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ABSTRACT

Surface wax of fruit plays an important role in post-harvest quality but there are knowledge gaps concerning the wax composition of
Canadian summer fruit. Waxes were extracted from ripe, freshly picked fruit of Saskatoon berry (Amelanchier alnifolia), Canadian
dwarf sour cherry (Prunus X kerrasis), haskap (Lonicera caerulea), and red twinberry (L. utahensis) using a chloroform wash.
Extracts were separated by GC for quantification by FID and identification by mass spectrometry. The major components of
Saskatoon berry wax were nonacosan-10-ol and nonacosane, accounting for 39% and 18% of the wax, respectively. Additional
components included free fatty acids, primary alcohols, aldehydes, and triterpenoids including a-amyrin and ursolic acid.
Canadian sour cherry wax was enriched in the pentacyclic triterpenoids (60%-63%) ursolic acid, and oleanolic acid, together with
nonacosane (20%-23%). Two varieties of haskap were surveyed, differing in primary alcohol content, but sharing nonacosan-10-ol
and nonacosan-5,10,-diol as their major components. Analysis of red twinberry as an additional member of the genus Lonicera, is
the first reported for this species and revealed a wax rich in triterpenoids, illustrating diversity of composition within the genus.
The findings of this pilot study will aid in obtaining a better understanding of the role of wax components in aspects such as berry
shelf life and consumer appeal. Identifying chemical diversity of wax in berries from plants of the same or related species could
be of value in breeding for improved varieties.

Practical applications: Knowledge of surface wax composition will aid in understanding the function of components of the
wax layer in controlling water loss and possible roles in biotic interactions such as with insects and with fungal and microbial
pathogens. It also provides information on potential health promoting compounds associated with the fruit surface. Identification
of wax diversity within haskap suggests strong potential for wax modification through breeding. The work adds significant new
information to species where wax composition is either uncharacterized, or not well described. These plants have promise for
widespread production in temperate regions.

Abbreviations: BSTFA, N,O-bis[trimethylsilyl]trifluoroacetamide; GC, gas chromatography; GC/FID, gas chromatography with flame ionization detection; GC/MS, gas
chromatography with mass spectrometry; TMCS, trimethylchlorosilane; VLCFA, very-long-chain fatty acid.
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1 | Introduction

In common with other aerial plant surfaces, fleshy fruit are
covered by a cuticle, a matrix of cutin and waxes produced
by epidermal cells [1]. The cuticle and cuticular wax play an
important role in the shelf life and appearance of harvested
fruit [2, 3]. Cuticle thickness and structure, together with the
embedded waxes are considered to be factors controlling water
loss and resulting shriveling and cracking. In fruit with a notice-
able wax bloom, surface wax influences appearance, color, and
perceived fruit quality. The blue color of highbush blueberries
(Vaccinium corymbosum L.), for example, is due to the light
scattering properties of epicuticular wax crystals overlaying the
dark, anthocyanin rich outer skin of the berry [4, 5]. Surface
bloom in these fruit is an important attribute influencing con-
sumer preference when offered a selection of varieties [6]. Cuticle
thickness and wax composition may also be involved in protecting
harvested fruit from microorganism mediated decay [2]. Factors
playing a role include the hydrophobic nature of the waxes
reducing the availability of water for fungal spore germination,
and the presence of specific protective chemicals within the wax.
As an illustration, ursolic acid, a triterpenoid often found in
berry waxes has recently been shown to inhibit the growth of
Botrytis cinerea, a common pathogen causing fruit spoilage in
storage [7].

Plant surface waxes are diverse in chemical composition but are
generally composed of a mixture of very-long-chain fatty acid
(VLCFA) derived aliphatic molecules, often together with triter-
penoids and minor components such as flavonoids and phenolics
[8-10]. Wax levels and composition are strongly influenced by
genetic factors, developmental stage, growing environment, and
stress [11, 12]. Nonuniform composition of wax over different
plant organs has also been reported [13, 14]. The composition of
fruit waxes has been studied for many species, often over multiple
stages of fruit development, and chemical diversity reflects that
seen for other plant organs [1, 15]. Studies also suggest that
active synthesis of cutin and wax continues after fruit harvest,
and both the amount and composition of these components
can be influenced by storage temperature and duration [3, 15-
17]. Understanding wax composition and biosynthesis in fruit,
with the objective of introducing favorable changes through
selective breeding, clearly has considerable potential as an avenue
to improving fruit quality and shelf life. In addition, an often
overlooked consideration is that the cuticle chemical components
can also contribute to the nutritional value of the fruit, and
potentially to the value of waste streams from fruit processing,
such as pomace from juice extraction.

Due to the relatively harsh climate, there are limited options
for fruit production on the Canadian prairies. For this reason
there has been a focus on breeding cold hardy varieties of fruit
such as sour cherry (Prunus x kerrasis) and haskap (Lonicera
caerulea L.), and improving native fruit such as Saskatoon berry
(Amelianchier alnifolia Nutt.) [18]. Although highly successful,
the market for fresh fruit such as haskap is limited by geographic
isolation from major population centers and the short shelf life
of ripe fruit. Manipulating fruit surfaces, such as altering wax
composition to reduce water loss, physical damage, and spoilage,
may allow an expanded market for fresh fruit. Unlike more
widely grown fruit such as blueberry, the wax composition of

prairie fruit is not well characterized. Understanding wax com-
position, amounts and uncovering potential chemical diversity
may provide useful information that can be applied to fruit
improvement. As a pilot study towards this objective, ripe fruit
were collected from a selection of fruit bearing plants growing
on the campus of the University of Saskatchewan to determine
the major components of their surface wax. Species chosen were
Saskatoon berry, Canadian dwarf sour cherry, and haskap, with
red twinberry (L. utahensis S. Watson) as a comparative Lonicera
species.

Saskatoon berry is a deciduous shrub from the Rose family
(Rosaceae) native to North America, also known as the Western
serviceberry or juneberry [19]. It is grown commercially in
Canada, particularly in the province of Saskatchewan. Saskatoon
berry fruit turn dark purple when ripe with a slightly glaucous
appearance. Fruit can be eaten fresh but are more often processed
into products such as jams, pie fillings, and wine. The chemical
composition of ripe berries of A. alnifolia, and potential health
promoting properties, have been studied by other research groups
[20-22]. Reports generally focus on the analysis of whole berries
and extracts without separate consideration of surface chemicals.
Knowledge of the surface wax composition of Saskatoon berry
is primarily based on the report of Knowles and coworkers [23].
This work studied the chemical composition of wax, extracted
by dipping berries in dichloromethane, at four stages of devel-
opment. The wax of purple, fully mature Stage 4 fruit was
described as comparatively simple, composed of alkanes, primary
alcohols, long chain esters, and a secondary alcohol. Two major
components, the 29-carbon (C29) alkane nonacosane and the C29
secondary alcohol nonacosan-10-ol comprised almost half of the
total wax. Free fatty acids and triterpenoids were not detected and
nearly 40% of the wax was categorized as “other” and not clearly
identified.

Canadian dwarf sour cherries are cold hardy shrubs bred for
cherry production in the Prairie Provinces and are members of the
Rose family (Rosaceae) [18]. “Valentine” is a dwarf sour cherry
variety from the Romance series, developed by the University
of Saskatchewan cherry breeding program led by Dr. Robert H.
Bors. The variety produces fruit that are red at ripeness with a
glossy appearance and is a hybrid derived through crossing of
P. cerasus (European sour cherry) and P. fruiticosa (Mongolian
cherry). Information on the chemical composition of various
cherry species is available [24, 25]. As the first dwarf sour cherry
varieties, including “Valentine,” were only released commercially
in 2003, there is relatively little information of the chemical
composition of this specific type of cherry. Investigation of surface
chemistry, cuticle, and waxes of cherry, has largely focused on
sweet cherry (P. avium) in relation to shelf life and fruit cracking
with the triterpenoid ursolic acid and the alkane nonacosane
recognized at the major wax components [1, 15, 26, 27].

L. caerulea also known as blue honeysuckle, honeyberry, or
haskap is a perennial fruiting shrub widespread in the northern
hemisphere and well adapted to winter survival in cold northern
continental climates. Multiple subspecies or varieties are known
with diverse morphology and fruit size and shape. Haskap has
a long tradition of use as a health promoting fruit in Japan and
Russia and improvement and development of the species as a
commercial berry crop has been ongoing in a number of locations
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including at the University of Saskatchewan, Saskatoon, Canada
[28]. The chemical composition of haskap fruit has been studied
in detail and haskap is recognized as containing high levels of
health promoting compounds such as anthocyanidins, phenolic
acids, and ascorbic acid [29-31]. Haskap berries have a noticeable
wax bloom on their surfaces that is easily removed during
harvest and by post-harvest handling. Only limited information
is available concerning the composition of this wax but wax
turnover has been suggested to play a role in fruit shelf life during
storage [17, 32].

Red twinberry (L. utahensis S. Watson), native to Western North
America and also known as Rocky Mountain honeysuckle or
Utah honeysuckle, is commonly grown as an ornamental shrub
for its spring flowers and bright red berries [33]. The berries
occur in pairs and are considered edible, although they are rarely
eaten due to a bitter aftertaste. For this study, red twinberry
was chosen as another representative of the genus Lonicera, and
because the bush was growing adjacent to one of the Haskap
bushes. The chemical composition of red twinberries has not been
investigated in detail, although iridoid and secoiridoid glycosides
have been reported from closely related Lonicera species, L.
morrowii, and L. tatarica, and are thought to act as plant defense
compounds [34].

2 | Materials and Methods

2.1 | Fruit Collection and Wax Extraction

Fruit for this study was collected from single plants growing
in the grounds of the University of Saskatchewan, Saskatoon
campus, and at the AAFC Saskatoon Research and Develop-
ment Centre. Bushes were all part of formal plantings and
were commercial cultivars or releases from the University of
Saskatchewan fruit breeding program. With the exception of the
sour cherry (Valentine), the varieties are unknown as plants were
not labeled and records were unavailable. Haskap was collected
on July 3rd 2025. Saskatoon berry, red twinberry, and spruce
(young shoots) were collected on July 11th 2025, cherry was
collected on July 15th 2025. Samples were collected into brown
paper bags using scissors, while avoiding touching the fruit,
and were transferred to CHCl; washed beakers and weighed. To
extract wax, two times the volume of CHCI; was added and the
samples were agitated gently for the time given in results. The
CHCI; was then decanted into a fresh beaker and evaporated
to dryness under a gentle stream of nitrogen gas. Dried wax
was carefully resuspended in CHCIl; and transferred to a 16 mL
glass screw top tube. After drying, samples were weighed to
determine the weight of collected wax. For analysis, samples in
CHCI, were transferred to glass GC vial inserts, gently dried, and
resuspended in 60 pL silanization reagent. The reagent consisted
of BSTFA with 1% trimethylchlorosilane (TMCS) in an equal
volume of pyridine (Millipore Sigma). After addition of 60 uL
hexane:toluene (1:1 v/v), samples were left at room temperature
for atleast1h prior to GC analysis. The BSTFA-TMCS reagent was
purchased from Supelco, round Rock, TX, USA, CHCI; was from
Caledon Chemicals, Georgetown, ON, Canada and all other sol-
vents and standards were from MilliporeSigma, Burlington, MA,
USA.

22 |
GC/MS

Separation and Identification by GC/FID and

Samples were separated by gas chromatography (GC) using
a Trace 1310 gas chromatograph (ThermoFisher Scientific)
equipped with two 30 m, 0.25 mm, 0.25 um DB5-MS capillary
columns, a flame ionization detector (FID), and TSQ 9000 Triple
Quadrupole Mass Spectrometer (ThermoFisher Scientific). For
FID, a 1 uL sample injection volume was used with injection
in split mode, a split ratio of 17:1 and injector temperature of
300°C. Hydrogen carrier gas flow was 1.5 mL min~! with constant
flow. An initial oven temperature of 125°C was held for 2 min,
followed by a ramp of 15°C min™ to 265°C. After a hold of
7 min, a second ramp of 20°C min™' took the temperature to
325°C, with a hold of 38 min which gave a total run time of 59.3
min. Detector temperature was maintained at 300°C. To collect
mass spectra, identical inlet and oven conditions were used with
the column coupled to the TSQ 9000 triple quadrupole mass
spectrometer (MS). The transfer line was maintained at 325°C
and ion source at 310°C, operating at an ionization voltage of
70 eV. Data was collected using a mass scan of 40 to 800 m/z
and a dwell time of 0.2 s. Data were analyzed using Dionex
Chromeleon 7 chromatography data system software (version
7.2.9. Thermofisher Scientific) gas chromatograms and mass
spectra were copied into Microsoft PowerPoint to prepare the
figures. Spectra were edited to alter legend font size for clarity.

3 | Results

3.1 | Saskatoon Berry

Ripe Saskatoon berries, based on dark purple coloring (Figure 1a,
arrow), were collected and placed in a glass beaker. Wax was
collected by rinsing in CHCI, for 10 s. The sample of 123.3 g
of berries yielded 60.3 mg of wax, giving a wax recovery of
0.49 mg/g of fresh berries. Fruit size and surface area were
not measured. A gas chromatography with flame ionization
detection (GC/FID) chromatogram showing separation of wax
components is presented in Figure 1b,c. Electron impact (EI)
mass spectra were collected and identities of 30 of the 36 most
abundant peaks were determined. All mass spectra are shown
in Supporting Information S1. In agreement with the previous
study the C29 alkane nonacosane (17.6%) and the C29 secondary
alcohol nonacosan-10-o0l (39.3%) were found to be the dominant
components of the wax accounting for 56.9% of total wax (Table 1)
[23]. For the secondary alcohol, a small [M—15]* ion at 481.5
m/z confirmed the C29 chain length and major fragment ions
at 229.3 and 369.4 m/z, corresponding to a-cleavage either side
of the functional group placed the hydroxyl at C10 (Figure 2a).
To further confirm its identity, a CHCI; soluble wax fraction
was prepared from young needles of Colorado blue spruce (Picea
pungens) where nonacosan-10-ol has been reported as a major
component [35]. The mass spectrum from spruce (Figure 2b),
displayed the characteristic fragmentation pattern of nonacosan-
10-ol, matching that from the Saskatoon berry sample. In addition
to nonacosane, other odd-chain, C23, C25, C27, and C31 and
even-chain C28 and C30 alkanes were detected at low abundance
with total alkanes comprising 19.2% of the wax. Two aldehydes
were observed, octacosanal (1.3%) and tricontanal (4%) together
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FIGURE 1 | (a) Saskatoon berries indicating ripe berry with an arrow, (b) full chromatogram of Saskatoon berry wax extract, (c) enlarged
chromatogram of 6-30 min showing major peaks. Identity of labeled peaks: (1) hexadecanoic acid, (2) tricosane, (3) eicosan-1-ol, (4) pentacosane, (5)
docosan-1-ol, (6) docosanoic acid, (7) heptacosane, (8) tetracosan-1-ol, (9) octacosane, (10) tetracosanoic acid, (11) heptacosan-9-ol and heptacosan-
8-ol, (12) nonacosane, (13) hexacosan-1-ol, (14) octacosan-10-ol and octacosan-9-ol, (15) triacontane, (16) octacosanal, (17) nonacosan-10-ol, (18)
hentriacontane, (19) octacosan-1-ol, (20) nonacosan-7,10-diol, (21) octacosanoic acid, (22) tricontanal, (23) a-amyrin, (24) tricontanoic acid, (25) triterpene
(26) oleanolic acid, (27) betulinic acid, (28) ursolic acid, (29) triterpene (30) triterpene (31) C36 alkyl ester, (32) unidentified, (33) unidentified, (34)

unidentified, (35) C38 alkyl ester, (36) C40 alkyl ester.

with a series of even-chain primary alcohols ranging in chain
length from C20 to C30. As observed previously, octacosan-1-
ol was the most abundant primary alcohol at 1.6% of total wax.
Free fatty acids comprised 5.2% of the wax with tricontanoic
acid (30:0) being the most abundant (2.7%). Peaks identified as
heptacosan-8-ol and heptacosan-9-ol isomers (Figure 1c, Peak
11, total 0.4%) and octacosan-9-ol and octacosan-10-ol isomers
(Figure 1c, Peak 14, 0.3%) were observed at low abundance
(Supporting Information S1). A single alkane-diol, nonacosan-
7,10-diol was observed, accounting for 0.9% of the wax. In contrast
to the previous study, triterpenoids were detected, accounting
for 15.4% of the collected wax. Major components were oleanolic
acid ((34)-3-Hydroxy-olean-12-en-28-oic acid, 2.4%), and ursolic
acid ((36)-3-Hydroxy-urs-12-en-28-oic acid, 5.0%) accompanied by
lower levels of a-amyrin ((33)-Urs-12-en-3-ol, 1.1%), betulinic acid
((3B)-3-Hydroxy-lup-20(29)-en-28-oic acid, 0.6%), and unidenti-
fied triterpenes (6.4%). The identity of oleanolic and ursolic
acids was confirmed by comparison of GC-MS spectra to those
of commercial standards (Figure 2) and published spectra [36-

39]. The ester components of the wax were identified as alkyl
esters (wax esters), esters of fatty acids, and fatty alcohols. These
were not characterized in detail as little information could be
determined from the mass spectra due to their low abundance
and strong fragmentation. The presence of fragment ions at 257
m/z suggested that 16:0 fatty acid ([FA+1]* = 257 m/z) was a
major component of the alkyl-esters. Components that could not
be identified comprised 2.8% of the total wax.

3.2 | Canadian Dwarf Sour Cherry

For analysis of the surface wax of Canadian dwarf sour cherry
“Valentine” three samples (A, B, and C), each of 30 ripe but firm
cherries (Figure 3a), were collected from separate trees. Average
cherry weight was calculated to be 2.67 + 0.4 g with an average
diameter 0f 17.0 + 0.7 mm. Assuming the cherries to be spherical
in shape, the average surface area for a cherry was calculated to be
approximately 900 mm? (4712, where r = 8.5 mm). Each sample
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Mass spectra of detected compounds and standards. (a) Spectrum of Peak 17 from Saskatoon berry, (b) mass spectrum of nonacosan-

10-ol from Colorado blue spruce, (c) mass spectrum of Peak 26 from Saskatoon berry, (d) mass spectrum of oleanolic acid standard, (e) mass spectrum

of Peak 28 from Saskatoon berry, (f) mass spectrum of ursolic acid standard.

was washed for 10 s with CHCl,, followed by a second CHCI; wash
of 60 s. All washes were evaporated to dryness under a gentle flow
of N, gas and weighed (Table S1). Total wax ranged from 0.09 mg/g
cherry for Sample C to 0.11 mg/g cherry for Sample B. Average wax
load was calculated as 9.15 + 0.90 ug/mm? cherry surface area.
Taking into consideration the 70 s total wash time, wax recovered
in the first 10 s wash ranged from 78.9% for Sample B to 87.8%
for Sample C. For all samples, the CHCl, remained clear, without
red coloring, after 70 s of washing suggesting that the fruit cuticle
remained intact.

The chemical composition of the cherry wax Samples A and B
(10 s washes) was determined by gas chromatography with mass
spectrometry (GC/MS) following silylation with BSTFA in pyri-
dine. Figure 3b shows the GC/FID chromatogram obtained from
sample B, with numbering of the major peaks (Figure 3c). Three
main components were observed with additional compounds at
lower abundance. A total of 16 components were identified and
GC/MS spectra are shown in Supporting Information S2. The
major wax component present in the chloroform soluble wax was
identified as the pentacyclic triterpene ursolic acid, accounting
for 42%-47% (Table 1) of the total extracted wax (Figure 3c,
Peak 14). The two additional abundant components of the wax
were the C29 alkane nonacosane (Figure 3c, Peak 5, 21%—23%)
and a second triterpene, oleanolic acid (Figure 3c, Peak 12, 11%-
13%). Other components of the wax were identified by retention
time as C27, C28, C30, and C31 n-alkanes. Mass spectra of these
components showed characteristic fragmentation for alkanes,

but the molecular ions [M]* could not always be detected.
Two free fatty acids, hexadecanoic acid (palmitic acid, 16:0) and
octadecanoic acid (stearic acid, 18:0) were identified from their
TMS-esters and accounted for 0.5%-0.6% of total extracted wax.
Primary alcohols were not observed, but Peak 7 showed a mass
spectrum characteristic of the secondary alcohol nonacosan-10-
ol. Small fragment ions at 243.3 and 355.4 m/z suggested the
presence of low levels of the isomer nonacosan-11-ol. Levels of
secondary alcohol varied between samples, accounting for 2.8% of
total wax in Sample B, but only 0.1% in Sample A. Five additional
peaks with retention time close to the two major triterpenes
were tentatively identified as other triterpenes. Peaks 15 and
16 (Figure 4) were tentatively identified as the TMS derivatives
of maslinic acid ((2a,3f3)-2,3-dihydroxy-olean-12-en-28-oic acid)
and corosolic acid ((2a,38)-2,3-dihydroxy-urs-12-en-28-oic acid)
by comparison to published GC-MS spectra [36, 38-40]. Due
to their low abundance and the lack of additional material, a
conclusive identification of these compounds was not possible in
this study. Other minor components that could not be confidently
identified accounted for between 5% and 8.5% of the total wax
in Samples A and B. For Sample C, the dried wax from the 10 s
wash was washed with hexane at room temperature (23°C) and
the hexane was removed to a fresh vial (hexane fraction) and the
remaining wax was then dissolved in CHCl; (CHCI, fraction). GC
analysis showed that the hexane wash preferentially extracted the
alkanes and secondary alcohol from the wax with the total alkane
content raising to 84.6% while the CHCI, fraction was enriched
in triterpenes (Table 1). Comparison of 10 s wash with 60 s wash
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(a) Canadian dwarf sour cherries showing glossy appearance, (b) full chromatogram of dwarf sour cherry wax extract, (c) enlarged

chromatogram of 6-30 min showing major peaks. Identities of labeled peaks: (1) hexadecanoic acid, (2) octadecanoic acid, (3) heptacosane, (4)

octacosane, (5) nonacosane, (6) triacontane, (7) nonacosan-10-ol, (8) hentriacontane, (9) tricontanoic acid, (10) triterpene, (11) triterpene, (12) oleanolic
acid, (13) triterpene, (14) ursolic acid, (15) maslinic acid, and (16) corosolic acid.

samples also showed a relative enrichment of triterpenes in the
longer wash with a corresponding reduction in alkanes.

3.3 | Haskap

Ripe haskap berries were collected from two different bushes,
selected by differences in appearance of the berries (Figure 5a,c)
and were designated Haskap 1 and 2, respectively. Berries from
both bushes had an obvious wax bloom on the fruit surfaces. Wax
was collected by gently agitating batches of berries in CHCI; for
30 s. Fruit size, surface area, and amount of wax collected was not
measured in this exploratory study. After silylation of the sam-
ples, components were separated by GC with FID detection for
quantification. For Haskap 1, 36 components were identified by
GC-MS (Figure 3b and Supporting Information S3) and quantified
(Table 1). The major component (Figure 5b, Peak 15), accounting
for 52.3% of the total wax was identified as the secondary alcohol
nonacosan-10-ol. The two other abundant components of the wax
were the C29 secondary alkane-diol nonacosan-5,10-diol (Peak
23, 11.4%) and the C29 alkane nonacosane (Peak 9, 9.7%). Other
secondary alkane-diols and odd-chain alkanes were also detected
with total secondary alkane-diols and alkanes making up 15.4%
and 13% of the total wax respectively. For the secondary alkane-
diols, characteristic fragment ions in the EI mass spectra resulting
from fragmentation a-to the -OTMS functional group [41, 42]
enabled confident location of the hydroxyl groups, and deter-
mination of chain length (Figure 6). Free fatty acids (1.2%) and

triterpenes (0.5%) were of low abundance with a-amyrin being
the only triterpenoid identified with confidence. For Haskap
1, primary alcohols accounted for 8.2% of the wax, with chain
lengths from C22 to C30. The C28 alcohol octacosan-1-ol was most
abundant at 2.7%. Alkyl esters made up 1.9% of the wax and 7% of
the wax was composed of unidentified components. The Haskap
2 sample (Figure 5d) had a similar composition to Haskap 1, but
the GC-FIG chromatogram showed that some components had
much lower peak areas. These peaks were identified as primary
alcohols, with total primary alcohol levels being reduced to 1.9%,
of which triacontanol (C30) made up 1.2%.

3.4 | Red twinberry

A single sample of 65.2 g of ripe red twinberries (Figure 7a) was
collected. A 10 s CHCIl; wash of the berries yielded 58.6 mg of
wax. Separation of wax components with FID detection revealed a
relatively simple profile, with GC-MS analysis enabling the iden-
tification of 16 components (Figure 7c, Supporting Information
S4 and Table 1). In contrast to haskap, triterpenes were abundant,
with the triterpenoid ursolic acid (Figure 7c, Peak 17) being the
dominant component of the wax at 31.5% of total wax. Ursolic
acid was accompanied by oleanolic acid (6.4%) and betulinic acid
(3.6%). The second most abundant component of the wax was
nonacosan-10-ol at 24.4%. Hepracosan-9-ol was also detected as a
minor component (0.6%). Alkanes accounted for 11.5% of the wax
with nonacosane at 10.4% and low levels of heptacosane (0.6%)
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FIGURE 4 |

and hentriacontane (0.5%). C22 (docosanoic acid, 0.3%) and C24
(tetracosanoic acid, 1.3%) saturated fatty acids were detected
together with three primary alcohols, tetracosane-1-ol (2.7%),
hexacosan-1-ol (3%), and octacosan-1-ol (2.2%). The wax also
contained three C29 secondary alkane-diols with unidentified
components making up 10.3% of the wax. Alkyl esters were not
an obvious component of the wax.

3.5 | Colorado Blue Spruce

Although the wax from blue spruce shoots (Figure 8a) was
originally collected as a source of nonacosan-10-ol, a brief survey
of the other major components of the wax was conducted. The
GC-FID chromatogram from the sample is shown in Figure 8a,b,
and 9 components from the 11 highest peaks were identified from

Mass spectra obtained from dwarf sour cherry wax Peaks 15 and 16, tentatively identified as (a) maslinic acid and (b) corosolic acid.

their mass spectra (Figure 8c, Supporting Information S5 and
Table 1) accounting for 74.3% of the total wax. Nonacosan-10-ol
comprised 53% of the total wax and this was accompanied by a
small amount (0.3%) of the C27 secondary alcohol heptacosan-
10-ol (Figure 8c, Peak 3). Four C29 alkane diols were detected
nonacosan-10,13-diol, nonacosan-7,10-diol, nonacosan-5,10-diol,
and nonacosan-4,10-diol. The remaining identified components
were fatty acids (24:0 and 30:0) and the diterpenoid abietic acid
(abieta-7,13-dien-18-oic acid). No primary alcohols or alkanes
could be detected.

4 | Discussion

The purpose of the work was to survey the major surface wax
components of ripe fruit of the selected species. Percentage
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(a) Fruit of haskap 1 photographed in daylight, (b) enlarged chromatogram of haskap 1 wax separation for 6-30 min showing major

peaks, (c) fruit of haskap 2, photographed under laboratory lighting and showing partly exposed fruit and reduced bracteolar copula, (d) enlarged
chromatogram of haskap 2 wax separation for 6-30 min showing major peaks. Identities of labelled peaks, (1) hexadecanoic acid, (2) octadecanoic
acid, (3) docosan-1-ol, (4) not identified, (5) heptacosane, (6) tetracosan-1-ol, (7) tetracosanoic acid, (8) heptacosan-9-ol, (9) nonacosane, (10) unknown,
(11) hexacosan-1-ol, (12) octacosan-10-ol, (13) triacontane, (14) hexacosanoic acid, (15) nonacosan-10-ol, (16) hentriacontane, (17) octacosan-1-ol, (18)
triacontane-10-ol, (19) nonacosan-10,13-diol, (20) nonacosan-8,11 diol, (21) nonacosan-7,10-diol, (22) nonacosen-10-ol, (23) nonacosan-5,10-diol, (24)
nonacosan-4,9-diol, (25) triacontan-1-ol, (26) a-amyrin, (27) tricontanoic acid, (28) triterpene, (29) C34 alkyl ester, (30) triterpene, (31) C36 alkyl ester,

(32) unknown, (33) unknown, (34) C38 alkyl ester, (35) unknown, and (36) C40 alkyl ester.

composition is based on the area percent of peaks from FID
chromatograms of wax components separated by GC and may
not fully represent the components by percentage weight. As
the constituents show variation in chemical structure, a more
comprehensive quantitative analysis would need to consider
FID response factors and would require multiple standards for
the construction of calibration curves. The data presented here
describes the major components of the waxes and can be used
for comparative studies, and a starting point for screening of
chemical diversity. For compound identification, we did not
rely only on computer generated matches to mass spectral
libraries. Spectra were individually examined and compared to
published spectra, or standards where available. Careful attention
to retention times and the lower m/z fragment ions aided in
identification of molecules lacking strong signals for diagnostic
ions, such as the very-long-chain alkanes (57, 71, 85, 99 m/z series)
and aldehydes (57, 69, 82, 96 m/z series) in Saskatoon berry. For
these molecules, a softer ionization method such as collision
induced (CI) ionization may be more appropriate rather than the

hard ionization of EI. As many analyses do not publish mass
spectra, spectra collected from all numbered peaks in this study
have been included in supplemental figures to aid with future
work. All samples contain additional components present at very
low levels. These could not be identified with confidence using
the approach described in this report.

All fruit were collected when ripe, at the stage at which they
would be harvested for consumption or processing. Wax was
extracted from freshly collected fruit immediately after the fruit
was picked as it has been reported that active synthesis of
wax continues after fruit harvest, influencing both amount and
composition, [3, 16, 17]. Wax samples were collected by washing
with CHCI, as this solvent has previously been reported as suit-
able [9]. Samples were resuspended in CHCl,, after evaporation
and concentration, and transferred to glass GC vial inserts for
analysis. Samples were silylated to aid in identification of alkyl
compounds containing hydroxyl and carboxyl groups [43]. This
was conducted directly in the GC vial inserts using pyridine
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nonacosan-7,10-diol.

as solvent. The pyridine and residual silylating agent were not
removed prior to sample injection. Resuspending samples in
nonpolar solvent alone, such as hexane, a commonly used solvent
carrier for GC analysis, was avoided. As shown for the dwarf
sour cherry samples, resuspending, or washing with hexane could
enrich the hydrocarbon content of the sample at the expense of
the less soluble triterpenoids.

The composition of Saskatoon berry wax was close to that pre-
viously reported for the variety “Smokey” [23]. The predominant
component, nonacosan-10-ol is found in a wide variety of plant
waxes, often as the major component [10]. Some additional
components were observed including free fatty acids ranging
in length from C16 to C30 and triterpenes. These may have
been overlooked previously. Canadian dwarf sour cherry wax
was rich in pentacyclic triterpenoids, with ursolic acid being the
major component and nonacosan-10-ol only present at low levels.
Oleanolic and ursolic acid derivatives maslinic and corosolic
acid were tentatively identified as minor components. The wax
composition of Canadian dwarf sour cherry fruit appeared similar

400 500 600 680

Mass spectra of secondary diols, Peaks 23 and 21 from haskap showing patterns of fragmentation. (a) nonacosan-5,10-diol, (b)

to that reported previously for sweet cherry where the major
components were identified as ursolic acid and nonacosane [16,
27]. For Canadian dwarf sour cherry, differences in percentage
composition of lipid classes observed between first and second
extractions of the fruit suggest that the wax components may not
be evenly distributed within the epicuticular and intracuticular
wax layers, with alkanes perhaps showing enrichment in the
epicuticular wax. More detailed study using mechanical methods
to remove epicuticular wax, such as gum arabic polymer would
be required to confirm this observation [44].

Only limited information is available concerning the wax compo-
sition of haskap berries. A study of the triterpenoid composition
of leaf and fruit wax from a single variety, L. caerulea var
kamtschatica, reported triterpenoids as low abundance com-
ponents accounting for 6.5% of a fruit wax [32]. These were
dominated by tetracyclic triterpenoids, primarily sitosterol, with
Hop-22(29)-en-3-one, a-amyrin B-amyrin, and ursolic acid as
pentacyclic triterpenoids. In our study, only a-amyrin could be
identified with confidence. As triterpenoids were not separated

12 of 16

European Journal of Lipid Science and Technology, 2026



foa B

min

240+
220
200 C
1801
1601
1401
1201
1001
80 ]
60 ]
40

20 1 ? l 45

Y I
0

pA

30 35 40 45 50 55 58

18
b b

6 8 10 12 14 16

FIGURE 7 |

18 20 22 24 26 28 min 30

(a) Red twinberry, (b) full chromatogram of red twinberry wax extract, and (c) enlarged chromatogram of 6-30 min showing major

peaks. Identities of labelled peaks: (1) docosanoic acid (2) heptacosane, (3) tetracosane-1-ol, (4) tetracosanoic acid, (5) heptacosan-9-ol, (6) nonacosane, (7)
hexacosan-1-ol, (8) nonacosan-10-ol, (9) hentriacontane, (10) octacosan-1-ol, (11) nonacosan-8,11-diol, (12) nonacosan-7,10-diol, (13) nonacosan-5,10-diol,
(14) unknown, (15) oleanolic acid, (16) betulinic acid, (17) ursolic acid, and (18) unknown.

FIGURE 8 | (a)Colorado blue spruce shoots, (b) full chromatogram blue spruce wax extract, and (c) enlarged chromatogram of 6-30 min showing
major peaks. Identities of labeled peaks: (a) abietic acid, tetracosanoic acid, (3) heptacosan-10-ol, (4) nonacosan-10-ol, (5) nonacosan-10,13-diol, (6)
nonacosan-7,10-diol, (7) nonacosan-5,10-diol, (8) nonacosan-4,10-diol, (9) unknown, (10) unknown, (11) tricontanoic acid.

from other components, it is likely that additional, low abun-
dance triterpenoids were present, but not identified. A more
recent report, characterizing the wax from three different haskap
varieties reported the identification of 158 chemical components

[17]. Although also using chloroform extraction and GC-MS
analysis, the composition of wax in our study has little in common
with that report. Major alkanes components were reported
as being 7,9-dimethylhexadecane, 2,6,11-trimethyldodecane, and
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nonadecane with a CI18 ketone as the most abundant wax
component. From our analysis of berries collected in Canada,
it is clear that nonacosan-10-ol is the major wax component.
This is accompanied by the secondary diol nonacosan-5,10-diol
as the second most abundant giving the wax a high content of
oxygenated aliphatic components. Similar to blueberries, ripe
haskap have a substantial wax bloom on the surface. The
wax layer imparts a blue coloration when viewed in daylight,
although wax removal reveals a darker purple color below
the wax (Figure 1a). Haskap and blueberry do not, however,
share the same wax composition, with blueberry wax containing
abundant triterpenoids, primarily ursolic acid and oleanolic acid,
and f-diketones, primarily hentriacontane-10,12-dione [4]. The
mechanism of light scattering by haskap surface wax may have
more in common with that of the wax of blue spruce, as both
are rich in nonacosan-10-ol. The wax of the second Lonicera
species examined, L. utahensis, contained ursolic acid as the
most abundant component and ripe berries had a more glossy
appearance, illustrating wax diversity within a genus, as noted
previously for triterpenoid distribution in leaf wax [8].

The potential health promoting properties of fruit plays an
important part in many marketing strategies and attention is
often drawn to presence of high concentrations of compounds
such as anthocyanins with demonstrated antioxidant properties
[45]. These compounds also have importance in determining
potential uses and value of fruit by-products such as pomace
[46]. Relatively little attention has been given to the potential
value of waxes from berries. Although VLC-primary alcohols
such as hexacosan-1-ol and octacosan-1-ol are components of
policosanol, a nutraceutical product derived from waxes of plants
such as sugar cane and rice bran [47], the potential health pro-
moting activities of VLC-secondary alcohols such as nonacosan-
10-ol are unknown. Nonacosan-10-ol from forestry waste has;
however, been shown to have application as a renewable highly-
hydrophobic coating material [48]. VLC-alkanes in food, such as
nonacosane likely have limited solubility and uptake but may
become available for metabolic processes after w-oxidation [49].
In contrast, there are many health claims associated with triter-
penoids such as ursolic acid the major component of Canadian
dwarf sour cherry wax [50-52]. Triterpenoids are also considered
to play an important role in biotic interactions between plants and
other organisms such as insect pests and pathogens [53].

Surface waxes play a role in berry shelf life and consumer appeal
and are potential targets for breeding of improved varieties.
Characterizing wax composition will aid in obtaining a better
understanding of the functional contribution of wax components
in processes such as control of water loss pre- and post-harvest,
and the role of wax in interactions with fruit pests and fungal
pathogens. An extension of this study would be to determine the
relative contributions of the wax bloom, and waxes embedded
within the fruit cuticle to these properties. The data from cherry
presented here suggests that chemical components are likely not
evenly distributed between cuticular and epicuticular layers. The
ability to rapidly screen for wax diversity will be an important
aspect of breeding for improved varieties. The GC-FID method
applied in this study offers a simple and sensitive method for
screening breeding lines. Although not an objective of the pilot
study, there is clearly evidence of wax compositional diversity in
haskap and more detailed analysis of diversity collections would

be of great interest. In addition, analysis of wax composition
during fruit development, the effect of growing environment
and post-harvest changes would also be of value for all of these
species.
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