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. . . e e . . . .. . .. Name m/z R.T. (s) Area Height Quant S/N Name m/z R.T. (s) Area Height Quant S/N Caliper - sample "Juniper oiI", 146.9 sto 146.9 s quiper - sqmple "Juniper oiI", 147.5sto 147.5 s
The detection of minor components in gin is important in the evaluation of the flavor composition and/or the geographic origin of the product. In Tricyclene T SR Carvone 82 2161 72061 64059  53.978
this investigation we demonstrate the use of a single injection for the identification of flavor components in a set of six gin samples. Neat samples Bicyclo[3.1.0]hexane, 4-methyl-1-(1-methylethyl)-, 93  74.4 1959065 131342  597.86 Trans-Ascaridol glycol 109 2268 185412 15893  114.18
. d b iniecti ith tfurth t d I d b b th h t hy ti f-flight t t GC-TOFMS Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl-, (A)- 93 77.8 135625552 11381926 51810 Isobornyl acetate 95 233.8 4237546 373261 2210.2
were examined by injection without further preparation and analyzed by both gas chromatography time-of-flight mass spectrome ry (GC- ) Camphene 93  83.6 2389034 187616  854.02 a-Cubebene 161 2586 283984 29632  409.83 Observations
and comprehensive two-dimensional gas chromatography time-of-flight mass spectrometry (GCxGC-TOFMS). Analysis by GC-TOFMS has the THUJA-2,4(10)-DIENE 91 86 112931 8039.7  32.071 Copaene 161 2689 236946 24542 339.44 . P lvsis of g iuni | h
. . ; Figure 1 shows the TIC for a GC-TOFMS analysis of a juniper oil standard that was
advantage of being simple, fast, and sensitive to a full range of analytes. Analysis by GCxGC-TOFMS allows for the detection of trace level Sabinene 91 944 9498668 603063  2405.7 b-Elemene 68 2752 537508 54307  437.36 . . . . .
| h b ! - h hods. Ch hi K din high d GC and GCxGC H ft a-Myrcene 70 957 144753 12087  105.74 Isoledene 204 2792 37609 36642  75.297 completed in just under 500 s. Note that this sample was diluted 1:100 in MeOH in order 40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
analytes that may not be seen using other methods. romatographic peaks generated In high-spee an X separations are otten Myrcene . ] 93 1023 11399964 1006980  4583.7 Junipene 161 2805 56740 5236.2  72.421 to prevent sample overload. Automated data processing revealed 115 compounds with a Peak True - sample “Juniver il'. peak 19. af 146.9 s Peak True - sample "Juniper oil". peak 21, at 147.5 s
quite narrow and require the use of a relatively fast detector in order to be fully characterized. The high acquisition speed of the TOFMS allows for Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl-, (3)- 93~ 108 488571 36443 165.88 e e [T 69444 67297 46492 . . P P P ' : o
the ch terizafi fih ks and also all f tral d luti f laboi h ' hi ks. Th N a-Pinene 93 1109 13683482 1235755  5625.1 Caryophyllene 133 2858 897059 91476  887.05 s/n of 25 or greater. All spectra were automatically compared against the NIST and 2
ec ar;: ¢ er?a ;;)n orinese dnarrqw ffha IS\I?SnT ° fﬁra ows ]T.Lspe.c rc: ecoE\fZ v ;c;n ot.over apping chromatographic peaks. 1he mass specira Te’g”e"e 1‘12; Hgg ;’56;;48Z3 652205157 :g?fz "Eéeme"‘; ” 1923‘ ;Zgz B g‘;?g; Terpene libraries for peak identification. Shown in the table to the left is the peak table for g
were automatically compared against the and Terpene' libraries for peak identification. m-Cymene : : a-Caryophyllene : : ) .
y P 9 P P Limonene 93  119.8 27382554 2723438 12397 t-Muurolene 189 3069 61758 45043  83.393 all analytes with a library match of 750 or greater. A total of 76 compounds were :
1,4-p-Menthadiene 93 1333 1573102 155603  708.29 Gesmlwcrene D 122 g?g? 32‘21%? 23:;5;-2 j;-’;g; identified and these were used to build a reference, against which all of the 1-D gin data
2-Carene 136 146.9 726087 74374 831.21 a-Selinene : , . . . . ofy -+
Linalool 71 1525 196919 16583  127.21 Valencene 189 313.9 101620 95847  177.45 was Cf)mpgred. The reference was set with consfram’(s °!|°W|n9 for a 0.5 s shift in 40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
:so::u!one ﬁ]o ]1::; ]5850171238 152317; 221722 f'éf,‘;‘i’:;'::e 1]25; g;gg Zgggg j(‘, 1722 gggg retention time, a s/n threshold of 10 and a spectral similarity of at least 600. The data Library Hit - similarity 910, "2-Carene" Library Hit - similarity 775, "Benzene, (2-methyl-2-propenyl)-"
sothujone . . - . . M M z M M )
L-pinocarveol 92 169.9 111423 92507  70.597 5-Cadinene 161 3241 1069065 106167  1468.4 pr;)cessmgf me'rholcj 'fc?r ff:.ch f?f 1heA?jI3’f§amT|es cmalyzzd b)”r GC TOI:MS ’thnCIUcied this 3 121 2 100
. . . PR P c ok P P -Cadina-1,4-di 1 27.1 . 464 referen r identification. itional compounds not present in the reference £
By definition, all gin samples are derived from the juniper berry’. Gin is made through the distillation of the juniper berry or by adding juniper \L’e;:f::ll 19059 1;;2 ;gizz ]123? 1]‘]14"28 :“gzdf::;’: Adiens 102 22;1 1?:93276 5]’5137256 23 — f ede iie ° Pja gy X th th NISRI' 4T P ibrari S
. . - . . o ol . e . . - ~ : - ' : ndar re identified via comparison wi nd Terpene libraries. :
berry oil to a refined spirit. Many gins also contain additional essential oils such as citrus oils in order to enhance their flavor. In this study, a set of 4-Terpineol 71 1871 2812377 290653  2229.7 Elemol 59 3332 107987 10184  85.678 standardwere identitied via comparison w e and ferpene fibraries ~
six gin samples was studied and compared to a juniper oil standard. Initial data review was done on a GC-TOFMS analysis of juniper oil. The EREHEENREE] i lobe gl S U Germacrene B L 5o R D5 N o1 O/ ¢ 5Y
: . . o . ) ) . ) 5 p-menth-1-en-8-ol 59 193.1 749486 73879  621.55 (-)-Spathulenol 205  343.4 44859 43205  86.652 80 100 120 140 160 180 200 80 100 120 140 160 180 200
identified compounds in the juniper oil were then used to build a reference against which all other gin samples were compared. This was done Myrtenal 79 1957 186120 S S Caryophyllene oxide 96 3453 61692 53958 58507
through the use of the “Reference” feature in ChromaTOF® which allows for the automated comparison of chromatograms against a standard Verbenone 107 201.5 80250 7483.1  47.071 a-Cadinol 95 3693 155847 12683  75.099 "]
. . . . . . . . Methyl thymol ether 149 212 64504 6687.6 90.234 Benzyl cinnamate 192 499.8 137479 8578.9 193.17 T T
based on retention time, a user-defined s/n threshold and spectral similarity. Once the comparison was made on the one-dimensional data, the Time (s) 145 146 147
1wo-d|men5|9nql chro.mon‘ograms were compared to their one-dlrnen5|f>nq| counterparts. The one-dimensional dC!i'C.I shows a gooc! correlation J1 R N A | R R \ A . , " | . TICY0.25 93 — 117
between the juniper oil standard and the gin samples. The two-dimensional chromatograms show enhanced selectivity and separation of target . ' ' ' ' ' ' ) ‘ o _ _ . _
Time (s) 100 150 200 250 300 350 400 450 500 Figure 4. Example of spectral deconvolution for the identification of two overlapping components in the Juniper Oil sample.

compounds in addition to increased s/n for target analytes and an overall increase in the total number of compounds identified.

Figure 1. Total lon Chromatogram (TIC) and peak table for the analysis of Juniper Oil. Observations

Figure 4 shows an example of spectral deconvolution observed in the analysis of the juniper oil standard. The TIC (red) appears to
show the presence of a single chromatographic peak. However, by plotting the extracted ions (m/z 93 and 177) it is clear that

. ; there are in fact two analytes present. The spectra on either side of the chromatogram are for the two overlapping analytes. The
Peak True - sample "*Gin_A:2", peak 51, at 286.1 s C hvll . . .
aryophyiiene Caliper spectra show all ions present at the peak apex. As a result of the overlap between the two compounds, ions for both are
GC-TOFMS Anq|ysis GCxGC-TOFMS AI‘IO'YSiS 1000 91 present in each caliper spectrum. Following deconvolution, the Peak True spectrum is generated which contains ions specific to
that compound. Note the presence of m/z 121 and 136 in the caliper spectrum on the right. These are both due to the overlap
Sample Introduction: Sample Introduction: (a) P between the two compounds. Following deconvolution, the Peak True spectrum on the right no longer contains these ions. The
Agilent Autosampler with a 5 L syringe Agilent Autosampler with a 10 L syringe = Peak True spectra were automatically compared against library spectra in order to identify the compounds as 2-Carene and (2-
Injection: 1 uL (splitless) Injection: 1 uL (splitless) — methyl-2-propenyl)-Benzene with similarity rankings of 910 and 775 respectively.
50 100 150 200 250 300 350 =
GC: Agilent 6890 Gas Chromatograph GC: Agilent 6890 Gas Chromatograph Reference Spectrum - Reference "Juniper_eo matches", Analyte "Caryophyllene" ‘é‘ :
Inlet: split/splitless; 275°C Inlet: split/splitless; 275°C 1000 % — — —

. . . . in_| in_| in_
Carrier Gas: He at 1.5 mL/min Carrier Gas: He at 0.6 mL/min 91 ' Compound m/z GC GCxGC GC GCxGC GC GCxGC GC GCxGC GC GCxGC GC GCxGC
Column: T0 m x0.18 mm x 0.20 m Rix-5 Primary Column: 10 m x 0.18 mm x 0.18 m DB-5 (b) 69 133 = Z-Cr:ebene 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl) 18611 1037 399.46 H;‘z‘ 38'23 1500  319.34 1018 22851

. clohexane, 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)- . . . . . . . .
GC Oven: 60°C (1 min hold) programmed to 250°C Secondary Column: 1 m x0.10 mm x 0.10 m BPX-50 161 189 2 A e TRV L seds tasse 5063 5904 soks 3808
at 20°C/min (2 min hold) Primary Oven: 80°C (2 min hold) programmed to 225°C sl ."'.'I'i".' b S S~ Caryophyllene 133 9100 71659 | 1812  98.69 137.75  272.97 179.65  427.18
. . o o . . - g-Element 121 109.14 808.41 36.92 216.14 249.96 742.49
MS Transfer Line: 250°C at 5°C/min (3 min hold) . 50 100 150 200 250 300 350 _E_ a-Caryophyllene 93 150.65 216620 | 4259  510.62 212.81  1311.90 29539  1416.00
Secondary Oven: 5°C offset from the primary oven O (+)-Epi-bicyclosesquiphellandrene 161 033 5150
MS: LECO TruTOF® HT Thermal Modulator: 30°C offset from the primary oven T GesrTocreneD 1;;1 14836 669.50 | 4152  165.02 4224-0537 86665-34 360.99 71837
. . . . c -Selinen 12. a7
lonization: El at -70 eV Modulation Period: 5 s Q o Muurolens 105 4436 57271 6052 305.16 5651  247.48
lon Source Temperature: 300°C MS Transfer Line: 250°C D~ +-Cadinene 161 7835 28176 88.45  152.00
Spec.l.ral AchiSiﬁon Ra.l.e: 'IO Specfra/s ) ::gz:;:::\eene :;); 31668..8297 'I;IJOSiO 66.24 177.94 482.03 626.95 135.52 256.27 305.23 328.56
Acquired Mass Range: 35-500 MS: LECO Pegasus® 4D 1-epi-Cubenol 119 1128 82.44 12.97 16823
Acquisition Delay: 60 s lonization: El at -70 eV C°([_'Y<;?hyl"e"e exacle ;: ;22‘7‘ ]9067«9798 5130 4173 | ss2s 23826
lon Source Temperature: 200°C b-Bisabolenol . 110.78 77.60 2138 104.80
Instrument Control and Data Review: Spectral Acquisition Rate: 150 spectra/s - — — — ———
. . . . A 4 imonene . . . . B
ChromaTOF optimized for TruTOF HT Acquired Mass Range: 35-350 600 1100 Linalool 71 11426 13627 | 54097 3930 | 192.8  1651.1 | 20575 12297 | 24135 17469 | 18439 13160
Acquisition Delay: 100 s First Dimension Retention Time Verbenyl Ethyl Ether 100 76801 54588 | 53287  234.17 3 36711 61912 | 433 17512 21.275
L-Camphor 95 56.698 642.31 29.238 192.34 92.006 141.91 632.86 149.33 732.59 148.26 718.84
Instrument Control and Data Review: Total # of peaks detected 60 462 34 356 27 300 63 325 129 771 67 421

Figure 3. Total lon Chromatogram (TIC) for the analysis of the Gin_A sample by GCxGC-TOFMS. The inset surface plot shows the detail for a group of smaller peaks. The
-I 00 200 300 400 500 600 700 Caryophyllene peak IS hlghllghfed in both the contour and surface pIOfS.

Table 1. Comparison of the s/n values observed for a select group of compounds in 6 different gin samples analyzed by GC-TOFMS and GCxGC-TOFMS.

Observations

Table 1 shows a comparison of each of the six gin samples analyzed by GC-TOFMS and GCxGC-TOFMS. The top part of the table
shows a select group of compounds that were identified based on the reference comparison to juniper oil. The bottom set of
compounds were not in the juniper oil, but seemed to be common among the gin samples and are likely flavor additives. As
expected, there was a significant increase in the s/n values observed using GCxGC-TOFMS. Gin sample C did not have any

ChromaTOF optimized for Pegasus 4D ﬂ

TIC

Figure 2. Total lon Chromatogram (TIC) for the analysis of the Gin_A sample by GC-TOFMS. The inset chromatogram shows the detail for the smaller peaks along

with the (a) Peak True and (b) Reference Spectra for one of the compounds, Caryophyllene. Observations

: Figure 3 shows a TIC for the analysis of a commercially-available gin sample using GCxGC-TOFMS. The retention time on the first
cazess column is displayed on the x-axis and the retention time on the second column is displayed on the y-axis. The inset shows a close-up

Observations view of a region of low-level peaks displayed as a contour plot. The red circle shows the location of the Caryophyllene peak on the similarities to the juniper oil standard. Gin sample E did not have many similarities to the juniper oil standard either, but contained
— Figure 2 shows a TIC for the analysis of a commercially-available gin sample. The large peak at the beginning of the chromatogram is surface plot and the arrow is pointing at the same peak on the contour plot. Note that in the GC chromatogram shown in Figure 2, many other essential oil components \.Nhich was expected as this was labeled as a botanical gin '
Ethanol. The inset shows the smaller peaks in detail. Shown above the chromatogram are the (a) Peak True and (b) Reference spectra Caryophyllene (m/z 133) had as/n of 91.00. The same peak in the GCxGC chromatogram in Figure 3 has a s/n of 476.54. This large '

for one of the analytes, Caryophyllene. The Peak True spectrum contains all of the ions associated with a particular compound following increase in s/n is due to the band focusing that occurs in the thermal modulator in a GCxGC system. Wide bands that elute off of the
the application of the Deconvolution algorithm. The peak true spectrum was then compared against the reference standard in order to first column are sliced and focused prior to injection onto the second column resulting in tall, narrow peaks. This is what allows for the

identify the analyte as Caryophyllene. In this case, the Reference Spectrum is the Caryophyllene Peak True spectrum from the Juniper increased detectability commonly associated with GCxGC analyses. The same gin sample was analyzed on the Pegasus GCxGC- This study showed a comparison of GC and GCxGC experiments for the screening of gin samples for their flavor components.

Oil chromatogram shown in Figure 1. TOFMS system with the thermal modulator turned off. This experiment gave a s/n for the Caryophyllene peak of 94.305 which is Liquid injections were done of the neat samples with no sample preparation required. Automated data processing revealed a

similar to that observed on the TruTOF, and it indicates that the dramatic increase in s/n is due to the chromatography and not the mass large number of compounds in samples analyzed by both methods. The use of the Reference feature in ChromaTOF allows for the

A total of 17 compounds that were present in the Juniper Oil standard were identified in the “Gin_A" standard. An additional 43 spectrometer. fast and easy comparison of a group of samples to a reference sample, which in this case was the Juniper Oil. The fast detection

compounds were identified with a s/n greater than 25.  Of those compounds, 22 were identified following comparison with the offered by the TOFMS makes spectral deconvolution possible and allows for the detection and identification of analytes that may
standard NIST and Terpene libraries. The 17 compounds from the Juniper Oil standard that were identified in the GC chromatogram were also identified in the GCxGC

not be chromatographically resolved. As expected, a significant increase in s/n was observed in the GCxGC results relative to the
GC results; however, the GC analysis revealed a large amount of information about the samples as well.

chromatogram. As expected, significant increases in the s/n values were observed for all compounds in addition to an increase in the

TruTOF HT overall number of peaks detected and identified.

Pecasus 4D

References:
1. The Terpene Library contains mass spectra of ial oil P it iled by Robert P Adams, Baylor University Plant Biotechnology Center.
2. K.M. Namara et al. J. Chromatogr. A 1164 (2007) 281-290




