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Conventional heat processing has a significant impact on the quality of stingless bee honey due to the 
presence of thermolabile chemicals. Hence, pulsed electric fields (PEF) were used as an alternative way 
to reduce the risk of quality degradation during treatment. This research was conducted to investigate 
the effect of PEF treatment processing on the quality of stingless bee honey. PEF was performed at three 
distinct electric field strengths (10, 15 and 20kV) and two different holding durations (5 and 10 
microseconds). Thermal treatment of the water bath (60 °C for 30 minutes) was also done for 
comparison. The changes in 5-hydroxymethylfurfural (5-HMF) content and antioxidant activity were 
measured after treatment. The antioxidant activity of stingless bee honey greatly increased when treated 
with PEF as compared to untreated and thermally-treated. Furthermore, the HMF of stingless bee honey 
treated with pulsed electric fields also did not change much as compared to thermal processing. In 
conclusion, PEF is more effective than traditional thermal processing in providing minimally-processed 
stingless bee honey as evidenced by fewer changes in 5-hydroxymethylfurfural (5-HMF) and antioxidant 
activity increment. 

 
Keywords: Stingless bee honey, pulsed electric field (PEF), thermal treatment, 5-hydroxymethylfurfural (5-HMF), 
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INTRODUCTION 
Honey is a food and a natural remedy since 

the ancient period (Eteraf-oskouei & Najafi, 2013). 
The species of bee can also have an impact on the 
composition of honey. The tribe Meliponini contains 
numerous stingless bee genera, including 
Melipona, Scaptotrigona, and Trigona (Kek et al., 
2014). 

A notable product made by stingless bees is 
stingless bee honey. In comparison to Apis 
mellifera honey, stingless bee honey is recognised 
to have higher therapeutic and nutritional benefits 

(Zhao et al.,2016). Additionally, it contains distinct 
and particular phenolic and flavonoid elements, 
which according to earlier research appear to have 
a substantial part in the antioxidant, antibacterial 
and anti-inflammatory effects (Liu et al. 2013).  
Omar et al. (2019) also reported that stingless bee 
honey has antibacterial activity against wound 
pathogens. Nevertheless, the production of 
stingless bee honey is low because of the small 
population of stingless bees (Chuttong et al.,2016). 

According to Ramly et al. (2021), the 
characteristics of stingless bee honey vary 

http://www.isisn.org/


Zulkifli et al.                                              Effect of pulsed electric field processing on stingless bee honey 
 

 

    Bioscience Research, 2022 volume 19(SI-1): 253-262                                                             254 

 

depending on the bee species and location of the 
beehives. Sujanto et al. (2022) also reported that 
the differences in physicochemical properties and 
mineral content of stingless bee honey are caused 
by the variation of plant diversity at respective 
harvesting area. This variation causes a problem in 
determining the clarity and originality of stingless 
bee honey. The physicochemical properties of 
honey can be used to assess its purity for instance 
moisture content, total soluble solids, colour 
features, pH, free acidity, 5-hydroxymethylfurfural 
(HMF) content, sugar content and intensity, and 
amino acid content (Razali et al., 2018). The 
concentration of HMF typically rises during 
processing and/or storage, hence it is well known 
as a characteristic indicating honey freshness. 
Honey's antioxidant properties are mostly 
attributed to its high amount of phenolics and 
flavonoids, while its antibacterial qualities are 
attributed to its low pH and enzymatic glucose 
oxidation response (Hassan & Abdul Karim, 2018; 
Shuhaili et al., 2016).  

In most processing industries, honey is 
treated with heat, known as "thermal treatment". 
Conventional thermal processing is known as an 
effective method for avoiding fermentation (Nagai 
et al., 2001). However, honey that has been 
exposed to high temperatures during the 
liquefaction and pasteurization phases of heating 
will reduce in its quality and biological components. 
Furthermore, the quality of honey that is heated 
above 60°C in typical thermal processing will 
degrade due to the unstable components, vitamin 
breakdown, and enzyme damage (Nagai et al., 
2001). Heat processing has been shown in certain 
studies to partially destroy or greatly diminish the 
bioavailability of phenolic compounds, limiting their 
potential health benefits (Turkmen et al., 2005; 
Guine and Barroca, 2014). 

 Thermal processing often employs 
conduction and convection heat transfer from the 
heat-generating apparatus (Pereira et al., 2010), 
which is harmful to several of honey's constituents. 
Due to the abundance of unstable and thermolabile 
chemicals in honey, heat damage is particularly 
obvious in this substance (Turkmen et al., 2006). It 
will also eventually harm the biological qualities of 
the product while also masking its originality 
(Vaikousi et al.,2009). Various research has shown 
that heat processing causes damage to antioxidant 
activity, phenolic and biochemical compounds, 
proline, and threonine (Chaikham et al., 2015; 
Chaikham et al., 2016; Chua et al., 2014; Adnan et 
al., 2014; Kowalski, 2013; Omar et al., 2020). 

Nowadays, consumers are increasingly 

seeking minimally processed foods with enhanced 
nutritional and sensory qualities. Emerging food 
processing technologies, particularly non-thermal 
technology, are progressively replacing 
conventional thermal pasteurization procedures 
(Jan et al., 2017). Non-thermal methods used in the 
food industry, for instance, low operating 
temperatures with a brief treatment period, have 
little or no effect on food flavor and vital nutrients 
(Pina-Perez et al., 2016; Birmpa et al., 2013; 
Rawson et al., 2011). Therefore, non-thermal 
processing techniques have attracted numerous 
attentions recently (Frewer et al., 2011). 

Pulsed electric fields (PEF) processing is a 
non-thermal processing technique of food that 
applies short and high voltage pulses. This 
processing method will enhance the quality values 
of sensory and nutritional food in less time and at 
lower temperatures. Due to its benefits, PEF could 
be a better method for processing stingless bee 
honey than traditional thermal processing. PEF 
technology focuses on treating food products that 
are positioned between two electrodes with high 
electric intensity (10–100 kV/cm) at very short 
pulses (1–10 μs) without significantly heating the 
product (Meneses et al., 2011; Siemer et al., 2014). 
This treatment also improves food safety and 
increases food items' shelf life (Mahalik & Nambiar, 
2010; Alexandre et al., 2012). Recent applications 
of this innovative technology have focused on its 
capacity to eliminate microorganisms as well as its 
preservation effects on the nutritive and qualitative 
characteristics of food (Barba et al., 2015). 
However, the application of this method to process 
honey has not been explored. 

Thus, the objective of this study was to 
investigate the effect of PEF treatment processing 
on the quality of stingless bee honey. 
  
 
MATERIALS AND METHODS 
 
Honey sample 

Natural unprocessed stingless bee honey was 
purchased from Besut local beekeeper which has 
been freshly harvested. The sample was received 
in plastic bottles before being kept in glass bottles 
at room temperature in the Faculty of Bioresources 
and Food Industry, Universiti Sultan Zainal Abidin, 
Besut Campus, until further used. 

 
Thermal Treatment 

Stingless bee honey samples were weighed 
25 g and placed in 25 ml test tube before the 
treatment. Then, stingless bee honey was 



Zulkifli et al.                                              Effect of pulsed electric field processing on stingless bee honey 
 

 

    Bioscience Research, 2022 volume 19(SI-1): 253-262                                                             255 

 

subjected to thermal treatment by placing it in a 
heated water bath at a temperature of 60°C for 30 
minutes. The treatment was carried out in triplicate. 

 
Non-thermal Treatment 

A laboratory-scale pulsed electric fields (PEF) 
system, the PowerModTM from Diversified 
Technologies, Inc., was used to conduct PEF 
processing, which is a non-thermal treatment 
(Bedford, Mass., U.S.A.). A co-field stream area 
with two operation sections made up the system. 
The following PEF processing parameters were 
used: pulse frequency rate of 1000 Hz, the 
conductivity of 2.5 mS/cm, flow rate (4.0 L/min), 
chamber diameter (3.5 mm), and chamber gap 
distance (4.7 mm). A plate heat exchanger with a 
heating and cooling zone was used to maintain the 
intake and output temperatures at 4 and 30°C, 
respectively. Stingless bee honey was treated at 
10, 15, and 20 kV/cm of electric field strength for 5 
and 10 microseconds. The treatment was carried 
out in triplicate. 

 
Determination of 5-hydroxymethylfurfural (5-
HMF) 

The content of 5-hydroxymethylfurfural (5-
HMF) was determined by White's 
spectrophotometric method (White, 1979).  After 
being diluted in 25 ml of distilled water, 5 grams of 
honey was added to a 50 ml volumetric flask along 
with 0.5 ml of each of the two Carrez solutions. The 
flask was then topped with distilled water until it 
reached 50 ml. The solutions were filtered by using 
filter paper and discarding the first 10 ml of filtrate. 
In two different test tubes, 5 ml of distilled water and 
5 ml of sodium bisulfite solution (0.2 %) 
respectively served as the sample and reference 
solution. Within one hour, 284 and 336 nm were 
used to measure the absorbance of the sample 
solution in comparison to the reference solution. 
The analysis was done in triplicate. The 
quantitative value of HMF was calculated using the 
formula below: 

𝐻𝑀𝐹 𝑖𝑛
𝑚𝑔

100𝑔 ℎ𝑜𝑛𝑒𝑦
=

(𝐴284 − 𝐴336)𝑋74.87

𝑊
 

 
where: A284, A336 = absorbance readings 

 74.87  = 
126×100×1000×100

16830×1000
  

 126  = molecular weight of HMF 
 16830  = molar absorptivity of HMF at 284  
 W = weight in gram of the honey         
                             sample 
 
Determination of Total Phenolic Compound 

A modified spectrophotometric Folin-
Ciocalteu technique was used to determine the 
content of phenolic compounds in stingless bee 
honey (Kusirisin et al., 2009; Yang et al., 2014). In 
a brief, 1 ml of phenol reagent made by Folin and 
Ciocalteu was mixed with 1 ml of stingless bee 
honey extract. Following the addition of 1 ml of  
Na2CO3 (10%) solution, the mixture was raised with 
distilled water until reached 10 ml after 2 minutes. 
The sample was placed in a dark for one hour. A 
UV/VIS spectrophotometer was used to measure 
the absorbance at 725 nm. Gallic acid solution in 
the range of 20-120 μg/ml; r2 = 0.9980 were used 
to create a standard curve. The phenolic 
compound concentration was determined in 
triplicate. The results were expressed as the mean 
standard deviation in mg of gallic acid equivalents 
(GAEs) per 100 g of honey. 
 
Determination of Total Flavonoid Content 

The total flavonoid content of the Stingless 
bee honey sample was determined using the 
method suggested by Kamboj et al., (2013) with 
minor modifications. First, 1 ml of Stingless bee 
honey extract was mixed with 4 ml of methanol. 
Then, placed NaNO2 (5 %) with volume of 0.3 mL 
following by 0.3 ml of AlCl3 (10%) after five minutes 
and 2 ml of NaOH (1 M) 5 minutes later. Distilled 
water with a volume of 2.4 ml was poured to raise 
the level up to 10 ml. After the mixture had been 
shaken to ensure appropriate mixing, the 
absorbance at 510 nm was measured using a UV-
visible spectrophotometer. A calibration curve was 
created using a standard catechin solution in the 
range of 20-120 μg/ml; r2 = 0.9800. The results 
were represented in milligrams of catechin 
equivalents (CEQ) per 100 g of honey. The 
analysis was done in triplicate. 

 
Determination of Free Radical Scavenging 
Activity of DPPH 

The antioxidant activities of Stingless bee 
honey were further analyzed by determining the 
free radical-scavenging activity of the DPPH, as 
suggested by Ferreira et al. (2009).  In brief, 2.7 ml 
of a methanolic solution containing DPPH radicals 
(0.024 mg/ml) was mixed with 0.5 ml of Stingless 
bee honey extract. After being vigorously stirred, 
the mixture was left in the dark for 15 minutes (until 
its absorbance stabilized). To evaluate the DPPH 
radical reduction, the mixture's absorbance at 517 
nm was measured. The free radical-scavenging 
activity of the DPPH was done in triplicate. 
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Inhibition (%) =  
𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 x 100 

 
Determination of Ferric Reducing Antioxidant 
Power Assay (FRAP Assay) 

The FRAP test was carried out using a 
modified approach method reported by Khalil et al. 
(2011). In brief, diluted stingless bee honey (0.1 
g/ml) with a volume of 200 μl and 1.5 ml of FRAP 
reagent were appropriately mixed. The reaction 
mixture was next incubated at 37°C for 4 minutes 
before its absorbance at 593 nm was measured in 
comparison to methanol as a blank. An aqueous 
solution of ferrous sulfate (FeSO4.7H2O) was used 
to create a calibration curve at concentrations in 
the range of 200 to 1000 μM. The FRAP assay was  
done in triplicate. 
 
RESULTS 
 
Effect of PEF Treatment on the 5-
hydroxymethylfurfural (5-HMF) Content of 
Stingless Bee Honey. 

The HMF value of stingless bee honey 
samples is shown in Figure 1. In this study, the 
lowest HMF content was recorded at 4.5 mg/kg for 
untreated stingless bee honey. HMF value in PEF-
treated honey slightly increased with the increasing 
of treatment power and time of pulsed electric fields 
reaching the highest value at 4.9 mg/kg at a 
process condition of 20kV for 10 microseconds. 
 

 
Figure 1: HMF of untreated and treated 
Stingless bee honey.  
Capital letters indicates statistically significant among 
electric field strength(kV) at level p<0.05. Lowercase 
letters indicates statistically significant among time at 
level p<0.05 according to Tukey’s test. 

 
 
Effect of PEF Processing on the Antioxidant 
Properties of Stingless Bee Honey 

Table 1 summarises the total phenolic 

content, total flavonoid content, DPPH and FRAP 

value of stingless bee honey treated with PEF at 

different conditions. 

Total Phenolic Content 
The level of total phenolic content (TPC) in 

untreated and PEF-treated stingless bee honey is 
presented in Table 1. In general, the result showed 
that the TPC content of PEF-treated honey 
increased significantly as compared to untreated 
stingless bee honey. TPC levels in untreated 
stingless bee honey was 72.62 mg GAE/100 g. It 
increased after the stingless bee honey was 
treated with PEF treatment and the TPC was in the 
range of 76.03 to 152.96 mg GAE/100 g. For the 
PEF-treated stingless bee honey, the process 
condition of 20kV for 10 microseconds showed the 
highest value in TPC (152.96±0.50mg GAE/100g 
honey) while 10kV for 5 microseconds process 
condition resulted in the lowest value 
(76.03±0.11mg GAE/100g honey). 

 
Total Flavanoid Content 

From the results, it was found that stingless 
bee honey treated with PEF treatment exhibited 
higher values in total flavonoid content (43.10 – 
68.68 mg QE/100 g) than the untreated sample 
(30.91 mg QE/100 g).  Stingless bee honey sample 
that was treated at 10kV for 5 microseconds 
contains the lowest flavonoid content while the 
sample treated at 20kV for 10 microseconds 
contains the highest flavonoid content. 

 
DPPH Radical scavenging activity 

The DPPH of untreated and treated stingless 
bee honey is illustrated in Table 1. The DDPH 
range of PEF-treated stingless bee honey was 
between 50.54 to 69.96%. These were all 
significant increases compared with untreated 
stingless bee honey, which had a DDPH radical 
scavenging activity of 41.87% (p < 0.05). Among all 
the process conditions used, it can be observed 
that the honey sample treated at 20kV for 10 
microseconds has the highest percentage of 
inhibition of 69.96% which indicates that it has the 
highest antioxidant potential. 

 
FRAP 

The influence of PEF treatment on FRAP 
values is presented in Table 1. The FRAP value of 

untreated stingless bee honey was 79.91 (µM 
Fe2+/100g). The highest FRAP value was found at  
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Table 1: The antioxidant properties (TPC: total phenolic content, TFC: total flavonoid content, DPPH, 

and FRAP: ferric reducing antioxidant power assay)  

Capital letters indicates statistically significant among electric field strength(kV) at level p<0.05. Lowercase 

letters 

Treatment TPC (mg 
GAE/100g) 

TFC (mg QE/100g) DPPH (%) FRAP (µM Fe2+/100g) 

Untreated 72.62±0.15Ab 30.91±0.60Aa 41.87±0.19Aa 79.91±0.09Aa 

10kV (5μsec) 76.03±0.11Ba 
 

43.10±0.51Cb 50.54±050Bc 92.64±0.43Cb 

10kV (10μsec) 85.53±0.30Bc 
 

47.70±0.65Cc 
 

56.08±0.13Bb 
 

103.85±0.08Cc 

15kV(5μsec) 94.29±0.09Ca 
 

52.10±0.51Bb 
 

58.77±0.68Cc 
 

110.64±0.20Bb 

15kV(10μsec) 116.41±0.07Cc 59.32±0.57Bc 
 

68.49±0.84Cb 
 

119.70±0.70Bc 

20kV(5μsec) 128.11±0.2Da 65.94±0.50Db 
 

69.71±1.11Dc 127.62±0.40Db 

20kV(10μsec) 152.96±0.50Dc 68.78±0.83Dc 69.96±0.94Db 
 

133.72±0.10Dc 

the treatment condition of 20kV at 10 microseconds 

with a value of 133.72 (µM Fe2+/100g) while the 

lowest value of PEF-treated honey was obtained at 
10kV for 5 microseconds treatment condition with 

a value of 92.64 (µM Fe2+/100g). 
 
Comparison of Untreated, Thermally Treated, 
and PEF-treated Stingless Bee Honey 

Table 2 shows the comparison of HMF and 
antioxidant properties of untreated, thermally 
treated, and PEF-treated stingless bee honey. It 
can be seen from the table that the HMF value of 
thermally treated stingless bee honey was 
significantly increased to 36.71 mg/100g and it was 
higher compared to the PEF-treated sample which 
was only 4.90 mg/100g. Moreover, in comparison 
with untreated and non-thermal treatment, the 
thermal treatment has less value of TPC, TFC, 
DPPH, and FRAP values of stingless bee honey. 

 
Table 2: Comparison of HMF and antioxidant 

activities of Stingless bee honey treated with 

different treatment.  
Treatment of 

Stingless bee 

honey 

Untreated PEF at 20KV;10 

Usecs 

Waterbath at 

60°c; 30mins 

HMF (mg/100g) 4.50±0.01b 4.90±0.52a 36.71±0.49c 

TPC  

(mg GAE/100g) 

72.62±0.15c 152.96±0.50b 55.39±0.20a 

TFC  

(mg QE/100g) 

30.91±0.60a 68.78±0.83b 28.41±0.11c 

DPPH (%) 41.87±0.19c 69.96±0.94a 15.28±0.07b 

FRAP (uM) 79.91±0.09b 133.72±0.10a 60.31±0.43c 

Means that have different letter in the same row indicate 

significantly different (p<0.05) as determined by the 

Tukey test. 
 
 
DISCUSSION 
 
Effect of PEF Treatment on the 5-
hydroxymethylfurfural (5-HMF) Content of 
Stingless Bee Honey 

In this study, the lowest HMF content was 
recorded at 4.5 mg/kg for untreated stingless bee 
honey. This low value of HMF shows that the honey 
was not being treated with any method, and freshly 
analysed after harvesting, and was also 
unadulterated. HMF value in PEF-treated honey 
slightly increased with the increase of treatment 
power and time of pulsed electric fields reaching 
the highest value at 4.9 mg/kg at a process 
condition of 20kV for 10 microseconds. The HMF 
value did not change significantly when the electric 
field strength was increased from 10kV to 15 kV for 
both treatment times.  

A significant increase was observed when the 
electric field strength was further increased to 
20kV. Meanwhile, the increase of treatment time 
from 5 to 10 microseconds increased the HMF 
value significantly for all voltages applied in this 
study. These results showed that the treatment 
time gave more impact on the increasing value of 
HMF in stingless bee honey. Nonetheless, the 
results of untreated and treated stingless bee 
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honey were still below the Malaysian Standard 
(2017) for HMF level in honey, which is 30 mg/kg 
for tropical climates and also less than 80 mg/kg, 
as required by international honey regulations. 

This study can be related to other findings that 
found PEF treatment at (20-40 kV/cm/ at 100-360 
μs/ 0%-2.5% (w/v) stevia) influenced the HMF 
content of a fruit juice mixture and shows the 
highest HMF level at 40 kV/cm after using PEF 
(Carbonell et al., 2017).  

HMF content may increase due to a variety of 
parameters such as temperature, heating time, 
storage conditions, floral sources, and pH (de 
Almeida-Muradian et al. 2013). It is frequently 
formed as a result of Maillard's reaction or acid-
catalyzed dehydration of hexose (glucose and 
fructose) (Al-Diab and Bushra Jarkas 2015). 
 
Effect of PEF Treatment on the Antioxidant 
Activities of Stingless Bee Honey 

The TPC level of stingless bee honey 
increased significantly when the electric field 
strength was increased from 10 to 15 and 20 kV. 
Similarly, a significant increment in TPC level can 
also be observed when the treatment time was 
increased for all-electric field strength applied. 
These results indicate that different electric field 
strengths and different treatment times of pulsed 
electric field treatment affect the TPC of stingless 
bee honey as there was a significant difference 
among the parameters (p<0.05). 

The Folin-Ciocalteu method for detecting total 
phenols may also comprise soluble proteins, 
reducing sugars, ascorbic acid, and other 
substances (Prior et al., 2005). Hence, the 
existence of such chemicals could explain the 
increasing value in the phenolic content of PEF-
treated stingless bee honey. 

PEF-treated orange peels raised the 
extraction yield of total phenolic up to 20, 129, 153, 
and 159 % at 1, 3, and 5 kV/cm respectively, 
according to Luengo et al. (2013). Furthermore, 
juices evaluated after PEF treatment of grapes 
(Grimi et al., 2009; Donsi et al., 2010), as well as a 
mash of apple, showed a favorable impact of PEF 
on polyphenol extraction (Schilling et al., 2008; 
Grimi et al., 2011; Jaeger et al., 2012). PEF 
treatment before pressing apple mash was also 
observed to increase total phenolic content ranging 
from 198 to 500 mg/L, based on the juicing 
technique, intensity of PEF treatment, and size of 
the mash (Jaeger et al., 2012).  

According to Leong et al. (2016) and Sanchez 
et al. (2015), PEF treatments inactivate enzymes 
(polyphenol oxidase and peroxidase) thus retaining 

the phenolic molecules. Previous research on 
using PEF on other fruit juice products (grape 
peels, plums, and grapefruit juice) has also shown 
an increase in total phenolic content (Leong et al., 
2016; Carbonell-Capella et al., 2017). This 
increase in total phenolic content might be 
attributed to cell wall breakdown and the release of 
bound phenolic substances following PEF 
application. It might also be caused by the build-up 
of the hydroxyl group when PEF is applied to the 
aromatic group. 

Stingless bee honey sample that was treated 
at 10kV for 5 microseconds contains the lowest 
flavonoid content while the sample treated at 20kV 
for 10 microseconds contains the highest flavonoid 
content. The findings also show that the total 
flavonoid content increased with the increasing of 
treatment time and electric field strength. 
Therefore, PEF treatment has a favorable effect on 
stingless bee honey because it increases the total 
flavonoid contents. 

Rahaman et al. (2020) also observed a 
significant difference in flavonoid contents between 
untreated and PEF-treated apricot juice which 
showed an increase in flavonoid concentration at 
7kV and 14kV of electric field strength. Research 
conducted by Luengo et al. (2013) also showed 
that PEF treatment increased the total flavonoid 
content of orange peels significantly. Flavonoids 
are essential polyphenol components that benefit 
human wellness by reducing the risk of cancer and 
cardiovascular disease (Vauzour et al., 2010). The 
total flavonoid content in honey is responsible for 
the aroma and antioxidant potential. 

Among all the process conditions used, it can 
be observed that the honey sample treated at 20kV 
for 10 microseconds has the highest percentage of 
inhibition, DPPH of 69.96% which indicates that it 
has higher antioxidant potential. These results 
further demonstrate that the DPPH radical 
scavenging activity was significantly influenced by 
treatment time and electric field strength. As the 
electric field strength and treatment time increased, 
the DPPH radical scavenging activity of stingless 
bee honey also increased. These findings 
suggested that the DPPH activity of stingless bee 
honey may be properly maintained and enhanced 
by PEF treatment with the proper electric field 
strength and treatment time. 

Wang et al. (2014) observed similar results 
with this study which showed glutathione (GSH) 
antioxidant activity was significantly increased 
when it was exposed to diverse electric field 
strengths varying between 10 to 30 kV/cm. Other 
previous research has also shown that the protein 
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structure varied at different electric field strengths, 
including the quaternary structure, molecular 
weight, and polarisation of the protein molecule, 
which allowed the DDPH radical inhibition to 
increase or decrease (Lin et al., 2011). 

The FRAP value was significantly increased 
by varied electric field strengths based on 5 and 10 
microseconds treatment of PEF treated compared 
to non-treated (p<0.05). There were significant 
differences between different electric field 
strengths and different treatment times. These 
findings indicate that the PEF treatment of stingless 
bee honey can increase its FRAP activity. 

The findings of this research were consistent 
with previous findings of PEF processing on juices 
(Benmeddour et al., 2013). The cavitation 
produced by the treatments may have contributed 
to this enhancement in antioxidant activity. PEF 
treatment as well improves the wine's antioxidant 
activity by 20% when PEF pre-treated grapes are 
pressed, according to earlier studies (Donsi et al., 
2010). Furthermore, compared to a control 
extraction, apple juice extracts obtained by PEF 
treatment on whole or cut apples showed a 30–
50% increase in antioxidant activity (Grimi et al., 
2011). 

 
Comparison of Untreated, Thermally Treated, 
and PEF-treated of Stingless Bee Honey 

It can be observed that thermal treatment 
greatly affected the HMF value of stingless bee 
honey as it applied some heat during treatment. 
These findings can be related to previous research 
that found an increase in HMF concentration in 
honey which indicates improper storage conditions 
and/or excessive heating (Fallico et al., 2004; Khalil 
et al., 2010). The HMF concentration is known to 
rapidly increase as the heating temperature rises, 
hence this characteristic is frequently utilised as a 
sign of overheating (Martins & Van Boekel, 2005; 
da Silva et al., 2016). Fructose is broken down in 
the presence of an acid to produce HMF. The 
reaction moves more quickly when it is heated thus 
it will increase the HMF value. 

 Moreover, the thermal treatment also 
decreased the TPC, TFC, DPPH, and FRAP values 
of Stingless bee honey. On the other hand, the 
TPC, TFC, DPPH, and FRAP values of non-
thermal treatment were significantly higher than the 
untreated stingless bee honey. These findings 
were supported by Syed et al. (2017) who 
observed high voltage delivered during PEF 
processing, resulting in the inactivation of bacterias 
contained in the food products with minimum 
impact on food quality. The elimination of microbes 

improves the antioxidant content, freshness, and 
nutritional quality of food and has sparked interest 
in the application (Martin-Belloso & Elez-Martinez., 
2005). Nayik and Nanda (2016) suggested that the 
majority of honey's natural antioxidants are lost 
during thermal processing; however, this loss can 
be compensated by the synthesis of antioxidants 
that are not nutrients, such as Maillard reaction 
products. 

CONCLUSION 
The application of novel treatment pulsed electric 

fields on stingless bee honey potrayed better 

improvement of antioxidant activity than 

conventional thermal processing with the optimum 

condition at 20KV for 10 microseconds. 

Furthermore, the changes in HMF by pulsed 

electric fields were not greatly affected as thermal 

processing revealed its capacity to sustain 

stingless bee honey. In conclusion, pulse electric 

field performed better than thermal processing as 

an alternative option for providing consumers 

demand towards minimally processed and fresh-

like quality stingless bee honey. 
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