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ABSTRACT 

Objective: This study aims to develop a fast, fitted, and accurate classification method for authenticating honey. 

Methods: The authentic honey samples were obtained from local beekeepers and distributors, while most of the adulterated honey samples were 
made from a mixture of fructose syrup, authentic honey, sodium bicarbonate, and sweet soy sauce, while others were received from local 
distributors. To authenticate the honey, samples were divided into two classes, real honey, and adulterated honey. Similarly, to classify the honey, 
we categorized two classes, Apis spp. and stingless bee. ATR-FTIR spectra data were collected using Thermo Scientific’s OMNIC FTIR software and 
processed using Thermo Scientific’s TQ Analyst software by dividing the wavelengths into six regions between 550-4000 cm-1. and Raman spectra 
data were collected using HORIBA LabSpec 6 software and processed using CAMO’s Unscrambler X10.4 software by dividing the Raman shifts into 
five regions between 200-3350 cm-1. 

Results: Our methods effectively authenticate the honey-based on ATR-FTIR and Raman spectra. Based on ATR-FTIR spectra data, the best region 
of honey’s authenticity is Region 1,3,4,5,6 (2800-3000 cm-1; 1640-1760 cm-1; 1175-1455 cm-1; 950-1175 cm-1; 750-950 cm-1) and the best region for 
classification is 750-950 cm-1. Based on Raman spectra data, the best region of honey’s authenticity is 970-1150 cm-1 and the best region for 
classification are 1150-1480 cm-1 and 970-1480 cm-1.  

Conclusion: This study successfully demonstrated accurate methods based on ATR-FTIR and Raman spectral data to authenticate and classify the 
honey. 
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INTRODUCTION 

For a long time, honey is a natural product that has been known for 
its nutritional value and therapeutic potential [1]. Because of 
honey’s trace nutrients, many people use honey as traditional 
medicine and food supplements [2]. In Indonesia, the high demand 
for honey is not matched by its availability. According to the 
Indonesian Bee Association (API), in 2016–2020, the average 
demand for honey reaches 15,000 to 150,000 tons per year in 
Indonesia; whereas, based on the predictions of Dr. James 
Hutagalung, M. Kes, vice chairman of API, local honey production is 
only around 15,000 to 75,000 tons per year. In a state of crisis, there 
are some individuals and companies who adulterated honey with 
sugar for higher profit margins. Types of honey adulteration include 
adulterating honey directly by mixing it with common adulterants 
such as glucose syrup and sucrose syrup, feeding honeybees 
intensively with sugar, and adulterated honey that is not mixed with 
real honey [3]. This is a fundamental problem in the market and 
violates consumers' rights to get the real benefits of honey. 

Currently, several methods and parameters can indicate the 
authenticity of honey, including the measurement of reducing sugar, 
ash content, 5-hydroxymethylfurfural value (5-HMF), antioxidant 
activity, and diastase activity [2]. The authenticity of bee products 
by their botanical origin is typically determined by some methods 
such as organoleptic analysis, physicochemical methods, and pollen 
analysis [4]. Whereas the authenticity of bee products by their 
geographical region is determined by Melissopalynological 
characterization methods [4]. However, the use of these methods 
still has some weaknesses, such as being relatively time-consuming, 
requiring large samples, long-term preparation, and the need for 
various analytical equipment [2, 4, 5]. In addition, in the previous 
study, the method of identifying and classifying honey authenticity 

that had previously been carried out using the ATR-FTIR and 
chemometric techniques still has a weakness [6]. This method can 
only identify real honey from two types of adulterated honey. The 
types of adulterated honey that can be used with this method are 
adulterated honey mixed with common adulterants and adulterated 
honey that is formulated without using real honey [6].  

This study aims to develop a fast, fitted, and accurate classification 
method for authenticating honey. Identification and classification of 
honey authenticity methods will be designed using Discriminant 
Analysis (DA) methods based on ATR-FTIR and Raman 
spectroscopy. Raman spectroscopy is a spectroscopic analysis 
technique in which light scattering is used to produce vibrational 
spectra of a compound [7]. The advantages of Raman spectroscopy 
are usable for samples in the form of solids or liquids, no sample 
preparation, the chemical fingerprint obtained is specific for 
material, and spectra can be generated quickly in just seconds [8]. 
The use of chemometrics, especially discriminant analysis 
techniques is because each compound has different and distinctive 
FTIR or Raman vibration spectra, so the resulting spectrum may 
represent the characteristics of a honey sample [9, 10].  

MATERIALS AND METHODS 

FTIR samples 

We used a total of 129 samples consisting of 95 samples of real honey 
and 34 samples of adulterated honey. Real honey was collected from 
different geographical regions of Indonesia (19 samples from 
Sumatera, 50 samples from Java, 20 samples from Kalimantan, 4 
samples from Sulawesi, and 2 samples from Irian Jaya) and 
represented various botanical origins as sources of nectar. Most of the 
samples were collected directly from beekeepers and distributors. The 
samples of real honey were produced by Apis cerana (n=18), Apis 
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melifera (n=23), Apis dorsata (n=29), and stingless bee (n=25). The 25 
Adulterated honey samples were made by mixing real honey with 
water, sucrose, and NaHCO3. And 9 adulterated honey samples were 
produced by feeding bees intensively with sugar. Honey samples were 
grouped as either real or adulterated for identification purposes. For 
classification purposes, the honey samples were labeled as Apis spp. 
and stingless bee. 

Raman samples 

We used a total of 80 samples consisting of 60 samples of real honey 
and 20 samples of fake (adulterated) honey. Real honey was 
collected from different geographical regions of Indonesia and 
represented various floral origins. Most of the samples were 
collected directly from primary honey producers. The samples of 
real honey were produced by Apis cerana (n=18), Apis melifera 
(n=23), Apis dorsata (n=29), and stingless bee (n=10). The 15 
Adulterated honey samples were made by mixing real honey with 
water, sucrose, and NaHCO3. And 5 the adulterated honey samples 
were produced by feeding bees intensively with sugar. Honey 
samples were grouped as either real or adulterated for identification 
purposes. For classification purposes, the honey samples were 
labeled as Apis spp. and stingless bee. 

Chemical and reagent 

Sucrose and sodium bicarbonate (NaHCO3) were purchased from 
Sigma-Aldrich (St. Louis, USA).  

ATR-FTIR and Raman spectra measurement 

All samples were scanned using Nicolet iS5 FTIR spectrometer 
(Thermo Fisher Scientific Inc., Waltham, MA, USA) equipped with an 
iD3 ATR accessory component to produce FTIR spectra. OMNIC 
software version 9 (Thermo Fisher Scientific Inc., Waltham, MA, 
USA) was used for collecting the FTIR spectra and spectral data 
acquisition. Samples were placed on a diamond/ZnSe crystal plate 
(Thermo Fisher Scientific Inc., Waltham, MA, USA) and scanned at 
room temperature from 550 to 4000 cm−1 for a 16-scan time with a 

resolution of 16 cm−1. Measurements for each sample were 
replicated 3 times, and the resulting identical spectra were 
analyzed. This process was done to evaluate the absorbance value 
accuracy, which could be affected by sample homogeneity. Propanol 
was used to clean the diamond between each sample measurement. 
Meanwhile, to produce Raman spectra, all samples were scanned 
using HORIBA Micro Confocal Hyperspectral 3D Imaging Raman 
Spectrometer coupled with excitation laser: 785 nm and gratings 
600 gr/mm; the spectrograph allows a resolution of 5 cm−1 and 
scanned from 200 to 3350 cm-1. Data were obtained and analyzed 
with Horiba’s LabSpec 6 software. 

Chemometric data analyses 

TQ Analyst software (Thermo Fisher Scientific Inc., Waltham, MA, 
USA) was performed to classify the discriminant analyst model 
based on FTIR spectral data. In this study, discriminant analysis was 
used for the determination of spectral differentiation. In this work, 
discriminant analysis was arranged on ATR-FTIR spectra with the 
following wavelength ranges: 2800-3000 cm−1, 2400-2200 c cm−1, 
1640-1760 cm−1, 1175-1455 cm−1, 950-1175 cm−1, and 750-950 
cm−1. Unscrambler X10.4 (CAMO Software, Oslo, Norway) was 
performed to classify the discriminant analyst model based on 
Raman spectral data. In this work, discriminant analysis was 
arranged on Raman spectra with the following Raman shift ranges: 
2700–3350 cm−1, 1500–1700 cm−1, 1150–1480 cm−1, 970–1150 
cm−1, and 300–950 cm−1. 

RESULTS 

Analysis of ATR-FTIR spectra  

Fig. 1 shows the results of ATR-FTIR spectrum of real (blue line) and 
adulterated honey (red line) samples, which are divided into six 
specific spectral regions from 500 to 4000 cm-1. Table 1 shows the 
band assignments in conjunction with corresponding modes of 
vibration in the ATR-FTIR spectrum of honey, based on Gok, 2014 and 
the literature [11, 12]. The specific peaks and shoulders on ATR-FTIR 
spectrum of real honey 550–4000 cm-1 are demonstrated in fig. 2. 

 

 

Fig. 1: ATR-FTIR spectra of pure honey and also of adulterated honey in 550–4000 cm-1 

 

 

Fig. 2: The specific peaks on ATR-FTIR spectrum of real honey in 550–4000 cm-1 
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Table 1: General band assignment of ATR-FTIR spectrum of honey 

Region 1  2800–3000 cm-1 C-H stretching (carbohydrates)  
O-H stretching (carboxylic acids)  
NH3 stretching (free amino acids) 

Region 2  2400–2200 cm-1 CO2 stretching (carbohydrate decomposition) 
Region 3 1640–1760 cm-1 O-H stretching/bending (water)  

C=O stretching (mainly from carbohydrates)  
N-H bending of amide I (mainly proteins) 

Region 4  1175–1455 cm-1 O-H stretching/bending 
C-H stretching (carbohydrates)  
C=O stretching of ketones 

Region 5 950–1175 cm-1 C-O and C-C stretching (carbohydrates)  
Ring vibrations (mainly from carbohydrates) 

Region 6 750–950 cm-1 Anomeric region of carbohydrates  
C-H bending (mainly from carbohydrates)  
Ring vibrations (mainly from carbohydrates) 

 

Discriminant analysis based on ATR-FTIR spectra 

Regional selection was conducted based on observing the results 
of the honey ATR-FTIR spectrum. For authentication study, 
samples are divided into two classes, real honey, and adulterated 
honey. The chemometrics of DA was applied to the authentication 
and classification of honey by using the different spectral regions, 
as shown in table 2. The results in table 2 indicates that the best 
authentication of honey was obtained in region 1,3,4,5,6 (2800–

3000 cm-1, 1640–1760 cm-1, 1175–1455 cm-1, 950–1175 cm-1, and 
750–950 cm-1) with 95.1 performance index and there are not any 
misclassification samples.  

The best DA results are revealed in fig. 3 which indicates two 
separating groups between real honey and adulterated honey. The 
real honey spectrum is indicated by the square symbols and the 
adulterated honey spectrum is indicated by the triangle symbols, as 
shown in fig. 3. 

 

Table 2: Effect of selected spectra region for authentication of honey 

Wavelength (cm-1) Performance index Misclassified Total samples 
4000–550  87.0 5 129 
Region 1 (2800–3000) 89.1 4 129 
Region 2 (2400–2200) 81.0 9 129 
Region 3 (1640–1760) 90.0 1 129 
Region 4 (1175–1455) 90.4 - 129 
Region 5 (950–1175) 86.7 15 129 
Region 6 (750–950) 85.7 10 129 
Region 1–6 91.6 - 129 
Region 2–6 90.8 3 129 
Region 3–6 91.1 2 129 
Region 4–6 90.8 2 129 
Region 1,3,4,5,6 95.1 - 129 
750–550 82.3 21 129 
 

 

Fig. 3: Discriminant analysis scatter plots for authentication honey in the region 1,3,4,5,6 (2800–3000 cm-1, 1640–1760 cm-1, 1175–1455 
cm-1, 950–1175 cm-1, and 750–950 cm-1) 

 

For the classification study, the samples are categorized into two classes 
by types of honeybees, Apis spp. and stingless bee. The results of DA 
using TQ Analyst software are shown in table 3. It shows that the best 
classification of honey was obtained in region 6 (750–950 cm-1). When 

we use region 6 only, the performance index is 94.9 and no samples 
were misclassified. The Apis spp. honey spectra are indicated by the 
square symbols and the stingless bee honey spectra are indicated by 
the triangle symbols, as shown in fig. 4. 
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Table 3: Effect of selected spectra region for classification of honey 

Wavelength (cm-1) Performance index Misclassified Total samples 
4000–550  91.5 2 95 
Region 1 (2800–3000) 94.3 - 95 
Region 2 (2400–2200) 81.6 21 95 
Region 3 (1640–1760) 92.5 - 95 
Region 4 (1175–1455) 94.4 - 95 
Region 5 (950–1175) 93.9 - 95 
Region 6 (750–950) 94.9 - 95 
Region 1–6 93.9 - 95 
Region 2–6 94.0 - 95 
Region 3–6 94.2 - 95 
Region 4–6 94.2 - 95 
Region 1,3,4,5,6 93.7 - 95 
750–550 91.7 1 95 

 

 

Fig. 4: Scatter plots for classification of honey based on 2 types of honey bees at 950–750 cm-1 

 

Analysis of Raman spectra 

The results of Raman spectrum of real (blue line) and adulterated 
(red line) honey samples are shown in fig. 5. In fig. 5, the spectrum is 
divided into five specific spectral regions from 200 to 3350 cm-1. 

Table 4 shows the band assignments in conjunction with 
corresponding modes of vibration in the Raman spectrum of honey, 
based on the literature [11, 13-15]. The specific peaks and shoulders 
on the Raman spectrum of real honey 200–3350 cm-1 are 
demonstrated in fig. 6. 

 

 

Fig. 5: Raman spectra of pure honey and also of adulterated honey in 200–3350 cm-1 
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Fig. 6: The specific peaks on Raman spectrum of real honey in 200–3350 cm-1 
 

Table 4: General band assignment of Raman spectrum of honey 

Region 1  300–950 cm-1 C-H and C-O-H deformation 
Ring deformation 
Plane deformation 
C-C-O and C-C-C deformation 

Region 2  970–1150 cm-1 C-O stretching 
C-O-H deformation; C-N vibration (protein or amino acid) 

Region 3 1150–1480 cm-1 C-C-H, O-C-H and C-O-H deformation; Amide III vibration (peptide bond) 
Asymmetric CH2 deformation 

Region 4  1500–1700 cm-1 O–H deformation in water 
Region 5 2700–3350 cm-1 C-H stretching 

Asymmetric CH2 stretching 
O–H stretching 

 

Discriminant analysis based on Raman spectra 

DA have been applied to different spectral regions using 
Unscrambler X10.4 software. The results of DA based on the Raman 
spectrum are shown in table 5. Similar to DA based on ATR-FTIR 
spectra, for the identification study, the samples are divided into 
two classes, real honey, and adulterated honey. The results in table 5 

indicate that the best authentication of honey was obtained in 
region 2 (970–1150 cm-1) with 100% grouping accuracy and no 
samples were misclassified.  

The result of the best authentication of honey is shown in fig. 7. It shows 
the classification of honey based on its authenticity, real honey (blue) 
and adulterated honey (red) separated by using a black line. 

 

 

Fig. 7: The results of honey authenticity in region 2 (970–1150 cm-1) 

 

Similar to DA based on ATR-FTIR spectra, for classification study, 
samples are separated into two classes, Apis spp. Honey and 

stingless bee honey. To classify the honey, the Raman spectrum was 
analyzed using the DA method on Unscrambler X10.4 software and 
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the results of DA are shown in table 6. Based on the results in table 
6, the best classification was obtained in region 3 (1150–1480 cm-1) 
and regions 2-3 (970–1150 cm-1 and 1150–1480 cm-1) with 100% 
grouping accuracy and no samples were misclassified. 

The result of the best classification of honey is shown in fig. 8. Fig. 8 
shows the classification of honey-based on types of honey-bees, 
stingless bee honey (blue), and Apis spp. honey (red) is separated by 
using a green line. 

 

Table 5: Effect of selected scattering spectra region for authentication of honey 

Raman shift (cm-1) Accuracy Misclassified Total samples 
200–3350 86.49% 10 80 
Region 1 (300–950) 90.54% 7 80 
Region 2 (970–1150) 100% - 80 
Region 3 (1150–1480) 94.59% 4 80 
Region 4 (1500–1700) 90.54% 7 80 
Region 5 (2700–3350) 98.65% 1 80 
Region 1–3 91.89% 6 80 
Region 1–4 86.49% 10 80 
Region 1–5 87.84% 9 80 
Region 1, 2, 3, 5 93.24% 5 80 
 

Table 6: Effect of selected scattering spectra region for classification of honey 

Raman shift (cm-1) Accuracy Misclassified Total Samples 
200–3350 92.42% 5 60 
Region 1 (300–950) 98.48% 1 60 
Region 2 (970–1150) 96.97% 2 60 
Region 3 (1150–1480) 100% - 60 
Region 4 (1500–1700) 96.97% 2 60 
Region 5 (2700–3350) 98.48% 1 60 
Region 1–3 98.48% 1 60 
Region 2–3 100% - 60 
Region 1-4 98.48% 1 60 
Region 1–5 96.97% 2 60 
Region 1, 2, 3, 5 95.45% 3 60 
 

 

 

Fig. 8: The results of the honey classification based on two classes of bee-producing bees in, (a) Region 3 (1150–1480 cm-1), (b) Region 2–3 
(970–1480 cm-1) 
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DISCUSSION 

Comparison between ATR-FTIR and Raman spectra 

The information of nutritional value obtained from ATR-FTIR and 
Raman spectra is similar to the previous studies, which determine main 
carbohydrates (sucrose, fructose, glucose) and estimated the content of 
phenolic compounds and antioxidant activity in honey [6, 28].  

The basic principle of FTIR and Raman spectroscopy is measuring the 
interaction of energy with the light that can excite vibrational 
transitions of molecular bonds in a sample but differ in some 
fundamental ways. In Raman spectroscopy, the active vibration 
depends on a change in polarizability of a molecule (focuses on 
scattering of light by the vibrating molecules), whereas the active 
vibration in ATR-FTIR spectroscopy depends on a change in dipole 
moment (focuses on absorption of light by the vibrating molecules) 
[16]. Honey spectra were obtained using ATR-FTIR and Raman 
spectroscopy. The ATR-FTIR spectra show the spectral peaks in the 
550–4000 cm−1 region and 200–3350 cm−1 region for Raman spectra. 

Based on the characteristics, ATR-FTIR spectroscopy is sensitive to 
functional group vibration and polar bonds, mainly OH stretching in 
water (strong peak at 3292 cm-1). Water can absorb the light greatly 
and affect the infrared spectra [16]; whereas in the Raman spectra, 
very weak peaks at 1600–1700 cm-1 could be associated with the OH 
from water. This is probably because water with small single bonds 
tends to be a very weak scatterer of Raman.  

Honey has intrinsic emission properties, which are probably 
associated with the mixture of fluorophores such as amino acids, 
vitamins, and polyphenols [17]. The fluorescence of honey can 
interfere with the Raman spectra. The fluorescence follows an 
absorption process that causes molecules to be excited to a higher 
electronic state which has the high energy required for this process. 
If fluorescence is raised, it can be more intense than Raman 
scattering and hiding Raman features [17, 18]. Because of the 
fluorescence, 49 honey spectrum measured by Raman spectroscopy 
can’t be used for discriminant analysis.  

Authentication and classification of honey using discriminant 
analysis based on ATR-FTIR spectra data 

The results of this research indicated the capability prospect of ATR-
FTIR spectroscopy in collaboration with DA as an automated and 
greatly sensitive method to divided honey samples into two groups, 
real honey, and adulterated honey. This method also showed the 
potential capability methods for classifying honey samples based on 
their types of honeybees, Apis spp., and stingless bee [19]. In this 
study, ATR-FTIR spectroscopy was applied to compare honey 
samples based on their spectral differences in the wavelength 
between 550 to 4000 cm−1. The crystal used in the ATR cells is made 
from materials that have a low solubility in water and a remarkably 
high refractive index [20]. 

The DA method based on ATR-FTIR spectra successfully identified 
and classified the honey samples [20]. For identification of honey’s 
authenticity, the results are shown that the best authentication was 
obtained in region 1,3,4,5,6 (2800–3000 cm-1, 1640–1760 cm-1, 
1175–1455 cm-1, 950–1175 cm-1, and 750–950 cm-1) with a 
performance index 94.7 and no samples were misclassified. The 
peak was observed at regions 3-6 which are more sensitive to the 
main component of honey, carbohydrates (about 60-75%). At 
wavenumbers of 750–1500 cm-1 shows the characteristics of the 
three major sugar content in honey: sucrose, glucose, and fructose 
[21]. The peaks observed at 750–900 cm-1 could be associated with 
the characteristic and anomeric region of saccharide configurations. 
The peaks observed at a wavelength of 1640–1760 cm-1 may be 
because of the C=O stretching mainly from carbohydrates and H-O-H 
stretching [10]. The peak observed at 2800–3000 cm-1, which 
strongly shows at 2937 cm-1 could be associated with the presence 
of C-H stretching from carboxylic acids and NH3 stretching from free 
amino acids [19]. This information could be associated with the 
content of phenolic compounds in honey. 

Based on the results, the best classification was obtained at the 
wavelength of 750–950 cm-1 with a 94.9 performance index and no 

samples were misclassified when we use the region. The range of 
wavelength between 750 and 950 cm-1 indicates the presence of C-C 
stretching and C-H bending in the carbohydrate structure [11]. The 
peak observed in this region may also be because of saccharide 
configuration or anomeric group on carbohydrates. Based on this 
information, the classification of honey produced by Apis spp. and 
stingless bees can be distinguished based on their carbohydrate or 
sugar content. According to Amin et al., (2018), the honey produced 
by Trigona sp. has a lower sucrose content when compared to honey 
produced by Apis dorsata and Apis mellifera. Honey produced by 
stingless bees or Trigona sp. had sucrose content ranging from 0.31 
to 1.26 w/w, while honey produced by Apis dorsata and Apis 
melifera had sucrose content of 0.6 w/w and 2.8 w/w [22]. The 
results of data processing also show 94.4 high-performance indexes 
in the range of wavelength from 1175 to 1455 cm-1. The wavelength 
1175–1455 cm-1 could be associated with the O-H, C-H, and C=C 
bending, which may be related to the flavanol and phenol content in 
honey. Previous studies have compared the antioxidant activity of 
honey produced by stingless bees with honey produced by stinging 
bees. Martinello and Mutinelli (2021) have mentioned in their 
research that honey produced by the stingless bee, Melipona 
beecheii, showed higher levels of total antioxidants, flavonoids, 
carotenoids, ascorbic acid, free amino acids, and protein when 
compared to honey produced by Apis mellifera. The honey produced 
by Trigona sp. Also has a higher total phenol content when 
compared to honey produced by Apis spp [23]. 

Authentication and classification of honey using discriminant 
analysis based on Raman spectra data 

Raman spectroscopy is based on the inelastic scattering of light 
passing through a sample. This light scattering means that the 
energy of the photon will shift after interacting with the molecules 
in the sample. This energy shift produces information about 
vibrations, rotations, or energy transitions into the sample 
molecules [24]. The advantages of Raman spectroscopy are non-
destructive, can be used for direct analysis, does not require any 
sample preparation, the presence of water solvent will not interfere 
with the Raman spectrum, and organic or inorganic compounds can 
be used as samples. With Raman, the acquisition of a single 
spectrum can be fast, where a single Raman spectrum can be 
obtained in the time range of 0.1-10 seconds, depending on the 
sensitivity of the system [25, 26]. 

For authentication of honey, the results are shown that the best 
identification was obtained in region 2 (970–1150 cm-1) with 100% 
grouping accuracy and no samples were misclassified. Each peak 
and shoulder on Raman spectra at Raman shift of 970–1150 cm-1 
shows the characteristics of the three main sugar content in honey: 
sucrose, glucose, and fructose. The small peak at 977 cm-1 could be 
associated with the presence of vibrations in the two anomers of 
fructose and glucose [2]. The peak observed at 1064 cm-1 may be 
because of C-O stretching on the glucose ring as seen in the spectra 
of glucose, maltose, and sucrose. The peak viewed at Raman Shifts of 
1074–1077 cm-1 could be associated with the deformation of the C-
O-H group from glucose and glucose. The peaks may also indicate 
the minor effect of the vibration of the C-N group on proteins or 
amino acids [8]. 

For the classification of honey based on the types of honeybees, the 
results are shown that the best classification was obtained in region 
3 (1150–1480 cm-1) and region 2-3 (970–1150 cm-1 and 1150–1480 
cm-1) with 100% grouping accuracy and no samples were 
misclassified. Each peak and shoulder on Raman spectra at Raman 
shift 1150–1480 cm-1 shows their presence in the 1265 cm-1, 1367 
cm-1 and 1458 cm-1. The peak observed at 1265 cm-1 could be 
associated with the deformation of C-C-H, C-O-H, and O-C-H groups, 
which may be related to the presence of phenolic compounds in 
honey. According to the research by Pompeu et al., (2018), phenolic 
compounds such as gallic acid, 4-hydroxybenzoic acid, and syringic 
acid showed strong spectral peaks at 1260–1266 cm-1. These peaks 
could be associated with the deformation vibrations inside and 
outside the plane of the =C-H aromatic group. A strong peak 
observed at 1367 cm-1 could be associated with the bending of the C-
H and O-H groups. The peak observed at Raman shifts of 1310–1410 
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cm-1 maybe because of the deformation of the O-H group and the 
stretching of the C-O group on phenol [28]. The peak seen at 1458 
cm-1 could indicate the vibrations of the COO-group from the 
bending of the CH2 group. This peak could also be associated with 
the presence of flavanols and organic acids in honey [29]. 

In region 2, there are quite strong spectral peaks at the Raman Shift 
977 cm-1, 1064 cm-1, and 1126 cm-1. The Raman shift 977 cm-1 
indicates the presence of vibrations in both fructose and glucose 
anomers. This Raman shift can also be attributed to the presence of 
a bend in the C-H group. The peak seen in the 1064-1077 cm-1 
scattering region indicates the presence of C-O group stretching, 
bending of C-H and C-O-H group, especially in carbohydrates, and 
can also be associated with the presence of C-N group vibrations in 
amino acids and proteins. The peak seen in the 1126 cm-1 scattering 
region indicates a bend in the C-H group. The Raman shifts of 970–
1150 cm-1 could also be associated with the combination stretching 
of C-O and C-O-C and also C-N vibrations in proteins and amino acids 
[9, 29, 30]. 

CONCLUSION 

We suggest the methods rapidly and accurately for authentication 
and classification of honey using discriminant analysis based on 
ATR-FTIR and Raman spectra data. This method successfully 
demonstrated to the grouping of the authentication and 
classification of honey-based on the honey’s spectrum. 
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