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Table 1 The prediction results of water and protein content by using PLSR and PCR models
S g B B IESE - il—i'}ﬁlﬂ: RIS i

Re RMSEC RMSECV Rp RMSEP

5 0.843 8 0.419 5 0.433 1 0.852 2 0.422 2

PCR Y 0.834 4 0.594 7 0.623 6 0.849 7 0.619 5

Bt 0.873 3 1.034 2 1.183 3 0.822 7 1.379 4

I 0.744 2 1.469 8 1.703 3 0.634 7 1. 864 6

K5y

X 0. 880 7 0.366 5 0. 396 8 0.893 3 0.353 3

PLSR W 0.948 6 0.3312 0.345 8 0.924 7 0. 443 4

Bk 0.923 4 0.803 9 0. 883 4 0.928 6 0.838 7
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Table 2 Prediction results of PLSR model using characteristic wavelengths

. . B IE4E 2 H B E o 4
45 2ty FE i ‘ .
Re RMSEC RMSECV Rp RMSEP
A 0.918 0 0.303 9 0.411 6 0.901 9 0.348 5
I 0.952 1 0.319 7 0.338 6 0.969 6 0.344 1
Ky SPA+PLSR )
g 0.947 4 0. 666 2 0.724 0 0.9515 0.760 6
o 0.889 3 0.966 7 1.274 7 0.8415 1.263 2
XA 0.921 0 0.132 1 0.139 0 0.937 7 0.133 2
A 0.975 9 0.072 9 0.078 4 0.979 8 0.083 3
A=V SPA+PLSR -
W 0.963 4 0.148 7 0.205 5 0.977 8 0.134 7
o 0.921 8 0.375 3 0.792 2 0.921 7 0.377 7
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Fig. 4 Visualization images of water-content distribution (a) and protein content distribution (b)
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Detection of Component Content Changes During Tofu Formation Based
on Hyperspectral Imaging Technology

WANG Cheng-ke, ZHANG Ze-xiang, HUANG Xiao-wei* , ZOU Xiao-bo" , LI Zhi-huang, SHI Ji-yong
School of Food and Biological Engineering, School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang
212013, China

Abstract Tofu was a traditional food in China in two thousand years. However, it is still mainly produced by individual work-
shop. and the security and uniformity of quality is difficult to guarantee. Water and protein content are important factors which
affecting the quality of tofu. The traditional detection method for water and protein is complicated, time consuming and
laborious. The detection results are often later than the production process which unable to guide tofu production in time.
Therefore. it is necessary to develop a new method for quantitatively describing homogeneity of water and protein distribution in
Tofu. It is also the a scientific basis for accurately regulating the production process of tofu. In this study, hyperspectral imaging
technique combined with chemometrics method were used to detect the changes of water and protein content and distribution un-
der four different conditions: soybean milk, hot soybean milk, gel and tofu. The hyperspectral image of 120 samples in each
state was collected in the wavelength range of 432 to 963 nm. Use ENVI software to select the region of interest and calculate
the average spectral data of the sample. The original spectrum was pre-processed by convolution smoothing (Savitzky-Golay,
SG) as well as multiplicative scatter correction (MSC) to eliminate the influence of spectral noise. A partial least squares regres-
sion (PLSR) and principal component regression (PCR) quantitative model were established for the pre-processed spectral data.
The prediction results of water and protein by using PCR model are lower than the PLSR model, therefore, the PLSR model is
selected as the optimal model. The characteristic wavelengths of soybean milk, hot soybean milk, gel and tofu samples were se-
lected by continuous projection algorithm (SPA), 13, 90, 8 and 9 characteristic wavelengths to establish the PLSR model based
on the characteristic wavelengths. The results show that the SPA-+PLSR model based on the characteristic wavelengths is better
than the PLSR model under the full-band model. The prediction model R, for for water is 0. 84~0. 96, and the prediction model
R, for protein is 0. 92~0. 97. Based on the SPA+PLSR model with better prediction effect, the water and protein contents of
different states pixel in the image of soybean milk, hot soybean milk, gel and tofu, were calculated and the water and protein dis-
tributions in the sample were visualized with different colors. The feasibility of hyperspectral technology for detecting water and
protein contents in tofu was verified, which could be used to solve the defects of traditional detection methods, as well as

provided a theoretical basis for the industrialization and intelligence of tofu production.
Keywords Tofu; Hyperspectral imaging technique; Distribution visualization; Water; Protein
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