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Abstract: 5- Hydroxy Methyl Furfural(5-HMF) is a compound present in several processed foods and various
marketed products. The presence of 5-HMF is an indicator of quality deterioration in various marketed
processed foods. Biologically, 5-HMF has pros and cons on human health so its presence is still a topic of
debate. Aim of the work is to determine and quantify the 5-HMF present in such processed marketed foods in
our local markets. Marketed Honey products and Fruit Juices samples easily available in Navi-Mumbai were
chosen for determination and Quantification of 5-HMF content using simple and easily available UV-Visible
Spectrophotometer in a UG level College Laboratory. By literature study and survey of previous developments
on the topic, a favorable & convenient method was decided for the determination of 5-HMF content. Standard
and chemical reagents were ordered from the manufacturer for reference and various validation studies.
Maximal wavelength was obtained from Standard UV spectrum and absorbances were recorded of standard
dilutions. Similarly, sample solutions of marketed honey products were prepared by a suitable solvent system
i.e. Acetonitrile: HPLC graded water in 50:50 proportion. For Fruit juices, the supernatants were collected by
centrifuging and preparing a sample solution by using HPLC graded water as the solvent. The absorbance of
each sample was recorded and the concentration of 5-HMF was determined. Validation of the Analytical
method was decided and by studying the ICH guidelines Q2 (R1) the parameters were decided to be done.
Performing various analytical method validation parameters, the analytical method was validated and was
found to be linear, robust, satisfactorily precise, and poorly specific in the presence of impurities, degradants,
and adulterants. Forced degradation studies revealed that on extra humid conditions the degradation of 5-HMF
is favored. The project study focuses on the easy, simple, convenient, and cheaper spectrophotometric method
for determination 5-HMF in the marketed product. It was concluded that the above method is cheaper, less
sophisticated, and easily available for UG level student in their college laboratory.
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INTRODUCTION

Food products are given thermal treatments
to possess desirable sensory properties or
texture features, assure microbiological safety,
and eliminate enzymatic activities (1). 5-
Hydroxymethylfurfural (HMF) is a six-carbon
heterocyclic aldehydic compound produced
while the thermal treatments of carbohydrate-
containing foods as a result of Maillard reaction
(the non-enzymatic browning reaction) and
Caramelization. Its chemical formula s
5(hydroxymethyl)-2-furancarboxaldehyde
(C6H603) (2), and it is used in the synthesis of
certain organic compounds (3) and Novolac
resins (4). It is also used as an intermediate
substance in the synthesis of some crown
ethers (5), and the production processes of
some polymers, surfactants, solvents,
pharmaceutics, and plant protection agents (6).

HO \ / H

Fig.1. The structural formula of 5-
Hydroxymethyl-2-furfuraldehyde

The following factors influence the formation of
HMF in foods:

(a) carbohydrate content

(b) physicochemical properties (pH, total
acidity)

(c) thermal treatment

(d) water activity

(e) long-term storage, and

(f) use of metallic containers.

HMF has been used to evaluate the sensorial
properties of food products. The changes in the
colour, flavour, and taste of food products
during processing and storage are related to the
HMF content. It is recognised as an indicator of
improper processing and storage conditions.
Therefore, HMF generally is known as an
indicator of quality deterioration as a result of
excessive heating or storage in a wide range of
foods and food products (7, 8).

In general, monosaccharides (i.e. fructose or
glucose) are the basic substrates for HMF
production. Moreover, disaccharides and most
polysaccharides are hydrolyzed and broken
down into simple sugars, which, subsequently,
act as a precursor for HMF formation. The
process also may be strongly enhanced under
acidic conditions in the absence of amino
groups (9). In acidic medium, HMF is formed by
the decomposition of hexoses during the
heating after a slow enolization and a fast f-
elimination of three water molecules (10).
Therefore, foods containing simple sugars and
acids, namely honey, jam, cereal products, and
fruit and vegetable products favour the
formation of HMF.

Although HMF is a by-product of thermal
processing, its impact on human health is still a
contentious topic. There is much debate over its
toxicity, genotoxicity, = mutagenicity, and
carcinogenicity (1). Some authors believe that
HMF is a natural component of traditional
foods, having no risk to human health (11),
while others believe that HMF can act as a
neurotoxin and consequent to accumulation in
the body and combination with proteins
eventually lead to lesions in muscles and the
viscera (12). However, in more recent extensive
studies, HMF has been proved to have a wide
range of positive effects, such as antioxidative,
anti-allergic, anti-inflammatory, anti-hypoxic,
anti-sickling, anti-hyperuricemic effects (13).
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Durling et al. reported significant HMF-
induced DNA damage after 3 hours of exposure
to 100 Mm HMF. They reported that HMF can
break DNA and damage it; however, the
damage was only observed at high
concentrations (14). Moreover, HMF can be
metabolized to 5-sulfooxy methyl furfural
(SMF), a reactive intermediate that binds to
DNA and causes mutagenic effects. Both HMF
and SMF are weak intestinal carcinogens in
mice (15). From a safety perspective, HMF is
produced in large quantities, and the levels can
exceed 1g/kg in several food items; however,
honey is the only food for which a legal limit on
HMF concentrations has been set (16). The
Codex Alimentarius (17) has established that
after processing and/or blending, the HMF
content of honey must not exceed 80 mg kg-1.
The European Union (EU) recommends a lower
limit of 40 mg kg-1 with the following
exceptions: 80 mg kg-1 is allowed for honey
that originates from countries or regions with
tropical temperatures (18). The legal limit of 40
mg kg-1 had already been issued for honey by
the Institute of Standards and Industrial
Research of Iran (ISIRI) (19). Given the fact that
HMF is wusually a recognized parameter
indicating the freshness and quality of foods,
some researchers have determined the amount
of HMF in some kinds of food including bread
(20), coffee (21), honey (22, 23, 24, 25), fruit
juice (22, 25), raisins (26), milk (27), instant
coffee (28), biscuits, jam, and breakfast cereal
(22).

The quantitative analysis of 5-HMF in clinical
research and therapeutics is of great
importance as in foods (29). Various methods
have been defined for the measurement of 5-
HMF levels, including colorimetric,
spectroscopic, chromatographic, polarographic,
and two spectrophotometric methods; White’s
method and Winkler's method (30,31). HPLC
method and spectrophotometric methods were
recently tested by the International Honey
Commission (IHC) (32). The first used before the

spectrophotometric methods were optical and
chemical methods (29). The basis of the White’s
method is based on the measurement of UV
absorbance of clarified aqueous honey solutions
with and without bisulfite. In the other
spectrophotometric Winkler method, the UV
absorbance of honey solutions with barbituric
acid and p-toluidine is measured. Although
these two methods are fast, their sensitivity and
specificity are not sufficient. Also, the use of
carcinogen p-toluidine in Winkler’s method is a
disadvantage. The disadvantage of the HPLC
method is that it is more expensive, but it
provides advantages in terms of both labour
and time (32,33). In the HPLC method is
according to Jeuring and Kuppers: firstly, honey
is dissolved in water. 5-HMF is determined on a
reversed-phase HPLC column with water and
methanol as an isocratic mobile phase after
983millipore filtration (33). Borate is used as a
supporting electrolyte in the electrochemical
method. The basis of the method is a single and
sharp reduction signal against the silver or silver
chloride (34). Yuan et al. have used the ion
exchange liguid  chromatography  with
photodiode array detection technique (35).
Another method used in the 5-HMF analysis is
the automated flow injection method which
provides a detection range of 5-40 ppm (36).
Caffeine is used as an internal standard in
micellar electro-kinetic capillary
chromatography, which is used in the 5-HMF
analysis. This  technique allows rapid
guantification of the sample, especially in honey
without prior pre-treatment (36). The real-time
coupled with time of flight mass spectrometry is
another method used in the 5-HMF analysis
(37).

Bogdanov et al reported that the comparison
of official methods has been investigated widely
only for samples with high HMF content (38).
Ciriaci et al reported that in recent years a
substantial reduction of HMF content in honey
has been observed, revealing how beekeepers
have developed remarkable skills in adopting
processing techniques that both comply with
product characteristics and pay greater
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attention to the early stages in the production
and conservation of honey to guarantee better
product quality. Both from a legal and quality
point of view, it is important that there be a
concordance of results for the determination of
HMF in honey obtained with different official
methods, and in all possible ranges, above all at
high HMF levels. Nevertheless, following the
drastic reduction of HMF levels in fresh honey,
there needs now to be a specific study
concerning honey samples with low HMF
concentrations of about 1 mg/kg (39)(40).
Zappala et al analyzed only 4 samples with very
low HMF content, so no conclusion can be
drawn about the comparison between the
White and the HPLC methods (41). Surh and
Tannenbaum 1994; Lee et al. 1995; Sommer et
al. recent results on the metabolic activation of
HMF show genotoxic potential in vitro of this
compound due to its transformation by human
sulfotransferases to 5-sulfoxymethyl-2-furfural
(SMF), which was shown to be mutagenic.
Archer et al; Bruce et al; Zhang et al Also,
initiation/promotion studies indicate that HMF
may act as an initiator and promoter of colon
cancer in rats (43). Cordella et al. improved the
method for the analysis and evaluation of the
quality of honey. They proposed the
determination of high-performance
chromatography profiles of sugars with anion
exchange. Khalil etal. investigated the
correlation between the physicochemical
properties of honey and HMF formation and
found that there was a strong correlation
between free acids and total acidity, while there
was only a moderate correlation between Ph
and lactones (44).

Reyes-Salas etal. reported an
electrochemical approach for HMF detection. In
this method, a single and sharp reduction signal
was created at -1100 Mv versus argentum or
argentum chloride, while borate was used as a
supporting electrolyte (45). Yuan and Chen et
al. reported another method is the ion
exchange liquid chromatography—photodiode
array detection technique (46). Another
method involves automated fow injection, as

reported by Iglesia et al., which is based on the
operating principle of the Winkler method and
provides a detection range of 5-40 ppm (47).
Rizelio et al. reported Micellar electro-kinetic
capillary chromatography (MEKC) is another
rapid method that uses caffeine as a standard.
The technique is suitable for the rapid
guantification of HMF particularly in honey
samples, without requiring sample
pretreatment (48). Rajchl et al reported a
unique and efficient rapid screening technique
is direct analysis in real-time (DART) coupled
with time-of-flight mass spectrometry (TOF-
MS), which has been reported to yield a
chromatogram with high resolution (49). Toker
etal. recommended central composite face-
centered design (CCFD) of response surface
methodology (RSM) as a useful experimental
technique for this purpose (50). According to
Hunter et al., this versatile and effective
systematic tool can be used to determine the
optimal levels of the contributing factors for the
parameters concerned (51). The mathematical
expression derived by this methodology can be
employed to develop predictive models upon
setting the levels of the various influencing
factors to reach the optimum HMF
concentration in food. Bertelli et al. published
an effective method for the detection of honey
adulterated using sugar syrups. It involves one-
dimensional (1D) and two-dimensional (2D)
nuclear resonance (NMR) coupled with
multivariate statistical analyses (52). Almeida-
Muradiana et al. used Fourier transform
infrared attenuated total reflectance
spectroscopy (FT-IR ATR) to analyze various
honey samples from north-eastern Brazil (53).

Based on the information from the literature
review, we conclude that the differences
between the methods cause very low levels of
changes in the 5-HMF results. On the other
hand, the use of incorrect or inadequate
procedures in the 5-HMF determination leads
to inaccurate results. Spectrophotometry may
provide relatively cheaper options compared to
the capital-intensive chromatographic methods.
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Hence, the purpose of this study was to develop
and validate a simple, fast, and specific UV-

MATERIALS & METHODS

1.Materials
1.1. Chemical Reagents:

5-Hydroxy Methyl Furfural Standard, HPLC
Grade Water, Acetonitrile,
was purchased from a registered vendor.
Laboratory reagents such as HCL (0.1N & 1N),
NaOH (0.1M & 1M) and prepared 3% H,0,
solution.

1.2. Instruments:

Analytical balance, Sonicator, Centrifuge, Hot
UV-Visible
Spectrophotometer easily available in a UG-

Air Oven, Freezer,

level student laboratory.

1.3. Samples:

Various brands of Marketed Honey Products
and Fruit Juices available in local markets of
Navi Mumbai. Marketed Brands of Honey such
as, Baidyanath Honey, Phondaghat Pharmacy
Honey, Patanjali Honey, Diet Honey, Lion
Honey, Dabur Honey and Uttarakhand Honey.
Marketed Brands of Fruit Juices and variable
flavours such as, Alo Fruit juice (Mango), Alo
Fruit juice (Anaar), Tropicana Fruit Juice
(Guava), Tropicana Fruit Juice (Litchi), Nestea
(Lemon), Appy (Apple), Mulmina Fruit Juice
(mango), Frooti (Mango).

spectroscopic method.

2. Methods
2.1. Preparation of Standard solutions: -

1. Several concentrations of 5-HMF were
prepared from the working standard
solution (2ug/ml, 4 ug/ml, 6ug/ml, 8ug/ml,
10ug/ml, 12pg/ml, 14ug/ml, 16ug/ml,
20ug/ml) to obtain the calibration curve.

2. 50mg of 5-HMF standard was diluted with
Acetonitrile: HPLC graded water (50:50) up
to 50ml of volumetric flask.

3. 5ml was pipetted out from the above
solution and diluted up to 50ml

4. From the above solution, 1ml solution was
taken and diluted up to 10ml using
Acetonitrile: HPLC graded water (50:50)

5. The absorbance of the resulting solution
was recorded at 284nm and 336nm.

2.2. Preparation of Honey samples: -

1. 1ml of the honey sample was diluted up
to 10 ml using Acetonitrile: HPLC graded
water (50:50).

2. The absorbance of the resulting solution
was recorded at 284nm and 336nm.

2.3. Preparation of Fruit Juice samples: -

1. 5ml was pipetted after shaking the fruit
juice sample properly and centrifuged in
20ml tubes at 5000rpm for 5 minutes.

2. The supernatants were collected and
diluted (1 in 50 dilutions) with HPLC graded
water.

3. The absorbance of the resulting solution
was recorded at 284nm and 336nm.

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021

ISSN 2229-5518

3. Method Validation

3.1. Linearity:

A linear relationship is evaluated across
the range of the analytical procedure.
Evaluated by visual inspection of a plot
of signals as a function of analyte
concentration or content.

For the establishment of linearity, a
minimum of 5 concentration s
recommended. (known that it is a
straight line).

3.2. Robustness:

1) By changing the composition of the solvent
system: -

Several concentrations of 5-HMF were prepared
from the working standard solution from
2ug/ml to 20ug/ml to obtain the calibration

curve.

a) Composition 1 - Acetonitrile: HPLC graded
water (60:40)

1.

4.

50mg of 5-HMF standard was diluted
with Acetonitrile: HPLC graded water
(60:40) to 50ml volumetric flask.

5ml was pipetted out from the above
solution and diluted to 50ml.

From the above solution, 1 ml solution
was taken and diluted to 10ml using
Acetonitrile: HPLC graded water (50:50).
The absorbance of the resulting solution
was recorded at 284nm and 336nm.

986

b) Composition 2 - Acetonitrile: HPLC graded
water (40:60)

1.

50mg of 5-HMF standard was diluted
with Acetonitrile: HPLC graded water
(40:60) to 50ml volumetric flask.

5ml was pipetted out from the above
solution and diluted to 50ml.

From the above solution, 1 ml solution
was taken and diluted to 10ml using
Acetonitrile: HPLC graded water (40:60).
The absorbance of the resulting solution
was recorded at 284nm and 336nm

2) By changing the Wavelength: -

1.

50mg of 5-HMF std was diluted with
Acetonitrile: HPLC graded water (50:50)
to 50ml volumetric flask.

5ml was pipetted out from the above
solution and diluted to 50ml.

From the above solution, 1 ml solution
was taken and diluted to 10ml with

Acetonitrile: HPLC graded water
(50:50).
The absorbance of the resulting

solution was recorded at 280nm and
290nm.

3.3. Precision:

Inter-Day: -

1. 10pg/mL of Standard HMF
concentration was prepared using
Acetonitrile: HPLC graded water
(50:50).
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2. Similarly, sample solutions of Honey &

Fruit Juices were prepared using a
proper solvent.

Absorbances of standard, as well as all
the samples, were recorded on Day 1%,
Day 3™ & Day 5.

3.4. Specificity:

1) Procedure for Honey sample: -

1.

1ml of the honey sample was diluted up to
10 ml using Acetonitrile: HPLC graded
water (50:50).

From that solution, 1ml was taken + 1 ml
of 0.1N HCL solution.

It was diluted with Acetonitrile: HPLC
graded water (50:50).

It was then placed at 502C for 24 hours.

The absorbance of the resulting solution
was recorded at 284nm and 336nm.

The same procedure by adding 1N HCL, 0.1N
NaOH, 1N NaOH, and 3% H0, in place of 0.1N

HCL.

2) Procedure for Fruit juices: -

1.

5ml was taken from shaking the fruit
juices sample properly and centrifuged in
20ml tubes at 5000rpm for 5min.

The supernatant was collected and diluted
(1 in 50 Dilution) with HPLC graded water.

1ml from the above solution was makeup
up to 10ml with HPLC graded water.

1ml was taken from the above solution
and mix with 1ml of 0.1N NaOH solution
and then makeup with HPLC graded water
up to 10ml.

It was then placed at 502C for 24 hours.

After 24 hours the absorbance of the
resulting solution was taken at 284nm and
336nm.

The same procedure was repeated adding 1N
NaOH, 1N HCL, 0.1N HCL, 3% H;0; in place of
0.1N HCL.

RESULT & DISCUSSION

The results from part 2.1. were
revealed and percentage of drug in standard
dilutions were determined by recording
absorbance of the resultant solution at maximal
wavelength i.e. 284nm.

102
100
98 ‘ ‘
2 4 6 8 10 12 14 16 18

Standard conc in pg/ml

% of drug found
0 00 0 U U VU O
) OO0 O N MO

Fig.2. 5-HMF standard dilution results

For convenience in the work, we labelled
samples in the following manner:
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Table.1. Codes for Honey samples

Code Name of the sample

F1 Alo Fruit Juice (Mango)
F2 Alo Fruit Juice (Anaar)
F3 Tropicana Juice (Guava)
F4 NesTea (Lemon)

F5 Tropicana Juice (Litchi)
F6 Frooti Juice (Mango)

F7 Appy Fruit Juice (Apple)
F8 Mulmina Juice (Mango)

Table.2. Codes for Fruit Juice samples

The results from part 2.2. were revealed and
amount of 5-HMF content in Marketed Honey
Products were determined.

Honey Samples
12.6

12.4

12.2
12
11.8
11.6
11.4
11.2
1
10.8
10.6
10.4
H1I H2 H3 H4 H5 H6 H7

Sample code

Drug conc in pg/ml

Fig.3. Drug content in Honey samples

From the above results, we found out that 5-
HMF concentration in marketed Honey
products were approximately in a range of
11pg/ml—12.5pg/ml.

The results from part 2.3. were revealed
and amount of 5-HMF content in Marketed
Fruit Juice samples were determined.

Fruit Juice samples

FL F2 F3 F4 F5 F6 F7

Sample Code

Drug concin pg/ml
= N w H (6] [e)}

o

Fig.4. Drug content in Fruit Juice samples

Code Name of the sample

H1 Baidyanath Honey

H2 Phondaghat Pharmacy Honey
H3 Patanjali Honey

H4 Dabur Honey

H5 Diet Honey

H6 Lion Honey

H7 Uttarakhand Honey

From the above results, we found out that
5-HMF concentration in marketed Fruit Juice
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products were approximately in a range of
1.5ug/ml-5.5ug/ml.

From part 2.2. & 2.3. we found out that
concentration of 5-HMF in marketed Honey
Product brands was higher in comparison with
marketed Fruit juice brands available in Navi
Mumbai.

Method Validation Parameters
1) Linearity:

The results from part 3.1. were revealed and
Linear relationship of the analytical method was
determined by plotting a drug concentration
versus absorbance curve and applying linear
regression function.

The results obtained from the analysis of
standard 5-HMF at various concentrations with
equation y=0.664x+0.2171 and regression value
R% = 0.996 which is a good and acceptable value
as per ICH guidelines.

2) LOD & LOQ:
a) Limit of Detection (LOD)

The lowest amount of analyte in a sample which
can be detected (not necessarily quantitated as
an exact value). Mathematically, it is given by

LOD = 3.3 x (S.D of Intercept/slope)

LOD = 1.99788ug

b) Limit of Quantification (LOQ)

The lowest amount of analyte in a sample can
be quantitatively determined with suitable
accuracy and precision. Mathematically, it is
given by

LOQ = 10 x (S.D of Intercept/slope)

LOQ = 6.05421ug
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For further validation parameters the results
were calculated in % RSD and mean %RSD for
each parameter was determined and found out
to be,

Sr. | Validation Parameter | Mean %RSD

3) Robustness

Wavelength varied 2.99%

Composition varied 1.92%
4) Precision 12.33%
5) Specificity 31.94%

Table.3. %RSD for validation parameters

As per ICH guidelines, acceptable criteria for
validation parameters is %RSD < 5%. Therefore,
we found that Precision and Specificity
parameter do not comply for acceptance
criteria. While, Linearity and Robustness
complies for acceptance criteria.

CONCLUSION

A simple, convenient, and cheaper
spectrophotometric method has been
developed and validated to quantify 5-HMF
levels in marketed honey product brands and
fruit juices brands using simple lab techniques
and UV-Visible Spectrophotometer easily
available in UG-level students Laboratory. In the
work we carried out, we found the presence of
5-HMF in marketed Honey products as well as
Fruit Juice brands in variable amount. The
presence of 5-HMF in various food products can

be detected by this method approximately.

As per ICH guidelines, the analytical method
used for determination of 5-HMF content was
validated and was found showing Linearity,
Robust, satisfactorily precise, and poorly
specific in the presence of any impurities or
degradants. The 5-HMF levels were not
dependent on the duration of the storage of the
products.

ACKNOWLEDGEMENT

We wish to thank Principal of NCRD’s
Sterling Institute of Pharmacy, Navi Mumbai for
allowing us to carryout the work in college
premises and allowance for access to laboratory
for the work. We also wish to thank our guides
and laboratory staff for accurate guidance and
support throughout this important phase of
work.

REFERENCES

1. Kowalski S, Lukasiewicz M, Duda-Chodak A,
Ziec G. 5- Hydroxymethyl-2-Furfural (HMF) —
Heat-induced formation, occurrence in food
and biotransformation — a Review. Pol., J Food
Nutr Sci 2013; 63; 207-225.

2. 1. National Center for Biotechnology
Information. PubChem Compound Database;
CID=237332,
https://pubchem.ncbi.nlm.nih.gov/compound/2
3 7332 (accessed January 20, 2020).

3. Zakrzewska ME, Bogel-Lukasik E.
BogellLukasik R. lonic Liquid-Mediated
Formation of 5hydroxymethylfurfural - a
Promising Biomass Derived Building Block.
Chem Rev. 2011; 111(2); 397-417.

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/
https://pubchem.ncbi.nlm.nih.gov/compound/23
https://pubchem.ncbi.nlm.nih.gov/compound/23

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 992

ISSN 2229-5518

4. Brode GL, Mark HF, Othmer DF, Overberger
CG, Seaborg GT, Grayson M. In Encyclopedia of
Chemical Technology, Kirk RE, Othmer DF, Eds.
Wiley, New York, 1982;17;4113.

5. Larousse C, Rigal L, Gaset A. Synthesis of 5,5'-
oxydimethyl bis (2-furfural) by Thermal
Dehydration of 5-hydroxymethyl Furfural in the
Presence of Dimethylsulfoxide. J Chem Technol
Biotechnol. 1992; 53(1); 111-6.

6. Kunz M. Hydroxymethylfurfural, a Possible
Basic Chemical Industrial Intermediates. Inulin
and Inulin-Containing Crops, Fuchs A, Ed.
Elsevier Science Publishers, Amsterdam, The
Netherlands, 1993; 3; 149-60.

7. Rada-Mendoza, M., Olano, A., Villamiel, M.
Determination of Hydrocymethylfurfural in
commercial jams and fruits-based infant foods.
Food Chemistry Vol.79, Issue 4, Pages 513-516,
2002.

8. Teixido, E., Moyano, E., Santos, FJ., Galceran,
MT. Liquid Chromatography multi-stage mass
spectrometry for the analysis of 5-
hydroxymethylfurfural in foods. J
Chromatographia Vol.1185, Issuel, Pages102-
108, 2008.

9. Glatt H, Schneiderl H, Murkovic M, Monien
BH, Meinl W. Hydroxymethyl-substituted
furans: Mutagenicity in Salmonella typhimurium
strains engineered for expression of various
human and rodent  sulphotransferases,
Mutagenesis 2011; 1-8.

10. Belitz HD, Grosch W, Schieberle P. Food
Chemistry, 4" edition. Berlin Hiedelberg:
Springer. 2009. Page no. 248-339

11. Janzowski C, Glaab V, Samimi E, Schlatter J,

Eisenbrand G. 5-hydroxymethylfurfural:
Assessment of mutagenicity, DNA-damaging
potential, and reactivity towards cellular
glutathione. Food Chem Toxicol 2000; 38; 801-
809.

12. Li Y, Lu X. Investigation on the origin of 5-
HMF in Shengmaiyin decoction by RP-HPLC
method. Journal of Zhejiang University -
Science B 2005; 6; 1015-1021.

13. 5-Hydroxymethylfurfural (HMF) levels in
honey and other food products: effects on bees
and human health, an article in Chemistry
Central Journal, April 2018.

14. Durling LJK, Busk L, Hellman BE. Evaluation
of the DNA damaging effect of the heat-induced
food toxicant 5-hydroxymethylfurfural (HMF) in
various cell lines with different activities of
sulfotransferases. Food Chem Toxicol 2009; 47;
880-884.

15. Svendsen C, Husoy T, Glatt H, Paulsen JE,
Alexander J. 5-Hydroxymethylfurfural and 5-
Sulfooxymethylfurfural Increase Adenoma and
Flat ACF Number in the Intestine of Min/+ Mice.
Anticancer Res 2009; 29; 1921-1926.

16. Svendsen C, Husoy T, Glatt H, Paulsen JE,
Alexander J. 5-Hydroxymethylfurfural and 5-
Sulfooxymethylfurfural Increase Adenoma and
Flat ACF Number in the Intestine of Min/+ Mice.
Anticancer Res 2009; 29; 1921-1926.

17. Codex Alimentarius, Revised codex standard
for honey. Codex Standard 12-1981, Rev. 1
(1987), Rev. 2. 2001.

18. Council Directive 110/EC, Council Directive
of 20 December relating to honey 2001/110/EC,

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 993

ISSN 2229-5518

Official Journal of the European Communities
2001.

19. |Institute of Standards and Industrial
Research of Iran, Honey- Specification, and test
methods. ISIRI no. 92. 7th revision, Karaj: ISIRI;
2013 [in Persian].

20. Henares RJA, Cueva SP. Assessment of
hydroxymethylfurfural intake in the Spanish
diet, Food Addit Contam 2008; 25; 1306—-1312.

21. Murkovic M, Pichler N. Analysis of 5-
hydroxymethylfurfural in coffee, dried fruits,
and urine. Mol Nutr Food Res 2006; 50; 842—
846.

22. Teixido E, Santos FJ, Puignou L, Galceran
MT. Analysis of 5-hydroxymethylfurfural in
foods by Gas Chromatography-Mass
Spectrometry. J Chromatogr A 2006; 1135; 85—
90.

23. Truzzi C, Annibaldi A, Illluminati S, Finale C,
Rossetti M, Scarponi G. Determination of very
low levels of 5- (hydroxymethyl)-2-furaldehyde
(HMF) in natural honey: Comparison between
the HPLC technique and the
spectrophotometric white method. J Food Sci.
2012, 77; 784-790.

24. Zirbes L, Nguyen BK, Graaf D, Meulenaer B,
Reybroeck W. Hydroxymethylfurfural: A
possible emergent cause of honey bee
mortality? J Agric Food Chem 2013; 49; 11865-
11870.

25. Windsor S, Kavazos K, Brooks P. The
quantitation of hydroxymethylfurfural in

Australian Leptospermum honey. J
Pharmacognosy and Phytother 2013; 5; 21-25.

26. Sevic R, Sen L, Nas S. Determination of
colour quality and HMF content of unprocessed
sultanas obtained from different vineyards.
IJRAFS 2014; 2; 2311-2476.

27. Ferrer E, Alegria A, Courtois G, Farre R.
High-performance liquid chromatographic
determination of Maillard compounds in store-
brand and name-brand ultrahigh temperature-
treated cows’ milk. J Chromatogr A 2000; 881;
599-606

28. Charlton AJ, Farrington WHH, Brereton P.
Application of 1H NMR and multivariate
statistics for screening complex mixtures:
Quality control and authenticity of instant
coffee. J Agric Food Chem. 2002; 50; 3098-
3103.

29. Shapla UM, Solayman M, Alam N, Khalil Ml,
Gan SH. 5-Hydroxymethylfurfural (HMF) Levels
in Honey and Other Food Products: Effects on
Bees and Human Health. Chem Cent J.
2018;12(1);3-5.

30. Zappala M, Fallico B, Arena E, Verzera A.
Methods for the Determination of HMF in
Honey: a Comparison. Food Control.
2005;16(3);273-277.

31. Sivakesava S, Irudayaraj J. A Rapid
Spectroscopic Technique for Determining
Honey Adulteration with Corn Syrup Direct
Electrochemical Determination of
Hydroxymethylfurfural (HMF) and its
Application to Honey Samples. J Food Sci.
2001;66(6);787-792.

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 994

ISSN 2229-5518

32. IHC, The International Honey Commission.
Bogdanov S. 1999; 1-54.
http://www.ihcplatform.net/ihcmethods2009.p
df (accessed January 22, 2020).

33. Wootton M, Ryall L. A Comparison of Codex
Alimentarius Commission and HPLC Methods
for 5-hydroxymethyl-2-furaldehyde
Determination in Honey. J Apic Res.
1985;24(2);120-124.

34. Reyes-Salas EO, Manzanilla-Cano JA,
Barcelé-Quintal MH, Juarez-Mendoza D, Reyes-
Salas M. Direct Electrochemical Determination
of Hydroxymethylfurfural (HMF) and its
Application to Honey Samples. Anal Lett.
2006;39(1);161-171.

35. Yuan JP, Chen F. Separation and
Identification of Furanic Compounds in Fruit
Juices and Drinks by High-performance Liquid
Chromatography Photodiode Array Detection. J
Agric Food-Chem.,1998;46;1286-1291.

36. De la lIglesia F, Lazaro F, Puchades R,
Maquieira A. Automatic Determination of
5hydroxymethylfurfural (5-HMF) by a Flow
Injection Method. Food Chem. 1997;60(2);245-
250.

37. Rizelio VM, Gonzaga LV, Borges GdSC, Micke
GA, Fett R, Costa ACO. Development of a Fast
MECK Method for Determination of 5-HMF in
Honey Samples. Food Chem. 2012; 133;1640-
1645.

38. Bogdanov S. 2002. Harmonised methods of
the international honey commission. Bern,
Switzer-land: Swiss Bee Research Center.

39. Ciriaci M. 2011. Valutazione della qualita del
miele marchigiano multiflorale, produzione
2009 [Msc thesis] Ancona, Italy: Universita
Politecnica delle Marche. 154 p. Available from:
Library of Universita Politecnica delle Marche,
Via Brecce Bianche, 60131, Ancona, ltaly.

40. Cristina Truzzi, Anna Annibaldi, Silvia
Illuminati, Carolina Finale, Monica Rossetti, and
Giuseppe Scarponi. Determination of Very Low
Levels of 5-(Hydroxymethyl)-2-furaldehyde
(HMF) in Natural Honey: Comparison Between
the HPLC Technique and the
Spectrophotometric White Method

41. Zappala M, Fallico B, Arena E, Verzera A.
2005. Methods for the determination of HMF in
honey: a comparison. Food Control 16:273-7.

42. Lee YC, Shlyankevich M, Jeong HK, Douglas
JS, Surh YS. 1995. Bioactivation of %-
hydroxymethyl-2-furaldehyde to an
electrophilic and mutagenic alylin sulphuric acid
ester. Biochem Biophys Res Comm. 209:996—
1002

43. Archer MC, Bruce WR, Chan CC, Medline A,
Stamp D, Zhang XM. 1992. Promotion of colonic
microadenoma in rats by 5-hydroxymethyl-2-
furaldehyde in thermolysed sugar. Proc Am
Assoc Cancer Res. 33:130-136.

44. Khalil M, Sulaiman S, Gan S (2010) High 5-
hydroxymethylfurfural ~ concentrations are
found in Malaysian honey samples stored for
more than 1 year. Food Chem Toxicol 48:2388—-
2392.

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/
http://www.ihcplatform.net/ihcmethods2009.pdf
http://www.ihcplatform.net/ihcmethods2009.pdf

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 995

ISSN 2229-5518

45. Reyes-Salas EO, Manzanilla-Cano JA,
Barcelé-Quintal MH, Judrez Mendoza D, Reyes-
Salas M (2006) Direct electrochemical
determination of hydroxymethylfurfural (HMF)
and its application to honey samples. Anal Lett
39:161-171.

46. Yuan J-P, Chen F (1998) Separation and
identification of furanic compounds in fruit
juices and drinks by high-performance liquid
chromatography photodiode array detection. J
Agric Food Chem 46:1286-1291.

47. De la Iglesia F, Lazaro F, Puchades R,
Magquieira A (1997) Automatic determination of
5-hydroxymethylfurfural (5-HMF) by a fow
injection method. Food Chem 60:245-250.

48. Rizelio VM, Gonzaga LV, Borges GdSC, Micke
GA, Fett R, Costa ACO (2012) Development of a
fast MECK method for determination of 5-HMF
in honey samples. Food Chem 133:1640-1645.

49. Rajchl A, Drgova L, Grégrova A, Cizkova H,
Sev¢ik R, Voldfich M (2013) Rapid
determination of 5-hydroxymethylfurfural by
DART ionization with time-of-fight mass
spectrometry. Anal Bioanal Chem 405:4737-
4745,

50. Toker OS, Dogan M, Ersdéz NB, Yilmaz MT
(2013) Optimization of the content of 5-
hydroxymethylfurfural (HMF) formed in some
molasses types: HPLC-DAD analysis to
determine the effect of different storage time
and temperature levels. Ind Crops Prod 50:137-
147.

51. Hunter JS (1959) Determination of optimum
operating conditions by experimental methods.
Ind Qual Control 15:6-11.

52. Bertelli D, Lolli M, Papotti G, Bortolotti L,
Serra G, Plessi M 2010: Detection of honey
adulteration by sugar syrups using one-
dimensional and two-dimensional high-
resolution nuclear magnetic resonance. J Agric
Food Chem 58: 8495-850.

53. Almeida-Muradiana LB, Sousa RJ, Barth OM,
Gallmann P 2014: Preliminary data on Brazilian
monofloral honey from the northeast region
using FT-IR ATR spectroscopic, palynological,
and color analysis. Quimica Nova 37: 716-719.

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/



