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Abstract: Hydroxymethylfurfural (HMF) is a compound that is produced after heat treatment of honey; that is, they are
not present in the initial raw materials and can present a potential health hazard; they are known as chemical processing
contaminants. This compound is an indicator parameter of the quality of honey produced spontaneously. Its concentration
increases with time and other factors, such as improper heat treatment during processing, storage temperature and mode
of transportation. The objective of this research is focused on evaluating the content of HMF present in 6 types of bee
honey, 3 commercial brands and three artisanal brands; the honey was from eucalyptus and citrus flowering, and the place
where the honey was acquired is in the Province of Los Rios, since being a geographical area with abundant flora, the
primary pollinators are bees (Apis Mellifera). In addition, the honey was heated at different temperatures and time intervals
to evaluate whether Hydroxymethylfurfural increases when heat is added to the honey. The present work was carried out at
the Technical University of Babahoyo; the commercial and artisanal bee honey were acquired between 1 and 5 days before
the assay. For HMF analysis, a UV spectrophotometer was used, as specified in INEN 1637 standards, to determine the
absorbance of the standard sample at 284 and 336 nm. The HMF values obtained for the three commercial brand honey
and the artisanal brand honey are within limits allowed by INEN 1572 Technical Standard, which is 4_mg HMF/100_g of
honey (40 mg HMF/kg of honey) as a maximum limit. The mean values ranged from 0.08 to 1.77 mg HMF-/g honey, while
the honey subjected to heating had mean values ranging from 0.08 to 4.43 mg HMF/100_g honey. A high HMF content
was determined, which exceeded the maximum limit, leading to the conclusion that commercial and artisanal honey does
contain Hydroxymethylfurfural. Still, in small quantities, it is important to use good handling and preservation methods to

prolong the product's shelf life.
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|
Introduction

Beekeeping is an activity responsible for breeding and
caring for bees, with the objective of obtaining products de-
rived from the extraction of nectar that the bees make and
that is later placed in their hives. The main products obtai-
ned from beekeeping are honey, propolis, wax and royal
jelly; many of these products have been used for medicinal,
nutritional and curative purposes for many years'.

Beekeeping is an activity of great value because it
stimulates the economy by being an additional source of
income for thousands of rural Ecuadorian families. Its im-
portance in agricultural production is also centered on the
participation of bees in pollination, a process that guaran-
tees harvests?.

In Ecuador, one of the main activities that have been
carried out for years is beekeeping, which has been charac-
terized as being carried out on a small scale, in rural areas,
by small and medium beekeepers. The boom of beekeeping
in Ecuador occurred in 1993, with 38500 hives. According
to the last National Cadastre of Beekeeping Operations pu-
blished by the Ecuadorian Agency for Quality Assurance in
Agriculture (Agrocalidad), Ecuador, by the end of 2014, pre-
sented a total of 12188 hives and 902 beekeepers; with a
concentration of beekeepers in the provinces of Pichincha,

Loja, Imbabura and Manabi, these provinces together would
represent 60% of beekeeping production in the Country3.

The beekeeper and especially the beekeeping industry
use thermal treatments to achieve fluidity and homogeneity
for the honey packaging process or in the eventual blen-
ding of honey from different origins to achieve a pleasant
honey to the consumer's sight and delay the crystallization
process; these treatments and inadequate storage affect
honey quality*.

The beekeeper is in charge of beekeeping practices;
his work depends on the time of the year since, during
spring and summer, the bees are at their peak of activity. In
winter, conditions must be prepared for the following sea-
son. When bees are foraging (during the flower pollination
period), beekeepers must take care of population control
and the subsequent extraction of honey?®.

Honey is considered a substance originated by bees
from the transformation of the nectar they collect in nature
to feed the members of the hive. However, since time im-
memorial, humans have benefited from it as part of their diet
due to its innumerable nutritional and medicinal benefits®.

Bee honey is the most represented product in Ecua-
dorian beekeeping with 85%; beeswax is produced in 5%,
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pollen in 3%, propolis in 6%, royal jelly in 1%, and Apitoxin
in 0.1%. Approximately 90% of the bee farms in Ecuador
are located in rural areas, and the remaining 10% are in
urban areas’.

The Codex Alimentarius defines bee honey as "a na-
turally sweet-tasting substance produced by Apis mellifera
bees from the nectar of plants or the sweat of living parts
of plants or from the excretions of plant-sucking insects." It
further states that "honey sold shall not contain any additio-
nal ingredients, including food additives or additives other
than honey"®.

In bee honey and fruits, fructose is the primary sugar
found naturally and in small amounts in some vegetables.
Fructose is like glucose, a monosaccharide sugar and the
sweetest of all-natural carbohydrates; one molecule of glu-
cose and fructose together produce table sugar (sucrose)
which is half®.

Glucose is a monosaccharide, a simple sugar molecu-
le, freely present in foods such as fruit and honey. This form
of sugar is the primary source of energy that ensures the
proper functioning of the organism™.

The consumption of bee honey has excellent benefits
for people's health; it has antioxidant and anti-anemic qua-
lities. Products derived from bee honey are currently boo-
ming in the use of alternative medicine. Apitoxin (bee ve-
nom) has analgesic and anti-inflammatory properties, which
are defined as apitherapy™.

Pure or artisanal honey is the one that goes directly
from the honeycomb to the jar, beekeepers sometimes tem-
per it to a maximum of 30 degrees and filter it to remove tra-
ces of bees, flowers, etc., but it does not undergo any other
process that may alter its nutrients. Processed or commer-
cial honey is subjected to high temperatures and pressures
that spoil its beneficial properties.

Commercial honey is processed with high-temperatu-
re heat followed by rapid cooling. Pasteurization of honey
prolongs its shelf life in liquid form, improves its appearance
and also kills yeast cells that could change the flavor of the
honey. Store-bought commercial honey undergoes excessi-
ve processing, heated to about 70 degrees Celsius; due to
this, commercial honey loses all its natural characteristics'.

The melliferous bee or honey bee is an insect of the
aphid family; the honey bee group consists of only five spe-
cies of bees; this species is native to Europe, Africa and
part of Asia; honey bees are vital for pollination and deve-
lopment of crops for agriculture, livestock and food. Bees
pollinate eighty-four percent of food crops. At least five of
every ten things we eat have had a direct relationship with
bees by 75 to 80%".

The Apis mellifera bee, also known as the honey bee,
is one of the most recognized bees among the bee species
for its productive yields and honey storage. It has wax-pro-
ducing glands located in the abdomen with which they make
nests using poor-quality waxes or waxes that the workers of
the hive'® secrete.

The characteristics of honey are determined by various
laboratory analyses such as physicochemical, sensory and
pollen content. The latter is an indicator of the geographical
and botanical origin of the honey, and helps determine whe-
ther it is multi-floral -when the honey is composed of various
plant species- or monofloral.

HMF contains a hydroxyl group, an aldehyde and a fu-
ran ring, so its possible transformations include reactions
such as oxidation, hydrogenation, hydration, decarbonyla-
tion or esterification”.

HMF can be formed spontaneously by different processes,
for example, by Maillard reactions, also called non-enzymatic
browning or chemical browning reactions, caramelization reac-
tions and acid-catalyzed dehydration of hexoses. In foods hi-
ghly concentrated in sugars, such as honey, the most feasible
reaction is caramelization, although when honey is subjected to
processing, Maillard reactions may also be Maillard®.

Hydroxymethylfurfural (HMF) is an indicator of honey
freshness and invertase and diastase enzyme activities.
HMF is a compound (aldehyde) formed by the dehydration
of sugars, especially fructose. This formation of HMF occurs
naturally over time and is accelerated if honey is subjected
to high temperatures in the processes of extraction, homo-
genization, etc.".

Compounds generated after a thermal process, i.e.,
which were not present in the original raw material and may
pose a potential health risk, are called processing chemi-
cal contaminants. Recently, two new chemical processing
contaminants, acrylamide and Hydroxymethylfurfural, have
aroused great interest in the scientific community due to
their toxicological effects if found in the high range®.

The spectrophotometer is an instrument used in che-
mical analysis to measure the radiation absorbed or trans-
mitted by a solution containing an amount of the analyte. In
spectroscopy, the term light applies not only to the visible
form of electromagnetic radiation but also to the ultraviolet
(UV) and infrared (IR) forms, which are invisible. In absor-
bance spectrophotometry, the ultraviolet and visible regions
are used®.

|
Materials and methods

The methodology was carried out in the Phytopatholo-
gy Laboratory of the Technical University of Babahoyo in 6
types of honey, three commercial brands and three artisa-
nal brands to determine the quality of the same, the honey
of commercial bees and Artisanal honey acquired five days
before. In contrast, artisanal honey was accepted the same
day freshly harvested.

This methodology was carried out in two parts:

First: For the analysis of HMF, a UV wave spectropho-
tometer was used to measure the absorbed radiation; this
study was based on the NTE INEN 1637 standards. To spec-
trophotometrically determine the content of Hydroxymethyl-
furfural (HMF), in which the absorbance varies depending
on the content of Hydroxymethylfurfural (HMF). The product
is caused by the overheating of honey from bees due to bad
practices in its handling and inadequate storage.

Reagents

Potassium ferrocyanide solution: 15g of potassium fe-
rrocyanide K4Fe (CN)6 was dissolved. 3H20, in 100 cm?® of
distilled water.

Acetate solution of zinc: 30g of zinc acetate Zn (OAc)?
was dissolved. ,H,0, in 100 cm? of distilled water.

Sodium bisulfate solution (0.20%): 0.20 g of sodium bi-
sulfate NaHSO, was dissolved in 100 cm? of distilled water.

Experimental procedure

The method used to determine HMF in honey is des-
cribed below:

5 g of honey was weighed into a beaker and transferred
to a 50 cm?® volumetric flask with approximately 25 cm? of
distilled water.
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0.50 cm?® of potassium ferrocyanide solution was added
with a pipette and mixed well; 0.50 cm? of zinc acetate solu-
tion was added, brought to a volume of 50 cm?® with distilled
water. The first 10 cm?® of the filtrate is discarded. Two test
tubes (18 x 150 mm) were taken, and 5 cm?® of the filtrate
was added to each.

In one tube, 5 cm?® of water (sample) was added, and to
the other tube that will serve as a reference, 5 cm?® of NaH-
SO3 solution was added, mixing well.

The absorbance of the standard sample is determined
against the absorbance of the reference sample at 284 and
336 nmina 1 cm cell

If the absorbance (A) is more significant than 0.6, the
standard sample was diluted with water and also the re-
ference sample with NaHSO03 in the same proportion. The
absorbance A was determined and, for the calculations,
considered the dilution made.

Calculations

The content of Hydroxymethylfurfural in honey was de-
termined as follows:

Being:
A1 = sample absorbance at 284 nm.
_ (mg) _ (A1-A2)xFx5
HMF = (100g) - P O

Factor 14.97 = (126/16.830) (1000/10) (100/5)

126 = mole molecular weight of HMF.

16,830 = molar an of HMF at 284 nm

a = molar absorbability for HMF.?'

One commercial honey and one artisanal honey were
used, which were subjected to thermal processes at diffe-
rent temperatures for different time intervals to determine at
what temperature the HMF is increasing and if it exceeds
the INEN standard's limits 4mg. HMF/100g of honey (40 mg
HMF/Kg of honey), would not be suitable, and its quality
would be affected; once the heating was done, the same
methodology mentioned above in the first part was carried
out to evaluate the HMF.

Experimental procedure

The thermal process to which the honey was subjected
is detailed below:

100 g of commercial bee honey 1 was weighed and
placed in a water bath at 25 °C for 1 h, at 40 °C for 3 hours,
at 60 °C for 3 hours and at 80 °C for 3 hours.

100 g of Artisanal bee honey 1 was weighed and placed
in a water bath at 25 °C for 1 h, at 40 °C for 3 hours, at 60
°C and at 80 °C for 3 hours.

Calculation of the standard deviation

The standard deviation is a numerical index of the
spread of a data set (or population), that is, it is an avera-
ge of the individual deviations of each observation from the
mean. The greater the standard deviation, the greater the
dispersion of the results obtained. The standard deviation
is a parameter that accounts for the dispersion of the data
obtained. For a sample it is calculated with the following
formula:

5, (xi-D)2
s=y"— an

n-1

Pearson correlation

Pearson's correlation coefficient is a test that measures
the statistical relationship between two continuous varia-
bles. If the association between the items is not linear, then
the coefficient is not adequately represented. Pearson's co-
rrelation can take values from +1 to -1. A value of 0 shows
no correlation between the two variables. A value greater
than 0 indicates a positive correlation. As the value of one
variable increases, the value of the other variable also in-
creases. A value less than 0 indicates a negative correla-
tion; as one variable's weight increases, the other's value
decreases.

The Pearson correlation coefficient formula is as fo-
llows:

. _ EZXZy
ny = N

Where:

"x" is equal to variable number one, "y" belongs to va-
riable number two, "zx" is the standard deviation of variable
one, "zy" is the standard deviation of variable two, and "N"
is the data number.

* If r = zero, there is no association or correlation be-
tween the two variables.

* If 0 <r < 0.25 = weak correlation.

* 1f 0.25 < r < 0.75 = intermediate correlation.

* If 0.75 < r < 1 = strong correlation.

* If r = £1= perfect correlation.?

(I1I)

|
Results

The results obtained in the first part of the methodology
to evaluate Hydroxymethylfurfural in commercial and artisa-
nal honey were the following:

In this table, it is observed that the commercial honey
brands underwent a study in triplicate to have more exact
values, these values for Hydroxymethylfurfural are within
the reference value (4 mg HMF/g of honey), established in
the INEN 1572 standard, commercial-type honey has been
purchased in a supermarket in the City of Babahoyo at a
conservation temperature at room temperature.

This graph shows that commercial honey 1 has a high
content of HMF, more than commercial honey 2 and 3, al-
though it does not exceed the reference value (4 mgHMF/g
of honey), established in the INEN standard. 1572, it can
be determined that commercial honey does contain HMF in
small amounts after processing.

In this table 2, it is observed that for the brands of ar-
tisanal honey, a study was carried out in triplicate to have
more exact values; these values for Hydroxymethylfurfural
are within the reference value (4 mg/g of honey), establi-
shed in the INEN 1572 standard, while artisanal honey 3
does not register the presence of HMF, two of the artisanal
honey were acquired in the Canton Ventanas, and the other
in the City of Babahoyo at a temperature of environmental
conservation.

This graph shows that artisanal honey 2 has a high con-
tent of HMF, more than artisanal honey 1. However, it does
not exceed the reference value (4 mgHMF/g of honey), es-
tablished in the INEN 1572 standard; while artisanal honey
three did not present any level of HMF in its content, it can
be determined that certain artisanal honey does contain
HMF in small amounts, perhaps due to poor handling and
the temperature at which it is stored, artisanal honey three
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BRANDS OF HONEY HMTF content CONCENTRATION HMF Technical Standard
BEES INEN 1637
Maximum limit allowed
Unit Values Average

1.76

Commercial 1 1.77 1,77 4mg HMF/100g of honey
1.77
0.45

Commercial 2 0.45 0.45 4mg HMF/100g of honey
0.46
0.76

Commercial 3 0,76 0.76 4mg HMF/100g of honey
0,77

Each mark was made in triplicate.

Table 1. HMF content is present in commercial honey.

Hydroxymethylfurfural maximum limit 4mg
HMF/100g of honey

1,5

0,5

1,77mg HMF/100g de miel

0,45mg HMF/100g de miel

0,76mg HMF/100g de miel

HComercial 1 ®Comercial 2 ® Comercial 3
Figure 1. Statistical bars of HMF content in commercial honey.

BRANDS OF HONEY HMF content CONCENTRATION HMF Technical Stand-
BEES ard INEN 1637
Maximum limit allowed
Unit Values Average

0,08

handmade 1 0,08 0.08 4mg HMF/100g of honey
0.09
0.11

handmade 2 0.11 0.11 4mg HMF/100g of honey
0,12
0.00

Handmade 3 0,00 0,00 4mg HMF/100g of honey
0.00

Each mark was made in triplicate.

Table 2. HMF content is present in artisanal bee honey.
was newly harvested the day the experiment was going to
take place.

The second part of the results was where two kinds of
honey were heated in a water bath, applying different tem-
peratures for different time intervals.

This table 3 shows that commercial honey 1 subjected
to a temperature of 25 °C for one hour is within the levels
established in the standard, and no variation was obtained;
at 40 °C for three hours, the HMF increases; at 60°C for
three hours, the HMF continues to increase, and at 80°C it
exceeds the ranges established by the INEN standards of

4mg HMF/100g of honey.

This table 4 shows that artisanal honey 1 subjected to
a temperature of 25 °C for one hour is within the levels es-
tablished in the standard, and no variation was obtained;
at 40 °C for three hours, the HMF increases, at 60°C, the
HMF continues to increase, and at 80°C it exceeds the ran-
ges established by the INEN standards of 4mg HMF/100g
of honey.

Xi is the value obtained from each measurement, x is
the arithmetic means of the measurements, and n is the
number of measures made. In our case, the sizes of each
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BRANDS OF HONEY TEMPERATURE WEATHER HMF CONCENTRATION
BEES (°C) (h) 4mg HMF/100g of honey
INEN 1637
25°C 1 1,77
Commercial 1 40 °C 3 2,03
60 °C 3 3.87
80°C 3 4,43

Table 3. Data of the concentration of Hydroxymethylfurfural in the different thermal treatments.

Hydroxymethylfurfural maximum limit 4mg
HMF/100g of honey

0,2

0,1

,

0,08mg HMF/100g de miel 0,11mg HMF/100g de miel 0,00mg HMF/100g de miel

W Artesanal 1

M Artesanal 2 ® Artesanal 3

Figure 2. Statistical bars of HMF content in artisanal honeys.

BRANDS OF HONEY TEMPERATURE WEATHER HMF CONCENTRATION
BEES (“0) (h) 4mg HMF/100g of honey
INEN 1637
25°C 1 0,08
Handmade 1 40 °C 3 1.50
60°C 3 3.04
80°C 3 4.10

Table 4. Hydroxymethylfurfural concentration data in the different heat treatments.

of the analyzed honey have been carried out in triplicate.
The standard deviation calculation was made in commer-
cial samples 1 and artisan 2, in which the temperatures are
varied (40 °C, 60 °C and 80 °C), keeping the exposure time
at a constant temperature for (3h).

For the analysis of results, according to the Pearson
correlation coefficient = 0.9557, it can be said that the varia-
bles X and Y present a strong correlation. Since the value of
r is positive, it indicates a positive relationship between the
variables (growth in one variable is associated with develo-
pment in the other variable).

For the analysis of results, according to the Pearson
correlation coefficient = 0.9944, it can be said that the varia-
bles X and Y present a strong correlation. Since the value of

r is positive, it indicates a positive relationship between the
variables (growth in one variable is associated with develo-
pment in the other variable).

|
Discussion

Once the research is completed, the non-presence of
HMF for recently harvested artisanal honey 3 agrees with
what is mentioned in various literature?®, indicating that
HMF is not a standard component in honey. Fresh or just
harvested.

The relatively low HMF values obtained in the three
types of commercial honey and in the two types of artisanal

SAMPLES HMF content S HMF
(mg HMF/100g of honey)
Commercial 1 2.03
3,87 1.26 344+ 126
4,43
1,50
Handmade 1 3,04 1.31 2.88 +£1,31
4,10

Table 5. Calculation of the standard deviation (s) in the commercial 1 and artisanal 1 samples.
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Variable Variable X2 Y? XY
Temperature Hydroxymethylfurfural
X Y
40 2.03 1600 4.1209 81.2
60 3.87 3600 14.9769 2322
80 4.43 6400 19.6249 3544

Table 6. Data for Pearson's correlation coefficient in commercial honey 1.
" n( @) — (@) (2 w)
V() - )l y) — (Cw)] 1Iv)
3(667.8) — (180)(10.33)

= = (L95LY
V/[3(11600) — (180)%](3(38.7227) — (10.33)?]
® Hydroxymethylfurfural Lineal (Hydroxymethylfurfural )
5
4.5 ®
¢ o]
3.5
3
2,5
2 ]
15
1
0,5
€ 402C 602C 802C
Figure 3. Dispersion diagram between variables.
Variable Variable ). G Y? XY
Temperatura Hidroximetilfurfural
X Y
40 1.5 1600 2.25 60
60 3.04 3600 9.2416 182.4
80 4.1 6400 16.81 328

Table 7. Data for Pearson's correlation coefficient in commercial honey 1.
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(3 wy) — (e

(22 %)

Vn( o) - o) n(y) — n)]

3(570.4) — (180)(8.64)

® HIDROXIMETILFURFURAL

4,5

3,5

2,5

0,5

40°C

Figure 4. Dispersion diagram between variables.

honey also agree with their values, considering that HMF
increases spontaneously with storage at high temperatures
around 20°C to 25°C. It is these conditions that have not
accelerated the increase in HMF23,

According to (Villar et al., 2019)?, they agree with the
results obtained when the honey was heated at different
temperatures and time intervals when the honey samples
were exposed to different temperatures; it was observed
that the amount of HMF increased progressively as the tem-
perature increased. In addition, if honey is exposed to very
high temperatures for extended periods, it exceeds the legal
limit of (4mg HMF/100g honey)?. The amount of Hydroxy-
methylfurfural formed in honey depends on the temperature
to which it is exposed and the time of exposure®.

Néstor Velasquez et al.?® tell us that heating, such as
temperature change, poor handling of packaging, transport
and storage, are factors that affect the rate of formation of
HMF (Hydroxymethylfurfural) in honey; the content increa-
ses spontaneously with time, a notable difference was also
observed in the increase of HMF in the honey that was sub-
jected to a prolonged heating time?.

|
Conclusions

The honey that is sold commercially and artisanally, if
they comply with the Ecuadorian Standard INEN 1 572 re-
garding the content of HMF, establishes a maximum limit of

VB(11600) — (180)7][3(28.3016) — (8.64)7

Lineal (HIDROXIMETILFURFURAL)

602C 802C

4mg HMF / g of honey from bees.

According to the results obtained, the commercial ho-
ney presented a higher content of Hydroxymethylfurfural
than the artisanal honey. However, they are within the limit
of the norm. In contrast, one artisanal did not show any level
of hydroxymethylfurfural content, for what is determined is
that when the honey is freshly extracted from the honey-
comb does not offer these levels. It is determined that hy-
droxymethylfurfural increases due to exposure to high tem-
peratures for long periods in its processing, transportation
and storage.

It was also determined that when honey is subjected
to different temperatures, hydroxymethylfurfural increases,
depending on the time and temperature to which the pro-
duct is exposed. Therefore, it is considered that honey sub-
jected to processing should not exceed 80 °C for more than
3 hours because HMF increases and exceeds the permitted
limits. In the statistical analysis, it was possible to determine
that the temperature is strongly correlated with the rise of
Hydroxymethylfurfural in the honey.

It should be considered that honey must be stored be-
tween 20-25 °C so that the HMF remains within the range
and its production is very slow.
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