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Homogeneity of powder blend is essential to obtain uniform contents for the tablets and capsules.
Near-infrared (NIR) spectroscopy with fiber-optic probe was used as an on-line technique for
monitoring the homogeneity of pharmaceutical blend during the blending process instead of the
traditional techniques, such as high performance liquid chromatograph (HPLC) method. In this
paper NIRS with a SabIR diffuse reflectance fiber-optic probe was used to monitor the blending
process of coptis powder and lactose (excipient) with different contents, and further qualitative
methods, like similarity, moving block of standard deviation and mean square were used for
calculation purposes with the collected spectra after the pretreatment of multiplicative signal
correction (MSC) and second derivative. Correlation spectrum was used for the wavelength
selection. Four different coptis were blended with lactose separately to validate the proposed
method, and the blending process of “liu wei di huang” pill was also simulated in bottles to verify
this method on multiple herbal blends. The overall results suggest that NIRS is a simple, effective
and noninvasive technique can be successfully applied to the determination of homogeneity in the
herbal blend.
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consistent potency of the TCM, no method other

Traditional Chinese medicine (TCM) in the forms
of tablets, pills and capsules were made from pre-
blended powder of natural herbs. Despite the
acknowledgment of the importance of the process of
powder blending in ensuring the homogeneity and
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than mere experience is available at present to
monitor the process in TCM manufacturing.

The traditional methods of determination entail
stopping the blender at a pre-determined period of
time, removing unit-dosage samples from defined
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locations by a sample thief probe, extracting the
active component from the sample matrix, and
analyzing by high performance liquid chromato-
graph (HPLC) or ultraviolet (UV) spectroscopy.
This conventional method of monitoring blend
uniformity involves invasive sampling procedures.
Significant sampling error is often associated with
the use of thief probes for removal of samples from
powder blenders. Such sampling devices disturb the
powder bed and compromise the validity of col-
lected samples. If the individual components differ
in particle size, segregation can be a significant
concern during powder flow into the sample com-
partment of the thief probe. Segregation prevents
representative sampling of the blend. Another sig-
nificant factor adding to the error associated with
such invasive sampling is variability between oper-
ators during sample collection.! Excipients play a
variety of roles including dissolving some com-
ponents, flavoring, accommodating medicinal agents
in efficient doses and appealing forms, increasing
fluidity and facilitating preparation of the end pro-
duct.? The distribution of excipients is assumed to
be homogeneous if the analytical results indicate the
uniformity of active component.

The traditional methods, such as HPLC and UV,
largely used in synthetic pharmaceutical area to
determine homogeneity of powder blending are
useless for TCM products, since the products con-
tain multiple active constituents and it is very dif-
ficult to extract all active components from sample
matrix of natural herbal powders. Therefore, new
methods need to be developed.

Near-infrared (NIR) Spectroscopy is a rapid,
non-destructive analytical technique. The fiber-
optic probe makes remote continuous process
monitoring possible. Most active pharmaceutical
ingredients (API) and excipients absorb NIR radi-
ation. This method for assessing powder blend
homogeneity could be of great value in minimizing
the sample preparation and assaying time associ-
ated with traditional blend analysis procedures.” In
recent years, many articles of NIR spectroscopy for
the powder blends have been reported. Sekulic and
Hailey developed an on-line method of monitoring
blend homogeneity with dynamic data collection by
fiber-optic and qualitative tools of analyzing hom-
ogeneity*¥; Berntsson focused on quantitative
analysis of the process””; others were interested in
determining the end point of blending.! ™" In these
studies, the active components were single species

and their pharmacologic effects were clear. It was
very different for TCM products which had complex
systems with multiple active components and
synergistic effects.

However, NIR allows the analysis of complex
material to be performed rapidly, non-destructively,
and organic solvent-free. NIR was therefore receiving
a great deal of attention for its potential application
in herbal medicines analysis.'"'? It is a vital tech-
nique for the mixture uniformity determination of
herbal powder blends. In this paper, a typical tra-
ditional herb coptis and one excipient lactose were
chosen to examine the application of NIR in assessing
the homogeneity of binary blends by simulating the
process in bottles. The contents of herbal materials
varied according to different geographic origins, cli-
mate and age, etc. Calibration set for quantitative
methods should be extremely large to represent all
spectral variations, which cost lots of money and
time. Hence, qualitative methods like spectral simi-
larity,'* moving block of standard deviation® and the
mean square” were used to determine the end point of
blending process for herbal medicines.

Four different coptis samples were used to verify
the application of proposed methods on diverse
samples. In the manufacturing of “liu wei di huang”
pill, powders of Radix Rehmanniae Preparata,
Fructus Corni, Cortex Paeoniae, Rhizoma dioscor-
eae, Poria and Rhizome Alismatis were blended
together till homogeneity. This blending process was
simulated in bottles to validate the presented
methods on multiple blends of herbal medicines.

2. Materials and Methods
2.1. Materials

Coptis samples of four different geographic origins,
Radix Rehmanniae Preparata, Fructus Corni,
Cortex Paeoniae, Rhizoma dioscoreae, Poria and
Rhizome Alismatis were bought from drugstores in
Hangzhou. Powders of these herbal medicines were
used after milling and thieving through 100 meshes.
Lactose powder (<150 um, Hengxin Chemical Re-
agent Co. Ltd., Shanghai) was used as supplied
without any further treatment.

2.2. NIR instrumentation

The FT-NIR spectrometer used for all measure-
ments was an Antaris NIR Analyzer (Thermo
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Nicolet Corp., Madison, WI), equipped with a
SabIR fiber-optic probe (Thermo Nicolet Corp.,
Madison, WI). The collection and processing were
controlled via the RESULT software v.1.2.

2.3. Mixing of powders and recording
of NIR spectra

The reflective NIR spectra were obtained as log(1/
R) in the 1000-2500 nm (10,000-4000 cm~!) range
with a resolution of 8 cm~!, empty Attenuator and
each spectrum were acquired as an average of 16
subsequent spectral scans by the SabIR fiber-optic
probe. About 750 data points were obtained for
each spectrum. 125mL  wide-mouth bottles
(50 x 80 mm) were used in this study. One of the
four coptis samples and lactose were weighed to
bottles at a total weight of 20 g at different coptis
contents of 10, 20, 30, 40, 50% (w/w), and labeled 1
to 5. Coptis powder was first loaded. The samples
were mixed in the bottles by manual tumbling for
25 times. After per tumbling, the probe was inserted
into the mixture around the center of the bottle at
different depth, then the NIR spectrum was recor-
ded. Totally, 25 NIR spectra were collected for each
batch. All four coptis samples were mixed with
lactose at 50% (w/w) contents.

Radix Rehmanniae Preparata, Fructus Corni,
Cortex Paeoniae, Rhizoma dioscoreae, Poria and
Rhizome Alismatis were blended at the manu-
facturing ratio (8:4:3:4:3:4, w/w), and three simu-
lated processes were recorded.

2.4. Wavelength selection

The correlation spectrum was used for the wave-
length selection. Through calculating the correla-
tion coefficients at each wavelength, the correlation
spectrum, which shows the correlation between the
spectral information and component concentrations
of a single standard'? was obtained. The wavebands
with higher correlation coefficients were selected for
the modeling.

2.5. Data analysis

Diffuse reflection NIR spectra had scattering vari-
ation due to particle size or shape or powder den-
sity. Multiplicative signal correction (MSC) method
was used to remove additive and multiplicative
spectral differences. Second derivative was usually

applied to minimize both the offset and drift com-
ponents of the spectra, due to the physical nature
of the sample. A Savitzky—Golay'* filter was
employed in the second derivative calculation to
smoothen spectra data. The spectral contribu-
tions resulting from the physical properties of the
samples could be effectively handled after these
pretreatments. In this research, preprocessing of
MSC followed by second derivative was used to
minimize variations from physical factors. All pre-
processing were done in TQ Analyst v.6.2 (Thermo
Nicolet Corp., Madison, WI).

One of the widely used procedures to assess
mixture uniformity is the calculation of spectral
dissimilarity.>® In this paper, similarity calculation
was used instead. The procedure compares spectra
recorded after per tumbling with sample spectra
assumed to be homogeneous as standards. The al-
gorithm performs a Gram—Schmidt analysis of the
standards and the resulting orthogonal model rep-
resents the spectral information provided by all the
data points in all of the standards. The residual
spectrum of new sample was calculated by remov-
ing any spectral information represented by the
model from the new sample spectrathen compares
the information in the sample spectrum with the
information in the residual spectrum and calculates
a “match value”.'® The match value represents the
unexplained variation in the spectrum of the new
sample, which is expected to be stable as the hom-
ogeneity approached.

Another popular and simple procedure used
to determine mixture uniformity is the “moving
block of standard deviation”, reported by Sekulic,
which involves selecting a window size to encompass
a sufficient amount of information without dimin-
ishing the information content by making the win-
dow too large and calculating the standard
deviation at each wavelength for the “n” spectra
selected. The pooled standard deviation (over all
wavelengths) of the standard deviation spectrum is
reported as a single value, the mean standard de-
viation is plotted against the tumbling times. It is
expected to approach zero as blend homogeneity is
approached.’

The mean square, reported by Blanco, is a new,
faster method for assessing mixture uniformity that
requires no prior knowledge of the spectrum for a
homogeneous sample and relies on the difference
between two spectra recorded at two consecutive
times. When the mean square levels off, the spectral
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difference can be assumed to be minimal, the mix-
ture was uniform.”

The spectral variation values provided by the
moving block and mean square methods were nor-
malized by dividing them into the vector norm in
order to facilitate comparison of the respective
profiles. The FT-NIR spectral data obtained from
the Result software were imported to the TQ
Analyst software and exported to Matlab v.6.5
(The Mathworks Inc., Natick, MA) after the pre-
processing. Similarity was calculated in the TQ
Analyst software, others were performed in Matlab
with written routines.

3. Results and Discussion

Typical traditional herb coptis was used as active
component and lactose was used as excipient.
Spectral features (the mean of three recordings) of
the two components were distinct and the variation
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Fig. 1. NIR spectra of coptis and lactose (a) and four different
coptis (b).

of coptis from different geographic origin was
obvious, as shown in Fig. 1.

3.1. Spectral pretreatment and region
selection

Preprocessing of MSC followed by 13 points
Savitzky—Golay smooth second derivative was
applied to all spectra. The 25 spectra for batch 5
before and after preprocessing are shown in Fig. 2.
Both offset and drift components of spectra in
Fig. 2(a) are minimized in Fig. 2(b). The first
spectrum collected after the first tumbling was lar-
gely due to lactose, which was the latter added to
the bottle. The spectra obtained after the fourth
tumbling seemed similar, chemometric methods
were needed to ensure uniformity.

The average spectrum of the last five spectra,
which achieved uniformity after previous tumbling
at each coptis contents, was used in the coefficient
calculation. Three spectral regions (10,000-6985,
6728-5559 and 5317-4577 cm ~!) were chosen by the
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Fig. 2. NIR spectra collected of the 50% (w/w) blend batch 1
of 25 tumbling before (a) and after preprocessing (b).
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Fig. 3. Correlation spectrum of coptis and lactose binary
mixture.

correlation spectrum in Fig. 3 for further calculation
where the coefficients were above 0.9.

3.2. Data analysis

Qualification methods like spectral similarity, mov-
ing block of standard deviation and the mean square
were applied to determine the uniformity of the five
blending experiments at different coptis contents.
Results of these algorithms were plotted against
tumbling times in Fig. 4. All five batches were shown
the same conclusion: varied values obtained at the
beginning of blending process eventually fluctuated
in a small range around a stable value (100 is perfect
for similarity method, 0 is perfect for moving block
and mean square methods), which suggest high
homogeneity of the mixture.

In the similarity calculation, the last five spectra of
each batch were used as reference instead of one mean
spectrum (generally used). The total sample spectra
involved in the calculation of the moving block method
was small, so that a window size of three spectra was
chosen. Mean square methods calculated the differ-
ences between two consecutive spectra. Hence, simi-
larity, moving block and mean square methods had 20,
23 and 24 point separately for each batch.

3.3. Validation

Herbal medicines from different geographic origins
had varied contents; the application of proposed
method on diverse materials should be validated.
The preprocessing methods and analysis regions
were the same with previous works. Although the
spectral variations of the four coptis samples were
obvious, the blending processes monitored by NIR
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Fig. 4. Similarity (a), moving block values (b) and mean
square (c) profiles of all batches at different coptis contents as a
function of tumbling times.

technique were similar with previous experiments.
As shown in Fig. 5, the trendline of each algorithm
became stable after 10 to 15 rotations.

All spectra obtained in the blending simulation of
“liu wei di huang” pill were preprocessed as the
previous binary blending. After the calculation of
correlation spectrum, two regions (9881-7225 and
6117-4161 cm ') were selected for further analysis.
Ten homogeneous mixtures with different contents
ratios were made to generate the correlation spec-
trum. As shown in Fig. 6, the results were same as
the binary mixtures.

In the first few rotations, some mixtures in the
bottles were near homogeneous but others were
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Fig. 5. Similarity (a), moving block values (b) and mean
square (c¢) profiles of four different coptis samples as a function
of tumbling times.

far from uniformity, these spectra had obvious de-
viations. After 15 tumbling times, some may be
earlier, all mixtures approached uniformity and the
NIR spectra were close. Pattern recognition algor-
ithms like SIMCA, etc. had difficulties since spectra
of early rotations near homogeneous might be
clustered with the latter. Similarity method com-
pared spectra with last five spectra, these reference
spectra were recorded from uniform mixtures.
Moving block and mean square methods compared
with adjacent spectra, which were far from uni-
formity in early stages of the blending process.
Although the curves of these methods were quite
different at first, their trends became the same later,
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Fig. 6. Similarity (a), moving block values (b) and mean
square (c) profiles of the simulated “liu wei di huang” blending
as a function of tumbling times.

which meant the uniformity of mixture was
achieved. As shown in the figures, moving block and
mean square methods were more sensitive to spec-
tral variations; their values might be significantly
affected by spectral outliers. They could be applied
in the on-line monitoring of blending process. The
similarity method was more robust, anomalous
spectra had fewer effects; but it cannot be used on-
line since the reference spectra were obtained from
uniform mixtures. Therefore, moving block and
mean square methods can be used to determine the
mixture uniformity in the blending process, and
after the certification of end point, similarity
method can be applied for further verifications.
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4. Conclusion

In China, none of the modern scientific analysis
techniques were used in the end-point determination
of herbal powder mixtures. This paper is using cur-
rent NIR spectroscopic technique and chemometric
algorithms to determine the homogeneity in blend-
ing process of herbal powders, which were difficult to
be analyzed by traditional methods like HPLC or
UV spectroscopy. After preprocessing methods, the
focus was on the chemical composition of the blend
components. A correlation spectrum was calculated
to choose spectral regions with high coefficients. It
was difficult to identify homogeneity from NIR
spectra by visual inspection. Calculations, like
similarity, moving block and mean square, make the
variation in the NIR spectra during the process as a
function of tumbling times obvious and precise. NIR
technique and qualification methods monitored the
blending process of herbal materials despite of var-
ious differences according to location of growth, cli-
mate and age, etc. Determination of the simulated
blending process in manufacturing of TCM was also
successful. The criterion used to characterize the
blending process of herbal medicines in this paper
can be extrapolated to industrial scales.

The proposed NIR methods avoid invasive
sampling errors and provide the possibility of on-
line determination that can be used in herbal
homogenization studies with expeditious and accu-
rate results, and have the potential to be applied as
a quality control technique in TCM manufacturing.
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