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Product Quality and Safety

Study of bee honey by spectral analysis in the near infrared spectrum

1 2 3
I. Zhelyazkova *, S. Atanasova , K. Elencheva – Karaneycheva

1Department of Animal Science – Non-ruminants and other animals, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Biochemistry Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
3Institute of Animal Science, 2232 Kostinbrod, Bulgaria

Abstract. The objective of the present study is to examine samples of bee honey of different origin and create models for their classification through spectral 
analysis in the near infrared spectrum. Representative samples unifloral (sunflower, acacia, lime and coriander), multifloral and honeydew honey are used. The 
origin of the above honey samples has been determined in advance by pollen analysis. The spectral measurement (NIR spectroscopy) of each sample was 
done non-destructively, by measuring the diffuse reflection of the honey samples using the spectral device NIRQuest 512 within the range 900–1700 nm. The 
spectral differences between the different types of bee honey have been studied. For classification of the samples based on their spectra the SIMCA method 
(Soft Independent Modeling of Class Analogy) was used. Models for distinguishing different types of bee honey – unifloral, multifloral and honeydew – have 
been obtained. The results show 100% accuracy of classification of the samples from the three groups based on the received spectral information. The most 
compact is the group of honeydew honey.

Keywords: bee honey, near infrared (NIR) spectroscopy
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Introduction geographical origin and the existence of fake products (Drash et al., 
2002; Corbella and Cozzolino, 2005; Kelly et al., 2006; Ruoff et al., 
2006; Chen et al., 2012; Li and Yang, 2012).The establishment of bee honey as valuable food product and 

The objective of the present study is to examine samples of the increase of its consumption require good knowledge on the 
honey of different origin and to create models for their classification conditions of manufacture and storage and the possible changes of 
through spectral analysis in the near infrared spectrum.the composition. Its quality as a subject of international trade is 

determined by two key regulatory documents: Council Directive 
2001/110/ EC of 20 December 2001 relating to Honey (Kirillov, 
2007). The regulations about our country stating the methods of Material and methods
analysis of bee honey are BDS 3050-80 and Ordinance № 48 of 
2003. Representative samples of unifloral (sunflower, acacia, lime 

The traditional methods for determining the chemical and coriander), multifloral and honeydew honey were used in the 
composition of food products, including bee honey, are quite labor study. The origin of the above honey samples was determined in 
intensive and time consuming, require special skills, consumables advance by pollen analysis. The spectral measurement (NIR 
and good analytical skills. This can be saved by using rapid spectroscopy) of each sample was performed non-destructively, by 
analytical technique to detect easily any non-compliance with the measuring the diffuse reflection of the honey samples with the 
regulatory requirements. As an alternative to the traditional methods spectral device NIRQuest 512. 
the spectroscopic analysis in the near infrared spectrum can be NIRQuest 512 of the company Ocean Optics is a portable 
used. Foley et al. (1998) think that the method has a number of scanning spectrophotometer operating in the range 900–1700 nm. It 
advantages over the standard methods for conducting is a new generation of spectrophotometers using fiber optic and a 
environmental studies. It is fast, inexpensive, does not require diode ruler with 512 pixels as a detector. The spectrophotometer is 
anything but a spectrophotometer, a software for processing the connected to a computer via a USB port and is controlled through the 
spectral data and a sample, preserves the integrity of the sample software package SpectraSuite of the company Ocean Optics. 
and it can be used for the other assays as well. Through the software you can choose the mode of measuring, the 

Studies so far associated with the use of infrared spectroscopy data format, to control measuring – time of measuring, number of 
for the analysis of bee honey can be divided into two groups. Some scans, number of mean values, include correction of scattering, etc. 
authors studied the potential of that method to determine the The time for each measurement can vary from microseconds to 
chemical composition (glucose, fructose, moisture, etc. content), seconds. NIRQuest spectral data are recorded as a text file and then 
and some physical properties such as electrical conductivity, optic opened in the software Pirouette 4.5 (Infometrix, Inc., USA), which is 
activity, etc. (Garcia-Alvarez et al., 2000; Lichtenberg-Kraag et further used for processing the spectral data.
al.,2002; Chen et al., 2011). Another part of the studies is related to To clarify the structure of the data analysis of the key 
the ability to distinguish bee honey according to floral origin, components is used (Principal Component Analysis). In it spectral 
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data are converted into new factors describing in a specific way the method (Soft Independent Modeling of Class Analogy) has been 
information in the spectral data. The first factor describes the used. With this method samples are divided into classes on the basis 
maximum of the spectral information, the second one - maximum of of a known parameter. In our study samples are divided into three 
the rest of the information, etc. Thus all the spectral information classes – unifloral, multifloral and honeydew honey. Afterwards a 
about the samples can be described by several factors (Principal model for each class is made through analysis of the key 
components). components.

To classify the samples based on their spectra the SIMCA 

Figure 1. Mean values of the spectral data of the samples of bee honey of the studied
types transformed as second derivative
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Figure. 2. Mean values of the spectral data of the samples of multifloral and
honeydew bee honey transformed as second derivative
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Results and discussion

Analysis of the spectra of samples of different types of bee 
honey

The average values of the spectral data of the bee honey 
samples of the studied types transformed as the second derivative, 
are presented in Figure 1. There are differences both among 
unifloral, multiloral and honey dew honew, and among the different 
types of monofloral honey. The largest differences are observed 
around 987, 1124, 1186, the range 1254–1320 and 1400–1440 nm. 
The absorption of these wavelengths is related mainly to the O-H 
and C-H groups in carbohydrates. The differences are mainly related 
to the intensity of absorption, not the position of the absorption 
maxima, and can be accounted for by the different ratio of sugars in 
the different types of honey. Of the unifloral types of honey, a 
different spectrum was observed for lime honey.

Differences in the absorption spectra between honeydew and 
other types of honey were observed predominantly in 2 spectral 
ranges – between 1280 and 1294 nm and around 1438 nm, as 
shown on Figure 2, which presents the average values of the 
spectral data for the samples of honeydew and multifloral honey.

Classification of bee honey 
Models for quality distinction of bee honey of different types – 

unifloral, multifloral and honeydew – by the SIMCA method have 
been obtained. For each class a model has been constructed on the 
basis of spectral data for the samples forming the relevant class, and 
their transformation through analysis of the main components.

A graphic illustration of the results obtained is presented in 
Figure 3. The results show 100% accuracy of the classification of the 
samples of bee honey from the three classes through the resulting 
SIMCA models based on the spectral information obtained. The 
most compact is the group of honeydew honey. The good distinction 
between the different types of honey based on the spectral values is 
confirmed by the parameter "Interclass distance", which indicates 
the distance between classes (Table 1). The biggest is the distance 

Figure 3. SIMCA classification monofloral, polyfloral and
honeydew honey. 
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Figure 4. Graph of the parameter “Discriminating power” of SIMCA classification
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Table 1. Parameter "Interclass distance" of SIMCA
classification

Unifloral honey

Multifloral honey

Honeydew honey

Unifloral honey

0.00

2.42

5.46

Multifloral honey

2.42

0.00

2.78
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between unifloral and honeydew honey. Determination of Chinese honey adulterated with high fructose corn 
The graph of the parameter "Discriminating power" of the syrup by near infrared spectroscopy. Food Chemistry, 128, 1110-

SIMCA classification is presented in Figure 4. The higher this 1114.
parameter, the more significant the absorption of the respective Chen L, Wang J, Ye Z, Zhao J, Xue X, Heyden Y and Sun Q, 2012. 
wavelength for distinguishing the three groups of honey. The graph Classification of Chinese honeys according to their floral origin by 
shows these significant wavelengths. The absorption of these near infrared spectroscopy. Food Chemistry, 135, 338-342.
wavelengths can be associated with the following chemical bonds: Corbella E and Cozzolino D, 2005. The use of visible and near 
C-H at 909, 925, 1188 and 1620 nm; O-H at 1073 nm; and N-H at infrared spectroscopy to classify the floral origin of honey samples 
1562 nm. The main part are ones with spectral differences observed produced in Uruguay. Journal of near infrared spectroscopy, 13, 63-
between the different types of honey, as shown in Figure 1 and 2. 68.

The main differences between nectar and honeydew honey are Council Directive 2001/ 110/ EC of 20 December 2001
related to the difference in the content of certain sugars, the mineral Cozzolino D, Corbella E and Smyth H. 2011: Quality Control of 
composition and the content of certain amino acids. For example, in Honey Using Infrared Spectroscopy: A Review, Applied 
honeydew honey dextrins are about 4–6 times more than in nectar Spectroscopy Reviews, 46, 7, 523-538.
honey and this accounts for its difficult crystallization. Honeydew Drash L, Afik O, Shafik S, Schaffer A, Yeselson Y, Dag A and 
honey is richer in minerals – their concentration is 1 to 1.5%, while in Landau S, 2002. Determination by near infrared spectroscopy of 
nectar honey they are about 0.4%. In honey there is a large number perseitol used as a marker for the botanical origin of avocado 
of free or bound amino acids and depending on their botanical origin, (Persea Americana Mill) honey. Journal of Agricultural and Food 
differences in the composition of amino acids contained in honey are Chemistry, 50, 5283-5287.
observed. Foley WJ, McIlwee A, Lawler I, Aragones L, Woolnough AP and 

The most significant wavelengths to distinguish the three Berdig N, 1998. Ecological applications of near infrared reflectance 
groups of honey can be explained by the differences in the spectroscopy: A tool for rapid, cost-effective prediction of the 
composition of honeydew and nectar honey, as well as the composition of plant and animal tissues and aspects of animal 
differences among the different types of unifloral and multifloral performance. Ecology, 116,293-305.
honey. Garcia-Alvarez M, Huidobro JF, Hermida M and Rodrıguez-

Otero JL, 2000, Major Components of Honey Analysis by Near-
Infrared Transflectance Spectroscopy. Journal of Agriculture and 
Food Chemistry, 48, 5154-5158.Conclusion
Kelly JD, Petisco C and Downey G, 2006. Potential of near infrared 
transflectance spectroscopy to detect adulteration of Irish honey by 

Differences have been found between the spectra in the near 
beet invert syrup and high fructose corn syrup. Journal Near-Infrared 

infrared area of the honey samples of the studied types both 
Spectroscopy, 14, 139-146.

between unifloral, multifloral and honeydew honey and between the 
Kirilov N, 2007. Bee products food and healing power. Enyovche 

different types of unifloral honey. Of the unifloral types of honey, a 
Publishing House, Sofia (Bg).

more different spectrum is observed for lime honey.
Li Y and Yang H, 2012. Honey Discrimination Using Visible and 

The results obtained from the SIMCA models show 100% 
Near-Infrared Spectroscopy. ISRN Spectroscopy, 2012, Article ID 

accuracy of the classification of the samples of bee honey from the 
487040, 4 pages,doi:10.5402/2012/487040.

three groups. The most compact is the group of honeydew honey.
Lichtenberg-Kraag B, Hedtke C and Bienefeld K, 2002. Infrared 

The good distinction among the different types of honey based 
spectroscopy in routine quality analysis of honey. Apidologie, 33, 

on the spectral values is confirmed by the parameter "Interclass 
327-337.

distance", which indicates the distance between the classes.
Regulation N 48/ 2003 – on the rules and methods of sample taking 
and methods used for analysis of bee honey, SG N 103/ 25 
November 2003 (Bg).
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of Honey by Near-Infrared Spectroscopy. Journal of Agriculture and BDS 3050-80 – Bee honey. Rules for sample taking and test 
Food Chemistry, 54, 6867-6872.methods (Bg).

Chen L, Xue X, Ye Z, Zhou J, Chen F and Zhao J, 2011. 
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