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Abstract: The routine chemical analysis of cigarette quality was loaded down with trivial details, and slow. A fast approach based on
methods of chemometrics combined with Fourier transform near infrared spectrometry, which, was discussed in this paper. The ap-
proach was intended for discrimination of cigarette quality, and simultaneous determination of many quality indexes. By using parttal
least squares and SMICA techniques combined with Fourier transform near Infrared spectra, tl:ne'classiﬁcatiotl methods were established
for discrimination of three grades cigarettes, which, was used to identify bogus cigarette with correct results. Meanwhile, the calibration

models were established for determination of total nitrogen, total sugar, nicotine in cigarettes, and tar, nicotine, carbon monoxide in

mainstream smoke. Correlation coefficients of the models were 0.'9844,0. 9918, 0.9968, 0.9505, 0. 8945and 0. 9625, and the root
~ mean square error of cross validation (RMSECV) were 0.0663, 0. 6682, 0.0607, 0.2262, 0. 0350 and 0. 3685, respectively. The
calibration models had been applied to determination of another unknown samples. By paired-samples i-test, the results were compared
with those of standard methods and rteither of them was significant difference over 0. 05 level. The approach can be used to discrimina-
tion and determination of cigarette quality, which, was simple and fast with accurate predicted results.

~ Key words; SMICA classification, partial least squares technique, fourier transform near infrared diffusion reflectance spectra, ciga-
rette quality analysis

Watlg JJ, Liang YZ and Wang F. The quality analysis of cigarette by partial least squares and SMICA combined
with fourier transform near infrared spectra. Computers and Applied Chemistry, 2006, 23(11) ;1133-1136.
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Fig. 1 NIR dittusion reflectance average spectra
of three grades cigarettes.
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Fig. 2 Spectral region versus discriminating
power from SIMCA analysis.
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Fig. 3 Class projections plot from SIMCA
analysis of three grades cigarettes.
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Table 1 Interclass distances with different spectral regions.

10000 ~4000 cm ! 8700 ~4120 em ~!

2% BHHE  Ras8 & RE  HH8s
Grade B Grade A Superior 88 Grade B Grade A Superior 88

L&

X 0.000 33333 57917 0.000 42076 8.0147
TR 33333 0.0000 22938 4.2076 0.0000 2.9019
Grade A ' ' ' - o

=
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Fig. 4 Spectral region versus correlation coefficient( R)

for total sugar (a) and their variance specturm (b).
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Fig. 5 Actual value versus calculated value of total sugar (a) and changes of RMSECV with factor numbers(b).
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Table 2 Statistics results for calibration models of

total sugar with different spectral regions.

X BXRE  ghrmy  xummy
Spectral regions coefficient Factor %2 RMSECV
10000 ~4000 cm ! 0. 98545 7 0. 7640
9000 ~ 4050 cm ! 0. 99273 7 0.7146
7250 ~4050 e¢m ! 0.99182 7 0. 6682
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Fig. 6 Class projections plot from SIMCA analysis.
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Table 3  Statistics results for calibration models of total nitrogen, total sugar and nicotine in cigarettes,
and tar, nicotine and carbon monoxide in mainstream smoke.
T MREH FREE mfEmE oo R
Quality index Model name - coefficient Factor RMSECV Predicted range
B0 AR S Total nitrogen 0.9844 7 0. 0663 1.70~2.70 (%)
Quality index in S8k Total sugar 0.9918 7 ~0.6682 14.0~32.0 (%)
cigarettes {588 Nicotine 0. 9968 11 0. 0607 1.40 ~3.80 (%)

- a9l Tar 0. 9505 3 0. 2262 12.0 ~15.0 (ZF/%)
RS BB YW Nicotine 0. 8945 0. 0350 110 ~1.50 (28/%)
Quality index in -

mainstream smoke el 0. 9625 4 0. 3685 12.0 ~17.0 (ZEH/%)
Carbon monoxide

x4 BB BSR4 (PLS-FT-NIR) 545 s E T B ES R LB (n=8,%)
Table 4 Comparison results of PLS-FT-NIR method and standard methods for total nitrogen, total sugar and nicotine in cigarette (n =8, % ).

e A& Total nitrogen S 4 Total sugar 1H % Nicotine
N PRHE T 2.y 273 2= 7 YRS A g I "Fa PRUES 7: Ny s 075 HE
YC/T161-2002 PLS—FT-NIR Deviation YC/T159-2002 PLS—FT-NIR Deviation YC/T160-2002 PLS—FT-NIR Deviation
1 2.23 2.27 -0.04 21. 80 21.23 0. 57 2.20 2.06 0.14
2 2.06 2.10 -0.04 19. 80 20. 64 -0.84 2.20 2.25 -0.05
3 2. 16 2.23 -0.07 23. 10 23.21 -0.11 2.23 2.28 -0.05
4 2.02 2.02 0. 00 21. 80 21.79 0.01 2.20 2.07 0.13
5 2. 10 2.19 ~-0. 09 23.53 23.71 -0. 18 2.04 2.19 -0. 15
6 2.08 2.02 0. 06 20. 39 20. 48 -0.09 | 2.03 1.96 0.07
7 2.03 1.97 0. 06 21.30 20. 67 0. 63 2,20 2. 13 0. 07
8 2. 31 2.27 0.04 22.70 22.20 0. 50 2.29 2.29 0.00
-5 A {H -0.481 0. 352 0. 563
t-Value |
#£5 BMERMES P EBA— AL BSR4 )7 B (PLS-FT-NIR) 51Tk ARAE sl 45 Rt 8 (n =8, 238/ %)

Table 5 Conmanson results of PLS-FT-NIR method and standard ‘methods for tar,nicotine and carbon monoxide in mainstream smoke (n =8, mg/per cigarette).

e A2 Tar 5% Nicotine — & 4B Carbon monoxide
PRHETT B V. Ny B = WHEF I = YR Ak Wz
YC/T29-1996 PLS—FT-NIR = Dewviation YC/T156-2001 PLS—FT-NIR  Dewiation YC/T30-1996 PLS—FT-NIR Dewviation

1 12. 75 12.79 -0.04 1.29 1.30 -0.01 14. 63 14.92 -0.29

2 13.01 13.19 -(. 18 1.30 1. 32 -0.02 15. 47 13. 82 0.10

3 13. 22 13. 04 0.18 1. 34 1. 31 0.03 13. 54 13. 65 -0.11

4 13. 34 13. 37 ~0.03 1.36 1.35 0.01 15.20 15. 26 -0.06

5 13. 89 14, 04 -0.15 1. 39 1.38 - 0.01 15.72 15. 69 0.03

6 14. 09 14. 05 0. 04 1. 40 1.39 0.01 14. 02 13.97 0. 05

7 14. 31 14. 50 ~0.19 1.43 1. 40 0.03 14. 93 14. 86 0. 07

8 14, 51 14. 35 0. 16 1. 46 1. 45 0.01 13.92 15. 65 -0. 18

itk |

tValue 0._ 511 1. 433 0. 151
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