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ABSTRACT : This study was carried out to predict blending ratio of cut tobacco(CT),
expanded stem(ES), and expanded cut tobacco(ECT) in cigarettes. CT, ES, and ECT samples
from A brand were, ground and blended with reference to A blending ratio, and scanned by
near infrared spectroscopy(NIRSystem Co., Model 6500). Calibration equations were developed and
then determined blending ratio by NIRS.

The standard error of calibration(SEC) and performance(SEP) of C factory samples between
NIRS and known blending ratio were 0.97%, 1.93% for CT, 0.50%, 1.12 % for ES and 0.68%,
1.10% for ECT, respectively. The SEP of CT, ES and ECT of B and D factory samples
determined by C factory calibration equation were more inaccurate than those of C factory
samples determined by C factory calibration equations. These results were caused by the
difference of CT, ES and ECT spectra followed by each factory. The SEP of CT, ES and ECT
of B and D factories determined by calibration equations derived from each factory samples were
more accurate than those of determined by calibration equation derived from C factory samples.
Each factory SEP of CT, ES and ECT determined by calibration equation derived from all
calibration samples(B+C+D factory) was similar to that determined by calibration equation derived
from each factory samples. To improve the analytical inaccuracy caused by spectra difference,
we need to apply a specific calibration equation for each factory sample., Data in development of
specific calibrations between sample and NIRS spectra might supply a method for rapid
determination of blending ratio of CT, ES, and ECT.
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Table 1. The calibration statistics of cut tobacco,
expanded stem and expanded cut tobacco
derived from C factory samples

b SEC” 2
Tobacco type N Mean (%) R

Cut tobacco 243 7843  0.97 0.97
Expanded stem 235 6.26 0.50 0.98
Expanded leaf 240 1536  0.68 0.98

1) Sample number
2) Standard error of calibration
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Table 2. The prediction statistics of C, B and D factory samples using calibration equation

derived from C factory samples

Factory NY N(I;a)n S(I::%P;, 1(3;:)5 Slope R?

Cut Tobacco

C 31 78.85 1.93 1.41 1.03 0.96

B 31 78.85 1.82 -1.06 0.89 0.96

D 31 78.85 11.66 11.48 1.28 0.95
Expanded Stem

C 30 6.83 1.12 -0.93 0.96 0.98

B 30 6.83 3.30 -3.23 0.96 0.97

D 30 6.83 241 -2.27 0.94 0.96
Expanded Cut tobacco

C 30 15.02 1.10 -0.58 1.05 0.97

B 30 15.02 5.16 4.86 0.80 0.95

D 30 15.02 10.09 -9.93 1.00 0.88

1) Sample number 2) Standard error of performance
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Fig. 1. The 1st derivive spectra difference of cut tobacco expanded leaf and wxpanded stem
followed by each factory
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Table 3. The calibrat
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ion statistics of cut

stem and expanded cut

tobacco followed by each factory samples

by Mean SEC? 2
Factory N % o
Cut Tobacco
B 102 77.55 0.70 0.99
C 243 78.43 0.97 0.97
D 106 77.78 0.72 0.99
Expanded Stem
B 99 6.79 0.48 0.99
C 235 6.26 0.50 0.98
D 105 6.79 0.31 0.99
Expanded Cut tobacco
B 96 16.07 0.68 0.99
C 240 15.36 0.68 0.98
D 105 15.46 0.63 0.99

1) Sample number

2) Standard error of calibration
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Table 4. The prediction statistics of cut tobacco, expanded stem and expanded cut tobacco
using calibration equation derived from each factory samples

Factory NY N(I;:)n S&‘;z, ?(:/;S Slope R*

Cut tobacco

C 31 78.85 1.67 -0.10 1.11 0.95

B 31 78.85 1.93 1.41 1.03 0.96

D 31 78.85 1.29 -0.27 1.10 0.97
Expanded Stem

C 30 6.83 0.72 -0.14 1.06 0.97

B 30 6.83 1.12 -0.93 0.96 0.98

D 30 6.83 0.44 -0.06 0.95 0.99
Expanded Cut tobacco

C 30 15.02 1.04 -0.09 1.1 0.97

B 30 15.02 1.10 -0.58 1.05 0.97

D 30 15.02 1.26 0.13 1.11 0.95

1) Sample number

2) Standard error of performance
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Table 5. The calibration statistics of cut tobacco,

expanded stem and expanded cut tobacco
derived from all calibration samples
Tobacco N Mean SEC” R
type (%) (%)
Cut tobacco 48 78.19 1.06 097
Expanded Stem 477 661 050 098
Expanded Cut 481 1537 090 098
tobacco

1) Sample number
2} Standard error of calibration
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Table 6. The prediction statistics of cut tobacco, expanded stem and expanded cut tobacco
using calibration equation derivated from all calibration samples

> - )
Factory N N(Ig/)a)n S(I;S‘ }(33/3)5 Slope R’
Cut tobacco
C 31 78.85 0.96 ~0.05 0.99 0.98
B 31 78.85 1.32 -0.37 1.04 0.96
D 31 78.85 1.32 0.43 1.02 0.96
Expanded Stem
C 30 6.83 0.50 0.08 1.01 0.98
B 30 6.83 0.57 -0.12 1.02 0.98
D 30 6.83 0.76 0.31 0.89 0.99
Expanded Cut tobacco
C 30 15.02 0.88 0.12 1.01 0.97
B 30 15.02 1.05 0.26 1.04 0.96
D 30 15.02 1.42 ~-0.51 1.03 0.94

1) Sample number 2) Standard error of performance
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Table 7. The prediction statistics of cut tobacco, expanded stem and expanded cut
tobacco in manufacturing process using calibration equation derived from B

factory samples

Process cT s ECT’ cT' ES’ ECT
----- Mean(%) --—-- —===== CV(%) ~=-=-=-
After top dressing 80.82 6.97 12.03 0.20 18.93 10.34
Before silo 80.09 6.93 12.49 0.25 18.60 11.24
After silo 78.61 6.91 13.83 0.29 12.77 12.42
In hopper 78.25 6.97 13.97 2.88 14.32 14.23
After cigarette 78.91 7.35 12.97 3.65 13.39 15.97

making machine

1) Cut tobacco 2) Expanded stem 3) Expanded cut tobacco
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