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ABSTRACT 

For centuries, plants have found use as sources of novel compounds in the pharmaceutical 

and food industry, since they contain compounds with antimicrobial, antifungal or 

insecticidal activity. This resource is used to prepare alternatives to currently used drugs to 

overcome resistance against antibiotics. Additionally, plant-based wood preservatives can 

reduce environmental pollution caused by common wood preservatives. 

In this study, we evaluated the leaves and bark of Milicia excelsa, Psorospermum febrifugum, 

Warbugia ugandensis Entada abbysinica, Albizia coriaria and resin from Canarium 

schweinfurthii as sources of extractable compounds with bioactivity. Samples were extracted 

using Accelerated Solvent Extraction (ASE) and analyzed using Gas Chromatography 

coupled with Mass Spectroscopy (GC-MS). The extracts contained terpenes, terpenoids, 

sterols and fatty acids with known antioxidant, antifungal and antibacterial properties which 

could be exploited in the formulation of environmentally wood preservatives. The essential 

oil from the resin of Canarium schweinfurthii was evaluated for its composition and 

termiticidal activity to establish if it could be used in the protection of wood from termite 

attack. Our results revealed that the oil and its major components were very potent. 

In addition, extracts were analysed by dilution methods and Thin Layer Chromatography-

Direct Bioautography to determine the components responsible for their observed bioactivity 

against several strains of microorganisms (Bacillus subtilis, Escherichia coli, Pseudomonas 

aeruginosa, Staphylococcus lentus, S. aureus) and fungi (Candida albicans, Aspergillus 

flavus). The isolation of the active components including the determination of their structure 

was done using flash chromatography, GC-MS and Nuclear Magnetic Resonance 

Spectroscopy (NMR). P. febrifugum, W. ugandensis and A. coriaria were found to have the 

highest activities.  
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ZUSAMMENFASSUNG 

Pflanzen enthalten Substanzen mit antimikrobieller, antimykotischer und insektizider 

Wirkung und sind daher eine traditionelle Quelle für Wirkstoffe, die für Heil- und 

Lebensmittel verwendet werden. Sie stellen damit eine Quelle für Wirkstoffe dar, die 

verwendet werden können um Infektionen mit antibiotikaresistenten Keimen zu behandeln. 

Als Grundlage für Holzschutzmittel könnten sie erheblich zur Verringerung von dauerhaften 

Umweltschäden beitragen. 

In dieser Arbeit wurden Extrakte der Blätter und Rinde von Milicia excelsa, Psorospermum 

febrifugum, Warbugia ugandensis, Entada abbysinica, Albizia coriaria und das Harz von 

Canarium schweinfurthii auf ihren Gehalt an bioaktiven Substanzen untersucht. Die Extrake 

wurden mit Accelerated Solvent Extraction (ASE) gewonnen und mit Gaschromatographie-

Massenspektrometrie (GC-MS) analysiert. Unter den enthaltenen Terpenen, Terpenoiden, 

Sterolen und Fettsäuren waren auch Substanzen mit bekannter antioxidativer, 

antimykotischer und antimikrobieller Wirkung. Die Extrakte würden sich daher prinzipiell 

für die Entwicklung umweltverträglicher Holzschutzmittel eignen. Das ätherische Öl aus dem 

Harz von Canarium schweinfurthii wurde auf seine insektizide Wirkung untersucht. Das Öl 

und seine isolierten Inhaltsstoffe waren außerordentlich wirksam. 

Die Extrakte wurden außerdem mit Verdünnungsmethoden und 

Dünnschichtchromatographie-Bioautographie untersucht, um die Komponenten zu 

identifizieren, die für ihre Aktivität gegen Mikroorganismen (Bacillus subtilis, Escherichia 

coli, Pseudomonas aeruginosa, Staphylococcus lentus, S. aureus) und Pilze (Candida 

albicans, Aspergillus flavus) verantwortlich sind. Aktive Substanzen wurden mit 

Säulenchromatographie isoliert und mit GC-MS und Kernspinresonanzspektroskopie (NMR) 

identifiziert. P. febrifugum, W. ugandensis und A. coriaria zeigten die größte Wirksamkeit. 
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AIM OF THE WORK 

Wood is mainly used in the construction and furniture industry. Being an organic material it 

is usually affected by fungi, termites and other microorganisms during storage and while in 

use. There is need to find substances of plant origin to protect the wood. 

There is an increase in opportunistic infections in developing countries, as a consequence the 

antibiotics used in the treatment of these infections are not effective any more. There is need 

to find new compounds from plants and use them as alternatives to the existing antibiotics. 

General objective 

To evaluate the antimicrobial and wood preservation potential of essential oils and extractives 

from selected indigenous tree species of Uganda. 

Specific objectives 

i. To screen essential oils and extracts obtained from different tree species and identify 

compounds with remarkable antimicrobial activity. 

ii. To determine the termiticidal activity of essential oils against Macrotermes bellicosus 

iii. To determine single compounds with antimicrobial and antifungal activity from plant 

extracts. 
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INTRODUCTION 

1 ECONOMIC IMPORTANCE OF FORESTS IN UGANDA 

1.1 Forests in Uganda 

Uganda possesses an exceptionally rich biodiversity. It is one of the most diverse countries in 

Africa, with for example 11% and 7% of the world's bird and mammal species respectively, 

in only 0.02% of the land area. This biodiversity has a great intrinsic value. It provides 

traditional plant medicines – important to human health and wealth –, unstudied plants and 

animals, a variety of ecosystems and species important in the tourism industry, and 

opportunities for Ugandans to adapt to local and global change 

About 50 000 km
2
 – 20 percent of its total land area – are covered by forests and wood , 

comprising both natural forests (9 000 km
2
 of tropical high forests and 40 000 km

2
 

woodlands) and manmade forests such as plantations (350 km
2
, both soft and hardwoods). Of 

the 50 000 km
2
, 30 percent are in the protected areas (Forest Reserves, National Parks and 

Wildlife Reserves) including and 70 percent are found on private land. Due to industrial 

activity, forest resources are lost at a high rate by degradation, while the resources in National 

Parks are inaccessible for the provision of forest products [1].  

1.2 Importance of forests in Uganda 

Forests contribute to economic growth which helps in the eradication of poverty especially in 

developing countries. This economic dependence on forests is stronger in African countries 

compared to other parts of the world [2]. For the fiscal year 2012/2013, the forestry sector 

contributed 4.6 % to the total Gross Domestic Product (GDP) of Uganda at current prices [3]. 

The value of Non-Wood Forest Products (NWFPs) is usually not well captured in the national 
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economic picture. However, recent estimates suggest they are worth UGX 66 billion per year, 

corresponding to a local use of UGX 30,000-130,000 per household.  

Table 1 gives an overview of forest based commodity products which are traded in 

throughout the world. Trade continues to grow, therefore trade and forestation must be 

balanced if the forests are to be maintained throughout the world. Planting of trees should be 

encouraged to avoid or combat desertification as the number of people who rely on forests 

also continues to increase.  

Table 1: Global production and trade of forest products in 2013 

 Production Exports 

 2013 Change (%) compared to  2013 Change (%) compared to 

Product Unit  2012 2000 1980  2012 2000 1980 

Roundwood 

Wood fuel 

Industrial round wood 

million m
3 

million m
3 

million m
3
 

3 591 

1 854 

1 737 

1% 

0% 

2% 

4% 

5% 

3% 

15% 

10% 

20% 

137 

8 

128 

13% 

2% 

14% 

 

16% 

129% 

12% 

46% 

 

38% 

Sawn wood million m
3
 413 5% 9% 0% 124 5% 10% 77% 

Wood based panels 

Veneer and plywood 

Particleboard and fiber board 

million m
3
  

million m
3 

million m
3

 

358 

146 

212 

8% 

13% 

5% 

92% 

119% 

77% 

253% 

233% 

269% 

77 

29 

49 

3% 

2% 

3% 

36% 

30% 

40% 

374% 

256% 

490% 

Wood pulp MT 174 0% 2% 38% 58 4% 50% 172% 

Other fiber pulp MT 14 -15% -10% 87% 0 -6% 20% 87% 

Recovered paper MT 215 0% 50% 326% 56 -6% 125% 910% 

Paper and paper board MT 398 0% 22% 135% 109 1% 12% 213% 

Forest products value US $ billion     246 5% 70% 334% 

Source: [4]  

 

Fuel wood continues to be the main source of energy both at household and commercial level 

in sub-Saharan Africa [5]. 92% of Ugandans depend on woody biomass for energy in their 

households and businesses such as brick making or charcoal. The expenditure on firewood 

and charcoal has increased by 92% percent in a period of 9 years from 1996 to 2005 as shown 

in Table 2 [3]. The over-dependence on wood fuel and charcoal negatively impacts on health, 
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environment and biodiversity [5]. It also impairs the availability of Non-Timber Forest 

Products (NTFPs). 

 

Table 2: Household consumption of Firewood and Charcoal (million UGX) 

Item 1996/97 2002/03 2005/06 2009/10 

Charcoal 4.076 6.936 9.345 98.699 

Firewood 13.967 20.677 23.425 310.440 

Total 18.043 27.613 32.770 409.130 

Source: UBOS [3] 

Uganda's forests provide a variety of products: round wood, logs (for poles, fence posts and 

firewood), processed wood products (sawn wood, chipboard, plywood, charcoal) and other 

non-timber products (honey, medicines, bamboo shoots, gum arabic, fodder and cloth). 

Timber, poles, and other construction materials are especially important: over 42% of 

dwelling units in Uganda use poles and mud for walls, and 98% of the dwelling units use 

timber or poles (with iron sheets or grass-thatch) as a component for roofing [6]. The 

construction industry has grown at an average rate of nearly 13% annually during the period 

2004/05 - 2008/09 [7] resulting in an increasing demand for forest products. This contributed 

substantially to loss of forest cover. Other causes for deforestation are over-harvesting of 

forest products, forest clearance for agriculture, overgrazing, urbanisation, and industrial 

development. All these problems are exacerbated by the rapid population growth (at an 

average of 3.2% annually), which exerts pressure on the forestry resources. Alternatives to 

the current excessive use of forest resources must be developed, if we are to fight the dangers 

which arise from forest loss.  
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1.3 Wood as a natural resource 

Wood is used in a multitude of indoor and outdoor applications, due to its excellent physical 

and aesthetical properties [8]. However, it is susceptible to attack by many organisms such as 

wood rotting fungi and insects [9, 10] and as result it has to be protected in order to increase 

its durability. 

Durability is one of the major factors considered in wood construction, as poor durability 

severely limits its usefulness as a material. Durable timbers are commonly used in 

applications that require high resistance such as transmission poles, fences, and wooden 

bridges, while the softer woods are used in areas where little or no contact with the ground is 

expected, such as joinery. 

Some wood species produce compounds which protect it from pest infestation, adding to its 

natural resistance. However, this resistance varies among tree species, among individual trees 

and within individual trees [11]. Also, resistance to a certain group of pests does not imply 

resistance to other wood destroying microorganisms or insects. This variability is the reason 

that trees are continually being studied for their inherent protective strategies. 

As a result of the enormous growth of the Ugandan construction and furniture industry, local 

trees are increasingly harvested for commercial purposes. Unfortunately, the wood is often 

being used without knowledge of its expected durability. This implies that the products can 

be rendered useless much earlier than expected, resulting in a premature need for new wood. 

Wood preservatives can extend and control the lifetime of a wood based product and thus 

reduce the required amount of harvested wood. Preservatives derived from locally available 

plant materials should be more readily available and environmentally safer than traditional 
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synthetic wood preservatives.  The production of wood preservatives would encourage people 

to continually plant trees for their own use since some of them are already facing extinction.  

Furthermore, wood is the primary feedstock of the pulp and paper industry. Unfortunately, 

the high rates of deforestation in Uganda encroach on the trees which – if allowed to grow to 

maturity – would be suitable for the pulp and paper industry [12]. The Ugandan pulp and 

paper industry therefore currently focuses on non-wood materials[13] – although the 

achievable fiber qualities would be inferior to those from trees – or recycled paper, which 

seems to be a more sustainable venture. The cellulose content in Cymbopogon nardus, 

Saccharum officinarum, Paspalum and Digitaria scalarum was found within the acceptable 

limits for paper making. But due to the low density of the plant material and therefore the 

high volumes of raw material that would be needed to make paper, trees are the better choice. 

For the establishment of a profitable pulp and paper industry, guidelines are required on the 

management of plantations and forests to ensure a reliable raw material supply.  

1.4 Traditional and Herbal Medicine in Uganda 

The tropical climate of Uganda allows for the growth of a highly diverse flora and fauna. 

Some of these contain bioactive substances that can be used as alternatives to the synthetic 

drugs in the treatment of various ailments, even in unrefined form [14]. However, knowledge 

about the preparations´ safety, toxicity and what concentrations should be taken is often 

unclear. Forest herbs and medicinal products are an important part of modern medicine and 

health industries. Over 25% of the prescription drugs contain at least a plant derivative or 

components for example acetyl salicylic acid (Salix alba) or quinine (Cinchona), artemisinin 

(Artemisia spp) [15]. It is important to propagate and cultivate these plants to ensure their 
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conservation and survival for future use. Determination of the bioactive components would 

be a starting point for compiling information on their intended use.  

According to the WHO, traditional medicine is “the knowledge, skills and practices based on 

the theories, beliefs and experiences indigenous to different cultures, used in the maintenance 

of health and in the prevention, diagnosis, improvement or treatment of physical and mental 

illness”. Traditional medicine practice is based on the indigenous knowledge of a community 

and practiced in the context of the local culture and environment. It therefore usually changes 

depending on the prevailing situation [16]. The majority of Ugandans (60%) still rely on 

traditional medicine, because it is easily accessible and affordable. The doctor to patient ratio 

in Uganda is 1:20,000 compared to a traditional practioner ratio of 1: 200-400 [17, 18]. 

Therefore people can rather visit a traditional practioner than a health centre. Traditional 

healers are highly respected in different communities, they usually administer different herbs 

which have been found to be effective [19-21]. 

Medicinal plants have been used for centuries as remedies for human diseases [22-24]. The 

increasing incidences of antibiotic resistance leading to treatment failure has led to the search 

of active compounds from plants to be used as antimicrobial agents [22, 24-28] and 

antifungals [29]. The mode of action in most cases also remains unknown, it is important to 

determine the safety and efficacy of the plants which are commonly used by the people 

especially in the rural areas [30]. This will help in advising the communities of the proper 

ways in which they can use these plants.  
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2 SECONDARY METABOLITES IN PLANTS AND THEIR FUNCTION 

Plants produce a diversity of low molecular weight compounds which are not products of the 

primary metabolic pathway and as such are collectively termed secondary metabolites [31]. 

They can be considered compounds that are not required for the immediate survival of the 

plant but are synthesized to enable the plant make better use of  its environment and interact 

with pathogens, herbivorous and symbiotic insects [32]. The use of these compounds in plant 

growth is not always known, but their importance to humans is paramount due to their 

pharmacological activity [33].  

Secondary metabolites comprise three prominent classes: Alkaloids, which are derived from 

amino acids and therefore can also be referred to as  nitrogen containing compounds. Famous 

examples include morphine, cocaine and caffeine. The second class are the Terpenoids, 

which are hydrocarbons based on an isoprene unit namely, essential oils which consist mostly 

of terpenes and other commonly known examples include steroids – testosterone, 

progesterone or β-sitosterol –, toxol – a common anticancer agent – and rubber, which is 

commonly used in the making of tyres. Finally, there are phenolics, which include 

flavonoids, anthocyanins, flavones and flavols [33]. 

Secondary metabolites are finding use in the food, pharmaceutical and wood industry because 

they possess different chemical functionalities, offering a wide variety of uses as 

preservatives, colourants or active pharmaceutical ingredients. The shift of consumer 

preferences to natural products makes them key components in the search of compounds that 

can replace current artificial (synthetic) ingredients. 



8 
 

2.1 Terpenes, Terpenoids and Essential Oils 

Isopentenyl diphosphate is the main precursor in the formation of isoprenoids. Isoprenoids 

represent the most diverse class of natural plant products [34]. The productions of isoprenoids 

as a class of compounds is of industrial importance, since they form the basis for the 

manufacture of chemical substances used as perfumes, food flavoring agents or antimicrobial 

agents.  

The metabolism of isoprenoids starts with isopentenyl diphosphate (IPP) or dimethylallyl 

diphosphate (DMAPP) in all organisms [34, 35]. IPP can be synthesized via the mevalonate 

pathway (MVA) as shown (Fig 4) or the methylerythritol phosphate pathway (MEP) 

pathway. The MVA pathway is found in animals, fungi and in the cytoplasm of phototropic 

organisms while the MEP pathway is present in most bacteria and plant chloroplasts. From 

head/tail or tail/tail combinations of isoprene, structurally and functionally different classes of 

terpenes and terpenoids are formed. The prefix of the name of the terpenoids indicates the 

number of isoprene units which join to form the corresponding compound. Thus, the main 

classes of terpenes are the monoterpenes (C10) and sesquiterpenes (C15), but hemiterpenes 

(C5), diterpenes (C20), triterpenes (C30) and tetraterpenes (C40) also exist. With each 

extension, the number of chemically different compounds increases and further variations are 

introduced by cyclizations and the introduction of oxygen. (See Figure 1) 
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Figure 1: Synthesis of various classes of terpenoids via the Mevalonate pathway 

2.2 Structure and Function of Essential oils 

Essential oils are extractable, apolar secondary metabolites of aromatic plants. They are a 

mixture of small, volatile molecules and   therefore often have a strong odour, characteristic 

of the plant origin [36]. Monoterpenes constitute 90% of the essential oils [36]. They include 

acyclic (myrcene, ocimene), monocyclic (terpinene, p-cymene, phellandrene) and bicyclic 

(pinene, 3-carene, camphene, sabinene) structures, alcohols (linalool, carvacrol, geraniol) and 

ketones (thujone, carvone). 

The comparably low toxicity of terpenes makes them good candidate compounds for drug 

formulations [37]. Many monoterpenes have been investigated for activity against bacteria 
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and fungi. For example, limonene has been shown to have antileishmanial activity this can 

work an alternative to expensive drugs [38] . Limonene was also found to inhibit the 

progression of Plasmodium falciparum parasites from the ring stage to the trophozoite stage a 

key stage in its cycle. This is very important in the search of antimalarial compounds, malaria 

is responsible for 70% outpatient visits and almost 70,000 deaths among children annually in 

Uganda [39, 40]. An oil that contains limonene as one of its major components –  for 

example from Canarium schweinfurthii – could therefore be turned into a drug with 

antiplasmoidal activity. 
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Figure 2: Representative chemical structures of monoterpenes, sesquiterpenes, 

diterpenes and triterpenes which have biological activity (termiticidal, bactericidal, 

fungicidal). Monoterpenes: acyclic (linalool (1), geraniol (2), α-myrcene (3)), cyclic 

(carvacrol (4), menthol (5), limonene (6)), bicyclic (3-carene (7), α-pinene (8), camphor 

(9)); sesquiterpenes (farnesol (10), β-caryophyllene (11), aromadendrene (12)); 

diterpenes (phytol (13), abietic acid (14), kaurene (15)); triterpenes (squalene (16), β-

amyrin (17), lanostrane (18)). 
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2.2.1 Essential oils as food preservatives 

The general public avoid food made with artificial preservatives, they consider food prepared 

with natural alternatives to be more attractive [41]. However, the shelf life of these foods and 

their safety needs to be ascertained nonetheless. Plant derived essential oils have long served 

as flavouring agents in foods and beverages, making unintended use of the antimicrobial 

compounds they contain such as terpenoids and phenolic compound which in pure form have 

antibacterial or antifungal activity [42-44]. Essential oils have been shown to be effective 

against food pathogenic bacteria with moderate toxicity against mammals, making them good 

candidates for the development of natural food preservatives [45].  

For example, the leaf extracts of Eucalyptus have been approved as food additives [46] and 

herbs such as coriander, bush-basil and celery essential oils can also be used for the same 

purpose [47]. The essential oil of Thymus algeriensis was found more effective against 

Listeria monocytogenesis, a food pathogen which is capable of multiplying even when stored 

in the freezer [48]. Essential oils have potential to be very valuable in the preservation of 

food. Cymbopogan and ajowan oil completely inhibited the mycelial growth of A. niger, A. 

flavus, Penicillium sp. and Rhizopus sp [49]. These are common food moulds, the oil from 

these plants can be used in the preservation of food from fungal attack. 

2.2.2 Essential oils as antibacterial agents 

For centuries, essential oils have unknowingly been used as antimicrobial agents. Their 

usefulness is mainly due to the presence of terpenoids and phenyl derivatives [46, 50]. They  

are being used in urology, dermatology and cardiology, for sleep and nervous disorders, 

erosive gastritis, colds and coughs, and as laxatives [51]. Formulations based on essential oils 

would help to reduce the creation of strains resistant to the commonly used antibiotics. The 
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essential oil based treatment would be less expensive since they are obtained from plants. In 

any case, the concentration at which an oil is active must be determined before they can be 

applied for any use. 

Different studies have proved that essential oils are a good source of compounds of interest 

which can be used in the struggle against antibiotic resistance: the oils from Vitellaria 

paradoxa were shown to possess good antimicrobial and antibacterial activity. [52]. This 

conforms to its common use as a remedy for stomach aches. It can also be taken with 

porridge as a cure for fever and jaundice. Origanum essential oil was found to be active 

towards Candida albicans a common infection in immunocompromised patients [50]. 

Cupressus lustanica leaves were found to be cytotoxic against cancer cells [53], while the 

essential oil obtained from leaves of Cistus landanifer has been used against rheumatism and 

whooping cough [54]. Psorospermum febrifugum bark contained β-myrcene, limonene, 

pinene, ocimene and carvacrol – substances with known bioactivity; this confirms its 

common use in the treatment of skin infections in children in Uganda. Isolation of its most 

active components would help in the identification of the components responsible for its 

efficacy. Essential oils from Eucalyptus citriodora and E.grandis were found to be active 

against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Enterococcus 

feacalis [55]. These eucalyptus species are among the most commonly grown trees on 

plantations, devising ways of harnessing the essential oil from them before pulping would 

therefore be the basis to a continued supply of oil, which could be used in the treatment of 

different infections. More example of essential oil components with antimicrobial activity are 

given in table 3.  
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Table 3: Selected tree species showing the common components with antibacterial, 

antifungal and antioxidant activity 

Tree species Component Use Ref. 

Canarium 

schweinfurthii 

Essential oil antioxidant and antimicrobial 

activity 

[56] 

 Hexane and Ethanol extract antioxidant activity [57] 

Citrus aurantium β-myrcene  anti-ulcer (gastric & 

duodenal ulcers) activity at 

doses of 7.50 mg/kg 

[58] 

limonene antiulcerogenic activity 

245 mg/kg administered 

orally effective in the 

treatment of gastritis and 

gastric disorders 

[59] 

Calophyllum 

lanigerum 

Calanolide, cordatolide anti-HIV activity [60] 

Commiphora 

holtziana 

δ-elemene, β-bourbonene, 

germacrene D 

gum haggar is a repellant 

against the poultry mite 

Dermacentor gallinae 

(acarine repellant) 

[61] 

Yucca periculosa 4,4-dihydroxstilbene, resveratrol, 

3,3,5,5-tetrahydroxy-4-

methoxystilbene 

insecticidal and antioxidant 

activity 

[62] 

Zanthoxylum alatum linalool, β-fenchol antibacterial [63] 

Allium sativum ajoene leishmanicidal activity [64] 

Delphinium 

denudatum 

delphadienones I and II anti-epileptic activity [64] 

 

2.2.3 Essential oils as antifungal agents 

Ecologically safe products are also desired for the treatment of fungal infections. Unaltered 

essential oils were found to inhibit the growth of different fungi for example Aspergillus 

niger and  Candida albicans  were inhibited by the essential oil of Thymus daenesis [26] 

while Botrytis cinerea and Penicillium digitatum were inhibited by Tagetes patua L[65]. The  

essential oil extracted from Cinnamon zeylanicum demonstrated strong antifungal activity on  

Aspergillus niger and A. fumigatus [66]. Penicillium feniculosa, Fusarium solani, 

Rhizomucor sp. and Trichoderma viride were inhibited by the essential oil of  Limonia 

acidissima L and T. patula , as reported by Sridhar et al. in a dose dependent manner [49]. 
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The rhizome and leaf oil of turmeric leaves (Curcuma longa Linn.) were studied for their 

antifungal activity against human pathogens. Turmeric leaf oil demonstrated fungicidal 

activity well comparable to standard antifungal drugs and was more effective than rhizome 

oil [67].  In our study we also found α-phellandrene, eucalyptol, β-sesquiphellandrene, β- 

caryophyllene, β-bisabolene  in the studied extracts and the essential oil of Canarium. The 

plants in Uganda could also act as sources of compounds which can be used in the 

formulation of antifungal drugs for the treatment of ear, eye and skin infections which are 

common in immunocompromised patients.. 

The essential oil of Citrus reticulate Blanco and octanal showed strong antifungal activity in 

a dose dependent manner against Penicilium italicum and Penicilium digitatum although its 

pure components showed moderate activity [68, 69]. This confirms previous findings that the 

activity of an essential oil can be due to the synergy that exists between the different 

components. The essential oil of citrus could be used to control post-harvest storage due to 

their low toxicity to humans which makes them an ideal candidate for use. 

The antifungal activity of the components of essential oil from Calocedrus formosana tested 

by the inhibition of the growth of Lenzites sulphureus was in the order α-cadinol > τ-

muurolol > caryophyllene oxide > β-caryophyllene > β-myrcene > α-pinene > limonene > β-

pinene  [70]. Caryophyllene oxide was found in almost all the extracts used in our study its 

isolation into pure form would allow the formulation of a mixture which could be used to 

protect timber and wood from brown and white rot fungi. Some essential oil components – 

limonene and γ-terpinene – have shown antifungal activity, although they can also accelerate 

mycelial growth at the same time [71]. The right concentration of the essential oils is crucial 

if the desired activity of the oil is to be obtained. 
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Research should also be done on the characteristics of essential oils from Ugandan trees such 

as Eucalyptus citriodora and Khaya anthotheca, which are of importance in the timber and 

furniture industry [72]. The information would be useful for the wood industry to determine 

the best way to protect their timber and furniture while in storage. 

2.2.4 Essential oils as insecticidal and termiticidal agents 

Mosquitoes are arthropods which are of major public health concern because they are vectors 

of disease [73]. About 3.2 billion people are at risk of malaria, with 90% of deaths occurring 

in the poorest countries mostly among children below 5 years of age. As an effective measure 

to prevent the transmission of disease by mosquitoes, their life cycle is disrupted. Most of the 

common insecticides like dichlorodiphenyltrichloroethane (DDT) or dieldrin have been 

banned, and insecticidal compounds which are environmentally friendly are being 

investigated. Finding plants which contain components that can help to reduce the mosquito 

populations would be a very effective way to improve the general health with locally 

available means. It should be noted however, that due to the high volatility of the oils it is 

important to incorporate components into them during development of formulations which 

would enable the oils to remain on the skin longer if they are to be effective [74]. 

Many tree species have been reported to contain repellants and ways to turn them into useful 

products are to be developed. The essential oil of Tagetes minuta was found to be active 

against Anopheles gambiae larvae at concentrations comparable to those used with methyl 

parathion – an insecticide which has been phased out in most countries [75]. Limonene, α-

pinene, β-pinene, myrcene and sabinene were shown to have termiticidal activity against 

Microcerotermes beesoni [76]. Calocedrus formosana leaf essential oil contains τ-muurolol, 

β-caryophyllene, caryophyllene oxide, α-cadinol, β-myrcene, β-pinene,α-pinene, and 

limonene; and showed termiticidal activity against Coptotermes formosanus termite [70]. 
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Cinnamomum osmophleum is commonly used as a spice for tea in Uganda, the leaves 

produce an essential oil antitermitic activity against Coptotermes formosanus [77]. The 

advantage with essential oils derived from leaves is that the danger of overharvesting is very 

low, since collecting leaves does not involve cutting down the tree. Table 4 presents some 

tree species with termiticidal activity. 

Table 4: Selected tree species showing components with antitermitic and antifungal 

potential against common wood deteriorating agents. 

Tree species Component Use Ref. 

Madhuca utilis farnesol, thymolmethyl ether, γ-

terpinene, terpinene-4-ol, eicosane, p-

cymene 

antitermitic against 

Coptermes gesteroi 

[78] 

Neobalanocarpus 

heimii  

benzyl carbinol, benzyl isoamyl ether, 

eicosane, 2-prenyl cyclopentanone  

antitermitic activity against 

Coptermes gesteroi 

[78] 

Liquidambar 

formosana 

3α,25-dihydroxyolean-12-en-28-oic 

acid, bornyl cinnamate 

inhibited growth of Lenzites 

betulina (white rot fungi), 

Laetiphorus sulphureus 

(brown rot) 

[79] 

Prunus africana oleanolic acid glycoside, ursolic acid 

glycoside 

antitermite and antifungal 

resistance due to the 

presence of triterpenes in 

the solvent extracts 

[80] 

Diospyros sylvatica plumbagin, isodiospyrin 

microphyllone 

antitermitic quinones [81] 

Milicia excelsa, 

Albizia coriaria and 

Markhamia Lutea 

hexane and acetone and extracts antitermitic activity [82] 

Lippia sidoides and 

Pogostemon cablin  

thymol, patchoulol, p-cymene, thymol 

methyl ether 

antitermitic activity against 

Nasutitermes corniger  

[83] 

Calocedrus 

formosana 

β-caryophyllene, caryophyllene oxide, 

α-cadinol, β-myrcene, β-pinene, α-

pinene, limonene 

antitermitic [70] 

Lantana camara chloroform extract antitermitic [84] 

Vetiveria zizanoides root distillation waste antitermitic [85] 



18 
 

3 WOOD DETERIORATION BY FUNGI AND TERMITES 

3.1 Fungi 

Wood decay can result from the activity of a wide range of microorganisms infesting the 

wood. The most important of these organisms are the wood destroying basidiomycetes fungi 

which are capable of metabolizing either lignin and carbohydrate components of the wood 

(white rot) or just the carbohydrate components (brown rot). The most common examples of 

white rot fungi are Trametes versicolor, Phanerochaete chrysosporium while brown rot fungi 

are Coniophora puteana, Phaeolus schweinitzii. Soft rot fungi such as ascomycetes and fungi 

imperfecti  attack wood with a higher moisture and lower lignin content creating cavities in 

the wood cell wall [86] . Fungi penetrate deeply into the wood if temperature and moisture 

content of the wood are in their favour, spreading from cell to cell and enzymatically 

degrading the cell wall components and storage products from which they obtain the nutrients 

and energy necessary for their own survival. Soft rot fungi attack the wood cell wall and 

cause gradual softening of wood from the surface inwards as successive layers of cells are 

colonised and decayed. 

The difference in decay mechanisms of white rot fungi and brown rot fungi result in very 

different damage symptoms. Brown rot fungi remove the cellulosic fraction leaving the lignin 

undegraded but structurally modified, while white rot fungi completely mineralize lignin 

while cellulose and hemicellulose are broken down under aerobic conditions to carbon 

dioxide and water, ultimately destroying all components of the wood [87]. The difference in 

mechanisms leads to  wood with a brown color while white rot fungi leave behind lighter 

coloured wood [88-90]. 
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The degradation of cellulose in wood by fungi involves a wide range of enzymes: 

endoglucanases which catalyse the cleavage of cellulose along the backbone of the glucose 

chains; cellobiohydrolases which attack the cellulose chains from its reducing or non-

reducing ends; and glucosidases which can utilize any released cellobiose or cello-

oligosaccharides to produce glucose [87]. White rot fungi essentially degrade lignin by 

extracellular  oxidative enzymes – primarily laccases and peroxidases which are produced 

under carbon, nitrogen or sulphur limited conditions [91]. These enzymes generate radicals 

which trigger a series of reactions resulting in the oxidation, bond cleavage and 

depolymerisation of the lignin molecule. The laccases catalyze the unspecific oxidation of 

phenolic and non-phenolic aromatic substances by forming free cation radicals which trigger 

further oxidation reactions leading to the formation of quinones or – high molecular weight 

components if non enzymatic reactions like hydration or polymerization take place [43].  

Decay of organic materials is a natural scavenging mechanism that simultaneously disposes 

of and converts debris to enrich the soil in an age-old recycling process [92]. Because of the 

environmental conditions for growth of microorganisms are more suitable below the ground 

than above, materials below ground usually receive more fungal attack than those above the 

ground. Even wood that is initially resistant to wood destroying organisms can eventually 

become infected with a resistant fungal strain. 

3.2 Termite attack 

Of the 25,000 known species of termites about 10% are considered pests [93]. These wood 

destroying insects are found throughout the tropics and in much of the temperate zone [94]. 

They damage both cellulosic and non-cellulosic materials and as such are efficient 

decomposers of different materials [83, 95, 96]. When they attack crops and dwellings, they 
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pose a serious problem to the inhabitants; As a consequence, farmers face great losses of their 

products both on the farm and during storage. The damage to wooden structures and 

cellulosic materials in the United States alone has been estimated to exceed $50 billion 

annually [97]. Ways to reduce the damages caused by termites must be found, as their 

complete removal from our surroundings is almost impossible, especially in the tropics. 

Termites are divided into three groups; the dry-wood species capable of living in air dried 

wood; those which require no ground contact but need a certain air moisture; and the 

subterranean species, which, by contrast, live in large colonies, require high levels of 

moisture and thus must maintain contact with the ground. The subterranean species are by far 

the most destructive, are widely distributed and can cause serious damage to unprotected 

wood structures and to other cellulosic materials in a short time. 

Since the nature of termite attack on substances is mechanical rather than chemical – as it is 

the case with fungal decay – , a relationship between density and natural termite resistance to 

wood is assumed [98]. If wood needs to be fragmented for ingestion by mandibular activity 

of the termite, harder, denser woods should be more difficult for the termites to break apart 

than softer, less dense woods.  

3.3 Wood preservation 

Effective utilization of wood depends on its durability, strength, beauty and availability of 

species. The durability of the commonly used wood in Uganda is not known but in relation to 

tree species from other countries the wood is not durable [11]. Therefore it needs to be 

effectively protected from attack by insects, viruses, bacteria, lichens and fungi. Preservation 

prolongs the use of wood by 5 to 15 years depending on the environmental conditions of its 



21 
 

use [99]. Wood preservation involves treating wood with solutions which make it poisonous 

to fungi, insects or marine borers. Wood preservation helps to avoid the need for frequent 

replacement of wood and at the same time allows for the use of wood which would otherwise 

be unsuitable due to its high susceptibility to attack resulting in decay. Additionally, wood 

swells when wetted or on exposure to humidity, and as a consequence it shrinks on drying, 

resulting in splitting or warping over time [100]. The optimal wood preservative should 

therefore prevent the wood from biodegradation as well as mechanical damages caused by 

changes in humidity. 

For decades, wood has been protected from attack by wood preservatives such as creosote – a 

viscous coal tar distillate byproduct composed of a complex mixture of hydrocarbons –, 

pentachlorophenol – an oil based chlorinated biocide – and water-borne metallic arsenicals 

such as chromated copper arsenate (CCA) [100]. Most of these preservatives were used on 

railroad ties, utility poles, pilings and in residential applications. However, their use has since 

been discouraged due to the severe effect on the environment and as a result their use is 

facing restriction [93, 101].  

The ban on preservatives containing heavy metals and other persistent substances which 

leach into the environment has led to their replacement by water-borne copper rich systems 

such as alkaline copper quaternary (ACQ), copper azole (CA) or copper xyligen (CX), which 

have been found to be as effective as CCA and since they are water soluble can be used in 

residential applications [100]. The absence of arsenic and chromium in CA and ACQ has 

made them acceptable worldwide since they are considered environmentally friendly [102]. 

The presence of metals in them is still of concern, therefore metal-free preservatives should 

be developed. Substances of plant origin are likely candidates, even if they are less efficient 



22 
 

than metal based systems. Non-metallic water borne-preservatives such as disodium 

octaborate exist, but since borates also can leach into water their use is also limited. 

The development of more environmentally acceptable preservatives containing constituents 

from highly durable tree species – which could offer decay resistance against fungi and 

termites at low cost, low mammalian toxicity and ease of handling and treatment –  will 

increase the application of wood as a material while preserving the environment [93, 103]. 

3.4 Extractives as wood preservatives 

Extractives are constituents of wood that can be extracted with an organic solvent or water. 

They are usually of lower molecular weight and do not comprise the structural constituents 

lignin and cellulose. Extractives found in trees arise from both primary metabolites – 

carbohydrates, amino acids, fats and secondary metabolites – and secondary metabolites – 

phenols, terpenes, alkaloids. The exact composition depends on the plant´s growth stage, 

environmental conditions and the genetic diversity within the species [104]. Nonetheless, 

typical secondary metabolites express the individuality of a species and can be used in the 

taxonomic identification of a tree species [105].  

The presence of extractable organic compounds deposited in the heartwood during 

transformation from sapwood is of even greater importance for the natural resistance of wood 

against biodegradation than inorganic constituents or physical factors such as wood density 

[106].Promising environmentally friendly wood preservatives could therefore be based on the 

antifungal and antitermitic organic compounds isolated from the heartwood and bark of 

naturally durable and termite resistant woods, herbs and medicinal plants [70, 78, 106]  

According to Taylor [107], changes in the tree’s environment can alter heartwood extractives 

content in some species. These variations may affect the natural resistance of wood to 
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termites and fungi. This finding suggests that the management of forest resources have a big 

impact on the natural durability of future wood products. 

No research has been done in Uganda to establish whether extractives from indigenous tree 

species can act as alternatives to creosote, used engine oil or Chromated Copper Arsenate 

which are commonly used in wood preservation [108]. These hazardous chemicals are 

difficult to dispose of and do not degrade through natural processes. Different essential oils 

and extractives have been found to be useful in the search of naturally occurring compounds 

which can be used in the protection of wood from attack and for formulation of antibiotics 

which can help reduce on the high cost of treatment in developing countries as shown in 

chapters (2.1.2, 2.1.3 & 2.1.4)  and tables  (3 and 4) 

Several studies have shown that trees are a source of compounds with termiticidal and 

bactericidal activities. Cheng, Chang [109], established that methanol wood extracts from 

Cerbera odollam have strong antifungal activities against Trametes versicolor, Pycnoporus 

sanguneus and Schizophyllum commune. Khaya ivorensis was found to contain limonoids 

with antifungal and antibacterial properties [110]. When Pinus caribaea and Antiaris toxicaria 

– which are easily susceptible to fungal and termite attack – were impregnated with solvent 

extracts of Milicia excelsa, Albizia coriaria and Markhaia lutea, they were protected from 

attack by termites for a few days [82]. The hexane extract of Aristolochia bracteolate and 

ethyl acetate extracts of Andrographis paniculata, Datura metel and Eclipta prostrate resulted 

in 100% termite mortality on exposure to termites after 24 hours [93]. This shows that these 

plants have components which could prevent different species of wood from attack; isolation 

of pure components should be done as the next step, as this would help in the formulation of 

environmentally friendly wood preservatives. For example, Lantana camara has been found 

to attract tsetse flies in areas where it colonises, at the same time its chloroform extract has 

been found effective against termites at a concentration of 5%. [84]. The compounds 
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responsible for attracting them are the known sesquiterpenes and sesquiterpene oxides 

caryophyllene and caryophyllene oxide respectively which are antitermitic [70].  

The modes of action of these compounds present in plants which are effective against insects 

are yet to be established. Knowledge on this will help to effectively formulate bio-pesticides 

for termite control. Although their effectiveness is usually lower than that of the synthetic 

chemicals, they are nontoxic to humans and are environmentally friendly [45].  

4 EXTRACTION, ISOLATION AND ANALYSIS OF EXTRACTIVES AND ESSENTIAL OILS 

4.1 Trees studied 

4.1.1 Canarium schweinfurthii 

Canarium schweinfurthii is a tree which grows to a height of almost 46 m. It produces edible 

seeds and its oil is produced from it in many West African countries. Its wood is easily 

susceptible to attack by termites but nevertheless it is used as a source of timber for 

construction and joinery purposes in Uganda. It usually has then to be protected from the 

different insects which attack it. 

The leaves it produces are used to treat fever, jaundice, rheumatism, constipation and 

syphilis. When injured, the bark produces a resin (figure 3),  which on distillation yields an 

essential oil with a lavender like smell and which is therefore used in perfumery. The 

essential oil was shown to have antioxidant and antibacterial properties [111]. It is likely that 

this oil has termiticidal activity since its components are similar to those obtained from other 

tree species which caused termite mortality, but no research has been done to clarify this. 
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Figure 3: Partial stem of Canarium schweinfurthii showing collection of resin  

 

4.1.2 Psorospermum febrifugum 

Psorospermum febrifugum is among the most studied species of the genus which comprises 

55 species most of which are shrubs or small trees growing in the tropical regions of 

America, Africa and Madagascar [112]. P febrifugum is a woody plant, with petiolate leaves,  

dark-coloured glandular dots near the margin and brownish hair beneath. It has red fruits 

(berries), giving rise to its common name the “Christmas berry”. The plants have found use in 

traditional medicine as a purgative, antidote against poison, skin diseases (dermatitis) and in 

the treatment of leprosy [113]. Most of the compounds isolated from P. febrifugum are 

anthraquinones, anthrones, bianthrones, vismiones, flavonoids, terpenes and steroids. These 

compounds are used as antifungals, antiprotozoal, antiviral, antibacterial or cytotoxic agent 

and for their antioxidant properties. It is a promising candidate in the search of compounds 

with medicinal and wood preservation potential [19, 112, 114, 115] 
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4.1.3 Milicia excelsa 

Milicia excelsa is a deciduous tree up to 50 m tall with a thick, pale grey to black bark. 

Milicia is among the most threatened tree species in Uganda and East Africa because it is a 

valuable source of timber for construction, furniture, boats, frames and floors [116]. The 

timber is brown in color and darkens on exposure. Its wood is durable in the ground and is 

resistant to termites.  

Milicia excelsa is used in traditional medicine as a root decoction to treat female sterility and 

dysmenorrhea; a mixture of the root and stem bark is taken as an aphrodisiac. The bark is 

used to treat cough, asthma, heart trouble, lumbago, hypertension, general fatigue and pain 

(spleen, stomach or abdominal), oedema, rheumatism. The bark preparations are also used to 

treat scabies, wounds, loss of hair, fever, venereal diseases and sprains [28]. It is applied as 

an enema to cure piles, diarrhea and dysentery. ‘When the bark is cut, it exudes a white latex, 

which is used to treat skin wounds and infections [117]. 

4.2 Extraction 

Extraction methods should be rapid, simple, cheap and capable of being used for routine 

analysis [118]. The choice of method is influenced by the chemical properties of the desired 

extractives, the nature of the plant material and the available infrastructure. In the most basic 

form of extraction, plant material is placed into a vessel and solvent is added. The mixture is 

agitated and possibly heated to accelerate mass transfer. The solid plant material is separated 

and an extract obtained. 

For percolation, the solvent is trickled through the plant material. This method has the 

beneficial aspect, that solvent loaded with extractives is constantly replaced with fresh 

solvent, increasing the speed of extraction. Still, a large volume of solvent is required for 

percolation. 
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During Soxhlet extraction, the plant material is always exposed to freshly distilled solvent. 

From a heated reservoir below the sample, solvent vapour rises to a condenser, where it is 

condensed and trickles through the plant matter. Thus, the extraction is performed with warm, 

fresh solvent – as it is the case in percolation –, yet only a fraction of the solvent volume is 

required.  

The advent of automation has led to the development of Accelerated Solvent Extraction 

(Pressurised Liquid Extraction), an extraction method using only small amounts of sample 

and solvents. The sample is placed into a pressure resistant cartridge and extracted at high 

pressure and high temperature. Extraction times are usually shorter since elevated pressures 

and temperature enable the solvent to enter the pores of the substrate more easily and mass 

transfer is accelerated. ASE also allows a sequential extraction with different solvents [118-

120]. 

To obtain essential oils, steam distillation is used. By the introduction of steam into the plant 

material, the vapour pressures of the water-insoluble essential oil components and of water 

are added up, permitting the distillation of the intrinsically non-volatile essential oil. After 

condensation, the hydrophobic oil and water undergo phase separation again. A similar result 

can be achieved by hydrodistillation – in this variation, the plant material is placed into a 

heated still pot with water. The resulting vapour contains both steam and essential oil. [121] 

Each of the methods has its advantages and disadvantages depending on for the intended use 

of the extracts. According to Singh [122], many factors affect the constituents of essential oils 

depending on the method of extraction, ecology and genotype. The chemical composition is 

also influenced by environmental conditions, the season, growth period, sample drying 

andand the storage conditions. [123]. Even within species, the composition of the essential oil 



28 
 

can be drastically different [104]. It is important to take this into consideration during the 

analysis of the oils.  

4.3 Chemical Analysis 

4.3.1: Gas chromatography coupled with Mass spectroscopy (GC-MS) 

Gas Chromatography separates compounds according to their boiling point and interaction 

with the stationary phase. Compared to other analysis methods, it gives superb separation and 

resolution. It is therefore an excellent method for the analysis of plant extracts, since they are 

very complex mixtures. The high number of analytes in plant extract prohibits the use of 

other chromatographic methods, for example HPLC, since their separation power will not 

suffice to separate the components in the mixture. On the other hand, only molecules that are 

volatile enough to pass the GC system can be detected and analysed. 

Oligosaccharides, -peptides and –phenols are unsuitable samples for this method, even after 

derivatization to increase their volatility. 

The use of a mass spectrometer as a detector after gas chromatography, allows a simple 

identification of the eluted compounds. During electron impact ionization, different 

molecules give rise to different fragmentation patterns. These are characteristic of the original 

compound, enabling its identification using a spectral database. Yet, some compounds, for 

example terpenes, exist as isomers, which are hard to differentiate by mass spectrometric data 

alone. It is therefore imperative that the retention indices – which can be determined by 

comparison to alkane standards – are used as additional method for identification used of the 

compounds. 

4.3.2 Thin Layer Chromatography 

Thin Layer Chromatography (TLC) is a separation method of very high use for the analysis 

of plant extractives. While it is inferior with regard to separation power, it offers full access 
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to the analytes after the separation has been completed. Therefore, analytes con be detected, 

even if they cannot elute from the stationary phase. Furthermore, detection methods can be 

applied that are selective either chemically – by suitable staining reagents – or biologically – 

by Direct Bioautography (see below).  

4.4 Assessment of Bioactivity 

4.4.1 Screening of plants for bioactive molecules. 

Different techniques have been used in the investigation of plants for bioactive molecules. 

Most of the assays and methods used are time-consuming and expensive, since chemical 

screening is accompanied by tedious isolation of pure compounds [23, 124] . A method that 

combines a preliminary separation with the identification of bioactive constituents is 

therefore favorable. 

The most basic approaches – which has been used extensively already [41]– are diffusion 

methods, which involve the use of discs or holes as sample reservoirs. The active compounds 

are allowed to diffuse into the incubated agar. If bacterial growth is not observed in the 

environment of the sample reservoir, the sample most likely contains a bioactive substance. 

However, these methods only give us an idea of whether the sample is active, but the actual 

molecules responsible for this have still to be determined by use of other methods.  

Dilution methods are used to determine the minimum inhibitory concentration (MIC) of pure 

substances and extracts [29], yielding information about the substance´s efficacy. The test 

compound is mixed with nutrient medium at different concentrations; after inoculation the 

plates are incubated. The concentration at which no visible microorganism growth occurs is 

taken as the MIC. The lower the MIC, the more potent the sample. This method can be used 

with agar plates, as well as with nutrient broths in well plates or test tubes. 
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Bioautography methods allow the spatially resolved detection of bioactive compounds. Three 

major methods exist: In contact bioautography; the TLC plate is placed on an inoculated agar 

surface for minutes or hours to allow diffusion of the compounds into the agar, which the is 

then incubated. The presence of antimicrobial compounds is shown by zones of inhibition 

appearing were they were in contact with the agar layer. In immersion (agar-overlay) 

bioautography, the plate is either immersed or covered with agar medium which after 

solidification is seeded with microorganisms and then incubated. 

Direct bioautography is the most commonly used bioautographic method [125]. This method 

is applicable to organisms that can grow directly on the TLC plates to prevent unwanted 

spread of the organism especially fungus and the pathogens [126]. A suspension of 

microorganisms in a suitable broth is applied to a developed TLC plate. Zones of inhibition 

are then visualised by a dehydrogenase-activity detecting agent, often a tetrazolium salt that 

changes its colour upon reduction by living organisms. Antibacterial compounds appear as 

clear spots against a coloured background, since they prevent the conversion of the indicator 

into its coloured form [127, 128].  

Direct bioautography is finding wide use due to its simplicity and the ease with which many 

plants can be screened for the presence of bioactive compounds at the same time  [127, 129, 

130]. The isolation of compounds is usually influenced by the presence of coloured 

compounds which may interfere with the detection of bioactive compounds. TLC 

bioautography methods combine chromatographic separation and in situ activity 

determination facilitating the localization and target-directed isolation of active constituents 

in a mixture. The use of HPTLC is ideal for screening, since active compounds from different 

plant samples can be identified using a single plate [131]. 
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4.4.1 Anti-termitic activity of essential oils 

The efficacy of plant extracts against termites can be assessed by a no choice bioassay Cheng, 

Chang [109]. The termites are placed in a petri dish that contains humid filter paper for the 

termites to feed upon. The filter paper has previously been impregnated with a sample 

solution. If the sample contains anti-termitic substances, the termites will perish. 

 

  
1 day 2 days 

  
3 days 4 days 

Figure 4: Effect of the essential oil of Canarium schweinfurthii resin on Macrotermes 

bellicosus termite on different days. 
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RESULTS AND DISCUSSION 

5.1 Chemical Composition and Anti-termitic Activity of Essential Oil from Canarium 

Schweinfurthii Engl. 

An essential oil was prepared from the resin of Canarium schweinfurthii. The composition of 

the oil was determined by GC-MS; it consists almost entirely of montoterpenes (see table 5). 

Interestingly, in previously described oils from C. schweinfurthii resin. Oil from trees 

harvested in Gabon had comparable composition, but limonene was found to be the major 

compound [132] In  the Central African Republic [111], the oil contained octyl acetate and 

nerolidol as its major components, this had mostly completely differing substances from 

either oil (Gabon and Uganda). The differences within the same species are attributed to 

environmental or genetic factors but unfortunately this is yet to be determined. 

The activity of the oil was tested in termites (M. bellicosus) as outlined in [4.4.1]. It was 

found to be very active, with an LC50 (48h) of 1.1 mg/g. The tests were repeated with pure 

samples of the oil´s main components. These terpenes were even more efficient in their pure 

form. Since oils with similar composition have been described as active against other temite 

species, microorganisms and fungi, Canarium oil could be an important raw material for a 

locally harvested, renewable and environmentally compatible wood protecting agent. 
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Table 5: Chemical composition of Canarium schweinfurthii essential obtained by GC-

MS 

  

CAS Name 

Retention 

Time 

[min] 

Relative 

peak area 

28667-05-02 α-Thujene 8.18 14 

80-56-8 α-Pinene 8.37 4.9 

79-92-5 Camphene 8.80 0.2 

3387-41-5 Sabinene 9.52 2.9 

127-91-3 β-Pinene 9.61 2.3 

99-83-2 α-Phellandrene 10.56 17.9 

99-85-4 γ-Terpinene 10.67 32.4 

99-86-5 α-Terpinene 10.87 0.7 

99-87-6 p-Cymene 11.11 8.5 

555-10-2 β-Phellandrene 11.29 12.9 

4821-04-9 Terpinene 4-acetate 12.06 0.2 

586-62-9 Terpinolene 12.95 0.4 

78-70-6 β-Linalool 13.24 0.2 

29803-81-4 trans-1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol 13.92 0.1 

29803-82-5 cis-1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol 14.45 0.1 

499-74-1 Carvenone 15.32 0.2 

74663-76-6  2-(1,1-Dimethyl-2-pentenyl)-1,1-dimethyl-cyclopropane 15.41 0.2 

20126-76-5 (-)-Terpinen-4-ol 15.58 0.1 

98-55-5 α-Terpineol 15.95 0.1 

3310-02-09 (-)-cis-Sabinol 16.28 0.5 

16721-39-4 trans-3-Methyl-6-(1-methylethyl)-2-cyclohexen-1-ol 16.43 0.1 

3536-54-7 4-Methylene-1-(1-methylethyl)-bicyclo[3.1.0]hexan-3-ol acetate 17.26 0.1 

EPA-187778 5-Isopropyl-6-methyl-hepta-3,5-dien-2-ol 17.65 0.1 

EPA-155470 2-Isopropyl-5-methyl-3-cyclohexen-1-one 17.76 0.1 

5655-61-8 (1S,2R,4S)-(-)-Borneol acetate 18.63 0.1 

55659-42-2 6-Camphenone 18.78 0.1 

53404-49-2 2,6,6-Trimethyl-bicyclo(3.1.1)heptane-2,3-diol 19.43 0.1 

38061-92-6 2-Methyl-oct-2-enedial 19.91 0.1 

14912-44-8 Ylangene 20.97 0.2 

25696-56-4 2,3-Bornanediol 21.43 0.1 

55955-53-8 trans-4-Hydroxy-3-methyl-6-(1-methylethyl)-2-cyclohexen-1-one 22.04 0.1 

13744-15-5  β-Cubebene 22.21 0.1 
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5.2 Chemical composition of volatiles extracted from indigenous tree species of 

Uganda: Composition of bark extracts from Psorospermum febrifugum and Milicia 

excelsa 

Several bark and leave samples of Ugandan plants (Milicia excelsa, Psospermum febrifugum, 

Albizia coriaria, Entada abyssinica and Warburgia ugandensis) were extracted by 

Accelerated Solvent Extraction with four different solvents. The solvents were selected to 

cover a wide range of selectivity, resulting in extracts with different compositions. Those 

extracts were then analyzed by GC-MS, a combination that offers high separation efficiency 

and the option to identify compounds according to their mass spectra and retention indices. 

Data evaluation is supported by dedicated software, yet laborious manual checking and 

correcting is still indispensable. 

The extract´s composition naturally follows the solvent´s properties, for example hexane 

extracts contain more lipophilic compounds. Taking all extracts together, an overview of all 

the small molecules found in a living tree can be obtained, ranging from simple acids to 

complex oxygenated terpenes. But since GC can only be used for small, rather apolar 

molecules, larger molecules, that are vital for a tree´s survival, are missing from the list. 

The results for Psorospermum febrifugum and Milicia excelsa have been combined in a 

publication. The complete results can be found in the appendix of this thesis. 
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5.3 Pharmaceutically Active Compounds from Ugandan Plants 

Five tree species – Syzigium guineense, Entadda abysinica, Warburgia ugandensis, Milicia 

excelsa and Albizia coriaria – were screened for their antimicrobial activity. The extracts 

were obtained either using either ethyl acetate or methanol, as the properties of these solvents 

should preferentially extract probable antibacterial or fungal compounds. The obtained yields 

are given in table 6. The choice of solvent influenced not only the composition of the extracts 

(see also 4.3.1) but also the obtained yield. 

Table 6: Percentage yield of the extracts used in the determination of zones of inhibition 

(nd: not determined) 

Plant name Part Solvent Extract yield (%) 

Syzygium guineense (Willd) D.C Bark Methanol 23.6 

Entadda abysinica (Steud) ex A Rich Bark Methanol 15.2 

Warbugia ugandensis Sprague Bark Methanol 39.7 

Milicia excelsa (Welw) C.C Berg Bark Methanol 27.2 

Albizia coriaria Welw Bark Methanol nd 

 Syzygium guineense (Willd) D.C Bark Ethyl acetate 8.0 

Milicia excelsa (Welw) C.C Berg Bark Ethyl acetate 10.8 

Entadda abysinica (Steud) ex A Rich Bark Ethyl acetate 20.5 

Warbugia ugandensis Sprague Bark Ethyl acetate nd 

Albizia coriaria Welw Bark Ethyl acetate 15.2 

Warbugia ugandensis Sprague Leaves Ethyl acetate 29.7 

Albizia coriaria Welw Leaves Ethyl acetate 35.5 

Entadda abysinica (Steud) ex A Rich Leaves Ethyl acetate 10.1 

Milicia excelsa (Welw) C.C Berg Leaves Ethyl acetate 2.8 

Syzygium guineense (Willd) D.C Leaves Ethyl acetate nd 

 

The extracts´ bioactivity was tested against Aspergillus flavus, Escherichia coli, 

Staphylococcus aureus, Candida albicans and Pseudomonas aeruginosa, since these can lead 

to infections that are very difficult to treat due to resistance against antibiotics. In a first 

screening step, whole extracts were tested in a diffusion assay to identify promising 

candidates (figure 5) 
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Key 

a. Escherichia coli 

b. Pseudomonas aeruginosa 

c. Staphylococcus aureus 

d. Aspergillus flavus 

e. Candida albicans 

Figure 5: Zones of minimum inhibition 

diameter of the extracts obtained by 

soxhlet extraction (a) and solvent 

extraction (b). Ethyl acetate (i) and 

Methanol (ii) were used.  
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All extracts inhibited the activity of the tested organisms with the expection of the ethyl 

acetate extracts of M. excelsa leaves obtained by Soxhlet extraction, which showed no 

activity at all. C. albicans was most resistant. Most of the extracts showed no or small zones 

of inhibition. Only W. Ugandensis bark and S. guineense bark gave results promising enough 

to continue screening. The inhibition diameters for E. coli were below 18 mm with the 

exception of Canarium oil. S. aureus and A. flavus were susceptible to most of the extracts 

used in the study with much larger inhibition diameters. 

 
 

Figure 6 : A comparison of the zones of minimum inhibition for M. excelsa bark with no 

activity and an ethyl acetate extract of A.coriaria leaf against S.aureus with activity 

 

The methanol extract of W. ugandensis bark had a zone of inhibition of 33mm against A. 

flavus which was even higher than that of the positive control fluconazole (29.5mm) (Figure 

7). The fungus is common in stored food crops and cereals, and this extract could help to 

prevent its proliferation in the tropics were food has to be stored for long periods of time. A. 

coriaria leaf, M. excelsa bark and all W. ugandensis extracts showed good activity 

comparable to that of the extracts or even much better making them a suitable candidate from 

which to harness the bioactive molecules. That the extracts had antimicrobial activity can 
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only confirm the continued use of traditional medicine in the treatment of malaria and 

gastrointestinal diseases in the rural areas [114]. 

 

Figure 7: A comparison of the minimum inhibition diameter of Warburgia ugandensis 

bark and the positive control against A.flavus 

 

There was a variation in the behaviour of the extracts towards the different fungal and 

bacteria used. For example, W. ugandensis bark showed moderate activity against all the 

microorganisms except P. aeruginosa, where it showed no inhibition at all. The activity of an 

extract against an organism does therefore not mean that it will prevent the growth of another. 

On the other hand, exceptions exist: Canarium oil and ethyl acetate extract of A. coriaria 

leaves showed broad spectrum activity inhibiting the activity of both bacteria and fungi. 

HPTLC screening of the extracts 

The use of High Performance Thin Layer Chromatography (HPTLC) is  ideal for screening 

many samples on a single plate and similar compounds from different plant samples can be 

identified using a single run [131]. The properties of the extraction solvent influence the 

composition of the extracts. With thin layer chromatography, the qualitatitve differences of 
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the extracts can be assessed and the gathered information can be used to ascertain that future 

extracts have comparable composition. 

 

Figure 8 : HPTLC screening of extracts using Methanol (MET), Acetone (ACE) and 

Dichloromethane (DCM) as detected by fluorescence at 366nm excitation wavelength 

 

While a crude extract may contain hundreds or even thousands of chemicals, it is common to 

find that only a single compound is responsible for the observed activity of the plant. 

Bioautography methods were used to rapidly locate the bioactive compounds on the plate. 

Experience showed that aluminium backed TLC plates and thiazolyl blue tetrazolium 

bromide gave the clearest results as shown in figure 9. 
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Figure 9: A comparison of the bioautograms of PFB, PFL, SGL, MEL extracts and 

MPLC fractions of PFB obtained by TLC-DB detection against B. subtilis (BS) using 

TTC and E.coli (EC) using MTT. The white spots indicate the active compounds 

present in the different extracts. 

 

M. excelsa leaves followed by P. febrifugum leaves contained the highest number of active 

compounds against B. subtilis. No pure fractions could be obtained so far. From P. 

febrifugum bark , substances active against B. subtilis according to the bioautography were 

isolated by flash chromatography. They were identified as vismione D, anthrone and the 

dimer bianthrone by NMR and showed promising activity. This can explain why the plant 

bark is used in the treatment of skin infections and gastrointestinal diseases in Uganda.  

 The W, ugandensis leaves and W. ugandensis leaves extracts showed good antibacterial 

activity against E. coli and S. lentus (Figure 10). Warbugia has previously been successfully 
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studied for its antimalarial, antimycobacterial as well as its antimicrobial activity [25, 133, 

134].  

The activity shown by the A. coriaria leaves extract is much better than that of S. guineense 

bark for all the studied organisms. A look at the possible use of A. coriaria leaves in the 

treatment of bacterial infections would go a long way in contributing to the discovery of 

novel compounds, since most of the research on the said plant is more focused on its bark. 

The activity of the extracts towards E. coli was promising, which is expected since it is a 

gram negative bacteria its membrane would be harder to penetrate due to the presence of an 

outer membrane composed of hydrophilic polysaccharide chains which form a barrier and 

protect the inner membrane from penetration [135]. More tests will be needed to confirm the 

behaviour and the efficacy of the extracts in inhibiting the growth of these two strains 

studied. 

It is safe to say that any laboratory could benefit from replacing cumbersome activity testing 

and prepartive chromatography with TLC-direct bioautography. It greatly reduces the need 

for repetitive tests and could be adopted as a method of choice for the screening of plant 

extracts. Still, preparative chromatography is required, once the active compounds have been 

determined, since the amounts of pure substance obtained by chromatography is generally too 

small for identification.  
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CONCLUSIONS AND RECOMMENDATIONS  

The conversion of forest land to agricultural land is influenced by the ever increasing 

population, unequal land and income distribution and development policies which are not 

followed [114]. The communities have a rich local knowledge of local plants in their day to 

day lives as medicinal plants, but all this will no longer be useful if measures are not taken to 

sustainably manage these resources and at the same time look for ways of replacing the 

already declining numbers of forests. Ways of harnessing the bioactive molecules is 

important as this will go a long way in helping the rural communities which have limited 

access to proper health care facilities. 

In this study we tried to determine if indigenous tree species of Uganda have any activity 

against the commonly studied fungi, bacteria and termites as these would provide a basis for 

the formulation of different products which can help in the fight against the use of 

conventional wood preservatives which are considered carcinogenic and at the same time are 

pollutants in the atmosphere. We can conclude that the trees of Uganda have got potential and 

ways of isolating the components of interest would go a long way in finding a cheaper 

alternative to the already expensive preservatives. 

The effectiveness of an extract depends on the concentration used and different methods of 

extraction may lead to a variation in the chemical composition of the compounds present and 

how they behave when different bioassays are carried out to determine the efficacy of a 

particular plant. It is important to establish the intended use of the final product so that the 

most suitable method of extraction is used. Since plants consist of mixtures of compounds it 

is common to find that only one or two components may be responsible for the activity of a 

plant, the method used will help in isolation of the most suitable components which could be 

used. Although a single component may be responsible for the activity we should not forget 
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that the synergy that exists between the different compounds in an extract or essential oil 

would aid in the functioning of a given formulation. An essential oil may be active but on 

testing its individual (pure) components some usually have low or no activity at all.  
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Abstract 

Trees with natural resistance to decay by pests contain extractives, which are candidates for 

wood preservatives. In this study, bark of Psorospermum febrifugum Spach and Milicia 

excelsia Welw was extracted with hexane, acetone, methanol, and dichloromethane by 

pressurized liquid extraction. Chemical analysis of the extracts was performed by GC-MS 

and the identified compounds were reviewed for known bioactivity. The results show that 

these species contain compounds with known antimicrobial activity and as such could serve 

for the development of antifungal wood preservatives, especially for local usage. 

 

Keywords: antimicrobial activity, extractives, gas chromatography, pressurized liquid 

extraction, Ugandan indigenous tree species, wood preservation agents 
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Introduction 

Wood decay is usually prevented by commercial wood preservatives, such as chromated 

copper arsenate (CCA), tanalith, and creosote oil, and many newly developed products, but 

their environmental aspects are becoming a matter of major concern worldwide (Binbuga et 

al. 2008; Gosselink et al. 2004). Natural wood extractives – mainly secondary plant 

metabolites – could be an alternative to current wood preservatives (Mburu et al. 2007; Chien 

et al. 2013). Plant extracts and phytochemicals have been investigated as a possible basis for 

protecting agents with reduced health and environmental impacts (Akhtar et al. 2008; Kadir 

et al. 2014; Kuo et al. 2007), but so far African trees have been neglected with this regard. 

Natural insect repellents have been identified in hard wood extracts (Arango et al. 2006; 

Wang et al. 2011). Notably, the bioactive compounds of Milicia excelsa Welw. and Khaya 

anthotheca C.DC – both common trees in Uganda – have termiticidal properties (Syofuna et 

al. 2012). 

Wood extracts can also show antimicrobial, antibacterial and fungicidal activity 

(Mahato and Sen 1997, Paiva et al. 2010), virtues that are used in traditional, indigenous 

medicine, which still plays an important role in African rural areas (Kamatenesi-Mugisha and 

Oryem-Origa 2005). It has been established from surveys that different diseases – such as 

bacterial and viral infections – can be treated with herbs and tree extracts: malaria 

(Warburgia ugandensis Sprague, Vernonia amygdalina Delile), gastrointestinal related 

diseases (M. excelsa), skin disorders and other ailments (Psorospermum febrifugum Spach., 

Entada abyssinica Steud ex A.Rich) (Musabayane et al. 2005; Olila et al. 2001; Paiva et al. 

2010; Ssegawa and Kasenene 2007). P. febrifugum (Chalannavar et al. 2011), and W. 

ugandensis (Clausen and Yang 2005; Namukobe et al. 2011) are used by Ugandan locals as 
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remedies, but the compounds responsible for the observed effect have not yet been sorted out. 

Clearly, there is a need for the identification of those pharmaceutically active components. 

The present work is part of a project aimed at obtaining extracts of different parts from 

selected Ugandan trees, and screening them for their effectiveness as biological wood 

preservatives and for their bioactivity in general. Bark (from the stem) is in focus, as it is the 

most common source for traditional medicinal preparations. 

In a first step, emphasis is on known compounds with established bioactivity. Various 

solvents are tested for extraction: hexane is extremely apolar, dichloromethane shows dipolar 

interaction, while acetone and methanol offer a good blend of strong dipolar and acid/base 

interactions (Synder 1974). Solvent polarity increases in this order. Extraction is done by the 

effective pressurised liquid extraction (PLE), also known as accelerated solvent extraction 

(ASE). At higher pressure, the extraction temperature can be raised above the boiling point of 

the solvent at normal pressure. The higher temperature improves the solubility of analytes 

and increases mass transfer. The combined effects shorten overall extraction time and reduce 

the amount of solvent required (Richter et al. 1996). 

Material and methods 

The stem bark of P. febrifugum and M. excelsa was collected from Sango bay forest reserve 

in the Rakai district, Uganda. The reserve is located between latitude 0° 47’ and 1° 00’ S and 

between longitude 31° 28’ and 31° 43’ E. A voucher specimen of the plant material was 

deposited at the Department of Forestry, Biodiversity and Tourism Laboratory, Makerere 

University, Kampala, Uganda. The stem bark was peeled off the tree with a panga taking care 
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not to injure the periderm to ensure regeneration of the bark. The samples were air-dried for 

two weeks in direct sunlight, ground and used for analytical characterization without sieving.  

A Dionex Accelerated Solvent Extractor ASE 350 was used for pressurized liquid 

extraction under following conditions: 103-117 bar pressure, single extraction for 10 min, 

60% flush volume, 120 s N2 purge. 5 g and 10 g of stem bark, respectively, were loaded into 

a 33 mL extraction cell and extracted at constant temperature with one of the following 

solvents: n-hexane (100°C), acetone (100°C), dichloromethane (100°C) and methanol 

(140°C). The extracts were evaporated to dryness in vacuo at 40°C, redissolved in 2 mL of 

the extraction solvent, and kept in a refrigerator at 4°C prior to analysis. A drop of the extract 

was added to 1 mL of n-hexane prior to GC-MS analysis. 

GC-MS was performed on an Agilent GC 6890N/MSD 5973B instrument (EI 70 eV; 

scan range 35 to 685 m/z) equipped with a fused silica HP-5ms (30 m, 0.25 mm, 25 µm) 

column and He as carrier gas. Total flow was 27.5 mL min
-1 

at 46.9 kPa carrier gas pressure, 

and the resulting column flow was 0.9 mL min
-1

. Temperature program: 100°C (5 min), to 

280°C at 10°C min
-1

, hold 20 min. Aliquots (0.2 µL) of the dissolved samples were injected 

at 230°C inlet temperature in splitless mode. 

Compounds were identified based on a NIST mass spectral library search and the 

comparison of Kovats retention indices determined relatively to the retention times of a 

standard sample of C7-C40 n-alkanes according to the IUPAC Compendium of Chemical 

Terminology (McNaught and Wilkinson 1997). The GC-MS chromatographic peaks were 

deconvoluted by AMDIS 2.66. A list of candidate compounds was generated for each peak 

based on the NIST MS extended library (NIST ’08 with Wiley ‘09). The retention indices and 
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mass spectra of the candidates were then compared to the library data and the best hit was 

assigned as most probable compound. 

Results and discussion 

Expectedly, the yields of extracts and their composition were depending on the solvent used 

(Table 1). The yields usually increase with solvent polarity, with water and acetone giving 

higher extraction yields compared to hexane and dichloromethane (Mburu et al. 2007). This 

was also true in the present work with the exception of the dichloromethane extract of P. 

febrifugum. It contained a great proportion of saturated hydrocarbons, likely originating from 

fatty acids or waxes. In contrast to that, none of the M. excelsa extracts contained fatty acids 

or their derivatives. All extracts are composed of a multitude of compounds; only few of 

them accounted for more than 1% of the total peak area in the case of P. febrifugum. The 

main components in the studied extracts of M. excelsa and P. febrifugum are shown in Table 

2 and 3, respectively. A complete list of the assigned compounds including their RI values 

can be found in the literature (Nagawa 2015). 

Table 1: Yield of bark extracts by pressurized liquid extraction. 

Solvent P. febrifugum (%) M. excelsa (%) 

Hexane 2.3 - 

Methanol 22.7 10 

Acetone 24.4 7.6 

Dichloromethane 35.7 2.1 

 

The extracts of P. febrifugum contained to a large part common plant metabolites: acyclic 

terpenes (myrcene, farnesene, ocimene) and cyclic terpenes (caryophyllene), fatty acids, and 

their derivatives and sterols. In M. excelsa, on the other hand, more complex compounds are 

found among the most concentrated ones, derived from different substance classes, terpenes 

(lycopersene), germacranolides (hanphyllin, aristolene epoxide), labdanes (sclaral), cadinenes 
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(β-cadinene). In the extracts of both plants, terpenes and steroids with known bioactivity were 

detected (Table 4 and 5).  
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Table 2: Major components found in the bark extracts of Milicia excelsa. 

CAS number Compound Area% 

MeOH (10%)   

52811-62-8 Sclaral 4.45 

50656-61-6 Velleral 3.44 

EPA-193772 (8S)-1-Methyl-4-iso-propyl-7,8-

dihydroxyspiro[tricyclo[4.4.0.0(5,9)]decane-10,2'-

oxirane] 

2.41 

32246-45-0 2,4,6-Triisopropylphenetole 2.09 

4584-63-8 2,5-Di-tert-pentyl-1,4-benzoquinone 1.96 

552-96-5 2-Hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)-

2,4,6-cycloheptatrien-1-one 

1.63 

EPA-131124 1'-Acetoxy-3-methyl-3-demethylene-1',2'-

dihydroxanthatin 

1.58 

523-47-7 β-Cadinene 1.57 

10517-07-4 4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 1.48 

174629-49-3 Aristolene epoxide 1.30 

Acetone (7.6%)   

64201-73-6 6,7,8,8a-Tetrahydro-3-(methoxymethyl)-2,5,5,8a-

tetramethyl-5H-1-benzopyran 

2.59 

50656-61-6 Velleral 1.99 

104900-59-6 2-Methyl-4-(2,6,6-trimethyl-1-cyclohexenyl)-but-3-enal 1.89 

EPA-196629 1,3,4,5,5a,6,7,8,9,9a-Decahydro-6,6,9a-

trimethylbenzo[e]isobenzofuran-1,4-dione 

1.60 

60268-40-8 Hanphyllin 1.56 

50656-61-6 Velleral 1.49 

72360-94-2 [1S-[1α(S*),4aβ,8aα]]-α-Ethyldecahydro-5,5,8a-

tetramethyl-2-methylene-1-naphthalenepropanol 

1.30 

846-48-0 Boldenone 1.07 

60268-40-8  Hanphyllin 0.87 

552-96-5 2-Hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)-

2,4,6-cycloheptatrien-1-one 

0.51 

CH2Cl2 (2.1%)   

64201-73-6 3-Methoxymethyl-2,5,5,8a-tetramethyl-6,7,8,8a-

tetrahydro-5H-chromene 

3.09 

56103-67-4 2,6-Di-tert-amyl-p-cresol 2.89 

38647-26-6 (+)-Longicamphenylone 1.67 

EPA-196629 1,3,4,5,5a,6,7,8,9,9a-Decahydro-6,6,9a-

trimethylbenzo[e]isobenzofuran-1,4-dione 

1.61 

4584-63-8 2,5-Bis(1,1-dimethylpropyl)-2,5-cyclohexadiene-1,4-

dione 

1.47 

3155-71-3 Boronal 1.43 

50656-61-6 Velleral 1.38 

EPA-149546 4,6-Diisopropylidene-8,8-dimethylbicyclo[5.1.0]octan-2-

one 

1.36 

502-62-5 Lycopersene 1.09 

846-48-0 Boldenone 1.01 
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Table 3: Major components found in the bark extracts of Psorospermum febrifugum. 

CAS number Compound Area % 

Hexane (2.3%)   

123-35-3  β-Myrcene 0.66 

21129-09-9 1,2-Tetradecanediol 0.42 

53585-08-3 (1α,2β,3α,5β)-1,2,3,5-Cyclohexanetetrol 0.41 

57-10-3 n-Hexadecanoic acid 0.36 

14347-78-5 (R)-(-)-2,2-Dimethyl-1,3-dioxolane-4-methanol 0.34 

10191-41-0 α-Tocopherol 0.31 

3338-55-4 β-cis-Ocimene 0.29 

EPA-194818 Lanostan-8,24-dien-3-one 0.28 

18794-84-8 β-Farnesene 0.26 

MeOH (22.7%) 

630-03-5 Nonacosane 5.81 

77-95-2 (1R,3R,4R,5R)-(-)-Quinic acid 1.32 

1259-94-5 (3β)-24-Methylene-9,19-cyclolanostan-3-ol acetate 0.67 

67-47-0 5-(Hydroxymethyl)-2-furancarboxaldehyde  0.48 

56-81-5 Glycerin 0.41 

28564-83-2 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 0.39 

18794-84-8 β-Farnesene 0.29 

87-44-5 Caryophyllene 0.28 

118-71-8 Maltol 0.25 

123-35-3 β-Myrcene 0.22 

Acetone (24.4%) 

57-10-3 n-Hexadecanoic acid 0.94 

123-42-2 4-Hydroxy-4-methyl-2-pentanone 0.58 

123-35-3 β-Myrcene 0.55 

10191-41-0 α-Tocopherol 0.42 

21129-09-9 1,2-Tetradecanediol 0.40 

463-40-1 (Z,Z,Z)-9,12,15-Octadecatrienoic acid 0.37 

100-79-8 2,2-Dimethyl-1,3-dioxolane-4-methanol 0.30 

83-47-6 γ-Sitosterol 0.27 

EPA-194818 Lanosta-8,24-dien-3-one 0.27 

CH2Cl2 (35.7%) 

630-03-5 Nonacosane 4.57 

593-49-7 Heptacosane 0.74 

630-02-4 Octacosane 0.15 

123-35-3 β-Myrcene 0.12 

55956-37-1 4,5-Dimethyl-2-hepten-3-ol  0.10 

18794-84-8 β-Farnesene 0.07 

95-63-6 1,2,4-Trimethylbenzene  0.07 

70058-00-3 2-Methyl-1-nonene-3-yne 0.06 

36645-68-8 1,30-Triacontanediol 0.06 

87-44-5 Caryophyllene 0.05 

 

Some compounds were found in high amounts in both materials, for example β-myrcene 

occurred in P. febrifugum and velleral in M. excelsa. The extracts also contained some minor 

compounds that are not originating from the tree itself, but from fungal metabolites or solvent 
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stabilizers: velleral is a fungal metabolite, while 2,6-di-tert-amyl-p-cresol – found in the 

DCM extract of M. excelsa – is an artificial antioxidant added to commercial solvents (HPLC 

grade solvents were used during extraction and GC-MS analysis). 

Table 4: Volatile compounds with known bioactivity found in the bark extract of Milicia 

excelsa. 

Activity Component Reference 

Antibacterial β-Caryophyllene, Caryophyllene 

oxide 

Bougatsosa et al. 2004; Cha et al. 

2007 

Linalool Guleria et al. 2013 

α-Bisabolol, Caryophyllene, 

Cubebene, Linalool, β-Myrcene 

Deba et al. 2008; Sivasothy et al. 

2011 

Antitermitic Linalool, α-Terpineol Chang and Cheng 2002; Watanabe 

et al. 2005 

Caryophyllene oxide, Linalool Lin et al. 2012 

Limonene, Myrcene, α-Pinene, β-

pinene 

Pal et al, 2011 

p-Cymene, α-Terpineol  Siramon et al. 2009 

Antifungal Caryophyllene oxide, Limonene, β-

Myrcene, β-Pinene, α-Pinene 

Cheng et al. 2004 

β-Cedrene, α-Terpineol Manter et al. 2006; Manter et al. 

2007 

Sitosterol Kawamura et al. 2004 

Caryophyllene, α-Terpineol Wang et al. 2011 

Limonene, Linalool Kishore et al. 2007 

Antioxidant Linalool Khelifa et al. 2012 

Repellence against 

insects 

Limonene Gillij et al.,2008; Nerio et al. 2010 

Antiulcerogenic Limonene Moraes et al. 2009 
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Table 5: Volatile compounds with known bioactivity found in the bark extract of 

Psorospermum febrifugum 

Activity Component Reference 

Antibacterial β-Caryophyllene, Caryophyllene 

oxide 

Bougatsosa et al. 2004; Cha et al. 

2007 

α-Pinene Batish et al. 2008; Sivasothy et al. 

2011 

Caryophyllene Cubebene, 

Limonene, β-Myrcene, Ocimene, α-

Pinene 

Deba et al. 2008 

Palmitic acid, Stigmasterol Hamburger and Cordell 1987 

Antifungal Limonene, Cymene Clausen and Young 2010 

β-Cedrene, α-Terpineol Manter et al. 2006; Manter et al. 

2007 

Caryopphyllene, α-Terpineol Wang et al. 2011 

Carvacrol Manohar et al. 2001; Kordali et al. 

2008 

Pesticidal activity Limonene Batish et al. 2008 

Antitermitic  Caryophyllene oxide Lin et al. 2012 

Limonene Raina et al. 2007 

Limonene, Myrcene, α-Pinene, β-

Pinene 

Pal et al. 2011 

Caryophyllene oxide, Limonene, β-

Myrcene, β-Pinene, α-Pinene 

Cheng et al. 2004 

p-Cymene, α-Pinene Siramon et al., 2009 

Antioxidant α-Tocopherol Lucarini and Pedulli, 2007 

Antiulcerogenic Limonene Moraes et al. 2009 

Repellence against 

insects 

Limonene Gillij et al. 2008; Nerio et al. 2010 

 

Considering the extracts´ applicability as wood protective agents, carvacrol, β-cedrene 

and α-terpineol were detected in the different extracts of P. febrifugum and M. excelsa. These 

components have been found to inhibit spore germination of Phytophthora ramorum, a 

fungal pathogen responsible for sudden oak death, a disease that causes mortality of different 

oak species (Manter et al. 2006, Manter et al. 2007). Further studies need to determine at 

which concentrations the compounds and extracts inhibit spore and bacteria growth. p-

Cymene and carvacrol – both found in P. febrifugum – show antifungal activity against 

Trametes versicolor, a common white rot fungus which is responsible for the decomposition 

file:///C:/Users/Oskar%20Faix/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/J2HK2PE2/Chemical_composition_of_extractives_from_selected_indigenous_tree_species_of_Uganda_Table_3.docx%23_ENREF_1
file:///C:/Users/Oskar%20Faix/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/J2HK2PE2/Chemical_composition_of_extractives_from_selected_indigenous_tree_species_of_Uganda_Table_3.docx%23_ENREF_16
file:///C:/Users/Oskar%20Faix/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/J2HK2PE2/Chemical_composition_of_extractives_from_selected_indigenous_tree_species_of_Uganda_Table_3.docx%23_ENREF_16
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of lignified cells of woody materials (Gautam 2013), which eventually leads to structural 

damage and a decline in the mechanical strength of wood. 

In some of the extracts, carvacrol, β-cedrene and α-terpineol were detected which have 

antibacterial activity. Linalool and α-bisabolol were found in the M. excelsa extract. This 

would sustain its use in the treatment of stomach complaints and skin infections. β-Amyrin – 

contained in P. febrifugum – has been found to have antimicrobial properties, which explains 

its positive effects in treatment of skin infections in Uganda. According to Holanda Pinto et 

al. (2008), α- and β-amyrin modulate acute peri-odontal inflammation by reducing neutrophil 

infiltration, oxidative stress and the production of pro-inflammatory cytokine TNF-α and are 

expected to be useful as a therapeutic agent for the treatment of gingivitis and for retarding 

peri-odontitis. 

With regard to data evaluation, one should consider also the limitations of GC-MS 

analysis: small, apolar molecules are analysed readily, while large, polar molecules with a 

high boiling point will seldom reach the detector due to their low vapour pressure. Several 

compounds (mainly extracted by polar solvent) that contribute to wood’s durability cannot be 

identified by GC-MS. LC and HPTLC approaches will provide complementary information 

here, and these results will be reported elsewhere.  

Conclusion 

Extracts from stem and bark of different Ugandan tree species contain substances with known 

antimicrobial, antioxidant and anti-termitic activity. This finding explains the beneficial 

effects of some of the extracts as traditional medication in this area, motivating further 

research to establish the specific bioactivity of the extracts. The local availability of the plant 

material is beneficial to improve the availability of regional health services and support the 

local wood industry to move away from environmentally hazardous wood preservatives. 
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Further research should establish the specific efficacy and toxicity of the extracts, and 

identify specific compounds responsible for the bioactivities shown. Certainly, these tree 

species should be rigidly protected from deforestation. 
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Abstract 

An essential oil extract from resin of Canarium schweinfurthii from Sango Bay Area, 

Southern Uganda, was prepared by steam distillation. The chemical composition of the oil 

was analysed by gas chromatography-mass spectroscopy. Monoterpenes were the main 

constituents. The oil´s composition was found to be different from previously reported C. 

schweinfurthii oils from Central African Republic, Cameroon and Gabon. The oil was tested 

for anti-termitic activity against Macrotermes bellicosus and found to be highly potent with 

an LC50 (48 h) of 1.12 mg/g. Commercial samples of some of the oil´s major constituents (γ-

terpinene, α-phellandrene, p-cymene and sabinene) were tested individually and showed high 

anti-termitic activity.   
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1 Introduction 

Canarium schweinfurthii Engl. (Burseraceae) is a tree growing in East, Central, and West 

Africa. A mature tree reaches a height of 45 - 57 m with trunk diameters of 1.2 to 1.5 m [1]. 

The tree is harvested on a large scale in West Africa and cultivated for its oily, edible fruits. 

When a cut is made to its bark, C. schweinfurthii produces a whitish gum which solidifies to 

a resin. The resin is distilled to produce essential oil commonly used in traditional medicines 

and perfumery due to its lavender-like smell. In Uganda, the resin from the tree is usually 

burnt as incense for ceremonial purposes [2]. The stem and bark are used to treat coughs, 

venereal diseases and promote exudates [3]. 

Subterranean termites cause extensive damage to wood and cellulosic products in temperate 

and tropical climates [4, 5]. Because they remain well concealed, their presence is often 

undetected until the timber is severely damaged from within and shows visible surface 

changes, which typically appear last [6]. Traditionally, chemical preservatives – such as 

creosote, tanalith or chromated copper arsenate – have been employed to protect wood and 

other materials from attack by termites, but the use of these agents has since been 

discouraged because of leaching into water and environmental pollution [7-9]. 

Hence, extensive research is done on finding alternative preservatives from natural products 

[4, 5, 10-13], many of them focusing on wood extractives. For example, the toxicity and 

repellence of essential oils of different shrubs against the Formosan subterranean termite, 

Coptotermes formosanus Shiraki has been studied [5, 14]. All the studied oils were found to 

kill termites, vetiver oil being the most effective. The oil of Canarium species has not been 

investigated yet in this context, most of the research has focused on its antioxidant and 

antimicrobial properties. Also, isolated terpenes have not been tested on Macrotermes 

bellicosus so far. 
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The resin of C. schweinfurthii contains a high percentage of compounds with known 

antioxidant and antifungal properties [15, 16]. Therefore, we were hypothesizing whether this 

locally available essential oil could be used as a protective agent against termites as well. 

Furthermore, the composition of resins and essential oils can vary between samples from the 

same species. It was therefore intriguing to see whether the oil from Ugandan C. 

schweinfurthii trees contained the same components as the oils of trees originating from other 

parts of Africa, or whether there is a strong variance.  

In this study, the chemical composition of the essential oil from the resin of Ugandan C. 

schweinfurthii was determined, and its anti-termitic activity was established.  

2 Materials and methods 

2.1 Plant materials 

The resin of C. schweinfurthii was harvested from the bark of a mature tree in Sango bay and 

stored in a refrigerator at 4°C. Termites used in the assay were M. bellicosus as these have 

been found to be the most destructive to wood and timber. Termites above the third instar 

were used. 

2.2 Isolation of essential oils 

The essential oil was obtained by steam distillation of the resin (50 g) for 4 hours (50% w/w 

yield). The obtained oil was dried over anhydrous sodium sulfate and kept in dark and tightly 

closed bottles at 4°C prior to analysis.  

2.3 GC-MS analysis 

The essential oil was analysed on an Agilent GC 6890N/MSD 5973B gas chromatograph 

with a fused silica HP-5ms column (30 m, 0.25 mm, 25 µm). Helium was used as carrier gas. 
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Total flow was 27.5 mL min
–1

 at 46.9 kPa carrier gas pressure, and the resulting column flow 

was 0.9 mL min
–1

. The temperature program was: 100°C (5 min), 10°C min
–1

 to 280°C (20 

min). The samples were injected at 230°C inlet temperature in splitless mode. Ionization was 

performed in EI mode at 70 eV. The scan range was set to 35 to 685 amu. The oil was 

dissolved in hexane (v/v = 1:100) prior to analysis. 

Compounds were identified based on a NIST mass spectral library search and on the 

comparison of Kovats retention indices determined relatively to the retention times of a 

standard sample of C7-C40 n-alkanes according to the IUPAC Compendium of Chemical 

Terminology [17]. The GC-MS chromatographic peaks were deconvoluted by AMDIS 2.66 

and a list of candidate compounds was generated for each peak using the NIST MS extended 

library (NIST ’08 with Wiley ‘09). The retention indices and mass spectra of the candidates 

were then compared to the stored information in the library and the best hit was assigned as 

most probable compound.  

2.4 Antitermitic assay 

Terpene standards  (p-cymene, limonene, α-phellandrene, sabinene, and γ-terpinene) were 

purchased at Sigma Aldrich, Vienna. 

The antitermitic activity was performed according to Cheng et al. [7] with slight 

modifications as follows: Samples of 10, 25, 50 and 100 mg of the essential oils and 10 and 

50 mg for the terpene standards were dissolved in 600 µl of ethanol and applied to 1 g of 

filter paper (Whatman). As blank control, a piece of filter paper was treated with ethanol 

only. After the solvent had been removed from the filter paper by air drying at ambient 

temperature, 30 active termites above the third instar were put on each piece of filter paper in 

a petri dish (9 cm in diameter by 1.5 cm in height) maintained at room temperature. A few 

drops of water were added daily to the bottom of each petri dish. Dead termites were counted 
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and removed every day. Each sample was tested in triplicate. The results were evaluated 

using Probit analysis (SPSS 16) for dose-response experiments [18]. 

3 Results and discussion 

3.1 Essential oil composition 

The steam-distilled oil was obtained as a colourless liquid with a characteristic smell. It 

contained 37 components with a relative peak area above 0.1%. Eight monoterpenes 

accounted for 96% of the total peak area. This is in general agreement with the findings of 

Dongmo et al. [19] and Siani et al. [20]. The main components were γ-terpinene (1) (32.4% 

of the total peak area), α-phellandrene (2) (17.9%), α-thujene (3) (14.0%), β-phellandrene 

(4) (12.9%),  p-cymene (5) (8.5%), α-pinene (6) (4.9%), sabinene (7) (2.9%) and β-pinene 

(8) (2.3%) as shown in figure 1. A complete list of compounds is given table 1. 

5 6 7 8

1 2 3 4

 

Figure 1: Structures of the major components found in the essential oil of C. 

schweinfurthii resin: γ-terpinene (1), α-phellandrene (2), α-thujene (3), β-phellandrene 

(4), p-cymene (5), α-pinene (6), sabinene (7) and β-pinene (8). The numbers of 

individually tested compounds are underlined. 
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Table 1: Complete list of compounds identified by GC-MS. 

 

For comparison, a C. schweinfurthii oil from Gabon also contained sabinene (7) (19.2%), α-

pinene (6) (10.7%) and p-cymene (5) (4.3%), while its major component was found to be 

CAS Name 

Retention 

Time 

[min] 

Relative 

peak area 

28667-05-02 α-Thujene 8.18 14 

80-56-8 α-Pinene 8.37 4.9 

79-92-5 Camphene 8.80 0.2 

3387-41-5 Sabinene 9.52 2.9 

127-91-3 β-Pinene 9.61 2.3 

99-83-2 α-Phellandrene 10.56 17.9 

99-85-4 γ-Terpinene 10.67 32.4 

99-86-5 α-Terpinene 10.87 0.7 

99-87-6 p-Cymene 11.11 8.5 

555-10-2 β-Phellandrene 11.29 12.9 

4821-04-9 Terpinene 4-acetate 12.06 0.2 

586-62-9 Terpinolene 12.95 0.4 

78-70-6 β-Linalool 13.24 0.2 

29803-81-4 trans-1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol 13.92 0.1 

29803-82-5 cis-1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol 14.45 0.1 

499-74-1 Carvenone 15.32 0.2 

74663-76-6  2-(1,1-Dimethyl-2-pentenyl)-1,1-dimethyl-cyclopropane 15.41 0.2 

20126-76-5 (-)-Terpinen-4-ol 15.58 0.1 

98-55-5 α-Terpineol 15.95 0.1 

3310-02-09 (-)-cis-Sabinol 16.28 0.5 

16721-39-4 trans-3-Methyl-6-(1-methylethyl)-2-cyclohexen-1-ol 16.43 0.1 

3536-54-7 4-Methylene-1-(1-methylethyl)-bicyclo[3.1.0]hexan-3-ol acetate 17.26 0.1 

EPA-187778 5-Isopropyl-6-methyl-hepta-3,5-dien-2-ol 17.65 0.1 

EPA-155470 2-Isopropyl-5-methyl-3-cyclohexen-1-one 17.76 0.1 

5655-61-8 (1S,2R,4S)-(-)-Borneol acetate 18.63 0.1 

55659-42-2 6-Camphenone 18.78 0.1 

53404-49-2 2,6,6-Trimethyl-bicyclo(3.1.1)heptane-2,3-diol 19.43 0.1 

38061-92-6 2-Methyl-oct-2-enedial 19.91 0.1 

14912-44-8 Ylangene 20.97 0.2 

25696-56-4 2,3-Bornanediol 21.43 0.1 

55955-53-8 trans-4-Hydroxy-3-methyl-6-(1-methylethyl)-2-cyclohexen-1-one 22.04 0.1 

13744-15-5  β-Cubebene 22.21 0.1 
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limonene (52.1%) [21]. This is in stark contrast to the C. schweinfurthii oil from the Central 

African Republic [16] which contained octyl acetate (60%), nerolidol (14%) and n-octanol 

(9.5%) as the major compounds, which were not present in the studied essential oil from 

Uganda. In another study, oils from two different trees in Cameroon contained limonene, p-

cymene (5) and the oxygenated monterpene α-terpineol as main constituents [19]. This 

suggests that a great variability is possible in the essential oils of C. schweinfurthii. Whether 

the differences in the oils´ compositions are due to genetic variations within the species, the 

trees developmental stages, infections or environmental factors, still need to be clarified [22]. 

 

3.2 Antitermitic activity 

The studied oil from the resin of C. schweinfurthii was found to be very active against 

termites. In a preliminary test to see whether the oil had any termiticidal function at all, it was 

added to an equal volume of distilled water, and this mixture was applied to filter paper as 

described above. Half the population of termites had perished after 30 minutes. Subsequently, 

lethal concentrations were determined by testing several dilutions. The LC90 for 48 hours was 

found to be 1.375 mg/g. The control was non-toxic to the termites; most of the termites 

remained alive long after the other tests were concluded (see figure 2). According to these 

findings, the oil is very promising as a natural agent for control of termites. It combines high 

termiticidal activity with the absence of negative effects to humans and wildlife. 
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Figure 2:Mortality of termites fed on paper treated with C. schweinfurthii oil. 

Table 2: Essential oil concentrations (milligram essential oil per gram paper) required 

to kill 50% and 90% of the termites according to probit analysis (p < 0.05). 

Time [h] LC50 [mg/g] LC90 [mg/g] 

0.5 2.98 3.20 

24 2.08 2.43 

48 1.12 1.38 

72 0.91 0.97 

 

A Probit analysis was performed to determine at which concentration a certain population of 

the termites had been killed (see table 2). For comparison, the LC50 value of the fruit essential 

oil of Myristica fragrans against Microcerotermes beesoni termites was 28.6 mg/g when 

tested at a dosage of 50 mg/g [23]. C. schweinfurthii oil is even more potent since 100% 

mortality was achieved after 72 hours at 25 mg/g. As another comparison, in the no-choice 

bioassay of Eucalyptus camaldulensis essential oil against M.diversus termites, high mortality 

rates of 100% were observed at concentration of 1.6 % (LC50 and LC50 were 0.68% and 1.0% 

respectively for all the concentrations) [24].  

0% 20% 40% 60% 80% 100%

Control

10 mg/g

25 mg/g

50 mg/g

100 mg/g

30 mins 1 day 2 days 3 days 4 days

mortality 
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To identify the constituents of the oil responsible for the antitermitic activity, isolated 

terpenes were selected according to their concentration in the essential oil and availability 

and tested individually against M. bellicosus. Limonene was used as a positive control. The 

terpenes proved to be highly effective. Even at the lower concentration (10 mg/g), α-

phellandrene and p-cymene had exterminated all termites after one day. For the higher 

concentration (50 mg/g), an almost identical result was achieved after 30 minutes. γ-

Terpinene, the oil´s main compound, was completely effective within one day at the higher 

concentration, yet its activity was clearly reduced at 10 mg/g. Still, the effect of the tested 

compounds – which correspond to 62% of the total peak area in GC-MS – against M. 

bellicosus was so forceful, that this C. schweinfurthii oil is well suited for the development of 

an antitermitic wood preservative. 
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Figure 3: Antitermitic effect of isolated terpenes on M. bellicosus at 10 and 50 mg/g 

(milligram essential oil per gram paper). 

Several compounds detected in the essential oil of C. schweinfurthii were previously known 

to be antitermitic. In a study by Pal et al. on Myristica fragrans oil, its major constituents 
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myrcene, β-pinene (8), sabinene (7), α-pinene (6), α-thujene (3) and limonene also caused 

termite mortality at a dose of 1 mg/g [23]. In a study carried out in Malaysia , the heartwood 

extracts of Madhuca utilis showed antitermitic activity against Coptermes gestroi termites. 

The activity was attributed to the presence of γ-terpinene (1), terpinen-4-ol, eicosane and p-

cymene (5) [13]. In a related study, the antitermitic function of E. camaldulensis leaf oils 

against C. formosans was due to γ-terpinene (1) and p-cymene (5) [25]. C. schweinfurthii oil 

thus contains several compounds with an anti-termitic activity not limited to M. bellicosus 

and could therefore be used for development of formulations to protect wood and other 

structures from termite attack. 

3.3 Possible Application as a Wood Preservative  

To produce the oil on a commercial scale, a sturdy hydrodistillation unit consisting of a boiler 

for steam generation, a still pot holding the resin during distillation and a condenser to obtain 

the oil could be constructed. Depending on the distribution of C. schweinfurthi trees in the 

area, a small, permanent distillation unit could be established, converting the resin of the 

surrounding area to oil. If the trees in the area are too sparse, a mobile unit could be mounted 

on a truck instead, moving routinely through the forest from one harvesting location to 

another. Either premise would entail a study to determine the maximum yield of resin from a 

tree according to harvesting cycles. At the same time, methods for propagation of C. 

schweinfurthii should be established, since they usually take a very long time to mature. 

Further studies would then need to be carried out to determine the best area in which a resin 

distillery could be set up depending on weather conditions, the composition of the oil and on 

the yield per tree. 



84 
 

The oil obtained would then be diluted with an appropriate solvent and be applied to the 

timber by either spraying, dipping or painting, depending on the intended use and the 

properties of the timber. A similar technology could be applied for the protection of stored 

cereals from termite attack.  

The preservative effect of C. schweinfurthii essential oil might not be limited to termites. α-

Phellandrene (2) isolated from Evodia rutaecarpa showed antifumigant properties against 

Sitophilus zeamais and Tribolium castaneum adults at LC50 values of 15.61 mg/L and 

19.78 mg/L, respectively. Although the toxicity is smaller than of the commonly used 

fungicides (for example methyl bromide), it is a better candidate for protection of maize from 

weevils since it is less toxic to humans [26]. In a study conducted by Costa et al. [27], an 

essential oil of Eugenia dysenterica DC leaves containing sabinene (7) (3.9%) and limonene 

(5.5%) showed antifungal activity against the Cryptococcus strains and also suppressed the 

growth of yeast at concentrations below 500 µg/ml. This essential oil from C. schweinfurthii 

also contains sabinene (7) and α-phellandrene (2). The exemplary cases suggest that the oil 

investigated in this study could also be a candidate for antifungal formulations.  

Considering its antimicrobial potential, C. schweinfurthii oil contains β-phellandrene (4) 

(23.3%) and α-phellandrene (2) (17.9%) at comparable concentrations as the essential oil of 

Haplophyllum tuberculatum. This oil had been shown to inhibit the growth of Escherichia 

coli, Salmonella choleraesuis, and Bacillus subtilis to the same extent as 0.10 g of 

gentamycin sulfate, showing its potential as an antibiotic [28]. This implies that C. 

schweinfurthii also has the potential to be used in the treatment of different bacterial 

infections. 
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4 Conclusion 

Essential oil from Canarium schweinfurthii was shown to have pronounced termiticidal 

activity. It contains terpenes which are highly effective against termites. This makes it an 

ideal candidate for the development of termiticidal agents of natural origin which have 

limited harmful side effects to humans, animals and the environment. 

The composition of C. schweinfurthii essential oil can vary strongly. It is currently unclear if 

these variations are caused by intraspecies variations, environmental factors or different 

growth stadia of the sampled trees. Further studies on the applicability of C. schweinfurthii 

oil as wood preservative need to consider approaches to ensure a sufficient content of the 

desired bioactive compounds in the final preparation. 
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Extract Composition of Milicia excelsa 
   CAS no Component RI MET ACE DCM 

56-81-5 Glycerin 734.3 (970.9) √ √   

123-42-2 2-Pentanone, 4-hydroxy-4-methyl- 845,9   √   

71932-99-5 Hex-4-yn-3-one, 2,2-dimethyl- 993,3     √ 

123-35-3 β-Myrcene 1000.1 (999.6) √ √   

535-77-3 Benzene, 1-methyl-3-(1-methylethyl)- 1065,1     √ 

40237-88-5  4-Nonanone, 7-ethyl- 1072,8     √ 

13491-79-7  Cyclohexanol, 2-(1,1-dimethylethyl)- 1079,8     √ 

1758-88-9 Benzene, 2-ethyl-1,4-dimethyl- 1089,4     √ 

78-70-6 Linalool 
1100.2 (1099.7, 

1100.3) √ √ √ 

55956-37-1 2-Hepten-3-ol, 4,5-dimethyl- 
d
 1105,7     √ 

589-33-3  1H-Pyrrole, 1-butyl- 
a
 1195,3   √   

98-55-5  α-terpineol 1195,5     √ 

120-80-9 1,2-Benzenediol 1196,6 √     

102-82-9 Tributylamine 1204,3     √ 

1595-10-4 1-Methyl-2-n-hexylbenzene 1266,9   √   

17699-14-8 α-Cubebene 1358.5 (1358.4) √ √ √ 

469-92-1  3a,7-Methano-3aH-cyclopentacyclooctene, 1,4,5,6,7,8,9,9a-octahydro-1,1,7-trimethyl-, [3aR-(3aα,7α,9aβ)]- 
a
 1379,9   √   

3853-83-6 1H-Benzocycloheptene, 2,4a,5,6,7,8,9,9a-octahydro-3,5,5-trimethyl-9-methylene-, (4aS-cis)- 
a
 1380     √ 

3856-25-5 Copaene 
1387.4 (1387.3, 

1387.6) √ √ √ 

515-13-9 Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-, [1S-(1α,2β,4β)]- 1400,9 √     

121-33-5  Vanillin 1406.9 (1407)   √ √ 
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EPA-151671  Isolongifolene, 9,10-dehydro- 1418,2   √   

17699-05-7 Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- 
1423.3 (1423.2, 

1423.4) √ √ √ 

512-61-8 Tricyclo[2.2.1.0(2,6)]heptane, 1,7-dimethyl-7-(4-methyl-3-pentenyl)-, (-)- 1429.4 (1429.5) √   √ 

87-44-5 Caryophyllene 1435.2 (1435, 1435.3) √ √ √ 

17699-05-7 α-Bergamotene 1443,9 √ √ √ 

3853-83-6 1H-Benzocycloheptene, 2,4a,5,6,7,8,9,9a-octahydro-3,5,5-trimethyl-9-methylene-, (4aS-cis)- 1454,8   √   

11028-42-5 Cedrene 1455 √   √ 

25532-78-9 Bicyclo[2.2.1]heptane, 2-methyl-3-methylene-2-(4-methyl-3-pentenyl)-, (1S-endo)- 1457.9 (1457.8) √ √   

18794-84-8 β-Farnesene 
1468.3 (1458.1, 

1458.3) √ √ √ 

6753-98-6 α-Caryophyllene 1469.4 (1469.7) √ √   

28973-97-9 (Z)-β-Farnesene 1469,6     √ 

19385-94-5  1-Ethyl-3-propyladamantane 
a
 1474,7     √ 

25246-27-9 1H-Cycloprop[e]azulene, decahydro-1,1,7-trimethyl-4-methylene-, [1aR-(1aα,4aβ,7α,7aβ,7bα)]- 
b
 1477.4 (1477.6) √ √   

489-39-4  1H-Cycloprop[e]azulene, decahydro-1,1,7-trimethyl-4-methylene-, [1aR-(1aα,4aα,7α,7aβ,7bα)]- 
b
 1477,6     √ 

41702-63-0 Epizonarene 1486,4     √ 

30021-74-0  Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-methylethyl)-, (1α,4aα,8aα)- 1488.4 (1488.5)   √ √ 

644-30-4 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 1489 (1489.1)   √ √ 

28973-97-9 (Z)-β-Farnesene 1495 (1495.1, 1495.2) √ √ √ 

495-60-3 1,3-Cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2-methyl-, [S-(R*,S*)]- 1501.1 (1501) √ √ √ 

1204-38-2 2H,5H-Pyrano[4,3-b]pyran-2,5-dione, 4,7-dimethyl- 
a
 1505   √   

54324-03-7 (+)-Epi-bicyclosesquiphellandrene 1509 (1400.1, 1508.9) √ √ √ 

483-75-0 Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)- 1511,3   √   

28624-23-9 δ-Selinene 
b
 1511,4 √     

31983-22-9 α-muurolene- 
b
 1511,4     √ 
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495-61-4 β-bisabolene 1515.1 (1515.3) √ √ √ 

21915-40-2 9-Cyclohexylbicyclo(3.3.1)nonan-9-ol 1523,2   √   

25246-27-9 Alloaromadendren 1523,8   √   

EPA-122173 Veridiflorol 1524,2 √     

117591-80-7 3,3,7,11-Tetramethyltricyclo[5.4.0.0(4,11)]undecan-1-ol 1530,1   √   

72120-50-4  1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene 1530,1     √ 

20307-83-9 β-sesquiphellandrene 1532.2 (1532.7 √   √ 

523-47-7 β-Cadinene 
1534.8 (1535.1, 

1535.6) √ √ √ 

483-77-2 Calamenene 1536.5 (1536.7) √ √   

5951-61-1 Cadinene 1539,1   √   

16728-99-7 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 1546 (1546.2) √ √ √ 

21284-22-0 Cubenol 
b
 1546,3   √   

19435-97-3 1-Naphthalenol, 1,2,3,4,4a,7,8,8a-octahydro-1,6-dimethyl-4-(1-methylethyl)-, [1R-(1α,4β,4aβ,8aβ)]- 1546,5 √     

100679-85-4 Ambrox 1548,5 √     

156747-45-4 Isolongifolene, 4,5,9,10-dehydro- 1551.6 (1551.9)   √ √ 

EPA-293023 α-Calacorene 
1558.4 (1558.2, 

1558.3) √ √ √ 

40716-66-3 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)- 1567.3 (1567.1) √ √ √ 

EPA-140056 Cadala-1(10),3,8-triene 1578,5 √     

1485-07-0  2-Naphthaleneethanol 1578,8 √     

79-70-9 3-Buten-2-one, 4-(2,5,6,6-tetramethyl-1-cyclohexen-1-yl)- 1579,8   √   

127-43-5 1-Penten-3-one, 1-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 1580,1     √ 

EPA-315081 Butylphosphonic acid, hexyl 4-methoxybenzyl ester 1597,9     √ 

1139-30-6 Caryophyllene oxide 
1603.8 (1603.4, 

1603.6) √ √ √ 

1138-01-8 1-Cyclododecanone, 2-ethylidene 1618.3 (1618.5)   √ √ 

577-27-5 Ledol 1624,1   √   

19888-34-7 12-Oxabicyclo[9.1.0]dodeca-3,7-diene, 1,5,5,8-tetramethyl-, [1R-(1R*,3E,7E,11R*)]- 1630,4   √ √ 
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54815-14-4 Benzofuran, 7-cyclohexyl-2,3-dihydro-2-methyl- 1632.9 (1632.8) √ √ √ 

4948-51-0  9-Methyl-S-octahydroanthracene 1636,9   √ √ 

 98910-85-1  3-Oxo-β-ionone 1639,7   √   

27185-77-9  2-Cyclohexen-1-one, 2,4,4-trimethyl-3-(3-oxo-1-butenyl)- 1639,8     √ 

EPA-159365  Longipinocarveol, trans- 1640,9     √ 

EPA-156227  β-Cedren-9-α-ol 1641 √     

EPA-191456  2-(3-Chloro-propyl)-1,1-dimethyl-3-methylene-cyclohexane 
b
 1641,2   √   

2387-68-0 6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl- 
b
 1641,2     √ 

21284-22-0 Cubenol 
1645.3 (1645.1, 

1645.4) √ √ √ 

35365-59-4 9-Octadecyne 1652     √ 

465-28-1 Carotol 1659,8 √     

54324-03-7 (+)-Epi-bicyclosesquiphellandrene 
d
 1660,8     √ 

30021-74-0   Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-methylethyl)-, (1α,4aα,8aα)- 1660,9   √   

37593-03-6  p-Heptylacetophenone 1661,5 √ √   

53947-86-7  Ethanone, 1,1'-(6-hydroxy-2,5-benzofurandiyl)bis- 1661,6     √ 

19890-84-7  Longifolenaldehyde 1664,4     √ 

18937-66-1 Azulen-2-ol, 1,4-dimethyl-7-(1-methylethyl)- 1667,1 √     

42173-25-1  Anthracene, 1,2,3,4,5,6,7,8-octahydro-9,10-dimethyl- 1667,1   √   

76803-93-5 3a,9b-Dimethyl-1,2,3a,4,5,9b-hexahydrocyclopenta[a]naphthalen-3-one 1667,2     √ 

129967-65-3 Bicyclo[3.3.1]nonan-9-one, 1,2,4-trimethyl-3-nitro-, (2-endo,3-exo,4-exo)-(.+-.)- 1670,9 √     

2387-68-0 6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl- 1670,9   √   

EPA-159365 Longipinocarveol, trans- 1671,2     √ 

2460-77-7 2,5-di-tert-Butyl-1,4-benzoquinone 1675,4   √   

EPA-156232 9-Cedranone 1675,6 √     

15352-77-9  3-Cyclohexen-1-ol, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 1681,3   √   

81052-68-8 Bicyclo[3.2.0]heptan-6-one, 2-acetyl-3,3-dimethyl-7-(1-methylethyl)- 1686,4     √ 

 38393-93-0   1H-Inden-1-one, 5-(1,1-dimethylethyl)-2,3-dihydro-3,3-dimethyl- 1690,2   √   
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39510-36-6  Spiro[4.5]dec-6-en-8-one, 1,7-dimethyl-4-(1-methylethyl)- 1691,8   √   

515-69-5  α-Bisabolol 1694,2   √   

 19078-37-6 1-Naphthalenemethanol, 1,4,4a,5,6,7,8,8a-octahydro-2,5,5,8a-tetramethyl- 1696   √   

EPA-163466 Isolongifolene, 9-hydroxy- 
1705.3 (1705.9, 

1706.5) √ √ √ 

EPA-333808  (-)-Isolongifolol, methyl ether 1714,3     √ 

1139-17-9 1,4-Methanoazulene-9-methanol, decahydro-4,8,8-trimethyl-, [1S-(1α,3aβ,4α,8aβ,9R*)]- 1716,3   √   

21441-72-5 1H-3a,7-Methanoazulene-6-methanol, 2,3,4,7,8,8a-hexahydro-3,8,8-trimethyl-, [3R-(3α,3aβ,7β,8aα)]- 1716,5 √     

1139-17-9 1,4-Methanoazulene-9-methanol, decahydro-4,8,8-trimethyl-, [1S-(1à,3aá,4à,8aá,9R*)]- 
d
 1716,8     √ 

88034-74-6 Bergamotol, Z-α-trans- 
b
 1724 (1724.1, 1724.4) √ √ √ 

EPA-333808 (-)-Isolongifolol, methyl ether 
d
 1733   √   

1139-17-9 1,4-Methanoazulene-9-methanol, decahydro-4,8,8-trimethyl-, [1S-(1α,3aβ,4α,8aβ,9R*)]- 1733,1     √ 

19431-80-2  10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0]undecan-5β-ol 
a
 1741,9   √   

74744-55-1 3-Heptadecen-5-yne, (Z)- 1741,9     √ 

1138-01-8 1-Cyclododecanone, 2-ethylidene 
1748.1 (1748.2, 

1748.6) √ √ √ 

23840-15-5  Ethanone, 1,1'-(6-methoxy-2,5-benzofurandiyl)bis- 1762,8 √     

51578-80-4 1H-2,6-Methano-2,3-benzodiazocin-8-ol, 3,4,5,6-tetrahydro-3,6,11-trimethyl- 1763,3   √   

EPA-151986 Aromadendrene oxide-(2) 1764,5   √   

10425-83-9 1-Indanone, 3,3,4,5,7-pentamethyl- 1770,5 √     

1460-96-4 Cadina-1(10),6,8-triene 1770,8   √   

79381-09-2  1,4-Dimethoxy-6,7,8,9-tetrahydro-5-benzocycloheptenone 1773,2     √ 

23787-90-8  2H-2,4a-Methanonaphthalen-8(5H)-one, 1,3,4,6,7,8a-hexahydro-1,1,5,5-tetramethyl- 
a
 1773,3   √   

5723-17-1 Benzo[d,E]isocoumarin, 3,3-dimethyl- 1773,9 √     

EPA-196015 Cyclohexane-1-methanol, 3,3-dimethyl-2-(3-methyl-1,3-butadienyl)- 1774,8 √     

EPA-221576 4-Hexen-1-ol, 6-(2,6,6-trimethyl-1-cyclohexenyl)-4-methyl-, (E)- 1775,3 √     

1139-17-9 1,4-Methanoazulene-9-methanol, decahydro-4,8,8-trimethyl-, [1S-(1α,3aβ,4α,8aβ,9R*)]- 
a
 1775,3   √   
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4674-50-4 2(3H)-Naphthalenone, 4,4a,5,6,7,8-hexahydro-4,4a-dimethyl-6-(1-methylethenyl)-, [4R-(4α,4aα,6β)]- 1781,3 √     

EPA- 188665  2(1H)Naphthalenone, 3,5,6,7,8,8a-hexahydro-4,8a-dimethyl-6-(1-methylethenyl)- 1781,4   √   

EPA-190222 4,6,6-Trimethyl-2-(3-methylbuta-1,3-dienyl)-3-oxatricyclo[5.1.0.0(2,4)]octane 
b
 1781,7   √   

19078-37-6 1-Naphthalenemethanol, 1,4,4a,5,6,7,8,8a-octahydro-2,5,5,8a-tetramethyl- 
1788.3 (1788.6, 

1788.8) √ √ √ 

EPA-346290  L-Proline, N-(pentafluorobenzoyl)-, ethyl ester 1790,4   √   

29365-45-5 As-Indacene-4,5-dicarboxylic acid, 1,2,3,3aα,4α,5α,5aα,6,7,8-decahydro-, dimethyl ester 1795 √     

EPA-187029 (7a-Isopropenyl-4,5-dimethyloctahydroinden-4-yl)methanol 1797   √   

1207-95-0 Benzo[b]thiophene, 2-phenyl- 
b
 1797,6   √   

55401-75-7 Anthracene, 9-dodecyltetradecahydro-
 b

 1797,6     √ 

161362-94-3  7R,8R-8-Hydroxy-4-isopropylidene-7-methylbicyclo[5.3.1]undec-1-ene 1801,1   √   

5451-67-2  3-(2-Isopropyl-5-methylphenyl)-2-methylpropionic acid 1801,6     √ 

19078-37-6 1-Naphthalenemethanol, 1,4,4a,5,6,7,8,8a-octahydro-2,5,5,8a-tetramethyl- 
b
 1807,2   √   

62924-17-8 2-Methyl-4-(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-ol 1807,7   √   

54833-40-8  Cyclodeca[b]furan-2(3H)-one, 3a,4,5,6,7,8,9,11a-octahydro-3,6,10-trimethyl- 1808,8   √   

4584-63-8 2,5-Cyclohexadiene-1,4-dione, 2,5-bis(1,1-dimethylpropyl)- 1813 √     

6179-19-7 (2,3-Dimethylbenzo(b)thien-6-yl)acetic acid 1819,4     √ 

EPA-140231  Humulane-1,6-dien-3-ol 
a
 1820.6 (1821.8)   √ √ 

EPA-339329 Fumaric acid, hexyl 3-phenylpropyl ester 1822,7 √     

EPA-190514 6-(1-Hydroxymethylvinyl)-4,8a-dimethyl-3,5,6,7,8,8a-hexahydro-1H-naphthalen-2-one 
d
 1824,4   √   

EPA-265828 Pyrazole-4-carboxylic acid, 3-methylthio-1-phenyl- 1825,1     √ 

96446-08-1 Cyclopentanone, tetrakis(1-methylethylidene)- 1825,6 √     

2435-85-0 Pyrene, hexadecahydro- 
a
 1831,9   √   

EPA-193161 3,5a,9-Trimethyl-3a,5,5a,9b-tetrahydro-3H,4H-naphtho[1,2-b]furan-2,8-dione 1836,5 √     

71616-00-7  Achillin 1841 √     

88034-74-6  Bergamotol, Z-α-trans-
 b

 1850,2     √ 

90165-09-6 2-Heptanone, 6-(3,5-dimethyl-2-furanyl)-6-methyl- 
d
 1852,9   √   
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EPA-192668 6,6,9a-Trimethyl-decahydronaphtho[1,2-c]furan-1,4-dione 1854,4 √     

EPA-191854 2,2,6-Trimethyl-1-(3-methylbuta-1,3-dienyl)-7-oxabicyclo[4.1.0]heptan-3-ol 1854,8     √ 

95452-13-4 4-(2,2-Dimethyl-6-methylenecyclohexyl)butanal 
d
 1855,5     √ 

EPA-151489 Aristolene epoxide 1864 (1865.9, 1866.7) √ √ √ 

EPA-153998 Tricyclo[6.3.0.0(1,5)]undecan-4-one, 5,9-dimethyl- 
d
 1869,7   √   

EPA-325557 3-Methoxybenzoic acid, 2,2,2-trifluoroethyl ester 1873,2 √     

4333-20-4 4-Imidazolidinone, 5-(1-methylethyl)-3-phenyl-2-thioxo-
 a

 1873,9   √   

59820-24-5  Cycloisolongifolene, 8,9-dehydro-9-formyl- 
a
 1875,8   √   

2715-34-6  Benzene, ethenylpentaethyl- 1879,5 √     

1438-62-6 1-Naphthalenepropanol, α-ethenyldecahydro-α,5,5,8a-tetramethyl-2-methylene-, [1S-[1α(R*),4aβ,8aα]]- 1891,7 √     

50656-61-6 5,6-Azulenedicarboxaldehyde, 1,2,3,3a,8,8a-hexahydro-2,2,8-trimethyl-, (3aα,8α,8aα)-(-)- 
1894.7 (1896.8, 

1897.9) √ √ √ 

553-21-9  Germacra-1(10),4,11(13)-trien-12-oic acid, 6α-hydroxy-, γ-lactone, (E,E)- 1902,4 √     

104900-59-6 But-3-enal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexenyl)- 
d
 1905,7   √   

EPA-307069 Thiophene-2-carboxamide, N-(3-methylphenyl)- 1906,6 √     

3155-71-3 2-Butenal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 1907,2     √ 

EPA-337583 5H-Oxazolo[3,2-a]pyridine-8-carbonitrile, 6-ethyl-2,3-dihydro-2,7-dimethyl-5-oxo- 1912,2 √     

552-96-5 2,4,6-Cycloheptatrien-1-one, 2-hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)-
 b

 1916,1   √   

552-96-5  2,4,6-Cycloheptatrien-1-one, 2-hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)- 
b
 1917,3     √ 

112-39-0 Hexadecanoic acid, methyl ester 1922,5 √     

54725-01-8  1,4-Naphthalenedione, 3-acetyl-2,5,7-trihydroxy- 1929,3 √     

EPA-149546 Bicyclo[5.1.0]octan-2-one, 4,6-diisopropylidene-8,8-dimethyl- 1932,9 √     

50656-61-6 5,6-Azulenedicarboxaldehyde, 1,2,3,3a,8,8a-hexahydro-2,2,8-trimethyl-, (3aα,8α,8aα)-(-)- 1935,7   √   

60-33-3 9,12-Octadecadienoic acid (Z,Z)- 1936,4   √   

28684-99-3 2(1H)-Naphthalenone, 3,4,4a,5,6,7,8,8aα-octahydro-5β-hydroxy-4aα,7,7-trimethyl-, acetate 1937,6   √   

EPA-275530 5-(4-Isobutyl-phenyl)-2H-pyrazol-3-ol 1937,7 √     

EPA-149546 Bicyclo[5.1.0]octan-2-one, 4,6-diisopropylidene-8,8-dimethyl- 
a
 1938     √ 
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EPA-336501  Methyl 5,9-heptadecadienoate 1938,3     √ 

EPA-314271  l-Alanine, N-(3-trifluoromethylbenzoyl)-, hexyl ester 1939,3   √   

 61062-45-1  5,6,7,8-Tetrahydro-5-oxo-2-hydroxyquinolin-4-yl acetic acid 1942,9   √   

EPA-140588 3α,4β-Dihydroxy-1,5,7α(H),6β(H)-guai-10(15),11(13)-dien-6,12-olide 1946 √     

3264-21-9 1-Acetylpyrene 1949,3 √     

1918-11-2 Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl-, methylcarbamate 1954,4 √     

EPA-129684  Benzo[d]-1,2-diazacycloheptan-3,7-dione, 5,5,6,7,9-pentamethyl- 1955,8     √ 

57-10-3  n-Hexadecanoic acid 1956,9   √   

552-96-5 2,4,6-Cycloheptatrien-1-one, 2-hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)- 1960,2   √   

552-96-5   2,4,6-Cycloheptatrien-1-one, 2-hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)- 
b
 1962     √ 

EPA-336501 Methyl 5,9-heptadecadienoate 1970,9 √     

7220-78-2   4,8,13-Cyclotetradecatriene-1,3-diol, 1,5,9-trimethyl-12-(1-methylethyl)- 1971,9   √   

2715-34-6  Benzene, ethenylpentaethyl- 1976,2 √     

   Cyclopropanecarboxylic acid, 1-hydroxy-, (2,6-di-t-butyl-4-methylphenyl) ester 1978,5 √     

2326-89-8  (5aα,9aβ,9bβ)-5,5a,6,7,8,9,9a,9b-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1-(3H)-one (drimenin) 
b
 1978,8 √     

2326-89-8  (5aα,9aβ,9bβ)-5,5a,6,7,8,9,9a,9b-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1-(3H)-one (drimenin) 
b
 1979.2 (1980.7, 1982) √ √ √ 

23697-29-2 5,9-Propano-7H-benzocycloheptene-7,11-dione, 5,6,8,9-tetrahydro- 1985.6 (1987.4 ) √ √   

38818-66-5 Trichothec-9-ene-3,15-diol, 12,13-epoxy-, 3-acetate, (3α)- 1990,1 √     

479-92-5 Propyphenazone 1992,5 √     

EPA-194076  6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydronaphthalene-2,3-diol 
a
 1992,5   √   

61050-91-7 Spiro[4.5]decan-7-one, 1,8-dimethyl-8,9-epoxy-4-isopropyl- 
d
 1995     √ 

308105-71-7  Isoquinoline, 1,2,3,4-tetrahydro-6,7-dimethoxy-2-(prop-2-ynyl)-4-spiro-cyclohexane- 1999,3 √     

EPA-196251  Bicyclo[4.1.0]heptan-2-ol, 1β-(3-methyl-1,3-butadienyl)-2α,6β-dimethyl-3β-acetoxy- 
a
 2000,2 √     

339244-81-4  Pent-4-enamine, 2-allyl-2-(2,3-dimethoxyphenyl)- 2006,6 √     

EPA-298987  (1R,2R,8S,8Ar)-8-hydroxy-1-(2-acetoxyethyl)-1,2,5,5-tetramethyl-cis-decalin 2007,3 √     

29620-91-5 Widdrol hydroxyether 2008,6   √   
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EPA-197438 2-Naphthalenol, 2,3,4,4a,5,6,7-octahydro-1,4a-dimethyl-7-(2-hydroxy-1-methylethyl) 2009,4     √ 

1461-36-5  4.Xi.,5.xi.,7.xi.-Guaia-1(10),11(13)-dien-12-oic acid, 4,8-dihydroxy-, γ-lactone, acetate 2017,4 √     

EPA-193772 Spiro[tricyclo[4.4.0.0(5,9)]decane-10,2'-oxirane], 1-methyl-4-isopropyl-7,8-dihydroxy-, (8S)- 2024,4     √ 

38701-07-4 2,3-Hexadienoic acid, 2-methyl-4-phenyl-, ethyl ester 2029,1 √     

5470-37-1 1H-Pyrido[3,4-b]indole-3-carboxylic acid, 2,3,4,9-tetrahydro-1-methyl- 2032,3     √ 

EPA-331963  4-Methyl-1,3-dihydro-2H-1,5-benzodiazepin-2-one tbdms 2036,7 √     

EPA-161371  (+)-Longicamphenylone 2040,3     √ 

EPA-196629 Benzo[e]isobenzofuran-1,4-dione,1,3,4,5,5a,6,7,8,9,9a-decahydro-6,6,9a-trimethyl 2052.1 (2054.8) √ √   

EPA-158670 Ethanone, 1-(4,6-dihydroxy-2,3,5-trimethyl-7-benzofuranyl)- 2058,6   √   

64201-73-6 3-Methoxymethyl-2,5,5,8a-tetramethyl-6,7,8,8a-tetrahydro-5H-chromene 
d
 2062,8   √   

68799-74-6 8-Acetyl-5,5-dimethyl-nona-2,3,8-trienoic acid, methyl ester 2065,8 √     

64201-73-6 3-Methoxymethyl-2,5,5,8a-tetramethyl-6,7,8,8a-tetrahydro-5H-chromene 
d
 2067,4     √ 

134614-16-7 2-Ethylamino-3-methyl(phenyl)amino-1,4-naphthoquinone 2074,3   √   

EPA-163124 >Propanedinitrile, 2-(2,2,3,4-tetramethyl-4-cyclopenten-1-ylidene)- 
d
 2075,2     √ 

88-26-6 3,5-di-tert-Butyl-4-hydroxybenzyl alcohol 
a
 2082,6 √     

56103-67-4 Phenol, 2,6-bis(1,1-dimethylpropyl)-4-methyl- 2087,2     √ 

50656-61-6 5,6-Azulenedicarboxaldehyde, 1,2,3,3a,8,8a-hexahydro-2,2,8-trimethyl-, (3aα,8α,8aα)-(-)- 
2091.8 (2096.1, 

2099.6) √ √ √ 

4130-42-1  Phenol, 2,6-bis(1,1-dimethylethyl)-4-ethyl- 2094,6 √     

4584-63-8 2,5-Cyclohexadiene-1,4-dione, 2,5-bis(1,1-dimethylpropyl)- 
a
 2104,3 √     

50816-77-8 2,9-Heptadecadiene-4,6-diyn-8-ol, (Z,E)- 2106,4   √   

97720-70-2  3-Carbamyl-(14H)(E)-nor-eburnamenine(3α,15α) 2107,1 √     

88-84-6  β-Guaiene 2107,4     √ 

81203-57-8 Falcarinol 2108     √ 

EPA-147840 N-(2,6-Dimethylphenyl)-N-[(2E)-3-methyl-1,3-thiazinan-2-ylidene]amine  # 2113,2 √     

552-96-5 2,4,6-Cycloheptatrien-1-one, 2-hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)- 2114,1 √     

10517-07-4 4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 2114,5 √     

4584-63-8 2,5-Cyclohexadiene-1,4-dione, 2,5-bis(1,1-dimethylpropyl)- 
a
 2115 √     
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20555-03-7  
 Azuleno[4,5-b]furan-2(3H)-one, decahydro-7,9-dihydroxy-6,9a-dimethyl-3-methylene-, [3aS-
(3aα,6β,6aα,7α,9α,9aβ,9bα)]- 2118,2   √   

EPA-196629 Benzo[e]isobenzofuran-1,4-dione,1,3,4,5,5a,6,7,8,9,9a-decahydro-6,6,9a-trimethyl 2121,2     √ 

10517-07-4 4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 2128,7 √     

EPA-332708 5,8-Dihydroxy-4a-methyl-4,4a,4b,5,6,7,8,8a,9,10-decahydro-2(3H)-phenanthrenone 2136,6     √ 

67902-78-7 Acetic acid, [(2,4,6-triethylbenzoyl)thio]- 2137,6 √     

2326-89-8  (5aα,9aβ,9bβ)-5,5a,6,7,8,9,9a,9b-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1-(3H)-one (drimenin) 2139,5 √     

67902-78-7  Acetic acid, [(2,4,6-triethylbenzoyl)thio]- 2140,6   √   

2326-89-8  (5aα,9aβ,9bβ)-5,5a,6,7,8,9,9a,9b-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1-(3H)-one (drimenin) 
b
 2142.6 (2145.3)   √ √ 

60268-40-8 Hanphyllin 2148.7 (2151.1) √ √   

10517-07-4  4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 
a
 2153,6     √ 

553-21-9 Germacra-1(10),4,11(13)-trien-12-oic acid, 6α-hydroxy-, γ-lactone, (E,E)- 2157,5 √     

739-26-4 Androstan-17-one, 3,11-dihydroxy-, (3α,5β,11β)- 2161 √     

897-06-3 Androsta-1,4-diene-3,17-dione 2161,2     √ 

30253-11-3 Chromone, 6-hydroxy-2-methyl-5,7-dinitro- 2176 √     

EPA-300048 5-Cyano-2,4-dioxo-3-aza-spiro[5.5]undecane-1-carbothioic acid 2177   √   

EPA-131124 Xanthatin, 1'-acetoxy-3-methyl-3-demethylene-1',2'-dihydro- 2178,8     √ 

EPA-196629 Benzo[e]isobenzofuran-1,4-dione,1,3,4,5,5a,6,7,8,9,9a-decahydro-6,6,9a-trimethyl 2184,5 √     

EEPA-193772  Spiro[tricyclo[4.4.0.0(5,9)]decane-10,2'-oxirane], 1-methyl-4-isopropyl-7,8-dihydroxy-, (8S)- 2185,2 √     

32246-45-0 2,4,6-Triisopropylphenetole 2185,7 √     

14035-33-7 3,5-di-tert-Butyl-4-hydroxyacetophenone 
d
 2188,2   √   

52811-62-8  Sclaral (sclareolide lactol) 
a
 2191,1   √   

1421-49-4 Benzoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy- 
a
 2193,2     √ 

EPA-211154 3,4'-Dimethyl-2,3'-dioxobicyclohexyl-5-ene-3,4'-dicarboxylic acid, dimethyl ester 2196,6 √     

23673-54-3  2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2208,6 √     

EPA-191935 2-(4a,8-Dimethyl-7-oxo-1,2,3,4,4a,7-hexahydronaphthalen-2-yl)-propionic acid 
d
 2209,8   √   
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EPA-264344 2-Propanol, 1-(4-methoxyphenoxy)-3-(2,6-dimethyl-4-morpholyl)- 2213,5 √     

7511-47-9   p-Benzoquinone, 2,5-bis(1,1,3,3-tetramethylbutyl)- 2222,8 √     

52811-62-8 Sclaral (sclareolide lactol) 2234 √     

82462-60-0 2,5,5,8a-Tetramethyl-1,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic acid, methyl ester 
d
 2249   √   

EPA-216092  2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl)hexa-1,3,5-trienyl]cyclohex-1-en-1-carboxaldehyde 2250,5 √     

EPA-210103 4-(5,5-Dimethyl-6-oxocyclohex-1-enyl)-3-iodomethylbutyric acid, methyl ester 2253,2     √ 

29577-17-1 Naphthalene, 1,2,3,4-tetrahydro-1-isopropyl-1,2,4,4,7-pentamethyl- 
d
 2254,1   √   

52811-62-8 Sclaral (sclareolide lactol) 
d
 2255.3 (2200.7)   √ √ 

 2623-22-5  Desacetylanguidine 2259,8     √ 

37936-58-6 
Azuleno[4,5-b]furan-2(3H)-one, 3a,4,6a,7,8,9,9a,9b-octahydro-6-methyl-3,9-bis(methylene)-, [3aS-
(3aα,6aα,9aα,9bβ)]- 

d
 2269,4     √ 

EPA-189218 Acetic acid, 3-methoxy-7-methyl-6,7,8,9-tetrahydro-dibenzofuran-2-yl ester 2271,9 √     

1848-12-0 2-(2,5-Dimethoxyphenyl)cyclohex-2-enone 
d
 2274,1   √   

EPA-189218 Acetic acid, 3-methoxy-7-methyl-6,7,8,9-tetrahydro-dibenzofuran-2-yl ester 2277,8     √ 

 2277-28-3   9,12-Octadecadienoic acid (Z,Z)-, 2,3-dihydroxypropyl ester 2287,7 √     

23673-54-3 2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2292,2 √     

33649-17-1  
Propanoic acid, 2-methyl-, (decahydro-6a-hydroxy-9a-methyl-3-methylene-2,9-dioxoazuleno[4,5-b]furan-6-
yl)methyl ester, [3aS-(3aα,6β,6aα,9aβ,9bα)]- 2293,5     √ 

EPA-185449 Acetic acid, 7-isopropenyl-1,4a-dimethyl-3-oxo-2,3,4,4a,5,6,7,8-octahydronaphthalen-2-yl ester 
b
 2301 √     

2310-36-3 A-Norcholestan-2-one, (5α)- 2319,7 √     

EPA-185449 Acetic acid, 7-isopropenyl-1,4a-dimethyl-3-oxo-2,3,4,4a,5,6,7,8-octahydronaphthalen-2-yl ester 
b
 2329,5 √     

EPA-140588  3α,4β-Dihydroxy-1,5,7α(H),6β(H)-guai-10(15),11(13)-dien-6,12-olide 2332,3     √ 

EPA-197603 Acetate, [6-(acetyloxy)-5,5,8a-trimethyl-2-methyleneperhydro-1-naphthalenyl]methyl ester 2339,3     √ 

14035-33-7 3,5-di-tert-Butyl-4-hydroxyacetophenone 2344,5 √     
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14035-33-7 3,5-di-tert-Butyl-4-hydroxyacetophenone 
d
 2348,9     √ 

2198-92-7 Verrucarol 2361,2     √ 

59820-24-5 Cycloisolongifolene, 8,9-dehydro-9-formyl- 
d
 2376     √ 

36313-00-5 Nitrosine 
2394.9 (2395.8, 

2397.2) √ √ √ 

EPA-131124 Xanthatin, 1'-acetoxy-3-methyl-3-demethylene-1',2'-dihydro- 2404.5 (2478.8) √ √   

EPA-196629 Benzo[e]isobenzofuran-1,4-dione,1,3,4,5,5a,6,7,8,9,9a-decahydro-6,6,9a-trimethyl 
d
 2411.6 (2418.5)   √ √ 

21532-61-6  N-(p-Methoxyphenyl)-p-chloro-benzenesulfinylamide 2412,2 √     

EPA-216092 2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl)hexa-1,3,5-trienyl]cyclohex-1-en-1-carboxaldehyde 2426,1 √     

25377-73-5 2,5-Furandione, 3-(dodecenyl)dihydro- 2436,5     √ 

EPA-192124 5-Methoxy-10,12,13-trimethyl-11-nitrotricyclo[7.3.1.0(2,7)]trideca-2,4,6-triene 2436,8 √     

49623-71-4 2,4,6-Triisopropylbenzoic acid 
d
 2440,2   √   

EPA-216092  2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl)hexa-1,3,5-trienyl]cyclohex-1-en-1-carboxaldehyde 2470,4     √ 

23673-54-3 2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2470,7     √ 

4584-63-8  2,5-Cyclohexadiene-1,4-dione, 2,5-bis(1,1-dimethylpropyl)- 2471,4     √ 

EPA-140297 Eudesma-5,11(13)-dien-8,12-olide 
d
 2499,3   √   

846-48-0 Boldenone 2506.3 (2510.3, 2514) √ √ √ 

4376-20-9 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester 2551   √   

EPA-145912  1,3,4,4aβ,5,6,8,9-Octahydro-4a-hydroxy-6,6,8b-trimethylazuleno(5,6-c)furan-3-one 2608   √   

50-24-8  Prednisolone 2609,9     √ 

13485-43-3  Pregna-4,16-diene-3,20-dione, 16-methyl- 2669,2     √ 

EPA-128313 1,2-Dihydroharmaline 2831,4     √ 

96391-56-9 17α-Hydroxy-11-desoxycorticosterone 21-acetate 2833,9 √     

56193-59-0  Pregnane-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy- 2847,8   √   

1259-10-5  9,19-Cyclolanost-24-en-3-ol, acetate, (3β)- 2848,3     √ 

72150-74-4 Kauren-18-ol, acetate, (4β)- 2861,8 √     
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EPA-216092 2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl)hexa-1,3,5-trienyl]cyclohex-1-en-1-carboxaldehyde 2878,9     √ 

72150-74-4 Kauren-18-ol, acetate, (4β)- 2888,3     √ 

34756-98-4 
1,3a-Azulenedimethanol, 1,2,3,3a,4,7,8,8a-octahydro-1-[5-hydroxy-3-(hydroxymethyl)-3-pentenyl]-2,5-
dimethyl-, [1R-[1α,1(Z),2α,3aβ,8aβ]]- 2933,7 √     

EPA-216092  2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl)hexa-1,3,5-trienyl]cyclohex-1-en-1-carboxaldehyde 2944,9     √ 

22378-51-4 Pyrido[3,4-d]pyrimidin-4(3H)-one, 6,8-dimethyl-
d
 3016,1   √   

49763-65-7 Benzoyl chloride, 4-pentyl- 
d
 3016,5     √ 

67861-09-0 2-[1-(4-Methoxyphenyl)-2-nitroethyl]cyclohexanone
 a

 3053,9     √ 

72360-94-2  1-Naphthalenepropanol, α-ethyldecahydro-α,5,5,8a-tetramethyl-2-methylene-, [1S-[1α(S*),4aβ,8aα]]- 
a
 3085,9   √   

502-62-5 psi.,.psi.-Carotene, 7,7',8,8',11,11',12,12',15,15'-decahydro- 3088,3     √ 

EPA-292953  Ambrein 3098.4 (3231.7) √ √   

39707-55-6  
 1,4-Benzenediol, 2-[(1,4,4a,5,6,7,8,8a-octahydro-2,5,5,8a-tetramethyl-1-naphthalenyl)methyl]-, [1R-
(1α,4aβ,8aα)]- 

a
 3102,1   √   

111-02-4  2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 3102,3     √ 

56588-25-1 D:A-Friedoolean-6-ene 
a
 3186.6 (3187.2)   √ √ 

18046-86-1 C(14a)-Homo-27-norgammacer-14-ene 3212.4 (3213.5)   √ √ 

502-62-5 psi.,.psi.-Carotene, 7,7',8,8',11,11',12,12',15,15'-decahydro- 3219,9 √     

 3399-27-7  Olean-13(18)-ene 3233     √ 

96737-58-5  Stigmasta-5,7,22-trien-3-ol, (3β)- 3250,1 √     

83-47-6  γ-Sitosterol 3495 √ √ √ 

 

  



103 
 

 

Extract Composition of Psorospermum febrifugum 
    CAS no Component RI Hex  Met Ace DCM 

56-81-5 Glycerin 735,1   √     

600-22-6 Propanoic acid, 2-oxo-, methyl ester 797,8   √     

98-01-1 Furfural 840,4   √     

123-42-2 2-Pentanone, 4-hydroxy-4-methyl- 845,7     √   

10493-98-8 2-Cyclopenten-1-one, 2-hydroxy- 930,2   √     

71932-99-5 Hex-4-yn-3-one, 2,2-dimethyl- 993       √ 

100-79-8 1,3-Dioxolane-4-methanol, 2,2-dimethyl- 945     √   

4971-18-0 Cyclopentanone, 2-ethyl- 989.1 (989.9)   √ √   

123-35-3  β-Myrcene 1000.6(1000.8, 1001, 1001.8) √ √ √ √ 

70058-00-3 2-Methyl-1-nonene-3-yne 1003,2       √ 

95-63-6 psi.-Cumene 1003,7       √ 

EPA-144790 Methyl cis-2-trimethylsilyl-cyclopropane-1-carboxylate 1030,1   √     

526-73-8 Benzene, 1,2,3-trimethyl- 1032,3       √ 

5989-27-5 D-Limonene 1038.5 (1038.6, 1039.7) √   √ √ 

3779-61-1 β-trans-Ocimene 1045.2 (1045.4, 1045.1) √ √ √   

80-56-8 α-Pinene b 1045,6       √ 

3338-55-4 β-cis-Ocimene 1055,5       √ 

13877-91-3 β-Ocimene 1054.9(1055.1)   √ √   

17301-32-5 Undecane, 4,7-dimethyl- 1062,4 √       

2870-04-04 Benzene, 2-ethyl-1,3-dimethyl- 1065,2       √ 

1595-16-0 Benzene, 1-methyl-4-(1-methylpropyl)- 1065,4       √ 

40237-88-5 4-Nonanone, 7-ethyl- 1072,7       √ 

118-71-8 Maltol 1076,5   √     

EPA-132130 α-Methyl-α-[4-methyl-3-pentenyl]oxiranemethanol 1078,1     √   

13491-79-7 Cyclohexanol, 2-(1,1-dimethylethyl)- 1079,7       √ 
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874-41-9  Benzene, 1-ethyl-2,4-dimethyl- 1089,3       √ 

29050-33-7 (+)-4-Carene 1092,3 √   √   

17302-01-1  3-Ethyl-3-methylheptane 1101,2 √       

55956-37-1 2-Hepten-3-ol, 4,5-dimethyl- 
d
 1105,7       √ 

7216-56-0 2,4,6-Octatriene, 2,6-dimethyl-, (E,Z)- 1130,8 √   √   

28564-83-2 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 1146.2 (1144.9)   √ √   

65-85-0 Benzoic acid 1158,3     √   

71339-53-2 2(3H)-Furanone, 3-(15-hexadecynylidene)dihydro-4-hydroxy-5-methyl-, [4R-(3Z,4à,5á)]- 
d
 1165,3       √ 

120-80-9 Pyrocatechol 1196.3 (1195.6)   √ √   

496-16-2 Benzofuran, 2,3-dihydro- 1216.9 ( 1216.4)   √ √   

67-47-0 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 1229.7 (1230)   √ √   

106-24-1 trans-Geraniol 1257,8     √   

3905-64-4 Naphthalene, 2,6-bis(1,1-dimethylethyl)- 1268,3   √     

17312-74-2 Decane, 5-ethyl-5-methyl- 1279,5 √       

37493-70-2 Undecanol-5 1304,1     √   

207000-27-9 2-Amino-2-methylpropionic acid, isopropylamide 1305,2   √     

1450-72-2 Ethanone, 1-(2-hydroxy-5-methylphenyl)- 1319.2(1318.7)   √ √   

61141-72-8 Dodecane, 4,6-dimethyl- 1325,1 √       

1824-96-0 α-D-Xylofuranoside, methyl 1342,8   √     

19062-88-5 3,1-Benzoxazepine-2-carbonitrile, 7-methoxy- 
d
 1356.9 (1358)   √ √   

927-45-7  7-Tridecanol 1366,2   √     

504-15-4 Resorcinol, 5-methyl- 1369 (1369.6)     √   

EPA-352830 Orcinol, monoacetate 1369,4   √     

3856-25-5 Copaene 1387.3(1387.2, 1387.4) √   √ √ 

7266-78-6  Di(1-methyl-1-silacyclobutyl)amine 1405,3   √     

32538-51-5 1,1,3,3-Tetramethyl-1,3-disilaphenalane 1417.7 (1417.7)     √   

EPA-307906 3,5-Dimethyl-1-dimethylphenylsilyloxybenzene 1417,9   √     

17699-05-7 α-Bergamotene 1423.3 (1423.4, 1443.8) √   √ √ 
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87-44-5 Caryophyllene 1435.1(1435.3) √ √ √ √ 

55123-21-2 Bergamotene 1443,8     √   

18794-84-8  β-Farnesene 1458.3 (1458.2) √ √ √ √ 

29837-07-8 cis-α-Bisabolene 1469,3       √ 

6753-98-6  α-Caryophyllene 1469,6     √   

EPA-62619 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- 1469,7 √       

5025-36-5 Phenanthrene, 3,6-dimethoxy-9,10-dimethyl- 1476,7     √   

498-07-7  β-D-Glucopyranose, 1,6-anhydro- 1486.1 (1485.7)   √ √   

17699-14-8 α-Cubebene 1488,6 √       

28973-97-9 (Z)-β-Farnesene 1495,1     √   

20307-83-9 Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]- 1495,2 √       

21129-09-9 1,2-Tetradecanediol 1508,3     √   

483-76-1 δ-Cadinene, (+)- 
b
 1534.9(1534.8,1534.7) √ √ √   

483-77-2 Calamenene 1536,5     √   

25688-73-7 Glycine, N,N-bis(trimethylsilyl)-, methyl ester 1541,2   √     

EPA-129846 3,4-O-Isopropylidene-d-galactose 
a
 1542,5     √   

15356-74-8 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 1553.4 (1551.8) √   √   

645-08-9 3-Hydroxy-4-methoxybenzoic acid 1562,5     √   

1139-30-6 Caryophyllene oxide  1604.8 (1604.5, 1604) √ √ √ √ 

3411-09-4  3-Buten-2-one, 4-(2,6-dimethoxy-4-pentylphenyl)- 1610,4     √   

53585-08-3 1,2,3,5-Cyclohexanetetrol, (1α,2β,3α,5β)- 1615,5     √   

77-95-2 (1R,3R,4R,5R)-(-)-Quinic acid 1624,3   √     

19888-34-7 12-Oxabicyclo[9.1.0]dodeca-3,7-diene, 1,5,5,8-tetramethyl-, [1R-(1R*,3E,7E,11R*)]- 1630,8     √   

58713-02-3 2,4,6,(1H,3H,5H)-Pyrimidinetrione, 5-acetyl- 1656,3     √   

19431-80-2 10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0]undecan-5β-ol 1656,6     √   

16846-10-9 Methyl 2,6-dihydroxy-4-methylbenzoate 1663,8   √     

72150-74-4  Kauren-18-ol, acetate, (4β)- 1675,3     √   

2387-68-0 6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl- 
b
 1675,7       √ 
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EPA-216875 4-n-Propyl-trans-3-oxabicyclo[4.4.0]decane 
d
 1686,3     √   

EPA-193481 Octahydroindene-1,7a-diol 1687,8   √     

33342-85-7 Acetophenone, 2'-(trimethylsiloxy)- 
d
 1701,5     √   

4707-47-5 Benzoic acid, 2,4-dihydroxy-3,6-dimethyl-, methyl ester 1716   √ √   

5444-75-7 Benzoic acid, 2-ethylhexyl ester 1717,5         

544-63-8 Tetradecanoic acid 1754,2     √   

EPA-187987 1,5,9,9-Tetramethyl-spiro[3.5]nonan-5-ol 1785.8 (1786.1)     √ √ 

EPA-103292 
Decahydro-4-(2-hydroxy-2-isopropyl)-4a,5-dimethyl-2,3:8,8a-bisepoxy-[2R-(1xi,2α,3α,4α,4aβ,5β,8β,8aβ)]-1-
naphthol 1786,2   √     

17283-81-7 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 
a
 1832,3     √   

EPA-191174 2-Hydroxy-2,4,4-trimethyl-3-(3-methylbuta-1,3-dienyl)cyclohexanone 
a
 1832,7       √ 

17283-81-7 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- a 1833,2 √       

61886-66-6 3-Eicosyne 1837,1   √     

102608-53-7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
b
 1837.5 (1837.1, 1880.2) √ √ √ √ 

502-69-2 2-Pentadecanone, 6,10,14-trimethyl- 1844.6 (1844.2) √   √   

EPA-191006 4,4,8-Trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-diol 1901     √   

5129-60-2 Pentadecanoic acid, 14-methyl-, methyl ester 1922,1     √   

112-39-0 Palmitic acid, methyl ester 1922,3   √   √ 

57-10-3 Palmitic acid 1953.9 (1957, 1954.2)   √ √ √ 

2462-85-3 9,12-Octadecadienoic acid, methyl ester 2094   √     

301-00-8 Linolenic acid, methyl ester 2101   √     

1259-94-5 9,19-Cyclolanostan-3-ol, 24-methylene-, acetate, (3β)- 2351,5   √     

220904-24-5 4,8,12-Trimethyltridecan-4-olide 2359(2358.7) √   √   

103-23-1  Hexanedioic acid, bis(2-ethylhexyl) ester 2396       √ 

629-94-7 Heneicosane 
b
 2491,9 √       

629-99-2 Pentacosane 2492     √ √ 

542-44-9 Hexadecanoic acid, 2,3-dihydroxypropyl ester 2508     √   

EPA-104372 3β-Myristoylolean-12-en-16β-ol 2524.1 (2526.7)     √ √ 
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593-49-7 Heptacosane 2690.2 (2690.6)     √ √ 

630-02-4 Octacosane 2691 (2690.1, 2782.1) √ √   √ 

EPA-307830 1-Naphthoic acid, 2-naphthyl ester 2741,8 √       

EPA-159827 2H-Pyran-2-one, 6-[2-E-(3-ethylphenyl)ethenyl]-4-methoxy- 2744,4     √   

630-06-8 Hexatriacontane 2774,8 √       

111-02-4 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 2810,6 √       

7683-64-9 Squalene 2811 (2821.4) √   √ √ 

630-03-5 Nonacosane 2876(2871.6, 2888.3) √ √ √   

593-49-7 Heptacosane 2987,1 √       

59-02-9 Vitamin E 3208,6   √     

10191-41-0  dl-α-Tocopherol 3176,4     √   

96737-58-5  Stigmasta-4,6,22-trien-3β-ol 3236     √   

83-48-7 Stigmasterol 3387     √   

36645-68-8 1,30-Triacontanediol 3395,9 √       

83-47-6 γ-Sitosterol 3585.6 (3496.5) √   √   

EPA-194818 Lanosta-8,24-dien-3-one 3716.8 ( 3607) √   √   

545-47-1 Lupeol 3789.4 (3665.4)     √   
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  Extract composition of Albizia coriaria   Leaves Bark 

CAS no Component RI HEX MET ACE DCM HEX MET ACE DCM 

123-42-2  2-Pentanone, 4-hydroxy-4-methyl- 846,2     √           

71932-99-5  Hex-4-yn-3-one, 2,2-dimethyl- 993.2 (993.1)       √       √ 

56-81-5 Glycerin 971             √   

123-35-3 β-Myrcene 1001.3 (1002.3)   √ √ √         

127-91-3  β-Pinene 1002.3 (1002.8)     √ √         

95-63-6  Benzene, 1,2,4-trimethyl- 1003,8               √ 

2609-23-6 2,6-Dimethyl-2-trans-6-octadiene 1012 (1012.7)     √ √         

460-01-5 2,6-Dimethyl-1,3,5,7-octatetraene, E,E- 1016,8     √           

99-86-5 1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 1026,8     √           

29050-33-7 (+)-4-Carene 1027.1 (1027.4)   √   √         

5989-27-5 D-Limonene 
b
 1039 (1039.2, 1039.5)   √ √ √         

5989-27-5 D-Limonene 
b
 1039,3   √             

3779-61-1 β-trans-Ocimene 1045.4 (1045.7, 1045.9)   √   √         

3338-55-4 β-cis-Ocimene 1055,2   √             

13877-91-3 β-Ocimene 1055.3 (1055.7)     √ √         

934-74-7  Benzene, 1-methyl-2-(1-methylethyl)- 1065,2       √         

99-85-4 γ-Terpinen 1066.1 (1066.2, 1066.4)   √ √ √         

5445-31-8 3-Nonanone, 2-methyl- 
a
 1072,8       √         

36099-48-6 Ethyl trans-3-methyl-2-oxiranecarboxylate 1074,7           √     

118-71-8 Maltol 1075,8   √             

44898-60-4 2-Propen-1-amine, N,N-bis(1-methylethyl)- 1077,1             √   

EPA-132130  α-Methyl-α-[4-methyl-3-pentenyl]oxiranemethanol 1078.7 (1078.4)   √ √           

13491-79-7  Cyclohexanol, 2-(1,1-dimethylethyl)- 1079.7 (1079.8)       √       √ 

1758-88-9 Benzene, 2-ethyl-1,4-dimethyl- 1089,2               √ 

874-41-9 Benzene, 1-ethyl-2,4-dimethyl- 1089,3       √         

586-62-9 Cyclohexene, 1-methyl-4-(1-methylethylidene)- 1092,4     √           
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554-61-0 Bicyclo[4.1.0]hept-2-ene, 3,7,7-trimethyl- 1092,6   √             

29050-33-7 (+)-4-Carene 
a
 1092,8       √         

932-66-1 Ethanone, 1-(1-cyclohexen-1-yl)- 1105,4             √   

55956-37-1 2-Hepten-3-ol, 4,5-dimethyl- 1105,7       √         

21195-59-5 1,3,8-p-Menthatriene 1115,8     √           

826-36-8  4-Piperidinone, 2,2,6,6-tetramethyl- 1118,9             √   

673-84-7 Allo-Ocimene 1130,9     √           

7216-56-0 2,4,6-Octatriene, 2,6-dimethyl-, (E,Z)- 1131 (1131.1)   √   √         

EPA-352636 Linalool, methyl ether 1136,2   √             

541-02-6 Cyclopentasiloxane, decamethyl- 1152,9   √             

42569-59-5  4,8-Dioxatricyclo[5.1.0.0(3,5)]octane, 1-methyl-5-(1-methylethyl)-, (1α,3β,5β,7α)- 1165,3               √ 

102-82-9 Tributylamine 1195,2         √       

120-80-9 Pyrocatechol 1196,5   √ √           

1686-20-0  p-Mentha-1,5-dien-8-ol 1197,9       √         

EPA-333793 (2E)-1-Methoxy-3,7-dimethylocta-2,6-diene 1226,2   √             

EPA-109594 Neryl phenylacetate 1233,1       √         

EPA-279894 1-Dimethyl(isopropyl)silyloxypropane 1246,6           √     

EPA-280351 1-Butyl(dimethyl)silyloxypropane 1247,6             √   

105-86-2 2,6-Octadien-1-ol, 3,7-dimethyl-, formate, (E)- 1251,7       √         

106-24-1 trans-Geraniol 1260.2 (1259, 1258.1)   √ √ √         

112-05-0 Nonanoic acid 1264,8         √       

141-27-5 α-Citral 1272.7 (1274.8)     √ √         

629-62-9 Pentadecane 1279,6         √       

7045-71-8  Undecane, 2-methyl- 1287,7         √       

74645-98-0 Dodecane, 2,7,10-trimethyl- 1293,4         √       

14009-07-5 2H-Pyran-3,4,5-triol, tetrahydro-2-methoxy-6-methyl- 1295,1           √     

120-72-9 Indole 1299.5 (1299.4)           √ √ √ 

544-76-3 Hexadecane 
c
 1301,1         √       
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1450-72-2 Ethanone, 1-(2-hydroxy-5-methylphenyl)- 1319.6 (1319.2)         √ √     

61141-72-8 Dodecane, 4,6-dimethyl- 1325,2         √       

17312-74-2 Decane, 5-ethyl-5-methyl- 1334,8         √       

1824-96-0 α-D-Xylofuranoside, methyl 1342,7   √             

629-59-4 Tetradecane 
c
 1352,1         √       

EPA-330063  Succinic acid, cyclobutyl propyl ester 1359,3   √             

EPA-124949 1-Deoxy-2,4-O,O-methylene-d-xylitol 1359,4           √     

124-17-4 Ethanol, 2-(2-butoxyethoxy)-, acetate 1368,1         √       

504-15-4 Resorcinol, 5-methyl- 1369,8     √           

EPA-129064 Methyl d-lyxofuranoside 1378,2   √             

3856-25-5 Copaene 1384.6 (1387.4, 1387.3) √ √ √ √ √   √ √ 

17699-14-8 α-Cubebene 1387,5           √     

83-34-1 1H-Indole, 3-methyl- 1394,7               √ 

2104-09-08 2-Amino-4-(4-nitrophenyl)thiazole 1396,3                 

629-59-4 Tetradecane 1397,2         √       

146562-75-6  5,8-Methano-1H-[1,2,4]triazolo[1,2-a]pyridazine-1,3(2H)-dione, 5,6,7,8-tetrahydro-2,5-diphenyl- 1407   √             

121-33-5 Vanillin 1407,6         √       

581-42-0 Naphthalene, 2,6-dimethyl- 1416,4         √       

32538-51-5 1,1,3,3-Tetramethyl-1,3-disilaphenalane 1417,9           √     

17699-05-7 α-Bergamotene 1420.3 (1423.3, 1443.8) √   √ √ √     √ 

13612-59-4 2,4,6-Cycloheptatriene-1-carbonitrile 1423,5           √     

512-61-8  Tricyclo[2.2.1.0(2,6)]heptane, 1,7-dimethyl-7-(4-methyl-3-pentenyl)-, (-)- 1426.5 (1429.5, 1429.3) √       √     √ 

57-50-1 Sucrose 
d
 1429,8     √           

87-44-5 Caryophyllene 
1432.2 (1435.5, 1435.2, 

1435.1, 1435) √ √ √ √ √   √ √ 

3877-34-7  1,2,3,4-Cyclohexanetetrol 1434,3           √     

13474-59-4  trans-α-Bergamotene 
1441.2 (1443.9, 1423, 

1423.3, 1423.2) √   √ √ √   √   

3796-70-1 5,9-Undecadien-2-one, 6,10-dimethyl-, (E)- 1455,8               √ 
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28973-97-9 (Z)-β-Farnesene 
1458 (1468.3, 

1458.3,1458.1,1495) √   √ √ √   √   

18794-84-8 β-Farnesene 1458.3 (1495, 1458.2)       √ √   √ √ 

123-35-3  β-Myrcene 1458,3           √     

131-11-3 Dimethyl phthalate 1461,8         √       

29837-07-8 cis-α-Bisabolene 1465.7 (1468.3) √           √   

20307-83-9  Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]- 1468,1               √ 

26560-14-5 2-Cyclopentene-1-acetaldehyde, 2-formyl-α,3-dimethyl- 1468,5       √         

160875-28-5 2-Butanone, 3-(4-tert-butylphenoxy)- 1477,4         √       

498-07-7  β-D-Glucopyranose, 1,6-anhydro- 1484           √     

23986-74-5 1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1-methylethyl)-, [s-(E,E)]- 1488.7 (1488.4)       √ √       

20307-83-9 Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]- 1492.6 (1495.2) √       √       

107-50-6 Cycloheptasiloxane, tetradecamethyl- 1495     √           

492-88-6  Benzaldehyde, 3-ethoxy-2-hydroxy- 1498,3     √           

24022-14-8 Dispiro[1,3-dioxolane-2,2'-bicyclo[2.2.1]heptane-3',2''-(1'',3''-dioxolane)], 4',7',7'-trimethyl- 1504,1         √       

1138-52-9   Phenol, 3,5-bis(1,1-dimethylethyl)- 1513,5         √       

23676-09-7 Benzoic acid, 4-ethoxy-, ethyl ester 1531,4         √       

523-47-7 β-Cadinene, (-)- 1532.1 (1534.6) √     √       √ 

483-77-2 Cadina-1,3,5-triene (Calamenene) 1534.6 (1536.5, 1536.6) √   √   √     √ 

483-76-1 Cadina-1(10),4-diene 1534.6 (1534.7, 1534.8)   √ √   √   √   

16728-99-7 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 1546       √         

56359-72-9 Cyclohexanecarboxylic acid, 4-butyl-, 4-(pentyloxy)phenyl ester 1552,3         √       

17092-92-1 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)- 1552.6 (1551.7)           √   √ 

15356-74-8  2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 1552.7 (1553) √           √   

EPA-293023 α-Calacorene 1558,3       √         

17397-85-2 1H-2-Benzopyran-1-one, 3,4-dihydro-8-hydroxy-3-methyl- 1562,5         √       

3396-99-4 α-D-Galactopyranoside, methyl 1566,8           √     

40716-66-3 ±-trans-Nerolidol 1567,7       √         

39151-19-4 3',5'-Dimethoxyacetophenone 1572           √     
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2437-56-1 1-Tridecene 1589,6         √       

544-76-3 Hexadecane 1596,4         √       

18979-60-7 4-n-Propylresorcinol 1602.4 (1602.5)   √ √           

26560-14-5 (Z,E)-α-Farnesene 1604,4         √       

1139-30-6 Caryophyllene oxide 1604,5       √         

53585-08-3 1,2,3,5-Cyclohexanetetrol, (1α,2β,3α,5β)- 1609,5   √             

5055-74-3 1,5-Diphenyl-2H-1,2,4-triazoline-3-thione 1616,1   √             

163776-15-6 l-Threitol, 2-O-nonyl- 1621   √             

4060-09-7   D-Glucose, 2,3,4-tri-O-methyl- 1631,3     √           

54815-14-4 Benzofuran, 7-cyclohexyl-2,3-dihydro-2-methyl- 1632,7       √         

EPA-314155  l-Alanine, N-(4-butylbenzoyl)-, isohexyl ester 
a
 1646,1     √           

58713-02-3 Barbituric acid, 5-acetyl- 1656,6   √             

248-09-7 8-Heptadecene 1677,5         √       

EPA-130968  11-Tridecen-1-ol 1690,8       √         

76649-23-5 Propanoic acid, 2-methyl-, 3-methyl-2-butenyl ester 1691,6   √             

2029-94-9 3,4-Diethoxybenzaldehyde 1697,2         √       

EPA-163466  Isolongifolene, 9-hydroxy- 1705,4     √           

EPA-127259 3-O-Methyl-d-glucose 1709.9 (1677.7)           √ √   

1560-95-8 Tetradecane, 2 methyl- 1710,2         √       

316-24-9 Pentadecanal- 1714,3         √       

4707-47-5 β-Resorcylic acid, 3,6-dimethyl-, methyl ester 1716.2 (1715.9, 1716.6)   √ √ √ √       

5444-75-7 Benzoic acid, 2-ethylhexyl ester 1717,4         √       

21903-68-4 Indole, 3,3'-(selenodimethylene)di- 1727,7   √             

15561-00-9 Sulfide, isobutyl o-tolyl 1747,1           √     

526-55-6 1H-Indole-3-ethanol 1771,3               √ 

90165-14-3 Acetic acid, 2-(2,2,6-trimethyl-7-oxa-bicyclo[4.1.0]hept-1-yl)-propenyl ester 1785,5               √ 

98361-31-0  Cyclohexanone, 2,3-dimethyl-2-(3-oxobutyl)- 1786,1             √   

EPA-187987 1,5,9,9-Tetramethyl-spiro[3.5]nonan-5-ol 1786,3           √     
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EPA-130979  E-15-Heptadecenal 1787,2 √               

EPA-323578 Heptyl 4-methoxyphenyl ether 
a
 1788,6     √           

19078-37-6 Drimenol 1788,6       √         

112-88-9 1-Octadecene 1789,2         √       

EPA-130996 7-Methyl-Z-tetradecen-1-ol acetate 1792,3           √     

593-45-3 Octadecane 1795,4         √       

EPA-144107  1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4-(3-methylbut-2-enyl)-cyclohexene 1807,1     √           

76170-95-1  Imidazo[4,5-e][1,4]diazepine-5,8-dione, 1,4,6,7-tetrahydro-1,4,7-trimethyl- 1820,2     √           

487-89-8 1H-Indole-3-carboxaldehyde 1821,6             √   

61886-66-6 3-Eicosyne 1834,2 √               

EPA-144579 16-Heptadecenal 
b
 1837,1           √     

502-69-2 2-Pentadecanone, 6,10,14-trimethyl- 1841.9 (1844.2, 1844.4) √       √ √ √ √ 

102608-53-7  3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1858.8 (1837.2, 1837.1) √       √     √ 

102608-53-7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
b
 1861,7             √   

102608-53-7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
b
 1880,1             √ √ 

65539-79-9 3,4-Dimethyl(1H)pyrrole, 2-[(3,4-dimethyl-[2H]-pyrrol-2-ylidene)methyl]- 1909,4             √   

112-39-0 Palmitic acid, methyl ester 1919.5 (1922.3, 1922.2) √ √     √ √     

762-29-8  5,9,13-Pentadecatrien-2-one, 6,10,14-trimethyl- 
b
 1922             √   

1117-52-8  5,9,13-Pentadecatrien-2-one, 6,10,14-trimethyl-, (E,E)- 1922               √ 

EPA-149546 Bicyclo[5.1.0]octan-2-one, 4,6-diisopropylidene-8,8-dimethyl- 1932.8 (1932.6)     √ √         

127-63-9 Diphenyl sulfone 1946,6               √ 

57-10-3 Palmitic acid 
b
 1953.9 (1955.6) √         √   √ 

EPA-309246  Oxalic acid, dodecyl hexyl ester 
b
 1953,9             √   

38259-79-9 2,6,11,15-Tetramethyl-hexadeca-2,6,8,10,14-pentaene 1958,8   √             

1898-13-1  1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- 1958,9       √         

38259-79-9 2,6,11,15-Tetramethyl-hexadeca-2,6,8,10,14-pentaene 1959,1     √           

486-84-0 9H-Pyrido[3,4-b]indole, 1-methyl- 1989,7           √     

2876-18-8 Phenazine, 2-methoxy- 1998,9           √     
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EPA-193495 1-(4-Butoxy-2,6-dimethyl-phenyl)-prop-2-en-1-one 2006,7     √           

36755-43-8 3,4-Dihydro-2,7-dimethylpyrimido[4,5-d]pyrimidine 
a
 2006,9   √             

19078-37-6 Drimenol 2058       √         

57354-65-1 4-tert-Butyl-2,6-diisopropylphenol 
d
 2076,8       √         

1438-62-6 
1-Naphthalenepropanol, α-ethenyldecahydro-α,5,5,8a-tetramethyl-2-methylene-, [1S-
[1α(R*),4aβ,8aα]]- 2081         √       

50656-61-6 Velleral 
2090.3 (2089.9, 1894.6, 

2090.2)   √ √ √         

17309-05-6 9,15-Octadecadienoic acid, methyl ester, (Z,Z)- 2090,9 √               

2462-85-3 9,12-Octadecadienoic acid, methyl ester 
b
 2094,1           √     

629-89-0 1-Octadecyne 
b
 2094,1         √       

301-00-8 Linolenic acid, methyl ester 2100,5           √     

150-86-7 Phytol 2110.7 (2112.5, 2112.6) √         √ √ √ 

60268-40-8 Hanphyllin 
d
 2113,6       √         

10517-07-4 4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 2114     √ √         

112-61-8 Octadecanoic acid, methyl ester 2122,5           √     

3168-90-9  Ethanone, 1-(2-methyl-1-cyclopenten-1-yl)- 2138,8   √             

29171-23-1  1-Hexadecyn-3-ol, 3,7,11,15-tetramethyl- 2140,6 √               

2566-97-4 9,12-Octadecadienoic acid, methyl ester, (E,E)- 2140,9         √       

112-79-8 9-Octadecenoic acid, (E)- 2145,4         √       

13379-24-3  1,4-Naphthoquinone, 6-acetyl-2,5,8-trihydroxy- 2148,3     √           

10517-07-4 4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 
a
 2183,7     √           

13378-89-7 1,4-Naphthoquinone, 6-acetyl-2,5,7-trihydroxy- 2183,9   √             

1016-47-3 Acetamide, N-[2-(1H-indol-3-yl)ethyl]- 2199               √ 

7220-78-2 4,8,13-Cyclotetradecatriene-1,3-diol, 1,5,9-trimethyl-12-(1-methylethyl)- 2199,1         √       

34424-57-2  Kaurene 2219.3 (2277.1) √       √       

20070-61-5 Kaur-16-ene, (8β,13β)- 2223.8 (2223.1)         √     √ 

EPA-129907 Methyl 2-O-benzyl-d-arabinofuranoside 2254,1           √     

 55659-10-4   Pregnan-18-ol, 20-amino-20-methyl- 2271,2         √       
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5939-62-8  Podocarp-7-en-3β-ol, 13β-methyl-13-vinyl- 2296,9         √       

14035-33-7 3,5-di-tert-Butyl-4-hydroxyacetophenone 
d
 2344,2       √         

96168-15-9 4,8,12,16-Tetramethylheptadecan-4-olide 2355.6 (2359, 2359.1) √           √ √ 

481-74-3 9,10-Anthracenedione, 1,8-dihydroxy-3-methyl- 2366,5     √           

1461-36-5 4.Xi.,5.xi.,7.xi.-Guaia-1(10),11(13)-dien-12-oic acid, 4,8-dihydroxy-, γ-lactone, acetate 2371,8       √         

2225-79-8 
Cyclodeca[b]furan-2(3H)-one, 3a,4,5,8,9,11a-hexahydro-3,6,10-trimethyl-, [3S-
(3R*,3aR*,6E,10E,11aR*)]- 2372,7         √       

3518-01-02 Benz[c]acridine, 7,8-dimethyl- 2375,4         √       

521-11-9 Mestanolone 2379,7         √       

24034-73-9 Geranylgeraniol 2384 √               

EPA-112483 5',6'-Dihydro-3β-hydroxyandrost-5,16-dieno[16,17-b][1,4]dithiine 2391,9         √       

103-23-1  Hexanedioic acid, bis(2-ethylhexyl) ester 2396,1       √         

23673-54-3 2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2459,4     √           

53604-37-8 Androstane-3,12,17-trione, (5β)- 2463         √       

EPA-243225 1,2,3,4-Tetrahydro-3-(phenylacetamido)quinoline 2475,8         √       

629-99-2  Pentacosane 2487,7 √               

EPA-327157 4-(2-Ethylhexoxy)ethylbenzene 2505,6   √             

16134-45-5 Androst-9(11)-en-17-one, 3-[(trimethylsilyl)oxy]-, (3α,5α)- 2513,1         √       

27554-26-3 1,2-Benzenedicarboxylic acid, diisooctyl ester 2550.8 (2550.5)     √   √       

112-86-7 Erucic acid 2562,8         √       

126883-49-6 7-Methoxy-3-(4-pentylcyclohexyl)-1,2-dihydronaphthalene 2589,9         √       

17312-55-9 Decane, 3,8-dimethyl- 2590,8               √ 

325472-94-4 Coumarin-3-carboxylic acid, 8-allyl-, cyclohexyl ester 2591,6         √       

2000-72-8 3-Methoxy-D-homoestra-1,3,5(10),8-tetraene-17a-one, (14β) 2592,7         √       

302-79-4 Retinoic acid 2598,9         √       

EPA-323893 Terephthalic acid, piperidide, heptyl ester 2606         √       

3704-09-4 Mibolerone 2630,3         √       

33737-92-7  Methanone, (2-hydroxyphenyl)(phenylazo)-, phenylhydrazone 
a
 2631,1         √       

521-10-8 Methandriol 2637,4         √       
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54889-69-9 1H-Naphtho[2,1-b]pyran-1-one, 7,8-dimethoxy-2-methyl- 2664,5     √           

50876-25-0 Retinoic acid, 5,8-epoxy-5,8-dihydro-, methyl ester 2679,7         √       

593-49-7 Heptacosane 2685,7 √               

50876-25-0 Retinoic acid, 5,8-epoxy-5,8-dihydro-, methyl ester 2679,7         √       

72188-81-9 
15-Oxatricyclo[9.3.2.1(4,8)]heptadec-11-en-16-one, 2-hydroxy-1,7,8-trimethyl-17-methylene-, [1R-
(1R*,2S*,4R*,7S*,8R*)]- 2712,3         √       

EPA-159827 2H-Pyran-2-one, 6-[2-E-(3-ethylphenyl)ethenyl]-4-methoxy- 2739,5   √             

56554-33-7 15-Tetracosenoic acid, methyl ester 2751,5         √       

630-02-4  Octacosane 2770,8 √               

309923-49-7  Phenol, 4-methyl-2-[5-(2-thienyl)pyrazol-3-yl]- 2748,1       √         

629-94-7 Heneicosane 
b
 2782,4               √ 

111-02-4  2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 
b
 2806,8 √               

7683-64-9 Squalene 2810.4 (2821.8, 2945.8)     √   √   √ √ 

111-02-4 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 
b
 

2810.5 (2821.8, 2822.1, 
2822.9)           √   √ 

1113-21-9 1,6,10,14-Hexadecatetraen-3-ol, 3,7,11,15-tetramethyl-, (E,E)- 2828.6 (2821.6) √     √         

75228-20-5 
β-d-Glucopyranoside, 5-(acetyloxy)-7-[(acetyloxy)methyl]-1,4a,5,7a-tetrahydrocyclopenta[c]pyran-
1-yl, 2,3,4-triacetate 6-(3-phenyl-2-propenoate), [1s-[1.al 2843,2         √       

77898-97-6  (E,E,E)-3,7,11,15-Tetramethylhexadeca-1,3,6,10,14-pentaene 
a
 2846,4               √ 

EPA-346933 Silane, dimethyldecyloxyoctadecyloxy- 2861,3         √       

630-03-5 Nonacosane 2869.5 (2888.5) √   √           

EPA-292953 Ambrein 2906 (2925.2) √             √ 

65119-95-1   22-Tricosenoic acid 2948,5         √       

638-68-6 Triancontane 2980,9 √               

EPA-253057 Anthraergostatetraenol benzoate 2987,7         √       

6971-40-0  17-Pentatriacontene 3039,8 √               

630-04-6 Hentriacontane 3121,8 √               

104691-86-3 5,7,4'-Trihydroxy-8-(3,3-dimethylallyl)isoflavone 3177,5     √           

69833-75-6 Estra-1,3,5,7,9-pentaen-17-one, 3-[(trimethylsilyl)oxy]- 3178,9       √         
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59-02-9 Vitamin E 
3202.4 (3208.2, 3176.5, 

3177.6) √   √     √   √ 

10191-41-0  dl-α-Tocopherol 3208.8 (3176.5 ,3377.6))     √   √ √ √   

96737-58-5 Stigmasta-4,6,22-trien-3β-ol 3235,9       √         

18046-86-1 C(14a)-Homo-27-norgammacer-14-ene 3236     √           

25615-11-6 A'-Neogammacer-22(29)-en-3-one 3286.2 (3537.6) √             √ 

36645-68-8 1,30-Triacontanediol 3389.6 (3336.6) √             √ 

EPA-284889  4-[4-(1,1-Dimethylethyl)phenoxy]-2,3-diphenyl-1-naphthalenol 3446,6 √               

EPA-351792 1-Octacosanol 3454               √ 

 559-70-6   β-Amyrin 3520.5 (3569.7)             √ √ 

EPA-194624 
4,4,6a,6b,8a,11,11,14b-Octamethyl-1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-
octadecahydro-2H-picen-3-one 3522,4               √ 

 2004-39-9 1-Heptacosanol 3527,6 √               

481-17-4 Chondrillasterol 3584.1 (3492.2)         √     √ 

33055-28-6 12-Oleanen-3-yl acetate, (3α)- 3605,7 √               

EPA-196727 13,27-Cycloursan-3-one 3624,6 √               

32507-77-0 7,22-Ergostadienone 3660         √       

EPA-194818 Lanosta-8,24-dien-3-one 3716.4 (3607.6, 3608.5)   √ √ √         

EPA-194818 Lanosta-8,24-dien-3-one 3717,7   √             

1617-70-5 Lup-20(29)-en-3-one 
3731.8 (3736.6, 3730.8, 

3618.9, 3625.5) √       √ √ √ √ 

1449-08-7 24-Methylenecycloartan-3-one 3765,5               √ 

545-47-1 Lupeol 
3786.8 (3798.3,3787.2, 

3666.9, 3672.9) √       √ √ √ √ 

1059-14-9  Taraxasterol 3787,7 √               

511-61-5  9,19-Cyclolanostan-3-ol, 24-methylene-, (3β)- 3799,8               √ 

1449-08-7 24-Methylenecycloartan-3-one 3892,5 √               

5085-72-3  D:A-Friedooleanan-3-ol, (3α)- 3933 (3933.8)     √ √         

511-61-5 9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3β,24S)- 3934 √               

559-74-0 Friedelan-3-one 4173,1 √               
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  Extract Composition of Entada abyssinica bark   
 

CAS no Component RI HEX 
ME
T ACE DCM 

98-01-1 Furfural 840,3   √     

123-42-2  2-Pentanone, 4-hydroxy-4-methyl- 845,8     √   

10493-98-8  2-Cyclopenten-1-one, 2-hydroxy- 930,3   √     

14347-78-5  (R)-(-)-2,2-Dimethyl-1,3-dioxolane-4-methanol 945,4     √   

EPA-280351  1-Butyl(dimethyl)silyloxypropane 974,8     √   

109-52-4 Pentanoic acid 984,5   √     

56-81-5 Glycerin 984,9   √ √   

78-39-7  Ethane, 1,1,1-triethoxy- 985     √   

EPA-333037  1-[(Trimethylsilyl)oxy]propan-2-ol 
a
 989     √   

96-07-1  Cyclohexanol, 2-(1-methylethyl)- 993,2       √ 

108-67-8 Benzene, 1,3,5-trimethyl- 1003,8       √ 

526-73-8 Benzene, 1,2,3-trimethyl- 1032,4       √ 

1074-43-7 Benzene, 1-methyl-3-propyl- 1058,7       √ 

527-53-7  Benzene, 1,2,3,5-tetramethyl- 1065,1       √ 

118-71-8 Maltol 1075,9   √     

13491-79-7 Cyclohexanol, 2-(1,1-dimethylethyl)- 1079,9       √ 

1758-88-9  Benzene, 2-ethyl-1,4-dimethyl- 1089,3       √ 

93-58-3 Benzoic acid, methyl ester 1097,7   √     

55956-37-1  2-Hepten-3-ol, 4,5-dimethyl- 1105,6       √ 

28564-83-2  4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 1146,7   √     

65-85-0 Benzoic acid 
1176.9 (1173.2, 

1160.3)   √ √ √ 

67-47-0 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 1232   √     

503-48-0 2H-Pyran-2-one, tetrahydro-4-hydroxy-4-methyl- 
1271.3 (1268.6, 

1269.2)   √ √ √ 

1450-72-2 Ethanone, 1-(2-hydroxy-5-methylphenyl)- 1319.2 (1318.9)   √ √   

504-15-4 3,5-Dihydroxytoluene 1368,5     √   
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823-82-5 2,5-Furandicarboxaldehyde 1369,1   √     

87-66-1 1,2,3-Benzenetriol 1374,4     √   

87-66-1 1,2,3-Benzenetriol 1375   √     

3856-25-5 Copaene 1387.3 (1387.2) √   √ √ 

934-00-9  1,2-Benzenediol, 3-methoxy- 1399,1     √   

621-59-0  Benzaldehyde, 3-hydroxy-4-methoxy- 1407.5 (1407.8)     √ √ 

32538-51-5  1,1,3,3-Tetramethyl-1,3-disilaphenalane 1418.1 (1417.8 )   √ √   

17699-05-7 Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- 1423.2 (1443.9) √     √ 

87-44-5 Caryophyllene 1435.1 (1435.2) √     √ 

EPA-129831  Methyl-α-d-ribofuranoside 1438   √     

26560-14-5  1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-, (Z,E)- 1443,5     √   

13474-59-4 trans-α-Bergamotene 1443.8 (1423.3) √     √ 

17699-05-7 Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- 1443,9         

99-76-3 Methylparaben 1455   √     

28973-97-9 1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene-, (Z)- 
b
 1458,2 √     √ 

29837-07-8  cis-α-Bisabolene 1468,2     √   

17066-67-0 Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR-(4aα,7α,8aβ)]- 1468,5 √       

498-07-7  β-D-Glucopyranose, 1,6-anhydro- 1484.6 (1484.7)   √ √   

469-61-4 1H-3a,7-Methanoazulene, 2,3,4,7,8,8a-hexahydro-3,6,8,8-tetramethyl-, [3R-(3α,3aβ,7β,8aα)]- 1488,8       √ 

28973-97-9 1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene-, (Z)-
 b

 1495.1 (1495) √   √   

3943-74-6 Benzoic acid, 4-hydroxy-3-methoxy-, methyl ester 1525,1   √     

523-47-7 Naphthalene, 1,2,4a,5,8,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, [1S-(1α,4aβ,8aα)]- 1534,6     √   

483-76-1 Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, (1S-cis)- 1534.9 (1534.7) √     √ 

483-77-2 Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)-, (1S-cis)- 1536,3       √ 

EPA-293023  α-Calacorene 1558,5       √ 

17397-85-2  1H-2-Benzopyran-1-one, 3,4-dihydro-8-hydroxy-3-methyl- 1562,9       √ 

17397-85-2 1H-2-Benzopyran-1-one, 3,4-dihydro-8-hydroxy-3-methyl- 
1563.1 (1562.9, 

1562.6) √ √ √   

1131-62-0 Ethanone, 1-(3,4-dimethoxyphenyl)- 1571.7 (1571.6)   √ √   
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472-95-7 Myo-Inositol, 2-C-methyl- 1595.6 (1594.2)   √ √   

84-66-2 Diethyl Phthalate 1601,3       √ 

53585-08-3 1,2,3,5-Cyclohexanetetrol, (1α,2β,3α,5β)-
c
 1607,3   √     

58713-02-3 2,4,6,(1H,3H,5H)-Pyrimidinetrione, 5-acetyl- 1656,5   √     

16846-10-9 Methyl 2,6-dihydroxy-4-methylbenzoate 1663,8   √     

134-96-3  Benzaldehyde, 4-hydroxy-3,5-dimethoxy- 1668,8     √   

4707-47-5  Benzoic acid, 2,4-dihydroxy-3,6-dimethyl-, methyl ester 
1716.6 (1715.9, 

1716.1)  √   √ √ 

458-36-6 2-Propenal, 3-(4-hydroxy-3-methoxyphenyl)- 1745.6 (1745)   √ √   

6413-26-9 1,5-Dioxaspiro[5.5]undecane, 2-methyl- 
c
 1756,3   √     

7500-91-6  1-Methyl-2-oxocyclohexanecarboxylic acid, methyl ester 1780,7   √     

78031-17-1 3-Methoxy-thiophene-2-carboxamide 
c
 1785,5       √ 

EPA-284270 2-Oxomalonic acid, methylhydrazone, dimethyl ester 
c
 1796,2   √     

99-24-1  Benzoic acid, 3,4,5-trihydroxy-, methyl ester 1872,4   √     

166538-14-
3  Glyoxylic acid, phenyl-, 2'-cyanophenyl ester 1914   √     

112-39-0 Hexadecanoic acid, methyl ester 1922,3   √     

57-10-3 n-Hexadecanoic acid 
1953.7 (1954.8, 

1955.4)   √ √ √ 

41756-14-3 8a(2H)-Phenanthrenol, 7-ethenyldodecahydro-1,1,4a,7-tetramethyl-, acetate, [4as-(4aα,4bβ,7β,8aα,10aβ)]- 1994.8 (1995) √       

70000-19-0 Bicyclo[9.3.1]pentadeca-3,7-dien-12-ol, 4,8,12,15,15-pentamethyl-, [1R-(1R*,3E,7E,11R*,12R*)]- 2037,8 √       

511-85-3  Kaur-15-ene, (5α,9α,10β)- 2037,8   √ √   

70000-19-0  Bicyclo[9.3.1]pentadeca-3,7-dien-12-ol, 4,8,12,15,15-pentamethyl-, [1R-(1R*,3E,7E,11R*,12R*)]- 2038       √ 

EPA-299237 2-Furoic acid, 2-methyloct-5-yn-4-yl ester 2048,2 √       

58569-25-8 cis-α-Copaene-8-ol 2054,2 √       

EPA-299237 2-Furoic acid, 2-methyloct-5-yn-4-yl ester 2066.2 (2066.3) √     √ 

34424-57-2 Kaurene 2078.5 (2078.4) √   √ √ 

18431-82-8 Spiro[5.5]undec-2-ene, 3,7,7-trimethyl-11-methylene-, (-)- 2083,5 √       

17309-05-6 9,15-Octadecadienoic acid, methyl ester, (Z,Z)- 2094,1   √     
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60-33-3 9,12-Octadecadienoic acid (Z,Z)- 2130,3     √   

25269-17-4 Thunbergol 2140,6       √ 

54986-57-1 5-Thiazolidinone, 4-(2-furanylmethylene)-3-phenyl- 2202,5 √       

55401-75-7 Anthracene, 9-dodecyltetradecahydro- 
a
 2245,8       √ 

EPA-215305  9-Methyltetracyclo[7.3.1.0(2.7).1(7.11)]tetradecane 
a
 2261,3       √ 

51276-18-7 5,6-Azulenedimethanol, 1,2,3,3a,8,8a-hexahydro-2,2,8-trimethyl-, (3aα,8β,8aα)- 2286,3 √       

EPA-148776 3-b-Phenoxy-24-nor-cholan-5,20(22)-diene 2286,7     √   

EPA-195859  6βBicyclo[4.3.0]nonane, 5β-iodomethyl-1β-isopropenyl-4α,5α-dimethyl-, 2286,8       √ 

EPA-185395 2-[(2-Hydroxycyclohexyl)methylamino]pyridine, 1-oxide 2311,4 √   √ √ 

EPA-222086 1,3-Bis-(2-cyclopropyl,2-methylcyclopropyl)-but-2-en-1-one 2326,9 √       

55902-84-6 Kauran-18-al, 17-(acetyloxy)-, (4β)- 2327,2       √ 

EPA 268307 Benzamide, 2,6-dichloro-N-(2,4-difluorophenyl)- 2338,6   √     

56630-98-9 
1-Naphthalenecarboxylic acid, 5-[2-(3-furanyl)ethyl]-3,4,4a,5,6,7,8,8a-octahydro-5,6,8a-trimethyl-, methyl ester, 
[[4aS-(4aα,5α,6β,8aβ)]- 2338.9 (2338.6) √   √ √ 

4752-56-1 Podocarp-7-en-3β-ol, 13β-methyl-13-vinyl- 2350,4       √ 

 67902-78-7   Acetic acid, [(2,4,6-triethylbenzoyl)thio]- 2355,5     √   

EPA-215305 9-Methyltetracyclo[7.3.1.0(2.7).1(7.11)]tetradecane 2355,6       √ 

1113-21-9 1,6,10,14-Hexadecatetraen-3-ol, 3,7,11,15-tetramethyl-, (E,E)- 
b
 2363.5 (2363.9) √   √ √ 

EPA-156117 γ-Neoclovene 
b
 2363,5   √     

103-23-1  Hexanedioic acid, bis(2-ethylhexyl) ester 2396,2       √ 

62924-17-8 2-Methyl-4-(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-ol 
d
 2398,3       √ 

55902-84-6 Kauran-18-al, 17-(acetyloxy)-, (4β)- 2398.5 (2398.8) √   √   

20107-90-8  Ent-beyer-15-en-18-ol 2398,9   √     

5957-33-5 Naphthalene, decahydro-1,1,4a-trimethyl-6-methylene-5-(3-methyl-2,4-pentadienyl)-, [4aS-(4aα,5α,8aβ)]- 
a
 2399,4       √ 

2566-90-7  4,7,10,13,16,19-Docosahexaenoic acid, methyl ester, (all-Z)- 2460,8     √   

1686-62-0 
1-Phenanthrenecarboxylic acid, 7-ethenyl-1,2,3,4,4a,4b,5,6,7,8,10,10a-dodecahydro-1,4a,7-trimethyl-, methyl ester,  
[1R-(1α,4aβ,4bα,7β,8aα,10aα)]- 2461 (2461.1, 2461.3) √ √   √ 

27554-26-3 1,2-Benzenedicarboxylic acid, diisooctyl ester 2551,2       √ 

55401-75-7 Anthracene, 9-dodecyltetradecahydro- 2626.5 (2626.4) √       



122 
 

1757-87-5 
2-Pentenoic acid, 5-[decahydro-5-(hydroxymethyl)-5,8a-dimethyl-2-methylene-1-naphthalenyl]-3-methyl-, methyl 
ester, [1S-[1α(E),4aβ,5α,8aα]]- 2637.9 (2638.1) √   √ √ 

EPA-190518 2-(4a,8-Dimethyl-1,2,3,4,4a,5,6,7-octahydro-naphthalen-2-yl)-prop-2-en-1-ol 
d
 2663,8       √ 

56630-98-9 
1-Naphthalenecarboxylic acid, 5-[2-(3-furanyl)ethyl]-3,4,4a,5,6,7,8,8a-octahydro-5,6,8a-trimethyl-, methyl ester, 
[4aS-(4aα,5α,6β,8aβ)]- 2670,1       √ 

630-02-4 Octacosane 2690,4       √ 

EPA-256088 Isosteviol methyl ester 2697,4       √ 

EPA-255384 3-Keto-isosteviol 2696,9     √   

3002-93-5  5α-Pregnan-20-one, 12β-hydroxy-, acetate 2703,8       √ 

105794-58-
9 1-Heptatriacotanol 2730.7 (2626.3) √     √ 

EPA-196587 5β)3,17-Diacetoxyandrostan-1-one 2730,9 √       

50876-25-0  Retinoic acid, 5,8-epoxy-5,8-dihydro-, methyl ester 2730,9   √     

EPA-196587  (5β)3,17-Diacetoxyandrostan-1-one 2733,8     √   

1474-68-6 Pregnane-3,11,20-trione, (5β)- 2734,4       √ 

7683-64-9 Squalene 2810.2 (2821.4) √   √   

111-02-4  2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 2821,6       √ 

1599673  1-Docosene 3114,5       √ 

83-48-7 Stigmasterol 3387,2       √ 

545-47-1 Lupeol 3665.1 (3665.3)     √   
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  Extract Composition of Warbugia ugandensis    Leaves Bark 

CAS no Component RI Hex Met Ace DCM Hex Met Ace DCM 

56-81-5 Glycerin 735.1 (971.1, 970.8)   √ √       √   

123-42-2 2-Pentanone, 4-hydroxy-4-methyl- 845.9 (845.8)     √       √   

EPA-280351 1-Butyl(dimethyl)silyloxypropane 974,6     √           

71932-99-5 Hex-4-yn-3-one, 2,2-dimethyl- 993 (993.1)       √       √ 

19444-84-9 2-Hydroxy-gamma-butyrolactone 997,9           √     

123-35-3 β-Myrcene 999,7             √   

108-67-8 Benzene, 1,3,5-trimethyl- 1003,8       √         

526-73-8  Benzene, 1,2,3-trimethyl- 1032.4 (1032.3)       √       √ 

95-63-6 psi.-Cumene 1032.6 (1003.9)       √       √ 

1074-55-1 Benzene, 1-methyl-4-propyl- 1058,7       √         

112-40-3 Dodecane 1062,3 √               

934-74-7 Benzene, 1-ethyl-3,5-dimethyl- 1065,1               √ 

874-41-9 Benzene, 1-ethyl-2,4-dimethyl- 1065,2       √         

527-53-7 Benzene, 1,2,3,5-tetramethyl- 1065,6       √         

40237-88-5 4-Nonanone, 7-ethyl- 1072,8                 

51513-40-7  2,5-Heptanedione, 3,3,6-trimethyl- 1072,9       √         

13491-79-7  Cyclohexanol, 2-(1,1-dimethylethyl)- 1079,8       √         

1758-88-9 Benzene, 2-ethyl-1,4-dimethyl- 1089,3       √         

54460-99-0 4-Heptanol, 4-ethyl-2,6-dimethyl- 1090,1           √     

78-70-6 Linalool 1099.7 (1100.2)             √ √ 

7149-26-0  1,6-Octadien-3-ol, 3,7-dimethyl-, 2-aminobenzoate 1100,2           √     

18091-24-2 5-Methylfurfuryl acetate 1101,5   √             

1193-55-1 1,3-Cyclohexanedione, 2-methyl- 1102.3 (1101.8)   √ √           

51874-62-5  4-t-Pentylcyclohexene 1105,7       √         

55956-37-1 2-Hepten-3-ol, 4,5-dimethyl- 1105,7               √ 

2435-76-9  5-Diazouracil 1116,3               √ 

37112-31-5 Levoglucosenone 1116,5     √           
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28564-83-2 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 1146.6 (1145.8)   √       √     

20698-30-0  trans-4-t-Pentylcyclohexanol 1165,4       √         

102-82-9 Tributylamine 
1196.5 (1195.2, 

1195.1)       √ √     √ 

120-80-9 Pyrocatechol 1196.7 (1196)   √       √     

496-16-2 Benzofuran, 2,3-dihydro- 1216,9           √     

1708-32-3 Thiophene, 2,5-dihydro- 1223,4           √     

20189-42-8 1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- 
1234.1 ( 1232.5, 

1233.6)           √ √ √ 

EPA-347992 Silane, dimethyl(3-methylbut-3-enyloxy)propoxy- 1244,1           √     

4148-97-4 Butanedioic acid, methoxy-, dimethyl ester 1250,2   √             

EPA-151706 3,6,9,13-Tetraoxa-2,14-disilapentadecane, 2,2,14,14-tetramethyl- 1253,8           √     

3068-00-6 1,2,4-Butanetriol 1257,7             √   

17312-55-9 Decane, 3,8-dimethyl- 1279,6 √               

EPA-187159 5-Hydroxy-5-isopropyl-6-methyl-hepta-3,6-dien-2-one 1305,3           √     

7786-61-0 p-Vinylguaiacol 1319             √   

1450-72-2 Ethanone, 1-(2-hydroxy-5-methylphenyl)- 1319,2           √     

823-82-5 2,5-Furandicarboxaldehyde 1369,5     √           

645-56-7 Phenol, 4-propyl- 1372,5           √     

644-35-9 Phenol, 2-propyl- 1372,9     √           

17420-03-0 Hydrazine, phenylsulfinyl- 1375,1   √             

17699-14-8 α-Cubebene 1387.1 (1387.4)     √     √     

3856-25-5 Copaene 
1387.3 (1387.5, 

1387.2) √     √ √   √ √ 

5208-59-3 
Cyclobuta[1,2:3,4]dicyclopentene, decahydro-3a-methyl-6-methylene-1-(1-methylethyl)-, [1S-
(1α,3aα,3bβ,6aβ,6bα)]- 1397,6               √ 

121-33-5 Vanillin 1408,2     √           

32538-51-5 1,1,3,3-Tetramethyl-1,3-disilaphenalane 1417,7           √     

495-60-3 Zingiberene 1423,1               √ 

17699-05-7 α-Bergamotene 1423.3 (1423, 1423.1) √       √   √   
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512-61-8 α-Santalene 1429,3 √               

87-44-5 Caryophyllene 
1435.2 (1435.1, 
1435.3, 1435) √       √ √ √ √ 

23986-74-5 Germacrene D 1443,5           √     

17699-05-7 α-Bergamotene 1443.9 (1443.7) √       √       

55123-21-2 Bergamotene 1443,9       √       √ 

117488-65-0  2(1H)-Pyrimidinone, 4-[(2-hydroxypropyl)amino]- 1454,9             √   

3879-26-3 5,9-Undecadien-2-one, 6,10-dimethyl-, (Z)- 1455,3               √ 

936-02-7 Benzoic acid, 2-hydroxy-, hydrazide 1455,4   √             

18794-84-8 β-Farnesene 
1458.1 (1458.2, 
1458.3, 1468) √     √ √ √ √   

28973-97-9 (Z)-β-Farnesene 1458.3 (1458.4)             √ √ 

5792-36-9  2',4'-Dihydroxypropiophenone 1467,3             √   

EPA-159394 Humulen-(v1) 1468,3               √ 

20307-83-9 β-Sesquiphellandrene 1468,4       √         

29837-07-8 cis-α-Bisabolene 1468.5 (1468.6) √       √       

EPA-185419 2-Oxiraneethanol, 2-t-butyldimethysilyloxymethyl- acetate 1468,8           √     

81356-57-2 Tetralin, 1,4-diethyl- 1482,4           √     

498-07-7 β-D-Glucopyranose, 1,6-anhydro- 1484.2 (1483.4)   √ √           

13474-59-4  trans-α-Bergamotene 1443.7 ( 1495)             √ √ 

18794-84-8 β-Farnesene 1495           √     

20307-83-9 β-Sesquiphellandrene 1495,2 √               

26560-14-5 (Z,E)-α-Farnesene 1509.4 (1509.2)               √ 

166273-38-7 Pentanoic acid, 5-hydroxy-, 2,4-di-t-butylphenyl esters 1513,7           √     

483-76-1 δ-Cadinene 
1534.8 (1534.6, 

1534.7) √   √ √ √   √ √ 

2380-78-1  Homovanillyl alcohol 1541,8             √   

17092-92-1 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)- 1551.1 ( 1551)             √ √ 

15356-74-8 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 1552,9 √               

33704-61-9  4H-Inden-4-one, 1,2,3,5,6,7-hexahydro-1,1,2,3,3-pentamethyl- 1556,3             √   
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EPA-197084 1-Cyclohexene, 1,3,3-trimethyl-2-(1-methylbut-1-en-3-on-1-yl)- 1556,5           √     

17397-85-2 1H-2-Benzopyran-1-one, 3,4-dihydro-8-hydroxy-3-methyl- 1563.3 (1562.9)   √ √           

40716-66-3 ±-trans-Nerolidol 1567.4 (1567.3)           √ √ √ 

23262-34-2 Furan, 3-(4,8-dimethyl-3,7-nonadienyl)-, (E)- 1578,1           √   √ 

102488-09-5  3-Hydroxy-β-damascone 1578,1             √   

6099-90-7 1,3,5-Benzenetriol, dihydrate 1580,9 √               

26963-39-3 Thiophene, 2-ethyl-5-isopentyl- 1585,3     √           

18979-60-7 1,3-Benzenediol, 4-propyl- 1602,3     √           

1139-30-6 Caryophyllene oxide 
1600.4 (1604.1, 

1603.8)         √ √ √ √ 

642-71-7 Phenol, 3,4,5-trimethoxy- 1608,4     √           

EPA-157583 1-Oxaspiro[4.5]decan-2-one, 6-isopropenyl-9-methyl- 1615,7         √       

39510-36-6  Spiro[4.5]dec-6-en-8-one, 1,7-dimethyl-4-(1-methylethyl)- 1616,1         √       

124957-09-1  2,5,5,8a-Tetramethyl-6,7,8,8a-tetrahydro-5H-naphthalen-1-one 1617,6         √       

577-27-5   Ledol 1620,7         √       

55780-93-3  3-Cyclohexene-1-ethanol, α-ethenyl-α,3-dimethyl-6-(1-methylethylidene)- 1621,3           √     

19888-34-7  12-Oxabicyclo[9.1.0]dodeca-3,7-diene, 1,5,5,8-tetramethyl-, [1R-(1R*,3E,7E,11R*)]- 1627,2         √       

54815-14-4 Benzofuran, 7-cyclohexyl-2,3-dihydro-2-methyl- 
1629.3 

(1632.6,1632.7)         √   √ √ 

EPA-196301 Tricyclo[4.2.1.1(2,5)]decan-9-one, 10-(t-butyldimethylsilyloxy)methyl- 1629,7           √     

 4948-51-0   9-Methyl-S-octahydroanthracene 1633,6         √       

3374-03-06 2H-1-Benzopyran-2-one, 7-hydroxy-6-methoxy-4-methyl- 1637         √       

EPA-156227  β-Cedren-9-α-ol 1638,8         √       

 21284-22-0  Cubenol 1642,1         √       

2131-42-2 Naphthalene, 1,4,6-trimethyl- 1656,3           √     

5937-11-01 tau.-Cadinol 1656,8         √       

EPA-127259 3-O-Methyl-d-glucose 1660.8 (1661.1)   √ √           

EPA- 322524 3-Indol-1-yl-propionic acid, methyl ester 1661,2           √     

37593-03-6 p-Heptylacetophenone 1661,3               √ 



127 
 

19317-11-4  2,6,10-Dodecatrienal, 3,7,11-trimethyl- 1661,9         √       

 18937-66-1  Azulen-2-ol, 1,4-dimethyl-7-(1-methylethyl)- 1663,9         √       

 2387-68-0   6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl- 1668         √       

134-96-3 Benzaldehyde, 4-hydroxy-3,5-dimethoxy- 1668,8           √ √   

82391-05-7 4,4,5,8-Tetramethylchroman-2-ol 1670.4 (1670.2)           √ √   

2460-77-7  2,5-di-tert-Butyl-1,4-benzoquinone 1672,2         √       

465-26-9  1,4-Methanoazulen-9-one, decahydro-1,5,5,8a-tetramethyl-, [1R-(1α,3aβ,4α,8aβ)]- 1675           √     

 126-15-8  2,3 4,5-Bis(2-butenylene)tetrahydrofurfural 1675         √       

74810-24-5  3-Cyclohexen-1-ol, 2-(1,5-dimethyl-4-hexenyl)-4-methyl- 1678,1         √       

EPA-140056 Cadala-1(10),3,8-triene 1681,5         √       

 6892-80-4  1H-Benzocyclohepten-7-ol, 2,3,4,4a,5,6,7,8-octahydro-1,1,4a,7-tetramethyl-, cis- 1683,3         √       

6631-89-6   3-tert-Butyl-1-phenyl-2-pyrazolin-5-one 1686,9         √       

 515-69-5  α-Bisabolol 1691         √       

EPA-191519  3-Isopropyl-6,7-dimethyltricyclo[4.4.0.0(2,8)]decane-9,10-diol 1693         √       

 1498-96-0   4-Butoxybenzoic acid 1697,3     √           

19314-20-6 N-(O-Nitrophenyl)propanamide 1697,4   √             

2029-94-9 3,4-Diethoxybenzaldehyde 1697,5       √         

21064-19-7  1,5,9-Cyclododecatriene, 1,5,9-trimethyl- 1698,1         √       

91186-44-6 1-(2-[3-Methyl-3-(5-methyl-2-furyl)butyl]-2-oxiranyl)ethanone   1698,1 √               

EPA-163466 Isolongifolene, 9-hydroxy- 
1705.4 (1705.3, 

1705.7)           √ √ √ 

1530-03-6 Benzene, 1,1'-propylidenebis- 1712,4           √     

10289-45-9  4-Propyl-1,1'-diphenyl 1712,4             √   

EPA-192143 7-(2-Hydroxy-1-methylethyl)-1,4a-dimethyldecahydronaphthalen-2-ol 1712,6         √       

1139-17-9  1,4-Methanoazulene-9-methanol, decahydro-4,8,8-trimethyl-, [1S-(1α,3aβ,4α,8aβ,9R*)]- 1713         √       

21441-72-5  
1H-3a,7-Methanoazulene-6-methanol, 2,3,4,7,8,8a-hexahydro-3,8,8-trimethyl-, [3R-
(3α,3aβ,7β,8aα)]- 1713,8         √       

4707-47-5 Benzoic acid, 2,4-dihydroxy-3,6-dimethyl-, methyl ester 1715.7 (1715.6)     √ √         

16981-75-2  Illudol 1716.2 (1716.1)           √   √ 
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5444-75-7  Benzoic acid, 2-ethylhexyl ester 1717,4 √               

343332-31-0 1-Hydroxymethyl-1,2,3,4-tetrahydro-naphthalen-2-ol 1727,8           √     

EPA-77925 7β-Ethyl-8β-hydroxy-2,6-dimethylbicyclo[4.4.0]dec-1-ene 1728,5               √ 

15964-80-4 Benzeneacetic acid, 4-hydroxy-3-methoxy-, methyl ester 1736,9             √   

1138-01-8  1-Cyclododecanone, 2-ethylidene 1744,8         √       

137235-59-7 1R,4R,7R,11R-1,3,4,7-Tetramethyltricyclo[5.3.1.0(4,11)]undec-2-ene
a
 1754,6             √   

28624-23-9  δ-Selinene 1754.5 (1754.6)           √   √ 

23787-90-8  2H-2,4a-Methanonaphthalen-8(5H)-one, 1,3,4,6,7,8a-hexahydro-1,1,5,5-tetramethyl- 1769,4         √       

90165-09-6  2-Heptanone, 6-(3,5-dimethyl-2-furanyl)-6-methyl- 1772,6         √       

19431-80-2 10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0]undecan-5á-ol 1772,8               √ 

 39599-18-3  6-(p-Tolyl)-2-methyl-2-heptenol 1778,8         √       

2934-07-08 Phenol, 2,4,6-tris(1-methylethyl)- 1784,3         √       

5073-65-4 1,3-Cyclohexanedione, 2-methyl-2-(3-oxobutyl)-
a
 1785.4 (1785.3)             √ √ 

EPA-192730 2,5,5,8a-Tetramethyl-4-methylene-6,7,8,8a-tetrahydro-4H,5H-chromen-4a-yl hydroperoxide 1786.1 ( 1971,1970.9) √           √ √ 

19078-37-6 Drimenol 
1786.3 (1788.4, 

1788.3)         √ √ √ √ 

7070-24-8 2-Cyclohexen-1-one, 4-hydroxy-3,5,6-trimethyl-4-(3-oxo-1-butenyl)- 1801.9 (1801.8)             √ √ 

EPA-352280 (-)-Isolongifolol, acetate 
b
 1817         √       

519-40-4 Aspidinol 1833,5           √     

61886-66-6 3-Eicosyne 1837           √     

102608-53-7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
b
 1837,1 √               

502-69-2 2-Pentadecanone, 6,10,14-trimethyl- 1844.4 (1844.3) √             √ 

 88034-74-6  Bergamotol, Z-α-trans- 1846,1         √       

50656-61-6 Velleral 
b
 1850,7         √       

4176-79-8  2,6,10-Dodecatrienoic acid, 3,7,11-trimethyl-, methyl ester, (E,Z)- 1854,5           √     

102608-53-7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
b
 1861.8 (1837.1) √           √   

EPA-197438  2-Naphthalenol, 2,3,4,4a,5,6,7-octahydro-1,4a-dimethyl-7-(2-hydroxy-1-methylethyl) 1861.9 (2007.1)         √ √     

EPA-151489 Aristolene epoxide 1863.5 (1863.9)           √ √ √ 
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161362-94-3  7R,8R-8-Hydroxy-4-isopropylidene-7-methylbicyclo[5.3.1]undec-1-ene 1865,9         √       

62106-03-0  β-Carbolin-1-one, 7-fluoro-2,3,4-trihydro-6-methoxy- 1870         √       

552-96-5  Procerin 
a
 1872,2         √       

102608-53-7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
b
 1880.2 (1880.1)   √         √ √ 

EPA-352280 (-)-Isolongifolol, acetate 
a
 

 1891.4 (1891.5, 
1891.7)           √ √ √ 

3155-71-3   2-Butenal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- b 1901,7         √       

104900-59-6 But-3-enal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexenyl)-b 1902,4             √   

108804-50-8   1-Acetyl-2,6-naphthalenediol 1909,2         √       

81203-57-8  Falcarinol 1911,7         √       

1117-52-8 5,9,13-Pentadecatrien-2-one, 6,10,14-trimethyl-, (E,E)- 
1918.9 (1921.6 , 

1921.8)         √   √ √ 

112-39-0 Palmitic acid, methyl ester 1922.2 (1922.4) √ √       √     

  Acetate, (2,5,5,8a-tetramethyl-1,2,3,5,6,7,8,8a-octahydro-1-naphthalenyl) ester 1923         √       

28684-99-3  2(1H)-Naphthalenone, 3,4,4a,5,6,7,8,8aα-octahydro-5β-hydroxy-4aα,7,7-trimethyl-, acetate 1936,6               √ 

64201-73-6   3-Methoxymethyl-2,5,5,8a-tetramethyl-6,7,8,8a-tetrahydro-5H-chromene 1938,5         √       

505-32-8 Isophytol 1946,7 √               

127-63-9  Diphenyl sulfone 
a
 1946,7       √         

EPA-155851 Bicyclo[10.6.0]octadeca-1(12),15-diene 1950,5         √       

467-41-4 Lumisantonin 1953,3             √   

481-06-1  α-Santonin 2498.5 (1953.6)           √   √ 

57-10-3 Palmiitic acid 
1953.9 (1954.3, 

1955.4, 1954, 1955)     √ √ √ √     

19380-05-3 2H,8H-Benzo[1,2-b:3,4-b']dipyran-2-one, 9,10-dihydro-9-hydroxy-8,8-dimethyl-, (R)- 1954               √ 

108067-17-0  Cyclohexene, 4-pentyl-1-(4-propylcyclohexyl)- 1970,5           √     

EPA-192730 2,5,5,8a-Tetramethyl-4-methylene-6,7,8,8a-tetrahydro-4H,5H-chromen-4a-yl hydroperoxide  1971  (1970.9)             √ √ 

121-29-9 
Cyclopropanecarboxylic acid, 3-(3-methoxy-2-methyl-3-oxo-1-propenyl)-2,2-dimethyl-, 2-methyl-
4-oxo-3-(2,4-pentadienyl)-2-cyclopenten-1-yl ester, [1R-[1α[S*(Z)],3β(E)]]- 1975,8           √     

EPA-131712  cis-Z-α-Bisabolene epoxide 1978,9           √     

2326-89-8 (5aα,9aβ,9bβ)-5,5a,6,7,8,9,9a,9b-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1-(3H)-one 1979,3             √ √ 
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(drimenin) 

628-97-7 Palmitic acid, ethyl ester 1989,6 √               

59252-01-6  17β-Hydroxy-6-oxo-4,5-secoandrostan-4-oic acid methyl ester 
d
 1989.7 (1989.9)             √ √ 

36151-02-7 2-Cyclohexen-1-one, 4-(3-hydroxybutyl)-3,5,5-trimethyl- 1997,9             √   

EPA-333041  (-)-Isolongifolol, trimethylsilyl ether 
c
 1999,7               √ 

29620-91-5 Widdrol hydroxyether 
c
 2007,3             √   

EPA-192162 Spiro[4-methyl-5-oxo-10,13-dioxatricyclo[7.3.1.0(4,9)]tridecane]-2,2'-oxirane 2007,4                 

104900-59-6 But-3-enal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexenyl)- 2033,1         √     √ 

EPA-145521 
4s,4aR,7aS,8R)-1,3,4,4a,5,6,7,7a,8,9-decahydro-4-hydroxy-6,6,8-trimethyl-azuleno(5,6-c)furan-2-
one 2056,9               √ 

14770-78-6  Spiro[benzofuran-2(4H),1'-cyclohexane]-2',4,6'-trione, 3,5,6,7-tetrahydro- 2079,4             √   

41756-14-3 
8a(2H)-Phenanthrenol, 7-ethenyldodecahydro-1,1,4a,7-tetramethyl-, acetate, [4as-
(4aα,4bβ,7β,8aα,10aβ)]- 2080,9       √         

50656-61-6 Velleral 
2090.1 (2090.2, 

2090.3)           √ √   

2462-85-3 9,12-Octadecadienoic acid, methyl ester, (E,E)- 2094,1   √             

51800-98-7 3-(Trifluoroacetyl)-D-camphor 
d
 2103,5               √ 

150-86-7 Phytol 
2112.7 (2112.6 
,2112.5, 2113) √         √ √ √ 

552-96-5  2,4,6-Cycloheptatrien-1-one, 2-hydroxy-5-(3-methyl-2-butenyl)-4-(1-methylethenyl)- 2113,7         √       

EPA-131124 Xanthatin, 1'-acetoxy-3-methyl-3-demethylene-1',2'-dihydro- 2114         √       

20555-03-7  
Azuleno[4,5-b]furan-2(3H)-one, decahydro-7,9-dihydroxy-6,9a-dimethyl-3-methylene-, [3aS-
(3aα,6β,6aα,7α,9α,9aβ,9bα)]- 2116,5         √       

112-61-8 Octadecanoic acid, methyl ester 2122,8   √             

23673-54-3  2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2128.5 (2292.3)             √ √ 

60-33-3  Linoleic acid 2129,5         √       

EPA-195530 Benzene, 1-hydroxy-4-methoxy-3-(2-methoxy-6-oxo-1-cyclohexenyl)-, acetate 2128,7               √ 

64712-67-0  Benzenecarbothioic acid, 2,4,6-triethyl-, S-(2-phenylethyl) ester 2136,5         √       

 57156-91-9  2,5-Octadecadiynoic acid, methyl ester 2137,8         √       

2326-89-8 (5aα,9aβ,9bβ)-5,5a,6,7,8,9,9a,9b-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1-(3H)-one 2138.3(2138.6,         √ √   √ 
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(drimenin) 2138.7) 

60268-40-8 Hanphyllin 2147.6 (2176.7)           √   √ 

10517-07-4 4,4,5',5'-Tetramethyl-bicyclohexyl-6-ene-2,3'-dione 
2146.3 (2183.9, 
2114.2, 2148.6)         √ √ √ √ 

EPA-140297 Eudesma-5,11(13)-dien-8,12-olide 2154,8         √       

55028-69-8 1H-Indol-2-ol, 3-[2-(dimethylamino)ethyl]-5-ethoxy-2,3-dihydro-1,3-dimethyl- 2157,9           √     

EPA-269369 Quinolin-2(1H)-one, 4-hydroxy-1,3-diethyl-7-methyl- 2164,9           √     

EPA-318746 2,4(1H,3H)-Pyridinedione, 1-(4-methoxyphenyl)-6-methyl- 2165,2             √   

EPA-196629 Benzo[e]isobenzofuran-1,4-dione,1,3,4,5,5a,6,7,8,9,9a-decahydro-6,6,9a-trimethyl 
2182.4 (2184.2, 

2184.3)         √   √ √ 

EPA-151986 Aromadendrene oxide-(2) 
b
 2184,4         √       

EPA-210103 4-(5,5-Dimethyl-6-oxocyclohex-1-enyl)-3-iodomethylbutyric acid, methyl ester 
b
 2185,2         √       

1461-36-5  4.Xi.,5.xi.,7.xi.-Guaia-1(10),11(13)-dien-12-oic acid, 4,8-dihydroxy-, γ-lactone, acetate 
b
 2192,5         √       

EPA- 265336 Cyclohexanol, 4,4'-spiro-(1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoquinoline)- 2204,9         √       

69296-92-0 Cyclohexanol, 1,3,3-trimethyl-2-(3-methyl-2-methylene-3-butenylidene)-, (Z)- 2207,9               √ 

23673-54-3 2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2208 (2292.3)             √ √ 

2198-92-7  Verrucarol 2216,6         √       

20070-61-5  Kaur-16-ene, (8β,13β)- 2223.2 (2223.1)   √ √           

EPA- 210103 4-(5,5-Dimethyl-6-oxocyclohex-1-enyl)-3-iodomethylbutyric acid, methyl ester 
b
 2231,8         √       

EPA-298985 (1R,1S,8R,8Ar)-8-hydroxy-1-(2-acetoxyethyl)-1,2,5,5-tetramethyl-trans-decalin 2231,8             √   

52811-62-8 Sclaral (sclareolide lactol) 2232,8             √   

EPA-151489 Aristolene epoxide 
d
 2234,6               √ 

EPA-210103 4-(5,5-Dimethyl-6-oxocyclohex-1-enyl)-3-iodomethylbutyric acid, methyl ester 2238,9         √       

EPA-160306  Tricyclo[7.3.0.0(3,8)]dodec-1(9)-en-12-one, 2α-carboethoxy-2β-cyano-, cis- 2248,6         √       

36506-91-9 
(5aα,9aα)-4,5,5a,6,7,8,9,9a-octahydro-6,6,9a-trimethylnaphtho[1,2-c]furan-1(3H)-one 
(isodrimenin) 2249,9             √   

5947-50-2 Kaur-15-ene 2260,5     √           

EPA-348451 D-Alanine, N-(2,4,5-trifluoro-3-methoxybenzoyl)-, isohexyl ester 2271.7 (2272.1)           √     

EPA-214275 8-Amino-2-hydroxymethyl-6-methoxyquinoline 
d
 2275               √ 
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EPA-216092 
2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl)hexa-1,3,5-trienyl]cyclohex-1-en-1-carboxaldehyde 
d
 2275               √ 

41853-21-8  
1(2H)-Phenanthrenone, 7-(acetyloxy)dodecahydro-8a-hydroxy-2,4b-dimethyl-, [2S-
(2α,4aα,4bβ,7β,8aα,10aβ)]- 2282,3         √       

36313-00-5  Nitrosine 2283,3         √       

23673-54-3 2-Naphthoic acid, 6-hydroxy-5,7-dimethoxy-, acetate 2292.3 (2341.3)         √     √ 

 2543-94-4  Phellopterin 2300,5         √       

32693-31-5 Androstan-3-one, 11,17-dihydroxy-, (5β,11α,17β)- 2307,3         √       

38818-66-5 Trichothec-9-ene-3,15-diol, 12,13-epoxy-, 3-acetate, (3α)- 2319,4           √     

EPA-197603 Acetate, [6-(acetyloxy)-5,5,8a-trimethyl-2-methyleneperhydro-1-naphthalenyl]methyl ester 2332,1         √       

EPA-302804 
5H-11a-Azadibenzo[a,f]azulene-1-carboxylic acid, 6,6-dimethyl-12-oxo-4b,6,11,12-tetrahydro-, 
methyl ester 2337,6           √     

96168-15-9 4,8,12,16-Tetramethylheptadecan-4-olide 
2359 ( 2359.1, 

2359.3) √         √ √ √ 

1461-36-5  4.Xi.,5.xi.,7.xi.-Guaia-1(10),11(13)-dien-12-oic acid, 4,8-dihydroxy-, γ-lactone, acetate 2369,1         √       

  Geranylgeraniol 2387,5 √               

 521-18-6  Stanolone 2391,5         √       

103-23-1 Hexanedioic acid, bis(2-ethylhexyl) ester 2396 (2396.1)       √       √ 

98033-26-2  2-Methyl-1H-phenanthro[3,4-d)imidazol-10-ol 2403,1               √ 

EPA- 196629 Benzo[e]isobenzofuran-1,4-dione,1,3,4,5,5a,6,7,8,9,9a-decahydro-6,6,9a-trimethyl 2404 (2184.2, 2184.3)         √   √ √ 

68-23-5  Norethynodrel 2434,2         √       

EPA-192660 
3-Hydroxy-2,5,5,8a-tetramethyl-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic acid, 
methyl ester 

d
 2457,5             √   

 2566-90-7   4,7,10,13,16,19-Docosahexaenoic acid, methyl ester, (all-Z)- 2458         √       

60268-40-8 Hanphyllin 
d
 2460         √       

4584-63-8  2,5-Cyclohexadiene-1,4-dione, 2,5-bis(1,1-dimethylpropyl)-
a
 2460,1             √   

113193-86-5 Benzo[c]azepine, N-acetyl-7,8-dimethoxy-1-methylene- 2472,2           √     

37052-13-4   1H-Phenanthro[9,10-d]imidazol-2-amine 2473,5         √       

55282-12-7  Octadecane, 3-ethyl-5-(2-ethylbutyl)- 2491,4 √               

55191-41-8  Pyrene, 1-decylhexadecahydro- 2494,2         √       
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481-06-1  α-Santonin 2498,5           √     

Boldenone Boldenone 2504,6         √       

23470-00-0  Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 2507,3           √     

2205-92-7  Cyclopropa[16,17]pregn-4-ene-3,20-dione, 3',16-dihydro-, (16β)- 2533,7         √       

27554-26-3   1,2-Benzenedicarboxylic acid, diisooctyl ester 2546,3         √       

61227-87-0 2,5-Octadiyne, 4,4-diethyl- 2549,6       √         

24126-93-0  4H-1-Benzopyran-4-one, 3-(3,4-dimethoxyphenyl)-6,7-dimethoxy- 2591,7         √       

1159-25-7 Pregna-5,17(20)-dien-3-ol, (3β,17E)- 2597,4       √         

3002-93-5 5α-Pregnan-20-one, 12β-hydroxy-, acetate 2597,9       √         

3704-09-4   Mibolerone 2613 (2613.1)     √ √         

56599-95-2  Octadecanal, 2-bromo- 2627,5 √               

55530-52-4  Pregnan-20-one, 3-(acetyloxy)-5-hydroxy-6,16-dimethyl-, (3β,5α,6β,16α)- 2663,2         √       

630-02-4 Octacosane 2690 √               

593-49-7  Heptacosane 2774,4 √               

111-02-4 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 2810.7 (3268.3) √       √       

EPA-128313 1,2-Dihydroharmaline 2814,4         √       

 5244-58-6  Pregna-4,6-diene-3,20-dione, 17-hydroxy-6,16α-dimethyl- 2829,2         √       

1059-86-5 Cholesta-5,7-dien-3-ol, acetate, (3β)- 
2833.7 (2871.3, 

2782.1)         √ √   √ 

127-47-9 Retinol, acetate 2847,4               √ 

630-02-4 Octacosane 2871.3 (2782.1)                 

630-03-5 Nonacosane 2890,2               √ 

EPA-309136 Sulfurous acid, hexyl tetradecyl ester 2888,1             √   

2497-53-2 9-Anthracenecarboxaldehyde, oxime, (Z)- 2911,1 √               

128-13-2  Ursodeoxycholic acid 2904,9         √       

 77508-67-9  

Butanoic acid, 1a,2,5,5a,6,9,10,10a-octahydro-5,5a-dihydroxy-4-(hydroxymethyl)-1,1,7,9-
tetramethyl-11-oxo-1H-2,8a-methanocyclopenta[a]cyclopropa[e]cyclodecen-6-yl ester, [1aR-
(1aα,2α,5β,5aβ,6β,8aα,9α,10aα)]- 2928,5         √       

5508-58-7  Andrographolide 2968,4         √       

 638-68-6  Triacontane 2989,2               √ 
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2765-11-9 Pentadecanal- 3045,8 √           √   

EPA-292953 Ambrein 3097,5         √       

7683-64-9  Squalene 3097,7         √       

85706-84-9  7-Dehydrodiosgenin 3111,5             √   

EPA-194787 
 6-(1,5-Dimethyl-hex-4-enyl)-1,6-dihydroxy-1,8a-dimethyl-3-oxo-1,2,3,3a,5a,6,7,8,8a,9,10,10a-
dodecahydrodicyclopenta[a,e]cyclooctene 

a
 3113,9         √       

630-06-8 Hexatriacontane 3128,2 √               

630-04-6 Hentriacontane 3128.2( 3109.9)           √   √ 

661-19-8 Behenic alcohol 3135,7 √               

10191-41-0 dl-α-Tocopherol 

3208.3 (3208.6 
,3207.6, 3176, 

3176.1) √         √ √   

18671-57-3  D:A-Friedooleanan-7-ol, (7α)- 3214,3         √       

18046-86-1  C(14a)-Homo-27-norgammacer-14-ene 3245         √       

36645-68-8 1,30-Triacontanediol 3397 √               

7098-22-8 Tetratetracontane 
c
 3435,3               √ 

EPA-314346 α-Tocopherolquinone 
c
 3435,3               √ 

EPA-351792 1-Octacosanol 3533,7 √               

502-62-5  psi.,.psi.-Carotene, 7,7',8,8',11,11',12,12',15,15'-decahydro- 3356,5         √       

17851-90-0 Stigmasta-7,16-dien-3-ol, (3β,5α)- 3581,1 √               

83-47-6 γ-Sitosterol 3577.9 (3495.7) √             √ 

EPA-194624 
 4,4,6a,6b,8a,11,11,14b-Octamethyl-1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-
octadecahydro-2H-picen-3-one 3617,6 √               

1617-70-5 Lup-20(29)-en-3-one 3736.4 (3616.2) √     √         

545-47-1 Lupeol 
3791.4 (3665.6 , 

3665.9) √   √ √         

1449-08-7 24-Methylenecycloartan-3-one 3903,3 √               

511-61-5 9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3β,24S)- 3943,7 √               
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