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The quality of honey is strongly influenced by bee species and the types of plants 
used as nectar sources. This study aimed to evaluate and compare the quality of 
honey produced by Tetragonula clypearis and Apis cerana in North Lombok, 
Indonesia. Honey samples from T. clypearis were collected in Salut Village, 
Kayangan District, while samples from A. cerana were collected in Sukadana 
Village, Bayan District. The results revealed that honey from T. clypearis had 
significantly higher moisture content, ash, protein, total phenolics, minerals, 
and amino acids compared to honey from A. cerana. In contrast, the reducing 
sugar content was significantly higher in A. cerana honey. However, fat and 
flavonoid contents showed no significant differences between the two types 
of honey. Seventeen amino acids were identified in T. clypearis honey, while 
fourteen amino acids were identified in A. cerana honey. Based on the overall 
chemical composition, T. clypearis honey exhibited better quality compared to 
A. cerana honey.
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1. Introduction
  
Indonesia, an archipelagic nation with diverse 

geographic regions, supports unique ecosystems that 
shape meliponiculture practices, stingless bee species 
distribution, and the availability of floral resources. These 
environmental factors play a crucial role in determining 
the quality and chemical composition of honey produced 
by different bee species. In Indonesia, stingless bees 
commonly nest in bamboo, sugar palm stalks, tree 
trunks, wooden structures, and even underground. One 
notable species, Tetragonula clypearis, locally known 
as Klanceng in Java, typically nests in bamboo and is 
native to several regions of Indonesia (Agus et al. 2021; 
Agussalim et al. 2019a, 2020, 2023, 2024; Erwan et al. 

2020, 2023; Pratama et al. 2023; Rachmawati et al. 2022; 
Supeno et al. 2021, 2022).  Although honey from stingless 
bees or honeybees has been increasingly commercialized 
by Indonesian beekeepers, there is limited scientific 
information on its chemical composition, particularly 
for honey originating from different bee species and 
geographic areas, such as Salut and Sukadana in North 
Lombok, Indonesia.

Stingless bees, including T. clypearis, produce honey, 
bee pollen, bee bread, and propolis (Agus et al. 2021;  
Erwan et al. 2021; Dewi et al. 202; Sari et al. 2024). 
Honey is a natural sweetener product produced by the 
honeybees or stingless bees, which is made from the 
nectar of plant flowers, extrafloral nectar, or honeydew 
as a raw material (Da Silva et al. 2016; Thrasyvoulou 
et al. 2018). It primarily consists of sugars and other 
constituents, including proteins, enzymes, amino acids, 
vitamins, minerals, organic acids, carotenoids, and 
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Analytical Chemists (AOAC 2005). All analyses were 
performed in quadruplicate, and each analysis was 
performed in duplicate.

2.2. Mineral Contents 
Fresh honey samples were used in this study, and 

mineral content was analyzed by atomic absorption 
spectrometry (AAS) following the method described by 
Sabir et al. (2021). Briefly, 1 g of honey was lyophilized 
and incinerated in a muffle furnace at 460°C for 15 hours 
to obtain ash for total mineral determination (Ca, Cu, 
Fe, Mg, Mn, Na, K, Zn, P, and Al). The resulting ash 
was cooled and treated with 2.5 mL of HNO₃ 2N, then 
heated on a thermostatic hotplate to ensure complete 
mineralization. The sample was further heated in a 
muffle furnace at 460°C for 1 hour. The final ash residue 
was dissolved in 1 mL of 20% HCl (v/v) and diluted to a 
final volume of 10 mL with deionized water prior to AAS 
analysis. All analyses were performed in quadruplicate, 
and each analysis was performed in duplicate.

2.3. Total Phenolic Content  
The total phenolic content (TPC) of the honey 

samples was determined according to the method 
described by Agussalim et al. (2022) using the Folin-
Ciocalteu spectrophotometric assay. Briefly, 2 g of 
honey was transferred into a 10 mL test tube, followed 
by the addition of 0.5 mL of Folin-Ciocalteu reagent and 
7.5 mL of distilled water. The mixture was thoroughly 
vortexed and allowed to stand at room temperature (18-
25°C) for 10 minutes. Subsequently, 1.5 mL of 20% 
sodium carbonate solution was added, and the volume 
was adjusted to 10 mL with distilled water. The mixture 
was incubated, and absorbance was measured at 760 nm 
using a spectrophotometer. All analyses were performed 
in quadruplicate, and each analysis was performed in 
duplicate.

2.4. Total Flavonoid Content 
The total flavonoid content of the honey samples 

was determined using the spectrophotometric method 
described by Agussalim et al. (2022). Briefly, 0.10 g of 
honey was placed into a 10 mL test tube, followed by the 
addition of 0.3 mL of sodium citrate. After 5 minutes, 0.6 
mL of 10% aluminum chloride solution was added. The 
mixture was allowed to stand for about 5 minutes before 
adding 2 mL of 1 M sodium hydroxide. The volume 
was then brought up to 10 mL with distilled water, and 
the solution was thoroughly mixed. Absorbance was 

aromatic substances (Alqarni et al. 2014; Da Silva 
et al. 2016; Adgaba et al. 2017). The properties and 
chemical composition of honey, including its color, 
aroma, and flavor, are strongly influenced by the 
floral source of nectar, geographical origin, climate, 
and bee species. Additionally, post-harvest handling, 
such as environmental exposure, processing methods, 
packaging, and storage conditions, also affect honey 
quality (Chanchao 2013; Tornuk et al. 2013; Juan-Borrás 
et al. 2014; Da Silva et al. 2016; Escuredo et al. 2013, 
2014; Escuredo and Carmen Seijo 2019).

Several studies have investigated the physicochemical 
properties of T. laeviceps honey from various regions 
in Indonesia, including North Lombok, Magelang, 
Purworejo, Klaten, Gunungkidul, and Sleman. These 
studies have characterized parameters such as protein 
content (including at least 17 amino acids), minerals (Ca, 
Mg, Cu, Na, Fe, K, Mn, Al and Zn), vitamin C, various 
sugars (glucose, sucrose, fructose, and reducing sugars), 
phenolic and flavonoid content, antioxidant activity, and 
organic acids (Agus et al. 2019, 2021; Agussalim et al. 
2019a, 2019b, 2021, 2022, 2023; Sabir et al. 2021; 
Agussalim and Agus 2022). However, there remains 
a lack of data on the chemical composition of honey 
produced by T. clypearis in Salut Village, Kayangan 
District, and by Apis cerana in Sukadana Village, Bayan 
District, both in North Lombok, which remains limited. 
Therefore, the aim of this study was to evaluate and 
compare the chemical composition of honey from T. 
clypearis and A. cerana from North Lombok, Indonesia. 

2. Materials and Methods 

Honey samples from T. clypearis and A. cerana were 
collected from four colonies per species during the dry 
season. Honey of T. clypearis collected directly from a 
meliponiculture farm in Salut Village, Kayangan District, 
North Lombok. Additionally, honey of A. cerana was 
obtained from Sukadana Village, Bayan District, North 
Lombok. All honey samples were stored in sterile plastic 
bottles at 5°C until chemical composition analysis. 
Information on dominant plant types within the farming 
area as nectar sources for bee feed was obtained through 
interviews with beekeepers.

2.1. Proximate Analysis 
Proximate analysis, including analyses of moisture, 

protein, fat, and ash contents, was performed using 
methods described by the Association of Official 
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(p<0.05), but fat and flavonoid contents did not differ 
significantly (Table 1). The mineral contents, such as Cu, 
Fe, Ca, K, Na, Mn, Mg, and P (Table 2) of honey from T. 
clypearis were significantly higher compared to honey 
from A. cerana (p<0.01). The dominant minerals in both 
honey T. clypearis and A. cerana were K, followed by 
Mg, P, Ca, and Na (Table 2). 

The present study revealed that the amino acid content 
of T. clypearis honey was significantly higher than that 
of A. cerana honey (p<0.01, Table 3), due to a higher 
protein content in T. clypearis honey (Table 1), indicating 
a positive correlation. Based on the LC-MS analysis, 
we found 17 amino acids in T. clypearis honey and 14 
amino acids in A. cerana honey (Table 3). The dominant 
plant types serving as nectar sources differed between 
T. clypearis (banana, coconut, cashew, longan, mango, 
and cacao) and A. cerana (coconut, mango, cashew, and 
kapok) (Table 4). 

measured at 510 nm using a spectrophotometer. All 
analyses were performed in quadruplicate, and each 
analysis was performed in duplicate.

2.5. Reducing Sugar
The reducing sugar content of honey samples was 

determined using the Layne-Enyon method, as described 
by Agussalim et al. (2019a). Briefly, 2.6 g of honey was 
transferred into a 500 mL volumetric flask and diluted 
to volume. For the titration, 5 mL each of standardized 
Fehling’s solutions A and B were placed into a 250 mL 
Erlenmeyer flask, along with 7.0 mL of distilled water 
and 15.0 mL of the diluted honey solution. The mixture 
was heated to boiling, and 1.0 mL of 0.2% methylene 
blue solution was added as an internal indicator. Titration 
was performed by gradually adding the honey solution 
until the blue color disappeared, indicating the endpoint. 
All analyses were performed in quadruplicate, and each 
analysis was performed in duplicate.

2.6. Amino Acids
The amino acid content of honey was analyzed by 

liquid chromatography-mass spectrometry (LC-MS), 
following the method described by Agussalim et al. 
(2021) with minor modifications. Approximately 2 g of 
honey was transferred into a 50 mL Erlenmeyer flask, 
followed by the addition of 20 mL of 6 N HCl. The 
mixture was vortexed for 2 minutes and then hydrolyzed 
in an autoclave at 100°C for 12 hours. After hydrolysis, 
the solution was neutralized with 50 mL of 6 N NaOH, 
vortexed, and filtered through a 0.22 µM filter. Amino 
acid separation was performed using a Purospher® Star 
RP-8ec column (150 mm × 4.6 mm, 3 µM). The filtrate 
was subsequently diluted tenfold, and a 2 µL aliquot 
was injected into the LC-MS system for analysis. All 
analyses were performed in triplicate.

2.7. Data Analysis
The chemical composition data of honey were 

analyzed using an independent-samples t-test in IBM 
SPSS Statistics version 23. Data were presented as mean 
± standard error of the mean (SEM).

3. Results

The results revealed that the moisture, ash, protein, and 
phenolic contents of honey produced by T. clypearis were 
significantly higher than those of A. cerana (p<0.05, Table 
1). However, the reducing sugar content of T. clypearis 
honey was significantly lower than that of A. cerana 

Chemical 
composition (%)

Moisture
Ash
Fat
Protein
Reducing sugar
Flavonoid (w/w)
Phenolic (w/w)

T. clypearis 

31.75±0.39a

0.85±0.02a

0.75±0.08
1.71±0.09a

22.44±0.56b

0.13±0.01
1.08±0.02a

A. cerana

25.29±1.06b

0.68±0.02b

0.88±0.07
1.46±0.08b

45.77±5.04a

0.11±0.01
0.76±0.03b

P value

0.000
0.000
0.226
0.045
0.000
0.190
0.000

Table 1. Chemical composition of honey produced by T. clypearis 
and A. cerana

Values are presented as mean ± SEM (standard error of the mean). 
Superscripts with different letters in the same row indicate 
significant differences at p<0.01

Minerals content 
(mg/100 g)

Cu
Zn
Fe
Ca
K
Na
Mn
Mg
P
Al

T. clypearis 

1.96±0.13a

2.70±0.04b

5.43±0.24a

159.13±2.55a

5835.09±95.94a

97.48±0.38a

1.46±0.07a

365.69±3.55a

311.86±6.95a

Not detected

A. cerana

0.95±0.05b

2.84±0.09a
1.50±0.11b

121.95±4.10b

4180.25±165.97b

77.58±2.98b

0.73±0.10b

207.24±9.55b

249.73±21.36b

Not detected

P value

0.000
0.010
0.000
0.000
0.000
0.000
0.000
0.000
0.011

Table 2. Mineral content of honey produced by T. clypearis and A. 
cerana

Values are presented as mean ± SEM (standard error of the mean). 
Superscripts with different letters in the same row indicate 
significant differences at p<0.01. “Not detected” indicates 
concentrations below the method detection limit
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4. Discussion

Moisture is the second most abundant component in 
honey, after sugars, and is one of the key criteria of honey 
quality. It is a critical parameter influencing various 
physical properties of honey, including crystallization, 
flavor, color, and taste (Escuredo et al. 2013; Da Silva 
et al. 2016). Generally, honey from stingless bee species 
exhibits higher moisture content compared to that from 
honeybees (Apis genus). The high moisture content has 
a significant impact on the fermentation process and 
shelf life of honey when stored at room temperature; 
however, at 3-5°C, it can be maintained. This difference 
is partly attributed to the foraging behavior of stingless 
bees, which often collect nectar and other materials from 

ripe fruits with high moisture content (Guerrini et al. 
2009; Suntiparapop et al. 2012; Agussalim et al. 2021). 
Additionally, honeybees (Apis genus) have developed 
behavioral mechanisms to reduce honey moisture 
through active evaporation, a process that stingless bees 
are less capable of performing (Suntiparapop et al. 2012). 
The different moisture contents of honey in our study 
are influenced by the different plant types used as nectar 
sources (Table 4). 

Furthermore, the high temperatures combined with 
low humidity tend to produce nectar with lower moisture 
content and higher sugar concentration. In contrast, 
low temperatures with high humidity yield nectar with 
higher moisture content and lower sugar levels. These 
variations in nectar moisture are attributed to the sugar’s 
hygroscopic properties, which absorb more moisture 
from humid air than from dry air (Agussalim et al. 2021). 
The honey moisture in our study differs from previous 
reports (Biluca et al. 2016; Chuttong et al. 2016; Ranneh 
et al. 2018; Agussalim et al. 2019b, 2023; Agussalim and 
Agus 2022; Erwan and Agussalim 2022). 

The mineral content of honey is strongly influenced 
by the botanical origin of the nectar, with different plant 
species contributing distinct mineral profiles (Table 4). 
The K, Mg, P, Ca, and Na were the dominant minerals in 
both T. clypearis and A. cerana honeys (Table 2). These 
findings are consistent with those reported by Sabir et 
al. (2021), who observed that T. laeviceps honey from 
Lombok, Magelang, and Purworejo was dominated by 
the minerals K, Ca, Mg, and Na. The ash content has 
been positively correlated with the mineral content and 
is used to evaluate their content (Suntiparapop et al. 
2012; Da Silva et al. 2016; Sabir et al. 2021). The ash 
and mineral contents are influenced by environmental, 
geographical, and botanical factors (Suntiparapop et al. 
2012; Karabagias et al. 2014; Da Silva et al. 2016; Sabir 
et al. 2021). The type of plant and its flowers serving as 
the nectar source collected by worker bees significantly 
influences the ash and mineral content of honey (Sabir 
et al. 2021). 

Furthermore, the mineral content of honey can reflect 
environmental pollution, with certain heavy metals 
potentially originating from anthropogenic sources. 
Heavy metals such as Cd, Cr, Pb, and Ni are commonly 
used as indicators to assess environmental contamination 
(Bogdanov et al. 2007); however, these elements were 
not measured in the present study, which represents a 
limitation of this work. Additionally, honey mineral 
content is related to flavor and color, with darker color 
and stronger flavor indicating higher mineral content 

Amino acids 
(mg/kg)

Arginine
Histidine 
Lysine 
Phenylalanine 
Isoleucine 
Leucine 
Tyrosine 
Methionine 
Valine 
Proline 
Glutamic acid 
Aspartic acid 
Cysteine 
Threonine 
Serine 
Alanine 
Glycine 

T. clypearis 

983.76±28.96a

1,387.60±12.31a

1,135.48±23.93a

296.63±3.58a

271.53±4.11a

525.25±12.33a

74.28±2.61a

42.85±2.70a

380.00±5.72a

499.09±5.14a

1,722.64±28.43a

1,185.88±20.89a

12.35±0.76a

261.95±3.13a

517.71±5.97a

402.03±7.29a

304.76±6.79a

A. cerana

381.35±18.74b

259.05±10.53b

588.98±13.92b

230.88±6.83b

not detectedb

33.65±2.63b

12.38±0.64b

not detectedb

19.9±0.61b

248.95±5.10b

498.2±24.42b

330.8±14.66b

not detectedb

20.33±2.54b

169.75±8.34b

130.48±4.67b

169.73±7.45b

P value

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Table 3. Amino acids of honey produced by T. clypearis and A. 
cerana

Values are presented as mean ± SEM (standard error of the mean). 
Superscripts with different letters in the same row indicate 
significant differences at p<0.01. “Not detected” indicates 
concentrations below the method detection limit

Salut, T. clypearis
Banana (Musa paradisiaca)
Coconut (Cocos nucifera)
Cashew (Anacardium 

occidentale)
Longan (Dimocarpus longan)
Mango (Mangifera indica)
Cacao (Theobroma cacao)

Sukadana, A. cerana
Coconut (Cocos nucifera)
Mango (Mangifera indica)
Cashew (Anacardium 

occidentale)
Kapok (Ceiba pentandra)
-
-

Table 4. Dominant plant species serving as nectar sources for honey 
production by T. clypearis and A. cerana

(-) Indicate the absence of dominant nectar sources



(Escuredo et al. 2013; Karabagias et al. 2014; Sabir et 
al. 2021). It’s also found that honey from T. clypearis is 
darker than honey from A. cerana. The ash and mineral 
contents in our study differ from those reported in 
previous studies (Sabir et al. 2021; Bhatta and Naresh 
Kumar 2023; Muhammad and Sarbon 2023). 

The protein content of T. clypearis honey was higher 
than that of A. cerana honey, possibly because pollen 
pots (bee bread) are inadvertently collected during T. 
clypearis honey harvesting. In this species, pollen pots 
are situated near the honey pots and are often stacked 
above or below them. As a result, when the honey is 
harvested, it will be mixed with pollen, which will impact 
its protein content. By contrast, in A. cerana, honey is 
stored in the upper section of the comb and bee bread in 
the bottom section, a spatial arrangement that minimizes 
the co-harvesting of bee bread and consequently results 
in lower protein content in the honey. According to Da 
Silva et al. (2016), the protein content of honey varies 
across different honeybee and stingless bee species, 
largely influenced by the foraging distance of worker 
bees during nectar collection. 

Da Silva et al. (2016) explain that the protein content 
of A. cerana honey ranges from 0.1-3.3%, A. mellifera is 
0.2-1.6%, and in our study, it is 1.71% for T. clypearis and 
1.46% for A. cerana. The protein and amino acids present 
in honey originate from nectar and honeydew, including 
the fluids secreted by the pharynx and salivary gland of 
the bees (Sak-Bosnar and Sakač 2012; Escuredo et al. 
2013; Da Silva et al. 2016) however, the main source is 
pollen (Da Silva et al. 2016). The protein contains amino 
acids, and the relative proportions depend on forages 
such as nectar, honeydew, and pollen (Da Silva et al. 
2016). 

The amino acids in T. clypearis honey is similar with 
previously study by Agussalim et al. (2021) that the 
T. laeviceps is found 17 amino acids such as arginine, 
histidine, lysine, phenylalanine, isoleucine, leucine, 
tyrosine, methionine, valine, proline, glutamic acid, 
aspartic acid, cysteine, threonine, serine, alanine, and 
glycine; however, in A. cerana honey was not detected 
isoleucine, methionine, and cysteine (Table 3). Amino 
acids constitute about 1% (w/w) of honey, and their 
composition varies according to the botanical origin 
(Hermosín et al. 2003; Da Silva et al. 2016). Proline 
is a predominant amino acid, occurring in both honey 
and pollen (Iglesias et al. 2006; Da Silva et al. 2016). 
Proline, which predominantly originates from the salivary 
secretions of honeybees during nectar transformation 
into honey, typically constitutes approximately 50-85% 

of the total amino acid content in honey (Hermosín et 
al. 2003; Da Silva et al. 2016). However, in our study, 
glutamic acid was identified as the predominant amino 
acid due to its role as the primary component of bee 
pollen and its involvement in enzymatic processes during 
nectar conversion into honey. Additionally, glutamic acid 
content indicates honey maturity, and its concentration 
can change during storage. Proline is widely recognized 
as an indicator of honey maturation and, in some cases, 
as a marker for detecting honey adulteration with sugar, 
with a minimum threshold of 180 mg/kg (Hermosín et 
al. 2003; Da Silva et al. 2016). In our study, the proline 
content was 499.09 mg/kg in T. clypearis honey and 
248.95 mg/kg in A. cerana honey, indicating that both 
honeys were mature and pure. 

Additionally, honey also contains various amino 
acids, including glutamic acid, glutamine, aspartic 
acid, glycine, histidine, arginine, threonine, α-alanine, 
β-alanine, γ-aminobutyric acid, tyrosine, methionine, 
valine, leucine, cysteine, isoleucine, tryptophan, 
phenylalanine, lysine, serine, ornithine, alanine, and 
asparagine (Hermosín et al. 2003; Da Silva et al. 2016). 
The differences in protein and amino acid contents 
between T. clypearis and A. cerana honeys in our study 
are likely attributed to variations in the plant species 
serving as nectar and pollen sources for honey and bee 
bread production. The protein content and amino acids 
in our study differ from those previously studied for 
stingless bee honey (Agussalim et al. 2021), A. mellifera 
honey (Xue et al. 2025; Belay et al. 2017; Kowalski 
et al. 2017; Sun et al. 2017), A. andreniformis honey 
(Sommano et al. 2020), and A. cerana honey (Xue et 
al. 2025). 

Sugars in honey play important roles as an energy 
source and in determining its hygroscopicity, granulation, 
and viscosity. In A. mellifera honey, sugars are primarily 
composed of monosaccharides, which amount to 
approximately 75% of the total sugars, followed by 
disaccharides (10-15%) and minor quantities of other 
sugars (Kamal and Klein 2011; Da Silva et al. 2016). 
The reducing sugar content of honey produced by the 
stingless bee T. clypearis was significantly lower than 
that of honey from the A. cerana. In general, honey from 
honeybee species (Apis genus) contains higher sugar 
levels compared to honey from stingless bee species. 
The reducing sugar content of honey is influenced by 
several factors, including botanical origin (flower species 
as nectar sources), geographical origin (beekeeping or 
meliponiculture regions), climate, processing methods, 
and storage conditions (Tornuk et al. 2013; Escuredo et 
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al. 2014; Da Silva et al. 2016; Agussalim et al. 2019a; 
Agus et al. 2021). 

All the honey in our study was fresh, so the plant 
types in each region influenced the reducing sugar 
content. We hypothesize that the different flowers 
affect the chemical composition of nectar; therefore, 
the chemical composition of honey will influence its 
reducing sugar content. However, this mechanism needs 
to be confirmed through further study. Furthermore, the 
relatively larger body size of A. cerana enables these 
bees to forage over greater distances and collect larger 
quantities of nectar from diverse floral sources, which 
may contribute to the higher reducing sugar content in 
their honey. Additionally, the high moisture content leads 
to sugar breakdown through fermentation into alcohol 
or to conversion to hydroxymethylfurfural (HMF) (Da 
Silva et al. 2016). Honey reducing sugar in our study 
for T. clypearis honey was 22.44%, and for A. cerana 
honey, 45.77%. The reducing sugar of honey in our 
study differs from that previously studied (Biluca et al. 
2016; Nordin et al. 2018; Agussalim et al. 2019a; Agus 
et al. 2021; Villacrés-Granda et al. 2021; Erwan and 
Agussalim 2022). The reducing sugar content observed 
in this study did not comply with the Indonesian national 
standard and Codex Alimentarius for honey quality 
standards; however, such low reducing sugar levels 
may be advantageous for functional food applications, 
particularly for dietary management in diabetes mellitus, 
as suggested by our previous findings (Agussalim et al. 
2024).

The higher phenolic content in T. clypearis honey 
is likely attributable to its storage in pots made from 
propolis, which contributes additional phenolic 
compounds. Furthermore, the different plant types used 
as nectar sources for honey production contribute to the 
phenolic content (Table 4) (Da Silva et al. 2016; Gül 
and Pehlivan 2018; Agus et al. 2019b; Agussalim et 
al. 2022). Plants produce a wide range of polyphenolic 
derivatives exhibiting substantial structural diversity 
and complexity. During nectar foraging, honeybees and 
stingless bees transfer these bioactive compounds from 
floral sources into honey, thereby enriching its functional 
properties (Da Silva et al. 2016). 

Flavonoids are classified into several subclasses, 
including flavanols, flavones, anthocyanins, flavanones, 
isoflavones, and chalcones (Da Silva et al. 2016). The 
flavonoid and phenolic compounds identified in honey 
include vanillic acid, quercetin, caffeic acid, ferulic acid, 
syringic acid, kaempferol, myricetin, pinobanksin, gallic 
acid, p-coumaric acid, pinocembrin, galangin, ellagic 

acid, 3- and 4-hydroxybenzoic acids, chlorogenic acid, 
benzoic acid, and rosmarinic acid (Trautvetter et al. 2009; 
Alvarez-Suarez et al. 2012; Da Silva et al. 2016). The 
flavonoids and phenolics of honey in our study differ 
from those previously studied (Biluca et al. 2016; Gül 
and Pehlivan 2018; Ranneh et al. 2018; Agus et al. 2019; 
da S. Sant’ana et al. 2020; Agussalim et al. 2022; Mokaya 
et al. 2022). 

Thus, honeys produced by A. cerana and T. clypearis 
were not acceptable according to the Indonesian National 
Standard (Badan Standardisasi Nasional 2024) or 
international standards regulated by Codex Alimentarius 
(Thrasyvoulou et al. 2018) in terms of moisture, ash, 
and reducing sugar contents. These deviations are 
likely attributable to differences in harvest maturity, 
soil nutrient availability, and the sugar composition of 
floral nectar, respectively. It can be concluded that the 
species of bees, floral sources, and geographical origins 
significantly contribute to honey quality. Based on 
proline content, honeys of T. clypearis and A. cerana used 
in this study were mature and unadulterated. Overall, 
T. clypearis honey exhibited higher concentrations of 
several bioactive compounds and essential minerals; 
however, some physicochemical parameters did not 
meet current honey quality standards.

Acknowledgements 

The authors would like to thank the Directorate 
of Research Universitas Gadjah Mada, Indonesia, for 
funding through the Doctoral Competency Improvement 
Program 2025 (contract number: 4455/UN1.P2/Dit-Lit/
PT.01.03/2025). 

References

Adgaba, N., Al-Ghamdi, A., Tadesse, Y., Getachew, A., Awad, 
A.M., Ansari, M.J., Owayss, A.A., Mohammed, S.E.A., 
Alqarni, A.S., 2017. Nectar secretion dynamics and 
honey production potentials of some major honey plants 
in Saudi Arabia. Saudi J Biol Sci. 24, 180-191. https://doi.
org/10.1016/j.sjbs.2016.05.002

Agus, A., Agussalim., Nurliyani., Umami, N., Budisatria, I.G.S., 
2019. Evaluation of antioxidant activity, phenolic, flavonoid 
and Vitamin C content of several honeys produced by the 
Indonesian stingless bee: Tetragonula laeviceps. Livest Res 
Rural Dev. 31, 152.

Agus, A., Agussalim., Sahlan, M., Sabir, A., 2021. Honey 
sugars profile of stingless bee Tetragonula laeviceps 
(Hymenoptera: Meliponinae). Biodiversitas. 22, 5205-
5210. https://doi.org/10.13057/biodiv/d221159

HAYATI J Biosci                                                                                                                                          
Vol. 33 No. 3, May 2026 821



Agussalim., Agus, A., Nurliyani., Umami, N., 2019a. The sugar 
content profile of honey produced by the Indonesian 
stingless bee, Tetragonula laeviceps, from different regions. 
Livest Res Rural Dev. 31, 91.

Agussalim., Agus, A., Nurliyani., Umami, N., Budisatria, I.G.S., 
2019b. Physicochemical properties of honey produced by 
the Indonesian stingless bee: Tetragonula laeviceps. IOP 
Conf Ser: Earth Environ Sci. 387, 012084. https://doi.
org/10.1088/1755-1315/387/1/012084

Agussalim., Nurliyani., Umami, N., Agus, A., 2020. The honey 
and propolis production from Indonesian stingless bee: 
Tetragonula laeviceps. Livest Res Rural Dev. 32, 121.

Agussalim., Umami, N., Nurliyani., Agus, A., 2021. The 
physicochemical composition of honey from Indonesian 
stingless bee (Tetragonula laeviceps). Biodiversitas. 22, 
3257-3263. https://doi.org/10.13057/biodiv/d220820

Agussalim., Agus, A., 2022. Production of honey, pot-pollen 
and propolis production from Indonesian stingless bee 
Tetragonula laeviceps and the physicochemical properties 
of honey: A review. Livest Res Rural Dev. 34, 66

Agussalim., Umami, N., Nurliyani, Agus, A., 2022. Stingless bee 
honey (Tetragonula laeviceps): Chemical composition 
and their potential roles as an immunomodulator in 
malnourished rats. Saudi J Biol Sci. 29, 103404. https://doi.
org/10.1016/j.sjbs.2022.103404

Agussalim., Sabir, A., Sahlan, M., Agus, A., 2023. Evaluation 
of stingless bee honey quality (Tetragonula laeviceps) 
based on their physicochemical from different origins. 
Biodiversitas. 24, 2134-2142. https://doi.org/10.13057/
biodiv/d240424

Agussalim., Umami, N., Nurliyani., Wan Ismail, W.I., Masyithoh, 
D., Ustadi, Agus, A., 2024. Klanceng honey (Tetragonula 
laeviceps): Its effect on fasting blood glucose, lipid and 
hematological profiles, and pancreatic histopathology of 
diabetic rats. Commun Sci Technol. 9, 331-342. https://doi.
org/10.21924/cst.9.2.2024.1503

Alqarni, A.S., Owayss, A.A., Mahmoud, A.A., Hannan, M.A., 
2014. Mineral content and physical properties of local and 
imported honeys in Saudi Arabia. J Saudi Chem Soc. 18, 
618-625. https://doi.org/10.1016/j.jscs.2012.11.009

Alvarez-Suarez, J.M., Giampieri, F., González-Paramás, A.M., 
Damiani, E., Astolfi, P., Martinez-Sanchez, G., Bompadre, 
S., Quiles, J.L., Santos-Buelga, C., Battino, M., 2012. 
Phenolics from monofloral honeys protect human 
erythrocyte membranes against oxidative damage. Food 
Chem Toxicol. 50, 1508-1516. https://doi.org/10.1016/j.
fct.2012.01.042

AOAC., 2005. Official Method of Association of Official Analytical 
Chemist. 18th Edition. Association of Official Analytical 
Chemist. Benjamin Franklin Station, Washington D.C.

[BSN] Badan Standardisasi Nasional. 2024. Standar Nasional 
Indonesia Madu. Badan Standardisasi Nasional, Jakarta.

Belay, A., Haki, G.D., Birringer, M., Borck, H., Lee, Y.C., Kim, 
K.T., Baye, K., Melaku, S., 2017. Enzyme activity, 
amino acid profiles and hydroxymethylfurfural content in 
Ethiopian monofloral honey. J Food Sci Technol. 54, 2769-
2778. https://doi.org/10.1007/s13197-017-2713-6

Bhatta, V.R., Naresh Kumar, A., 2023. Physiochemical parameters 
of Apis cerana indica honey as an indicator of bee nutritional 
status in an anthropogenically managed urban habitat. Int 
J Trop Insect Sci. 43, 225-235. https://doi.org/10.1007/
s42690-022-00910-7

Biluca, F.C., Braghini, F., Gonzaga, L.V., Costa, A.C.O., Fett, R., 
2016. Physicochemical profiles, minerals and bioactive 
compounds of stingless bee honey (Meliponinae). J 
Food Compos Anal. 50, 61-69. https://doi.org/10.1016/j.
jfca.2016.05.007

Bogdanov, S., Haldimann, M., Luginbühl, W., Gallmann, P., 2007. 
Minerals in honey: Environmental, geographical and 
botanical aspects. J Apic Res. 46, 269-275. https://doi.org
/10.1080/00218839.2007.11101407

Chanchao, C., 2013. Bioactivity of honey and propolis of 
Tetragonula laeviceps in Thailand, in: Vit, P., Pedro, S., 
Roubik, D. (Eds.). Pot-Honey: A Legacy of Stingless Bees. 
Springer, New York, pp. 495-505.

Chuttong, B., Chanbang, Y., Sringarm, K., Burgett, M., 2016. 
Physicochemical profiles of stingless bee (Apidae: 
Meliponini) honey from South East Asia (Thailand). 
Food Chem. 192, 149-155. https://doi.org/10.1016/j.
foodchem.2015.06.089

da S. Sant’ana, R., de Carvalho, C.A.L., Oda-Souza, M., de A. 
Souza, B., de S. Dias, F., 2020. Characterization of honey 
of stingless bees from the Brazilian semi-arid region. 
Food Chem. 327, 127041. https://doi.org/10.1016/j.
foodchem.2020.127041

Da Silva, P.M., Gauche, C., Gonzaga, L.V., Costa, A.C.O., Fett, 
R., 2016. Honey: Chemical composition, stability and 
authenticity. Food Chem. 196, 309-323. https://doi.
org/10.1016/j.foodchem.2015.09.051

Dewi, L.K., Sahlan, M., Pratami, D.K., Agus, A., Agussalim., 
Sabir, A., 2021. Identifying propolis compounds potential 
to be covid-19 therapies by targeting SARS-CoV-2 main 
protease. Int J Appl Pharm. 13, 103-110. https://doi.
org/10.22159/ijap.2021.v13s2.20

Erwan., Astuti, M., Syamsuhaidi., Muhsinin, M., Agussalim., 2020. 
The effect of different beehives on the activity of foragers, 
honey pots number and honey production from stingless 
bee Tetragonula sp. Livest Res Rural Dev. 32, 158.

Erwan., Suhardin., Syamsuhaidi., Purnamasari, D.K., Muhsinin, 
M., Agussalim., 2021. Propolis mixture production and 
foragers daily activity of stingless bee Tetragonula sp. in 
bamboo and box hives. Livest Res Rural Dev. 33, 82.

Erwan., Agussalim., 2022. Honey quality from the bee Apis cerana, 
honey potency produced by coconut and sugar palm saps. 
Biodiversitas. 23, 5854-5861. https://doi.org/10.13057/
biodiv/d231139

Erwan., Habiburrohman., Wiryawan, I.K.G., Muhsinin, M., 
Supeno, B., Agussalim., 2023. Comparison of productivity 
from three stingless bees: Tetragonula sapiens, T. clypearis 
and T. biroi managed under same feed sources for 
meliponiculture. Biodiversitas. 24, 2988-2994. https://doi.
org/10.13057/biodiv/d240553

822	                                                                                                                                                Agussalim et al.



Escuredo, O., Míguez, M., Fernández-González, M., Seijo, M.C., 
2013. Nutritional value and antioxidant activity of honeys 
produced in a European Atlantic area. Food Chem. 138, 
851-856. https://doi.org/10.1016/j.foodchem.2012.11.015

Escuredo, O., Dobre, I., Fernández-González, M., Seijo, M.C., 
2014. Contribution of botanical origin and sugar 
composition of honeys on the crystallization phenomenon. 
Food Chem. 149, 84-90. https://doi.org/10.1016/j.
foodchem.2013.10.097

Escuredo, O., Carmen Seijo, M., 2019. Honey: Chemical 
composition, stability and authenticity. Foods. 8, 577. 
https://doi.org/10.3390/foods8110577

Guerrini, A., Bruni, R., Maietti, S., Poli, F., Rossi, D., Paganetto, 
G., Muzzoli, M., Scalvenzi, L., Sacchetti, G., 2009. 
Ecuadorian stingless bee (Meliponinae) honey: A chemical 
and functional profile of an ancient health product. 
Food Chem. 114, 1413-1420. https://doi.org/10.1016/j.
foodchem.2008.11.023

Gül, A., Pehlivan, T., 2018. Antioxidant activities of some 
monofloral honey types produced across Turkey. Saudi 
J Biol Sci. 25, 1056-1065. https://doi.org/10.1016/j.
sjbs.2018.02.011

Hermosín, I., Chicón, R.M., Cabezudo, M.D., 2003. Free amino acid 
composition and botanical origin of honey. Food Chem. 83, 
263-268. https://doi.org/10.1016/S0308-8146(03)00089-X

Iglesias, M.T., Martín-Álvarez, P.J., Polo, M.C., De Lorenzo, 
C., González, M., Pueyo, E., 2006. Changes in the free 
amino acid contents of honeys during storage at ambient 
temperature. J Agric Food Chem. 54, 9099-9104. https://
doi.org/10.1021/jf061712x

Juan-Borrás, M., Domenech, E., Hellebrandova, M., Escriche, I., 
2014. Effect of country origin on physicochemical, sugar 
and volatile composition of acacia, sunflower and tilia 
honeys. Food Res Int. 60, 86-94. https://doi.org/10.1016/j.
foodres.2013.11.045

Kamal, M.A., Klein, P., 2011. Determination of sugars in honey by 
liquid chromatography. Saudi J Biol Sci. 18, 17-21. https://
doi.org/10.1016/j.sjbs.2010.09.003

Karabagias, I.K., Badeka, A., Kontakos, S., Karabournioti, 
S., Kontominas, M.G., 2014. Characterisation and 
classification of Greek pine honeys according to their 
geographical origin based on volatiles, physicochemical 
parameters and chemometrics. Food Chem. 146, 548-557. 
https://doi.org/10.1016/j.foodchem.2013.09.105

Kowalski, S., Kopuncová, M., Ciesarová, Z., Kukurová, K., 2017. 
Free amino acids profile of Polish and Slovak honeys based 
on LC–MS/MS method without the prior derivatisation. J 
Food Sci Technol. 54, 3716-3723. https://doi.org/10.1007/
s13197-017-2838-7

Mokaya, H.O., Nkoba, K., Ndunda, R.M., Vereecken, N.J., 2022. 
Characterization of honeys produced by sympatric species 
of Afrotropical stingless bees (Hymenoptera, Meliponini). 
Food Chem. 366, 130597. https://doi.org/https://doi.
org/10.1016/j.foodchem.2021.130597

Muhammad, N.I.I., Sarbon, N.M., 2023. Physicochemical profile, 
antioxidant activity and mineral contents of honey from 
stingless bee and honey bee species. J Apic Res. 62, 394-
401. https://doi.org/10.1080/00218839.2021.1896214

Nordin, A., Sainik, N.Q.A.V., Chowdhury, S.R., Saim, A. Bin, Idrus, 
R.B.H., 2018. Physicochemical properties of stingless bee 
honey from around the globe: A comprehensive review. J 
Food Compos Anal. 73, 91-102. https://doi.org/10.1016/j.
jfca.2018.06.002

Pratama, M.N., Agus, A., Umami, N., Agussalim, Purwanto, 
H., 2023. Morphometric and molecular identification, 
domestication, and potentials of stingless bees (Apidae: 
Meliponini) in Mount Halimun Salak National Park, West 
Java, Indonesia. Biodiversitas. 24, 6107-6118. https://doi.
org/10.13057/biodiv/d241132

Rachmawati, R.D., Agus, A., Umami, N., Agussalim., Purwanto, 
H., 2022. Diversity, distribution, and nest characteristics 
of stingless bees (Hymenoptera: Meliponini) in Baluran 
National Park, East Java, Indonesia. Biodiversitas. 23, 
3890-3901. https://doi.org/10.13057/biodiv/d230805

Ranneh, Y., Ali, F., Zarei, M., Akim, A.M., Hamid, H.A., Khazaai, 
H., 2018. Malaysian stingless bee and Tualang honeys: A 
comparative characterization of total antioxidant capacity 
and phenolic profile using liquid chromatography-mass 
spectrometry. LWT - Food Sci Technol. 89, 1-9. https://doi.
org/10.1016/j.lwt.2017.10.020

Sabir, A., Agus, A., Sahlan, M., Agussalim., 2021. The minerals 
content of honey from stingless bee Tetragonula laeviceps 
from different regions in Indonesia. Livest Res Rural Dev. 
33, 22.

Sari, E., Wardhani, D.A.S., Agustina, V., Agussalim., Hakim, 
L., Wulandari, R., Wibowo, N.A., Chua, L.S., 2024. 
Identification of bioactive compounds and encapsulation of 
bee bread from Heterotrigona itama using a spray dryer 
with its antioxidant activity. Biodiversitas. 25, 2857-2865. 
https://doi.org/10.13057/biodiv/d250707

Sak-Bosnar, M., Sakač, N., 2012. Direct potentiometric 
determination of diastase activity in honey.  Food Chem. 135, 
827-831. https://doi.org/10.1016/j.foodchem.2012.05.006

Sommano, S.R., Bhat, F.M., Wongkeaw, M., Sriwichai, T., Sunanta, 
P., Chuttong, B., Burgett, M., 2020. Amino acid profiling 
and chemometric relations of black dwarf honey and bee 
pollen. Front Nutr. 7, 558579. https://doi.org/10.3389/
fnut.2020.558579

Sun, Z., Zhao, L., Cheng, N., Xue, X., Wu, L., Zheng, J., Cao, W., 
2017. Identification of botanical origin of Chinese unifloral 
honeys by free amino acid profiles and chemometric 
methods. J Pharm Anal. 7, 317-323. https://doi.
org/10.1016/j.jpha.2017.06.009

Suntiparapop, K., Prapaipong, P., Chantawannakul, P., 2012. 
Chemical and biological properties of honey from Thai 
stingless bee (Tetragonula leaviceps). J Apic Res. 51, 45-
52. https://doi.org/10.3896/IBRA.1.51.1.06

HAYATI J Biosci                                                                                                                                          
Vol. 33 No. 3, May 2026 823



Supeno, B., Erwan., Agussalim., 2021. Enhances production of 
coffee (Coffea robusta): The role of pollinator, forages 
potency, and honey production from Tetragonula sp. 
(Meliponinae) in central Lombok, Indonesia. Biodiversitas. 
22, 4687-4693. https://doi.org/10.13057/biodiv/d221062

Supeno, B., Erwan, Agussalim, 2022. The production of honey and 
pot-pollen from stingless bee Tetragonula clypearis and 
their contribution to increase the farmers income in West 
Lombok, Indonesia. Livest Res Rural Dev. 34, 42.

Thrasyvoulou, A., Tananaki, C., Goras, G., Karazafiris, E., Dimou, 
M., Liolios, V., Kanelis, D., Gounari, S., 2018. Legislation 
of honey criteria and standards. J Apic Res. 57, 88-96. 
https://doi.org/10.1080/00218839.2017.1411181

Tornuk, F., Karaman, S., Ozturk, I., Toker, O.S., Tastemur, 
B., Sagdic, O., Dogan, M., Kayacier, A., 2013. 
Quality characterization of artisanal and retail Turkish 
blossom honeys: Determination of physicochemical, 
microbiological, bioactive properties and aroma profile. 
Ind Crops Prod. 46, 124-131. https://doi.org/10.1016/j.
indcrop.2012.12.042

Trautvetter, S., Koelling-Speer, I., Speer, K., 2009. Confirmation 
of phenolic acids and flavonoids in honeys by UPLC-
MS. Apidologie. 40, 140-150. https://doi.org/10.1051/
apido/2008072

Villacrés-Granda, I., Coello, D., Proaño, A., Ballesteros, I., Roubik, 
D.W., Jijón, G., Granda-Albuja, G., Granda-Albuja, 
S., Abreu-Naranjo, R., Maza, F., Tejera, E., González-
Paramás, A.M., Bullón, P., Alvarez-Suarez, J.M., 2021. 
Honey quality parameters, chemical composition and 
antimicrobial activity in twelve Ecuadorian stingless bees 
(Apidae: Apinae: Meliponini) tested against multiresistant 
human pathogens. LWT - Food Sci Technol. 140, 110737. 
https://doi.org/10.1016/j.lwt.2020.110737

Xue, S.J., Zhao, F.Y., Huang, X., Li, P.P., Sun, G.G., Zhang, J.Y., 
2025. Characterization of biological properties, bioactive 
components, and volatile compounds in monofloral honey 
produced by sympatric Apis cerana and Apis mellifera 
from Vitex agnus-castus. Food Biosci. 71, 107294. https://
doi.org/10.1016/j.fbio.2025.107294

824	                                                                                                                                                Agussalim et al.


