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Abstract
The growing interest in the usage of stingless bee honey as a functional food proceeds
from its composition, which has been associated with bio-medicinal properties. However,
the composition of honey is dependent on the types and origin of bees’ foods, which are
flower nectar and plant honeydew. Thus, this study was done to investigate the influence
of spatial variation on the physicochemical and mineral content of stingless bee honey in
Terengganu, Malaysia. Honeys produced by Heterotrigona itama were collected from
five different locations around Terengganu, Malaysia that are surrounded by different
plant diversity. The physicochemical properties, antioxidant activity, total phenolic
compounds, total flavonoid compounds, and minerals of stingless bee honey were
evaluated. Results obtained show that the pH of honey at all locations differed
significantly, ranging from 3.30 to 3.54. The sweetness of honey varied between
locations, from 69.30 to 75.76 °Brix. The moisture content of honey ranged from 27.28 to
33.13% and the electrical conductivity from 0.65 to 1.46 mScm-1, which differed
significantly among the five selected locations. The parameters for colour, L* (lightness
of the sample), a* (the colour scale from red to green) and b* (the colour scale from
yellow to blue) values ranged from 25.02 to 52.55, -0.12 to 7.42, and 10.36 to 14.88,
respectively. The total flavonoid content of honey ranged from 1.41 to 6.64 mg CE/g, while
total phenolic content gave a value of 3.94 to 10.54 mg GAE/g. The antioxidant activity of
honey gave a value ranging from 71.14 to 85.27%. The location of hives had a significant
influence on the amount of minerals in stingless bee honey. It can be concluded that the
physicochemical properties and mineral content of honey produced by H. itama were
different between locations due to the variation of plant diversity at respective locations.
The data obtained provides information on the effect of spatial biodiversity variation on the
quality of stingless bee honey in selected locations in Terengganu, Malaysia.
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Introduction
Stingless bees are the major group of eusocial bees in
the world with more than 600 species reported
worldwide (Lavinas et al., 2019). In Malaysia,
Heterotrigona itama is the most popular stingless bee
species bred by meliponarists since their hives are
easily found in Malaysian forests (Kelly et al., 2014;
Shamsudin et al., 2019) and they are used as crop
pollinators (Ibrahim et al., 2016). In addition, the
high demand due to the nutritional value of H. itama
honey makes them the most common meliponiculture
species in Malaysia (Wong et al., 2019).
Stingless bee honey has been gaining attention as a
source of curing and healing properties. Its
therapeutic abilities have been well documented by
many researchers (Abd Jalil et al., 2017; Cianciosi et
al., 2018; Rosli et al., 2020). The proven efficacy of
stingless bee honey for medicinal purposes has made
this stingless bee product claimed as the most natural
superfood in the world (Rosidi Sujanto et al., 2021a).
Stingless bees produce honey that has higher
phenolic content compared to the honey produced by
Apis sp. (Ranneh et al., 2018), thanks to their smaller
body size that allows them to collect nectar from
diverse species of flowers (Omar et al., 2019). This
stingless bee’s ability, as well as their flower
constancy behaviours, influences the value of the
bioactive compound in their honey (Aljadi and
Kamaruddin, 2004).
However, the inconsistency in the quality of honey is
always an issue (Ramly et al., 2021a). The
differences in the colour and taste of honey make it
arguable that either it is pure or fake. The
characteristics of stingless bee honey vary depending
on the bee species and location of the beehives
(Ramly et al., 2021b), which led to a problem in
determining the clarity and originality of stingless
bee honey. According to Fatima et al. (2018) and
Karabagias et al. (2014), stingless bees exhibit
different honey compositions due to their foraging
activity on wide groups of flowers in different types
of habitats. Razali et al. (2018) stated that the
pureness of honey can only be determined by
evaluating its physicochemical properties such as
moisture, pH, total soluble solids, colour attributes
and intensity, antioxidant content, and minerals,
while the originality of honey can be identified by its
origin.
To date, the market for high-quality stingless bee
honey is expanding. On top of that, interest in
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farming the stingless bee is increasing among people
in the countryside, especially in the east coast region
(Kelantan, Terengganu), west coast region (Perak),
and northern region (Kedah) of Malaysia to fulfil
market demand (Fatima et al., 2018). However,
information on its valuable effects is still scarce,
especially on the physicochemical characteristics and
minerals compounds. Indeed, current international
legislation is only concerned with Apis melifera
honey. Research that is more systematic is needed to
provide a piece of complete scientific evidence as
well as to make clear any fraud, false claims, and to
establish a standard for the quality of stingless bee
honey. Thus, this study aims to explore the influence
of spatial variation on the physicochemical,
phytochemical characteristics, and mineral content of
stingless bee honey in a selected location in
Terengganu, Malaysia.

Material and Methods
Sample collection
H. itama honey was collected at five different
locations in Terengganu, Malaysia. All of those
locations are surrounded by different plant diversity;
Banggol Peradong (5.3065501, 103.0450277) is
dominant with fruit orchards (Durio zibethinus,
Nephelium lappaceum, Lansium parasiticum,
Garcinia mangostana), Kubang Jela (5.3161074,
103.0799022) is dominant with ornamental plants,
Benting Lintang (5.7318803, 102.6553897) is
dominant with coconut trees, Tembila (5.760968,
102.636176) is dominant with acacia trees, and
Telaga Papan (5.534998, 102.889181) is dominant
with gelam (Melaleuca cajuputi) trees. Three hives
for each location that are in good condition, free from
any disease, and have an active colony were selected
for this experiment. The honey pots in selected hives
were emptied on June 1st, 2020. Stingless bees were
then allowed to collect honeydew from their natural
surroundings to produce honey. The honey was then
collected on October 30th, 2020. The samples were
obtained from sealed honey pots, transferred into a
sterilised bottle, and kept at a 4℃ chiller (Sun-tech
LC-213LD, Taiwan) prior to further analysis.
Physicochemical analysis
Determination of pH
The pH value of the honey samples was calculated by
using the pH meter (Thermo Scientific Orion 2-Star
Benchtop). The electrode of the pH meter was
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immersed in 6 g of the honey sample that had been
diluted with 45 mL of distilled water, and the pH
meter reading was recorded. For each sample, the
measurement was repeated quintuplicate to get the
mean value (Omar et al., 2019).
Determination of total soluble solids
A handheld refractometer (HANNA instrument96801) was used to evaluate the total soluble solids
of stingless bee honey. Two drops of concentrated
honey were placed and spread on the entire surface of
the prism of the refractometer, and the readings were
recorded as °Brix. On average, the reading was
recorded in quintuplicate to get the mean value
(Moniruzzaman et al., 2013).
Determination of electrical conductivity
The electrical conductivity was determined at 20% of
the honey solution (w/v) in distilled water. The
electrical conductivity of honey was then measured
using an electrical conductivity meter (Horiba
LAQUA twin). The results obtained were then
expressed in mScm-1 (Omar et al., 2019).
Determination of moisture
Moisture content was analysed according to the
AOAC official method (Nielsen, 1998). The empty
crucible was dried in an oven (Memmert) at 105℃
for 4 hours prior to being used to remove all the
excess moisture. Then the crucible was cooled in the
desiccator and weighed as W1. Next, the honey
samples were weighed for approximately 2 g into the
crucible and weighed as W2. After that, the crucible
was placed in an oven at 105℃ for 24 hours. After 24
hours, the crucible containing the dried sample was
transferred into the desiccator to let it cool down and
then weighed as W3. For each sample, the
measurement was repeated quintuplicate to get the
mean value. Finally, the percentage of moisture
content was calculated using the formula:
% Moisture = (W2-W3)/(W2-W1) x100
Where:
W1 = Weight of the crucible;
W2 = Weight of the sample plus crucible before
drying;
W3 = Weight of the sample plus crucible after
drying.
Determination of colour
The Chroma meter (Konica Minolta CR-400) device
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was used to determine the colour of the honey
samples. Approximately 2 g of honey was poured
into the reading plate. The sample was then analysed,
and the results were shown in terms of colour
parameters, which are L*, a*, and b*, where L*
represented the lightness of the sample, a*
represented the change in hue from red to green, and
b* represented the change in hue from yellow to blue.
The measurement was repeated quintuplicate for each
sample to get the mean value (Pathare et al., 2013).
Phytochemical and antioxidants analysis
Determination of total phenolic content
Total phenolic content was analysed using the FolinCiocalteu assay described by (Moniruzzaman et al.,
2013) with some modification. A 10% concentration
of honey solution was prepared by diluting 1 g of
honey with 9 mL of methanol (99.99%, HmbG).
After that, 0.5 mL of that solution was mixed with
2.5 mL of 0.2 N Folin & Ciocalteu's phenol reagent
(Himedia) and left for 5 minutes. Then, 2 mL of 7.5%
Na2CO3 (Bendosen) solution was added to the
mixture and incubated at room temperature in the
dark for 2 hours. After that, the samples were
measured at the absorbance of 760 nm by using a
UV-Visible Spectrophotometer (Shimadzu UV mini1240) against a mixture of methanol, 0.2 N Folin &
Ciocalteu's phenol reagent, and 7.5% Na2CO3 as a
blank. A calibration curve was created by using a
standard solution of Gallic acid (Merck) (0, 25, 50,
125, 250, 377, 500, 1000, and 1500 mg/L). The
results were expressed as the total phenolic content in
mg of Gallic acid equivalents (GAE) per g of honey.
Determination of total flavonoid content
The total flavonoid content in the honey sample was
determined using the method described by
Moniruzzaman et al. (2013) with some modification.
One millilitre of honey was diluted with 4 mL of
methanol (99.99%, HmbG). Then, 0.3 mL of 5%
NaNO2 (Merck) was added. After 5 minutes, 0.3 mL
of 10 % AlCl3 (HmbG) was added, followed by the
addition of 2 mL of 1M NaOH (Bendosen) after 6
minutes. Next, 2.4 mL of distilled water was added to
the mixture to reach a 10 mL solution. Results
obtained were analysed at the absorbance of 510 nm
by using a UV-Visible spectrophotometer (Shimadzu
UV mini-1240) against a blank sample consisting of
a solution consisting of methanol, 5% NaNO2, 10%
AlCl3, and NaOH (1 M) without the honey sample. A
calibration curve was created by using a standard
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solution of catechin (Santa Cruz) (0, 0.04, 0.08, 0.12,
0.16, 0.20, 0.24, and 0.28 mg/mL) and the results
obtained were expressed as mg of catechin
equivalents (CE) per g of honey.
DPPH radical scavenging activity (% RSA)
The scavenging activity against 1,1-diphenyl-2picrylhydrazil (DPPH) (Sigma Aldrich) radical was
performed according to the methodology described
by Chua et al. (2013) and Shamsudin et al. (2019)
with minor modification. In brief, 0.75 mL of the
honey solution in methanol at different
concentrations, ranging from 20 to 40 mg/mL, was
mixed with 1.5 mL of 0.02 mg/mL of DPPH in
methanol. The mixture was then incubated at room
temperature in the dark for 15 mins. After that, the
absorbance was measured at 517 nm against a blank
sample consisting of methanol. The absorbance of the
control was also measured using 0.75 mL of
methanol mixed with 1.5 mL of DPPH solution. The
DPPH inhibition of honey was expressed in terms of
the percentage inhibition of the DPPH radical and
was calculated as below:
I = [ 1 - (AA/AB)] × 100
Where:
I = DPPH inhibition (%);
AB = absorbance of the control;
AA = absorbance of the honey sample.
Minerals analysis
Inductively coupled plasma atomic emission
spectroscopy (ICP-OES) (Thermo Scientific iCAP
7000 Series, UK) was used to determine the
concentrations of calcium (Ca), magnesium (Mg),
sodium (Na), iron (Fe), zinc (Zn), copper (Cu),
aluminium (Al), phosphorus (P), manganese (Mn),
and sulphur (S) in honey samples. The sample
preparation was done by following the methodology
of Yücel and Sultanoǧlu (2013) with slight
modification. First, the sample needs to be digested
before being used as the final sample for the ICPOES. A microwave digestion procedure was applied
to honey samples. Five milligrams of each honey
sample were digested with 9 mL of 65% HNO3 (65%,
Merck) using a microwave digestion system (Anton
Paar-Multiwave GO). Then, the digested sample was
marked up to 25 mL with ultra-pure water to be
diluted. A blank digest was carried out in the same
way. After that, approximately 10 mL of the digested
sample was poured into the test tube and was ready to
Asian J Agric & Biol. xxxx(x).

be used as the sample for the ICP-OES. The result
obtained then was expressed as mineral content in mg
per kg of honey.
Statistical analysis
All the statistical analysis was performed using R
statistical software Version 4.0.3 (R Core Team,
2020). The data obtained were analysed using oneway ANOVA (Analysis of Variance) for a significant
difference at a 95% confidence level (p ≤ 0.05).
Significant differences between mean values were
analysed by using Lsmeans, where the location of
stingless beehives was set as an explanatory variable
by using post-hoc Tukey tests.

Results
Table 1 shows the mean value of the
physicochemical characteristics of stingless bee
honey collected at five different locations in
Terengganu, Malaysia. The results obtained showed
that the physicochemical characteristics of honey
differed significantly between locations. All the
honey from all locations was found to be acidic, with
a pH value range of 3.30 to 3.54. Amongst all,
stingless bee honey collected from the hives at
Telaga Papan was the most acidic compared to other
places. The °Brix value of stingless bee honey
recorded in this study also differed significantly
between locations. It was between 69.34 and 75.76
ºBrix. Stingless bee honey collected from Banggol
Peradong had the lowest Brix value, while the highest
Brix value was recorded in the stingless bee honey
from Telaga Papan. The electrical conductivity (EC)
was related to the ash and acidity value, indicating
the existence of ions, natural acids, and proteins in
honey (Majid et al., 2019). Our results showed
significantly different EC values between honey
samples, which ranged from 0.65 to 1.46 mScm-1.
Stingless bee honey collected from Benting Lintang
had the highest value of EC, and the lowest was
Banggol Peradong. The result of this research shows
that there was no significant difference in moisture
content in stingless bee honey collected from all
locations. However, honey collected from Banggol
Peradong had the highest moisture content (33.13%),
followed by Kubang Jela, Tembila, Benting Lintang,
and Tembila. The smaller the L* value, the darker the
colour of honey. The L* value in this study had a
range from 25.02 to 52.55, where stingless bee honey
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collected from Telaga Papan had the lowest L* value,
which exhibits a darker colour, followed by Kubang
Jela, Benting Lintang, Banggol Peradong, and
Tembila. Our findings show that there was no
significant difference in terms of colour between the
honeys collected at Banggol Peradong and Tembila
(Figure 3). Meanwhile, for the a* value, Banggol
Peradong and Tembila showed a negative value of 0.12, which indicates the presence of more green
components in the samples. The b* value ranged
from 10.36 to 14.88, meaning that the honey samples
contained higher yellow components.

Meanwhile, for TFC value recorded for stingless
honey collected from all locations ranged from 1.41
to 6.64 mg CE/g. Stingless bee honey collected from
Telaga Papan (6.64 ± 0.08 mg CE/g) has the highest
TFC value. Meanwhile, the TFC values of stingless
bee honey at Kubang Jela (2.13 ± 0.05 mg CE/g) and
Benting Lintang (2.00 ± 0.01 mg CE/g) show no
significant differences between these two locations.
Stingless bee honey collected from Banggol
Peradong recorded the lowest TFC value (1.41 ± 0.01
mg CE/g), and it did not significantly differ from the
honey collected from Tembila (1.51 ± 0.05mg CE/g).

Table-1: The physicochemical characteristics of
stingless bee honey from five different locations in
Terengganu, Malaysia
Parameters

Kubang Banggol
Jela
Peradong

Benting
Lintang

Tembila

Telaga
papan

pH

3.54 ±
0.01a

3.52 ±
0.01a

3.46 ± 0.01b

3.31 ±
0.01c

3.30 ±
0.01c

Brix (°Brix)

69.68 ±
0.10a

69.40 ±
0.05a

71.74 ±
0.12b

70.51 ±
0.03c

75.76 ±
0.08d

Energy (Kcal)

278.72 ±
0.41a

277.36 ±
0.37a

286.96 ±
0.53b

282.00 ±
0.22c

302.96
± 0.27d

EC (mScm-1)

1.06 ±
0.01a

0.65 ±
0.01b

1.46 ± 0.01c

0.96 ±
0.01a

1.04 ±
0.01d

Moisture (%)

32.65 ±
0.08a

33.13 ±
0.09b

32.11 ±
0.12c

32.52 ±
0.03d

27.28 ±
0.10e

Colour L*

44.35 ±
0.12a

51.95 ±
0.35b

48.59 ±
0.38c

52.55 ±
0.52b

25.02 ±
0.21d

Colour a*

2.14 ±
0.05a

-0.12 ±
0.03bcd

0.04 ±
0.02bcd

-0.12 ±
0.03bcd

7.42 ±
0.12e

Colour b*

14.88 ±
0.14abc

13.34 ±
0.60abce

14.82 ±
0.19abc

10.36 ±
0.80de

12.16 ±
0.40bed

*Values expressed as mean ± standard error.
Different superscript letters in the same row show the
significant differences at p < 0.05.
Figure 1 represents the total phenolic (TPC) and total
flavonoid (TFC) content of stingless bee honey. The
results obtained showed that the stingless bee honey
collected at Telaga Papan had a significantly higher
TPC than Benting Lintang, Kubang Jela, Tembila,
and Banggol Peradong. Stingless bee honey collected
from Benting Lintang and Kubang Jela showed nonsignificant differences on TPC, but both had
significant differences compared to Telaga Papan,
Banggol Peradong and Tembila. The TPC of
stingless bee honey collected from Telaga Papan was
10.54 ± 0.53 mg GAE/g, Benting Lintang was 7.87 ±
0.09 mg GAE/g, Kubang Jela was 7.74 ± 0.16 mg
GAE/g, Tembila was 5.70 ± 0.34 mg GAE/g, and
Banggol Peradong was 3.93 ± 0.12mg GAE/g.
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Figure-1: The total phenolic content (TPC) and
total flavonoid content (TFC) of stingless bee
honey. Values are expressed as mean ± standard
error. Different superscript letters show the
significant differences at p < 0.05.
Figure 2 shows that ascorbic acid inhibited nearly
100% of the DPPH in the solution, while 40 mg/mL
inhibited 99.50% of the DPPH in the solution. When
compared, the results obtained indicate that stingless
bee honey collected from Benting Lintang (85.27%)
showed the highest percentage of DPPH inhibition,
while Telaga Papan (71.14%) had the lowest at a
concentration of 40 mg/mL (Figure 2).

Figure-2: The percentage of 2,2-Diphenyl-1picrylhydrazyl (DPPH) radical scavenging activity
of stingless bee honey at different concentrations
of honey samples.
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Stingless bee honey collected from Benting Lintang
displays the greatest scavenging activity against
DPPH with a scavenging rate of 82.70 to 85.27%
while Telaga Papan shows the weakest scavenging
activity with a scavenging percentage of 67.24 to
71.14%. Stingless bee honey collected from Kubang
Jela and Benting Lintang had no significant
difference in DPPH at all concentrations. In addition,
stingless bee honey collected from Kubang Jela did
not significantly differ compared to the honey
collected from Tembila at all five concentrations.
Meanwhile, stingless bee honey collected from
Telaga Papan had a significant difference with the
honey collected from all four other locations at the
concentrations. Overall, the results indicate that the
stingless bee honey collected at all five different
locations in Terengganu had high antioxidant
capacity, even at a low concentration of 20 mg/mL.
Table-2: The mineral content in stingless bee
honey from five different locations in Terengganu,
Malaysia
Minerals
(mg/L)

Kubang
Jela

Banggol
Peradong

Benting
Lintang

Tembila

Telaga
papan

Potassium
(K)

3651.65
± 21.16a

3633.98 ±
11.62a

3688.35
± 6.37a

3591.88
± 45.77a

2551.77
± 89.54b

Sodium (Na)

142.45 ±
0.23a

142.25 ±
5.08a

346.35 ± 307.45 ±
30.54b
20.06b

97.18 ±
26.49a

Calcium (Ca)

181.73 ±
29.08abc

204.55 ±
10.57abc

128.40 ±
22.86abcde

61.53 ±
2.01cde

37.06 ±
22.21cde

Magnesium
(Mg)

123.88 ±
14.04a

153.30 ±
13.14a

143.85 ±
24.65a

23.63 ±
0.10b

6.75 ±
3.89b

Phosphorus
(P)

59.45 ±
6.80abc

46.78 ±
5.07abcd

63.45 ±
0.75abc

31.50 ±
3.61bd

7.83 ±
1.79e

Iron (Fe)

13.13 ±
1.66abce

16.03 ±
0.22abc

12.38 ±
1.98abcde

8.40 ±
0.54cde

5.80 ±
2.24acde

Manganese
(Mn)

3.80 ±
0.49ac

9.65 ± 0.03b

2.75 ±
0.55aced

0.75 ±
0.36cde

0.82 ±
0.74cde

Copper (Cu)

1.47 ±
0.17a

1.23 ± 0.04a

1.30 ±
0.08a

1.42 ±
0.07a

0.85±0.2
5a

Zinc (Zn)

4.93 ±
0.52abc

2.98 ±
0.43abcde

2.88 ±
0.02abced

1.95 ±
0.20bcde

1.62±0.8
0bcde

*Values are expressed as mean ± standard error.
Different superscript letters in the same row show the
significant differences at p < 0.05.
Table 2 shows the mean value of minerals detected in
the honey collected from all five locations in
Terengganu. There are four major minerals detected,
which are potassium (K), sodium (Na), calcium (Ca),
and magnesium (Mg) whose values ranged from
2551.77 to 3688.35 mg/kg, 97.18 to 346.35 mg/kg,
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37.06 to 204.55 mg/kg and 6.75 to 153.30 mg/kg,
respectively. The results obtained show that stingless
bee honey collected at all locations has significantly
different mineral content except for potassium and
copper.

Discussion
The pH value of stingless bee honey recorded at these
five selected locations in Terengganu, Malaysia is
still in the normal range as suggested by the
Malaysian Standard of Stingless Bee Honey (Nordin
et al., 2018). Previous research done by Julika et al.
(2019) on six random samples obtained from the
local market in Malaysia found that the lowest pH
values for stingless bee honey are between 2.51 and
3.26. In other research by Chan et al. (2017), the pH
value of stingless bee honey from three different
regions (northern, east, and central) in Peninsular
Malaysia ranged from 3.29 to 3.71. In addition, the
pH value of H. itama honey that was collected from
the east coast parts (Terengganu and Pahang) and the
northern part (Johor) of Malaysia ranged from 3.19 to
3.38 (Shamsudin et al., 2019).
The Brix value is the total soluble solid that
represents the value of sugars, organic acids, and
minerals in the solution (Biluca et al., 2016). Thus,
the higher the value of Brix, the sweeter the honey.
Our findings were in agreement with many other
studies on stingless bee honey collected from variable
locations where the values of total soluble solid were
recorded between 66.23 and 75.2 ºBrix (Chan et al.,
2017; Tuksitha et al., 2018; Shamsudin et al., 2019;
Rosidi Sujanto et al., 2021b). Stingless bee honey has
lower total soluble solids than the honey produced by
honey bees due to its high moisture content and low
sugar (Nordin et al., 2018).
A study by Souza et al. (2006) shows that the EC
value of stingless bee honey collected from 152 hives
ranged from 0.49 to 8.77 mScm-1. The differences in
EC value are influenced by the various types of
protein content, organic acids, and mineral
concentration of nectar obtained from the botanical
sources collected by the bees (Omar et al., 2019). As
an example, previous research by Majid et al. (2019)
shows that multiflora, multifruit, and unifloral of H.
itama honey have an EC value ranging from 0.04 to
0.22 mScm-1.
Moisture content is an essential criterion in
establishing the grade of honey, as higher moisture
content may lower the storage life and microbial
activity of honey. Lim et al. (2019) proposed
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moisture content values for honey from various floral
origins ranging from 27 to 31%. In the other study by
Pontara et al. (2012), the moisture content of honey
might be linked to several factors such as the floral
and spatial origin of nectar, soil and climate
conditions, harvesting time, and the right handling
procedure by beekeepers during harvest. Stingless
bee honey has been reported to contain high moisture
content as opposed to A. mellifera honey (De
Almeida-Muradian et al., 2013). Generally,
Malaysian stingless bee honey was reported to have a
moisture content that ranged from 21.32 to 31.67%.
The colour of stingless bee honey was examined in
terms of three-point values, which are L*, a*, and b*.
The L* value expresses the lightness, the a* points
out the redness or greenness component, and the b*
shows the yellowness or blueness component.
Shamsudin et al. (2019) reported that H. itama honey
showed a broad range of L*, a*, and b* values,
ranging from 73.98 to 92.49 for L* value, -0.47 to
16.65 for a* value, and 29.42 to 88.66 for b* value.
Shamsudin et al. (2019) also conclude that the
variation of honey colour might be reflected by the
several kinds of floral, type of bee, and location of
honey's origin. According to Can et al. (2015), the
origin of nectar and pollen collected by stingless bees
influences the honey colour; as various colour
pigments deriving from various phytochemicals such
as anthocyanins, phenolic acids, proanthocyanins,
flavonoids, and minerals make up the primary colour
of honey. In addition to that, Ramly et al. (2021c)
claimed that the colour and sweetness of stingless bee
honey can only be used to estimate the nutrition and
mineral content of honey.
In our study, the TPC in stingless bee honey varied
according to the locations of beehives. The
investigation by Ya’akob et al. (2019) shows that the
stingless bee honey from multiple locations in Johor
has a broad range of TPC, valued from 414.53 to
778.23 mg GAE/100g, which is in agreement with
this study. In another research by Wong et al. (2019),
the detected value for TPC of H. itama honey
originated from Sarawak was 477.40 mg GAE/kg.
Contrary to that, Biluca et al. (2016) stated a far
smaller value of TPC of thirty-three samples in the
range of 10.3-98.0 mg GAE/100g compared to
others. Phenolic content is the major group of
phytochemicals that are derived from plants and
accumulate in honey through nectar or pollen from
plants visited by bees. Da Silva et al. (2013) stated
that the total phenolic content (TPC) differed among
Asian J Agric & Biol. xxxx(x).

honeys as it was related to the type of bee species,
location of beehives, flowering season, and floral
source. Findings by Kamboj et al. (2013) come
together on the same page as Iglesias et al. (2012)
and Khalil et al. (2011) that the differences in
polyphenol compounds in honey were largely
correlated with the floral sources of the nectar and
also the type of bee species. Besides, these
compounds are also important in contributing to the
appearance and useful properties of honey (Abu
Bakar et al., 2017).
In a study by Chan et al. (2017), it was indicated that
the TFC value of stingless bee honey ranged between
44.60 and 79.13 mg QE/kg. On the other hand, Abu
Bakar et al. (2017) reported that honey of H. itama
collected from Jasin Melaka had a TFC of 549.05 mg
Rutin/kg. Similar to total phenolic content, the
differences in the reported value of TFC may be due
to the floral sources of the honey nectar and also the
type of bee species (Kamboj et al., 2013). Muruke
(2014) also stated that the flavonoid content in honey
has been reported to be linked with the environmental
conditions and geographic area of the beehives.
Ascorbic acid, a natural water-soluble vitamin C, is
used as a standard in comparing the antioxidant
capacity for this experiment. Chan et al. (2017) found
that the stingless bee honey collected from Pahang
demonstrated the greatest percentage of inhibition
compared to the stingless bee honey collected from
Kedah and Selangor, with a percentage of 44.12 to
79.99% at a concentration of 10 to 60 mg/mL. In the
other research conducted by Abu Bakar et al. (2017),
the honey of H. itama collected from Jasin Melaka
tended to scavenge 52.33–97.30% of the DPPH
radicals. The differences in antioxidant capacity of
honey were closely related to the floral origin of
nectar due to the pollen, which was the main food
source for the bees, containing different kinds of
amino acid content (Weston et al., 2000).
Our findings show that the amount of potassium and
magnesium in stingless bee honey collected from all
locations in Terengganu was much higher as
compared to the H. itama honey collected from Johor
and Melaka as declared by Abu Bakar et al. (2017).
However, the calcium content of H. itama honey
samples from Melaka was a bit higher compared to
H. itama honey collected from Terengganu, with a
value ranging from 51.83–292.67 mg/kg (Abu Bakar
et al., 2017). Cheng et al. (2019) also indicated lower
potassium content ranging from 484.11 to 761.22
mg/kg but higher sodium and calcium of H. itama
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honey that originated from six different locations
around Malaysia, one of which was Kuala
Terengganu. Meanwhile, from previous studies
conducted by Biluca et al. (2016), Kek et al. (2018),
Cheng et al. (2019) and Abu Bakar et al. (2017), it
was found that micro minerals show only small
differences from each other. In conclusion, the
differences in mineral content of honey samples
originating from various locations could be linked to
the variation of soil in which the original nectar was
found and also usually reflect the standards that
signify the probable floral sources of honey (AlvarezSuarez et al., 2010).
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