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Annomauyusn. Pezynomamol uccie0osanuil eiusnus 0opabomku Ha AHMUOKCUOAHMHbLE U
NPOMUBOMUKPOOHBLE CEOUCMBA MEOA BbI3LIBAIOM 3AUHMEPECOBAHHOCMb HAYYHO20 CO00Wecmad,
NOCKONbKY —napamempvl U Cnocob6 o006pabomku eiusem HA KA4eCmeeHHble noKazamenu
méoa. ILlenb cmamvu — 0030p HAYUHBIX UCCAEO0BAHULL PE3VIbMAMO8 8030€UCMBUs COBPEMEHHbIX
MEMo008 00pabomKu Ha AHMUOKCUOAHMHYIO AKMUBHOCMb U AHMUOAKMEPUATIbHbIE C8OUCMEA
meoa. B o0b630p exnouenvl cmamovu, onyoIuUKO8aHHLIE HA AHSAUUCKOM U PYCCKOM A3bIKE 3d
nepuoo 2010-2023 22. B npoyecce Hayuno2o noucka 6wiiu UCHONb308aHblI 0A3bI OAHHBIX Scopus,
Web of Science, PubMed u Elsevier u snexmponnoii o6ubiuomexu €LIBRARY. Pesyaibmamoi
HAYYHLIX — UCCIeO08AHULL  NOKA3AAU, 4MO  KOMNOHEHMbl,  OKaA3vbléalowjue  GlusHue Ha
AHMUOKCUOAHMHYIO AKMUBHOCMb U AHMUMUKPOOHbIE CBOUCMBA Meod, MO2Ym USMEHAMbC 60
epemsi 0opabomku, u 06PAdOMAHHBIN Me) MOMCEM UMEMb HUSKUL YPOB8eHb AHMUOKCUOAHMHOU U
anmubaxmepuanoHol axmusHocmu. Tepmuueckas obpabomka u MUKpoBOIHO8as 0Opabomka
Meoa ompuyamenbHo GIUAIOM HA AHMUOKCUOAHMHYIO U AHMUMUKPOOHYIO AaKMUBHOCMb Medd. B
omauyue om Opyeux HemepMUYecKux memooos, 0opabomrka 6bICOKUM OdasleHueM U 2amma-
obnyuenue He GIUAIOM HA AHMUOAKMEPUATbHYIO AKMUBHOCb U AHMUOKCUOAHMHblE CEOUCEA
Mmeoa. Ynempazeykosas obpabomka nosviuiaem —aHmMUOKCUOAHMHYIO — AKMUBHOCMb — Medd.
Ilpeocmasnennviii Hayunvili 0030p Modcem OblMb UCNONb308AH Ol NPOBEOEHUs. OANbHEUUUX
HAYYHBIX UCCIe008AHUL, A MAKHCe NPeONnPUAMUAMU, OCYWECMEIAIWUMY cOOp U nepepadomxy
Meoa 8 8b1O0pe ONMUMATLHBIX CHOCOD08 0OPAOOMKU 8 npoyecce NPOU3B0OCMBAa NPOOYKYUU.
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Abstract. The results of studies of the effect of processing on the antioxidant and
antimicrobial properties of honey are of interest to the scientific community, since the parameters
and method of processing affect the quality of honey. The purpose of the article is to review
scientific studies of the results of the impact of modern processing methods on the antioxidant
activity and antibacterial properties of honey. The review includes articles published in English
and Russian for the period 2010-2023. In the process of scientific research, the Scopus, Web of
Science, PubMed and Elsevier databases and the eLIBRARY electronic library were used. The
results of scientific studies have shown that components that affect the antioxidant activity and
antimicrobial properties of honey can change during processing, and processed honey may have a
low level of antioxidant and antibacterial activity. Heat treatment and microwave treatment of
honey adversely affect the antioxidant and antimicrobial activity of honey. Unlike other non-
thermal methods, high pressure treatment and gamma irradiation do not affect the antibacterial
activity and antioxidant properties of honey. Ultrasonic treatment increases the antioxidant
activity of honey. The presented scientific review can be used for further scientific research, as
well as by enterprises that collect and process honey in choosing the best processing methods in
the production process.

Keywords: honey, heat treatment, high pressure treatment, irradiation, microwave
treatment, ultrasound, antioxidant activity, antibacterial properties
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Introduction. For many centuries, honey has been widely used in traditional medicine as
an antimicrobial, anti-inflammatory, cardiovascular agent, and also as an adjuvant for the
treatment of wounds, tissue regeneration, relief of gastrointestinal disorders, gingivitis and various
other pathologies [1-4]. The results of many scientific studies confirm that honey has
antimicrobial, antiviral, anti-inflammatory, antioxidant, antimutagenic and antitumor effects.
Honey also has beneficial effects on the cardiovascular, nervous, respiratory and gastrointestinal
systems and is licensed as a medical product for professional wound care in Europe, Australia,
New Zealand. , Hong Kong and USA [5-10]

However, fresh honey extracted from the comb contains pollen, beeswax and other
undesirable materials, including microorganisms. According to research data, the microbiological
contamination of honey is from 10 2to 10 *CFU ’g, therefore it is necessary to process it [11]

The main method of processing honey is heat treatment, and to use it for medical purposes
it is subjected to gamma irradiation [12] . Currently, honey is used clinically both orally and as an
ointment in the treatment of wounds, peptic ulcers, gastroenteritis, oncology, ophthalmology,
dermatology and oral hygiene [13-14] . One of the main indicators of honey quality is the mass
fraction of hydroxymethylfurfural (HMF) and diastase activity. HMF is a furan compound that is
formed as an intermediate in the Maillard reaction, due to the direct dehydration of sugars under
acidic conditions (caramelization) and heat treatment. According to the Codex Alimentarius of the
World Health Organization, the maximum HMF content in honey is 40.00 mg/kg d for blended or
processed honey and 80.00 mg/kg for honey from tropical climates, and the diastase activity of
honey should be between 3 and 8 Gothe units [15-16] . In the Russian Federation and CIS
countries there are more stringent requirements. According to GOST 19792-2017, the mass

142 Bbinyck Ne 3, 2023


https://doi.org/10.37493/2307-910X.2023.3.13
https://doi.org/10.37493/2307-910X.2023.3.13

Modern Science and Innovations. 2023. No. 3 (43)

fraction of HMF, ppm (mg/kg), is not more than 25, and the diastase number, units. Gothe, no less
than 8. The negative impact of heat treatment on honey quality parameters has been confirmed by
many research authors [17-19]. Processing may also affect the antioxidant and antimicrobial
properties of honey. Antioxidants present in honey include phenolic compounds (phenolic acids
and flavonoids), ascorbic acid, glucose oxidase, catalase, carotenoid derivatives, organic acids,
Maillard reaction products (glucose-lysine, ribose-lysine and fructose-lysine) and amino acids.
These compounds have preventive effects against cancer, cardiovascular diseases, inflammatory
diseases, neurological degeneration, wound healing, infectious diseases and aging [5,6,20,21] .
Honey also has antimicrobial activity, primarily due to its low water activity, high osmotic
pressure and low pH. In addition, antimicrobial activity is also attributed to the presence of
glucose oxidase, hydrogen peroxide, phenolic compounds and antibacterial peptides [22] . Honey
can have an inhibitory effect on the growth of a number of bacteria, fungi, protozoa and viruses. It
has antibacterial activity against both gram-positive and gram-negative bacteria, such as Bacillus
anthracis , Corynebacterium diphtheriae , Haemophilus influenzae , Klebsiella pneumoniae ,
Mycobacterium tuberculosis , Proteus species , Escherichia coli , Pseudomonas aeruginosa |,
Salmonella diarrhoea , Shigella dysentery , Staphylococcus aureus ( MRSA ) and Streptococcus
faecalis [3] . Honey also showed antiviral activity against varicella zoster virus (VZV), influenza
virus (HIN1 and herpes simplex [23] . Natural honey has also been used in the treatment of
COVID-19 by enhancing the immune response, alleviating comorbidities, and acting as an
antiviral agent [24-25] . The influence of heat treatment on the quality indicators of honey has
been sufficiently studied. At the same time, the influence of thermal and non-thermal processing
methods on the antioxidant activity of honey and its antimicrobial properties is of particular
interest to the scientific community. Therefore, the purpose of this article is to review scientific
studies of the effects of modern processing methods on the antioxidant activity and antibacterial
properties of honey.

Materials and research methods. The object of the study was scientific publications of
the results of various honey processing methods and their effect on antioxidant activity and
antimicrobial properties. To search for information, Scopus, Web of Science, PubMed and
Elibrary databases were used for the period from 2010 to February 2023. The focus was on
articles published in scientific peer-reviewed journals with high citation indexes in the last five
years. Conference materials and book chapters were not used in the analysis.

Research results and their discussion. Thermal processing of honey uses a wide range of
heating temperatures from 30 to 140 °C for a few seconds to several hours, and optimal heating
conditions depend on the geographic and botanical origin of the honey [26] . Although modern
heat treatment is effective in reducing the microbial load of honey, it has a detrimental effect on
antioxidant and antimicrobial activity [17,19,27]. Therefore, in order to preserve and increase
shelf life, reduce microbiological contamination, non-thermal processing methods such as high-
pressure processing, ultrasonic processing, irradiation and microwave processing have been
studied for honey processing. Food irradiation treatment involves exposing food to doses of
ionizing radiation ranging from <3 to <10 kGy. The action of free radicals, formed by the
interaction of excited electrons within food atoms, and organic food molecules, is the main
method of microbial inactivation [6] . During ultrasonic processing, food products are processed
using lower ultrasound frequencies of 20-100 kHz at much higher intensities, in the range of 10—
1000 W/cm -2, "™ causes an increase in biocides through cavitation and the formation of free
radicals and hydrogen peroxide, in ultimately inactivating microorganisms. Honey is treated with
ultrasound to keep it in a liquid state, dissolving existing crystals and slowing down further
crystallization [28] . Other non-thermal processing methods being studied at laboratory scale to
replace thermal processing include microwave processing and high-pressure processing. During
microwave processing, electromagnetic waves of certain frequencies are used to heat the product.
The destruction of microbes is mainly achieved through the heat generated. In high pressure
processing, foods are subjected to high pressure, approximately 600 MPa, with or without heating
[29] . This processing has minimal impact on nutritional and organoleptic qualities.
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1. The effect of heat treatment on the antioxidant properties of honey

The antioxidant activity of honey is usually measured in the form of antiradical activity
using the 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) scavenging assay (ABTS). ), oxygen radical scavenging capacity (ORAC) assay, and iron
reducing antioxidant capacity (FRAP) assay. The results of some studies indicate a negative effect
of heat treatment on the antioxidant properties of honey (Table 1). For example, Braghini F. et . al
. [27] . studied the effect of heat treatment on the antioxidant properties of bee honey. Honey was
subjected to heat treatment at temperatures of 52 and 71 ° C for different times from 0.24 to 470
minutes. Significant reductions in antioxidant activity (DPPH and FRAP) were observed
following heat treatment of honey, with major changes observed in treatment combinations of
52°C for 470 minutes, 55°C for 170 minutes, and 57°C for 60 minutes.

Table 1. Effect of heat treatment on the total content of phenols and flavonoids in
various types of honey [30-32.19].

Poland (four samples)

Origin of honey Heat treatmentTPC (mg gallic acid/100g[TFC (mg quercetin/100g
conditions honey), average (range) honey), average (range)

. Control 78.983 (60.13-95.16) 48.24 (45.14-53.58)
Thailand (three samples) - = 190 °C 64.23 (47.21-80.74) 36.67 (31.52-42.69)
Morocco (eight/Control 96.05 (63.44-130.04) 23.70 (17.12-29.32)
samples) For 30 min at 121 °C 96.78 (67.27-132.61) 20.44 (14.52-25.59)

Control 84.42 (38.29-121.06) no data

For 60 min at 90 °C 79.85 (38.47-120.58) no data
Control 85.55 (42.08-154.54) no data
For 45 min at 40 °C 86.085 (42.92-154.95) no data
For 45 min at 50 °C 88.635 (44.71-161.33) no data
Mexico (fOUr SampIeS) For 45 min at 60 °C 91.1825 (4649—16771) no data
For 45 min at 70 °C 90.96 (47.31-164.58) no data
For 45 min at 80 °C 90.73 (48.12-161.44) no data

TPC — total phenolic content; TFC — total flavonoid content, control — samples without
treatment.

A decrease in the antioxidant properties of heat-treated honeydew honey was found in a
study by Stojkovic¢ et al . Honey, after heat treatment at 65°C for 15 minutes, showed a significant
reduction in TPC and TFC (expressed as mg gallic acid per gram). The total phenolic content
decreased from 1.493 to 1.361 mg gallic acid/g/honey, and the flavonoid content decreased from
0.846 to 0.710 mg gallic acid/g, which consequently influenced the decrease in DPPH, ABTS and
FRAP values after heat treatment [33]. Impact heating samples of monofloral honey at a
temperature of 121 °C for 30 minutes was carried out by the authors Elamine, Y., Anjos, O.,
Estevinho, LM, Lyoussi, B., Aazza, S. & Miguel, MG, who also established a decrease in the total
content flavonoids, but a slight increase in antioxidant activity was noted. This may be due to the
formation of non-nutritive antioxidants such as Maillard reaction products.

Three types of honey (lotus, thyme and multifloral) were heat treated at 63 °C for 30 min.
[18.34] . After treatment, there was a significant reduction in total phenolic content (TPC),
expressed as mg tannic acid/kg honey. - TFC content in lotus honey decreased from 609 + 60 to
482 + 39 mg tannic acid kg 1 honey, thyme honey from 538 + 41 to 447 + 40 mg tannic acid kg 1
honey and multifloral honey from 462 + 53 to 404 + 36 mg tannic acid kg  honey. A study by
Chaikham & Prangthip examined the effect of different heat treatment temperatures ranging from
50 to 100 °C with different processing times ranging from 1 to 5 minutes on the phenolic content
and antioxidant capacity of longan flower honey. It was found that TPC increased at treatment
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temperatures of 50 and 70°C with increasing treatment duration, showing maximum TPC recorded
in the sample processed at 70°C for 5 minutes, while a significant decrease in TPC was observed
in samples processed at 100° C. , and the reduction increased with increasing treatment duration.
[35] . Authors Sari¢, G. et . al observed an uneven change in the antioxidant properties of honey in
31 samples of acacia honey and eight samples of chestnut honey. undergone heat treatment at 95
°C for 5 minutes. The results showed uneven changes in the antioxidant activity of individual
samples. In some samples, heat treatment increased antioxidant activity, in others it decreased. For
example, the antioxidant activity of 16 samples of acacia honey decreased by 31.4%. In contrast,
the antioxidant activity of 14 acacia honey samples increased by an average of 36.9% (measured
by FRAP). In all chestnut honey samples, FRAP values decreased by an average of 13.1% [36] .
Study author Kowalski reported changes in the antioxidant activity of honey after heat treatment at
90°C for 60 minutes. Four types of honey (hodew, linden, acacia and buckwheat) were analyzed
for changes in TPC and antioxidant activity (ABTS and DPPH activity after heat treatment. A
decrease in TPC of thermally treated honeydew honey was found. No significant changes were
observed in samples of acacia honey and buckwheat honey. In samples of linden honey, TPC
increased in heat-treated honey. The increase in TPC during heat treatment may be due to the
extraction of phenolic compounds during heat treatment. Increased radical scavenging activity of
ABTS was observed only in buckwheat and linden honey. ABTS radical scavenging activity of
honeydew honey was decreased , whereas in the case of acacia honey it did not change. DPPH
radical scavenging activity was increased in all heat-treated samples [30] . It should also be noted
that in the study of Pimentel-Gonzalez et al. , increasing temperature during heat treatment did not
cause a permanent increasing TPC for different honey samples [32] .

2. The influence of heat treatment on the antibacterial properties of honey.

Heat treatment has a detrimental effect on the antibacterial activity of honey. Stojkovic,
M., Cvetkovi¢, D., Savié, A. et al. found that heat treatment at 30, 45 and 60 °C for 1, 5 and 10
minutes reduces the antibacterial activity of honey bees, as evidenced by increased
microbiological values contamination. Antibacterial activity was observed against Escherichia
coli , Staphylococcus aureus , Pseudomonas aeruginosa and Bacillus cereus . [30] . A decrease in
the antibacterial activity of thermally treated honey was previously reported by Pimentel-Gonzalez
et al . Four different types of honey ( acaxochitlan, arenal, huehuetla and tasquillo) were heat
treated at 40, 50, 60, 70 and 80 °C for 45 minutes. Antibacterial activity was established as the
bacterial growth inhibiting activity of honey solutions at concentrations of 55%, 70% and 85%
honey solutions. Antibacterial activity was studied against six bacterial strains, three Gram-
positive strains ( Bacillus subtilis , Staphylococcus aureus and Listeria monocytogenes) and three
G-negative strains ( Escherichia coli , Salmonella typhimurium and Pseudomonas aeruginosa ).
The type and concentration of honey sample had significant differences in inhibitory activity
against Gram-positive and Gram-negative bacteria. Heat treatment reduced the inhibitory effect of
all honey samples. During heat treatment of honey, increasing the heat treatment temperature
reduced the inhibitory effect of honey on the growth of Salmonella typhimurium . In contrast, all
honey samples showed initial inhibitory activity against E. coli increases with increasing heat
treatment temperature to 60 °C. Then, a further increase in the heat treatment temperature caused a
decrease in the growth-inhibiting activity of honey. In this study, TRS of a honey sample showed
a significant effect only on antibacterial activity against S. Typhimurium . At the same time, the
inhibition of other species of tested bacteria did not correlate with the TPC of the honey sample.
These results showed that the effect of heat treatment on the antibacterial activity of honey
depends on the type of bacteria [32] .

Bucekova, M., Juricova, V., Di Marco, G. et al. studied the effect of heat treatment of
honey on its antibacterial activity against bacterial strains P. aeruginosa and S. aureus .
Completely crystallized samples of raw honey were subjected to heat treatment at 45, 55 and 65
°C until completely liquefied. The antibacterial effectiveness of honey was assessed using the
minimum inhibitory concentration (MIC) method, where the MIC is the lowest concentration of
honey that inhibits bacterial growth by 99%. Thermal liquefaction at 55 and 65 °C did not affect
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the overall antibacterial activity of honey against P. aeruginosa and S . aureus . However, the
antibacterial activity of honey liquefied at 45°C showed a significant increase in antibacterial
activity. The increased antibacterial activity may be due to increased enzymatic activity of glucose
oxidases, which leads to higher accumulation of hydrogen peroxide (H202) concentrations gpserved
in honey samples heat-treated at 45 °C. [37] . Moussa, A., Noureddine, D., Saad, A. &
Abdelmalek, M. studied the effect of temperature on the antifungal activity of eucalyptus honey
by analyzing the minimum inhibitory concentration (MIC) of honey against Candida albicans .
Honey was heat treated at 40, 60 and 80 °C for 24 hours. Heat treatment significantly reduced the
antifungal activity of honey, as indicated by an increase in honey MIC from 40% (v/v) for
untreated honey to 42%, 44%, and 45% (v/v) for heat-treated honey at 40°, 60°, and 80°. WITH.
[38] .

3.
honey

The effects of non-thermal processing methods on the antioxidant properties of honey are
summarized in Table 2.

Table 2. Effect of non-thermal treatment on the antioxidant activity of various types
of honey

The influence of non-thermal processing methods on the antioxidant activity of

Type of non-thermal|Processing conditions Changes in antioxidant properties Link
treatment method
High pressure|200, 400 and 600 MPa for 5, 10|Increase in TRS [39] .
processing and 15 min
High pressure|600 MPa for 10 min. Increased DPPH radical scavenging activity [40] .
processing
High pressure|600 MPa for 0, 2, 5, 8, 12 and 15|Increased radical scavenging activity of TPC,| [41].
processing min. ORAC
High pressure|600 MPa for 10 min. Increased DPPH radical scavenging activity [42] .
processing
High pressure|600 MPa for 10 min. Increase in TRS [43] .
processing
High pressure|300, 400 and 500 MPa for 5, 10,|[Enhance TPC, TFC, DPPH radical scavenging| [35] .
processing 15 and 20 min activity and FRAP metal ion scavenging activity
Ultrasonic treatment |Frequency 40 Hz, heating power|[Enhanced TPC radical scavenging activity,| [33].
172 W, at 30, 45 and 60 °C for 1,|JABTS, DPPH radical scavenging activity and
5 and 10 min. FRAP metal ion scavenging activity
Ultrasonic treatment [Frequency 20 Hz and amplitude[Enhance TPC, TFC, DPPH radical scavenging| [35]
20, 40 and 60% for 5, 10, 15 and|activity and FRAP metal ion scavenging activity
20 min.
Ultrasonic treatment |Frequency 20 Hz and amplitude|No significant changes in metal ion reduction| [31]
80% for 30 min. activities of TPC, TFC and FRAP.
Increased DPPH radical scavenging activity
Irradiation 10 kGy There is no significant change in the radical| [ 44 ]
scavenging activity of TPC and DPPH.
Irradiation 25 kGy Enhanced radical scavenging activity of TPC,| [4 5]
TFC and DPPH
Microwave 1.26 W/g sample from 2 to 6 min. (Increased TPC, ABTS radical scavenging| [thirty]
processing activity, and DPPH radical scavenging activity
in two honeys while decreasing TPC, ABTS
radical scavenging activity, and DPPH radical
scavenging activity in one honey. Changes
depended on biological origin
3.1 High Pressure Treatment (HPP)

A study by Akhmazillah, MFN & Silva, FVM obtained results on the effect of HPP on the
TPC of honey processed at 200, 400 and 600 MPa under ambient temperature conditions for 5, 10
and 15 min. [39] .
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An increasing trend in TPC was observed with increasing pressure during treatment. The
highest increase of 47.16% was recorded under 600 MPa pressure for 10 minutes of treatment. In
the same study, honey was also treated with a pressure of 600 MPa at 50, 60 and 70 °C for 5, 10
and 15 min. An increase in temperature did not have a significant effect on the TPC content.
Treatment of honey with HPP appears to cause the release of phenolic compounds present in the
pollen remaining in the honey, which resulted in an increase in the TPC of HPP-treated honey
[40].

Fauzi, NA, Farid, MM & Silva, FVM reported a significant increase (30%) in antioxidant
activity (DPPH) of HPP-treated honey at 200, 400 and 600 MPa at near ambient temperature, 25
to 35° C for 10 minutes. Similar results of an increase in the TPC content and antioxidant activity
of honey after treatment with HPP were obtained in a study by Leyva-Daniel et . al . Honey was
treated at 600 MPa for 0, 2, 5, 8, 12 and 15 min. After a 15-minute treatment at 600 MPa, there
was a 6.2% increase in TPC content and a 30% increase in antioxidant activity in honey treated at
600 MPa for 2 minutes [41] .

Razali , M.F., Fauzi, N., Sulaiman, A. & Rahman, A. investigated the effect of HPP
treatment at 200 and 600 MPa for 5 and 10 minutes on the antioxidant activity (DPPH) of
stingless bee honey. A decrease in antioxidant activity was observed in honey treated with a
pressure of 200 MPa for 5 and 10 minutes. In comparison, a 3% increase in antioxidant activity
was reported in HPP-treated honey at 600 MPa for 10 min. Another study by these authors
reported a significant increase in TPC content from 22.93 to 33.70 mg gallic acid g ™ when honey
was treated with HPP 600 MPa at room temperature for 10 minutes [42-43] .

Chaikham & Prangthip studied the effect of HPP on honey treated at 300, 400 and 500
MPa for 5, 10, 15 and 20 minutes. At all pressure levels, the antioxidant properties of honey were
positively correlated with processing time. The maximum increase in TPC, TFC and antioxidant
activity (DPPH and FRAP ) was observed in honey subjected to a pressure of 500 MPa at 25 °C
for20min.[44] .

3.2.  Ultrasonic treatment

Stojkovi¢, M. et . al . The study reported an increase in TPC, ABTS, DPPH and FRAP
values in sonicated honey. The honey was sonicated using an ultrasonic bath at 40 kHz. Ultrasonic
treatment carried out at 30, 45 and 60 °C for 1, 5 and 10 min led to an increase in TPC, ABTS,
DPPH and FRAP. Moreover, TPC and TFC increased with increasing temperature during
ultrasonic treatment. Ultrasonication promotes a more complete extraction of bioactive
compounds, which may be the reason for the improved antioxidant properties of ultrasonicated
honey [30] .

The authors Chaikham & Prangthip studied the effect of ultrasonic treatment with a
frequency of 20 Hz and amplitude of 20%, 40% and 60% for 5, 10, 15 and 20 minutes on flower
honey. Increases in TPC, TFC and antioxidant activity were observed for all treatment
combinations. The maximum increase in TPC, TFC and antioxidant activity was observed at a
frequency of 20 Hz, amplitude 60% for 20 min. [35] . However, Chaikham et al . found no
significant changes in TPC, TFC or antioxidant activity in honey samples treated at 80%
amplitude for 30 minutes. In this study, honey samples were sonicated at a combination of 20 Hz
frequency and 40% and 80% amplitude levels for 30 minutes. It was observed that sonication at
40% amplitude increased the TPC, TFC, DPPH and FRAP values of all types of honey tested
[31].

3.3. Gamma radiation treatment

Saxena, S. et . al . studied the effect of gamma radiation with a dose of 10 kGy on the
antioxidant properties of honey and found no significant changes in TPC and antioxidant activity
(DPPH). However, Hussein, SZ, Yusoff, KM, Makpol, S. & Yusof, YAM reported an increase in
antioxidant activity (DPPH) and antioxidant capacity (TPC and TFC) of honey irradiated with 25
kGy gamma radiation. According to the conclusions of the study authors, irradiation causes
radiolysis of water with the formation of hydrogen electrons, hydroxyl radicals and hydrogen
atoms. These radicals can liberate some phenolic compounds from the glycosidic components,
increasing the amount of phenolic compounds [44-45]
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3.4.  Microwave processing

Author  Kowalski, S. studied the effect of microwave processing of honey on the
antioxidant activity of various types (linden, buckwheat, acacia and honeydew) honey. Microwave
treatment was carried out in a multimode microwave reactor at a constant power level of 1.26 W g
" per sample for 2 to 6 minutes. The effect of microwave treatment on antioxidant activity
depended on the types of honey samples. A decrease in antioxidant activity was observed in
honeydew honey, while it increased in linden and buckwheat honey. Microwave treatment did not
have a significant effect on the antioxidant properties of acacia honey. The increased antioxidant
activity of microwave-processed honey may result from more complete extraction of phenolics,
since microwave energy can increase the availability of phenolics by preventing polyphenol
binding [30].

4. The influence of non-thermal processing methods on the antimicrobial
properties of honey.

As a result of the analysis of the results of scientific research, it was found that non-
thermal processing methods, such as high pressure, gamma radiation, ultrasonic treatment and
microwave exposure have different effects on the antibacterial activity of honey. Process
parameters and exposure time play an important role in the processing process. The results of the
effect of processing on the antimicrobial properties of honey are summarized in Table 3.

Table 3. Effect of non-thermal treatment on the antimicrobial activity of honey

Non- Process Controlled Results of the effect S
thermal treatment | parameters microorganisms of treatment on | ource
method antimicrobial activity

High 100, 200, Gram-positive  strain - Antibacterial activity [
pressure 500 and 800 | Staphylococcus aureus increased 467 .
processing MPa for 15, 60

and 120 min
Ultrasonic Frequency Gram-negative strain - Antibacterial activity
treatment 40 Hz, heating | Escherichia coli, Pseudomonas | increased [3 3]
power 172 W, | aeruginosa, Bacillus cereus .
at 30, 45 and 60 | and gram-positive strain -
°C for 1, 5 and | Staphylococcus aureus
10 min.
Irradiation doses from Gram-negative strains - Antibacterial activity [
treatment 1 to 15 KkGy; | Salmonella Typhimurium, | did not change. 441.
dose rate 6.5 | Bordetella bronchiseptica,
kGyh* Escherichia coli, Pseudomonas
fluorescens.
And gram-
positive Bacillus subtilis,
Staphylococcus aureus

Irradiation Doses of Gram-positive  strain - Antibacterial activity [

treatment 25 and 50 kGy | Staphylococcus aureus remained unchanged. 471].
at a dose rate of
2 kGy h-*

Irradiation Dose 10, Gram-negative strain - Antibacterial activity [

treatment 20 and 30 kGy Pseudomonas aeruginosa and | remained unchanged. 481].
gram-positive strain -
Staphylococcus aureus

Microwave 800, 400 Gram-negative strain - Antibacterial activity [

processing and 80 W for | Pseudomonas aeruginosa and | reduced 49]
10, 30, 50, 60, | gram-positive strain - [
120 and 180 s. Staphylococcus aureus 50] .

Conclusion. A review and analysis of the results of scientific research showed that the

influence of thermal and non-thermal methods of processing honey on its antioxidant and
antibacterial properties largely depends on the biological origin of honey. Heat treatment has a
detrimental effect on the antioxidant and antimicrobial activity of honey. The results of some
studies have shown an increase in antioxidant activity, which may be due to the formation of non-
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nutritive antioxidants such as Maillard reaction products, as well as the leaching of phenolic
compounds from pollen remaining in honey, which occurs at higher temperatures during heat
treatment. The formation of HMF as a product of the Maillard reaction is of particular importance,
since HMF is an indicator of honey quality throughout the world. Most of the studied samples
showed a decrease in the antioxidant capacity of honey after heat treatment.

Among non-thermal processing methods, gamma irradiation has minimal or no effect on
the antioxidant and antibacterial properties of honey. Microwave treatment, which was carried out
with different powers from 1.2 to 16 W/g with a treatment duration of 10-180 s. had a negative
impact on the antioxidant and antimicrobial properties of honey, as heat is generated during the
processing process. Although the processing time was short compared to conventional heat
treatment, it negatively affected the quality of the honey by reducing the antioxidant and
antimicrobial activity of the honey.

During microwave processing, the change in antioxidant activity is influenced by the
biological origin of honey. The use of ultrasonic processing of honey with a frequency of 20 Hz,
amplitude from 20% to 80% and processing time from 5 to 30 minutes helps to increase the
antioxidant activity of honey by increasing the content of phenols and flavonoids. However, it
should be noted that during ultrasonic processing the temperature of honey increases, which can
have a negative impact on honey quality parameters such as HMF content and diastase activity.
Treatment of HPP at pressures from 200 to 600 MPa helps to increase the antioxidant properties of
honey.

It has been established that gamma irradiation helps preserve the antioxidant activity and
antibacterial properties of honey. The main disadvantage of this processing method is the high
cost of processing and special requirements for the irradiation process. For this reason, this
processing method is most suitable for sterilizing honey used for medical purposes.

The presented scientific review can be used for further scientific research, as well as for
enterprises collecting and processing honey in choosing the optimal processing methods during
the production process.
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