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Design of tobacco formulation based on the quality
characterization by near infrared spectroscopy

HAO Xianwei', PENG Yuhan!, YANG Zehui?, CHEN Xiaoshui*, JIANG Zhimin', LI Bo!, BI Yiming™

(1.China Tobacco Zhejiang Industrial Co. Ltd, Hangzhou, Zhejiang 310024, China; 2.Xuanwei Redrying Factory, Yunnan
Leaf Tobacco Redrying Co. Ltd, Qujing, Yunnan 655400, China)

Abstract: In view of the problems of weak objectivity and low design efficiency for traditional tobacco leaf formulation
design, a method of tobacco formulation design was proposed based on the quality characterization by near infrared
spectroscopy. The prediction model including conventional chemical compositions, position and aroma type was
established by partial least square method, to predict the quality indexes of tobacco leaves. Using quality index as
multidimensional vectors a comprehensive quality representation index was constructed. According to the rule of “similar
substitution”, a set of candidate tobacco leaves was formed refer to the original tobacco grade in the target module to
screen similar substitute tobacco leaves. The proportion of tobacco leaf in the substitute module is calculated by linear
programming method. Using a combination of indicator evaluation and sensory verification to the effectiveness was
verified for Sichuan tobacco leaf formulation designed in 2020. The results showed that the relative error of the tobacco
leaf position, total sugar, reducing sugar, total alkaloids, and total nitrogen content was less than 6% between the
substitute formula and the target formula. Except for stimulating indicators, there was no significant difference in sensory
quality indicators such as aroma content, clarity, diffusivity, group nature, impurities, aftertaste, and strength between the
substitute formulation and the target formulation.
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Table 1 Modeling results of conventional chemical components tested by near-infrared for tobacco leaf

sy ERM% WEM B RIERBRE R SCUIGIEARYY RS BONAREY iR VIR 25/%
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Table 2 Predicted values of near-infrared models for tobacco leaves in various counties of Sichuan Province

s () £ gy Y% BHREPIRIY% EERY% % BI%  RAEM T Al
1 il e C2FAL  37.81 1.70 30.47 0.01 2.80 1.61 2.44 0.21
2 il e C2FC3 3857 124 31.44 0.02 3.18 1.49 2.65 0.12
3 Hli e C3FAL  37.25 1.50 30.31 0.01 3.04 1.61 2.60 0.04
4 Hli S/ARE CoFAL 3876 1.74 32.10 0.09 242 1.70 248 0.48
5 Hli S/RE C2FC3 38,95 1.28 31.31 0.01 3.00 1.52 2.56 0.13
6 il 2R E  C3FAL 3351 1.96 25.75 0.03 251 1.89 2.39 0.23
7 il SHE C2FAL 3426 1.44 25.73 0.10 2.15 1.66 2.62 0.40
8 il S C2FC3 36.01 1.40 26.94 0.15 2.35 1.40 2.50 0.15
9 Hli SPE C3FA1 3458 153 27.25 0.09 2.42 1.60 261 0.09

10 Hli HFEE corAl 3771 1.74 29.97 0.09 2.03 1.68 2.32 0.25
11 Hli #hiEB  C2FC3 38.88 1.27 31.63 0.10 2.18 158 2.60 0.51
12 wl HhiEHE  C3FAL 3870 1.29 31.42 0.17 217 1.69 263 0.52
13 il TrE  C2FAL  39.28 2.25 29.94 0.01 2.75 1.82 2.00 0.29
14 Al THE  C2FC3  39.12 2.09 30.05 0.04 241 1.73 2.13 0.26
15 il THE  C3FAL  37.77 2.36 28.81 0.05 2.69 1.84 1.99 0.42
16 il TR C2FAL 4170 243 32.06 0.01 2.25 1.76 1.89 0.37
17 il TR C2FC3 3741 2.49 28.54 0.01 2.36 1.93 1.92 0.80
18 il TR C3FAL 3850 2.19 28.24 0.01 233 1.81 2.03 0.40
19 BHEAE KZ B C2oFA1 3877 1.97 32.25 0.08 2.38 1.67 2.24 -0.01
20 BHEAE KkZ B C2FC3 3862 1.76 31.89 0.16 241 1.57 2.25 0.06
21 BHAE KHE  C3FAL  38.94 1.86 31.80 0.13 2.56 1.63 2.25 -0.16
22 HE ¥iEH  C2FAL 28,65 217 24.25 0.18 3.01 1.81 2.09 -0.20
23 HE ¥iEH  Cc2FC3 2919 2.10 23.89 0.24 2.99 1.73 212 -0.42
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s () H S B RAHYII% EERE%  E % MY BAM FL Al
24 HIEE HitE  C3FAL  33.27 2.35 27.96 0.14 2.58 1.89 1.98 0.03
25 HE MICH C2FAL 29.34 2.50 23.85 0.16 3.24 1.87 1.94 -0.40
26 HE MIH C2FC3 28.02 2.20 23.84 0.20 3.16 1.74 2.13 0.06
27 E MICH C3FAL 2014 3.19 24.49 0.05 2.83 2.26 1.46 -0.14
28 P W C2FAL 2944 2.98 24.44 0.27 2.43 1.97 1.66 -0.04
29 P W C2FC3 2017 2.55 25.09 0.31 2.40 1.83 1.96 -0.21
30 agill s C3FAL 3078 2.89 25.99 0.32 2.03 1.81 1.58 -0.14
31 agill BUKE  C2FA1L  27.04 3.54 23.50 0.73 257 213 1.45 -0.37
32 agill BUKE C2FC3  25.63 2.96 21.60 0.46 2.76 2.25 1.84 -0.42
33 P BUKE  C3FAL 2717 2.53 22.90 0.28 2.64 2.07 2.02 -0.38
34 It Mk C3FA1  34.19 2.55 27.92 0.11 2.38 1.92 1.76 -0.18
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Table 3 Raw tobacco samples similar to Dechang C2FA1

i M (rT) £ g4 S
13 Hli THE C2FA1 5.00
14 sl TR C2FC3 5.39
10 wl R E C2FA1 5.48

9 il SHR C3FAl 5.53
8 il SHR C2FC3 6.66
15 Hli THE C3FA1 6.73
19 BHAE  KGE C2FA1 7.03
21 BRHAE  KGE C3FA1 7.10
7 il SHR C2FA1 7.48
18 il WAk B C3FAl 7.74
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Table 4 Candidate tobacco sample pool similar to the target

formulation
P () B 77

7 tinsil} SHH C2FAL

8 tinsil} SHH C2FC3

9 tinsil} SHH C3FAL
10 tinsil} U E C2FAL
11 gt iR C2FC3
12 gt iR C3FAl
13 gt TR C2FAl
14 gt TR C2FC3
15 tinsil} THE C3FAL
18 sl Eps C3FAL
19 R K8 C2FAL
20 R K8 C2FC3
21 BERAE K58 C3FAl
22 HE Wi B C2FAl
24 HE Wi B C3FAl
26 HE MICH C2FC3
34 J7IG ML E C3FAL
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Table5 Multiple comparison of predicted value of tobacco from different prefecture-level producing areas based on near infrared spectra

M (1) SpE% B 5% 1% B1% SE% Az il
il 37.71a 1.77¢ 29.55ab 0.06b 2.50b 1.68bc 2.35a 0.32a
BERAE 38.78a 1.86bc 31.98a 0.12b 2.45h 1.62¢ 2.25ab —0.04b
=i 29.60c 2.42ab 24.71c 0.16b 2.97a 1.88ab 1.95hc -0.18b
P 28.21¢c 2.91a 23.92¢ 0.40a 2.47b 2.01a 1.75¢ -0.26b
]It 34.19b 2.55a 27.92b 0.11b 2.38b 1.92a 1.76c -0.18b

[RISANR)NE FBEF R M () B 28 54 GE 2728 L (P<0.05)
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Table 6 Formulation composition of substitute tobacco

leaves based on similar indictors

B, 2SR LB/ T 10%EREA, 78 T m TR TR
5 HARBC T AR A CEC 7 A B (3 6). mall ST C2FAL 5.0
HET LT AME R () F ARG 7 55 AR 14 5% Bl SME CIFAL 23.0
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L MRS SR A2 w en o e
IR . SR SR 7 ) TR ol TR E C2FC3 2.0
INT 6%; B AR HR 2R 10%, B KB C3FAL 25.0
X 3AMEbR EEZ A, AT LA S
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Table 7 Comparison of various quality indexes between target formulation and alternative formula sample
ey MY EEYIY% % E1% 1% BAI% HRAL R
BTy 37.11 1.70 29.77 0.10 2.47 1.68 2.37 0.23
HFR 37.12 1.69 29.79 0.08 281 1.66 2.52 0.20
AHXT 52 25/% 0.03 0.59 0.07 12.86 12.10 1.20 5.95 15.00
XPEAEC S BARBCT TR E B A, 45 FRESSIRALT BB . GG LLaMeiE e

R 8. n[LIAE M, BRREIERSTRAL, BUBCTT
MM MR B B 2R
RSN ER S HARBC T 22 AN, B
5 TR . RT3 T BRI 89,

TYTRN i AR S PP R, BV 5
BRIy N e 3 N VAN TR = LR 65
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Table 8 Comparison of sensory assessment scores between target formulation and alternative formulation samples
e Jr wA RRRE O FRE O FEWE &L REHE S A AR Dk
BT EHEM  8.6240.15 7.414021 8.2940.20 8.4930.24 7.3540.15 7.5340.18 8.2240.13 8.2040.15 5.3240.01
H bR 7 EAE 85140.27 7524022 8.3240.19 8524026 7.4240.20 7.5840.21 8.0320.17 8.03#0.17 5.4110.21

P{fi 1.00 0.38 0.34 0.74 0.84 0.42 0.64 0.03 0.07 0.31
3 i RS DPEI iR S PN Y B) M e S B i i
=R
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