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Abstract 1 

Four leading commercial Indian honey brands were investigated using FTIR spectroscopy and 2 

principal component analysis for a rapid and accurate differentiation of pure, mildly 3 

adulterated, and highly adulterated honey brand samples. This study is first of its kind 4 

investigating commercial Indian honey brands using FTIR and PCA, hence can be used for 5 

investigating adulterations in bulk commercial honey brand samples where sophisticated 6 

instrumentations and facilities are not available. 7 

 8 
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Introduction 14 

Honey is sometimes adulterated by the addition of various types of sugar syrup, or 15 

compounds that change its flavour or viscosity, reduce cost, or increase the fructose content 16 

to avoid crystallization. One of the common forms of adulteration is to use sugar adulterants 17 

from C4 plants such as corn and sugarcane. Sugar adulterants from C4 plants (C4 sugar) are 18 

easier to detect due to difference in carbon isotope ratio (13C/12C) compared to natural 19 

sugars that exist in pure honey [Kuan Wei, et al., 2019]. As the tests for detecting C4 sugar 20 
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adulterations became available, now sugar adulterants from C3 plants (C3 sugar) such as rice 21 

and beetroot are reported to be used for adulteration of honey. However, detection of C3 22 

sugar adulterations is more challenging as their 13C/12C profile are like sugars in natural 23 

honey [Kropf et al., 2010; Se, Kuan Wei, et al., 2019]. However, analytical methods are 24 

developed to differentiate and detect C3 sugar adulterants in honey samples. Now there are 25 

reports that claims that new syrups for adulterations are manufactured to beat the C3 and C4 26 

sugar tests for adulteration of honey. [Khurana et al., 2020] 27 

 28 

In recent times the sugar adulterants became clear and almost flavourless and the 29 

adulterated mixture can be very difficult to distinguish from pure honey. 30 

 31 

Detection of honey adulteration with C3 sugar syrups is challenging. There are two tests that 32 

check for the presence of markers specific for rice syrup to identify adulteration in honey. The 33 

SMR (specific marker for rice syrup) test check for the presence of 2-Acetylfuran-3-34 

Glucopyranoside (2-AFGP), a specific marker for rice syrups to detect the adulteration by LC-35 

MS (Liquid chromatography–mass spectrometry) based analysis. The TMR (trace marker for 36 

rice syrup) test checks the presence of arsenic traces by ICP-MS (Inductively coupled plasma 37 

mass spectrometry) based analysis in honey. Thus, both these tests can be used to detect the 38 

adulteration of honey with rice syrup (C3 sugar). [Xue, Xiaofeng, et al., 2013; Zábrodská, B. 39 

and Vorlová, L., 2015] 40 

 41 
It is accepted that if a sample fails on any of the above tests then it shows it is adulterated by 42 

either C3 or C4 sugar. However, if the sample fails on SMR and TMR, then the source of the 43 

adulteration could be C3 sugar syrup from rice. [Khurana et al., 2020] 44 

 45 
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Although HPLC, MS and NMR based detection methods have been shown to be effective, they 46 

are time-consuming, destructive, expensive, and require specific analytical skills, thus limiting 47 

their use in routine monitoring of adulteration in honey samples. The Indian honey market 48 

has estimated worth more than INR 1700 crore. Therefore, for high-throughput analysis of 49 

adulterations in commercial honey samples, rapid, simple, economical, and yet efficient 50 

methods have huge scope. Such approach will enable easy monitoring of the purity of 51 

commercial honey brand samples.  52 

Previously, fourier transform infrared (FTIR) spectroscopy technique has been applied for 53 

molecular fingerprinting [Smith, 2011]. Use of principal component analysis (PCA) on FTIR 54 

spectra have been used previously to discriminate between the pure and adulterated honey 55 

samples [Rios-Corripio et al., 2012]. Earlier researchers have used FTIR for authentication of 56 

honey [Wang et al., 2010; Gallardo-Velazquez et al., 2009], however the ability of these 57 

methods in differentiating pure and mildly adulterated Indian honey brands is yet not 58 

explored as per our knowledge. Moreover, the effectiveness of this technique for detection 59 

of adulterants in leading Indian honey brands has not been performed. Therefore, for the first 60 

time, this study aims to determine the capability of PCA integrated FTIR spectroscopy for the 61 

detection and efficient separation of pure and adulterated Indian honey brand samples. 62 

 63 

2. Material and Methods 64 

2.1 Sample collection 65 

A total of four commercial Indian honey brands samples were obtained from different 66 

supermarkets. All the samples were kept at room temperature before the analysis. 67 

2.2 FTIR Spectroscopy 68 



4 
 

FTIR measurements in the wave number range of 4000 cm-1 to 400 cm-1 were carried out with 69 

Spectrum Two, UATR2, IR spectrometer (Perkin Elmer-2017) which was equipped with LiTaO3 70 

detector. Between samples, the crystal was properly cleaned and dried with cleaning tissue 71 

paper. The spectral baseline recorded by the spectrometer was examined carefully to ensure 72 

that no residue or particles from the previous sample is present on the crystal. All spectra 73 

were recorded at the room temperature. 74 

2.3 Principal Component Analysis (PCA)  75 

PCA is a well-known chemometric procedure. It is an unsupervised dimensionality reduction 76 

technique that can cluster the similar data points based on the feature correlation between 77 

them. PCA uses an orthogonal transformation to convert a set of observations of possibly 78 

correlated variables into a set of values of linearly uncorrelated variables called principal 79 

components. [Popovicheva, O., Ivanov, A., & Vojtisek, M., 2020] PCA was performed using 80 

Python and Scikit-Learn library. We have used top two principal components since they 81 

explained more than 97 percent of the total variation in the second derivative of FTIR spectra. 82 

3. Results and Discussion 83 

 84 

The following information about the possible adulteration status is available through a recent 85 

public report about the adulteration and purity of many leading Indian honey brands. 86 

[Khurana et al., 2020] 87 

From the information provided in Table 1, if we can discriminate between these four samples 88 

using FTIR and PCA then it is possible to use these simpler methods for routine check for 89 

detecting even mild adulterations in various brands of honey samples. 90 

Based on the observed differences in spectra of the pure and adulterated honey brand 91 

samples from Figure 1, the mid-infrared region seems suitable to identify the major 92 
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monosaccharide and disaccharide components (Table 2). It was also confirmed that the FTIR 93 

spectra provide a clear fingerprint regarding the presence of different sugars based on 94 

differences observed in spectra of the pure and adulterated honey brand samples. We have 95 

annotated the FTIR spectra (Table 1) based on previous study [Se, Kuan Wei, et al., 2019]. 96 

The second derivative of the FTIR spectra allowed the separation of overlapping peaks and 97 

help to identify primary source of variation in different regions of the spectra. PCA is an 98 

efficient method for analysing correlation in high dimensional dataset by projecting the 99 

original data points onto lower dimensions, where it is easy to interpret the correlation using 100 

few variables. Thus, PCA can get rid of correlated components in the FTIR spectra and project 101 

the multidimensional data set to a much lower dimensionality space, often a few, or even just 102 

two dimensions, termed as principal components. Each principal component can explain 103 

some of the variation in the data. The first few principal component generally explains most 104 

of the variation.  105 

The entire IR spectral region and IR spectral region in range of 1180-750 cm−1 was selected as 106 

the data matrix for PCA computation, wherein 1180-750 cm−1 region was shown to be 107 

sensitive for absorption for different sugar adulterants [Se, Kuan Wei, et al., 2019]. The PCA 108 

was used to evaluate the possible differences between the pure and adulterated honey brand 109 

samples. Therefore, each honey brand sample was represented by a point in the PCA plot. 110 

 111 

Figure 2a and 2b depicts the PCA plot for all the four honey brand samples based on whole IR 112 

spectra and spectra in the range of 1180-750nm. The analysis using the second derivative of 113 

the whole IR spectra and spectra in the range of 1180 to 750 cm−1 showed the efficient 114 

discrimination between the adulterated and pure honey brand samples. 115 
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Both the PCA plots show clear and efficient separation between the adulterated (sample 3), 116 

mildly adulterated (Sample 1 and Sample 2) and pure (Sample 4) honey brand samples. The 117 

observed data variation totalling up to 97% (whole IR spectra) and 98% (1180-750nm region) 118 

was sufficient and robust to explain key variability in the spectra. 119 

 120 

Conclusion 121 

The honey brand sample possibly adulterated with only sugar syrups (Sample 1), rice and 122 

sugar syrups (Sample 2), foreign oligosaccharides, rice, and sugar syrups (Sample 3) and pure 123 

honey (Sample 4) were well segregated in PCA plots. The sample with the highest adulteration 124 

among the four honey brand samples (Sample 3) displayed the largest departure from the 125 

mildly adulterated (Sample 1 and Sample 2) and pure honey brand sample (Sample 4). 126 

Therefore, it is confirmed that PCA is highly efficient in identifying the authenticity of honey 127 

brand samples in terms of clearly separating the honey brand samples that are mildly 128 

adulterated and adulterated with different sugars. Thus, the potential of FTIR and PCA in 129 

discriminating the pure, mildly adulterated, and highly adulterated honey samples is validated 130 

on four Indian commercial honey brand samples and it can be further used for detecting the 131 

presence of adulterations in bulk honey samples without much cost and efforts. 132 
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Table 1. Details of the honey brand samples investigated.  
 

Honey Brand 
Nomenclature 

Method of Testing Adulterations Status (Adulterated or Pure) 

Sample 1 Passed in TMR and Failed in NMR Possible Mildly Adulterated 

Sample 2 Failed in TMR and NMR Possible Mildly Adulterated 

Sample 3 Failed in foreign oligosaccharides 
presence, SMR, TMR and NMR  

Adulterated 

Sample 4 Passed in TMR and NMR Pure 

 
Table 2. FTIR spectral assignment and annotation. 
  

Type of Absorption  Absorption band and functional group 
assignment 
 

Two prominent absorption 
bands   

3270 cm−1 corresponding to O-H stretching 
of water. 
1642 cm−1 (O-H deformation). 

Weak absorption band 2938 cm−1 (C-H stretching of carboxylic acid)  
 

Weak absorption band 1740 cm−1 corresponding to C=O stretching 
of carbohydrates and N-H bending of amide 
I of proteins. 

Multiple absorption bands 1500–800 cm−1 (absorptions of 
monosaccharides and disaccharides) 

Intense absorptions 1200 to 950 cm−1 (C-O and C-C stretching 
modes of carbohydrates) 

Multiple absorption bands 1500 to 1200 cm−1 corresponding to 
deformation of -CH2 and angular 
deformation of C-C-H and H-C-O linkages. 
 

Weak absorption band 920 cm−1 corresponding to C-H bending of 
carbohydrates. 
 

Weak absorption band 900 to 750 cm−1 corresponding to 
absorptions for anomeric carbon of sugars. 
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Figure 1. FTIR spectra of the four Indian honey brand samples investigated. 
 

 

Figure 2. PCA plots for the second derivative of FTIR spectra of honey brand samples. a. Whole 

IR spectra PCA; b. 1180-750nm IR region PCA 
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Supporting information 

Figures S1-S4 show the second derivative of FTIR spectra of all the four honey brand samples. 

 

Figure S1. Second derivative FTIR spectrum of Sample 1 

 

Figure S2. Second derivative FTIR spectrum of Sample 2 

 

 

Figure S3. Second derivative FTIR spectrum of Sample 3 
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Figure S4. Second derivative FTIR spectrum of Sample 4 

 

 

 


