.4. Test for Saponins: 

Foam test: 

The extract was diluted with 20 ml of distilled water and it was 

agitated in a graduated cylinder for 15 minutes. The formation of 1 cm layer 

of foam shows the presence of saponins. 

3.4.5. Test for Phenolic Compounds: 

Small quantity of the extract was taken in distilled water and test for 

the presence of phenolic compounds and tannins was carried out with the 

following reagents. 

1. Dilute ferric chloride solution (5% w/v) – Violet color. 

2. 1% solution of gelatin containing 10% sodium chloride-White precipitate. 

3. 10% lead aceatte solution-White precipitate. 
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3.4.6. Test for Phytosterols: 

Salkowski reaction: 

Small quantity of the extract was dissolved in 5 ml of chloroform. To 

1 ml of the chloroform solution, few drops of concentrated sulphuric acid 

were added. Brown color produced shows the presence of phytosterols. 

3.4.7. Test for Alkaloids: 

Small quantity of the extract was treated with few drops of diluted 

hydrochloric acid and filtered. The filtrate was used for the following tests. 

Mayer’s reagent – cream precipitate 

Dragendroff’s reagent – Orange brown precipitate 

3.4.8. Test for Flavonoids: 

 To a small portion of extract, concentrated sulphuric acid was added. 

Yellow orange color was obtained shows the presence of flavonoids. 

 

  Experiment# 5 

3.5. Effect of Buffered-Phosphorus Fertilizer on Murraya exotica in 

Soilless Media: 

In this part of the studies, performance of Murray exotica in soilless 

medium amended with alumina buffered phosphorus was evaluated with 

conventional phosphorus fertilizer, triple super phosphate (TSP). The 

present study was conducted during Sep 2013to Feb 2014 in the Green 

House of Department of Plant Sciences, Pennsylvania State University, 

USA. Six months old M. exotica plants were taken and put in 2 liter plant 

pots containing media. The potting medium was a mix of 2 peat : 1 

vermiculite : 1 perlite and 1 sand (Play sand; Louisiana-Pacific, Portland, 

Ore.). The complete nutrient solution contained (in μM) 1500 KNO3, 1200 

Ca (NO3)2, 400 NH4NO3, 25 MgCl2, 5 FeEDTA, 500 MgSO4, 300 K2SO4, 

300 (NH4)2SO4, 1.5 MnSO4, 1.5 ZnSO4, 0.5 CuSO4, 0.143 (NH4)6Mo7O24, 

0.5 Na2B4O7.  
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Three treatments were used for this experiment. T1= 50 g of TSP (0-46-

0)/pot, T2= 5μm AL-P, T3= 27μm AL-P. In Treatments T2 and T3 alumina 

fertilizer was amended as 1% of the media volume of each pot. Each 

treatment was replicated three times 

 

 

Fig 3.6. Growing Murraya exotica in green-house with alumina- buffered 

and conventional phosphorus fertilizers 

3.5.1. Plant Height (cm): 

The total height of the plant was measured with the help of a 

measuring scale at the end of experiment. 

3.5.2. Number of Leaves:  

Counted the total number of new leaves emerged after starting to the 

end of the experiment. 
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3.5.3. Shoot Dry Weight (g): 

Total shoot (stem + leaves) of each sample were dried for 48 h at 

60
o
C. After drying weight was calculated 

3.5.4. Root Dry Weight (g): 

Roots were taken from each plant sample and dried for 48 h at 60
o
C. 

After drying, weight was calculated on weight balance. 

3.5.5. Leaf Emergence Rate: 

Any increase or decrease in number of leaf emergence with passage of 

time was counted. 

3.5.6. Total Root Length (cm): 

For the determination of total length the roots were scanned before 

drying using a flat-bed scanner (Epson America, Inc., long beach) and root 

length was estimated using image analysis software WinRhizo Pro. 

3.5.7. Tissue P%:  

For P, shoot samples after drying were taken, ground and analyzed by 

a spectrophotometric assay as described by Murphey and Riley (1962).  

3.5.8 Statistical Analyses: 

Experiment was laid out according to Complete Randomized Design 

(CRD) with three treatments and three replicates. The data obtained was 

subject to statistical analyses using analysis of variance technique and 

treatment means were compared by using t-test at 5% probability (Steel et 

al., 1997). 
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CHAPTER 4                RESULTS  

   

Statistical analysis was done for the data obtained from varied 

parameters of various experimental projects. The results of each of the 

projects are presented in this chapter. 

4.1. Optimizing the Nutritional Requirement for Flower Yield and 

Quality of Murraya exotica: 

`An experiment was conducted to evaluate the vegetative and floral 

characteristics of Murraya exotica in the agro-climatic conditions of 

Faisalabad. The plants were treated with different doses of organic (FYM) 

and inorganic fertilizers (NPK) applied in combination. The treatments 

included no fertilizer application (T0), application of 10 g NPK/plant/month 

+ 3 kg FYM/plant (T1), application of 10 g NPK/plant/month + 4 kg 

FYM/plant (T2), application of 15 g NPK/plant/month + 3 kg FYM/plant 

(T3), application of 15 g NPK/plant/month + 4 kg FYM/plant (T4), 

application of 20 g NPK/plant/month + 3 kg FYM/plant (T5) and 

application of 20 g NPK/plant/month + 4 kg FYM/plant (T6). The results 

obtained are described below:        

4.1.1. Plant Height: 

Analysis of variance (Table 4.1) for the data showed highly 

significant effect (P<0.05) of different fertilizer combinations (NPK + 

FYM) on plant height of Murraya exotica. It was observed that the plants 

maintained maximum plant height (125.07 cm) by the application of 20 g 

NPK/plant/month + 4 kg FYM (T6) closely followed (117.64 cm) by 20 g 

NPK/plant/month + 3 kg FYM (T5) (Fig 4.1). A significant increase in plant 

height (108.38 cm) was also noted in plants applied with 15 g 

NPK/plant/month + 3 kg FYM (T4). No fertilizer treatment (T0) resulted in 

the minimum value (69.14 cm) for this variable (Fig. 4.1). 
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4.1.2. Number of Branches Per Plant: 

Significant differences (P<0.05) were observed (Table 4.1) among 

various fertilizer treatments for number of branches per plant. The 

maximum value (43.62) was recorded in T6 treatment where NPK and FYM 

were applied at the rate of 20g NPK/plant/month and 4 kg FYM/plant and 

was statistically related to T5 (41.38) treatment (20 g NPK/plant/month + 3 

kg FYM/plant). The minimum number of branches (19.62) was observed in 

control (T0) plants grown without any fertilizer treatment (Fig 4.2). 

4.1.3. Number of Flowers Per Plant: 

  The application of various NPK treatments in combination with 

FYM significantly affected the number of flowers produced by each plant 

(Table 4.1). The plants applied with 20g NPK/plant/month + 4 kg 

FYM/plant (T6) produced the maximum number of flowers (164.1) and were 

followed by those fertilized with 20g NPK/plant/month + 3 kg FYM/plant 

(T5) which produced 154.65 flowers per plant. A significant increase in 

number of flowers was also observed by the application of 15g 

NPK/plant/month + 4kg FYM/plant (T4) and 15g NPK/plant/month + 3kg 

FYM/plant (T3). No supply of fertilizers resulted in the minimum number of 

flowers (87.15) per plant (Fig 4.3). 
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Table 4.1. Mean Square values from analysis of variance for plant height, 

number of branches/plant and number of flowers/plant of Murraya 

exotica 

Source DF  Plant 

height 

Number of 

branches/plant 

Number of 

flowers/plant 

Replication 3 15.78 21.730 452.84 

Treatment 6 1475.85*       292.47* 2609.35* 

Error  18 47.65         3.71 4.81 

Total 27    

*= Significant  
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Fig 4.1. Effect of different fertilizer treatments of NPK and FYM on plant height (cm) of Murraya exotica. To= Control, T1= 

10gNPK/plant/month+3kgFYM/plant,T2=10gNPK/plant/month+4kgFYM/plant,T3=15gNPK/plant/month+3kgFYM/plant,T4=

5gNPK/plant/month+4kgFYM/plant,T5=20gNPK/plant/month+3kgFYM/plant,T6=20gNPK/plant/month+4kgFYM/plant
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Fig 4.2. Effect of different fertilizer treatments of NPK and FYM on number of branches per plant of Murraya exotica 

whereTo=Control,T1=10gNPK/plant/month+3kgFYM/plant,T2=10gNPK/plant/month+4kgFYM/plant,T3=15gNPK/plant/month 

+3kgFYM/plant,T4=15gNPK/plant/month+4kgFYM/plant,T5=20gNPK/plant/month+3kgFYM/plantT6=20gNPK/plant/month+4 

kgFYM/plant 
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Fig 4.3. Effect of different fertilizer treatments of NPK and FYM on number of flowers per plant of Murraya exotica. 

To=Control,T1=10gNPK/plant/month+3kgFYM/plant,T2=10gNPK/plant/month+4kgFYM/plant,T3=15gNPK/plant/month+3kg 

FYM/plant,T4=15gNPK/plant/month+4kgFYM/plant,T5=20gNPK/plant/month+3kgFYM/plantT6=20gNPK/plant/month+4kg 

FYM/plant
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4.1.4. Size of Flowers (cm): 

  Highly significant differences (P<0.05) were observed among 

various fertilizer treatments for the size of flowers (Table 4.2). The flower 

size was maximum in plants (1.89 cm) treated with 20g NPK/plant/month + 

4 kg FYM/plant (T6). Non-significant differences were observed between T6 

and T5 treatment (20g NPK/plant/month + 3 kg FYM/plant) for this 

variable. The size of the flower was also significantly increased by T4 (15g 

NPK/plant/month + 4kg FYM/plant) and T3 (15g NPK/plant/month + 3kg 

FYM/plant) treatments. The control plants applied with no fertilizer 

produced the smallest (1.21cm) flowers (Fig 4.4). 

4.1.5. Fresh Flowers Weight (g): 

Highly significant effect (P<0.05) of different fertilizer treatments was 

noted on the fresh weight of flowers (Table 4.2). It was observed that the 

supply of 20 g NPK/month + 4kg FYM (T6) resulted in the production of 

flowers with the highest fresh weight (23.6g), followed by plants (22.11g) 

applied with 20g NPK + 3kg FYM (T5). The plants with no fertilizer 

treatment gave the lowest fresh weight (12.7g) of flowers (Fig 4.5). 

4.1.6. Dry Flowers Weight (g): 

Various fertilizer treatments significantly (P<0.05) influenced the dry 

weight of M. exotica flowers (Table 4.2). The data revealed that an increase 

in the dose of fertilizers caused a parallel increase in dry weight of flowers 

(Fig. 4.6). The plants treated with 20g NPK/month + 4kg FYM (T6) 

produced flowers with the highest dry weight (7.39g) and were found to be 

statistically at par with those (7.08g) supplied with 20 g NPK/month + 3kg 

(T5). The application of fertilizers at the rate of 15g NPK/month + 4kg FYM 

(T4) and 15g NPK/month + 3kg FYM (T3) also caused a significant increase 

in the dry weight of flowers. The lowest dry weight (3.6g) was recorded in 

flowers obtained from plants applied with no fertilizers. 
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Table 4.2. Mean Square values from analysis of variance for size of flowers 

(cm), fresh flowers weight (g) and dry flowers weight (g) of Murraya 

exotica 

Source DF  Size of 

flowers 

(cm) 

Fresh flowers 

weight (g) 

Dry flowers 

weight (g) 

Replication 3 0.011 9.84 0.83 

Treatment 6 0.265*       51.87* 6.80* 

Error  18 0.003         0.699 0.07 

Total 27    

*= Significant  
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Fig 4.4. Effect of different fertilizer treatments of NPK and FYM on size of flowers (cm) of Murraya exotica. To=Control, T1= 

10gNPK/plant/month+3kgFYM/plant, T2=10gNPK/plant/month+4kg FYM/plant, T3= 15gNPK/plant/month+3kg FYM/plant, 

T4=15gNPK/plant/month+4kgFYM/plant,T5=20gNPK/plant/month+3kgFYM/plant T6= 20gNPK/plant/month+4kgFYM/plant 
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Fig 4.5. Effect of different fertilizer treatments of NPK and FYM on fresh flowers weight (g) of Murraya exotica. To=Control, T1= 

10gNPK/plant/month+3kgFYM/plant, T2= 10gNPK/plant/month+4kg FYM/plant, T3= 15gNPK/plant/month+3kg FYM/plant,  

T4= 15gNPK/plant/month+4kg FYM/plant, T5= 20gNPK/plant/month+3kg FYM/plant T6= 20gNPK/plant/month+4kgFYM/plant  
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Fig 4.6. Effect of different fertilizer treatments of NPK and FYM on dry flowers weight (g) of Murraya exotica. To=Control, T1= 

10gNPK/plant/month+3kgFYM/plant,T2=10gNPK/plant/month+4kgFYM/plant,T3=15gNPK/plant/month+3kgFYM/plant, 

T4=15gNPK/plant/month+4kgFYM/plant,T5=20gNPK/plant/month+3kgFYM/plantT6=20gNPK/plant/month+4kgFYM/plant 
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4.1.7. Leaf Mineral Content: 

4.1.7.1. Leaf Nitrogen Contents (%):  

Analysis of variance for the data regarding leaf nitrogen (N) 

percentage indicated highly significant (P<0.05) effect of fertilizers 

application on this variable (Table 4.3). It was found that the leaf N contents 

increased by increasing fertilizer doses. The highest value (2.53%) was 

recorded in plants supplied with 20g NPK per month in combination with 

4kg FYM per plant (T6). The application of 20g NPK + 3kg FYM (T5) also 

significantly increased the N contents in leaf and gave the second highest 

value (2.33%) statistically at par with the value (2.20%) obtained by 

supplying 15g NPK + 4Kg FYM (T4) to the plants. The lowest leaf N 

(1.2%) was noted in plants applied with no fertilizer (Table 4.5). 

4.1.7.2. Leaf Phosphorus Contents (%): 

The application of various fertilizer treatments significantly (P<0.05) 

influenced the accumulation of phosphorous (P) in the leaves of M. exotica 

(Table 4.3). The plants applied with 20g NPK/month + 4kg FYM/plant (T6) 

maintained the maximum concentration of P (0.31%) in leaves. A 

significant increase in leaf P contents was also observed in plants 

supplemented with 20 g NPK + 3kg FYM (T5) and 15g NPK + 4kg FYM 

(T4) which gave the second and third highest values i.e. 0.28% and 0.25%, 

respectively. No fertilizers application (T0) resulted in the lowest value 

(0.12%) for this variable (Table 4.5).  

4.1.7.3. Leaf Potassium Contents (%): 

Data regarding leaf potassium (K) contents (%) revealed the highly 

significant effect of different fertilizer treatments on this variable (Table 

4.4). It was observed that the plants accumulated maximum K (1.65%) in 

leaves by the application of 20g NPK per month + 4kg FYM per plant (T6). 

The leaf K contents were also significantly increased by other fertilizer 

treatments that gave higher values i.e. 1.57% (T5), 1.46% (T4), 1.36 (T3), 
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1.27 (T2), 1.16 (T1) than no fertilizer supply (T0) to the plants which resulted 

in the minimum value (0.93%) for this variable (Table 4.5). 

4.1.8. Total Chlorophyll Contents (mg g
-1

 FW): 

Highly significant effect of various fertilizer treatments was noted on 

the total chlorophyll contents of M. exotica (Table 4.4). The plants 

supplemented with 20g NPK per month + 4kg FYM per plant exhibited the 

highest (2.49 mg g
-1

 FW) chlorophyll contents in the leaves. The other 

fertilizer treatments viz. T5 (20 g NPK/month + 3kg FYM/plant), T4 (15 g 

NPK/month + 4kg FYM/plant), T3 (15 g NPK/month + 3kg FYM/plant), T2 

(10 g NPK/month + 4kg FYM/plant), T1 (10 g NPK/month + 3kg 

FYM/plant) also significantly increased the leaf chlorophyll contents i.e. 

2.38, 2.19, 1.92, 1.70, 1.62 mg g
-1

 FW, respectively with respect to no 

fertilizer supply (1.47 mg g
-1

 FW) to the plants (Table 4.5). 

  

Table 4.3. Mean Square values from analysis of variance for N% and P% of 

Murraya exotica 

Source DF  N% P% 

Replication 3 0.0321 0.00039 

Treatment 6 0.8881* 0.02045* 

Error  18 0.00794 0.00010 

Total 27   

*=significant 
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Table 4.4. Mean Square values from analysis of variance for K% and total 

chlorophyll content (mg g
-1

FW) of Murraya exotica 

Source  DF K% Total chlorophyll  

content (mg g
-1 

FW) 

Replication 3 0.00214 0.0009 

Treatment 6 0.25185* 0.61644* 

Error 18 0.0011 0.0014 

Total 27   

*=significant 

 

Table 4.5. Effect of fertilizer treatments on N%, P%, K% and total 

chlorophyll contents of Murraya exotica 

 

Treatments 

 

N% 

 

P% 

 

K% 

Total 

chlorophyll 

content (mg g-
1 

FW) 

 

To 

1.2 f 0.12 g 0.93 g 1.47 g 

 

T1 

1.5 e 0.16 f 1.16 f 1.62 f 

 

T2 

1.75 d 0.18 e 1.27 e 1.7 e 

 

T3 

1.93 c  0.23 d 1.36 d 1.92 d 

 

T4 

2.2 b 0.25 c 1.46 c 2.19 c 

 

T5 

2.33 b 0.28 b 1.57 b 2.38 b 

 

T6 

2.53 a 0.31 a 1.65 a 2.49 a 
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4.2. Standardization of SCFE Technology for Essential Oil of Murraya 

exotica: 

The major objective of this study was to find out the suitable 

conditions of temperature and pressure for obtaining the concrete and 

absolute oil yields (%) and physiochemical properties of M. exotica essential 

oil using supercritical CO2. 

4.2.1. Extraction of Essential Oil:  

Three different treatment conditions of temperature and pressure i.e. 

35
o
C temperature and 75 bar pressure (T1), 40

o
C temperature and 80 bar 

pressure (T2) and 45
o
C and 90 bar pressure (T3) were used to estimate the 

best conditions for the essential oil extraction by employing supercritical 

fluid extraction method. Analysis of variance (Table 4.6) showed the 

significant variation among different treatment conditions. It was observed 

that the treatment T2 (40
o
C temperature and 80 bar pressure) gave the 

highest oil yield for both concrete (0.18%) and absolute oil (0.008%). The 

extraction done at 45
o
C and 90 bar pressure (T3) gave the second highest 

concrete (0.17%) and absolute (0.006%) oil yield, whereas T1 treatment 

resulted in the lowest concrete (0.15%) and (0.005%) of absolute oil yield 

(Table 4.7). 

4.2.2. Physical Properties of Essential Oil: 

4.2.2.1. Color:  

Highly significant effect of various extraction treatments was noted on 

the color of absolute oil of M. exotica. The extraction done at 35
o
C and 75 

bar pressure (T1) resulted in light yellow color of the oil, whereas the pale 

yellow color was obtained in other treatments i.e. T2 (40
o
C and 80 bar 

pressure) and T3 (45
o
C and 90 bar pressure) (Table 4.8). 

4.2.2.2. Refractive Index: 

The refractive index of the oil was found to be highly affected by the 

extraction treatments. The oil extracted at 40
o
C and 80 bar pressure (T2) 



75 
 

gave the highest refractive index i.e. 1.48. The refractive index of the oil 

extracted at 45
o
C and 90 bar pressure (T3) was found to be 1.47, whereas the 

lowest value (1.46) was obtained from T1 treatment (Table 4.8).  

4.2.2.3. Congealing Point:  

The different extraction treatments showed variation in congealing 

point. It was found to be the highest (22°C) in the oil extracted using T2 

(40
o
C and 80 bar pressure) treatment and was followed by T3 (45

o
C and 90 

bar pressure) which gave a temperature of 21°C, whereas the lowest 

congealing point (20°C) was obtained by extracting oil using T1 (35
o
C and 

75 bar pressure) treatment (Table 4.8). 

4.2.2.4. Optical Rotation: 

The optical rotation of Murraya exotica oil was highly influenced by 

different SCFE treatments. The oil obtained at pressure (T2) 40
o
C and 80 bar 

pressure exhibited the highest value of +4.4 for this property, whereas, the 

extraction performed at 45
o
C and 90 bar pressure (T3) also gave the higher 

value (+4.3) than T1 treatment (35
o
C and 75 bar) which gave the lowest 

value (+4.1) for optical rotation (Table 4.8).  

4.2.2.5. Specific Gravity: 

The specific gravity of essential oil of M. exotica was also affected by 

different SCFE treatments. The highest value (0.871) was obtained from the 

oil extracted using T2 treatment. The specific gravity was also found to be 

high (0.868) in the oil obtained through T3 treatment, whereas the lowest 

value (0.866) was recorded using T1 treatment (Table 4.8).  

4.2.3. Chemical Properties of Essential Oil: 

4.2.3.1. Acid Number 

The different extraction treatments varied significantly for acid 

number in the oil. The highest acids (1.55) were found in the oil extracted at 

40
o
C and 80 bar pressure (T2) followed by T3 (45

o
C and 90 bar pressure) 

that gives 1.51, whereas the oil obtained at 35
o
C and 75 bar pressure (T1) 

exhibited the lowest number (1.48) of acids (Table 4.8).  
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4.2.3.2. Ester Number  

The oil extracted by using treatment T2 maintained the highest esters 

(143), whereas the extraction done at 45
o
C and 90 bar pressure (T3) also 

yielded high number of esters in oil (139) while the treatment T1 (35
o
C and 

75 bar pressure) resulted in the lowest number of esters (135) in the oil 

(Table 4.8). 

Table 4.6. Mean Square values from analysis of variance for Concrete and 

absolute oil % of Murraya exotica essential oil extracted 

through different conditions (temperature and pressure) of 

SCFE 

Source DF  Concrete oil %   Absolute oil % 

Replication 2 0.00744 0.00002 

Treatment 2 0.0641*  0.000973* 

Error  4 0.000111 0.0000583 

Total 8   

     *= significant 

Table 4.7. Concrete and absolute oil percentage of Murraya exotica 

essential oil extracted through SCFE under different temperature 

and pressure conditions 

Treatments Concrete oil % Absolute oil % 

T1 0.15 c 0.005 c 

T2 0.18 a 0.008 a 

T3 0.17 b 0.006 b 
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Table 4.8. Physio-chemical properties of Murraya exotica essential oil 

extracted through SCFE under different temperature and 

pressure conditions 

Treatments  T1 T2 T3 

Color Light yellow Pale yellow Pale yellow 

Refractive index 1.46 at 25
o
C 1.48 at 25

o
C 1.47at 25

o
C  

Congealing Point 20
o
C 22

o
C 21

o
C 

Optical Rotation  +4.1 at 25
o
C  +4.4 at 25

o
C  +4.3at 25

o
C  

Specific Gravity  0.866  0.871  0.868  

Acid Number  1.48  1.55 1.51 

Ester Number  135 143 139 
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4.3. Comparative Efficacy of Various Essential Oil Extraction 

Techniques on Oil Yield and Quality: 

An experiment was conducted to evaluate the efficiency of different 

extraction methods viz. Solvent Extraction, Steam Distillation and 

Supercritical Fluid Extraction for percentage of concrete oil and absolute oil 

extracted from M. exotica flowers. The results obtained are presented 

hereafter. An examination to analysis of variance for the concrete oil (%) 

and absolute oil (%) is presented in Table 4.9. It was revealed from the 

results that the mean squares due to different extraction methods were 

significant at P<0.05. 

4.3.1. Extraction of Essential Oil:  

4.3.1.1. Solvent Extraction: 

Hexane was used for the extraction of essential oil by employing 

soxhlet’s apparatus. The petals from fresh flowers were used for oil 

extraction in solvent extraction method and concrete oil produced by this 

method was found to be 0.15% on petal weight basis. Absolute oil separated 

from concrete was 0.005% on petals fresh weight basis (Table 4.10).  

4.3.1.2. Steam Distillation Extraction: 

Steam distillation was the second process employed for the essential 

oil extraction from M. exotica. A thin layer of essential oil appeared on the 

surface of water by extracting essential oil through steam distillation unit, 

which was collected by further a process as presented in chapter 3. Concrete 

and absolute oil of 0.091% and 0.002% was recorded on petals fresh weight 

basis, respectively (Table 4.10). 

4.3.1.3. Super Critical Fluid Extraction: 

The determined optimized condition for essential oil extraction of M. 

exotica from Super Critical fluid extraction experiment was used for 

comparison with the other two methods (Table 4.10). The obtained results 

showed that the concrete oil (0.18%) and absolute oil of 0.008% on petal 

weight basis was obtained by employing 40
o
C and 80 bar pressure. 
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Table 4.9. Analysis of variance of concrete and absolute oil percentage of 

Murraya exotica essential oil extracted through different 

extraction methods 

 

Source DF  Concrete oil 

% 

  Absolute oil % 

Replication 2 0.000004778 0.0000001944 

Treatment 2 0.00588* 0.00002419* 

Error  4 0.000002778  0.000000111 

Total 8   

*= significant 

Table 4.10. Concrete and absolute oil percentage of Murraya exotica 

essential oil extracted through different extraction methods 

Treatments Concrete oil % Absolute oil % 

SCFE  0.18a 

 

 0.008a  

Solvent Extraction  0.15b  0.005b 

Steam Distillation 0.091c 0.002c 
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4.3.2. Effect of the Extraction Methods on Properties of Murraya exotica 

Essential oil: 

The main objective of this study was to investigate the differences in 

the properties of essential oil extracted through various extraction methods. 

The properties of essential oil (absolute oil) of M. exotica was compared and 

presented in table 4.11. It is cleared from the results that variations in the 

properties of essential oil extracted through different extraction methods 

have remarkable effects on the properties of essential oil. 

4.3.2.1. Physical Properties of Essential Oil: 

4.3.2.1.1. Color: 

The examination of color of the essential oil of M. exotica was done 

and it was found that the color of oil obtained by supercritical fluid 

extraction method was clear yellow whereas, yellowish brown oil from 

steam distillation and light brown color of essential oil was obtained by 

solvent extraction method. 

4.3.2.1.2.   Refractive Index: 

Abbe's refractometer was used to measure the refractive index of 

essential oil of M. exotica. Refractive index of oil obtained by SCFE was 

1.48 at 25°C. The oil obtained by solvent extraction has refractive index of 

1.43, whereas the refractive index of oil produced by steam distillation 

method was found to be 1.41 at same temperature (Table 4.11). 

4.3.2.1.3.   Congealing Point: 

It was observed that the Super Critical Fluid extraction method 

produced oil with the highest congealing point (22ºC), whereas the oil 

obtained by solvent extraction method gave the second highest value (18ºC) 

for this property. The steam distillation method yielded oil with a 

congealing of 17ºC (Table 4.11). 

4.3.2.1.4. Optical Rotation: 

The optical rotation of the essential oil of M. exotica was highly 

influenced by various extraction methods (Table 4.11). It was observed that 
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essential oil extracted using SCFE method exhibited a value of +4.4, 

whereas the oil obtained by solvent extraction and steam distillation 

methods had an optical rotation of +3.9 and +3.8, respectively. 

4.3.2.1.5. Specific Gravity: 

The various extraction methods differed significantly for specific 

gravity of the essential oil of M. exotica. It was noted that SCFE method 

yielded oil with a specific gravity of 0.871. The specific gravity of the oil 

obtained by solvent extraction method was found to be 0.858 and it was 

0.851 for the oil extracted by steam distillation method (Table 4.11). 

4.3.2.2. Chemical Properties: 

4.3.2.2.1. Acid Number: 

The number of acids varied in the essential oil of Murraya exotica 

extracted by different methods. It was found that supercritical fluid extracted 

essential oil possessed more acid number with a value of 1.55 as compared 

to other two methods i.e. solvent extraction (1.34) and steam distillation 

(1.26) (Table 4.11) 

4.3.2.2.2. Ester Number: 

The essential oil of M. exotica extracted by using different methods 

showed variation in ester number. It was observed that supercritical fluid 

extraction (SCFE) method gave oil with maximum number of esters (143). 

The oil extracted by steam distillation and solvent extraction methods gave 

the values of 119 and 128 for ester number, respectively (Table 4.11). 
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Table 4.11. Physiochemical properties of Murraya exotica essential oil 

extracted through different extraction methods 

Treatments  SCFE Solvent 

extraction 

Steam 

Distillation 

Color Clear yellow Light brown Yellowish brown 

Refractive index 1.48 at 25
o
C 1.43 at 25°C 1.41 at 25

o
C  

Congealing Point 22
 o

C 18
 o

C 17
 o

C 

Optical Rotation  +4.4 at 25
o
C  +3.9 at 25

o
C +3.8 at 25

o
C  

Specific Gravity  0.871  0.858 0.851 

Acid Number  1.55 1.34 1.26 

Ester Number  143 128 119 
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4.3.3. Gas Chromatography-Mass Spectrometry of Murraya exotica 

Essential Oil Extracted Through Different Extraction Techniques. 

To identify the different components in the essential oil of M. exotica 

extracted through different methods, Gas Chromatography-Mass 

Spectrometry was carried out. It was observed that the percentage of 

different components did vary due to the different extraction methods used 

for extraction of the essential oil. Total 41 components were identified that 

represents 99.94% of the oil extracted from supercritical fluid extraction 

method. The numbers of identified components were 46 and 49 that 

constituted 96.4% and 88.7% of the oils extracting through solvent and 

steam distillation methods respectively.  

Manool, E-Nerolidol, Germacrene D, Benzyl benzoate, Palmitic acid, 

Methyl Palmitate δ-Cadinene and Anthranilic acid were found to be the 

major components in the oils extracted from supercritical fluid extraction 

(SCFE), solvent extraction and steam distillation methods but with varying 

concentrations. Manool was found to be 17.27% in the oil extracted through 

SCFE, 15.45% in the oil of solvent extraction method whereas steam 

distilled oil gave 12.21% of the concentration of manool.  While the relative 

concentrations of other major constituents i.e. E-Nerolidol (13.52%, 

12.36%, 11.38%), Germacrene D (8.54%,  6.90%, 5.65%), Benzyl benzoate 

(8.19%, 7.63%, 6.86%), Palmitic acid (6.23%, 5.23%, 4.53%), Methyl 

Palmitate (5.31%, 4.68%, 3.45%), δ-Cadinene (5.13%, 4.32%,  4.61%) and 

Anthranilic acid (3.32%, 2.68%, 2.94%) were found  in the oils extracted 

from supercritical fluid extraction, solvent extraction and steam distillation 

methods respectively (Table 4.12). 
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Table 4.12. GC-MS analysis of different constituents of essential oils of 

Murraya exotica extracted through different extraction methods 

Sr. No  Compounds  SCFE  

% of total  

Steam 

Distillation 

% of total 

Solvent 

extraction 

% of total 

RT 

(Min) 

1 Benzyldehyde  0.32 0.18 0.25 6.92 

2 β-Myrcene 0.43 0.27 0.36 7.67 

3 Limonene 0.62 0.32 0.53 7.89 

4 β – Ocimene 0.39 0. 24 0.35 8.40 

5 Methyl benzoate 0.71 0.45 0.54 8.93 

6 Linalool 1.34 0.94 1.17 9.82 

7 Phenyl ethyl alcohol 2.31 0.86 1.56 11.30 

8 Ethyl benzoate 0.16 0.26 0.42 11.62 

9 Nerol ---- 0.23 0.18 12.15 

10 Methyl salicylate 0.53  0.31 0.48 15.16 

11 Indole 1.10 0.45 0.61 16.42 

12 2-Phenyl ethyl acetate 0.47 0.29 0.36 17.31 

13 δ-Elemene  0.26 1.36 1.17 17.70 

14 Methyl anthranilate 1.75 1.38 2.78 18.60 

15 α-Cubebene ----- 1.21 0.18 19.37 
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16 α-Copaene  0.48 0.32 0.15 20.09 

17 β-Cubebene 0.17 0.92 0.76 20.36 

18 β-Elemene 0.68 0.41 0.51 20.61 

19 Z-Jasmone 0.23 0.35 0.67 21.12 

20 E-Carophyllene  0.84  3.36 1.64 21.99 

21 γ-Elemen  1.54 0.73 1.36 22.14 

22 β- Farnesene 2.48 1.82 2.23 12.90 

23 Germacrene D  8.54 5.65 6.90 23.03 

24 α- bergamotene 1.45 1.38 1.12 23.10 

25 δ- Gurjunene 0.39 0.12 0.25 23.78 

26 (E,E)-α-Farnesene 3.43 4.45 3.82 24.98 

27 α- Carophyllene ----- 1.65 1.44 25.08 

28 Muurolol 0.11 0.42 0.26 26.18 

29 δ-Cadinene  5.13 4.61 4.32 26.07 

30 Cadine-1,4-diene ---- 0.45 ---- 26.18 

31 E-Nerolidol 13.52 11.38 12.36 26.70 

32 Spathulenol  0.13 0.62 1.74 26.90 
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33 Caryophyllene oxide  ----- 3.14 0.29 27.28 

34 Viridiflorol 0.78 0.56 0.98 27.34 

35 Tau-Cadinol --- 0.37 ---- 27.70 

36 Benzyl benzoate  8.19 6.86 7.63 28.80 

37 Anthranilic acid 3.32 2.94 2.68 29.34 

38 Phenyl ethyl benzoate  2.51 0.72 1.28 29.84 

39 Benzyl salicylate 1.64 1.22 1.45 30.17 

40 Methyl Palmitate 5.31 3.45 4.68 30.32 

41 Phytol 1.62 1.21 0.86 30.54 

42 Palmitic acid  6.23 4.53 5.23 30.70 

43 Manool  17.27 12.21 15.45 31.05 

44 Geranyl linalool  ----- 1.42 1.19 31.24 

45 Methyl linoleate 0.63 0.28 1.34 31.80 

46 Methyl linolenate 1.56 1.92 1.13 31.92 

47 Methyl Stearate 0.16 0.22 0.32 32.28 

48 0sthole 1.21 0.29 0.42 32.52 

49 n-Eicosane --- 0.97 --- 32.80 

Total  99.94% 88.7% 96.4%  

RT= retention time 



87 
 

4.4. Phytochemical Properties of Murraya exotica:  

Phytochemical analysis of M. exotica was done to identify the 

carbohydrates, alkaloids, flavonoids, saponins and phenolic compounds. It 

was found from results that carbohydrates, phenolic compounds, 

phytosterols, alkaloids, flavonoids and proteins and free amino acids were 

present whereas fixed oils and fats and saponins were absent in M. exotica. 

The results obtained are given in table (4.13). 

 

Table 4.13: Phytochemical analysis of Murraya exotica 

Sr. No. Phytochemical  Result 

1 Carbohydrates Present 

2 Fixed oils and Fats Absent 

3 Saponins Absent 

4 Phenolic compounds Present 

5 Phytosterols Present 

6 Alkaloids Present 

7 Flavonoids Present 

8 Proteins and free amino acid Present 

 

 

 

4.5. Effect of Buffered-Phosphorus Fertilizer on Murraya exotica in 

Soilless Media: 

In this part of the studies, performance of M. exotica in soilless 

medium amended with alumina buffered phosphorus was evaluated with 

conventional phosphorus fertilizer (TSP). The present study was conducted 

during Sep. 2013- Feb. 2014 in the Green House of Department of Plant 

Sciences, Pennsylvania State University, USA.  
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4.5.1. Plant Height: 

An examination to analysis of variance for the plant height is 

presented in table 4.14. It was revealed from the results that the mean 

squares due to different nutritional treatments were significant at P<0.05. 

These results indicated that there is a significant difference in plant height 

growth in different treatments of fertilizer (Fig.4.7). The increase in height 

(29.7cm) was found to be maximum in T3 in which soilless media was 

supplied with alumina buffered-phosphorus having desorption concentration 

of 27μm followed by T1 (25.5cm) in which phosphorus was supplied to the 

media by using TSP at the rate of 50 g/pot, then T2 (20.3cm), the media of 

this treatment was amended with 5 μm Al-P.  

4.5.2. Number of Leaves/Plant: 

Data regarding number of new leaves emerged were recorded and it 

was observed that there was significant differences among different 

fertilizers treatment as indicated by analysis of variance (Table 4.14). The 

more numbers of leaves per plant were recorded in T3 (14) when 27μm Al-P 

was added to the soilless media and it was followed by T1 (11.6) where 

phosphorus was provided by using TSP and least number of leaves 

emergence were observed T2 (8) in which plants received 5μm Al-P 

fertilizer (Fig 4.8). 

4.5.3. Total Root Length (cm): 

  Analysis of variance revealed the significant results for total 

root length (Table 4.14). The highest values for total root length (2077.69 

cm) was observed in plants grown on media which received Al-P fertilizer 

having desorption concentration of 27μm P followed by the treatment T2 

(1822.72 cm) in which soilless media was amended with 5μm Al-P 

fertilizer, whereas treatment T1 exhibited the lowest total root length 

(1671.54 cm) (Fig 4.9). 
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Table 4.14. Mean Square values from analysis of variance for Plant height 

(cm), number of new leaves, and total Root length (cm) M. 

exotica grown in green house 

Source DF  Plant 

height (cm) 

Number of 

new leaves 

/plant 

 Total root 

length(cm) 

Treatment 2 68.20* 27.44* 123788* 

Error  6 2.14        1.44 7273 

Total 8    

*=significant 

 

 

Fig 4.7. Effect of conventional and buffered phosphorus fertilizers on plant height of 

Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and T3=27μm Al-P 
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Fig 4.8. Effect of conventional and buffered phosphorus fertilizers on number of new 

leaves /plant of Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and 

T3=27μm Al-P 

 

 

Fig 4.9. Effect of conventional and buffered phosphorus fertilizer on total root length (cm) 

of Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and T3=27μm Al-P 
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4.5.4. Shoot Dry Weight (g): 

 Shoot dry weight was calculated and the results were presented in 

terms of statistical analysis of variance (Table 4.15). The results concealed 

highly significant difference among treatment levels. The maximum shoot 

dry weight was found in T3 (2.7g) in which 27μm Al-P was provided to the 

plants and is followed by T1 (2.5g) the soilless media in this treatment 

received 50gm of TSP to supply the phosphorus to plants. Lowest dry 

weight (2.0g) was observed in T2 (5μm Al-P). As shown in fig 4.10. 

4.5.5. Root Dry Weight (g): 

Roots of Murraya exotica were dried and their weight was calculated.  

Significant difference was observed and the results in terms of statistical 

analysis of variance were interpreted in table 4.15. The results express the 

different pattern for maximum and minimum values as were observed in 

shoot dry weight determination. The results showed that maximum root dry 

weight (0.56g) was found in plants grown on media that received 

phosphorus through conventional fertilizer (TSP) treatment. Treatment T3 

had average root dry weight of 0.46g and it was statistically similar with T1. 

Least dry weight of roots (0.33g) was found in T2 as presented in fig 4.11. 

4.5.6. Tissue Phosphorus (%): 

  Tissue phosphorus (%) was calculated and the data obtained 

was presented in the fig (4.12). Significant results were obtained as depicted 

by analysis of variance (Table 4.15) It was observed from results that 

maximum tissue phosphorus (0.21%) was found in treatment (T3) where 

27μm Al-P was added in the soilless media followed by T1(0.18%) in which 

50g of TSP was supplied to soilless media. Tissue phosphorus (%) was 

significantly at the least value (0.16%) when soilless media was amended 

with 5μm Al-P fertilizer. 

 



92 
 

Table 4.15. Mean Square values from analysis of variance for Dry weight 

Shoot, Dry weight Rhoot and P%, Murraya exotica grown 

in green house 

Source DF  Dry weight 

Shoot (g) 

Dry weight 

Root (g) 

P % 

Treatment 2 0.3811 0.411 0.00190 

Error  6 0.0144*        0.0033* 0.00010* 

Total 8    

*=significant 

 

Fig 4.10. Effect of conventional and buffered phosphorus fertilizers on shoot dry weight (g) 

of Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and T3=27μm Al-P 
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Fig 4.11. Effect of conventional and buffered phosphorus fertilizer on root dry weight (g) 

of Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and T3=27μm Al-P 

 

 

Fig 4.12. Effect of conventional and buffered phosphorus fertilizer on tissue P (%) of 

Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and T3=27μm Al-P 
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4.5.7. Leaf Emergence Rate: 

Significant difference was observed and the results in terms of 

statistical analysis of variance were interpreted in table 4.16. It was revealed 

that in the start of experiment the leaf emergence rate was maximum for the 

treatment T1 in which phosphorus was supplied directly through TSP and 

decreased with the passage of time. Unlike T1 the plants grown on other two 

treatments in which soilless media were amended with Alumina buffered-

phosphorus fertilizers showed different pattern. It was observed that the 

leaves were continuously emerging and there was increase in the rate of leaf 

emergence as the time passes (fig 4.13). 

 

 

 

Table 4.16. Mean Square values from analysis of variance for rate of leaf 

emergence of Murraya exotica grown in green house 

Source DF Leaf emergence rate 

Date  2 58.9259 

T 2 54.9259 

Date x T 4 3.8704* 

Error  18 1.3333 

Total  26  

     *= significant 
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Fig 4.13. Effect of conventional and buffered phosphorus fertilizer on leaf emergence rate 

of Murraya exotica, where T1= 50g TSP, T2= 5μm Al-P and T3=27μm Al-P 
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CHAPTER 5                                                                            DISCUSSION 

 

5.1. Optimizing The Nutritional Requirement For Flower Yield And 

Quality of Murraya exotica:  

Potential of many floricultural crops has yet not been explored to 

maximum in Pakistan and most of our high valuable flower crops are grown 

in flowering beds only for ornamental purposes. M. exotica being an 

important medicinal and aromatic plant are generally used to make the 

lawns beautiful. It produces fragrant white flowers all the year round that 

contain the important chemical compounds which have wide applications in 

different industries but not much attention has been made on this plant, 

according to our best of information no work has been done before 

regarding its growth and flower production on commercial basis. The main 

purpose of this study was checking the response of M. exotica upon 

application of organic (FYM) and inorganic (NPK) fertilizers. Efficiency of 

plants to use the nutrients can be increased by applying fertilizers in 

adequate amounts, and in correct ratios for optimum plant growth (Swarup 

et al., 1998; Abdel-Mawgoud et al., 2007).  

It was noted that different fertilizer treatments varied significantly for 

improving the plant height of M. exotica. The increase in fertilizer dose 

caused a parallel increase in plant height. Literature indicated a positive 

correlation between plant height and fertilizers (Bhattacharjee and 

Mukherjee, 1983; John et al., 1984; Barman and Pal, 1999; Kashif, 2001). 

The application of 20g NPK/plant/month+4kg FYM/plant resulted in the 

highest plant height. The increase in plant height might be due to the 

significant influence of nutrients on metabolic processes required for plant 

growth. An adequate supply of nitrogen (N) and phosphorous (P) is 

associated with vigorous vegetative growth and improved flower quality. 

Similarly potassium (K) play a key role in a vast array of physiological 

processes vital for plant growth, from protein synthesis to maintenance of 
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plant water balance. Whereas, organic manures are added to the soil that not 

only provides the nutrients but also increase its fertility by providing carbon 

and other constituents that effect the humus content of soil, biological 

activity and by improving the soil structure which ultimately result in better 

uptake of nutrients (Boller and Hani, 2004; Wagner and George, 2004).  

The maximum increase in number of flowers per plant by the 

application of 20g NPK/plant/month+4kg FYM/plant is in line with findings 

of Singh (2003) and Singh and Gupta (1995) who observed that NPK 

fertilization increased flower production in chrysanthemum and dahlia, 

respectively. The positive effect of NPK on flower production is well 

reported in literature (Anamika and Lavania, 1990; Bankar and 

Mukhopadhyay, 1990). It was observed that the plants applied with high 

doses of NPK and FYM maintained maximum growth and yield. Rathore et 

al. (1985) and Siddappa and Hegde (2011) reported the same results in 

African marigold and curry leaf (M. koenigii) respectively. Whereas, 

Belorkar et al. (1992) and Chadaha et al. (1999) suggested that high 

fertilizer treatments help plants to make more photosynthates that result in 

more and early yields. 

Reports regarding increase in number of branches per plant by 

increasing the amount of NPK fertilizer are also consistent (Baboo and 

Sharma, 1997; Gurav et al., 2002; John et al., 1984; Katsoulas et al., 2006; 

Patil et al., 1999; Palai et al., 2002; Singh and Gupta, 1996; Obreza et al., 

2008). Our results showed similar trend and the M. exotica plants produced 

the highest number of branches by the application of 20g 

NPK/plant/month+4kg FYM/plant. Similarly the same treatment resulted in 

a significant increase in the size of flowers. These results indicate that the 

optimum doses of NPK fertilizers along with FYM are necessary for 

obtaining healthy plants of M. exotica but these fertilizers may become toxic 

at higher levels so care must be taken in their application (Amitabha et al., 

1989; Baboo and Sharma, 1997; Mishra, 1998). 
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An increase in fresh and dry weight of flowers of M. exotica may be 

related to improved flower size due to supply of NPK and FYM. There 

exists a positive correlation between flower size and fresh and dry weight of 

flowers and an adequate supply of NPK is characterized by improved flower 

quality, greater flower size, increased number of branches, and high fresh 

and dry weights. (Uma and Gowda, 1987; Chadaha et al., 1999; Ghafoor et 

al., 2000; Zekri and Obreza, 2003; Khan et al., 2007). 

It is imperative to supply optimum doses of N, P and K for obtaining 

vigorous vegetative growth, improved flower and fruit quality and to 

enhanced resistance against biotic and abiotic environmental stresses. The 

deficiency of these nutrients at any stage of crop growth may reduce plant 

growth, delay maturity, and eventually low yield and quality. It was noted 

that application of NPK fertilizers significantly increased leaf tissue content 

of these nutrients. In addition, organic fertilizers applied as FYM also 

contributed in this regard. Low doses of both organic and inorganic 

fertilizers applied in combination did not significantly affect the 

accumulation of N, P and K in leaves. Optimal N, P and K availability is 

compulsory to sustain the growth under normal and stressed conditions 

because these are the main constituent of the hormones, enzymes and 

proteins (Poole and Conover, 1990; Hanafy, 1994; Amarjeet et al., 2000; 

Abou-Dahab, 1992). The N and K significantly enhance enzymatic activity 

and play critical role in the transportation and restoration of protein 

synthesis (Abd EL-Latif et al., 2011) that results in improved flower yield 

and quality which is very true for present study.  

Chlorophyll-a pigment responsible for photosynthesis in leaves, is an 

indicator of photosynthetic capacity of plant tissues (Wright and Nageswara, 

1994; Nageswara et al., 2001). Maintenance of chlorophyll contents is 

necessary for maximum photosynthetic capacity of plants. The level of NPK 

fertilization affects the accumulation of chlorophyll in the leaves (Skwaryło-

Bednarz and Krzepiłko, 2013). It was observed that the plants supplied with 

20 g NPK/plant/month+ 4kg FYM/plant maintained the maximum 
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chlorophyll contents. Our results are consistent with the findings of many 

researchers such as Sabo et al. (2002); Bojovic and Stojanovic (2005); 

Fritshi and Ray (2007); Houles et al. (2007); Delgado Vergas et al. (1998); 

who demonstrated a positive relationship between leaf nitrogen fertilization, 

rate and chlorophyll contents in many crop species. This increase in 

photosynthetic capacity of plant leaves with NPK fertilization is due to the 

fact that proteins of calvin cycle, and thylacoids represent the majority of 

leaf nitrogen (Gibson, 2005). The fertilization of plants with N increases 

photosynthetic pigments and also increases the stability of the chlorophyll, 

protein lipid complex and photosynthetic activity. Similarly, K reduces 

electron leakage and increases chlorophyll contents. Significant dependence 

between nitrogen fertilization and chlorophyll a and a+b content was also 

noted in two varieties of amaranth by Skwaryło-Bednarz and Krzepiłko 

(2013). Girish (2006) and Sushma et al. (2012) suggested that the increase 

in chlorophyll contents due to fertilizers application might be due to greater 

availability and uptake of nutrients by plants.   

5.2. Standardization of SCFE Technology for Essential Oil Extraction 

of Murraya exotica: 

The main purpose of the present work was to investigate the 

combined effects of experimental parameters such as pressure and 

temperature, on the extraction yield and quality of the essential oil of M. 

exotica. According to our best knowledge no work has been done before on 

the supercritical fluid extraction of M. exotica essential oil. 

Supercritical fluid extraction method (SCFE) was firstly developed in 

1960 (Lin et al., 1999). In this method essential oil extraction from natural 

plant materials is mainly done by using the carbon dioxide CO2 as a solvent 

(Diaz-Maroto et al., 2002; Hu et al., 2007; Lang and Wai, 2001). The liquid 

like solvating power and gas-like transport qualities of supercritical fluids 

make them chiefly suitable for extracting chemical compounds from plant 

tissues with a high grade of recovery in a short period of time. It was 
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believed that, by using SCFE, the extraction time can be reduced (Wheeler 

and McNally, 1989; Caredda et al., 2002). However the solvent strength of 

supercritical fluid can be manipulated by changing pressure (P) and/or 

temperature (T), to achieve a remarkable high selectivity of analysts at 

suitable conditions of temperature and pressure (Liza et al., 2009; 

Reverchon et al., 1993). The special note of this process for selective 

extraction of soluble compounds from a raw material is the usage of gases 

above their critical points (Reverchon, 1997; Diaz-Maroto et al., 2002). 

Carbon dioxide (CO2) is a non-toxic, inert and environmentally 

friendly used as a solvent in supercritical fluid extraction (SCFE) and allows 

the extraction at low pressures and relatively near room temperatures (Liu et 

al., 2009; Leal et al., 2008; Ueno et al., 2008). Supercritical fluid extraction 

is an optimum method where temperature and pressure used to regulate the 

density of the supercritical fluid that ultimately helps in increasing the 

solvating power of CO2. A number of research articles related to 

supercritical fluid extraction from natural planting material appeared in the 

literature (Anitescu et al., 1997; Omidbaigi et al., 2003; Pino et al., 1999; 

Reis-Vasco et al., 1999; Sarrazin et al., 2000).  

In this study three treatment conditions of temperature and pressure 

i.e. T1= 35
o
C/75 bar, T2=40

o
C/80 bar and T3=45

o
C/90 bar were employed. 

The obtained results were found to be statistically significant with each 

other. 0.18% concrete oil and 0.008% absolute oil was obtained from T2 

(40
o
C/80 bar). Whereas extraction done at 45

o
C and 90 bar pressure (T3) 

gave the second highest concrete (0.17%) and absolute (0.006%) oil yield 

and T1 (35
o
C/75 bar) treatment resulted in the lowest concrete (0.15%) and 

(0.005%) oil yield. It was observed that by increasing the treatment 

conditions of temperature and pressure from T1 (35
o
C/ 75 bar) to T2 (40

o
C/ 

80 bar) oil yield and quality was also increased, further increase in 

temperature and pressure to T3 (45
o
C/90 bar) causes the decrease in quality 

and yield of oil. The literature reported by Liza et al. (2009); Rezaei and 

Temelli (2000); Wang et al. (2008) clearly indicated the positive effect of 
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pressure in increasing the density of supercritical CO2 that ultimately 

enhances the extraction efficiency. The decrease in oil yield might be the 

result of increase in temperature that dominates over the solute vapor 

pressure and decreases the solvating power of CO2 caused by reduction in 

its density. The decrease in oil yield by increasing the extraction 

temperature was also supported by the work of Nilufer et al., 2009; 

Gopalakrishnan et al. (1990); Lou et al. (2003). The physical (refractive 

index, congealing point, optical rotation and specific gravity) and chemical 

(acid number and ester number) analysis of the oils also proves the 

superiority of the T2 over other treatments. Based on this discussion it was 

cleared that the supercritical fluid extraction is an effective method for 

extracting the bioactive compounds from planting materials whereas 

treatment T2 was superior in getting better yield and quality of essential oil 

then rest of treatments. Moreover, temperature had more influence on the 

essential oil extraction of M. exotica through supercritical fluid extraction 

technique.  

5.3. Extraction of Essential Oil Through Different Extraction Methods 

In the present work essential oil extraction of M. exotica was carried 

out using different extraction methods. The main purpose of this 

comparative study was to understand the results on yield and quality of the 

oil obtained by supercritical fluid extraction (SCFE), Solvent extraction and 

steam distillation methods.  

Essential oil extraction of M. exotica had been studied by several 

authors, Wang (1979); El-Sakhawy et al. (1998); Raina et al. (2006); 

Matasyoh et al. (2007); Li et al. (2010). However, none of investigations 

has examined in detail the comparison of essential oil between oil obtained 

by SCFE and the other conventional extraction techniques. Optimized 

condition (40
o
C/80 bar) of SCFE from the previous experiment was used to 

compare with solvent and steam distillation method. 
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M. exotica produce very delicate flowers and it is a well-known fact 

that extraction methods greatly influenced the yield and chemical 

composition of the volatile oils (Mostafa et al., 2004). It was obvious from 

the results that oil yield (%) extracted by supercritical fluid extraction 

(SCFE) was the highest among the yields obtained from other extraction 

methods. Concrete and absolute oils were 0.18% and 0.008% respectively 

when extraction was carried out with supercritical fluid extraction whereas, 

solvent extraction gave 0.15% concrete and 0.005% absolute oil and 0.091% 

concrete and 0.002% absolute oil was produced from steam distillation 

method. These results are in contrast with the findings of Raina et al. (2006) 

who extracted 0.05% of oil from the flowers of M. exotica and EL-

SAKHAWY et al. (1998) where oil yield of 0.02% was obtained while 

using the hydro-distillation method.  

It was observed that the lowest yields of the oil were obtained from 

steam distillation method which can be the effect of long distillation time, 

and high temperature of steam that cause the loss of volatile compounds, 

degradation or chemical modification of essential oil constituents. The high 

temperature effect of steam on low yields of essential oils was also reported 

Assis et al. (2000); Lehotay (1997); Oszagyan et al. (1996); Simandi et al. 

(1999); Tuan and Ilangantileke (1997); Stashenko et al. (1997). Oil yield 

was found better in solvent extraction as compared to the steam distillation 

that can be the result of high diffusivity of the solvent than steam. The lower 

yields than SCFE might be due to the long extraction times and thermal 

degradation of chemical constituents as extraction happens at high boiling 

points (Luque de Castro and Garcia-Ayuso, 1998; Wang, 2000). Secondly 

the main drawback of this method is the use of organic solvents in large 

amounts that causes the contamination of the extracts and can be dangerous, 

as solvent can cause harmful effects to the environment as well as human 

health. Therefore oils obtained through solvent extraction are restricted in 

different industries like pharmaceutical, food and cosmetic industries. 

(Yeddes et al., 2012; Oleum, 1993).  
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Supercritical fluid extraction was found superior than the other 

conventional methods in extracting good yield of the oil. It was found that 

SCFE have many advantages like shorter extraction time, no thermal 

degradation of chemical constituents, high percentage of active ingredients 

and higher yield etc. So SCFE can be considered as the best possible method 

for obtaining Murraya exotica essential with quality and quantity and it is in 

line with the work of Doneanu and Anitescu (1998); Myint et al. (1996); 

Illes et al. (2000); Lang and Wai  (2001); Mostafa et al. (2004); Reverchon 

(1997); Biljana et al. (2005). 

5.3.1. Effect of The Extraction Methods on Properties of Murraya 

exotica Essential oil: 

Qualitative analysis was made by observing the physical and chemical 

properties of the essential oil. Essential oils extracted through different 

methods have varied physiochemical properties (Joy et al., 2001). 

Color is an important physical parameter used for the qualitative 

analysis of the essential oils. It was observed that pale yellow color of oil 

was obtained from SCFE method which is the desired color of extracted 

essential oils, whereas the oil obtained by steam distillation and solvent 

extraction method was yellow brown and light brown respectively. The 

change in color of the essential oil can be the result of burning of chemical 

constituents of the oil due to high temperature of steam and the presence of 

undesired impurities and organic solvent residues in the essential oil while 

extracting through solvent extraction method. Effect of extraction methods 

on the oil color also confirmed by the work of Assis et al. (2000); Wenqiang 

et al. (2007).  

Refraction of light while passing from the essential oil is calculated as 

the refractive index of the oil. It was observed that the value of refractive 

index (1.48 at 25°C) of the oil obtained by SCFE was found to be highest 

then solvent extraction (1.43 at 25°C) and steam distillation (1.41 at 25°C).  
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The temperature at which the essential oil starts forming the crystals 

when subjected to low cooling conditions is referred as the congealing point 

of the oil (Gilchitch, 1946). It was observed that the super critical fluid 

extraction method produces the oil having congealing point (22
o
C) than 

solvent and steam distillation The specific gravity of the oil produced by 

supercritical fluid extraction method (0.871) was also the highest then 

solvent extraction (0.858) and steam distillation method (0.85).The degree at 

which light is bend in a direction of left or right while passing through the 

oil is measured as optical rotation. The values of optical rotation were +4.4, 

+3.9 and + 3.8 at 25°C for SCFE solvent and steam distillation and 

respectively.  

The values of acid numbers and esters number were also found 

highest in the oils extracted by supercritical fluid extraction. M. exotica 

essential oil has very pleasant, sweet odor like citrus, whereas the strongest 

odor was found in the supercritical fluid extracted oil having high number of 

esters (143) because the esters play a key role in enhancing the odor of the 

oil, which is also confirmed by Karaivanoff (2002).  

Physiochemical analysis for the quality assessment of the essential 

oils was also carried by several workers; Hiramath and Madalageri, (1997) 

in M. koenigii which is also the member of family Rutaceae and very close 

specie to M. exotica Observed that values of specific gravity at 25
o
C was 

0.875, refractive index at 25
o
C (1.49) acid value of 1.51 and sponification 

value of 11.12. Essien et al. (2008) observed the values of specific gravity 

(0.884), specific rotation (21.58), refractive index (1.4770), ester number 

(31.16) and acid value (1.99) in the essential oil of Citrus madica L. 

whereas in rose the specific gravity was found to 0.856, refractive index 

1.452 at 25
o
C, congealing point 23.5, acid number 3 and ester number 16 

(Gildemeister and Hoffmann, 2000).  

It was observed that the physical and chemical characteristics are the 

measure of the purity and quality of the essential oils. Supercritical fluid 
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method was found the best method in producing high quality oil. Variation 

in the physiochemical characters of the can be the result of composition of 

the chemical constituents of the essential oils. (Vijayalakshmi et al., 2010). 

5.3.2. Gas-Chromatography-Mass-Spectrometery of Murraya exotica 

Essential Oil: 

Gas-Chromatography-Mass-Spectrometery (GC-MS) analysis was 

carried out to identify the various constituents and their percentage 

composition in the oil of M. exotica extracted from different methods. The 

results indicated that total of 41, 46 and 49 components were identified from 

the oils extracted through supercritical fluid extraction (SCFE), solvent 

extraction and steam distillation methods respectively. These results are 

closely related with the findings of El-Sakhawy et al. (1998) where 44 

components were identified and are in contrast with the observations of 

Raina et al. (2006) who found 56 and 72 components from the essential oils 

of leaves and flowers of M. exotica, while Der Joan (1979) identified 19 

components in the oil of M. exotica. It was observed that the composition of 

the major constituents extracted from various methods was similar, whereas 

the difference was in the relative concentrations of the identified compounds 

contained in the essential oil of the M. exotica. Moreover, Manool, E-

Nerolidol, Germacrene D, Benzyl benzoate, Palmitic acid, Methyl Palmitate 

δ-Cadinene and Anthranilic acid, were identified as the major components.  

Manool was found as the highly percentage compound in the oils 

extracted from different methods, while higher amount (17.27%) was 

recorded in the oil extracted from supercritical fluid extraction method 

followed by the solvent extraction who gave 15.45% and oil extracted by 

steam distillation had 12.21%. The second major component E-nerolidol 

was also found to be high in oil extracted from SCFE (13.52%), whereas 

solvent extraction contributed 12.36% to the oil and in steam distillation it 

was found (11.38%). Third highest percentage compound was germacrene D 

and its percentage in the oil of supercritical fluid extraction method was 
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(8.54%) where solvent extraction gave (6.90%) and the percentage of 

germacrene D was found to be (5.65%) when essential oil was extracted 

through steam distillation method. Benzyl benzoate was the fourth highest 

percentage compound identified in the essential oil and its percentage was 

found 8.19%, 7.63% and 6.86% in supercritical fluid extraction, solvent 

extraction and steam distillation method respectively. The next highest 

percentage compound was Palmitic acid and its percentage in oil extracted 

from SCFE method was 6.23% whereas it was found 5.23% in the oil 

obtained from solvent extraction and steam distillation produces 4.53%. 

The results were found to be quite different from the previous works. 

The essential oil composition of M. exotica determined by Raina et al. 

(2006) was consisted of E-nerolidol (27.8%). α-zingiberene (10.0%), β-

caryophyllene (9.7%), (E, E)-farnesol (8.9%) and δ- elemene (5.1%) as the 

major constituents, while the major constituents identified in  flower oil 

were (E,E,E)-α-springene (23.8%), (E)-nerolidol (18.7%), (E,E)-α-farnesene 

(13.2%), methyl palmitate (6.8%) and germacrene B (5.9%), Whereas Rout 

et al. ( 2010) found the  major components, manool (29.4%), phenyl ethyl 

benzoate (9.2%), E-nerolidol (7.6%), benzyl benzoate (7.0%), phenyl ethyl 

alcohol (3.3%) and indole (1.2%) by extracting essential oil from flowers by 

using liquid CO2. 

β-cyclocitral (22.9%), methyl salicylate (22.4%), and trans-nerolidol 

(11.7%) were identified as most abundant components in leaf essential oil 

while the major constituent of the fruit essential oil was β-caryophyllene 

(43.4%) (-)-zingiberene (18.9%) and germacrene D (8.3%) when essential 

oil extraction of Murray exotica was done by Olawore et al. (2005).  

The variability in the composition of the essential oil of M. exotica 

extracted by various researchers with our results was found and it is because 

of the fact that the chemical composition of the essential oils greatly 

influenced by the locality, plant population and the type of extraction 

method employed (Raina et al., 2006). More number of components with 

low percentages from the solvent extraction and steam distillation methods 
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would be the result of long extraction times and high temperatures that 

caused the thermal degradation and ultimately change in the chemical nature 

of the constituents. Which is also supported by the work of Assis et al. 

(2000); Simandi et al. (1999); Stashenko et al. (1997); Lemberkovicks et al. 

(2003); Luque de Castro and Garcia-Ayuso (1998); Wang (2000). Higher 

percentages of the identified chemical constituents suggested no thermal 

degradation and more selectivity of the supercritical fluid extraction (Illes et 

al., 2000); Lang and Wai, 2001; Mostafa et al., 2004).  

5.4. Phytochemical Properties of Murraya exotica: 

Phytochemicals are the naturally occurring, non-nutrient, bioactive 

compounds of plants. They are very important compounds and found to 

have certain application in medical sciences (Okarter et al., 2009). Alkaloids 

are compounds that possess antibacterial, antimalarial, analgesic and 

antiseptic characteristics (Evans, 2002). Whereas phenolic compounds have 

wide applications for regulating the immune system (Anamika et al., 2010) 

and Saponins are natural antibiotics that are produced by the plants to 

counter the bacterial and fungal attacks (Okwu and Emenike, 2006).  

Phytochemical analysis was carried out for M. exotica and obtained 

results revealed the presence of carbohydrates, phenolic compounds, 

proteins and amino acids, alkaloids, phytosterols and flavonoids, where as 

saponins and fixed oils were found to be absent. These results are in line 

with the observations of Gautam and Goel (2012); Gupta and Chandra 

(1974) and contrary to the results of Venkata et al. (2010) where alkaloids 

and terpenoids were present and flavonoid and steroid were found to be 

absent. 

5.5. Effect of Buffered-Phosphorus Fertilizer on Murraya exotica in 

Soilless Media: 

The specific objective of this study was to compare the effect of alumina-

buffered phosphorus with conventional phosphorus fertilizer on growth of 
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M. exotica. It was observed that treatment T3 (27μmAl-P) produces 

maximum height of plants then rest of treatments. Plants grown with 5μm 

Al-P were smaller than those grown with 27μmAl-P and conventional 

phosphorus fertilizer (TSP) but we did not find any symbols of stunted 

growth which suggested that lower but continuous supply of phosphorus 

was available from alumina buffered phosphorus. Confirmatory results were 

also found regarding the efficiency of (Al-P) in better plant growth by 

(Borch et al., 1998; Brown et al., 2002; Lin et al., 1996). Moreover, number 

of leaves were also found to be high in T3 (27μ Al-P) followed by T1 (50 g 

TSP/ pot) and then T2 (5μ Al-P). However it was observed that the number 

of leaf emergence was decreased with the passage of time in T1 as compared 

to other treatment of alumina-buffered phosphorus. These results suggested 

the availability of sufficient amount of P from Al-P fertilizer. It was 

confirmed from the literature (Tanaka, 2004; Brown et al., 1999; Lin et al., 

1996) that the conventional phosphorus fertilizers delivered high amounts of 

nutrient in the start then goes on decreasing as a result of leaching that 

ultimately affected the plant growth. Alumina-buffered phosphorus (Al-P) 

acts as a phosphorus buffer, therefore concentrations are kept nearly 

constant as phosphorus is only released from the fertilizer as a function of its 

concentration gradient in the medium and leaching is minimized.  

It was observed that treatment T3 (27μm Al-P)  resulted in more shoot 

dry weight compared to the conventional fertilizer, whereas the root dry 

weight was found to be high in plants supplied with conventional fertilizer. 

The increase in root dry weight suggests less or non-availability of 

phosphorus in conventional phosphorus fertilizer which may be the result of 

more utilization of plant assimilates by the roots. These results are in line 

with the work of Elliot et al. (1983); Hansen and Lynch (1998); Lyons et al. 

(2000) where they find that reduced P content resulted in significant 

increase in root to shoot dry weight ratio.  
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Significantly increased in total root length was found in plants that 

grows on 27μm Al-P and 5μm Al-P fertilizers then the plants grown with 

conventional phosphorus fertilizer. The results indicated that the plants 

grown on Al-P had large number of fine roots with small diameter, 

spreading throughout the pot which increases the nutrient uptake and results 

in better plant growth. The reduction of root length in plants grown on 

conventional phosphorus fertilizer would be the result of not or less 

availability of the phosphorus as root growth greatly reduced in deficient P 

conditions. As a result shallow root system was developed which restricts 

the topsoil exploration and nutrient uptake. These results are in consistent 

with the findings of Williamson et al. (2001); Linkohar et al. (2002); 

Tyburski et al. (2012).  

Phosphorus is one of the important macro nutrients required for the 

better growth of plants. It is a part of the nucleic acids and plays vital in 

certain physiological functions like transfer of energy, synthesis and 

breakdown of carbohydrates and photosynthesis necessary for the life and 

growth of plants. Sufficient amounts of phosphorus enhance the plant 

growth whereas its deficiency results in stunted growth, delayed maturity, 

and decreased root growth (Sharma and Singh, 2007; Obreza, 2001). 

The results have shown that low but continuous supply of phosphorus 

(P) through alumina-buffered phosphorus fertilizers enhances the plant 

growth and plant characteristics including shoot development, number of 

leaf emergence, Tissue Phosphorus, Shoot dry weight and root development 

etc. and insufficient P availability from conventional phosphorus fertilizer 

(TSP) resulted in decreasing plants growth and increased the root-to-shoot 

ratios. The solid alumina phosphorus releases micro-molar concentrations of 

P, acting as a buffer, using equilibrium exchange between solution 

phosphate and solid phase-adsorbed phosphate. In this way, it mimics the P 

buffering that occurs in soil through complex chemical and biological 

mechanisms (Comerford, 1998; Lynch and Beebe, 1995).  



110 
 

SUMMARY 

 

Murraya exotica, known as orange jasmine or Chinese box, is an 

evergreen shrub that usually grows 2 to 3 m in height and belongs to family 

Rutaceae. The potential of M. exotica has never been fully exploited in 

Pakistan and very little work has been carried out on the flower and essential 

oil production of this plant. The present study was therefore carried out to 

explore the flower and essential oil production potential of M. exotica under 

local conditions (Faisalabad, Pakistan). Moreover, the standardization of the 

SCFE technology and comparison of essential oil extraction methods was 

done to obtain high quality essential oil. 

The study comprised of five experiments. The effect of different 

levels of NPK and FYM on vegetative growth and floral characteristics of 

M. exotica was evaluated during the first experiment. One year old plants of 

equal height with 3x3 feet distance between plants & rows distance were 

used in the experiment. Well rotten cow manure and garden fertilizer with 

NPK ratio of 17:17:17 were used as organic and inorganic fertilizers, 

respectively for this trial. Significant difference in plant growth parameters 

with different treatment levels of organic and inorganic fertilizers was 

observed. The maximum increase in plant height, number of branches per 

plant, flower size and fresh and dry weights of plants was recorded in plants 

applied with 20 g NPK/plant/ month + 4kg FYM per plant (T6), whereas no 

fertilizer supply resulted in minimum values for these parameters. The 

results indicated that increase in fertilizer dose caused parallel increase not 

only in vegetative growth but also in photosynthetic pigments and nutrients 

contents (N, P and K) of leaves of plants.  

To detain the aroma of the flowers of M. exotica supercritical fluid 

extraction (SCFE) was employed in the second experiment. The major 

objective of this study was to find out the suitable conditions of temperature 
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and pressure for the concrete and absolute oil yields (%) and physiochemical 

properties of M. exotica essential oil by using supercritical CO2 as a solvent. 

Best quality and quantity of M. exotica essential oil was obtained when 

extraction was done with treatment T2 (40
o
C temperature and 80 bar 

pressure) followed by T3 having conditions of 45
o
C and 90 bar pressure and 

then T1 in which extraction was done by using 35
o
C temperature and 75 bar 

pressure.  

During third experiment, a comparative study using solvent 

extraction, steam distillation and SCFE was done to evaluate the efficiency 

of different extraction methods for the yield and quality essential oil from 

M. exotica flowers. The optimized condition of SCFE (40
o
C temperature 

and 80 bar pressure) from the previous experiment was used to compare 

with other conventional methods. It was observed that maximum percentage 

of concrete and absolute oils was obtained from supercritical fluid extraction 

method. The obtained results showed that the concrete oil of 0.18% and 

absolute oil of 0.008% on petal weight basis was obtained from SCFE. 

While solvent extraction method produced 0.15% concrete and 0.005% of 

absolute oil and steam distillation produced concrete and absolute oil of 

0.091% and 0.002% on petal weight basis respectively. Qualitative analysis 

shows that clear yellow color oil was obtained from SCFE whereas, steam 

distillation and solvent extraction produces yellowish brown and light brown 

color of essential oils respectively. The values of other physiochemical 

parameters viz. refractive index, congealing point, optical rotation, specific 

gravity, acid number and ester number were also found to be high in the oil 

extracted from supercritical fluid extraction, followed by solvent extraction 

and then steam distillation methods. Supercritical fluid extraction (SCFE) 

was found to be the optimum method for the extraction of good quality and 

quantity of essential oil from M. exotica flowers. 

Gas Chromatography-Mass Spectrometry analysis was carried out for 

the characterization of chemical constituents contained in the essential oils 
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of M. exotica extracted through different methods. It was observed that 41 

components representing 99.94% of the oil were identified from 

supercritical fluid extraction method (SCFE) while 46 and 49 components 

that constitute 96.4% and 88.7% of the oils were analyzed from solvent and 

steam distillation methods respectively. It was noted that composition of 

major components of the oil extracted from different methods was similar, 

whereas apparent difference was in the relative concentration. Moreover, 

manool, E-nerolidol, germacrene D, benzyl benzoate, palmitic acid, methyl 

palmitate δ-cadinene and anthranilic acid, were found as the major 

components in the oils. In the fourth experiment, phytochemical analysis of 

Murraya exotica was carried out. It was revealed from the experiment that 

carbohydrates, phenolic compounds, phytosterols, alkaloids, flavonoids and 

proteins and free amino acids were present, whereas fixed oils and fats and 

saponins were absent. 

Comparative study on performance of M. exotica in soilless media 

with Alumina-buffered phosphorus (Al-P) and conventional phosphorus 

(TSP) fertilizers was carried out in the fifth experiment. The results showed 

that the plants maintained better vegetative growth in T3 where 27μm Al-P 

fertilizer was amended as 1% of the pot volume, followed by T1 (25.5cm) 

where 50 g TSP was added to each plant (pot) and then T2 (20.3cm) where 

alumina-buffered phosphorus (Al-P) fertilizer having desorption 

concentration of 5μm was amended in soilless media as 1% of pot volume. 

It was observed that with the passage of time rate of leaves emergence was 

decreased in T1 (50g TSP) as compared to other treatments of alumina-

buffered phosphorus fertilizers (T2 and T3) where continuously increase in 

number of leaf emergence was recorded. Highest shoot dry weight was 

observed in T3 (27μm Al-P) compared to conventional fertilizer, whereas 

maximum root dry weight was recorded in plants supplied with 

conventional phosphorus fertilizer (50 TSP/pot) then other treatment of 

alumina phosphorus fertilizer. However the highest values for total root 

length of 2077.69 cm was observed in plants grown on T3 followed by the 
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treatment T2 (1822.72cm). Meanwhile, treatment T1 had lowest total root 

length of 1671.54cm. Tissue phosphorus (%) was calculated and it was 

observed that maximum tissue phosphorus (0.21%) was also found in 

treatment (T3) followed by T1 (0.18%) and it was significantly at the least 

value (0.16%) when soilless media was amended with 5μm Al-P fertilizer. 

It was observed that Alumina-buffered phosphorus fertilizer (Al-P) 

proved better than the conventional phosphorus fertilizers to maintain the 

plant growth even at low concentrations because Al-P behaves like a buffer 

and releases only micromolar concentrations of P by maintaining the 

equilibrium exchange between solution phosphate and solid phase-adsorbed 

phosphate in this way alumina buffered phosphorus fertilizer (Al-P) 

substantially reduces leaching of P and continuously supply the phosphorus 

over the experimental period as compared with conventional fertilizer.  

CONCLUSION: 

It can be concluded from the present study that the application of 

organic and inorganic NPK fertilizers was necessary for improving the 

growth and quality of M. exotica. The supply of fertilizers at the rate of 20g 

NPK/plant/month + 4kg FYM/plant was found as the best rate for obtaining 

high growth and quality. The super critical fluid extraction (SCFE) 

technique was observed to be the most suitable method for the extraction of 

essential oil at a temperature of 40
o
C and 80 bar pressure for M. exotica in 

this study. It was also observed that the low but continuous supply of P in 

the form of Alumina-buffered P fertilizers was more effective than 

conventional P fertilizers in improving the growth of M. exotica. 

The findings of this study suggested that the M .exotica bears the 

valuable essential oil and have the potential to produce good quality and 

quantity of flowers if fertilizers are provided in sufficient amount. This plant 

can play an important role in earning foreign exchange if proper attention 

was given on its value edition through essential oil extraction instead of 
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being cultivated for ornamental purposes. Further research is needed to 

increase the quality of flowers and essential oil contents by employing 

modern biotechnological approaches. Collective efforts of researchers, 

Govt. sector, stake holders and farmers can play an effective role in getting 

desire results. 
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