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WE . LT — A ek B R EOR AR A k. AR B o R 3 4T A OB (FT-NIR) # K, B L 7 4
AR AT A8 B pH AR F R AE R KB A I AL AR AT B TN AL B B A T RS AL TR O R A AL B
FXEA TN E R ERE S EEWHATT IR, EREN, TEERE R T AR M KN FRE SRR, 7 ek B Bt
St B A AR 3k pH AR At B E KR R R B YA EE A A8 AR AT B, T 24 07 2 RMSEP 4% % 0.00182,0. 374,
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SIMULTANEOUS AND RAPID DETERMINATION OF
PHYSICAL AND CHEMICAL INDICES OF FLAVOR AND
FRAGRANCE BY FOURIER TRANSFORM
NEAR-INFRARED SPECTROSCOPY

LIU Shan', HU Jun', CHE Yan-Li', ZHANG Feng’
(1. Zhengzhou Tobacco Research Institute of China National Tobacco Corporation, Zhengzhou 450001 ,China;
2. Longyan Tobacco Industrial Co. , Ltd. , Longyan 364000, China)

Abstract: A method to determine some physical and chemical indices of tobacco flavor and fragrance simultaneously and
rapidly was established. Prediction models of four indices including refraction index, pH, relative density, and total volatile
constituents were founded by using Fourier transform near-infrared (FT-NIR) spectroscopy. The effect of spectra pretreat-
ment on models was studied. At the same time, reliability and repeatability of the predicted results of these models were
evaluated. Results show that these models are applicable to different flavors and fragrances, and can predict simultaneously
four indexes including refraction index, pH, relative density, and total volatile constituents. The values of RMSEP are
0.00182, 0.374, 0.00393 and 3. 04, respectively. Therefore, the qualities of tobacco flavor and fragrance can be con-
trolled rapidly without any damage by FT-NIR.
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1.1 FEMHENE

18 /> R A A SRR (3 1 5% 3 N IER) i
K& FE b L 54 A4S CRSPH AR B 53 B 7B AR TRl B 2L )

Antaris Tl i H nf%ﬁ%]&@lﬁl‘%ﬁgﬁ(( & [ Ther-
mo Fisher /A 7], ¥ Results #2 /E 4 {44 F1 TQ Analyst
6. 28U S W41 ) s DMA4500-RXA170 %5 FE 476 A
(J 4] Anton Paar A7) ;pHS —3C R LT ( L
FREALEAT IR AR S fE R A 5 (LT TR A%
ARRAT) ; BP121S HLF R (B4 0. 0001 g, 12 [
Sartorius 2\ ] ).
1.2 K®HE
1.2.1 REFMIELIMEFHIE

F I LLAM G A2 S RAF R B SO
ik SRAE I G B 10000 ~ 4000em ™ [ 2 YRR, A
RN EE SO S, B RS LB A 32 I
i, PR dem ™.
1.2.2 fRAEFZFNEHMEBHLIER

KHAT AL FRUE YC/T 164—2003 , 43 510 72 FE i
FAXT RS P ede B R s R R
FEFE A pH.
1.2.3 EFmEBAISIRIELL M NEE

KM TQ Analyst 6. 2 B4 70 B 354, B a0l
T HEA T HELBE RN O AAE B T PLS 4585 AR X 1
AIBRIE T VEAT B 1Y SE A E S AT 05, S R TE AR
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AR RN 43 E S A R VR .
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TG (6200 ~ 5500 em ™) X AT GHE 4L pH
AT 9 B M A Je e DA B H8 b, WG IS AT —
B R B IA AR A B O SOR . Horb X T pH 5
RDEPAFESR X G 6 1E FE AT U BT
i v TIN5 1 £ A DG

K1 Rt
Fig.1 Raw spectra

K2 —Brefotig

Fig.2 Spectra corrected by first order derivatives

K3 ot

Fig.3 Spectra corrected by second order derivatives
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Table 1 Effects of different pretreatments on four calibra-
tion models

Hifl sk R LIPS EH RIE LA
ks ik ES TR Wiz WiEHIr
N 1 0.98583 5 0.00368 0.00591
ﬂ;g 2 0.99687 6 0.00173 0.00459
3 0.99926 9 0.00084 0.00780
1 0.62583 2 0.740 1.03
pH 2 0.24287 1 0.920 1.09
3 0.98416 7 0.168 0.752
1 0.99918 8 0.00524 0.0135
Eg 2 0.99976 9 0.00285 0.0121
3 0.99989 10 0.00190 0.0237
§ 1 0.88355 2 9.71 11.6
fg 2 0.99224 5 2.58 4.94
3 0.99527 7 2.01 5.93

G  2—— B 83— B

2.3 RiEEEXER AT

SR 430 FL 7 2248 B IE AL I AN
T AR, i LR T A5 R (%) FUIORS B2 A A i 35 2]
T AE. B 26, BE S 7E RS 20 X i 5 BAR
55 3 R ik B S (AT A S i KA i T B
RPN R MU 2% 50 = R R T BOGIE A7
FERYEAROC R BR G, iS5 B AR TR B 56
DU, — S B B RE OGS 15 MR IR, D6 i i 4
22180 TR TR B SR AR G 1 Y R AT O v, LA
S|P e AL AR TR 2 A0 AR A ) H Y.

TEREAS R 6 1% 3 6] 57 4 i 3L Ak 48 A 1
DAY | [R]AE LA S50 A5 b o 1 A A G R 88 ( Conr.
Coeff) K IE 2175 2% (RMSEC) M 4> 3¢ B 3iF ¥4 7
2% (RMSECV) PPy @B AR, Wk 2 froR, XA
] g BRAL 48 B, AS [] 56 3% 3 RT3 1 A 30 fs B
AN, G5 53R, ProeHe £ pH AR X 25 B K
RN 4 A PRAL R b 00 AR TR ) A AR U B A i R
(6200 ~5500) cm ™", (6200 ~ 6000,5900 ~ 5700)
em ', (6000 ~5900,5900 ~5700) cm ™' 2 (6200 ~
5500)cm .
2.4 BUIERTINEENHE

A8 3o R A T A L G T PRl A e 2 A
b, o3 e T RS BRI G T8 £ pH  AE X %5 B &
5 J J i DU Fh BRALFE AR (0 T AR AL [ 4 ~7 Z051h
DU b B Ak 8 B 0 A 76 v ST A 5 A o (L ) A G
P, ) UL D o B A i o ) 0000 £ b o 34 HL A B
R AH OGP, AH 5C R 20 1 R 0. 99926, 0. 99106,
0.99990F1 0. 99527 ; £ 1F ¥4 5 22 43 51 4 0. 000844 ,
0.127,0.00183 #12.01.

®2 HESEEXREHRM

Table 2 Effect of spectral range on four calibration models

Bl o M Ry, B
febs R EY i T R Iy 2

1 0.99926 9 0. 000844 0. 00780
e 2 0.99918 9 0. 00089 0.00658
EiTg e 3 0.99693 7 0.00172 0.00948

4 0.99914 9 0.00091 0.00534

1 0.98416 7 0.168 0.752

2 0.98455 7 0.166 0.635
pH 3 0.99106 9 0.127 0.510

4 0.98258 7 0.175 0.661

1 0.99989 10 0.00190 0.0237
AXF 2 0. 99990 10 0.00184 0.0214
W 3 0.99908 7 0. 00556 0.0306

4 0.99990 10 0.00183 0.0195

1 0.99527 7 2.01 5.93
17 % 2 0.99279 6 2.49 6.11
JsSiie 3 0.99362 6 2.34 4.79

4 0.99252 6 2.53 6.08

. 1—(6200 ~5500) cm ™!
2—(6200 ~6000,6000 ~5900,5900 ~5700) cm
3—(6200 ~6000,5900 ~5700) cm !
4—(6000 ~5900,5900 ~5700) cm ™"

K4 Proleis B (e be (e AR 5 1&
Fig.4  Correlation of predicted values and standard values of

refraction index in predication model

K5 pH FENHE-S br E(E AR S &
Fig.5 Correlation of predicted values and standard values of
pH in predication model

K6 X B HNE - S AR (AR G
Fig.6  Correlation of predicted values and standard values of
relative density in predication model
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Table 3 Comparison of predicted values and standard val-

ues

B Probia pH

Gty FrifE(E A FRfE(E T
1 1.40427 1.40488 4.90 4.29
2 1.42737 1.42384 3.89 3.93
3 1.39846 1.40012 7.24 7.32
4 1.39486 1.39403 5.01 4.88
5 1.39434 1.39418 5.00 5.23
6 1.38218 1.38371 5.64 6.02
7 1.39916 1.39829 3.66 3.68
8 1.40816 1.41078 4.61 3.99
9 1.37370 1.37250 4.34 5.48
10 1.43471 1.43546 3.50 4.28
11 1.36692 1.36635 4.66 4.73
12 1.37797 1.37645 5.81 5.41
13 1.37649 1.37479 6.01 5.65
14 1.37101 1.37063 5.43 4.69
15 1.37844 1.38025 6.27 6.50
16 1.39491 1.39910 5.81 5.84
17 1.39644 1.39659 4.72 4.74
18 1.40466 1.40255 4.39 4.50

RMSEP 0.00182 0.374

B AHX 25 R B %
£ PR A FrifE(E T A
1 0.9437 0.9446 99.84 97.73
2 1.1459 1.1428 52.55 59.82
3 1.1678 1.1712 58.71 59.05
4 0.9895 0.9872 80. 00 82.89
5 0.9901 0.9919 80.02 82.62
6 0.8995 0.9004 98.97 99.81
7 1.0441 1.0468 77.33 81.67
8 1.0933 1.0998 75.99 73.83
9 0.8539 0.8515 97.12 94.51
10 1.2437 1.2421 37.66 36.34
11 0.8245 0.8215 98.00 99.38
12 0.9075 0.9013 98.00 101.37
13 0.8913 0.8844 99.42 98.63
14 0.8355 0.8319 99.53 94.62
15 0.9077 0.9115 98.40 96.38
16 0.9852 0.9932 87.59 83.27
17 0.9077 0.9078 80. 00 79.28
18 1.0584 1.0571 80. 34 80.72

RMSEP 0.00393 3.04

I FH © ST 0 0 I ASE 7R 43 3 % 18 b A Akt
TR ot 1 PO FR BRAL S AR R T IO, 4n3R 3 PR, 4ot
TR EL 5 A0 X% B (% B 3 5 2% RMSEP 43 il A
0.001825 0.00393 ; 1fij pH 5 ¥4 & & 12 1) F i 44 5
25 RMSEP FHXFHEK, 43004 0. 374 5 3. 04, X f&H

P73 e PO (L o (AT OG5
Fig. 7 Correlation of predicted values and standard values of to-
tal volatile constituents in predication model
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SeFE ORI G 25 B P A BRAL AR b , S E R BRI pH
Sk 858 LGRS
2.5.2 HEEMUEESETEN

R BT LU ANE SO GTE R AL AN [ AR HG A
B AL BR ) TR B, DA 18 Fh i FUBh
VEPEFALTE PR A B R 22 B0 3 FhRE S, 43l AT
YOGTEHE , R B 57 BB R X6 b # Ak $5 Fr gt
P, anze 4 P AERI% pUAh AL 6 bs HAT WL 4F
BTN , For S Fa ORI AR X 4% BE (9 L RSD
PIET 0. 3% , $TGHE £ #l RSD B2 A{UA 0.
05% 747, T pH F14% & S & /Y RSD W #f A% T
3.2% . FI UL BT ST 0 R A R LA A o 90 0 A A
LA R A T A58 SR, 00 o A T A S B
)5 2

3 #Fig

SRS RR YT BT ST T £L AN SO R A
T T A R R 0 A0 55 RN | REE [R] B XS 47
AR B pH A X B R 4% e o D o B s 2k
Fr e, EAT R 00 T o it 2 5 S e, M A
S E=q iU N Y Tl T S sy 2 vt B
IR SE ARG SRR 0 T 3k R] I 3G A IE 4R
FROREAC R, AT — 20 4 ve A5 AR 4 TN RS 132 i IR
. AT LT AN S G B AR BE S X A P AR A R AT
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Table 4 The repeatability of NIR models prediction
A B C
TR EL e X ERER Pt X ELEEE S Pt X HER MR
s MmO mm e omm ™M wmE (%)
1 1.39940 7.80  1.1678  59.96 1.43329  4.00  1.2392 34.80 1.37606 5.70  0.8880  96.15
2 1.39921  7.34  1.1677 60.78 1.43385  3.91 1.2398  37.46 1.37454 5.75  0.8853  98.86
3 1.39874  7.40  1.1662  60.98 1.43293 3.76  1.2364 35.92 1.37460 5.59  0.8846  97.68
4 1.39855  7.56  1.1689  59.96 1.43429  4.11 1.2369  37.38 1.37419 5.63  0.8845  97.95
5 1.40026  7.54  1.1708  59.97 1.43390 4.07  1.2391 37.64 1.37421 5.31  0.8822  97.20
6 1.40056  7.50  1.1679  60.23 1.43248  3.97  1.2362 37.01 1.37389 5.70  0.8828  98.38
7 1.39951  7.29  1.1712  60.22 1.43448  4.00  1.2407 37.43 1.37446 5.67  0.8833  96.42
8 1.39990  7.45  1.1665  60.49 1.43447 3.79  1.2355 36.12 1.37484 5.73  0.8877  98.63
¥l 1.39952  7.49  1.1684  60.32 1.43371  3.95  1.2380 36.72 1.37460 5.64  0.8848  97.66
FRUEMRZE  0.00070 0.15838 0.00183 0.39203 0.00074 0.12461 0.00194 1.00742 0.00066 0.14122 0.00214 1.00093
RSD(% ) 0.050 2.116  0.157  0.650  0.052  3.154  0.157  2.744  0.048  2.506  0.242  1.025
R R AR . R EEZE) 2005(11) :1731—1733.
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