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Abstract

Mass spectra are widely used in order to identify the peaks resulting from a chromatographic separation. The most
common approach to solve the problem for unknowns on whom very little other structural information is available
is the use of a retrieval algorithm and a reference mass spectra database. The wide variety of mass spectra recorded
with different instruments under various experimental conditions can lead to erroneous results. In order to improve
the accuracy of the results, we proposed earlier an identification algorithm, which combines the information obtained
from both GC and MS fingerprints. This paper presents a new algorithm based on the comparison of the unknown
mass spectra with several libraries (including Wiley and NIST) by using reverse and direct search algorithms
respectively. The results of the comparisons were quantified with respect to the match quality and the interference
compounds. A global match index for the comparison using all the above information was computed and the results
were presented as the match probability. This index expresses more accurately the matches between unknown and all
the available libraries mass spectra. In order to verify our algorithm, we tried to identify the compounds separated
by GC-MSD from different species of Acorus calamus L. (Araceae) essential oils. The probability of the matches
increases compared with the quality of matches resulting from Wiley and NIST libraries. © 2001 Elsevier Science
B.V. All rights reserved.

Keywords: Gas chromatography-mass selective detector; Reference mass spectra libraries; Global match index; Terpenes; Phenyl-
propane derivatives; Essential oil analysis

www.elsevier.com/locate/jpba

1. Introduction

The chemical nature of essential oils makes
them suitable for analysis by gas chromatogra-
phy-mass selective detector (GC-MSD). The es-
sential oils are mixtures of terpenes or* Corresponding author. Fax: +40-64-197257.
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phenylpropane derivatives in which, the chemical
and structural differences between compounds are
minimal. The mass spectra of these compounds
are very similar, peak identification being very
difficult and sometimes impossible.

The most common approach to solve the prob-
lem for unknowns on whom very little other
structural information is available, is the use of a
retrieval algorithm and a reference mass spectra
database. The capabilities of a retrieval algorithm
depend directly on the quality and comprehen-
siveness of the reference database employed.
Nowadays, two different mass spectral databases
are commonly used as references: NIST/EPA/
NIH and the Registry of Mass Spectral Data. The
NIST/EPA/NIH mass spectral databases contain
in the 1992 version some 62 000 mass spectra of
an equal number of chemicals and about 12 500
replicas. The largest database is the Registry of
Mass Spectral Data, hereafter called the Wiley
database, in 1996 containing 275 000 different
spectra. The last collection has resulted from the
cooperation of many scientists and because the
measurements have been made using a wide vari-
ety of instruments and experimental conditions,
Wiley collection includes multiple copies of the
mass spectrum of a chemical when the spectra are
different.

In order to evaluate the composition of the
essential oils by GC-MSD as well as possible and
for increasing the reliability of the analytical re-
sults, we proposed earlier an algorithm that con-
sider two parameters as identification criteria for
an unknown peak [1]. The proposed parameters
were the match index of the unknown mass spec-
trum with spectral libraries and the relative reten-
tion indices computed from the retention times of
the unknowns relative to a mixture of n-alkanes.
A new parameter that characterized the whole
GC-MSD method was defined. The match index
used for the calculations was obtained by using
the reverse search algorithm (PBM) integrated in
the ChemStation software and the Wiley library.

Because the uses of only one retrieval algorithm
by using only one spectral library as reference
database can led often to erroneous results, we are
proposing the use of both reverse and direct
search and more than one library in order to

compute a global match index that describes more
reliable the concordance of the unknown with the
references.

2. Materials and methods

2.1. Samples

The terpenes and phenylpropane derivative
samples (Table 1) were purchased from Roth
(Karlsruhe, Germany). The Acorus calamus L.
essential oil was obtained by steam distillation of
fresh rhizome of the Romanian plant.

2.2. Reagents

All solvents (hexane) were of chromatographic
grade and were purchased from Merck (Darm-
stadt, Germany).

2.3. Solutions

The sample solutions of terpenes and phenyl-
propane derivatives were prepared dissolving 1
mg standard substance in 30 ml hexane. The
sample solution of essential oils for GC-MS was
prepared dissolving 5 mg essential oil in 20 ml
hexane.

2.4. Instrumentation

GC-MSD analyses were performed on a
Hewlett-Packard 5890 series II — 5972 MSD us-
ing a HP-5 MS (5%-Diphenyl-95%-dimethyl-
polysiloxane) column, 0.26 mm i.d.×30 m, 0.25
mm coating thickness. The GC was operated un-
der the following conditions: manual injection,
split 1:20; injector temperature: 250°C; carrier gas:
He; flow: 1 ml min−1; linear velocity: 36.4 cm
s−1; oven temperature programmed from 60 to
240°C at 3°C min−1; detector temperature:
280°C, time run: 60 min. The MSD was operated
at 70 eV, scan range 41–300 amu, scan — TIC.
MSD were tuned before each injection using pe-
rfluorotributylamine as the tuning standard.
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2.5. Computers and software

HP Vectra Pentium 75 computer equipped with
Hewlett-Packard ChemStation B.02.02. Acquisi-
tion software was used. The peaks were integrated
using ChemStation integrator.

Wiley and NIST libraries were used as reference
databases. Library searches were performed using
ChemStation B.02.02. Software for Wiley library
and Mass Spectral Search Program 1.1.a for
NIST libraries.

Further calculations were performed using Mi-

crosoft Excel 2000 and Microsoft VisualBasic for
applications.

2.6. Abbre6iations

Hereafter, the following abbreviations were
used: Similarity index: SI; Position index: PI; Wi-
ley mass spectra library: W; NIST/EPA/NIH
mass spectral databases: N; Reverse search al-
gorithm: R; Direct search algorithm: D. From the
comparison algorithms results the following seven

Table 1
Indices computed using the proposed algorithm for the terpenes and phenylpropane derivatives

CompoundNo. SI PI Global indices

NIST Wiley NIST Wiley NIST TotalWiley

1 91.8Asarone, alpha- 35.2 40.0 75.6 74.6 75.195.8
78.476.180.747.449.22 90.496.4Asarone, beta-

3 90.8Bornyl acetate 44.0 41.1 71.1 74.2 72.784.7
Caryophyllene. beta- 96.5 93.6 77.14 88.9 90.0 92.0 91.0

77.274.779.739.850.25 92.194.4Carvone, d-
Cimene, p- 77.176.06 78.292.5 40.849.793.6

92.3 100.0 99.0 93.4 94.57 94.0Cineole, 1,8- 90.1
8 Citronellal 79.7 89.2 90.7 66.1 83.4 81.5 82.5

59.7 89.5 27.79 Citronellol 46.3 62.175.149.0
95.9 78.7 85.3Eugenol10 91.852.583.491.8

91.4 73.6 82.6 85.211 83.9Phellandrene, alpha- 78.2 91.0
91.1 85.1 77.8 82.812 86.7Fenchone 84.881.6

86.3Geranial 89.7 53.9 36.1 75.5 71.8 73.713
70.7Geranyl acetate 92.5 74.7 41.7 72.0 75.6 73.814

81.478.784.062.471.915 86.890.0Humulene, alpha-
91.3 80.5 78.816 89.2Ionone, alpha- 87.1 88.293.6

Limonene 94.0 91.4 100.0 79.6 96.0 87.517 91.8
18 88.4 78.5 24.7 75.686.6Linalyl acetate 67.283.9

94.7 84.6 92.7 88.792.2Linalool 80.8 91.719
100.0 82.1 94.3 88.620 91.5Myrcene, beta- 91.5 91.8

84.6 86.4 49.6 79.821 73.0Neral 76.476.5
91.4 71.9 68.9 77.022 83.9Neryl acetate 80.579.6

73.471.875.033.545.823 90.989.6Ocimene, beta-
94.5Pinene, alpha- 92.7 90.8 41.1 93.2 75.5 84.424

25 92.293.690.893.384.293.794.1Pinene, beta-
93.685.0100.0100.0 89.390.477.5Sabinil acetat26

92.927 85.5Terpinene, gamma- 86.7 91.5 90.8 91.294.5
28 82.7 92.1 92.8Terpinen-4-ol 100.0 86.1 94.8 90.5
29 90.0Terpineol, alpha- 85.4 86.087.184.981.183.8

Terpinolene30 82.976.089.843.376.592.396.5
88.4Thujone, alpha-31 46.791.7 47.5 74.5 77.0 75.8

86.9 54.7 31.0 80.6 68.3 74.532 Thujone, beta- 93.5
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factors: SIWR, PIWR, PIWD, SINR, SIND, PINR, PIND

Obser6ation: The ChemStation retrieval al-
gorithm does not compute the similarity index
(SIWD) for direct search using Wiley database as
reference library.

2.7. Protocols

Standard solutions of 32 terpenes and phenyl-
propane derivatives were analyzed by GC-MSD
under given conditions. Each mass spectra corre-
spondent to a chromatographic peak was subjected
to comparison with NIST and respectively Wiley
mass spectra libraries (W) by using both reverse (R)
and direct (D) search algorithms delivered with the
above-mentioned software. Each search routine
assigns significance to each of the peaks in the
unknown spectrum and uses these to find the most
probable matches in the reference libraries. The
results are presented as a classification of the
reference library spectra that matches the unknown
and there are sorted descendent by using the
similarity index (SI) as the sort criterion. The SI was
considered as the primary criterion in order to
compute the global match index (GI).

If the reference library contains more than a
spectrum for one compound, this can be placed on
different positions in the hierarchy. Often, between
these compounds are placed other substances, here-
after, called interferents. We consider that the
interferents affect the results so, in order to com-
pute the GI for a comparison with reference
databases, it is necessary to consider a second index
that take on count the interferents. This index was
called position index (PI) and refers to the ranks of
the presumed identity of an unknown relative to the
databases and the presence of the interferents.

3. Results and discussion

In order to compute a GI for an unknown mass
spectrum by using commercially available retrieval
algorithms delivered with the acquisition software,
we considered that there are two factors that
influence the final result: the SI and the PI. Each
of the lately mentioned indices could be computed
using both of R and D.

The global similarity index (GSI) express the
influence of each individual similarity indices com-
puted by using retrieval algorithms over the final
result. For Wiley and NIST databases, respectively,
we proposed the following equations:

Wiley: SIW=
%
n

i=1

SIWR(i )

n
(1)

NIST: SIN=
%
n

i=1

�SINR(i )=SIND(i )
2

n
n

(2)

Similarity indices are computed according to
Eqs. (1) and (2) for each of the Wiley and NIST
databases. For the Wiley mass spectra database,
only the SIWR (SI of the reverse search, so called
match quality/Qual) is available, thus the SI for this
database is the average of the individual SIWR for
the presumed identity of the unknown. For the
NIST mass spectra database, the SI is computed as
the average for each direct (SIND) and respectively
reverse search (SINR). The values obtained for all
this parameters are directly correlated to the quality
of the unknown mass spectrum and the diversity of
the mass spectra of the correspondent compounds
from the databases.

The GSI was defined as the average of the two
above-defined indices and express the correlation of
all the similarity indices for the above-motioned
databases. The GSI value can vary in large ranges,
depending on the individual SI values. For an ideal
compound and for ideal databases, the GSI value is
100 and values over 70 show a good correlation
between the search algorithms and the quality of
the mass spectra from different mass spectra data-
bases.

In order to calculate the PI, we are proposing the
following algorithm:
1. For the last position occupied by an presumed

match compound it is attributed value of 1.
2. The above value is increasing (step 1) to the

top position.
3. It is computed the sum of the ranks occupied

of the presumed match compound.
4. It is computed the sum of the ranks occupied

of all compounds till the level of the first step.
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5. PI is computed as the probability for which a
certain compound is present in the hierarchy.

Notations: R : rank in hierarchy; Rmax: last
rank of the presumed compound; Nmax: number
of the same compounds presents in the hierarchy

In Eq. (3), it is computed the influence of the
position over the GI:

PI=
(PImax+1)Nmax− %

Pmax

i=1

PI(i )

%
Nmax

i=1

i
×100 (3)

For each search algorithm and each database
is computed a PI factor, thus we have four posi-
tion factors (two for Wiley library and two for
NIST library, for each of them considering the
reverse and the Ds, respectively). The values of
each individual PI factor can also vary in large
ranges. A value of 100 for PI signifies that there
is no interferent in the hierarchy resulted from
comparing the databases. A lower value for PI
shows that in the databases are different com-
pounds with similar mass spectra and the re-
trieval algorithms cannot discriminate them. The
global position index (GPI) express the influence
of each individual position indices over the final
result.

The GI is computed as the well balanced aver-
age of the GSI and the GPI, considering that SI is
the primary criterion for the identification of the
unknown:

GI=
2(GSI)+GPI

3
(4)

The results for the 32 terpenes and phenyl-
propane derivatives are presented in Table 1. The
computed GI expresses the match probability of
the unknown with reference databases by using
all the above-mentioned indices (similarity and
position indices, respectively). As results from
Table 1, in some cases there are consistent differ-
ences between Wiley and respectively NIST data-
bases. The differences between similarity indices
are not significant, except the case of citronellol
(SIW=59.7, SIN=89.5). More obvious appear
the differences of the PI values. This can be
explained only by taking in count the number of
replicates from each database, Wiley database

having at least two times more replicates than
the NIST library. The values of the GI (com-
puted according to Eq. (4)) are lower than the
similarity indices. A GI value above 70 express a
relative good correlation between the position
and the similarity indices, despite the lower val-
ues for the former indices. In the case of cit-
ronellol, the GI was under 70 meaning that for
the given compound we cannot conclude that
citronellol is a match even we used a standard.
In this cases it is necessary to apply a supple-
mental comparison algorithm that compares the
unknown chromatographic retention indices with
a database, as were described in [1].

The above-mentioned algorithm was applied in
order to analyze the Romanian Acorus calamus
essential oil. Table 2 presents the 24 compounds
that were identified using the above algorithms
and the computed indices. For some compounds,
the identification was performed comparing the
unknown only with NIST library because the SIs
obtained by using the retrieval algorithm for Wi-
ley database were under 40, value that cannot be
accepted as a match. Even the SI values were
high enough in order to consider a match be-
tween the unknown and the databases, the pres-
ence of interferences, expressed by the value of
the PI, decrease the final results. Thus, the incer-
titude of the identification of the sesquiterpenic
derivatives is greater than that for monoterpenes
or their derivatives. A good match between li-
braries were considered for values greater than
70 and GI between 50 and 70 are considered
corresponding to possible matches. The obtained
GI can be used for further calculations as were
described in [1], by combining the retention in-
dices with the information obtained from the
mass spectra comparison with databases, for a
given chromatographic peak.

4. Conclusions

The proposed algorithm improved the analyti-
cal results of the GC-MSD analyses for the com-
ponents identification and indicate, which
compound from the list offered by using retrieval
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Table 2
Identification of the Acorus calamus essential oils compounds and computed indices for the presumed matches

CompoundPeak no. SI PI Global indices

Wiley NIST Wiley NIST Wiley NIST Total

82.4 89.9 95.53 92.9Linalool 86.8 90.9 88.9
83.0 75.3 100.04 26.4Alloocimen 88.7 59.0 73.9
96.2 93.4 100.0 100.0Camphor 97.55 95.6 96.6
78.0 73.2 100.0 53.8 85.3 66.711 76.0Bornyl acetate
76.0 82.5 54.5 100.0Isoterpinolene 68.812 88.3 78.6
67.0 87.5 63.3 62.916 65.8Beta-Elemene 79.3 72.6
71.3 87.1 42.9 61.8Beta-Caryophyllen 61.818 78.6 70.2
87.0 90.9 70.4 100.021 81.5Calarene 94.0 87.8
66.8 88.3 57.5 100.0Alpha-Bergamotene 63.722 92.2 78.0
85.0 89.8 67.4 70.926 79.1Alpha-Humulen 83.5 81.3
63.5 79.7 50.8 25.6Farnesene 59.327 61.6 60.5
55.828 75.6Germacrene D 69.3 21.7 60.3 57.6 59.0
97.0 80.8 100.0 6.7Germacrene B 98.031 56.1 77.1

63.81 25.8533 Isoshyobunone 51.2 51.2
77.67 71.1 83.34 34.97Aromadendrene 79.635 59.1 69.4
88.8 77.48 63.37 8.9837 80.3Delta-Cadinene 54.6 67.5
70.5 71.08 83.93 24.53Alpha-Calcorene 75.040 55.6 65.3
41.75 54.28 54.17 2.5942 45.9Beta-Calcorene 37.1 41.5
47 68.43 21.21 51.47Cuparene 38.444 62.8 50.6

Shyobunone47 57.79 14.9 43.5 43.5
47.5 78.08 34.56 41.67Calamenene 43.248 65.9 54.6
96.1 90.02 75.53 42.3849 89.2Beta-Asarone 74.1 81.7
96 77.03 100 8.88Azulen-6-one drivative 97.357 54.3 75.8

Acorenone58 80.8 100 87.2 87.2

algorithms and reference mass spectra libraries
isthe most probable match. The ‘interference’ of
other compounds that are proposed as possible
matches by the comparison algorithms were mini-
mized by introducing the PI and by computing
the global index for each compound. This global
index, for all the available databases and for all
the retrieval algorithms reduces the difference be-

tween mass spectra libraries and the search al-
gorithms.
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