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Table 1  Preparation parameters of finished
cigarette samples
U0 R M5 i/ % WITIFEE/ %

CG1 4( & ROTHES) 100
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HHCG3 4( ARSI 0
WAL CG4 UEINRE &) 0
CGS 10( 4 RSP A%E ) 0
% CG6  10( 1. 00~2. 50 mm A ) 0
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W €68 10(¢3.35~5. 40 mm AHZE) 0
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Table 2 Key parameters of the model

ZH 4 B LN
Oy AR IGE IR B [100,1000] 100
)R [0.01,0.30] 0.01
AR B [2,5] 1
R IR [6,12] 1
TREE [0.6,1.0] 0.1
B —GURFE N L [0.6,1.0] 0.1

A3 ABAZARLE ARG R
Table 3 Measurement results of internal stem

piece volume in cigarettes

o FHAE -3 i 22 BEF- 1 j‘g‘i%ﬁﬁﬁ
A/ mm’ AL/ mm’ FrifE2E/mm’
CGl1 7.44 1 625.75 4.12
CG2 12.78 1 669. 96 3.49
CG3 15.78 1 668. 90 4. 06
CG4 16. 54 1 680. 55 5.20
CG5 17. 60 1 649. 44 6. 66
CG6 14.92 1 679.43 8.77
CG7 48. 16 1 655.91 19.01
CG8 39. 86 1 665.48 20. 64
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Fig. 2 Histogram of the frequency distribution of internal stem piece volume in cigarettes
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Table 4 Measured physical indexes of cigarettes
FE i M/g J&/mm SE X % FF B/ kPa /% LR R/ %
CG1 0.883+0.012°  24.198+0.042°  8.223+1.080"  1.051+0.036"  56.320+1.943" 57.822+2.202¢
CG2 0.904+0. 009"  24.162+0.049"  8.756+0.971" 1.079+0. 043"  60.333£1.799° 63.230+2. 421"
CG3 0.916+0.011°  24.098+0.040°  8.026+0.962" 1.038+0.036"  65.363+1.611° 65.385+1.732°
CG4 0.931£0.006"  24.171+0.051°  7.816+0.854"  1.056+0.039"  68.693=0. 815" 69.204+2. 714
CG5 0.921+0.070°  23.322+0.321"  7.871x1.707" 1.004£0. 182"  69.467+1. 841" 71.771+3. 122¢
AT 22/ % 5.281 3. 653 11.552 7. 144 20. 531 21. 300
SEPME 0.911 23.991 8.139 1. 046 64. 035 65. 482
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Fig. 3 Coefficients of variation of cigarette physical

indexes versus stem piece content
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Table 5 Partial correlation analysis between stem piece content and cigarettes physical indexes

Eist TS & fifi B/ % FF B kPa S X % 5 J& /mm B/
T & 1
M /g 0.836" 1
5 J&/mm 0.544" -0. 161 1
Bl R % -0.103 0.248"* 0. 191 1
FFIR BH/ kPa -0.288" -0. 068 0.233* 0.292* 1
T i/ % 0.792* -0.132 0.538™ 0.436* 0.621* 1
LB/ % 0.733™ 0. 696 -0.120 -0.117 0.025 0.743™

FE: o FRIE P=0.05 KF B3 =« F/RE P=0.01 KFELBE,
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Table 6 CRITIC-derived weighting coefficients

EiEgan FEARAR 5 BhnepoetE ANE/ %
B/ 0.21 5.01 18.09

[ J&/ mm 0.19 5.15 16. 30
SOl KR % 0.20 5.05 16. 88
FIH BH/ kPa 0.18 5.12 15. 62
T 22/ % 0.24 4.34 17.17
FLER =R/ % 0.22 4.34 15.93

7 BIAMILIGAF TR AT

Table 7 Average and comprehensive scores of cigarette

physical indicators AN
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Fig. 4 Density distribution of predicted and measured values for physical indicators
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Fig. 5 Distribution of measured and predicted values for the physical index prediction models
A 8 HEAMAR IR R
Table 8 Model performance evaluation
2151 LREE 338 /g Bl /mm  EGERE/ % TP/ kPa BEE/% LB/ %
MSE 0.001 0 0.003 2 2.026 5 0.001 4 2.1220 0.000 5
JR 4k RMSE 0.007 5 0.056 5 1.423 6 0.036 9 1.456 7 0.022 3
iRl MAE 0.003 9 0.043 5 1.227 8 0.027 7 0.994 6 0.017 7
R’ 0.913 5 0.037 1 0.364 5 0.025 8 0.934 4 0.848 3
MSE 0.001 0 0.002 7 0.965 5 0.001 7 0.8150 0.000 3
itk RMSE 0. 0067 0.051 4 0.957 3 0.040 7 0.892 2 0.017 9
s MAE 0.004 3 0.041 2 0.803 6 0.032 8 0.572'5 0.013 5
R? 0.953 1 0.193 7 0.001 2 0.071 6 0.950 3 0.8753
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Abstract ; [ Objective ] To investigate the effects of stem piece content and size on cigarette physical indicators and
their underlying relationships. [ Methods ] Conventional cigarettes were used as the research object, and gradient
groups varying in stem piece content and size were prepared. Three-dimensional reconstruction was employed to
quantify the internal component content. Correlation analysis and the CRITIC ( Criteria Importance Through
Intercriteria Correlation) weighting method were applied to evaluate the effects of stem piece parameters on cigaretie
physical indicators. Additionally, an exireme gradient boosting ( XGBoost) model was constructed to predict these
indicators. [ Results ] Larger stem piece size resulted in lower stability of stem piece content in cigarettes. Stem
piece content exhibited highly significant positive correlations with cigarette weight, hardness, and porosity, a
significant positive correlation with circumference, and a significant negative correlation with open draw resistance.
When the stem piece content was 4% and the air damper of the cigarette maker was fully closed, the cigaretie
physical indicators showed optimal stability and comprehensive scores. The coefficients of determination ( R*) of
the optimized XGBoost models for cigarette weight, hardness, and porosity were 0. 953 1, 0.950 3, and 0. 875 3,
respectively, indicating high predictive accuracy and significant model improvement. [ Conclusion] Stem piece
content was positively correlated with cigarette weight, hardness, and porosity, and these three indicators could be
accurately predicted using the XGBoost model.

Key words:stem piece content;stem piece size ;physical indexes ;predictive model ; XGBoost
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rods for flavoring, followed by mainstream smoke analysis and sensory evaluation. [ Results ] The formulated black
plum compound flavor exhibited rich aromatic notes, featuring prominent sweet and sour notes along with floral,
fruity, and balsamic notes. The optimal addition amount of the compound flavor was 300 mg/g, at which the
inclusion complex achieved the maximum loading rate and the highest flavor utilization rate. The black plum
compound flavor-loaded granules were light-yellow spherical particles approximately 0. 6 mm in diameter, with an
angle of repose of 31.81°, a bulk density of 0. 814 3 g/cm’, and an average moisture content of 20. 63%. A total
of 39 volatile aroma compounds, including phenethyl alcohol and benzaldehyde, were identified in the granules,
imparting composite notes such as floral, fruity, and creamy aromas. After 30 days of storage, the total residual
content of aroma compounds in the granules was 60.82%, significantly higher than that of the black plum
compound flavor (23.01% ). The addition of 10 mg of these granules to the filter rod significantly improved aroma
quality and intensity, reduced irritation and off-flavor, and resulted in good overall harmony. [ Conclusion ] The
developed compound flavor-loaded granules of black plum can effectively load and stabilize volatile aroma
compounds, thereby significantly improving the sensory quality of cigarettes.

Key words :inclusion complex;black plum;compound flavor-loaded granules;filter rod flavoring
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