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Abstract
	 Stingless bee is honey is widely consumed because it has high pharmacological properties. In addition, 

stingless bee honey also has color. It has a unique smell and taste as well. This depends on the ecosystem and 

species in the area where bees live. Thailand is a tropical country with a high abundance and diversity of plant life. 

But, studies on the composition of compounds substance in stingless bee honey are relatively few. Therefore, this 

research focused on the detection of the effective substances of the stingless bee honey in Narathiwat Province. 

From the study on the effective compound substances in 3 species of stingless bee honey composed of H. itama, 

H. bakari and T. laeviceps, using the liquid chromatograph quadrupole time-of-flight mass spectrometer (LC-QTOF 

MS) technique, the effective substances were examined negatively and positive ion modes found that the sting-

less bee honey contained of flavonoids, phenolic compounds, terpenes, di-amino acids and tripeptides and also 

other types of organic acids. The most effective substances found in T. laeviceps, H.itama, and H. bakari stingless 

bee honey were 191, 79, and 70 types, respectively. All of the substances found were both new substances that 

had never been reported before and substances that had been previously reported. For the amount of honey, it 

was found that the H. bakari species gave the highest amount and T. laeviceps honey has the highest percentage 

of sweetness. Storing honey at the room temperature increased acidity in all varieties. This research showed that 

the ecosystem and stingless bee species affect the chemical properties of honey including fermentation and the 

increasing of pH of the honey.
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Introduction
	 Stingless bee is a Eusocial insect that does 

not have a stinger and lives in the tropics and found 

in southern and central America, Africa, and southwest 

Asia. and Australia which is classified in the order of Hy-

menoptera, family Apidae and subfamily Meliponinae. 

Only 6 genera around the world. Currently, more than 

600 species of hymenoptera are found in worldwide 

(Michener, 2000: Avila et al., 2018). Recently, nucleotide 

sequences have been used for classification along with 

morphological characteristics. This will provide more 

detailed and accurate information. It can also be used 

to classify complex characteristics that are morpholog-

ically difficult to distinguish. The cytochrome c oxidase 

1 (CO1) gene is mostly used for classification (Ndungu 

et al., 2017; Francoso et al., 2019). Besides, being useful 

in pollination, stingless bees also have other products 

such as royal jelly, propolis, flower pollen and honey. 

Honey is a product that has been widely consumed 

since ancient times. It is a natural product that is rich 

in various biologically active substances and has unique 

properties. Most of the compounded substances in 

stingless bee honey are in the group of phenolic com-

pounds, flavonoids and terpenes include phenolic acids, 

Mandelic acid, Cinnamic acid, Sinapic acid, Abscisic acid 

(trans,trans-Abscisic acid, cis,trans-Abscisic acid), Conifer-

ic acid, Trans -ferulic acid, p‐Coumaric acid, Caffeic acid, 

Chlorogenic acid, Rosmarinic acid, Ellagic acid (Phenolic 

compound), Carnosol (Phenolic diterpene) Flavonoid 

compounds include Hispidulin, Aromadendrin, Myrice-

tin, Chrysin, Eriodictyol, Catechol, Luteolin, Naringenin, 

Quercetin, Apigenin, Quercetin, Catechin, Taxifolin, Kae-

mpferol, Isoquercitrin, Hesperetin, flavanon-glycoside, 

Galangin, Pinocembrin, Hesperitin, Isoquercetrin Other 

phenolic compounds include Vanillin, Umbelliferone, 

Syringaldehyde, 3,4-Dihydroxybenzoic acid, Sinapalde-

hyde, 4-Hydroxybenzoic acid or called p-hydroxybenzo-

ic acid (PHBA) (Pasupuleti et al., 2017; Al-Hatamleh et al. 

al., 2020) contains the sugars maltose, glucose, fructose 

and trehalulose (Fletcher et al., 2020). There are also 

proteins and enzymes involved in the detoxification 

process, such as superoxide dismutase (SOD), catalase 

(CAT) and reduce glutathione (GSH) (Rao et al., 2016).

However, the composition of the effective substances 

in stingless bee honey is different, depending on the 

ecosystem in which stingless bee lives, differences in 

plant types, climate and geography also affects the 

physical and chemical properties of honey. This makes 

the properties of stingless bee honey in each area have 

the unique properties. In addition, the area has abun-

dant of biodiversity, this makes honey have a greater 

variety of biologically active substances with unique 

properties. From many studies that tested the prop-

erties of honey that have been published in scientific 

journals around the world, it was found that honey has 

anti-microbial properties, antioxidants, anti-inflammato-

ry, anti-tumor, anti-cancer, and reduces the fat in blood 

vessel. And has properties in heart disease protection, 

eye treatment, digestive diseases, abnormal nervous 

system, reproductive system protection and used to 

heal wounds treatment, etc. The aims of this research 

was to analyze the chemical composition of 3 types of 

stingless bee honey by using molecular techniques to 

confirm the type of honey from the stingless bee using 

the nucleotide sequence of the CO1 gene and examine 

the amount of the sweetness and pH of stingless bee 

honey in Narathiwat Province.

Materials and Methods
	 1. Collecting samples of honey and 5 bees 

each from stingless bee farms of 3 species: Heterotrigo-

na itama, Heterotrigona bakari and Tetragonula laevi-

ceps, and 1 kg each of honey species.

	 2. Study of preliminary morphological char-

acteristics of stingless bee 

	 Samples of stingless bees were anesthetized by 

freezing in a freezer -20 o C for 5 minutes and then cut 

into different sections to study the front wings (fore-

wing), antennae (antennae), teeth (mandible) and the 

third pair of legs (hind legs) using a stereo camera Olym-

pus brand and camera (Moticcam) size 2.20 PM and re-

cord the images.
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	 3. Polymerase chain reaction (PCR) using the 

CO1 gene of stingless bee

	 3.1 DNA extraction

	 The whole stingless bee has been grinded 

thoroughly in digestion buffer, volume 350 microliters, 

added proteinase K (concentration 20mg/ml) 20 micro-

liters, grind together, incubate at 55ºC for 24 hours, then 

added 6M NaCl
2
, volume 300 microliters, mix well and 

then centrifuge at a speed of 14,000 rpm for 10 min-

utes. Then aspirate 1.5 ml of the clear portion into a 

tube, added 100% ethanol twice the amount of the 

clear portion and turn the tube over and refrigerate at 

-20°C overnight, then centrifuge at the speed of 14,000 

rpm for 15 minutes. Then pour out all the solution and 

collect the DNA precipitate at the bottom of the tube 

and wash the resulting DNA precipitate with 500 microli-

ters of 70% ethanol. And then, centrifuged at 8,500 rpm 

for 5 minutes (repeat twice). The solution was discarded 

and the DNA precipitate was dried. Dissolved the pre-

cipitate with 50 microliters of TE buffer. The resulting 

DNA was tested for concentration and purity by using 

a Nanodrop (Microvolume Spectrophotometer/Nan-

odrop: Thermo Scientific) and 1% agarose gel, images 

were captured under UV light (Gel Doc, BioRad), and the 

extracted DNA was stored at -20°C.

	 3.2 Testing the optimum conditions of the ge-

netic amplification reaction for the CO1 gene in stingless 

bees.

	 3.2.1 Testing the efficiency of the primers and 

optimum conditions of the gene amplification re-

action. 

	 The primers used were designed using the nu-

cleotide sequences of the CO1 gene from three 

species of stingless bees, namely H. Itama, Geni-

otrigona thoracica and Lepidotrigona terminata.

	 (1) Selection of appropriate primer 

pairs for genetic material amplification re-

actions. Using a total of 5 primers, con-

sisting of 2 forward primers and 3 reward 

primers, the reaction consists of 10X Taq 

DNA polymerase buffer, quantity 1.25 

microliters, 50 MgCl
2
 quantity 0.25 mi-

croliters, dNTPs mix volume 0.25 μl, 10 

pmol forward primer (SBCO1_F1; 5’ TTC-

CAAATTCAGGAACTGG 3’ ; SBCO1_F2; 5’ 

ATGAACTGTGTATCCTCCTC 3’) volume 0.25 

μl, 10 pmol reward primer (SBCO1_R1_2; 

5’ CCTCCAATTGTAAATATTAA 3’ ; SBCO1_

R3 ; 5’ GCAATAATTGAAAATACAGC 3’ ; 

SBCO1_R4; 5’ AGCATAATTCCCGTTAGTCC 

3’) volume 0.25 microliters, DNA Template 

(concentration 50 ng/microliter) 0.25 mi-

croliters, DNA polymerase amount 0.125 

microliters and adjust the amount with 

distilled water to reach 12.5 microliters. 

Then the reaction was put into a gradient 

amplification reaction machine (Biorad) for 

41 cycles under the following conditions: 

Preheat 95ºC for 3 minutes, Denature for 

95ºC 30 seconds, Annealing according to 

the gradient program as follows: H : 50 ; G 

: 50.7; F : 51.9; E : 53.8; D : 56.1; C : 58; B : 

59.2 and A : 60ºC for 30 seconds respec-

tively, Extension 68ºC for 60 seconds and 

Final extension for 68ºC 10 minutes, then 

the obtained PCR product was checked 

for DNA size using a 1% agarose gel and 

recorded under UV light (Gel Doc, BioRad).

	 (2) Magnesium chloride suitability test 

by using the primer pairs SBCO1_F1 and 

SBCO1_R3, the genetic amplification re-

action was the same as in (1), except 50 

MgCl
2
 was used in volumes of 0, 0.25, 0.75, 

and 1 μL, respectively. The temperature in 

the Annealing step was used according to 

the primer pair test results in the topic (1)

	 3.3 Increasing the amount of the genetic mate-

rial of the CO1 gene 

	 Gene amplification reactions were used as in 

(1), except the primers 1, SBCO1_F1 and SBCO1_R3, 

were used to amplify in samples of H. itama and H. 

bakari. Primers 2, SBCO1_F2 and SBCO1_R3, were used 

to amplify in samples of T. Laeviceps. DNA Template by 

Annealing steps 51ºC (TB2 and BP1) and 48ºC (T. Laevi-

ceps). Then the PCR product was purified using Favor-

PrepTM GEL/PCR Purifcation Mini Kit, Favorgen Biotech 
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Corp. and subjected to sequencing. Kleotide at ATGC 

Company Limited, Thailand Science Park Khlong Luang 

District Pathum Thani Province.

	 3.4 Phylogenetic analysis

	 Three samples of 601 base pair nucleotide se-

quences were analyzed for evolutionary genetic rela-

tionships using MEGA X software (Molecular Evolution-

ary Genetics Analysis) Neighborjoining of 1,000 bootstrap 

method by using the CO1 genes of T. pegdeni, H. itama 

and Geneotrigona thoraciga as a baseline.

	 4. Crude extraction of bioactive substances 

from stingless bee honey and identification of effec-

tive substances in stingless bee honey

	 4.1 Extraction of crude bioactive compounds 

from honey. 

	 Take 1 kilogram of each honey sample and di-

lute it with water at a ratio of 1:1 (V/V). Then shake vig-

orously and then add ethyl acetate at a ratio of 1:1 (V/V) 

with shake vigorously again. Then, continue extraction 

by soaking in an Ultrasound cleaning bath (BANDELIN, 

SONOREX DIGITEC) using a frequency of 37 kHz at 40 

± 3 degrees Celsius for 15 minutes 3 times. Afterward, 

centrifuged at 6,000 rpm for 10 minutes, keeping the 

separated ethyl acetate portion. The remaining honey 

was extracted twice according to the same procedure. 

Then, the ethyl acetate obtained from the 3 extractions 

was combined and evaporated to remove the ethyl ac-

etate using a vacuum evaporator and the extract was 

stored at -20°C.

	 4.2 Liquid-chromatograph and Mass spectros-

copy

	 Liquid chromatograph quadrupole time-of-

flight mass spectrometer (LC-QTOF MS), 1290 Infinity II 

LC-6545 Quadrupole-TOF (Agilent Technologies, USA). 

The column used is UHPLC type Agilent: Zorbax Eclipse 

Plus C18 Rapid Resolution HD 100 mm length % acetic 

acid as mobile phase A and methanol as mobile phase 

B was employed: 0 min, 10% B; 35 min, 90% B; 40 min, 

10% B; 50 min, 10% B. The data were then analyzed 

for negative and positive ionization mode using Mass 

Hunter WorkStation Software Qualitative Analysis Work-

flows V8, then identified and confirmed by comparison 

of their retention times and mass spectra with a Mass 

Hunter METLIN PCD and reference compounds.

	 5. Quantity analysis of the sweetness and 

acidity of stingless bee honey

	 Samples of honey from 9 honeycomb of each 

species were used with a vacuum cleaner and then 

weighed. Measure sweetness using a refractometer and 

measure acidity using a pH meter. Statistical data analy-

sis was performed using R version 3.6.1 program.

Results and discussions
1. Study of the morphological characteristics of 

stingless bee

	 The H. Itama and H. bakari species have the 

same black external organs except for the color of the 

wings. The H. Bakari species is dark black and the size 

of the body is larger (pictures 1-3) and (Table 1) while 

T. Laeviceps has light brown external organs. The body 

size is smaller. The wings are light brown. The number 

of hamuli depends on the size of the body. Larger spe-

cies have more hamuli.
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Figure 1. Morphology of the bee H. Itama. A) body B) head C) teeth D) antennae E) wings F) 3rd pair of legs

Figure 2. Morphology of the bee specimen H. bakari. 

A) body B) head C) teeth D) antennae E) wings F) 3rd pair of legs

Figure 3. Morphology of the bee specimen T. Laeviceps 

A) Body B) Head C) Teeth D) Antennae E) Wings F) 3rd pair of legs
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Table 1. External morphology of stingless bees

Name Body Head Teeth Antennae Wings 3rd pair of legs Hamuli

Length 

(mm)

Color Length 

(mm)

Color Length 

(mm)

Color Length 

(mm)

Color Length 

(mm)

Color Length 

(mm)

Color Length 

(mm)

Color

H. Itama 4.5 Black 2 Black 1 Black 3 Black 5 Black 4.7 Black 7/7 Black

H. bakari 5.8 Black 2.7 Black 1.2 Black 2.6 Black 8 Light

brown

7.2 Black 7/7 Black

T.

Laeviceps

3.5 Dark

brown

1.8 Dark

brown

0.6 Light

brown

2 Dark

brown

3 Light

brown

4 Dark

brown

5/5 Black

Table 2. Concentration and quality of extracted stingless bee DNA

 

Sample Replication DNA concentration

(Microgram/Microliter)

OD

260/280

OD

230/280

H. iItama 1 415.6 1.87 1.55

2 736.0 1.88 1.40

3 586.4 1.89 1.58

4 316.9 1.93 1.67

H. bakari 1 343.7 1.75 0.92

2 548.1 1.58 0.97

3 258.9 1.79 0.97

4 343.7 1.75 0.92

T. laeviceps 1 125.9 1.64 0.75

2 453.9 1.80 1.27

3 403.9 1.94 1.33

4 237.3 1.77 0.93

2. Increasing the amount of genetic material of the 

CO1 gene in stingless bees

	 2.1 Quality and purity of DNA

	 From the DNA extraction from three species of 

stingless bees, it was found that the DNA concentration 

in the samples was extracted from 125.9 to 736.0 mi-

crograms/microliter. The quality of the extracted DNA 

had an absorbance value of 260/280 between 0.80 and 

2.11 and an absorbance value of 260/230 between 0.42 

and 2.10 (Table 2). This range of light is used as an index 

of DNA purity. The range of light at 260 and 280 nano-

meters, with a ratio of approximately 1.8, is considered 

pure DNA. But, if the ratio is lower than or equal to 1.6, 

it indicates protein and phenol contamination. The 260 

and 230 nm photoperiods are the second index used 

to indicate the purity of DNA. The accepted value for 

purity is between 2.0 and 2.2. If the ratio is lower than 

this, it means that the DNA has been contaminated with 

EDTA, fat, carbohydrates, and salt (Lucena-Aguilar et al., 

2016). Most of the extracted stingless bee DNA was in 

high concentration and of good quality that could be 

used as a model DNA for the reaction to increase the 

amount of genetic material of the CO1 gene.

	 2.2 Testing on the appropriate annealing 

temperature and magnesium chloride concentration 

for genetic amplification reactions.
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	 The results from the experiment with all 5 prim-

ers found that there were 2 sets of appropriated primer 

pairs for amplifying the CO1 gene, namely primer set 1 

consisted of forward SBCO1_F1 and reverse SBCO1_R3 

and primer set 2 consisted of forward SBCO1_F2 and re-

verse SBCO1_R3 with PCR product sizes of 820 and 798 

bp, respectively. Primer set 1 had an optimum tempera-

ture of 50 and 50.7 o C. Primer set 2 had an optimum 

temperature of 48 o C (A) as shown on (Table 3). Each 

stingless bee sample had the specific to a different set 

of primer as represented on Figure 4.

	 2.3 Magnesium chloride concentration

	 The optimum magnesium chloride concentra-

tion in the amplification reaction was found to be 0.5 

mM when the DNA concentration was approximately 

100 μg/μL (Figure 5).

	 2.4 Increasing the amount of genetic materi-

al of the CO1 gene

	 From using 2 pairs of primers consisting of 

SBCO1_F1/SBCO1_R3 and SBCO1_F1/ SBCO1_R4 with 

annealing temperatures (Tmo) of 51 and 48 degrees 

Celsius, respectively. In the process of increasing the 

amount of genetic material of the CO1 gene in all 3 

samples of bees, it was found that the PCR product ob-

tained was of good quality. No non-specific band con-

tamination was found (Figure 6), which was suitable for 

further purification and sending for nucleotide sequenc-

ing.

Figure 4. Optimal temperature of the DNA primer used to amplify the CO1 gene in stingless bees on a 1% 

agarose gel with ethidium bromide under UV light. A) Suitable temperature of DNA primer forward SBCO1_F1 

reverse SBCO1_R1_2 forward SBCO1_F1 reverse SBCO1_R3 and forward SBCO1_F1 reverse SBCO1_R4 B) Suitable 

temperature of DNA primer forward SBCO1_F2 reverse SBCO1_R3

Figure 5. Concentrations of DNA template and magnesium chloride suitable for the CO1 gene amplification 

reaction on a 1% agarose gel with ethidium bromide under UV light.
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Figure 6. PCR products of 820 bp and 798 bp of the CO1 gene from H. itama, H. bakari, and T. laeviceps 

stingless bee samples on 1% agarose gels with ethidium bromide under UV light

Table 3. Blast results using partial nucleotide sequences of the stingless bee CO1 gene from the BOLD and NCBI 

databases.

Sample BOLD Systems Database NCBI Database

Closest species Similarity 

(%)

Accession Closest species Similarity 

(%)

Accession

H. itama Heterotrigona

itama

97.87 KX113629 Heterotrigona itama 97.66 KX113629.1

Lepidotrigona

sp. aff terminata

87.16 Early-

Release

Melipona bicolor 86.52 AF466146.2

Lepidotrigona

sp. aff terminata

87.16 Early-

Release

Melipona bicolor bicolor voucher MP83 86.52 EU163158.1

Lepidotrigona

cf. terminata

87.16 Private Melipona bicolor 86.12 AF370439.1

Lepidotrigona

terminata

86.24 Early-

Release

Melipona rufiventris rufiventris voucher 

MP77

84.99 EU163151.1

H. bakari No match - - Heterotrigona itama 87.13 KX113629.1

No match - - Melipona crinita voucher MP92 85.77 EU163164.1

No match - - Melipona panamica voucher MP1 85.64 EU163096.1

No match - - Melipona solari voucher MP86 85.51 EU163160.1

No match - - Melipona sp. MP93 85.53 EU163165.1

T. laevi-

ceps

Tetragonula cf. lae-

viceps

99.12 Private Tetragonula pagdeni 86.72 NC_066054.1

Tetragonula cf. lae-

viceps

98.82 Private Tetragonula iridipennis voucher DOGR 

Voucher 

85.39 NC_081039.1

Tetragonula SE Asia 

03

92.33 Private etragonula iridipennis voucher DOGR 

Voucher 

85.39 OQ103112.1

Tetragonula cf. laevi-

ceps ssp 7

87.32 Early-

Release

Cephalotrigona sp. MP106 85.17 EU163102.1

Tetragonula cf. minor 

ssp 1

86.69 Early-

Release

Cephalotrigona sp. MP89 85.04 EU163161.1
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	 2.5 Nucleotide sequence analysis using data-

bases Bioinformatics and evolutionary relationships 

(Phylogenetic tree)

	 By comparing the similarity of the first 5 nu-

cleotide sequences from the database (Table 3), it was 

found that the H. itama sample had the highest per-

centage of similarity to H. itama with the Bold systems 

and NCBI databases, equal to 97.87. and 97.66 percent, 

respectively, while T. laeviceps was 99.12 percent simi-

lar to T. cf. laeviceps and 87.13 percent to Tetragonula 

pagdeni, respectively.

	 By establishing a phylogenetic relationship us-

ing the nucleotide sequence of the CO1 gene using the 

1,000 bootstrap method, Kimura 2-parameter model, it 

was found that the strains H. itama and H. bakari were 

in the same group. while the smaller T. laeviceps spe-

cies has been separated into another group (Figure 7). 

Francoso et al. (2019) used the nucleotide sequence of 

the COX1 gene to identify the Carbonaria stingless bee 

species, which is a species complex or cryptic species 

that cannot be definitely separated using morphologi-

cal characteristics. It was found that the stingless bee 

species Tetragonula carbonaria and T. hockingsi were 

different and different from other species. Hurtado-Bu-

rillo et al. (2013) used DNA barcode techniques to clas-

sify stingless bee species Scaptotrigona that has been 

moved from another source. It was found that the spe-

cies S. mexicana and S. hellwegeri were closely related. 

In addition, S. mexicana is a complex species.

	 From many studies, it has been found that the 

application of morphological characteristics in com-

bination with DNA barcode techniques allows for the 

separation and identification of stingless bee species 

in more detail. Ndungu et al. 2017 identified the sting-

less bee species and complex species within the same 

species (cryptic variation within species) in Kenya using 

morphological characteristics and the CO1 gene as a 

DNA barcode, it was found that the stingless bee can 

be divided into 3 groups: Group 1 Meliponula bocandei, 

Group 2 M. lendliana and Plebeina hildebrandti, Group 

3 Dactylurina schmidti, M. ferruginea black and M. fer-

ruginea reddish brown, respectively. The CO1 gene is 

a DNA barcode used to separate M. ferruginea black 

and M. ferruginea reddish brown into different types. 

Sayusti et al. (2021) used nest structure characteristics 

along with morphology and DNA barcode techniques to 

identify the species Tetragonula sapiens, T. clypearis, T. 

fuscobalteata, Lepidotrigona terminata and Wallace-

trigona incisa in Indonesia. It was found that the above 

method can be used to separate stingless bees in the 

genus Tetragonula as well.

3. Chemical profile of stingless bee honey

	 From the analysis of the effective compounded 

substances in the three species of stingless bee honey 

(Table 4), it was found that the compounded substanc-

es in the honey of the T. laeviceps specie were the 

most numerous, followed by H. itama and H. bakari. 

There were 191, 79, and 70 types, respectively. The sub-

stances found included both substances that had been 

previously reported and substances that had not previ-

ously been reported to be found in stingless bee hon-

ey. Biluca et al. (2017) extracted phenolic compounds 

from 9 species of stingless bee honey from Brazil using 

the LC–ESI–MS/MS (Liquid chromatography-electro-

spray ionization-tandem mass spectrometry) technique. 

It was found that there were compounded substance 

Figure 6. Evolutionary relationship of the stingless bee
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in all 9 species of honey. It contains 26 phenolic com-

pounds, 12 phenolic acids, 9 flavonoids, 3 phenolic al-

dehydes, 1 coumarin and 1 diterpene. Nisar et al. (2019) 

used a reversed-phase technique HPLC analysis of the 

compounds in stingless bee honey found that it con-

sisted of gallic acid, rutin, ascorbic acid, quercetin, and 

kaempferol in Apis dorsata honey. Chew et al. (2018) 

used LC MS/MS to separate bioactive compounds from 

A. dorsata honey, which found organic acids including 

gluconic acid, succinic acid, hydroxybenzoic acid, hy-

droxydecanoic acid, abscisic acid, hydroxyoctanic acid, 

and phenic acid. Nolic acid includes caffeic acid and sal-

icylic acid, while flavonoids include luteolin, hesperetin, 

kaempferol, apigenin, 3,7,4-trihydroxyflavone, naringen-

in, chrysin, fisetin, vitexin, isoorientin, and xanthohumol. 

Avila et al. (2018a, b) analyzed phenolic compounds of 

32 samples of farm-raised scaptotrigona honey from 4 

species of Scaptotrigona: M. bicolor, M. quadrifasciata, 

M. marginate and S. bipuncata. using HPLC-PDA (pho-

todiode array detector) and analyzing the structure of 

the substance using Q-TOF–MS, it was found to contain 

phenolic compounds. The bioactive ingredients include 

p-coumaric acid, quercetin and hesperetin for anti-bac-

terial and antioxidant properties. In addition, it was 

found that stingless bee honey had 45 percent higher 

antioxidants and biological activities than Apis mellifera. 

Biluca et al. (2017) found that stingless bee honey is 

rich in potassium, calcium, sodium, and magnesium as 

components. From comparing the chemicals that are 

the main components, it was found that the honey ex-

tracted by the experimental method was more effective 

in extracting more substances than other methods.

4. Quantity analysis of the sweetness and acidity of 

stingless bee honey

	 From the analysis of the amount of honey from 

the H. bakari and H. itama species, it was found that the 

month of harvest had a significant effect on the amount 

of honey. Also, the amount of honey from the stingless 

bee was higher in May than in July. And different bee 

species have different effects on the amount of honey. 

The H. bakari specie gave more honey than H. itama, 

in both May and July (Figure 7). As for the percentage 

of sweetness, it was found that the different months 

of harvest resulted in significantly different percentages 

of sweetness in the H. itama species, but no differenc-

es were found in the H. bakari species. Also, in May, 

the percentage of sweetness was significantly different 

sweetness had higher values ​​than July (Figure 8). Sting-

less bee honey from the T. laeviceps species, which is 

a small species. Mostly, they collect only once a year. 

The average nectar for the whole year is approximate-

ly 1.03 kilograms. As for the acidity, it was found that 

both species of stingless bee honey had an increased 

acidity value (Figure 9). General honey is different from 

stingless bee honey that has high moisture and low 

sweetness. After the stingless bee honey is stored in 

a cerumen pot, microorganisms, mainly bacteria in the 

genus bacillus and yeast, convert some of the sugar into 

alcohol through anaerobic fermentation and converted 

to acetic acid. Sugars are also converted to lactic acid 

and water through lactic fermentation and other types 

of acidification (Vit et al., 2013; Souza et al., 2021).
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3.4 Quantity analysis of the sweetness and acidity of 

stingless bee honey

From the analysis of the amount of honey from the 

H. bakari and H. itama species, it was found that the 

month of harvest had a significant effect on the amount 

of honey. Also, the amount of honey from the stingless 

bee was higher in May than in July. And different bee 

species have different effects on the amount of honey. 

The H. bakari specie gave more honey than H. itama, 

in both May and July (Fig. 7). As for the percentage of 

sweetness, it was found that the different months of 

harvest resulted in significantly different percentages of 

sweetness in the H. itama species, but no differenc-

es were found in the H. bakari specie. Also, in May, 

the percentage of sweetness was significantly different 

sweetness had higher values ​​than July (Fig. 8). Stingless 

bee honey from the T. laeviceps species, which is a 

small species. Mostly, they collect only once a year. 

The average nectar for the whole year is approximately 

1.03 kilograms. As for the acidity, it was found that both 

species of stingless bee honey had an increased acidity 

value (Fig. 9). General honey is different from stingless 

bee honey that has high moisture and low sweetness. 

After the stingless bee honey is stored in a cerumen 

pot, microorganisms, mainly bacteria in the genus ba-

cillus and yeast, convert some of the sugar into alco-

hol through anaerobic fermentation and converted to 

acetic acid. Sugars are also converted to lactic acid and 

water through lactic fermentation and other types of 

acidification (Vit et al., 2013; Souza et al., 2021).

Figure 7. Quantity of stingless bee honey (kilograms) 

from H. itama and H. bakari species

Figure 8. Percentage of sweetness (Brix) of H. itama 

and H. bakari honey

Figure 9. pH of H. itama and H. bakari honey

	 Characteristics Relationship of various fac-

tors that affect the stingless bee honey

	 The typical characteristics of stingless bee hon-

ey not only its sweet and sour taste but its important 

substances are more diverse than general honey also. 

This depends upon on the two influences: the foraging 

behavior of each species of stingless bee and the typ-

ical of food plants within its range, which has a great 

influence on determining the composition of important 

substances in the honey. In addition, the type of honey 

bee, the type of food plant and the season are also re-

lated to sweetness and acidity. It was found that when 

collecting the stingless honey during the rainy season, 

the sweetness decreased and the acidity increased. 

When curing the honey at a temperature of 35 degrees 

Celsius for 15, 30, and 45 days, it was found that the 

acidity increased significantly. The information from this 

research can be used as a guideline for the quality im-

provement of the stingless bee honey in commercialize 

purpose.
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Conclusions
	 Effective compounded substances in all 3 spe-

cies of stingless bee honey are in the flavonoid, phe-

nolic compound, and terpene groups and different de-

pend on the species of stingless bee. The diversity and 

abundance of the ecosystem in which stingless bees 

live. Combining biomolecular techniques with stingless 

bee morphology has more potential accurately classify 

especially the complex type of stingless bee.
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