
RESEARCH Open Access

Extraction and characterization of seed oil waxes
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Abstract

Background: The chemical composition of the crude waxes extracted from three different seed oils (sunflower,
canola, and cottonseed) was studied using chromatographic techniques.

Results: Greater amount of wax (0.45% ± 0.13%) was found in the crude oil of sunflower followed by cottonseed
(0.07% ± 0.01%), and then canola (0.03% ± 0.01%). Wax ester and fatty hydrocarbon fractions were separated by
thin layer chromatography. Fatty hydrocarbon fraction was analyzed by gas chromatography and mass
spectrometry (GC-MS) to confirm the presence of C19-C35 fatty hydrocarbons. Wax ester fraction indicated
distribution of esters from C34 to C54, while C42-C48 fraction was found to be predominant. For constituents of fatty
acid, methyl esters and fatty alcohol acetates were carried out by GC-MS after the saponification and derivatization
of wax esters. GC-MS analysis indicated the presence of saturated methyl esters from Cl4-C30, whereas C24 methyl
ester was found to be predominant. The alcohol portion contained saturated chain lengths between C14-C30; the
main component was saturated C22 and C24 alcohol.

Conclusions: GC-MS was used for the characterization of the various classes of three different seed oil waxes. The
results indicated that seed oil wax has the potential to be used in the cosmetic and pharmaceutical industry due to
its better composition of long chain fatty acids and fatty alcohols.

Keywords: Seed oil waxes, Characterization, Chromatographic techniques, Fatty acids, Fatty alcohols, Fatty
hydrocarbons

Background
The major portion of edible oils contained triacyl-
glycerols (95% to 98%), and the minor fraction contained
(2% to 5%) complex mixtures of minor compounds such
as free fatty acids, mono-, di-, and tri-acylglycerides, toco-
pherols, sterols, phospholipids, pigmented compounds,
waxes. etc. [1]. Edible oils usually contain small amount
of high-melting waxes, which must be removed to avoid
cloudiness and settling problem [2]. Waxes and non-
glycerol esters have been found in many seed oils [3]. Usu-
ally, natural waxes are lipids in nature and mainly contain
a wide variety of lipid components, such as hydrocarbons,
esters, fatty alcohols, ketones, mono-, di-, tri-acylglycerols,
and sterol esters [4]. The seed oil waxes are composed of
mainly long-chain fatty acids with long-chain linear or
branched alcohols.

Among the various techniques available for the cha-
racterization of waxes, chromatographic and spectro-
scopic techniques are considered to be very efficient.
Spectroscopic technique such as FT-IR, [5] have been
used to characterize waxes, but this kind of method only
permits to distinguish among characteristic groups. Separ-
ation methods such as supercritical gas chromatography
[6], liquid chromatography [7], gas chromatography-flame
ionization detection (GC-FID) [8], or pyrolysis gas chro-
matography [9] have been used. Gas chromatography (GC)
and mass spectrometry (MS) has proved an effective com-
bination for chemical analysis, in order to carry out simul-
taneous identification and quantification of the various
components of complex mixture [9]. For some wax com-
ponents, derivatization is required; as fatty acids and fatty
alcohols are not volatile, derivatization is necessary [10]
but fatty hydrocarbons are volatile and can be analyzed
without derivatization [11]. In the present study, chromato-
graphic techniques were used for the characterization of* Correspondence: soomro.rizwana@yahoo.com
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sunflower wax (SFW), cottonseed wax (CSW), and canola
wax (CW) extracted from their respective crude oils.

Methods
Gas chromatography of wax esters
The separation of individual wax ester was carried out on
a PerkinElmer Clarus gas chromatograph (Massachusetts,
USA) equipped with a flame ionization detector. A DB-1
fused-silica capillary column (15 m × 0.32 mm, film thick-
ness 0.25 μm; J&W Scientific, Folsom, USA) was used.
The sample (1 μL) was injected at 75°C; the oven was then
heated to 230°C at a rate of 25°C/min and from 230°C to
340°C at a rate of 10°C/min. The final temperature was
held for 10 min. Hydrogen was used as a carrier gas at a
constant flow rate of 1.8 mL/min. The injector and de-
tector temperatures were 300°C and 350°C, respectively.
Identification was based on comparison with authentic
standards.

Separation of various fractions of waxes by thin-layer
chromatography
The wax removed and purified as above was subjected to
thin-layer chromatography (TLC) to separate it into wax
esters and fatty hydrocarbons fraction. Separations were
done on twenty 20-cm glass plates coated with a silica gel
(Merck, Darmstadt, Germany) layer of 0.25-mm thickness.
Waxes dissolved in chloroform were applied onto the
plates using capillary tubes. The plates were developed
using the solvent system, toluene/chloroform (7:3). Frac-
tionation of these constituents was achieved, based on
earlier reported procedures [12]. Spots were visualized by
placing the plate in a chamber, saturated with iodine for
identification of spots. The spots were identified with sim-
ultaneous running of authentic standards. The preparative
TLC was carried out for the separation and elution of wax
esters. The separated constituents were eluted with

chloroform from adsorbent and dried under a stream of
nitrogen.

Gas chromatography and mass spectrometry
GC-MS instrumentation
An Agilent 6890 N gas chromatography instrument coup-
led with an Agilent MS-5975 inert XL mass selective
detector and an Agilent auto sampler 7683-B injector
(Agilent Technologies, Little Fall, NY, USA) was used. A
capillary column HP-5MS (5% phenyl methylsiloxane) with
dimension of 30 m, 0.25 mm i.d, 0.25 μm film thickness
(Agilent Technologies, Palo Alto, CA, USA) was used.

Results and discussion
The present study was carried out to explore the quantity
and quality of various seed oil waxes. The wax samples
were coded as SFW, CSW, and CW for sunflower, cotton-
seed, and canola wax, respectively. The waxes that were
extracted, purified, and weighed from SFW, CW, and
CSW is presented in Figure 1. Greater mean value of the
waxes in percent (0.45% ± 0.13%) was observed in the sun-
flower oil, then followed by cottonseed (0.07% ± 0.01%)
and then canola (0.03% ± 0.01%) oil.
After the separation and purification of the waxes,

they were subjected to TLC to separate fractions of wax
esters and fatty hydrocarbons of waxes. Fractionation of
these constituents was achieved by thin-layer chroma-
tography. Among the solvent systems, toluene/chloro-
form (7:3 v/v) was used, and the order of movement of
hydrocarbons and wax esters is indicated by the reten-
tion values of 0.94 and 0.90 respectively. The seed oil
waxes consisted of wax esters, fatty hydrocarbons, and
traces of triacylglycerides (Table 1). The reported pro-
cedure was used for TLC, and good recovery up to 98%
was achieved for each fraction.
The presence of eight fatty hydrocarbons (Table 2) was

identified by GC-MS analysis, which ranged between

SFW = Sunflower wax, CSW = Cotton Seed wax, CW = Canola wax   
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Figure 1 Wax (%) in three different seed oil.
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C19 to C35. The major fatty hydrocarbon was C28 which
is 1-octacosene for all seed oils waxes.
Further adequate separation and resolution has been

obtained for wax ester up to C54 under the gas chromato-
graphic conditions employed. The gas chromatographic
analysis of the wax ester fraction provides a separation of
saturated even- and odd-numbered wax esters within a
run time of 55 min. On the capillary column DB-1, the
wax esters were separated according to their boiling points.
Odd chain saturated long-chain esters are present in lower
concentrations than even long-chain saturated esters.
Individual separation of wax esters was carried out by

GC-FID (Table 3). The results indicated that the long
chain esters were ranged between C34 to C54. The major
wax esters were C44 to C48, constituting more than 50%
of the total wax esters. Among the wax esters present,
C44 was predominant; this clearly shows that esters are
mainly formed from C22-C24 acids and C22-C24 alcohols.
Saponification wax ester released long fatty acids and

long chain fatty alcohols. The assignment of the compo-
nents was performed by GC-MS analysis and is given in
detail below.
The wax ester fraction of seed oil waxes is composed

of esters of long fatty acids and long chain fatty alcohols
(Figure 2). The structures of wax esters are represented
as R1-COO-R2, where R1 is the acidic moiety and R2 is
the alcoholic moiety. Totally, 23 compounds were sepa-
rated and identified, of which 10 were fatty acids and 13
were fatty alcohols. The studies revealed that overall, the
quantity of fatty alcohols is greater in all analyzed wax
samples, then followed by fatty acid. The results are
shown in Table 4.

These results are comparable with the reported values
in which many researchers have carried out the cha-
racterization of different seed oil waxes, and present re-
search results are in range for SFW, CW, and CSW
compared with other seed oil waxes [13-15]. Fatty alcohols
and fatty acids separated were found to contain saturated
even-numbered carbon chain, ranging from C14 to C30

(Table 4) as analyzed by GC-MS as fatty alcohol acetates
and fatty acids methyl esters. The major FAL acetate
present in the seed oil wax ester is from C20 to C28, and
high percent of FALs were present in SFW 60% as com-
pared to the other three seed oil waxes. For all the waxes,
lignoceryl acetate was the major FAL acetate. The major
fatty acids present in the seed oil wax ester are from C20

to C28, and the two major fatty acids present in the SFW,
CW and CSW (behenic and lignoceric acids) were identi-
fied as methyl behenate and methyl lignocerate with mo-
lecular weights of 354 and 386, respectively.

Experimental
Samples, reagents, and solvents
The seeds of sunflower, canola, and cottonseed were col-
lected from Karachi Pakistan (three different locations);
the seeds were ground and their oil extracted with
n-hexane (boiling point 68°C to 72°C) in a Soxhlet ap-
paratus following the IUPAC standard method 1.122
[16]. The hexane was evaporated on rotary evaporator.
The extraction procedure was done in triplicate, and the
quantity of the oil obtained was calculated. The follow-
ing reagents have been used for the treatment of the
samples: the standards of wax esters are myristic acid
arachidyl ester (99%), atearic acid stearyl ester (99%),
aonadecanic acid stearyl ester (99%), arachidic acid
oleoyl ester (99%), aenicosanoic acid stearyl ester, arachi-
dic acid arachidyl ester (99%), henicosanoic acid arachi-
dyl ester (99%), arachidic acid behenyl ester (99%),
behenic acid behenyl ester (99%), heptacosanyl stearyl
ester(99%), hehenic acid lignoceryl ester (99%), ligno-
ceryl acid lignoceryl ester (99%); fatty acid methyl esters
(FAMEs): methyl myristic, methyl palmitate, methyl
oleate, methyl stearate, methyl nonadecanate, methyl

Table 1 Result of the three seed oil waxes for total
composition through TLC

Compound name SFW (%) CSW (%) CW (%)

Wax esters 70.2 ± 3.0 68.8 ± 2.8 65.3 ± 3.1

Fatty hydrocarbons 29.1 ± 0.9 30.7 ± 0.9 34.6 ± 0.6

Tri-acylglycerides Traces - -

SFW, sunflower wax; CSW, cotton seed wax; CW, canola wax.

Table 2 Results of fatty hydrocarbons through GC-MS from three different seed oils

Compound name Molecular weight SFW (%) CSW (%) CW (%)

1-nonadecene 266 5.1 ± 0.2 7.1 ± 0.3 6.1 ± 0.3

1-eicosene 280 6.6 ± 0.4 9.3 ± 0.4 8.1 ± 0.4

10-heneicosene 294 9.3 ± 0.4 8.2 ± 0.4 9.2 ± 0.5

1-docosene 308 12.5 ± 0.5 14.2 ± 0.7 12.7 ± 0.5

1-hexacosene 364 15.1 ± 0.7 13.2 ± 0.6 13.6 ± 0.6

1-octacosene 392 25.1 ± 1.2 23.2 ± 1.1 23.3 ± 1.1

9-tricontene 420 18.1 ± 1.0 18.7 ± 1.0 18.7 ± 1.0

12-pentatricontene 490 8.2 ± 0.4 6.1 ± 0.3 8.3 ± 0.4

Identification based on RT and MS. Average of three replicates and SD (n = 3). SFW, sunflower wax; CSW, cotton seed wax; CW, canola wax.
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arachidate, methyl heneicosanate, methyl behenate, me-
thyl lignocerate, methyl cerotate, methyl montanate; me-
thyl melissylate fatty alcohols: myristyl acetate, cetyl
acetate, stearyl acetate, arachidyl acetate, heneicosanyl
acetate, behenyl acetate, lignoceryl acetate, cerotyl acetate,
heptacosanyl acetate, montanyl acetate, melissyl acetate;
and fatty hydrocarbons: nonadecene, eicosene, heneico-
sene, docosene, hexacosene, octacosene, 9-tricontene, pen-
tatricontene with a purity of almost 99% were purchased
from Sigma Chemical Co. (Balcatta, USA), Aldrich
Chemical Company, Inc. (Milwaukee, USA), and E. Merck
(Darmstadt, Germany). Acetic anhydride (purity >98%),
pyridine, benzene and n-hexane (analytical grade) were pur-
chased from E. Merck. Chloroform, methanol, ethanol
(purity >98%) were obtained from Thermo Fisher Scientific,
Inc. (Loughborough, UK). Acetone (HPLC grade), hydro-
chloric acid, and potassium hydroxide (analytical grade)
were obtained from Fluka Chemical Corporation (St. Louis,
USA). Millipore water purified in a Milli-Q system (EMD
Millipore Corporation, Billerica, USA) was used, and the
resistivity of the millipore water was 20 MΩ cm.

Separation of waxes from the oils
For the separation of waxes, crude seed oils to be ana-
lyzed were subjected to cool at 4°C for 24 h; the crystal-
lized waxes were removed by centrifugation followed by
filtration. Centrifugation was carried out at 3,000/minute
revolution at 10°C for 3 min.

Purification of waxes
Waxes were purified by dissolving waxes in acetone/
n-hexane (5:1, 6 ml) followed by heating the solution in
a centrifuge tube up to its boiling temperature. The re-
sultant solution was cooled at room temperature. By
slow cooling at room temperature, stable β crystals of
waxes were formed. The sample was then centrifuged
for 3 min and the supenatant liquid was removed. Again,
crystals were dissolved in 5 ml of hot acetone to crystallize
at room temperature. The solution was centrifuged and
the supenatant liquid was removed. Re-crystallization three
times with 5 ml acetone ensured the complete removal of
any residual triglyceride. Finally, the crystals were filtered
through a Buchner funnel to obtain the pure waxes [13].

Separation of various fractions of waxes by thin-layer
chromatography
The wax removed and purified as above was subjected to
thin-layer chromatography (TLC) to separate it into wax
esters and fatty hydrocarbons fraction. Separations were
done on twenty 20-cm glass plates coated with a silica gel
(Merck, Darmstadt, Germany) layer of 0.25-mm thickness.
Waxes dissolved in chloroform were applied onto the
plates using capillary tubes. The plates were developed
using the solvent system, toluene/chloroform (7:3). Frac-
tionation of these constituents was achieved, based on
earlier reported procedures [12]. Spots were visualized by
placing the plate in a chamber, saturated with iodine for
identification of spots. The spots were identified with sim-
ultaneous running of authentic standards. The preparative
TLC was carried out for the separation and elution of wax
esters. The separated constituents were eluted with chloro-
form from adsorbent and dried under a stream of nitrogen.

Gas chromatography of wax esters
The separation of individual wax ester was carried out on a
PerkinElmer Clarus gas chromatograph (Massachusetts,
USA) equipped with a flame ionization detector. A DB-1
fused-silica capillary column (15 m × 0.32 mm, film thick-
ness 0.25 μm; J&W Scientific, Folsom, USA) was used. The
sample (1 μL) was injected at 75°C; the oven was then
heated to 230°C at a rate of 25°C/min and from 230°C to
340°C at a rate of 10°C/min. The final temperature was held
for 10 min. Hydrogen was used as a carrier gas at a con-
stant flow rate of 1.8 mL/min. The injector and detector
temperatures were 300°C and 350°C, respectively. Identifi-
cation was based on comparison with authentic standards.

Saponification of wax esters
Commonly, for the determination of the constituents of
wax esters, saponification is needed, but usually the waxes
were very resistant to saponification. The saponification of
waxes was carried by modified procedure of Morrison and
Smith [17], dissolving the waxes (0.25 g) in benzene/

Table 3 Result of wax ester content of seed oil waxes
through GC-FID

Compound SFW (wt.%) CSW (wt.%) CW (wt.%)

C34 1.98 ± 0.07 1.52 ± 0.06 1.32 ± 0.04

C35 2.01 ± 0.09 3.72 ± 0.14 3.01 ± 0.07

C36 2.61 ± 0.10 4.58 ± 0.22 3.49 ± 0.13

C37 0.67 ± 0.01 0.46 ± 0.01 0.89 ± 0.02

C38 5.29 ± 0.21 5.81 ± 0.23 4.93 ± 0.18

C39 1.89 ± 0.08 1.46 ± 0.04 1.85 ± 0.07

C40 4.42 ± 0.13 4.29 ± 0.17 5.77 ± 0.23

C41 1.19 ± 0.04 1.92 ± 0.09 1.74 ± 0.08

C42 20.54 ± 0.82 20.84 ± 0.83 19.73 ± 0.78

C44 24.67 ± 1.23 23.23 ± 1.16 23.89 ± 1.19

C45 0.13 ± 0.01 0.98 ± 0.01 1.52 ± 0.06

C46 18.62 ± 0.94 14.93 ± 0.44 15.3 ± 0.69

C48 8.41 ± 0.33 8.11 ± 0.32 8.41 ± 0.42

C50 1.10 ± 0.05 1.65 ± 0.06 1.28 ± 0.05

C52 3.41 ± 0.10 3.06 ± 0.09 3.74 ± 0.18

C54 3.06 ± 0.09 3.44 ± 0.11 3.13 ± 0.12

Identified by authentic standards. Average wax content (n = 3, and relative
standard deviation was less than 5%). SFW, sunflower wax; CSW, cotton seed
wax; CW, canola wax.
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methanol (1:1, 10 ml), followed by the addition of 95%
ethanol (25 ml) and 60% aqueous potassium hydroxide
(5 ml) and refluxed for 8 h [15,17].

Acetylation and esterification
Acetylation of fatty alcohols was carried out by adding 1
ml of acetic anhydride and 1 ml of anhydrous pyridine
to the saponified residue, and contents were well-mixed
and kept overnight at room temperature. The precipitate
formed was filtered and dried [17]. Finally, the product
was subjected to esterification by IUPAC standard
method 2.301 in which 100 mg of sample was dissolved
in 20 ml of methanol, and 1 N solution of KOH was
added to the sample which was then refluxed for 1 h.
After that, 10 ml of hexane was added to separate the
organic layer [16]. The final product was dissolved in
chloroform for analysis by gas chromatography and mass
spectrometry (GC-MS).

Gas chromatography and mass spectrometry
GC-MS instrumentation
An Agilent 6890 N gas chromatography instrument coupled
with an Agilent MS-5975 inert XL mass selective detector
and an Agilent auto sampler 7683-B injector (Agilent

Technologies, Little Fall, NY, USA) was used. A capillary
column HP-5MS (5% phenyl methylsiloxane) with dimen-
sion of 30 m, 0.25 mm i.d, 0.25 μm film thickness (Agilent
Technologies, Palo Alto, CA, USA) was used.

GC-MS programming of fatty hydrocarbons analysis
Chromatographic conditions for hydrocarbons: the oven
temperature was programmed at 70°C for 2 min, ramped
to 150°C at 25°C/min, then to 200°C at 3°C/min, and
then to 280°C at 8°C/min and held for 10 min. The in-
jection port temperature was 300°C. The injection vol-
ume was 2 μL, with carrier gas helium at constant flow
rate (1 ml/min). The MS was operated in electron ioni-
zation mode at 70 eV with a transfer line temperature of
280°C, ion source at 230°C, and quadrupole temperature at
150°C. Solvent delay was set to 4 min. Selected ion moni-
toring mode was used for the qualitative and quantitative
determination of fatty hydrocarbons. Agilent Chemstation
with Retention Time Locking software was used for instru-
mental control and chromatographic data processing.

GC-MS programming of fatty alcohol acetates and FAMEs
The GC-MS analysis was performed on the saponified and
esterified component of wax esters; the oven temperature

Figure 2 GC-MS chromatogram of sunflower seed oil wax esters. Methyl esters and alcohol acetates were analyzed on a HP-5MS column
(30 m, 0.25 mm i.d, 0.25 μm film thickness). Oven temperature was programmed from 150°C to 200°C at 5°C/min and then 325°C at ramp 3°C;
hold at this temperature for 20 min.
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was programmed from 150°C to 200°C at 5°C/min and
then at 325°C at ramp 3°C; hold at this temperature for
20 min. The split ratio was 1:10, and helium was used as a
carrier gas with the flow rate of 0.8 ml/min, with the
injector set at 300°C transfer line set at 325°C. MS condi-
tions: mass range 50 to 550 m/z, electron multiplier 70 eV,
relative. All the compounds were identified by NIST and
Wiley GC-MS Libraries.

Calculations and statistical analyses
Peak identification of the fatty acids methyl esters, fatty al-
cohol acetate (FALs), and fatty hydrocarbons in the ana-
lyzed wax samples was carried out by comparing the
retention time and mass spectra with the respective stan-
dards. Also, their relative amounts (%) calculated from the
peak areas, taking as a reference the peak area of the most
abundant compound for each wax, and the RSDs of the
amounts present are shown. All quantitative data given in
this work are the average of the two samples of each wax
and were collected, and each sample was analyzed thrice.

The data obtained were put in to Origin 7 program and
reported as mean (n = 2 × 3).

Conclusions
The main objective of the present study was to explore
valuable lipid components present in seed oil waxes
sunflower, canola, and cottonseed through different chro-
matographic techniques. Quantitative determination of
different seed oil waxes showed highest amount of wax
present in SFW, CSW, then CW, respectively. Both even-
and odd-numbered fatty hydrocarbons were present and
ranged between C19 and C35. Wax esters comprised more
than 70% of all seed oil waxes; among them, C44 wax ester
was predominant. Even-numbered wax esters are major
wax esters than odd-numbered wax chain. A total of 23
compounds were characterized through GC-MS from wax
esters after saponification, acetylation, and esterification.
Methyl lignocerate was the main fatty acid present in all
seed oil waxes. The quantity of even-numbered fatty alco-
hols was more than that of fatty acids.

Table 4 Result of saponified mean ± SD of fatty acid methyl ester and fatty alcohol acetate constituents of three
different seed oil wax esters through GC-MS

Compound Molecular weight SFW (%) CSW (%) CW (%)

Methyl myristic 242 0.74 ± 0.02 0.57 ± 0.02 0.92 ± 0.04

Myristyl acetate 256 3.57 ± 0.14 2.24 ± 0.08 3.31 ± 0.13

Methyl palmitate 270 1.29 ± 0.06 3.18 ± 0.12 1.16 ± 0.05

Cetyl acetate 284 3.86 ± 0.19 3.83 ± 0.18 3.43 ± 0.17

Methyl oleate 296 0.69 ± 0.01 0.29 ± 0.01 0.39 ± 0.01

Methyl stearate 298 2.16 ± 0.08 3.24 ± 0.14 1.14 ± 0.04

Methyl nonadecanate 312 1.48 ± 0.07 1.09 ± 0.06 2.34 ± 0.11

Stearyl acetate 312 0.69 ± 0.01 1.13 ± 0.04 2.11 ± 0.09

Methyl arachidate 326 5.34 ± 0.21 5.37 ± 0.23 4.09 ± 0.16

Methyl heneicosanate 326 2.28 ± 0.10 2.58 ± 0.13 2.41 ± 0.12

Arachidyl acetate 340 1.89 ± 0.09 2.16 ± 0.09 2.87 ± 0.11

Heneicosanyl acetate 354 3.79 ± 0.18 3.30 ± 0.16 3.52 ± 0.14

Methyl behenate 354 8.29 ± 0.41 8.79 ± 0.43 9.76 ± 0.49

Behenyl acetate 368 15.43 ± 0.77 10.26 ± 0.51 13.22 ± 0.66

Methyl lignocerate 382 18.74 ± 0.93 19.89 ± 0.99 18.24 ± 0.94

Lignoceryl acetate 396 15.79 ± 0.84 16.28 ± 0.81 15.89 ± 0.87

Methyl cerotate 410 4.83 ± 0.29 4.66 ± 0.23 5.59 ± 0.27

Cerotyl acetate 424 1.19 ± 0.06 2.01 ± 0.08 2.32 ± 0.10

Heptacosanyl acetate 438 0.84 ± 0.02 0.34 ± 0.01 0.57 ± 0.01

Methyl montanate 438 1.86 ± 0.74 1.49 ± 0.07 1.34 ± 0.06

Montanyl acetate 452 2.39 ± 0.11 3.47 ± 0.17 3.07 ± 0.12

Methyl melissylate 466 1.14 ± 0.04 1.69 ± 0.06 1.13 ± 0.04

Melissyl acetate 480 1.72 ± 0.06 2.14 ± 0.10 1.18 ± 0.04

Identification based on RT and MS. Average of three replicates and SD (n = 3). SFW, sunflower wax; CSW, cotton seed wax; CW, canola wax. Methyl ester and
alcohol acetates were analyzed on a HP-5 (30 m × 0.25 mm i.d.) column.
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