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Fig. 1  Solubility comparison of yellow spots on cigarette paper in different polar solvents
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Fig.2 Effects of extraction method and solvent on the exiraction efficiency of lutein

and B-carotene from yellow spots on cigarette paper
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Fig. 3 Effects of extraction method and solvent on the extraction efficiency of lutein

and B-carotene from tobacco materials
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Fig. 4 Chromatograms (445 nm) and two-dimensional absorption spectra of non-water-soluble

yellow spots cigarette paper samples and standard solutions
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Table 1  Quantitative determination of lutein and B-carotene in yellow spots
cigarette paper and cut tobacco samples
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A o BURIKEEE 2 oty R/ EEE KER k2, %

AR k (he-e) (ng-g) % (n=6)
Bl MR 0. 004~ 0. 500 0.999 2 0.12 0. 40 3.4 96.8~99. 5
) B-HE NE  0.008~0.500 0.999 4 0. 20 0.67 2.8 97.2~99.7
i M 0. 040~ 10. 000 1.000 0 0.02 0.08 3.1 97.6~103. 8

JHE YR

B-f1% FZE  0.040~10. 000 0.999 8 0. 04 0.13 2.9 97.8~103. 5




- 110 -

Ba50 202648 A 5415 41

LEAFAEZES X R RE 5 B REIE LI A A A B
I HIPRIE 22 5 A 5, TR 05 19 G ) 6 A 4K P
G RS R 8 900 P R A, W el B €, B AN T
K, AR T OB, R R B R T AR Kk
B, A OB A B 5 2 i 2R B
NER, BIVERSIA R o BE A 18 lE 75 H0 22 P R i 9 1 €
RLBBEEMAC L a2 7= i 7 U 21 A K 35t
T R e I RE PR B A8 B 2KV R R U OR A
IE B BB MR, R R W AL 58 21
Wgie AT RE A 26 SR A G BT K A
PR B A 2 R R IR R I
e, AT S B R e Dk S BT A K P B
FE A

4-
prer,
sl ok P MR

i /mAU

0 1 2 3 4 5 6 7 8 9 10
AR B4 i 1] /min

A5 R EA RS EIRSAM SR A %R

Fig. 5 Liquid chromatograms of different types of

yellow spots cigarette paper samples
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Table 2 Detection results of pigment content in different samples of yellow spots cigarette paper and cut tobacco blend
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Fig. 6 Comparison of leachable pigment amounts from different tobacco materials
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Abstract ; [ Objective ] To establish a contact angle measurement method for water-based adhesives used in
cigarettes, and to quantitatively characterize their wettability. [ Methods] A contact angle meter was used to
measure the contact angles of water-based adhesives on different substrates. The effects of substrate material,
dispensing needle size, droplet volume, and contact time on the contact angle were investigated, and the feasibility
of using this method to characterize the wettability of water-based adhesives was examined. [ Results ] Glass slide A
could be used as the substrate to reflect the contact angle behavior of water-based adhesives on cigarette papers. As
the inner diameter of the dispensing needle or the contact time increased, the contact angles gradually decreased.
For low-viscosity adhesives, the contact angle decreased gradually with increasing droplet volume, whereas for high-
viscosity adhesives, the contact angle initially increased and then decreased with increasing droplet volume. The
optimized test conditions were as follows: ulira-clean glass slide A as the substrate, a dispensing needle with an
inner diameter of 1.5 mm, a droplet volume of 10 pL, and a contact time of 10 s. Based on five replicate
measurements, the relative standard deviation ( RSD) between different laboratories ranged from 1.8% to 4. 1%,
with a repeatability standard deviation (S,) < 1.62° and a reproducibility standard deviation (S;) < 3. 12°.
[ Conclusion ] The established contact angle-based method for measuring the wettability of water-based cigarette
adhesives demonstrated satisfactory stability and operability, and can be reliably used for this purpose.

Key words : water-based adhesive for cigarette ; contact angle ; wettability
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Abstract ; [ Objective ] To investigate the material basis and causes of non-water-soluble yellow spots on cigarette
paper. [ Methods] Liquid chromatography coupled with a diode array detector (LC-DAD) was used to qualitatively
and quantitatively analyze the yellow substances in non-water-soluble yellow spots, and their sources were
investigated through the determination of yellow substances in different tobacco materials combined with solvent
leaching experiments. [ Results ] The result showed that the yellow substances in the non-water-soluble spots were
soluble in organic solvents such as ethanol but insoluble in water, and their color faded upon sunlight exposure.
Such spots can be distinguished by testing their water solubility and light fading behavior. With ethanol as the
extraction solvent, vortex extraction was applied to cigarette paper and matrix disruption extraction to tobacco
materials, achieving complete extraction of the lipophilic yellow pigments. Based on their retention times and
absorption spectral profiles obtained by two-dimensional absorption spectroscopy, the yellow substances in the non-
water-soluble spots were identified as lutein and B-carotene. The contents of lutein and B-carotene in eight cigarette
paper samples with non-water-soluble yellow spots were determined to be in the range of 1.07 ~7.00 pg/g and
0.64~13.37 pg/g, respectively. Trace amounts of lutein and B-carotene were also detected in oily spots on cigarette
paper caused by ester solvent contamination. Lutein and B-carotene mainly originated from the blended cut tobacco,
and their contents in different materials followed the order of cut tobacco>reconstituted tobacco sheet>cut stem.
Dichloromethane leaching experiments showed that among these materials, reconstituted tobacco sheet released the
largest amount of lipophilic yellow pigments, whereas cut stem exhibited the highest leachable proportion.
[ Conclusion ] The established method can be used for the identification and source tracing of non-water-soluble
yellow spots on cigarette paper, providing a reference for the scientific prevention and control of spotted cigarettes.

Key words : cigarette paper;non-water-soluble yellow spots ; pigment ; source
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