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Fig.1 UV spectra of different brands of breakable capsules for
cigarette
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R 2 AEMAE A ERE SR AERA K SVR 5 RMSE 1 R’ (&
Tab.2 RMSE and R’ values of the SVR models for different brands of cigarette breakable capsules under different preprocessing methods

AL FE )55 A ; 5 ; ¢ ; b ;

RMSE R RMSE R RMSE R RMSE R
oAb 0.0846 0.9905 0.0758 0.9919 0.2135 0.9455 0.1827 0.9585
P 0.0845 0.9905 0.0759 0.9919 0.2139 0.9448 0.1825 0.9587
I+ L 0.0828 0.9909 0.0762 0.9919 0.1685 0.9640 0.1397 0.9755
SEYS +SNV 0.0968 0.9876 0.0953 0.9871 0.1716 0.9624 0.1598 0.9685
SEHE +MSC 0.0979 0.9873 0.0963 0.9868 0.1713 0.9615 0.1596 0.9684
T+ B3 0.0817 0.9911 0.0751 0.9921 0.1796 0.9625 0.1710 0.9640
I+ IS 0.2786 0.9238 0.2108 0.9448 0.7232 0.7034 0.7664 0.7158

VE: SVR B Z#: SVM type: Regression (e-SVR); Kernel type: Radial basis function; y=0.00990099; C value=1; ¢ value=0.1.
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BE 15 BB 00 &, 3% ] Linear 4% o $ i 2L K,
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[7] 1% B HO6 v-SVR #5152 i R I HY 55 v-SVR A
AR 45 R, SVR AL & R i R 1 /2 RBF % iR 44,
SR J5 MR A& Polynomial #% bR £ FI1 Linear 1% pf %4,
i 7 1/ Sigmoid % B %, X LLRIFAZ R £, AN IH]
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Tab.3 RMSE, R’ values and optimal parameters of the -SVR models with different kernel functions for different brands of breakable capsules

A 85  (Brand A)

B 5 (Brand B)

C F#5 (Brand C)

D %5 (Brand D)

IR

. Parameter Parameter Parameter Parameter
Kernel function  pysg R RMSE R’ RMSE R’ RMSE R’

b C b C v C v C
Radial basis function  0.0578 0.9959 0.01 100 0.0610 0.9948 0.01 100 0.0675 0.9956 0.1 100 0.0724 0.9958 O 100
Linear 0.1193 0.9811 — 1 0.1272 09769 — 1 0.2148 0.9409 — 1 0.1848 0.9560 — 1
Polynomial 0.0672 0.9940 10 10 0.0727 0.9926 10 0.01 0.0773 0.9923 10 0.01 0.0738 0.9930 100 10
Sigmoid 0.2900 0.8917 0.01 0.1 0.5196 0.6242 0.01 1 0.7677 0.2540 0.01 1 0.6102 0.6167 0.01 1

E: e=0.1

x4 FRZAEHERE S EAELRAR v -SVR A RMSE 1 R’ EU R S S

Tab.4 RMSE, R’ values and optimal parameters of the v -SVR models with different kernel functions for different brands of breakable capsules

A5 (Brand A) B {5 (Brand B) C 5 (Brand C) D % (Brand D)
Ak
B . Parameter Parameter Parameter Parameter
Kernel function  pygg R RMSE R’ RMSE R’ RMSE R’
Y v Y v Y v Y v

Radial basis function 0.0030 1.0000 0.1 0.5 0.0649 0.9999 0.1 0.5 0.0224 09994 0.1 0.745 0.0231 0.9993 0.1 0.99
Linear 0.1447 09727 — 0255 0.1740 0.9617 — 0.255 0.3379 09067 — 0.255 0.2196 0.9466 — 0.255
Polynomial 0.0490 0.9968 0.1 0.255 0.0457 09974 0.1 0.255 0.1074 0.9866 0.1 0.255 0.0923 0.9927 0.1 0.255
Sigmoid 0.3464 0.8407 0.01 0.255 0.5126 0.6314 0.01 0.5 0.7093 0.3659 0.01 0.255 0.5475 0.6201 0.01 0.255

VE: Cvalue=1
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Tab.5 The predicted values of the calibration set in v -SVR models for different brands of cigarette breakable capsules

A SRS B S C SR D 557
AMS  HiES BIS  HAbES C 5 HAh 5 D s HiES
FHME 1.0066 -1.0017 1.0047 -1.0021 0.9992 -1.0013 1.0046 -0.9980
Bt 22 0.0065 0.0017 0.0112 0.0026 0.0411 0.0111 0.0239 0.0236
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Note: a: breakable capsules of brand A; b: breakable capsules of brand B; c: breakable capsules of brand C: d: breakable capsules of brand D.
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Fig.2 Predicted values of the validation set in v -SVR models for different brands of cigarette breakable capsules
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Fig.3 Quality control chart for liquid in breakable capsules of brand A
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Sample; e: W, Sample.
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Fig.13 The GC/MS spectra of liquid sample in breakable
capsule of brand A
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Quiality stability inspection of liquid contained in flavored capsules for cigarettes
based on ultraviolet spectroscopy and SVR algorithm

ZHU Ling, TANG Jie, XU Jiadong, HU Xingfeng, PENG Zhong, TAN Guanglu, ZHU Lijun’

Technology Center of China Tobacco Chonggqing Industrial CO., LTD, Chongging 400060, China

Abstract: Based on ultraviolet (UV) spectroscopy and SVR (support vector machine regression) algorithm, a method for the
determination and stability analysis of breakable capsules in cigarette was established. The internal liquid of breakable capsules was diluted
with anhydrous ethanol, followed by UV scanning and spectral pretreatment, four SVR models of different capsule brands were established
and validated. Results show that: (1) The optimal UV spectrum pretreatment method was smoothing and normalization, the optimal type of
SVR was v-SVR, and the optimal kernel function was radial basis function. (2) The correlation coefficient between predicted and measured
values of the classification variables in the v- SVR model calibration set were all more than 0.9993 for four capsule brands. The prediction
accuracy of SVR model was 100% for both 400 samples of breakable capsule inner liquid (calibration set) and 80 samples of breakable
capsule inner liquid (validation set) that were not involved in the modeling, indicating high accuracy and efficiency. (3) The stability of
breakable capsules could be effectively evaluated by quality control chart based on classification variable values of SVR model, and the
evaluation results were consistent with those of GC/MS method. It can be concluded that UV spectra combined with SVR algorithm could
be used for quality evaluation of liquid in cigarette breakable capsules, and the method was rapid, accurate, economical, and environment-
friendly.

Keywords: breakable capsules; UV spectra; headspace-GC/MS; SVR algorithm; kernel function; quality control chart

*Corresponding author. Email: zhulj7802@163.com

CEZRMY) 2019 F£5 S HBE X

FEREFE LT 3 0 A 0T RO FH SR A S 3 A
FRIAX S PUBRA PR S SIS IOGZR eemeeeemmessmnessnnennseeeene (G A V)1 (P P
....................................... g%j(ﬁ, %ﬁﬂgg, T %, ’% ﬂﬂ#ﬁFWEJ@E%i&?ﬁJﬁﬂf%ﬁ*ﬁé%ﬁkﬁﬁ‘]ﬁﬁiﬁﬁ
AL 2F AT B BC80-6 KR HITLAL SO B AR G wevemmmememmeessmnessnneeinecineens JEW, # F, BLE, 5F
}gﬁ;&% ........................ Ixﬁk, 9&@@[& %E/i’ %
TR R IR 2577 ) s HETE
....................................... ﬁiﬁzﬂﬁ” E\:AEDE{‘]-%—: B/iﬁﬁg,f%, % %{%ﬁ%nf&@uaﬁggﬁi%ﬂifm%ﬁ?%ﬁﬂﬁ
TN A B P AEF 2 EREIITHIL e BT, tROME, BURBE, GE
....................................... %ﬂéﬂ%, 9&1’51%, {j[]'%?ﬁ%, ’gff ?Hﬂi%ﬁéﬁﬁ%ﬁﬁ/i&ﬂ%%ﬁﬁk
....................................... a0 = MR OB, BN, A
- MRE
GC-FID FHEIARYoF w2 P73 5 s M 2k o = | 28R H i - RESME
{50 - LTI LRI XU, XSEEL B K F O ETEMEEERSEEH SO0 st
BT A SUM L ADGE TSR FARE I e &0, AR, B GE
....................................... % = %U;H@ﬁ’ 5{% 75\’ g’rf PROTOS2-2 ﬁfﬁ*ﬂéﬂ}(,\ﬁj\%%ﬁgﬂﬁllﬁlﬁl‘f
irﬁiu+%%ﬁx#@ﬁ@%%ij§%%%&{£%iq:m)ﬂ ....................................... ﬁ:ﬁ?*@, )% E“%, },J\ iﬁfu %
....................................... éle Hﬂg, ﬁi %" g&ﬂqz’ % ABBT)%%HL%%)\E@WJW%%EE,‘JTQTF
Eﬁk@{{xﬁ*ﬁm‘ﬁﬂf@ﬁg%ﬁu@ ....................................... l_:'lgaiﬁ, I%— %, M ﬁ, ’%

....................................... %%@ély E}Z\'/ﬁgy %jﬁ%, %



