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Abstract. Plantation-grown mahogany (Swietenia macrophylla) from Fiji has been preferred as a sus-
tainable wood source for the crafting of electric guitars because its trade is not restricted by Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES), unlike S. macrophylla sourced
from native forests. Ability to differentiate between the two wood types would deter sale of illegally harvested
native-grown S. macrophylla to luthiers and other artisans. The chemical composition of wood is influenced
by cambial age and geographical factors, and there are chemical differences between S. macrophylla grown
in different regions. This study tested the ability of high-resolution mass spectrometry to chemotypically dif-
ferentiate plantation-grown Fijian S. macrophylla from the same wood species obtained from native forests.
Multiple heartwood specimens of both wood types were extracted and chromatographically profiled using gas
and liquid chromatography tandem high-resolution quadrupole time-of-flight mass spectrometry (GC/QToF,
LC/QToF). Visual comparison of mass spectral ions, together with modern analytical data-mining techniques,
were employed to screen the results. Principal component analysis scatter plots with 95% confidence ellipses
showed unambiguous separation of the two wood types by GC/LC/QToF. We conclude that screening of
heartwood extractives using high-resolution mass spectrometry offers an effective way of identifying and sepa-
rating plantation-grown Fijian S. macrophylla from wood grown in native forests.

Keywords: Heartwood, identification, plantation, Fiji, mahogany, Swietenia macrophylia,
chromatography, mass spectrometry.

INTRODUCTION

True mahogany belonging to the genus Swiete-
- nia consists of three species, Swietenia macro-
* Corresponding author phylla, Swietenia mahagoni, and Swietenia
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humilis (Helgason et al 1996). Mahogany has
been widely exploited to produce a great variety
of wood products, including furniture, boats,
wooden floors, paneling, and musical instruments
(Anderson 2015). It is the wood of choice for
electric guitars because of its lightweight, good
machinability, resonance, and aesthetic appeal.
Some guitars made from mahogany during the
golden era (1958-1960) are favored by the
world’s greatest guitarists and fetch astronomical
prices (>>$1 million) at auction (Martinez-Reyes
2015). As a result of their overexploitation,
S. humilis and S. mahagoni were listed as “species
that would be in danger of extinction without
strict regulation” in 1975 and 1995, respectively
(Convention on International Trade in Endangered
Species of Wild Fauna and Flora [CITES Appen-
dix II]) (Cornelius et al 2004). CITES currently
regards both S. humilis and S. mahagoni as com-
mercially extinct due to their overexploitation
(CITES 2021). S. macrophylla is still commer-
cially important, but in 2003, it was also given
the same status as S. mahagoni and S. humilis
by CITES (Grogan and Barreto 2005). It is possi-
ble under CITES regulations to legally export
S. macrophylla wood with a permit, but there is
also ongoing illegal trade in the timber (Kometter
et al 2004; Chimeli and Soares 2017). In addition,
plantation-grown S. macrophylla is traded interna-
tionally. In particular, S. macrophylla from planta-
tions in Fiji (where it is an introduced species) is
widely available on international markets and
represents the most important source of Swietenia
wood imported into the USA (Flexport 2022).
Hence, both native-grown S. macrophylla wood
(legal and illegal) and plantation wood is poten-
tially available to end users. One way of avoiding
the possibility of using illegally logged S.
macrophylla timber would be to simply utilize
plantation-grown material. Such an approach
would be assisted by the development of an ef-
fective way of identifying and separating the two
wood types.

The wood identification of Swietenia and look-
alike species received increased attention after
individual species were listed by CITES, and as a
result, it is now possible to separate Swietenia

species from look-alike species. For example,
S. macrophylla could be separated from Carapa
guianensis, Cedrela odorata, and Micropholis
melinoniana using near infrared (IR) spectros-
copy (Pastore et al 2011). Both S. macrophylla
and S. mahagoni could be separated from other
neotropical Meliaceae with convolutional neural
network analysis of end-grain images of wood
(Ravindran et al 2018). All three Swietenia spe-
cies could be distinguished from “mahogany”
look-alike species belonging to the Meliaceae
(Khaya spp. Entandrophragma spp, and Lovoa
trichilioides) using direct analysis in real time
(DART) ionization in combination with time-of-
fight mass spectrometry (TOFMS) (Deklerck et al
2019). Furthermore, direct spray ionization injec-
tion mass spectrometry was able to distinguish
S. macrophylla from six other hardwood species
and African mahogany (Cabral et al 2012;
Fasciotti et al 2015). The identification and sepa-
ration of individual Swietenia species has received
less attention and, as pointed out by He et al
(2019), there is currently no direct CITES-related
need for species-level separation now that all three
species have been listed in CITES Appendix II.
Nevertheless, identification of the three species is
important for cultural and scientific reasons, and
recent research has shown that they can be distin-
guished using machine learning models of quanti-
tative wood anatomy data (He et al 2019) and
DART-TOFMS of heartwood samples (Kane
2019). Most recently, S. macrophylla and S.
mahagoni have been discriminated from each
other using gas chromatography, TOFMS, and
principal component analysis (PCA) (Lamich-
hane 2022). The same technique was also able to
distinguish the two aforementioned Swietenia
species from three look-alike species (C. odorata,
Khaya ivorensis, and Toona ciliata). DART-
TOFMS shows potential for identifying the prov-
enance of individual wood species (Finch et al
2017), but to-date, research on identifying the
geographic origin of Swietenia has relied on
DNA fingerprinting (Degen et al 2013), or near
IR spectroscopy (Bergo et al 2016). Both of these
techniques were able to verify the geographic ori-
gin of S. macrophylla wood samples. Differences
in the NIR spectra of S. macrophylla wood from
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different countries reflect variation in the chemi-
cal composition of the wood specimens, suggest-
ing that other analytical techniques, such as
GC/QToF and LC/QToF, may be able to identify
S. macrophylla wood samples from trees grown
in different regions.

Recently, GC/QToF and LC/QToF in combination
with machine learning proved to be very effec-
tive in distinguishing rosewoods (Dalbergia spp.)
that are difficult to identify (Shang et al 2020;
Brunswick et al 2021). We apply the same tech-
niques here to identify and distinguish between
plantation-grown Fijian S. macrophylla and the
same wood species obtained from native forests.

MATERIALS AND METHODS
Wood Samples

Twenty different dressed-all-round Fijian mahog-
any samples were purchased from Paradise Tim-
bers in Helensvale, Queensland, Australia. Each
sample was 1800 mm (length) X 31 mm (width) X
11 mm (thickness). A 60-mm long specimen was
cut from one end of each sample and shipped to
Vancouver, Canada. Twenty-four native-grown
S. macrophylla samples were retrieved from the
University of British Columbia and FPInnova-
tions wood collections (see Supplementary Mate-
rial 1). The mahogany blocks varied in size and
thickness. The average size was about 70 mm
(Iength) X 50 mm (width) X 10 mm (thickness).
The smallest were offcuts 10mm (length) X
50mm (width) X 10mm (thickness) in size and
the largest was 400mm (length) X 200mm
(width) X 12mm (thickness). All samples were
conditioned in a constant climate control room at
20 = 1°C and 65 = 5% RH (r.h.), and they were
only removed from the conditioning room imme-
diately prior to analyses.

Preparation of Wood Samples for
Chromatography

Each wood specimen was converted into chips
and slivers using small carving tools, which were
rinsed with 50% isopropanol among samples.
Approximately 55-90mg of wood chips were

weighed on an analytical balance and transferred
into 15-mL glass test tubes. A 2-mL aliquot of
methanol containing 1% (v/v) formic acid was
added to each test tube. All of the test tubes were
vortex-mixed for 10s, stored overnight in a fume
hood, vortex-mixed again for 10s, and then
bench-top centrifuged at 5000 rpm for 2 min. The
supernatant from each test tube was transferred
via glass pipettes to glass vials for storage at
—20+5°C.

Chemicals

Acetic acid (LC-MS grade, LiChropur), formic
acid (=98% purity), daidzein, and poly(ethylene
glycol) av. Mn 380-420 (PEG400) were supplied
by Sigma-Aldrich (Oakville, Ontario, Canada),
perfluorotributylamine (PFTBA) was purchased
from Agilent Technologies Canada Inc. (Missis-
sauga, Ontario, Canada), LC/MS grade acetoni-
trile and methanol obtained from Fisher Scientific
(Ottawa, Ontario), and HPLC grade 2-propanol
from Caledon Laboratories (Georgetown, Ontario).
Caffeine-d9 (99%) was sourced from CDN Iso-
topes (Point-Claire, Quebec, Canada). Aqueous
reagents were prepared in ultra-high purity water
(MilliQ Plus).

GC/MS and GC/QToF Instrument
Parameter and Analysis

GC amenable compounds were analyzed initially
using an Agilent 7890A GC interfaced with an
Agilent 7000C triple quadruple mass spectro-
meter (MS). GC separation was performed on a
DB-5MS capillary column (Agilent Technologies,
30m X 0.25mm ID X 0.25 pm film thickness)
column. The GC oven was programmed at 80°C
and held for 2 min, heated to 310°C at 6°C/min,
and kept at this temperature for 13 min to elute
higher boiling point compounds (Table 1). The
final selected conditions for GC/QToF analysis
employed an Agilent 7890B GC interfaced to an
Agilent 7250 QToF MS. GC separation was per-
formed on a DB-5MS capillary column (Agilent
Technologies, 30m X 0.25mm ID X 0.25 um
film thickness) column. The GC oven was pro-
grammed at 50°C and held for 2 min, heated to
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310°C at 6°C/min, and kept at this temperature
for 8 min to elute higher boiling point compounds
(Table 1).

Detection of the compounds in EI + used centroid
acquisition. Prior to each analytical sequence, an
external mass calibration was performed using
PFTBA. Additionally, a system suitability check
using caffeine-d9 (100 pg/mL in acetonitrile) was
performed to confirm instrument performance.
Chromatographic peaks observed in total ion
count scan mode (TIC) were reviewed for patterns
and characteristic mass ions. For retention time
locking, an extract of Dalbergia latifolia wood
was employed with reference peak 268.073 m/z
locked at 29 min. Peaks observed in blank control
samples were excluded from the wood identifica-
tion process.

LC/QToF Instrument Conditions
and Analysis

LC/QToF analysis was performed using an Agi-
lent Infinity 1290 LC system interfaced with 6550
iFunnelQToF MS, which was equipped with Jet
Stream Technology Ion Source (AJS) controlled
by MassHunter software. MS detection employed
electrospray negative (ES—) mode ionization using
the conditions listed in Table 2. The instrument

used a fly mass correction function in the acquisi-
tion software algorithm. The time-of-flight lock
mass ions for ES— at 119.03632m/z (purine)
and 980.016375m/z (Agilent HPO 921 acetate
adduct, sourced from the Agilent APITOF Refer-
ence Mass Solution) were employed for cali-
bration. Analyte separation was performed by
the reverse phase chromatographic mode with
parameters listed in Table 3. System suitability
(Dalbergia latifolia) confirmed that the signal-to-
noise detection for the 267.066m/z peak at
approximately 12 min was greater than 10.

Statistical Analyses of GC/QToF and
LC/QToF Data

Initially, visually observable chromatographic
peaks in low-resolution GC/MS were reviewed
by extraction and integration of peak areas.
A canonical variate analysis (CVA) was used to
formally examine this data in a multivariate way to
determine differences between plantation-grown
Fijian S. macrophylla and S. macrophylla wood
grown in native forests. Statistical computation
for CVA was performed using Genstat (v. 19).
Further analysis of wood extracts was performed
by LC and GC/QToF, with the collected data
imported into Agilent’s Unknowns Analysis soft-
ware, deconvoluted using the SureMass

Table 1. Instrument parameters for operation of GC/QToF in EI + mode.

Component/Parameter

Details/Value

Column Agilent DB-5MS + 10 m DG, 30 m, 0.25 mm id, 0.25 pm film
Injection 0.5 pL pulsed splitless

Purge flow to split vent

50 mL/min for 1 min

Initial temp.
Oven temp. program GC/MS

Oven temp. program GC/QToF

Carrier gas

Interface temp.

EI+ (Electron ionization)
Quad temp.

TOF tune

Scan

Spectra acquisition

Scan rate

Microchannel plate (MCP)
Photomultiplier tube (PMT)

250°C

80°C hold for 2.0 min, 6°C/min to 310°C, hold for 13 min
total run time approximately 53 min

70°C hold for 2.0 min, 6°C/min to 310°C, hold for 12 min
total run time approximately 42 min

1 mL/min helium

280°C

70 EV at 250°C

150°C

1 GHz extended dynamic range

60-1000 m/z (GCMS) and 50-900 m/z (GC/QTOF)

1 Hz in centroid

2.0 spectra/s

750 V (variable to tune)

500 V (variable to tune)
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Table 2. Instrument parameters for LC/QToF analysis.

Component/Parameter Details/Value

Ionization mode ES—

Scan 90-1100 m/z
Data collect 1.5-32.0 min
Nebulizer 30 psig
VCap 3500

Nozzle V 1350
Fragmentor 365

Gas temp./flow
Sheath gas/flow

230°C (12 L/min)
350°C (11 L/min)

LC column Agilent Poroshell

120 SB-C18

(2.7 pm, 2.1 X 100 mm)
LC flow 0.4 mL/min
LC post time 0.5 min

ES+ 121.0509 m/z;
ES— 119.03632 m/z

ES+ 922.0098 m/z;
ES— 980.016375 m/z

TOF lock mass (purine)

TOF lock mass (HP0921)

Algorithm, and converted to common event for-
mat (CEF) files for import into Mass Profiler Pro-
fessional (MPP). The unbiased nature of the
machine learning process of MPP was used to per-
form preliminary alignment frequency filtering of
discriminating entities and ANOVA (p > 0.05)
of data. PCA scatter plots were created to help
visualize the output of the algorithms.

Total Extractive Contents and
Light Microscopy

The preparation of wood and extraction of solvent
soluble extractives were carried out according
to TAPPI standards T 264 om-88 and T 204
om-88, respectively (Tappi 1993). Eight mahogany
samples (four Fijian S. macrophylla samples and

Table 3. Conditions for the reverse phase LC/QToF
separation.

% A: 0.1% v/v acetic acid %B: 0.1% v/v acetic acid,

Time (min) in ultrapure water 2% v/v 2-propanol in acetonitrile
0.5 95.0 10.0
14.0 50.0 50.0
17.0 1.0 99.0
20.0 1.0 99.0
20.1 95.0 10.0
23.0 95.0 10.0

four native-grown S. macrophylla samples) were
randomly selected to determine their total extrac-
tive contents. Wood samples were selected and
split to create thin rod-like pieces of wood mea-
suring approximately 2 mm? X 15mm. Pieces of
wood from each sample, approximately 3 g, were
separately ground in a Wiley-mill to pass a 40
mesh sieve (0.4mm). The Wiley-mill was thor-
oughly cleaned among samples. Wood flour,
approximately 2 g from each sample, was placed in
separate cellulose thimbles and Soxhlet-extracted
with 1:2 ratio of ethanol toluene for not less than
24 extraction cycles over a 5-h period. The flasks
were removed from the apparatus and the solvent
allowed to partially evaporate in the extraction
flask to a volume of 20 mL. The extract was trans-
ferred to a tared weighing dish with minimal
amount of fresh solvent used. The dish was oven-
dried for 1h at 115 = 5°C, cooled in a desiccator,
and then weighed to the nearest 0.1 mg. The
extractive content was calculated as follows: Total
extractives, % = ([oven-dry weight of extract —
oven-dry weight of blank residue]/oven-dry
weight of wood) X 100.

Wood blocks measuring 20mm (length) X 8 %
2mm (width) X 8 £ 2mm (thickness) and cut
from plantation and native-grown S. macrophylla
wood were placed in separate glass beakers con-
taining ultrapure distilled water for 3 d. Water-
saturated wood blocks were placed one-at-a-time
in the microtome clamp of a sliding sledge micro-
tome (Spencer Lens Co) and transverse sections,
approximately 20 um thick were cut from blocks
using a microtome blade-holder (Feather™ No.
160) containing a fresh disposable microtome
blade (Feather® Type S35). Microtome sections
were immersed in a 10% ethanolic solution of 1%
safranin for approximately 5 min and dehydrated
in 100% ethanol for 15 min. Sections were perma-
nently mounted on glass slides using synthetic
resin media (DPX Mountant, Aldrich) and each
section was covered with a glass cover-slip.
Slides were examined with a light microscope
(Carl Zeiss Universal Fluorescent Microscope)
equipped with a digital camera (Olympus DP71).
Images of transverse surfaces were saved as TIFF
files (Christy et al 2005).



Kim et al—DISTINGUISHING NATIVE AND PLANTATION-GROWN MAHOGANY 23
(SWIETENIA MACROPHYLLA) TIMBER

RESULTS

Total Extractive Contents and
Light Microscopy

The reference wood specimens of native-grown
(sample #1, #13, #15, and #18 in supplementary
material) and Fijian plantation S. macrophylla
looked similar, but not identical under the micro-
scope. Figure 1 shows transverse sections of both
wood types. One difference between the two woods
is that the lumens of vessels in plantation-grown
S. macrophylla were largely free of resin-like
deposits, whereas approximately 10% of vessels
in native-grown wood contained deposits (Fig 1).
However, there was no significant (p > 0.05) dif-
ference in extractive contents of the two wood
types: the extractive content of plantation-grown
Fijian S. macrophylla was 4.7% (6.9-1.6; 0.026;
max-min, St Dev), whereas that of wood from
native-grown trees was 5.5% (8.6-2.9; 0.024).

GC/MS

Preliminary analysis of heartwood extractives
from the two wood types analyzed by GC/MS
(EI+) showed close similarity in their TIC chro-
matography. The scans were reviewed visually
and by instrument screening software for potential
differences between the two wood groups.
Selected peaks were extracted, integrated,
and examined. The extracted ions that best

discriminated between native-grown and Fijian
S. macrophylla eluted at retention times 14.1,
19.2, and 22.2 min, corresponding to mass ions
at 152.2, 182.3, and 181.2m/z, respectively.
Peak response areas for these ions from each
wood sample were subject to CVA after log
(In) transformation using the statistical soft-
ware package Genstat (Campbell and Atchley
1981). CVA has been used for identification
and separation of two anatomically similar
eucalyptus species (Evans et al 2008) and
canonical correlation analysis has been used to
model variation of wood properties of tepozan
(Buddleja cordata) across its natural range in
Mexico (Aguilar-Rodriguez et al 2006). Figure
2 plots the CVA scores for native-grown and
Fijian S. macrophylla. A negative value for the
CVA score indicates that the specimen is Fijian
plantation-grown S. macrophylla, whereas a posi-
tive value indicates that the specimen is native-
grown S. macrophylla. The larger the absolute
values, the more certain the classification.

GC/QToF

Further analysis of wood extracts was performed
by high-resolution GC/QToF (EI+). Overall,
chromatographic results were not visually distinc-
tive and did not easily separate native-grown and
Fijian plantation-grown S. macrophylla. Peak re-
sponses varied within each study group and no

Figure 1.
bars = 1 mm.

Transverse sections of plantation-grown Fijian mahogany (left) and native-grown S. macrophylla (right). Scale



24

‘WOOD AND FIBER SCIENCE, JUNE 2023, V. 55(1)

E Native forest
8

CVA score

-2 -
Plantation

0 0@OaD®O O

Wood type

Figure 2. Canonical variate analysis (CVA) scores for native-grown and Fijian plantation-grown S. macrophylla analyzed by

GC/MS.
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Three-dimensional principal component analysis (PCA) 2D scatter plots of EI + GC/QToF data for plantation and

native-grown S. macrophylla.



Kim et al—DISTINGUISHING NATIVE AND PLANTATION-GROWN MAHOGANY 25

(SWIETENIA MACROPHYLLA) TIMBER

signature peak or ion was found to be definitive
for identification purposes. However, the original
mass ions observed by low-resolution GC/MS
were supported by further observation under dif-
ferent conditions during GC/QToF analysis, at
the adjusted retention times of 9.5, 13.1, and
15.5 min, with corresponding mass ions at 151.039,
182.057, and 181.049 m/z. Statistical analysis of
these peaks again showed a similar distinction
between the Fijian plantation-grown S. macro-
phylla and all native-grown specimens.

Application of instrument machine learning soft-
ware was able to exploit the collected data to
select discriminate entities in an unbiased manner.
The identification of the source of the specimens
involved deconvolution of complex chromato-
graphic data in Agilent Unknowns analysis,
followed by frequency filtering and statistical
analysis in MPP. Results showed discrimination
between the two wood types.

A partial least squares (PLS) scores-plot of data-
mined GC/QToF results showed a distinction
between native-grown S. macrophylla samples
from samples grown in plantation in Fiji (Fig 3). A
two-dimensional PCA plot from GC/QToF data
clearly demonstrated greater variability within the
native-grown S. macrophylla wood compared with
plantation wood (Fig 4). However, 95% confidence
ellipses associated with each wood type, indicate
clear separation of native-grown S. macrophylla
samples and those grown in plantation in Fiji,
which show little within-group variation.

LC/QToF

Heartwood extracts from native- and plantation-
grown S. macrophylla were further analyzed by
LC/QTOoF in electrospray negative mode (ES—).
Both two-dimensional (Fig 5) and three-
dimensional (not shown) PCA plots distinguished
native-grown S. macrophylla wood from Fijian

10 -
*
=4 Native forest
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™~ [
<
&) =
o
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Plantation

-40

-30

-20 -10 Q 10 20
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Figure 4. PCA 2D scatter plots of EI + GC/QToF data showing 95% confidence limits for data from plantation and
native-grown S. macrophylla.
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plantation-grown S. macrophylla wood. Again,
greater variability within the native wood type
was observed.

An unvalidated PLS discriminant analysis (PLS-
DA) model also distinguished native-grown from
Fijian plantation S. macrophylla using the set of
reference samples (Fig 6).

DISCUSSION

The aim of this research was to determine whether
gas/liquid chromatography combined with high-
resolution mass spectrometry could offer a robust
approach to distinguishing S. macrophylla grown
in plantation in Fiji from wood sourced from
native forests. Chromatography has long been used
to help identify commercially important wood spe-
cies. Initial research focused on identifying woods
that were difficult to separate using anatomical fea-
tures, eg Shorea spp. (Samapuddhi 1957; Fanega

and Mule 1973; Kato and Hishiyama 2007),
Pinus spp. (Seikel et al 1965; Swan 1966), Acer
spp. (Park and Kim 1984), and three Khaya spe-
cies, one of which caused dermatitis in furniture
factories in the United Kingdom (Morgan and
Orsler 1967). Application of gas chromatography
and mass spectrometry initially focused on iden-
tifying wood with commercially important char-
acteristics related to heartwood extractives, eg
wood color (Swan 1966), aroma (Nonier et al
2006), and the flavor of woods used as ice-cream
sticks (Sudarat and Harper 2004). Some of the
early combined GC/MS studies demonstrated the
potential of the technique to identify different
wood genera (Challinor 1995; Nonier et al 2006)
and such studies were the antecedents to the
more advanced techniques used to identify en-
dangered woods listed by CITES, including
Swietenia (Lamichhane 2022), Dalbergia (Hou
et al 2018; Shang et al 2020; Brunswick et al
2021), and Pterocarpus (Zhang et al 2019).
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Figure 5. PCA 2D scatter plots of ES— LC/QToF data showing 95% confidence limits for wood samples from plantation

and native-grown S. macrophylla.
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Figure 6. Partial least squares discrimination model of plan-
tation and native-grown S. macrophylla using LC/QToF
ES— data.

LC/MS is a more recent branch of the field and
has been used to identify wood to the genus and
species levels and to determine the geographical
origin of Spanish cedar (Cedrela odorata) and
Norway spruce (Picea abies) (Surowiec et al
2004; Kite et al 2010; Buche et al 2021; Creydt
et al 2021, 2022). Our finding that LC/QToF and
multivariate data analysis can identify and sepa-
rate native S. macrophylla and plantation-grown
Fijian S. macrophylla accords with previous
research by Creydt et al (2021, 2022) on the geo-
graphical separation of Spanish cedar and Nor-
way spruce. In addition, we show that similar
separation of native and plantation-grown Fijian
mahogany can also be achieved using GC/QToF.
Overall, it was encouraging to find that the two
very different approaches, one (LC) screening for
the more hydrophilic, negative ion-forming com-
pounds, and the other (GC) screening for the
more volatile, hydrophobic, positive ion-forming
compounds, were both able to distinguish the
two Swietenia wood types from different sources.
This finding should encourage further research
on the use of this approach, ie chromatographic
separation followed by mass spectrometry, to
identify the geographical origin of wood species.

The listing of S. macrophylla by CITES and asso-
ciated trade regulations led to a flourishing illegal
trade in S. macrophylla wood exported under the
category “other tropical timber species” (Chimeli
and Soares 2017). This illegal trade coexists with
a legal “certified” trade in S. macrophylla and
also trade in plantation-grown S. macrophylla.
In addition, small artisanal businesses making
guitars may have stockpiles, albeit dwindling, of
S. macrophylla wood accumulated prior to current
trade restrictions (Martinez-Reyes 2015). These
businesses, lacking the knowledge and control over
supply chains of larger manufacturers, are afraid to
use mahogany because they fear confiscations or
fines (Dudley 2011). Our finding that GC/LC/
QTOF can separate native and plantation-grown
Fiji mahogany provides a potential solution to this
issue because the machine learning software, which
was very helpful in separating plantation-grown
Fijian S. macrophylla from native-grown wood, is
compatible with both low- and high-resolution
instrumentation. In fact, single quadruple GC/MS
instrumentation is a staple of analytical laboratories
worldwide and the cost of GC/MS analysis is as lit-
tle as $60 per sample, a faction of the cost of a
custom-made mahogany electric guitar ($5000-
$10,000) or the fines levied on companies using
illegally harvested mahogany (Martinez-Reyes
2015). Further work to build a mahogany specific
spectral library, validate the method with unknown
testing samples, and transfer of technology to envi-
ronmental labs is needed to develop such an analyt-
ical service, which would help the guitar industry
and other end users of mahogany to avoid issues
associated with the use of mahogany wood that is
not sustainably harvested.

CONCLUSIONS

We conclude that screening of heartwood extrac-
tives by gas or liquid chromatography with high-
resolution mass spectrometry, in combination
with multivariate statistical analysis of discrimi-
nating ions, offers an effective way of separating
plantation-grown Fijian S. macrophylla from the
same wood species grown in native forests. Our
findings offer a potential solution to environmen-
tally conscious manufacturers of guitars who wish
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to use plantation-grown Fijian mahogany rather
than being exposed to the liability associated with
using illegally logged native-grown mahogany.
Further research is needed to extend our work to
plantation-grown mahogany from other parts of
the world, and to examine the feasibility and costs
of developing an analytical service and associated
databases to identify and separate plantation-grown
mahogany from native-grown timber.
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Supplementary Material 1. Dimensions and origins of native-grown Swietenia macrophylla.
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SUPPLEMENTARY MATERIAL

Sample UBC ID # Dimensions (mm) Origin

1 7522 59.5 X 14.5 X 2.1 Honduras

2 7698 54 X 19 X 1.3 Honduras

3 7711 54 X 19 X 1.3 Honduras

4 928 145 X 10 X 2.5 Honduras

5 2110 14 X8 X1 Honduras

6 1505 12 X 6.5 X 1.3 Honduras

7 494 8§ X3 X1 Honduras

8 2111 105 X 7.5 X 1 Honduras

9 2001 10 X 7.5 X 2.5 Honduras

10 2988 145 X7 X 1 Honduras

11 3027 10 X 6 X 1.3 Honduras

12 3346 95 X 5X 1.5 Honduras

13 8583 10 X 6 X 24 Honduras

14 8584 10 X 6 X 1.5 Honduras

15 8841 137 X 6 X 4 Central America
16 9005 14 X5X1 Honduras

17 9281 10.5 X 7.5 X 1 Honduras

18 9676 105 X 7 X 1 Honduras

19 10,046 58 X5 X1 Honduras
20 7826 20 X 12.5 X 0.5 Central America
21 7831 20.5 X 15 X 0.5 Central America
22 FPInnovations 1 11 X7 X1 Central America
23 FPInnovations 2 11 X 6.5 X1 Mexico

24 FPInnovations 3 14 X 6.5 X 1 Mexico






