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Abstract
Cannabinoid extraction during Cannabis processing produces a wax by-product which is currently underutilised, partially 
because the composition is poorly understood. This study applied both gas and liquid chromatography methods to char-
acterise the major compounds present in the waxy by-product from commercial Cannabis processing. Two industrial wax 
by-products (wax A and wax B) were used as the feedstock for the characterisation, differing in both strain of Cannabis used 
and downstream processing conditions. The main classes quantified in the Cannabis waxes were cannabinoids, n-alkanes, 
fatty alcohols, fatty acids, sterols, and various terpenoids. The cannabinoid fraction was the most abundant fraction in both 
waxes, reporting a total fraction of 509.3 mg/g for wax A and 392.6 mg/g for wax B, on a solvent-free basis. For wax A 
the largest remaining wax compound class was the fatty acids, which reported a concentration of 172.2 mg/g, with linoleic 
acid being the most abundant at a concentration of 68.47 mg/g. The most abundant wax compound class in wax B was the 
n-alkanes at a concentration of 54.55 mg/g and the dominant species in that fraction was nonacosane (C29) with a concentra-
tion of 24.47 mg/g. It can be concluded that due to the high concentration of cannabinoids remaining in the wax even after 
processing, and their relative commercial value, recovery of the cannabinoids from the wax could form a potential valorisa-
tion application for the underutilised Cannabis wax by-product.
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1  Introduction

With the increase in research done on Cannabis and its 
unique compounds, various extraction methods from either 
hemp fibres or Cannabis flowers are commercially used 
to produce valuable extracts [1]. The global market for 
Cannabis-derived products, i.e. cannabinoid isolates and 
extracts, was estimated to be USD 7.1 billion in 2020 with 
a projected compound annual growth rate (CAGR) of ~ 35% 
between 2021 and 2027. The market size of these products 
is projected to exceed USD 108.8 billion by 2027 [2], which 
necessitates an increase in production or process efficiency 
to meet the demands of the larger market.

Commercial cannabinoid extraction generally follows the 
route of primary solid–liquid extraction from plant material 
with ethanol, followed by a winterisation step to precipitate 
co-extracted plant waxes [3, 4]. Another effective extrac-
tion technique used is supercritical-CO2 (SC-CO2) extrac-
tion, which has been demonstrated to effectively extract the 
cannabinoids from the flowers at high purities [3, 5]. Ethanol 

 *	 Robert Pott 
	 rpott@sun.ac.za

	 Jan‑Hendrik Duminy 
	 20901879@sun.ac.za

	 Neill Goosen 
	 njgoosen@sun.ac.za

	 Eugéne van Rensburg 
	 eugenevrb@sun.ac.za

	 William Arries 
	 arrieswj@sun.ac.za

	 Lucky Mokwena 
	 mokwenal@sun.ac.za

	 Lindani Kotobe 
	 lindani@sun.ac.za

1	 Department of Chemical Engineering, University 
of Stellenbosch, Private Bag X1, Matieland, Stellenbosch, 
South Africa

2	 Central Analytical Facility, University of Stellenbosch, 
Stellenbosch, South Africa

http://crossmark.crossref.org/dialog/?doi=10.1007/s13399-023-04448-7&domain=pdf
http://orcid.org/0000-0003-1756-7030
http://orcid.org/0000-0001-6484-3478
http://orcid.org/0000-0003-1756-119X
http://orcid.org/0000-0002-5452-4497
http://orcid.org/0000-0002-1450-3093
http://orcid.org/0000-0001-6365-486X
http://orcid.org/0000-0002-2712-6469


	 Biomass Conversion and Biorefinery

1 3

can be added as a co-solvent during SC-CO2, which has 
been reported to extract cannabinoid acids at higher effi-
ciencies [6]. However, the use of SC-CO2 also results in 
the co-extraction of waxes, and therefore, the winterisation 
stage for wax removal is also required when using this pro-
cedure. On an industrial scale, ethanol extraction is generally 
implemented [5].

The precipitated waxes are removed from the primary 
stream through filtration as the presence of lipophilic com-
pounds in the extracts negatively affects the performance 
of the various downstream distillation stages and the prod-
uct quality. The amount of wax generated is significant, at 
5–10% (w/w) from biomass input is generated [7], and so 
the utilisation or valorisation of this Cannabis wax may hold 
significant potential in unlocking additional value from Can-
nabis processing. However, there remains significant uncer-
tainty in the exact composition of the Cannabis by-product 
wax [7], which is an obstacle for potential further valorisa-
tion of this by-product. The wax differs from, for instance, 
hemp wax or hemp seed oil, as it is a co-extracted by-product 
and not a targeted extraction such as described in Noppawan 
et al. [8] or Montserrat-de la Paz et al. [9], who reported on 
the composition of Soxhlet extracted waxes from hemp and 
hemp seed oil, respectively. Due to the different extraction 
conditions and feed material used, the compositions of these 
products are significantly different.

Identification and quantification of the major compounds 
present in these wax by-products would allow for the identi-
fication of individual compounds or groups of compounds to 
target for further recovery. Plant waxes are commonly com-
posed of aliphatic compounds such as long-chain alkanes, 
fatty alcohols, fatty acids, and wax esters [10–12]. Cyclic 
compounds such as terpenoids and sterols are also present 
in most plant waxes, including those derived from Cannabis 
[7, 12, 13]. One might also expect a fraction of this wax to 
contain cannabinoids, since this wax is a by-product from 
cannabinoid extraction.

One study, conducted by Leyva-Gutierrez et al. [5], charac-
terised Cannabis by-products, but the focus was aimed more 
towards the later by-products emerging from the distillation 
stages, i.e. resins and tars removed from the distillation col-
umn, as well as impurities in the final cannabidiol (CBD) iso-
late. The composition of these further downstream products 
will most certainly be significantly different from the win-
terisation wax, a stream which is also significantly larger in 
volume than those other waste streams. It was further reported 
that the generation of waste products from commercial Can-
nabis processing can be up to 58% (w/w relative to total crude 
extract) from all different processing stages, which due to lack 
of characterisation remain underutilised [7].

Waste residues and underutilised by-products, such as 
those generated by Cannabis processing, can effectively be 
converted through a biorefinery approach into value-adding 

products and materials, which through integration of process 
streams and stages can allow for the valorisation of multiple 
waste streams [14]. This concept is however dependent on 
knowledge of the composition of the feedstock, necessitating 
detailed characterisation of the streams before attempted val-
orisation [15]. A further complication is that the composition 
of these streams is likely variable, depending on processing 
route, and the source biomass (in this case a major differen-
tiator might be whether the source Cannabis is from a high 
THC- or CBD-producing strain), and so a wide number of 
compositional studies examining various feedstocks will be 
useful for the bioprocess engineer designing such a biorefinery.

Analysis of plant waxes can be challenging in general due to 
the relatively high molecular weight of the lipophilic compounds 
found in the wax, and several problems that could arise during 
analysis are related to volatility, transport through the analytical 
columns, and elution from the columns [16]. In cases where 
compounds have difficulty eluting chemical derivatisation needs 
to be implemented to produce sufficiently volatile compounds 
[17]. Different methodologies for gas chromatography (GC) and 
liquid chromatography (LC) have already been established for 
the analysis of plant waxes [13, 18–22]; however, in order to 
create a clearer picture of plant wax compositions some of these 
methods can be combined or adapted for the analysed substrate.

This study aimed to fill to the gap in knowledge regarding 
the compositional characterisation of Cannabis processing 
wax by-products by the implementation of a targeted quanti-
tative analysis to characterise the major compounds present 
in the wax by-product using gas chromatography–mass spec-
trometry (GC–MS). Two industrial wax by-products were 
received from commercial Cannabis processors (labelled 
wax A and wax B), and were chemically characterised with 
respect to the major wax components, i.e. n-alkanes, fatty 
acids, fatty alcohols, sterols, and volatiles (terpenes), and the 
entrapped cannabinoid fraction. The results are discussed 
with the focus on identifying fractions with value-adding 
potential to be recovered from the wax by-product.

2 � Materials and methods

2.1 � Wax by‑products from Cannabis processing

Two wax by-products were acquired from commercial Can-
nabis processors, labelled wax A and wax B. Wax A was 
generated from the processing of a CBD-high strain of Can-
nabis, whereas wax B was generated from the processing of 
a THC-high strain of Cannabis.

2.2 � Standards and reagents

Pure standards for the main classes of compounds, namely 
long-chain alkanes, fatty acids, fatty alcohols, sterols, and 
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terpenoids, were employed in this study. A long-chain 
C21–C30 alkane standard was purchased from Sigma-
Aldrich (Johannesburg, South Africa) as a 50 mg/L solution 
in dichloromethane, along with a pure standard (≥ 99%) of 
nonacosane (C29). Linoleic acid, palmitic acid, 1-hexacosa-
nol, 1-octacosanol, sitosterol, cholesterol, and stigmasterol 
were purchased from Sigma-Aldrich (Johannesburg, South 
Africa) as pure compounds, with purities in the range of 
90–99%. ß-Caryophyllene was purchased as a 2000 µg/mL 
solution in methanol along with ursolic acid (≥ 90%) from 
Sigma-Aldrich (Johannesburg, South Africa). A mixture of 
terpenoids, namely myrcene, alpha-pinene, camphene, beta-
pinene, limonene, alpha-phellandrene, eucalyptol, gamma-ter-
pinene, terpinolene, linalool oxide, linalool, alpha-terpineol, 
and alpha-bisabolol (purities ranging from 90 to 99%), were 
provided by the GC department of the Central Analytical 
Facility (CAF) at Stellenbosch University, the service lab that 
performed the GC–MS analyses. Further standards for long-
chain alkanes and fatty acids were also provided by CAF. Iso-
topically labelled analytes for use as internal standards were, 
however, not available from CAF and were not purchased.

2.3 � Determination of residual solvent

Both waxes contained residual solvent from the primary 
extraction that was carried over into the wax separation in 
the winterisation stage, with wax B containing more sol-
vent than A, as it was not subjected to an evaporation stage 
after the winterisation stage by the industrial supplier. Ther-
mogravimetric analysis (TGA) was performed with a TGA 
5500 (Waters) on wax A and B to determine the fraction of 
solvent-free wax. A gas flow rate of 70 mL/min was used 
for this analysis and the samples were equilibrated at 50 °C 
for 0.16 min after which it was ramped up to 80 °C at 10 °C/
min, where it was kept at isothermal conditions for 2 min. 
This temperate was chosen as it is above the boiling point 
temperature of the residual solvent, in this case ethanol, 
which was 78.4 °C. This was followed by a further increase 
in temperature to 350 °C at 20 °C/min at which it was kept at 
isothermal conditions for 2 min again. At this point, the can-
nabinoids would largely have evaporated, and the remaining 
mass could be attributed to the wax and ash content. For 
determination of ash content, the temperature was increased 
to 850 °C and the final weight was measured. The weight 
of the sample was continuously recorded to generate the 
TGA curves. The temperature profile was determined by the 
boiling points of the various fractions, such as the residual 
solvent, the cannabinoids, and the wax compounds.

2.4 � GC–MS analysis

The characterisation of the wax samples was completed by 
the Central Analytical Facility (CAF) GC–MS laboratory 

division of Stellenbosch University. Samples were prepared, 
as described in the upcoming sections, and the analyses were 
completed by CAF. The resulting characterisation data were 
processed to generate the characterisation results. All sam-
ples were analysed once for each of the four procedures used.

2.4.1 � Sample preparation

Fatty alcohol and sterol analysis  Three millilitres of a 
saponification reagent was added to approximately 100 mg 
of sample for the analysis of sterol and fatty alcohols. The 
samples were incubated in an oven at 70 °C for 1 h for com-
pletion of the saponification process. The saponified sam-
ples were cooled on ice, followed by the addition of 5 mL 
of distilled H2O and 2 mL of dichloromethane. The mix-
ture was centrifuged for 5 min to facilitate the separation 
of the layers. After centrifugation, the bottom organic layer 
was transferred into a clean vial and dried with Na2SO4 to 
remove any water. One-hundred microliters of the sample 
was derivatised with 100 µL pyridine and 30 µL of BSTFA 
followed with incubation in an oven at 100 °C for 1 h [19].

Fatty acid analysis  For the fatty acid analysis, the samples 
were derivatised to their methyl-ester derivatives. Approxi-
mately 100 mg of the sample was taken up into 1.5 mL of 
2:1 (v/v) chloroform and methanol mixture and 3 mL of 
20% NaCl was added. Samples were sonicated at 55 °C for 
30 min and the layers were separated with centrifugation. 
The bottom chloroform layer containing the fatty acids was 
extracted and dried with Na2SO4. Two-hundred microliters 
of dried sample was transferred to a GC-vial insert and dried 
under a gentle stream of N2. For the wax samples, 100 µL 
of the dried sample was diluted with 100 µL of chloroform 
before drying with N2. Dried samples were then derivatised 
by adding 170 µL of tert-butyl methyl ether(TBME) and 30 
µL of trimethylsulfonium hydroxide (TMSH) [20].

Alkane analysis  One millilitre of hexane was added to 10 
and 100 mg of wax and oil samples, respectively, for the 
analysis of alkanes. The solution was then sonicated for 
60 min to extract and then 5 mL distilled H2O was added. 
After the samples were vortexed, it was centrifuged at 2520 
RCF for 3 min and 200 µL of the upper hexane layer was 
transferred into an insert positioned in a 2-mL vial. The wax 
samples were diluted 1:1 with hexane [21].

Terpene analysis  Terpenes were analysed by solid phase 
micro-extraction (SPME) of the sample headspace with a poly-
dimethylsiloxane/divinylbenzene (pink) SPME fibre. Five mil-
lilitres of 12% (v/v) alcoholic solution (ethanol in water) was 
added to approximately 100 mg of sample followed by 5 mL of 
20% NaCl solution. The samples were vortexed, positioned on 
the sample tray, and analysed by SPME–GC–MS [22].
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2.4.2 � Instrumental parameters

The instrumental parameters for each analysis are displayed 
by Table 1. Generated data were processed using the chemi-
cal software Xcalibur (Thermo Fisher Scientific) and com-
pounds were identified by comparison of the relative reten-
tion times to those of available standards, analysing the mass 
fragmentation patterns, and comparison of mass fragmen-
tation patterns with spectra contained in the NIST library.

The characterisation was done using externally calibrated 
linear calibration curves and the values for these calibrations 
have been given in Table 2. A minimum of 6 calibrators 
were used for each component’s calibration curve. Values 
are given as mg/L, as generated by the instrument, and was 
later for each wax sample converted to mg/g from the sample 
weights. No recovery experiments were performed on these 
samples, as it was not available at these facilities.

The mass ions monitored during the fatty alcohol and 
sterol analysis using MS/MS (SRM mode) were given in 
Table 3. For the fatty alcohol analysis, MRM mode was 
used with three product ions monitored for each analyte, 
whereas for the sterol analysis SRM mode was used. For 
the alkane and terpene analyses scan mode was used with a 
triple-quadrupole mass spectrometer as the concentrations 
of these analytes were well above trace levels, and therefore, 
no issues regarding sensitivity were experienced.

2.5 � Cannabinoid quantification

The fraction of cannabinoids present in both wax by-prod-
ucts was characterised through a combination of gravimet-
ric and HPLC analyses. The analysis was performed by the 
LC department of CAF at Stellenbosch University, which 
provides cannabinoid analysis as a service, and therefore 
had standards for cannabinoids available. These standards 
were not available to be transferred between departments 
and were therefore not available to be used for GC analysis 
by the authors.

A known amount of each wax (5.14 g of wax A and 
10.04 g of wax B) were dissolved in 100 mL of ethyl acetate 
and mixed. The mixture was then cooled and centrifuged 
at − 5 °C, after which the supernatant was taken off and 
heated until all solvent was boiled off and only the can-
nabinoid fraction remained. The cannabinoid profile was 
characterised by HPLC analysis. One-hundred milligrams 
of each sample was extracted by 2 mL of a methanol and 
water mixture with a ratio of 80:20 (v/v) methanol to water. 
The samples were sonicated with an AC-150H sonicator 
(MRC) for an hour before being centrifuged, after which 
the supernatant was drawn off and sent for analysis. The 
analysis was performed on a Synapt G2 instrument (Manu-
facturer: Waters) using electrospray ionisation. The column 
used was BEH C18 (Manufacturer: Waters) with dimensions 

2.1 × 100 mm and pore size 1.7 µm. The mobile phase used 
was a mixture of water and acetonitrile, and the ratios are 
summarised in Table 4.

Standards for CBD, ∆9-THC, and THCA were available, 
but CBDA was quantified relative to THCA. The R-squared 
values for these calibrations ranged from 0.9903 to 0.9978, 
provided by CAF. The highest concentration standard was 
33.3 ppm and the samples with higher concentrations were 
extrapolated. Performance parameters such as calibration 
range, LOD, LOQ, and injection volume were not provided 
by CAF as it is proprietary knowledge of the LC department.

3 � Results and discussions

This work set out to characterise the by-product waxes 
formed during cannabinoid extraction, using different chro-
matographic techniques and methods. Two wax by-products 
were acquired from commercial Cannabis processers, wax A 
originating from a high-CBD strain of Cannabis sativa and 
wax B from a high-THC strain. It was expected that there 
would be significant differences in the cannabinoid composi-
tion between the waxes as this profile is strain-specific, but 
all the main lipophilic molecules were expected to be present 
in both wax samples [8]. The two by-product waxes were 
substantially different based on preliminary inspection. Wax 
A was a dark brown, sticky substance with a distinct herbal 
smell. Wax B was a yellow-green slurry with a faint herbal 
smell, and further differed from wax A in that it was not 
subjected to an ethanol evaporation step beforehand by the 
industrial supplier. TGA analysis showed that wax A had a 
solvent content of 34.7% (w/w) and wax B contained 69.9% 
(w/w) solvent. Figure 1 contains the TGA graphs for the two 
wax samples that underwent the analyses. All component 
concentrations reported further in this discussion have been 
normalised to the dry wax (solvent-free) content and are 
therefore reported as weight of compound to weight of dry 
wax (mg/g).

3.1 � Characterisation results

Separate analyses for the different lipophilic compounds 
were necessary owing to co-elution of compounds. Initial 
analyses attempted to separate the fatty acids, fatty alcohols, 
and sterols in a single analysis; however, significant overlap-
ping of the fatty acids and alkanes occurred, indicative of 
co-elution. Therefore, the analysis of fatty acids was done 
separate from the other compounds. The results of the com-
bined analysis are shown in Table 5 and are reported based 
on a dry, solvent-free wax basis. The compounds character-
ised, other than the cannabinoid fraction, made up 42.3% 
(w/w) of wax A and 18.3% (w/w) of wax B. The fractions 
for n-alkanes, fatty acids, and fatty alcohols were reported 
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Table 2   Performance 
parameters for the 
characterisation of wax 
components using GC–MS

Analyte Calibration range (mg/L) LOD (mg/L) LOQ (mg/L) R-squared

Sterols
  Cholesterol 0.025–1 0.0726 0.2419 0.9990
  Stigmasterol 0.025–1 0.0591 0.1970 0.9989
  ß-Sitosterol 0.025–1 0.1594 0.1572 0.9997

Fatty alcohols
  1-Hexacosanol 0.025–1 0.0645 0.2150 0.9974
  1-Octacosanol 0.025–1 0.1641 0.5471 0.9969

Fatty acids
  C6 3.93–62.9 1.473 4.908 0.9996
  C8 3.93–62.9 4.325 14.415 0.9970
  C10 3.98–63.7 4.715 15.717 0.9964
  C14 3.95–63.2 4.071 13.570 0.9994
  C15:1 2–32 0.833 2.778 0.9995
  C16 6.03–96.5 3.088 10.292 0.9993
  C16:1 2.05–32.8 1.140 3.801 0.9991
  C18 3.96–63.4 1.330 4.432 0.9997
  C18:1n9c 3.96–63.4 2.085 6.951 0.9993
  C18:2n6c 1.99–31.8 1.406 4.686 0.9987
  C20 3.96–63.4 1.337 4.458 0.9997
  C18:3n6 1.99–31.8 1.983 6.611 0.9975
  C18:3n3 1.98–31.7 1.142 3.806 0.9985
  C24 4.01–64.2 3.343 11.142 0.9983

Alkanes
  C20 0.25–50 5.173 17.244 0.9949
  C21 0.25–50 5.167 17.225 0.9968
  C23 0.25–50 5.610 18.701 0.9969
  C25 0.25–50 5.857 19.524 0.9982
  C26 0.25–50 5.598 18.659 0.9967
  C27 0.25–50 5.414 18.048 0.9989
  C28 0.25–50 5.321 17.737 0.9936
  C29 0.25–50 4.846 16.152 0.9899
  C30 0.25–50 4.224 14.081 0.9963
  C31 0.25–50 0.927 3.091 0.9946
  C32 0.25–50 0.710 2.367 0.9993
  C33 0.25–50 0.763 2.544 0.9994

Terpenes
  Alpha-pinene 0.011–1.05 0.024 0.081 0.9959
  Camphene 0.009–0.88 0.015 0.050 0.9976
  Beta-pinene 0.011–1.07 0.020 0.067 0.9968
  Myrcene 0.001–0.1 0.002 0.007 0.9935
  Limonene 0.01–1 0.014 0.048 0.9962
  Alpha-phellandrene 0.01–1 0.013 0.044 0.9987
  Eucalyptol 0.01–1 0.002 0.007 0.9999
  Gamma-terpinene 0.01–1 0.027 0.089 0.9887
  Terpinolene 0.01–1.01 0.013 0.045 0.9967
  Linalool oxide 0.005–0.50 0.004 0.014 0.9998
  Linalool 0.01–1 0.037 0.122 0.9969
  Beta-caryophyllene 0.011–1.06 0.042 0.140 0.9980
  Alpha-terpineol 0.013–1.26 0.007 0.022 0.9994
  Alpha-bisabolol 0.011–1.06 0.018 0.061 0.9989
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to be the majority of identified lipophilic compounds for 
both wax samples by the different GC–MS methods. The 
total quantified mass was 87.7% (w/w) for wax A, but only 
54.75% (w/w) of wax B was quantified with the same meth-
odology. It was hypothesised that due to the difference in 
entrained solvent content between the waxes, the higher 
levels of ethanol in wax B could have influenced the extrac-
tion efficiencies of the target components in their respective 
sample preparations. However, the reported results regard-
ing the cannabinoid content, determined through gravimet-
ric analysis and HPLC, would not have been influenced by 
this and significant conclusions could be made regarding 
the identification of potentially valuable fractions within the 
wax by-product.

The cannabinoid fraction was the most abundant frac-
tion in both waxes, reporting a total fraction of 509.3 mg/g 
for wax A and 392.6 mg/g for wax B. In wax A, the most 
abundant cannabinoid was CBDA (314.8 mg/g) followed 
by the neutral form CBD (119.5 mg/g). For wax B, the 
most abundant cannabinoid was THCA (266.3  mg/g) 
and relatively high amount of the neutral form ∆9-THC 
(114.0 mg/g) was also reported. Cannabinoid products 
have high market value (CBD distillates sell for USD 3000 
per kg CBD and isolates sell for USD 1000 per kg CBD 
[8]) and combined with their high concentration in the 
wax by-product makes this fraction very attractive as a 
potential target fraction for recovery. Suitable pathways 
for the recovery of the cannabinoids from the wax waste 

Table 3   SRM transitions of fatty alcohols and sterols

Compound Retention time SRM precursor 
ion

SRM prod-
uct ion

1-Hexacosanol 32.04 439 75
97
439

1-Octacosanol 34.04 467 75
97
467

Cholesterol 34.28 443 353
458 368

Stigmasterol 35.9 469 379
484 394

ß-Sitosterol 36.78 396 357
471 381
486 396

Table 4   Mobile phase parameters for the HPLC cannabinoid analysis

Time (min) Flow (mL/min) % Water % Acetonitrile

Initial 0.4 60 40
0.2 0.4 60 40
5 0.4 10 90
6 0.4 5 95
7.1 0.4 60 40

Fig. 1   TGA graphs for wax A 
(top) and B (bottom), showing 
reduction in mass and increase 
in temperature over time
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are, however, lacking in the current scientific and patent 
literature and further research in the development of such 
a process is required [23]. A previous study also reported 
high levels of cannabinoids in the wax by-product, at 
416.6–463.7 mg/g [7], indicating that significant entrain-
ment of cannabinoids during the removal of the wax by-
product is a general concern for commercial Cannabis 
processing.

The fatty acid profile was significantly different 
between the two waxes. The chromatogram of this analy-
sis is provided in Fig. 2. Wax A reported a total fraction 

of 172.2 mg/g and B, 12.02 mg/g. The major fatty acids 
present in wax A were palmitic acid (C16:0, 23.19 mg/g), 
oleic acid (C18:1n9c, 18.83 mg/g), linoleic acid (C18:2n6c, 
68.46 mg/g), and α-linolenic acid (C18:3n3, 39.53 mg/g). 
The same fatty acids were also detected in wax B but were 
quantified in lower amounts. The major fatty acid in wax 
B was α-linolenic acid (C18:3n3) with a concentration of 
3.011 mg/g. α-Linolenic acid is a highly favourable fatty 
acid used in cosmetics as it cannot be synthesised naturally 
in animals. It is often used as an emollient where it serves a 
hydrating purpose [24].

Table 5   Quantitative 
characterisation of wax 
by-product A and B, reported 
based on dry wax content

Retention times for each compound are also provided
Nd = not detected
* Quantified using the calibration curve of alpha-bisabolol

Compound A B RT Compound A B RT

Alkanes (mg/g) (min) Sterols (mg/g) (min)
C20 0.205 0.278 10.71 Cholesterol 0.002 Nd 34.28
C21 0.355 0.294 11.19 Stigmasterol 0.216 0.080 34.28
C23 0.684 0.439 12.10 ß-Sitosterol 5.727 0.273 36.78
C25 8.004 2.404 12.92 Total Sterols 5.946 0.353
C26 Nd Nd 13.31 Terpenes (µg/g) (min)
C27 30.61 13.19 13.72 Alpha-pinene 0.067 0.064 14.30
C28 9.272 1.878 14.14 Camphene 0.006 0.015 15.84
C29 52.19 24.47 14.64 Beta-pinene 0.137 0.150 17.26
C30 7.890 1.841 15.15 Myrcene 0.010 0.002 19.28
C31 23.62 8.297 15.76 Limonene 0.048 0.106 20.48
C32 1.175 0.641 16.43 Alpha-phellandrene 0.178 0.076 20.80
C33 1.086 0.815 17.24 Eucalyptol 0.009 0.042 20.86
Total Alkanes 135.1 54.55 Gamma-terpinene 0.003 0.006 22.06
Fatty acids (mg/g) (min) Terpinolene 0.000 0.007 23.26
C6 2.120 Nd 12.64 Linalool oxide 0.020 0.005 27.84
C8 1.076 Nd 16.28 Linalool 0.073 0.326 30.28
C10 0.801 Nd 21.23 Beta-caryophyllene 0.061 0.114 32.49
C14 4.765 Nd 31.72 Alpha-terpineol 0.220 0.366 34.42
C15:1 2.009 2.868 36.12 Alpha-bisabolol 0.032 0.061 42.89
C16 23.19 1.485 36.48 Alpha-eudesmol* 0.045 0.093 43.33
C16:1 0.732 Nd 38.08 Eudesm-4(14)-en-11-ol* 0.044 0.087 43.51
C18 5.139 0.799 40.81 Total Terpenes 0.954 1.519
C18:1n9c 18.83 Nd 42.16 Cannabinoids (mg/g) (min)
C18:2n6c 68.46 1.463 44.12 CBDA 314.8 6.822 5.53
C20 2.847 1.613 44.78 CBD 119.5 1.096 5.88
C18:3n6 1.443 Nd 45.55 ∆8-THC 6.030 0.298 7.23
C18:3n3 39.53 3.011 46.33 ∆9-THC 5.271 114.0 7.47
C24 1.299 0.783 51.88 CBC 8.317 0.257 8.22
Total Fatty acids 172.2 12.02 THCA 19.22 266.3 8.34
Fatty alcohols (mg/g) (min) CBCA 36.10 3.911 8.84
1-Hexacosanol 10.45 18.88 32.04 Total Cannabinoids 509.3 392.6
1-Octacosanol 14.22 17.21 33.04
Total Fatty 

alcohols
24.68 36.09
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Previous literature reported that the fatty acids were 
only present in trace amounts [7], but a major difference 
done in this work was the individual fatty acid analy-
sis, due to high levels of co-elution with other compo-
nents. As a result, this work was able to quantify the fatty 
acids at more accurate levels than trace amounts, which 

is important for subsequent investigations into potential 
valorisation of this by-product.

The n-alkane fraction was composed of chain lengths 
C20 up until C33. The chromatogram for this analysis is 
provided in Fig. 3. As was expected from plant waxes, the 
odd-numbered chain lengths were dominant with only a 

Fig. 2   Overlayed chromatograms generated from the fatty acid analysis, with the quantified compounds and respective peaks labelled

Fig. 3   Overlayed chromatograms generated from the n-alkane analysis, with the quantified compounds and respective peaks labelled
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few even-numbered chain lengths detected in both sam-
ples [25–27]. The n-alkane fraction was reported as 135.1 
and 54.55 mg/g for wax A and B, respectively. The major 
alkanes detected for both waxes were C29 (n-nonacosane), 
followed by C27 (n-heptacosane) and C31 (n-hentriacon-
tane). Wax A contained 52.19 mg/g and wax B 24.47 mg/g 
of n-nonacosane. The highest chain length quantified in the 
sample was C33 (n-tritriacontane). Long-chain alkanes are 
the main compound class in paraffinic waxes [28] and the 
large fraction in the Cannabis wax can therefore be utilised 
as a potential natural source of paraffinic wax. The range of 
chain lengths quantified in this work was comparable to what 
was reported previously on Cannabis wax. In both cases, 
the odd-numbered chain lengths were dominant and ranged 
from C21 to C33 in this work and C25 to C37 for the results 
previously reported in literature [7]. In both analyses C29 
(nonacosane) was the most abundant alkane. The relative 
total alkane fraction quantified in this work was however 
much less than reported by literature (290.7–291 mg/g) [7].

The fatty alcohols reported a total fraction of 24.68 mg/g 
for wax A and 36.10 mg/g for wax B. The chromatogram for 
this analysis is provided in Fig. 4. The dominant chain length 
in wax A was C28 (1-octacosanol) which had a concentra-
tion of 14.23 mg/g. C26 was dominant in wax B and had 
a reported concentration of 18.88 mg/g. Fatty alcohols are 
commonly used in lotions, moisturisers, creams, and other 

personal care products. Its main contribution to these prod-
ucts is acting as an emulsifier, prohibiting the separation of 
oil and other liquids [29].

The low levels of fatty alcohols in the wax by-product would, 
however, not be economically feasible to recover specifically, 
and therefore, the wax would likely not be a viable source of 
these components. As with the fatty acids, the fatty alcohol frac-
tion was reported only in trace amounts in a previous study [7], 
which reported on the free fatty alcohol content. In this work, the 
fatty alcohol fraction was quantified as both the free fatty alco-
hols and the released fatty alcohol chains from the transesterifi-
cation of the wax esters. It is therefore highly likely that the free 
fatty alcohol concentration in the wax by-product is relatively 
low in comparison to the fatty alcohols bound in the wax esters.

The sterol fraction was relatively small, with a total of 
5.946 mg/g and 0.273 mg/g for wax A and B, respectively. 
ß-Sitosterol was the major compound in both waxes, a high-
value compound that has been found to lower cholesterol 
and reduce the risk of certain cancers when used in medi-
cine [30]. Stigmasterol was detected in lower amounts than 
ß-sitosterol and cholesterol was detected in wax A only, but 
at a very low level of 0.0003 mg/g and could therefore be 
assumed to be negligible. Although these components have 
high commercial value, the low levels in which they are pre-
sent in the Cannabis wax by-product would likely not be 
commercially worthwhile to recover.

Fig. 4   Overlayed chromatograms generated from the fatty alcohol and sterol analysis, with the quantified compounds and respective peaks 
labelled
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The terpenoid fraction composed largely of monoter-
penes with a few terpenoids and sesquiterpenoids also 
reported in detectable quantities, and the chromatogram for 
this analysis is provided in Fig. 5. The total fraction was 
reported as 0.954 µg/g for wax A and 1.519 µg/g for wax 
B. The major monoterpenoid compounds were α-pinene, 
ß-pinene, α-phellandrene, and limonene. Myrcene, a com-
mon monoterpenoid found in Cannabis, was also detected 
in lesser amounts. In the terpenoid fraction the major com-
pounds were linalool, α-eudesmol, and eudesm-4(14)-en-
11-ol. A concentration of 0.061 µg/g and 0.114 µg/g for wax 
A and B, respectively, was reported for (-)-trans-caryophyl-
lene, another common terpenoid in Cannabis. There was a 
significant difference in the concentrations of the terpenoid 
fraction when compared to a previous study, where it was 
reported as 241.1–302.2 mg/g [7]. The major terpenoids 
reported previously were p-cymene (33.2–51.5 mg/g) and 
(-)-trans-caryophyllene (59.0–72.2 mg/g) [7], both of which 
were only quantified in trace amounts in this work. The rea-
sons for the differences in terpenoid amount and profile 
between the current and prior work are not apparent, but 
may be because the terpenoid profile of Cannabis is strongly 
affected by the Cannabis strain [31] or due to the different 
industrial and sample preparation prior to wax analysis.

Another major compound class that is commonly found 
in plant waxes are wax esters, products of an esterification 
reaction between a fatty acid and a fatty alcohol. These 

compounds are typically very large organic molecules, with 
carbon chain lengths ranging between C40 and C54, and due 
to their sizes are difficult to analyse using GC, relating to col-
umn elution and limited volatility. These compounds can be 
accounted for through analysis of both derivatised and underi-
vatised samples from fatty alcohol and fatty acid analysis [32]. 
A previous study that investigated the composition of a lipo-
philic extract from hemp reported the wax ester fraction to be 
up to 11.7% (w/w) of this extract [33], and therefore, it was 
attempted to account for the wax esters through the fatty acid 
and fatty alcohol analysis. During the fatty alcohol analysis, 
saponification of the samples resulted in the transesterifica-
tion of the wax esters and the release of the fatty alcohol. The 
free fatty alcohols as present in the wax, along with the fatty 
alcohols from the wax esters, were then further derivatised 
and quantified as a total fatty alcohol fraction. During the fatty 
acid analysis, derivatisation of the fatty acids to their methyl 
ester forms was also a form of transesterification, resulting in 
the release and derivatisation of the fatty acid chain from the 
wax ester. Therefore, the wax esters were indirectly accounted 
for through the release and quantification of the respective 
fatty acids and fatty alcohols through.

Whilst a significant portion of these waxes have been pos-
itively identified, a fraction remains unidentified. A possible 
explanation regarding the unidentified mass can be attrib-
uted to abundant compounds that fell beyond the methods 
of analysis. These could include various fatty alcohols and 

Fig. 5   Overlayed chromatograms generated from the terpene analysis, with the quantified compounds and respective peaks labelled
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fatty acids for which chemical standards were not acquired 
and therefore were not quantified. Another compound class 
that was not investigated was aldehydes, which have been 
reported as present in substantial amounts in other plant 
waxes [32–35]. As the wax by-product was removed from 
the initial ethanol extract though filtration, plant material 
from the raw Cannabis entrained in the initial extraction 
likely also formed part of the removed wax. This insoluble 
material was assigned to the ash content fraction and was 
found to be 30.2 mg/g for wax A and 51 mg/g for wax B.

From evaluation of the results generated by this work and 
literature, it is evident that the composition of the waxes is 
dependent on upstream processing, specifically the type of 
primary extraction done and solvent evaporation, as well as 
the source biomass and strain of C. sativa used. Major differ-
ences were reported between the composition of wax A and 
wax B due to difference in processing and strains used. It is 
therefore clear that there will be inherent variability in the 
composition of wax by-products from C. sativa, highlight-
ing the importance of establishing robust analysis methods, 
and of conducting and publishing this analysis on various 
samples, so that sensible ranges can be established.

4 � Conclusions

The work demonstrates a combination of GC–MS and HPLC 
methods to determine the composition of two wax by-prod-
ucts from commercial Cannabis processing. The major find-
ing of this study was that a significantly large fraction of can-
nabinoids was entrained in the wax by-product, determined to 
be 509.3 mg/g for wax A and 392.6 mg/g for wax B, indicat-
ing a prominent loss of value during the initial stages of com-
mercial Cannabis processing. This fraction was also deter-
mined to be the most abundant fraction in both these waxes. 
From both research and economic perspectives, it would 
be advantageous to recover the cannabinoids from wax and 
prevent the loss of these valuable components. This would 
furthermore provide a potential valorisation application for 
the wax by-products, which is currently not described in lit-
erature. The characterisation also identified large amounts 
of fatty acids and n-alkanes, which have found application in 
cosmetics where they serve as the base or a binder in numer-
ous products. Refined Cannabis wax can potentially also find 
application in the cosmetics field based on this compositional 
result. When compared with current literature, significantly 
different values were reported for both the fatty acid and 
terpenoid fractions, potentially due to the improved method 

used in this work. Only trace amounts were reported for the 
fatty acid fraction in literature, but these were found to be 
the second most abundant fraction for wax A in this work.
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