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Fig.1 Solubility of dealkaline lignin in different solvents

i Bl A Jii % /. DMSO-dg+ DMSO-de/Pyridine-ds
(4:1 v/v) F1 DMSO-dg/HMPA-d;g (4:1 v/v) 1] 2D
HSQC NMR i B & 2 firw, A5 1) 45 K ] 7
N2 AR RFERIBEEX (842.5-6.0 ppm, §¢ 50-90
ppm) FF5EFX (8 6.0-8.0 ppm, 3¢ 100-150 ppm)-
3 AR A DR S & X R oK B, B 3 w]
A, R R I EE X A RIS AL AR T R IE R A K
BIE B-F5HEBE T B-O-4 (A), KHEFTKEIT B-5
(B), WHEEEHIC B-B (C); HEXAE T HEHIC
(S). WEIARFEHIT (G). MEHIEFEFHIT (H). [
BRE: (FA) FIREERE G (XD [F5 HI, xukk
AL TT I BTG R R A 5 KR SOk R IE B4 A A
BUSSHATIA)E, e RS R IR 1. H3R 14,
£ DMSO-dg #7H A-Sg+ Bps Cp 2515 5 HIAREH G
ME], £ DMSO-d¢/Pyridine-ds 7 B Cp {55
ANEERAG I E], TE DMSO-dy/HMPA-d;5 (4:1 v/v)
TR VAT P RSB o7 2% 32 B PR RRAE U A5 5 3 m] A )



4 FHE AT 2= Acta Tabacaria Sinica 2022 Vol.28 No.2

)., 5HE 2 FEFFELE, £ DMSO-dgHMPA-d;3 3% DMSO-do/HMPA-d;s W55 H 753 2R R Z A E S
FIHFARF R T EHEXH Syss Gon FAq MHRINIER A WmFEEHESE LU FLIE DMSO-dg/ HMPA-
B, XWEERE Hyy NESE®RER . %55, dig 1E AR R I NMR T E 7 o

a o b s 20 ¢ o2 20
, 0 bpe ® 30 ¢ 30
= 40 == sl 40 : 40
50 e 50 50
60 60 60
in si L Ligr h nin hait
70 70 o : o
80 80 ) "', 80
90 90 %0
1 i 100 . 100 1 100
¥ e 110 LA ; 110 . 110
' L e In aromatic | Lignin aromatic < Lignin aromatic
A 120 . 120 | ) 120
% N | ST kR EHER
130 j 130 I ‘ 130
140 ' 140 _______________ 140
150 = ' 150 ’ 150
,,,,,,,,,,,,,,,,,,,,,,,,, 160 e e 160 60
8 7 6 5 4 3 2 1 ppm & 7 6 5 4 3 2 1 ppm 8 7 6 5 4 3 2 1 ppm
7: (a)DMSO-ds, (b)DMSO-ds/Pyridine-ds, (c)DMSO-ds/HMPA-d, 5.
Note: (a)DMSO-ds, (b)DMSO-d¢/Pyridine-ds, (¢)DMSO-d¢/HMPA-d5.
2 BtEARREREAREAF H A 2D HSQC NMR & E
Fig.2 2D HSQC NMR spectra of dealkaline lignin in different solvents
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Fig.3 2D HSQC NMR spectra of side-chain and aromatic region of dealkaline lignin in different solvents
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Tab.1 Assignments of main cross-peaks in 2D HSQC NMR spectra of lignin in different solvents
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Note:(a) Side-chain region, (b) Aromatic region, (c) Molecular structures of lignin components.

4 DMSO-dy/HMPA-d 57 ey op BRI AR A R 30 2D HSQC NMR i
Fig.4 2D HSQC NMR spectra of alkali-lignin from middle leafs of flue-cured tobacco in DMSO-ds/HMPA-d ;g
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HSQC NMR 734t

P R T A 79 R 3 7] P B A R R R P O T
5, MXERMHEAEEELE 2. BE 2 5, 1
DMSO-dg A FARE 1AL 220 5 SCHR[ 1814 bl g 5 —
0, /£ DMSO-dg 1 DMSO-do/HMPA-d, g 7§ R A 7144 %
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’ OCH; 0
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¥E: (a)DMSO-ds, (b)DMSO-dg/HMPA-d5-
Note: (a)DMSO-dg, (b)DMSO-dy/HMPA-d;s.

W, FARARERRAE I 1) AL A B 2248 35/ 0.2 ppm,
. DMSO-d¢/HMPA-d, g 1E A% BE AR 73 A R 40
OISR RS WA §o o AN, HMPA-d, g V754 45
SALT 35.53/2.47 ppm b, ANTHAT A HLIRIE
et R, NTHEHIIEEE, fER—3%
TS 3 d WA T DMSO-do/HMPA-d, g V57 o (KA A
fig it 4T 2D HSQC NMR A, jdid bhds [ —AE i 2
WP RS R e E . SRR, MEERE
VAL 2 RS i 22 359/ F 0.1 ppm, RRAEVEIL A1
dc/dn HIMINTIrEMm Z (RSD) BI/NTF 0.2%. UiHIFE
DMSO-d¢/HMPA-d;s ¥ 714 & P 14T 2D HSQC NMR
SIS TRURG B FE AT, AT LSCEILRE S I HER s MERAE .

b 50
o
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100
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b9 130
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5 FAtHEETEAR R HAY 2D HSQC NMR & [
Fig.5 2D HSQC NMR spectra of coniferyl alcohol in different solvents

R 2 WMABEEARREAEFIHA) 2D HSQC NMR (EEFE SR
Tab.2 Assignments of main cross-peaks in 2D HSQC NMR spectra of coniferyl alcohol in different solvents

Fih (samples)

FAFAEE (coniferyl alcohol)

RSD (%, n=3)

prp— DMSO-dg DMSO-d¢/ HMPA-d;; DMSO-d¢/HMPA-d;s DMSO-d¢/HMPA-d;3 DMSO-dy/HMPA-d ;g

[6¢/8u ppm] [8¢/3y ppm] [8¢/3n ppm] [6¢/8y ppm] [8¢/0k]
OMe 55.27/3.78 55.23/3.76 55.22/3.76 55.23/3.76 0.10/0
Y 61.51/4.09 61.55/4.08 61.53/4.08 61.54/4.08 0.02/0
2 109.41/7.00 109.51/6.97 109.48/6.97 109.47/6.97 0.02/0

5 115.20/6.73 115.14/6.74 115.13/6.75 115.13/6.75 0.01/0.09

6 119.14/6.81 119.06/6.77 119.06/6.78 119.05/6.77 0.01/0.09
o 127.24/6.19 127.20/6.17 127.16/6.17 127.14/6.17 0.02/0

B 128.68/6.43 128.70/6.44 128.67/6.43 128.67/6.43 0.01/0.09
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2.2 MHEAREZ 2D HSQC NMR EE 44T
22.1 AFEEEBAFRZERK 2D HSQC NMR &&=
Gain

JEIT 2D HSQC NMR X A Jii 2% ) E LA B 6
FTRNER T R 2T, TUE L T AR R
Fr BB AL 25K . SRTT, 2D HSQC NMR H T
'H-PC & ® N mZE. EIRMN . TH T1 gk
N, TH A PC T2 s LR THER R A s,
MECLSLELAER B, Har R B ESITAE. 2D

HSQC NMR [ 5€ B2 AE R — 7K N ELBOR R
B HE A B TC A e (8] S R B (R AR AR AR 20 SR SEEUAT XS S
o Cheng %5 FIAB R IEA BICHIAS KR 73 2 A
TP R PR R AR &, BRI 1
AR, R A L TT AT & B BRI OR i R A
FTTIIPARARER 0 o5 SR B A BT AR R ) Z AT
e, dna sl 2 Fos. FRoelRlERREE AT 5 = 2
BEAD L TT R E R AR AR 7 o BT SR SR A AR AN
rEesl, a3 prastie,

Lignin=1(S,,+S",,,)+ (G, + G\) + [(H,,;)+ [(FA, + FA,))+ I(PB,,) (D
1.%= R x100% (2
0.51(S,, +S"',6)+1(G,)+0.51(H,,)
1
% = ! x100% (3)
IA+IB+IC+ID

Hd, T (Sys +S26)s 1 (Gy+Gg)s I (Hyg)s I
(FAy+FAg)s I (PByg) 7HARE SHS', G, H, FA,

PB 7F 2. 6 fALIRFARRr 2 F; 14, IB, IC, ID 43 %)
R#E B-O-4, B-5, B-P, 5-5/p-0-4 7£ o ArfAEFFS)
Ly, Iy 53 AR ARF I A Joit 25 25 A B 70 0 B0 s ) 3 o
PIEFRA s AARTEREEAREIC S, G H AN & &
Z RN 100% , BE I[0.5  (SystS'ye) %+ (Go)%+]
[0.5(Ha6)1%=100%; ATz EEA H o AR AL B,
C. D WX EEZAN 100%, B I4%+IB%+IC%+
ID%=100%.

T SRAF S R RS B AR R R
MU TR LS IRAES 2 PR, IR BRAZ IR
FES AR RSB EW .. NIETAR R ILIRRE
i AT K KB 2D HSQC NMR 43 #7485 B 52
SEIG W E 1 2.5 mg. Smg. 10 mg. 15 mg PUFPA[E &
BB B R (0.5 mL DMSO-dg/HMPA-d g,
v/v4:1) #E4T 2D HSQC NMR 4347, i E K 6 Fix,

XTE 6 HETIHEERIE 3. HE 6 7T%l, AR
JRRSERR, WEFETEREERE. LIEA
DMSO-dg H1 &) C-H AH IR (S8¢/8y 39.52/2.50 ppm)
E NS5, SRR %8 100, B 1 (DMSO-dg)
=100, AR RIEAR LI ERF G 52 s, 193]
N R % NP % NE T i POK N2V 527 TR AW/
1 THE, BRI B B BT 2 A SRR 4y
SR 7 ps, B B TR SRR, A
I EARAS 53 25 75 2 X A SRR AR et 2 3 K. 25
B3R 3, XWAFEEEBAA R ZE 2D HSQC NMR i ]
S5, PRSI ER S BAE 2.5 mg B, Akl E
11 PR RFHEIE(E S KBRS RIS mg B, #f
Rl 2 19 PR = AHIE (S 55 AR SR 10 mg
PLEF, mlRS I BT A ZE R RHIEIEE S o AFARR B,
RE LR SRR & B AE 10 mg B L, BTt
TS AR R MM &8I 21.83 LLER, A REBAE
FITE BT 73 1 v R AR RS
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¥E: (a)2.5 mg, (b) 5 mg, (c)10 mg, (d)15 mg.
Note: (a)2.5 mg, (b) 5 mg, (c)10 mg, (d)15 mg.
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6 REE BRHRAREE DMSO-d/HMPA-d ;s SAFF g 2D HSQC i
Fig.6 2D HSQC spectra of different contents of dealkaline lignin in DMSO-d¢/HMPA-d g
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R 3 TESEBBATIREAE DMSO-d/HMPA-ds i&FIHAY 2D HSQC NMR F513/8

Tab.3 Assignments of 2D HSQC NMR spectra of different contents of dealkaline lignin in DMSO-d¢/HMPA-d,g

ARRZEIT 2.5 mg Smg 10 mg 15 mg
(Lignin unit) [8¢/61 ppm] [6¢/0n ppm] [6¢/0n ppm] [6¢/6n ppm]
OMe 55.25/3.81 55.24/3.81 55.21/3.81 55.22/3.81
A, ND ND 70.85/4.80 71.10/4.80
A -H/Gg ND 83.92/4.40 83.71/4.36 84.02/4.36
A-Sy ND ND 86.88/4.31 86.62/4.30
A, 59.72/3.59 59.79/3.58 60.04/3.57 60.11/3.57
A ND 63.40/4.02 63.42/4.01 63.30/4.01
v ND 62.57/4.38 62.36/4.38 62.66/4.38
B, ND ND 86.38/5.54 86.29/5.45
B; ND ND 53.10/3.81 53.15/3.81
B, 62.52/3.57 62.43/3.57 62.42/3.58 62.52/3.57
C, 84.94/4.58 85.01/4.60 84.90/4.59 84.84/4.58
Cp 53.69/3.04 53.73/3.07 53.72/3.07 53.69/3.03
C 71.03/4.08 71.02/3.98 71.00/4.04 71.08/4.05
v ND 70.66/3.68 70.62/3.68 70.55/3.67
XI, ND ND 129.72/6.35 129.75/6.43
Sose ND 102.98/6.59 103.18/6.58 103.15/6.58
S'ye ND 106.75/7.21 106.77/7.21 106.73/7.19
G, 109.96/6.88 110.23/6.87 110.20/6.87 110.21/6.86
G ND 110.88/7.43 110.70/7.42 110.80/7.42
G;s 114.82/6.99 114.84/7.00 114.82/7.01 114.81/6.99
G 118.24/6.73 118.12/6.74 118.14/6.71 118.07/6.71
G's 122.97/7.48 122.87/7.48 122.77/7.43 122.73/7.48
Hayg ND ND 126.63/7.10 126.56/7.10
FA, 110.31/7.36 110.36/7.37 110.35/7.37 110.40/7.37
FAq ND 123.70/7.14 123.70/7.14 123.59/7.14
PBos ND ND 131.55/7.74 131.43/7.76
0 O 0 B VRS ARG IRBEAT R T, 193 T e
35 33.79 BRI e & (HR . AR IR R & B 41
30 25%~30%, T FFARBR & ELE 3.5%~7.5%2
25 21.83

FAXHEFATR S

(Relative volume integral)
(3]
(=)

[V )

FRBEA G % A & (Dealkaline lignin content)/mg

4.79

[
2.5

5 10

15

7 AEIE BBEARERMEMHRR

Fig.7 Relative volume integral of different contents of dealkaline

222 MHEAJFR KK 2D HSQC NMR & &0
TGS M . AR SR AR E Y A

lignin

)2, PRI, AT 0 I A A R ) — AR IR
W], OO R S AT TRAL R, AR R
A% I RV NN IR VG R = S K V= /1 s S A N
RO BN ELTEY 8 4 38, AN ISR G
il BRATVE AR 0 A7 WLV R B2 2 il
ek fige > £ 2 SR AR B R (R S R R R e, SR o 2K
FFEAE S TR KB AR Hl Al
VPR R H A SRR, A s 35 /AN IE B
B R ISR Mo PRV U G e AR ) A 1
LRYER ML HER TN, KRR AR T, %07
RN AV R R (HRE R
FE G, HATRER I A A . BRITIE R E
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A TR Y AP A Y R ST IR KAE KR, R
JRR B R (HJE, IRERAME T AT 205 H kgt
RATFEEMBIZ . #E AR RSP
FEfREES G R T BRI R, (RS SR, FE
ZRYHE, TIRES T EREIR 2 . BRIATR R I I PR
KARGHANEYZ B, SARRREL, %7
FEEARIER, BAMK, 5505 SR A
PRI, AR AR BRASEAT 25 1 J5 (0 - A A A 240
Bt (WCW), BRUE-BEfEARITE (AEL) DK S A B
FARBUITIR AR 2 (AL) X 3 FIAS[R AL R AR B AL
il % 50 mg AT S YERZREILIR SIS, HEX S0 T AR itk
BILLE b IS A 1T, 153 F BiAbE 5 5
EIL P 428 J0R S 0 P A T R ARG 5 1, a8 o, 4

40 - 3751
gaj :
230 -
S E
ol |
=
%— < 15 -
E 10 1 595
% 5. 279
R
o NN .
WOW AEL AL
A EAPZE(Lignin species)

8 A EIFALIE 77 3 K ME s AR KA M AR BT R AR XHATRIR Y
2/
=1
Fig.8 Relative volume integral of lignin from middle leaf of
flue-cured tobacco under different pretreatments

YA EE (WCW) KRR FIAR & ER 2.79, Bk
-FEEA U Z (AEL) N 5.95, 54 Y4 e (WCW)
FEG, HOART R XS ER A M, Ehm T
21.83, F9ANFIIHE UG o] M0 A —4ERE I, B AR AR BT R
(AL) FUAHXT &80 37.51, AT AR IRFIEIG 254
BInTiE M R I . BT, S P A R B M B A 5
FIFALER 7, IR 3R AT S5 M R AEFN Y 8
B0, ATLUREENeEm EEM et ERER.

JE I R VR A SO R A I RS T B A
R R R, A AR 20 AKX R
KRR BA B O EE M FIR I R IE R AR & &, 45
R 4 Fros, B i AR BT 2 2 SGH AR %,
H G BARERICTERAE (5425%), S BAFER
It E BRI (17.96%), R EMLFFetEEER
br S/G fHP'H 0.33. SHEMEYAELL (R S/IG 1H AN
1.5, Tk S/G fH R 1.0) U532, JHH- KRR S/G 14
BAG, XWSHEDESPAR RS ERE, S AR
JRERIT B>, S/G RN R S — Ul
AR, R H BUOR i 3R B o & & H I e Y 2R Y
T, XA EAMY) H B & oo & s s M
L, WFOKE (15.1%) HIERE (13.4%) U2, #5 I
HHERAR A B 2R A EE X, -0 BB LG B-O-4 (A)D
Je g EE GRS, SRR G E R
1) 91.36%, MHAREEHIC B-B (C) ZIXEEM, HA
JR R FITIAIE R 5.65%. BRAN, HEIE R A
ARG G A FE K ELER R FA (25.82%) Fl/b & HXT
PRI RN PB (0.5%)-

R4 FRBEEARREERER BT R ETEEEZNENSER S/G HtLE

Tab.4 Relative content of lignin subunits and linkages and S/G ratio in different tobacco lignin samples

JHERE S (Tobacco samples) S G H S/G® FA PB A? BP c* D¢
JE R E - B,F 26.51 52.88 20.62 0.50 15.75 0.45 84.02 491 10.73 0.35

5 JH A C,F 17.96 54.25 27.80 0.33 25.82 0.50 91.36 2.72 5.65 0.27
KRR X,F 15.62 55.58 28.81 0.28 14.77 0.77 85.79 5.15 8.08 0.98

AR 19.33 58.40 22.27 0.33 20.79 1.22 80.53 6.17 12.56 0.75

AL 20.38 50.72 28.90 0.40 20.99 2.01 92.97 2.62 3.88 0.52

1 22 22.85 71.26 5.89 0.32 9.05 0.02 73.27 8.94 15.62 2.17

SR A 20.83 73.50 5.66 0.28 12.50 0.05 72.93 8.22 15.81 3.05

W a. A:B-O-4; b.B:B-5;c.C:B-B; d.D:5-5/B-0-4; €.S/G=0.51(Ss+S"2/6)/I(Go+G'2) Ao 32 7% Fr X T A HL TR B 3 b (S+G+H=100%) ;A il

BEIX G5 B TAIR H 20 EE (A+B+C+D=100%) ;FA,PB (5 S+G+H K EH 7t

Note:a.A:B-O-4;b.B:B-5;c.C:B-B; d.D:5-5/B-0-4; €.S/G=0.51(S26+S'26)/1(G2+G")™; Lignin-Aromatic molar percentages (S+G+H=100%);Lignin-Aliphatic
molar percentages(A+B+C+D=100%); FA,PB as percentages of (S+G+H).
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2.3 AREHMPEEARRZR 2D HSQC NMR 4347

A R AL F B, AR 2D HSQC
NMR J7iERHE A b R AL D AL
WL A 22 RO L S SCIRAE R I SR AT 4
R AR RERAE, b1 R AR M 1 5= H3Y
FEVL BRI, 3 ORI R 4540 5 T S R T A IE
BN E RN BN 4 Frn, BT st
SGH BUARJ &, @EIAKE (G) fHEFEENIEARTG,
AR SR B%ﬁ%$ﬁ304m>%%%5
FERPR R G, HUOERRERES I B-B (C).
%MMHﬂuELﬁT,Siﬁﬁﬁim N
b (26.51%~15.62%), G BRI H BUARFR BT S &
AW (G:52.88%~55.58%; H:20.62%~28.81%),
S/G HLAEASHR/> (0.50~0.28), H G BUAFKHIT
TERE, XRBUEMTREREESREF, G AR
RIS UURPY e ANIA] i b A M R S5 2R BT (]
ILLBI AR, SRR U RR S bR R A
R, S B 2 BT & ' MK BN s < A
<FREMH, G B F0 & B MK EAE RHE<)E

5-5/3-0-4

W< A, HAEEHE S/G ELil i (0.4). 122 50
T B AR L, B G AR R R ILE B, 3
£ 0%/ 47, T H BB Boo s EmK, 27E 5%
Fita o AR B-J5 BBk IT B-O-4 (A) HonH
B oW, MGG IR IERE R TT B-p (C) A H Wi,
Bl B-0-4 (A) HICH MK, B-p (C) Fud &S,
FE ity R FARR E THBk ArCY o A5E 22 AV B o B-O-4 (AD
IO 70% /A4, wE R TR & E, B-p (O
BIC S BN EIINE] 15%/ 45, i 22 5 00 5
A5 i B P AR ot ) AR 1

W, REFGERRICB-S (B) HgBEdARE
BAASEAIARE (G B FAERE (H) BT ipih
73, PBIEdBEERS] y AL, RN FA @it i S
KRBZER . KPR 4 HR T FRE S AR T S R
TCIRERM I & &, SROCR21,251M 7715, M H
TR 5T 2R (R AR G5 R o DB I s K S 51, A
NERV/EE S I N NG e Py =y SIS
9). B FEEE RN T B R o 540 5 A TR RE R o0
RITHE RS E R HE A

S/G:0.33

$-0-4:91.36

p-5:2.72
P-B:5.65

5-5/4-0-4:0.27

B9 B EEN ARELMTEE

Fig.9 Structure diagram of lignin from middle leaf of flue-cured tobacco
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Structure characterization of tobacco lignin by Two-dimensional Nuclear Magnetic Resonance
spectroscopy

GAO Miao', CAI Jibao?, XU Zhenyu’, TTAN Dayu', SU Jiakun®, ZHANG Yi*, YANG Jun"

1 Tobacco and Health Research Center, University of Science and Technology of China, Hefei 230051, China;
2 Technology Center, China Tobacco Jiangxi Industrial Co., LTD., Nanchang 330096, China

Abstract: [Background and Objective] Lignin has an important effect on tobacco quality and safety. In order to improve the quality of
tobacco products, it is necessary to study the chemical structure and content of tobacco lignin. [Methods] In this study, tobacco lignin was
characterized by two-dimensional heteronuclear single quantum coherence nuclear magnetic resonance(2D HSQC NMR), and the structure
characterization and semi-quantitative analysis of tobacco lignin were studied. [Results] Test data show: 1) There were 10 kinds of lignin
subunits and linkages and 27 signals of related structures were found in tobacco lignin; 2) Tobacco sample lignin is a SGH type lignin.
Guaiacyl (G) is the most important lignin subunit, of which the content ranges from 50.72 to 73.50 percent; the content of syringyl (S) is
between 15.62 and 26.51 percent, and the content of p-hydroxyphenyl (H) is between 5.66 and 28.90 percent. f-aryl ether units -O-4 (A)
are the most important lignin linkages, whose content ranges from 72.93 to 92.97 percent of the whole linkages of lignin, followed by
resinol units B-f (C) in the range of 3.88-15.81 percent; 3) From the top to the bottom of flue-cured tobacco leaves, the content of syringyl
(S) units gradually decreases, while the content of guaiacyl (G) and p-hydroxyphenyl (H) units gradually increases. Compared with tobacco
leaves, the content of guaiacyl (G) units is higher in cut stem and tobacco sheet, but the content of p-hydroxyphenyl (H) units is lower.
However , the content of B-aryl ether units B-O-4 (A) is lower, and the content of resinol units B-f (C) is higher. [Conclusion] In this paper,
qualitative and semi-quantitative analysis of lignin subunits and linkages of different tobacco samples were realized by using 2D HSQC
NMR method, and the model of tobacco lignin molecular structure was proposed. These results provide a theoretical and technical basis for
the study of tobacco lignin macromolecules.

Keyword: 2D NMR; HSQC; tobacco; lignin; structural characterization; quantitative analysis
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