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Abstract
Objective: The current study investigates the physicochemical, phytochemical, nutritional composition and antioxidant activity of raw
unprocessed honey produced by two Malaysian stingless bees, Heterotrigona  itama  and Geniotrigona  thoracica  collected from different
places in the Southern part of Peninsular Malaysia. Materials and Methods: Physicochemical (pH, color) and nutritional compositions
(moisture, ash, protein, fat, carbohydrates, minerals) were determined and evaluated using standard methods. Phytochemical contents
(flavonoid and phenolic compounds) and antioxidant activites were determined spectrophotometrically. Results: pH of collected honey
samples were found to be acidic, ranging from 3.24-3.42, while the colors ranged from 85.34-490.37 mm Pfund (golden to dark amber).
The moisture, ash, protein, fat and carbohydrate contents of honey samples ranged from 26.5±0.00 to 31.8±0.00 g/100 g, 0.15±0.01
to 0.67±0.00 g/100 g, 0.016t 0.54 g/100 g, 0.02 to 0.15 g/100 g and 67.12 to 73.26 g/100 g, respectively. The total flavonoid content of
honey samples dissolved in distilled water and methanol ranged from 53.81±4.12 mg rutin equivalents kgG1 to 549.05±9.74 mg rutin
equivalents kgG1 while total phenolic content  in  both  solvents  ranged  from  357.14±3.57  mg  gallic  acid  equivalents kgG1  to
520.83±4.49 mg gallic acid equivalents kgG1. The antioxidant activity of this honey displayed superior antioxidant potential and was
higher than Manuka honey. Conclusion: Clearly, honey produced by these two stingless bee types in the Southern part of Peninsular
Malaysia is a budding functional food and possible nutraceuticals with great potential for use in complementary and alternative
medicines.
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INTRODUCTION

Honey is a natural food product produced by honey bees
after consumption of the floral nectar of the plants1. It is a
supersaturated solution of multiple sugars, including fructose
(38.3%), glucose (30.3%), maltose (7.1%) and sucrose (1.3%).
Other substances found in honey include acids (0.5%),
proteins (0.3%), minerals (0.2%) and trace compounds, such as
flavonoids, phenolic compounds, ascorbic acid, enzymes
(catalase and peroxidase), carotenoids and Maillard reaction
products, all of which are considered major contributors to the
antioxidant potential of honey2-4. However, the specific
composition of each honey is primarily dependent on source
plant and nectar composition, bee species and seasonal and
environmental factors2,5. Other factors, such as processing
method, handling and storage conditions, also play an
important role on the chemical composition of each honey6-8. 

The Trigona sp. of stingless bee, known as kelulut, is a
stingless bee species found in Malaysia. Two common kelulut
species, Heterotrigona  itama  and  Geniotrigona  thoracica,
are also the main pollinators in this region5. These bees
produce kelulut honey, a multiflora honey stored in clusters of
small resin pots near the extremities of kelulut bee nests, while
honey from Apis  sp. bees is stored in hexagonal-shaped
honey combs. Kelulut honey reportedly has many medicinal
and therapeutic uses and excellent potency9. According to
Biluca et al.10 honey from stingless bees has a distinct aroma
and taste, more fluid texture and undergoes slow
crystallization. Stingless bee honey is very different from that
produced by bees of other genera. Recently, demand for this
honey has increased in the world market, being of higher
commercial value than Apis mellifera (manuka) honey.
However, the lack of complete studies regarding the
physicochemical characteristics of stingless bee honey
hampers the definition of quality patterns and standards6,11. 

In Malaysia, research on stingless bee honey is scarce5.
The composition of honey produced by stingless bees may
boost immune defenses and promote cell functions in
erythrocytes associated with antiseptic, antimicrobial,
anticancer, anti-inflammatory and wound-healing
properties10,12. The present study investigated the
physicochemical and nutritional composition and antioxidant
activity of raw unprocessed honey produced by two types of
Malaysian stingless bees.

MATERIALS AND METHODS

Honey collection: Honey from Heterotrigona  itama  (H. itama)
and Geniotrigona  thoracica  (G. thoracica) stingless honey

bees (identified by Zakbah Mian from National Apiary Centre)
was sampled at four different locations in Peninsular Malaysia,
Parit Botak and Peserai (Johor), as well as Jasin and Ayer Molek
(Malacca). Honey samples were collected into sterilized plastic
containers and transported to the laboratory on ice to keep
them at 4EC. The samples were kept in the same container at
4EC in the laboratory for a few days prior to analysis.

Physicochemical analysis: Physicochemical parameters were
analyzed according to the methods recommended by the
European Honey Commission13. These parameters included
pH and color. Color was measured using optical comparison
while pH meter was used to determine pH of honey samples
by direct insertion into 10% w/v honey suspension.

Nutritional composition analysis: Nutritional composition
was analyzed using the Association of Official Analytical
Chemists official methods14. The protein content was
determined using the Kjeldahl method, while the Soxhlet
extraction method was used to determine crude fat content.
Total carbohydrate content was determined according to the
following Eq.:

Carbohydrate (%) = 100%-(Moisture %+Crude fat %+
                      Crude protein %+Ash %)

Mineral analysis was conducted by atomic absorption
spectrophotometer.

Phytochemical analysis: The content of phytochemicals, such
as flavonoids and phenolic compounds, in honey samples
were determined using a UV-Vis spectrophotometer and
reported as mg equivalents of rutin (mg rutin) per kg of honey
and mg equivalents of gallic acid (mg gallic acid) per kg of
honey, respectively15.

Antioxidant activities: The antioxidant activity of honey
samples was measured using a 2,2-Azinobis-(3-ethylbenzo-
thiazoline-6-sulfonic  acid)  [ABTS] decolorization assay and
1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
assay. Absorbance was measured for each assay type (734 nm
for ABTS; 518 nm for DPPH)16,17.

RESULTS AND DISCUSSION

Physicochemical parameters: The physicochemical
properties of H.  itama  and  G.  thoracica  honey are shown in
Table 1. All honey samples were found to be acidic, ranging in
pH  from  3.24-3.42   which   exhibited   significant   differences
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Table 1: Physicochemical properties of stingless bee honey samples
H.I Ayer Molek G.T Ayer Molek H.I Jasin H.I Peserai H.I Parit Botak

pH 3.27±0.01 3.36±0.01 3.36±0.01 3.24±0.01 3.42±0.01
Color (mm Pfund) 225.48±0.43 85.59±0.21 449.87±3.50 99.58±0.21 163.59±0.21
H.I: Heterotrigona  itama, G.T: Geniotrigona  thoracica. Data are expressed as the mean±standard deviation (SD). Mean values are significantly different (p<0.05) 

(p<0.05) between all samples. This pH range was found to be
much  lower  compared   to   other   honeys,   such   as   from
A.  cerana,  A.  dorsata  and A.  mellifera  (pH, 3.53- 4.03)7. Yap
and Abu Bakar18 reported a tropical honey with the highest
known pH at 4.26±0.08, while manuka honey has the lowest
recorded pH at 4.02±0.24, both of which are higher than the
honey measured in the current study. Oddo et al.19 also
reported that T.  carbonaria  honey had a high pH (4.01±0.10)
compared to H. itama and G. thoracica honey. The high acidity
of the stingless bee honey analyzed in the present study was
due to the presence of high levels of organic acids and
hydrogen peroxide produced by the enzymatic fermentation
of sugars present and is responsible for two important
characteristics of honey, flavor and stability against microbial
spoilage20,21.
Honey color is the primary characteristic for its

classification according to US Department of Agriculture-
approved standards22. The color of honey is an important
parameter used to determine the presence of certain
compounds, such as flavonoids or carotenoids23. The color of
honey varies naturally, ranging from light yellow to amber to
dark amber and black  in  extreme  cases   and  sometimes
even green or red hues24. The color value for  all honey
samples measured in the present study ranged from
85.59±0.21 to 449.87±35.07 mm Pfund, with H. itama honey
collected in Jasin being the darkest (449.87±35.07 mm
Pfund), followed by H. itama honey collected in Ayer Molek
(225.48±0.43 mm Pfund), H. itama honey collected in Parit
Botak (163.59±0.21 mm Pfund), H. itama honey collected in
Peserai (99.58±0.21 mm Pfund) and G. thoracica honey
collected in Ayer Molek (85.59±0.21 mm Pfund). These color
values lead to classification of G. thoracica honey as amber,
while H.  itama  honey was classified as dark amber, according
to US Department of Agricultural-approved standards. There
was significant difference between all honey samples for the
color (p<0.05).

Nutritional  composition:  The  ash   content   of   stingless
bee honey was found to be between 0.15±0.01 and
0.67±0.00 g/100 g25. H.  itama   honey  collected  in  Parit
Botak showed the highest ash content with the value of
0.67±0.00 g/100 g which was also higher than that of
stingless bee honey from Thailand (0.53±0.63 g/100 g)26 and
T.   carbonaria   honey  (0.48±0.06  g/100  g)19.  The  lowest ash

content was found in H. itama honey collected in Peserai
(0.15±0.01 g/100 g). The ash contents of all honey samples
exhibited significant differences (p<0.05). Variability in ash
content is associated qualitatively with different botanical and
geographical origins which may affect the amount of trace
mineral in the honey6,27.
The concentration of proteins and amino acids in honeys

are also based on their botanical and geographical origins, as
well as storage time. Enzymes are the main protein
constituents present in honey. Various enzymes are also
added  by  the  bees  during the honey ripening process,
which increases the protein levels7,27. Current results showed
that the protein content of  honey   produced  by H.  itama 
and G. thoracica bees varied  from  0.096±0.08  and
0.31±0.11  g/100  g. The highest protein content was found
in H. itama honey collected in Parit Botak (0.31±0.11 g/100 g)
which almost similar to that  of  A.  mellifera  honey
(0.28±0.01 g/100 g)6 followed by H.  itama  honey collected in
Jasin, Peserai, Ayer Molek and G.  thoracica  honey collected in
Ayer Molek with the values of 0.28±0.21, 0.28±0.37,
0.25±0.17 and 0.096±0.08 g/100 g, respectively. No
significant    difference     (p>0.05)     existed     in   the    protein
contents among the honey samples. In addition, the fat
content of honey samples analyzed in the present study
ranged from 0.025±0.00 to 0.73±0.00 g/100 g. G. thoracica
honey collected in Ayer  Molek  contained  the highest value
of fat  with  0.73±0.00   g/100  g   which  was  higher  than
that of A. mellifera honey (0.37-0.39 g/100 g)6 while H.  itama
honey collected in Parit Botak showed the lowest ones
(0.025±0.00 g/100 g). The fat contents of different honey
samples exhibited significant differences (p<0.05). Fat content
can also be used in determining the botanical origins of the
honey6. 
Carbohydrate analysis showed values ranging from

67.20±0.11   to   73.01±0.35   g/100   g.   The  highest  value
of carbohydrate  content  was  found in H.  itama  honey
collected in Peserai (73.01±0.35 g/100 g) which was lower
than that of Nigerian honey (82.30±2.03  g/100  g)23  but
much higher than that of stingless bee honey from Thailand
(52±21 g/100 g)26 followed by H. itama honey collected in
Jasin (72.52±0.52 g/100 g), G. thoracica and H. itama honey
collected in Ayer Molek (71.52±0.52, 70.23±0.18 g/100 g) and
H.  itama  honey collected in Parit Botak (67.20±0.11 g/100 g).
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Table 2: Nutritional composition of stingless bee honey samples
H.I. Ayer Molek G.T. Ayer Molek H.I. Jasin H.I. Peserai H.I. Parit Botak

Water content (g/100 g) 28.87±0.06 28.17±0.06 26.53±0.60 26.50±0.00 31.80±0.00
Ash (g/100 g) 0.47±0.01 0.18±0.01 0.46±0.01 0.15±0.01 0.67±0.00
Carbohydrate (g/100 g) 70.23±0.18 71.52±0.52 72.52±0.52 73.01±0.35 67.20±0.11
Protein (g/100 g) 0.25±0.17 0.096±0.08 0.28±0.21 0.28±0.37 0.31±0.11
Fat content (g/100 g) 0.15±0.00 0.73±0.00 0.043±0.00 0.065±0.00 0.025±0.00
Potassium (mg kgG1 of sample) 680.73±33.79 352.53±26.51 701.33±26.27 236.33±1.29 NIL
Calcium (mg kgG1 of sample) 292.67±1.17 84.12±1.58 62.85±1.55 51.83±1.40 NIL
Magnesium (mg kgG1 of sample) 50.30±2.83 51.61±0.08 18.53±0.08 26.00±0.20 NIL
Zinc (mg kgG1 of sample) 4.37±0.29 3.61±0.28 5.33±0.36 4.45±0.21 NIL
H.I: Heterotrigona  itama, G.T: Geniotrigona  thoracica, NIL: Not in list. Data are expressed as the mean±standard deviation (SD). Mean values are significantly different
(p<0.05) except for protein (p>0.05). Samples measured in dry weight

Table 3: Phytochemical analysis of stingless bee honey samples
H.I. Ayer Molek G.T. Ayer Molek H.I. Jasin H.I. Peserai H.I. Parit Botak

Total flavonoid content (mg rutin kgG1 honey) in distilled water 82.38±4.12 60.95±4.12 308.57±7.14 53.81±4.12 72.85±12.37
Total flavonoid content (mg rutin kgG1 honey) in methanol 168.10±2.88 72.86±4.68 549.05±9.74 91.91±3.30 222.86±6.54
Total phenolic content (mg gallic acid kgG1 honey) in distilled water 380.36±3.57 371.95±11.61 519.64±5.36 520.83±4.49 357.14±3.57
Total phenolic content (mg gallic acid kgG1 honey) in methanol 439.59±5.35 435.69±8.96 516.07±5.36 498.81±2.54 489.29±3.28
H.I:  Heterotrigona  itama, G.T: Geniotrigona thoracica. Data are expressed as the mean±standard deviation (SD). Total phenolic content is expressed as mg equivalents
of gallic acid in 1 kg of dry sample (mg gallic acid kgG1). Total flavonoid content is expressed as mg equivalents of rutin in 1 kg of dry sample (mg rutin kgG1). Mean values
are significantly different (p<0.05)

There was significant difference observed between the
samples for carbohydrate content (p<0.05). The high
percentage of carbohydrate indicates that it was a main
constituent of the honey, making up about 90% of the honey’s
dry weight27. 

Mineral analysis in the present study showed that
Malaysian    stingless   bee   honey   was   highest   in
potassium (701.33±26.27 mg kgG1), followed by calcium
(292.67±1.17 mg kgG1), magnesium (51.61±0.08 mg kgG1)
and zinc (5.33±0.36 mg kgG1). A previous study showed that
the mineral content of Colombian stingless bee honeys was
lower compared to H.  itama  and G.  thoracica  honey, with
values  of  576.6±177.69   and   99.6±63.4   for   potassium
and calcium, respectively28. However, the magnesium
(56.0±27.59) and zinc (19.6±8.3) contents of Colombian
stingless bee honey were higher  than  Malaysian  stingless
bee honey28. The results indicated there were significant
differences between examined samples (p<0.05) (Table 2). The
optimal level of several minerals such as zinc, iron and copper
together with natural and synthetic antioxidant are believed
to maintain the efficient levels of endogenous antioxidants in
the tissues29. In fact, few minerals such as copper and iron
possess antioxidant properties and responsible for the redox
properties of honey30. In addition, the differences in mineral
content in honey samples collected from different places (i.e.
Ayer Molek, Jasin, Peserai and Parit Botak) might be due to the
type of soil in which the original nectar bearing was located31

and the percentage of mineral content normally represents as
a quality criterion indicating the possible botanical origin of
honey32. 

Phytochemicals: Flavonoids are a group of low molecular
weight phenolic compounds responsible for the aroma and
antioxidant potential of honey. In this study, flavonoid content
produced by H. itama and G. thoracica bees varied from
53.81±4.12 and 549.05±9.74 mg rutin kgG1 when dissolved
in two solvents, distilled water and methanol. Significant
difference was observed between all samples (p<0.05). Both
H. itama and G. thoracica honey samples displayed higher
flavonoid content in methanol compared to distilled water.
The highest flavonoid content was found in H.  itama collected
in Jasin for both extracts (distilled water and methanol) with
the values of 308.57±7.14 and 549.05±9.74 mg rutin kgG1,
respectively.  These  values  were higher than that of
Australian stingless bee honey (10.02±1.59 mg quercetin
equivalents/100 g)19 and A. mellifera honeys, such as Tualang,
Gelam  and  Borneo  tropical  honey (17.10-227.57 mg
catechin kgG1)7. Flavonoids are antioxidants known to
scavenge free radicals; their oxidation by free radicals results
in a more stable, less reactive radical species33. Therefore,
honey with a high flavonoid concentration is more desirable
due to its antioxidant potential. 

Polyphenol    content    in    honey   is   represented   by
the total phenolic content. This group of important
compounds contributes to the appearance and functional
properties  of  honey.  In  the   present   study,  phenolic
content  of  stingless  bee  honey   dissolved   in   distilled
water and methanol showed values ranging from
357.14±3.57 to 520.83±4.49 mg gallic acid kgG1, both of
which were much higher than that of A. mellifera  honey
(243.01±74.91 mg gallic acid  kgG1)7.  Significant difference 
was   observed   between   all  samples  (p<0.05)  (Table 3). The
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Table 4: Antioxidant analysis of stingless bee honey samples
Radical scavenging activity (%) Antioxidant activity (%) 
in 100 mg mLG1 (DPPH) in 100 mg mLG1 (ABTS) EC50 (mg mLG1)

H.I. Ayer Molek 78.51±2.37 93.98±1.15 51.08
G.T. Ayer Molek 52.33±0.07 48.90±0.29 101.88
H.I. Jasin 97.30±0.84 95.99±0.31 30.17
H.I. Peserai 88.53±0.07 96.40±0.08 37.85
H.I. Parit Botak 60.07±0.13 69.99±0.34 101.35
A.M. (Manuka) 83.74±0.27 87.13±0.31 29.70
H.I:  Heterotrigona   itama,  G.T:  Geniotrigona   thoracica,  A.M:  Apis   mellifera,  EC50,  half  maximal  effective   concentration,   DPPH: 1,1-Diphenyl-2-picrylhydrazyl,
ABTS: 2,2-Azinobis-(3-ethylbenzo-thiazoline-6-sulfonic acid). Data are expressed as the mean±standard deviation (SD). Mean values are significantly different (p<0.05)

Table 5: Correlation matrix between the results of employed assays for 5 stingless bee honey samples
Flavonoids Phenolic compounds DPPH ABTS Color

Flavonoids 1 0.3374/0.3845 0.3678 0.1833 0.9362
Phenolic compounds 0.3374/0.3845 1 0.3440 0.1279 0.2054
DPPH 0.3678 0.3440 1 0.8368 0.4400
ABTS 0.1831 0.1276 0.8368 1 0.2797
Color 0.9362 0.2054 0.4400 0.2797 1
H.I:  Heterotrigona itama, G.T: Geniotrigona thoracica, DPPH: 1,1-Diphenyl-2-picrylhydrazyl, ABTS: 2,2-Azinobis-(3-ethylbenzo-thiazoline-6-sulfonic acid). Data are
expressed as the mean±standard deviation (SD). Correlation between flavonoids and phenolic compounds r = 0.3374 (dissolved in distilled water), r = 0.3845 (dissolved
in methanol)

variation in total flavonoid and phenolic content of honey is
due to many factors, including the type of honey, floral
sources, geographical location, collection seasons, mode of
storage and harvesting technology and conditions11,34.  
Differences   in   the   phenolic   contents   of H.  itama  and G. 
thoracica  honey herein are most likely related to the different
sampling localities (i.e., Malacca and Johor). 

Antioxidant  activities:  Herein,  the  antioxidant  activity  of
H.  itama,  G.  thoracica  and A. mellifera honeys was
investigated using two different  antioxidant  assays: DPPH
free radical scavenging activity and ABTS radical cation
decolorization. The antioxidant activity of honey depends on
several factors, such as floral sources, botanical origins, season,
environment, processing method and the presence of the
pigments (i.e., flavonoids and phenolic compounds)16. Current
results showed that most of the honeys displayed high
antioxidant activity, with H. itama honey collected in Jasin
exhibiting the highest levels by DPPH assay (97.30±0.84%)
and H. itama honey collected in Peserai showing the highest
levels in the ABTS assay (96.40±0.08%). This high radical
scavenging activity was most likely due to the high phenolic
and flavonoid content, as the antioxidant potential of honey
has been reported to be directly proportional to the quantity
of these compounds present35. There was significant
difference  remarked between samples in both DPPH and
ABTS assays. Interestingly, manuka honey displayed higher
free radical scavenging activity (83.74±0.27%) in the current
study than in a previous report (81.53±0.25%)36. Moreover,
the  radical  scavenging  activity  of  all H. itama honey samples

measured herein was higher than that of other honeys
(56.78%)17. ABTS assay results for H. itama honey was also
higher  compared   to   polish  honey  and  Italian  honeys
(2.29-31.51 and 59.02±1.86%, respectively)33. The high
antioxidant activity of Malaysian stingless bee honey indicates
that it possesses potential health benefits (Table 4).

Correlation: The correlation matrix between physicochemical
and antioxidant activity is shown in Table 5. A strong positive
correlation was observed between the color intensity and total
flavonoid content of the stingless bee honey samples
(correlation coefficient r = 0.9362). These results are in
agreement with those reported by Yap and Abu Bakar18, who
showed a strong positive correlation between color intensity
and total flavonoid content (r = 0.884). The color intensity of
stingless bee honey usually increases with the increase in
flavonoids and phenolic compounds7. DPPH free radical
scavenging activity also showed a strong positive correlation
with ABTS radical cation decolorization (r = 0.924). Meanwhile,
low positive correlations were observed between the total
phenolic and flavonoid contents dissolved in distilled water
and methanol (r = 0.3374 and 0.3845), total flavonoid content
and DPPH free radical scavenging activity (r = 0.3678), total
flavonoid   content  and  ABTS  radical   cation  decolorization
(r = 0.1831), total phenolic content and DPPH free radical
scavenging activity (r = 0.3440) and total phenolic  content
and ABTS radical cation decolorization (r = 0.1276).
Moniruzzaman et al.37 also reported that phenolic and
flavonoid  content  positively   correlated   with   DPPH   values,
indicating   that   their   presence   mainly   contributed   to  the
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antioxidant activity of the honey. In contrast, Aralas et al.38

reported the antioxidant activities of the honey extracts (by
DPPH assay) were highly correlated with total phenolic
content and only moderately correlated with flavonoid
content. 

CONCLUSION

The results obtained from the current physicochemical
analysis of H. itama  and G. thoracica  honey were similar to
previous studies.  However,  Malaysian  stingless bee honey
has a much lower pH and higher moisture content  compared
to A.  mellifera  honey. The difference in  composition or
quality of this honey might be due to many factors such as
floral sources, botanical origin, environmental condition,
geographical and method of harvesting and processing. Other
parameters, such as ash, protein and total carbohydrate
contents were similar to that of A.  mellifera  honey and some
of mineral contents were higher than that of Colombian
stingless bee, while the flavonoid  and  phenolic contents
were higher, indicating high antioxidant properties. These
high antioxidant properties of both H.  itama  and G.  thoracica
honeys may be useful for nutraceutical and pharmaceutical
applications. Further research is needed to unlock and
understand the potential health benefits of the stingless bee
honey.
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nutraceutical.
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