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ABSTRACT : This study was conducted to develop the most precise NIR(near infrared
spectrometric) calibration for rapid determination of chemical composition in ground sampels
of toasted burley tobacco using stepwise, stepup, principal component regression(PCR),
partial least square(PLS) and modified partial least square(MPLS) calibration method. The
number of wavelength(W) sclected by stepup multiple linear regression using second
derivative spectra was as follows:total sugar(TS)-4 W, nicotine-9 W, total nitrogen(TN)-2 W,
ash-8 W, total volatile base(TVB)-5 W, chlorine-4 W, L of color-6 W, a of color-6 W and b
of color-7 W. Comparing the calibration equations followed by each chemical components,
the most precise calibration equation was MPLS for TS, a and b of color, PLS for nicotine,
ash, TVB, chlotine and L of color and stepup for TN. The standard error of calibration(SEC)
and standard error of performance(SEP) between result of near infrared analysis and standard
laboratory analysis were 0.18, 0.40% for TS, 0.06, 0.08% for nicotine, 0.18, 0.16% for TN,
0.33, 0.46% for ash, 0.04, 0.03% for TVB, 0.08, 0.06% for chlorine, 0.54, 0.58 for L of
color, 0.22, 0.22 for a of color and 0.27, 0.27 for b of color, respectively. The SEC and SEP
of ash and TVB were within allowable error of standard laboratory analysis, nicotine, TN
and chlorine were 1.2— 2.0 times and TS were 2.1 —4.0 times larger than allowable error of
standard laboratory analysis. The ratio of SEC and SEP to mean were 1.5, 1.6% for L of
color, 3.7, 3.8% for a of color and 1.8, 1.8% for b of color, respectively.
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Fig. 1 Principal component analysis
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Table 1. Selected wavelengths for Stepup regression in toasted burley tobacco.

Component Wavelengths(am)"”

Total sugar 2364, 1452, 1604, 800

Nicotine 1644, 2244, 1668, 1188, 1924, 1164, 1436, 1732, 1172
Total nitrogen 2092, 1676

Ash 2148, 1684, 1948, 2356, 1260, 1228, 2140, 848

TVB 2156, 2316, 1612, 2012, 1820

Chlorine 680, 1428, 920, 1820

L{Color) 570, 434, 604, 578, 586, 554

a(Color) 412, 586, 570, 450, 542, 576

b(Color) 506, 586, 494, 602, 570, 436, 576

1) Wavelength range - L,a,b : 400 — 700nm, The other component : 400 — 2500nm
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Table 2. Comparison of calibration equations for b of color in toasted burley tobacco.

Regression No.” Mean SEC? SEP(C)” R’ SECV? Slope
Stepup Cal” 142 15.24 032 0.86 0.33

Val? 79 15.08 0.38 0.82 1.05
Stepwise Cal 144 1523 0.33 0.85 0.33

Val 79 15.08 0.40 0.81 111
PCR Cal 140 15.23 0.27 0.90 0.29

Val 79 15.08 0.28 0.90 1.02
PLS Cal 128 15.22 0.27 0.89 0.29

Val 79 15.08 0.28 0.90 1.02
MPLS Cal 141 15.23 027 0.90 0.29

val 79 15.08 0.27 0.91 1.00

1) Sample numbers  2) Standard error of calibration 3)Standard error of performance(cormected for bias)
4)Standard error of cross validation 5)Calibration samples 6)Validation samples
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Table 3. The most precise calibration equation and NIR calibration statistics for toasted burley

tobacco.
Component ca” No? Mean SEC? AE" R? SECV?
Total sugar(%) MPLS B4 3.18 0.21 0.10 0.89 035
Nicotine(%) PLS 143 250 0.06 0.05 0.99 0.07
Total nitrogen(%) STUP 139 3.96 0.18 0.10 0.77 0.18
Ash(%) PLS 141 20.02 0.33 0.50 0.98 0.42
TVB(%) PLS 74 0.89 0.04 0.05 0.88 0.06
Chlorine(%) PLS 60 112 0.08 0.04 0.93 0.12
1(Color) PLS 137 36.83 0.54 - 093 061
a(Color) MPLS 136 6.00 0.22 - 0.89 0.26
b(Color) MPLS 141 15.23 0.27 - 0.90 0.29

1) Calibration equation 2) Sample numbers  3) Standard error of calibration
4) Allowable error of standard laboratory analysis 5)Standard error of cross validation

A AN AF /& EHAH ) vl HF4
43 oA g BEELA7T /M A A 2(Table
28 4% W) A2 4433 ad) b MPLS
A, 3|, 38, AHLHAE7, 94 2 44F L
& PLS ¥y, AA A= stepup WHCE ZAF A
ZHolch 24 JEER AP B4 ARE 23
ARG B4 7| E o r E48 A¥ S
Had 43 HFY EFELAGSECE AFL 0.
21%, YRE 2 0.06%, Ad2 & 0.18%, &L 0.
33%, AL G7|= 0.04%, 2= 008%, A
ZF L& 0.54, a= 0.22, b 0272 ey} o] A3}
g 7= BEAYYY FHELAABNAIRE T,
1991) vl ws B 38 A TAF7 = s 8-ea
AU, Jzd, 444, g 3L23 1.2-2

ovl, AFL &8 23 2.1u) & vJepytel,

Z A EEE AdE HFH ez A gAA R
E 2HYH PP BN 7|E YA
H) 8 A3} Table 49} e}

AFY FANEY 2HYARF 2N 7|
2 BN EELASEP)E AYL 040%, Y
2¥ 0.08%, DA A 016%, 35 0.46%, AHLA
d7) 0.03%, 94 0.06%, 443 L& 058, ax= 0.2,
b 0272 Jehyt) o] ARE 7= Ay
5 8- AHAE)SHZ E F, 1991) Bl RSB 2P
3 ANTHAF7 & s Lo U, Y=g, A
AL, 4 F 824 15-1.682, AFL 8L
2} 4.0u) 2 JERSECL

ZHANEG ENHoE BNE gy 44 2

Table 4. NIR validation statistics for toasted burley calibrations

No?

Component Mean Bias SEP(C)® AE? R? Slope
Total sugar(%) 64 341 0.03 0.40 0.10 0.68 0.96
Nicotine(%) 79 2.62 0.00 0.08 0.05 0.97 1.05
Total nitrogen(%) 77 3.90 0.00 0.16 0.10 0.79 0.97
Ash(%) 78 19.18 0.05 0.46 0.50 0.66 0.84
TVB(%) 76 0.92 0.00 0.03 0.05 0.78 1.00
Chlorine(%) 1 1.21 0.04 0.06 0.04 0.91 1.07
L(Color) 79 36.60 0.00 0.58 - 0.89 1.05
a(Color) 79 6.18 0.02 0.22 - 0.83 096
b(Color) 79 15.08 0.02 0.27 - 0.91 1.00

1) Sample numbers 2) Standard emor of performance(corrected for bias)

3) Allowable error of standard laboratory analysis
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