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 Flavonoid is one of the bioactive compounds that are currently used in pharmaceutical and 
medicinal industries due to their health benefit. The focus of current research is mainly on 
the extraction and isolation of bioactive compounds; however non to date has explored on 
the identification of flavonoids classes under the Fourier Transform Infrared spectroscopy 
(FTIR). This gap presents an opportunity for the application of statistical analysis which 
can identify the distinct wavenumbers range of flavone, flavanone and flavonol for their 
characterization in the FTIR spectrum. Development of algorithm based on principal 
component analysis (PCA) for the analysis and identification of flavonoids classes based 
on FTIR spectrum was introduced. Based on the results, five wavenumbers ranges have 
been identified as the distinct characteristics of flavonol, flavone and flavanone hence used 
for their identification. 
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1. Introduction   

This paper is an extension of work originally presented at IEEE 
Student Conference on Research and Development (SCOReD) 
2016 [1]. Currently, flavonoids have received much attention 
especially in medicinal and pharmaceutical industries because of 
its biological properties such as high antioxidant activity, high 
radical scavenging, anti-inflammatory, anti-cancer and anti-
allergic [2]. Flavonoids are one of the active ingredients used for 
the formulation of drugs and potential to treat many diseases. 
Increasing research performed (in vitro) on the importance of 
flavonoids consumption such as reducing the risk of Parkinson 
disease [3], may lower risk of ovarian cancer [4] and protecting 
brain damage [5]. Besides, flavonoids are widely distributed in 
fruits, plants, vegetables and microorganisms [6]. 

Flavonoid have C6-C3-C6 general structure backbone which 
consists of two phenolic structures, ring A and ring B attached to 
heterocyclic ring C as in Figure 1. There are more than 7000 
structures of flavonoids from different subgroups have been 
reported [7]. All flavonoids share a basic C6-C3-C6 phenyl-
benzopyran backbone; however differ in their substituents (type, 
number and position) and in their insaturation [8]. Individual 

differences within each group are due to variations in number and 
arrangement of the hydroxyl groups and their extent of alkylation 
and/ or glycosylation. 

 
Figure 1: Flavonoids backbone 

As the multiple bioactive compounds presence in compound, 
the characterization and identification of the bioactive compounds 
remain challenging due to complicated isolation procedures [9]. 
Several analytical techniques have been developed for the 
identification of flavonoids such as the application of High 
Performance Liquid Chromatography (HPLC) [10], HPLC 
coupled with photodiode array and mass spectrometry detectors 
[11], nuclear magnetic resonance (NMR) spectroscopy and mass 
spectrometry (MS) evidences [12], Thin Layer Chromatography 
(TLC) plate [13] and many more. However, some disadvantages 
possessed are less sensitive, expensive and the need for chemist to 
analyze.  
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Today, the applications of Fourier Transform Infrared 
spectroscopy (FTIR) has increased in food, pharmaceutical as well 
as medicinal applications for the identification of active 
compounds in plants, fruits, vegetables and microorganisms 
[14,15,16,17] and particularly has become a powerful analytical 
tool in the study of active compounds presents in samples. In fact, 
there have been several studies concerning with the 
characterization, classification and identification of flavonoids 
using FTIR [18,19,20]. 

FTIR has become well-accepted method due to its ease of 
samples preparation, fast, need little samples size, and does not 
require the use of solvents which is more economical [21].  

FTIR spectrums however are difficult to interpret, unless for 
the expertise since the library spectrum are limited, and the 
software used to interpret the results somehow expensive [22]. 
Principal component analysis (PCA) is one of the chemometric 
methods that can be used to identify the similarities and differences 
of the chemical information [23]. Infrared spectroscopy, combined 
with chemometric, has been used for the identification of active 
compound [24].  

Studies have been performed on the identification of 
flavonoids [11,12], however non to date has explored on the 
identification of individual flavonoids under FTIR spectrum 
coupled with chemometric analysis, which is PCA. Despite some 
studies performed on the identification of compound using few 
combination of chemometric techniques such as hierarchical 
cluster analysis [24], PCA, partial least square (PLS) and factor 
discriminant analysis (FDA) [25], the application of PCA into the 
characterization model has not been undertaken yet. 

 Introduction of the characterization model based on 
computational method provides the valuable tools with the 
application of PCA into the model algorithm for rapid 
identification. The proposed method are unique, since adapted 
both the structural information provided by PCA based on 
spectrum data of flavonoids structure with the interaction 
information from the compound, unlike most current methods 
[26,27,28]. The adapted characterization model is based on nested 
if and if else statement builds as an algorithm for the 
characterization. 

Therefore, the objectives of this study are to develop an 
algorithm utilizing the PCA as the base for the interpretation and 
analysis of FTIR spectrums and to identify the distinct 
wavenumbers range of flavone, flavanone and flavonol as for their 
identification under the FTIR spectroscopy. 

2. Literature review 

 Fourier Transform Infrared Spectroscopy and Principal 
Component Analysis Applications 

FTIR offers high speed of analysis and needs little or no sample 
preparation [29]. Moreover, it also provides information on 
multiple parameters simultaneously [30]. The chemical bonds in 
material will vibrate once the infrared radiation that interacts with 
matter is absorbed hence producing the infrared spectrum. 
Regardless of the structure of the rest of the molecule, the 
functional groups tend to absorb infrared radiation in the same 
wavenumber range [22].  

Band assignments for flavonoids identification have been 
studied in some details [31]. Based on studies, different peak 

shown due to wavenumber shift of different molecules with the 
same functional group under their wavenumber range; indicate the 
uniqueness of the molecules under FTIR spectrum hence used for 
the fingerprint of the molecules. The correlation shows between 
the infrared band positions and chemical structure becomes the 
fundamental information for the analyst to identify the unknown 
molecules or even the structural identification.   

According to [22], the wavenumber range between 3500-3200 
cm-1 is corresponds to the OH functional group and studies 
indicated that the overall arrangement of molecular structure will 
cause the wavenumber shift of the functional groups in their range 
[31]. Studies performed on phenolic compound for their 
antioxidant nature using FTIR [32,33]. From the studies, the 
presence of OH group under FTIR region will cause wavenumber 
shift depend upon to its oxidant nature.  

FTIR spectra on flavonoids structure has been studied 
extensively [34]. The study highlighted the spectrum wavenumber 
range which are common for the flavonoid structure is the C=O 
bond (1630 and 1665cm-1), C-O bond (1000 and 1300 cm-1), and 
in-plane deformation vibrations of C-H (600 and 980cm-1). Other 
studies has identified the OH group at the wavenumber at 3300cm-

1 , 2970cm-1 and 2856cm-1; meanwhile C=C at 1644cm-1. 

Previous studies shown that appropriate application of 
statistical analysis or chemometric has provides accurate and rapid 
characterization of plant extract based on analytical spectroscopy 
that contain multidimensional information [35]. The correlation 
factors obtained from the PCA analysis within a set of observed 
variables provides the pattern of the sample [36]. Henceforth, with 
the application of PCA, the spectrum analysis can be performed 
for rapid and easier identification.  

The application of PCA from the FTIR spectrums has 
successfully discriminated the Romanian sea buckthorn berries 
and leaves groups based on its phenolic contents [37]. Correlation 
between the content of flavonoid in certain frozen fruits pulps with 
free radical scavenger activity has been identified using the PCA 
[38]. From the study, flavonoid has shown to exhibit high 
scavenging activity against hydroxyl radical.  

3. Methodology 

The main purpose of this study is to develop an algorithm for 
flavonoids identification utilizing the PCA based on FTIR 
spectrums. Therefore, following were the steps performed to 
achieve the objectives. 

 FTIR Measurements 

 Samples of three flavonoids (flavone, flavanone and flavonol) 
in powder form were purchased from Bumi Pharma Sdn Bhd 
(Malaysia) that was imported from Sigma Aldrich (UK). 

 The flavonoids were sent to Centre for Research and 
Instrumentation, Universiti Kebangsaan Malaysia for FTIR 
analysis.  

(i) Spectrum 400 FT-IR, Perkin Elmer was used for the 
sample analysis. The wavenumber range set for the FTIR 
is 4000-650 cm-1 which is under mid infrared region. The 
FTIR was performed using the ATR (Attenuated Total 
Reflectance) where the solid samples (in powder form) 
were directly applied to the plate for measurements.   
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(ii) Using the built in algorithm provided from software 
package of FTIR, the spectrum was preprocessed using 
baseline correction to produce horizontal baseline shift and 
smoothing to reduce the noise. 

(iii) The preprocessed data extracted in Excel form which 
consists of absorbance versus wavenumber (cm-1) was 
recorded for statistical data analysis. 

 Statistical Data Analysis 

(i) Data matrix, Xn where (n=1…x) which comprises of 
transposed data matrix of all flavonoids spectrum under 
selected wavenumber region (n), was analyzed with PCA 
on a MATLAB platform.  

(ii) Commonly data preprocessing procedures such as 
standardization and normalization are required prior to 
performing PCA on a data matrix. Standardization is used 
to center and scale the data meanwhile normalization is 
generally used for data which have different units and 
scale. In this study, only standardization was performed 
since the data have same units. Figure 2 shows the 
configuration of the data matrix X, mxp (types of 
flavonoids x spectral range).  

 
Figure 2: Two dimensional array, Xn of spectrum where n=1…N that represent the 

number of region, m=1…M that represent type of flavonoids and p=1…P that 
represent the spectral range. The weighted used for the data is the absorbance 

value of spectral data corresponds to the wavenumber range. 

(iii) The similarities and differences based on chemical 
structure of the flavonoids provide a basis for the 
flavonoids characterization based on functional group 
identification offered by FTIR. The molecules that have 
same functional group will have the peak at the same 
wavenumber range regardless the rest of the molecules; 
however differ in wavenumber shift in the wavenumber 
range due to the whole structure arrangement. Henceforth, 
the wavenumber shift and the presence of the peak at 
certain wavenumber region provide the basis for 
flavonoids structure classification. 

(iv) Eight significant regions were assigned in Table for the 
identification of flavonoids based on their chemical 
structure. The similarities and differences identified from 
the PCA were further utilized for development of 
algorithm for flavonoids identification using nested if else 
statement as in Figure 6.  

Table: Five regions assigned for classification of flavonoids under PCA 

4. Results 

 Figure 3 shows the FTIR spectrum for flavone, flavanone and 
flavonol. From the FTIR spectrum shown in Figure 3, each of 
flavonoids shows different spectrum due to different structure 
arrangement. Different peak positions, intensities, widths and 
shape shown in Figure 3 indicate the structure difference of 
flavonoids subgroups hence used for the band assignments as in 
Table.   

 
Figure 3: FTIR spectrum in mid IR range for flavonol, flavone and flavanone 

As seen in Figure 3, the FTIR spectrum of molecules differs at 
certain wavenumber range even though the molecules have the 
same functional groups. The presence of hydroxyl group, 
compared to the other flavonoids for example, will cause the 
wavenumber shift at particular wavenumber range. Besides that, 
the overall structure arrangement such as the presence of different 
substitution will cause wavenumber shift hence producing 
different spectrum. That is why, the FTIR is powerful method for 
identification since no different molecules will have same the 
spectrum; it is the fingerprint data for the molecule. 

Five significant regions have been assigned in Table  for their 
identification based on its structural difference as in Figure 5. 
Figure 4 shows the results of PCA analysis of flavonoids spectrum 
based on the assigned regions.  

In PCA analysis, the correlation factors that contribute by the 
PCA analysis provide the pattern of the samples. The sample that 
is close to each other indicates their similarities meanwhile far to 
each other indicate their differences. This pattern of analysis 
provides clear discrimination between samples as a tool of 
identification. 

Region  Wavenumbers 
(cm-1)  

Structural 
identification References  

1 4000-3250 Presence of 
hydroxyl group [22] 

2 3140-3000 Presence of di-
substitution [22] 

3 1670-1620 Unsaturation 
bonds [22] 

4 1650-1600 Conjugation of 
bonds [22] 

5 1600-1500 Aromaticity [22] 
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Figure 4. Results of PCA for flavonoids in the region 1 (4a), region 2 (4b), region 
3 (4c), region 4 (4d) and region 5 (4e) 

5. Discussion 

. Flavonoids aglycone can be divided into few subgroups which 
are flavanone, flavonol, flavone, flavanol, anthocyanidin and 
isoflavonoid [39]. For flavanone, flavonol and flavone, their 
variation within the groups is depending upon the presence of OH 
group at C-3, a saturated single bond between C-2 and C-3, and 
their conjugation and saturation behavior as in Figure 5 [40]. 

                            

 
Figure 5. Structure of flavonoids subgroups, a) flavonol b) flavanone c) flavone 

The differences exhibit by the flavonoids subgroups structure 
has lead to different spectrum shown in Figure 3 and results of 
PCA shown in Figure 5.  

Based on Figure 4, the identification of flavone, flavanone and 
flavonol are focusing on the heterocyclic ring C that represents the 
major structural difference between the flavonoids. Based on 
Table, 4000-3125 cm-1 has been identified for the presence of 
hydroxyl group in flavonoids, 3140-3000 cm-1 for the presence of 
di-substitution of heterocyclic ring C, 1670-1620 cm-1 and 1650-
1600 cm-1 for the saturation and conjugation of bonds respectively. 
Meanwhile, 1600-1500 cm-1 indicates the general aromaticity 
behavior of the flavonoids.    

For flavonol, the presence of hydroxyl group at carbon 3 and 
di-substitution of heterocyclic ring C at carbon 2 and 3 provides 
the distinct characteristics of structure arrangement as compared to 
flavanone and flavone. Based on Figure 4 (a) and (b), for region 1 
and 2, clear discrimination shown by PCA analysis on flavonol at 
wavenumbers 4000-3125 cm-1 and 3140-3000 cm-1due to the 
presence of hydroxyl group and di-substitution at carbon 2 and 3 
respectively as compared to flavanone and flavone.  

Once the flavonol is identified, the flavanone and flavone is 
identified and distinguish based upon their saturation and 
conjugation bond as in Figure 5. Based on Figure 5, flavanone 
contain saturated carbon at 2 and 3 meanwhile, the flavone contain 
unsaturated carbon at 2 and 3. Besides, compared to flavanone, the 
conjugation of bond particularly presence in flavone. The 
arrangement of saturation and conjugation characteristics of 
flavonol that similar to flavanone provides the discrimination 
between the flavone as compared to flavonol and flavanone. Based 
on Figure 4 (c) and (d) in region 3 and 4, clear discrimination is 
shown by the PCA analysis on flavone at wavenumbers 1670-1620 
cm-1 and 1650 -1600 cm-1 due to unsaturation and conjugation 
bonds respectively, as compared to flavanone. 

The aromaticity characteristics of the flavone, flavonol and 
flavanone are differs due to their structure arrangement as in Figure 
5 that can be an indication of their individual differences. Based on 
Figure 4(e) in region 5, clear discrimination is shown by PCA 
analysis on flavanone, flavone and flavonol due to their 
aromaticity at wavenumbers 1600-1500 cm-1 that provides their 
individual difference. 
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The significant region based on the structural information of 
the compounds provides the algorithm for the characterization 
model as shown in Figure 6. The application of PCA is integrated 
into the model to provide rapid identification of flavone, flavanone 
and flavonol. 

 
Figure 6. Flow diagram of characterization model algorithm where a is refer to 

absorbance value 

The main contribution in this study is, despite other method 
which utilized much equipment and statistical method for 
identification and confirmation, with further exploitation on PCA 
methodology and the informative spectrum data provided by FTIR 
which not yet fully utilize, will provides the simple, easier, 
accurate, less expensive and rapid identification of flavonoids 
subgroups.  The selected region based on PCA will provides 
significant identification of flavonoids based on its structure 
arrangement. Henceforth, the isolation procedure for example, will 
be less time consuming and identification of flavonoids presence 
in fruits and plants can be optimized.  

6. Conclusion and recommendation 

Application of PCA into the characterization model for rapid 
identification of flavonoids based on the FTIR spectrums was 
presented. The results shown that clear discriminations of 
flavonoids shown at wavenumbers 4000-3125 cm-1 and 3140-
3000 cm-1 for flavonol, 1670-1620 cm-1 and 1650-1600 cm-1 for 
flavone and 1600-1500 cm-1 for individual flavonoids.  

The research is still in progress where some individual 
flavonoids subgroups derivatives such as quercetin, myricetin and 
luteolin to name a few, were tested under the selected regions for 
flavonoids characterization and identification.  

Besides, further exploitation on the advantages offered by 
PCA methodology will be performed; for example the studies on 
contribution plot and confidence limit provided by PCA to 
enhance and validate the results. 

It is recommended that further studies to be performed on the 
identification of other flavonoid subgroups using proposed 
method to enhance the identification of flavonoids that is widely 
distributed in plants and fruits.  
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