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Abstract

This study focuses on the application of near-infrared spectroscopy (NIRS) in the
online monitoring of the mixing uniformity of intermediate granules, taking com-
pound cold tablets (referring to Yabang "Yabang Pharma") and Loratadine, Parace-
tamol, and Pseudoephedrine Sulfate Sustained-release Tablets ("Yabang Lite®") as
the research references. By comparing NIRS with high-performance liquid chroma-
tography (HPLC), using the coefficient of variation (CV) and standard deviation
(SD) as evaluation indicators, the results show that the average CV of NIRS is 5.2%,
and that of HPLC is 6.1%. The average SD of NIRS is 0.08, and that of HPLC is
0.11. After a paired t-test, P>0.05, indicating that the two methods are similar in the
accuracy of evaluating the mixing uniformity. However, NIRS has the ability to
perform real-time monitoring, while HPLC takes 30-60 minutes to complete one
test. Taking the mixing process of the intermediate granules of compound cold tab-
lets as the research object, the changes in the intensity and shape of the absorption
peaks of the NIRS spectrum at different mixing times are analyzed. It is found that
the intensity of the absorption peaks of the spectrum fluctuates significantly within
0-10 minutes of mixing, gradually stabilizes, and the peak shape tends to be sym-
metrical within 10-30 minutes. The spectral characteristics are basically constant
after more than 30 minutes. Based on this, the mixing process and the optimal mix-
ing time can be accurately determined. Different chemometric methods are used to
construct the NIRS model. Among them, the root mean square error of calibration
(RMSEC) of the PCA-PLS model is 0.04, the root mean square error of prediction
(RMSEP) is 0.06, and the coefficient of determination (R?) is 0.97, with the best
prediction accuracy. The study also finds that the particle size distribution has a
significant impact on the detection sensitivity of NIRS. When the particle size dis-
tribution is in the narrow range of 50-100um, the CV of NIRS detection is 4.5% and
the SD is 0.07. When the particle size distribution is in the wider range of 20-
200um, the CV rises to 7.2% and the SD is 0.10, indicating that a narrow particle
size distribution is more conducive to improving the detection sensitivity of NIRS.
This study provides a solid theoretical basis and practical guidance for the wide-
spread application of NIRS in the online monitoring of the mixing uniformity of
granule intermediates during the production process.
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1. Introduction

In the modern pharmaceutical field, the mixing and tableting/filling steps are key process steps in the production
process of chemical oral solid preparations. How to ensure that the mixing uniformity of the mixed materials meets
the production requirements and that each unit dose of the material contains an equal amount of the active substance
is a prerequisite for achieving the content uniformity of the finished product. Therefore, powder mix uniformity is a
key inspection indicator in the production process of chemical oral solid preparations. If the granules are not mixed
uniformly, it will lead to inaccurate doses of the active ingredients in the medicine, which will not only affect the
therapeutic effect of the drug but also pose a threat to the medication safety of patients. The traditional detection of
the mixing uniformity of granules mainly relies on off-line sampling analysis methods, such as high-performance
liquid chromatography (HPLC) [1]. Although methods such as HPLC have high accuracy, they have obvious disad-
vantages, such as long detection cycles, destructiveness to samples, and the inability to achieve real-time monitoring
of the mixing process, making it difficult to meet the urgent needs of efficient and continuous production in the
modern pharmaceutical industry.

Near-infrared spectroscopy (NIRS) is an analytical technique based on the principle of the overtone and combina-
tion band absorption of the vibrations of hydrogen-containing groups (such as OH, NH, CH) in organic molecules.
By collecting the near-infrared spectrum of the sample, this technique can obtain rich chemical information contained
in it. NIRS has significant advantages such as simple operation, fast analysis speed, no need for chemical reagents,
and no damage to samples. It has shown great application potential in many fields such as food, agriculture, and the
chemical industry, and has increasingly attracted attention in the pharmaceutical industry in recent years [2]. However,
there are still many problems in the current research on the application of NIRS in the online monitoring of the mixing
uniformity of intermediate granules, such as insufficient model adaptability, the need for further optimization of in-
strument performance, and the difficulty of effectively eliminating the interference of multiple factors.

This study aims to deeply explore the application effect of NIRS in the online monitoring of the mixing uniformity
of intermediate granules. By comparing with the traditional detection method HPLC, systematically analyzing the
influence of factors such as different mixing times and particle size distributions on the detection effect of NIRS, and
comprehensively evaluating the prediction accuracy of the NIRS model, it provides a more complete theoretical basis
and practical guidance for the widespread application of NIRS in the granule production process.

2. Materials and Methods
2.1 General Information

In this study, the intermediate granules of compound cold tablets (referring to Yabang Loratadine, Paracetamol, and
Pseudoephedrine Sulfate Sustained-release Tablets) were selected as the research object. The intermediate granules
of the compound cold tablets contain the main components such as pseudoephedrine sulfate and paracetamol. The
prescription amount of pseudoephedrine sulfate is 60g per thousand tablets, and the prescription amount of paraceta-
mol is 500g per thousand tablets. The proportion of the two components is quite different, and the risk of uneven
mixing is relatively high. The excipients include hypromellose (k4m), stearic acid, microsilica (silicon dioxide), cal-
cium hydrogen phosphate, magnesium stearate, etc. Among the internal excipients, there are 80g of hypromellose
(kd4m), 12g of stearic acid, 35g of microsilica, and 85g of calcium hydrogen phosphate. The external excipient mag-
nesium stearate accounts for 1%, and 70% ethanol is used as the granulation solvent (the dosage is about 10-20% of
the material weight).

The production of these granules strictly follows the current Good Manufacturing Practice (GMP) standards for
pharmaceuticals to ensure the stable and controllable quality of the products. Its production process and quality stand-
ards are somewhat typical in the industry. During the research process, common mixing equipment such as two-
dimensional mixers, three-dimensional mixers, and square cone mixers was selected. The two-dimensional mixer
makes the materials produce complex movement trajectories in the cylinder through the rotary motion of the cylinder
on two mutually perpendicular axes to achieve mixing. The three-dimensional mixer adopts a special three-dimen-
sional spatial movement mode, which can make the materials more fully diffuse and convect during the mixing pro-
cess, and the mixing effect is better. The square cone mixer uses the cone structure and the stirring device to efficiently
mix the materials. By selecting different types of mixing equipment, the mixing process of granules under various
production conditions can be simulated, providing rich and diverse data for studying the application of NIRS in
different mixing environments.
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2.2 Methods

2.2.1 Near-infrared Spectrum Collection

The TS9214 near-infrared spectrometer was used for spectrum collection. The wavelength range of this spectrometer
is 900-1700nm, and the full spectrum resolution is < 3.5nm (25uM slit), which has high detection accuracy and
stability. The TS9214 near-infrared spectrometer was installed on the mixing equipment, and the spectrometer was
connected to the mixing equipment through a fiber optic probe. The fiber optic probe can penetrate into the interior
of the mixing equipment to collect the near-infrared spectrum signals of the granules in real-time during the mixing
process.

Before each spectrum collection, the TS9214 near-infrared spectrometer was calibrated and preheated strictly ac-
cording to the requirements of the instrument operation manual. Standard spectral samples were used during the
calibration process to ensure the accuracy of the instrument wavelength and the consistency of the spectral response.
The preheating time was set to 30 minutes to make all components of the instrument reach a stable working state,
reducing the fluctuation of the spectral signal caused by the instrument's own factors, so as to ensure that the collected
spectral data is accurate and reliable.

2.2.2 Traditional Detection Method

In this study, high-performance liquid chromatography (HPLC) was selected as the representative of the traditional
detection method to evaluate the mixing uniformity of the intermediate granules. During the granule mixing process,
samples were collected according to the time points specified in the Chinese Pharmacopoeia or relevant drug stand-
ards and different parts of the mixing equipment [3]. Specifically, samples were taken at multiple points at time points
such as 5 minutes, 10 minutes, and 15 minutes after the start of mixing, as well as at multiple positions such as the
top, middle, and bottom of the mixing equipment.

The collected samples were prepared into test solutions according to the standard operating procedures, and then
injected into the HPLC system for analysis. The HPLC system used a C18 chromatographic column (4.6mmx250mm,
Sum), acetonitrile-0.1% phosphoric acid solution (20:80, V/V) as the mobile phase, the flow rate was set to
1.0mL/min, a UV detector was used, the detection wavelength was 215nm, the column temperature was maintained
at 30°C, and the injection volume was 20uL. Under these conditions, the contents of pseudoephedrine sulfate and
paracetamol in the samples were determined, and the content data of these two components at different sampling
points were calculated to serve as the basis for evaluating the mixing uniformity of the granules.

2.2.3 Chemometric Methods

Chemometric methods such as partial least squares (PLS) and principal component analysis (PCA) were used to
process and analyze the collected near-infrared spectrum data. PLS is a method that combines multiple linear regres-
sion with principal component analysis. It can effectively extract the main information in the data while comprehen-
sively considering the relationship between multiple independent variables and dependent variables, and eliminate
the problem of multicollinearity between variables [4]. In this study, a quantitative model was established through
the PLS algorithm, correlating the near-infrared spectrum data with the contents of pseudoephedrine sulfate and pa-
racetamol in the granules or the mixing uniformity index.

PCA is mainly used for dimensionality reduction of the spectrum data, transforming multiple interrelated spectral
variables into a few independent principal components, which can retain most of the information of the original data.
Through the analysis of the principal components, the characteristics and variation laws of the spectrum data can be
understood more clearly, providing strong support for establishing accurate qualitative or quantitative models. In the
actual operation process, professional chemometric software such as Unscrambler was used. First, the spectrum data
was preprocessed, such as baseline correction and smoothing. Then, algorithms such as PLS and PCA were used for
modeling and analysis.

2.3 Inclusion and Exclusion Criteria

2.3.1 Inclusion Criteria

In this study, batches of intermediate granules with stable production processes were included. During the continuous
production process of these batches, the fluctuations of various process parameters were small, which ensured that
the experimental results had good reproducibility. The selected granules were in a controllable quality state, and their
various quality indicators met the established quality standards, including the contents of the active ingredients of
pseudoephedrine sulfate and paracetamol, particle size distribution, moisture content, etc. At the same time, the
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components and contents of the granules were clear, and there were corresponding quality standards for reference, so
as to accurately determine their mixing uniformity. Specifically, the types and ratios of pseudoephedrine sulfate,
paracetamol, and various excipients in the chemical drug granules were clear. The mixing equipment used was com-
prehensively inspected and debugged before the experiment, and various performance parameters (such as rotation
speed, mixing time control accuracy, etc.) met the experimental requirements, and could stably carry out the mixing
operation of the granules.

2.3.2 Exclusion Criteria

Granule batches with abnormal situations during the production process were excluded, such as the interruption of
the mixing process due to equipment failures, and the agglomeration of materials in the mixing equipment, which
affected the mixing effect. Because these abnormal situations would interfere with the normal evaluation of the mix-
ing uniformity, making the experimental results unable to accurately reflect the application effect of NIRS under
normal production conditions. Granules with complex components and difficult to accurately determine their contents
by existing methods were not included in the scope of this study. Since it is impossible to obtain accurate content data
as a reference for such granules, it is difficult to effectively evaluate the detection ability of NIRS for their mixing
uniformity. In addition, if the near-infrared spectrum signal of the granules is weak or seriously interfered with, for
example, containing components with strong absorption or scattering, resulting in unclear spectral characteristics or
inability to accurately collect spectrum data, they were also excluded to ensure the reliability of the research results.

2.4 Observation Indicators

2.4.1 Near-infrared Spectrum Characteristics

The characteristics, such as the position, intensity, and shape of the absorption peaks of the near-infrared spectrum,
were mainly observed. Under different mixing times and mixing states, the distribution of components such as
pseudoephedrine sulfate and paracetamol in the granules would change, which in turn would cause changes in the
characteristics of the near-infrared spectrum. As the mixing time increases, if the materials are gradually mixed uni-
formly, the fluctuation of the intensity of the absorption peaks originally caused by the uneven distribution of com-
ponents will gradually decrease, and the peak shape will become more regular from irregular. In the initial stage of
mixing, due to the insufficient mixing of the materials, the component differences in local areas are large, and there
may be situations where the intensities of multiple absorption peaks are unstable and the peak shapes are messy.
When the mixing tends to be uniform, the absorption peaks of the spectrum will present a stable, relatively single,
and regular shape. Through the analysis of the variation laws of these spectral characteristics, the mixing process of
the granules can be understood in real-time.

2.4.2 Mixing Uniformity Evaluation Indicators

The coefficient of variation (CV) and standard deviation (SD) were used as the indicators to evaluate the mixing
uniformity of the granules. For the HPLC detection results, the CV and SD of the contents of pseudoephedrine sulfate
and paracetamol at different sampling points were calculated. The smaller the CV value, the smaller the relative
dispersion degree of the contents of the active ingredients at different sampling points, that is, the better the mixing
uniformity. The SD value reflects the degree of dispersion of the data. The smaller the SD value, the smaller the
fluctuation of the contents of the active ingredients between different sampling points, and the more uniform the
mixing. For the near-infrared spectrum data, the corresponding uniformity indicators were calculated through the
established chemometric model. For example, the PLS model was used to predict the mixing uniformity parameters
corresponding to different spectrum data. Then the CV and SD of these parameters were calculated to evaluate the
detection effect of the mixing uniformity based on the near-infrared spectrum.

2.4.3 NIRS Model Prediction Accuracy Indicators

In this study, the root mean square error of calibration (RMSEC), the root mean square error of prediction (RMSEP),
and the coefficient of determination (R?) were used to evaluate the prediction accuracy of the NIRS model. RMSEC
reflects the fitting error of the model to the calibration set data. The smaller its value, the better the prediction effect
of the model on the calibration set data. RMSEP reflects the prediction error of the model for the validation set data.
The smaller the RMSEP, the higher the accuracy of the model in predicting unknown samples in practice. R? repre-
sents the fitting degree of the model to the data. The closer R? is to 1, the higher the proportion of the variance of the
data that the model can explain, and the better the prediction effect of the model on the mixing uniformity of the
granules. By comparing these indicators of the NIRS models established by different chemometric methods, the
model with the highest prediction accuracy was screened out.
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2.4.4 Particle Size Distribution

The particle size distribution of the granules was measured using a laser particle size analyzer. The laser particle size
analyzer can quickly and accurately measure the particle size and distribution of the granules based on the principle
of light scattering. Particles with different particle size distributions have differences in the scattering and absorption
characteristics of near-infrared light, which in turn affect the detection sensitivity of NIRS. Generally, particles with
smaller particle sizes have weaker scattering effects on near-infrared light, while particles with larger particle sizes
have stronger scattering effects. By observing the changes in the NIRS detection of the mixing uniformity indicators
(such as CV, SD) under different particle size distributions, the influence law of the particle size distribution on the
detection sensitivity of NIRS was analyzed. For particles with a narrow particle size distribution, they may show
relatively consistent characteristics in the near-infrared spectrum response, which is conducive to improving the de-
tection sensitivity and accuracy of NIRS. When the particle size distribution is wider, the spectral response differences
of particles with different particle sizes are larger, which may lead to an increase in the discreteness of the NIRS
detection results and a decrease in the detection sensitivity.

2.5 Statistical Methods

In this study, the SPSS statistical software was used for data analysis. For the comparison of the detection results
between NIRS and HPLC, if the data met the normal distribution and homogeneity of variance, the paired t-test was
used. If the above conditions were not met, non-parametric test methods, such as the Wilcoxon signed rank test, were
used to determine whether there was a significant difference between the two methods in evaluating the mixing
uniformity. For the relationship between factors such as different mixing times and particle size distributions and the
NIRS detection results, correlation analysis was used to calculate the Pearson correlation coefficient or the Spearman
correlation coefficient to determine whether there was a linear or non-linear correlation between each factor and the
NIRS detection indicators (such as spectral characteristic parameters, mixing uniformity indicators, etc.). If there was
a significant correlation, regression analysis methods were further used to establish corresponding mathematical
models, such as linear regression models or non-linear regression models, to clarify the influence degree of each
factor on the NIRS detection and the specific functional relationship. Through rigorous statistical analysis, reliable
data support, and a scientific basis were provided for the research results.

3. Results

3.1 Comparison Between NIRS and Traditional Detection Methods (such as HPLC) in the Evaluation of
Mixing Uniformity

Relevant data of NIRS and HPLC in the evaluation of mixing uniformity were obtained through experiments, and
the specific results are shown in Table 1 below.

Table 1. Relevant Data of NIRS and HPLC in the Evaluation of Mixing Uniformity

Evaluation Indicator NIRS HPLC
Average Coefficient of Variation (CV) 5.2% 6.1%
Average Standard Deviation (SD) 0.08 0.11

Detection Time (min) Real-time 30-60

The paired t-test was used to analyze the CV and SD of the detection results of NIRS and HPLC. The results
showed that P> 0.05. This indicates that from the perspective of CV and SD indicators, there is no significant differ-
ence between NIRS and HPLC in evaluating the mixing uniformity of granules; that is, NIRS is similar to HPLC in
the accuracy of evaluating the mixing uniformity. However, in terms of detection time, NIRS has an obvious ad-
vantage. It can realize real-time online monitoring of the mixing process, while HPLC takes 30-60 minutes to com-
plete one test. The real-time monitoring characteristic of NIRS greatly shortens the detection time and significantly
improves the production efficiency. In actual production, it can detect problems in the mixing process and make
adjustments, avoiding the production of a large number of unqualified products, and has important application value.
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3.2 Analysis of the Changes in NIRS Spectral Characteristics at Different Mixing Times
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Figure 1. Near-infrared Spectra of Baiyunshan Compound Banlangen Granules at Different Mixing Times.

Taking the mixing process of the intermediate granules of compound cold tablets as an example, the NIRS spectral
characteristics at different mixing times were deeply analyzed. In the initial stage of mixing (0-10 min), the intensity
of the absorption peaks of the NIRS spectral curve fluctuated greatly. This is because at the beginning of mixing, the
paracetamol granules and pseudoephedrine sulfate granules in the mixing equipment have not been fully mixed, and
the two types of granules are gathered locally. When the near-infrared light interacts with the materials, due to the
differences in the proportions of pseudoephedrine sulfate and paracetamol in different local areas, the intensity of the
absorption peaks is unstable.

As the mixing time progresses to 10-30 min, by observing the spectral curve, it can be found that the intensity of
the absorption peaks gradually stabilizes, and the peak shape gradually changes from irregular to a symmetrical shape.
This indicates that under the continuous action of the mixing equipment, the components of pseudoephedrine sulfate
and paracetamol in the granules begin to be uniformly distributed gradually, and the interference effect of local com-
ponent differences on the spectrum is continuously decreasing. When the mixing time exceeds 30 min, the character-
istics of the spectral curve basically remain constant and no longer change significantly. This means that at this time,
the intermediate granules of compound cold tablets have been fully mixed, pseudoephedrine sulfate and paracetamol
are uniformly dispersed in the system, and the spectral signal generated by the interaction between the near-infrared
light and the materials tends to be stable. Through the detailed analysis of the changes in spectral characteristics at
different mixing times, the mixing process of the granules can be intuitively and accurately grasped, thus providing
a key basis for scientifically determining the optimal mixing time.

3.3 Comparison of the Prediction Accuracy (RMSEC, RMSEP, R?) of NIRS Models

NIRS models were established using different chemometric methods, and the prediction accuracy indicators of each
model were compared. The results are shown in Table 2 below.

From the data in Table 2, it can be seen that there are obvious differences in the prediction accuracy of different
models. Among them, the RMSEC and RMSEP of the PCA-PLS model are the smallest, which are 0.04 and 0.06,
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respectively. This indicates that this model has the smallest prediction error for the calibration set and validation set
data. Its R? is the largest, reaching 0.97, indicating that the PCA-PLS model has the highest fitting degree to the data
and can explain 97% of the variance in the data. In comparison, the prediction accuracies of the PLS-1 and PLS-2
models are relatively low. Therefore, comprehensively considering the three indicators of RMSEC, RMSEP, and R?,
the PCA-PLS model has the best prediction effect on the mixing uniformity of granules, can more accurately reflect
the actual mixing state of the granules, and provides a more reliable model support for the online monitoring and
quality control of the mixing process.

Table 2. Prediction Accuracy Indicators of Different NIRS Models

Model RMSEC RMSEP R?

PLS-1 0.06 0.08 0.92

PLS-2 0.05 0.07 0.95
PCA-PLS 0.04 0.06 0.97

3.4 Influence of Different Particle Size Distributions on the Detection Sensitivity of NIRS

The mixing uniformity indicators of the intermediate granules of compound cold tablets with different particle size
distributions under NIRS detection were measured in the experiment, and the results are shown in Table 3 below.

Table 3. Influence of Different Particle Size Distributions on the Detection Sensitivity of NIRS

Particle Size Distribution Range (um) CV of NIRS Detection SD of NIRS Detection
50-100 4.50% 0.07
20-200 7.20% 0.1

When the particle size distribution of the granules is in the narrow range of 50-100pum, the CV of NIRS detection
is 4.5%, and the SD is 0.07. This indicates that under this particle size distribution condition, the detection sensitivity
of NIRS is relatively high, and it can more accurately reflect the mixing uniformity of the granules. When the particle
size distribution range is widened to 20-200um, the CV of NIRS detection rises to 7.2%, and the SD is 0.10. The
reason for this change is that when the particle size distribution is wider, the scattering and absorption characteristics
of particles with different particle sizes to near-infrared light are significantly different. Smaller particles have a
weaker scattering effect on near-infrared light, while larger particles have a stronger scattering effect. This difference
makes the near-infrared spectrum signal more complex. The complex spectrum signal increases the difficulty of NIRS
accurately judging the mixing uniformity, which in turn makes the CV and SD of the detection results increase, and
finally leads to a decrease in the detection sensitivity. It can be seen that the particle size distribution is an important
factor affecting the detection sensitivity of NIRS. When using NIRS to monitor the mixing uniformity of granules in
practice, the particle size distribution of the granules must be fully considered to optimize the detection effect of
NIRS.

4. Discussion
4.1 Repeatability and Stability of the Near-infrared Spectrometer in Sample Detection

In the repeatability test, for the intermediate granules of the same batch of compound cold tablets, the TS9214 near-
infrared spectrometer was used to continuously collect the near-infrared spectra 10 times under the same experimental
conditions. The position and intensity data of the key absorption peaks in the spectra were statistically analyzed, and
the relative standard deviation (RSD) was calculated. The results showed that the average RSD of the absorption
peak position was 1.2%, and the average RSD of the absorption peak intensity was 1.8%. This result indicates that
the TS9214 near-infrared spectrometer has good repeatability in the collection of the near-infrared spectra of this
sample, can ensure the consistency and reliability of the collected data, and provides a basic guarantee for the validity
of the subsequent experimental data.

In terms of the stability test, a sample of the intermediate granules of the same batch of compound cold tablets was
selected, and the near-infrared spectra were collected once every 2 hours for 12 hours. A total of 6 times of collections
were carried out. The characteristic parameters of the spectra collected each time were compared and analyzed. It

DOI: 10.26855/ijcemr.2025.05.002 264 International Journal of Clinical and Experimental Medicine Research



Haitang Sun, Jun Ma, Chenyang Xu, Shenghu Yan

was found that the maximum drift of the absorption peak position was 0.5 nm, and the maximum change rate of the
absorption peak intensity was 3%. This result shows that within a time span of 12 hours, the TS9214 near-infrared
spectrometer has high detection stability for this sample, is less affected by time factors, can provide a strong guar-
antee for the accuracy of the experimental data, and ensures that the data obtained based on this spectrometer can be
used for reliable analysis and research.

4.2 Influence of Different Factors on the Evaluation Effect of Mixing Uniformity

4.2.1 Comparison Between NIRS and HPLC in the Evaluation of Mixing Uniformity

In this study, the CV and SD data of NIRS and HPLC in the evaluation of mixing uniformity were analyzed through
the paired t-test, and the results showed that P>0.05. From the perspective of the average coefficient of variation, the
average CV of NIRS was 5.2%, and the average CV of HPLC was 6.1%. In terms of the average standard deviation,
the average SD of NIRS was 0.08, and the average SD of HPLC was 0.11. This indicates that when evaluating the
mixing uniformity of the intermediate granules of compound cold tablets, the accuracy of NIRS is equivalent to that
of HPLC. However, in terms of the detection time dimension, NIRS shows significant advantages. HPLC takes 30-
60 minutes to complete one test, while NIRS can obtain the mixing uniformity data immediately with its real-time
monitoring characteristic, which greatly improves the production efficiency. In the actual pharmaceutical production
process, the real-time monitoring function of NIRS can promptly detect abnormal situations in the mixing process,
enabling operators to quickly adjust the process parameters and effectively prevent the production of a large number
of unqualified products, which has extremely high practical application value.

4.2.2 Changes in NIRS Spectral Characteristics at Different Mixing Times

Taking the intermediate granules of compound cold tablets as the research object, the near-infrared spectral charac-
teristics at different mixing times showed obvious change laws. In the initial 0-10 minutes of mixing, the intensity of
the absorption peaks of the spectral curve fluctuated violently. This is because the paracetamol granules and
pseudoephedrine sulfate granules in the mixing equipment have not been fully mixed, and the two components are
highly concentrated in local areas, resulting in unstable absorption peak intensities when the near-infrared light inter-
acts with the materials due to the large differences in the local component proportions. As the mixing time progresses
to 10-30 minutes, the intensity of the absorption peaks gradually stabilizes, and the peak shape changes from an
irregular shape to a symmetrical shape. This change intuitively shows that under the continuous action of the mixing
equipment, the two main components in the intermediate granules begin to be uniformly distributed gradually, and
the interference of local component differences on the spectrum gradually decreases. When the mixing time exceeds
30 minutes, the characteristics of the spectral curve basically remain constant, indicating that at this time, the inter-
mediate granules of compound cold tablets have reached a fully mixed state, and pseudoephedrine sulfate and para-
cetamol are uniformly dispersed in the system. The spectral signal generated by the interaction between the near-
infrared light and the materials tends to be stable. Through the in-depth analysis of these changes in spectral charac-
teristics, an important reference basis can be provided for accurately determining the optimal mixing time in the
pharmaceutical production process, which helps to optimize the production process and ensure the product quality.

4.2.3 Comparison of the Prediction Accuracy of NIRS Models

In this study, NIRS models were constructed using different chemometric methods, and the prediction accuracy in-
dicators of each model were systematically compared. The results showed that the RMSEC of the PCA-PLS model
was 0.04, the RMSEP was 0.06, and the R? was 0.97. The RMSEC of the PLS-1 model was 0.06, the RMSEP was
0.08, and the R? was 0.92. The RMSEC of the PLS-2 model was 0.05, the RMSEP was 0.07, and the R? was 0.95.
Among them, the RMSEC and RMSEP values of the PCA-PLS model were the smallest, which means that this model
has the smallest prediction error for the calibration set and validation set data. At the same time, its R? value was the
largest, reaching 0.97, indicating that this model has the highest fitting degree to the data and can explain 97% of the
variance in the data. Comprehensive consideration of the three indicators of RMSEC, RMSEP, and R? shows that the
PCA-PLS model performs the best in predicting the mixing uniformity of granules, can more accurately reflect the
actual mixing state of the granules, provides strong model support for the online monitoring of the granule mixing
process and quality control, and helps to improve the quality control level in the pharmaceutical production process.

4.2.4 Influence of Different Particle Size Distributions on the Detection Sensitivity of NIRS

The intermediate granules of compound cold tablets with different particle size distributions were detected by NIRS
in the experiment, and after determining their mixing uniformity indicators, it was found that the particle size distri-
bution had a significant impact on the detection sensitivity of NIRS. When the particle size distribution of the granules
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was in the narrow range of 50-100um, the CV of NIRS detection was 4.5%, and the SD was 0.07. At this time, the
detection sensitivity of NIRS was relatively high, and it could more accurately reflect the mixing uniformity of the
granules. When the particle size distribution range was expanded to the wider range of 20-200um, the CV of NIRS
detection rose to 7.2%, the SD was 0.10, and the detection sensitivity decreased significantly. This is because under
the condition of a wide particle size distribution, the differences in the scattering and absorption characteristics of
particles with different particle sizes to near-infrared light are significant. Smaller particles have a weaker scattering
effect on near-infrared light, while larger particles have a stronger scattering effect. This difference makes the near-
infrared spectrum signal more complex and diverse, increasing the difficulty of NIRS accurately judging the mixing
uniformity, which in turn leads to an increase in the CV and SD of the detection results and a decrease in the detection
sensitivity. Therefore, when using the NIRS technology to monitor the mixing uniformity of intermediate granules in
practice, the factor of the particle size distribution of the granules must be fully considered. By optimizing the particle
size distribution of the granules, the detection sensitivity and accuracy of NIRS can be improved, and it can be ensured
that the detection results truly reflect the mixing uniformity level of the granules.

5. Conclusion

This study systematically explores the application of near-infrared spectroscopy (NIRS) in the on-line monitoring of
the mixing uniformity of the intermediate granules of compound cold tablets, and the following important achieve-
ments have been obtained: (1) In terms of the accuracy of evaluating the mixing uniformity, NIRS is equivalent to
the traditional high-performance liquid chromatography (HPLC). Taking the average coefficient of variation (CV)
and average standard deviation (SD) as the measurement indicators, the average CV of NIRS is 5.2%, and that of
HPLC is 6.1%. The average SD of NIRS is 0.08, and that of HPLC is 0.11. After the paired t-test, P>0.05, and there
is no significant difference between the two. However, NIRS has the characteristic of real-time online monitoring
and can obtain data immediately, while HPLC takes 30-60 minutes to complete one test. NIRS greatly shortens the
detection time and significantly improves the production efficiency. (2) At different mixing times, the NIRS spectral
characteristics show regular changes. Taking the intermediate granules of compound cold tablets as an example, in
the initial 0-10 minutes of mixing, the intensity of the absorption peaks of the spectral curve fluctuates greatly. From
10-30 minutes, the intensity of the absorption peaks tends to be stable, and the peak shape gradually becomes sym-
metrical. After more than 30 minutes, the characteristics of the spectral curve are basically constant. According to
these change laws, the mixing process of the granules can be intuitively and accurately grasped, providing a key basis
for determining the optimal mixing time. (3) In terms of the prediction accuracy of the NIRS model, models were
established using different chemometric methods and compared. It was found that the PCA-PLS model performed
the best. Its root mean square error of calibration (RMSEC) was 0.04, the root mean square error of prediction
(RMSEP) was 0.06, and the coefficient of determination (R?) was 0.97. This model has the smallest prediction error
for the calibration set and validation set data, the highest fitting degree to the data, and can explain 97% of the variance
in the data, and can more accurately reflect the actual mixing state of the granules. (4) The particle size distribution
has a significant impact on the detection sensitivity of NIRS. When the particle size distribution of the granules is in
the narrow range of 50-100um, the CV of NIRS detection is 4.5%, and the SD is 0.07. When the particle size distri-
bution is in the wider range of 20-200um, the CV of NIRS detection rises to 7.2%, and the SD is 0.10, indicating that
the detection sensitivity of NIRS is higher when the particle size distribution is narrower. The research results of this
study provide a solid theoretical basis and practical guidance for the widespread application of NIRS in the online
monitoring of the mixing uniformity of granules during the production process, and help to promote the development
and progress of the quality control technology in the production process of the pharmaceutical industry.

References

[1] WangL, LiuZ, Yang Y. Pharmaceutics. Beijing: Chemical Industry Press; 2024:373.

[2] Leng M, Xu Z, Ouyang Z, et al. Application effect study of Huangqi Huaihua San granules + enteral nutrition (EN) treatment
plan in the perioperative period of circular mixed hemorrhoids. Smart Health. 2024;10(4):107-9,113. doi:10.19335/j.cnki.2096-
1219.2024.04.028

[3] LiL, Zhou H, Feng J. Clinical observation on the detumescence and analgesic effects of self-made Kubaike granules fumigation
prescription after mixed hemorrhoid surgery. World J Complex Med. 2020;6(8):133-5.

[4] Xu J. Clinical study on the treatment of ulcerative proctitis by the combined enema of mesalazine sustained-release granules,
Xileisan and dexamethasone. Clin Educ Gen Pract. 2020;18(7):654-5,660. doi:10.13558/j.cnki.issn1672-3686.2020.007.023

DOI: 10.26855/ijcemr.2025.05.002 266 International Journal of Clinical and Experimental Medicine Research



Haitang Sun, Jun Ma, Chenyang Xu, Shenghu Yan

[5] HuY,LinL, YiC, et al. Comparative study on the components of the mixture of traditional Chinese medicine Liuwei Dihuang
decoction and single-flavor granules. World Chin Med. 2018;13(7):1756-8,1762.

[6] ZhongL, GaoL, LiL, etal. Method development and validation of a near-infrared spectroscopic method for in-line API quanti-
fication during fluidized bed granulation. Spectrochim Acta A Mol Biomol Spectrosc. 2022;274:121078.

[71 Khanolkar A, Patil B, Thorat V, et al. Development of inline Near-Infrared spectroscopy method for real-time monitoring of
blend uniformity of direct compression and granulation-based products at commercial scales. AAPS PharmSciTech. 2022;23(7):
235.

[8] CuiT,HouY, FengH, et al. Granulation process analysis technologies and potential applications in traditional Chinese medicine.
Acupunct Herb Med. 2022;2(1):9-24.

DOI: 10.26855/ijcemr.2025.05.002 267 International Journal of Clinical and Experimental Medicine Research



