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Extraction and characterization of phytochemicals from the leaves of different citrus species (Citrus species) 
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ABSTRACT

The lab experiment was conducted during 2019-2021 to extract and characterize the phytochemicals from the leaves of different citrus (Citrus species) in the laboratories of Sri Guru Granth Sahib world University, Fatehgarh. The leaves of different citrus species were procured from the orchard of Department of Agriculture, Sri Guru Granth Sahib world University, Fatehgarh Sahib, Punjab. GC-MS was conducted at Advanced Instrumental Research Facility (JNU), New Delhi-110067. Extraction was done by using the methodology wherein methanol (10 mL) was added to 3g of dried citrus leaves samples and mixed intensely using a vortex mixture for 25 s. The samples were further purified by using filter paper and stored at 4°C before analysis. The extracts were analyzed using gas chromatography and mass chromatography.  Each compound was identified by comparing their mass spectra with the mass spectra from the National Institute of Standards and Technology (NIST) library and WILEY library. The results of lab analysis revealed that in the phytochemicals analysis, 5 volatile compounds were obtained in all six citrus species viz. phytol, vitamin E, n- hexadecanoic acid, squalene and neophytadiene. This variability in the results may have been due to the several factors, among them particular varieties or species studied, season, the geographical location, and environmental factors, such as climate and soil type, genetic factors processing and extraction method. This it leads to a better understanding of volatile compounds present in leaves of six different citrus species which could be utilized subsequently by food ingredients industries for various applications and innovation, specifically related to flavour compounds. 
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1. Introduction:
Citrus belonging to family Rutaceae family having chromosome no. 2n=18 (Kahn et al., 2001) grown in both tropical and subtropical regions of the world (Wu et al., 2018). “In India, citrus fruit is cultivated in an area of 1,034 thousand hectares with an annual production of 13,200 thousand tons and in Punjab, it is cultivated in an area of 59,980 hectares with an annual harvest of 13,49,523 tonnes” (NHB, 2018-2019). Citrus fruits is an essential dietary supplements used in several countries around the world and it is taken in the form of processed juice, beverages and fresh fruit (Kumar et al., 2013). Citrus have a potent source of significant bioactive secondary metabolites having antioxidant, lipid anti-peroxidation activities and anti-inflammatory activities. “The main phytonutrients described in citrus plants are flavonoids, ascorbic acid and phenolic compounds” (Mohammadian et al., 2011; Ramful et al., 2010; Arora et al., 2013; Sah et al., 2011). “The main flavonoids in citrus fruits which are commonly responsible for the sensory quality of the citrus fruits are naringenin, flavone-O-glycosides, naringin, poncirin and neohesperidin” (Hasan, 2018). 
[bookmark: _GoBack]Citrus is not only the source of phenolic compounds and flavonoids but it is also a vast source of minerals, vitamins including macronutrients and micronutrients (Buachan et al., 2014 and Dureja and Dhiman, 2012 and Pandey et al., 2019). “Moreover, citrus leaves are a significant source of bioactive compounds including antioxidants such as ascorbic acid, phenolic and flavonoid compounds that have assumed great significance, and recently proposed the use of antioxidant vegetable extracts both as an alternative to food preservation technology and as prophylactic agents for certain human diseases” (Aruoma, 1997; Kamran et al., 2009). Previous study by Khatua et al., 2013 and Xu and Chang 2008 showing that flavonoid and phenolic content could be correlated to their antioxidant activities. Plant include citrus contain flavonoid and phenolic compounds (Mashkor, 2014; Souri et al., 2008), Zielinski et al., 2014; Fidrianny et al., 2014). “In recent years GC-MS studies have been increasingly applied for the analysis of medicinal plants as this technique has proved to be a valuable method for the analysis of non-polar components and volatile essential oil, lipids and fatty acids” (Jie et al., 1991) and alkaloids (Betz et al., 1997; Sermakkani and Thangapandian, 2012). The bioactive phytochemicals present in the lime leaves include flavonoids such as quercetin, rutin, kaempferol, essential oils and nobiletin. “These chemicals are capable of functioning as antioxidant and thus can play a significant role in avoidance of degenerative diseases such as Alzheimer, Parkinson’s disease caused by oxidative stress and cancer” (Dongmo et al., 2009; Uttara et al., 2009; Namani et al., 2018). Additionally, several studies were done on the leaves of citrus species by GC-MS which observed that there were numerous volatile components were present in leaves. Similarly, GC-MS of C. aurantifolia leaves observed that the presence of terpenes and fatty acids as major components. Limonene, linalyl acetate and linalool were the main terpenes recognized in all n-hexane fractions (Loizzo et al 2012). “Furthermore, In the GC-MS analysis of leaves of Citrus the identification of phytochemical compounds is based on the retention time, peak area, molecular formula and molecular weight” (Pandian and Thajun, 2019). Leaves from citrus species have health benefits and presents excellent options for treating or management of an infection due to its bioactive secondary metabolites that display significant activities for developing new pharmaceutical products. Thus, keeping the above fact in view, an experiment was conducted for extraction and characterization of phytochemicals from the leaves of different citrus species.
[bookmark: _Hlk175606946]2. Materials and Method
For the extraction and characterization of phytochemicals in leaves, leaves of different citrus species were procured from the orchard of Department of Agriculture at Sri Guru Granth Sahib World University, Fatehgarh Sahib, Punjab. GC-MS was conducted at Advanced Instrumental Research Facility (JNU), New Delhi-110067. Extraction was done by using the methodology wherein methanol (10 mL) was added to 3g of dried citrus leaves samples and mixed intensely using a vortex mixture for 25 s. The samples were further purified by using filter paper and stored at 4°C before analysis. The extracts were analyzed using gas chromatography-mass spectrometry (GC-MS, Shimadzu QP 2010 Plus, Tokyo, Japan).  An Omega SPTm column (30 m×0.25 mm ID, film thickness 0.25 µm) was used with helium as a carrier gas.  The column oven temperature was programmed as 60 to 210°C at 3°C min–1, then programmed from 210 to 240°C at 20°C min–1, held at 240°C for 8 min, injector temperature 280°C; detector temperature, 290°C.  The flow rate of the helium carrier was 1 μL min–1.  A sample of 1.0 µL was injected in the split mode system with a split ratio of 1:50.  Mass spectra were collected over the range of m/z 40–650.  Each compound was identified by comparing their mass spectra with the mass spectra from the National Institute of Standards and Technology (NIST) library and WILEY library. Wherever available, the identification was further confirmed by comparing the retention times of the analytes with those from the literature. 
Statistical analysis 
Each compound was identified by comparing their mass spectra with the mass spectra from the National Institute of Standards and Technology (NIST) library and WILEY library. Wherever available, the identification was further confirmed by comparing the retention times of the analytes with those from the literature. Furthermore, for Principal Component analysis (PCA), the complete data set comprising all replicates was considered. For both type of analysis, the ratio of the signal relative to that of the average in the varieties was log 2 transformed. For PCA, the program SIMCA-P version 11 (Umetrics, Umea, Sweden) was used with the centered data. For the Hierarchical Cluster analysis, the program Acuity 4.0 (Axon Instruments) was used, with the distance measures based on the Pearson correlation. Pearson correlation coefficients were calculated with the SPSS version 15.0 software (SPSS Inc., Chicago, USA). Data from the correlation matrix was represented as a heat map by means of the Acuity 4.0 program.
3. Results and discussion
Gas chromatography- Mass spectrometry (GC-MS) analysis of leaves of six selected citrus species: 
	The chemical composition of the leaves extracts of different citrus species were analyzed by GC-MS. The relative content of each component was calculated by the peak area normalization method. The compounds were identified according to retention time and the NIST mass spectral library. The data presented in Table 1 lists the volatile compounds of leaf extracts from the six citrus Species (lemon (Citrus limon), grapefruit (Citrus paradisi), mandarin (Citrus reticulata), pummelo (Citrus maxima), lime (Citrus aurantifolia) and sweet orange (Citrus sinensis) which has been studied by GC-MS analysis. One hundred fourteen components were profiled which contains 27 alcohols, 20 esters, 19 ketones, 18 terpenes, 9 acids, 4 furans, 3 alkanes, 3 aldehydes, 1 carbohydrate, 1 Monoterpene cyclic ether and 9 other components (Table 1). The total amount of alcohols ranged from 0 to 38.44 % and it was determined and reported as relative amount of those compounds which present in the leaves of six different citrus species. Phytol was the primary component in this study and among all the citrus species, it was the most abundant in lemon leaf extract. The total amount of esters ranged from 0 to 5.56 % in leaves extracts. The Stigmasterol acetate was the most abundant compound among grapefruit, pummelo and lime leaves extract. The total amount of ketone in leaves extract ranged from 0 to 11.56% and 2-Hydroxycholestan-3-one# was the most abundant compound among the sweet orange. The total amount of terpenes ranged from 0 to 18.84 % Among, all the six citrus species grapefruit and sweet orange had the highest terpenes in the extracts of leaves. The total amount of acids ranged from 0 to 10.61 % (Table 1). Among, all the six different citrus species lime had the highest acids in the leaves extracts. The total amount of furan ranged from 0 to 7.75 % (Table 2). lemon and lime had the highest furan whereas there was no furan present in the mandarin, pummelo and sweet orange. The total amount of aldehyde and alkane ranged from 0 to 1.76% and 0 to 0.58 % f. The most abundant compound in aldehyde was alpha-Sinensal which were founded in mandarin and sweet orange whereas, most abundant compound compound in alkane was 1-bromo-6-chlorohexane which was showed by lemon. The total amount of carbohydrates and monoterpene cyclic ether ranged from 0 to 17.62% and 0 to 0.92%. L-manose was founded in lime while 3-tert-Butyl-4-hydroxyanisole was identified in both pummelo and lime. There were 5 volatile compounds (Table 1) which were obtained in all six different citrus species (lime, lemon, pummelo, mandarin, grapefruit and sweet orange) viz. phytol (ranged from 2.16-38.44%), vitamin E (ranged from 4.28-24.68%), n- hexadecanoic acid (ranged from 0.76-2.29%), squalene (ranged from 0.45-7.92%) and neophytadiene (ranged from 1.14-3.58%). Similar results were reported by Zhang et al (2020) which resulted that a total of 196 volatile compounds were tentatively detected in the leaves of 62 citrus germplasms and the compounds could be classified into 16 groups, including 72 sesquiterpenes, 19 monoterpenes, 16 sesquiterpene alcohols, 15 monoterpene alcohols, 15 aldehydes, 6 monoterpene esters, 5 monoterpene aldehydes, 5 alcohols, 5 acids, 5 esters, 5 monoterpene ketones, 5 monoterpene oxides, 4 ketones, 2 sesquiterpene aldehydes, 1 sesquiterpene oxide and 16 other compounds. These finding corroborated with the findings of Darjazi et al (2011), Tomer et al (2010).










Table 1: Major Volatile compounds detected from the extract of leaves of six different citrus species (lime, lemon, pummelo, mandarin, grapefruit and sweet orange) along with their retention time and area percentage. This table also represents the family code and identification of these volatile compounds
	S. No. (1)
	Compound name (2)
	F.C. /No. (3)
	R. time
	Area (%)
	Ident. (16)

	
	
	
	L.L.E. (4)
	G.F. L. E. (5)
	M.L.E. (6)
	P.L.E. (7)
	L.L.E. (8)
	S.O.LE. (9)
	L.l.E. (10)
	G.F.L.E. (11)
	M.L.E. (12)
	P.L.E. (13)
	L.L.E. (14)
	S.O.L.E. (15)
	

	1
	Phytol
	Alc/1
	20.581
	20.583
	20.581
	20.581
	20.576
	20.587
	38.44
	15.66
	14.45
	10.42
	15.59
	2.16
	MS,RT

	2
	vitamin E
	Alc/2
	30.433
	30.438
	30.482
	30.447
	30.445
	30.44
	4.28
	6.45
	24.68
	16.84
	11.59
	10.69
	MS,RT

	3
	.gamma.-sitosterol
	Alc/3
	34.339
	34.267
	-
	34.286
	-
	34.285
	3.58
	13.17
	-
	0.74
	-
	1.82
	MS,RT

	4
	2-methoxy-4-vinylphenol
	Alc/4
	11.717
	11.792
	11.707
	-
	11.729
	11.947
	4.31
	5.01
	6.65
	-
	2.22
	2.14
	MS,RT

	5
	1- heptacosanol
	Alc/5
	-
	25.442
	-
	-
	-
	-
	-
	3.09
	-
	-
	-
	-
	MS,RT

	6
	.gamma.- tocopherol
	Alc/6
	-
	29.247
	29.25
	29.25
	29.248
	29.244
	-
	1.73
	2.3
	0.67
	0.4
	1.07
	MS,RT

	7
	Stigmasterol
	Alc/10
	32.98
	32.949
	-
	-
	32.897
	-
	1.05
	1.88
	-
	-
	1.41
	-
	MS,RT

	8
	ergost-5-en-3-ol
	Alc/11
	32.45
	32.409
	-
	-
	32.382
	-
	0.59
	1.56
	-
	-
	0.71
	-
	MS,RT

	9
	14-methyl-8-hexadecyn-1-ol
	Alc/12
	20.404
	20.913
	-
	-
	-
	-
	0.11
	1.94
	-
	-
	-
	-
	MS,RT

	10
	3,7,11-trimethyl-1-dodecanol
	Alc/17
	16.678
	16.68
	-
	16.681
	-
	-
	0.17
	0.5
	-
	0.21
	-
	-
	MS,RT

	11
	3,7,11,15-tetramethyl-2-hexadecen-1-ol
	Alc/18
	20.91
	21.479
	20.914
	-
	-
	-
	0.4
	0.29
	0.45
	-
	-
	-
	MS,RT

	12
	phytol, tms derivative
	Alc/24
	21.068
	21.071
	21.074
	21.074
	-
	-
	0.27
	0.2
	0.13
	0.17
	-
	-
	MS,RT

	13
	Epicurzerenone
	Ket/3
	-
	-
	15.373
	-
	-
	-
	-
	-
	0.24
	-
	-
	-
	MS,RT

	14
	farnesyl acetone B
	Ket/4
	-
	-
	18.667
	-
	-
	-
	-
	-
	0.08
	-
	-
	-
	MS,RT

	15
	Cyclodecanone
	Ket/5
	-
	22.45
	-
	-
	-
	-
	-
	0.47
	-
	-
	-
	-
	MS,RT

	16
	2-dodecylcyclobutanone
	Ket/6
	22.378
	22.383
	-
	-
	-
	-
	0.38
	0.41
	-
	-
	-
	-
	MS,RT

	17
	13-hexyloxacyclotridec-10-en-2-one
	Ket/8
	20.196
	20.203
	20.201
	20.202
	-
	-
	0.42
	0.74
	0.12
	0.2
	-
	-
	MS,RT

	18
	hexahydrofarnesyl acetone
	Ket/16
	17.923
	17.933
	17.933
	17.932
	17.927
	-
	1.22
	4.33
	0.49
	1.18
	1.22
	-
	MS,RT

	19
	Herniarin
	Ket/17
	17.025
	-
	-
	-
	-
	-
	8.19
	-
	-
	-
	-
	-
	MS,RT

	20
	2-(3,4-dimethoxyphenyl)-5-hydroxy-6,7,8-trimethoxy-4h-chromen-4-one
	Ket/18
	-
	-
	34.515
	34.533
	-
	34.561
	-
	-
	2.59
	2.71
	-
	0.6
	MS,RT

	21
	5-methyl-5-(4,8,12-trimethyltridecyl)dihydro-2(3h)-furanone#
	Ket/19
	22.704
	22.705
	22.706
	22.704
	22.703
	-
	0.21
	0.86
	0.46
	1.3
	0.8
	-
	MS,RT

	22
	stigmasterol acetate
	Est/1
	29.606
	29.612
	29.611
	29.615
	29.611
	-
	0.93
	5.56
	0.37
	1.41
	1.96
	-
	MS,RT

	23
	3-cyclopentylpropionic acid, 2-dimethylaminoethyl ester
	Est/2
	23.59
	23.594
	23.594
	23.59
	23.591
	-
	1.44
	2.3
	0.5
	0.57
	1.85
	-
	MS,RT

	24
	9,12,15-octadecatrienoic acid, methyl ester
	Aci/5
	-
	20.47
	20.472
	20.468
	-
	20.467
	-
	0.96
	0.5
	1.09
	-
	1.86
	MS,RT

	25
	hexadecanoic acid, methyl ester
	Aci/6
	-
	18.776
	18.777
	18.779
	18.772
	18.777
	-
	0.45
	0.25
	0.52
	0.3
	1.41
	MS,RT

	26
	n- hexadecanoic acid
	Aci/8
	19.215
	19.216
	19.217
	19.229
	19.205
	19.222
	1.23
	2.29
	0.76
	1.24
	1.89
	2.36
	MS,RT

	27
	1,2-benzenedicarboxylic acid
	Aci/9
	24.155
	24.157
	-
	-
	24.159
	24.159
	0.35
	0.92
	-
	-
	0.47
	1.21
	MS,RT

	28
	2, 3 - dihydro-benzofuran
	Fur/1
	10.656
	-
	-
	-
	10.72
	-
	7.75
	-
	-
	-
	5.12
	-
	MS,RT

	29
	Methoxsalen
	Fur/2
	-
	-
	-
	-
	20.197
	-
	-
	-
	-
	-
	2.52
	-
	MS,RT

	30
	4-aminopyridino-9-borabicyclo[3.3.1] nonan
	Fur/3
	21.418
	-
	-
	-
	-
	-
	0.18
	-
	-
	-
	-
	-
	MS,RT

	31
	3,7,7-trimethyl-1-[1,3-pentadienyl]-2-oxabicyclo[3.2.0]hept-3-ene
	Ter/2
	21.204
	21.207
	-
	21.216
	21.204
	-
	0.65
	1.39
	-
	0.13
	0.3
	-
	MS,RT

	32
	.beta.-caryophyllene
	Ter/14
	13.12
	13.125
	13.128
	-
	13.125
	13.124
	0.1
	0.48
	0.28
	-
	0.25
	4.52
	MS,RT

	33
	24- norursa-3,12-diene
	Ter/15
	-
	-
	36.448
	-
	-
	36.428
	-
	-
	10.26
	-
	-
	18.84
	MS,RT

	34
	Squalene
	Ter/16
	26.398
	26.4
	26.407
	26.402
	26.404
	26.402
	0.9
	0.49
	3.39
	4.97
	0.45
	7.92
	MS,RT

	35
	Neophytadiene
	Ter/17
	17.852
	17.858
	17.86
	17.859
	17.855
	17.858
	1.16
	1.14
	1.35
	3.58
	1.32
	2.95
	MS,RT





GC-MS of different citrus leaves extract for phytochemical analysis 
The GC-MS analysis of lemon revealed that the major component of leaf extract was phytol (38.44%). The composition of the volatile compounds was analyzed by GC-MS analysis. Forty-eight constituents were detected from the leaves extract of grapefruit. Two major compounds eluted at RT 20.583 and 34.267 mins were acknowledged as phytol (15.66) and gamma-Sitosterol (13.17%) respectively. Thirty Eight compounds were identified from the leaf extract of mandarin. The major compounds were vitamin E (24.68%), phytol (14.45%), 24- norursa-3,12-diene (10.26%), 2-methoxy-4-vinylphenol (6.65%), 4',5,6,7,8-pentamethoxyflavone (5.83%), 3',4',5,6,7,8 hexamethoxyflavone (4.91%), squalene (3.39%), 2-(3,4-dimethoxyphenyl)-5-hydroxy-6,7,8-trimethoxy-4h-chromen-4-one (2.59%), benzoic acid (2.45%), .gamma.- tocopherol (2.30%), stigmast-5-en-3-ol,(3.beta.)- (2.05%), santonox (1.70%), neophytadiene (1.35%), .alpha.-sinensal (1.21%), stigmasta-5, 23-dien-3-ol, (3.beta.)- (1.16%). 
	The GC-MS analysis of pummelo resulted that the three major components of leaf extracts were lupeol (20.96%), vitamin E (16.84%) and phytol (10.42%). GC-MS of lime revealed that three main compounds eluted at RT 17.431, 20.576 and 30.445 mins were identified as L-mannose (17.62%), phytol (15.66) and vitamin E (11.59) respectively. GC-MS of sweet orange (Citrus sinensis) extract for phytochemical analysis revealed that thirty-two compounds were recognized from the leaf extract of sweet orange. The major compounds were 24-norursa-3,12-diene (18.84%), 2-hydroxycholestan-3-one# (11.56%), vitamin E (10.69%). Similar results were reported by Adamu et al (2020), Siddique et al (2012), Yang et al 2014 and Bhatia et al 2008).
Table 2: This table indicates the values of eigenvectors of leaves of six different citrus species with clusters of these varieties. 
	Eigenvectors

	
	clu1
	clu2
	clu3
	clu4
	clu5
	clu6

	Lemon leaf
	Lemon-leaf
	0.404787
	-.458448
	0.357986
	-.137445
	0.370868
	0.584281

	Grapefruit_
	Grape-fruit
	0.453608
	-.389327
	0.330384
	-.111665
	-.308663
	-.652509

	Mandarin
	Mandarin
	0.394067
	0.486764
	0.118111
	-.233356
	-.628211
	0.380418

	Pummelo
	Pummelo
	0.449163
	0.258563
	-.484465
	-.500663
	0.447738
	-.213444

	Lime
	Lime
	0.425882
	-.245547
	-.585327
	0.605578
	-.180597
	0.127999

	Sweet orange
	Sweet orange
	0.303274
	0.523604
	0.414039
	0.544791
	0.373431
	-.161825



PCA analysis in different citrus species showed the correlations between the three dimensions and compound variables (Fig 1).The first component, explained 29.52% of the variance while the second component explained about 21.77% of the variance and both components separated the citrus species from one another. Moreover, the third component explained about 14.62% of the variance. All these three principal components were obtained by the PCA analysis. The volatile compounds of leaves of six different citrus species were also analyzed by using PCA analysis. Similarly, Principal component analysis has been done in order to differentiate citrus plants based on their flavonoid profile Kawaii et al (2000). KMP and LTN were excluded from PCA, because no leaf sample contained these flavonoids. The data for the 23 flavonoids, including an unidentified flavonoid (UF1), were used to perform PCA, which can reduce the dimensionality of a set of data. The eigenvalues are 5.20, 2.50, 2.27, 2.04, 1.67, 1.27, 1.22, and 1.01. Choosing only eigenvalues >1 led to the reduction of 23 variables to 8 principal components (PC), according 74.7% of the total variability. The percentages of variance for the four principal components are 22.6% for the first one, 10.9% for the second one, 9.9% for the third one, and 8.9% for the last one. Moreover, Hosni et al (2013) worked on PCA analysis and indicated huge variability in the essential oil chemical composition, with 78.85% cumulative variance in the first factorial plan. Beside the principal component 1 (PC1), accounting for 50.99% of overall variance, cis- and trans-rose oxide, isoborneol, a-fenchene, nerol, a-terpineol, terpinolene, hexan-1-ol, a-pinene, g-terpinene, sabinene, a-phellandrene, b-pinene, b-elemene, b-myrcene, germacrene-D, (E)-nerolidol, epi-cedrol, b-bisabolol, epi-cubenol, bisabol-1-one and a-cadinol were positively related. In contrast, they were negatively associated to the rest of compounds. Likewise, Lamine et al (2018) studied on PCA revealed that the first two principal components describe by themselves nearly 95% of the variance and clearly differentiate among the four species. Although the first component (53.3%) differentiates C. reticulata and C. aurantium from C. sinensis and C. limon, the second explains almost 41.7% of the variance and separates C. sinensis and C. reticulata from C. aurantium and C. limon. These consequences showed that the rate of volatile components of leaves differs according to the type of citrus fruits as described earlier for several tissues (Parastar et al., 2012; Cuevas et al., 2017; Chen et al., 2012 and Andrade et al., 2015).
[image: ]
Fig. 1: Principal Component analysis (PCA) of volatile compounds of leaf extracts of different citrus species (lime, lemon, pummelo, mandarin, grapefruit and sweet orange). Variables plot of PC1, PC2 and PC3
Hierarchical cluster analysis (Heat map)
In order to understand the utility of volatile compounds of leaves of different citrus species. Different citrus species were arranged on the basis of heat map. The diversity in the volatile compound predicts that there were difference among all these citrus species. In heat map, dark red colour showed the highest chromatographic area of volatile compounds, followed by light red, light green while the dark green colour showed the lowest chromatographic area.
	In the leaves extract of sweet orange, seven compounds showed highest chromatographic area viz. methyl(7e)-7-hexadecenoate, 1-nonadecene, carbonic acid, pentadeca fluorooctanoic acid, octadecyl ester, 2-hydroxycholestan-3-one, 7-ethyl-6-tridecanone, 1-pentadecanol whereas, four compounds showed least chromatographic area including 3-cyclopentylpropionic acid, stigmasterol acetate, hexahydrofarnesyl acetone, 5-methyl-5-(4,8,12-trimethyltridecyl) dihydro-2(3h)-furanone. In the leaves extract of mandarin, 12 compounds represented the highest chromatographic area which were included, pyrrolidine, 14-beta-h-pregna, n-benzoyl-l-proline, santonox, phenoxyethene, benzoic acid, diethyl phthalate, 3’,4',5,6,7,8-hexamethoxyflavone, farnesyl acetone b, epicurzerenone, stigmasta-5,23-dien-3-ol, solanesol while in 4 compounds viz.3,7,11-trimethyl-1-dodecanol, gamma-sitosterol, isopropyl palnitate, 1,2-benzenedicarboxylic acid had the lowest chromatographic area. In the leaves extract of pummelo, eight compounds had the maximum chromatographic area viz.   oxirane, betulin, 1,e-8,z-10-hexadecatriene, z-13octadecenal, glutaric acid, lupenone, lupeol, 3,7,11,15-tetramethylhexadec-2-en-1-ol while two compounds had the minimum chromatographic area viz.  2-methoxy-4-vinylphenol and beta-caryophyllene. In the leaves extract of lemon, the highest chromatographic area shown by eleven compounds which were 1-bromo-6-chlorohexane, eicosane, laurene, pentadecanoic acid, adenosine, 2-methyl-10-
undecenal, heptadecafluorononanoic acid,nonyl ester, octadecanoic acid,2,3-dihydroxypropyl ester, herniarin, 2-pyrrolidinone, pyranone while 2 compounds shown the least chromatographic area which were gamma- tocopherol and hexadecanoic acid. In the leaves extract of lime, eleven compounds showed maximum chromatographic area viz. isopimpinellin, L-manose, methoxsalen, tetradecanoic acid, 9-octadecenoic acid, henicosyl formate, palmitic acid, 17-methylandrostan-16-one, cyclononanone, 6-cyclohexylidene-1-hexyn-3-ol, 9-bromo-1-nonanol while six compounds shown minimum chromatographic area viz. 9,12,15octadecatrienoic acid, gamma-sitosterol, isopropyl palnitate, octocrylene, phytol,tms derivative, 13-hexyloxacyclotridec-10-en-2-one. In the leaves extract of grapefruit, Nine compounds showed highest chromatographic area including copaene, auraptene, hexanoic acid, methyl commate B, 3-[(2E)-2-pentenyl]-1,2,4-cyclopentanetrione, cyclodecanone, duvatriendiol, 1- heptacosanol, 8-methyl-decahydro-naphthalene-1,8-diol whereas, 3 compounds shown the least chromatographic area including, stigmast-5-en-3-ol, 2-(3,4-dimethoxyphenyl)-5-hydroxy-6,7,8-trimethoxy-4h-chromen-4-one,1,8,11 heptadecatriene. 
Similarly, Durand-Hulak et al (2015) worked on the heat map summarizes quantitative data on metabolite distribution in four citrus tissues and concluded that Sixty-four metabolites were analyzed and 45 were quantified across the four targeted tissues and 11 cultivars. A colour was associated with the amount of metabolites: from blue for little concentrations to red for great concentrations. Two classifications were obtained: the first displayed relations between metabolites and the second displayed similarities between observations. A heat map with metabolites grouped by chemical classes. The 45 metabolites belonged to six classes: flavanones, flavones, anthocyanins, flavonols, furanocoumarins and coumarins. Anthocyanins, flavones and flavonols clustered in the similar group, whereas furanocoumarins, coumarins and most of the flavanones were associated in a second group. Similarly, Luro et al (2020) in order to disclose possible signatures of biochemical profiles the cultivars were organized in the heat maps. The proportion of each compound was centered and compact according to the proportions from the two geographical locations. This illustration highlights the major changes in both geographical cultivation locations of the same citrus cultivars, and the diversity structure of the compound that supports this varietal diversity organization. The maximum striking geographical markers were octanal and isogeranial for citron, p-cymene for orange and clementine, p-cymenene for “Dancy” mandarin and “Tahiti” lime, neryl acetate for lemons, citronellol for “Nasnaran” mandarin and 1-8, cineole for “Sunki” mandarin. The chemical signature was extremely distinct in mandarin hybrids such as orange, “Page”, “Murcott” and clementine, with higher proportions found in Corsican hybrids for a specific group of compounds (δ-elemene, α-sinensal, α-terpinene, myrcene, terpinen-4-ol, β-sinensal, sabinene, terpinolene, and (E)-β-ocimene). “Granito” sour orange was the only citrus fruit with a very comparable chemical profile at the two geographical cultivation locations. 
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Fig. 2: It represents the Hierarchical cluster analysis (heat map) of different citrus species.
Conclusion:
On the basis of one year experiment, it can be concluded that in the phytochemicals analysis, 5 volatile compounds were obtained in all six citrus species viz. phytol, vitamin E, n- hexadecanoic acid, squalene and neophytadiene. This variability in the results may have been due to the several factors, among them particular varieties or species studied, season, the geographical location, and environmental factors, such as climate and soil type, genetic factors processing and extraction method. This also leads to a better understanding of volatile compounds present in leaves of six different citrus species which could be utilized subsequently by food ingredients industries for various applications and innovation, specifically related to flavour compounds. 
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