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Abstract

:

Infrared spectroscopy is a widely used method of analysis to monitor various characteristics in the honey products analysis, to highlight these changes and to detect fraudulent modifications. In this way honey products could not be avoided. This article reviews some of the most important applications of these spectroscopic procedures in order to discriminate different types of honey and other products published between 2015–2022.
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1. Introduction


In this period of globalization, the markets have given consumers access to a large variety of foods, so everyone can taste food flavors and aromas of different nations.



Honey is defined as “the natural sweet substance, produced by honey bees 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 honeycombs to ripen and mature ” [1,2].



It is estimated that the world honey market will reach 2.4 million tonnes by 2022, most of them being monofloral or having a specific geographical origin [3].



Honey is recognized for its high nutritional value (330 kcal/100 g), and its main feature is the rapid absorption of carbohydrates on consumption. It presents anti-bacterial and anti-inflammatory properties, being used in the treatment of different diseases, such as skin wounds and gastrointestinal problems [4,5,6]. Moreover, the consumption of honey is beneficial to the immune system and for cancer and metastasis prevention [6,7,8]. It has been demonstrated that the composition and properties are closely correlated with the botanical origin of nectars or secretions [9,10,11,12].



It was established that honey is a supersaturated sugar solution, with more than 95% saccharides, but there are also disaccharides and trisaccharides, as well as proteins, free aminoacids, vitamins and minerals, all of which influence its organoleptic and nutritional properties [9,13,14].



There is a great variety of monofloral and polyfloral honeys on the market, and each of them can be characterized by specific physical and chemical properties. When talking about the floral origin, the specialists refer to the physico-chemical and microscopic characteristics of the source, which must represent more than 45% of a single plant and can reach 90%, while a polyfloral honey presents a variable percentage of different plants [4,15,16,17]. It is necessary to mention that absolutely unifloral honeys do not exist because the bees never visit only one plant species.



Honey authenticity has two major aspects: (i) origin of the honey, which includes geographical and botanical origin, and (ii) the mode of honey production, which is related to the harvesting of honey hives and processing. For botanical origin determination, it is better to perform a melissopalynogical analysis [18], which is for the moment, the single recognized method of analysis, as well as sensory and some physico-chemical analysis, and finally, all the results must be used for a proper determination.



One of the simplest methods that can give us a lot of data correlated with the chemical composition of any sample is infrared spectroscopy. As it is known, any infrared spectrum offers a unique fingerprint, and so it is possible to discriminate a specific compound from all others.



The authenticity of honey has two different aspects, one related with its composition and the other with its geographical and botanical origin [19]. Some researchers utilize the characteristic peaks of volatile and semivolatile chemicals in order to determine its variation with floral origins and honey processes [11,20].



The aim of this review is to present some of the most important papers, published in the period 2017–2022, related to the use of the Fourier Transform Infrared Spectroscopy technique for honey product discrimination and botanical origin determination. There are several other reviews that provide information for the research community in order to develop a highly sensitive and accurate point-of-care honey analysis [21,22,23]. Taking into account that this issue is dedicated to Chemistry Research in Romania, the first part of this review will be related to papers published by Romanian researchers while the second will be related to other international researchers.




2. Applications of Fourier Transform Infrared Spectroscopy


The first study, which we must mention in this review, is the result of Romanian and French researchers’ collaboration [24]. In this research, two models were obtained in order to discriminate between different samples of honey using infrared spectra. The monofloral origins of acacia, colza, linden and sunflower were first confirmed by the melissopalyonogical method [18,19].



Figure 1 shows the averaged infrared spectra after excluding the ranges 1610–1700 cm−1 and 3000–4000 cm−1 (marked in gray) that correspond to the O-H vibrations [25].



In the present work, the best discrimination potential proved to have, in this order, the spectral ranges: 1580–1600; 1075–1195 and 1450–1458 cm−1, corresponding to C=O vibration, mainly of carbohydrates [26], C–O stretching vibration of phenolic compounds [27] as well as to C–C and C–O stretching vibrations of lipids from pollen [28]. It was concluded that the floral discrimination can be performed based on carbohydrate content, lipids from pollen, phenolic compounds and aminoacid composition.



The different samples of acacia, colza and linden were correctly classified, while for sunflower, 1 sample out of 3 was misclassified as colza honey.



The attempt to determine the country of origin gave completely correct results, and the parameters studied are very useful for discrimination.



In another research, different samples of raspberry, mint, rape, sunflower, thyme, acacia and tilia honey were used for the determination of monofloral discrimination (Figure 2) [29].



All the spectra present characteristic peaks at 3297 cm−1 and at 2932 cm−1 due to the presence of water and, respectively, to C–H stretching in carboxylic acids and NH3 stretching in free aminoacids [30,31]. The differentiation was performed in the region of 1800–750 cm−1, which is preferred for the spectral analysis of honey. Plus, the Romanian honey samples used in this study presented an absorption band around 1640 cm−1, due to both water and a small amount of protein molecules [31] due to the difference in water content, water-carbohydrate interactions and protein content. The peaks from 1175 to 940 cm−1 corresponded to C–O stretching in carbohydrates, as follows: 1148 cm−1 was specific to sucrose, 1087 and 1043 cm−1 to the presence of glucose and fructose, and 983 cm−1 and 965 cm−1 to fructose [32].



Apart from the studies carried out by Romanian researchers, there are other numerous studies performed by other international research groups.



In another research, a study was performed in order to determine the botanical origin of honey samples specific to the Anatolia region using different multivariate analysis techniques (hierarchical clustering and Principal Component Analysis, PCA) to the Attenuated Total Reflectance (ATR)-FTIR spectroscopic data [30]. This study discriminates the characteristics of Anatolian honey samples from different botanical origins based on the differences in their molecular content, rather than giving numerical information about the constituents of samples. Moreover, the study tries to differentiate in authentic honey samples from the natural ones precisely, with discrimination in the same spectral region, 1800–750 cm−1, and using hierarchical clustering analysis.



Figure 3 shows the comparative infrared spectra of honey samples in the 4000–650 cm−1 region.



It was concluded that there are many considerable variations in the spectral parameters of honey samples that come from different botanical origins. New research was performed in order to correlate near-infrared (NIR) vibration bands to physico chemical parameters using different honey samples from Brazil (Roraima State, northern Brazil, and Paraná State, southern Brazil) [34].



Figure 4 shows the NIR spectra of the honey samples after base line correction and smoothing through the Savgol algorithm [35].



The results obtained using PCA from NIR spectroscopy were identical to those from the ComDim multiblock analysis (“Common Dimensions”), so it is easier to replace the physico chemical parameters determination by NIR spectroscopy in the honey sample discrimination [37,38].



In another study, four unique varieties of honey (saffron, apple, cherry, and Plectranthus rugosus) from the Kashmir valley of India were studied, taking into account the principal physico-chemical parameters and carbohydrate profile [39], obtained in the region 1400 to 750 cm−1, which corresponds to the most sensitive absorption region of the sugars by using FTIR–ATR.



A representative ATR-FTIR spectrum of saffron honey is presented in Figure 5.




3. Conclusions


Honey discrimination can ensure honey quality and safety and can facilitate the advancements of the apicultural industry. The identification and characterization of the botanical and geographical origins of honey are complicated. Because the component soft he different honey types are generally similar, spectroscopic techniques such as IR can be a useful method for honey authentication, being preferred in the analysis of honey due to its major advantages, such as being non-destructive and short time-consuming. The advantages of this method are that it is fast, reliable and easy to use. Plus, it requires minimal or no sample preparation and only a very small amount of the sample.



ATR-FTIR spectroscopy in combination with multivariate analysis enables the extraction of useful quantitative information via single rapid measurement for the classification of the botanical origin of honey samples.



The carbohydrate profile of studied honey revealed that all the unique honey varieties possessed reducing sugars, mainly fructose and glucose in the largest portion, and also small quantities of disaccharides and trisaccharides. Vibrational spectra recorded by using FTIR–ATR were shown to be a good methodology in the evaluation of sugars in honey.
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Figure 1. The FTIR spectra of honey samples from Romania and France regions, where the areas excluded are presented in gray. (Reprinted with permission from ref. [24]). 
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Figure 2. The FTIR spectra of honey samples of different botanical origin: raspberry, mint, rape, sunflower, thyme, acacia and tilia honey. (Reprinted with permission from ref. [29]). 






Figure 2. The FTIR spectra of honey samples of different botanical origin: raspberry, mint, rape, sunflower, thyme, acacia and tilia honey. (Reprinted with permission from ref. [29]).



[image: Chemistry 04 00060 g002]







[image: Chemistry 04 00060 g003 550] 





Figure 3. Characteristic FTIR-ATR spectrum of the honey bee hemolymph (spectral range: 4000–600 cm−1) with assignation of major underlying molecular vibrations. (Reprinted with permission from ref. [33]). 
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Figure 4. NIR spectra of all honey samples. (Reprinted with permission from ref. [36]). 
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Figure 5. Representative FTIR–ATR spectrum of saffron honey in the 4000–400 cm−1 spectral region. (Reprinter with permission from ref. [39]). 






Figure 5. Representative FTIR–ATR spectrum of saffron honey in the 4000–400 cm−1 spectral region. (Reprinter with permission from ref. [39]).



[image: Chemistry 04 00060 g005]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Absorbance

Absorbance

0.85
0.8
0.75
0.7
0.65
0.6

0.55-

0.5
045
04
035
0.3
0.25
0.2
0.15
0.1

0.05-

0

1300 1450 1400 1350 1300

/A

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
Wavenumbers [1/cm]

1000 950 900 850 200 750 700 650
Wavenumbers [1/cm]

1250 1200 1150 1100 1050





nav.xhtml


  chemistry-04-00060


  
    		
      chemistry-04-00060
    


  




  





media/file2.png
Transmittance

100 -

(%)
o
o

20 -+

4000 3000 2000 1000 cm™





media/file5.jpg
Absorbance

0.40 4

0354

0304

0254

0204

0.154

0.104

0.054

O-H stretching G-0-P, PO¥-C—N stretching
(H;0 and carbohycrates) (phospholipids)
C-0 stretching
(carbonycrates)

C=0, C-Nstretching  N_H deformaion,
Amide | (proeins) ¢y gietching

I (proteins)

Aliphatic C-H stretching
(proteins, lpids)

M

c=0, cn). G-H deformation
(amino acids)

-0.05
4000

3500 3000 2500 2000 1500 1000

Wavenumber/cm™





media/file3.jpg





media/file1.jpg
100

3
(%)
Pduenwsuely

2000 1000 cm?

3000





media/file7.jpg
Second derivative

%107

1000

1100

1200 1300 1400
Wavelength (nm)

1500

1500






media/file10.png
Absorbance

0.32 -

0.30

0.28

0.26

0.24 -
0.22 -
0.20 =

0.18 -

0.08 ;

0.06

0.04 -
0.0 =
0.00 =

_ﬂ-m -

sample(7) 3071 106 B3.5865

1026.448 8.360
2932 149 0.722

1415225 0.951 516.486 0.20

870 0.220

1643203 2838  [=+-008 0.358
1255602 §.301
1146.806 O[196
21573399 0338 o7 488 0,143 . .

B17.028 0.19

818.845 0.128' g55014 D.174

9600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
Wavenumber





media/file9.jpg
o
o

38003600 3400 3200 3000 2800 2500 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber





media/file0.png





media/file8.png
x 10~

9AIRALISP PUOIAS

1100 1200 1300 1400 1500 1500
Wavelength (nm)

1000





media/file6.png
Absorbance

0.40 -
0.35 -
030-
0.25 ~
0.20 -

0.15 ~

O-H stretching C-O-P, PO? ,C-N stretching
(H,O and carbohydrates) (phospholipids)
C-0 stretching
(carbohydrates)

C=0, C-N stretching  N-H deformation,
Amide | (proteins) C~N stretching

Amide Il (proteins)

Aliphatic C—H stretching
(proteins, lipids)

; oy

C=0, CH,, C-H deformation
(amino acids)

| ' | ' 1 ' | ' I I
3500 3000 2500 2000 1500 1000

Wavenumber/cm™’





