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Rapid screening and quantitative analysis of 26 soluble sugars
in tobacco by ultra performance liquid chromatography-
quadrupole-time of flight mass spectrometry
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Abstract: Sugars are one of the important chemical components in tobacco. They serve as key
precursor substances for various aromatic compounds in tobacco. Furthermore, they also have a
significant impact on the taste and burning characteristics of tobacco. Thus, obtaining accurate
information on the composition and content of soluble sugars in tobacco can provide a scientific
basis for quality assessment of tobacco leaves. Moreover, it offers critical data support for quality
control and process optimization. Traditional techniques for soluble sugar analysis include continuous

flow analysis, ion chromatography, gas chromatography, and liquid chromatography, etc. However,
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these methods still have limitations such as tedious sample pretreatment, poor detection sensitivity,
and low analysis efficiency. In contrast, ultra performance liquid chromatography-quadrupole-time
of flight mass spectrometry (UPLC-Q-TOF-MS) is a highly effective analytical technology. It integrates
the excellent separation capability of UPLC and the superior sensitivity of MS. This combination
offers great potential for qualitative and quantitative analysis of target compounds. Nonetheless, the
types of soluble sugars detectable in tobacco by UPLC-Q-TOF-MS remain limited. This defect restricts
the comprehensive evaluation of sugar components in tobacco. Herein, a rapid and accurate analysis
method was established for high-throughput screening and quantification of 26 soluble sugars in
tobacco leaves. The tobacco leaf samples were ultrasonically extracted with 30 mL 40% acetonitrile
aqueous solution at 120 W for 30 min. Soluble sugar extract solution was prepared using a Waters
Sep-Pak C18 solid-phase extraction cartridge. With the help of self-built sugar library, the tobacco
leaf samples were screened by UPLC-Q-TOF-MS. Then matrix-matched standard calibration curves
were employed to accurately quantify the target analytes. The established method was verified. The
26 soluble sugars exhibited good linear relationships with correlation coefficients (R*) ranging from
0.999 1 to 0.999 9. The limits of quantification (LOQs) were in the range of 0.03-20 mg/L. The spiked
recoveries ranged from 92.39% to 111.75%, and relative standard deviations (RSDs) were <4.65%.
Finally, this method was applied to analyze 59 tobacco leaf samples from different origins, grades
and years. Six soluble sugars including erythritol, fructose, sorbitol, glucose, sucrose and inositol
were successfully identified. The content of each soluble sugar varied significantly among samples
from different origins, grades, and years. Even among samples from the same origin, grade, and
year, the soluble sugar contents showed certain fluctuations. This is speculated to be related to
factors such as the growth environment, maturity, processing, and harvest time of the tobacco
leaves. Among them, the contents of fructose and glucose were at relatively high levels in all tobacco
leaf samples. The soluble sugar content from Heilongjiang was generally higher than that from
Guizhou, Hunan, and other regions. Additionally, the overall soluble sugar content in samples from
2021 and 2022 was higher than that from 2020. Principal component analysis (PCA) and hierarchical
cluster analysis (HCA) were conducted on tobacco leaf samples from different positions, re-
spectively. These analyses demonstrated significant differences in soluble sugar contents among
tobacco leaves from different positions. It confirmed that soluble sugars could serve as effective
indicators for distinguishing positions of tobacco leaves. In summary, the established method enables
the qualitative and quantitative detection of the 26 soluble sugars without relying on standard
substances. Moreover, the method exhibits high throughput, simplicity, rapidity, and accuracy.
Meanwhile, it is suitable for the qualitative and quantitative detection of soluble sugars in tobacco
leaf samples. It provides robust technical support for in-depth research on tobacco chemical
components and the digital formulation design of cigarette products.
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1.1 SR akF 548

1290 Infinity 1 8 55 8008 AH 435 (55 [ Agilent
/3l ) ; Triple TOF 6600° MS( 3£ [ SCIEX /A #] ) ;
KQ-5200DB AU 7 il 15 PEAX ([ B ol vy 7 A3 4%
ARARED) ;725 2 0L (7% E Eppendorf 2
Al ) s PTX-FA210S B 73 # K °F (Fi +: Mettler To-
ledo 7\ A ) ; Milli-Q # 4l 7K & 4t ( 3% [® Millipore 2
A ) ; Waters Sep-Pak C18(500 mg/6 mL, 3¢ & Wa-
ters A H] ).

A] i MR S bR UE . B 2 BE (glucose) | R BE
(fructose) (41 & >98%, It 5t F R WA A BR A A 5
5B (galactose) | 111 L B (sorbose) | 1 & Hl
(mannose) . K #i (xylose) . Bl £ {f # (arabinose) .
o 75 B (lyxose) | # Hi (ribose) | 2- i %A #% B (2-
deoxy-dribose) | Fl Z= #¥ (rhamnose) . % 2f ## (malt-
ose) . ¥ ## (sucrose) . #. B (lactose) | £F 4 — b
(cellobiose) . iff #: ¥ (trehalose) . % — ¥¥ (melibi-
ose) WL (inositol) | 1L B4 B B (sorbitol) | A Ml i
(xylitol) . Bl $i7 {1 ¥¥ B (arabinitol) . ¢ &F B it
(erythritol) . ¥ F #¥ (raffinose ) .2 % = ## (maltot-
riose) . Z #f U B (maltotetraose) . 7K 75 B¥# (stachy-
ose) (4 [F >98%, | iff 2 se kA AL B A BR A W) ) 5
N (B35 2, 55 [ Fisher 24 w) ) ; 20K (3% 9%, 4t
A RBFHEARAE ),

ST FH R 2 R AR R T A R B AR A
A PR, PR HB AN < No. 1 35, No. 2 B2 74, No. 3~7
AL AT F5 , No. 8~31 1 [F = 1 , No. 32~39 H1 [ Y
JII,No. 40~41 H1[# ] %4, No. 42~45 1 [& 5}l , No.
46~49 f[E4E A, No. 50~55 H1 [E i ,No. 56~57 f
[ B e 1T, No. 58 H[EBEVY , No. 59 LR .

1.2 XBHE
1.2.1 A7 o 0 R &

HEAf AR 26 Fh o] s PEBE AR AE S A 5 mg T 10
mL B EIR T, LL 75% C N KR 5 B
A R Ak BE N 0.5 mg/mL B bR AERE S IE W, T
—18 CykH h it 7% H o
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Y55 o DU 5 A ) 2% 2 i Ak 3L RS ) A ot A
HE 4T Waters Sep-Pak C18 [ 4 A% HU/NF: Ab 2, 0 46
53 AE R o BRI S TR . 43 L — Y A5 AT
AR o Y i B T Y, P X R 3 T 0 B R R R R
A TV R
1.2.2 & AT A

WO FE & 76 30 TR JE By ik Jf i 60 H
i o AU 30 mL 40% CBE KW E T &A1 g AR
FE i 0 HE TR 6 A, B 5 $R I 30 min, $2 B0 R R
120 W, 2 Waters Sep-Pak C18 [ #H % B/ & 48
afi Ak J5 A5 B AT PR AR ELY o B R A A B B
Xof HE 35 SO VS VOB BE R RE IS L 0.22 wm A AL R UE K,
ff UPLC-MS/MS 43 #7 , A7 3 (X T & 2 AN ] 1
3BT I E IR B RO BT 25 5 ) o
1.2.3 A&

XBridge Amide #: (150 mmx4.6 mm, 3.5 pm,
F [E Waters A H] ) 5 W s A : 0.15% 2 7K 8 W (L 3)
AT A)F G W GRS A B) 5 3K < 0.8 mL/min;; i
FE it :3.0 pL; AEL 45 58 47 B ] < 40 min; B B 8
Jiit P2 : 0~20 min, 90%B~75%B ; 20~25 min, 75%B~
70%B; 25~35 min, 70%B~60%B ; 35~37 min, 60%B~
90%B ;37~40 min, 90%B .,

R B SS  BRE EST s B 1 PR R B
600 °C ; 14 & Bl . m/z 50~750; Wi %5 <% /7 482
kPa; 4l B 44 S K /7 2 482 kPa; A5 KUK 11276
kPa; & FfL LR 5500 V, L HL R (MS') :40 V, Al
g5 (MS') .5V, L i (MS?) : 40 V., filf 8 B &
(MS?): (12£5) V[ REEH 1 : 14 1,

1.3 #HEaE

i Analyst™ TF {4 5% 4 52 50 %4 |, i i A
XIC Manager 1% 3 (1) Peak View (Version 2.6 AB
SCIEX) i #& H #r ¥ , Al /i MultiQuant ( Version
3.0.2 AB SCIEX) # { % i £ th 19 H An 4k & ¥ it 47
E 5T, K ] GraphPad Prism #1 Origin %k 4 ¢
14 & . i Simea 3447 32 853 53 Hr (PCA) |
JZR A5 H (HCA) .
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2.1 HEmarahEMu
2.1.1 REEAHMRAN

ARG R S DR T S e
VA SRR R JBCRRE [) R4 I 2y 32 55 s T R R T
W2 S5 4 T A ok R b 2 5 5 A S N Y R

Wy, AHIF 5 18 SR 25 05 RS0 2 AR Ay T R
(AR ZR R B 43, DA G €8 33 0 1 AR BE A 46 A L X6 b
w4 ARG W R S 4 kA
2 PR ZR 1A RO L R E— 20 SR F IE 28 SE e s 1 X
Ek 4 AN EBEAT R G A, DL e e 4R R
A

A BT B S x4 IO ) (0~ 100% 1Y 2N 7K 7
WOPEATHE ., ME 1 AT LR L BEE 20
He R e v A R RSB ) e AR R T =
Ja AR A, Y] 50% ZIEKIER N 75% By 2.
TRV WA AT i BBCIST 4 26 AR R0 SR ) 0 T AL T AR
2 I, 2 50% £ K BE S $ B )
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E1 RBEEFGEBEHENRBFETRAOZME(n=3)
Fig.1 Effect of extraction solvent on the peak areas of
glucose and fructose (n=3)
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TRl LU Y B A B ERO TR A R B, 2 R A
SREBE Y 0 [ AR SR R TR S BRI A . YR IR
Vs R FL R 40 mL I, 4 4G 15 R SR OBE 04 T R 8
X AT B2 T R BN 4R O AR BRI R R
LA S8 43 A B i v 0% 25 RN SRR T B B R RO
TR B0 B8 0, A b 0 VS i o A g U T REURE R Y
I SR, 24 B O A A R B R A R T
FiB 23 o] At 4y o 5 SO 2 A R 2R 06 1 AR
TR P, 32 BUA FA T 40 mL.

SR A Y A 2 SR 3 B . N AT L
B B R R ] P 385 M, T 250 B AR SR g i i B
BSETHE JE T R S S PRI [A] 2 30 min B U4 AT
BURS F KA. R, ST ] 35 30 min,

FEECI R Ak g B 4 Fros o o]
DL 1, B 5 5 BT 258 0 18 0K, 7 285 M 0 SRk g 0
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Fig. 2 Effect of extraction solvent volume on the peak ar-

eas of glucose and fructose (n=3)
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Fig. 3 Effect of extraction time on the peak areas of glu-

cose and fructose (n=3)

AU BT R R T B YR S DR 100
WIS, ) 2 W R RO 1 e T B GA B e . PRLUIE, B
BB 100 W,

CEA RN RS EE R TN R = KF Ly(3Y)
TF 5 52 6 7% 4% $ O 0] | 2 JBOI 0] A AR 4 BRI )
Fi BTy 23508 4 20 A R0 SRR 4 OROCR S e (3R 1) o
HI A 25 R B R/INAT I, 25 PR 3R KT A - v ) 26 6 SR
2 FRAI 3 1Y 5% e Y 40 R B 2y 238 > i BV )
AR > 4l IR 1] > B2 RO 7], B4 R ) 25 02 5 v 4 B
ROR R EENR R RBE A EmR /D, 4 HR
(4 J5c D $E B B Ry 40% 0 7K I T, 312 Ui 79 A4 L
30 mL, 2 BCE [A] 30 min, 42 B3R 120 W, Rt
o 2 58 T A A Ry R I e R AR Y 4 AR A

B4 RERHENFEHENMRFETDROT G (n=3)
Fig. 4 Effect of extraction power on the peak areas of glu-
cose and fructose (n=3)

2.1.2 BEAMERDAEEE

T AR B B AR AR A T 43 )
% B Agilent Bond Elut C18 (1 g/6 mL) . Agilent
Bond Elut SI (1 g/6 mL) | Agilent Bond Elut NH,
(1 g/6 mL) . Waters Sep-Pak C18 (500 mg/6 mL) .
Waters Oasis HLB (500 mg/6 mL)5 i [# #H 2 B/
FEHFAT % 5%, DL 25 [ FH 2 BUAL 31 0 46 5 O SE g0 4,
DA 25 [ AH A2 BUA $30H 28 4 W) 32 B 76 B M 5 40
DRI AR RE i g X B, 35 2 ) 4 0 R R Y AR
Xof W THT AR LY, D IR Ay 1A 2 RCRICR (9 7 458 5

AN TR] [ AH FE BN AR B e pe 25 SR e S TR .
M R] LLFE H, Agilent Bond Elut SI #1 Waters
Oasis HLB /> A1 5% 4 25 15 F1 S 0 9 [0 8c 256 A X 458
X, M Agilent Bond Elut C18 ., Waters Sep-Pak C18
F1 Agilent Bond Elut NH, /INF: X % 75 85 Fn 5 0% (14
B R 28 T 90%, H /4 Waters Sep-Pak C18 /)
FE WAk ) DR B i/ o 3X H T Waters Sep-Pak
C18 /INFEXT AR M P Ak & 1 A 5 ik (4 O/ B8 6E 1, 7T LA
A 30 BT AR e R A T % BT T R R R 1
KW o R BA A 25, Do 2> B AR W 2% B 1l i
2 N, A& P Waters Sep-Pak C18 [F A 25 Bt
/NEE R TR SR A A P
22 AEFEER

A A R PR R Y 2R ) 2 5 AT
WE 28 B 53 58 4 HLTRT |, 52 TR ) I 1 2 A3 1 B 1k
AR DT T B i A ERA o DR ZH I IR S 56 iE 5
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Table 1 Results of orthogonal experiments (n=3)
No. Extraction Extraction solvent Extraction time/ Extraction Peak areas
solvent/% volume/mL min power/W Glucose Fructose
1 40 30 20 80 5.9%10° 8.6x10°
2 40 40 30 100 7.1x10° 1.0x10’
3 40 50 40 120 7.0x10° 1.0x10’
4 50 30 30 120 7.5%10° 1.1x10’
5 50 40 40 80 5.5%10° 8.1x10°
6 50 50 20 100 6.5x10° 9.4x10°
7 60 30 40 100 6.9x10° 9.9x10°
8 60 40 20 120 7.4x10° 1.0x107
9 60 50 30 80 5.6x10° 8.3x10°
K, 1.62x107 1.68x107 1.59x107 1.40%10’
K, 1.60x10’ 1.61x10’ 1.65%10’ 1.66x10’
K, 1.60x10’ 1.56x10’ 1.58x10’ 1.73x10’
R 2.0x10° 1.2x10° 7.0x10° 3.3x10°
150 R AE 3 A AR KR, 26 FfmT % 4 4 14 i b =

1] Agilent Bond Elut C18 Waters Sep-Pak C18
Agilent Bond Elut NH, [ ] Agilent Bond Elut SI

aters Oasis HLB

100- : =
R /
2 R 7
3 e
50 Fa
-
i |
Glucose Fructose

Es5 EEZERUNMENEEENRBERKENZE(n=3)

Fig. 5 Effect of SPE cartridge on the recoveries of glu-

cose and fructose (n=3)

BN RT AR ) A 5 ) e 2SR FH Rk I DG 1
M e H bk &9 & it . LLAS AT PR B 09 T
e B Ay e A A €2 T 0 T RR (T R X TR R O U AR 0
T RS ) AL AR AR E 2R . ANk 2 w26
P E AR ME S R R A M E RBU(R) 120.999 1,
Xof & I DG T A 7 VS W AT 40 BT, LA 26 Fi AT i
0 04 TR AR AN A5 R 1 3 A B S Sl 10
TFEE R . S5 R T, 26 FhnT i PR A H BR R
0.01~6.00 mg/L, =& & f >4 0.03~20.0 mg/L.

MR R BT R A TR, i — P IR X
75 1 I 5 A I RE S 26 i RT v MR G T AT M 1
# No. 3.No. 18 #ll No. 42 Sk HEATAE .4 .75 3
ASIKAF By s [ o, AR AT 3 IR, 4

=H

WCF R 92.39%~111.75%, AH XF # fE f 2% 4 0.87%-~
4.65% , & W% J5 i B A 0 S 0 o B 5 UG 9% B, T
FHF M v m] s s G B R E
23 EMERPRAEBEEERERSW
23.1 EEAQH

e RS E RS E AL O NI i Db AN N S B (]
59 Fofr A o A it v R A PR AR SR AT E T O A, O X
JUT i A B AT PE R AT . K 6 S 3 5 I 18
SRR B AR R B B L SR S T
BRI B 1Y H AR 3 04 1 ST 58 4 o B HL
TEXTFR . Wk 3 P, HR i o6 Fh oAl v v, 4
) Ay A R ROBE CRERE ULEE | Ll AR R | O
15, 5 A% AT {0 3 0 3 5 R 18 SRR R E
G E R I AN  R N GE R
WEALEAS ) 77 My | 55 GORIAF Oy R A7 A 1 35 22 5%, o
SR R0 46 2 W A T A R B R R R R
FIUEE R 2Z 1L B B A o5 08 B 5 & e (% ™
Hb o3 A 43 BT, BB e VT M DX I RT3 T e R A
15, W56 1 57 5 R S TR I Y AT M )
Wk 284.971 mg/g Fl 295.601 mg/g, M &t M . ] Fg
A5 43 Hb DX R B S e A O G, G 42 SR
fh (185.165 mg/g) .50 A4k (160.741 mg/g) ; 4F 1y
J7 T, 2021 451 2022 4E AR AR 0] TR RE O R AR
T 2020 4. AL, RIS [R) — 7 Ml LA SR AR 0y 1R
[ FE A ], o] 5 PR B o A — R sl M S
TR 1 AR A PR A R A T AR AR S R R A G
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F2 60MARMEEAMTERPHEEEE AEAFREAXRY QLR ESR . @B EE IR ERZE (n=3)

Table 2 Linear ranges, linear equations, correlation coefficients (R?) , LODs, LOQs, recoveries, and RSDs of the 26

soluble sugars in tobacco leaves substrate (n=3)

Linear range/

LOD/

LOQ/

C d Li ti R? R /% RSD/%
ompoun (mg/L) inear equation (mg/L) (mg/L) ecovery/% o
2-Deoxy-dribose 25-300 Y=2.29%10*X+1.60x10’ 0.9999 3.00 10.0 100.31 1.07
Ribose 5-50 Y=4.19x10X-1.09x10* 0.9998 1.50 5.00 100.60 2.12
Rhamnose 30-250 Y=1.10x10*X+3.50x10* 0.9999 6.00 20.0 100.59 1.40
Erythritol 1-10 Y=4.84x10°X+3.95%10* 0.9994 0.10 0.30 98.62 4.65
Lyxose 25-150 ¥Y=6.97x10°X+3.01x10* 0.9993 3.00 10.0 100.93 4.07
Xylose 25-300 Y=1.05x10"X+8.06x10* 0.9997 3.00 10.0 101.99 1.64
Arabinose 20-200 Y=2.18%10X-1.58x10° 0.9999 3.00 10.0 101.79 1.77
Xylitol 25-300 Y=1.63x10"X+1.54x10° 0.9993 0.75 2.50 100.08 1.33
Arabinitol 25-300 Y=7.08x10°X+7.64x10* 0.9997 0.75 2.50 100.12 0.93
Fructose 30-250 ¥Y=5.38%10"X+3.73x10° 0.9991 0.30 1.00 103.54 4.46
Sorbose 10-120 Y=2.81x10'X+2.61x10* 0.9997 0.30 1.00 98.85 3.48
Mannose 0.5-10 Y=3.20x10°X-3.60x10" 0.9998 0.30 1.00 111.75 1.78
Sorbitol 0.3-4 Y=3.32x10"X+1.36x10° 0.9993 0.01 0.03 103.22 3.41
Glucose 20-200 Y=5.67x10*X+2.79%10° 0.9998 1.00 3.00 105.15 3.81
Galactose 25-300 Y=1.39x10°X+8.77x10° 0.9998 0.06 2.00 99.72 0.87
Sucrose 2-14 Y=6.91x10°X+1.09%10° 0.9999 0.30 1.00 101.92 3.40
Inositol 1-20 Y=6.56x10"X~1.04x10* 0.9999 0.06 2.00 102.39 4.34
Maltose 5-50 Y=9.17x10°X+2.39%10° 0.9994 0.12 4.00 92.39 1.92
Cellobiose 10-100 Y=8.64x10°X+1.67x10° 0.9993 3.00 10.0 99.98 1.20
Lactose 10-120 ¥Y=9.76x10*X+2.12x10° 0.9994 0.75 2.50 106.43 3.75
Trehalose 0.5-10 Y=1.28x10°X+2.99x10° 0.9999 0.30 1.00 107.90 3.06
Melibiose 0.5-10 Y=1.36x10°X-1.31x10° 0.9997 0.30 1.00 101.66 2.66
Raffinose 0.5-10 ¥Y=6.81x10°X+3.97x10* 0.9999 0.09 0.30 100.45 3.36
Maltotriose 10-115 Y=4.31x10°X+3.08x10° 0.9991 0.09 0.30 101.25 1.84
Maltotetraose 8-80 Y=1.29%10°X-4.01x10* 0.9997 0.30 1.00 100.98 1.87
Stachyose 2-18 ¥Y=9.83x10°X+3.43%10° 0.9997 0.12 0.40 100.16 1.74
Y: peak area; X: mass concentration, mg/L.
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Fig. 6 Extraction ion chromatograms of (a) No. 3 and (b) No. 18 samples (n=3)

1. erythritol; 2. fructose; 3. sorbitol; 4. glucose; 5. sucrose; 6. inositol.
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Table 3 Contents of soluble sugars in the 59 tobacco leaf samples (n=5)

o Origin Grade Vear Contents/(mg/g) (RSDs/%) Total content/
Glucose Fructose Sucrose Inositol Sorbitol Erythritol (mg/g)
1 America #7 FCB3 2020 75.20 (3.21) 94.45(2.25) 3.734 (4.23) 13.09 (0.51) 0.610 (4.55) 0.090 (4.38) 187.174
2 Brazil #51 MBOA-GD 2020 75.97 (0.64) 102.6 (0.94) 3.425(2.31) 12.37 (0.39) 0.500 (2.47) 0.117 (3.35) 194.982
3 Zimbabwe #70 L10O/C 2020 73.58 (1.70) 106.6 (0.71) 5.580 (2.74) 7.923 (0.54) 0.981 (3.20) 0.163 (2.46) 194.827
4 Zimbabwe #74 L10O/C 2020 76.64 (1.34) 107.1 (0.60) 4.625 (6.87) 7.271(0.13) 1.053 (4.17) 0.183 (1.89) 196.872
5 Zimbabwe #76 L10O 2020 72.72 (0.04) 106.4 (0.47) 7.440 (3.44) 8.194 (0.14) 1.152(3.75) 0.188 (2.97) 196.094
6 Zimbabwe #139 LILA 2021 75.52(0.97) 91.30 (0.89) 5.370 (5.47) 9.033 (0.02) 1.282(2.07) 0.232 (4.57) 182.737
7 Zimbabwe = #140 LIOA 2021 82.17 (1.75) 104.4 (0.55) 9.457 (0.31) 15.56 (0.17) 0.453 (3.70) 0.112 (2.01) 212.152
8 Yunnan CIF (A) 2021 82.06 (1.45) 129.2 (0.10) 13.27 (1.37) 10.08 (0.04) 0.124 (3.57) 0.035 (4.38) 234.769
9 Yunnan C2F (A) 2021 90.78 (0.11) 109.6 (0.39) 17.34 (0.18) 9.337 (0.10) 0.137 (1.13) 0.025 (4.31) 227.219
10 Yunnan C3F (A) 2021 96.46 (1.00) 131.0 (1.27) 13.64 (3.54) 13.96 (0.37) 0.111(2.48) 0.024 (3.74) 255.195
11 Yunnan C4F 2021 64.84 (2.80) 99.72 (0.62) 6.348 (3.38) 9.360 (0.25) 0.119 (4.21) 0.022 (3.44) 180.409
12 Yunnan BIF (A) 2022 81.10 (0.84) 109.7 (0.52) 16.59 (0.92) 10.27 (3.89) 0.425 (4.15) 0.054 (3.11) 218.139
13 Yunnan CIF (JD) 2020 77.19 (1.28) 129.1 (0.62) 3.335(4.31) 10.69 (3.18) 0.581(3.19) 0.238 (1.57) 221.134
14 Yunnan C2F 2020 72.01 (1.06) 112.0 (0.53) 2.640 (3.95) 10.51(3.80) 0.597 (4.15) 0.169 (3.96) 197.926
15 Yunnan C2F (A) 2021 81.56 (0.88) 111.6 (0.75) 24.52(0.48) 19.51 (1.75) 0.372(2.22) 0.055 (3.61) 237.617
16  Yunnan C3F (C2JD) 2021 90.91(0.53) 115.5(0.44) 16.54 (3.28) 16.55 (1.74) 0.195 (3.86) 0.037 (3.94) 239.732
17 Yunnan BIF (B1) 2021 75.21(0.41) 112.1 (0.43) 8.419 (0.12) 8.354 (0.28) 0.427 (3.03) 0.076 (4.24) 204.586
18 Yunnan C3F (B) 2021 93.15(0.02) 114.1 (0.51) 8.199 (1.65) 10.56 (1.09) 0.499 (0.51) 0.124 (1.08) 226.632
19 Yunnan X2F 2021 61.23(0.42) 93.72 (0.14) 5.270 (1.88) 10.23 (0.39) 0.335(3.32) 0.009 (2.13) 170.794
20 Yunnan C3L 2022 70.80 (1.17) 93.13 (0.46) 14.24 (4.34) 7.407 (1.07) 0.452 (4.03) 0.005 (3.32) 186.034
21 Yunnan CIF (A) 2020 111.4(0.85) 111.5(0.69) 14.69 (1.64) 7.716 (2.63) 0.506 (4.14) 0.004 (2.59) 245.816
22 Yunnan B2F (B1) 2022 59.24 (0.72) 81.42 (0.63) 8.460 (3.07) 6.313(2.69) 0.512(1.83) 0.037 (2.64) 155.982
23 Yunnan C3F (C1) 2022 99.87 (0.95) 104.0 (0.93) 22.57 (1.57) 11.82(3.22) 0.441 (1.16) 0.006 (4.34) 238.707
24 Yunnan C2F 2022 89.66 (1.39) 94.69 (0.66) 23.77 (3.24) 8.442(2.55) 0.358 (3.00) 0.002 (2.37) 216.922
25 Yunnan C3F (C1) 2020 87.40 (0.70) 95.04 (0.34) 11.49 (4.57) 7.574 (1.11) 0.464 (4.02) - 201.968
26  Yunnan B2F (C) 2021 55.02 (0.53) 70.82 (0.62) 15.20 (4.48) 4.477 (0.93) 0.414 (4.38) - 145.931
27 Yunnan C4F 2022 66.09 (1.32) 81.09 (0.23) 15.41(3.25) 6.482(3.13) 0.374 (4.10) - 169.446
28 Yunnan C2F (G) 2019 76.15 (0.78) 95.20 (0.44) 5.250 (2.28) 7.708 (1.34) 0.748 (4.52) 0.093 (1.20) 185.149
29 Yunnan C2F (A) 2022 87.63 (0.86) 96.32 (0.41) 11.17 (3.10) 8.377 (0.62) 0.454 (4.39) 0.083 (3.99) 204.034
30 Yunnan BIF (A) 2022 67.27 (1.00) 80.13 (0.92) 7.515(2.48) 6.498 (1.11) 0.639 (2.44) 0.061 (3.49) 162.113
31 Yunnan BIF (B2) 2022 60.84 (1.08) 75.09 (1.08) 5.130 (1.37) 4.321(3.45) 0.535(4.20) 0.058 (3.51) 145.974
32 Sichuan C2F (A) 2021 94.59 (1.01) 121.2(0.31) 15.48 (1.25) 8.160 (3.05) 0.653 (4.24) 0.061 (2.42) 240.144
33 Sichuan C2F (A) 2019 61.47 (1.37) 127.4 (0.41) 8.240 (2.27) 3.590 (1.18) 0.619 (2.66) 0.116 (3.33) 201.435
34  Sichuan C2F (AJD) 2021 66.15(1.24) 98.98 (0.86) 15.36 (2.46) 6.745 (3.44) 0.416 (2.49) 0.044 (4.10) 187.695
35  Sichuan C2F (T) 2022 85.29 (1.26) 113.7 (0.99) 17.38 (1.38) 7.948 (2.97) 0.543 (4.39) 0.137 (0.52) 224.998
36  Sichuan C3F (A) 2021 109.5(1.18) 137.2 (0.82) 14.68 (2.20) 8.047 (2.96) 0.508 (2.31) 0.099 (3.56) 270.034
37  Sichuan C3F (AJD) 2021 105.3 (0.58) 117.7 (0.67) 21.38 (1.32) 8.380(3.94) 0.563 (4.06) 0.046 (3.41) 253.369
38  Sichuan C3F (A) 2022 93.72 (1.16) 106.4 (0.50) 21.70 (3.03) 8.330(2.32) 0.429 (4.06) 0.046 (3.90) 230.625
39  Sichuan C3F (C2) 2021 91.70 (0.85) 124.1 (2.07) 13.52(1.78) 10.79 (4.32) 0.121 (3.99) 0.029 (2.53) 240.260
40 Guang- C4F (C1) 2022 112.7 (0.62) 120.7 (0.70) 6.443 (4.30) 15.50 (2.44) 0.542 (3.11) 0.167 (4.26) 256.052

dong
41 Guang- C3F (C1) 2022 101.3 (0.83) 110.1 (0.67) 6.520 (3.80) 13.50 (3.48) 0.595 (4.39) 0.152 (0.85) 232.167
dong

42 Guizhou C3F 2022 77.80 (1.53) 97.20 (1.03) 6.021 (1.73) 4.144 (4.59) - - 185.165
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Table 3 (Continued)
Contents/(mg/g) (RSDs/%
SO Cgn Grade Year Glucose Fructose Sucrosi : g)Iilositol : Sorbitol  Erythritol TOt?:rng/Iglt)em/
43 Guizhou C3F (A) 2021 80.66 (1.39) 87.31(1.38) 6.258 (1.00) 9.408 (0.14) 0.667 (4.36) 0.023 (3.80) 184.326
44 Guizhou C3F (C1) 2022 75.27 (0.96) 89.37 (2.29) 6.239 (3.59) 8.343 (3.76) 0.607 (3.69) 0.027 (3.87) 179.856
45 Guizhou C2F (G) 2021 97.27 (1.09) 103.4 (1.01) 16.34 (0.52) 7.342(0.59) 0.546 (3.61) 0.045 (4.03) 224.943
46 Fujian C2F (A) 2021 1153 (1.11) 121.4(0.56) 12.81(0.83) 7.391 (1.17) 0.265 (3.07) 257.166
47 Fujian C3F (C1) 2022 116.5(0.43) 122.8 (0.30) 6.351 (2.54) 9.294 (1.26) 0.371 (1.22) 255.316
48 Fujian C2F (A) 2022 115.5(0.79) 124.9 (0.31) 13.78 (0.59) 13.16 (2.88) 0.154 (3.00) 267.494
49 Fujian C3F (A) 2021 118.7 (0.30) 123.0 (1.33) 5.933(2.23) 12.51 (0.55) 0.261 (2.17) 260.404
50 Hunan X2F 2020 65.79 (1.08) 84.06 (1.23) 1.050 (4.35) 9.250 (3.21) 0.555 (3.60) 0.036 (3.17) 160.741
51 Hunan C3F (C1) 2020 75.16 (1.97) 99.06 (1.63) 2.323 (4.19) 6.851 (2.61) 0.511 (4.52) 0.051 (3.75) 183.956
52 Hunan BI1F (A) 2020 57.72 (1.34) 81.77 (1.26) 0.259 (3.76) 8.522(2.93) 0.617 (3.00) 0.055 (4.50) 148.943
53 Hunan C3F (C1) 2021 71.70 (1.71) 97.36 (1.08) 2.463 (3.89) 6.990 (2.50) 0.629 (2.54) 0.037 (3.31) 179.179
54 Hunan C3F 2021 96.79 (0.34) 139.9 (0.24) 4.373 (3.79) 11.60 (1.76) - 252.663
55 Hunan C3F 2021 85.48 (1.18) 100.6 (1.14) 3.470 (4.62) 6.503 (0.94) 0.523 (2.04) 0.085 (1.80) 196.661
56 Heilong- C2F 2022 129.9 (0.39) 127.4(0.59) 17.56 (2.67) 9.274 (1.28) 0.653 (2.44) 0.184 (2.00) 284.971
jiang
57 Heilong- C3F 2021 133.5(0.64) 128.2(0.87) 23.74 (2.62) 9.387 (3.89) 0.604 (3.44) 0.170 (3.95) 295.601
jiang
58 Shaanxi C3F 2021 84.55(1.25) 90.70 (2.29) 37.50 (2.27) 5.215(1.55) - 217.965
59 Shandong C3F 2021 78.29 (0.65) 106.5(0.87) 4.461 (3.32) 4.284 (1.98) - 193.535
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Fig. 7
cal cluster analysis of soluble sugar components in
tobacco leaves from different positions (n=5)

T: top leaves of tobacco; M: middle leaves of tobacco; B: bot-
tom leaves of tobacco.
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Table 4 Comparison of this proposed method with other

methods
Detection Number of de- LOQ/
Sample Ref.
method tected sugars  (mg/L)
HPLC-ELSD food 5 500 [19]
Ion chromatog-  food 5 10 [19]
raphy
Continuous tobacco total content / [7]
flow method
HPLC-ELSD  tobacco 4 4.1-7.1 [16]
HPLC-MS/MS  tobacco 7 0.02-0.05"  [17]
UPLC-Q-TOF- tobacco 26 0.03-20 this
MS study

ELSD: evaporative light scattering detector; /: cannot be
quantified ; * LOD.
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