
 

Figure S1: Climate sustainability and the annual production of citrus fruits in different geographical regions across the globe [212]. 



Figure S2: Market segmentation of citrus essential oils.



 

 

 
 

 

 
 

 

Figure S3 (a) Global citrus oil market by application, by the year 2018 [22,24]; (b) Citrus essential oil market value 

forecast (Citrus Oil Market by Product Type, 2022) [212]. 
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Figure S4. Molecular structures of the volatile and non-volatile components present in Citrus EOs. 

 

 



 

 

 

Figure S5. Composition of EOs in different Citrus varieties [3,14]. 

 



 

 

Table S1. Methods/ Techniques of extracting Citrus essential oils [4]. 

 
 

 

 

 
 



 

 

Table S2. Methods/ techniques of characterization/authentication of Citrus essential oils. 

Characterization/Authentication Technique Particulars References 

Gas Chromatography-Mass Spectrometry (GC–MS) 
Chemical composition and principal 

constituents of the citrus essential oil 
[170] 

Multidimensional Gas Chromatography – Flame Ionization 

Detection (MDGC-GCFID) 

Determination of enantiomeric 

composition in Lemon peel 

[213] 
Multidimensional Gas Chromatography – Flame Ionization 

Detection – Selected Ion Monitoring (MDGC-GC-MSSIM) 

Determination of enantiomeric excess of R-

(C)-limonene in Lemon peel oil (97.1 and 

97.4%) 

Enantioselective Gas Chromatography (esGC) and 

Multidimensional Gas Chromatography (MDGC) 

Enantiomeric composition and 

distribution in different Citrus EOs 
[42] 

Simultaneous Distillation and Extraction (SDE)-GC-MS and 

MDGC-MS 

Analysis of volatile flavor compounds of 

yuzu, lemon, and lime; Enantiomeric 

ratios of chiral and authentication of 

quality 

[34] 

Supercritical Fluid Extraction GC–MS (SFE GC–MS) Involving 

Use of Multidimensional GC 

Extraction and determination of 

composition; separation of enantiomers 
[214] 

Enantioselective capillary gas chromatography (enantio-cGC) 

and comparative isotope ratio mass spectrometry (IRMS), 

coupled on-line with conventional GC 

Authenticity control of flavors and EOs [215] 

Enantioselective Capillary Gas Chromatography and Isotope 

Ratio Mass Spectrometry, Coupled Online with Capillary Gas 

Chromatography on an HP5 Column 

Analysis and authenticity investigations of 

lemon (Citrus limon) EOs 
[216] 

Online Gas Chromatography Pyrolysis Isotope Ratio Mass 

Spectrometry (HRGC–P–IRMS) 
Authentication of the flavor compounds [217] 

Isotope Ratio Mass Spectrometry Online Coupled with 

capillary Gas Chromatography (GC-Py-IRMS) 

Authentication and genuineness of 

mandarin Citrus reticulata Blanco EOs 
[218] 

Enantioselective Gas Chromatography in Flavor and Fragrance 

Analysis 
Authentication of fragrance compounds [219] 

Headspace–Solid Phase Microextraction Coupled to GC– C–

IRMS 
Authentication of Citrus EOs [36] 



 

 

Multi-Dimensional Gas Chromatography (MDGC) and GCC- 

IRMS 

Authentication of Neroli and lime oils and 

determine the level of adulteration 
[35] 

Ultra-High Performance Liquid Chromatography–Time-of-

Flight–Mass Spectrometry (UHPLC– TOFMS) 
Fingerprinting for Lemon Oil [37] 

ATR (attenuated total reflectance)/FTIR as well as NIR-FT 

Raman spectroscopy 

Determination of composition of Citrus 

oils 
[220] 

 


