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Abstract: Tobacco flavors and fragrances play an important role in improving the aroma quality and
smoking taste of cigarettes, and the addition of these ingredients is an important part of the cigarette
production process. The rapid characterization of the chemical composition of tobacco flavors and
fragrances is necessary for quality control, which is of vital practical significance for improving the
stability of cigarette product quality. Compared with other analytical techniques, mass spectrometry
has the advantages of high speed, high sensitivity and high specificity. In the past two decades, the
direct analysis of complex samples without tedious pretreatment using ambient mass spectrometry has

attracted great attention. Here, a low-pressure photoionization mass spectrometry (LPPI-MS) method
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was used to directly analyze the volatile components of tobacco flavors and fragrances. The volatile
species were sucked into the inlet of the mass spectrometer owing to the vacuum pressure difference,
and then ionized by the vacuum ultra violet (VUV) light emitted from a krypton discharge lamp. A
highly sensitive Orbitrap mass spectrometer with high mass resolution was used as the mass analyzer,
and plenty of species were identified with the assistance of tandem mass spectra. The identified
species were discussed in combination with the sensory evaluation of target cigarettes. Most of the
species identified by traditional gas chromatography-mass spectrometry (GC-MS) could be detected
by LPPI-MS, while the analysis time for a single sample is less than 0.5 min, which is much shorter
than that of traditional GC-MS. Owing to the high resolution of the Orbitrap mass spectrometer, the
isobaric compounds with similar molar masses but distinct molecular formulas in the volatile
components of tobacco flavors and fragrances could be precisely characterized, but the isomeric
molecules were unable to be differentiated directly by LPPI-MS. Even so, LPPI-MS spectra can
provide informative characteristics for a target sample, which is of great value for the differentiation
of samples with similar appearances. In order to further validate the applicability of LPPI-MS in the
fast screening of tobacco flavors and fragrances, three types of flavors and fragrances used for
different brands of cigarettes in the same product series (HS1, HS2 and HS3) were analyzed, and their
fingerprint mass spectra were obtained. With the assistance of orthogonal partial least squares
discriminant analysis (OPLS-DA), the three kinds of fragrances (fragrance A, fragrance B, fragrance
C) and flavors (flavor A, flavor B, flavor C) from different batches were rapidly distinguished and
identified, which indicates great application potential in the quality control of large batches of tobacco
flavors and fragrances.

Key words: flavors and fragrances; volatile components; low-pressure photoionization mass

spectrometry (LPPI-MS); fast analysis
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Fig. 1 Schematic diagram for rapid analysis of volatile components in flavors and fragrances and
statistical application based on LPPI-MS
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Table 1 Qualitative identifications of fragrance A and flavor A by LPPI-MS
eGSR DR HISE s Fa AW AFR BT JT iR B
Sample Observed m/z Calculated m/z Molecular formula Compound name ITon type Mass error/x10°

b7 97.0283 97.0284 C,H,0, i [M+H]" -1.0306
107.0490 107.0491 C,H,0 7 [M+H]" -0.9342
109.0646 109.0648 C,H,0 2R [M+H]" -1.8338
117.0906 117.0910 CH,,0, iR [M+H] -3.4161
123.0802 123.0804 CH,,0 R [M+H]" -1.6250
145.0851 145.0859 C,H,,0, LBENTR 2T [M+H]" 5.5140
149.0953 149.0961 CiH,0 R [M+H]" -5.3657
155.1422 155.1430 CH,; 0 7~ i [M+H]" -5.1565
157.0853 157.0859 C4H,,0, LBRTNR RN — B4R [M+H-OC,H;]"  —3.8195
159.1372 159.1380 CoH,{0, TR [M+H]" -5.0271
165.0901 165.0910 CH),0, KRR, THB [M+H]" -5.4515
173.1527 173.1536 C1oHx0, 2-HIILTTR-3-H 3L T TG, S 5 1 e, [M+H]" -5.1977

- TR-2-FH L TR, FRR LI
191.1422 191.1430 C;H,;0 4,7,9-F 5 =4i-3-F [M+H]" —4.1853
193.1219 193.1223 C,H,0, KRS T [M+H]" -2.0712
193.1577 193.1587 C;H,,0 a- " KRB, p-— A KR, [M+H]" -5.1771
BT 4

195.1733 195.1743 C;H,,0 AAIRBE, it C [M+H]" -5.1236
199.1682 199.1693 C,H,,0, BRI AT iR [M+HT" ~5.5229
203.1265 203.1278 CioH,0, CBRTRIR RN — BE4E R [M+H]" -6.3999
205.1939 205.1951 CysHa, o- TR [M+H]" —5.8481
221.1523 221.1536 C,H,0, TR I [M+H]" —5.8783
229.2149 229.2162 C,.Hy0, AR g [M+HT" -5.6715

K 107.0490 107.0491 C,H,0 7 [M+H]" -0.9342
109.0647 109.0648 C,H;0 IRH [M+H]" -0.9169
127.0385 127.0390 C4H,0; 7 2 [M+H]" -3.9358
131.1061 131.1067 C,H,,0, RSB [M+HT" -4.5764
137.1318 137.1325 CioHys (DTl [M+H]" -5.1046
139.1476 139.1481 CioH,g TG, A [M+H-H,0] -3.5932
141.0539 141.0546 C,H;0, IS LE [M+H]" —4.9626
151.0746 151.0754 C,H,,0, IR ER [M+H]" —-5.2954
151.1110 151.1117 C,H,,0 L5 [M+H] —4.6323
153.1267 153.1274 C,oH,;0 -5 4 B S AL [M+H-H,0]" -4.5713
157.1215 157.1223 C,H,0, P T B [M+H] -5.0916
159.1369 159.1380 C,H 50, TR EE [M+H] -6.9122
163.1222 163.1230 CioHuN, S [M+H]" —4.9043
164.1063 164.1070 C,0H,,NO EPiv [M—-HT" ~4.2655
165.0901 165.0910 CyoH 1,0, KRR, T [M+H] -5.4515
166.1219 166.1226 C,0H;sNO EPIN [M+HT" 42138
171.1370 171.1380 CyoH 50, -5 A B S AL [M+H]" —5.8432
173.1526 173.1536 C1oHy0, 2-H LT R-3-H AL T i, 5 00HR 5, [M+H] -5.7752

3-HILTER-2-F L T IR

191.1421 191.1430 C;H;0 B- R [M+H]" —4.7085
193.1578 193.1587 C1;H,,0 Y By 21 [M+H]" —4.6594
195.1732 195.1743 C;H,,0 A I DI R [M+H]" —5.6360
197.1525 197.1536 CH,0, LFRT5 g, ZR 5 T s [M+H]" -5.5794
199.1680 199.1693 CH,,0, PR AT I [M+H]" -6.5271
201.1838 201.1849 C,H,,0, 4R Tk [M+H]" ~5.4676
205.1939 205.1951 C,sHa, a- PR, p-A VI, B DG [M+H]" -5.8481
213.0899 213.0910 C.H,0, ARH R R R, TR W A R [M+H]" -5.1621
225.1834 225.1849 C,,H,,0, TR ALTR, T MM IR [M+H]" -6.6612
229.2148 229.2162 C,,H,0, HEEMR TR [M+H]" -6.1078
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Fig.3 MS/MS spectra of a few mass peaks in flavor A
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