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ABSTRACT 9 

Honey is a natural sweet substance produced by bees (Apis mellifera). In this 10 

work, the main parameters used in routine quality control of honey and the most 11 

commonly used analytical methods for their determination were reviewed. Honey can 12 

be adulterated with cheaper sweeteners or in an indirect way feeding the bees with 13 

sugars. Therefore, methods for detecting and quantifying adulteration are necessary. 14 

Chromatographic techniques are widely used in honey analysis. More recently, 15 

techniques such as Raman, near-infrared, mid-infrared, and nuclear magnetic resonance 16 

spectroscopy in combination with chemometric data processing have been proposed. 17 

However, spectroscopy does not allow the determination of enzyme activities, one 18 

criteria of great importance for the honey trade. Methylglyoxal is an interesting 19 

compound for its antibacterial properties. Methods for its determination were also 20 

reviewed. 21 
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INTRODUCTION 27 

Honey is probably one of the most complex natural foods. It is the only sweetener that 28 

does not require processing for its human consumption 1. Bees (Apis mellifera) make 29 

honey using nectar of plants (blossom honey), secretions of plants, or excretions of 30 

plant-sucking insects on plants (honeydew honey). Bees collect and transform the nectar 31 

or honeydew and deposit, dehydrate, and store in the hives to allow the honey to ripen 32 

and mature (EU Directive 110/2001) 2. Honey can be adulterated with cheaper 33 

sweeteners or in an indirect way feeding the bees with sugars. Therefore, methods for 34 

detecting and quantifying adulteration are necessary. 35 

Blossom honey can be classified as 2 types: a) unifloral or monofloral honey and 36 

b) multifloral honey. Unifloral honey has a higher market value due to limited 37 

production and availability. Due to the existence of protected designation of origin 38 

(PDO) and protected geographical indication (PGI), honey classification can also has 39 

economic importance 3. 40 

The carbohydrates of honey are formed by the action of several enzymes on 41 

nectar sugars. Therefore, honey is a complex mixture mainly composed of 42 

carbohydrates (70-80 % w/w), water (10-20 % w/w), and a large number of minor 43 

components 4. Carbohydrates comprise about 95 % w/w by dry weight of honey. The 44 

major carbohydrates are glucose and fructose, 65-80 % (w/w) of the total soluble solids, 45 

and disaccharides of glucose and fructose having the glycosidic bond in different 46 

positions and configurations 5.  47 

Using gas chromatography (GC), 16 oligosaccharides in honey have been found, 48 

including 11 disaccharides (turanose, sucrose, maltose, isomaltose, kojibiose, cellobiose 49 

palatinose, gentiobiose, laminaribiose, neotrehalose, and nigerose) and 5 trisaccharides 50 

(erlose, panose, isopanose, maltotriose, and theanderose) 6. Other trisaccharides include 51 
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melezitose, isomaltotriose, raffinose, kestoses, and isomelezitose, which have been 52 

identified by chromatographic methods. Tetrasaccharides in honey include 53 

isomaltotetraose, maltotetraose, stachyose, nystose, fructosyl-isomelezitose, α-4´-54 

glucosyl-erlose, and α-6´-glucosyl-erlose 7.  55 

The minor components in honey include, among others, organic acids, proteins, 56 

enzymes, and hormones. Organic acids are responsible for the taste of honey. The main 57 

proteins are globulin and albumin which come from pharyngeal glands of bees. The 58 

enzymes come from the glands of bees being the most important diastase (amylase), 59 

invertase, and glucose oxidase. The origins of the hormones (such as acetylcholine and 60 

its precursor, choline) are plants or bees themselves. Other minor compounds are 61 

flavonoids, phenolic acids, anthocyanins, vitamins, essential oils, pigments, sterols, 62 

phospholipids, and minerals. The mineral substances include those occurring in the 63 

largest quantities such as Ca, Mg, K, and P, and those in minor amounts such as Fe, Cu, 64 

Zn, Co, Si, S, Mn, F, Mo, Cr, and I. 65 

Honey has a high-energy value and many manufactured foods are elaborated 66 

with honey as an ingredient. Furthermore, its oligosaccharides seem to present potential 67 

prebiotic activity (prebiotic index: 3.38-4.24) in that they increase the populations of 68 

Bifidobacteria and Lactobacilli 8. Sugars are also responsible for such properties as 69 

viscosity, hygroscopy, and granulation 9. Honey has antibacterial and anti-inflammatory 70 

properties that help healing of wounds and burns and treatment of gastric ulcer. 71 

Additionally, honey has significant antioxidant activity 10. 72 

Therefore, quality control is necessary to verify the presence of health-beneficial 73 

properties of the honey. In this work, the main parameters used in the routine quality 74 

control of honey and the analytical methods for its determination are reviewed. 75 

Analytical methods to determine carbohydrate composition and detect and quantify 76 
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adulteration in honey were reviewed in depth as well as those for methylglyoxal 77 

(MGO), an interesting compound known for its antibacterial properties.  78 

 79 

ANALYTICAL METHODS FOR QUALITY PARAMETERS 80 

Honey quality is evaluated using its more significant physical, chemical, and 81 

biochemical parameters. Such parameters have been classified according to their 82 

contribution to honey quality (Table 1). Composition criteria of honey in accordance 83 

with the European Legislation cited above are shown in Table 2. The International 84 

Honey Commission (IHC, http://www.ihc-platform.net) has recommended methods to 85 

use in the routine quality control of honey. In the following sections, the contribution of 86 

each parameter to honey quality as well as recent advances in spectroscopic methods for 87 

its determination is presented.     88 

 89 

Chemical parameters.  Moisture is related to the honey capability to remain 90 

stable and to resist spoilage by yeast fermentation. The moisture content of honey 91 

generally depends on its botanical origin, climatic conditions, and degree of maturity of 92 

the honey as well as processing techniques and storage conditions 11,12. Moisture has an 93 

influence largely on sensory characteristics of the product, especially its flavor and 94 

granulation 13.  95 

Moisture, together with the main sugars and other physicochemical parameters 96 

of honey, has successfully been determined by near-infrared (NIR) and mid-infrared 97 

(MIR) spectroscopy. The advantage of using infrared (IR) spectroscopy is that the 98 

determination of several analytes in samples can be realized simultaneously. For light-99 

scattering samples such as honey, NIR transflectance spectroscopy is considered a better 100 

analytical technique than NIR transmittance spectroscopy. This is because in the 101 
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transflectance mode backscattered radiation is also collected and measured. Therefore, a 102 

more reliable value of absorbance is obtained 14. 103 

The moisture measurements in the NIR region were performed in the 104 

transmittance 15, transflectance 16, or reflectance mode 17. Good prediction accuracy was 105 

also obtained by Fourier transform near-infrared spectroscopy (FT-NIR) in the 106 

transflection mode 18. Coefficients of determination (r2) of the models obtained by NIR 107 

(transmittance or transflectance) and FT-NIR (transflection) spectroscopy ranged 108 

between 0.96 and 1. Prediction standard errors (SEP) and standard errors of cross-109 

validation (SECV) were 0.16-0.3 % (w/w) and 0.08-0.3 % (w/w), respectively 15,16,18. A 110 

study using NIR in reflectance mode reported a SECV of 3.1 % (w/w) and a value of r2 111 

in cross-validation of 0.94 17. 112 

In the MIR region, Fourier transform infrared spectroscopy with attenuated total 113 

reflectance (FTIR-ATR) was also evaluated for determining moisture in honey. Good 114 

prediction accuracy was obtained, similar to that obtained by NIR, with values of r2, 115 

SEP, and SECV of 0.989, 0.24 % (w/w), and 0.46 % (w/w), respectively 19. 116 

The pH is related to the stability and the shelf-life of honey and it can be used to 117 

indicate microbial contamination 11.  IR spectroscopy has been evaluated to determine 118 

pH and acid parameters in honey. The prediction accuracy obtained by NIR 119 

spectroscopy was poor and unreliable 15,18. However, pH and free acidity were 120 

determined with acceptable accuracy by FTIR-ATR spectroscopy 19. For pH, the r2 and 121 

SEP values were 0.868 and 0.16, respectively. For free acidity, r2 and SEP were 0.958 122 

and 2 meq/kg, respectively. 123 

The glucose/moisture ratio is an indicator used for predicting honey 124 

crystallization. When glucose/moisture is 1.7 or lower, honey will not crystallize. The 125 

fructose/glucose ratio has also been recommended and, when this ratio is higher than 126 
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1.3, honey remains liquid or crystallize slowly 18,20. Fructose/glucose and 127 

glucose/moisture ratios are useful for the classification of unifloral honeys 21. The 128 

fructose/glucose and glucose/moisture ratios can be determined by FT-NIR and FTIR-129 

ATR spectroscopy 18,19. Better prediction accuracy was obtained using the latter. For the 130 

fructose/glucose ratio, the r2 and SEP values obtained were 0.975 and 0.03, respectively, 131 

and for the glucose/moisture ratio, the r2 and SEP values were 0.942 and 0.06, 132 

respectively. Using FT-NIR spectroscopy, for the fructose/glucose ratio, r2 and SEP 133 

were 0.820 and 0.09, respectively. For the glucose/moisture ratio, r2 and SEP were 134 

0.849 and 0.12, respectively. 135 

Ash content is an indicator of the mineral content. It is considered as a quality 136 

criterion for honey origin. The blossom honeys have lower ash contents than the 137 

honeydew ones (IHC). Generally, the blossom honeys have an ash content ≤ 0.6 % 138 

(w/w) while the honeydew honeys, blends of honeydew and blossom honeys, or chesnut 139 

honey ≤ 1.2 % (w/w) 4.  140 

  Proline is the main amino acid of honey and it is associated with its antioxidant 141 

properties 22.  The amount of proline is used as a criterion of honey ripeness and it can 142 

also be used to detect adulteration with sugar. The level of proline decreases 143 

significantly by adulterating the honey 23. European legislation does not set a minimum 144 

value for the proline concentration in honey. However, honey with proline at less than 145 

180 mg/kg is considered to be either non-ripe or adulterated 24.  146 

 The analytical methods proposed by the IHC and the Association of Official 147 

Analytical Chemists (AOAC, http://www.aoac.org) are derived from the original Ough 148 

photometric method 25. The IHC method introduces some significant changes that 149 

lengthen the time of analysis. Concerning the AOAC method, the absorbance of a honey 150 

sample without reagents is subtracted of that of the sample of honey. A comparison 151 
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between the 3 methods was recently performed by analyzing honey samples of several 152 

botanical origins. No statistically significant differences were found between the Ough 153 

and IHC methods for all honey types investigated. Therefore, the extra treatment stages 154 

proposed by the IHC method are pointless. On the other hand, the AOAC method 155 

provided greater accuracy and time-saving. Quality parameters of the AOAC method 156 

were studied. No statistically significant differences between the slopes of addition and 157 

calibration lines were found and linearity range was confirmed up to 1800 mg/L. By 158 

contrast, the matrix effect was important for the limits of detection (LOD) and 159 

quantification (LOQ). The LOQs values were 20 and 61 mg/L using extern calibration 160 

and standard additions method, respectively. Analytical recoveries ranged from 92 to 161 

111 %, and precision was better than that reported by the IHC 26. The spectroscopic 162 

techniques, FT-NIR and FTIR-ATR, were evaluated for determining proline. However, 163 

prediction accuracy was poor and unreliable due to the low concentrations present in 164 

honey 18,19.  165 

 Sucrose is an important sugar from a regulatory point of view. The analysis of 166 

sucrose content has been mainly used to control adulteration with commercial sucrose. 167 

Genuine honeys contain only about 5 % sucrose 27. A high amount of this sugar is 168 

usually due to an early harvest of honey. Therefore, sucrose is not completely 169 

transformed into glucose and fructose by the enzyme invertase 28. High levels of sucrose 170 

may also be due to inadequate maturation of the honey 29 or to the fact that the 171 

beekeeper over-fed the bees with sugar during spring 30. On the other hand, during 172 

honey storage the sucrose level can decrease by action of the invertase 30. 173 

The measurement of water-insoluble content is used to detect an amount of 174 

impurities higher than the permitted maximum value in honeys. Hydroxymethylfurfural 175 

(HMF) is widely used as an indicator of honey quality deterioration produced by 176 
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excessive heating or inadequate storage conditions. The HMF content in fresh honeys is 177 

low. However a high concentration of this compound is present in old honeys, honey 178 

that has been heated, stored in non-adequate conditions, or adulterated with invert sugar 179 

or syrup 31. Extremely high amounts of HMF (>500 mg/kg) due to adulteration with 180 

invert syrup have been reported 32.  181 

The interest in the HMF determination in food is also related to its toxicity. 182 

Ingestion, inhalation, or skin absorption are the three ways of exposure to HMF 33. HMF 183 

and its derivatives (5-chloromethyl and 5-sulfidemethylfurfural) have been reported to 184 

have genotoxic, cytotoxic, mutagenic, and carcinogenic effects 34-41. However, other 185 

studies have suggested that HMF probably does not pose a serious risk to human health 186 

40. 187 

Besides HMF, other furanic aldehydes such as 2-furaldehyde (furfural or 2-F) 188 

and furan-3-carboxaldehyde (3-furaldehyde or 3-F) can be present in honey, although in 189 

smaller quantities. Furanic acids such as furan-2-carboxylic acid (2-furoic acid or 2-FA) 190 

and furan-3-carboxylic acid (3-furoic acid or 3-FA) have also been found in honey.  191 

Analytical techniques used to determine HMF and other furanic aldehydes and 192 

acids in honey are shown in Table 3. The analytical technique regularly used to 193 

determine HMF is high-performance liquid chromatography (HPLC). This technique 194 

avoids interferences and allows the simultaneous analysis of compounds. The 195 

disadvantage of the GC is that it requires a previous derivatization of HMF. The IHC 196 

proposed a HPLC method 42 for determining HMF. Honey is simply dissolved in water 197 

and HMF is determined by reverse phase HPLC (RP-HPLC) with ultraviolet (UV) 198 

detector (285 nm). Elution in isocratic mode with 90 % (v/v) methanol as mobile phase 199 

is used. The IHC also proposed 2 spectrophotometric methods known as White method 200 

43 and Winkler method 44. Differences between the 3 methods were only found at very 201 
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low levels of concentration (about 5 mg/kg) without interest for assessing honey quality 202 

(IHC).  203 

The White and HPLC methods have recently been compared by several 204 

researchers for its application to samples of honey with a very low HMF content (<4 205 

mg/kg) 45. Quality parameters of both methods were determined. For the HPLC method, 206 

the LOD and LOQ were affected by matrix effect. Using the standard additions method, 207 

the LOD and LOQ were 0.27 and 0.83 mg/L, respectively. For the White method, the 208 

values of LOD and LOQ were similar, 0.22 and 0.67 mg/L, respectively. 43 honey 209 

samples were analyzed with both methods. For samples with HMF content between 1 210 

and 4 mg/kg, no statistically significant differences were observed. However, the 211 

precision was higher with the HPLC method (3.5 %) than with the White method (6.4 212 

%). Therefore, the HPLC method would be more adequate for this range of 213 

concentrations. For samples with a HMF content much lower (<1 mg/kg), the results 214 

were inaccurate with either method. 215 

Homogentistic acid (HA) is a phenolic acid (2,5-dihydroxyphenylacetic acid) 216 

that has been identified in strawberry-tree (Arbutus unedo) honey by mass spectrometry 217 

(MS) and nuclear magnetic resonance (NMR). Homogentistic acid has been suggested 218 

as a marker for this variety of honey 46. In strawberry-tree honey, interference of HA in 219 

the determination of HMF by the HPLC method proposed by the IHC has been 220 

reported. HA completely prevented the quantification of HMF due to overlapping of 221 

their corresponding chromatographic peaks. In order to prevent this interference, a new 222 

RP-HPLC method using gradient elution (solvent A: 0.01 mol/L H2SO4, solvent B: 223 

methanol) and detection at 291 nm was proposed. The separation was completed in 15 224 

min, a time 20 % less than that of the IHC method. The LOD and LOQ of the method 225 

proposed were 0.2 mg/L (1.9 mg/kg) and 0.4 mg/L (4.0 mg/kg), respectively. For HMF 226 
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levels between 5 and 140 mg/kg honey, the repeatability and reproducibility were better 227 

than about 2 and 3 %, respectively. Therefore, this method is much more precise than 228 

the HPLC method proposed by the IHC for this range of concentrations. The method 229 

presented also good accuracy and a high linearity interval (2-800 mg/kg) 47.  230 

Some methods based on IR spectroscopy have been studied to determine HMF. 231 

Poor prediction accuracies were obtained because the low concentrations of HMF in 232 

honeys 15,17-19. A method by RP-HPLC for the simultaneous determination of HMF, 2-233 

furaldehyde, 3-furaldehyde, 2-furoic acid, 3-furoic acid, and methyl anthranilate (MA) 234 

in honey has been reported 31. MA is the 2-aminobenzoic acid methyl ester. This 235 

compound has been proposed as a marker for citrus honey. In order to prevent 236 

overlapping interferences and pre-concentrate the analytes, a previous solid-phase 237 

extraction on polymeric cartridges was used. The compounds were separated by 238 

gradient elution (solvent A: 1 % (v/v) acetic acid–acetonitrile (97:3), solvent B: 50 % 239 

(v/v) acetonitrile). Detection at 250 nm was used. Precision, accuracy, LOD, LOQ, and 240 

linearity range for each component were reported. For HMF, the LOD and LOQ were 241 

0.04 and 0.13 mg/L, respectively, and the linearity range was confirmed up to 50 mg/L. 242 

Precision (RSD %) was 2.47 %. This method has significant advantages over the 243 

method developed for HMF by Spano 47. It is more sensitive, allowing also the 244 

simultaneous determination of other furanic aldehydes and acids as well as MA with 245 

great sensitivity (LOD: 0.01-0.08 mg/L). On the other hand, the precision of both 246 

methods is similar.  247 

Another method to determine all these compounds, except MA, in honey has 248 

been developed 48 as a modified method of that for HMF described by Spano 47. Elution 249 

in gradient mode with 0.1 mol/L H2SO4 (solvent A) and methanol (solvent B) was used. 250 

For HMF, the LOD and LOQ values reported were 0.003 and 0.010 mg/L. These were 251 
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lower than those obtained by Nozal 31. A wider linear range of concentrations was also 252 

obtained (0.01-100 mg/L). The precision and accuracy of the method were very good. 253 

The repeatability and reproducibility values were 0.99 and 1.47 %, respectively. 254 

Average analytical recovery was 97 %. For the other compounds, low LODs and LOQs, 255 

wide linear intervals of concentration, and good accuracy and precision were also 256 

obtained. 257 

 258 

Biochemical parameters: Enzyme activity. Diastase and invertase activities 259 

are also used as a marker for the freshness of honeys because they decrease in old or 260 

heated honeys.  261 

The IHC recommends 2 methods to determine honey diastase activity: Schade 262 

method and Phadebas method. The Schade method (traditional) is based on the original 263 

work of Schade 49, modified by White Jr and Pairent 50 and Zurcher and Hadorn 51. 264 

Diastase activity in Schade units is directly determined using starch as a substrate. The 265 

Phadebas method measures the absorbance of a honey solution after the enzymatic 266 

hydrolysis of an artificial substrate (cross-linked starch), which is directly proportional 267 

to the diastase activity 52. A method similar to the Phadebas method is the Amylazyme 268 

method which employs cross-linked amylose as a substrate (the linear fraction of starch)  269 

53. The Phadebas and Amylazyme methods use substrates commercially available in 270 

tablet format (Phadebas test and Amylazyme tablets) and they are easier to apply than 271 

the Schade method. The IHC has also recommended a photometric method for the 272 

determination of invertase activity  54.  273 

Recently, a direct potentiometric method to determine diastase activity was 274 

developed. The method involves the formation of a starch-triiodide complex with 275 

characteristic colors. The starch is hydrolyzed by the enzyme producing the release of 276 
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triiodide iones which are measured using a platinum redox electrode. This method 277 

presented a good correlation with both standard methods. It is much simpler and faster 278 

and requires low-cost instrumentation. Furthermore, it did not require additional 279 

dilutions and volume adjustments. Therefore, the errors associated with this procedure 280 

are lower than those of the Schade method 55. 281 

Physical parameters. Electric conductivity (EC) is a good criterion for 282 

differentiate the botanical origin of honey (nectar or honeydew). The EC values of 283 

blossom honeys are lower than those of honeydew honeys (Table 2). Blossom honey 284 

and blends of these honeys have EC values ≤ 0.8 mS/cm. However, there are exceptions 285 

to this rule which include eucalyptus, strawberry tree (Arbutus unedo), bell heather 286 

(Erica), ling heather (Calluna vulgaris), lime (Tilia spp.), tea tree (Melaleuca spp.), and  287 

manuka or jelly bush (leptospermum) honeys. Honeydew honey and chestnut honey, 288 

and blends with blossom honey (except with those indicated above), have values ≥0.8 289 

mS/cm. The EC values have also been used for the classification of unifloral honeys 21.  290 

IR spectroscopy has been evaluated to determine the EC of honey. The 291 

prediction accuracy obtained by FTIR-ATR spectroscopy was good (r2: 0.979, SEP: 292 

0.05 mS/cm) 19. However, it was lower using NIR reflectance spectroscopy (r2: 0.88, 293 

SECV: 0.01 mS/cm) 17 and FT-NIR spectroscopy in transflection mode (r2: 0.870, SEP: 294 

0.14 mS/cm) 18. 295 

Color is one of the most variable features of honey and depends mainly on the 296 

botanical origin. Other factors that affect the color of the honey are its ash content, 297 

temperature, and length of storage, as well as the presence of antioxidant pigments such 298 

as flavonoids and carotenoids 56. Generally, honeydew honeys are darker than the 299 

blossom honeys. Some blossom honeys such as chestnut and heather have also dark 300 

color. 301 
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The most used methods to determine the color of honey are based on optical 302 

comparison using simple color grading after Pfund 57 or Lovibond 21. Color 303 

characteristics can be assessed by the CIE L* a* b* tristimulus method. The L* refers to 304 

lightness and a* and b* refer to redness-greenness and yellowness-blueness, 305 

respectively. The lighter honeys holds an L* value > 50 whereas dark honeys showed a 306 

value < 50 58. Color grading (mm Pfund scale) has also been determined by NIR 307 

reflectance spectroscopy (r2: 0.97, SECV: 4.7 mm Pfund) 17. 308 

Honey holds the property of rotating the plane of polarized light. Specific 309 

rotation depends mainly on types and relative amounts of their sugars. The method 310 

recommended by the IHC for its measure is based on published methods 21,59. 311 

Polarimetric properties of honey (direct polarization, polarization after inversion, 312 

polarization due to non-monosaccharides, and specific rotation in dry matter) have been 313 

successfully calibrated using NIR spectroscopy 60. 314 

The determination of the specific rotation can be used for the differentiation 315 

between honeydew honeys and blossom honeys. Most of the honeydew honeys are 316 

dextrorotatory, whereas nectar honeys are levorotatory. Furthermore, the specific 317 

rotation can also be useful for the classification of unifloral blossom honeys 21. 318 

 319 

ANALYTICAL METHODS FOR CARBOHYDRATE COMPOSITION OF 320 

HONEY 321 

 322 

Honey is composed primarily of carbohydrates. Therefore, this section is 323 

dedicated to the review of analytical methods for determining carbohydrates in honey. 324 

Furthermore, some of the quality parameters of honey are related to glucose, fructose, 325 
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and sucrose contents. Analytical methods to detect and quantify adulteration of honey 326 

with commercial sweeteners are also reviewed.  327 

 328 

Determination of carbohydrates in honey. Instrumental analytical methods for 329 

determining sugars in honey are usually based on chromatographic and spectroscopic 330 

techniques as shown in Table 4.  331 

Several chromatographic techniques have been used: HPLC with refractive 332 

index detector (HPLC-RID), evaporative light scattering detection (HPLC-ELSD) or 333 

diode array detector (HPLC-DAD), anion-exchange chromatography with pulsed 334 

amperometric detection (HPAEC-PAD), gas chromatography with flame ionization 335 

detector (GC-FID), and gas chromatography–mass spectrometry (GC-MS).  336 

The main problems for oligosaccharides determination arises from their low 337 

concentrations in honeys as well the lack of commercial standards. Furthermore, the 338 

presence of structurally similar carbohydrates makes their chromatographic resolution 339 

very difficult. The large contents of monosaccharides and the relatively high amounts of 340 

disaccharides in honey also make it difficult to separate oligosaccharides with an 341 

acceptable resolution. Therefore, they should be separated by a chromatographic run or 342 

a previous extraction step. 343 

HPAEC-PAD is a valuable technique for oligosaccharides determination. Sugars 344 

are very weak acids (pKa: 12-13) being partially or totally ionized at high pH (12-14). 345 

Therefore, they can be separated by anion-exchange chromatography. Oligosaccharides 346 

profiles obtained with this technique have been used to detect adulteration of honey 347 

with sugar syrups. Before the chromatographic separation of oligosaccharides, honey 348 

samples were pre-treated with activated charcoal which removes mono- and 349 

disaccharides and retains the fraction of oligosaccharides 61.  HPAEC-PAD has good 350 
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sensitivity, comparable to that of GC-FID 62. Furthermore, PAD proved to be more 351 

selective and sensitive than the RI and ELS detections offering the possibility of using 352 

gradient elution 63. However, this detection system is not as usual in analytical 353 

laboratories as RI and UV detectors. The UV detector is more sensitive that the RI 354 

detector but less than PAD.  355 

HPLC-DAD has the disadvantage of requiring derivatization of carbohydrates 356 

time-consuming. A method using this technique has been applied to characterize the di- 357 

and tri- saccharides profiles of 5 samples of honey from different botanical origins 358 

collected in different regions of Province of Buenos Aires (Argentina). The 359 

carbohydrates were isolated from monosaccharides-rich matrix using a solid-phase 360 

extraction procedure with porous graphitic carbon cartridges, the extraction being 361 

quantitative. Then, they were derivatized with the chromophoric reagent 4-(3-methyl-5-362 

oxo-2-pyrazolin-1-yl) benzoic acid at 70 ºC for 60 min. Subsequently, the sugars were 363 

separated and eluted at 40 min by RP-HPLC and detected at 271 nm. LODs (16-24 364 

pmol) were calculated for 4 sugars and correspond to a 0.005 % (w/w) honey sample. 365 

This apparent increase in sensitivity was due to the pre-concentration during the solid 366 

phase extraction step 62.  367 

Better resolution was provided using GC-MS that HPAEC-PAD for honey 368 

oligosaccharides analysis 27. The main limitation of the GC if that a previous 369 

derivatization is needed in order to obtain volatile carbohydrate compounds, a step that 370 

may be long, difficult, and time consuming. Furthermore, very complex chromatograms 371 

with a high degree of overlap can be obtained due to the large number of carbohydrate 372 

isomers produced during the derivatization reaction. The trimethylsilyl oximes obtained 373 

from reducing sugars produced only two chromatographic peaks and those from 374 

nonreducing sugars one 64-66.  375 
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The IHC has recommended several chromatographic methods to determine 376 

sugars in honey. One of the methods involves HPLC-RID 67. It uses a chromatographic 377 

column of amine-modified silica gel and 80 % (v/v) acetonitrile as the mobile phase. 378 

Column oven and detector must be at 30 ºC. Another method uses HPAEC-PAD. 379 

Honey samples are simply diluted with ultra-pure water, being sugars separated with an 380 

anionic exchange column and eluted with a sodium hydroxide solution.  381 

Two methods using GC-FID have been recommended: Pierce-Portallier method 382 

68 and I.N.A. method 69. In the former, any sugars containing free aldehyde or ketone 383 

groups, such as glucose and fructose, are derivatized to their corresponding oximes and 384 

then silylated. In the second method, sugars are directly silylated. The silylated 385 

derivatives obtained are separated and quantified by GC. Mannitol is used as the 386 

internal standard. 387 

Sugar composition in honey has been widely studied using chromatography. For 388 

instance, amounts of oligosaccharides in 70 samples of Brazilian floral honeys from 389 

different geographical regions have been determined using HPLC-RID 70. The 390 

oligosaccharides identified included disaccharides (sucrose, maltose, nigerose, turanose, 391 

isomaltose, and melibiose) and trisaccharides (panose, maltotriose, raffinose, and 392 

melezitose). The major disaccharide found in all samples was maltose. Its mean content 393 

ranged from 1.58 to 3.77 % (w/w) with an average value of 3.05 % (w/w). The lowest 394 

amounts of oligosaccharides corresponded to melibiose (0.05-0.15 % (w/w) and panose 395 

(0.03-0.08 % (w/w). The presence of melezitose in the floral honeys was probably due 396 

to contamination with honeydew while the origin of raffinose was not clear. Raffinose 397 

could arise from nectar or honeydew contamination  71.  398 

Sugar composition in Algerian floral honeys from different botanical origins has 399 

been also studied 72. Glucose, fructose, and 9 oligosaccharides were quantified in 50 400 
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samples using HPAEC-PAD. The separation was completed in 40 min. using gradient 401 

elution (solvent A: ultra-pure water; solvent B: 0.2 M NaOH). Maltose and sucrose 402 

were the major disaccharides found. The mean values ranged from 0.47-3.42 % (w/w) 403 

and from 0.48-5.26 % (w/w) for maltose and sucrose, respectively. Maltose was also the 404 

main disaccharide in Brazilian honeys. Melibiose was not detected in all samples.  405 

HPAEC-PAD has also been used to determine sugars in 63 samples of 406 

Portuguese floral honeys 73. A good separation was obtained using isocratic elution with 407 

a 50 mM NaOH solution for 25 min. LOQs of the analytical method were determined: 408 

0.7, 1.2, 1.7, 0.8, 1.3, 1.2, and 0.9 % (w/w) for trehalose, glucose, fructose, sucrose, 409 

melezitose, turanose, and maltose, respectively. Repeatability of the method was also 410 

evaluated: 0.25, 0.40, 0.16, 0.13, 0.25, and 0.28 % (w/w) for glucose, fructose, sucrose, 411 

melezitose, turanose, and maltose, respectively. The separation took place in less than 412 

20 min. Maltose and turanose were the most important disaccharides present in the 413 

samples in term of quantity. Values up to 2 % (w/w) (mean value 1.47 %) and up to 3 % 414 

(w/w) (mean value 2.65 %) were found for maltose and turanose, respectively. 415 

Trehalose was the minor disaccharide with amounts below LOQ for most of the 416 

samples. Low amounts of sucrose were found; below LOQ for approximately 50 % of 417 

the samples. Values of the melezitose up to 6.26 % (w/w) and a mean value of 2.19 % 418 

(w/w) were found. These values were higher than those found by others 70,72. 419 

Amounts of sugars in Spanish floral honeys by GC-MS have also been reported 420 

74. 109 samples of honey were analyzed. Sugars were derivatized to their corresponding 421 

oximes with 2.5 % hydroxylamine chloride in pyridine at 75 ºC for 30 min. Then the 422 

samples were persilylated (45 ºC for 30 min) using hexamethyldisilazane and 423 

trifluoroacetic acid and subsequent centrifuged. The chromatographic method used was 424 

that described by Sanz 75. Two capillary columns containing different stationary phases 425 
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allowed the analysis of fructose and glucose as well as a high number of disaccharides 426 

and trisaccharides. The separation was completed in less than 1 h. The mean amounts 427 

obtained for fructose and glucose were 37.1 and 30.0 % (w/w), respectively. The main 428 

disaccharides were turanose (2.16% w/w), maltulose (1.92 % w/w), isomaltose (1.35 % 429 

w/w), maltose (1.54 % w/w), kojibiose (1.42 % w/w), and trehalulose (1.14 % w/w) 430 

which were present in all samples and with a very high variability. The sucrose content 431 

was very low in most of the samples. α,β-Trehalose (0.23-0.79 % w/w) was present in 432 

all examined samples whereas  α,α-trehalose only in 5. The total concentration of 433 

trisaccharides was also highly variable in the samples (0.37-5.31 % w/w). Raffinose co-434 

eluted with 1-kestose. Erlose (0.01-3.0 % w/w), raffinose+1-kestose (0.02–0.81 % 435 

w/w), and melezitose (0-0.81 % w/w) were the most abundant trisaccharides.  436 

The chromatographic methods present some disadvantages. They are expensive 437 

and time-consuming. The industry needs fast, accurate, easy-to-use, and low-cost 438 

analytical methods. Therefore, methods based on IR and Raman spectroscopy have been 439 

developed to analyze honey. They are rapid and inexpensive, not needing sample 440 

preparation or expensive reagents. In addition, in comparison to some chromatographic 441 

methods, the spectroscopy has the advantage of being non-destructive. 442 

IR spectroscopy is a technique of great importance in the analysis of foods, 443 

especially when it is used in combination with multivariate analysis. IR spectroscopy 444 

has been applied to honey analysis: quality control, detection and quantification of 445 

adulteration, and authentication of botanical or geographical origin of honey samples.  446 

MIR spectroscopy presents advantages over NIR spectroscopy. MIR 447 

spectroscopy is 10-100 times more sensitive than NIR spectroscopy and spectra in the 448 

MIR region (2500–25000 nm) contain more information than those obtained in the NIR 449 

region (750-2500 nm). The absorption of the major sugar in honey takes place in the 450 
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region between 1500 and 750 cm-1
. Another advantage of MIR spectroscopy is its better 451 

resolution. Traditionally, sample handling was a problem in MIR spectroscopy. 452 

Nowadays attenuated total reflectance (ATR) crystals have simplified the handling 76.  453 

NIR spectroscopy allowed the determination of major compounds in honey. 454 

Some minor constituents could also be determined. Fructose, glucose, sucrose, maltose, 455 

and moisture have been determined in commercial honey samples by NIR spectroscopy 456 

in transmittance mode 15. The r2 values between the predicted and reference 457 

concentrations were 1.0, 0.97, 0.91, 0.86, and 0.93 for moisture, fructose, glucose, 458 

sucrose, and maltose, respectively. SEP values were 0.16, 0.42, 0.34, 0.34, and 0.27 % 459 

(w/w) for moisture, fructose, glucose, sucrose, and maltose, respectively. Sharper peaks 460 

and better resolution were obtained using transmittance spectra rather than reflectance 461 

spectra. Furthermore, the performance of the calibration was 30–70 % better. The 462 

optical path length of the cuvette affected significantly the transmittance spectra of 463 

samples. An optical path of 1 mm produced the least saturated spectra in the range 464 

1300-2500 nm. Therefore, lower SECV values were obtained for all compounds 465 

analyzed. NIR transflectance spectroscopy has also been used for the determination of 466 

fructose and glucose 16. The r2 values obtained were 0.98 and 0.95 for fructose and 467 

glucose, respectively. The SEP values were 0.35 and 0.70 % (w/w) for fructose and 468 

glucose, respectively. The results obtained were similar to those obtained by Qiu 15.  469 

FT-NIR spectroscopy in transflection mode has also been assessed for its 470 

application to the simultaneous determination of sugars and main quality 471 

physicochemical parameters in honeys. 421 samples of honey from different botanical 472 

origins and countries were used in order to develop the calibration model. The most of 473 

the samples were collected in Switzerland and Germany 18. The prediction accuracies 474 

obtained were quite acceptable for fructose, glucose, sucrose, and total monosaccharide 475 
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content (sum of fructose and glucose), as well as for electric conductivity and the 476 

fructose/glucose and glucose/moisture ratios. For moisture, the precision accuracy was 477 

very good. The r2 values of fructose and glucose were 0.810 and 0.884, respectively. 478 

The values of SEP obtained were 1.6 and 1.3 % (w/w) for fructose and glucose, 479 

respectively. The prediction accuracies of fructose and glucose were somewhat lower 480 

than those obtained by other authors 15,16. The prediction accuracy of sucrose (SEP: 0.36 481 

% (w/w); r2: 0.725) was lower than that obtained by Qiu 15 allowing a rough estimation 482 

of the sucrose amount. However, the prediction accuracy was poor and unreliable for 483 

minor sugars such as maltose, turanose, nigerose, erlose, trehalose, isomaltose, 484 

kojibiose, melezitose, raffinose, gentiobiose, melibiose, and maltotriose. The authors 485 

considered that the low prediction accuracies of minor sugars obtained are due to the 486 

low contents of these compounds in honey, their insufficient separation by the HPLC 487 

method used (IHC), and the non-specific absorption bands in NIR. Concerning maltose, 488 

it has been determined with good accuracy of prediction by Qiu 15 using NIR 489 

spectroscopy although a calibration with fewer samples was used. The determinations 490 

of HMF, proline, pH, and free acidity gave also poor prediction accuracy. NIR 491 

spectroscopy has also been applied to the determination of low concentrations of 492 

perseitol, a sugar that is specific of avocado honey 77. 493 

FTIR spectroscopy with micro-attenuated total reflectance (FTIR-mATR) has 494 

been applied to the determination of fructose, glucose, sucrose, and maltose in honeys 495 

belonging to various floral and geographical origins around the world. Two calibration 496 

models were developed; one used 42 standard mixtures (r2: 0.97-0.99) and another 45 497 

samples of honey from different floral and geographical origins around the world (r2: 498 

0.94-0.97). Both models showed a good correlation. However, a calibration model using 499 

spectra of honey samples is preferred because it uses samples containing the same 500 
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matrix as the real samples improving predictability. On the other hand, this calibration 501 

model was developed using a wide variety of samples of different floral and regional 502 

sources so that it proves to be more useful to predict amounts of the 4 sugars in a wide 503 

variety of honeys 78.  504 

FTIR-ATR spectroscopy was evaluated by Ruoff 19, for the simultaneous 505 

determination of a high number of sugars and the main quality physicochemical 506 

parameters in honey. Good precision accuracies were obtained for moisture, fructose, 507 

glucose, sucrose, melezitose, total monosaccharide content (sum of fructose and 508 

glucose), fructose/glucose and glucose/moisture ratios, electric conductivity, pH, and 509 

free acidity. The prediction accuracy of the fructose (r2: 0.84) was similar to that 510 

obtained by FT-NIR 18. Glucose (r2: 0.94) was predicted with accuracy similar to those 511 

obtained by NIR 15,16 and FT-mATR 78. On the other hand, the prediction accuracy of 512 

sucrose (r2: 0.91) was similar to that obtained by Tewari 78 and Qiu 15, but it was better 513 

than that obtained by Ruoff 18. The prediction accuracy for HMF, proline, and minor 514 

sugars (maltose, turanose, erlose, trehalose, isomaltose, and kojibiose) was rather poor 515 

19. 516 

A partial least squares calibration model using second-derivative transformed 517 

spectra (PLS-2nd derivative) was developed for the prediction of fructose, glucose, 518 

sucrose, and maltose concentrations in honey from different geographical regions 519 

around the world by FTIR-ATR. The reference method used to quantify sugars was 520 

HPLC-ELSD 79. Calibration model was developed using a set of 45 standard mixtures. 521 

The predicted concentrations had good agreement with those obtained by the reference 522 

method (r2: 0.948-0.988). The correlations found were similar to those obtained in a 523 

previous study by Tewari 78 (r2: 0.971-0.993) where a calibration model with standard 524 

mixtures was also developed using FTIR-mATR in combination with PLS. The r2 525 
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values for fructose, glucose and maltose were also similar to those found by Qiu 15 using 526 

NIR and PLS (r2: 0.91-0.97). However, r2 for sucrose was better than that obtained by 527 

Qiu 15 (r2: 0.86). 528 

Glucose, fructose, sucrose, trehalose, maltose, melezitose, and turanose were 529 

determined in samples of Portuguese honey by FTIR-ATR. HPAEC-PAD was used as 530 

the reference method. Good PLS-1st derivative calibration models were obtained for 531 

glucose (r2: 0.879), fructose (r2: 0.841), melezitose (r2: 0.890), and turanose (r2: 0.825) 532 

73. No calibration model was established for sucrose and trehalose due to the lower 533 

amounts of these sugars in samples.  534 

Raman spectroscopy is also a valuable technique to evaluate the quality of 535 

honey. The main advantages of this over other spectroscopy techniques are that the 536 

water present in the samples does not interfere with the Raman measurement. There is 537 

only a minimal fluorescence interference of the honey matrix that varies from sample to 538 

sample.  539 

A method based on Fourier transform Raman (FT-Raman) spectroscopy in 540 

combination with PLS was developed to determine fructose and glucose in honey. This 541 

method was assessed using a standard HPLC-RID method. Both methods gave 542 

statistically similar results being also equivalent with respect to their reproducibility 80.  543 

Raman spectroscopy has also used for the determination of maltose and sucrose, 544 

as well as fructose and glucose 81. A method using HPLC-RID was used as the reference 545 

method. In this work, commercial honeys were used for the calibration data set. 2 546 

multivariate techniques, artificial neural network (ANN) and PLS, were studied. Both 547 

techniques provided very good results. The r2 values between actual and predicted 548 

values of sugars ranged between 0.949 and 0.968 for PLS and 0.956 and 0.978 for 549 

ANN. As compared to the work of Basoulis 80, a greater number of training and 550 
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prediction samples have been used. Therefore, the calibration model obtained seems 551 

more reliable in improving prediction efficiency.  552 

 553 

Honey adulteration with sweeteners. Due to the their nutritional and healthy 554 

properties and unique flavour, the commercial value of honey is much higher than that 555 

of other sweeteners such as beet sugar, cane sugar, corn syrup (CS), high fructose corn 556 

syrup (HFCS), and invert syrup (IS). Therefore, honey can be adulterated with these 557 

sweeteners.  558 

 The addition of cane and beet invert syrup is usually difficult to detect. These 559 

sweeteners can be added to honey imitating its natural sucrose–glucose–fructose profile. 560 

Furthermore, adding only a moderate amount of invert syrup, the levels of glucose and 561 

fructose remain within their normal range. However, adulteration with invert syrup may 562 

be detected indirectly studying the oligosaccharides profile of honey samples. Genuine 563 

and adulterated honeys show different profiles. Oligosaccharides in invert sugar are 564 

produced as impurities during the hydrolysis of sugar into glucose and fructose 82. 565 

The presence of high levels of HMF may be due to the adulteration of the honey 566 

with inverted syrup since the acid hydrolysis of sucrose produces HMF 83. However, 567 

high levels of HMF are also produced by excessive heating during the honey 568 

manufacturing process or by inadequate storage conditions. Old honeys contain the 569 

highest concentrations of HMF. Therefore, HMF alone cannot be used for detecting 570 

adulteration with invert syrup. 571 

HFCS is produced by hydrolysis and isomerization of corn starch. According to 572 

their fructose content, this type of syrup is classified as: HFCS-42 (42 % fructose), 573 

HFCS-55 (55 % fructose), and HFCS-90 (90 % fructose). HFCS presence significantly 574 

affects the pH and HMF content. HFCS is also used to feed bees, especially in winter 575 
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months and early spring 84. Different analytical techniques, such as isotopic analysis, 576 

chromatography, and spectroscopy, have been used in order to detect honey adulteration 577 

with different sweeteners (Table 5).  578 

The stable carbon isotope ratio analysis (SCIRA) is a standard analytical 579 

technique for detecting adulteration of honey 85-88. This technique is based on the 580 

determination of the 13C/12C isotope ratio. According to their carbon metabolism, the 581 

plants that produce substances used to adulterate honeys are classified as C3 or C4 582 

plants. The C3 plants fix CO2 by the Calvin cycle while the C4 plants do using the 583 

Hatch-Slack cycle. C3 plants have a lower 13C/12C ratio than C4 plants. Most of the 584 

honey-contributing plants (wheat, rice, and sugar beets, among others) are C3 plants. 585 

The C4 sugars most used to adulterate honeys are corn and cane sugar 84. SCIRA is an 586 

expensive and time-consuming technique that also requires a considerable technical 587 

skill.  588 

Profiles of malto-oligosaccharides obtained by HPAEC-PAD were used to detect 589 

adulteration with CS or HFCS with different degrees of isomerization: 20 % (20HFCS), 590 

40 % (40HFCS), and 80 % (80HFCS). Honey samples were treated with activated 591 

charcoal before analysis in order to remove mono and disaccharides 61. CS and 20HFCS 592 

profiles showed oligosaccharides with a degree of polymerization (DP) up to 16 and at 593 

relatively high concentrations. Oligosaccharides with DP up to 7 were detected in the 594 

40HFCS and 80HFCS syrups and only oligosaccharides with DP up to 6 were 595 

quantified presenting much lower concentrations than those found in the other syrups. 596 

In honey samples, oligosaccharides up 7 DP were detected and their amounts were very 597 

low and variable among samples. A comparison of oligosaccharide profiles of honey 598 

samples and the same samples adulterated with one of the different syrups at different 599 

amounts (5, 10, and 20 % (w/w)) enabled to detect adulteration with CS (down to 5 % 600 
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(w/w)), 20HFCS, and 40HFCS. Adulteration with 80HFCS was not detected due to the 601 

low amounts of oligosaccharides present in this syrup, comparable to those present in 602 

honey samples. 603 

A simple chromatographic separation of sugars by HPLC-RID was proposed to 604 

detect honey adulteration with starch syrup. A characteristic chromatographic peak of 605 

syrup can be found. No such peak at the same retention time is seen in chromatograms 606 

of pure honeys. This characteristic peak is an overlapping peak of oligosaccharides with 607 

a DP greater than 5. Therefore, this oligosaccharide peak was proposed as a syrup 608 

indicator in adulterated honey, with a content of detectable syrup near 2.5 % (w/w). On 609 

the other hand, the syrup content in adulterated honeys could be approximately 610 

calculated using the height of this peak in the chromatograms. Using this method, 611 

preliminary treatment of the samples is not required and no organic solvent is needed. 612 

Therefore, the method proposed is simple, of low cost, environmentally 613 

unobjectionable, and easy to perform in quality control 27.  614 

 Spectroscophic techniques (NIR, MIR, Raman) coupled with chemometric 615 

methods have proven to be effective to recognize adulterated honey and to determine 616 

the amount of adulterant added. For quality-grading purposes, discriminating between 617 

different ranges of adulterant concentration might be enough.  618 

NIR transflectance spectroscopy was evaluated to discriminate between 619 

unadulterated honey and the same honey adulterated by different fructose:glucose 620 

mixtures. Honey samples of 6 floral origins were used. Five classification methods were 621 

evaluated. The best classification model obtained is known as least square support 622 

vector machine (LS-SVM). Wavelet transformation (WT) was more effective than 623 

principal component analysis (PCA) for selection of variables 89. More samples of 624 
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different places and botanical origins could be included to expand the calibration model 625 

and improve the robustness and accuracy of the method.  626 

The use of fibre optic diffuse reflectance FT-NIR spectroscopy has been 627 

assessed in order to differentiate between adulterated with HFCS and authentic blossom 628 

honey samples. Classification of honey samples was realized using discriminant partial 629 

least squares (D-PLS) analysis. The main bands responsible for the discrimination of 630 

samples were in the range of 6000-10000 cm-1. Honey samples containing HFCS were 631 

purchased in the market. The 100 % of genuine honeys and 95 % of adulterated honeys 632 

from the test set were correctly classified  90. This method presented the advantage 633 

compared to most methods of using adulterated honey samples not prepared in 634 

laboratory. Therefore, adulterated honey samples were truly representative improving 635 

the prediction efficiency.  636 

 FTIR-ATR was evaluated for determine the amount of beet medium invert 637 

sugar added to 3 varieties of honey (clover, bluckwheat, and orange blossom honey) 91. 638 

Two multivariate techniques, PLS and principal component regression (PCR), were 639 

assessed. PLS-1st derivative models for the different varieties of honeys gave slightly 640 

better results that those obtained using other calibration models. The r2 values for 641 

validation set ranged between 0.946 and 0.956. SEP values were between 2.1 and 4.5 % 642 

(w/w). Adulterated samples were classified into 3 groups according to the levels of beet 643 

invert sugar added to honey. For this purpose, linear discriminant analysis (LDA) and 644 

canonical variate analysis (CVA) were evaluated. PCA was used as the data 645 

compression technique. The best predictive model was achieved using CVA, which 646 

successfully classified 88.2-94.1 % of the validation set. On the other hand, a single-647 

calibration model including all varieties of honey gave lower correlations and higher 648 
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SEC and SEP values than the individual models, and the percentage of correct 649 

classification was reduced to 78.4 % for the validation set using CVA.  650 

This methodology was used to study adulteration with cane medium invert sugar 651 

by the same authors 92. The same varieties of honey were analyzed. The PLS-1st 652 

derivative model gave SEP values between 2.8 to 3.5 % (w/w); the r2 values ranged 653 

between 0.93 and 0.96. The PLS data compression technique was used in discriminant 654 

analysis. Optimum classifications of 88.2-96.4 % and 89.3-94.1 % were achieved in the 655 

validation set, using LDA and CVA, respectively. However, LDA was slightly better 656 

for orange blossom honey and CVA for clover and bluckwheat. A single-calibration 657 

model including all varieties of honey was also studied and gave worse results than 658 

individual models.  659 

An analytical method using FTIR-ATR spectroscopy was developed for 660 

determining the amount added of CS to 3 different varieties of honeys (bluckwheat, 661 

clover, and orange). Using PLS-1st derivative models, SEP values were in the range 662 

1.99-2.22 % (w/w). The r2 values ranged between 0.899 and 0.940. A combined model 663 

for the 3 different varieties of honey was studied and gave worse results than individual 664 

models 93. This result was similar to that obtained by the same authors for other 665 

adulterants, such as beet and cane medium invert sugar 91,92. 666 

FTIR-ATR spectroscopy was applied to the discrimination of Irish artisanal 667 

honeys from those adulterated with 1 of 5 sugar syrups: fully inverted beet syrup, 668 

HFCS, partial invert cane syrup, dextrose syrup, and beet sucrose 94. A soft independent 669 

modeling class analogy (SIMCA) model allowed correct identification of 96.2 % of 670 

authentic honeys. Furthermore, 97.5 % of beet sucrose-adulterated honeys and 95.8 % 671 

of honeys adulterated with dextrose syrup were correctly classified as adulterated 672 

honeys. Most of the samples adulterated with the others syrups were incorrectly 673 
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classified as genuine honeys. Therefore, the model may be used only to detect 674 

adulteration with dextrose syrup or beet sucrose in Irish artisanal honeys. Minimum 675 

levels of 10 % and 7 % (w/w) for beet sucrose or dextrose syrup, respectively, were 676 

detected. On the other hand, a PLS model that allowed differentiate between authentic 677 

honeys and honeys adulterated with partial invert cane syrup was obtained. Applying 678 

this model to the samples adulterated with HFCS or fully inverted beet syrup, most of 679 

them were identified as not cane partial inverted syrup-adulterated honeys, i.e., they 680 

were classified as genuine honeys. This model allowed confirmation of the identity of 681 

partial invert cane syrup-adulterated honeys with a correct classification rate of 91.7 %. 682 

Using the 2 models, SIMCA and PLS, adulteration with beet sucrose, dextrose syrup, or 683 

partial invert cane syrup can be detected. 684 

FTIR-ATR spectroscopy was used to quantify CS, HFCS, and inverted sugar in 685 

honeys of 4 states of México (Estado de México, Oaxaca, Chiapas, and Morelos). PLS 686 

models for the 3 adulterants were developed. Good prediction accuracies were obtained. 687 

The r2 values ranged between 0.976 and 0.999. SEP values were between 1.5 and 2.1 % 688 

(w/w) for CS, 2.1-3.0 % (w/w) for HFCS, and 1.4-2.5 % (w/w) for inverted sugar. 689 

Furthermore, a classification model based on SIMCA was developed in order to 690 

discriminate the geographic origin of the Mexican honeys. Using this model a correct 691 

classification rate of 100 % was achieved 95. 692 

Raman spectroscopy was used to detect honey adulteration with cane and beet 693 

medium invert sugar in 3 varieties of honey (bluckwheat, clover, and orange blossom 694 

honey) 82. PLS analysis was used to predict amounts added of the adulterants. Models 695 

were made for each adulterant and type of honey. The prediction models had an 696 

acceptable accuracy. Values of r2 between 0.909 and 0.952 were obtained. SEP values 697 

were between 1.56-2.20 % (w/w). As compared with results obtained by Sivakesava 91,92 698 
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using FTIR-ATR, the r2 values were somewhat lower. However, SEP values were 699 

better. Discriminant analysis by CVA with PCA compressed data was used in order to 700 

classify adulterated honey based on the different concentration ranges for the 701 

adulterants. About 96 % was the correct minimum classification rate obtained. Results 702 

were better than those obtained by Sivakesava 91,92, using FTIR-ATR. CVA was also 703 

used to differentiate between the 2 different types of adulterants regardless of the 704 

honeys floral origin. The percentages of correct classification obtained were 90 % 705 

(approximately) and 91 % for the calibration and validation sets, respectively. Better 706 

predictions were obtained when discriminant models were developed for each type of 707 

honey. In this case, the classification accuracy from all floral varieties was 708 

approximately 96 % for both calibration and validation data sets.  709 

 710 

ANALYTICAL METHODS FOR METHYLGLYOXAL AND OTHER 1, 2-711 

DICARBONYL COMPOUNDS 712 

The 1,2-dicarbonyl compounds in honey, such as glyoxal (GO), 2-oxopropanal 713 

or MGO, and 3-deoxyglucosone (3-DG), are formed from reducing carbohydrates by 714 

the Maillard reaction or caramelization reactions. GO and MGO are considered markers 715 

for an advanced state of glucose degradation. GO is the product of autoxidation for 716 

glucose and MGO is formed by retroaldolization of the intermediate 3-DG 96. Analytical 717 

methods used for determining MGO and other 1,2-dicarbonyl compounds in honey are 718 

shown in Table 6. 719 

1,2-dicarbonyl compounds were determined in honey by RP-HPLC with UV-720 

detection at 312 nm, preceded by derivatization to their corresponding quinoxalines 721 

with orthophenylenediamine (OPD) 96. The derivatization procedure was done at room 722 

temperature in the absence of light for 12 h. The chromatographic separation was 723 
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carried out using gradient elution: solvent A: 0.075 % (v/v) acetic acid and solvent B: 724 

80 % (v/v) aqueous methanol containing 0.075 % (v/v) acetic acid. The LODs obtained 725 

were: 0.16, 0.03, and 0.04 mg/L for 3-DG, GO, and MGO, respectively. The ranges of 726 

concentration used for the calibration showed good linearity: 0.32-81 mg/L for 3-DG, 727 

0.06-1.7 mg/L for GO, and 0.07-2.2 mg/L for MGO. HMF, formed preferably under 728 

acidic conditions from 3-DG, was separately quantified using RP-HPLC. Elution was 729 

performed in isocratic mode with a buffer containing 15 % (v/v) methanol and 85 % 730 

(v/v) 0.05 M phosphate-buffer (pH 5.5). The concentration of HMF was much lower 731 

than that of 3-DG and no correlation between the 2 compounds was found.  732 

Another 1,2-dicarbonyl compound, glucosone, unknown to occur in foods before 733 

2004, was isolated and identified by HPLC-MS and NMR spectroscopy. The estimated 734 

amount of glucosone in all samples analyzed was between 18 and 262 mg/kg, with an 735 

average value of 90 mg/kg. On the other hand, an increase of 3-DG and HMF was 736 

observed when the samples of honey were stored at 35 ºC and 45 ºC. However, the 737 

concentrations of GO and MGO did not show changes and no significant increase in the 738 

content of glucosone was observed. 3-DG proved to be a more sensitive indicator for 739 

heat treatment than HMF 96. 740 

GO, MGO and 3-DG were also determined in honey using the Mavric method, 741 

which is a slight modification of the Weigel method 97. The LODs obtained were 0.3 742 

mg/kg for 3-DG and 0.2 mg/kg for GO and MGO. Higher concentration ranges for 743 

calibration curves were used showing good linearity: 10-500 mg/L for 3-DG, 0.1-20 744 

mg/L for GO, and 0.1-300 mg/L for MGO. HMF was determined separately. The 745 

amounts of 3-DG were also much higher than those of HMF, and no correlation 746 

between the 2 compounds was found. Furthermore, GO and MGO were not affected by 747 

storage conditions. 748 
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HPLC-DAD coupled to mass spectrometry with an electrospray ionization 749 

interface (HPLC-DAD-ESI-MS) has also been used for the determination of GO, MGO, 750 

and 3-DG in honeys 98. 1,2-dicarbonyl compounds were derivatized with OPD before 751 

analysis. Electrospray ionization in positive mode was performed. Gradient elution was 752 

used: solvent A: methanol/acetic acid (99.97:0.03 v/v) and solvent B methanol/acetic 753 

acid (99.85:0.15 v/v). The detection wavelength used was 312 nm. The estimated LODs 754 

for 3-DG, GO, and MGO were 0.130, 0.083, and 0.063 μg/mL, respectively. LODs for 755 

GO and MGO were higher than those reported by Weigel 96. However, the LOD of 3-756 

DG was similar. The concentration ranges used for the calibration curves were 3−520, 757 

0.1-60, and 0.1-250 mg/L, for 3-DG, GO, and MGO, respectively. 758 

Honey is valued for its healing properties and can be used as a topical 759 

antibacterial agent for surface wound infections. Acidity, high osmolality, and hydrogen 760 

peroxide contribute to the antimicrobial activity of honey. Non-peroxide factors include 761 

lysozyme, phenolic acids, and flavonoids. MGO was identified as the component 762 

mainly responsible for the non-peroxide antimicrobial activity in New Zealand manuka 763 

honey (Leptsopermum scoparium) 97,99. Leptospermum honeys are well known for their 764 

healing properties and include New Zealand manuka honey (Leptsopermum scoparium) 765 

and Australian jelly bush honey (Leptospermum polygalifolium).  766 

Amounts of MGO in New Zealand manuka honey (Leptsopermum scoparium) 767 

between 38.4 and 761 mg/kg have been found97. These values were much higher than 768 

those found in conventional honey 96-98 when MGO values below 13 mg/kg were found. 769 

Concentrations of MGO in honeys from Australian native plants have also been 770 

determined 100. The values obtained ranged from 8 to 1755 mg/kg, with an average 771 

concentration of 357 mg/kg. The samples from the L. polygalifolium (jelly bush) floral 772 
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source had the highest MGO concentrations (279-1755 mg/kg) with an average value of 773 

604 mg/kg.  774 

It has been reported that the high levels of MGO arise from the nonenzymatic 775 

conversion of dihydroxyacetone (DHA) to MGO in maturating honey99. High levels of 776 

DHA and low levels of MGO have been found in nectar and honey freshly produced by 777 

bees. 778 

A strong positive correlation between the amount of MGO in manuka honey and 779 

antibacterial activity on Staphylococcus aureus was reported 101. The MGO content has 780 

been used commercially as an indicator of the bioactivity of Leptospermum honeys. 781 

MGO amount in honeys is expressed as a MGO number. For instance, ‘500 + MGO’ 782 

indicates that the honey contains a minimum amount of methylglyoxal of 500 mg/kg 100.  783 

In order to classify manuka honey by antimicrobial strength, unique manuka 784 

factor (UMF) is used. For its determination, the size of the zone of inhibition of 785 

Staphylococcus aureus induced by the honey is compared with that induced by phenol 786 

solutions. Honey having an antibacterial activity equivalent to that of a 5 % phenol 787 

solution has a UMF 5+ and so on up to a 30 % phenol solution rated as UMF 30+ 102. 788 

Manuka honey with a high UMF value has a good antibacterial activity. Therefore, 789 

UMF 12+ manuka honey is commercialized for therapeutic purposes and that with 790 

UMF 16+ would be more potent for specific medical applications.  791 

MGO content is usually measured according to the above methods 96,97. These 792 

methods are time-consuming and involve a number of steps and numerous reagents and 793 

solvents. A direct method has been developed involving a mixed mode size-794 

exclusion/ligand exchange separation with 2 columns and with refractive index 795 

detection 103. This method was compared to the Weigel method 96. The direct method 796 

presented disadvantages. It proved to be much less sensitive with a detection limit ca. 797 
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50 mg/kg. Therefore, it is not suitable to determine MGO in conventional honeys (non-798 

manuka honeys) with relatively low amounts of MGO. Another disadvantage is that the 799 

standard additions method was necessary for quantification, known amounts of MGO 800 

being added to a honey solution (50-900 mg/kg). Instead, the indirect method using 801 

derivatization with OPD required an external calibration. On the other hand, better 802 

resolution of the MGO peak was obtained using the indirect method, less prone to 803 

interference with co-eluting peaks. 804 

A method for the simultaneous determination of MGO and DHA, its precursor, 805 

in Australian honeys has been proposed 104. The method involves a derivatization with 806 

O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine·HCl (PFBHA). Subsequent analysis 807 

of PFBHA derivatives by RP-HPLC with UV-detection at 263 nm was carried out. 808 

Hydroxyacetone (HA) was used as an internal standard. Gradient elution was used for 809 

separation: solvent A: 30 % (v/v) acetonitrile and solvent B: acetonitrile. The usable 810 

linear range of the method for MGO was from 20 to 1800 mg/kg. This range was wider 811 

than that used (50-900 mg/kg) by Adams 103. The method using PFBHA was less 812 

sensitive than the methods developed by Weigel, Mavric, and Marshall 96-98. However, it 813 

was sensitive enough to detect MGO and DHA in honeys from 6 Leptospermum species 814 

(L. polygalifolium, L. trinervia, L. leavigatum, L. liversidgei, L. semibaccatum, and L. 815 

speciosum) and blends with other species. High levels of MGO and DHA were found 816 

ranging from 43 to 1723 mg/kg and from 412 to 2403 mg/kg for MGO and DHA, 817 

respectively. High levels of DHA and MGO were present at the genus level, not being 818 

restricted to manuka honey 97,103. This method presents some advantage over other 819 

methods using HPLC-UV and previous derivatization with OPD 96,97 which does not 820 

detect monocarbonyl compounds such as DHA. Furthermore, the time for sample 821 

preparation was reduced from 12-16 h to 2 h.  822 
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The Windsor method was applied to the simultaneous determination of MGO, 823 

DHA, and HMF in Austalian Leptospermun honeys 105. The PFBHA derivate of HMF 824 

resulted in 2 chromatographic peaks corresponding to their cis and trans-isomers.  825 

GC has also been employed to determine MGO in some New Zealand manuka 826 

and kanuka honeys. A method using headspace solid-phase microextraction coupled to 827 

gas chromatography with nitrogen/phosphorus detector (HS-SPME-GC–NPD) was 828 

described 106. Before SPME, derivatization of MGO with OPD was carried out in vials 829 

that were capped and left for 1 h to allow complete derivatization before analysis. 2,3-830 

Butanedione was used as an internal standard. The LOD of the method was 5 mg/kg. 831 

This method was less sensitive than those developed by Weigel 96 and Mavric 97 using 832 

HPLC-UV and derivatization with OPD. However, it was more sensitive than the direct 833 

method developed by Adams 103 and the Windsor method 104 which uses HPLC-UV and 834 

derivatization with PFBHA. 835 

Besides chromatography, other analytical techniques have been used. A NMR 836 

method was proposed 102. MGO was present in sample solutions as the mono- and 837 

dihydrate which were independently measured. The values obtained were added to 838 

determine the methylglyoxal concentration. The method was applied to samples of 839 

manuka honey. The amounts of methylglyoxal ranged from 338 to 817 mg/kg. This 840 

method was compared with the Mavric method using HPLC-UV detection and another 841 

using HPLC coupled with time of flight mass spectrometry detection (HPLC/TOF-MS), 842 

being MGO previously derivatized with OPD. The amounts of MGO obtained with 843 

these 2 methods were in most of the cases somewhat higher than those obtained with the 844 

NMR method. This could be explained by the Maillard reaction between sugars and 845 

OPD which would generate MGO or by the conversion of DHA to MGO due to the 846 

elevated temperature used during the process of derivatization 102. The NMR method 847 



 35 

presented advantages because it is applied directly on the diluted honey with neither 848 

chromatographic separation nor sample derivatization.  849 

Recently, MIR spectroscopy with ATR in combination with a PLS1 regression 850 

model has been proposed to predict MGO content in Australian honeys from several 851 

native plants 100. The reference method used derivatization of MGO with OPD and 852 

posterior analysis by HPLC-UV detection. A r2 value of 0.75 between the predicted and 853 

reference values was obtained. Robustness of the method could be improved for 854 

commercial applications. 855 

Sugars and several physicochemical parameters used in quality control can be 856 

determined simultaneously with FTIR-ATR spectroscopy. Moreover, this technique 857 

allows discrimination of adulterated honey samples containing several added 858 

sweeteners, and determination of the amount added of each one. It is nondestructive, 859 

rapid, requires only limited sample preparation, and is easy to perform. Therefore, 860 

FTIR-ATR has been proposed for routine quality control by several researchers. 861 

However, IR spectroscopy did not allow a good quantitative determination of HMF and 862 

enzyme activities, two criteria of great importance for the honey trade to assess storage 863 

and heat damage.  864 

As conclusion, several analytical techniques are needed due to the complex 865 

chemical composition of honey. Chromatographic techniques are widely used. More 866 

recently, methods based on other techniques, such as Raman, IR, and NMR 867 

spectroscopy, in combination with chemometric methods, have been proposed for 868 

honey analysis. These methods rely on the inherent advantages of spectroscopy. They 869 

are rapid, inexpensive, nondestructive, and not needing sample preparation or expensive 870 

reagents. Official methods based on spectroscopic techniques should be developed and 871 

validated for routine quality control of honeys. 872 
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 1204 

Table 1 1205 

Classification of quality parameters of honey. 1206 

Parameters related to preservation Moisture 

pH 

Free acidity and total acidity 

Parameters related to freshness Diastase activity 

Invertase activity 

Hydroxymethylfurfural 

Parameters related to ripeness Proline 

Moisture 

Sucrose 

Parameters related to the botanical 

origin 

Ash content 

Moisture 

Color  

Electric Conductivity 

Specific rotation 

Fructose/glucose 

Glucose/moisture 

pH 

Free acidity and total acidity 

Proline 

Sugar composition 

Parameters related to adulteration Sucrose 

Glucose-fructose-sucrose profile 

Proline 

Hydroxymethylfurfural 

Parameters related to crystallization 

 

Fructose/glucose 

Glucose/moisture 

 1207 

 1208 
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Table 2 1210 

Composition criteria of honey (EU Directive 110/2001). 1211 

Parameter Concentration 

Fructose and glucose content (sum of both): 

- Blossom honey 

- Honeydew honey and blends of honeydew honey 

with blossom honeys 

 

≥ 60 % (w/w) 

≥ 45 % (w/w) 

Sucrose content, in general (with exceptions) ≤ 5 % (w/w) 

Moisture content, in general (with exceptions) ≤ 20 % (w/w) 

Water-insoluble content: 

-  in general 

-  pressed honey 

 

≤ 0.1 % (w/w) 

≤ 0.5 % (w/w) 

Electric conductivity: 

- Blossom honey (with exceptions)  

- Honeydew and chestnut honey  

 

≤ 0.8 mS/cm 

≥ 0.8 mS/cm 

Free acid, in general  ≤ 50 milli-equivalents/kg  

Diastase activity: 

- In general 

- Honeys with low natural enzyme content  

- (e.g. citrus honey) and an HMF content ≤ 15 mg/kg  

 

≥ 8 (Schale units) 

≥ 3 (Schale units) 

 

Hydroxymethylfurfural (HMF): 

- In general except baker´s honey 

- Honeys of declared origin from regions with  

tropical climate and blends of these honeys 

Honeys with low natural enzymatic level (e.g. 

citrus honey) 

 

≤ 40 mg/kg 

≤ 80 mg/kg 

 

≤ 15 mg/kg 

 

 1212 

1213 
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Table 3 1214 

Analytical techniques for the determination of hydroxymethylfurfural and other furanic 1215 

alhehydes and acids in honey. 1216 

Compound Analytical techniques References 

Hydroxymethylfurfural RP-HPLC (detection UV) 

 

 12,31,33,42,44,47,48,96,105,107 

Hydroxymethylfurfural UV/VIS spectrophotometry  43,44 

Hydroxymethylfurfural RP-HPLC (UV-detection), 

previous derivatization with 

PFBHA 

 105 

Others furanic aldehydes 

and acids 

(2-F, 3-F, 2- FA, 3- FA) 

RP- HPLC (detection UV)   31,48 

2-F: 2-furfuraldehyde or furfural, 3-F: 3-furfuraldehyde, 2-FA: 2-furfuroic acid,  1217 

3-FA: 3-furfuroic acid 1218 

PFBHA: O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine·HCl 1219 

 1220 

 1221 

 1222 

 1223 

 1224 

 1225 

 1226 

1227 
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Table 4 1228 

Analytical techniques for the determination of carbohydrates. 1229 

Analytical techniques References 

HPLC-RID  27,54,67,70,80,108-111 

HPLC-ELSD  79 

HPLC-DAD  62 

HPAEC-PAD  29,61,72,73,112-114 

GC-FID  68,69,113,115,116 

GC-MS  74,75 

NIR spectroscopy  15,16,18,77,117,118 

FTIR-ATR spectroscopy  19,73,78,79 

Raman spectroscopy  80,81 

 1230 

1231 
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Table 5 1232 

Analytical techniques for the detection of honey adulteration with sweeteners. 1233 

Technique  References 

Stable carbon isotope ratio analysis (SCIRA)  85-88 

Chromatography  27,61 

NIR spectroscopy  89,90 

FTIR-ATR spectroscopy  91,92,94 

Raman spectroscopy  82 

 1234 

 1235 

 1236 

 1237 

 1238 

 1239 

1240 
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Table 6. 1241 

Analytical methods for the determination of methylglyoxal 1242 

Methods References 

RP-HPLC with UV-detection, previous 

derivatization with OPD 

 96,97* 

RP-HPLC with UV-detection, previous 

derivatization with PFBHA 

 104,105** 

 

RP-HPLC with RI detection (direct 

method) 

 103 

 

HPLC-TOF-MS, previous derivatization 

with OPD 

 102 

HPLC-DAD-ESI-MS, previous 

derivatization with OPD 

 98* 

Headspace SPME/GC-NPD, previous 

derivatization with OPD 

 106 

 

NMR spectroscopy  102 

 

MIR spectroscopy-ATR  100 

 1243 

OPD: ortho-phenylenediamine, PFBHA: O-(2, 3, 4, 5, 6-pentafluorobenzyl) 1244 

hydroxylamine·HCl,  1245 

* 3-deoxyglucosone (3-DG), methylglyoxal (MGO), and glyoxal (GO) were 1246 

determined. 1247 

** hydroxymethylfurfural (HMF), methylglyoxal (MGO), and dihydroxyacetone 1248 

(DHA) were determined. 1249 


