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Spectroscopy and Spectral Analysis
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Fig. 2 THz time-domain spectroscopy transmission

experimental setup
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Fig. 3 THz spectral absorption coefficient (a) and dielectric loss (b) of tea and foreign matters
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in tea, absorption coefficient (a) and dielectric loss (b)
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Fig. 5 Principal component analysis scores plot of black tea and foreign body samples

(a) : Absorption coefficient; (b): Dielectric loss
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Table 1 Tea and foreign bodies classification model results
Absorption coefficient Dielectric loss
Classification kernel - - - 3
method function AccPracy in the Accur‘ac‘y in the Acc(uraq‘f in the AccurAaCAy in the
calibration set prediction set calibration set prediction set
RBF kernel 86.37% 65.78% 14.17% 47.37%
SVM ‘

Linear kernel 87.04% 68.42% 58.14% 63.16%

LDA Quadratic 88.37% 73.68% 83.72% 71.05%

) Linear 76.74% 63.16% 72.09% 68.42%
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THz Spectroscopy Detection of Insect Foreign Body Hidden in Tea
Products

SUN Xu-dong, LIU Jun-bin
School of Mechatronics and Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China

Abstract Chinese black tea is widely respected for its long-term cultural heritage and multiple health benefits. Black tea uses
fresh leaves of tea trees as raw materials and is finished by finishing, kneading, drying, screening, and drying. These traditional
techniques create a mellow, varied, and rich taste of the famous tea. However, the complex processing technology also increases
the risk of physical pollution, and non-tea and foreign tea matter will inevitably be mixed during the processing. Physical
contamination is a random event, accounting for 19. 8% of food safety complaints. Physical pollution can only be reduced, and it
is difficult to eliminate it. It is the key to future disputes between manufacturers and consumers and import and export trade.
X-rays use the density difference between the food matrix and foreign objects to detect foreign metal objects effectively and
extend to high-density plastics. Organic foreign bodies such as insects are still food foreign bodies that X-rays cannot detect.
Insect foreign bodies are mixed with a high frequency, which causes sensory discomfort and easily introduces pathogenic
bacteria. There is an urgent need to develop corresponding non-destructive testing methods. As an emerging detection
technology. Terahertz time-domain spectroscopy (THz-TDS) technology has good application potential in non-destructive testing
of agricultural products, food and medicines. THz has good low-energy transmission and fingerprint spectrum characteristics and
has no ionizing radiation damage. It can obtain the spectrum and image information of hidden foreign objects through the food
matrix. It is a better choice for non-destructive testing of agricultural products and food. In order to realize the high-efficiency
detection of low-density organic foreign matter in tea, this paper explores a new method of the non-destructive detection of black
tea-infested insect foreign matter based on THz spectroscopy. In the range of 0.2~3.0 THz, the THz spectra of black tea
matrix, insect foreign matter, and black tea mixed with foreign insect matter were collected. The THz absorption coefficient and
dielectric loss response characteristics of the tea matrix and insect foreign bodies are analyzed. From the spectrogram, it can be
seen that there are significant differences between the THz absorption coefficient and dielectric loss of the tea matrix and the
foreign insect bodies, mainly caused by the protein and fat of the foreign insect bodies. The ingredients are caused, laying the
foundation for the THz spectrum detection of black tea mixed with insects and foreign bodies. However, the absorption
coefficients of tea and insects have no obvious characteristic peaks, and there is more obvious noise in the high-frequency band of
2.0~3.0 THz. The principal component analysis method is used to reduce the dimensionality of the absorption coefficient and
the dielectric loss. The score map shows that there is a clear difference between the black tea matrix and the black tea with insect
foreign bodies, and the clustering effect of the absorption coefficient is better than that of the dielectric loss factor. The THz
absorption coefficient and dielectric loss in the range of 0.5~ 1.0 THz were selected as input vectors, and support vector
machine (SVM) and linear discriminant analysis (LDA) discriminant models were established. The experimental results show
that the LDA discrimination model based on the THz absorption coefficient has the highest accuracy, and the correct recognition
rate of new samples is 73. 68%. It shows that applying THz time-domain spectroscopy for non-destructive detection of black tea
inclusions of foreign insect bodies is feasible. At the same time, THz spectrum combined with pattern recognition algorithm
provides a new method for non-destructive detection of tea inclusions of foreign insect bodies and can also provide a reference for

other agricultural products and food detection.
Keywords Terahertz; Spectra; Tea; Foreign body of insects; Discriminant analysis
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