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THAR K55 2 550 (BTN AT ) 5 CO, (ZHEE S 99. 9% , J M 42 ) 5 HVRE (A 3% 48, 78[5 Merck
AT AR (ETEal, 5 E Merck 2] o

HA220-50-06 %1 I F it (4 A< BRASC (VL2753 7 A2 22 i S A RO B v ) s MDS-80- 1T #8473 -2 1
SEIBE A (LB AR R BN Z 4 TR AT BRA 7)) s KQ-500DB RUE 8 75 I e e ( B L il A A Ay
FRZAH]) 57890A-5975C AV (435 Bk HE AL ( 2 Agilent 24 H]) .
1.2 EFBERBRYHETIZ

HERURLAN /N P S5 J0 A B 1 22 170 ~ 380 wm, ¢ AFE ISR, AU L 20 2% 10 28 HUE g 25 ~
30 MPa, Z UL 45 C,CO, Y fE 90 ~ 110 kg/h, AN E] 4 h, 75 260 & BOE ) 5 & (AU
1.3 SFEBHIBIZ

B B O A BN 70 C AR, ZEMNHGEE Jy 80 CHABEG R — R RH 5 —HEH )y —HEH
GYHEAT G B INARIR B S 120 C R BB R 0 5 R Sy P REH AT =R,
PARIE R 160 C WS BHR B =R H 5 =HEH /7. — R _H =For B H 0 B HARECE W)
g8
1.4 #FRLER GC-MS 53147

I3 750 80 CHRLH 43 AN 120 CHRRL S stk LU AT, v LA AR S3 M 5160 “CHREA 73 LLHCRG A,
A VOREE) V&R L) = 121 RIS R B R G, 85 g 04

A B A (A% DB-Sms, 325 C,#4%:60 m x320 wm x 1 pm; #EFE R 270 °C 5 dE k5
1wl AN IR EEAE s 20 He (A =99.999% ) , fH Ji A 2, i : 1. 0 mIL/min; TR FE 5 - 9 46 1 B2
40 C &3 0 min, L 5 C/min AYHEZERFE 100 C, #4550 min, F L) 2 C/min BJHE X F 280 C, (£
20 min; H 2 BRI (ED) s BB RERE .70 eV (B 2RI 4 1230 °C 5 B TR L 1200 °C ;%77 4
iR 116 min; FH L 50 ~450 amu; P 772 244
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Fi A M [ Z AR UE GB YC/T 498-2014 K45 B AU A R 43 T 5 mL 70% LB Be G , MK 5 55 4%
FRIHFEARL G A 22 T fE 1Y 0. 1% 43 3 S MBI FE 25 U 22 b s, 22 TR AE (22 £ 1) C RN
(60 £2) % [ EREE P47 48 b, SR 5 il U S, FFAEIRBE (22 £ 1) °C JREEN (60 +2) % 1) #1455 v -1 £
48 h, LIARUS N 25 1 JH 22 /%) BERPEIR
2 FZRGWHE
2.1 &S GC-MS BXAS i
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BRI BOW AN, I T g AR — A AR S T A AR A A i, BARSE R
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Table 1 The analytical results of aroma constituents by molecular distillation

Retenti Contents/ %
etention

No. ) Compounds Similarity ~ SFE 80 °C light 120 C light 160 °C light
time/min . . .
extracts fraction fraction fraction
1 26.301 Benzene, 1-methyl-3-(1-methylethyl) - 80 - - - 0.004
2 26.633 Limonene 93 - - - 0.008
3 26.936 Benzyl alcohol 97 0.011 0.085 - -
4 33.49 Benzene, 1,2-dimethoxy- 93 - 0.013 - -

Continued on next page
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continued from previous page

) Contents/ %
No. l?etenn(‘)n Compounds Similarity ~ SFE 80 °C light 120 °C light 160 °C light
time/min
extracts fraction fraction fraction
5 33.976 Nicotinyl alcohol 96 0.012 - 0.016 -
6 34.654 4H-Pyran-4-one, 2,3-dihydro-3 ,5-dihydroxy-6-methyl- 90 0.09%4 - 0.064 -
7 35.226 Benzene, 1,4-dimethoxy- 80 - 0.019 - -
8 36.537 2-Piperidinone 87 0.339 0.060 0.371 -
9 37.755 Estragole 89 - - 0.013 -
10 43.204 Benzeneacetic acid 90 0.080 - 0.014 -
11 43.818 Benzene, 1-methoxy4-(1-propenyl) - 98 0.071 0.109 0.456 -
12 45.391 Naphthalene, 2-methyl- 93 - - 0.014 -
13 48.016 a-pinene 89 - - - 0.182
14 48.62 Pyridine, 3-(1-methyl-2-pyrrolidinyl) -, (S)- 97 84.336 98.876 90. 082 10.347
15 50.021 Pyridine, 2-( 1-methyl-2-pyrrolidinyl ) - 93 - 0.019 - -
16 50.721 Benzene, 1,2-dimethoxy-4-(2-propenyl) - 95 - 0.019 - -
17 53.416 Caryophyllene 99 - - 0.114 0.052
18 53.599 Pyridine, 3-(3,4-dihydro-2H-pyrrol-5-yl) - 94 0.114 0.020 0.130 -
19 56.68 Pyridine, 3-(1-methyl-1H-pyrrol-2-yl) - 93 0.053 - 0.145 -
20 59. 166 5,6-Dimethyl-2-benzimidazolinone 81 - - 0.088
21 60.567 2(4H)-Benzofuranone, 5,6,7 ,7a-tetrahydro4 ,4 ,7a-trimethyl- 98 - 0.053 - -
22 60.591 2,3"-Dipyridyl 97 - - 0.575 -
23 62.677 Megastigmatrienone A 97 0.168 - 0.511 0.137
24 64.402 3-Hydroxy-B-damascone 83 0.251 0.013 0.306 0.140
25 65.552 Megastigmatrienone B 97 0.119 0.058 0.308 0.095
26 66.053 Ethyl citrate 91 0.094 - 0.114 0.058
27 66.36  2-Cyclohexen-1-one,4-(3-hydroxy-1-butenyl ) -3,5 ,5-trimethyl- 90 1.820 0.104 2.285 1.868
28 68. 148 2-Cyclohexen-1-one, 3,5,5-trimethyl-4-( 3-oxobutyl ) - 93 - - 0.056 -
29 69.877 2-Cyclohexen-1-one, 4-(3-hydroxybutyl)-3,5,5-trimethyl- 86 0.563 - - 0.885
30 70.282 Cotinine 98 0.712 - 0.495 1.223
31 72.489 Benzene, 1,2-dimethoxy-4-( 1-propenyl) - 81 0.105 - - -
32 73.685 2'-Hydroxy4',5'-dimethylacetophenone 91 0.223 - 0.169 -
33 77.064 ( +)-a-longipinene 90 0.383 - 0.349 1.261
34 80.795 Methyl palmitate 92 - 0.052 - -
35 82.142 2 ,6-Octadienoic acid,3,7-dimethyl-, methyl ester 83 - - - 1.133
36 84.192 7 ,8-Dihydroxy-4-methylcoumarin 922 0.761 - - -
37 84.22 2H-1-Benzopyran-2-one, 6,7-dimethoxy- 91 0.438 - - -
38 89.994 Phytol 89 - - 0.283 4.219
39 90. 15 Cyclohexene, 5-methyl-3-( 1-methylethenyl ) -, trans-( - )- 0.688 - - -
40 90.229 Tridecanedial 83 - - 0.205
41 90. 566 Thunbergol 83 - - - 0.614
42 91.695  Spiro[4.5 ] decan-7-one, 1 ,8-dimethyl-8 ,9-epoxy-4-isopropyl- 94 - - - 0. 688
43 92.379 Aromadendran (2") 86 0.502 - 0.262 5.705
44 95.916 Longifolenaldehyde 87 - - - 1.886
45 96. 460 (1S,2E,4S,5R,7E ,11E) -Cembra-2,7,11-trien4 ,5-diol 87 0.385 - - 1.629
46 96. 867 4.8, 13—C.yclotetradecatriene—1 ,3-diol ,1,5,9- 93 7 661 _ 5 577 5. 682
trimethyl-12-( 1-methylethyl )
47 98.538 Sclareoloxide ( Cis-A/B) 91 0.015 - - 2.299
48 100.241 (=) -Isolongifolol, methyl ether 85 - - - 1.793
49 101.804 Geranylgeraniol 96 - - - 0.948
50 102. 081 Hexanedioic acid, bis(2-ethylhexyl) ester 99 - 0.501 -
51 103.013 2(1H) -Naphthalenone , octahydro-4a-methyl-7- 81 B B B 1533
(1-methylethyl ) -, (4a. alpha. ,7. beta. ,8a. beta. )-
52 109.104 Di-n-octyl phthalate 86 - - - 1.612

“ —” Not detected.
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Fig. 1 Total ion chromatograms of different fractions by Fig. 2 Comparison of the chemical classes of
molecular distillation compounds by molecular distillation
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0.08% (4N 2 i) o

80 CHREH /r B Y 15 Ry fox, Hovbr B2fS 1 b, o8 B 5 TR 28 3l (0 935 0 28 — gk T 45 1y R
fik (1,2- ZHUAREROR 28 1 B, O - A4 - (PR 368 ) 4% IS 4, A0 4 2-DR e i | 3 -2 8- — -
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Table 2 The statistics results of compounds type by molecular distillation

Compounds type SFE extracts 80 °C light fraction 120 <C light fraction 160 C light fraction

Alcohols 5 1 3 6
Ethers 2 3 1 2
Aldehydes 0 0 1 1
Acids 1 0 1 0
Hydrocarbons 4 1 5 7
Ketones 8 4 9 5
Heterocycles 5 3 5 2
Esters 1 3 1 3

In total 26 15 26 26

120 CRRAFBUEE I 26 i, P mede 3 Fh, A5 MR EE iS¢ L g4, 8, 13-Fk ik =J-1,3-—
P s IR 1 i, DRy X PR T A 1 5 RIS 1 b, D b TRE S BRIE | B, IR LR IR S i, (L AE -
FeA-(1-NHEL) 78 2-HEEZR O IR A AR 22068 s B2 9 A, 239l 2,3- (-3, 5- T 7-6- 1
Fe-4 - AP 2-DRIERR S ,6-— F -2 FF DRIE B | 5 2 =M A 3-F3E-8- — S-SRI | 5
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T B 4- (3-8 HE-1- TR L) 3,5, 5- B 2- R U - 1-1 3,5, 5- = H 3E4- (350 T 56 - 2-37
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YR B FEEZS 43 3] 5 B (1Y) 4. 16% F1 2. 87 % ;)2 248 (kS (2R (S LIRS 430l 5 i 19 0. 74% |
0.47% 0.21% 0. 11% 0. 01% (&l 2 fix) o
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UM AT A IR 8, 9-FR A4S N IR [ 4. 5 ] 38 be R 22t 2R S B, (45 B G =GR A 3-
FREEB- AR IR B G IR B 4-(3-FR 1T ) 3,5, 5- = 2R -1 4 o- HYJE-7-9
2-3£-1,3,4,5,6,7,8,8a- /N ZE-2-M 5 24 A28 2 B, A8 AR L nT 2k 775 BR 28 3 B, BN AT B R — &
B A R P AR OR R ZIE SRR (RS IR LR 2) o WNEHRE , A £, B 67.97% 5
HYCh e, S 11.57% , J8 28 (A2 (k2 (RS (e 70 il 5 B 7. 9% (3. 77% 4. 09%
2.80% 1. 89 (1A 2 fi7R) o

AR, BV F o (CAn &l 1 Fos) Hal DA 1,80 °C 42 43 A AR WY Sk 1y R i 0ee , 3% 151 LU 35T 15,
FEEE T LN FREY, DR B Sk R E AR 120 CRA FEEFE
TR I ]S TP Ay, LR GRS =R R AR AL ), (A48 S BTSSR 80 CHR4H 7 B 5 — 24
160 CHRA 5y FZE L T IR W B B 8R4y, DL 3-8 A0-7, 8- A -a- 55 2 7S e iR Y s L -
M TN ARRVEAL 5 o AR =0T 7518 (80,120,160 °C ) HMe5E t 52 Fhfb #2145, A4 T Il
RS E 1 Z Sy, v RE A B IR rh & R il oy 2 R R R 4 4 AT R AR JT il ad GC-
MS Kyt o XS TS UL TR S YA T T 25 IR A D B RN E B S AR 1 T 2R R AE AN R
BOAC A Wik B0 B
2.2 RBEITRER

F o 2R3 80 CRRA S (T B A oK) (120 CRA; (FHFEE B £ ) Fl 160°C 424 71
(HZH:CFEm) i BmEl A:B=1:1 A:B=2:1 A:B=3:1 A:B=1:2 A:B=8:2 f1 A:C=9:1
X 6 Fh L AIHE TR

BRI AT 280845 2 1Y 58 o BOFR C J5 0 18 43 360 h 10 SRR 43 A 5 mL 70% R F:
Ja MBS [ bR GB YC/T 4982014, #5 M B el o5 M 22 F 5211 0. 1% 43 50| 351 5] MU 7 25 (4 22
b RPN N AT PR, BARSE SR a3k 3 R, TR R — 2R, A B =8:2 |1 80 C 4 4
120 CH24H 4y =8:2 WAL , s A 2 AR R R L s R R Al

®3 BETRER

Table 3 The results of sensory evolution

Sample Sensory evolution
SFE extracts good aroma quality; enough aroma quantity; heavier acrid; strong irritant; strong dry feeling
A good aroma quality; less aroma quantity; less smoking thickness; heavier acrid; strong irritant; strong dry feeling;

smoothly smoking; good after taste

B good aroma quality; good harmony; more smoking thickness; heavier acrid; top after taste

C good aroma quality; more aroma quantity; heavier acrid; slightly irritant in the mouth
A:B=1:1 good aroma quality; enough aroma quantity ; rough smoking; slightly irritant in the mouth; good after taste
A:B=2:1 good aroma quality; enough aroma quantity; smoothly smoking; slightly acrid; slightly irritant in the mouth
A:B=3:1 good aroma quality ; enough aroma quantity; improving the flue gas state; slightly acrid; slightly irritant in the mouth
A:B=1:2 good aroma quality; enough aroma quantity; unclear aroma; rough smoking; slightly acrid
A:B=8:2 top aroma quality; full aroma quantity; smoothly smoking; full sweetness; purity and cleanness.
A:C=9:1 good aroma quality ; enough aroma quantity ; more aroma quantity; rough smoking; slightly irritant in the mouth

Blank less aroma quantity; less smoking thickness; heavier acrid; strong irritant; strong dry feeling

A .80 °C Light fraction; B:120 “C Light fraction; C:160 °C Light fraction.
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Separation of Aroma Constituents from Discarded Tobacco
by Molecular Distillation and Its Application in Tobacco

YANG Yangin®, YUAN Kailong®, XIA Chen*, WU Jian*, ZHOU Guojun**, DUAN Taicheng"" ,
CHU Guohai*, JIANG Jian“, YIN Jie*, LIU Jinli*, SHI Chunyun®, HU Anfu*, LU Xinbo“, TAO Feng*
(“Technology Center,China Tobacco Zhejiang Industrial CO. ,LTD ,Hangzhou 310024 , China ;

" Changchun Institute of Applied Chemistry , Chinese Academy of Sciences , Changchun 130022 , China;
“Technology Center ,Hangzhou Liqun Enviroment-protecting Paper CO. ,LTD ,Hangzhou 310018 , China)

Abstract The discarded tobacco extracted by supercritical CO, was separated by molecular distillation
techniques and analyzed by GC-MS. Fifty-two kinds of compounds were identified in total. 15 kinds of
compounds were identified by the 80 °C light fraction. Among them, heterocycles were dominant, accounting
for 98.91% of the total, followed by esters(0. 606% ). Twenty-six kinds of compounds were identified by the
120 C light fraction. The chemical classes were mainly made up of heterocycles(91.42% ), with relatively
small amounts of ketones(4. 16% ), alcohols(2.87% ) and hydrocarbons(0.74% ). There were 26 kinds of
compounds identified by the 160 °C light fraction. Alcohols(67.97% ) were the dominant chemicals, followed
by heterocycles (11.57% ) , hydrocarbons (7.9% ), ethers(4.09% ), ketones(3.77% ), esters(2.80% )
and aldehydes(1.89% ), respectively. There were obvious differences in the compound types and contents of
different fractions, which reflected the selective enrichment feature of molecular distillation. The sensory
evaluation of the mixture of the 80 °C and 120 “C light fraction with the mass ratio of 8:2 was better. The
sample’s aroma quantity and quality increased, the after taste got more comfortable. Meanwhile it presented
sweet aroma and more pure smoke flavor.

Keywords molecular distillation ; discarded tobacco ;aroma constituents ;sensory evolution
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