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A near-infrared spectroscopy analysis method for the detection of fructose
content in aqueous solution
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ABSTRACT: Objective To establish a method for detecting fructose content in aqueous solution by near infrared
spectroscopy analysis (NIRSA). Methods The number of samples used in the experiment was 30, and 26 samples
were randomly selected as calibration set samples to establish a calibration model for fructose; and 4 were used as
validation set samples to verify the validation of the model. The sample to be tested was placed in a sample cup, and
the spectrum of the sample was collected using a GSA201 near-infrared spectrometer. The test value of the sample
was obtained, and the spectral data and the test value were imported into the NIRSA chemo metrics software, and the
calibration model was created by first-order differential 9-point smoothing processing, using the content data of the
component and the spectral data in a one-to-one correspondence. In order to verify the predictive ability of the model,
4 samples of aqueous fructose solution were selected for verification, and the calibration model was called to predict
the sample. Results The content of the sample in this experiment ranged from 0.4171% to 0.4431%. The content of
the sample was relatively low and the range was narrow. The absolute deviation measured by the GSA near-infrared
spectrometer was 0.000024. Conclusion GSA NIR spectrometer can effectively detect the content of fructose in
aqueous solution by using spectral data and calibration model, and the prediction accuracy is also very high.
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Table 1 The weight of the sample and the percentage of fructose in the total sugar

ETRc AR AR g RBE > ETRS) Rl Bt /g AP /g RBEE G
1 0.2123 0.2903 42.24% 16 0.2162 0.3123 42.94%
2 0.2153 0.2857 42.97% 17 0.2139 0.3153 42.44%
3 0.2162 0.2825 43.35% 18 0.2194 0.3156 43.04%
4 0.2161 0.2833 43.27% 19 0.2189 0.307 43.66%
5 0.2177 0.2823 43.54% 20 0.2171 0.3069 43.47%
6 0.2193 0.2803 43.90% 21 0.2239 0.3102 43.72%
7 0.2145 0.2854 42.91% 22 0.2174 0.3153 42.59%
8 0.2111 0.286 42.47% 23 0.2121 0.3067 42.67%
9 0.2108 0.2871 42.34% 24 0.2198 0.3029 43.85%
10 0.2112 0.2905 42.10% 25 0.2119 0.3111 42.30%
11 0.2161 0.2854 43.09% 26 0.2208 0.3149 43.00%
12 0.2177 0.2834 43.44% 27 0.2177 0.3188 42.36%
13 0.2182 0.3052 43.73% 28 0.2168 0.3111 42.85%
14 0.2107 0.306 42.81% 29 0.2166 0.3154 42.50%
15 0.2138 0.3115 42.73% 30 0.2145 0.316 42.21%
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Table 2 Table of mass percentage of fructose in aqueous solution

EE R HOr A% RS B E % (R R HO A%
1 0.4204 11 0.4279 21 0.4431
2 0.4263 12 0.4311 22 0.4302
3 0.4281 13 0.4319 23 0.4198
4 0.4279 14 0.4171 24 0.4351
5 0.4311 15 0.4232 25 0.4194
6 0.4343 16 0.4279 26 0.4369
7 0.4248 17 0.4233 27 0.4308
8 0.4180 18 0.4342 28 0.4291
9 0.4174 19 0.4332 29 0.4286
10 0.4182 20 0.4297 30 0.4245
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Fig.l Original transmission spectrum of fructose aqueous solution
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Fig.2 First-order differential spectrum of fructose aqueous solution
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Fig.3 PLSR regression model of fructose content in aqueous solution
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Table 3 Prediction results of validation set samples (n=3)

e TME% BEHE% EIHREY%  HRHRZE%
1 0.4273 0.4204 0.0070 1.66
5 0.4307 0.4311 0.0004 0.10
26 0.4297 0.4369 0.0073 1.66
28 0.4293 0.4291 0.0003 0.06
EHIME 0.0037 0.87
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