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Abstract 

This capstone literature project conducted a literature search on the extraction of essential oils from the 

leaves of ten different flowering plants using steam distillation and/or solvent extraction methods. Additionally, 

the project focused on characterizing and identifying the fragrant compounds present in the essential oils of 

these ten plants. By conducting a comprehensive literature search, this project provides a summary of the 

methods employed for extraction and the composition of fragrant compounds in each essential oil. A diverse 

range of fragrant compounds were found in various plants and flowers, including major and minor compounds 

such as alcohols, aldehydes, ketones, terpenes, and esters. The plants of interest in this capstone project focused 

on included Oriental Lily, Tuberose, Neroli, Ylang-Ylang, Gardenia, Catalpa tree, Locust flower, Eucalyptus, 

Viburnum, and Wisteria Vine. 
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Introduction 

Fragrant compounds are crucial in plants and flowers, as they heavily contribute to the distinctive scent 

profiles found in distinct plants. This comprehensive literature search project explores the fascinating world of 

plant fragrances and delves deep into the unique scents produced by ten different flowers: Oriental Lily, Tuberose, 

Neroli, Ylang-Ylang, Gardenia, Catalpa tree, Locust flower, Eucalyptus, Viburnum, and Wisteria Vine. Each 

flower has its own distinct fragrance, and the project meticulously examines the various aromatic components 

that make up these fragrances. The project also investigated two common extraction methods such as steam 

distillation and solvent extraction to gain a better understanding of the composition of these fragrances. 

Common Extraction Methods of Essential Oils  
The literature search project found that various extraction methods are present, but steam distillation or solvent 

extraction is most demonstrated throughout the literature to obtain essential oils. A better understanding of the 

process of extracting essential oils and the characteristics of the fragrant compounds were presented in each plant 

giving optimal extraction methods for obtaining a high yield of essential oils.  

Steam Distillation Extraction 
Based on the literature search, steam distillation was a common technique for obtaining essential oils from 

plant sources. In this method, the leaves were heated with steam, causing the volatile fragrant chemicals to 

volatilize. This technique was found to be prevalent for extracting essential oils from plants, including the ten 

species studied in this report. The process involved using steam to vaporize the fragrant and volatile molecules 

within the plant material. The resulting mixture of steam and essential oil vapor was then condensed and collected 

separately. 

While known for its simplicity and ability to preserve the plant's fragrance, steam distillation might not have 

been suitable for delicate floral species due to potential heat damage that could lead to fragrance loss. The steam 

distillation setup typically included a distillation flask, a condenser, and a receiving flask. The distillation flask, 

made of heat-resistant glass, held the plant material. The condenser, a coiled tube cooled by running cold water, 



 

6 
 

aided in condensing the vapor by cooling it, causing it to revert to a liquid state. The condensed liquid was 

collected in the receiving flask. 

The studies emphasized the importance of incorporating a steam generator into the setup to ensure the passage 

of high-quality steam, free from impurities, through the plant material. During steam distillation, the process 

involved adding plant material and water to the distillation flask, heating the mixture to generate steam, and 

carrying volatile compounds to the condenser, where they condensed back into a liquid. The resulting mixture 

was collected in the receiving flask and separated into essential oil and aqueous layers. Despite the relatively 

straightforward equipment needed for steam distillation, its quality and maintenance were crucial factors for 

achieving accurate and dependable results. 

Solvent Extraction  
An alternative approach frequently discussed in the literature for obtaining essential oils was through solvent 

extraction. This method involved dissolving aromatic compounds from plant materials using a suitable solvent, 

such as hexane or ethanol. After the solvent evaporated, the resulting essential oil was collected. To optimize the 

process, flower leaves were initially macerated or ground, increasing the surface area available for extraction. 

The plant material was combined with the chosen solvent, and this mixture was left to rest for a specific duration 

to encourage efficient extraction. Subsequently, the solvent was separated from the plant material via filtration or 

centrifugation, yielding the essential oil-solvent mixture. 

In contrast, solvent extraction employed a solvent to dissolve the aromatic compounds within the plant 

material. Following this step, the solvent evaporated, leaving the pure essential oil behind. This technique was 

especially valuable for delicate floral species that couldn't withstand the elevated temperatures of steam 

distillation. It also proved advantageous for extracting essential oils from materials unsuitable for steam 

distillation. However, it's worth noting that the quality of the essential oil obtained could suffer due to residual 

impurities from the solvent, which could impact both fragrance and overall quality. 
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Choosing the appropriate solvent for extraction necessitated consideration of factors like solvent polarity, 

boiling point, target compound solubility, and toxicity. Solvent polarity determined which compounds would 

dissolve, while boiling point affected extraction efficiency and the final product's purity. The solubility of target 

compounds guided solvent selection, with toxicity being a critical safety consideration. Ultimately, the choice of 

solvent hinged on the specific target compounds, the chosen extraction technique, and the desired purity of the 

product. 

Characterization of Fragrant Compounds 
The literature search project provided information on the extraction yields of essential oils from different 

flower plants and the analytical methods used to characterize their fragrant chemicals. The extraction yield, which 

represented the percentage of essential oil obtained relative to the initial mass of the plant material, was 

determined using the collected essential oil weighed after separation from the solvent or distillate. 

 Analytical methods used throughout the such as gas chromatography-mass spectrometry (GC-MS), Gas 

Chromatography/ Flame Ionization Detection-Mass Spectrometry (GC/FID-MS) and additional analysis 

techniques were used to identify and characterize the fragrant compounds found in the essential oils of the chosen 

flower plants. The articles found these methods offer details about the chemical makeup and structural 

characteristics of the fragrant components and are commonly used in the study of fragrances. 

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis 
The literature search revealed that fragrant components within essential oils were identified and measured 

using gas chromatography-mass spectrometry (GC-MS) analysis. GC-MS was a frequently utilized technology 

for isolating and studying volatile chemicals within complex mixtures. In this process, a small aliquot of the 

essential oil sample was injected into the gas chromatograph for GC-MS analysis.  

By exploiting the gas chromatograph, the wide range of compounds were separated based on their 

volatility and chemical characteristics. Subsequently, the mass spectrometer generated a mass spectrum for each 

of the separated chemicals. These mass spectra were then compared to a reference database, enabling the 
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identification of fragrant chemicals present in the essential oils. Determining the relative abundance of each 

compound involved integrating peak areas in the chromatogram. These integrated peak areas facilitated the 

calculation of the relative percentage composition of fragrant compounds within the essential oils, a crucial 

element in characterizing the fragrant composition of each flower within the literature project.  

 The studies incorporated various column types and sizes for GC-MS analysis, including DB-5MS, DB-

Wax, HP-5MS, and Rtx-5MS. The choice of column type and size played a significant role in separating and 

identifying volatile compounds. Similarly, the injector and carrier gas varied across studies, with some utilizing 

splitless or split injection and employing helium as the common carrier gas. Additionally, specific parameters 

such as initial and final temperatures, ramp rates, and time intervals demonstrated variability depending on the 

context of each study. 

 For instance, common analysis conditions that were consistently encountered across the studies included 

the use of a DB-5MS column and helium as the carrier gas. Typically, the initial temperature was set at 40°C, and 

the final temperature ranged from 280°C to 320°C. The ramp rate usually fell within the range of 5 to 10°C/min, 

and the total analysis time varied from 30 to 60 minutes. Furthermore, the injector temperature was typically 

maintained around 250°C to 260°C. 

Gas Chromatography/ Flame Ionization Detection-Mass Spectrometry (GC/FID-MS) Analysis 
The studies also examined the analysis technique for GC-FID/MS. This technique is a powerful tool for 

identifying and quantifying volatile compounds in a sample by combining gas chromatography (GC), mass 

spectrometry (MS), and flame ionization detection (FID). This technique is known to be used in various industries, 

such as perfumery, cosmetics, and flavoring, to analyze fragrances and essential oils. 

Samples were vaporized and injected into the GC column, which is packed with a stationary phase that 

separates the sample components based on their physical and chemical properties. The separated components 
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were then passed through a detector, which identifies and quantifies the individual components. The detector used 

in GC-FID/MS analysis has a combination of a flame ionization detector (FID) and a mass spectrometer (MS). 

The FID is a highly sensitive and selective technique that detects a wide range of organic compounds, 

including hydrocarbons, alcohols, esters, and fatty acids, present in the sample by ionizing them when they pass 

through the flame. The intensity of the ionization is proportional to the concentration of the compound, allowing 

for the quantification of the individual components. The MS detects the mass-to-charge ratio of the sample 

components by fragmenting them and separating the fragments based on their mass-to-charge ratio before 

detecting them. The resulting mass spectrum allows for the identification of the compound present. 

Across the studies, the different parameters for GC/FID-MS were discussed. In the GC/FID-MS analyses, 

the common parameters were employed, including column types such as SLB-5MS (silphenylene polymer), HP-

5 (High-Polarity 5% Phenyl Methyl Siloxane), and BPX-5MS capillary (Bonded Phase Crosslinked 5% Phenyl 

Methyl Siloxane). Helium and hydrogen were utilized as carrier gases. The initial temperature was generally set 

at 50°C, while the final temperature varied within the range of 250-265°C. The ramp rate typically ranged from 

3-10°C/min, with the time varying from 3-10 minutes. The injector temperature exhibited a range of 250-265°C. 

Flow rates were observed to be1 mL/min, and the split flow ratio was found to vary between 1:20 and 1:100. 

These consistent parameters facilitated accurate compound separation and detection but also contributed to the 

overall reliability and comparability of the results obtained across numerous studies. 

Additional Analytical Technique 
Additional analytical techniques were found in some articles used to examine the essential oils more 

thoroughly. Depending on the article's specific aim and the resources at hand, these additional techniques worked 

hand in hand previous analytical methods stated above. The additional methods mentioned included mass 

spectrometry (MS), Ultra-High-Performance Liquid chromatography quadrupole time-of-flight mass 

spectrometry (UHPLC/MS). This technique is like GC-MS but is used to analyze compounds that are not volatile 

enough for GC-MS analysis. UHPLC/MS involves separating the components of a complex mixture using liquid 
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chromatography and then analyzing the individual components using mass spectrometry. In the UHPLC/MS 

analysis of fragrant compounds, several consistent parameters were also used across some studies. The selected 

column type was C18 with a particle size of 1.8 µm, measuring 100 mm in length and 2.1 mm in diameter. The 

mobile phase consisted of water containing 0.1% formic acid and acetonitrile with 0.1% formic acid. The gradient 

utilized initiated with 5% acetonitrile and progressed to 95% acetonitrile over a duration of 20 to 30 minutes. For 

mass spectrometry detection, electrospray ionization (ESI) was commonly utilized, alternating between positive 

and negative ion modes. The mass range for analysis spanned from 100 to 1000 m/z, with a scan rate of 1 to 2 

Hz. These standardized parameters offered a consistent foundation for conducting UHPLC/MS analyses of 

fragrant compounds, ensuring comparability and reliability across the different studies. These techniques played 

a role in the characterization of the essential oils by offering more precise structural details about the fragrant 

components and their interactions.  

The core objective of this project revolves around the identification and characterization of major and 

minor fragrant compounds presented in the essential oils of Oriental Lily, Tuberose, Neroli, Ylang-Ylang, 

Gardenia, Catalpa tree, Locust flower, Eucalyptus, Viburnum, and Wisteria Vine. By delving into the extraction 

techniques and the fragrant compound composition within each essential oil, a comprehensive overview emerges, 

showcasing the diverse array of fragrant compounds inherent to various plants and flowers. This exploration 

highlights their distinct contributions to the overall aroma profile. 

Methods 
Literature Search Method 

The literature search for this project was conducted using various online databases, including SciFinder, 

Web of Science, and Google Scholar. The search was performed using the following keywords: "extraction 

methods", "Gas Chromatography/GC-MS", "fragrant compounds," "volatile organic compounds," "aroma 

profile," "floral scent," and "plant fragrance." The search was limited to articles that exhibited these qualifications. 
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To find articles specific to Oriental Lily, the keywords "Oriental Lily fragrant compounds" were used in 

the search. The initial search yielded approximately ten articles across all databases (see Appendix A full list of 

articles). Each article was screened based on its title and abstract to determine its relevance to the project. Articles 

that did not discuss standard extraction techniques, GC-MS analysis, fragrant compounds, or fragrant profiles of 

Oriental Lily were excluded. After the initial screening, eight articles were deemed relevant and included in the 

project (see Appendix A relevant list of articles). 

The chosen articles were analyzed for information on the fragrant compounds found in Oriental Lily. The 

major and minor compounds were identified, and their contributions to the overall aroma profile were noted. 

Factors that can affect the composition of fragrant compounds, such as extraction method and source of plant 

material, were also considered. The information gathered from the selected articles was then collected and 

presented in the results section of this report. 

The following information for the remaining flower articles underwent the same method as Oriental Lily. 

The appendices demonstrate the articles that were obtained during the pieces search and separated by a complete 

list of articles and relevant articles providing the information for the capstone project. Refer to appendices B-J for 

the list of articles found for each flower. 

Results 

After conducting a literature search using specific keywords to find articles that met the criteria, the results were 

analyzed for relevance. The relevant articles were then reviewed to summarize the extraction and characterization 

of compounds that were found analyzed and identified as fragrant compounds found in the essential oils of ten 

selected flower plants. The plants are presented below in no significant order: 
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Oriental Lily  
The dazzling beauty and alluring aroma are the characteristics that define oriental lilies. These flowers are 

part of the genus Lilium1  and are known for their large, trumpet-shaped blooms that can reach up to 6 inches in 

diameter. It comes in vibrant colors like white, pink, and deep red and has a pleasant fragrance. This lily grows 

on tall, sturdy stems and can reach heights of 3 to 6 feet2. The plant is native to East Asia, particularly Japan, 

Korea, and China, but has since been widely cultivated and naturalized in other parts of the world. Oriental lilies 

are prized for their potent, sweet aroma and are highly sought-after in the floral industry. The commonality found 

within the literature-based search for the essential oil of Oriental lily was obtained through steam distillation and 

analyzed through GC-MS analysis, revealed the presence of the compound found was (Z)-beta-ocimene, followed 

by linalool, 1,8-cineole, and methyl benzoate.  

 
Table 1: Compounds identified in Oriental lilies. (Appendix A) 
 

No. Compound Name Structure  % Composition 

1 (Z)-β-ocimene 

 

0.39-2.12 

2 linalool 

 

 

4.50-57.33 

3 
1,8-cineole; 
eucalyptol  

 

16.27-75.62 
 

4 methyl benzoate 
 

 

0.27-38.21 
 

5 
(E)-β-ocimene 

  
 

8.40-20.97 
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6 myrcene 
 

 

0.64-5.33 

7 benzaldehyde 

 

0.24-8.30 

8 1-dodecene 
 

8.04 

9 1-docosene 

 

 
 

7.35 

10 1-hexadecanol 
 

5 
 
 
 
 

11 
2-(9-
octadecenyloxy)-(Z)-
ethanol 

 

 
 

4.22 

12 n-hexadecanoic acid 
 

 

3.27 

13 
4,7-dimethyl-
benzofuran 

 

3.26 

14 hexadecane-1,2-diol 

 

 
 

3.09 

15 α -pinene 

 

 

0.58-11.76 

16 limonene 

 

 
 

1.05-7.88 



 

14 
 

17 β -pinene 

 

0.11-1.51 

18 ethyl benzoate 
 

 

0.11-1.51 

19 
(E, E)-2,6-dimethyl-
1,3,5,7-octatetraene 

 

- 

20 α-ocimene 
 

 

- 

21 unidentified terpene N/A - 
 

Tuberose (Polianthes tuberosa)  
The next is a lovely flower native to Mexico called tuberose, or Polianthes tuberosa, as its genus. The 

Tuberose is a tall, elegant flower with long, slender stems. It features clusters of small, waxy white flowers that 

are shaped like tubes. Tuberose plants can grow to be around 2 to 3 feet in height and are known for their graceful 

and delicate appearance 3. Rich and sweet flower tones make up its alluring fragrance. The flower is native to 

Central America and Mexico but is now cultivated in many other regions of the world for its ornamental and 

medicinal properties. Due to its scent, tuberose blooms are commonly used in aromatherapy and perfumes4. The 

literature search found that the essential oil of tuberose was extracted using solvent extraction. GC-MS analysis 

identified key compounds, including methyl benzoate, benzyl salicylate, and methyl anthranilate, which are the 

major volatile organic compounds responsible for the characteristic sweet, floral, and slightly spicy aroma of 

tuberose. In addition, p-cresol methyl ether, phenol, and indole are minor compounds found in smaller quantities 

in tuberose, which contribute to the rich and intense floral fragrance of tuberose.  
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Table 2: Compounds identified in Tuberose. (Appendix B)  

No.  Compound Name Structure % Composition Range 

1 benzyl benzoate  

 

8.85- 57.77 

2 methyl benzoate  

 

11- 53.51  

3 methyl salicylate  

 

6.7-12.11 

4 eugenyl acetate  

 

6.1-18.6 

5 trans-methyl isoeugenol 

 

9.4-31.9 

6 benzyl salicylate 

 

8.79 

7 1,8-cineole  

 

8.2-29 
 

8 nepetalactone 

 

13.5 

9 (Z)-3-hexenyl 2-
oxopropanoate 
  

27.38 

10 7-decen-5-olide 

 

13.33-18.13 

11 pentacosane 
 

7.73-29.44 



 

16 
 

12 heptacosane 
 

12.53 

13 α-terpineol 

 
 

5 

14 linalool 

 

- 

15 cis-β-farnesene 

 

- 

16 germacrene D 

 

7.68 

17 trans-nerolidol acetate 

 

- 

18 2-cis-6-trans-farnesol 

 

- 

19 2-trans-6-trans-methyl 
farnesoate 

 

- 

20 2-trans-6-trans-farnesyl 
acetate 

 

- 

21 methyl anthranilate 

 

3-8.29 
 

22 geraniol 

 

- 

23 farnesol 

 

27.23 - 54.98 
 

24 indole 

 

6.65 

25 α-farnesene 

 

4.92-49.19 

26 tetradecane 

 

 
41.35 - 54.9 
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27 benzaldehyde, 2-hydroxy-4-
(phenylmethoxy) 
 

 

32.09 - 54.9 

28 palmitic acid 

 

- 

29 methyl palmitate 

 

24.46 

30 benzaldehyde 

 

16.50 

 

Neroli (Citrus aurantium var. amara) 
The Citrus aurantium var. amara flower is the source of neroli, a popular fragrance component. Neroli is a 

small, white flower with a delicate and intricate appearance. It has multiple petals that are arranged in a star-like 

formation, giving it a unique and captivating look. Neroli flowers are typically small in size, with a diameter of 

about 1 inch5. They grow on small, slender stems and are often clustered together. It has a distinct aroma that is 

both floral and lemony and is gentle6. It is native to Southeast Asia and is now commonly cultivated in 

Mediterranean countries such as Italy, Spain, and Morocco7. Neroli essential oil was obtained through steam 

distillation as a common method found throughout the articles. It is further detailed GC-MS as the analysis used 

throughout the studies revealing that the most abundant fragrant compounds found in neroli essential oil were 

linalool, limonene, sabinene, and linalyl acetate. These compounds contribute to the citrusy and floral aroma 

characteristic of neroli. Other fragrant compounds commonly found in neroli essential oil include α-Terpineol, 

(E)-β-ocimene, geraniol, and geranyl acetate. α-Terpineol has a fresh, floral, and slightly spicy aroma and is 

commonly found in many essential oils, including pine, lavender, and eucalyptus. Minor fragrant compounds that 

were also identified were neryl acetate, geranyl acetate, and β-pinene. 
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        Table 3: Compounds identified in Neroli flower. (Appendix C) 

No. Compound Names Structure  % Compound Composition 
Range (if present)  

1 linalool  

 

15.59 -53 
 

2 limonene  

 

8-24.57 
 

3 sabinene 
 

 

20.22 
 

4 α-terpineol 

 

5-6 
 

5 (E)-β-ocimene 
 

 

3-5 
 
 

6 geraniol  

 

3-4 
 

7 geranyl acetate 
 

 

~3 
 

8 linalyl acetate 
 

 

2-15 
 

9 (E)-nerolidol 

 

2-5 
 

10 (E, E)-2,6-farnesol 

 

2-5 
 

11 neryl acetate  

 

~1.5 
 

12 (E)-β-ocimene 

 

3-5 
 



 

19 
 

13 β-pinene 

 

2-4 
 

14 β -caryophyllene 

 

0.6-0.9 
 

15 citronellal 
 

 

- 

16 nerol 

 

-  

17 α-pinene 

 

- 

 

Ylang-Ylang (Cananga odorata) 
Cananga odorata, also known as ylang-ylang, is a tropical flower with an appealing scent. Ylang-ylang 

features large, star-shaped blossoms with vibrant yellow petals. The petals are narrow and elongated where they 

grow on small, delicate stems 8 . The blossoms are frequently hand-picked in the early morning when their scent 

is the strongest 9. It is a well-known plant native to Southeast Asia, renowned for its fragrant flowers that have 

been widely used in cosmetics, perfumes, and traditional medicine for centuries 10.  The common extraction 

method discussed throughout the relevant articles found on the essential oil of ylang-ylang is steam distillation. 

GC-MS analysis identified the major fragrant compounds found are linalool, geranyl acetate, farnesene, benzyl 

acetate, geraniol, methyl benzoate, and benzyl benzoate. These are known for their sweet, floral, and slightly 

spicy aroma. The minor fragrant compounds found in ylang-ylang include p-cresyl methyl ether, benzyl salicylate, 

and eugenol. These compounds also contribute to the overall aroma profile of ylang-ylang, but they are present 
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in smaller quantities compared to the major compounds. These compounds contribute to the exotic and sweet 

floral fragrance of ylang-ylang.  

 

Table 4: Compounds identified in Ylang-Ylang flower. (Appendix D) 
No.  Compound Name Structures  % Composition 

1 benzyl acetate  

 

 

27.48 

2 (E, E)-α-farnesene  

  

10.1 

3 p-cresyl  

methyl ether  

 

9.7 

4 linalool  

 

8.95 

5 methyl caprylate  

 

7.24 

6 methyl benzoate  

  

6.05 
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7 τ-murolol  

 

 

4.43 

8 3-methyl-2-butenyl 

acetate  

 

4.24 

9 benzyl salicylate  

 

 

4.18 

10 germacrene D 

 

2.76 

11 neryl acetate  

 

 

2.74 

12 3-methyl-3-buten-

1-ol acetate  
 

2.16 

13 (2E,6E)-farnesyl 

acetate   

2.05 



 

22 
 

14 cinnamyl acetate  

 
 

1.59 

15 α-cadinol  

 

 

1.52 

16 (2Z,6Z)-farnesol  

 

 

1.43 

17 benzyl benzoate  

 

 

1.24 

18 1,8-cineole  

 
 

1.11 

 

Gardenia (Gardenia jasminoides) 
The Gardenia jasminoides plant of gardenias is highly regarded for both its magnificent beauty and alluring 

aroma. Gardenia is a rubiaceae family flowering plant genus native to Asia, Africa, and the Pacific Islands11.  This 

plant has large, creamy white blossoms where the petals of the Gardenia are velvety and smooth, giving them a 

soft texture. The flower itself is typically medium-sized, with a diameter ranging from 2 to 4 inches. Gardenias 

grow on sturdy, green stems and are often accompanied by glossy, dark green leaves 12. The flowers give off a 
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strong, sweet aroma that inspires sentiments of romance and peace13. Due to its fragrance qualities, gardenia 

essential oil is highly sought after. Gardenia essential oil was obtained through solvent extraction. GC-MS 

analysis revealed the presence of compounds such linalool, phenylethyl alcohol, and benzyl alcohol, all known 

for their sweet, floral, and slightly spicy aroma. Meanwhile, benzaldehyde, methyl benzoate, and indole are 

among the minor compounds found in gardenia. 

 

Table 5: Compounds identified in Gardenia flower. (Appendix E) 
No. Compound name Structure % Composition 

1 pentadecanal 
 

49.2 

2 
(E)-β-ocimene 

 

45.8 

3 α-farnesene 
 

42.1-10.24 

4 linalool 
 

38.23-1.7 

5 jasmine lactone 

 

20.5-8.0 

 

6 geraniol 

 

19.9-1.93 
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7 farnesol 
 

13.2 

8 geranial 
 

12.3 

9 heneicosane 

 

 

10.8 

10 trans-beta-ocimene 

 

9.50 

11 ar-turmerone 

 

8.2 

12 cis-3-hexenyl tiglate 

 

8.02-2.4 

13 methyl linolenate 

 

 

8.0 

14 methyl benzoate 

 

6.4 

15 α-terpineol 

 

6.3-2.40 
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16 10-epi-γ-eudesmol 

 

6.2 

17 cembrene A 

 

5.8-3.13 

18 neral 

 

4.6 

19 pentacosane 

 

 

3.0 

20 trans-caryophyllene 

 

2.84 

21 caryophyllene oxide 

 

2.6 

22 tau-cadinol 

 

2.40-1.77 

23 tetradecanal 
 

2.2 
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24 4-(2-propenyl) phenol 

 

2.1 

25 nerol 

 

2.0 

26 geranyl angelate 

 

1.9 

27 tricosane  1.9 

28 vanillin 

 

1.8 

29 
(Z)-3-hexen-1-ol 

benzoate  

1.76 

30 guaiol 

 

1.73 

31 myristaldehyde  1.7 

32 
trans-p-mentha-2,8-

dienol 
 

1.5 
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33 geranyl acetate 
 

1.4 

34 n-hexadecanoic acid 
 

1.3 

35 alpha-terpinyl acetate  

 

1.2 

36 n-heptadecane  1.1 

37 phenylethyl alcohol 

 

1.0 

38 Linoleic acid 
 

0.78 

39 

6-(Pent-2’-enyl)-

tetrahydropyran-2-

one 

 

0.76 

20 cis-3-hexenol 

 

0.76 
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41 (E)-β-ionone 

 

0.7 

42 α-eudesmol 

 

0.7 

43 
2-Methoxy-4-

vinylphenol  

0.66 

44 geranyl geraniol 

 

0.6 

45 Z-3-hexenyl acetate 

 

0.06 

46 
z-3-hexenyl 

propionate 
 

0.05 

47 trans-isoeugenol 

 

0.31 

48 Z-3-hexenyl acetate 

 

0.06 
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49 
Z-3-hexenyl 

propionate 
 

0.05 

50 indole 

 

0.29-0.15 

51 

Z-3-hexenyl 2- 

methylbutanoate 

 
 

0.25 

52 Z-3-hexenyl benzoate 

 

0.22-0.08 

53 germacrene D 

 

0.20 

54 methyl salicylate 

 

0.15 
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55 delta-cadinene 

 

0.10 

57 alpha-thujene 

 

0.06 

58 cis-ocimene 

 

0.03 

59 alpha-copaene 

 

0.03 

60 z-3-hexenyl butyrate 

 

0.02 

61 eugenol 

 

- 

62 2-Phenylethanol 

 

- 
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63 benzyl alcohol 

 

- 

64 borneol 

 

- 

65 ethyl octanoate 
 

- 

66 jasminodiol 

 

- 

67 picrocrocinic acid 

 

- 

68 
4-methoxy-

benzaldehyde 
 

- 

69 syringaldehyde 

 

- 
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70 ceplignan 

 

- 

71 2-phenylethanol 

 

- 

72 borneol 

 

- 

73 ethyl octanoate  
 

- 

 

Catalpa Tree  
The Catalpa tree, found in various plants, produces clusters of bell-shaped flowers with a pleasing fragrance. 

It is a genus of eight tree plants found in eastern North America, eastern Asia, and the West Indies (family 

bignoniaceae). Because their seed pods resemble beans, the southern and northern catalpa plants, Catalpa 

bignonioides 14, and Catalpa speciosa 15, are known to as Indian bean tree and cigar tree, respectively. The 

blossoms are well renowned for their peculiar perfume, which is sometimes characterized as vanilla or honey-

like 16. The Catalpa tree flower is a distinctive and unique blossom with large, bell-shaped flowers. The petals of 

these flowers are usually white or cream-colored and may have purple or yellow spots, enhancing their visual 

appeal. Catalpa tree flowers grow in clusters and bloom in late spring or early summer. Essential oils from catalpa 

flowers are recognized to have distinctive fragrant qualities.  The essential oil of catalpa flowers was extracted 

using steam distillation described in the relevant articles found. The compounds identified were ethyl salicylate, 

phytol, and isobornyl acetate. Ethyl salicylate has a sweet, floral, and slightly spicy fragrance and is commonly 
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used in perfumes and fragrances. Phytol is a diterpene alcohol with a mild, sweet, and slightly floral scent. 

Although it is not commonly used as a fragrance ingredient, it can contribute to the overall fragrance of certain 

plants or essential oils. Isobornyl acetate is an ester with a woody, menthol-like, and slightly floral fragrance. It 

is often used in perfumes and fragrance compositions for its pleasant scent. 

 
Table 6: Compounds identified in Catalpa Tree (Appendix F)  
 

No.  Compound Structure % 

Composition 

1 1, 4-dimethyl pyrazole 

 

6.69 

2 octadecanoic acid  

 

4.81 

3 cyclohexanol,  

2-methyl-5- (1-methylethenyl) 

 

4.43 
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4 phytol 

 

3.35 

5 acetic acid 

 

4.23 

6 phenol 

 

2.30 

7 n-hexadecanoic acid  

 

2.27 

8 isobornyl acetate 

 

2.15 

 

Locust Flower (Robinia pseudoacacia) 
Locust flowers, derived from the Robinia pseudoacacia tree, possess a delightful fragrance that resembles the 

scent of sweet pea blossoms 17. The Locust Tree flower, Robinia pseudoacacia, is native to the eastern region of 

North America but can be found in other parts of the world, such as Europe. The flower of the Locust tree 
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blossoms consists of small clusters of white flowers. The petals of the Locust tree flower are typically tube-shaped 

and are arranged in a cylindrical cluster. These blossoms produce essential oils with a soft, floral scent18. The use 

of locust flower essential oil in the fragrance industry makes its extraction interesting. The articles found 

demonstrated how the essential oil of locust flowers were extracted using solvent extraction while the analysis 

identified major compounds such as limonene, linalool, cis-β-ocimene, and (E)-α-bergamotene, which are 

fragrant and have a sweet, floral, rosy, fresh, woody, and lilac-like aroma. Other fragrant compounds present in 

the extract include geraniol, terpinen-4-ol, and α-terpineol. However, rutin, quercetin, gallic acid, 

epigallocatechin, ferulic acid, syringol, and guaiacol are not typically associated with fragrant properties. Rutin 

and quercetin are odorless flavonoid compounds that are known for their health benefits, while gallic acid is an 

organic acid with a sour taste but no distinctive fragrance. Epigallocatechin is a catechin found in green tea that 

does not have a distinct fragrance, and ferulic acid has a slightly sweet and fragrant scent, but it is not typically 

described as a fragrant compound. Lastly, syringol and guaiacol are phenolic compounds found in wood smoke 

that have a smoky, charred, and phenolic odor rather than a conventional fragrance. 

Table 7: Compounds identified in Locust flower. (Appendix G) 
No.  Compound Name Structure Composition 

Percentage 
1 limonene 

 

20.4% 

2 geraniol 

 

2.0% 

3 terpinen-4-ol 

 

1.7% 

4 α-terpineol 

 

1.5% 
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5 rutin 

 

- 

6 quercetin 

 

- 

7 gallic Acid 

 

- 

8 epigallocatechin 

 

- 

9 Ferulic Acid 

 

- 

10 cis-β-ocimene 

 

- 

11 (E)-α-bergamotene 

 

- 

12 linalool 

 

- 

13 syringol 

 

- 
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14 guaiacol 

 

- 

 
Eucalyptus  

Eucalyptus is a broad plant comprising numerous plants known for their fragrant leaves 19. It is a versatile and 

fast-growing plants native to Australia but is now cultivated in many parts of the world, like Asia, Africa, Europe, 

and the Americas Eucalyptus trees provide a distinctive scent that has notes of both refreshment and medicine 20. 

The tree leaves have a unique and recognizable look. It is characterized by its long and slender leaves, which are 

typically a bluish-green shade. These leaves are shaped like a lance and hang down vertically from the branches, 

giving the tree a flowy appearance. The bark of the Eucalyptus tree is smooth and can vary. in color, ranging from 

white to gray to brown, depending on the specific species giving it a tall and slender silhouette Because of its 

widespread therapeutic uses, eucalyptus essential oil is a subject of research for extraction and characterization.  

The literature search gave the following information for Eucalyptus essential oil was obtained through steam 

distillation and the analysis revealed the presence of compounds such as (1,8-cineole) and α-pinene. The 

composition percentage range for eucalyptol is 0.17-55.43%, and for α-pinene is 0.85-23.62%. These compounds 

contribute to the refreshing, medicinal, and camphoraceous aroma associated with eucalyptus 21. Other 

compounds that are fragrant in eucalyptus include α-phellandrene, aromadendrene, eugenol, γ-gurjunene, 

pentadecanoic acid, limonene, terpinolene, spathulenol, ledene, β-pinene, α-eudesmol, longifolene, p-cymene, D-

limonene.  

 

Table 8: Compounds identified in Eucalyptus (Appendix H)  
 

No. Compound Name Structure Composition 
Percentage  
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1 eucalyptol (1,8-cineole) 

 

0.17-55.43% 

2 α-phellandrene 

 

2.06-40.31% 

3 aromadendrene 

 

6.45–15.02% 

4 eugenol 

 

7-22% 

5 γ-gurjunene 

 

8.40–10.08% 

6 pentadecanoic acid  

 

11% 

7 limonene 

 

5.69% 

8 terpinolene 

 

1.98–8.39% 

9 spathulenol 

 

1.42–8.34% 
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10 ledene 

 

0.94–6.72% 

11 α-pinene 

 

0.85-23.62% 

12 β-pinene 

 

10% 

13 α -eudesmol 

 

4.68% 

14 longifolene 

 

0.07–6.22% 

15 terpinen-4-ol 

 

- 

16 α-terpineol 

 

- 

18 γ-terpinene 

 

- 
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19 p-cymene 

 

1.60% 

 

 
Viburnum 

There are many plants of Viburnum opulus each of which produces fragrant flowers with distinctive aromas. 

These flowers exhibit a range of scents, from sweet and spicy to fruity and floral 22. Viburnum flower has over 

150 plants native to North America and Asia. The flower is a collection of dainty and delicate blossoms. Each 

flower is composed of numerous small petals that are typically arranged in a rounded or dome-like shape. These 

petals come in various shades, including white, pink, and light purple, which give the flower a gentle and refined 

appearance. The clusters of Viburnum flowers are often dense and abundant, creating a lush and full look. They 

grow on slim stems and their size can vary depending on the specific type of Viburnum 23. Essential oils from 

viburnum plants can be extracted and studied to get important knowledge about their various fragrant constituents. 

The articles presented information on the essential oil of viburnum flowers extracted using steam distillation. GC-

MS analysis showed key compounds including linalool, α-cadinol, γ-cadinene, and Δ-cadinene. This linalool is a 

monoterpene with a floral profile while α-cadinol, γ-cadinene, and Δ-cadinene are sesquiterpenes that can 

contribute to the overall fragrant profile of viburnum. These compounds are often associated with floral, woody, 

earthy, and slightly spicy aromas. Phenylethyl alcohol is another compound known for its pleasant floral 

fragrance. However, compounds such as isovaleric acid, butanoic acid, propanoic acid, 4-methyl catechol, 

isoamyl alcohol, acetoin, 2H-pyran-2,6(3H)-dione, (E)-Dihydrocarvone, d-carvone, and 2-pentyl furan may not 

have distinctive fragrant properties or are typically associated with non-pleasant odors.  
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Figure 9: Viburnum (Viburnum opulus)21 

 

Table 9: Compounds identified in Viburnum (appendix I) 
No. Compound Name Structure Area % % 

Composition 
1 L-linalool 

 

2.1 58.5-10.8 

2 isovaleric acid 

 

- - 

3 palmitic acid  

 

- 18.3 

4 occidenol 

 

26.3-6.3 - 

5 α-cadinol 

 

9.1-4.8 5.6 

6 γ-cadinene 

 

20.8-4.6 - 

7 Δ-cadinene 

 

4.5-3.4 - 
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8 3-Z-hexenal 

 

- 12.7 

9 geraniol 

 

- 12.53-5.77 

10 α-terpineol 

 

- 20.98-12.63 

11 phytol 

 

8.7-7.8 - 

12 trans-β-
damascenone 

 

5.9 - 

13 methyl pentanoate 

 

32.2-4.1 - 

14 2E,4E-decadienal 

 

32.3-4.5 - 

15 terpinolene 

 

0.5 - 

16 n-heptanal 

 

3.9 - 

17 limonene 

 

0.9 - 

18 4-methyl catechol 

 

- - 

19 phenylethyl alcohol 

 

- - 
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20 isoamyl alcohol 

 

- - 

21 butanoic acid 

 

- - 

22 propanoic acid 

 

- - 

23 acetoin 

 

- - 

24 2H-pyran-2,6(3H)-
dione 

 

- - 

25 (E)-dihydrocarvone 

 

- - 

26 d-carvone 

 

- - 

27 2-pentyl furan 

 

- - 

 
Wisteria Vines  

The elegant, cascading petals and an aroma evocative of grapes and spring buds are the characteristics that 

define Wisteria Vines 24 . Wisteria Vine originated in parts of Asia and migrated to North America when settlers 

set on their exhibitions in 1803. In Japan, wisteria is a symbol of love and longevity.  Each Wisteria Vine flower 

has a unique shape similar to a pea, with petals that are slightly curved and overlap each other. Wisteria flowers 

come in various shades like lavender, purple, pink, and white. The Wisteria Vine is known for its strong and 
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vigorous growth and reaches impressive heights 25. The articles presented were interested in examining 

information about the fragrant elements that give wisteria blossoms their unique aroma because of their delicate 

scent. Wisteria essential oil was obtained through solvent extraction. Based on the literature research, wisteria 

plants contain major fragrant compounds such as phytol, geraniol, benzyl cyanide, and linalool. Additionally, 

there are also minor fragrant compounds such as (Z)-g-bisabolene, nonanal, palmitic acid, 𝛼-terpineol, (2E)-

hexanal, (E)-β-ocimene, (3Z)-hexenol, hexanol, heptanal, 3-(methylthio)-propanol, 1-octen-3-ol, 4-vinyl-o-

guaiacol, (E)-β-damascone, methyl hexadecanoate, ethyl hexadecanoate, and indole. 

While some of these compounds are associated with a pleasant fragrance, others may not necessarily 

contribute to a noticeable scent. For example, phytol can contribute to a green, leafy fragrance, while geraniol has 

a sweet, floral aroma. Benzyl cyanide has a bitter almond-like fragrance and is used as a synthetic fragrance 

ingredient. Linalool has a floral scent with hints of citrus. Among the minor fragrant compounds, α-terpineol is 

known for its floral fragrance, while indole has a distinct floral and jasmine-like scent. (E)-β-ocimene and (3Z)-

hexenal are volatile compounds with herbaceous and green notes.  

Table 10: Compounds identified in Wisteria Vines (Appendix J) 
 

No. Compound Name Structure % Composition 
1 phytol 

 

46.0 

2 geraniol 

 

32.8-3.0 

3 benzyl cyanide 

 

31.7 

4 linalool 

 

22.1-5.0 
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5 (Z)-γ -bisabolene 

 

8.4 

6 nonanal 

 

7.5-5.7 

7 palmitic acid 

 

8.7-8.2 

8 𝛼-terpineol 

 

3.0 

10 (E)-β-ocimene 

 

- 

11 (3Z)-hexenol 

 

- 

12 hexanol 

 

- 

13 heptanal 

 

- 

14 3-(methylthio)-propanol  

 

- 

15 1-octen-3-ol 

 

9.3 

16 4-vinyl-o-guaiacol 

 

- 
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17 (E)-β-damascone 

 

- 

18 methyl hexadecanoate 
 

- 

19 2-undecanone 
 

 

- 

20 indole 

 

- 

21 benzyl isocyanide 
 

 

- 

22 (3Z)-hexenal 

 

- 

23 methyl benzoate 
 

 

- 
 

24 benzyl alcohol 
 

 

- 

 

The results show the varied and complex composition of fragrant compounds found in the essential oils 

of the selected flower plants. The extraction methods employed, whether steam distillation or solvent extraction, 

successfully captured these compounds, allowing for their characterization and identification. 
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Discussion 

Overall, the literature search shows how the essential oils of the ten chosen flower plants have a complex 

and variable composition of fragrant molecules. The compounds were successfully collected by the extraction 

techniques used, including solvent and steam distillation, enabling their characterization and identification. A 

comparative analysis of the fragrant compounds identified in the essential oils of the ten flower plants reveals 

both commonalities and distinct characteristics. Percent compositions were summarized for each flower by 

establishing a range encompassing the lowest and highest numbers from all the studies, thereby creating a 

comprehensive percent composition range. However, some articles presented only stated the detection of fragrant 

compounds being present but did not state exactly how much of the percent composition is present. This could be 

due to the study's goal since these specific articles are not just examining chemical makeup of the flowers. For 

instance, when looking at Table 1 where a table summary for the chemical composition for oriental lily is given 

majority of the compounds had a percentage composition except three compounds: (E,E)-2,6-dimethyl-1,3,5,7-

octatetraene, alpha-ocimene, and an unidentified terpene. These compounds were detected in Oriental Lily, but 

their percentage composition was not given. Compounds without percentage composition were noted because the 

overall goal is to determine what fragrant compounds are found within each flower of study based on the relevant 

articles.  

 Many compounds, including linalool, benzyl acetate, and geraniol, were discovered in a variety of flower 

plants, suggesting they are frequently present in floral scents. Each flower plant did, however, also display 

distinctive substances that contribute to their smells. 

Based on their application, flowers with rich, potent floral aromas, such as tuberose, gardenia, and ylang-

ylang, are highly prized in the perfume industry. On the other hand, flowers like eucalyptus and neroli have 

energizing and therapeutic scents that are often found in aromatherapy and personal care products. It is possible 

to use these flower plants specifically in a variety of applications by being aware of the distinctive fragrance 

chemicals. 
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In this literature search project, both steam distillation and solvent extraction were used, with each method 

showing its advantages and limitations. Steam distillation proved effective in capturing a wide range of volatile 

compounds, particularly in flowers with high essential oil content. Solvent extraction, on the other hand, provided 

an alternative approach for extracting essential oils from flowers with lower oil yields. The choice of extraction 

method should consider the specific characteristics of the flower plants and the desired outcome. From the 

research, the identified compounds offer insightful information to the fragrance business, enabling the creation of 

fresh fragrances and scented goods. Further investigation into the biological functions and potential therapeutic 

advantages of fragrant chemicals is also made possible by this literature research project. 

Conclusion 

In conclusion, the literature search project investigated the extraction and characterization of fragrant 

compounds from the essential oils of ten different flower plants. The search found that by using steam distillation 

and solvent extraction methods, the fragrant compounds present in the flower plants, including Oriental lily, 

tuberose, neroli, ylang-ylang, gardenia, catalpa tree, locust flower, eucalyptus, viburnum, and Wisteria Vine, were 

successfully extracted and analyzed. 

 This project also found that each flower plant contains a wide variety of fragrant chemicals that contribute 

to their distinctive smells. The summary revealed both shared and unique chemicals among the flowers, revealing 

information about their fragrant characteristics. The research has applications in a variety of fields, such as 

perfumery, aromatherapy, and cosmetics, where essential oils might be used for their distinctive scents and 

conceivable therapeutic properties. 

Given the characteristics of each flower plant, the extraction techniques used in this investigation proved 

effective in obtaining fragrant chemicals. The findings and analyses in this capstone literature project serves as a 

foundation for future investigation and study in the field of natural fragrances, including the study of additional 

flower plants, improvement of extraction techniques, and investigation of the biological activities of the fragrant 
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compounds. This literate research can advance our understanding of the fragrant chemicals present in flowers, 

supplying valuable information for the creation of novel fragrances and promoting developments in natural 

fragrances. 

 

References 

Supporting Articles Throughout the Capstone Project Report 
 

1. McCulloch, M. Fragrance Removal in Lilium L. Subdivision Orientalis (Oriental lily).  University of 
Minnesota Digital Conservancy. 2015 

2. Capaldi, J. After Eight Oriental Lily. [Photograph]. Retrieved from 
https://www.flickr.com/photos/72744295@N00/5914330970 

3. Jayesh Patil. (2011, April 28) Polianthes tuberosa from Amaryllidaceae. [Photograph]. Flickr: Tuberose, 
https://www.flickr.com/photos/72744295@N00/5914330970 

4. Ahmadian, M.; Ahmadi, N.; Babaei, A.; Naghavi, M. R.; Ayyari, M. Comparison of volatile compounds 
at various developmental stages of tuberose (Polianthes tuberosa L. cv. Mahallati) flower with different 
extraction methods. Journal of Essential Oil Research 2018, 30, 197-206. 

5. Miwasatoshi. (2008, March 20) Citrus aurantium, cultivated, Tempe, Arizona [Photograph]. (2008, 
March 20). Wikimedia Commons. 

6. Ferrer, V., Costantino, G., Paoli, M., Paymal, N., Quinton, C., Ollitrault, P., ... & Luro, F. Intercultivar 
diversity of sour orange (Citrus aurantium L.) based on genetic markers, phenotypic characteristics, 
fragrant compounds and sensorial analysis. Agronomy, 2022, 12, 296-296. 

7. Pierson, M.; Fernandez, X.; Antoniotti, S. Type and magnitude of non-compliance and adulteration in 
neroli, mandarin and bergamot essential oils purchased on-line: potential consumer vulnerability. 
Scientific Reports 2021, 11(1), 11096. 

8. Brigitte & Heinz. (2017, July 27) "Cananga odorata (en wallisien mohokoi, en français Ylang-Ylang) à 
Wallis." 173 duftende Baumblüten. Wikimedia Commons. 
https://commons.wikimedia.org/wiki/File:173_Cananga_odorata_(Mohokoi)_%C3%A0_Wallis_(37082
453795).jpg 

9. Mallavarapu, G. R.; Gurudutt, K. N.; Syamasundar, K. V. Ylang–Ylang (Cananga odorata) Oils. 
Essential Oils in Food Preservation, Flavor and Safety 2016, 865-873. 

10. Benini, C.; Ringuet, M.; Wathelet, J. P.; Lognay, G.; du Jardin, P.; Fauconnier, M. L. Variations in the 
essential oils from ylang-ylang (Cananga odorata [Lam.] Hook f. & Thomson forma genuina) in the 
Western Indian Ocean islands. Flavour and Fragrance Journal 2012, 27(5), 356-366. 

11. Khammee, T.; Phoonan, W.; Ninsuwan, U.; Jaratrungtawee, A.; Kuno, M. Volatile constituents, in vitro 
and in silico anti-hyaluronidase activity of the essential oil from gardenia carinata wall. ex roxb. 
Flowers. Journal of Essential Oil Research 2019, 31(1), 18-27. 



 

50 
 

12. Bastus917. (2014, June 18) Gardenia jasminoides (common gardenia). Retrieved from 
https://www.flickr.com/photos/bastus917/14479106094/ 

13. Yu, R., Li, Y., Si, D., Yan, S., Liu, J., Si, J., & Zhang, X. (2023). Identification, quantitative and 
bioactivity analyses of aroma and alcohol-soluble components in flowers of Gardenia jasminoides and 
its variety during different drying processes. Food Chemistry, 420, 2023, 135846. 

14. Cebeci, Z. (2020, May 12). Southern catalpa (Catalpa bignonioides) Own work. Retrieved from 
https://commons.wikimedia.org/wiki/File:Catalpa_bignonioides_09.jpg 

15. Cbaile19. Catalpa speciosa blooming in the Homewood Cemetery, Pittsburgh; 2015 Jun 2, 12:38:19 
[Own work]. Retrieved from 

16. Makhmudov, R. A.; Majidov, K. K.; Usmanova, M. M.; Ulashov, S. M.; Niyozov, S. A. Characteristics 
of Catalpa Plant As Raw Material For Oil Extraction. The American Journal of Engineering and 
Technology 2021, 3(03), 70-75. 

17. Famartin. (2019, May 1). Black Locust flowers along Stone Heather Drive in the Franklin Farm section 
of Oak Hill, Fairfax County, Virginia [Photograph]. Own work. Retrieved from 
https://commons.wikimedia.org/wiki/File:2019-05-
01_18_21_24_Black_Locust_flowers_along_Stone_Heather_Drive_in_the_Franklin_Farm_section_of_
Oak_Hill,_Fairfax_County,_Virginia.jpg 

18. Tyśkiewicz, K.; Konkol, M.; Kowalski, R.; Rój, E.; Warmiński, K.; Krzyżaniak, M.; Gil, Ł.; Stolarski, 
M. J. Characterization of bioactive compounds in the biomass of black locust, poplar and willow. Trees 
2019, 33(5), 1235-126 

19. H. Zell (2009, August 12). Eucalyptus globulus, Myrtaceae, Tasmanian Blue Gum, Southern Blue Gum, 
Blue Gum, leaves; Botanical Garden KIT, Karlsruhe, Germany. Retrieved from 
https://commons.wikimedia.org/wiki/File:Eucalyptus_globulus_01_by-line.jpg. 

20. Abbasi, N.; Khalighi, Z.; Eftekhari, Z.; Bahmani, M. Extraction and Phytoanalysis of Chemical 
Compounds of Eucalyptus globulus Leaf Native to Dehloran, Ilam Province, Iran by HS-SPME and GC-
MS. Adv. Anim. Vet. Sci. 2020, 8(6), 647-652. 

21. Joshi, A.; Sharma, A.; Bachheti, R. K.; Pandey, D. P. A comparative study of the chemical composition 
of the essential oil from Eucalyptus globulus growing in Dehradun (India) and around the world. 
Oriental Journal of Chemistry 2016, 32(1), 331-340. 

22. Kajszczak, D.; Zakłos-Szyda, M.; Podsędek, A. Viburnum opulus L.—A Review of Phytochemistry and 
Biological Effects. Nutrients 2020, 12(11), 3398. DOI: 10.3390/nu12113398 

23. Grant, J. (2022, April 22). Viburnum opulus [Photograph]. iNaturalist. 
https://www.inaturalist.org/photos/189883055 

24. Rezaee, M. B.; Jaimand, K. Hyphenated GC-MS determination of volatile constituents in lilium. Asian 
Journal of Chemistry 2018, 26, 1974-1976. 

25. Suzequze. (2019, May 23). Picture of wisteria. [Photograph]. Own work. Retrieved from 
https://commons.wikimedia.org/wiki/File:Wisteria_tree_02.jpg 

26. Baptista-Silva, S.; Borges, S.; Ramos, O. L.; Pintado, M.; Sarmento, B. The Progress of Essential Oils as 
Potential Therapeutic Agents: A Review. J. Essent. Oil Res. 2020, 32(4), 279-295.  

Appendices 
Please note that the Appendix comprises a comprehensive list of articles organized by the keywords used in the search 
and a compilation of pertinent articles aligned with the project's goals. This section is do demonstrate the number of 
articles found in the method section only.  



 

51 
 

Appendix A: 
 Oriental Lily Full Article List  

1. Kong, Y.; Lang, L.; Bai, J.; Dou, X.; Wang, N. Floral scent composition of nine Oriental× Trumpet hybrid 
lilies. Acta Horticulturae, 2016, (1127), 425-430. 

2. Hui-Tang, P.; Xia, L.; Zi-Lin, J.; Ming, S.; Jia, W.; Wei-Ru, Y.; Qi-Xiang, Z. Major aroma ingredients of 
oriental lily 'Siberia' and their effect on humans. Acta Horticulturae 2011, 925, 307-313. 

3. Kong, Y.; Sun, M.; Pan, H. T.; Zhang, Q. X. Composition and emission rhythm of floral scent volatiles 
from eight lily cut flowers. J. Am. Soc. Hort. Sci. 2012, 137(6), 376-382. 

4. Kong, Y.; Bai, J.; Lang, L.; Bao, F.; Dou, X.; Wang, H.; Shang, H. Variation in floral scent compositions 
of different lily hybrid groups. J. Am. Soc. Hort. Sci., 2017, 142(3), 175-183. 

5. Aros, D.; Garrido, N.; Rivas, C.; Medel, M.; Müller, C.; Rogers, H.; Úbeda, C. Floral scent evaluation of 
three cut flowers through sensorial and gas chromatography analysis. Agronomy 2020, 10, 131. 

6. Wu, L. F.; Wang, J. H.; Tang, D. S.; Lee, I. J.; Zhang, Y. P.; Cui, G. F. Effect of Jasmonic Acid to 
Resistance against Fusarium in Lily. II International Symposium on the Genus Lilium 900 2010, 213-216. 

7. Johnson, T. S.; Schwieterman, M. L.; Kim, J. Y.; Cho, K. H.; Clark, D. G.; Colquhoun, T. A. 
Phytochemistry 2016, 122, 103-112. 

8. Hu, Z.; Zhang, H.; Leng, P.; Zhao, J.; Wang, W.; Wang, S. The emission of floral scent from Lilium 
‘siberia’ in response to light intensity and temperature. Acta Physiologiae Plantarum 2013, 35, 1691-
1700. 

9. Wang, X., Yu, Y., & Guo, S. Hyphenated GC-MS determination of volatile constituents in lilium. Asian 
Journal of Chemistry 2014, 26(7), 1974-1976. 

10. Aros Orellana, D.; Garrido, N.; Suazo, M.; Medel Maraboli, M.; Úbeda, C. Floral scent: From sensorial 
to instrumental evaluation. Agronomy 2017, 7, 38. 
 

Oriental Lily Relevant Article List  

1. Kong, Y.; Lang, L.; Bai, J.; Dou, X.; Wang, N. Floral scent composition of nine Oriental× Trumpet 
hybrid lilies. Acta Horticulturae, 2016, (1127), 425-430. 

2. Hui-Tang, P.; Xia, L.; Zi-Lin, J.; Ming, S.; Jia, W.; Wei-Ru, Y.; Qi-Xiang, Z. Major aroma ingredients 
of oriental lily 'Siberia' and their effect on humans. Acta Horticulturae 2011, 925, 307-313. 

3. Kong, Y.; Sun, M.; Pan, H. T.; Zhang, Q. X. Composition and emission rhythm of floral scent volatiles 
from eight lily cut flowers. J. Am. Soc. Hort. Sci. 2012, 137(6), 376-382. 

4. Kong, Y.; Bai, J.; Lang, L.; Bao, F.; Dou, X.; Wang, H.; Shang, H. Variation in floral scent 
compositions of different lily hybrid groups. J. Am. Soc. Hort. Sci., 2017, 142(3), 175-183. 

5. Aros, D.; Garrido, N.; Rivas, C.; Medel, M.; Müller, C.; Rogers, H.; Úbeda, C. Floral scent evaluation of 
three cut flowers through sensorial and gas chromatography analysis. Agronomy 2020, 10, 131. 

6. Johnson, T. S.; Schwieterman, M. L.; Kim, J. Y.; Cho, K. H.; Clark, D. G.; Colquhoun, T. A. 
Phytochemistry 2016, 122, 103-112. 

7. Hu, Z.; Zhang, H.; Leng, P.; Zhao, J.; Wang, W.; Wang, S. The emission of floral scent from Lilium 
‘siberia’ in response to light intensity and temperature. Acta Physiologiae Plantarum 2013, 35, 1691-
1700. 

8. Wang, X., Yu, Y., & Guo, S. Hyphenated GC-MS determination of volatile constituents in lilium. Asian 
Journal of Chemistry 2014, 26(7), 1974-1976. 



 

52 
 

9. Aros Orellana, D.; Garrido, N.; Suazo, M.; Medel Maraboli, M.; Úbeda, C. Floral scent: From sensorial 
to instrumental evaluation. Agronomy 2017, 7, 38. 

 

Appendix B:  
Tuberose Full Article List 

1. Maiti, S.; Mitra, A. Morphological, Physiological, and Ultrastructural Changes in Flowers Explain the 
Spatio-Temporal Emission of Scent Volatiles in Polianthes Tuberosa L. Plant and Cell Physiology 2017, 
58(12), 2095-2111. 

2. Rodyoung, A.; Sa-Nuanpuag, K.; Wongs-Aree, C.; Buanong, M. Volatile releasing patterns of tuberose 
flowers (Polianthes tuberosa L.) at different maturities and diurnal times of the day. II Southeast Asia 
Symposium on Quality Management in Postharvest Systems 2013, 1088, 165-172. 

3. Roldán-Gutiérrez, J. M.; Ruiz-Jiménez, J.; De Castro, M. L. Ultrasound-assisted dynamic extraction of 
valuable compounds from fragrant plants and flowers as compared with steam distillation and superheated 
liquid extraction. Talanta 2008, 75(5), 1369-1375. 

4. Reverchon, E., & Della Porta, G. Tuberose concrete fractionation by supercritical carbon dioxide. Journal 
of Agricultural and Food Chemistry, 1997, 45, 1356-1360. 

5. Singh, K. P.; Suneja, P.; Mohan, J.; Singh, M. C. Gas chromatographic evaluation of floral extract of two 
single and double type cultivars of tuberose (Polianthes tuberosa Linn.). Progressive Horticulture 2009, 
41(2), 145-147. 

6. Rakthaworn, P.; Dilokkunanant, U.; Sukkatta, U.; Vajrodaya, S.; Haruethaitanasan, V.; Pitpiangchan, P.; 
Punjee, P. Extraction methods for tuberose oil and their chemical components. Agriculture and Natural 
Resources 2009, 43(5), 204-211. 

7. Ahmadian, M.; Ahmadi, N.; Babaei, A.; Naghavi, M. R.; Ayyari, M. Comparison of volatile compounds 
at various developmental stages of tuberose (Polianthes tuberosa L. cv. Mahallati) flower with different 
extraction methods. Journal of Essential Oil Research 2018, 30, 197-206. 

8. Fragoso-Jiménez, J. C.; Tapia-Campos, E.; Estarron-Espinosa, M.; Barba-Gonzalez, R.; Castañeda-
Saucedo, M. C.; Castillo-Herrera, G. A. Effect of supercritical fluid extraction process on chemical 
composition of Polianthes tuberosa flower extracts. Processes 2019, 7, 60. 

9. Matravers, P.; Kapsner, T.; Shaath, N. A.; Hashem, A. Method for the extraction of essential oil from 
tuberose flowers (Polianthes tuberosa L.) and compositions thereof. World Intellectual Property 
Organization, WO2006002249 A1, 2006. 

10. Xiao, Z.; Tian, T.; Hu, J.; Wang, M.; Zhou, R. Preparation and characterization of chitosan nanoparticles 
as the delivery system for tuberose fragrance. Flavour and Fragrance Journal 2014, 29(1), 22-34. 

11. Kanani, M., & Nazarideljou, M. J. Methyl jasmonate and α-aminooxi-β-phenyl propionic acid alter 
phenylalanine ammonia-lyase enzymatic activity to affect the longevity and floral scent of cut tuberose. 
Horticulture, Environment, and Biotechnology, 2017, 58, 136-143. 

12. Fan, R.; Chen, Y.; Ye, X.; Wu, J.; Lin, B.; Zhong, H. Transcriptome analysis of Polianthes tuberosa during 
floral scent formation. Plos one 2018, 13, e0199261. 

13. Gogoi, K.; Talukdar, M. C. Assessment of Variation in Concrete Recovery and Chemical Constituents 
among the Tuberose Cultivars in Assam Condition. International Journal of Current Microbiology and 
Applied Sciences 2019, 8, 1661-1667. 



 

53 
 

14. Wahba, H. E., Hashem, F. A., & Saleh, M. M. Analysis of tuberose volatiles by head-space enrichment 
on Tenax and their sub-acute dermal toxicity tests. Egyptian Journal of Pharmaceutical Sciences 1998, 
39(4/6), 435-435. 

15. Panigrahi, J., & Saiyad, M. S. L. In vitro Propagation of Polianthes Tuberosa L. Cultivars (Calcutta 
Single). International Journal of Plant, Animal and Environmental Sciences 2013, 3(3), 76-79. 

16. Nalousi, A. M.; Hatamzadeh, A.; Azadi, P.; Mohsenpour, M.; Lahiji, H. S. A procedure for indirect shoot 
organogenesis of Polianthes tuberosa L. and analysis of genetic stability using ISSR markers in 
regenerated plants. Scientia Horticulturae 2019, 244, 315-321. 

17. Hu, J.; Chen, M.; Xiao, Z.; Zhang, J. Sustained‐release properties of cotton fabrics impregnated with 
nanotuberose fragrance. Journal of Applied Polymer Science 2015, 132(12), 41546. 

18. Kumar Ghosh, P.; Bhattacharjee, P.; Das, S. Antimicrobial cream formulated with supercritical carbon 
dioxide extract of tuberose flowers arrests growth of Staphylococcus aureus. Recent Patents on 
Biotechnology 2016, 10, 86-102. 

19. Kutty, N. N.; Mitra, A. Profiling of volatile and non-volatile metabolites in Polianthes tuberosa L. flowers 
reveals intraspecific variation among cultivars. Phytochemistry 2019, 162, 10-20. 

20. Singh, K. P.; Suneja, P.; Mohan, J.; Singh, M. C. Gas chromatographic evaluation of floral extract of two 
single and double type cultivars of tuberose (Polianthes tuberosa Linn.). Progressive Horticulture 2009, 
41(2), 145-147. 

21. Muriithi, A. N., Wamocho, L. S., & Njoroge, J. B. The composition of the floral fragrance of Polianthes 
tuberosa L. cut flower grown in Kenya. Journal of Essential Oil Research 2013, 25(5), 427-432. 

22. Waste, F. Characterization of Essential Oils from Tuberose. Journal of Advanced Agricultural 
Technologies 2017, 4(1), 78-81. 

23. Ranchana, P.; Kannan, M.; Jawaharlal, M. Chemical composition of concrete content of tuberose 
(Polianthes tuberose) growing in Tamil Nadu. Progressive Horticulture 2015, 47(2), 267-270. 

24. Kanani, M.; Sharabiani, F. B. F.; Nazarideljou, M. J. Floral Scent of Tuberose (Polianthes tuberosa L.) in 
Soil and Soilless Culture Systems. Horticulture, Environment, and Biotechnology 2017, 58, 136-143. 
 

Tuberose Relevant Article List  

1. Maiti, S.; Mitra, A. Morphological, Physiological, and Ultrastructural Changes in Flowers Explain the 
Spatio-Temporal Emission of Scent Volatiles in Polianthes Tuberosa L. Plant and Cell Physiology 2017, 
58(12), 2095-2111. 

2. Reverchon, E., & Della Porta, G. Tuberose concrete fractionation by supercritical carbon dioxide. Journal 
of Agricultural and Food Chemistry, 1997, 45, 1356-1360. 

3. Rakthaworn, P.; Dilokkunanant, U.; Sukkatta, U.; Vajrodaya, S.; Haruethaitanasan, V.; Pitpiangchan, P.; 
Punjee, P. Extraction methods for tuberose oil and their chemical components. Agriculture and Natural 
Resources 2009, 43(5), 204-211. 

4. Ahmadian, M.; Ahmadi, N.; Babaei, A.; Naghavi, M. R.; Ayyari, M. Comparison of volatile compounds 
at various developmental stages of tuberose (Polianthes tuberosa L. cv. Mahallati) flower with different 
extraction methods. Journal of Essential Oil Research 2018, 30, 197-206. 

5. Fragoso-Jiménez, J. C.; Tapia-Campos, E.; Estarron-Espinosa, M.; Barba-Gonzalez, R.; Castañeda-
Saucedo, M. C.; Castillo-Herrera, G. A. Effect of supercritical fluid extraction process on chemical 
composition of Polianthes tuberosa flower extracts. Processes 2019, 7, 60. 



 

54 
 

6. Kanani, M., & Nazarideljou, M. J. Methyl jasmonate and α-aminooxi-β-phenyl propionic acid alter 
phenylalanine ammonia-lyase enzymatic activity to affect the longevity and floral scent of cut tuberose. 
Horticulture, Environment, and Biotechnology, 2017, 58, 136-143. 

7. Fan, R.; Chen, Y.; Ye, X.; Wu, J.; Lin, B.; Zhong, H. Transcriptome analysis of Polianthes tuberosa during 
floral scent formation. Plos one 2018, 13, e0199261. 

8. Gogoi, K.; Talukdar, M. C. Assessment of Variation in Concrete Recovery and Chemical Constituents 
among the Tuberose Cultivars in Assam Condition. International Journal of Current Microbiology and 
Applied Sciences 2019, 8, 1661-1667. 

9. Singh, K. P.; Suneja, P.; Mohan, J.; Singh, M. C. Gas chromatographic evaluation of floral extract of two 
single and double type cultivars of tuberose (Polianthes tuberosa Linn.). Progressive Horticulture 2009, 
41(2), 145-147. 

10. Muriithi, A. N., Wamocho, L. S., & Njoroge, J. B. The composition of the floral fragrance of Polianthes 
tuberosa L. cut flower grown in Kenya. Journal of Essential Oil Research 2013, 25(5), 427-432. 

11. Waste, F. Characterization of Essential Oils from Tuberose. Journal of Advanced Agricultural 
Technologies 2017, 4(1), 78-81. 

12. Kanani, M.; Sharabiani, F. B. F.; Nazarideljou, M. J. Floral Scent of Tuberose (Polianthes tuberosa L.) in 
Soil and Soilless Culture Systems. Horticulture, Environment, and Biotechnology 2017, 58, 136-143. 

13. Mallavarapu, G.R.; Gurudutt, K.N.; Syamasundar, K.V. Ylang–Ylang (Cananga odorata) Oils. In 
Essential Oils in Food Preservation, Flavor and Safety; Academic Press 2016; pp 865-873. 
  

Appendix C: 
 Neroli Full Article List  

1. Cuchet, A.; Anchisi, A.; Schiets, F.; Clément, Y.; Lantéri, P.; Bonnefoy, C.; ... & Casabianca, H. 
Determination of enantiomeric and stable isotope ratio fingerprints of active secondary metabolites in 
neroli (Citrus aurantium L.) essential oils for authentication by multidimensional gas chromatography and 
GC-C/P-IRMS. Journal of Chromatography B 2021, 1185, 123003. 

2. Wang, K.; Zhu, R. Z.; Qu, R. F.; Li, Z. Y. Comprehensive two-dimensional gas chromatography–time-
of-flight mass spectrometry for the analysis of volatile components in Neroli essential oil. Mendeleev 
Communications 2012, 22(1), 45-46.  

3. Mondello, L.; Dugo, P.; Bartle, K. D.; Frere, B.; Dugo, G. On-line high performance liquid 
chromatography coupled with high resolution gas chromatography and mass spectrometry (HPLC-
HRGC-MS) for the analysis of complex mixtures containing highly volatile compounds. 
Chromatographia 1994, 39, 529-538. 

4. Dugo, G.; Bonaccorsi, I.; Sciarrone, D.; Costa, R.; Dugo, P.; Mondello, L.; ... & Fakhry, H. A. 
Characterization of oils from the fruits, leaves and flowers of the bitter orange tree. Journal of Essential 
Oil Research 2011, 23(2), 45-59.  

5. Li, Z. W.; Wang, J. H. Analysis of volatile aroma compounds from five types of Fenghuang Dancong tea 
using headspace-solid phase microextraction combined with GC-MS and GC-olfactometry. International 
Food Research Journal 2021, 28(3). 

6. Pierson, M.; Fernandez, X.; Antoniotti, S. Type and magnitude of non-compliance and adulteration in 
neroli, mandarin and bergamot essential oils purchased on-line: potential consumer vulnerability. 
Scientific Reports 2021, 11(1), 11096. 



 

55 
 

7. Dhifi, W.; Mnif, W.; Jelali, N.; El Beyrouthy, M.; Ben Salem, N. Citrus aurantium (bitter orange) blossoms 
essential oil and methanolic extract: Composition and free radical scavenging activity. International 
Symposium on Medicinal and Fragrant Plants-SIPAM 2012 997 2012, 195-200. 

8. Bonaccorsi, I.; Sciarrone, D.; Schipilliti, L.; Trozzi, A.; Fakhry, H. A.; Dugo, G. Composition of Egyptian 
nerolì oil. Natural Product Communications 2011, 6(7), 1934578X1100600723. 

9. Khodabakhsh, P.; Shafaroodi, H.; Asgarpanah, J. Analgesic and anti-inflammatory activities of Citrus 
aurantium L. blossoms essential oil (neroli): involvement of the nitric oxide/cyclic-guanosine 
monophosphate pathway. Journal of Natural Medicines 2015, 69(3), 324-331.  

10. Sarkic, A.; Stappen, I. Essential oils and their single compounds in cosmetics—A critical review. 
Cosmetics 2018, 5(1), 11.  

11. Bayer, M., & Mosandl, A. Improved gas chromatographic stereodifferentiation of chiral main constituents 
from different essential oils using a mixture of chiral stationary phases. Flavour and Fragrance Journal 
2004, 19(6), 515-517. 
 

 Neroli Relevant Article List  

1. Wang, K.; Zhu, R. Z.; Qu, R. F.; Li, Z. Y. Comprehensive two-dimensional gas chromatography–time-
of-flight mass spectrometry for the analysis of volatile components in Neroli essential oil. Mendeleev 
Communications 2012, 22(1), 45-46.  

2. Mondello, L.; Dugo, P.; Bartle, K. D.; Frere, B.; Dugo, G. On-line high performance liquid 
chromatography coupled with high resolution gas chromatography and mass spectrometry (HPLC-
HRGC-MS) for the analysis of complex mixtures containing highly volatile compounds. 
Chromatographia 1994, 39, 529-538. 

3. Dugo, G.; Bonaccorsi, I.; Sciarrone, D.; Costa, R.; Dugo, P.; Mondello, L.; ... & Fakhry, H. A. 
Characterization of oils from the fruits, leaves and flowers of the bitter orange tree. Journal of Essential 
Oil Research 2011, 23(2), 45-59. 

4. Pierson, M.; Fernandez, X.; Antoniotti, S. Type and magnitude of non-compliance and adulteration in 
neroli, mandarin and bergamot essential oils purchased on-line: potential consumer vulnerability. 
Scientific Reports 2021, 11(1), 11096. 

5. Bonaccorsi, I.; Sciarrone, D.; Schipilliti, L.; Trozzi, A.; Fakhry, H. A.; Dugo, G. Composition of Egyptian 
nerolì oil. Natural Product Communications 2011, 6(7), 1934578X1100600723. 

6. Khodabakhsh, P.; Shafaroodi, H.; Asgarpanah, J. Analgesic and anti-inflammatory activities of Citrus 
aurantium L. blossoms essential oil (neroli): involvement of the nitric oxide/cyclic-guanosine 
monophosphate pathway. Journal of Natural Medicines 2015, 69(3), 324-331. Sarkic, A.; Stappen, I. 
Essential oils and their single compounds in cosmetics—A critical review. Cosmetics 2018, 5(1), 11.  

7. Bayer, M., & Mosandl, A. Improved gas chromatographic stereodifferentiation of chiral main constituents 
from different essential oils using a mixture of chiral stationary phases. Flavour and Fragrance Journal 
2004, 19(6), 515-517. 

 

Appendix D:  
Ylang Ylang Full Article List  



 

56 
 

1. Ng, F.; Thong, A.; Basri, N.; Wu, W.; Chew, W.; Dharmawan, J. Profiling of aroma-active compounds in 
Ylang-Ylang essential oils by aroma extract dilution analysis (AEDA) and chemometric methods. Journal 
of Agricultural and Food Chemistry 2021, 70, 260-266. 

2. Brokl, M., Fauconnier, M. L., Benini, C., Lognay, G., du Jardin, P., & Focant, J. F. (2013). Improvement 
of ylang-ylang essential oil characterization by GC× GC-TOFMS. Molecules, 2013, 18(2), 1783-1797. 

3. Benini, C.; Ringuet, M.; Wathelet, J. P.; Lognay, G.; du Jardin, P.; Fauconnier, M. L. Variations in the 
essential oils from ylang-ylang (Cananga odorata [Lam.] Hook f. & Thomson forma genuina) in the 
Western Indian Ocean islands. Flavour and Fragrance Journal 2012, 27(5), 356-366. 

4. Ng, F.; Thong, A.; Basri, N.; Wu, W.; Chew, W.; Dharmawan, J. Profiling of aroma-active compounds in 
Ylang-Ylang essential oils by aroma extract dilution analysis (AEDA) and chemometric methods. Journal 
of Agricultural and Food Chemistry 2021, 70(1), 260-266. 

5. Chakira, A.; Garcia, C.; Soria, C.; Minier, J.; Chillet, M. Effect of Flower Development Stages on the 
Dynamics of Volatile Compounds in Ylang-Ylang (Cananga odorata) Essential Oil. Horticulturae 2022, 
8(11), 986. 

6. Lebanov, L.; Chatterjee, S.; Tedone, L.; Chapman, S. C.; Linford, M. R.; Paull, B. Comprehensive 
characterisation of ylang-ylang essential oils according to distillation time, origin, and chemical 
composition using a multivariate approach applied to average mass spectra and segmented average mass 
spectral data. Journal of Chromatography A 2020, 1618, 460853. 

7. Stashenko, E. E.; Torres, W.; Morales, J. R. M. A study of the compositional variation of the essential oil 
of ylang-ylang (Cananga odorata Hook Fil. et Thomson, forma genuina) during flower development. 
Journal of High Resolution Chromatography 1995, 18, 101-104. 

8. Pavela, R.; Maggi, F.; Giordani, C.; Cappellacci, L.; Petrelli, R.; Canale, A. Insecticidal activity of two 
essential oils used in perfumery (ylang ylang and frankincense). Natural Product Research 2021, 35(22), 
4746-4752. 

9. Lebanov, L.; Lam, S. C.; Tedone, L.; Sostaric, T.; Smith, J. A.; Ghiasvand, A.; Paull, B. Radical 
scavenging activity and metabolomic profiling study of ylang-ylang essential oils based on high-
performance thin-layer chromatography and multivariate statistical analysis. Journal of Chromatography 
B 2021, 1179, 122861. 

10. Mahfud, M.; Putri, D. K. Y.; Dewi, I. E. P.; Kusuma, H. S. Extraction of essential oil from cananga 
(Cananga odorata) using solvent-free microwave extraction: A preliminary study. Rasayan Journal of 
Chemistry 2017, 10(1), 86-91. 
 

Ylang Ylang Relevant Article List  

1. Brokl, M., Fauconnier, M. L., Benini, C., Lognay, G., du Jardin, P., & Focant, J. F. (2013). 
Improvement of ylang-ylang essential oil characterization by GC× GC-TOFMS. Molecules, 2013, 18(2), 
1783-1797. 

2. Benini, C.; Ringuet, M.; Wathelet, J. P.; Lognay, G.; du Jardin, P.; Fauconnier, M. L. Variations in the 
essential oils from ylang-ylang (Cananga odorata [Lam.] Hook f. & Thomson forma genuina) in the 
Western Indian Ocean islands. Flavour and Fragrance Journal 2012, 27(5), 356-366. 

3. Ng, F.; Thong, A.; Basri, N.; Wu, W.; Chew, W.; Dharmawan, J. Profiling of aroma-active compounds 
in Ylang-Ylang essential oils by aroma extract dilution analysis (AEDA) and chemometric methods. 
Journal of Agricultural and Food Chemistry 2021, 70(1), 260-266. 

4. Chakira, A.; Garcia, C.; Soria, C.; Minier, J.; Chillet, M. Effect of Flower Development Stages on the 
Dynamics of Volatile Compounds in Ylang-Ylang (Cananga odorata) Essential Oil. Horticulturae 
2022, 8(11), 986. 

5. Lebanov, L.; Chatterjee, S.; Tedone, L.; Chapman, S. C.; Linford, M. R.; Paull, B. Comprehensive 
characterisation of ylang-ylang essential oils according to distillation time, origin, and chemical 



 

57 
 

composition using a multivariate approach applied to average mass spectra and segmented average mass 
spectral data. Journal of Chromatography A 2020, 1618, 460853. 

6. Pavela, R.; Maggi, F.; Giordani, C.; Cappellacci, L.; Petrelli, R.; Canale, A. Insecticidal activity of two 
essential oils used in perfumery (ylang ylang and frankincense). Natural Product Research 2021, 
35(22), 4746-4752. 

7. Lebanov, L.; Lam, S. C.; Tedone, L.; Sostaric, T.; Smith, J. A.; Ghiasvand, A.; Paull, B. Radical 
scavenging activity and metabolomic profiling study of ylang-ylang essential oils based on high-
performance thin-layer chromatography and multivariate statistical analysis. Journal of 
Chromatography B 2021, 1179, 122861. 

8. Mahfud, M.; Putri, D. K. Y.; Dewi, I. E. P.; Kusuma, H. S. Extraction of essential oil from cananga 
(Cananga odorata) using solvent-free microwave extraction: A preliminary study. Rasayan Journal of 
Chemistry 2017, 10(1), 86-91. 

  

Appendix E:  
Gardenia Full Article List  

1. Khammee, T.; Phoonan, W.; Ninsuwan, U.; Jaratrungtawee, A.; Kuno, M. Volatile constituents, in vitro 
and in silico anti-hyaluronidase activity of the essential oil from gardenia carinata wall. ex roxb. Flowers. 
Journal of Essential Oil Research 2019, 31(1), 18-27. 

2. Kanlayavattanakul, M.; Lourith, N. Volatile profile and sensory property of Gardenia jasminoides aroma 
extracts. Journal of Cosmetic Science 2015, 66, 371-377. 

3. Promsomboon, S.; Promsomboon, P.; Kornpetpanee, S.; Pothisonothai, M. Selection of odor from fragrant 
flowers for relaxing emotion. International Symposium on Medicinal and Fragrant Plants 1023 2011, 29-
34. 

4. Zhang, N.; Bian, Y.; Yao, L. Essential oils of Gardenia jasminoides J. Ellis and Gardenia jasminoides f. 
longicarpa ZW Xie & M. Okada flowers: Chemical characterization and assessment of anti-inflammatory 
effects in alveolar macrophage. Pharmaceutics 2022, 14(5), 966. 

5. Watanabe, N.; Watanabe, S.; Nakajima, R.; Moon, J. H.; Shimokihara, K.; Inagaki, J.; Ina, K. Formation 
of flower fragrance compounds from their precursors by enzymic action during flower opening. 
Bioscience, Biotechnology, and Biochemistry 1993, 57(7), 1101-1106. 

6. Zhang, N.; Luo, M.; He, L.; Yao, L. Chemical composition of essential oil from flower of 
‘Shanzhizi’(Gardenia jasminoides Ellis) and involvement of serotonergic system in its anxiolytic effect. 
Molecules 2020, 25(20), 4702. 

7. Ying, H.; Zhi, D. L.; Xing, C.; Qing, D. Y.; He, M. M. An endophytic bacterium synthesizing homologous 
fragrant compounds as its host plant. Journal of Pure and Applied Microbiology 2016, 10(1), 33-39. 

8. Chen, L.; Wang, R.; Cui, L.; Wang, X.; Wang, L.; Song, F.; Ji, W. Preparation of five high‐purity iridoid 
glycosides from Gardenia jasminoides Eills by molecularly imprinted solid‐phase extraction integrated 
with preparative liquid chromatography. Journal of Separation Science 2018, 41(13), 2759-2766. 

9. Liqin, T.; Haocheng, L.; Jing, W.; Yujuan, X.; Wenni, T.; Lu, L.; Manqin, F. Study on ultrahigh-pressure 
extraction technology on properties of yellow extract from gardenia fruit. Journal of Food Composition 
and Analysis 2021, 104, 104186. 

10. Zhang, H.; Feng, N.; Xu, Y. T.; Li, T. X.; Gao, X. M.; Zhu, Y.; Wu, H. H. Chemical constituents from the 
flowers of wild Gardenia jasminoides J. Ellis. Chemistry and Biodiversity 2017, 14(5), e1600437. 

11. Huang, H.; Zhu, Y.; Fu, X.; Zou, Y.; Li, Q.; Luo, Z. Integrated natural deep eutectic solvent and pulse-
ultrasonication for efficient extraction of crocins from gardenia fruits (Gardenia jasminoides Ellis) and its 
bioactivities. Food Chemistry 2022, 380, 132216. 



 

58 
 

12. Tsuneya, T.; Ikeda, N.; Shiga, M.; Ichikawa, N. GC-MS analysis of Gardenia flower volatiles. 
Proceedings of the VII International Congress on Essential Oils 1979, 454-457. 

13. Claude-Lafontaine, A.; Raharivelomanana, P.; Bianchini, J. P.; Schippa, C.; Azzaro, M.; Cambon, A. 
Volatile constituents of the flower concrete of Gardenia taitensis DC. Journal of Essential Oil Research 
1992, 4(4), 335-343. 

14. Li, W.; Ren, C.; Fei, C.; Wang, Y.; Xue, Q.; Li, L.; Li, W. (2021) Analysis of the chemical composition 
changes of Gardeniae Fructus before and after processing based on ultra-high-performance liquid 
chromatography quadrupole time-of-flight mass spectrometry. Journal of Separation Science 2021, 44(5), 
981-991. 

15. Avoseh, N. O.; Lawal, O. A.; Ogunwande, I. A.; Ascrizzi, R.; Flamini, G.; Amoo, E. In Vivo Anti-
Inflammatory and Anti-Nociceptive Activities, and Chemical Constituents of Essential Oil from the Leaf 
of Gardenia jasminoides J. Ellis (Rubiaceae), Trends in Phytochemical Research 2020, 4(4), 203-212. 

16. Wang, X. S.; Wu, Y. F.; Dai, S. L.; Chen, R.; Shao, Y. Ultrasound-assisted extraction of geniposide from 
Gardenia jasminoides. Ultrasonics Sonochemistry 2012, 19(6), 1155-1159. 

17. Yang, B.; Liu, X.; Gao, Y. Extraction optimization of bioactive compounds (crocin, geniposide and total 
phenolic compounds) from Gardenia (Gardenia jasminoides Ellis) fruits with response surface 
methodology. Innovative Food Science & Emerging Technologies 2009, 10(4), 610-615. 

18. Chaichana, J.; Niwatananun, W.; Vejabhikul, S.; Somna, S.; Chansakaow, S. Volatile constituents and 
biological activities of Gardenia jasminoides. Journal of Health Research 2009, 23(3), 141-145. 

19. Buchbauer, G.; Jirovetz, L.; Nikiforov, A.; Kaul, V. K.; Winker, N. Volatiles of the absolute of Gardenia 
jasminoides Ellis (Rubiaceae). Journal of Essential Oil Research 1996, 8(3), 241-245. 
 

 

Gardenia Relevant Article List  

1. Khammee, T.; Phoonan, W.; Ninsuwan, U.; Jaratrungtawee, A.; Kuno, M. Volatile constituents, in vitro 
and in silico anti-hyaluronidase activity of the essential oil from gardenia carinata wall. ex roxb. 
Flowers. Journal of Essential Oil Research 2019, 31(1), 18-27. 

2. Kanlayavattanakul, M.; Lourith, N. Volatile profile and sensory property of Gardenia jasminoides aroma 
extracts. Journal of Cosmetic Science 2015, 66, 371-377. 

3. Zhang, N.; Bian, Y.; Yao, L. Essential oils of Gardenia jasminoides J. Ellis and Gardenia jasminoides f. 
longicarpa ZW Xie & M. Okada flowers: Chemical characterization and assessment of anti-
inflammatory effects in alveolar macrophage. Pharmaceutics 2022, 14(5), 966. 

4. Watanabe, N.; Watanabe, S.; Nakajima, R.; Moon, J. H.; Shimokihara, K.; Inagaki, J.; Ina, K. Formation 
of flower fragrance compounds from their precursors by enzymic action during flower opening. 
Bioscience, Biotechnology, and Biochemistry 1993, 57(7), 1101-1106. 

5. Zhang, N.; Luo, M.; He, L.; Yao, L. Chemical composition of essential oil from flower of 
‘Shanzhizi’(Gardenia jasminoides Ellis) and involvement of serotonergic system in its anxiolytic effect. 
Molecules 2020, 25(20), 4702. 

6. Tsuneya, T.; Ikeda, N.; Shiga, M.; Ichikawa, N. GC-MS analysis of Gardenia flower volatiles. 
Proceedings of the VII International Congress on Essential Oils 1979, 454-457. 

7. Li, W.; Ren, C.; Fei, C.; Wang, Y.; Xue, Q.; Li, L.; Li, W. (2021) Analysis of the chemical composition 
changes of Gardeniae Fructus before and after processing based on ultra-high-performance liquid 
chromatography quadrupole time-of-flight mass spectrometry. Journal of Separation Science 2021, 
44(5), 981-991. 

8. Avoseh, N. O.; Lawal, O. A.; Ogunwande, I. A.; Ascrizzi, R.; Flamini, G.; Amoo, E. In Vivo Anti-
Inflammatory and Anti-Nociceptive Activities, and Chemical Constituents of Essential Oil from the 



 

59 
 

Leaf of Gardenia jasminoides J. Ellis (Rubiaceae), Trends in Phytochemical Research 2020, 4(4), 203-
212. 

9. Chaichana, J.; Niwatananun, W.; Vejabhikul, S.; Somna, S.; Chansakaow, S. Volatile constituents and 
biological activities of Gardenia jasminoides. Journal of Health Research 2009, 23(3), 141-145. 

 

Appendix F:  
Catalpa Tree Full and Relevant List  

1. Wang, Z., Zhu, T., Ma, W., Wang, N., Qu, G., Zhang, S., & Wang, J. (2018). Genome-wide analysis of 
long non-coding RNAs in Catalpa bungei and their potential function in floral transition using high-
throughput sequencing. BMC Genetics, 2018, 19(1), 1-16. 

2. Ma, W.; Wang, J.; Liu, Y.; Yang, G.; He, R.; Yi, F. CN109781722A, 2019. 
3. Yang, H., Dong, S., Sun, Z., Wang, Y., Luo, X., Chen, B., ... & Peng, W. (2020). Potential medicinal 

value of leaves of Catalpa ovata G. Don. Thermal Science, 2020, 24(3 Part A), 1713-1720. 
 

Appendix G:  
Locust Flower Full and Relevant List 

1. Gajic, Ivana Savic; Savic, Ivan ; Boskov, Ivana; Zerajic, Stanko; Markovic, Ivana; Gajic, Dragolju. 
Antioxidants (2019), 8(8), 248. 

2. Veitch, Nigel C.; Elliott, Peter C.; Kite, Geoffrey C.; Lewis, Gwilym P. Phytochemistry 2010, 71(4), 479-
486. 

3. Macfarlane, R. G.; Midgley, J. M.; Watson, D. G.; Evans, P. D. Journal of Chromatography, Biomedical 
Applications 1990, 532(1), 1-11 

4. Mészáros, E., Jakab, E., & Várhegyi, G. TG/MS, Py-GC/MS and THM-GC/MS study of the composition 
and thermal behavior of extractive components of Robinia pseudoacacia. Journal of Analytical and 
Applied Pyrolysis 2007, 79(1-2), 61-70. 

5. Tyśkiewicz, K.; Konkol, M.; Kowalski, R.; Rój, E.; Warmiński, K.; Krzyżaniak, M.; Gil, Ł.; Stolarski, M. 
J. Characterization of bioactive compounds in the biomass of black locust, poplar and willow. Trees 2019, 
33(5), 1235-126 

 
 

Appendix H:   
Eucalyptus Full Article List  

1. Abed, K. M.; Naife, T. M. Extraction of Essential Oil from Iraqi Eucalyptus camadulensis leaves by 
water distillation methods. IOP Conference Series: Materials Science and Engineering 2018, 454(1), 
012163. 

2. Gharekhani, M.; Ghorbani, M.; Rasoulnejad, N. Microwave-assisted extraction of phenolic and 
flavonoid compounds from Eucalyptus camaldulensis Dehn leaves as compared with ultrasound-assisted 
extraction. Latin American Applied Research 2012, 42(3), 305-310. 

3. Saoud, A. A.; Yunus, R. M.; Aziz, R. A.; Rahmat, A. R. Study of eucalyptus essential oil acquired by 
microwave extraction. Journal of Essential Oil Research 2003, 15, 173-179. 

4. Pimenta, A. S.; Fasciotti, M.; Monteiro, T. V.; Lima, K. M. Chemical composition of pyroligneous acid 
obtained from Eucalyptus GG100 clone. Molecules 2018, 23(2), 426. 



 

60 
 

5. Limam, H., Jemaa, M. B., Tammar, S., Ksibi, N., Khammassi, S., Jallouli, S., ... & Msaada, K. (2020). 
Variation in chemical profile of leaves essential oils from thirteen Tunisian Eucalyptus plants and 
evaluation of their antioxidant and antibacterial properties. Industrial Crops and Products, 2020, 158, 
112964. 

6. Vuong, Q. V.; Chalmers, A. C.; Jyoti Bhuyan, D.; Bowyer, M. C.; Scarlett, C. J. Botanical, Phytochemical, 
and Anticancer Properties of the Eucalyptus Plants. Chemistry & Biodiversity 2015, 12, 907-924. 

7. Sefidkon, F.; Asareh, M.; Abravesh, Z.; Barazandeh, M. M. Chemical composition of the essential oils of 
four cultivated Eucalyptus plants in Iran as medicinal plants (Journal of Essential Oil Research 2007, 
19(6), 568-572). 

8. Silvestre, A. J.; Cavaleiro, J. A.; Delmond, B.; Filliatre, C.; Bourgeois, G. The essential oil of Eucalyptus 
globulus Labill. from Portugal. Flavour and Fragrance Journal 1994, 9(2), 51-53. 

9. Pan, M.; Lei, Q.; Zhang, H. Prediction and confirmation of active ingredients in Eucalyptus globulus 
Labill leaves. Industrial Crops and Products 2020, 154, 112631. 

10. Tyagi, A. K.; Malik, A. Antimicrobial potential and chemical composition of Eucalyptus globulus oil in 
liquid and vapour phase against food spoilage microorganisms. Food Chemistry 2011, 126, 228-235. 

11. Gunes, M., & Alma, M. H. Distillation of essential oil from leaves of Eucalyptus camaldulensis by using 
microwave power source. IEEE Transactions on Instrumentation and Measurement, 2010, 59(8), 2243-
2245. 

12. Ogunwande, I. A.; Olawore, N. O.; Adeleke, K. A.; Konig, W. A. Chemical composition of the essential 
oils from the leaves of three Eucalyptus plants growing in Nigeria. Journal of Essential Oil Research 
2003, 15(5), 297-301. 

13. Gu, Z. J.; Zhang, D. Q.; Mo, W.; Zhang, H. Y.; Zhang, X. L. Constituent Characteristic and Biomedical 
Potentials of Organic Essential Oils from Leaves of Four Eucalyptus Cultivars in China. Applied 
Mechanics and Materials 2014, 472, 785-791. 

14. Verma, R. S.; Padalia, R. C.; Pandey, V.; Chauhan, A. Volatile oil composition of vegetative and 
reproductive parts of lemon-scented gum (Eucalyptus citriodora Hook). Journal of Essential Oil Research 
2013, 25(6), 452-457. 

15. Verma, R. S.; Padalia, R. C.; Pandey, V.; Chauhan, A. Volatile oil composition of vegetative and 
reproductive parts of lemon-scented gum (Eucalyptus citriodora Hook). Journal of Essential Oil Research 
2013, 25(6), 452-457. 

16. Herzi, N.; Bouajila, J.; Camy, S.; Cazaux, S.; Romdhane, M.; Condoret, J. S. Comparison between 
supercritical CO2 extraction and hydrodistillation for two plants of eucalyptus: yield, chemical 
composition, and antioxidant activity. Journal of Food Science 2013, 78, C667-C672. 

17. Alissandrakis, E.; Tarantilis, P. A.; Pappas, C.; Harizanis, P. C.; Polissiou, M. Investigation of organic 
extractives from unifloral chestnut (Castanea sativa L.) and eucalyptus (Eucalyptus globulus Labill.) 
honeys and flowers to identification of botanical marker compounds. LWT-Food Science and Technology 
2011, 44, 1042-1051. 

18. Cama, D. N.; Villanueva-Quejia, E.; ...; Monzon, L. T. Essential oil extraction from ten flower plants: 
literature review and study on the Oriental Lily, Tuberose, Neroli, Ylang-Ylang, Gardenia, Catalpa tree, 
Locust flower, Eucalyptus, Viburnum, and Wisteria Vine. Journal of Essential Oil Research 2015, 27, 
383-395.  

19. Belhachemi, A.; Maatoug, M. H.; Canela-Garayoa, R. GC-MS and GC-FID analyses of the essential oil 
of Eucalyptus camaldulensis grown under greenhouses differentiated by the LDPE cover-films. Industrial 
Crops and Products 2022, 178, 114606. 

20. Spadaccino, G.; Frabboni, L.; Petruzzi, F.; Disciglio, G.; Mentana, A.; Nardiello, D.; Quinto, M. Essential 
oil characterization of Prunus spinosa L., Salvia officinalis L., Eucalyptus globulus L., Melissa officinalis 
L. and Mentha x piperita L. by a volatolomic approach. Journal of Pharmaceutical and Biomedical 
Analysis 2021, 202, 114167. 



 

61 
 

21. Itoh, T.; Masuda, Y.; Matsubara, I.; Arai, J.; Shin, W. Examination of VOC Concentration of aroma 
essential oils and their major VOCs diffused in room air. International Journal of Environmental Research 
and Public Health 2022, 19(5), 2904. 

22. Ben Ghnaya, A.; Hanana, M.; Amri, I.; Balti, H.; Gargouri, S.; Jamoussi, B.; Hamrouni, L. Chemical 
composition of Eucalyptus erythrocorys essential oils and evaluation of their herbicidal and antifungal 
activities. Journal of Pest Science 2013, 86(4), 571-577. 

23. Mokhetho, K. C., Sandasi, M., Ahmad, A., Kamatou, G. P., & Viljoen, A. M. Identification of potential 
anti-quorum sensing compounds in essential oils: A gas chromatography-based metabolomics approach. 
Journal of Essential Oil Research 2018, 30(6), 399-408. 

24. Hlebová, M.; Hleba, L.; Medo, J.; Uzsakova, V.; Kloucek, P.; Bozik, M.; ... & Čuboň, J. Antifungal and 
antitoxigenic effects of selected essential oils in vapors on green coffee beans with impact on consumer 
acceptability. Foods 2021, 10(12), 2993. 

25. Siska Septiana; Nancy Dewi Yuliana; Bachtiar, B. M.; Bhagavathi Sundaram Sivamaruthi. Aroma-Active 
Compounds of Melaleuca Cajuputi Essential Oil, a Potent Flavor on Cajuputs Candy. AIMS agriculture 
and food 2020, 5 (2), 292–306. 

26. Dein, M.; Munafo, J. P. Characterization of Odorants in Southern Mountain Mint, Pycnanthemum 
Pycnanthemoides. 2022, 70 (31), 9722–9729.  

27.  Bett, P. K.; Deng, A. L.; Ogendo, J. O.; Kariuki, S. T.; Kamatenesi-Mugisha, M.; Mihale, J. M.; Torto, 
B. Chemical composition of Cupressus lusitanica and Eucalyptus saligna leaf essential oils and 
bioactivity against major insect pests of stored food grains. Ind. Crops Prod. 2016, 82, 51-62. 

28. Martins, C. B.; Zarbin, P. H. Volatile organic compounds of conspecific-damaged Eucalyptus benthamii 
influence responses of mated females of Thaumastocoris peregrinus. J. Chem. Ecol. 2013, 39, 602-611. 

29. Bossou, A. D.; Ahoussi, E.; Ruysbergh, E.; Adams, A.; Smagghe, G.; De Kimpe, N.; Avlessi, F.; 
Sohounhloue, D. C. K.; Mangelinckx, S. Industrial Crops and Products 2015, 76, 306-317. 

30. Street, R. A.; Hewitt, C. N.; Mennicken, S. Isoprene and monoterpene emissions from a Eucalyptus 
plantation in Portugal. J. Geophys. Res. Atmos. 1997, 102(D13), 15875-15887. 

31. Harkat-Madouri, L.; Asma, B.; Madani, K.; Said, Z. B. O. S.; Rigou, P.; Grenier, D.; Boulekbache-
Makhlouf, L. Chemical composition, antibacterial and antioxidant activities of essential oil of 
Eucalyptus globulus from Algeria. Ind. Crops Prod. 2015, 78, 148-153. 

32. Said, Z. B. O. S.; Haddadi-Guemghar, H.; Boulekbache-Makhlouf, L.; Rigou, P.; Remini, H.; Adjaoud, 
A.; Madani, K. Essential oils composition, antibacterial and antioxidant activities of hydrodistillated 
extract of Eucalyptus globulus fruits. Ind. Crops Prod. 2016, 89, 167-175. 

33. HHM, F.; AH, E. G.; AM, G. Studies on the antioxidant activity of the volatile and non-volatile 
compounds isolated from Eucalyptus globulus leaves. Journal of Agricultural and Food Chemistry 
2004, 52(13), 4043-4047. 

34. Kassahun, A.; Feleke, G. Chemical composition and physico-chemical analysis of Eucalyptus globulus 
leaf and oil. Scientific Journal of Chemistry. 2019, 7(2), 36-38. 

35. Zini III, C. A.; Lord, H.; Christensen, E.; de Assis, T. F.; Caramão, E. B.; Pawliszyn, J. Automation of 
solid-phase microextraction-gas chromatography-mass spectrometry extraction of eucalyptus volatiles. 
Journal of Chromatographic Science. 2002, 40(3), 140-146. 

36. Kant, R.; Kumar, A. Review on essential oil extraction from fragrant and medicinal plants: Techniques, 
performance and economic analysis. Sustain. Chem. Pharm. 2022, 30, 100829. 

37. Özel, M. Z.; Gögüs, F.; Lewis, A. C. Composition of Eucalyptus camaldulensis volatiles using direct 
thermal desorption coupled with comprehensive two-dimensional gas chromatography—time-of-flight-
mass spectrometry. Journal of Chromatography Science. 2008, 46(2), 157-161. 

38. Mainya, N. O.; Tum, P.; Rayori, M. D. Optimization of essential oil extraction from Eucalyptus grandis 
leaves by Clevenger distillation. Journal of Agricultural and Food Chemistry 2021, 69, 1002-1008. 



 

62 
 

39. Ieri, F.; Cecchi, L.; Giannini, E.; Clemente, C.; Romani, A. GC-MS and HS-SPME-GC×GC-TOFMS 
determination of the volatile composition of essential oils and hydrosols (By-products) from four 
Eucalyptus plants cultivated in Tuscany. Molecules 2019, 24(2), 226. 

40. Rashmi; Bhardwaj, S.; Singh, A. K. Essential oils of Cananga odorata: A comprehensive review. World 
Journal of Pharmacy and Pharmaceutical Sciences 2015, 4(11), 1646-1655. 

41. Batista-Pereira, L. G.; Fernandes, J. B.; Corrêa, A. G.; Silva, M. F. G. F.; Vieira, P. C. 
Electrophysiological responses of eucalyptus brown looper Thyrinteina arnobia to essential oils of seven 
Eucalyptus plants. Journal of the Brazilian Chemical Society 2006, 17, 555-561. 

42. Sharma, A. D.; Agnish, S.; Inderjeet, K. A. U. R. Chemical composition analysis and biological 
activities of essential oil from Eucalyptus polybractea (L.), growing in plains of Punjab, Northern India, 
by two different hydro-distillation methods. Notulae Scientia Biologicae 2022, 14(1), 11191-11191. 

43. Wirthensohn, M. G., Sedgley, M., & Jones, G. P. Epicuticular wax of juvenile Eucalyptus leaves and 
headspace analysis of leaf volatiles. Journal of Essential Oil Research 2000, 12(4), 401-411. 

44. Bignell, C. M., Dunlop, P. J., & Brophy, J. J. Volatile leaf oils of some south‐western and southern 
Australian plants of the genus Eucalyptus (series 1). Part XIX. Flavour and Fragrance Journal 1998, 
13(2), 131-139. 

45. Salem, N., Kefi, S., Tabben, O., Ayed, A., Jallouli, S., Feres, N., ... & Elkahoui, S. (2018). Variation in 
chemical composition of Eucalyptus globulus essential oil under phenological stages and evidence 
synergism with antimicrobial standards. Industrial Crops and Products, 2018, 124, 115-125. 

46. Joshi, R. K. Aroma profile of Eucalyptus globulus: collected from north-west Karnataka, India. 
Scientific World Journal 2012, 10(10), 89-90. 

47. Joshi, A.; Sharma, A.; Bachheti, R. K.; Pandey, D. P. A comparative study of the chemical composition 
of the essential oil from Eucalyptus globulus growing in Dehradun (India) and around the world. 
Oriental Journal of Chemistry 2016, 32(1), 331-340. 

48. Almas, Ismail, et al. Chemical composition of essential oils from Eucalyptus globulus and Eucalyptus 
maculata grown in Tanzania. Scientific African 2021, 12, e00758. 

 
Eucalyptus Relevant Article List  

1.  Bossou, A. D.; Ahoussi, E.; Ruysbergh, E.; Adams, A.; Smagghe, G.; De Kimpe, N.; Avlessi, F.; 
Sohounhloue, D. C. K.; Mangelinckx, S. Industrial Crops and Products 2015, 76, 306-317. 

2. Harkat-Madouri, L.; Asma, B.; Madani, K.; Said, Z. B. O. S.; Rigou, P.; Grenier, D.; Boulekbache-
Makhlouf, L. Chemical composition, antibacterial and antioxidant activities of essential oil of 
Eucalyptus globulus from Algeria. Ind. Crops Prod. 2015, 78, 148-153. 

3. Said, Z. B. O. S.; Haddadi-Guemghar, H.; Boulekbache-Makhlouf, L.; Rigou, P.; Remini, H.; Adjaoud, 
A.; Madani, K. Essential oils composition, antibacterial and antioxidant activities of hydrodistillated 
extract of Eucalyptus globulus fruits. Ind. Crops Prod. 2016, 89, 167-175. 

4. Kassahun, A.; Feleke, G. Chemical composition and physico-chemical analysis of Eucalyptus globulus 
leaf and oil. Scientific Journal of Chemistry. 2019, 7(2), 36-38. 

5. Zini III, C. A.; Lord, H.; Christensen, E.; de Assis, T. F.; Caramão, E. B.; Pawliszyn, J. Automation of 
solid-phase microextraction-gas chromatography-mass spectrometry extraction of eucalyptus volatiles. 
Journal of Chromatographic Science. 2002, 40(3), 140-146. 

6. Kant, R.; Kumar, A. Review on essential oil extraction from fragrant and medicinal plants: Techniques, 
performance and economic analysis. Sustain. Chem. Pharm. 2022, 30, 100829. 

7. Özel, M. Z.; Gögüs, F.; Lewis, A. C. Composition of Eucalyptus camaldulensis volatiles using direct 
thermal desorption coupled with comprehensive two-dimensional gas chromatography—time-of-flight-
mass spectrometry. Journal of Chromatography Science. 2008, 46(2), 157-161. 



 

63 
 

8. Ieri, F.; Cecchi, L.; Giannini, E.; Clemente, C.; Romani, A. GC-MS and HS-SPME-GC×GC-TOFMS 
determination of the volatile composition of essential oils and hydrosols (By-products) from four 
Eucalyptus plants cultivated in Tuscany. Molecules 2019, 24(2), 226. 

9. Sharma, A. D.; Agnish, S.; Inderjeet, K. A. U. R. Chemical composition analysis and biological 
activities of essential oil from Eucalyptus polybractea (L.), growing in plains of Punjab, Northern India, 
by two different hydro-distillation methods. Notulae Scientia Biologicae 2022, 14(1), 11191-11191. 

10. Joshi, R. K. Aroma profile of Eucalyptus globulus: collected from north-west Karnataka, India. 
Scientific World Journal 2012, 10(10), 89-90. 

11. Joshi, A.; Sharma, A.; Bachheti, R. K.; Pandey, D. P. A comparative study of the chemical composition 
of the essential oil from Eucalyptus globulus growing in Dehradun (India) and around the world. 
Oriental Journal of Chemistry 2016, 32(1), 331-340. 

12. Almas, Ismail, et al. Chemical composition of essential oils from Eucalyptus globulus and Eucalyptus 
maculata grown in Tanzania. Scientific African 2021, 12, e00758. 

  

Appendix I:  
Viburnum Full Article List  

1. Alex, A. R.; Ilango, K.; Selvin, C. S.; James, J. GC-MS Analysis of Phytochemical Compounds Present 
in The Chloroform Extract of Viburnum punctatum Buch-Ham Ex D. Don. Research Journal of 
Pharmaceutical, Biological and Chemical Sciences 2018, 9(5), 1032-1036. 

2. Yilmaz, N.; Yayli, N.; Misir, G.; Karaoglu, S.; Yayli, N. Chemical composition and antimicrobial 
activities of the essential oils of Viburnum opulus, Viburnum lantana and Viburnum orientala. Asian 
Journal of Chemistry 2008, 20(5), 3324. 

3. Alex, A. R.; Ilango, K. GC-MS Analysis of Phytochemical Compounds Present in the Methanolic Extract 
of Viburnum punctatum Buch-Ham Ex D. Don. Research Journal of Pharmaceutical, Biological, and 
Chemical Sciences, 2017, 8(6), 605-609. 

4. Sönmezdağ, A. S., Sevindik, O., Kelebek, H., & Selli, S. (2017). Aroma compounds of non-alcoholic 
fermented beverage: Gilaburu juice. The EuroBiotech Journal, 2017, 1(3), 226-229. 

5. Capar, T. D.; Dedebas, T.; Yalcin, H.; Ekici, L. Extraction method affects seed oil yield, composition, and 
antioxidant properties of European cranberrybush (Viburnum opulus). Industrial Crops and Products 
2021, 168, 113632. 

6. Jiang, J. H.; Zhou, L. Z.; Jiang, G. H. Chemical composition of the essential oil of Viburnum foetidum. 
Yunnan Huagong 2014, 41(2), 32-34. 

7. Lu, J. Analysis of constituents in volatile oils from flower of Viburnum farreri W.T. Stearn. Food Science 
2005, 26(8), 310-312. 

8. Yürüker, A.; Çalis, I.; Baser, K. H. C.; Özek, T. Composition of the essential oil from Viburnum orientale 
Pallas leaves. J. Essent. Oil Res. 1995, 7(3), 321-323. 

9. Kraujalytė, V.; Leitner, E.; Venskutonis, P. R. Chemical and sensory characterisation of aroma of 
Viburnum opulus fruits by solid phase microextraction-gas chromatography-olfactometry. Food 
Chemistry 2012, 132, 717-723. 

10. Miyazawa, M., Hashidume, S., Takahashi, T., & Kikuchi, T. Aroma evaluation of gamazumi (Viburnum 
dilatatum) by aroma extract dilution analysis and odour activity value. Phytochemical Analysis 2012, 23, 
208-213. 
 



 

64 
 

Viburnum Relevant Articles  

1. Yilmaz, N.; Yayli, N.; Misir, G.; Karaoglu, S.; Yayli, N. Chemical composition and antimicrobial 
activities of the essential oils of Viburnum opulus, Viburnum lantana and Viburnum orientala. Asian 
Journal of Chemistry 2008, 20(5), 3324. 

2. Sönmezdağ, A. S., Sevindik, O., Kelebek, H., & Selli, S. (2017). Aroma compounds of non-alcoholic 
fermented beverage: Gilaburu juice. The EuroBiotech Journal, 2017, 1(3), 226-229. 

3. Yürüker, A.; Çalis, I.; Baser, K. H. C.; Özek, T. Composition of the essential oil from Viburnum 
orientale Pallas leaves. J. Essent. Oil Res. 1995, 7(3), 321-323. 

4. Miyazawa, M., Hashidume, S., Takahashi, T., & Kikuchi, T. Aroma evaluation of gamazumi (Viburnum 
dilatatum) by aroma extract dilution analysis and odour activity value. Phytochemical Analysis 2012, 23, 
208-213. 

 

Appendix J: 
 Wisteria Vine Full Article List  

1. Jiang, Y.; Chen, X.; Lin, H.; Wang, F.; Chen, F. Floral scent in Wisteria: chemical composition, emission 
pattern, and regulation. Journal of the American Society for Horticultural Science 2011, 136, 307-314. 

2. Watababe, I.; Yanai, T.; Awano, K. I.; Kogami, K.; Hayashi, K. Volatile components of wisteria flower. 
Journal of Agricultural and Food Chemistry 1988, 36, 6, 1212-1214. 

3. Joulain, D.; Tabacchi, R. Two volatile β-chromenes from Wisteria sinensis flowers. Phytochemistry 1994, 
37, 1769-1770. 

4. Awano, K. I., Yanai, T., Watanabe, I., Takagi, Y., Kitahara, T., & Mori, K. Synthesis of all four possible 
stereoisomers of 1-phenyl-2, 3-butanediol and both enantiomers of 3-hydroxy-4-phenyl-2-butanone to 
determine the absolute configuration of the natural constituents. Bioscience, Biotechnology, and 
Biochemistry, 1995, 59(7), 1251-1254. 

5. Miyazawa, M.; Marumoto, S.; Kobayashi, T.; Yoshida, S.; Utsumi, Y. Determination of characteristic 
components in essential oils from Wisteria brachybotrys using gas chromatography-olfactometry 
incremental dilution technique. Records of Natural Products 2011, 5(3), 221. 

6. Demyttenaere, J.; Van Syngel, K.; Markusse, A. P.; Vervisch, S.; Debenedetti, S.; De Kimpe, N. Synthesis 
of 6-methoxy-4H-1-benzopyran-7-ol, a character donating component of the fragrance of Wisteria 
sinensis. Tetrahedron 2002, 58(11), 2163-2166. 

7. Keskin, S.; Sirin, Y.; Cakir, H. E.; Keskin, M. Phenolic composition and antioxidant properties of Wisteria 
sinensis. International Journal of Scientific and Technological Research 2019, 5(2), 98-103. 

8. Rokosz, P.; Stachowicz, K.; Kwiecień, H. Phytochemical analysis of non-polar solvent extracts of the 
Wisteria sinensis leaves. Natural Product Research 2018, 32(20), 2487-2489. 

 

Wisteria Vine Relevant Article List  

1. Jiang, Y.; Chen, X.; Lin, H.; Wang, F.; Chen, F. Floral scent in Wisteria: chemical composition, 
emission pattern, and regulation. Journal of the American Society for Horticultural Science 2011, 136, 
307-314. 



 

65 
 

2. Miyazawa, M.; Marumoto, S.; Kobayashi, T.; Yoshida, S.; Utsumi, Y. Determination of characteristic 
components in essential oils from Wisteria brachybotrys using gas chromatography-olfactometry 
incremental dilution technique. Records of Natural Products 2011, 5(3), 221. 

 


	Literature Search for Extraction and Characterization of Fragrant Compounds from Ten Flowering Plants
	Recommended Citation

	Microsoft Word - Capstone Literature Project- Ember Smith

