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Abstract | Honey produced by stingless bee is commonly known as Kelulut honey. Honey is frequently heat-
ed to purify, filter, and permit packing in order to inhibit the growth of microbes. However, heating could
increase the amount of the potentially cancer-causing substance hydroxymethylfurfural (HMF) in honey and
will reduce the physicochemical and nutritional attributes due to its heat sensitivity. Hence, ultrasound which
is a non- thermal processing was chosen as an alternative method to minimize the quality loss during the
processing of Kelulut honey. The purpose of this study was to investigate the effect of ultrasound processing
on the quality of Kelulut honey. The ultrasound processing was conducted at five different amplitudes (20, 40,
60, 80, and 100%) and three different treatment times (5, 10 and 15 minutes). Kelulut honey samples were
analysed for total soluble solids, water activity, moisture content, pH, and the amount of HMF. Conventional
heating was conducted at 60 °C for 30 minutes as a comparison. The results showed that the ultrasound pro-
cessing increased the total soluble solids of Kelulut honey from 65.32 “Brix to 73.00 “Brix and the pH value
from 2.97 to 3.62. Ultrasound processing also reduced the moisture content of Kelulut honey from 33.08%
to 25.40% and water activity from 0.8188 to 0.7580. For the HMF value, ultrasound processing slowed down
the formation of HMF in Kelulut honey compared to conventional heating as it only increased from 14.33
mg/kg to 34.44 mg/kg. According to these findings, the application of ultrasounds at 20% for 5 minutes was
the most suitable combination of amplitude and treatment time as it could minimize the increase in HMF.
Thus, it can be concluded that ultrasound processing can be used as an alternative method to the producers in
providing minimally-processed Kelulut honey and maintaining the quality of honey.
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Introduction 2008). Its chemical composition, flavor, and aroma
are influenced by various factors, including botanical
I I oney, a nutrient-rich sweet liquid food, provides  source, geographical location, environmental

numerous health benefits (Bogdanov ez 4/, conditions, bee species, and storage conditions (Costa
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et al., 2015).

Kelulut honey, produced by Kelulut bees, stands out
for its superior medicinal and nutritional properties
compared to honey from Apis mellifera (Zhao er
al., 2016). The quality of Kelulut honey can vary
depending on the bee species and the location of the
beehives (Ramly ez a/.,2021). Furthermore, Sujanto ez
al.(2022) highlighted that variations in plant diversity
at harvesting sites contribute to differences in the
physicochemical properties and mineral content of
Kelulut honey.

Assessing the purity of honey involves analyzing
its physicochemical parameters, including moisture
content, total soluble solids, color, pH, free acidity,
5-hydroxymethylfurfural content, sugar content and
intensity, and amino acid content (Razali ez a/., 2018).
HME; a cyclic aldehyde (C H,O,), forms during sugar
decomposition when heated or acidified (Bakhiya ez
al., 2009). Its formation occurs naturally during the
Maillard reaction, facilitated by simple sugars and
water in an acidic environment (Kowalski ez a/.,2013;
Nozal ez al.,2001). As HMF levels typically rise during
processing and storage, it serves as a reliable indicator
of honey freshness. Recent research has focused on
understanding the physicochemical properties of
honey. Notably, heat treatment negatively impacts
honey’s nutritional value, texture, and flavor (Fauzi

and Farid, 2015).

Honey is often heated before packaging to eliminate
spoilage-causing bacteria and reduce moisture content,
thereby minimizing fermentation (Subramaniam eza/.,
2007). Heating to 60°C or higher facilitates packaging
and delays crystallization (Tosi ez al., 2004). However,
improper heat treatment can negatively impact honey

quality and safety (Cozmuta ez al., 2011).

Research indicates that thermal treatment can
diminish enzymatic activity while increasing HMF
concentration (Tosi ef al, 2004). Given that heat
processing can elevate HMEF levels, regulatory
bodies like Codex Alimentarius and the European
Commission have established maximum HMF
limits for honey (40 mg/kg, with a higher limit of
80 mg/kg for honey from tropical regions). This is
crucial because HMF has been linked to cytotoxic,
mutagenic, carcinogenic, and genotoxic effects in
in vitro studies (Capuano and Fogliano, 2011).
Analysing  HMF concentration and enzymatic

activity in honey is essential, as these factors serve
as indicators of product quality (Subramaniam ez al.,
2007). Enzymatic activity significantly influences
honey quality by affecting protein concentration, free
amino acid profile, acidity, flavour, aroma, and pH

(Chua and Adnan, 2014).

Consumer demand for minimally processed foods
with enhanced nutritional and sensory qualities
is on the rise. Consequently, traditional thermal
pasteurization techniques are being supplanted by
novel food processing technologies, particularly
non-thermal methods (Jan e al, 2017). Non-
thermal processing methods, utilizing low operating
temperatures and short treatment durations, have
demonstrated minimal to no adverse effects on the
flavor and essential nutrients of food (Pina-Perez ef
al., 2016; Birmpa ez al., 2013; Rawson ez al., 2011).
This has led to a surge in interest and research into
non-thermal processing approaches (Frewer ez al,

2011).

Ultrasound, a non-thermal processing method uti-
lizing high-frequency sound waves, presents a com-
pelling alternative to traditional heat treatment for
Kelulut honey. This technique effectively eliminates
spoilage-causing yeast, enhances the honey’s appear-
ance, and inhibits granulation (Kabbani ¢z a/., 2011).
Ultrasound processing offers several advantages over
conventional methods, including improved sensory
and nutritional value, reduced processing time, and
lower operating temperatures.

Ultrasound encompasses a range of frequencies,
categorized as power ultrasound (16-100 kHz),
high-frequency ultrasound (0.1-1 MHz), and
diagnostic ultrasound (1-10 MHz). High-power
ultrasound, particularly in the 20-100 kHz range,
can induce physical, mechanical, and chemical
changes in materials by generating pressure, shear,
and temperature gradients within the medium.
Cavitation, a phenomenon involving the formation
and implosion of bubbles and gas, can occur when
using high-power ultrasound or power ultrasound
at lower frequencies (20-100 kHz) with high sound
intensities (10-1000 W/cm?) (Feng and Yang, 2005).
This phenomenon has been successfully employed
to modify the functional properties of proteins in
various food sources, including dairy, meat, grains,
legumes, tubers, and fruits (O’Sullivan ez al., 2016).
Ultrasonication has emerged as a potential alternative

2024 | Special issue 1 | Page 143

.0 .
ot Links
GResearchers



OPEN aACCESS

Sarhad Journal of Agriculture

to thermal processing for pasteurization (IMohideena
et al., 2015). In the context of honey, ultrasound can
dissolve existing crystals, retard crystallization, and
maintain the honey in a liquid state for extended
periods compared to heat-treated honey (Salazar ez

al., 2010).

'This study aims to investigate the impact of ultrasound
processing on the physicochemical properties and
5-HMF levels of Kelulut honey. By understanding
the effects of this non-thermal processing method, we
can explore its potential for preserving the quality and
extending the shelf life of this valuable honey variety.

Materials and Methods

Kelulut honey sample

Freshly collected unprocessed Kelulut honey
was purchased from a local beekeeper in Besut,
Terengganu, Malaysia. A transparent glass bottle was
used to keep the liquid honey and it was stored at
room temperature (25 °C) until used for analysis (not
more than 3 days).

Thermal processing

Approximately 25 g of unprocessed Kelulut honey
was weighed and placed in a 25 ml test tube. Thermal
processing was applied by immersing the test tube for
30 minutes in a warm water bath (Memmert model)

set at 60°C.

Ultrasound processing

An ultrasonic instrument (Q500 Sonicators by
QSonica) was used to treat Kelulut honey during
the ultrasound processing. A volume of 30 ml of
the unprocessed Kelulut honey was used and the
treatment was carried out at a nominal frequency of
20 kHz. The samples were processed for 5, 10, and 15
minutes at amplitudes of 20, 40, 60, 80, and 100%.

Physicochemical analysis
Allunprocessed,thermally processed and ultrasonically
processed Kelulut honey samples were subjected to
physicochemical analysis. Moisture content, water
activity, pH, and total soluble solids were among the
analyses that were performed. To obtain the average
results, all analyses were performed in triplicate.

Total soluble solid
A digital refractometer (ATAGO, Tokyo, Japan) was
used to determine the total soluble solid of Kelulut

honey. About 0.3 mL of sample was placed on the
refractometer’s glass prism and the measurement at
25°C in Brix was obtained.

Water activity

The water activity (Aw) of Kelulut honey was
measured using a water activity meter (METER
Aqualab 4TE) calibrated with salt solutions. Sample
of Kelulut honey weighing around 2 g was placed on
the sample plate, and measurements were taken until
the results were shown together with an LED flash
(Chong et al., 2017).

Moisture content

'The moisture content of Kelulut honey was evaluated
using the Association of Official Analytical Chemists
(AOAC) procedures. In an oven set to 105°C, the
crucible was dried for 4 hours with a cover on. The
crucible was then cooled in a desiccator and weighed
once it reached room temperature (W1). The crucible
(W2) was then filled with 3 g of Kelulut honey
sample. Then, the honey sample was placed uncovered
in an oven at 105°C for around 24 hours. Finally, the
sample was desiccated and weighed after reaching
room temperature (W3). The percentage of moisture
was calculated using the formula in Equation 1.

W2 —-w3
w2 -wi

% moisture content = X 100% ..(1)

Where; W1 = Weight of crucible (g); W2 = Weight
of crucible + weight of wet sample (g); W3 = Weight
of crucible + weight of dried sample (g).

pH

A pH meter basic 20 was used to determine the pH
of honey. The buffer solutions of pH 4, pH 7, and pH
10 were used to calibrate the pH meter. 10 grams
of honey were dissolved in 75 milliliters of distilled
water to create the honey solution. The pH electrode
was placed in the solution after the mixture had been
homogenised, and the pH value was recorded.

5-hydroxymethylfurfural (HMF)

The HMF was determined using White’s
spectrophotometric method (White, 1979). After
being diluted in 25 ml of distilled water, 5 g of Kelulut
honey was added to a 50 ml volumetric flask, along
with 0.5 ml of each two Carrez solutions. The flask
was then filled with distilled water to a capacity of
50 ml. The solution was filtered using a filter paper,
and the first 10 ml of the filtrate was discarded. In
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two separate test tubes, 5 ml of distilled water and 5
ml of sodium bisulfite solution (0.2%) were used as
the sample and reference solutions, respectively. The
absorbance of the sample solution in contrast to the
reference solution was measured using 284 and 336
nm within an hour. The formula in Equation 2 was

used to calculate the value of HMF:

m, (A284 — A336) x 149.7 X5 X D
HMF in— = w (2)
g w

Where; A284, A336 = absorbance readings.

126 X 100 X 1000 X 100
B 16830 X 10 X 5

149.7 = Factor

126= molecular weight of HMF; 16830 = molar
absorptivity of HMF at 284 nm; 1000 = conversion
g into mg; 10 = conversion 5 into 50 mL; 1000 =
conversion g of honey into kg; 5 = theoretical nominal
sample weight; D= dilution factor, in case dilution is
necessary; W = weight in gram of the honey sample.

Stastical analysis

The results of the study were analysed using Analysis
of Variance (ANOVA) with Tukey post hoc test.
Two-way ANOVA was used to compare the means
of the obtained data, and a significant difference was
considered at p<0.05. Excel 2010 and SPSS 20 were

used for all statistical analysis.

Results and Discussion

Effect of ultrasound processing on the physicochemical
properties of Kelulut honey

Total soluble solids: Figure 1 shows the total soluble
solids of ultrasonically processed Kelulut honey. It
can be observed that the total soluble solids increased
when Kelulut honey was processed using ultrasound
processing. The lower amplitudes (20 and 40%) used
did not significantly change the total soluble solids
for all processing times applied. Further increment
of amplitude to 60% significantly increased the total
soluble solids to 71.52 “Brix and it did not change
significantly at higher amplitudes (80 and 100%).
For all the amplitudes applied, the total soluble
solids increased significantly with the increasing
of processing time. The highest total soluble solids
were recorded at 100 % amplitude and 15 minutes
of processing time. Total soluble solids may increase
due to the improved extraction efficiency by the
ultrasound applied. The observed increase in total

soluble solid can be attributed to the enhanced
extraction efficiency facilitated by ultrasound. Zou
et al. (2010) suggest that ultrasound treatment can
disrupt plant tissues and cell walls, improving the
release of soluble compounds. This breakdown allows
for greater passage of soluble solids and water across
cell membranes, leading to higher TSS values in the
treated honey.
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Figure 1: Total soluble solids of fresh and processed Kelulut honey.
Capital letters indicate statistically significant among amplitude (%)
at level p<0.05. Lowercase letters indicate statistically significant
among time at level p<0.05 according to Tukeys test.
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Figure 2: Water activity of fresh and processed Kelulut honey.
Capital letters indicate statistically significant among amplitude (%)
at level p<0.05. Lowercase letters indicate statistically significant
among time at level p<0.05 according to Tukeys test.

Water activity

Figure 2 depicts the water activity of Kelulut honey
after processing with ultrasound at various amplitudes
and times. Overall, a reduction in water activity of
ultrasonically processed Kelulut honey was observed.
As the processing time and amplitude were increased,
the water activity of the Kelulut honey significantly
decreased (p<0.05). It can be deduced that increasing
the ultrasound processing time and amplitude could
reduce the water activity of Kelulut honey. Among
all amplitudes and times of ultrasonic processing,
the Kelulut honey processed at 100% amplitude for
15 minutes showed the lowest water activity value
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(0.7580). This observed reduction in water activity
aligns with previous studies on various food products.
For instance, Pingret ez al. (2011) reported a decrease
in water activity for chocolate mousse treated
with ultrasound. Similarly, Stojkovic ez al. (2020)
and Shamaei ez a/. (2012) found that ultrasound
application reduced water activity in honeydew honey
and cranberries, respectively.

The mechanism behind this phenomenon is
attributed to the sponge effect (De la Fuente-Blanco
et al., 2006). Ultrasound-induced cavitation generates
microchannels within and outside cells, facilitating
water diffusion from the product’s core to its surface.
Additionally, as Yao (2016) suggests, ultrasound
creates air turbulence at the air-product interface,
further promoting moisture removal.

ha) f0 ga, B

Bab

=

Bah
Ba Bh

= =) [}
w = wl
L L L

Moisture content (%)
=
(=]

Il Fresh

w1
L

o

Fresh 20% 20% 60% 80%
Amplitude(%)

100%

Figure 3: Moisture content of fresh and processed Kelulut honey.
Capital letters indicate statistically significant among amplitude (%)
at level p<0.05. Lowercase letters indicate statistically significant
among time at level p<0.05 according to Tukeys test.

Moisture content

Figure 3 demonstrates the impact of ultrasound
processing on the moisture content of Kelulut honey.
The results clearly indicate a reduction in moisture
content with increasing ultrasound amplitude and
processing time. The moisture content of ultrasonically
processed Kelulut honey was reduced to a range of
30.33% to 25.40%. Initially, the increase of amplitude
to 40% did not result in a significant change in the
moisture content of Kelulut honey. A decrease in
the moisture content was only observed when 60%
amplitude was used and it remained decreased when
higher amplitudes were applied. The lowest moisture
content was recorded at 100% amplitude for 15
minutes. According to Bachirbey ez a/. (2017), when
the crystallized honey was treated with ultrasound, the
moisture content dropped from 30.32% (fresh honey)
to 25.40%. Similarly, Stojkovic ez a/. (2020) reported a

decrease in the moisture content of honeydew honey
after being processed with ultrasound. The collapse of
cavitation microbubbles generates shear forces within
the honey, promoting mass transfer and facilitating
the release of tightly bound (Scripci and Amariei,
2021). This method would remove the tightly bound
moisture in honey, resulting in evaporation (Shamaei
et al., 2012). Furthermore, ultrasound treatment,
particularly at higher amplitudes, increases thermal
energy within the honey, leading to enhanced
evaporation of water (Bachirbey ez al., 2017).
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Figure 4: pH of fresh and processed Kelulut honey.

Capital letters indicate statistically significant among amplitude (%)
at level p<0.05. Lowercase letters indicate statistically significant
among time at level p<0.05 according to Tukeys test.

H
é‘igure 4 depicts the pH values of ultrasonically
processed Kelulut honey.It shows that the pH values of
Kelulut honey increased after the processing. The pH
of Kelulut honey increased as the ultrasonic processing
time and amplitude were increased. Furthermore,
the amplitude was the most significant parameter
(p<0.05) in raising the pH value. In particular, Kelulut
honey processed at 100% amplitude had the highest
pH in comparison to other amplitudes applied.
Meanwhile, 15 minutes of processing time resulted
in the highest pH increment among the processing
times. This result was in contrast with Chaikham ez
al.(2016), who discovered that increase the amplitude
process led to a decreasing in the pH value of lychee
blossom and wildflower honey. This variation in how
ultrasound affects pH could be due to differences in
honey composition or specific processing parameters.
Interestingly, a study on coconut milk (Sun ez a/.,
2022) found that ultrasound significantly impacted
how pH adjustments affected the milk’s properties.
While honey and coconut milk are vastly different, this
finding suggests that ultrasound might not directly
increase Kelulut honey’s pH but rather interact with
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its components in a way that leads to a pH shift. For
example, ultrasound could be influencing enzymes or
amino acids present in the honey, indirectly impacting

the overall pH.
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Figure 5: HMF value of fresh and processed Kelulut honey.

Capital letters indicate statistically significant among amplitude (%)
at level p<0.05. Lowercase letters indicate statistically significant
among time at level p<0.05 according fo Tukey’ fest.

Effect of ultrasound processing on the 5- hydroxymethyl-
Sfurfural (HMF) content of Kelulut honey

Figure 5 shows the HMF content of Kelulut honey that
has been subjected to a range of ultrasonic amplitudes
and processing times. Based on the figure, the HMF
concentration appears to be steadily increasing as the
processing time and amplitude increased. The HMF
value increased significantly (p<0.05) when the
amplitude was increased indicating that high exposure
to the ultrasonic waves could generate more heat,
leading the HMF to rise substantially. The uneven
oscillation of honey molecules during sonic cavitation
causes the heat to rise. The bubbles in the honey
started to develop at this point and they will continue
to grow, oscillate, and finally asymmetrically implode
with a lot of intensity (Peshkovsky and Peshkovsky,
2008). However, there is no significant difference
between the processing time. This might be due to
the processing time used in this study did not increase
the temperature that was high enough to speed up

the HMF formation. This also indicates that using
the ultrasound processing time between 5 minutes to
15 minutes was safe. Furthermore, the results found
that the Kelulut honey subjected to 100% amplitude
for 15 minutes had the highest HMF content (34.44
mg/kg). This shows that the higher amplitude and
time cause the temperature to increase and would
increase the concentration of HMF. This conclusion
was consistent with the findings of Mahmoud and
Owayss (2008), who showed that HMF content
increased when exposed to higher temperatures for
extended periods of time.

Comparison of fresh, ultrasonically and conventionally
processed of Kelulut honey

The physicochemical characteristics and HMF
value of fresh, ultrasonically (20%, 5 minutes) and
conventionally processed (60°C, 30 minutes) Kelulut
honey were compared in Table 1. The process
conditions of ultrasounds at 20% amplitude and 5
minutes were chosen as optimum conditions since
it does not drastically increase the value of HMF.
The HMF value was considered one of the quality
indicators for honey. Kelulut honey had substantial
changes in moisture content, water activity, pH, total
soluble solids, and HMF value after being treated by
thermal and non-thermal processing. Kelulut honey
that was heated conventionally had a lower moisture
content, water activity,and pH compared to ultrasonic
processing. Meanwhile, ultrasonic processing of
Kelulut honey recorded lower HMF and total soluble

solids values than conventional heating.

'The moisture content, water activity, pH, total soluble
solids, and HMF value of Kelulut honey differed
significantly between the two treatments applied.
‘There was a significant difference in moisture content
when Kelulut honey was treated with ultrasound and
conventional heating. The results showed that

Table 1: Comparison of physicochemical characteristics and HIMF wvalue of fresh, ultrasonically and conventionally

processed Kelulut honey.

Parameters Fresh Kelulut honey Ultrasonically processed Conventionally processed
(20%, 5 min) (60°C, 30 min)

Moisture content (%) 33.08+0.03* 30.33+1.23" 25.11+0.22¢

Water activity (a ) 0.8188+0.0001* 0.7682+0.002" 0.5547+0.005

pH 2.97+0.005* 3.38+0.005* 3.08+0.010°¢

Total soluble solids ("Brix) 65.32+0.03* 68.07+1.23" 73.29+0.21°¢

HMF (mg/kg) 14.33£1.40* 15.37+5.60* 36.68+1.47"°
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Means with different letters within the same row represent significant difference.

moisture content decreased the least at conventional
heating (25.11%) compared to ultrasound (30.33%).
This showed that the heat supplied during
conventional heating was more effective in reducing
the moisture content of Kelulut honey. The surface of
Kelulut honey went through an evaporation process
as heat was applied during the conventional heating,
which then decreased the moisture content. As the
rate of evaporation increased, a longer conventional
heating time was able to dramatically lower the
moisture content. The time of the heating process also
had a greater impact than the temperature, according
to Subramaniam ez a/. (2007).

Wiater activity decreased significantly from 0.8188
(fresh honey) to 0.7682 when treated with ultrasound
and 0.5547 when treated with conventional heating.
This indicated that conventional heating reduces
more water activity in Kelulut honey compared
to ultrasound. The water activity in honey may be
decreased by prolonged heating. According to these
findings, conventional heating may reduce water
activity in Kelulut honey by causing it to become
supersaturated. This finding is consistent with the
findings of Shafiq ez al. (2014), who discovered that

heating honey reduces its water activity.

In addition, both processing methods increased the
pH value from the fresh sample (2.97). For the pH
value, ultrasound recorded the highest pH value
(3.38) compared to conventional heating (3.08). This
finding was in contrast with Annapoorani ez a/. (2010)
which stated that the pH of honey heated at 140 °C
increased compared to the unheated and 60 °C heated
samples. The conventional heating of Kelulut honey
resulted in a lower pH value, which may be related to
the production of organic acids from pollen during
heating which also has an impact on the honey’s pH
(Chaikham and Apichartsrangkoon, 2012).

The total soluble solids of conventionally heating
kelulut honey were higher compared to ultrasound
processing. This could be due to water evaporation,
which increases honey concentration to some extent
during heat processing.

The HMF value of Kelulut honey using conventional
heating increased dramatically from 14.33 mg/kg to
36.68 mg/kg, which was greater than the HMF value
of ultrasonically-processed Kelulut honey (15.37 mg/

kg). Conventional heating had a major impact on the
HMF value of Kelulut honey since it involved heat
during processing. This shows that high temperatures
and longer processing time increase the HMF
content of Kelulut honey. These results are consistent
with previous studies that discovered an increase in
HMF concentration in honey, which signifies poor
storage conditions and excessive heating (Fallico ez
al., 2004; Khalil ez a/., 2010). According to Martins
and Van Boekel (2005) and da Silva ez a/. (2016), the
HMEF concentration is widely used as an indicator of
overheating because it is known to increase quickly as
the heating temperature rises. This is due to the sugar’s
tendency to decompose when heat is applied to honey.
Furthermore, prolonged heating time may result in
a rise in HMF concentration. According to Ribeiro
et al. (2012), the time variable is the most important
element in increasing HMF concentration. This is
consistent with the findings of this investigation,
which showed an increase in HMF content as heating
duration was increased. Additionally, a study by Mohd
Baroyi ef al. (2022) found that the absence of HMF
in high-pressure processed Kelulut honey, which does
not involve any heating mechanism, supports the

findings of this study.

Conclusions and Recommendations

The use of ultrasound processing as a novel method
for Kelulut honey affected its physicochemical
quality. Furthermore, the changes in HMF caused
by ultrasound processing were minimal compared
to conventional heating. In conclusion, ultrasound
can be a substitute method for conventional heating
to fulfil consumers’ demand to have a minimally

processed and fresh-like quality of Kelulut honey.
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