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Rapid prediction of polysaccharide content in enzymatically
hydrolyzed dandelion based on NIR quantitative
analysis model

ZHENG Yue, LI Xia, LIU Na, WANG Yuan, QI Jingwei", AN Xiaoping
(National Center of Technology Innovation for Dairy-Breeding and Production Research Center / Inner Mongolia
Herbivorous Livestock Feed Engineering Technology Research Center / College of Animal Science, Inner Mongolia
Agricultural University, Hohhot 010018, China)

Abstract In order to quickly and real-time evaluate the quality of Chinese herbs in the production process of
enzymatic hydrolysis, the study conducted enzymatic hydrolysis on 5 type of dandelion and a total of
125 samples of five kinds of dandelions were collected. Partial least squares regression (PLSR) method
was used to establish the NIR analytical model for enzymatic hydrolysis of dandelion polysaccharides. The
results showed as follows: 1) When the spectrum was preprocessed by Standard Normal Variate (SNV) +
Detrend + Second Derivative (SD), the spectrum range was 908-1 670 nm, and the principal factor number
was 2, the modeling effect of enzymatic dandelion polysaccharide prediction model was the best. 2) The

correlation coefficient of the calibration set (R°¢c) was 0.917 5, the root mean square error of the calibration
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set (RMSEC) was 7.714 4, the standard error of the calibration (SEC) was 7.753 3, and the highest
relative percent deviation of the calibration set (RPDc) was 3.480 9. The correlation coefficient of the
validation set (R°p) was 0.878 4, the root mean square error of the cross validation set (RMSECV) was
9.411 5, the standard error of prediction (SEP) was 9.458 2, and the relative percent deviation of the
validation (RPDp) was 2.867 2. 3) The external test results showed that there was no significant difference
between the predicted value and the measured value of the sample (P>0.05). In summary, the NIR
analytical model established in this study can be used for rapid and non-destructive real-time monitoring of
the polysaccharide content of the enzymatic hydrolysis of dandelion, and can provide technical support for
the quality control of the enzymatic hydrolysis process of dandelion.

Keywords near infrared spectroscopy; quantitative analysis model; polysaccharides; enzymatic hydrolysis
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Table 1 Determination of polysaccharide content in

dandelion by enzymatic hydrolysis

, . B/AME/ RKME/
FEA B
(mg/g) (mg/g>
Sample Number .
Min Max
SRR
125 110. 25 231.32
Total sample
G
. 100 110. 25 231.32
Correcting set
05 E 48
e 15 120. 27 225. 34
Verification set
S 5 I
10 121.22 199. 95

External validation
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Fig. 1 Raw spectra of enzymatic hydrolysis dandelion
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Table 2 Effects of spectral pretreatment methods on model performance
4L 3 AR e Qe 2 R . >
Pretreatment Number of sample RMSEC SEC R¢ RPDc RMSECV  SEP Rp RPDp
Jc Ak # 100 24.379 24.502 0.17590 1.1016 24.834 24.959 0.1462 1.0822
FD 100 24.555 24.679 0.163 88 1.093 6 25.048 25.174 0.1325 1.0737
SD 100 22.093 22.205 0.32322 1.2156 23.238 23.355 0.2564 1.1596
SNV 100 21.888 21.999 0.33570 1.2269 22.418 22.531 0.3042 1.1988
Detrend 100 24.997 25.122 0.13360 1.0743 25.483 25.611 0.1021 1.0553
FD+SD 100 20.230 20.332 0.43253 1.3275 21.157 21.263 0.3804 1.2705
FD-+SNV 100 17.145 17.231 0.59241 1.5663 17.771 17.860 0.5623 1.5115
FD-+ Detrend 100 25.006 25.132 0.13299 1.0740 25.485 25.614 0.1025 1.0555
SD+FD 100 22.932 23.048 0.27082 1.1711 23.894 24.014 0.2131 1.127 3
SD+SNV 100 8.916 8.961 0.88976 3.0118 10.219 10.266 0.8612 2.684 3
SD-+ Detrend 100 22.357 22.470 0.306 90 1.2012 23.473 23.591 0.2414 1.1482
SNV+FD 100 16.867 16.952 0.60553 1.5922 17.476 17.564 0.576 7 1.5370
SNV—+SD 100 8.320  8.362 0.90398 3.2271 9.543 9.585 0.8803 2.8904
SNV +Detrend 100 20.816 20.921 0.39916 1.2901 21.343 21.450 0.3691 1.2590
Detrend+FD 100 24.807 24.932 0.14675 1.0826 25.294 25.421 0.1156 1.0633
Detrend+SD 100 22.093 22.205 0.32318 1.2155 23.238 23.355 0.2564 1.1596
Detrend+ SNV 100 21.426  21.534 0.36348 1.2534  21.955 22.066 0.3325 1.2239
FD+SD+SNV 100 18.754 18.848 0.51229 1.4319 19.508 19.607 0.4726 1.3770
FD-+SD+ Detrend 100 20.210 20.312 0.43362 1.3288 21.142 21.249 0.3813 1.2714
FD+SNV+SD 100 18.931 19.027 0.503 04 1.4185 19.695 19.794 0.4625 1.3640
FD-+ SNV + Detrend 100 17.411 17.498 0.57967 1.5424 18.103 18.194 0.5459 1.4839
FD+ Detrend+SD 100 20.230 20.332 0.43253 1.3275 21.157 21.263 0.3805 1.2705
FD+Detrend+SNV 100 17.653 17.742 0.56789 1.5213 18.362 18.454 0.5328 1.4630
SD+FD+ SNV 100 14.835 14.909 0.69483 1.8102 16.408 16.486 0.6270 1.6374
SD-+FD-+ Detrend 100 22.938 23.054 0.27047 1.1708 23.897 24.018 0.2129 1.1271
SD+SNV+FD 100 15.055 15.131 0.68571 1.7838 16.618 16.698 0.6174 1.6167
SD-+ SNV + Detrend 100 8.365  8.407 0.902 98 3.2105 9.942 9.986 0.8700 2.7732
SD+Detrend+FD 100 22.934 23.049 0.27069 1.1710 23.895 24.015 0.2130 1.1273
SD+Detrend+ SNV 100 8.568 8.611 0.89822 3.1345 9.543 9.585 0.8803 2.8900
SNV+FD+SD 100 18.495 18.588 0.52571 1.4520 19.244 19.341 0.4868 1.3959
SNV +FD-+ Detrend 100 16.535 16.619 0.620 87 1.624 1 17. 228 17.314 0.588 6 1.559 2
SNV+SD+FD 100 14.833 14.908 0.69491 1.8104 16.462 16.540 0.6246 1.6321
SNV +SD++ Detrend 100 8.365  8.407 0.902 98 3.2105 9.671 9.713 0.8775 2.8573
SNV +Detrend+FD 100 17.424 17.511 0.57904 1.5413 18.062 18.153 0.547 9 1.4872
SNV +Detrend+SD 100 8.320  8.362 0.90399 3.2273 9.543 9.585 0.8303 2.8900
Detrend+FD-+SD 100 20.276  20.378 0.42991 1.3244 21.144 21.251 0.3810 1.2710
Detrend +FD+ SNV 100 17.146 17.232 0.59235 1.5662 17.772 17.861 0.5623 1.5115
Detrend+SD+FD 100 22.932 23.048 0.27081 1.1711 23.894 24.014 0.2131 1.1273
Detrend+SD+ SNV 100 8.916  8.961 0.88972 3.0113 10.219 10.266 0.8613 2.6846
Detrend+SNV+FD 100 18.116 18.207 0.544 91 1.4824 18.672 18.766 0.5169 1.4387
Detrend+ SNV +SD 100 9.273  9.320 0.88077 2.8961 10.202 10.248 0.8599 2.6713
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Fig. 2 Pretreatment spectra of dandelion polysaccharide

samples
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Table 3 Effects of modeling band on model performance

P Bt /nm . . ,
Waveband RMSEC SEC Rec RPDc RMSECV SEP Rp RPDp
908~1 000 14.815 5 14.890 1 0.695 6 1.812 6 16.165 7 16.246 3 0.638 1 1.662 3

1 001~1 120 22.796 7 22.911 6 0.279 4 1.178 0 25.478 5 25.6059 0.120 4 1.066 3

1124~1 354 19.479 4 19.577 5 0.473 9 1.378 7 21.496 7 21.604 4 0.360 6 1.250 6

1 360~1 546 20.777 0 20.881 7 0.401 4 1.292 5 21.6250 21.733 4 0.352 8 1.243 0

1 552~1 670 21.759 1 21.868 7 0.343 5 1.234 2 22.743 1 22.857 5 0.285 4 1.183 0
908~1 670 8.320 4 8.362 3 0.904 0 3.227 3 9.542 8 9.584 7 0.880 3 2.890 0
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Table 4 Effect of principal factors on model performance
F A ¥ 3
Number of RMSEC SEC R’c RPDc RMSECV SEP R*p RPDp
principal components
1 8.3204 8.3623 0.9040 3.2273 9.542 8 9.5847 0.83803 2.8900
2 7.7144  7.7533 0.9175 3.4809 9.411 5 9.4582 0.8784  2.8672
3 7.2905 7.3273 0.9263 3.6828 9.8919 9.9417 0.859 2.7305
4 6.8274 6.8618 0.9354 3.9335 10.1156 10.1662 0.8591 2.6639
5 6.3286  6.3605 0.9445 4.2429 10.4292 10.4789 0.8524 2.6027
6 6.0885 6.1192 0.9486 4.4104 10.5125 10.5631 0.8507 2.5876
7 5.6752 5.7037 0.9553 4.7314 10.6891 10.7392 0.8459 2.547 2
8 5.456 1 5.4835 0.9587 4.9231 10.5909 10.6386 0.8492 2.5747
9 5.2955 5.3222 0.9611 5.0715 10.6721 10.7218 0.8475 2.5611
10 5.1420 5.1680 0.9633 5.2207 10.9214 10.9692 0.8416 2.5125
£5 BRELESENSRENRFENELS K S TEH so0f
Table 5 Optimum NIR model parameters and evaluation for
enzymatic hydrolysis of dandelion polysaccharide ERs
<
3
2 Parameters B Pi Data 5. |
5 200
&
5 2 B Model parameters o
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=
S 1Ak B vk SNV +Detrend +SD =
e _ 100 . . . .
ot X [a] 908~1 670 nm o 200 %0 300
F W T 5 2 W5 Measured value
A ) i & 3 A ANEZIERNNEESES NIR £ 8 fi i1 9
BE % B Evaluation parameter B3 BEEARIENNEERS 15 BY 51 18 Y 4R
P 3
R’ 0.917°5 Fig. 3 Correlation between the measured value of dandelion
RMSEC 7.714 4 polysaccharides and the predicted value of NIR model
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Table 6 External verification and evaluation of the model

BE A 4 5 O 2 / % P
Number of samples Measured value Estimated value Bias P value
M1 143.271 0 143. 408 9 0.097 51
M3 149. 312 5 149.293 3 0.013 58
M4 178. 546 6 178.001 9 0.385 16
M5 207.543 5 207.154 2 0.275 28
M6 185.807 7 186.764 6 0.676 63 0.994 10
M7 196.770 5 196. 380 8 0.275 56
M8 193.543 3 193.107 2 0.308 37
M9 225.340 2 225.052 3 0.203 58
M10 120. 268 1 120. 355 3 0.061 66
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