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Table 1 Contents of various fatty acids in raw material oil
JRAE K B i g B BR AR, 2 E/% JRAT K i g By BR 20 R, 2 EI%
AF A AR (C16 1 0) 11.585 TihEz (C18:2) 53.450
gz (C18 : 0) 4.521 T rER (C18 : 3) 8.478
W BR(CI8 : 1) 21.168 It i B B2 0.811

SR R Y B 2 I R S AN 3R 2 B
R ATLAF AR 52 AN Sk K SRR S R
G 5 R & B AE 5.105~13.250 mg 2 8], SF-HI{H K

(8.913+2.309) mg, FEATE & 3 [l N 4 1 L4 3
A7 B AR 22 05 TO0IAS AR A A M

x2 50mgSHKREHEATEXERRSESITE
Table 2 Data statistical table of the content of trans fatty acid in 50 mg hydrogenated soybean oil

o5 TFAs 4 % /mg AT TFAs 4 %/mg o5 TFAs 2 % /mg HAT TFAs & ¥/mg
1 6.153 14 8.697 27 12.368 40 9.632
2 8.125 15 11.368 28 6.352 41 7.580
3 9.243 16 7.542 29 8.564 42 9.647
4 13.249 17 8.365 30 5.368 43 6.384
5 10.520 18 8.543 31 7.157 44 11.682
6 8.241 19 6.258 32 6.547 45 13.025
7 7.432 20 9.363 33 10.052 46 8.574
8 12.355 21 13.250 34 9.268 47 7.652
9 5.105 22 6.982 35 12.782 48 9.687
10 5.262 23 10.753 36 10.157 49 10.542
11 6.753 24 11.387 37 7.635 50 9.274
12 5.587 25 9.542 38 5.924 51 10.053
13 10.258 26 13.128 39 6.385 52 7.697
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Table 3 Vibration frequencies of six main trans fatty acids calculated by DFT
ER 3 97 % /THz
C18:1-9t 0.60608,0.77157,1.0915,1.2692,1.355,1.7425,2.1074,2.3027
C18:1-10t 0.56899,0.75508,1.062,1.2019,1.3728,1.7792,2.0826,2.3621
C18:1-11t 0.60844,0.72186,1.1396,1.2309,1.349,1.7648,1.931,2.4305
C18:2-9t, 12t 0.58818,0.69808,1.0577,1.2117,1.3507,1.6858,1.9759,2.2963
C18:2-9¢, 12t 0.69524,0.77474,1.0832,1.1318,1.297,1.6281,1.7449
C18:2-9t,12¢ 0.56222,0.69749,1.0638,1.1721,1.4114,1.602,2.0278,2.2531
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Table 4 Statistical results of trans—fatty acid content

in the sample sets

L AL RAMEN RKRAL/ 3 1A/
AL )
A3 mg mg mg
e 42 5.105 13.250  8.832+2.322
T 5 10 6.153 13.128  9.250 +2.345

%= 5 LS-SVR 5 PLS.SVR # 2! i il & R L &
Table 5 Prediction results comparison of LS-SVR,

PLS and SVR
A A RMSEP R? RSD/%
PLS 0.5069 0.9485 5.95
SVR 0.5952 0.9283 6.98
LS-SVR 0.3246 0.9792 3.81

%6 # A GS.PSO and GA fi#t ) LS-SVR
BRI TR 25 R
Table 6 Prediction results of LS-SVR model optimized
by GS, PSO and GA

Ao RMSEP R? RSD/ %
[S-SVR (k1) 0.3246 0.9792 3.81
GS-LS-SVR 0.2416 0.9985 2.83
PSO-LS-SVR 0.0763 0.9989 0.90
5 £ X #
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THz Spectroscopic Analysis of Trans—fatty Acids in Hydrogenated Soybean Oil

Wang Liqi', Wang Ruiying', Yao Jing', Zhang Hairong', Wu Yingfei', Cui Yue', Qiu Zeguo”, Yu Dianyu?
(“‘School of Computer and Information Engineering of Harbin University of Commerce/Heilongjiang Provincial
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School of Food Science, Northeast Agricultural University, Harbin 150030

Abstract This paper presented an analysis method of TFAs in hydrogenated soybean oil based on THz spectroscopy. The
THz time domain spectrum of hydrogenated soybean oil was transformed into frequency domain spectrum by Fourier trans-
form, and the refractive index and absorption spectra were calculated by using the optical parameters. In order to study
the absorption characteristics of TFAs in hydrogenated soybean oil in terahertz band, the RB3LYP in DFT and 6-311G
(d, p) were adopted for optimizing the geometric configuration and calculating vibration frequency of the several major
trans oleic acids and trans linoleic acids in hydrogenated soybean oil. These studies laid a theoretical basis for the com-
position and qualitative analysis of TFAs in hydrogenated soybean oil. The prediction model of TFAs content in hydro-
genated soybean oil was established by LS-SVR, and compared with PLS and SVR models. The prediction results
demonstrated that the L.S—SVR model was the best one. The RMSEP was 0.3246, the determination coefficient R?> was
0.9792, and the RSD was 3.81%, which could meet the actual detection requirements. Then, PSO algorithm was used to
optimize the parameters of LS-SVR model, and compared with GS and GA optimization methods, the optimal parameter
combination was selected. The RMSEP, R? and RSD of the optimized LS—SVR model were 0.0763, 0.9989 and 0.90%,
respectively, which significantly improved the prediction accuracy. This study laid a foundation for the rapid detection of
TFAs in hydrogenated soybean oil by terahertz spectroscopy.

Keywords hydrogenated soybean oil; trans—fatty acids (TFAs); Terahertz spectroscopy (THz); density functional theory
(DFT); least square support vector regression (LS-SVR)



