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Abstract

Post-harvest heating on honey is crucial for moisture reduction, microbial inhibition,
and crystallization prevention, yet it can diminish bioactive compounds such as
antioxidants. This study aims to investigate the impact of heating on the antioxidant
properties of Indonesian honey, encompassing three Apini and three Meliponini honey
types. While all samples exhibited changes in antioxidant properties post-heating, Apini
honey displayed a more consistent pattern compared to Meliponini honey. The DPPH
assay, total phenolic content, and total flavonoid content consistently indicated a decline
in antioxidants at lower temperatures and short durations of heating, followed by an
increase at high temperatures and longer duration, suggesting a compensation
mechanism through the generation of new antioxidants via Maillard’s reaction.
However, the ferric reducing power assay revealed a consistent decrease in antioxidants
post-heating for Apini honey, indicating damage to natural antioxidants without
compensation, whereas Meliponini honey displayed irregular dynamics, suggesting
both damage and formation of antioxidants. The Apini honey showed the best
antioxidant properties at high temperatures (100°C), whereas Meliponini honey showed
an optimum at low temperature (50°C) for extended durations or medium temperature
(75°C) for shorter durations.
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Introduction

Honey is naturally produced by bee species from nectar or extrafloral liquid. There
are three groups of bees producing honey, those are Apini, Meliponini, and Bombini
(Kahono et al., 2018). Honey is well-known to be a natural sweetener as well as a
functional food, since it has a varied bioactivity, such as antioxidant, antimicrobial,
anti-inflammatory and anticancer (Almasaudi, 2021; Weis et al., 2022; Zammit and
Blundell, 2023). Honey also contains some important enzymes, such as glucose
oxidase, catalase, acid phosphatase, invertase, and diastase which become key
indicators of honey quality and authenticity (Siddiqui et al., 2017). Antioxidants are
essential in protecting cells from oxidative stress, which has been related to aging
and a variety of chronic illnesses. Moreover, the antioxidants in honey vary
depending on factors such as floral sources, geographical locations, and processing
methods (Becerril-Sanchez et al., 2021; Rachmawati et al., 2022).

Indonesia is known for its extraordinary floral biodiversity, varying climates, and the
archipelago's geographical location. The flora is characterized by unique plant
species, lush rainforests, and a wealth of botanical diversity (Kusmana and Hikmat,
2015). It is also home to a variety of honeybees producing many types of honey.
Furthermore, Indonesia has three different groups of honey, which are formally
stated in the Indonesian National Standard for Honey, namely honey produced from
managed honey bees (Apis mellifera and Apis cerana), wild honey bees (Apis
dorsata), and stingless bees (BSN, 2018).

In terms of managed honey bees, A. mellifera which is known as the Western honey
bee, is positioned as the less-kept honey bee species in Indonesia and dominantly
managed in Sumatera and Java Islands and a few in Kalimantan and Sulawesi
Islands. Meanwhile, A. cerana which is commonly known as the Eastern honey bee
or the Asian honey bee, is called the local honey bee in most Indonesian areas except
Papua (Buchori et al., 2022; Aditya and Purwanto, 2023). The highest number of
species kept by beekeepers is stingless bees and there are at least 19 species of
stingless bees, mostly Heterotrigona itama and Tetragonula laeviceps (Buchori et
al., 2022; Trianto and Purwanto, 2022). A. dorsata, which is popular as the Asian
Giant Honey Bee, is distributed from the southeast to the southern part of Asia,
including Indonesia (Kaligis and Mokosuli, 2022).

In the industry, a series of sequential chains of processing operations may involve
raising the temperature of honey. These heating processes may be applied from
initial extraction, dehumidification, liquefaction, pasteurization, crystallization, and
final packaging (Baglio, 2018). The heating process is required so as to increase the
viscosity, eliminate the spoilage, and prevent the crystallization (Baglio, 2018;
Eshete and Eshete, 2019). Several alternatives can be applied to honey processing to
replace conventional heating, including microwave, ultrasound, infrared, membrane
processing, and micro fluidization (Leyva-Daniel et al., 2020). However, those
technologies require specific technology which is not easy to apply in honey small-
scale producers. Thus, defining the most optimum heating condition in conventional
heat treatment is still preferred due to its simplicity. In addition, the optimum heating
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condition relies on the geography and botanical origin of honey which varies
depending on the biochemical composition of honey (Eshete and Eshete, 2019).

As the biochemical content of honey is diverse, depending on its bee species, source
of nectar, and geographical origin, the optimum heating condition also differs in each
type of honey (Zammit and Blundell, 2023; Eshete and Eshete, 2019; Handayani et
al., 2022; Tka¢ et al., 2022). Therefore, this study aims to observe the dynamics of
the antioxidant properties of Indonesian honey, including 3 Apini and 3 Meliponini,
caused by several heating treatments.

Materials and methods
Materials

All of the reagents used in the present study were of the highest grade for analysis
(pro-analytical). Folin-Ciocalteu reagent, trichloroacetic acid (TCA), aluminum
trichloride (AICI3), potassium acetate (CHsCOOK), potassium ferricyanide
(K3[Fe(CN)g]), sodium phosphate dibasic (Na;HPO4-2H>0), potassium phosphate
monobasic (KH2PQa), ferric chloride (FeCls) and methanol were purchased from
Merck. DPPH (2,2-diphenyl-2-picrylhydrazyl), gallic acid, and quercetin were
purchased from Sigma Aldrich.

Sample collection

Honey used in the present study was collected from regions across Indonesia. All
samples were gathered in the late 2022 and meticulously stored in a dry-sealed
container within a room with a controlled air conditioning setting of 25°C. The
provenance details of each sample were systematically delineated in Table 1.

Table 1. Sample collection

Types of Sample Origin
No. honey code Bee species Nectar ﬂgﬁ)i(éraﬂoral Geographic
1. Al Apis mellifera Acacia tree (Acacia Riau

crassicarpa)

2. A2 Apis cerana Calliandra tree West Java

Apini (Calliandra sp.)
Multiflora, mostly
3. A3 Apis dorsata coconut tree (Cocos North Maluku
nucifera)

4, M1 Hete_rotrlgona Multiflora Riau
itama

5. Meliponini M2 Hete_rotrlgona Rubber tree (Hevea sp.) !East
itama Kalimantan

6 M3 Tetragonula Multiflora south
biroi Sulawesi

Experimental design and heat treatment

Heat treatments were applied separately to each sample, including 3 variations of
heat temperature and 3 variations of heat duration. The temperatures used in the
present study were 50, 75, and 100°C, whereas the durations were 15, 30, and 45
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minutes, respectively. Each temperature and duration of heating used in the present
study was combined, so that nine types of heating treatment were designed.
Therefore, there were two independent variables used in the present study, heat
temperature and heat duration. The sample with no heating treatment (encoded as
NT) was used as the baseline.

Moisture Content Analysis

The moisture content of honey was measured using a manual refractometer (BSN,
2018). The analysis was run in triplicate.

Determination of total phenolic content (TPC)

The quantification of TPC was conducted by Folin-Ciocalteu method, as described
by Maeng et al. (2017). A total of 0.2 mL sample was mixed with 0.2 mL of Folin-
Ciocalteu reagent and 1.8 mL of distilled water. Following a 6 minute incubation
period, 2 mL of sodium carbonate 7% was introduced and the mixture was allowed
to incubate for a period of 90 minutes. Absorbance measurements were taken at 750
nm. Gallic acid was used to create the standard curve with a range of concentration
0-200 pg/mL.

Determination of total flavonoid content (TFC)

The TFC was measured following the method described by Aryal et al. (2019). As
much as 1 mL of sample is added into 0.2 mL of aluminum trichloride 10% in
methanol and then mixed with 0.2 mL of potassium acetate 1 M, following with 5.6
mL of distilled water. The mixture was incubated at room temperature for 30
minutes, followed by measuring the absorbance at 415 nm. A standard curve of
quercetin with a range of concentration 0-100 pg/mL was used to determine TFC.

Antioxidant-DPPH scavenging activity

Antioxidant DPPH scavenging activity was determined according to Boonsong et al.
(2016). As much as 1 mL of each diluted honey sample was mixed with 3 mL of
DPPH 0.1 mm solution in methanol. The mixture was then vigorously shaken and
allowed to incubate in the dark, at room temperature, for 30 minutes, then measured
at 517 nm using spectrophotometer UV-Vis (Genesys 10-S, Thermo Fisher
Scientific Inc., Waltham, MA, USA). The ICs, values were determined from a
regression curve of the serial concentrations of the sample with antioxidant
scavenging activity.

Antioxidant-ferric reducing power (FRP)

The method of Fu et al. (2014) was used to assess the FRP. A total of 0.3 mL of
honey sample was mixed with 0.6 mL of 0.2 M sodium phosphate buffer pH 6.6 and
0.6 mL of potassium ferricyanide 1%. The mixture was then incubated in a water
bath at 50°C for 30 minutes. Subsequently, 0.6 mL of 10% trichloroacetic acid was
added to the mixture and centrifuged at 3000 rpm for 10 minutes. The supernatant
(0.5 ml) was then mixed with 0.5 mL distilled water and 0.1 mL of FeCl;0.1 %. The
intensity of the blue-green color was measured at 700 nm. The absorbance was
directly proportional to its reducing power.
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Statistical analysis

The data for each type of honey, separately, was analyzed using two-way-analysis
of variance (two way-ANOVA), since two independent variables were used in the
present study, including heat temperature and heat duration. Tukey’s post hoc test
was also applied. The analysis was conducted using SPSS 25 software (IBM
Corporation, Armonk, USA).

Results and discussion
Moisture

The two way-ANOVA test indicates that the moisture of samples Al, A2, A3, and
M3 is significantly influenced only by the heating temperature, while the heating
duration and the interaction between heating temperature and duration show
insignificant contributions (P<0.05) (Figure 1). Heat temperature and heat duration
significantly contributed to the moisture of M2 (P<0.05), while heat temperature,
heat duration, and the interaction between heat temperature and heat duration
significantly contributed to M1. The heating treatment applied to Al, A2, A3, and
M3 samples slightly reduced the moisture content, since the maximum decreases of
moisture compared to the corresponding control samples (no treatment) were less
than 2%. However, the heating treatment resulted in a high reduction of water
content in the case of M1 and M2, probably because of the relatively high moisture
baseline of these samples compared to others.

Ensuring compliance with national and international standards is crucial for the trade
and distribution of honey. Our study, centered on Indonesian honey, underscores the
significance of adhering to the latest version of honey regulation documents,
including Indonesian National Standard for Honey (BSN, 2018) and Codex
Alimentarius Commission, Standard for Honey (CAC, 2022). While Indonesian
National Standard sets moisture limits at 22% for Apini honey and 27.5% for
Meliponini honey, the Codex mandates a general standard of less than 20%, except
for heather honey (Calluna vulgaris) which can be less than 23%. This dichotomy
poses challenges for honey producers, particularly in tropical climates like Indonesia
with high humidity, often necessitating heat treatments to meet these standards. The
potential impact on bioactivity, including antioxidant activity, must be considered,
especially with prevalent industry practices such as open boiling.

High moisture content in honey can compromise its chemical stability during
storage, leading to spoilage and crystallization (Chuttong et al., 2015; Braghini et
al., 2020). Thermal treatments that can extend shelf life are employed to enhance the
biological and physicochemical stability of honey. In our study, Apini honey met
both national and international standards without requiring additional heat treatment,
while Meliponini honey required heat treatment to align with these standards. The
M3 sample required heating at 75°C for 15 minutes to meet both standards, while
M1 and M2 necessitated higher temperature and longer duration to meet the
standards. However, careful consideration of bioactivity and preservation of honey’s
unique characteristics is equally paramount.
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Figure 1. Moisture changes of Indonesian (a) Apini and (b) Meliponini honey caused by heat
treatments. In each type of honey, values with different letters indicate significant differences
(P < 0.05) according to Tukey’s post hoc test.

Total phenolic content

Two-way ANOVA analysis revealed a significant impact of heat temperature, heat
duration, and their interaction on TPC for both honey types (P<0.05) (Figure 2).
Apini honey exhibited a general increase in TPC values across three levels of
temperature and duration, with the highest TPC observed at 100°C for 45 minutes.
However, Al and A2 showed a decrease in TPC at 50 and 75°C for 15 minutes,
while A3 consistently increased. Notably, Al experienced a significant TPC increase
when heated for 30 minutes. In Meliponini, inconsistent results were observed with
varying heating temperature and duration, but the combination of heating and
duration significantly affected TPC (P<0.05). The best combination treatment varied
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among Meliponini, with M1 reaching the highest TPC at 50°C for 15 minutes, and
M2 and M3 achieving optimal TPC at 100°C for 15 minutes, respectively (Figure
2).

In recent times, there has been a growing focus on assessing the antioxidant
capabilities of honey. The levels of the constituents responsible for honey's
antioxidant properties exhibit significant variation based on the floral and
geographical source of the honey. When honey is subjected to heat treatment,
alterations in the presence of phenolic compounds occur (Cianciosi et al., 2018;
Aydogan-Coskun et al., 2020). However, some studies mentioned that the impact of
the heat process on the antioxidant activity of honey is minimal (Turkmen et al.,
2006; Trinh et al., 2006). Moreover, Zarei et al. (2019) stated that there were no
significant changes in the phenolic content of honey during the initial 20 minutes of
thermal treatment at 63°C. Those studies, however, are not parallel to the result that
revealed any significant changes even at the 50°C at 15 minutes except for M2 and
Ma3.

The results of our study indicate that phenolic compounds in Apini honey
continuously increased parallel to the incline of heat and duration. This result is
similar to the studies conducted by Cianciosi et al. (2018), Aydogan-Coskun et al.
(2020), and Sari¢ et al. (2020), that also used Apini honey. In this case, the existence
of Maillard’s reaction becomes the most plausible explanation. Sugary products
undergo a Maillard’s reaction at high heat levels, potentially increasing both intrinsic
and certain non-nutritive antioxidant agent (Islam et al., 2012). Similarly, Jahan et
al. (2015) proposed that both the total phenolic and flavonoid content tend to
increase proportionally with increasing heat temperatures. It is suggested that the
increase of phenolics and flavonoids content post-heat treatment might be attributed
to enhanced bio-accessibility of specific heat-activated phenolics and flavonoids and
the activation of certain thermostable compounds during thermal processing (Sari¢
et al., 2020).

On the contrary, Meliponini honey revealed an unclear trend between M1 and both
M2 and M3. In M2 and M3, there was no significant difference between heat-treated
and duration on TPC value at 50°C for 15 minutes. M1, on the contrary, showed a
significant difference of TPC value when heated at 50°C for 15 minutes. The results
of the TPC values in M2 and M3 suggested that the phenolic components are more
stable and were not affected by heat than M1, when heated at 50°C for 15 minutes.
In other words, the phenolic components available in M2 and M3 were more stable
throughout that heat treatment. Nevertheless, all the TPC values from all Meliponini
honey varieties changed when they were heated to more than 50°C for 15 minutes.
In unprocessed Meliponini honey, a diverse range of phenolic compounds is present,
with their concentration and composition primarily influenced by the floral source
(Biluca et al., 2017; Ranneh et al., 2018; Braghini et al., 2020). Hence, concerning
this study, the difference in Meliponini characteristics could be a plausible reason to
explain the phenomena. However, similar to changes in antioxidant capabilities, the
composition and concentration of these compounds can be altered through thermal
processing and storage.
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Moreover, Braghini et al. (2020) and Shahabuddin et al. (2022) mentioned that some
phenolic compounds in honey are derived when heated at a range of temperatures of
100°C - 190°C, such as benzoic acid and quercetin. Phenolic compounds represent
a category of aromatic secondary metabolites and have been reported to possess
multiple biological effects, such as antioxidant capacity. There is a great interest in
the food industry because they enhance the quality and nutritional value of foods.
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Figure 2. The changes on total phenolic content (TPC) of Indonesian (a) Apini and (b)
Meliponini honey caused by heat treatments. In each type of honey, values with different
letters indicate significant differences (P < 0.05) according to Tukey’s post hoc test.

Total flavonoid content

Two-way ANOVA analysis demonstrated that temperature, duration, and their
interaction significantly influenced the TFC in both Apini and Meliponini honey
(P<0.05, Figure 3).
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Figure 3. The changes on total flavonoid content (TFC) of Indonesian (a) Apini and (b)
Meliponini honey caused by heat treatments. In each type of honey, values with different
letters indicate significant differences (P < 0.05) according to Tukey’s post hoc test.

The Apini honey, especially Al and A2, exhibited a consistent increase in TFC with
rising temperature and duration of heating, while A3 showed an inconsistent trend
with a slight decrease at 50°C and 75°C, and a slight increase only at 100 for 30
minutes. This indicated that the flavonoids in A3 were relatively heat-intolerant
compared to Al and A2. In Meliponini honey, the TFC pattern with heating
treatment was irregular compared to Apini honey. M1 showed a decreasing trend at
50°C, and a gradual increase of TFC at 75°C and 100°C with the increase of
durations. M2 displayed an increase at 50°C until 45 minutes and the maximum TFC
was reached at 75°C for 15 minutes, while M3 showed a decreasing TFC trend at
50°C and instability at 100°C across durations, with the maximum increase at 75°C
for 30 minutes.



Mahani et al. / AUDJG — Food Technology (2024), 48(1), 100-116 109

The impact of heat on the flavonoid concentration in honey is intricate, influenced
by factors like specific flavonoid type, heating temperature and heating duration
(Trinh et al., 2006; Zarei et al., 2019). Notably, studies reveal an increase in
flavonoid levels with heating, with specific flavonoids like quercetin and kaempferol
showing elevated levels (Trinh et al., 2006; Zarei et al., 2019; Jan et al., 2022).
Adebo et al. (2020) and Chen et al. (2022) attributed this rise to the breakdown of
complex sugars, which liberates bound flavonoids and enhances their bioavailability,
aiding efficient absorption. This enhancement is linked to heat disrupting cell walls
in pollen grains, the primary source of flavonoids in honey (Martinello et al., 2021).
This study supports the findings for all Apini honey types and one Meliponini honey
type (M1), in which a tendency for TFC to increase parallel to heat treatment was
observed.

Meanwhile, M2 and M3 had the highest TFC at 75°C and 15 minutes and the value
declined significantly when heated to 100°C at any levels of duration. Some honey
types, like M2 and M3, may experience a significant decline in flavonoid content
due to heat sensitivity, as observed in other studies (Zarei et al., 2019). Specifically,
rutin and chrysin, two honey flavonoids recognized for anti-inflammatory and
antioxidant properties, are susceptible to degradation at temperatures exceeding
70°C (Sari¢ et al., 2020; Martinello et al., 2021; Masad et al., 2021). This
degradation may impact the health-related benefits of honey, such as antioxidant
activity. Mechanisms that contribute to flavonoid degradation during heat treatment
include enzymatic oxidation, catalyzed by honey enzyme, and direct breakdown,
triggered by elevated temperatures (Ayoub et al., 2023). It is suggested that
variations in flavonoid compounds in M2 and M3, compared to all Apini and M1,
may stem from distinct nectar sources and geographical origins, aligning with studies
that emphasize the influence of melliferous plants and location on honey flavonoid
compounds (Cianciosi et al., 2018).

Antioxidant-DPPH scavenging activity

The antioxidant activity based on DPPH scavenging activity is expressed in IC50
score (Figure 4). The IC50 score is inversely proportional to the antioxidant activity,
the lower IC50, the higher antioxidant activity. The two-way ANOVA analysis
revealed that heat temperature, heat duration, and their interaction significantly
contribute to the 1C50 score (P<0.05). The IC50 values represent the concentration
of a sample required to neutralize 50% of DPPH free radicals upon exposure of free
radicals. Overall, the data demonstrated that increasing heat temperature and
duration correlated with elevated antioxidant activity, as reflected in a lower IC50
score. However, irregular trends were observed in M1 at 75°C for 30 minutes, and
M2 at 50°C for 15 minutes and 30 minutes. Notably, A2 exhibited the highest
antioxidant activity at 100°C for 45 minutes, thus reaching the lowest IC50 score in
this study. By comparison, the application of heat treatment to Meliponini honey was
found to enhance the antioxidant activity more than Apini honey, with the highest
increase observed in M3.
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Figure 4. The changes on DPPH-IC50 score of Indonesian (a) Apini and (b) Meliponini
honey caused by heat treatments. In each type of honey, values with different letters indicate
significant differences (P < 0.05) according to Tukey’s post hoc test.

The efficacy of DPPH scavenging activity in honey extends beyond phenolics and
flavonoids, encompassing factors such as pH and the presence of AI** ions that may
interact with flavonoids (Pekal and Pyrzynsk, 2015). Their study on buffered tea
suggests that antioxidant activity is heightened in less acidic environments,
showcasing the influence of pH on DPPH scavenging activity (Pekal and Pyrzynsk,
2015). The alteration in hydrogen ion concentration influences the scavenging
process of DPPH radicals by phenolic compounds, leading to a shift in the
mechanism. As the pH decreases, the Proton-Coupled Electron Transfer (PC-ET)
mechanism becomes dominant (Dawidowicz and Olszowy, 2012).
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This mechanism explains the misalignment between the total phenolic and flavonoid
content in honeys with their DPPH scavenging activity before heating treatment. In
our study, heating treatment enhances DPPH scavenging activity, accompanied by
elevated phenolics and flavonoids. The alteration of macromolecules, such as
proteins, during heating, releases bonds with polyphenols and flavonoids,
intensifying their interaction with DPPH radicals (Gulcin and Alwasel, 2023).
Similar findings (Turkmen et al., 2006) highlight increased antioxidant activity after
heating, attributing it to the Maillard’s reaction and the formation of substances with
varied antioxidant effectiveness. Contrarily, some studies reported by Sari¢ et al.
(2020), Islam et al. (2012), and Jahan et al. (2015), suggested that heating may
decrease the antioxidant activity of honey, revealing the complex interplay
influenced by the botanical origin and unique chemical composition of honey.

Antioxidant-ferric reducing power

The FRP was employed as an indicator of antioxidant activity, with the reduction of
Fe®* to Fe?*. The FRP value exhibited a linear proportionality to antioxidant activity,
signifying that the higher absorbance corresponds to increased antioxidant activity
based on the ferric reducing mechanism. The two-way ANOVA analysis of both
independent variables, heat temperature and heat duration, and also their interaction
significantly contributed to the FRP (P<0.05, Figure 5). The pattern of FRP score on
Apini honey (Al, A2 and A3) decreased consistently with the increase of heating
temperature and duration. However, irregular dynamics were observed in the
Meliponini honey (M1, M2 and M3), where the Meliponini did not exhibit a
consistent pattern when subjected to heating temperature and duration. In contrast
with the Apini honey, heating treatment on Meliponini honey can relatively elevate
the FRP, although the pattern showed irregular dynamics.

The FRP assay was used for evaluating the antioxidant content of the activity of
water-soluble antioxidants. The results of the present study showed that the FRP
value of Apini honey (A1, Al, A3) decreased after heat treatment, while Meliponini
(M1, M2, M3) honey showed an irregular pattern. The results on Apini are in line
with the findings of the study conducted by Zarei et al. (2019), which reported that
the FRAP value decreased significantly in thyme and lotus honeys during the thermal
treatment. Sari¢ et al. (2020), also reported that the antioxidant activity of acacia
honey measured by FRAP decreased after thermal treatment with the average
reduction in all samples being 31.4% (Sari¢ et al., 2013). The irregular pattern on
Meliponini honey by FRP assay indicates that the damage and formation of
antioxidant compounds occurred during heating. These results may stem from the
breakdown of natural antioxidant compounds that reduce ferric ions (Fe**) to ferrous
ions (Fe?*). In contrast to DPPH assay, where the antioxidant activity generally
increases with heat, compounds reducing ferric ions may not form after heating.
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Figure 5. The changes on ferric reducing power (FRP) of Indonesian (a) Apini and (b)
Meliponini honey caused by heat treatments. In each type of honey, values with different
letters indicate significant differences (P < 0.05) according to Tukey’s post hoc test.

The high antioxidant activity detected by the DPPH assay post-heating could
originate from the new antioxidant compounds formed through Maillard’s reaction,
potentially outweighing the decay of natural antioxidant compounds and resulting in
heightened antioxidant activity after heating. We suggest that the type of Indonesian
Apini honey used in the present study can be heated at high temperature (100°C) to
enhance the antioxidant properties, while the Indonesian Meliponini honey, which
was less tolerant to thermal treatment, can be heated at a low heat (50°C) for a long
duration or at a medium heat (75°C) for a short duration so as to elevate the
antioxidant activity.

Conclusion

All types of Indonesian honey used in the present study undergo changes of their
antioxidant properties after heating, the Apini honeys having a less irregular pattern
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than Meliponini ones. The effect of heat treatment was checked by DPPH-assay,
TPC, and TFC. The results indicated a decrease of antioxidant properties at low
temperature and short duration of heating, but a gradual increase of the antioxidant
properties at higher temperatures and longer durations. It indicates that the heating
breaks down the natural antioxidant compounds contained inside honey, but at the
same time, the heating also generates a Maillard’s reaction forming new antioxidant
compounds. In contrast, the antioxidant activity of Indonesian Apini honey shown
by FRP-assay, consistently decreased with the increase of heating temperature and
duration, revealing that the natural antioxidant compounds which possess the ability
to reduce the ferric ions were damaged permanently, without any new formation of
this type of antioxidant compound. However, these changes found on Meliponini
honey, based on the FRP assay, indicate that damage and formation of antioxidant
compounds occurred. The application of heating on Indonesian honey induces
dynamic alterations in its antioxidant properties, characterized by the concurrent
degradation of natural antioxidant compounds and the concomitant generation of
new antioxidant compounds.
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