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Abstract

The determination of hydroxymethylfurfural (HMF) in bee honey is performed by the spectrophotometric methods
Winkler's and White's. The Winkler method reads the absorbances in the visible region of the spectrum, and the
White method measures in the ultraviolet (UV) and visible regions of the spectrum. This study aims to compare the
spectrophotometric methodologies of White and Winkler to the determination of HMF in bee honey. For the study,
it was used a UV-visible spectrophotometer, 10 mm optical path quartz cuvettes, and ten bee honey samples of
different flowering. Absorbances at 550 nm were analyzed by the Winkler method; absorbances at 284 nm and 336
nm in the White method; and a comparison of HMF concentration (mg/kg) was carried out between the methods.
The results showed significant differences (p<0.05) in HMF concentration determined by both methods. The main
conclusion is that the Winkler method presents higher HMF values than the White method.
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Highlights
e There are no significant differences in the absorbance readings in the evaluated methods

e  HMF values were different between the White and Winkler methods
e  The Winkler method presents higher HMF values than the White method
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1 Introduction

Hydroxymethylfurfural (HMF) is a cyclic aldehyde formed from the breakdown of sugars present in
various heat-processed foods such as breakfast cereals, dairy products, and juices. In addition, its
concentration is a parameter to measure the quality and freshness of the honey, as the maximum acceptable
amount is 60 mg/kg. HMF can be present in honey for three reasons: (a) sugar addiction fraud, (b)
overheating, and (c) aging (Shapla et al., 2018). Brasil (1981) defines HMF in bee honey as a fructose
dehydration product that occurs when sucrose is reversed in an acid medium.

HMF can be detrimental to health by showing effects such as cytotoxicity to mucous membranes, skin, and upper
respiratory tract, mutations, chromosomal aberrations, and carcinogenicity. In contrast, HMF has been shown in some
studies with positive effects such as antioxidants, antiallergics, and anti-inflammatories (Shapla et al., 2018).

Evaluating the concentration of HMF in honey is important and verifiable by using the official White,
Winkler, and high-performance liquid chromatography (HPLC) methods. The White and Winkler methods
use UV-visible spectrophotometer equipment that is cheaper than high-value HPLC.

The White method uses potassium ferrocyanide (Carrez I), zinc acetate (Carrez 1), and sodium bisulfite
solutions to determine HMF in bee honey samples. The main equipment used in the method is the
spectrophotometer. While ABNT (Associagdo Brasileira de Normas Técnicas, 2016) does not mention the
use of an ultrasound bath, IAL (Instituto Adolfo Lutz, 2005) cites the use of this equipment for the
determination of HMF. Spectrophotometer absorbance readings are taken at two wavelength regions (A): (a)
visible region - 336 nm and (b) ultraviolet region - 284 nm (Association of Official Analytical Chemists,
1995; Bogdanov et al., 1997; Instituto Adolfo Lutz, 2005).

The Winkler method uses barbituric acid and p-toluidine solutions. This method uses a spectrophotometer
and the visible region of the spectrum with absorbance readings at 550 nm (Brasil, 1981). The concern in
terms of biosafety for this method is that p-toluidine is a substance that has toxic and carcinogenic
compounds, and this is the main reason that many routine laboratories for honey analysis do not perform this
analysis (Zappala et al., 2005; Pascual-Maté et al., 2018).

The HPLC method consists of the use of specific chromatography equipment which is expensive and is often
not compatible with the reality of many laboratories that analyze the quality of honey in Brazil. However, the
spectrophotometric methods use a device easily acquired because it does not depend on its price, which may
exceed the economic reality of beekeepers. And spectrophotometric methodologies (White and Winkler) can be
more easily applied and economically viable to determine HMF concentration. This study aims to compare the
spectrophotometric methodologies of White and Winkler to the determination of HMF in bee honey.

2 Material and methods

2.1 Samples

Ten samples of bee honey from supermarkets and apiaries were used. The samples were sent to the Food
Physicochemical Laboratory of the Public Food Guidance Service of the Department of Animal Production
and Preventive Veterinary Medicine, S0 Paulo State University (Unesp), School of Veterinary Medicine
and Animal Science, Botucatu City, Sdo Paulo, Brazil and stored in thermal boxes to avoid interference from
elevated temperatures.

2.2 Reagents

For the spectrophotometric determination of HMF by the White method, 15% potassium ferrocyanide solutions
(Carrez 1 solution), 30% zinc acetate (Carrez II solution), and 0.2% sodium bisulfite were used. In the Winkler
method, the solutions used were 0.5% aqueous barbituric acid solution and 10% para-toluidine isopropyl solution.
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Pure water from a reverse osmosis system was used in the analytical assays. All solutions obtained in the present
work were made from high-quality analytical reagents of the brands Merck® and Sigma-Aldrich®.

2.3 Equipment

Tecnal® reverse osmosis equipment model TE 4007-10 was used to obtain pure water. The Spectrum®
model SP1105 UV-visible spectrophotometer was used to analyze the methods. In the HMF absorbance
readings in the spectrophotometer, 10 mm optical path quartz cuvettes and 3.5 mL volume were used.

2.4 Determination of HMF by the Winkler method

The samples were submitted to White and Winkler spectrophotometric methods for the determination of
HMEF. The assays were made in triplicate totaling thirty assays for each method.

Five grams of honey were weighed into a 50 mL glass vial. It dissolved with the aid of pure water and
transferred to a 25 mL volumetric flask. It completed the volume of the volumetric flask with pure water and
homogenized it. The solution was used immediately.

Two milliliters of the honey solution prepared above were transferred into 4 clean and dry test tubes. 5 mL
of the para-toluidine solution was added to each test tube. In the tube considered white, 1 mL of pure water
was added and in the other tubes, 1 mL of barbituric acid solution was added and homogenized. The sequence
of addition of reagents did not exceed 2 min.

Waited 4 min. Transferred to a 10 mm optical path quartz cuvette and read the absorbance spectrophotometer at
550 nm. The absorbance value obtained in the reading was applied in the following official formula of the method.
Formula: HMF (mg/kg) = 192 x absorbance/cuvette thickness. Where: HMF = hydroxymethylfurfural, 10 mm
cuvette thickness of optical path = consider 1 cm; and the value of 192 = dilution factor and extinction coefficient.

2.5 Determination of HMF by the White method

Five grams of honey were weighed into a 50 mL glass and transferred to a 50 mL volumetric flask with
the aid of a stick and 25 mL of pure water. Added 0.5 mL of Carrez I solution and 0.5 mL of Carrez 11
solution. It completed the 50 mL volumetric flask with pure water and homogenized it.

The solution was filtered with filter paper and the first 10 mL were discarded. 5 mL of the filtrate was pipetted into
4 clean test tubes. In the tube considered white (reference) 5 mL of sodium bisulfite solution was added and in the
other tubes, 5 mL of pure water was added. It mixed well (Associagdo Brasileira de Normas Técnicas, 2016).

The absorbance reading was taken on the spectrophotometer with 10 mm optical path quartz cuvettes at
284 nm and then at 336 nm. The results were placed in the official formula of the method: HMF (mg/kg) =
(Aosa - Asze) x 149.7 x 5/ m. Where: Ajgs4 = absorbance reading at 284 nm; As3s = absorbance reading at 336
nm; m = sample mass (g); 5 = nominal mass of sample; and 149.7 = (126/16830) x (1000/10) x (1000/5).

2.6 Statistical analysis

Statistical analyzes of the triplicate absorbance readings in the spectrum regions (UV and visible) were performed.
Statistical analysis of HMF concentrations was also performed using the Winkler and White spectrometric methods.
The statistical method was based on an entirely randomized experiment or randomized essay. Performed analysis of
variance (ANOVA) supplemented with Tukey test for comparison of means. Statistical analysis considered the
significance level of 5%.

2.7 Treatment of chemical residues

All chemical residues generated at the Animal Food Physicochemical Laboratory during this work were
sent to the Conservation and Maintenance Section of the General Administration (UNESP, Botucatu, Sao
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Paulo, Brazil). This section manages all chemical residues generated at the Botucatu Campus and makes their
analytical destination decisions.

3 Results

3.1 Absorbance study in the visible region of the spectrum (550 nm) in the Winkler method.

Table 1 shows the analysis of variance (ANOVA) of the absorbance values obtained at 550 nm by the
Winkler method. Statistical analysis of the three repeats of absorbance obtained a value of p > 0.05. The
mean of the three absorbance repetitions did not show significant differences (p = 0.9884) complemented
with the Tukey test (Table 2).

Table 1. Analysis of variance (ANOVA) of the absorbance values of the three replicates (triplicate) of each honey
sample analyzed and read at 550 nm in the spectrophotometer for the determination of 5-hydroxymethylfurfural using
quartz cuvettes with a 10 mm optical path (Winkler method).

Source of variation Degrees of freedom Sum of squares Medium Square
Treatments 2 0.0008441 0.0004220
Waste 36 1.300 0.03611
Total 38 1.301

F=0.01169 = (MSlreatmenl/MSresidual)

Table 2. Mean + standard deviation of absorbance values [-Log10 (I/10)] read at 550 nm in the spectrophotometer of
the three replicates (triplicate) of each honey sample for the determination of 5-hydroxymethylfurfural by the Winkler
Method. Statistical analysis and Tukey-Kramer multiple comparison test (5% significance level).

Absorbance [- Logio (I/o)] + standard deviation
1% repetition 2"d repetition 3rd repetition
0,1668 + 0,0519a) 0.1639 + 0.0523a 0.1749 + 0.0539a

(MTukey-Kramer test and identical lowercase letters between repetitions indicate that there are no significant differences (p = 0.9884).

3.2 Absorbance study in the ultraviolet region of the spectrum (284 nm) in the White method

Table 3 shows the analysis of variance (ANOV A) of the three absorbance repeats at 284 nm. The statistical
analysis of absorbance obtained a value of p > 0.05 demonstrating that there are no significant differences in
repetitions. Tukey's test, which compared the mean absorbance, obtained p = 0.9998 (Table 4).

Table 3. Analysis of variance (ANOVA) of the absorbance values of the three replicates (triplicate) of each sample of
honey analyzed and read at 284 nm in the ultraviolet (UV) region of the spectrophotometer for the determination of 5-
hydroxymethylfurfural using quartz cuvettes of 10 mm of the optical path (White's method).

Source of variation Degrees of freedom Sum of squares Medium Square
Treatments 2 0.0002016 0.0001008
Waste 36 16.336 0.4538
Total 38 16.336

F=0.0002221 = (MStrcatmcnt/MSrcsidua])

Table 4. Mean + standard deviation of absorbance values [-Log10 (I/10)] read at 284 nm in the spectrophotometer of
the three replicates (triplicate) of each honey sample for the determination of 5-hydroxymethylfurfural by the White
method. Statistical analysis and Tukey-Kramer multiple comparison test (5% significance level).

Absorbance [- Logio (I/I0)] + Standard Deviation
1%t repetition 2"d repetition 3vd repetition
0.2788 + 0.1886a) 0.2827 £ 0.1874a 0.2773 £ 0.1845a

(OTukey-Kramer test and identical lowercase letters between repetitions indicate that there are no significant differences (p = 0.9998).
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3.3 Absorbance study in the visible region of the spectrum (336 nm) in the White method

Like the previous results, Table 5 shows the analysis of variance (ANOVA) of these three absorbance
repetitions at 336 nm. The Anova result showed that there are no significant differences (p > 0.05) in the
absorbance repetitions at 336 nm (visible region of the spectrum). Table 6 shows the comparison of the mean
absorbance supplemented with the Tukey test (p = 0.8991).

Table 5. Analysis of variance (ANOVA) of the absorbance values of the three replicates (triplicate) of each honey
sample analyzed and read at 336 nm in the visible region of the spectrophotometer for the determination of 5-
hydroxymethylfurfural using quartz cuvettes with a 10 mm optical path (White's method).

Source of variation Degrees of freedom Sum of squares Medium Square
Treatments 2 0.0002378 0.0001189
Waste 36 0.04014 0.001115
Total 38 0.04038

F=0.1067 = (MStrealmem/MSresidual)

Table 6. Mean + standard deviation of absorbance values [- Logl10 (I/10)] read at 336 nm in the spectrophotometer of
the three replicates (triplicate) of each honey sample for the determination of 5-hydroxymethylfurfural by the White
method. Statistical analysis and Tukey-Kramer multiple comparison test (5% significance level).

Absorbance [- Logio (I/I0)] + Standard Deviation
1%t repetition 2"d repetition 3vd repetition
0.0148 +0.0107aV) 0.0148 £ 0.0076a 0.0201 + 0.0093a

(MTukey-Kramer test identical lowercase letters between repetitions indicate that there are no significant differences (p = 0.8991).

3.4 Comparison of HMF concentrations (mg/kg) by Winkler and White methods

The analysis of variance (ANOVA) complemented with the Tukey test showed that there are extremely
significant differences between the Winkler and White methods (p = 0.0042) evaluated. Statistical analysis
in the present study showed that HMF values (mg/kg) in the honey of bees of different flowering were higher
in the Winkler method compared to the White method (Table 7).

Table 7. Mean + standard deviation of 5-hydroxymethylfurfural values (mg/kg) in honey from Apis mellifera bees by
the official spectrophotometric methods of Winkler and White. Statistical analysis (ANOVA) and Tukey-Kramer
multiple comparison test (5% significance level).

Official spectrophotometric methods for 5-hydroxymethylfurfural (HMF)
Winkler White
32.52 +10.07bM 0.61 =0.61a

(MTukey-Kramer test different lowercase letters indicate that there are significant differences (p = 0.0042).

4 Discussion

Our results demonstrated a high variability of HMF values (mg/kg) in the Winkler and White methods, observed
in their respective values of standard deviations and coefficient of variation (CV). But we found numerically that
the standard deviations of HMF values in the White method were greater than in the Winkler method. This
variability of HMF values in the White method is because of technical problems due to equipment manufacturing
issues in the automatic switching of the two lamps (tungsten and deuterium). We believe that the technology of
many low-cost spectrophotometers is problematic in the changing region of the two lamps (tungsten and
deuterium). This problem that exists in this spectral region (UV and visible boundary region) of the low-cost
spectrophotometer may be clarified with future methodological research. The absorbance reading at 336 nm in the
White method is within the transient limit established by Harris (2005) to + 400 nm between visible and ultraviolet
regions of the spectrum. Harris (2005) mentions that the tungsten lamp is used in the visible region (400 nm to
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700 nm) and the deuterium lamp is used in the ultraviolet region (200 nm to 400 nm). Another methodological
point, which is an interference with the White method, is the use or not of an ultrasound bath. ABNT (Associagdo
Brasileira de Normas Técnicas, 2016) does not mention the use of an ultrasound bath by the technical standard
ABNT NBR 15714-9 (Associagdo Brasileira de Normas Técnicas, 2016) and IAL (Instituto Adolfo Lutz, 2005)
cites the use of an ultrasound bath for the determination of HMF by the White method. Based on this discrepancy,
we believe that future studies should verify the efficiency of the use of ultrasound baths to determine HMF in this
method to elucidate this question. Therefore, we believe that further methodological studies are needed to clarify
the interferences of the Winkler and White methods which may be Chinese low-cost spectrophotometer
technology or analytical gears. This work did not evaluate the spectrophotometer equipment of several world
manufacturers nor the method steps because our objective in the present work was to analyze if there are
differences in the determination of HMF of honeys in the Brazilian reality.

Martysiak-Zurowska & Borowicz (2009) and Kukurova et al. (2006) compared the Winkler and HPLC
methods and described that the spectrophotometric method was less effective. Martysiak-Zurowska &
Borowicz (2009) and Kukurova et al. (2006) observed higher sensitivity and repeatability on HPLC and found
a significantly higher statistical value for HMF in the Winkler method. Martysiak-Zurowska & Borowicz (2009)
justified that the Winkler method addresses all furan-derived aldehydes and not just the HMF molecule. This is
the possible reason why we get higher HMF values in the Winkler method than in White's method.

Kukurova et al. (2006) reports honey samples with HMF values of less than 1.0 mg/kg are not properly
detected by the Winkler method and the HPLC method is the most suitable for the determination. In addition,
Martysiak-Zurowska & Borowicz (2009) and Kukurova et al. (2006) commented on the carcinogenicity of
the p-toluidine solution used in the Winkler method.

Truzzi et al. (2014) compared the HPLC and White methods and concluded that the HPLC method is the
most suitable because it is more accurate for samples with HMF concentrations from 1 mg/kg to 4 mg/kg.
Finally, Zappala et al. (2005) studied the three official methods (Winkler, White, and HPLC) and found that
the White and HPLC methods showed comparable results and the Winkler method overestimated them.

Although HPLC is the method with the best ratings, it requires the use of specific equipment that is expensive for
the reality of routine laboratories for Brazilian beekeepers. Therefore, the present study evaluated the two official
methods (White and Winkler) that are most cost-effective for small honey producers' laboratories.

In our experiment we found that the Winkler method presented higher and more accurate values than the White
method, and in both methods, the analyzed samples were in accordance with the European Union Directive
2001/110/EC (European Union, 2001). In the scientific literature they generally compare spectrophotometric
methods with the HPLC method and there are virtually no comparisons only between spectrophotometric methods
(Martysiak-Zurowska & Borowicz, 2009; Kukurova et al., 2006; Truzzi et al,, 2014; Zappala et al., 2005). In
addition, the International Conference on Harmonisation (1995) recommends the use of HPLC, White or Winkler
methods for the determination of HMF in bee honey and states that the Winkler method should not be used if other
methods are available in the laboratory because of the danger of the use of p-toluidine can provide.

Regardless of the choice of the spectrophotometric method (Winkler or White) for the determination of
HMF in bee honeys, in this study, we found statistically no significant differences (p < 0.05) when analyzing
the ultraviolet and visible regions of the spectrum of each method. However, we observed high HMF values
in the Winkler method.

5 Conclusion

The absorbance study in the ultraviolet and visible regions of the spectrum demonstrated stability in the
White method. The absorbance study in the visible region of the spectrum demonstrated stability in the
Winkler method. Hydroxymethylfurfural (HMF) values were different between the White and Winkler
methods. HMF values in bee honey were higher in the Winkler method.
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