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Fig.1 E-cigarette for experiment
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Tab.1 Electronic tongue determination results of e-liquid and artificial sensory evaluation results of corresponding e-cigarettes

o i pir FL A TR R R 52 1
RTE R R
I II 111 v v VI Vil

1# 6.6 2185.75 2311.84 3795.94 2189.80 2287.54 2099.51 2071.57
2# 7.8 2347.61 2515.52 4054.82 2211.18 2345.07 2201.50 2129.74
3# 4.5 2208.95 2401.33 3361.97 2157.60 2197.42 2342.25 2507.95
4# 6.4 2233.43 2414.36 3479.27 2166.31 2228.09 2356.37 2505.04
5# 6.2 2238.18 2416.63 3578.29 2171.27 2231.76 2357.73 2495.01
6# 6.8 2253.00 2418.67 3629.61 2170.09 2229.65 2352.56 2470.62
T# 6.8 2245.86 2412.83 3626.83 2157.69 2222.52 2341.15 2464.99
8# 6.8 2290.30 2448.70 3757.34 2166.57 2520.65 2420.50 2456.52
o 7.5 2179.95 2337.75 3787.98 2166.25 2336.24 2117.55 2094.13
10# 2.5 1825.04 2073.68 2735.50 2326.97 2307.65 1898.30 2394.72
11# 1.2 1892.08 2152.52 2904.24 2520.10 2306.32 1979.37 2531.22
12# 5.6 2350.81 2675.78 3793.61 2297.86 2454.08 2130.02 2506.44
13# 52 2424.43 2726.91 3815.75 2257.71 2357.85 2181.76 2479.76
14# 4.2 2345.65 2677.63 3077.28 2086.06 2352.77 2155.68 2476.68
15# 5.6 2418.93 2721.17 3191.14 2094.54 2307.04 2196.91 2459.43
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16# 4.5 2439.33 2742.57 3274.85 2093.87 2265.13 2239.73 2444.96
17# 1.2 2467.13 2768.72 3217.85 2215.29 2322.01 2279.98 2535.64
18# 3.5 242487 2700.80 3248.11 2148.17 2203.12 2253.71 2443.47
19# 7.6 2468.01 2670.40 4158.00 2286.29 2146.97 2158.19 4743.17
20# 7.5 2447.72 2660.39 4152.65 2272.40 2133.39 2151.34 472424
21# 7.5 2445.20 2656.20 4151.52 2276.43 2132.04 2147.46 4753.41
22# 7.6 2432.29 2645.53 4155.21 224711 2121.62 2142.34 4775.20
23# 7.5 2457.99 2667.39 4252.76 2220.02 2118.32 2161.97 4876.78
24# 7.5 2396.98 2600.39 4286.34 2105.07 2042.72 2126.96 4750.74
25# 7.6 2458.45 2665.93 4144.82 2271.32 2137.49 2148.09 4873.49
26# 7.5 2455.51 2659.75 4136.42 2254.17 2124.74 2145.94 4856.36
27# 7.4 2456.49 2662.70 4119.85 2281.63 2138.55 2149.11 4625.30
28# 2.0 2642.03 2871.65 4420.73 2097.96 2016.36 2428.61 3205.43
20# 2.5 2633.15 2870.17 4413.55 2109.57 2024.39 243431 3225.38
30# 5.0 2172.09 2416.44 3458.11 1979.90 1912.60 1936.18 1787.71
31# 53 2212.56 2419.64 3463.36 1982.37 1960.71 1935.58 1790.07
32# 4.8 2216.22 2421.35 3449.77 1978.40 1954.02 1928.44 1790.49
33# 4.0 2164.28 2378.90 3213.43 1983.92 1904.33 1824.29 1761.28
34# 3.8 2226.66 2475.48 3529.49 2037.08 1962.48 1920.18 1815.81
35# 4.3 2198.44 2440.06 3493.91 2011.21 1943.79 1950.99 1805.18
36# 4.8 2199.13 2419.89 3469.11 1994.32 1981.11 1954.74 1805.42
37# 43 2213.50 2464.59 3575.61 2030.29 1970.52 1963.18 1808.28
38# 4.4 2207.08 2439.02 3538.90 1993.89 1945.00 1969.87 1794.10
39# 5.8 2183.31 2404.78 3411.68 1968.62 1954.78 1931.37 1789.31
40# 4.8 2193.83 2412.51 3481.69 1967.12 1959.77 1956.58 1793.88
41# 5.5 2205.18 2409.73 3502.77 1973.48 1961.39 1970.36 1792.32
42# 5.0 2206.00 2438.00 3553.31 2018.04 1944.67 1976.68 1797.69
43# 4.0 2210.57 2429.89 3538.88 1992.28 1924.20 1930.46 1793.19
44# 4.2 2225.63 2481.16 3633.74 2022.22 1925.44 1948.02 1788.28
45# 4.4 2192.01 2415.95 3511.46 1970.00 1914.51 1968.82 1789.46
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46# 53 2222.01 2422.83 3531.98 1977.53 1924.38 1966.37 1791.91
47# 8.5 1406.21 1883.02 1800.55 1276.59 3187.31 1616.19 5686.91
484# 6.5 2099.29 2549.02 2848.76 2062.74 2376.19 2064.45 3169.16
49# 53 2109.86 2538.92 2824.67 2074.96 2285.20 2081.88 2809.31
50# 4.8 926.44 1269.55 1739.97 1374.25 993.44 1319.63 7643.23
S51# 1.6 709.87 1014.69 1468.33 870.92 1117.22 1144.20 2091.71
524 33 850.27 1185.32 1758.43 1283.43 968.19 1200.76 4636.29
53# 4.5 2348.42 2664.83 3745.66 2031.31 1991.01 2359.90 2125.02
544 1.8 2336.25 2633.55 3644.98 2048.53 1987.86 2342.66 2122.97
55# 2.0 2297.05 2608.10 3604.61 2063.05 1971.17 2317.34 2124.09
56# 2.5 2303.40 2604.56 3651.94 2092.09 1973.12 2305.09 2126.44
57# 2.5 2270.95 2574.23 3677.11 2073.07 1967.89 2281.45 2123.42
58%# 2.8 2275.50 2569.52 3689.53 2083.31 1963.91 2264.21 2121.81
59# 3.0 2254.66 2555.92 3648.39 2087.56 1956.15 2237.31 2118.70
60# 2.8 2256.71 2560.11 3656.33 2103.13 1964.00 2230.68 2123.39
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Fig.3 Predicting model of the sweetness of e-liquid with partial
least squares method (before optimization)
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Fig.4 Predicting model of the sweetness of e-liquid with partial
least squares method (after optimization)
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Tab.2 Prediction results of the samples’
least squares model

sweetness by partial
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544 1.80 2.02 2.77

55# 2.00 1.97 2.70

56# 2.50 2.03 2.75

57# 2.50 2.14 2.84

58# 2.80 2.15 2.84

594 3.00 2.11 2.78

60# 2.80 2.13 2.78
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Tab.3 Error analysis of partial least squares’ prediction results
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Fig.5 Artificial neural network modeling figure
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Tab.4 Prediction results of artificial neural network model

Frs T e EE
34 5.81 4.50
41# 5.60 5.50
43# 5.02 4.00
12# 6.23 5.60
31# 5.31 5.30
20# 7.52 7.50
T# 6.60 6.80
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Tab.5 Error analysis of artificial neural network model” s
prediction results
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Fig.6 Support vector machine modeling figure
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Tab.6 Prediction results of support vector machine model

P b P 5 T E EEE
36 5.00 4.80
15 4.08 5.60
26 7.40 7.50
31 4.99 530
32 4.96 4.80
20 7.28 7.50
49 4.95 530
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Tab.7 Error analysis of support vector machine model’ s
prediction results
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Tab.8 Comparison of three models

SR WRRE (g e
Pt /)N —5fe 0.90 17.42% 0.74
NLHZEMLE 097 10.15% 0.68
SCHF AL 0.96 7.30% 0.61

ST EIP

(1) MEERIA R RECRE, /D —IRIER
/N 090, IRT N TARE I 2872 1) 0.97 FSCRF [F)
EHLIER 0.96, N LALLM A o R 5 S SRR &
HURIAHZEAR K M IRIR ZE LA, hde /N 321
W, N0.74, =T N LML EER 0.68 I SRR
[ EALVET 0.61; M ERASEAE AN TGN 45 5 (1 T 35 0T i
ZER AL, m b ZIRIE I . B =AM A
EE, iR/ — SR B () T 6 A1 - A A AR

(2) NP M2 F SR AR EL A B
TURIAE DG R A —8, W38 T &5 S35 7 iR 22
HA—EMESR, ZREMEIERN .61 KT AT
FRZE IR 2535 11) 0.685  TII &5 M- F I MR E A —
EMZESR, LREMENER 7.30% KT A T m
Z8IEI 10.15% 0 SCRF ) S AL TR 25 S 1 38 75 Al i
ZERF AR Z BT N T M gk, i imi
SRR 1A R MLk ST AR R B A T AR,

(3) B LL EE IR &, BT ESES RN E
BLVZ: B 42 S7. 1 WL SO I B VP 5925, BT DA SIE I oK
S0 B JOR EE PR AT SR TN . E T R S R
TR e N R, N TR VR B H A S
(RO, Xt (A1 B FL R S S R AR
o —EME .

3 &g

AT HL T 50 60 A L A VBURE il 3R 4T 00 5E 15 2
160 AL HL T I E B, JE I B TaRIA L AR

X 28R AN S ) B LI = 5o v e s 5
FL RN R B B AT R i, AL T 3 A
HLF AR PP AR o 3 MR AR LT 45 R B
S ) ATV FT S ST RS R 0o oA R R - MRS o
G5 R B T 5E, HAZAE R A < R BN 0.96,
T 25 R T B A R 220N 7.30%, BT IRAR ZE N
0.61. AN, TR I IR it 1%
M ABTERE R iE, X TR it A 2
U {E .

S0k
[1] 80— AR AT A 85 A0 [P]: TR, 03111582.9. 2004-
11-03.

HAN Li. A kind of Non-combustible Electronic Spray Cigarette[P]:
China, 03111582.9. 2004-11-03.

21  EPRAE ARERR, RIFAR, A5 BN S P AR AL A A R B

WM (7] £ 5 TR | 2013, 34 (19): 111-114.
SHU Junsheng, XU Zhiqiang, ZHU Qinglin, et al. Theoritical
predictions for sweetness of some sweet compounds in cigarette
smoke[J]. Science and Technology of Food Industry, 2013, 34 (19):
111-114.

31 BFR, VR, SRR, 55 R LR VAN b ) R
[7]. VBB EEAR | 2015, 46 (6): 239-243.

YANG Yang, SHEN Cheng, SANG Yue, et al. Evaluaion of steviol
glycosides sweetness taste by electronic tongue[J]. Journal of
Agricultural Machinery, 2015, 46 (6): 239-243.

[41  XPE, BEEA, XIRE , 25 . PCA-SVR B HIAIEIT 40 46 i
G MR 1 4y v (0 R [0, D62 5 6% 4 4, 2007, 27 (12):
2460-2463.

LIU Xu, CHEN Huacai, LIU Taiang, et al. Application of PCA-
SVR to NIR prediction model for tobacco chemical composition[J].
Spectroscopy and Spectral Analysis, 2007, 27 (12): 2460-2463.

[5] Amaechi B T, Higham S M. In vitro remineralisation of eroded enamel
lesions by saliva[J]. Journal of Dentistry, 2001, 29(5): 371-376.
Amaechi B T, Higham S M. In vitro remineralisation of eroded enamel
lesions by saliva[J]. Journal of Dentistry, 2001, 29(5): 371-6.

[6] ISO 8586-1:1993 (E). Sensory analysis-General guidance for the
selection, training and monitoring of assessors[S].

ISO 8586-1:1993 (E). Sensory analysis-general guidance for the
selection, training and monitoring of assessors[S].

[7] ASTM STP 758. Guidelines for the selection and training of
sensory panel members[S]. Philadelphia: 1981.

ASTM STP 758. Guidelines for the selection and training of
sensory panel members[S]. Philadelphia: 1981.

[8] Danfeng Wang, Xichang Wang, Taiang Liu, Yuan Liu. Prediction

of total viable counts on chilled pork using an electronic nose
combined with support vector machine [J]. Meat Science, 2011, 07,
025.
Danfeng Wang, Xichang Wang, Taiang Liu, Yuan Liu. Prediction
of total viable counts on chilled pork using an electronic nose
combined with support vector machine [J]. Meat Science, 2011, 07,
025.

91  ZRMJC, BR, HEIE, & AT H BN RER B A9
WEKE [3]. ARl LR, 2010, 26(6), 226-229.

WU Congyuan, WANG Jun, WEI Zhenbo, et al. Prediction of apparent
viscosity of milk with different volume fraction using electronic
tongue[J]. Transaction of the CSAE, 2010, 26(6), 226-229.



30 rf1 [ {55223 Acta Tabacaria Sinica 2017 Vol.23 No.6

Research on e-cigarettes' sweetness evaluation models based on electronic tongue data

GONG Xiaowei', ZHU Donglai', HONG Liu', LI Shoubo', NIU Yunwei’, Yang Ji', WU Jun', ZHANG Xia', LI Tinghua',
CHEN Yongkuan', HAN Yi"
1 R & D Center, China Tobacco Yunnan Industrial Co., Ltd., Kunming 650231, China;
2 Shanghai Institute of Technology, Shanghai 201418, China

Abstract: The aim of this work is to establish objective methods to quantitatively analyze e-cigarettes’ sweetness. Sixty samples of e-liquid
were collected and measured by electronic tongue. Based on correlation analysis of electronic tongue data and artificial sensory data, three
sweetness evaluation models were established by partial least squares, artificial neural network and support vector machine. Comparison
results indicated that the support vector machine model was the most reliable for predicting sweetness of unknown e-cigarette samples.
The correlation coefficient of the model was 0.96 with average relative error of predicted results of 7.30% and root mean square error of
predicted results of 0.61. It was concluded that the evaluation model based on the combination of electronic tongue and the support vector
machine can achieve reliable prediction of unknown e-cigarettes’ sweetness.
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Stability and release behavior of nicotine in e-liquids
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Abstract: Data reference was provided for further research and development of electronic cigarette products. Seven brands of commercial
e-cigarettes and 30 e-liquids were compared in terms of maximum puff number of battery, nicotine content and its release behavior. Results
showed that: (1) E-liquids were highly stable under natural temperature in six months. (2) Due to lack of regulations, e-liquids may contain
inaccurately labelled nicotine levels. (3) Puff number based on battery capacity was in the range of 50-420. (4) Releasable nicotine in
cartridges and battery energy had a significant influence on release behavior of nicotine.
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