Research Paper

Flavor Characterization and Imitation Flavor Identification
Using Gas Chromatography-Orbitrap Mass Spectrometry

Fingerprinting

MINGYAO GAO"234, XIANGXU LI"?34, HUAN CHEN"2*4 XINSHENG WANG, HONGWEI HOU"234 AND QINGYUAN

HU1,2,3,4

Institute of Biomedical Engineering, College of Life Sciences, Qingdao, Shandong 266100, 'China National Tobacco
Quality Supervision and Test Center, 2Key Laboratory of Tobacco Biological Effects, Zhengzhou, Henan 450001, *Beijing

Life Science Academy, “Key Laboratory of Tobacco Biological Effects and Biosynthesis, Beijing 100000, China

Gao et al.: Gas Chromatography-Orbitrap Mass Spectrometry Fingerprinting

Flavor is commonly used as a food additive to impart a distinctive taste. Minor differences in the
chemical profile of imitation flavors may severely affect the final food quality. Thus, similarity evaluation
of flavor compounds is key to maintaining quality control in the food industry. In this study, a similarity
evaluation method was developed, which incorporates non-targeted gas chromatography-Orbitrap for
high-resolution mass-based fingerprinting and multivariate statistical analysis, including the Pearson
product-moment correlation coefficient, hierarchical cluster analysis, and principal component analysis.
Pearson product-moment correlation coefficient of historical batches greater than 0.8 were integrated to
the chromatographic fingerprint, while hierarchical cluster analysis and principal component analysis
were used to evaluate the similarities between the reference samples and imitation flavors. Eight batches
of samples were tested, and the results of all samples were included in the chromatographic fingerprint.
Three imitation samples were successfully identified by hierarchical cluster analysis and principal
component analysis. The developed method provides a tool for the accurate evaluation of the quality of
imitation flavor compounds in food.
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Flavor additives play an important role in imparting
unique aromas to different foods. The identification
of suitable imitation flavors is a key step in
ensuring the stability of a product’s taste. Sensory
evaluation is one such method; however, it has two
shortcomings. One drawback is that sensory organs
vary in sensitivity from person to person, and the
other is the difficulty of identifying abnormal quality
fluctuations!!¥). Owing to these drawbacks, sensory
evaluation is highly subjective, and therefore subject
to error. To avoid subjective errors, fingerprint
recognition® was introduced to characterize flavor
information. The correlation between sample
composition and fingerprints was objectively
evaluated using multivariate statistical analysis® to
allow the identification of imitation samples.

Fingerprints consist of signals obtained by an
analytical instrument, which contain information
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regarding the chemical composition of a test sample.
To establish the fingerprint of a sample, a large
sample size is needed!®, usually over six or more
batches. The samples in these batches are referred
to as reference samples. Gas Chromatography (GC)
or GC-Mass Spectrometry (GC-MS) fingerprints
are frequently used to analyze flavor and fragrances
additives’l. Because most additives are volatile,
semi-volatile compounds, Alvarez et al. used GC-MS
to analyze and identify the compounds that contribute
the most to Godello wine flavor!'”, Merckel et al.['!
developed a screening method based on Headspace-
Solid Phase Microextraction (HS-SPME)/GC-MS
to sensitively detect flavor additives in cigarettes.
Wang et al.'” developed an analytical method was
applied for the non-targeted volatile of various
chamomile samples to ascertain and address the
problems of botanical classification of chamomiles
used in commercial products (e.g. beverages) and
dietary supplement. Before instrumental analysis,
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it is crucial to select an appropriate pretreatment
method for the sample. For concentrating the sample
and interference elimination, approaches like organic
solvent extraction!*!3) and Simultaneous Distillation
Extraction (SDE)!'®!"*are commonly adopted. Solvent
dilution, which is used to extract volatile components
from flavors, has the advantages of speed, simplicity
and convenience. SDE combines distillation and
solvent extraction to achieve reflux extraction by
fully mixing the vaporized sample with the extraction
solvent vapor. During the extraction process, the
aroma components are concentrated, and trace
volatile components in the sample can be separated
to obtain more comprehensive sample information.
Many studies!'”?” have shown that SDE provides
a better extraction of volatile components than
other methods (e.g., solid-phase microextraction),
even though SDE results in the loss of some
components. Following extraction, a fingerprint is
established for the comprehensive characterization
of the sample. By analyzing the differences between
the fingerprint and sample chromatograms, the
subjective error of the sensory evaluation can be
avoided, and objective analysis can be achieved.
Previous studies?'*?! have predominantly focused
on the use of GC-Low-Resolution MS (LRMS)
fingerprints to identify differential samples; however,
they have limitations that are not sufficiently
comprehensive. The GC-Orbitrap MS is a High-
Resolution MS (HRMS) instrument, which means
it has high resolution, sensitivity and the ability
to capture trace componentsi>*2¢, Therefore, the
fingerprint established by GC-HRMS can be used
to characterize the sample more comprehensively.
Finally, multivariate statistical analyses, including
Hierarchical Cluster Analysis (HCA) and Principal
Component Analysis (PCA), were used to evaluate the
degree of matching/similarity between the fingerprint
and chromatograms to identify the imitation samples.
The former can be used to classify samples and
intuitively reflect the relationships among samples
according to the degree of similarity, whereas the
latter involves the selection of a small number of
important variables from multiple variables using
linear transformation’..

Thus, this study highlights a novel application
of GC-Orbitrap MS (GC-HRMS) fingerprinting
combined with multivariate statistical analysis for
the differentiation of imitation flavors. First, a new
method consisting of SDE and GC-Orbitrap MS
was established to analyze flavor. Second, Pearson
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product-moment Correlation Coefficients (PCCs)
were calculated to evaluate the chromatographic
consistency between batches. It is generally believed
that a PCCs of at least 0.8!"* can be used to establish
fingerprints. Finally, HCA and PCA were used to
identify similarities between the chromatographs of
the imitation flavors and fingerprints. This objective
evaluation approach has potential applications in
differential sample identification, among other
research areas.

MATERIALS AND METHODS
Reagents and instruments:

Multiple batches of the same flavor and the
relevant imitation flavor (Table 1) were provided
by Ajian Fengze Biotechnology (Guangzhou,
China). Analytical Reagent (AR) grade sodium
chloride (Hushi, Shanghai, China) and anhydrous
ethanol (Chemicell, Shanghai, China) was used.
Chromatography-grade dichloromethane was
obtained from Chemicell and used as an extractant.
AR-grade anhydrous sodium sulfate was used
(Macklin®, China). The rotary evaporator was
obtained from Shanghai Yarong Biochemical
Instruments. The Q Exactive™ Orbitrap MS was
coupled with a Trace 1300 gas chromatograph
and TriPlus™ RSH Autosampler (Thermo Fisher
Scientific Inc., United States of America) to obtain
sample composition information.

Sample preparation:

SDE: The flavor sample (10 ml) and sodium chloride
solution (approximately 1.0 g in 250 ml) were placed
in a flask. Next, 30 ml of dichloromethane was used
as an extraction solvent, and an SDE tube was used
for extraction in a 1000 ml flask. The sample to
be extracted was refluxed for 2.0 h at atmospheric
pressure. The dichloromethane extracts were
collected, and anhydrous sodium sulfate was added
to remove the water. The dried sample solution was
then transferred to an eggplant-shaped flask and
concentrated to 1.0 ml under reduced pressure using
a rotary evaporator for GC-Orbitrap analysis.

Solvent dilution: The concentrated flavor sample
(200 pl) was pipetted into a 2 ml sample bottle, and
then absolute ethanol (800 pl) was added to form a
20 % v/v flavor ethanol solution. The sample solution
was shaken evenly and passed through a 0.22 pm
syringe filter for GC-Orbitrap injection.
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TABLE 1: SUMMARY OF TESTED FLAVOR SAMPLES

S. No Sample number Sample type

1 B1 First batch of reference samples
2 B2 Second batch of reference samples
3 B3 Third batch of reference samples
4 B4 Fourth batch of reference samples
5 B5 Fifth batch of reference samples
6 B6 Sixth batch of reference samples
7 B7 Seventh batch of reference samples
8 B8 Eighth batch of reference samples
9 1 Imitation flavor 1

10 12 Imitation flavor 2

11 13 Imitation flavor 3

GC-Orbitrap analysis:

HR Accurate Mass (HRAM)-Orbitrap MS was
used to perform GC-MS analysis of the volatile
constituents in the flavors. The volatile components
were then separated by a 30 mX0.25 mm internal
diameter (i.d.), film thickness (df)=0.25 um DB-
Sms chromatographic column. The temperatures of
the sample injector and detector were both 280°.
The oven temperature was maintained at 50° for 2
min, and increased to 104° at a rate of 6°/min, before
holding for 5 min at this temperature. Then, the
temperature was programmed to increase to 164° at
the same rate and maintained for 4 min. Later, at the
same rate, the temperature was increased to 280° and
held for 2 min. Split injection was performed at a
split ratio of 1:15. Helium was used as the carrier gas
at a flow-rate of 1.0 ml/min.

Orbitrap MS was operated in electron ionization
mode at 70 eV in scan mode at 55-550 m/z. The
filament delay was 5 min and the source temperature
and MS transfer line were at 280°. A library search
was conducted against the NIST Mass Spectral
Library in 2017.

Method validation:

The precision and stability of the method were
verified. Sample (1 pl) was precisely taken, and the
same six samples were analyzed using this method.
The retention time and peak area Relative Standard
Deviation (RSD) (%) were calculated to evaluate the
instrument precision. The pretreated sample solution
was stored at room temperature for 0, 3, 6,9, 12, 18
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and 24 h before GC-Orbitrap analysis. The stability
of the sample solution was evaluated based on the
retention time and peak area RSD % obtained at
different storage times.

Similarity analysis method:

The consistency between the chromatography
from different batches of samples was calculated
using the Pearson correlation coefficient (1),
which is commonly used to determine whether the
chromatography of multibatch samples can be used
to establish fingerprints. Equation (1) is as follows*®):

r:znizl (Xi_i) (yi_y)/\/Znizl (Xi_)_()2 \/Zni:l (yi_}_/)z (l)

Where x, and y, represent the peak area data matrices
of the two maps and n is the measured value. The
closer the calculated r value is to 1, the more similar
the two chromatograms are. A PCCs heat map was

constructed using ChiPlot (https://www.chiplot.
online).

HCA involves performing hierarchical decomposition
until certain conditions are reached, and can be
divided into two types; agglomerative and divisive.
Hierarchical agglomerative clustering was used for
the classification analysis. Both HCA and PCA were
analyzed using ChiPlot (https://www.chiplot.online),
StandarScaler (a standardized method), and Euclidean
Distance (ED). First, it is important to standardize
the data before performing PCA. The StandardScaler
was used for standardization, along with equation
(2), where X represents the mean and S represents
the standard deviation, which is calculated according
to the formulas shown in equation (3) and equation
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(4), respectively. Subsequently, ED was used as a
computational method to perform HCA. In equation
(5), x, and y, represent the peak area data matrices for
both samples.

StandardScaler=(x-X)/S 2)
X=(X,+x,*...7x )/n 3)
S =VI/ny" | (xX) (4)
ED=VY", (x-y) (5)

RESULTS AND DISCUSSION

The first step involved in establishing a GC-
Orbitrap MS based fingerprint is the selection of a
suitable pretreatment method. A comparison of the
response intensity of each characteristic peak of
samples prepared using the solvent dilution method
with those prepared using SDE revealed that the
peak areas are higher after SDE pretreatment. This
result can be inferred from the histogram (fig. 1),
which shows that the components shown could be
extracted by both pretreatment methods, whereas
other compounds that were not shown could only be
obtained by SDE, such as some ketone compounds.

Moreover, many believe that the use of SDE leads to
the collection of more sample information than the
use of head-space solid-phase microextraction and
solvent dilution?**, The peak areas of most samples
extracted by SDE are larger than those pretreated
using solvent dilution, although 2-furfural diethyl
alcohol peak area was higher by solvent dilution.
Although SDE required longer extraction times than
solvent dilution, it led to a larger total peak area and
indicated higher concentrations of sample compounds
than solvent dilution extraction did. Because of the
higher signal response produced using SDE; it was
considered a more suitable pretreatment method for
flavor samples.

After selecting SDE as a suitable pretreatment
method, it is important to continue optimizing the
SDE processing time. The SDE duration directly
influences the compound composition. The changes
in the peak areas and number of peaks of the samples
treated for 1.5, 2.0, and 3.0 h were compared. The
total peak area of the sample extracted for 2.0 h
was significantly higher than those of the samples
extracted for 1.5 and 3 h (fig. 2).
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Fig. 1: Bar graph of different pretreatment methods vs. peak area of sample components

Note: ( m ): Solvent dilution and (
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): SDE 2.0 h
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Fig. 2: Bar graph of different pretreatment durations vs. peak area of sample components

Note: (Il ): SDE 1.5 h; (¥ ): SDE 2.0 h and (E3): SDE3.0 h

We speculate that probably because the reaction
does not proceed to completion in 1.5 h, leading
to the loss of some components, whereas after 2 h,
some compounds decomposition with excessive
heat energy, leading to aroma component loss.
A comparison of the chromatograms at different
treatment times revealed that the number of
chromatographic peaks increased significantly when
the extraction time was 2.0 h. For example, the
peak of ethyl phenylacetate appears at 13.38 min,
the peak of damascenone appears at 16.02 min, and
the peak of a-ambrinol appears at 21.58 min. This
indicates that SDE for 2.0 h allows for the extraction
of more volatile compounds from the sample and
the extraction effect is better. Therefore, 2.0 h was
selected as the optimal treatment duration.

After the appropriate pretreatment method and
conditions have been selected, the parameters
for the instrumental analysis were optimized to
establish a fingerprint. An important aspect of
instrumental analysis is the temperature program of
the chromatographic column, which influences the
number of chromatographic peaks. By comparison,
the results of temperature program Il show that the
new peaks appear at 26.31 min (dodecanoic acid)
and 28.25 min (sclareol). Based on high-resolution
deconvolution, a mass tolerance of <5 ppm is
Special Issue 6, 2023

beneficial for eliminating data interference. Then, an
Signal-to-Noise (S/N) ratio threshold >3 and a Total
Ion Chromatogram (TIC) threshold of 1 X107 were used
to detect the peaks. Through a spectral library search
and filtering of irrelevant data (missing values), 260
compounds were identified by temperature program
I and 541 compounds were identified by temperature
program II. Generally, the total retention time of a
temperature program should not be too long or short.
The total retention times for temperature programs [
and II were 42 and 51 min, respectively. The results
showed that temperature program Il had a better
separation effect and yielded more components.
Consequently, more information on the sample could
be obtained if temperature program Il was used as
the optimal column temperature program.

After an optimized analytical method is established,
method validation becomes the critical step. To
verify the feasibility of the method, its precision
and stability were evaluated by measuring the RSD
values. Under the same SDE-GC-Orbitrap conditions,
the precision was analyzed using the retention time
and peak area RSD obtained by injecting six identical
sample solutions. The results showed that the RSD of
both within the range of 0.00 %-0.03 % and 1.92
%-5.54 %, respectively, and had high instrument
precision for the analysis of volatile components in
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flavor samplest".

The precision of the instrument was verified, and
it was also important to ensure the stability of the
testing period of the sample solution obtained using
this method. Under the same experimental conditions,
the sample solution was injected at 0, 3, 6, 9, 12, 18,
and 24 h after treatment, and the retention time and
peak area RSD were recorded. The RSD of both the
retention time and peak area were in the range of 0.00
%—0.07 % and 1.84 %-5.16 % respectively, so the
sample solution obtained by this method remained
stable for the maximum tested/stored period of 24
h. This suggests that establishing a GC-Orbitrap
fingerprint to analyze flavor similarities is feasible.

A fingerprint of the analyzed sample was established
to reflect its chemical composition. Chromatograms
of different batches of the same reference sample
were used to establish GC-Orbitrap flavor
fingerprints. Flavor samples were studied under
the same experimental conditions. The overall
fingerprint results are shown in fig. 3, where the GC
chromatograms of sample batches 1-8 are shown in
ascending order. The peaks in the chromatograms
of the eight different batches of flavor samples are

referred to as common peaks. Through qualitative
analysis, we selected 25 common peaks that
represent significant contributions to the flavor and
are relatively stable peaks according to their High
Resolution Filter (HRF) score and SI and included
them in the fingerprint. Among them, HRF is the
proportion of spectra that can be explained by the
chemical molecular formula obtained from the search
database, Sl is the similarity obtained by comparing
the MS spectra of compounds with the spectra of
the spectrum database. The similarities between
different batches of the same reference sample were
calculated using the PCCs to determine whether
the chromatograms could be used to establish a
fingerprint. The correlation coefficient heat map
revealed some differences among the eight batches
of samples, which were indicated by the size of the
filling shape inside each square and the correlation
coefficient value (fig. 4). This may result from small
differences in chemical content among batches. Even
so, the PCCs was above 0.83, which demonstrated
that the GC-Orbitrap fingerprints of flavors had
reasonable consistency, despite slightly different
chemical indices?®'. Hence, all of them can be used
to establish a flavor fingerprint.
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Fig. 3: Reference chromatographic fingerprint obtained using GC-Orbitrap-MS
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Identification and similarity evaluation of the
imitation flavor samples were completed by
comparing the chromatograms of 11, 12, and I3 with
GC-Orbitrap fingerprints. A cluster analysis heat map
for the three imitation flavor compounds and eight
reference samples was constructed using ChiPlot.
HCA was performed using the relative peak area
of the common peaks as a variable and the ED as a
computational method. The shorter the distance, the
more similar the samples. The grid colors in the heat
map are blue-white-red, representing the differences
in relative abundance after standardized treatment
(fig. 5). The HCA results showed that the 11 flavor
samples could be divided into two categories, the first
included eight standard samples and the imitation
flavor I3, and the second included the remaining two
imitation flavors, viz. I1 and 12. A striking observation
was that the imitation flavor I3 fell within the range
of the reference samples, indicating a high similarity
between I3 and reference samples.

Special Issue 6, 2023
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Fig. 4: Similarity evaluation heat map of eight batches of flavor compounds. The size of the area covered by color is proportional to the value of

the Pearson correlation coefficient
Note: B1-B8 represents different batches of the same test sample

PCA of the 11 samples was conducted using ChiPlot,
and the cumulative contribution of the two principal
components was 66.41 % (fig. 6). The reference
sample points were closer to each other, whereas 11-
I3 were dispersed, with I3 being near to the standard
samples. Theresults obtained here are in exceptionally
good agreement with the results of the hierarchical
clustering heat map. The quality of the multi-batch
reference samples was more consistent because of
the clustered reference sample points. The distance
between I3 and the other two imitation flavors was
large but it was similar to that of the reference
samples. This indicates that the difference between
I3 and the reference samples was small, whereas the
difference between the other two imitation samples
and the reference samples was large. Nevertheless,
the differences between the imitation samples and
reference samples were clearly indicated by the PCA
results, and the imitation samples were successfully
identified. In summary, the GC-Orbitrap fingerprint
combined with HCA and PCA can be used to identify
imitation flavors.

Indian Journal of Pharmaceutical Sciences 80



www.ijpsonline.com

%mmﬂ

|1_Bs B1 B5 B7 B6 B2

—————— —m--?_ ~ Relative abundance

- .
—_— - — ——— !
—_— = —_—
——, —— - ——
—_— - _—
= _: = = = =
== o= —_—
— = = S -

Fig. 5: Hierarchical cluster analysis and heat map of eight samples from different batches and three different imitation flavor samples
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