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Abstract: To address the critical bottlenecks of low resolution and poor analytical efficiency associat-
ed with co-eluting organic acid components in the complex matrix of tobacco flavoring liquids, a high-
efficiency analysis method based on ion-exclusion chromatography (IEC) was developed. A compara-
tive investigation into the separation mechanisms of anion exchange and ion exclusion revealed that:
By leveraging the unique synergistic effect of Donnan exclusion and hydrophobic adsorption on the
ICE-AS6 column, combined with a heptafluorobutyric acid elution system, the method effectively
overcame the limitation of low resolution (R<1. 0) between lactic and acetic acids inherent to conven-
tional ion chromatography, achieving baseline separation (R>2. 14) for citric acid, malic acid, lac-
tic acid, and acetic acid. The method exhibited good linearity within the range of 0. 50-50. 0 mg/L,
with limits of detection (LOD) of 0. 13—0. 15 mg/L and limits of quantification (LOQ) of 0. 45-0. 51
mg/l., while precision and spike recovery rates fully met analytical requirements. Chemometric anal-
ysis of 102 typical tobacco flavoring liquid samples revealed significant clustering characteristics ,
classifying samples into a high-malic-acid type(6.9%), a high-lactic/acetic-acid type(20. 6%), and
a low-acid universal type(72.5%), which correlated highly with the sensory functional positioning of

the tobacco flavoring liquids. This study not only resolves the co-elution interference of organic acids
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in complex tobacco flavoring liquids matrices but also provides data support for quality traceability

and precise control in cigarette flavoring processes.

Key words: ion-exclusion chromatography; tobacco flavoring liquids; organic acids; cluster anal-

ysis
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RIRSFIRE R A VURAEIR G S R R RSBl , LR TREE it D) RE N P TR S AR a4
HAT R

EUAT, SRR A LR BRI LU Gk (GO RIS RO (i (HPLC) A . Hov,
GC B AT AEAAL BEAEAL H AR, AMUEIN T AP BRIV 20, 38T RE AT AR RUSAN 58 A B 4

MR INERATE ;T HPLC M FLIR . ZTRSFZHARRIR A BRI 7 SRR B, MELISEBLDUE | K
R ER . ML T, & FHER GRS (IEC) FEMHEET Donnan HE w570 BCAE HTH MR 23 2L ,
TEARSr A HLERAY [F] 5 A vh BAT R e oW AR AL AL BEEI Wl B, R Eifk 1 At
PR, Wb TIREIRZE . WAL LR (TR 5 O W5y BT, REA UL HPLC 1Y
Sr AT R AR AR DLBRESS | BE2R A E AL T S B, IR A A R o SE
ZIAPRI SRS EE R . FE S SRS ARRE T TR ILR, (HAS11-HC @i
FEXP LR/ SR 43 B BEA S, M LU 2 B A BRI R ARSI oK o TEC BORTEIN B AT N2 AR 52475
BOMBEZ, HAEE S A IR 85 B B BORTE 1R & 4

AW R AR CHE S, T 1 T RN T A LR AN 00 5 - HE e i 4y
Witk ETWEREEE BRI, ARSI BUREAT LR T2 43 iR s SR K P BH B 122
36253 B HLEL Y Dionex TonPac AS11-HC. AS19 4341, LUK AR L Donnan HE MLt 73 25 ALY Dionex
lonPac ICE-AS6 (4 AT BT X LI SE, & TR WA R 23 B LERAE B A HILIR AT S B 40 73 s el |
M2, PEMSEBUTIRIR . SRR . FLIR K LR 4 RMRFAETE D BEAHLIR ) R 00 B 5 i K e i
ST . WACIZ IR TR R, RGN 1 102 PP B R SO A HLER S AR, IR
PO 7 HAA B 5IREMAHC R . WETE RO RN S Bz S 43 7 bR AR I 5 22, o8
B LEMBRE N St 7 3%
1 XWEts
1.1 (&5, R SR

1CS6000 B 1, A (SR FEBR KA w]) 5 Milli-Q 2t/ R4 (£ BB 24 7)) ; JOANLAB VM-
800 Z & iEinie trae; e Al CP225D HL T RKF (R E 0. 01 mg) o OnGuard [T RP 1ce ZEHU/MH: (3£ [H

FEHR KA ; 50 mL B, KPR . SRR . AR . ZTRbRMES (B Sigma AT ;S (2R vE
OFE]) o 102 R FPERE A i . FTARES RIS 1R (4. 020.5) C. AHXHIREE (85%+2%) .
1.2 HF &

1.2.1 #H@markE

FRELO. 5 g KBS, BN S0 mL B0, M 50 mLABAUK, WHEIRTS 10 ming 4351 H 10 mL H %
FIEB A KIEE OnGuard 1T RP/ME; MTEIRZ G AR, i OnGuard [T RP/MFE, LLO. 45 pwm ZKAHJERE
PR AR P RN . AR S AR S & X (mg/g) #2241 IHHE

CxV

X = (1)

A, COlbRER 20T R BI RR R BARA LB TR E (mg/L) 5 VIRERBUIMAN B4 7K #) 1 F1
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(0.05 L); m MEEMFRIERE (2) .
1.2.2 ®BiEEGMRK

ARSI R SR T B B T A 5 T HE R R AR, B AR E R
1.2.2.1 M FR#H:AEEF(ASII-HC 5 AS19)  EBHSAF: R ARDS 600 FH &7l #5 ( H 7521
i) s AR 30 °C; HERRAEFR 25 pl; KOH KPR AGI 250 i SAG I &5

(1)AS11-HC #E: 14 FH Dionex IonPac AS11-HC (250 mmx4 mm ) 52 %F W AR 4 ; 7iE 1. 2 mL/min;
WMPEEEEEFR)F . 0~9 min, 1 mmol/L; 9~17 min, 1~13 mmol/L; 17~27 min, 13 mmol/L; 27~29 min, 13~
45 mmol/L; 29~32 min, 45 mmol/L; 32~40 min, 1 mmol/L,

(2)AS194E: {#i H Dionex IonPac AS19(250 mmx4 mm) L6 W 404 s £ 1. 0 mL/min; kBERAE
FEF: 0~15min, 2 mmol/L; 15~30 min, 2~40 mmol/L; 30~40 min, 40 mmol/L.
1.2.2.2 B FHF €% %& 1 (ICE-AS6) {34 : Dionex lonPac ICE-AS6 (250 mmx9 mm) ; #{i
19 °C; #pibilds: AMMS ICE300(AMEZALF AR, FAEWCA 5 mmol/L Y T RS S AL, T 1.0
mL/min); WKPEH: 0. 4 mmol/L L3 T PRIA (S5JEVEME) 5 M 1. 0 mL/min; HFFHARFS0 wl.
1.2.3 FiEFEE

SroMEETRAREUT IR . SEORIR . LR . SRbRHER % 50 mg, MBAUKEMIEERZ 1L, Bg
IREIRERR . SHES R ERHR I TR R RS, B BB AR > M RE 22 A0 K, S A HURAY IR B
Bl ETE0. 3~50 mg/L, f£14%0.3. 1. 2, 5. 10, 20. 50 mg/L.
1.3 Sitah

SIS HE R K Microsoft Excel A #FT REANSE 11382, FIH Python X AL i T K-means J2K4)
Bro KM 3 J7 225017 (One—way ANOVA) HZEAR R FER AR & 28k 2R, JH 0 H&E T
FZERE(LSD) i TH G L EHE (Post—hoc test ), LA p<0. 05 VE A ZE R EH A G 222 AP FRIE

2 HR5IE

2.1 SWAERK
2.1.1 HERHEFRERK

MR 5 FHE R AR T AR, %R T Donnan HERRN HE1 74385 . TEIZEFEH, H
RS ) SR PR T ER T2 BHE RN, R AE I T AN AR R L 1T 59 IR S s LR T S b R
T SEBUA 53 X Rt 8 HE R R e HaE T8 290 (s kg fsk) s LR
B0, oTLIA RCHERR 9 A A T, SR REE . A, %05 R S B BT AL PR B R 55 Ay
A, SEHE AT TR I8 . SR R AR i ik TR R, e RIS B 2R
BUIE . A 5T R ICE-AS6 i F i HE R, %O RE RIS A VLR pKaftl . 4> T RIBE K 2 50
7558, BEM A S X A PR B B LR, JESR A0 FRIN a0

HFE . RIS B S 2RO T A . TEIZAEAR T, B BARME AP 0T AE 20 min P52
RSB o ANEIRIRAL SN (% B B Ta) R 43 25 BEA AN IR s, AR AR 38R B dme FE S m ] 1 F0SE 1 B
e FZEETHIE.5, 1.0, 1.5 mL/min) B520, 257K, 1.5 mL/min BHMERH 13K, 228 BER
B RFE; 1M 0.5 mL/min BRI BV 2, SRR, &2, BN 1.0 mL/min A3 20
min N RS B 5 m AR T I P 5, BIE T AR (1. 0 mL/min) 7EAS R R 0 3E M. ]
BF, SCEGAEE TR (16, 19, 22 “CREN, M TH MR T6E S S BEnF i s, KRS
T B FHE R AR BB R, T s IR PR 225, I RIESGEFLIR 5 LRI 4 3
LER G IBIETE R FRPE SHERL, WAWIE 19 °C A ErEiR . LA B, WY E A 0. 4 mmol/L I,
TR, HArA bR Arrabat se 2R, Mk A 0. 2 mmol/L I FLERWEAZ E] 41, 0. 8 mmol/L
B P i, A R, DR e Rk B 0. 4 mmol/LL.
2.1.2 BwiEFESERRITLE

o AR ERES:, 200 R AST1-HC BHE 7238 40kE . AS-19 BH & 1 2c it I ICE-AS6 & F-HE e A%t
PR . SESRIER . FLERACTR I /- S PERE I TR ES . Hovb AST1-HC BLK AS-19 BH & 128 #6445 H KOH
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BEEEMR PR, ICE-AS6 & T-HE AR B T IR M B B il AE s B e AL 5 F T
BEATAIAT, TR bR S ) GO E I 2 BoR . AHELZ T, HERAE ICE-AS6 FELEAIR pH B S5 BEAAF T,
RSB T Lk 4 P HLER B RS 2 (B A 0 AT ) R>1.5) o Heoy s pL il 2 24 g 7 HE e 2B B i
IKAHEAE BB . 2R R AR Fh ARSI A pHAE T LB R ey, 2 B 25 1 HE R0 A
SR, FROGUENG; PRI BATE LRI, SREE AR EEEE SR, e SRR SEBUA R 5
FLIRAN 05 i iRk AE 2257 3845 0 8 o (AR, TRAAH-ERUT T g B 1Rl 1R
BRE KL, TR B0 7T . Horp o SO i R B AT ARIR 553 R IR ) 73 AR 5 2. 19, 58
Al R E BT EOR

B 209¢
1.0 0.5+ 0 T T T 1
. N 10 15 20
a T 5 20 4 -054 3 10 15 2,20 N N N N
T -1.07 i —15ml/min~ § —nT 3 i —0.8 pg/mL
g i ---10ml/min £ -1.57 --- 9T £-4.0- : --- 0.4 pug/mL
T -2.07 - 05ml/mn = | ¢ o 16 C g e 0.2 pg/mL
E i S 251 E _6.0-
3 30 S 3 M A
_4.0- i -3.5 -8.0 i
] I i
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Time/min Time/min Time/min
1 RO B S g
Fig. 1 Comparison of chromatograms for the optimization of ion-exclusion chromatographic parameters
A. flow rate; B. detector temperature; C. eluent concentration
1 EFHERAIETERASEEOR
Table 1  Parameters and effects for ion exclusion chromatography optimization
Optimization parameter Scouting range Selection criteria/Optimal condition
Flow rate/(mL-min™") 0.5, 1.0. 1.5 1.0mL/minfi5, Z#ritfalad e, AL : 1.5 mL/min i, FrEERRfISE SR iR ] fig
ik
Detector temperature/C 16, 19, 22 19 “CHicfE, WAL T HIBY R4
Eluent concentration/(mmol*L™") 0.2, 0.4, 0.8 0.4 mmol/LI, WIEHAE H M 5E 4k
8 1.0
ad1 B | C RE
] 3 . e
4 o | 0
L4661 |2 2 % = 2
E T 2 0.6
£ £ 4 :
= f . £ 4
g g 2 g
o 2 S S 0.2+
0 T T l T 0 L |‘ T T 0 A T T
0 10 20 30 40 0 10 20 30 40 0 5 10 15 20
Time/min Time/min Time/min

B2 ARIERESFE ASTI-HC B ACHAE(A) . AS-19 B ACHAE(B) . ICE-AS6 & 1HEFHE(C) LA/ BACRXT L
Fig. 2 Separation performance comparison of standard samples on AS11-HC ion-exchange column(A) , AS-19 ion-exchange
column(B), ICE-AS6 ion-exclusion column(C)

1. lactic acid, 2. acetic acid, 3. malic acid, 4. citric acid

Shy ik — 25 PRk 2 A REAE AR SE PR B AR AT A0S AP, R EREAT AR B RS T
ME 3R, AST1-HCH: (B 3A)FI AS-19 4 (18] 3B) 7E 5L bRFE St o A B 1 HAEPR IS ) i i 2 31
o BEEE . BARSERIR S EMR ETE (AR W], (IR S IR0 4 B 4y ik — 2 FRE A 1. 43
(AS11-HC)F10.94(AS-19), LT RLHBEMER, XF S EERN RIS, WS &R E At
Jo P B TR R A 5 G (0 5 R TE SO A 5 . ST O LR, TCE-AS6 AR SERR N HPEHERE
ST I T R s iR v, & BRI T B O B B ) S ARV WA L AR ZE RN, o R ARIE )
FrAEIR 15 3 SR 2 18] A0 53 B8 BEAT (AR AE 2. 14 B0 K- (1 3C) o i TCE-AS6 FE:Xt 4 A [l B 5 0
FHAGHEATRAESEE (K 4), 5 ER 4P B AR B EXIR T 1.5, HARGER IR T/ & &
HEOR, XFEAMIESE T ICE-AS6 FEFEME ARG pH (B A5 44  10 & 7% —HE R P E) 2 5L, REfg A 2408
RR AL S BH 5 F- 38 40 A0 A A 43 33 FLIR R TR I T T I ) A 35 ) 5
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Fig. 3 Chromatographic comparison of samples on AS11-HC ion-exchange column(A) , AS-19 ion-exchange column(B),
ICE-AS6 ion-exclusion column(C)

1. lactic acid, 2. acetic acid, 3. malic acid, 4. citric acid

S
A B
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g S
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4 ﬂ
3 2 J 1 2
0 T T S 0 T T T
0 5 10 15 20 0 5 10 15 20
Time/min Time/min

4 4B (A~ VB EHIRE B0 5 THET (L
Fig. 4 Ton exclusion chromatography analysis of four different tobacco flavoring liquid samples (A~D)

1. lactic acid, 2. acetic acid, 3. malic acid, 4. citric acid

FT R SEmgE R, AW R LL ICE-AS6 &5 - HE R (IS Az O 00 M0 H A5 A HLER 04 7
o EHEAMUSI I T 4P BEARAE IR L5 (R21.5), B HRZRZFM PR, A
dn S AT T A F5 24 20 min, AHEG S BLBH 8 F- A0 #6600 J7 i GEE 75 22 30~40 min) , S HTRCR$ETHIK 30%
DL b o XA T 2 - HE R RN 3 5 SR SR A 3 B it v LR 1) TR B s 3 T — S R Bk
AR
2.2 FiRZFWIE

R RGBT A e RE R, RPHRPESSE . REUE . HEREE LR S e T T 2T
WA .
2.2.1 &MECERERREE

DL AR, BHSAMER . SRR, AR, CBREFNERES(0.3, 1.0, 2.0, 5.0,
10.0, 20.0, 50.0 mg/L)IRAPREF . FERAL RS T REAT 04T, LLE ARy fR () 5 H 2
WP (o, mg/L)IFATERMERNE . TEUAI SR BRI A T, S E S B R IR TS P 3 28R I
MR, HAMXERE () IiK0.999 UL E(F2), 45 /RI% )T B A8 Stk sh T8 A 1Y
SE R HERTE
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DI Eb (S/N) =3 X6 W Hh v B8 Ay J5 1 B K B BR (LOD ), LA S/N=10 XF I Bk 5k 8 & FFR (LOQ) .
SR, FEERZH LOD AILOQ 434 0. 15 mg/LAI0. 51 mg/L, SRR K 0. 15 mg/L 0. 50 mg/L, F
£470. 14 mg/LH10. 47 mg/L, ZE40.13 mg/LF10. 45 mg/L. B, 2ot Bl 24s F hE & TR E)
Ve A BBV T (62) o $E4IRAY LOD Al LOQ {H W31 J7 15 H & A IR 2K A HLER A & R
. BEBI A FH R A ) SERR A I 75K

F2 BMERFZ . KR EE R TR

Table 2 Linearity relationships, limits of detection and limits of quantification

AR OF

Organic acid Linear range/(mg-L™") Linear equation r LOD/(mg-L™") LOQ/(mg-L™")
Citric acid (FF15 R ) 0.51~50.0 y=0. 057 8x-2x107° 0.999 9 0.15 0.51
Malic acid (SRR ) 0. 50~50. 0 y=0. 046 5x+4x107° 0.999 8 0.15 0.50

Lactic acid (FLR ) 0. 47~50.0 y=0. 023 4x-3x107° 0.999 8 0.14 0.47
Acetic acid( ZTR) 0. 45~50. 0 y=0. 039 5x-3x10" 0.999 7 0.13 0.45

2.2.2 EWEMBZE

2.2.2.1 ENREER ARRFTRAMAREGENE MR . B0 NS AR S BN EREESN, &
AT RS, IR . H . & 3 NRIEKF (2.0, 5.0, 10. 0 mg/L) TR A bR S iE
AR PATINE 3R o 38 e (i 5 3 RS B IIARE) , RS IRE R ICR &
HAHXT PRUEM 22 (RSD), S5R WK 3. LI HHRE TR, 450 B AREIRLEA FENFREKRE T B DR
91. 6%~106%, RSD k0. 88%~4. 2%, FEHAR 514 HAT A NG 2 i vk ff B F o] Sk

3 JFiER ECR B AR i 22
Table 3 Recoveries and RSDs of the method

Organic acid Original/(mg-L™") Added/(mg-L™") Found/(mg-L™") Recovery/% RSD/%
Citric acid (FFEERR ) 13.41 2.0 15.28 93.5 3.5
5.0 18.10 93.8 2.7
10.0 23.44 100 1.6
Malic acid (SRR ) 25.10 2.0 27.17 104 2.4
5.0 30. 07 99. 4 3.0
10.0 36.51 95.5 4.0
Lactic acid (FLIR) 8. 66 2.0 10. 56 95.0 0. 88
5.0 13.7 101 1.4
10.0 18. 82 102 2.8
Acetic acid( Z ) 2.31 2.0 4.14 91.6 4.2
5.0 7.19 97.7 2.1
10.0 12.90 106 3.8

2.2.2.2 WEESER SralFEEET Ik H RS R H IR $e RS TR R AR
FESMEITAL RS, 7E—RNELSEIERE S I EH 2 H WREE R, TEAF HIHES LS /E# 28 H K
B, FRHAMRES T E R . 4PAEPLEZA H P RSD 4 0. 96%~3. 1%, HIJRSD A 1. 7%~5. 1%, 4%
RIS ik AR O EBE, G2 A FERE P HLRR I E BT el SEi 4528

W IR F RS RAE, A5 T L ST ICE-AS6 ik 8 F-HE R iy 7E e i 2 |
R | 2T e RS S R B 8, 5820 e 0 H A RS b 4 PR A DL 261 7 v i o
SYRTROEESR AR I i R A A LR A BT SE E SR A T IR SN 7 VR A
2.3 HmTERIFMESH
2.3.1 WARRPENBRFHIEESITER

SR HZR 7106 102 FP FPERRI A HLIR & S 3EF T R GRS 0007 (e 4) . iR, SRR S &
e (BME 4. 352 mg/g), HUEAFEE (1. 555 mg/g) FIFLER (1. 544 me/e) , LIRS EHAK(0. 546 1 mg/g) .
4 T PLER ARG R %, Hoh 2Rk 100%, SESRER K 98. 0%, FrEtlz b 97. 1%, FLERHAL N
95. 1%, MERSMTEEERE, SERMRE SR K (0~55. 14 mg/g) , HUEFTER (0~30. 84 mg/g) FIFL
1%(0~29. 65 mg/g) , LR B AR HHHAS 2 R 22 (0. 05~3. 70 mg/g) . {AERIE, SERMA
Py B2 I 1) ot A I A Y 5 v T A R 25 (435914 55. 14 mg/g 1 30. 84 mg/g) , T FLIE I £ 15 B AR AR AH b}
B (29. 65 me/g FI 3. 70 mg/g) o FREEIRFH, FrASIH A RHG RSP ALK B P e B 5 e, H



826 SRR Chttp:/fwww.fxesxb.com) o453

HSPEIRIRIF PRI Y 7 Al T B R BEIZ
Fed 102 FAHAPAHRRE Sl b AT DUBRA K ISR ST V5307 4 5

Table 4  Descriptive statistical analysis results of organic acid concentrations in 102 tobacco flavoring liquid samples

Organic acid Detection rate/% Average/(mg-g™") Standard deviation/(mg-g™") Content range/(mg-g™")
Citric acid (FFHBR) 97.1 1.555 4.022 0~30. 84
Malic acid (3FR7R) 98.0 4.352 9.102 0~55. 14
Lactic acid (FLEZ) 95.1 1.544 3.919 0~29. 65
Acetic acid( ZJR) 100 0.546 1 0.7017 0. 05~3.70

2.3.2 MAMRHDEIRNSESMEFE

SERTRAEAEAS v IR E D /0 AR . 82% MIFEAR S EASEIT S me/g, (HIEBIFAE 8 AR
AT 20 me/g, HEHIE 55. 14 mg/g. FPEEBRN) & B8R (1. 555 me/g) , (HHEEEE LR, 14
1E0~30. 84 mg/g 28], HA 15% MFEA S ST HER 345 (> 4. 68 mg/g) , RBURZE HAHM ELLN A
oA, ESEARIR AR b & B ATRHE T o b . M ZF, FURAI i s A B8 93% L
AR <5 melg, 98% M LIRAEA T E<2 melg, WA ST EAMIESEMENESHEMARR SRS
B, FEWHAEI RN P 00 & R O I . BE— R BT R I, SRR R TR 0 AR i e (ELRE
ZRN] RESRIR T FE LSRR B A A SRR, i IR BRI B . i, AR S R
{15 30. 84 me/g. SPEARIRE RN 55, 14 mg/g BPEREAE S, FCHER B FRIEAC 7 v S SRS B A 4
B 53R 215 30. 82 me/g AR, WIBRES A QIS .

80— A Citric acid ~~~Mean B i Malic acid ~~~Mean
—=Median i —:=Median
60
40
20
0- T T T T T
0 10 20 30 0 10 20 30 40 50
Content/(mg*g™") Content/(mg-g™")
¢ Lactic acid - Mear} 404D | Acetic acid e Meiin
804 —-=Median |
!
|
30
60
B 40 =20
20+ 10
0- T T T 0-
0 10 20 30 1.0 2.0 3.0
Content/(mg*g™") Content/(mg-g™)

S5 102 R0 FPERE H 4 R BLERBG-S B4 il
Fig. 5 Variation in the content of four organic acids across 102 tobacco flavoring liquids
2.4 BESH
TS HTRE AR PEA S 1 o0 1) 22 SR SEBUOGE A IR E S 0 43285, 80 4 TG b S WA St 22 TR R AR BB
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Table 5 Cluster analysis of organic acids and formulation characteristics
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