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SUMMARY 

Research background. This paper provides an alternate way to destructive testing methodologies to 

identify the presence adulterants in the honey. Honey is consumed worldwide for its known nutritional benefits. 

Nowadays, it is often adulterated by cheaper, commercially available sweetening agents with chemically 

identical properties. Adulterated honeys are commonly labelled as natural and valued similar to pure honeys, 

thus demanding the need for the development of quick, simple and precise analytical procedures for determining 

their features and authenticity.  

Experimental approach. Naturally available fresh honey samples and commercially available honey 

samples were used and subjected to tests under a device called spectrophotometer and an instrumentation 

system using acoustics to detect the Structural and Chemical changes to it. The data of pure and adulterated 

honey samples such as absorbance and transmittance were recorded with the help of spectrophotometer. 

Similarly, the signals obtained from the sound vibrations of the acoustic setup traversing the honey samples was 

measured using Sound Level meter and Digital Storage Oscilloscope (DSO) which are then processed for 

classification.  

Results and conclusions. Quality parameters of the honey sample is determined using its absorbance 

and transmitting nature with respect to light source and sound level. The natural honey shows high absorbance 

level and increases with increase in concentration when compared to the adulterated honey using 

spectrophotometer. Similarly, the sound level transmitted is low for natural honey. Both the results infer that the 

pure honey sample absorbs more sound and light than adulterated honey. Also, the spectrum obtained from the 

sound signal shows multiple peaks in adulterated honey when compared to pure honey which has only single 

significant peak. 

Novelty and scientific contribution.  This study produced notable results regarding the qualitative 

characteristics of honey as a food, as well as important information on its response to light and sound. 

Moreover, a novel methodology has been proposed to classify pure from adulterated by analysing the peaks in 

the spectrum of the honey sample . Finally, the outcomes of the research could be used as a promising way to 

identify whether the honey is adulterated or not.     

Keywords: Honey adulteration; absorbance; transmittance; acoustics; digital storage 

oscilloscope (dso)   
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INTRODUCTION  

 Honey is a naturally available sweet and highly viscous product made from flower 

nectar by bees (1). Sugars (about 40% fructose and 30% glucose) and water (17%) make up 

the majority of honey, with the rest consisting of various sugars, carbohydrates, and a minor 

quantity of vitamins and minerals (20). Sucrose, on the other hand, is a disaccharide made up 

of equal portions of two monosaccharides: 50% fructose and 50% glucose (2, 14). Honey has 

long been used as a significant energy source and as a raw element in many manufactured 

food products, especially in grain-based products such as sweeteners, colors, flavors, 

caramelizations and viscosities (3). Because of its high demand, honey is often adulterated by 

the direct addition of sucrose syrups derived from sugar beets, high-fructose corn syrup 

(HFCS), maltose syrup, or the addition of industrial sugar (glucose and fructose) (7). The 

methods available to detect adulteration in honey are Gas Chromatography, Liquid 

Chromatography analysis, Near Infrared spectroscopy, Raman Spectroscopy, FTIR 

spectroscopy, High-performance Anion Exchange Chromatography and various calorimetric 

and chemometric methods (6, 18, 19, 21). Modern mass spectrometry delivers direct 

qualitative and quantitative information on a molecule of interest from a very little amount of 

sample. To decrease the vast number of samples, genomics and transcriptomics, as well as 

affinity-based approaches, can be employed for pre screening (30). Various image processing 

techniques such as ANN provides a non-destructive and precise method of calculating and 

measuring the number of adulterants in a food product (11, 22). To detect the sugar content of 

honey, a fibre optic approach can be used. This can be accomplished by measuring the output 

signal of both pure and adulterated honey samples, with a Green laser of 535nm serving as the 

optical source (27). Proteomic approaches enable simultaneous investigation of several 

hundred to several thousand proteins in food of animal origin, such as meat, seafood, milk and 

milk products, which are very complex combinations containing proteins and other 

components (31). 

 Different spectroscopic techniques have been used for the recognition of adulteration 

in food particles like Spices, Natural Oil, Juice, Honey, Milk Products and Wines. Normal 

spectrochemical examination strategies incorporate Ultra Violet and Visible Infrared 

Spectroscopy, IR absorption Spectroscopy, molecular fluorescence, Spectroscopy, Raman 

Spectroscopy, NMR (Nuclear Magnetic resonance) spectroscopy and Fourier transform 

infrared Spectroscopy (1, 5, 23, 25). All of these methods rely on the fact that electromagnetic 

radiation's energy can be absorbed or released by matter when the energy associated with the 
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radiation equals the energy difference for the sample's allowed transition. Spectroscopy is a 

powerful tool for detecting physicochemical changes caused by changes in a material's 

molecules (19). Using deionized water as a blank on the Pfund scale, the honey colour can be 

calculated by measuring the absorbance of a pure honey sample at 560 nm and multiplying by 

a factor of 3.15 (4). Sugar content quantifications using a single measurement have been said 

to be unaffordable due to the molecular similarities between sugar molecules in honey matrix. 

This problem was solved by combining Raman spectroscopy with chemometric methods 

(principal component analysis (PCA) and partial least squares (PLS)) and an artificial neural 

network (ANN) (24). Over a range of 10-100 rpm and 25 degree Celsius, the rheological 

characteristics of pure and adulterated honey can be examined using a Brookfield viscometer. 

When compared to the MFCC feature, the extracted DMFCC feature provides more accurate 

recognition. The DMFCC feature has a 13 percent higher recognition accuracy than the 

MFCC features (28). Different types of sensors namely biosensors and chemical sensors 

based on silver nanoparticles helps in ensuring food safety (32). 

A new instrumentation method used for detecting and categorizing milk adulteration 

caused by industrial pollutants such as bicarbonate, urea, and hydrogen peroxide. Acoustic 

waves were propagated in bovine milk samples using a pair of pitch-catch piezoelectric 

transducers. Advanced signal processing analysis was used to determine the milk condition. 

The acoustic signals from raw and contaminated milk samples were separated using a 

measure such as root mean square deviation (RMSD), correlation coefficient deviation metric 

(CCDM), and cross correlation square difference (CCSD) (8). An Arduino controller-based 

system used to detect milk parameters such as CLR and SNF. The lactometer is used to 

calculate the CLR of the milk. The value of SNF is frequently computed and analysed 

qualitatively using the values of FAT and CLR (12). Discrimination of Monofloral and 

Multifloral Honey was performed using UV-Visible Spectroscopy in conjunction with Linear 

Discrimination Analysis by heating the sample in a water bath at 60°C for 30 minutes to melt 

the crystals of honey, then allowing it to cool at room temperature before diluting with 

distilled water in a ratio of 1:20 (ml). Spectral data in the wavelength range of 190-1100 nm 

was recorded for the prepared sample using UV-VIS Spectrophotometer (10, 13).  

Spectrophotometer can be used determine the honey quality based on optical 

parameters using a spectrophotometer to measure absorbance. This absorbance was used to 

determine color at 560 nm, diastase count at 620 nm, sugar content at 500 nm, fructose 

content at 518 nm, invertase at 400 nm, and HMF at 284 nm (15-17). 
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This work is aimed to detect the presence of adulterants in the honey by studying and 

observing the absorbing and transmitting nature in response to sound and light energy. An 

additional approach was also adopted to classify pure from adulterated honey by recording 

and analyzing the spectrum of each honey sample and their variations with adulterants.  

 

MATERIALS AND METHODS 

 Materials 

 Various samples of natural honey procured directly from the collection point and 

branded honey samples were purchased from the local market. Spectrophotometer169, Quartz 

Cuvette, Standard Measuring Flask of 100ml, Sound Sensor, Speaker and Sound Level Meter, 

Digital Storage Oscilloscope GDS-1000A-U Series were utilized from the laboratories of 

Mepco Schlenk Engineering College. The solutions used in the experiments were prepared 

using pure distilled water based on the datasheet specifications of the associated measurement 

setup used. 

Preparation of the sample 

 Five different samples of honey are taken and labeled as 1, 2, 3, 4 and 5. Prior to the 

spectral measurement, each honey sample was diluted using distilled water with various 

concentrations as per standard measurement procedures. Then, various adulterants such sugar 

syrup, molasses and glucose were added to the pure honey sample in different concentrations 

(5%, 10%, 15%, 20% and 25%). 

 Two methods were adopted for testing the sample using spectrophotometer and using 

an acoustic setup.  

 

 Method using Spectrophotometer 

 The device used for testing the honey sample is spectrophotometer169. Two 

parameters can be observed namely absorbance and transmittance. Initially, the sample to be 

tested is placed in the Quartz Cuvette which has four faces, of which, two faces are 

transparent and other two faces are opaque. The spectrophotometer utilizes monochromatic 

light that falls on the prism and scatters into 7 colors in the visible region. Each color  has 

certain range of wavelength composing of Violet in the range of 380-430, Blue in the range of 

430-500, Cyan in the range of 500-520, Green in the range of 520-565, Yellow in the range of 

565-580, Orange in the range of 580-625, Red in the range of 625-740 (25). The wavelength 

required for the sample can be fixed using the wavelength selector available with a knob. The 

quartz Cuvette containing the sample must be placed in the sample holder in such a way that 
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the transparent face must be on the path of light so that the light emerging from the prism will 

be converged to get accurate results.  

 

Measurement of Absorbance and Transmittance 

Before taking the reading for the honey samples, we need to calibrate the device by 

zero correction taking distilled water as reference. After calibration, the parameters such as 

absorbance and transmittance will be set as Abs=0.000 and %T= 1.000.Then each prepared 

honey samples were taken and these were noted for both pure and adulterated samples. 

 

Method using Acoustics 

 In this method, an experimental set up is built by assembling several components in 

such a way that the sound produced at one end must be captured in the other end. For this, we 

have used a 8 ohm speaker which produces maximum sound. This speaker is placed in the 

bottom of the setup. The entire setup must be enclosed within a plastic amplifier so that the 

sound waves produced from the speaker will not be reflected and scattered. The sound 

produced must be recorded by capturing the sound using a condenser microphone which is 

sensitive to sounds (8, 9). The spectrum can be recorded from the microphone using an 

apparatus called DSO. In between the speaker and the microphone, the sample must be placed 

in a paper cup in a plastic amplifier which has less interference in response to sound. The 

sound is generated with different frequencies using a software called Online Tone Generator. 

Several samples were placed in the cup for analyzing its reponse with and without adulterants 

one by one. For this method, no sample preparation is required. We can directly place the 

sample in the cup enclosed within the plastic amplifier. 

 Similarly, instead of recording the spectrum, the reflected sound level obtained after 

passing through the honey sample can be easily retrieved using the sound level meter.  This 

sound level meter gives the sound level in the units of decibel. Initially, the sound level is 

recorded without placing the cup and the sample. Then this procedure is repeated for each 

sample with and without adulterants. The sound level meter can be operated in two modes 

namely analog and in digital. The sound level shows the relationship with absorbance and 

reflectance.  

 

Fast Fourier Transform 

 The Fourier transform has been used to define linear systems and to extract the 

frequency components of a continuous waveform from a time domain input. However, during 
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sampling the waveform or analyzing the system on a digital computer, the finite, discrete 

version of the Fourier transform (DFT) must be understood and used. Although the DFT 

retains the majority of the properties of the continuous Fourier transform (CFT), there are a 

few differences due to the requirement that it operate on sampled waveforms defined over 

finite intervals. The fast Fourier transform (FFT) is  a faster way to compute the DFT. The 

FFT can only be used in place of the continuous Fourier transform in a manner similar to  the 

DFT, but at a significant decrease in computer time. The Fourier transform for continuous 

signals can be written in the below equations  
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 In our work, we have used FFT which converts the time domain signal obtained from 

the DSO in acoustics to frequency domain to analyze the peak variations of the pure and 

adulterated honey samples.  This process was done using a software called MATLAB.  

RESULTS AND DISCUSSION  

 The response of various honey samples with light and sound waves were studied and 

observed and it is correlated by the factors such as absorbance and transmittance. 

Response of honey to light 

 The honey samples which when placed in the path of light, some of the light energy 

gets absorbed and some get transmitted or reflected. The absorbance values increases linearly 

with increase in concentration (Table 1).  

Table 1. Absorbance Vs Concentration for Pure honey samples 

Concentration Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

1g 0.015 0.026 0.032 0.002 0.032 

2g 0.033 0.031 0.039 0.012 0.043 

3g 0.046 0.058 0.045 0.019 0.051 

4g 0.062 0.076 0.05 0.025 0.076 

5g 0.088 0.09 0.053 0.045 0.091 
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For all the samples, the absorbance values increases but when taking on comparison between 

natural and adulterated honey, it is evident that the natural honey has more absorbance than 

other samples. The natural sample in the table is Sample 5 and Sample 1 to sample 4 are 

branded honey samples. All the branded honey samples have absorbance nearly equal to the 

natural honey and are more or less same in their absorbance with minor variations. The bar 

chart for easy understanding is shown in the Fig. 1. 

 

 

Fig 1. Bar chart for Absorbance Vs Concentration from the table 1. 

 

 Transmittance of light after passing the sample will not be 100%. Some of the light 

gets reflected and refracted. The transmittance values obtained for honey samples are 

inversely proportional to absorbance (Table 2). Its graphical illustration is given in Fig.2. 

Table 2. Transmittance Vs Concentration for pure honey samples 

Concentration Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

1g 96.2 93.6 98.4 98.5 92.6 

2g 92.6 92.9 96.9 96.2 90.8 

3g 89.5 87.3 95.4 93.3 89.1 

4g 86.1 83.8 94.6 92.5 84 

5g 81.7 81.3 93.4 88.5 81 
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Fig 2. Bar chart for Concentration Vs Transmittance from the table 2. 

 

The transmittance value of natural honey sample (sample 5) is very low when compared to all 

the other samples. This means that the pure honey offers less transmittance since the atoms 

and molecules present within it will be absorbed. 

 Additionally, the effect of absorbance further decreases gradually when compared to 

samples without adulterants (Table 3). Its graphical illustration is given in Fig.3. 

Table 3. Absorbance Vs Concentration for Adulterated honey samples 

Concentration Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

1g 0.057 0.058 0.054 0.059 0.067 

2g 0.130 0.136 0.132 0.134 0.143 

3g 0.134 0.136 0.132 0.138 0.148 

4g 0.152 0.155 0.144 0.159 0.170 

5g 0.196 0.199 0.190 0.192 0.219 

 

 

Fig 3. Bar chart for Concentration Vs Absorbance from the table 3. 
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With this information, the honey having more absorbance is pure than the sample with less 

absorbance value whereas while focussing on transmittance, it is high for adulterated than the 

samples without the addition of adulterants (Table 4).  

 

Table 4. Concentration Vs Transmission for adulterated honey samples. 

Concentrations Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

1g 81.1 83.5 79.6 80.1 84.6 

2g 66.5 70.6 64.9 68.6 72.0 

3g 64.0 68.8 63.4 65.0 70.9 

4g 62.7 64.2 59.1 61.5 67.4 

5g 55.3 58.0 55.3 56.3 60.2 

 

 

 

Fig 4. Bar chart for Concentration Vs Transmittance from the table 4. 

 

Response of honey to Sound 

Any source of output sound wave will not be same as the input when it passes through 

a sample. Interference plays a major role in scattering the sound. The sound level obtained 

without placing samples are depicted in the (Table 5). 

 

Table 5. Sound level obtained without samples 

Contents / Label Sound level without samples (in dB) 

At room temperature (Open Space) 40 

Without sample holder 55 

With sample holder 50 
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 It shows the original level of sound at a given frequency. Then, with the presence of 

honey sample the sound level decreases because the honey sample absorbs some energy 

(Table 6).  

Table 6. Sound level obtained with pure and adulterated samples 

Contents/ Label Pure (in dB) Adulterated (in dB) 

Sample 1 43 30 

Sample 2 41.5 31 

Sample 3 42 30 

Sample 4 42 29 

 

In this experimental method, the natural honey sample (Sample 4) showed greater 

absorbance since little level of sound is transmitted than other branded samples which has 

high sound level. When various adulterants are added to the unadulterated honey samples, the 

sound level further decreases and showed values more or less equal to the branded honey 

samples (Table 5). With this, we can say if an unknown honey sample having sound level in 

the range close to the honey with adulterants, then that unknown sample can be treated as 

adulterated honey.  

 

Determination of Peaks using Acoustics 

 The recorded Frequency domain signals after applying FFT to both pure and 

adulterated honey samples obtained shows (Fig. 5) that the spectrum of the pure honey has a 

single peak and adulterated honey has multiple peak for each frequency tone generated. In the 

frequency of 100Hz, the variation in the peak is clearly seen as pure has single peak and 

adulterated has three peaks at different magnitudes (Fig. 5).  

   

(a) 
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(b) 

 

Fig. 5. FFT of the original tone, Pure and adulterated honey sample at  (a) 100Hz (b) 500Hz 

Similarly, there are major variations which are easily distinguishable with peaks at each 

frequency tones. The presence of adulterants in honey can be predicted with the maximum 

number of peaks in the spectrum of the sample. The Power spectral density measure also 

clearly distinguishes adulterated honey from pure honey. Moreover, if these data are collected 

in large quantity and fed as an input to deep learning neural network, this method can serve as 

an efficient tool in detecting the presence of adulterants in honey.  

 

CONCLUSIONS  

This research provides the qualitative characteristics to detect the presence of adulterants in 

honey in a simple, cost-effective and an easy to test approach. It is the first time in finding the 

correlation between light and sound source in detecting the adulterants which employs non-

destructive testing mechanisms. From all of these approaches adopted, it is evident that the 

parameters such as absorbance and transmittance of light and sound varies when it interacts 

with a viscous liquid. The frequency peaks of each sample clearly shows the difference in 

pure and adulterated honey samples. From the proposed method, we can order the honey 

samples based on quality. The order goes by Natural honey (sample 5) which stands first in 

the list, followed by sample 2 at second, sample 1 at third, sample 3 at fourth and sample 4 

stands at last position since it has least absorbance to both light and sound energy. This 

methodology can also be extended for other liquid food items. Hence, liquid food adulteration 

can be tested using Spectroscopy and acoustics. 
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