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Abstract 

Volatile and semi-volatile compounds account for the odours, long valued in the perfumery 

industry, of the natural product, ambergris. Here we demonstrate application of solid phase 

micro extraction (SPME) and gas chromatography-mass spectrometry (GC-MS) to headspace 

analysis of the volatiles and semi-volatiles of jetsam ambergris. The samples collected in 

2017/2018, ranged from a black, sticky material from New Zealand, likely recently ejected from 

a sperm whale, to a white solid found on a beach in Chile and radiocarbon-dated previously to 

be about 1000 years old. The traces of volatile/semi-volatile compounds extracted included, 

odorous γ-dihydroionone and odor-free pristane (2,6,10,14-tetramethylpentadecane), as the 

major constituents. The ratios of these to one another and to many other minor constituents, 

varied, depending on sample colour and age.  122 words 

Keywords: Ambergris, volatiles, SPME, Sperm whale, jetsam, ambrein. 

 

1.  Introduction 

Solvent extracts of ambergris, which is a natural product of the sperm whale, but which is also 

found as jetsam on beaches from around the globe, comprise mainly a tricyclic alcohol ambrein 

(I, Figure 1), plus variable proportions of faecal steroids (Lederer et al. 1946; Lederer, 1949; 

Baynes-Cope, 1962; Rowland and Sutton, 2017; Rowland et al. 2018 a,b). However, ambrein is 

odorless and the characteristic odors of ambergris long valued in perfumery (Dugan 2011; Brito 

et al. 2016; Serra 2013) are in fact due to oxidation products of ambrein (Ohloff et al. 1977; 

Ohloff 1982). The presence of the latter has been reported in ambergris tinctures (viz: aged 

solutions in ethanol; Anon 1976) following steam distillation (Mookerjee and Patel 1977; Awano 

et al. 2005) but not, as far as we are aware, in samples of jetsam ambergris. We therefore 

examined the headspace of samples of jetsam ambergris by solid phase micro extraction 

(SPME) and gas chromatography-mass spectrometry (GC-MS) to determine the compositions 

of the volatile and semi-volatiles and to monitor any differences. The samples were collected 

recently from beaches around the globe and had a range of ages, some established by 

radiocarbon dating (Rowland et al. 2018 b). 

2. Results and Discussion  

Previous studies of the volatiles of ambergris tinctures required use of distillation techniques 

followed by GC or GC-MS (Mookerjee and Patel 1977; Awano et al. 2005). However, analyses 

of headspace components now often employ SPME techniques in place of distillation (Zhang 
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and Pawliszyn 1993). These SPME methods were therefore used herein to obtain samples of 

the headspaces above jetsam ambergris samples.  

Briefly, method optimization involved testing different fibre coatings, extraction and desorption 

times and GC parameters. Given the value and scarcity of the samples, extraction temperature 

was kept at ambient to avoid denaturing. A PDMS/DVB SPME fibre was found to give optimal 

results in terms of capturing a representative range of the volatile components present across 

all samples and extracting the greatest number of compounds with a range of different 

functional groups. The final method allowed fast characterisation of the volatile components of 

ambergris compared with previous methods, requiring minimal sample quantities for testing, 

was non-destructive and required minimal analysis time. 

Examination of the SPME extracts (headspaces) thermally de-sorbed into the injector of a gas 

chromatograph-mass spectrometer, of samples found on beaches from New Zealand, the U.K. 

and South America, are shown in Figure 1.  A GC-MS total ion current (TIC) chromatogram of a 

corresponding blank analysis (SPME of the headspace of a blank vial) is shown in Figure S1. 

Unlike the TICs of the corresponding solvent extracts of these jetsam samples, which were all 

dominated by ambrein (49-97%), with varying proportions of faecal steroids (Rowland et al. 

2018 b), the SPME fractions contained γ-dihydroionone (II; Figure 1) or pristane (III; 2,6,10,14-

tetramethylpentadecane; Figure 1) as the dominant components. These were assigned by 

comparison of the mass spectra with those in a NIST library (NIST 2011). SPME inherently 

extracts the more organoleptically important components of ambergris, which can be lost during 

solvent extraction and pre-concentration. Both pristane (Lederer, 1949) and γ-dihydroionone  

(Ohloff 1982; Schaefer 2014) have been reported previously to be components in ambergris 

samples of unknown provenance (Mookerjee and Patel 1977; Awano et al., 2005), where they 

represented <<1% of extracts of distillates of ethanolic tinctures. No quantitative assessment 

was made in this study, but no doubt they were also very minor components of the present 

samples. For instance, the SPME fraction of a black, sticky sample containing ~50% steroids in 

the solvent extract, obtained from North Island, New Zealand in June 2017, comprised mainly γ-

dihydroionone  (Figure 1). In contrast, the SPME fraction of the oldest sample, dated as ~1000 

y old by radiocarbon techniques (Rowland et al. 2018 b), obtained from Los Lagos, Chile in 

April 2017, was dominated by pristane (Figure 1). Both γ-dihydroionone and an isomer (IIb), 

were present in about equal abundances in this sample, but both were subordinate to pristane.  

Samples of measured or adjudged intermediate ages, mostly showed intermediate ratios of γ-

dihydroionone to pristane (DHI/Pr) in the SPME fractions (Figure 1 and S2). For example, a 

sample from Brittany, France collected in September 2017 and radiocarbon dated as ‘modern’ 
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(post-1950s; Rowland et al., 2018 b) contained mainly γ-dihydroionone (DHI/Pr = 38; Figure 

S2), similar to that of the New Zealand sample (DHI/Pr = 16; Figure 1), whereas a radiocarbon 

dated ‘modern’ sample from County Clare, Ireland in July 2017 (Figure S2) contained a ratio 

DHI/Pr = 1.5, similar to that of a sample found at Widemouth, Cornwall, UK in March 2018 

(Figure 1; DHI/Pr = 1.3). A sample from Grand Somalia, Somalia, collected in May 2017 which 

was older (radiocarbon age 219 y), was dominated by pristane (DHI/Pr = 0.4), like the 1000 y 

old Chilean sample (DHI/Pr = 0.3). A further sample from Somalia also collected in May 2017, 

with a radiocarbon age of 545 y (dated 1690-1834 AD), was an exception to this apparent 

trend (Figure S1; DHI/Pr = 2.5). 

Other, more minor components of the SPME fractions of the above samples included 

compounds assigned by comparison of the mass spectra with those in a NIST library (NIST 

2011), as γ-homocyclogeranyl chloride (IV, Figure 1), Ambrox® (V, Figure 1), ambreinolide (VI, 

Figure 1) and traces of a related unsaturated ether (Ohloff et al. 1977; Rowland et al. 2018 c). 

Ambrein (I) was detected in trace amounts only in the SPME fraction from the sample from 

Cornwall (Figure 1), along with associated artefactual ambratrienes (Figure 1) produced from 

dehydration in the GC injector (Governo et al. 1977; Rowland et al. 2018 a). 

The odorous constituents of jetsam ambergris are thought to arise from photo-oxidation and /or 

autooxidation of ambrein, with scission at the trisubstituted double bond, producing essentially 

monocyclic and bi- or tricyclic moieties (Ohloff et al. 1977; Ohloff 1982; reviewed by Serra 2013; 

Rowland et al., 2018 c). The majority of the components identified herein in the SPME fractions 

including ambreinolide, Ambrox®, the dihydroionones and γ-homocyclogeranyl chloride, are 

likely explained by an origin from such natural processes.  

The exception to this is pristane, which is an odorless hydrocarbon. In nature, pristane is found 

in abundance in  Calanoid copepod zooplankton, where it derives from the transformation of the 

phytyl side chain of the chlorophyll a in the phytoplankton diet of the animals (Blumer et al. 

1963; Avignan and Blumer 1968). Since Calanoids are dominant in the plankton in many parts 

of the world's oceans (Mauchline 1998), and ambergris is a powerful fixative for other 

substances, it is possible that the pristane in these samples originates from sorption of marine 

planktonic oils to flotsam ambergris during the, sometimes apparently very long (Rowland et al., 

2018 b), periods at sea.  Such a process might explain the higher relative proportions of Pr to 

DHI (low DHI/Pr ratios) in several of the older samples (e.g. Chile, 1000y old, Figure 1). This 

complements the previous suggestion that the source of pristane is the diet of the whale 
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(Lederer 1949). No doubt the contribution from both these factors and others, contributes to the 

occurrence of pristane in ambergris. 

Of the naturally-occurring odorous compounds described herein, the distributions of the jetsam 

ambergris volatiles were overwhelmingly dominated by γ-dihydroionone and an isomer (II, IIb, 

Figure 1). This contrasts with the distributions of volatiles in ambergris tinctures after laboratory 

aging and distillation, in which γ-dihydroionone , whilst present, was approximately as abundant 

as γ-coronal, α-ambrinol, sclareolide and less abundant than 8α,13-epoxy-14,15,16-trinorlabd-

12-ene (Awano et al. 2005). These varying combinations of the natural and in vitro volatile 

products, many with different odour thresholds, no doubt account for the subtle differences in 

aromas of different ambergris samples and tinctures (Panten et al. 2014).  

3. Conclusions 

Solid phase micro extraction (SPME) and GC-MS analysis allowed a study of the naturally-

occurring volatiles and semi-volatiles of jetsam ambergris samples collected from beaches 

around the globe. Samples ranged in appearance from a black, sticky material from New 

Zealand, likely recently ejected from a sperm whale, to a 1000 year old white sample from 

Chile. The volatile/semi-volatile compounds included odorous γ-dihydroionone and odor-free 

pristane (2,6,10,14-tetramethylpentadecane) as the major constituents. The ratios of these and 

many other minor constituents, varied considerably, depending partly on sample colour and 

age. The method developed herein can now be used to study the potential production of such 

volatiles via the oxidation of jetsam ambergris (cf Rowland et al. 2018c).  
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