
Introduction 
Herbal lifestyle products are widely used  
as alternatives to medicines around the 
world, with as many as 80% of people 
using them as a primary source of 
healthcare in developing countries1. These 
treatments are commonly regarded by 
scientific papers, and on some occasions 

the media, as being inferior to orthodox treatment. This is due to the variation between 
herbal formulations which will not be present in so called ‘single-chemical’ drugs. 
The reasons for the aforementioned variation involve several factors including 
storage, environmental conditions, handling and unintentional or intentional 
contamination (adulteration) 2. 

Another key issue surrounding the manufacturing and distribution of herbal remedies  
is effective and comprehensive regulation. In the US, herbal remedies are essentially 
regulated in the same way as food, meaning that for herbal products to be legally 
sold in the US, they simply must be safe rather than have any real efficacy 3. 

Discrimination of Herbal 
Lifestyle Products Using 
AssureID SIMCA and 
COMPARE Algorithms

FT-NIR Spectroscopy

A P P L I C A T I O N  N O T E

Authors:

Kieran Evans

Kathryn Lawson-Wood 

PerkinElmer, Inc. 
Seer Green, UK

Sulaf Assi

Department of Archaeology, Anthropology and 
Forensic Science, Bournemouth University 
Poole, UK



2

This application note demonstrates the proficiency with which 
near-infrared spectra of herbal materials, collected using the 
PerkinElmer Spectrum Two N™, may be differentiated using 
SIMCA and COMPARE™ algorithms in PerkinElmer’s AssureID™ 
Software. As shown in Table 1, the herbal products selected for 
this investigation originate from a wide range of geographical 
regions. The materials analysed also include both raw herbs and 
products manufactured using a mixture of natural products.

Experimental

160 spectra of the herbal materials were collected using the 
PerkinElmer Spectrum Two N (InGaAs detector) with the 
experimental parameters shown in Table 2. The only sample 
preparation required was the grinding of samples, in tablet 
form, down to a powder. The sample was placed in a petri dish 
on the PerkinElmer Near-Infrared Reflectance Module (NIRM), 
shown in Figure 1, for analysis. 

The spectra were imported into PerkinElmer AssureID software 
and pre-processed using a noise weighting filter, 13 point first 
derivative baseline correction and MSC normalization. 

COMPARE Algorithm
The COMPARE algorithm functions by estimating the similarity 
between a sample spectrum and the average spectrum of  
a material based on the correlation between spectral features 
relating to the chemical composition of the samples under 
investigation. A number of mathematical filters are available to use 
for data pre-processing to reduce the influence of spectral features 
which arise due to sampling variability, baseline drift, and 
non-uniform noise. In order to classify categories of materials, 
COMPARE will calculate a correlation coefficient threshold above 
which, two samples will be categorized as the same material. 
Samples whose correlation coefficient does not exceed the 
pre-determined threshold will be categorized as different 
materials. Figure 2 shows the correlation of herbal product 
spectra with those of Bladderwrack (Material 1).

In this example, the correlation coefficient required for a 
spectrum to be categorized as Bladderwrack is 0.9992 as 
indicated by the dashed line in Figure 2.

Material Index Material Raw/Mixture Model Color Number of Spectra

1 Bladderwrack Raw Green 20

2 Cupaline Mixture Blue (Left) 30

3 Ginexin-F Mixture Yellow 20

4 Green Coffee Bean Raw Pink 30

5 Ginseng Raw Light Blue 20

6 Litramine Mixture Black 20

7 Stress Relief Tablet Mixture Blue (Right) 20

Table 1. List of herbal products used in the study.

Spectral Resolution 8 cm-1

Number of Scans 32

Spectral Range 10000 – 4000 cm-1

Table 2. Experimental Parameters.

Figure 1. PerkinElmer Spectrum Two N with Near-Infrared Reflectance  
Module (NIRM).

Figure 2. COMPARE result for correlation of six herbal remedies with Bladderwrack.
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Material Validation Result Correlation Coefficient Correlation Threshold

Bladderwrack Pass 0.9997 0.9992

Cupaline Pass 0.9997 0.9987

Ginexin-F Pass 0.9990 0.9948

Green Coffee Bean Pass 0.9983 0.9922

Ginseng Pass 0.9975 0.9868

Litramine Pass 0.9997 0.9984

Stress Relief Pass 0.9842 0.9418

Table 3. Validation results from COMPARE method.

Figure 3. SIMCA model for the seven medicinal herbal products of interest.

Once a COMPARE model has been created, it can then be validated 
by either importing or collecting spectra of herbal products.  
Table 3 shows the results of a method validation conducted using 
one sample from each material. 

It can be seen in Table 3 that the stress relief tablets have a 
correlation threshold slightly lower than that of the other materials. 
The reason for this is that there is significantly more variation within 
that material which can clearly be seen in Figure 2 (Sample 7). This 
scenario in which there is variation within a material is where, 
in more extreme cases, the COMPARE algorithm becomes an 
insufficient method of categorization. In situations where there 
is variation within a material, SIMCA (Soft Independent Modelling 
of Class Analogy) algorithms may provide a better solution. 

SIMCA Algorithm
A disadvantage of the COMPARE algorithm is that, once variation 
within a sample is introduced, the correlation coefficient threshold 
required for a sample to be classified as a defined material can be 
significantly reduced leading to the incorrect classification. Instead 
of calculating the correlation coefficient between two spectra, the 
SIMCA algorithm calculates principle components of all the spectra 
within a class. This means that any new spectra which show 
variation from the average similar to that shown by calibration 
spectra will be recognized as belonging to the same material. The 
SIMCA algorithm therefore provides a more effective method for 
categorizing samples which exhibit even large amounts of 
intra-material variation.

In the default setting, the SIMCA algorithm will produce a 
hypersphere which encapsulates an area of 99% reliability 
surrounding a material population. This means that there will 
be a 1% probability of a sample being incorrectly categorized 
with respect to that material. A SIMCA model of the herbal 
products listed in Table 1 is shown in Figure 3. 

Table 4 shows that the SIMCA algorithm is also successful in 
identifying 100% of validation standards.

The Pass/Fail result of the validation of a SIMCA model is based 
around the distance ratio which has a threshold set by the user 
(in this case it is the default – 1.0000). This is a ratio of model 
distance (distance from the centre of the model) and critical 

AssureID in Routine Use
Once developed, the classification model can be implemented 
into the AssureID analyzer system in order to produce a 
workflow-orientated method. This will allow the user to quickly 
check the identity of a sample while being guided through the 
necessary sample preparation and instrument configuration/
validation steps. With the use of AssureID ES, the workflow can 
be implemented with full traceability at each step in order to 
meet the conditions for 21 CFR part 11 compliance. 

Material Validation Result Distance Ratio

Bladderwrack Pass 0.7028

Cupaline Pass 0.6106

Ginexin-F Pass 0.7186

Green Coffee Bean Pass 0.8778

Korean Ginseng Pass 0.7882

Litramine Pass 0.5945

Wilko Stress Relief Pass 0.6225

Table 4. Results from validation of SIMCA method.

distance (distance from the edge of the calculated hypersphere). 
The distance ratio must be less that the threshold set by the user 
for a material to belong to a given class. 



For a complete listing of our global offices, visit www.perkinelmer.com/ContactUs

Copyright ©2018, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.
 
014007_01 PKI

PerkinElmer, Inc. 
940 Winter Street 
Waltham, MA 02451 USA 
P: (800) 762-4000 or 
(+1) 203-925-4602
www.perkinelmer.com

Conclusion

PerkinElmer AssureID software and the PerkinElmer Spectrum 
Two N provide a simple and effective method for quick analysis 
of medicinal herbal products. The COMPARE and SIMCA 
algorithms take into account the natural variability associated 
with natural products allowing for the development of robust 
and reliable methods. AssureID methods can be used in AssureID 
Analyzer to implement a workflow based approach for the 
quality control of herbal products. 
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