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ABBREVIATIONS 

CPA: cis-palmitoleic acid 

CVA: cis-vaccenic acid 

FAEE: Fatty acid ethyl ester 

GC-MS: Gas chromatography-mass spectrometry 

LC: Liquid chromatography 

NMR: Nuclear magnetic resonance 

TPA: trans-palmitoleic acid 

TVA: trans-vaccenic acid 

ABSTRACT 

Trans-palmitoleic acid (trans-9 C16:1, or trans-C16:1 n-7, TPA) is typically found in ruminant-derived 

foods (milk and meat). Of note, previous epidemiological studies associated high levels of circulating 

TPA with a lower risk of type 2 diabetes and metabolic syndrome in humans. At the current time, 

TPA intakes in humans are ensured by ruminant-derived foods. However, due to the very low 

commercial availability of TPA, there are no supplementation studies carried out so far. Therefore, 

the ability for dietary TPA to prevent type 2 diabetes and metabolic syndrome has never been 

experimentally assessed. Here, we report a method (among others) to get dozens of grams of pure 

TPA as ethyl ester, to perform dedicated supplementation studies. For that purpose, we started from 

food sources containing high amounts of cis-palmitoleic acid (cis-9 C16:1, or cis-C16:1 n-7, CPA), 

dealing with fatty acids ethyl esters all along with the experiment. CPA was purified with flash LC, 

then submitted to a cis/trans isomerization step. Finally, TPA was separated from CPA by low-

temperature crystallization in methanol. The final product was fully characterized by 1H and 13C 

nuclear magnetic resonance spectrometry. We were able to produce approx. 70 g of 85%-purity TPA 

suitable for nutritional studies. 

PRACTICAL APPLICATIONS 

The synthesised trans-palmitoleic acid may serve for supplementation (or nutritional) studies aiming 

at unravelling its physiological impacts suggested by epidemiological work. Depending on the 

amount of synthesised trans-palmitoleic acid, one may carry out nutritional studies on rodents or 

even on humans. 
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GRAPHICAL ABSTRACT 

A method (one among others) is described in this manuscript to get pure trans-palmitoleic acid ethyl 

ester in enough amounts to carry nutritional studies out. The dietary complement Provinal® was 

used as a source of cis-palmitoleic acid, in combination with flash LC. Isomerisation and large scale 

cis/trans fractionation were applied afterwards. 
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1. INTRODUCTION

Trans-palmitoleic acid (trans-9 C16:1, or trans-C16:1 n-7, TPA) belongs to the family of natural trans 

fatty acids, as reviewed by our research group [1]. Since TPA arises from ruminal biohydrogenation, 

its presence has been recently reported in ruminant-derived foods by our research group: for 

instance, TPA accounts for 0.04% of total fatty acids in dairy fat [2]. Interestingly, many 

epidemiological studies associated high circulating levels of TPA in humans with a lower risk of type 

2 diabetes and metabolic syndrome [3–10]. Undoubtedly, these epidemiological findings had 

considerable impact, making TPA an intriguing dietary fatty acid of high nutritional interest. 

However, supplementation studies are still lacking to unravel accurate mechanisms of action of 

dietary TPA. In fact, TPA is believed to prevent insulin-resistance by targeting insulin secretion and 

improving pancreatic β-cell function [8–10], but such a hypothesis remains to be confirmed by 

supplementation studies.  

Getting pure TPA in enough amounts to perform nutritional studies is quite challenging, and many 

strategies are available. First, using dairy products as a raw material may be useful but TPA only 

accounts for 0.04% of total fatty acids in dairy fat  [2–11–12]. Besides, dairy fat contains other 

natural trans fatty acids such as trans-vaccenic acid (trans-11 C18:1, or trans-C18:1 n-7, TVA) and 

rumenic acid (cis-9,trans-11 C18:2, RMA) for which benefits have been reported [13]. Thus, neither 

conventional dairy fat nor butter enriched in natural trans fatty acids [14] is convenient. Second, TPA 

was found in partially hydrogenated fish oils. Not only are these oils neither found nor consumed 

anymore [15], but the presence of other trans-C16:1 isomers does not meet the purity criterion [11]. 

Third, partially hydrogenated vegetable oils are suspected to contain TPA [16]. However, (1) the 

content is lower than that of dairy fat [17], (2) other trans-C16:1 isomers that would theoretically be 

here as well would bias the results, and (3) such oils cannot be found anymore due to the FDA ban 

[18]. Fourth, a recent clinical trial relied on sea buckthorn oil augmented in TPA (about 10% of fatty 

acids): such increase in TPA content was achieved by partial hydrogenation of sea buckthorn oil 

(isomerization of cis-palmitoleic acid, cis-9 C16:1, or cis-C16:1 n-7, CPA), but again the purity 

criterion is not met as other trans fatty acids were supplemented along with TPA despite minimizing 

the other positional isomers [19]. Fifth, one could rely on well-known chemical companies, but to 

the best of our knowledge, the commercially available amounts (several hundreds of mg) are not 

suitable for nutritional studies. Therefore, the only remaining solution lies in the chemical synthesis 

of TPA, which has never been described so far but still appears to be the most convenient one for 

high-quality studies. 

Like TVA, TPA is a trans monounsaturated fatty acid. Fortunately, some nutritional studies involving 

chemically-synthesized TVA were carried out either on humans [20–21] or rodents [22–26]. 

Therefore, any methodology used for getting high amounts of pure TVA might be translated to TPA. 

To the best of our knowledge, two ways were used to obtain TVA. The first one consists of alkali 

isomerization of vegetable oils [22–26]. According to the second way, cis-vaccenic acid (cis-11 C18:1, 

or C18:1 n-7 cis) is chemically synthesized first, then a cis/trans isomerization and a cis/trans 

fractionation are carried out  [20–21–27–31]. 

Therefore, taking advantage of the methods established for the chemical synthesis of TVA, our study 

aimed at translating these methods in the case of chemically synthesized TPA. 
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2. MATERIAL & METHODS

2.1. Dietary sources of CPA 

We took advantage in this study of food sources that contain reliable amounts of CPA. Two sources 

of CPA were assessed here: macadamia nut oil, and the dietary complement Provinal® [32]. 

Macadamia nut oil is known to be a good source of CPA which accounts for approx. 15% of total 

fatty acids [33]. Besides, such oil is easily available [34]. As for Provinal®, it is a CPA-enriched dietary 

complement, which consists of purified Peruvian anchovy oil. CPA accounts for more than 50% of 

total fatty acids. Such a dietary complement was designed since CPA is thought to have benefits on 

human health [35–36]. Like macadamia nut oil, Provinal® is easily available [37]. 

Fatty acids contained in Provinal® are directly supplied as fatty acid ethyl esters (FAEE). FAEE being a 

suitable derivative for both nutritional studies and analytic purposes, we chose to deal with such 

derivatives during the whole experiment. Consequently, lipids from macadamia nut oil were first 

extracted with hexane/isopropanol (3/2, v/v) [38], and fatty acids were obtained as FAEE by 

ethanolic HCl. 

At this stage two main criteria were defined to assess the best dietary source: (1) the amount 

criterion (i.e., the content of CPA in the dietary source) and (2) the purity criterion (i.e., the relative 

amount of cis C16:1 isomers that will be isomerized during the following isomerization step). 

2.2 Purification of CPA by flash LC 

Flash LC was performed with the PuriFlash® 4250 system (Interchim®, Montluçon, France) 

(Supplementary Figure 1). As for the columns, an association between two Flash cartridges was 

settled in this accurate order: (1) a CHROMABOND® Flash RS 330 C18 ec column (27.0 cm length, 60,0 

mm internal diameter, 40-63 µm mean particle size; ref. 732817; Macherey-Nagel, Düren, Germany), 

and (2) a PuriFlash® PF-15C18HP50-F0330 column (22.6 cm length; 60.0 mm internal diameter; 15 

µm mean particle size; Interchim®). Conditions of elution were the following: an isocratic mode 

consisting of methanol/water (95/5), at a constant flow rate of 130 mL/min. Data were acquired 

with Interchim® soft V5.1c.06 for Windows.  

Considering these operating conditions, approx. 20 mL of FAEE (either from Provinal®, or macadamia 

nut oil) could be injected each time in the Flash LC device. Fractions of interest were collected, and 

the excess of methanol was removed by vacuum evaporation. As described in the “Results” section, 

we were able at this stage to assess the best dietary source of CPA. 

2.3. cis/trans isomerization 

After choosing the best dietary source and isolating the CPA, the isomerisation step was performed 

as previously described [28] directly on CPA as FAEE. Removal of reagents was carried out by Flash 

LC relying on the same conditions as described above.  
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2.4. Large-scale cis/trans fractionation 

Three methods were compared to carry out large-scale separation of CPA and TPA. First, we 

performed low-temperature differential crystallisation in methanol. Based on previous research, 20 

g of FAEE were dissolved in 1 L of methanol then refrigerated at -80 °C for 2 hours. The solution was 

afterwards filtered on a Büchner funnel (porosity 4): crystals were harvested, kept at ambient 

temperature until melting, and the excess of methanol was removed by vacuum evaporation.  

Second, we attempted urea complexation in the solvent, according to a previously published 

protocol [39] and using a FAEE/urea/methanol ratio of 1/6/20 (w/w/v). 

Third, we carried out Flash-LC relying on the same conditions as described above and still using FAEE. 

2.5. Assessment of fatty acid composition by GC-MS 

Gas chromatography-Mass spectrometry (GC-MS) was used for the control of composition and 

purity at each step of the chemical synthesis and purification. FAEE were analysed with an Agilent 

7890N gas chromatograph (Agilent Technologies, Santa Clara, CA, USA) equipped with a bonded 

fused silica capillary column (BPX-90; 100 m×0.25 mm, 0.25 μm thickness; SGE Analytical Science, 

Melbourne, Australia). Helium was used as the carrier gas. Mass spectra were recorded with an 

Agilent 5975C MSD (Agilent Technologies). The mass spectrometer was operated under electron 

impact ionization conditions (electron energy 70 eV, source temperature 230°C). Data were obtained 

in full-scan mode with a mass range of m/z 50–550 amu. 

Identification of fatty acids was based on (1) retention times compared with that of available pure 

standards and (2) mass spectrum of FAEE peaks. Peak integration was accomplished with 

MassHunter Workstation Qualitative Analysis B.07.00 software for Windows (Agilent Technologies). 

2.6. Characterization of the final purified TPA by Nuclear Magnetic Resonance (NMR) 

1H and 13C NMR spectra were recorded on Bruker Avance III (400 MHz) and Avance III HD (500 

MHz) spectrometers at 25 °C using CDCl3 as the solvent, as previously described [40]. 

3. RESULTS

3.1. Dietary sources of CPA 

Macadamia nut oil and Provinal® greatly differ comparing first their CPA content. CPA represents 

about 13% of total fatty acids (analyzed here as FAEE) in macadamia nut oil and almost 50% in 

Provinal®, respectively (Table 1). Furthermore, Provinal® is characterized by C16:2 and C16:3 fatty 

acids in elevated amounts. This result is consistent with the fact that Provinal® stems from a first 

purification step from Peruvian Anchovy oil. Conversely, macadamia nut oil has a fatty acid 
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composition typical of that of vegetable oils, deprived of atypical fatty acids. Therefore, relying on 

the purity criterion, Provinal® should be considered as the best dietary source of CPA. 

As regards to the C16:1 profiles, they also differ between the two sources (Table 1). First, 

macadamia nut oil is mainly characterized by CPA, and one should not expect to find high amounts 

of positional C16:1 isomers in such a vegetable oil. Accordingly, other cis-C16:1 positional isomers 

accounted for 0.78% of total cis-C16:1 fatty acids in macadamia nut oil. Second, Provinal® had some 

C16:1 isomers, both trans and cis: this is consistent with the raw material from which Provinal® 

stems from [41]. Other cis C16:1 positional isomers accounted for 3.8% of total cis-C16:1 fatty acids 

in Provinal®. Overall, considering specifically the C16:1 profiles between both dietary sources, 

macadamia nut oil would yield a 5-time more purified CPA than Provinal®. 

After analysing the fatty acid profile of the considered dietary sources, we cannot conclude which 

one is the best. The amount criterion is perhaps the most convenient one, and it is tempting to 

choose Provinal® as the best dietary source. However, meeting the purity criterion is crucial when it 

comes to nutritional studies, and from this point of view, macadamia nut oil is better than Provinal®. 

Consequently, it is mandatory to compare the easiness of removal of other fatty acids in the flash-LC 

step to assess the best dietary source. 

3.2. Purification of CPA by flash LC 

Purification of CPA by flash LC of either macadamia nut oil or Provinal® is shown in Figure 1. 

Concerning macadamia nut oil, a co-elution is noticed with linoleic acid, while oleic acid elutes way 

further. We hypothesized here that LA would undergo the isomerization step like CPA. Thus, it was 

crucial to remove as much LA as possible, but of course at the expense of the collected amount of 

CPA.  

C16:2 and C16:3 fatty acids of Provinal® can be viewed on the chromatogram, eluting earlier than 

any other fatty acid. CPA eluted later, making its separation from poly-unsaturated fatty acids easy. 

Importantly, myristic acid (C14:0) co-eluted with CPA, thus the fraction containing CPA also 

contained some myristic acid. As regards to the subsequent isomerization step, myristic acid is not 

an issue since it will not be impacted. 

Because the removal of LA was challenging, high levels of LA is a drawback when it comes to the 

isolation of CPA. We cannot rule out the fact that LA will be isomerized during the isomerization 

step, yielding trans-C18:2 and perhaps conjugated linoleic acid isomers that may hinder the 

physiological effects of TPA. Therefore, at this stage, it is now possible to choose Provinal® as a 

better dietary source of CPA than macadamia nut oil. Flash LC with multiple injections was therefore 

applied to Provinal® to isolate as much CPA as possible (Supplementary Figure 2). 
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3.3. cis/trans isomerization, and large-scale cis/trans fractionation 

The isomerisation of CPA yielded a mix of CPA and TPA, according to a 36/64 ratio. Both the excess 

of reactants and the co-products were removed by Flash LC with the same conditions as described 

above (data not shown). 

After low-temperature solvent fractionation, crystals looking like “snow eggs” were obtained (Figure 

2 and Supplementary figure 3). The crystals contained mostly TPA, but also C14:0 that remained 

after CPA purification by flash LC. On the contrary, neither urea complexation nor flash LC was as 

efficient as low-temperature solvent fractionation for large-scale removal of CPA (Table 2). Of note, 

these methods were more burdensome than low-temperature solvent fractionation. Thus, we used 

the latter method for large-scale cis/trans fractionation by repeating freezing of FAEE/methanol 

solutions (Figure 3). 

3.4. Characterization of the final purified TPA 

Figure 4 shows the GC-MS profile of fatty acid ethyl esters obtained after the whole purification 

process. The mass spectrum of the main peak, suspected to be the TPA ethyl ester (retention time = 

25.5 min), was characterized by a molecular ion at m/z 282 amu (data not shown), which confirmed 

that it possessed a monounsaturated C16 ethyl ester structure. Since MS data on ethyl esters are not 

informative on cis/trans double bond position and configuration, we additionally performed 1H and 
13C NMR on the final purified product. 

Figure 5 shows the 1H NMR spectrum of the final purified TPA ethyl ester. The determination of the 

coupling constant of the methylene protons (3J = 15Hz) undoubtedly demonstrated the trans 

configuration of the single double bond of the analyzed molecule. In addition, by combining the 

results obtained in the hydrogen and carbon resonance spectra, signal positions corresponding to 

the 9 and 10 carbons carrying the double bond could be assigned (Supplementary Figure 4). The 

respective -CH3 terminal methyl group of carbons 1 and 18 of the fatty acid carbon chain and ethyl 

group, could also be assigned, as well as carbon 1 (carbonyl function) and specific -CH2- of carbons 

2 and 17. 

Coming back now to Figure 4, it finally shows that, considering only the CPA and TPA ethyl esters, 

the final TPA product had a purity greater than 99%. Taking into account myristic acid, the overall 

purity was at 85%. 

4. DISCUSSION

In this study, our target was to synthesize pure TPA in enough amounts, to carry out nutritional 

studies and unravel the physiological effects of dietary TPA. For that purpose, we first isolated CPA 

from Provinal®, a fish-oil based dietary supplement. Despite not having the purest CPA compared 

with macadamia nut oil, the content in CPA in Provinal® was higher. In addition, isolating CPA by 

flash-LC from Provinal® was way easier than from macadamia nut oil. Therefore, Provinal® was 

considered as the best dietary source of CPA. After isolating CPA, we relied on a known workflow in 
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the field of chemical synthesis of trans monounsaturated fatty acids: CPA was isomerized, then 

removed from TPA by large-scaled cis/trans fractionation. We finally obtained TPA with an 85%-

purity, the main impurity being myristic acid. 

Wittig reaction is commonly used for cis monounsaturated fatty acid synthesis. Such a method is 

indeed reliable since the location of the ethylenic bond is accurate and certain, without generating 

positional isomers [27]. As a result, previous research relied on Wittig reaction to get CVA ready for 

isomerisation to TVA [21–28]. Translating to cis-C16:1 fatty acids and assuming that convenient 

reagents are commercially available, Wittig reaction can be performed to get high amounts of pure 

CPA. However, CPA is a dietary fatty acid that does occur in several foods in significant amounts [33]. 

Therefore, we assessed in our study a new means of getting high amounts of pure CPA ready for 

isomerisation. 

Regarding the main target of our study, it is important to highlight here how particular the case of 

CPA is. For instance, getting high amounts of pure CVA could not be based on food sources even if 

CVA does occur in a wide range of oils. Indeed, oleic acid (cis-9 C18:1, or C18:1 n-9 cis) is present as 

well. Unless large-scale separation between CVA and oleic acid is applied, both CVA and oleic acid 

would isomerize yielding TVA and elaidic acid (trans-9 C18:1, or C18:1 n-9 trans), respectively. None 

of this occurs in the case of CPA because it is by far the major C16:1 fatty acid in both macadamia 

nut oil and Provinal®. Again, we took advantage of this fact in our study rather than considering the 

Wittig reaction.  

Flash LC is not widely used when it comes to purification of fatty acids. Instead, preparative LC is a 

more popular technique of purification because the resolution offered is rather good and is 

convenient for purification/fractionation targets [42]. Flash LC goes beyond preparative LC, allowing 

higher amounts but at the expense of resolution. To the best of our knowledge, our research group 

is the first to report fractionation of a mix of fatty acids (i.e., saturated, mono-unsaturated and poly-

unsaturated) employing flash LC, clearly being a novelty of this article. Despite the amount of FAEE 

injected (approx. 20 mL), the resolution was good enough to ensure a convenient final product-

purity. This outcome is encouraging concerning the physiological impacts of dietary fatty acids on 

human health. Flash LC might have a strong role to play when it comes to settling nutritional studies 

about minor dietary fatty acids that are not commercially available. This holds for TPA, which this 

study deals with, but also for CPA that was first purified in our experiment. Further research is 

therefore needed to assess the ability for flash LC to be a reliable means of fractionation for other 

minor dietary fatty acids. Importantly, it also implies the knowledge of sources of particular fatty 

acids that may be pre-purified (e.g., Provinal®), and can be brought to a higher purity. It should also 

be underlined that we did not investigate the ability of urea complexation to fractionate CPA from 

other fatty acids in both food sources.  

Based on the far lower content in linoleic acid, Provinal® was found to be a better source of CPA. 

However, we assumed in our study that linoleic acid would undergo the further isomerization step 

like CPA: we did not investigate any further on this topic. Should linoleic acid not be isomerized 

during this step, removing as much linoleic acid as possible would not be crucial. Independently of 

the fate of linoleic acid, the higher CPA content in Provinal® than in macadamia nut oil makes it a 

better source of CPA. Of note, we did not assess other well-known sources of CPA such as sea 

buckthorn. Likewise, we did not try purification of CPA through urea complexation. 
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LC flash not being efficient at separating CPA from TPA was unexpected. Indeed, we previously 

succeeded in doing the same between CVA and TVA, reaching a 5/95 purity ratio [29–30]. As a result, 

we hypothesized that LC flash would work as well for C16:1 fatty acids. The negative outcomes 

following urea complexation were however more in line with our hypothesis: to our knowledge, this 

widespread technique has never been used for cis/trans fractionation. That said, we did not 

investigate whether the cis/trans fractionation with urea complexation worked better using FFA, 

given that several guidelines rely on FFA [43]. Second, the FAEE/urea/methanol ratio might play a 

strong role when large-scale purification of fatty acids takes place. Given that such ratio has a wide 

range of values depending on the fatty acid of interest and the studies, we believe that some 

optimization is necessary as regards to a cis/trans monounsaturated fatty acids fractionation by urea 

complexation. 

Instead, cis/trans palmitoleic acid fractionation was performed by low-temperature crystallization in 

methanol. For decades, such a procedure has been widely used as an excellent means to separate 

cis/trans mono-unsaturated fatty acids [44], especially oleic and elaidic acids [45–47]. Here, we were 

able to translate all this knowledge to comply with the field of trans-C16:1 fatty acids, which is 

another new kind of information brought by this article. Like previous studies [48], we performed 

large-scaled cis/trans fractionation directly on fatty acid esters rather than on FFA [21]. It enables 

working all along with FAEE, which are easily analysed by GC-MS, so that purity can be assessed at 

each step without additional effort. Should work had been performed with FFA, a derivatization step 

would have been mandatory to assess the purity of each fraction, which is undoubtedly time-

consuming. Thus, keeping working on FAEE is a strength of our study. Furthermore, FAEE are 

suitable for supplementation studies not only on rodent models [49] but also on humans [32]: no 

side effects were reported with such derivatives, and they are equally digested compared with 

triglycerides. 

The major impurity that remains with our method is myristic acid (C14:0), accounting for almost 15% 

in the final product. Accordingly, this is a weakness of our study and may represent a strong bias 

when it comes to supplementation studies. Our strategy was to collect as much CPA as possible: due 

to the co-elution with C14:0, our choice was surely done at the expense of the purity of CPA. At the 

cis/trans fractionation step, considering both the chain length and the number of double bonds, 

myristic acid theoretically behaves almost like TPA [50]. Therefore, this step was designed to remove 

as much CPA as possible, rather than focusing on myristic acid. Still, our main purpose was to settle 

supplementation studies at least on rodents since the physiological impacts of TPA remain unknown. 

In such a case, it is possible to adjust the fatty acid composition of foods and pellets given to 

rodents, therefore deleting the bias of myristic acid. Otherwise, in the case of clinical trials, adjusting 

fatty acid composition is much more burdensome and the risk of bias with our final product is high. 

Thus, our final product is suitable for studies carried out on rodents, but maybe not for clinical trials. 

Future research should, therefore, focus on removing myristic acid to significantly improve the purity 

of our final product, and perhaps exploring other strategies. 

Great attention was paid at the remaining amount of CPA in the final TPA product. On the one hand, 

CPA is thought to have beneficial physiological impacts, especially on inflammation and insulin 

sensitivity. On the other hand, high levels of circulating TPA are associated with higher insulin 

sensitivity as well [9–10]. It was even hypothesized that CPA and TPA have the same physiological 
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impacts [10]. Consequently, whatever the way of getting a large amount of pure CPA, the cis/trans 

fractionation is of the highest importance. 

5. CONCLUSION

While relying in part on previously described techniques, we report for the first time a method to get 

pure TPA in large amounts. For that purpose, we relied on Provinal® as a dietary source of CPA, the 

latter being subsequently isolated by flash-LC and submitted to an isomerization step. Large-scale 

cis/trans fractionation was afterwards applied to isolate TPA. In light of our target to carry 

nutritional studies out, the remaining amount of myristic acid represents an issue, especially 

regarding clinical trials. Nonetheless, it is possible to adjust the amount of myristic acid between 

groups, tackling this potential bias. Last but not least, we successfully minimized other trans-C16:1 

positional isomers that could have interfered with TPA in terms of physiological impacts. Overall, our 

method has to be improved, especially as regards to the presence of myristic acid in the final 

product. We emphasize the fact that such a method was developed at the scale of a research 

laboratory, making it easily reproducible. Meanwhile, our method enables further in vivo research to 

unravel the physiological impacts of dietary TPA. 
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TABLE 1 

Fatty acid composition of macadamia nut oil and Provinal®, expressed as a % of total fatty acids. 

Fatty acid Macadamia nut oil (%) Provinal
®
 (%)

C14:0 1.5 2.6 

C15:0 iso ND 1.4 

C15:0 anteiso ND 0.4 

C15:0 ND 0.8 

C16:0 25.6 1.6 

C16:1 trans (total) ND 0.4 

C17:0 iso ND 0.7 

C16:1 n-7 cis (CPA) 12.8 47.4 

C16:1 cis (other than CPA) 0.1 1.8 

C17:1 ND 0.8 

C16:2 (total) ND 11.5 

C16:3 (total) ND 9.4 

C18:0 9.8 ND 

C18:1 n-9 37.2 3.2 

C18:1 n-7 2.9 1.6 

C16:4 ND 10.5 

C18:2 n-6 1.2 ND 

C20:0 6.4 ND 

C18:3 n-3 1.4 1.0 

C18:4 ND 3.8 

C22:0 0.9 ND 

C20:5 n-3 ND 1.0 

C22:6 n-3 ND 0.3 

ND: not detected. 
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TABLE 2 

Comparisons of three methods for large-scale fractionation of CPA and TPA. 

CPA TPA 

Initial mix 36 64 
Low-temperature solvent crystallization 20 80 
Urea complexation 35 65 
Flash LC 29 71 

FIGURE 1 

Colour for the online version 
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FIGURE 2 

Colour for the online version 
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FIGURE 3 

FIGURE 4 
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FIGURE 5 

FIGURE LEGENDS 

FIGURE 1 

Flash LC separation of (A) macadamia nut oil FAEE and (B) Provinal FAEE. Comparison of the fatty 

acid composition of macadamia nut oil and Provinal®: emphasis on the C16:1 fatty acid zone. 

FIGURE 2 

Crystals looking like “snow eggs” enriched with TPA ethyl ester obtained after low-temperature 

solvent fractionation, while CPA ethyl ester mainly remained soluble in the solvent liquid. 
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FIGURE 3 

Schematic description of the successive stages used during fractional crystallization. 

FIGURE 4 

GC-MS profile of fatty acid ethyl esters obtained after the whole purification process. The identity of 

each important fatty acid is indicated above its respective peak.  

FIGURE 5 

1H NMR (500 MHz, CDCl3, 25 °C) spectrum of the final purified TPA ethyl ester. The determination of 

the coupling constant (3J = 15Hz) of the methylene protons around 5.5 ppm undoubtedly 

demonstrated the trans configuration of the single double bond of the monounsaturated fatty acid. 


