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Fig. 1 UV-Vis spectra of B-carotene (a) and lutein (b)
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Fig. 2 Raman spectra of hexane a. isopropanol b, tobacco

sample extracted by hexane ¢ and tobacco sample

extracted by isopropanol d
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Fig. 3 Extracted solution of tobacco sample in the glass bottle (a) . Raman spectra of its typical focal plane (b) and Raman intensi-

ty with the distance between the focal plane and the optical platform was investigated systematically (¢)
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for 5 days before (a) and after (b) normalization
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Table 1 The effects of normalization on the performance of the PLS models built on lutein and B-carotene
Normalization LVs RMSEC/(pg+ g™ b RMSEP/(pg = g™ 1) Reai Ricw
No 2 7.92 8.02 0.933 7 0.934 2
Lutein
Yes 4 6.56 7.08 0.955 0 0.948 4
No 8 1.91 3.30 0.970 9 0.924 6
[-carotene
Yes 9 1.45 2.84 0.983 3 0.944 6

IE: LVs B R

Note: LVs is the number of latent variables
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Fig. 5 The Raman spectra of tobacco samples and the standard

Hexane A

Raman spectra of lutein, p-carotene and hexane for

comparisons
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Table 2 The prediction results for lutein obtained by PLS on different pretreatment methods and Raman shift region

Pretreatment LVs RMSEC RMSEP Reai Riest
/(pgeg D /Cpg =g

Raw data 4 6. 56 7.08 0. 955 0.948
798.2~1 752.8 ecm ™! 5 6.31 6.68 0. 959 0. 954
2 254.2~2784.5 cm ™! 4 6. 85 7.03 0. 951 0. 949
798.2~1752.8, 2 254.2~2 784.5 cm ™! 5 6. 10 6. 94 0.961 0.951
First derivative 3 7.16 7.03 0. 946 0. 950
Second derivative 3 7.59 7.58 0.939 0.942
798.2~1 752.8 cm ™ ! +First derivative 5 5. 86 6.91 0. 964 0. 951
798.2~1 752. 8 cm ™ !+ Second derivative 3 7.62 7.56 0.939 0. 942
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Table 3 The prediction results for p-carotene obtained by PLS on different pretreatment methods and Raman shift region

RMSEC RMSEP

Pretreatment LVs SCug gD SCug g D) Reai Riest
Raw data 9 1. 45 2. 84 0. 983 0. 945
798.2~1752.8 cm ! 6 2.33 2.96 0. 956 0. 929
2 254.2~2 784.5 cm™ ! 4 2.61 3.13 0. 945 0.914
798.2~1752.8, 2 254.2~2 784.5 cm ™! 7 1. 83 2.56 0.973 0. 945
First derivative 8 1.72 3.33 0.976 0.911
Second derivative 2 3.41 4.22 0. 904 0. 844
798.2~1752.8, 2 254.2~2 784.5 cm ™~ ! + First derivative 5 2.55 3.26 0. 947 0.907
798.2~1 752.8, 2 254.2~2 784.5 cm~ !+ Second derivative 2 3.42 4.27 0.903 0. 841
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Simultaneous Detection of Lutein and pB-Carotene in Tobacco by Using
Raman Spectroscopy Combined with Partial Least Squares

GE Jiong', SUN Lin*, SHEN Xiao-jie' , SHA Yun-fei' , HUANG Tian-xiong®, DU Yi-ping®, ZHANG Wei-bing®,

XIE Wen-yan'* , YAO He-ming'"

1. Technical Center, Shanghai Tobacco Group Co. , Ltd. , Shanghai 200082, China

2. Shanghai Key Laboratory of Functional Materials Chemistry, School of Chemistry & Molecular Engineering, East China Uni-
versity of Science and Technology. Shanghai 200237, China

Abstract Pigments are important constituents in tobacco, that relate to appearance and quality of tobacco, meanwhile, the deg-
radation products of pigments have great effects on the quality of aroma of tobacco. According to their color and property. pig-
ments aregenerally divided into three categories: green pigment, yellow pigment and melanin. In growth, chlorophyll is the main
green pigment in tobacco, while xanthophyll and carotene are the main yellow pigments in mature tobacco. Melanin consists in
the progress of modulation and fermentation when tobacco leaves are ripe. Analysis of pigments in tobacco is important for evalu-
ations of raw tobacco and the tobacco product quality. Traditional analytical methods of pigments in tobacco based on liquid chro-
matography, normally need long time and complex sample preparation process, while Raman spectroscopic method is simple to
operate and takes short determination time, so that it could be able to provide information about molecular functional groups.
Accordingly a method of simultaneous detection of lutein and B-carotene in tobacco was developed with Raman spectroscopy in
the present work. A solution of organic solvent extraction from a tobacco sample was enclosed in a glass vial and was detected to
collect its Raman spectrum by focusing the laser on the solution inside. The excitation light wavelength was optimized and 455
nm was selected, under which high Raman signals were obtained. Other experiment conditions, including extracting solvent of
pigments and the distance between the focal plane and the optical platform were optimized. Because the spectra were measured in
different dates and the measurement conditions could change, normalization was used to correctphysical interference due to the
changes with a selected internal standard peak from the solvent spectrum. To solve problem of spectroscopic interference due to
severe overlap between Raman signals of lutein and B-carotene, partial least squares (PLS) was utilized to build multivariate cali-
bration models between Raman intensities and concentrations of pigments. The results showed that the normalization process
could help to correct the changes of the measurement conditions, derivative calculations cannot improve the models but the mod-
els can be improved significantly by selection of wavelength regions. When spectral regionswere selected between 798. 2 and
1 752.8 ecm ! for lutein, regions of 798.2~1 752.8 and 2 254.2~2 784.5 cm ' for B-carotene, the built PLS models showed

1

the best performances with the prediction errors of RMSEP being 6. 68 and 2.56 pg « g ', respectively. The results indicated

that Raman spectra combined with PLS could supply a new way to the quantitative analysis of lutein and B-carotene in tobacco

with advantages of easy operation, short time and reliable prediction.
Keywords Raman spectroscopy; Tobacco; Pigments; PLS
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