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Detection of Umami Substances and Umami Intensity Based on
Near-Infrared Spectroscopy
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Abstract The feasibility of near infrared spectroscopy (NIRS) combined with stoichiometry for quantitative
determination of umami substances and umami intensity in mixed solutions is discussed. The mixed solution of
umami substance composed of monosodium glutamate and disodium inosinate is used as the research object to obtain
samples of different umami intensity and collect their near-infrared spectral data. Based on the partial least squares
regression method combined with the new competitive adaptive moving window interval combination ( CMIC)
algorithm, and a variety of commonly used variable optimization algorithms, the detection models of umami
concentration and umami intensity in mixed solution are established. The experimental results show that the optimal
detection models of umami concentration and umami intensity of mixed solution are simplified models based on
CMIC algorithm, and the predictive determinations are 0.8886, 0.9182, and 0.8097, respectively. Therefore, the
NIRS analysis technique combined with stoichiometry can be applied to quantitatively detect umami concentration
and umami intensity in mixed solutions.
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Table 1 Comparison of different MSG concentration detection models

Algorithm Number of variables PC R? R? RMSEc /(g+dLL™H) RMSEp /(g+dLL™")
Original 3112 20 0. 7396 0.6113 0.0173 0. 0204
iPLS 183 7 0. 8608 0. 8050 0.0127 0.0145
UVE 1767 20 0. 6885 0. 5271 0. 0190 0. 0225
CARS 73 14 0. 9180 0. 8793 0. 0097 0.0114
CMIC 414 14 0. 9096 0. 8886 0. 0102 0.0109
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Fig. 3 Performance analysis results of MSG concentration extracted by CMIC algorithm. (a) Variation trend under different

window lengths; (b) variation trend of combined bands; (c¢) variation trend of number of resevered sub-intervals;

(d) feature variables extracted by CMIC algorithm
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Table 2 Comparison of different IMP concentration detection models

Algorithm Number of variables PC R!? R} RMSEc /(gedL™") RMSEp /(g+dL™")
Original 3112 16 0. 7834 0. 7272 0. 1087 0. 1302
iPLS 195 7 0. 9006 0. 8788 0. 0737 0. 0868
UVE 1368 19 0. 9398 0. 9087 0. 0573 0.0753
CARS 85 20 0. 9446 0.9103 0. 0550 0. 0747
CMIC 602 13 0.9239 0. 9182 0. 0644 0.0713
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Fig. 4 Performance analysis results of IMP concentration extracted by CMIC algorithm. (a) Scatter diagram for verification

of IMP concentration detection in mixed solution; (b) feature variables extracted by CMIC algorithm
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Table 3 Comparison of different EUC value detection models

Algorithm Number of variables PC R: R? RMSEc /(g+dL.™") RMSEp /(g+dL.™")
Original 3112 12 0. 7534 0. 7596 3. 4955 3. 6533
iPLS 283 10 0. 8382 0. 7840 2. 8319 3. 4625
UVE 1476 14 0. 7948 0. 7930 3. 1889 3.3899
CARS 73 14 0. 8585 0. 8022 2. 6476 3.3137
CMIC 417 14 0. 8393 0. 8097 2. 8221 3. 2506
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Fig. 5 Performance analysis results of extracting EUC values by CMIC algorithm. (a) Scatter diagram for verification

of EUC value in mixed solution; (b) feature variables extracted by CMIC algorithm
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