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Abstract 

A simple and rapid test for honey authentication is required particularly for the food 

industry to assure the quality of honey. The conventional methods for honey 

authentication are costly, requires a long waiting time to obtain results, requires highly 

skilled personnel, and is difficult in terms of sample preparation. The electronic tongue 

can be utilized as an alternative technique for honey authentication. The electronic tongue 

frameworks are depended on an array of sensors with low selectivity while being sensitive 

to several components in the measured sample. The signals gathered by the sensors are 

processed through pattern recognition tools to produce prediction models that permit the 

grouping of the samples and the measurement of a portion of their physicochemical 

properties. Papers that were published from 2015 to 2020 from several databases such as 

Google Scholar, ScienceDirect, and Pubmed were collected to obtain abstracts and 

original articles related to the authentication of honey-based on sugar content as well as 

geographical and botanical origin. This review highlighted the electronic tongue as a 

simple and rapid test for honey authentication, several original papers also compare the 

validity of electronic tongue with the high-performance liquid chromatography methods as 

the gold standard. 

1. Introduction 

Demands for honey is currently experiencing an 

increase due to the Covid-19 pandemic. In addition to 

vitamin, herbs, and micronutrients, honey could be used 

as an immune booster to prevent the SAR-CoV2 

infection. The increasing demand for honey has 

sharpened the gap between supply and demand. Before 

the pandemic, according to the Ministry of Forestry, the 

Republic of Indonesia, the need for honey in Indonesia 

reached 7,000-15,000 tons per year, while the production 

was only 4,000 – 5,000 tons per year (IPB University, 

2019). On the other hand, air pollution, new fast-

spreading fungal diseases and parasites, and the loss of 

habitat for flower caused a decrease in global honeybee 

populations. As a result, there are many honey 

adulterations conducted to overcome the gap between 

supply and demand. Honey can be adulterated in two 

ways, namely direct and indirect adulteration. In terms of 

direct adulteration, the direct addition of certain 

substances such as glucose, fructose, or sucrose to the 

honey is carried out. Meanwhile, indirect adulteration 

occurs when honeybees are fed with adulterating 

substances (Zábrodská and Vorlová, 2014). According to 

the standards of Codex Alimentarius (FAO, 2001), 

“honey is a natural sweet substance produced by 

honeybees from the nectar of plants or from secretions of 

living parts of plants or excretions of plant-sucking 

insects on the living parts of plants, which the bees 

collect, transform by combining with specific substances 

of their own, deposit, dehydrate, store and leave in the 

honeycomb to ripen and mature”. This definition 

suggests that the addition of substances to the honey is 

not allowed, even in small quantities. 

The authenticity of honey can usually be seen from 
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its production as well as its geographical and botanical 

origin. In terms of production, honey adulteration can be 

carried out by adding other food components, whereas 

based on the geographical regions or botanical origin, 

certain types of honey have a higher economic value. 

Hence, it is important to assess honey authenticity. There 

are many kinds of methods used to authenticate honey. 

The detection of honey adulteration can be done with 

traditional technologies such as NMR spectroscopy (He 

et al., 2020; Song et al., 2020), HPLC (Stanek et al., 

2019; Aykas et al., 2020; Guzelmeric et al., 2020), stable 

carbon isotopic ratio mass spectrometry (SCIRA) (Geanâ 

et al., 2020), as well as the reflectance-Fourier 

transforms infrared spectroscopy (Riswahyuli et al., 

2020). However, these techniques are expensive requires 

an extended amount of time to obtain results, requires 

highly skilled personnel, and is difficult in sample 

preparation (Sobrino-Gregorio et al., 2017). Therefore, 

simple and rapid technologies are needed to authenticate 

honey. 

The electronic tongue frameworks are constructed on 

an array of sensors with low selectivity while being 

sensitive to several components in the measured sample. 

The signals gathered by the sensors are processed 

through pattern recognition tools to produce prediction 

models that permit the grouping of the samples and the 

measurement of a portion of their physicochemical 

properties (Sobrino-Gregorio et al., 2018). This review 

will outline the research published in the last five years 

on honey authentication utilizing an electronic tongue. 

Firstly, a brief explanation of the electronic tongue's 

principle of analysis was explored. Secondly, the 

authentication of honey according to the simples sugar 

content using an electronic tongue was discussed as 

simples sugar such as cane sugar, corn sugar, and 

cassava sugar are widely used to adulterate honey in 

Indonesia. Several methods such as HPLC, NMR 

spectroscopy, and SCIRA were compared with the 

electronic tongue for the validation of the electronic 

tongue. Finally, as the monofloral honey from a certain 

origin has a higher economic value, the use of the 

electronic tongue to differentiate honey based on 

geographical and botanical origin was explored to 

evaluate the honey adulteration. 

 

2. Methodology 

Original papers, abstracts, and reports related to the 

authentication of honey were collected from several 

databases such as Google Scholar, ScienceDirect, and 

Pubmed. The keywords used during the search for 

information were authentication, honey, and electronic 

tongue. Papers included were published from 2015 until 

2020 to perform this review. A total of 347 research 

articles were found in the Google Scholar database, 73 

research articles in the ScienceDirect database, and 4 

articles in the Pubmed database. The articles were 

selected according to the relevance with the aim of this 

review. 

 

3. Electronic tongue 

Electronic tongue or e-tongue is an electrochemical-

based sensing tool, which is a technique for analysing 

food quality (Veloso et al., 2018). E-tongue is a 

qualitative analysis technique that allows classification 

and identification of samples, by working depending on 

the composition of the sensor array and mathematical 

procedures as well as multivariate data processing 

techniques (Sobrino-Gregorio et al., 2018). 

The e-tongue system is based on a series of sensors 

with low selectivity but which are sensitive to several 

components in the sample namely cross-sensitivity. The 

signal will be collected through sensors and processed by 

identifying patterns to produce a predictive model that 

allows classification of the sample and calculating the 

number of certain physicochemical components in it. 

The resulting data is then processed using multivariate 

analysis techniques such as PCA (principal component 

analysis), LDA (linear discriminant analysis), or CA 

(cluster analysis). PCA is most often used to distinguish 

between samples (for example, between pure honey and 

refined sugar syrup), to calculate the amount of 

additional components in honey that has been 

adulterated, and to distinguish the level of addition of 

other components in honey (Sobrino-Gregorio et al., 

2018). 

The e-tongue can be used to evaluate food quality in 

the form of liquids, such as milk, tea, honey, and others. 

The e-tongue is able to detect markers of honey 

adulteration and can distinguish between pure honey and 

honey adulterated with sugar syrup, as well as estimating 

the level of adulteration. In recent decades, e-tongue has 

been reported to be able to classify honey according to 

its geographical origins and detect the presence of 

unnatural chemical components in honey. According to 

Zábrodská and Vorlová (2014), e-tongue is able to 

independently distinguish honey from monofloral or 

polyfloral nectar, honey made from sugar syrup, and a 

mixture of honey with sugar syrup. The use of e-tongue 

for honey evaluation can be potentiometric or 

voltammetric based. Voltammetry bases are the most 

widely used with high sensitivity, flexibility and 

simplicity. This voltammetric test-based e-tongue works 

through 4 electrodes (Ir, Rh, Pt, Au) in a stainless-steel 

cylinder which is used as part of the e-tongue tools 
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(Sobrino-Gregorio et al., 2018). 

According to Veloso et al. (2018), the e-tongue 

electrochemical device is known as an innovative 

detection technology, works fast, is flexible, sensitive, 

accurate, has easy procedures, and does not require 

specific operators. However, like all other method 

devices, the e-tongue also has its disadvantages, namely 

that the e-tongue sensor needs to be conditioned and 

calibrated using an acid or electrolyte solution when it is 

used. This method also requires some special cleaning 

procedures, namely when the measurement is taking 

place or after the test is complete, this is done to clean 

the remaining sample from the sensor surface, ensuring 

the resulting signal remains stable and can be used again. 

This sensor cleaning system requires special care and 

expense (Sobrino-Gregorio et al., 2018). 

 

4. Honey authentication using electronic tongue 

based on the simple sugar content 

According to Se et al. (2019), various biochemical 

parameters can be measured to detect honey adulteration, 

including sucrose content, fructose-glucose-sucrose 

profile, oligosaccharide content, proline content, and 

hydroxymethylfurfural (HMF) levels. HMF is a good 

indicator for detecting adulterated honey because it can 

indicate the presence of inverted sugar. According to 

Suhartini et al. (2018), HMF is a compound resulting 

from the decomposition of fructose that should not be 

present in pure honey, so that it can be a sign of 

inadequate storage, excessive heating, or adulteration 

with added sugar. In pure honey, most of the 

carbohydrates contained are from the monosaccharide 

type glucose and fructose, and there is only a small 

amount of the type of oligosaccharide. According to The 

Codex Alimentarius and Indonesian National Standards 

(SNI number 01-3545-2013), the sugar content of honey 

is listed in Table 1. 

According to Damto (2019), no oligosaccharides 

with a degree of polymerization of more than 5 are found 

in honey, but these oligosaccharides are abundant in 

starch syrup, so the high content of oligosaccharides is 

also an indicator of adulteration of honey with starch 

syrup. In addition, diastase enzyme activity also has an 

important role in detecting concentrations and classifying 

types of additives in honey. The amount and activity of 

the diastase enzyme decreased in the adulteration of 

honey with sucrose syrup and HFCS (Suhartini et al., 

2018; Damto, 2019). Chemical composition analysis is 

usually used to detect direct adulteration, but this method 

is relatively time-consuming, requires sample 

preparation and equipment, as well complex analysis 

(Zábrodská and Vorlová, 2014). Carbohydrate 

composition, mainly the concentrations of fructose and 

glucose, as well as their ratio, have been useful 

indicators for the classification of unifloral kinds of 

honey as independent parameters or combined with other 

physicochemical parameters, such as electrical 

conductivity (Karabagias, 2019).  

Type of Sugar SNI Codex 

Glucose and Fructose1 Min 65% Min 60% 

Sucrose2 Max 5% Max 5% 

Hydroxymethyfurfural (HMF)3 Max 50 mg/kg Max 40 or 80 mg/kg 

Diastase enzyme activity4 Min 3 Shade Units Min 3 Shade Units 

Water content Max 22% Max 20% 

Free acidity Max 50 ml NaOH/kg Max 50 milliequivalents acid per 1000g 

Water Insoluble Solids Content  Max 0.5% Max 0.1% or 0.5% for pressed honey 

Ash Max 0.5%  

Heavy metal   
Lead Max 2.0 mg/kg 

Absent or not to exceed maximum levels 

allowed 

Cadmium Max 0.2 mg/kg 

 Mercury Max 0.03 mg/kg 

Arsenic Max 1.0 mg/kg 

Chloramphenicol Not detected 

Table 1. Sugar and other chemical composition of honey-based on Indonesia National Standards (SNI 01-3545-2013) 

1The content of glucose and fructose according to the Codex Alimentarius is the sum of glucose and fructose, while according to 

SNI, it was calculated based on the reducing sugar content 
2Several kinds of honey such as Alfalfa (Medicago sativa), Citrus spp., False Acacia (Robinia pseudoacacia), French 

Honeysuckle (Hedysarum), Menzies Banksia (Banksia menziesii), Red Gum (Eucalyptus camaldulensis), Leatherwood 

(Eucryphia lucida), Eucryphia milligani could contain sucrose maximum at 10%, while Lavender (Lavandula spp) and Borage 

(Borago officinalis) could contain sucrose maximum at 15% 
3The HMF content shall not be more than 40 mg/kg, with an exception of honey from countries or region with tropical ambient 

temperatures which allowed HMF content maximum at 80 mg/kg 
4In general not less than 8 Schade units and in the case of honey with a low natural enzyme content not less than 3 Schade Units. 
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For many years, sugar-based syrups are chosen to 

adulterate honey. There are 2 types of honey adulteration 

with sugar, namely direct and indirect adulteration. 

Direct adulteration is directly added honey with syrups, 

whereas indirect adulteration is feeding the honeybees 

with sugars to obtain more honey during the harvest 

time. This kind of adulteration is difficult to detect since 

sugar syrups have a similar chemical composition to 

honey. The honey adulterants include fructose syrup, 

sugar cane, sucrose, date syrup, invert sugar, rice syrup, 

maltose syrup, as well as corn syrup (Aliaño-González et 

al., 2019; Se et al., 2019). Hence, it is important to 

discriminate pure honey from adulterated honey. 

Adulteration of honey with sugar addition can be 

detected using a method of AOAC 977.20 for sugar 

profile and a method of AOAC 991.41 internal standard 

for SCIRA (stable carbon isotope ratio analysis). As it is 

mentioned before, these methods cannot be used as a 

rapid and easy method for honey authentication. Hence, 

the development of e-tongue for honey authentication is 

needed.  

Several studies had already used e-tongue for honey 

authentication based on sugar profiles (Table 2). The 

chemometric-integrated voltammetric e-tongue could 

detect adulteration with sugar syrups as low as 2.5% 

(Sobrino-Gregorio et al., 2018). 

The possibility of assessing honey authenticity 

through the identification of sugar syrup adulterants had 

been evaluated by using physicochemical methods in 

addition to a rapid and effective voltammetric e-tongue 

method, thus, achieving incorrect classification 

methodologies (Oroian et al., 2018). A pulse 

voltammetry electronic tongue system (with Ir, Rh, Pt, 

and Au working electrodes), including PCA analysis, 

was capable of discriminating between different types of 

pure honey, syrups, and different levels of adulterants 

incorporated in honey. PLS models were proposed so as 

to predict the addition of syrups in honey, hence the 

addition of syrups can be estimated quantitatively 

(Sobrino-Gregorio et al., 2018). An electronic tongue 

(based on seven potentiometric chemical sensors and an 

Ag/AgCl standard electrode), as well as PCA analysis, 

was more suitable for honey authentication compared to 

spectral data (NIR, MIR) (Gan et al., 2016).  

 

5. Honey authentication using electronic tongue 

based on geographical and botanical origin 

Honey may be a complicated product, with its 

composition varying depending on the kind of flower, 

bee species, geographic region, season, and storage 

conditions (Jovetić et al., 2017). Kinds of honey with 

identical floral origin may have different chemical 

compositions due to different weather conditions and soil 

characteristics. Investigations of floral and geographical 

origins are important issues for the authentication 

process. Selection of suitable instrumental techniques 

and specific markers able to resolve these issues may be 

a challenge (Zábrodská and Vorlová, 2014).  

Purpose E-tongue Condition Country Remarks References 
To discriminate 

Hungarian honey based 

on physicochemical 

properties 

  

αAstree electronic tongue 

(ET) consist of a sensor 

array with seven 

potentiometric sensors 

developed for food 

applications and an Ag/

AgCl reference electrode. 

Hungary Results showed that the merged data 

of electronic tongue and electrical 

conductivity provided the best 

models for the prediction of the main 

physicochemical properties of honey. 

Koncz, Bodor, 

Kaszab et al. 

(2017); 

Koncz, Bodor, 

Rashed et al. 

(2017) 

To detect adulteration of 

honey with Barley, corn, 

and brown rice syrups 

(2,5%, 5%, 10%, 20%, 

and 40%) 

Pulse Voltammetric 

electronic tongue/PCA, 

PLS 

Spain PCA analysis revealed that the e-

tongue is able to discriminate 

between pure honey, syrups, and 

different levels of adulterants. 

Sobrino-

Gregorio et al. 

(2018) 

To evaluate the 

physicochemical 

properties of linden and 

acacia honey (authentic 

and adulterated ones 

with sugar syrup) using 

standard methods as well 

as electronic sensory 

technique namely e-

tongue and e-nose 

A commercial e-tongue 

was performed by αAstree 

electronic tongue. 

The commercial NST3320 

type electronic nose was 

used as well. 

  

  

Hungary E-tongue could recognize and predict 

between adulterated and authentic 

honey >90% compare to the standard 

method, whereas e-nose has the 

ability >80%. 

Adulteration with 10% of sugar is 

more difficult to detect compared to 

20% and 50% sugar syrup addition. 

Bodor et al. 

(2020) 

Table 2. Summary of several studies regarding honey authenticity using e-tongue to detect sugar syrups as adulterants (research 

articles between 2017-2020) 

PCA: principal component analysis, PLS: partial least square 
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The e-tongue and e-nose analyses supported by 

chemometrics are widely utilized with good success for 

differentiating kinds of honey collected from different 

botanical and geographical origins (Huang et al., 2015; 

Bougrini et al., 2016). Different types of classification 

models were constructed and compared based on the 

fingerprints of e-tongue sensors, NIR as well as MIR 

spectra of pure and adulterated honey (Gan et al., 2016). 

Gan et al. (2016) assessed four PCA models based on the 

characteristics of e-tongue, likewise NIR and MIR 

spectra to group the pure honey and adulterated honey 

with rice syrup (RS) and corn syrup (COSS) as much as 

5, 10, 20, and 40%.  

In general, the authentication of the botanical origin 

of honey involves the identification and quantification of 

honey specific compounds and properties, followed by 

comparison with naturally present values. The classical 

approaches used for the authentication of monofloral 

honey are supported by honey’s physicochemical, 

melissopalynological, and sensory analysis. The rapid 

techniques for the honey classification and prediction 

based on botanical and geographical origin can be done 

with potentiometric and voltammetric electronic tongues 

(Bougrini et al., 2016). Pattern recognition techniques 

(PCA, DFA, PCR, PLSR, and LS-SVM) applied to the 

electronic tongue’s signals give very stable performances 

in predicting the botanical origin of honey with different 

geographical origins (Wei and Wang, 2014). Although 

the electronic nose and the electronic tongue devices 

ensure good discrimination of honey, depending on 

botanical origin, however, spectroscopic techniques, e.g., 

NIR and MIR, are preferred, because of their higher 

Purpose E-tongue Condition Country Remarks References 
To detect the authenticity 

of 55 honey samples and 

adulterated honey 

samples with fructose, 

malt wort, IS and HIS 

Voltammetric e-tongue 

with PLS-LDA, MLR 

Romania Using e-tongue data, 83.33% LDA 

correct classification of authentic and 

adulterated honey was achieved. 

Oroian et al. 

(2018) 

To authenticate 5 types 

of honey using a 

voltammetric tongue 

VE tongue using 6 

electrodes (silver, gold, 

platinum, glass, zinc oxide 

and titanium dioxide). The 

data was analyzed using 

PCA and LDA 

Romania The electrodes of titanium dioxide, 

zinc oxide, and silver were more 

useful than the others since they give 

a better classification of honey 

according to the botanical origin. 

Pauliuc et al. 

(2020) 

To compare e-tongue 

with 

melissopalynological 

analysis in pollen 

profiles analysis 

A commercial 

potentiometric E-tongue 

(αAstree, Alpha M.O.S., 

Toulouse, France) with 

seven potentiometric 

sensors 

Italy 100% results matched between 

melissopalynological analysis with 

the potentiometric electronic tongue 

Di Rosa et al. 

(2018) 

To evaluate the 

alectrochemical data 

from 5 different honey 

(acacia, sunflower, tilia, 

honeydew, and 

polyfloral) 

Voltammetric electronic 

tongue with Ag/AgCl 

reference electrode, glassy 

counter electrode, and Au, 

Ag, Pt, or glassy working 

electrode. 

The electrochemical data 

were analyzed with 

principal component 

analysis (PCA) and linear 

discriminant analysis 

(LDA). 

Romania The silver and gold electrodes could 

classify honey much better than glass 

or platinum electrode. 

Oroian and 

Ropciuc (2019) 

To discriminate honey of 

botanical origin 

e-tongue with 4 conducting 

materials namely thermal 

evaporated thin film of 

gold on a glass slide, a 

carbon film, a glass slide 

coated with an Indium-Tin-

Oxide (ITO) layer, and a 

highly doped n-type silicon 

Morocco The e-tongue can distinguish honey 

with almost identical sugar and 

moisture contents. The gold electrode 

has much better result compare to 

others. 

  

Elamine et al. 

(2019) 

Table 3. Authentication of honey using e-tongue based on botanical and geographical origin (research articles between 2017-

2020)  

PCA: principal component analysis, PLS: partial least square, LDA: linear discriminant analysis  
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accuracy. Additionally, methods of sample preparation 

and pre-treatment are needed in the sensory analysis 

(e.g., equilibration of honey aroma within the case of 

electronic nose and sample dilution within the case of the 

electronic tongue), thus affecting the applicability for 

real-time and on-site measurement (Gan et al., 2016).  

Several studies pertaining to discrimination of honey

-based on botanical and geographical origin have been 

done internationally in some countries in Europe such as 

Romania (Oroian, Amariei, Rosu, et al., 2015; Oroian, 

Prisacaru, Hretcanu et al., 2015; Oroian and Ropciuc, 

2018; Oroian et al., 2018; Oroian and Ropciuc, 2019; 

Pauliuc et al., 2020), Greece (Karabagias et al., 2017; 

Karabagias, Nikolaou and Gatzias, 2017), Italy 

(Bontempo et al., 2017; Di Rosa, Leone, Scattareggia et 

al., 2018; Di Rosa, Leone, Cheli et al., 2018; Di Rosa, 

Marino, Leone et al., 2018), Morocco (Elamine et al., 

2019), as well as other countries such as Africa (Adgaba 

et al., 2017) and Australia (Sniderman et al., 2018). 

However, only several studies are using the electronic 

tongue to discriminate kinds of honey (Table 3). 

One of the naturally present substances in honey that 

can be used to discriminate honey is pollen. Pollen 

analysis is effective for discriminate honey produced in 

different areas. However, it has limitations since it is 

laborious and time-consuming (Sniderman et al., 2018). 

Physicochemical parameters namely pH, electrical 

conductivity, moisture, ash content, total acidity, 

viscosity, colour, as well as sugar composition can be 

applied as good discrimination of honey-based on their 

geographical origin. This is indicating that the 

physicochemical parameters of honey represent 

important tracers for honey geographical origin 

determination (Adgaba et al., 2017).  

 

6. Conclusion  

The e-tongue is a highly convenient tool for carrying 

out an authenticity test on honey. Therefore, it is a 

promising tool in the future to ensure the quality of 

honey. However, several efforts are needed to assemble 

the basic characteristics of the various honey and sugar-

based adulterants in relation to the developed e-tongue, 

as well as the need for a more versatile sensor that can 

accurately examine the authenticity of honey. By 

combining the chemometrics data analysis with the e-

tongue output characteristics, on-site accurate and large-

scale screening of quality of honey samples becomes 

possible, as these biosensors are capable to detect 

adulterations in honey to as low as 2.5%.  
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