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2.2.1 Structure and composition 

An oil body consists of a hydrophobic TAG core surrounded by a complex membrane 

consisting of a monolayer of phospholipids embedded with proteins, also called oleosins 

(Tzen & Huang, 1992). Among different species, the relative contents of TAGs, 

phospholipids, and proteins vary widely and depend on the size of the oil bodies, 

specifically their surface area (Huang, 1994; Nikiforidis et al., 2014). Generally, the 

typical composition of oil bodies consists of 94-98% TAG, 0.6-2.0% phospholipids, and 

0.6-2.0% protein (Nikiforidis et al., 2014). 

 

Figure 2.1. Model oil body structure. Adapted with permission from Huang (1992). 

The most widely accepted structure of oil body structure is shown in Figure 2.1. The basic 

structural unit of an oil body membrane has 13 phospholipids and one oleosin molecule. 

The hydrophobic part which consists of about 40% of the oleosin molecule is embedded 

into the TAG matrix and the hydrophobic acyl groups of the phospholipid layer, while 

the remaining 60% covers and protrudes from the surface of the oil body. A schematic 

representation of the conformation of an oil body membrane is further elucidated in 

Figure 2.2. As determined by small angle neutron scattering, the interfacial membrane of 

an oil body has a thickness of 9 nm (Zielbauer et al., 2018). The phospholipids account 

for 80% of this membrane while the remaining is comprised of the three types of proteins, 

namely oleosin, caleosin, and steroleosin (Napier et al., 2001). 
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Figure 2.2. Oil body membrane conformation. Reproduced from Nikiforidis (2019).  

Within the seed, cells are densely packed with oil bodies (Figure 2.3) (Gray et al., 2010). 

However, the intracellular distribution of oil bodies is asymmetric (Dave et al., 2019). As 

shown in the cross-sectional analysis of coconut tissue (Figure 2.4), oil bodies are not 

uniformly distributed in the tissue as some cells do not contain oil bodies (pointed in grey 

arrows, image C, see Figure 2.4) (Dave et al., 2019). Structural analysis has also shown 

that intracellular oil bodies are spherical in shape, although some are irregularly-shaped 

as a result of being pressed against each other or under compression, indicating that the 

interfacial membrane is responsive, flexible, and elastic (Dave et al., 2019; Huang, 1992; 

Nikiforidis et al., 2013).  

 

Figure 2.3. Section of E. plantagineum seed viewed by transmission electron 

microscopy. Reproduced with permission from Gray et al. (2010). 
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Figure 2.4. Cryo-SEM images of the outer endosperm tissues of coconut adjacent to 

the testa. Reproduced with permission from Dave et al. (2019). 

2.2.1.1 Triacylglycerols (TAG) 

The TAG composition in oil bodies, including their acyl composition, is highly species-

specific (Huang, 1992). For example, isolated maize oil bodies contain about 95% TAG 

and 4% diacylglycerols in the hydrophobic core matrix (Tzen & Huang, 1992).  

Linoleoyl, oleoyl, and palmitoyl acyl moieties were identified as TAGs and acyl lipids 

present in the matrix. The composition of fatty acids is dependent on the seed source. 

While coconut oil bodies consist of saturated fatty acids in their TAG, the TAG in the oil 

bodies from seeds contains unsaturated fatty acids (Dave et al., 2019; Gray et al., 2010). 

2.2.1.2 Phospholipids 

The phospholipid monolayer surrounds the TAG core and provides stability to TAG 

against coalescence. The phospholipids are oriented so that the hydrophobic acyl moieties 

are interacting with the TAG core, while the hydrophilic head groups are facing the 

cytosol (Huang, 1992; Tzen & Huang, 1992). Analysis of the fatty acid profiles of 

phospholipids in oil bodies revealed that majority is comprised of saturated fatty acids 

(~70%), which is opposite to the TAG core that is composed mainly of polyunsaturated 

fatty acids (Payne et al., 2014). The saturated nature of the fatty acids promotes not only 

enhanced oxidative stability but also increased physical stability. The lack of double 
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charged lipids (e.g., phosphatidylserine, phosphatidylinositol, and free fatty acids) on the 

phospholipid layer (Huang, 1992). On the other hand, the N-terminal domain is located 

in the cytoplasm that faces the cytosol and contains a mixture of structures (Nikiforidis 

et al., 2014). The N- and C-terminal domains also facilitate the association of the 

molecule to the polar heads of the phospholipids (Nikiforidis, 2019). Because of these 

secondary structures, oleosins reside stably on the amphipathic surface of the oil body 

(Huang, 1996). 

Oleosin plays a role in the stability, synthesis, and metabolism of oil bodies. Steric 

hindrance is provided by the surface proteins that protect the phospholipids against 

hydrolysis by phospholipases, preventing the contact of the phospholipid surface between 

adjacent oil bodies that could lead to aggregation or coalescence (Huang, 1994). 

Moreover, oleosins inhibit the coalescence of oil bodies by providing high surface charge 

leading to electrostatic repulsion (Huang, 1996). The interaction of the oleosins with the 

phospholipids at the interface of oil bodies based on charge and polarity distribution 

confers the oil bodies with a hydrophilic and hydrated surface (Napier et al., 2001). This 

membrane with an amphipathic surface and steric hindrance also allows the oil bodies to 

maintain their individuality; they exist as spherical droplets that do not aggregate nor 

coalesce even when brought against each other in the seed due to seed desiccation or in 

isolated preparations after flotation centrifugation (Huang, 1992; Tzen & Huang, 1992).  

Digestion of oil bodies with enzymes and repeated cycles of freeze-thaw treatments has 

illustrated the importance of oleosins on oil body stabilisation. Once digested, oil bodies 

coalesced into large droplets due to the removal of the hydrophilic and charged protein 

portion on the oil body surface (Maurer et al., 2013). This resulted not only in the 

alteration of the net surface charge but also in the steric barrier against coalescence. Thus, 

the removal of oleosins causes the destabilisation of oil bodies as evidenced by increasing 

polydispersity size of oil bodies, a reduced polydispersity of the droplet interfacial layer, 

and changing interactions between droplets. Similarly, repeated freeze-thaw cycles have 

resulted in the destabilisation of oil body emulsions due to aggregation and coalescence; 

as such, this technique has been used to extract membrane materials from oil bodies 

(Nikiforidis et al., 2011; Onsaard et al., 2006). 

Oleosins also affect the size of oil bodies, as the size is partially controlled by the relative 

amounts of oil to oleosin (Frandsen et al., 2001). Aside from its structural role, oleosins 
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fills most of the seed (Small, 2017). The proximate composition and nutritional content 

of the hemp seeds are shown in Tables 2.1 and 2.2, respectively. 

 

Figure 2.5. Sectioned hemp seeds: cross-section (left) and longitudinal section through 

widest dimension (right). Reproduced with permission from Small (2017). 

 

Table 2.1. Typical nutritional content (%) of hempseed (Finola variety). Reproduced 

with permission from Callaway (2004). 

 Whole seed Seed meal 

Oil (%) 35.5 11.1 

Protein 24.8 33.5 

Carbohydrates 27.6 42.6 

Moisture 6.5 5.6 

Ash 5.6 7.2 

Energy (kJ/100 g) 2200 1700 

Total dietary fiber (%) 27.6 42.6 

Digestable fiber 5.4 16.4 

Non-digestable fiber 22.2 26.2 
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Table 2.2. Typical nutritional values (mg/100 g) for vitamins and minerals in 

hempseed (Finola variety). Reproduced with permission from Callaway 

(2004). 

Vitamin E 90.0 

Thiamine (B1) 0.4 

Riboflavin (B2) 0.1 

Phosphorous (P) 1160 

Potassium (K) 859 

Magnesium (Mg) 483 

Calcium (Ca) 145 

Iron (Fe) 14 

Sodium (Na) 12 

Manganese (Mn) 7 

Zinc (Zn) 7 

Copper (Cu) 2 

2.3.1 Hempseed oil extraction 

Hemp seeds contain 28-35% oil that varies depending on the variety, year of cultivation, 

climatic conditions, and growing location (Matthaus & Bruhl, 2008). Its oil can be 

extracted through various methods that may either be pressure or solvent-based (Small, 

2017). Oil extraction using screw presses is economical and can extract 60-80% of the 

oil (Matthaus & Bruhl, 2008). Hempseed oil is usually used as an edible oil and is mostly 

cold-pressed, which allows for the preservation of the bioactive compounds it contains 

(Small, 2017). It is characterised as having a dark green colour with a pleasantly nutty 

taste and sometimes a slightly bitter aftertaste (Matthaus & Bruhl, 2008; WHO Expert 

Committee on Drug Dependence, 2018).  

Furthermore, cold-pressed hemp seed oil has good quality characteristics because it is 

low in moisture, unsaponifiable matter, and free fatty acids; and the level of compounds 

used for oxidative stability tests is lower than the maximum allowed (Teh & Birch, 2013). 

On the other hand, solvent extraction, mostly using hexane, may also be used to extract 

the oil because it is cheaper, faster, and has a higher yield. However, it is deemed 

unsuitable for edible hempseed oil because it causes oil degradation and the residual 

solvents contaminate the final product (Small, 2017). 
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Table 2.7. Chemical constituents of oil bodies isolated from mustard seeds. Adapted 

with permission from Tzen et al. (1993). 

Major constituents  Percentage (%, w/w) 

Neutral lipids 94.64 

Proteins 3.25 

PL 1.60 

FFA 0.17 

PL composition   

PC 53.1 

PE 15.5 

PI 13.1 

PS 18.3 

2.5 Potential applications of oil bodies  

Oil bodies have potential applications in various industries, such as food, pharmaceuticals 

and cosmetics, because they are derived as natural oil-in-water emulsions and have 

noteworthy physical and chemical stability (Murray et al., 2007; Nikiforidis, 2019). In 

emulsion-based applications, synthetic oil droplets are being replaced by oil bodies 

because their membrane confers them high stability against various environmental 

stresses and allows them to interact with biopolymers in the continuous phase, resulting 

in the improvement of the rheological properties of emulsions.  

In food formulations, oil bodies have been used to produce plant-based beverages and 

other plant-based dairy analogues with similar or improved characteristics as their dairy 

counterparts. Plant-based milk has been formulated from oil bodies from pistachio and 

coconut (Seow & Gwee, 1997; Shakerardekani et al., 2013), yoghurt-like formulations 

from maize germ and soybean oil bodies (Mantzouridou et al., 2019; Mishra & Mishra, 

2013), and other beverages with probiotic properties from walnut oil bodies (Cui et al., 

2013). Oil-in-water emulsion-type food products like mayonnaise and model salad 

dressing emulsions have also been investigated using rapeseed and maize germ oil bodies, 

respectively (Nikiforidis et al., 2012; Romero-Guzmán, Köllmann, et al., 2020). Oil 

bodies from maize germ have been incorporated in edible films which had improved 

flexibility and surface hydrophobicity (Matsakidou et al., 2013; Matsakidou et al., 2019). 
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Owing to their high interfacial activity, oil bodies and their membrane materials have 

been used as substitutes to synthetic emulsifiers in preparing emulsions. Intact oil bodies 

have been shown to act as interfacial stabilisers by adsorbing on droplet interfaces 

following a Pickering mechanism (Karefyllakis, van der Goot, et al., 2019a). Moreover, 

membrane materials from oil bodies have been isolated through the removal of the core 

TAG from oil bodies or by recombinant protein production (Bonsegna et al., 2011; Chen 

et al., 2004; Karefyllakis, Octaviana, et al., 2019; Tzen & Huang, 1992; Zhou et al., 2019). 

For example, oil bodies have been used in the pharmaceutical industry as nanocarriers for 

drugs, foreign proteins, and therapeutic peptides due to their simple extraction process 

from plant materials and the possibility of creating artificial or reconstituted oil bodies 

from recombinant oil body membrane proteins (Bonsegna et al., 2011; Chiang et al., 

2011). Moreover, the membrane confers a protective ability to the oil body contents, like 

sensitive fatty acids or incorporated molecules for cosmetic use, against oxidation (Kawa 

et al., 2009; Nikiforidis et al., 2014). Lastly, researchers have explored the use of oil 

bodies in environmental protection, specifically the decontamination of aqueous 

environments from toxic organic molecules (Boucher et al., 2008). Organic pesticides 

have been successfully absorbed in the hydrophobic core of oil bodies, which displayed 

good mass transfer properties compared to other synthetic techniques.  

One of the significant applications of oil bodies is the encapsulation of hydrophobic 

molecules. The permeability of the oil body membrane to lipophilic compounds, such as 

volatiles, bioactive molecules, therapeutics, and other sensitive compounds, has allowed 

these molecules to be entrapped and protected in the inner TAG core of oil bodies. The 

resulting delivery system has proved to be stable even during digestion wherein a slower 

digestion rate was observed compared to surfactant- or protein-stabilised artificial oil 

droplets (Nikiforidis, 2019).  

2.5.1 Advantages and challenges 

The use of oil bodies in the development of delivery systems for hydrophobic compounds 

presents many advantages because of their inherent physical and chemical stability 

properties. First, they can be derived using simple steps from their plant sources without 

the need for intensive bulk oil extraction (Nikiforidis, 2019). Oil bodies are also extracted 

in their native form, which allows their utilisation as natural or pre-emulsified oil-in-

water emulsions (Iwanaga et al., 2007; Nikiforidis & Kiosseoglou, 2009). This avoids the 
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need for the energy-intensive homogenisation step and additional emulsifiers. The 

presence of antioxidants like tocopherols have also been intrinsically associated with oil 

bodies and they are found to have inherent oxidative stability which enables the protection 

of the sensitive compounds they contain (Fisk et al., 2006; Fisk et al., 2008). Aside from 

the safety of incorporation of oil bodies in food formulations, they also have a great 

impact on the clean label trend given the increasing attention of the food industry for the 

use of more sustainable processes and utilisation of green and natural food ingredients 

(Abdullah et al., 2020; Acevedo-Fani et al., 2020). 

Despite this high potential of oil bodies for niche and advanced applications in the food 

industry, there are also challenges to their incorporation in food systems. In emulsion 

applications, there is a possibility of incompatibility between the oil body membrane 

materials and other food ingredients (Nikiforidis et al., 2014). This could lead to a product 

having inferior quality and sensory properties or a different structure compared to its 

counterpart prepared using the usual procedure. Over time, the incompatibility may also 

result in the instability of the system in the form of oil separation during storage. As 

opposed to ingredients from animal sources, the extraction of plant-based materials poses 

challenges due to the difficulty of breaking down the cell structure caused by sturdy cell 

walls and the presence of various compounds (Karefyllakis, van der Goot, et al., 2019b). 

Thus, the isolation of oil bodies from the plant matrix could result in complexation with 

other compounds, such as proteins, phenols, and polysaccharides, which could affect their 

stability once used as a food ingredient. As such, further investigation on the optimisation 

of the extraction process, identification of factors that can affect their physicochemical 

properties, and determination of their interactions with various food ingredients at 

different conditions is necessary to enhance the utilisation of oil bodies and improve their 

stability once included in food formulations. 

2.5.2 Use of intact oil bodies 

Intact oil bodies have been used in the encapsulation of hydrophobic compounds through 

a diffusion mechanism. When placed in contact with oil bodies, hydrophobic compounds 

partition inside the oil body membrane and become encapsulated in the TAG core. 

Through this mechanism, the integrity of oil bodies and their membrane is maintained, 

allowing them to maintain their physical and chemical stability. 
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The permeability of the oil body membrane has allowed for the entrapment of 

hydrophobic compounds in the oil body core; various mechanisms have been employed 

for the encapsulation of such compounds into intact oil bodies. Compared to biological 

membrane bilayers, oil bodies only have a half unit membrane comprised of a 

phospholipid monolayer with embedded oleosins. Thus, the partitioning of hydrophobic 

compounds is easier due to the decreased hindrance posed by the surface density of the 

phospholipid layer (Boucher et al., 2008). Moreover, once the compound partitions in the 

membrane, the concentration gradient and solubility of the hydrophobic compound in the 

lipid phase favour its diffusion inside the oil core, as observed in curcumin partitioning 

into intact milk fat globules (Alshehab & Nitin, 2019).  

The partitioning of hydrophobic compounds can be enhanced using solvents since they 

can improve their dispersibility in the aqueous environment, thereby facilitating their 

interaction with oil bodies. For example, a system using two solvents has been developed: 

the bioactive compound is dissolved in a first solvent, mixed with a second solvent, and 

this mixture is brought into contact with oil bodies (Murray et al., 2007). Preferably, the 

first solvent is an organic solvent that can be readily removed by evaporation or reduced 

in concentration upon mixing with the second solvent, which can be water, oils, aqueous 

buffers, fatty acids, or lipids. Partitioning is then facilitated by incubating the 

solvent/bioactive compound mixture with oil bodies at a temperature above 0°C 

overnight or longer. These indicate that the high surface charge and the steric effects of 

the oleosins do not hinder the partitioning of hydrophobic bioactive compounds from the 

solvents or aqueous phase into the oil body core.  

In cell membranes, the successful partitioning of lipophilic compounds depends on the 

partition coefficient of the compound (Kow), steric effects, and density of the phospholipid 

layer, which presents a hindrance to transfer due to the orientational ordering of the 

phospholipid chains (Boucher et al., 2008; De Young & Dill, 1988; Dimitrov et al., 2002). 

For instance, in the partitioning of lipophilic compounds in milk fat globules, the high 

hydrophobicity of bioactive compounds such as curcumin and vitamin D3, as evidenced 

in their high octanol/water partitioning coefficient, facilitated their partitioning in the 

milk fat globule membrane (MFGM) trilayer (Alshehab & Nitin, 2019; Alshehab et al., 

2019). Increasing the concentration of the compound in the aqueous phase also enhances 

their loading capacity inside milk fat globules (Alshehab & Nitin, 2019). Moreover, the 
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and recombinant protein production (Chen et al., 2004; Tzen et al., 1997). From these 

interfacial-active materials, the creation of artificial or reconstituted oil bodies or oil body 

membrane-stabilised emulsions for novel applications has been made possible. 

2.5.4.1 Extraction methods for oil body membrane materials 

Membrane materials from oil bodies have been extracted through various techniques and 

used as emulsifiers in creating artificial oil body emulsions. Compared to the use of intact 

oil bodies, the use of their membrane materials presents advantages, such as the direct 

incorporation of the bioactive compound in the dispersed phase, customisation of the 

TAG composition of the lipid phase, use of conventional processing equipment for 

preparing emulsions, and preparation of an emulsion of the desired droplet size by 

controlling the emulsifier-to-oil ratio (Acevedo-Fani et al., 2020; Boon et al., 2010). 

Membrane materials from oil bodies are extracted through the removal of TAG and then 

using the aqueous extracts as emulsifiers. This could be achieved through the disruption 

of the oil body membrane through methods such as repeated cycles of freeze-thaw 

treatments and the use of solvents for oil extraction (Beisson et al., 2001; Karefyllakis, 

van der Goot, et al., 2019a; Onsaard et al., 2006; Tzen & Huang, 1992; Zhou et al., 2019). 

Upon their rupture, the oil body membrane materials remain as membrane fragments that 

can adsorb at the oil/water interface to stabilise emulsion droplets (Ishii et al., 2017; 

Waschatko et al., 2012). The strong association of its components results in the formation 

of membrane fragments instead of phospholipid or oleosin micelles upon rupture 

(Karefyllakis, van der Goot, et al., 2019a).  

Moreover, individual oil body proteins have been isolated, purified, and produced 

through recombinant DNA technology and used as emulsifiers separately or in 

combination with one another (Chen et al., 2004; Chen et al., 2005). Reconstituted oil 

bodies had similar structures to native oil bodies and increasing the ratio of TAG to oil 

body proteins resulted in smaller size distributions and improved thermostability (Peng 

et al., 2003). Moreover, oleosin and caleosin were found to be effective in producing 

artificial oil bodies while steroleosin was not because it only had two as opposed to three 

structural domains that are present in oleosin and caleosin (Chen et al., 2004).  
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stability of the encapsulated compound, indicating the similarity of their structural 

features with native oil bodies. 

Table 2.8. Bioactive compounds encapsulated in artificial oil bodies. Adapted from  

Acevedo-Fani et al. (2020). 

Bioactive compound Outcome/EE 

Fish oil Enhanced stability of fish oils to oxidation as compared to 

small molecule surfactant- or protein-stabilised emulsions 

Curcuminoids Enhanced stability of curcuminoids against degradation 

Curcumin Enhanced stability, high bioavailability of curcumin (rat 

model) 

Curcumin Inhibition of growth in HER2/neu-positive tumour cells (in 

vitro) 

Cyclosporine A Enhanced bioavailability of the drug (rat model) 

Model hydrophobic 

molecules 

Targeted delivery of hydrophobic molecules 

Anti-cancer drug 

Camptothecin 

High stability of the drug, oral administration of the drug 

encapsulated in oleosomes led to regression of tumour in a 

rat model 

2.6 Bioactive compounds  

Dietary bioactive compounds are food components that are not essential but are beneficial 

to health as they provide a positive effect on human biological processes (Raikos & 

Ranawana, 2017). Most of these bioactive compounds are highly hydrophobic, such as 

polyunsaturated lipids, fat-soluble vitamins, phytosterols, curcuminoids, carotenoids, and 

flavonoids. These lipophilic bioactive compounds exert biological effects in humans and 

fulfil important antioxidant, functional, nutritional, and structural functions in the body 

(Raikos & Ranawana, 2017). However, because of their lipophilic nature, they are 

incompatible with many food matrices, which limits their application into commercial 

food products. Moreover, they are highly sensitive to food processing and storage 

conditions and may have poor bioavailability (Raikos & Ranawana, 2017). Thus, a widely 

explored approach to overcome some of these hurdles is the incorporation of hydrophobic 

bioactive substances into delivery systems to improve their compatibility with aqueous 
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transition metals or by acting as free radical scavengers; (2) formation of molecular 

complexes with carotenoids through hydrophobic interactions; (3) steric hindrance due 

to the adsorbed proteins at the interface that prevented the contact of the bioactive in the 

oil droplets with any prooxidants in the aqueous phase; or (4) smaller interfacial area 

compared to Tween-stabilised emulsions (Jo & Kwon, 2014; Qian et al., 2012).  

Lastly, homogenisation pressure greatly influences the physical stability of emulsion-

based delivery systems. With an increase in mechanical energy, which can be achieved 

through the increase in homogenisation pressures or homogenisation cycles, smaller 

droplet sizes can be produced which are more stable to gravitational factors during storage 

(Jo & Kwon, 2014; Mao et al., 2010). However, a drawback to having a small droplet 

diameter is the increase in the surface area of the droplets, which enhances the contact of 

the bioactive with prooxidants in the aqueous phase, and the possible formation of free 

radicals due to cavitation during microfluidizer processing (Jo & Kwon, 2014). 
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Figure 4.3. Confocal laser scanning microscopy images of mustard oil bodies extracted 

aqueously at neutral pH (6.4) (A, B, and C) and alkaline pH (9.0) (D, E, 

and F). Neutral lipids are stained by Nile Red (A and D) while proteins are 

stained by FG-FCF (B and D), and the merged channels showing both 

lipids and proteins are shown in C and F. 
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Figure 4.5. Effect of pH on the particle size distribution of mustard oil bodies extracted 

at neutral pH (6.4). 

 

 

Figure 4.6. Effect of pH on the particle size distribution of mustard oil bodies 

aqueously extracted at alkaline pH (9.0). 
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Table 4.2. Proximate composition of hemp oil bodies. 

Parameter Composition (%, wb) 

Moisture 22.80 ± 2.09 

Fat 79.30 ± 2.78 

Crude protein 1.50 ± 0.22 

Ash 0.20 ± 0.01 

 

 Table 4.3. Fatty acid composition of hemp oil bodies. 

Total fatty acid Total fat %  Standard deviation 

C6:0 Caproic 0.019 0.003 

C12:0 Lauric 0.006 0.001 

C14:0 Myristic 0.025 0.001 

C16:0 Palmitic 3.905 0.146 

C16:1n7c-cis-9-Palmitoleic 0.065 0.011 

C17:0 Margaric 0.055 0.008 

C18:0 Stearic 1.80 0.100 

C18:1n9c Oleic 8.732 0.485 

C18:1n7c Vaccenic 0.474 0.018 

C18:2n6c Linoleic 41.456 1.479 

C18:3n6-cis-6,9,12-Gamma linolenic 2.518 0.082 

C20:0 Arachidic 0.555 0.004 

C20:1n9-cis-11-Eicosenoic 0.281 0.012 

C18:3n3-cis-9,12,15-Alpha linolenic 12.334 0.320 

C21:0 Heneicosanoic 0.007 0.001 

C20:2n6-cis-11,14-Eicosadienoic 0.051 0.001 

C22:0 Behenic 0.215 0.007 

C22:1n9-cis-13-Erucic 0.015 0.001 

C20:3n3-cis-11,14,17-Eicosatrienoic <0.01 - 

C23:0 Tricosanoic 0.022 0.006 

C22:2n6-cis-13,16-Docosadienoic <0.01 - 

C24:0 Lignoceric 0.093 0.006 

C24:1n9-cis-15-Nervonic 0.016 0.004 

 
























































































































































































































































