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Abstract: Xinhui dried tangerine peel fruit pulp was used as a raw material to establish a rapid and quantitative analytical
method for monitoring the total soluble sugar (TSS) and nitrogen (TN) contents during carotenoid fermentation by
Rhodotorula mucilaginosa (R. mucilaginosa). Near-infrared spectroscopy (NIR) was integrated with partial least squares
regression (PLSR) to construct models for quantifying the TSS and TN in fermentation broth. The coefficient of determina-
tion for the prediction set (R*p), root mean square error of prediction (RMSEP), and relative percent deviation (RPD) were

used as evaluation metrics, and the effects of different spectral preprocessing methods and feature wavenumbers on model
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performance were systematically compared. The results were externally validated using independent samples. The optimal

models for quantifying the TSS and TN contents were obtained using multiplicative scatter correction (MSC) for prepro-

cessing the spectrum and competitive adaptive reweighting sampling (CARS) for selecting the feature wavenumber. The
model for quantifying TSS achieved a R*p of 0.9670, a RMSEP of 2.6587, and an external validation RPD of 4.8386, indi-
cating high-precision quantitative analysis. The model for quantifying TN yielded R*p and RMSEP values of 0.9502 and

0.0624, respectively, with an external validation RPD of 2.7423, which indicated suitability for routine quantitative ana-

lyses. The #-test results for the TSS and TN models indicated that the predicted and measured values did not significantly

differ (P>0.05), indicating high accuracy and stability. These models can be used for rapidly monitoring the TSS and TN

contents in R. mucilaginosa carotenoid fermentation broth samples.

Key words: near-infrared spectroscopy; chemometrics; Rhodotorula mucilaginosas total soluble sugar; total nitrogen; quan-

titative analysis model
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Fig.1 Mahalanobis distance for all samples
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Table 2  Effect of spectral preprocessing methods on PLSR model results
: TSS TN
Tithk 75 v " 2
Rp RMSEP SD RPD Rp RMSEP SD RPD
None 0.8067 6.5002 0.0572 2.5114 0.8553 0.3674 0.0581 2.5627
SG 0.8478 5.4509 0.0435 2.9406 0.8824 0.1812 0.0380 2.8370
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FD 0.8697 4.4056 0.0439 3.1048 0.8894 0.2581 0.0844 2.8906
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22, Z 10U RPpRYZETTHE R

B8 RPp, N PLE 545 RMSEP, #iilI#4) )y Hi% 2%; SD, 4



478 % 15 L4

W, G TN GRS bR AR SRS

BT = - 341 -

# 3 MSC ZEHFFETE L TSS 1 TN AL F 455
Table 3  Prediction effect of TSS and TN models developed using MSC combined with different feature selection methods

Eiz 7 PR TT AR FHFH Rp RMSEP RPD
None 1557 10 0.9013 3.8071 34197
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Fig.4 Correlation plots between measured and predicted
values for TSS (a) and TN (b) quantitative models
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Table 4 Results of external validation

Ao FE TR RMSEP RPD PfH 3 M
ot 20 MSC+CARS+PLSR 2.7064 4.8386 0.2300 TRR B E BT
BA 20 MSC+CARS+PLSR 0.1628 2.7423 0.9972 HRE ST
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