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Stingless bee honey is generally recognised as honey produced by stingless bees. Honey is often heated 
to cleanse, filter and enable packing in order to suppress microbe development. However, heating may 
raise the hydroxymethylfurfural (HMF) concentration in honey, which is a possible carcinogen. 
Alternatively, the use of double boiling treatment can minimize the heat exposure as it is indirect thermal 
treatment. This study was conducted to determine the effects of double boiling at different conditions on 
the physical properties, invertase activity and HMF formation of stingless bee honey. The analysis 
involved were physical analysis (moisture content, colour and turbidity), hydroxymethylfurfural (HMF) 
analysis using spectrophotometric method and spectrophotometric evaluation of p-Nitrophenyl-a-
Dglucopyrinoside (pNPG) breakdown for invertase activity. The stingless bee honey was treated at 

different temperatures (30℃, 60℃, 90℃) for different heating times (10 minutes, 30 minutes, 60 minutes). 
Moisture content of stingless bee honey decreased, while the HMF increased as the temperature and 
treatment time increased. However, turbidity, colour and invertase activity of stingless bee honey did not 
change significantly when the temperature and treatment time were increased. This study also points out 
that the use of the double boiling method could maintain the quality of honey as the formation of HMF 

was slowed down. It can be concluded that double boiling at 60℃ for 30 minutes was the most suitable 
combination of temperature and time of double boiling method to slow down the increment of HMF, least 
reduction of invertase activity to maintain the good quality of stingless bee honey. 
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INTRODUCTION 
Stingless bee honey is a multi-floral honey 

that is kept in clusters of little resin pots on the 
edges of their nests (Peng et al., 2014). It differs 
from honeybees in feeding behavior and hive 
architecture (Mohd and Md Zin, 2020). Stingless 
bees construct their nests from cerumen, a 
propolis-wax combination to store honey (Kek et 
al., 2018). Stingless bee honey is commonly 
composed of carbohydrates, water, amino acids, 

vitamins and minerals (Tuksitha et al., 2018). 
Several researchers have widely reported on the 
variety of honey physicochemical components, 
stating that varied honey shows diverse patterns of 
physicochemical qualities (Gomes et al., 2010). 
Stingless bee honey may degrade quicker than 
Apis mellifera honey due to its unique 
physicochemical features, such as higher moisture 
content and acidity (Braghini et al., 2020). Stingless 
bee honey has a sour flavour, lower viscosity, dark 
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in colour and has a fermented aroma (Saludin et 
al., 2019). Besides, several researchers have 
revealed various therapeutic properties including 
antioxidant, antibacterial, anti-inflammatory, and 
moisturizing properties related to wound healing 
(Esa et al., 2021; Omar et al., 2019) 

Thermal treatment is a process that is 
commonly applied in honey processing in 
Malaysia. This thermal treatment facilitates bottle 
filling by lowering the viscosity of honey, lowering 
the water content of the honey to avoid 
fermentation, homogenising the honey colour to 
consumer preferences, dissolving sugar crystal 
nuclei to delay granulation and destroying 
osmophilic sugar tolerant yeasts to extend the shelf 
life of honey (Zarei et al., 2019). Honey contains 
enzymes, water, carbohydrates, acids, dextrin, 
ash, vitamins, pollen and aromatic substances. 
These elements are very important in determining 
the quality criteria of honey (Shelear, 2013). 
Although thermal treatment is important in honey 
processing, it will still affect the biochemical and 
properties of honey. When honey is heated above 

60°C in conventional heat treatment, it can reduce 
honey’s quality due to the unstable components, 
degradation of vitamins and damage to enzymes 
(Jan & Fauzi, 2021). 

Consumers demand for high quality and fresh 
honey. In contrast, the beekeepers prefer cheaper 
processing techniques. The double boiling method 
is generally known as a different processing 
approach for stingless bee honey owing to indirect 
heating as opposed to normal thermal treatment, 
which can slow down the fermentation reaction in 
honey. A double boiler is typically composed of a 
flat-bottomed insert that fits tightly over a pan of 
simmering water. The item at the top of the double 
boiler is only heated by steam produced from the 
heated liquid below, not by the hot water. In order 
to ensure indirect heating, there is a gap between 
the water level and the bottom of the double boiler 
insert (Rahman et al., 2018). Double boiling 
treatment is preferred by most local beekeepers in 
stingless bee honey processing because this 
process is cheaper, easier to conduct and gives 
less effect to honey’s quality (Rahman et al., 2018). 
However, there are limited studies on the physical 
properties, invertase activity and 
hydroxymethylfurfural (HMF) formation in stingless 
bee honey in relation to indirect thermal treatment 
which is double boiling method. The amount of 
hydroxymethylfurfural (HMF) is generally 
recognized as a measure of honey freshness. HMF 
is a byproduct of the breakdown of simple 
carbohydrates, particularly fructose. Several 

variables have been documented to influence HMF 
levels, including heating, storage conditions and 
honey adulteration (Nordin et al., 2018). The Codex 
Alimentarius: International Food Standards (1981), 
established that the highest allowed amount of 
HMF in honey should be 40 mg/kg except for 
honeys from tropical origin, 80 mg/kg. 

In addition, the effect of the double boiling 
method on invertase and HMF is still unexplored 
and not yet proven scientifically especially for 
stingless bee honey. So, the objective of this 
research is to determine the effects of double 
boiling at different conditions on the physical 
properties, invertase activity and HMF formation of 
stingless bee honey.  
 
MATERIALS AND METHODS 
Materials 

Stingless bee honey was purchased from a 
local supplier in Terengganu. It was kept in a clear 
glass container and stored at room temperature not 
more than 2 days before analysis. All the honey 
samples had been stirred prior to measurement in 
order to obtain as homogenous as possible 
samples. All the samples had been analysed for 
colour, moisture content, turbidity, invertase 
activity and HMF formation prior to and after 
treatment using double boiling method. 

 
Double Boiling Treatment of Stingless bee 
honey Honey 

Double boiling treatment was carried out 
based on the method described by Rahman et al. 
(2018). A 250 mL round bottom flask was placed 
on top of a 500 mL beaker as shown in Figure 1. 
The beaker that contains distilled water was 
allowed to simmer on the hot plate and followed by 
placing the round flask that contained a stingless 
bee honey sample on top of the beaker. To ensure 
that there was no space between the flask and the 
beaker, the beaker was capped with aluminium foil. 
To avoid direct heating, the simmering distilled 
water must not contact the bottom of the round 
flask. Each honey sample was heated at 
temperatures of 30 °C, 60 °C and 90 °C for 10 
minutes, 30 minutes and 60 minutes. The samples 
were cooled in the iced water to 20 °C once the 
treatment was completed. 
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Figure 1: Schematic diagram of double boiling 
treatment 
 
Colour Measurement 

Colour of stingless bee honey was determined 
by using a chromameter CR-400 (Konica Minolta, 
Japan). The instrument was calibrated by using a 
white tile (L*=94.52, a*=0.36 and b*=1.04). The L* 
parameter indicates lightness, whereas a* 
parameter represents the degree of red (+a*) or 
green (-a*) colours. The b* parameter represents 
the degree of the yellow (+b*) or blue (-b*) colours 
(Kedzierska-Matysek et al., 2016; Szab et al., 
2016). 
 
Moisture Content Determination 

Moisture content stingless bee honey was 
determined by oven drying method according to 
Fuad et al., (2017).  
  
Turbidity Measurement 

Turbidity of stingless bee honey was 
measured using a spectrophotometer UV-1240 
(Shimadzu, Japan) at 660 nm. 
  
Invertase Activity Determination 

Determination of invertase activity in stingless 
bee honey samples was conducted according to 
the method of Beykaya, (2021). Firstly, 5 mL 
substrate p-Nitrophenyl-a-D-glucopyronoside 

(pNPG) was incubated for 5 minutes in a 40 ℃ 
water bath. Then, 0.5 mL of honey samples were 
added into solution and were heated for 20 
minutes. Next, 0.5 mL of tris-(hydroxymethyl) 
aminomethane was added into the mixture as a 
sample solution. For a blank solution, 5 mL 
substrate p-Nitrophenyl-a-D-glucopyronoside 

(pNPG) was incubated for 5 minutes in a 40 ℃ 
water bath. Then, approximately 0.5 mL of tris-
(hydroxymethyl) aminomethane was added 
followed by 0.5 mL of honey samples. The 
absorbance of the sample solution against the 
blank solution at 400 nm was measured using 

spectrophotometer UV-1240 (Shimadzu, Japan). 
The invertase activity was calculated from the 
absorbance measured at 400 nm in units/kg (U/kg) 
using (Eqn.1): 
 

Invertase in U/kg = 6 x 0.05 x 0.05298 x10⁴ x ∆A₄₀₀ 

                            = 158.94 x ∆A₄₀₀ 

           Eqn.1 
where:        
6  = factor for the mL of sample solution used     

   (total volume) 
0.05  = converts reaction time from 20 minutes     
       to 1 minute 
10⁴  = converts the amount of honey taken (0.1    

   g in 0.5 mL) to 1 kg 

∆A₄₀₀ = difference in absorbance of sample and  

   blank solution 
0.05298 = 7.37/139.11 = conversion factor for µg  

    into µM per mL 
7.37 = factor for p-nitrophenol from the   

   corresponding graph   
139.11 = molecular weight of p-nitrophenol  
  
Evaluation of Hydroxymethylfurfural (HMF) 
Content 

The content of hydroxymethylfurfural (HMF) 
before and after heat treatment were determined 
according to the spectrophotometric method of 
White (1979) which was proposed by the 
International Honey Commission (IHC). About 5 g 
of honey was dissolved in 25 mL of water. Then it 
was transferred into a 50 mL volumetric flask. After 
that, 0.5 mL of Carrez solution I and 0.5 mL of 
Carrez II were added and made up to 50 mL with 
water. The solution was then filtered through paper 
rejecting the first 10 mL of the filtrate. Then, 
aliquots of 5 mL were divided into two test tubes. 
The first tube was added with 5 mL of distilled water 
(sample solution), while the second tube was 
added with 5 mL of sodium bisulphite solution 0.2% 
(reference solution). The absorbance of the sample 
solution against the reference solution at 284 nm 
and 336 nm was measured using a 
spectrophotometer UV-1240 (Shimadzu, Japan). 
The value of HMF was determined by using 
(Eqn.2):                      
 
 

𝐻𝑀𝐹 𝑖𝑛
𝑚𝑔

100𝑔 ℎ𝑜𝑛𝑒𝑦
=

(𝐴284−𝐴336)×149.7 ×5 ×𝐷 

𝑊
        

                                                          Eqn.2 
 
where:  

Thermometer 

  Round bottom 
flask 

 Honey sample                    

Beaker 

Distilled water 

Hot plate 
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A284, A336= absorbance readings 
149.7       = (126×100×1000×100)/(16830×10×5)  
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 

 
Statistical Analysis 
The collected data was evaluated with two-way 
analysis of variance (ANOVA), identifying the 
differences in moisture content, colour, turbidity, 
invertase activity and hydroxymethylfurfural (HMF) 
concentration in honey of different temperature and 
time. All analyses were performed using SPSS 20 
at significant level p<0.05 using Tukey test. All 
analyses were done in triplicates and average was 
reported. 
 
RESULTS AND DISCUSSION 
 
Effect of temperature and treatment time on 
the colour of stingless bee honey  

Colour in honey is very important as this is one 
of the parameters of consumers’ judgement on the 
quality of honey. The variation in the colour of 
honey is from nearly colourless to dark brown 
according to the Codex Alimentarius: International 
Food Standards (1981). The perception of colour 
was influenced by all three coordinates (L*, a*, b*).  

Figure 2(a) shows the change of L* value of 
stingless bee honey treated with different 

temperatures of 30℃, 60℃ and 90℃ for 10 
minutes, 30 minutes and 60 minutes.  L* value 
indicates the lightness of honey. Based on Figure 
2(a), the L* value showed no significant effect when 
treatment time was increased. However, when the 

temperature was increased to 90℃, the L* value 
decreased significantly (p<0.05) from 57.964 to 

53.360. The L* value at 90℃ recorded the lowest 
value. Decreasing in L* value when temperature 
was increased indicates that honey tends to solidify 
at higher temperatures. The lightness of honey 
decreased because of the brown pigment which 
produced from the Maillard reaction. This reaction 
would be linked with the non-enzymatic chemical 
changes of browning. According to Kędzierska-
Matysek et al. (2016), the differences in amino acid 
and reducing sugar concentration in honey 
samples might contribute to the variations in honey 
browning rates. Not only that, the kinetics of 

Maillard reaction are also influenced by the type 
and temperature stability of the amino acids and 
reducing sugars that are involved in the process. 

Figure 2(b) represents the a* value of 
stingless bee honey. For a* value, the positive 
value indicates red colour whereas negative value 
indicates green colour. From the figure, it shows 
that the a* value of stingless bee honey 
significantly increased when the temperature and 
treatment time were increased. Higher a* value 
indicated the browning reaction that was caused by 
the Maillard reaction due to more red chroma. 

For the b* value, similar trend can be seen 
from the Figure 2(c). The b* value significantly 
increased when the temperature and treatment 
time increased. Increasing b* value indicating the 
domination of yellow pigments in honey when the 
heating temperature. According to Eshete & 
Eshete (2019), boiling honey to temperatures 
above 70°C is not recommended since it alters the 
colour of the honey resulting in product quality 
decline. The unstable and thermolabile honey 
components cause the loss of honey quality and 
nutritional characteristics. Kędzierska-Matysek et 
al., (2016) also reported that the changes in the 
morphology of the crystalline structure of honey 
samples heated between 50 and 80 °C might be 
the reason for the increase in a* and b* values. The 
largest mass percentage of the crystalline phase, 
defined by the highest glucose concentration. Such 
changes in the morphology of honey's crystalline 
structure (finer crystals) occur when heated 
between 60℃ and 80 °C. 
 

 
(a)
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(b) 

 
(c) 

Figure 2: (a) L* value, (b) a* value and (c) b* 
value of stingless bee honey treated with 
double boiling at different temperatures and 
treatment times.  
Capital letters indicate statistically significant among time 
at level p<0.05. Lowercase letters indicates statistically 
significant among temperature at level p<0.05 according 
to Tukey’s test. 

 
Effect of temperature and treatment time on the 
moisture content of stingless bee honey  

Moisture content is a limiting element in 
determining the quality, stability, and resistance of 
honey to yeast fermentation. High water content 
causes honey to ferment quickly. In order to 
prevent fermentation by sugar-tolerant yeasts, 
honey must be heated. Moisture content is very 
significant for the shelf life of honey (Singh & Singh, 
2018).  

Figure 3 shows the effects of temperature and 
treatment time on the moisture content of stingless 
bee honey. The results indicate that the moisture 
content of stingless bee honey did not significantly 
differ when the treatment time was increased from 
10 to 30 minutes. However, there was a significant 
difference when treatment time increased to 60 
minutes (p<0.05). It can be examined that the 
moisture content of stingless bee honey decreased 
as the temperature and treatment time increased. 
These results were in agreement with those 
research conducted by Eshete & Eshete (2019) 
who reported that heating honey at 60°C to 70°C 

for 10 minutes, as well as indirect heating at 60°C 
to 65°C for 25-30 minutes, can totally eliminate the 
yeasts and reduce moisture content. According to 
Singh & Singh, (2018), the moisture content 
reduced to less than 20% after 30 minutes of direct 

heating at 90℃. Higher temperature could lead to 
the higher kinetic of water reduction in honey. 
However, heating honey at temperature above 
90℃ could result in caramelisation of sugar. 
 

 
Figure 3: Moisture content of stingless bee 
honey treated with double boiling at different 
temperatures and treatment times.  
Capital letters indicates statistically significant among 
time at level p<0.05. Lowercase letters indicates 
statistically significant among temperature at level 
p<0.05 according to Tukey’s test. 

 
Effect of temperature and treatment time on the 
turbidity of stingless bee honey  

Figure 4 shows the effect of temperature and 
treatment time on the turbidity of stingless bee 
honey. There were no significant effects of different 
temperature and treatment time on the turbidity of 
stingless bee honey (p>0.05). 

Fuad et al., (2017) reported that formation of 
brown pigment due to thermal processes such as 
the Maillard reaction will darken the honey.  The 
formation of brown pigment led to increasing the 
turbidity and absorbance value of the honey. 
Heating honey at higher temperature could 
accelerate the Maillard reaction which was 
correlated with the L* value of honey. When the 
lightness value of honey decreased, the turbidity of 
honey was increased due to the brown pigment 
produced from that reaction. 
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Figure 4: Turbidity of stingless bee honey 
treated with double boiling at different 
temperatures and treatment times.  
Capital letters indicate statistically significant among time 
at level p<0.05. Lowercase letters indicates statistically 
significant among temperatures at level p<0.05 
according to Tukey’s test. 

 
Effect of temperature and treatment time on the 
HMF of stingless bee honey  

Figure 5 shows the HMF content of stingless 
bee honey treated at different temperatures and 
treatment times. The initial value of HMF content 
for natural stingless bee honey was below the limit 
(80 mg/kg). Puteri Nurul Syahirah Md Dan et al. 
(2018) also reported that an increase in HMF 
content was subjected to the heating process while 
lower HMF content indicated that natural honey 
was freshly harvested from its hive. HMF is formed 
in honey from carbohydrates, mostly fructose, 
which is more thermally labile than saccharose and 
glucose. According to Kędzierska-Matysek et al. 
(2016), fructose degrades at around 60℃. It could 
be observed that the HMF content started to 

increase at 60℃. This result was supported by 
research done by Shelear, (2013) where HMF 

increased slowly until 65℃, then rapidly increased 
as temperature and time increased, particularly 
when the honey was treated at 90°C for 60 
minutes. Heating at higher temperatures enhanced 
not only the HMF concentration but also the α-
amylase activity (Kędzierska-Matysek et al., 2016). 
This is due to the breakdown of sugar that occurs 
when honey is heated. The fructose will go through 
three dehydration processes, which include the 
creation of fructofuranosly oxocation, the release of 
water molecules and ultimately the breakdown of 
the double bond in the furan ring, which results in 
the synthesis of HMF (Kowalski et al., 2013). 

 

 
Figure 5: HMF content of stingless bee honey 
treated with double boiling at different 
temperatures and treatment times. 
Capital letters indicates statistically significant among 
time at level p<0.05. Lowercase letters indicate 
statistically significant among temperatures at level 
p<0.05 according to Tukey’s test. 

 
 
Effect of temperature and treatment time on the 
invertase activity of stingless bee honey  

Figure 6 presents the effect of temperature and 
treatment time on the invertase activity of stingless 
bee honey. The results indicated that there was no 
significant effect of different temperature and 
treatment time on invertase activity of stingless bee 
honey (p>0.05). From the figure, it can be seen that 
the invertase number (IN) of stingless bee honey 
decreased from 17.85 to 15.07. This result was 
supported by Julika et al., (2020), who found that 
the lower enzyme activity was caused by poor 
processing of honey and possibility of adulteration.  

Invertase activity reduced as the heating 
temperature increased. It was reported that around 
50°C, invertase activity began to decline (Sahin et 
al., 2020). It supported the data obtained where the 

invertase decreased after 60℃. According to 
Kędzierska-Matysek et al. (2016), invertase is 
more susceptible to heat than amylases and loses 
action faster. As a result, invertase is employed as 
an extra criteria to characterize honey quality and 
freshness indicator. The results showed that it 
achieved the recommendations of invertase 
activity of the International Honey Commission 
which are IN≥ 10. 
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Figure 6: Invertase activity of stingless bee 
honey treated with double boiling at different 
temperatures and treatment times. 
Capital letters indicate statistically significant among time 
at level p<0.05. Lowercase letters indicates statistically 
significant among temperatures at level p<0.05 
according to Tukey’s test. 

 

CONCLUSION 
In conclusion, double boiling methods have a 
positive effect on the quality of stingless bee honey 
especially in natural stingless bee honey. The 
double boiling method reduced the moisture 
content of treated honey. The most suitable 
conditions of double boiling method for stingless 
bee honey to maintain the quality was at 60℃ and 
30 minutes. These conditions significantly reduced 
the moisture content, least increment HMF content 
of honey and least reduction of invertase activity. 
Moreover, the colour of the treated honey is also 
still according to the Codex standard for honey. 
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