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ABSTRACT: Propolis and honey are bioproducts produced by Tetragonula laeviceps, a 

stingless bee species. Both products have anti-inflammatory, antimicrobial, and 

antibacterial properties. Modular Tetragonula hives of different sizes were used in the 

cultivation of T. laeviceps to increase the productivity of propolis while maintaining the 

sustainability of the bee colonies. This study was carried out in Jatinangor, West Java, 

Indonesia, with three size variations: small (21 × 18 × 14 cm), medium (26 × 22 ×17 cm), 

and large (30 × 26 × 17 cm). Each hive was equipped with a mesh of a different material. 

The results obtained in this study showed that increasing the hive’s size increases the 

productivity of propolis. The highest productivity of propolis (2.53 ± 0.37 g/colony/week) 

was obtained when T. laeviceps was cultivated in large hives equipped with a nylon-based 

mesh. The highest productivity of honey (0.78 ± 0.18 g/colony/week) was obtained when 

T. laeviceps was cultivated in medium hives equipped with an aluminum-based mesh. The 

harvested propolis was extracted using a maceration method. Total flavonoid and phenolic 

content of the propolis solution lies in the range of 1.77 ± 0.86 to 3.18 ± 1.43 mg QE/g 

propolis and 32.23 ± 14.09 to 112.13 ± 47.64 mg GAE/g propolis, respectively. The 

harvested honey had a water content of 21.86%, with 72.86% reducing sugar, 192.86 

μg/mL vitamin C, and 2613.41 μg/mL of antioxidant content. 

ABSTRAK: Propolis dan madu adalah produk bio yang dihasilkan oleh Tetragonula 

laeviceps, spesies lebah kelulut. Kedua-dua produk mempunyai ciri anti-radang, anti-

mikrob dan antibakteria. Sarang Tetragonula modular dengan saiz yang berbeza digunakan 

dalam mengusahakan T. laeviceps bagi meningkatkan produktiviti propolis sambil 

mengekalkan kemampanan koloni lebah. Kajian ini dijalankan di Jatinangor, Jawa Barat, 

Indonesia, dengan tiga variasi saiz: kecil (21 × 18 × 14 cm), sederhana (26 × 22 × 17 cm), 

dan besar (30 × 26 ×17 cm). Setiap sarang dilengkapi dengan jaringan bahan yang berbeza. 

Dapatan kajian yang diperolehi melalui kajian ini menunjukkan bahawa penambahan saiz 

sarang dapat meningkatkan produktiviti propolis. Produktiviti tertinggi propolis (2.53 ± 

0.37 g/koloni/minggu) diperoleh apabila T. laeviceps dibela dalam sarang besar yang 

dilengkapi dengan jaring berasaskan nilon. Produktiviti madu tertinggi (0.78 ± 0.18 

g/koloni/minggu) diperoleh apabila T. laeviceps diusahakan dalam sarang sederhana yang 

dilengkapi dengan jaring berasaskan aluminium. Propolis yang dituai telah diekstrak 

menggunakan kaedah maserasi. Jumlah kandungan flavonoid dan kandungan fenolik 

larutan propolis berada dalam julat 1.77 ± 0.86 hingga 3.18 ± 1.43 mg QE/g propolis dan 

32.23 ± 14.09 hingga 112.13 ± 47.64 mg GAE/g propolis, masing-masing. Madu yang 

dituai mempunyai kandungan air 21.86%, dengan 72.86% penurunan gula, 192.86 μg/mL 

vitamin C, dan 2613.41 μg/mL kandungan antioksidan. 
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1. INTRODUCTION

Bees produce various beneficial products such as honey, pollen, propolis, beeswax, and

bee bread. Bees make propolis by mixing plant resin, which contains flavonoids, 

polyphenols, saponins, amino acids, and minerals, with wax and their saliva secretion [1]. 

Propolis consumption can reduce inflammation, inhibit scar tissue contraction, promote 

wound healing, and enhance stamina and overall health. Antibacterial and antifungal 

properties of propolis allow for its extensive use in the health and cosmetic industries [2]. 

Moreover, bees also produce honey from flower nectars, which comprise flavonoids and 

other phenolic compounds, contributing to antimicrobial, antioxidant, anti-inflammation, 

and anticancer activities [3].  

Tetragonula laeviceps is a stingless bee species that produces propolis to seal cracks in 

their hive, to protect their hive from pests and diseases, and to build honey and pollen pots. 

T. laeviceps can produce propolis more abundantly compared to honeybees of genus Apis

with productivities of 3 kg/colony/year and 20–30 g/colony/year, respectively [4]. Total

flavonoid content in stingless bee propolis with quercetin equivalent (QE) reaches 4% (mg

QE/g propolis extract), higher than Apis bee with only 1.5% [5].

However, honey productivity of T. laeviceps is relatively small compared with its 

propolis only, around 6.5 kg/year/colony [6]. The physicochemical properties in T. laeviceps 

honey include a pH of 3.15–4.66, acidity of 5.9–109 meq/kg, anti-microbial activity of 0.9–

23 DN, 58–75.7 g/100 g of reducing sugar, 1.1–4.8 g/100g of sucrose, and water content 

(19.9–41.9 g/100 g) [7]. Therefore, T. laeviceps is widely cultivated by stingless beekeepers 

for its propolis.   

There are several stingless beekeepers still beekeeping with bamboo, the bees’ natural 

hive. Beekeeping with bamboo hives yields propolis at a rate of 2.36 g/colony/week [8]. 

However, the application of bamboo hives requires beekeepers to damage the hive during 

the harvesting process, which harms the colony and results in high contamination of pollen 

and honey in the propolis [9]. The hive design that is currently under development is a 

wooden box equipped with a mesh as a propolis trap.  

A Modular Tetragonula Hive (MOTIVE) is a stingless beehive invention that combines 

a main wooden box and a perforated mesh to optimize the productivity of propolis [8,10,11]. 

The mesh in the hive contributes to an increase in propolis production compared to a simple 

wooden box without a mesh [8,10]. A MOTIVE can also sustain the colony and improve 

the quality of propolis harvested because they do not mix with non-propolis products [10]. 

MOTIVE beekeeping has been accomplished with MOTIVEs the size of 21×14×18 cm 

which resulted in propolis productivity of 2–2.8 g/colony/week [8,10]. A MOTIVE is 

constructed of three main parts: the wooden box for the colony, a mesh holder comprised of 

two wooden frames above the wooden box, and the top cover that is legged to create a 

ventilation space above the mesh [8,10].  

The mesh in the MOTIVE is a perforated material that serves as a place for the bees to 

attach propolis. The mesh requires properties such as rust resistance, acid resistance, 

odorless, and processability [12]. Aluminum wire, nylon, and polyethylene are mesh 

materials that are widely used. Nylon membranes have high pH, high-temperature 

resistance, and a small pore size distribution [13]. Polyethylene membranes have a melting 

point of 115 °C and are flexible, whereas aluminum materials have high-temperature- and 

corrosion-resistant properties [14].  
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In this study, T. laeviceps cultivation was carried out using MOTIVEs with various hive 

sizes and mesh materials. According to Abd-Elmawgood et al. [15], the smaller hive results 

in a higher temperature inside the hive. Internal conditions, such as temperature, will affect 

the condition and activity of the colony in the foraging process. In addition, the size of the 

hive, which is proportional to the mesh size, will affect the propolis production by the bees. 

Therefore, this study was conducted to determine the size of MOTIVE and the mesh 

material that generates optimum productivity of propolis and honey. 

2. MATERIALS AND METHODS 

2.1  Preparations of Colony 

Twenty Tetragonula laeviceps colonies were obtained from a breeder in Kebumen, 

Central Java, Indonesia, in September–November 2018. The T. laeviceps colonies were in 

bamboo hives and acclimatized at the cultivation site for one to two months. The MOTIVE 

was sterilized with ultraviolet (UV) light for 30 minutes. Eighteen colonies were moved to 

the MOTIVE, and two colonies remained in the bamboo hive as control treatments. The 

colony inside the MOTIVE was re-acclimatized for two weeks. 

2.2  Variation of Hive Size and Mesh Type 

The MOTIVE used had three size variations: small (21 × 18 ×14 cm), medium (26 × 

22 × 17 cm), and large (30 × 26 × 17 cm). Each hive size had three variations of mesh 

materials: nylon, polyethylene, and aluminum wire placed between the wooden box and the 

cover. The pore size of the nylon mesh was 1 × 1 mm, while the pore size of the polyethylene 

and aluminum wire mesh was 2 × 2 mm.  

2.3  Harvesting of Propolis and Honey 

The beekeeping process of T. laeviceps was carried out for eight weeks at the Wood 

Laboratory, Institut Teknologi Bandung, Jatinangor Campus, Sumedang, West Java. 

Propolis was harvested every two weeks, while honey was harvested at the end of the 

cultivation period. The honey harvesting process was accomplished using a syringe and 

glass pipette.   

The mesh that was filled with propolis was weighed to determine the propolis weight. 

Propolis productivity of T. laeviceps per week can then be determined by dividing the 

propolis weight by two (for the two-weeks period). The harvested honey was then measured 

for its weight and volume. Honey productivity per week was determined by dividing the 

weight of the honey by eight (for the eight-weeks period). 

2.4  Extraction of Propolis 

The propolis was extracted according to the method of Machado et al. [16] with a slight 

modification. Harvested propolis was separated from the mesh using liquid nitrogen. The 

ratio of propolis to ethanol was 1:15 (w/v). The extraction was carried out on a shaker 

incubator (IKA KS 4000i Control) with a rotational speed of 500 rpm and a temperature of 

40 °C for one hour in a dark room. The extract was filtered with a glass funnel and filter 

paper Whatman no. 2. The filtrate obtained was stored in a dark vial bottle. Then, 0.5 mL 

of the propolis filtrate sample was transferred to evaporating dishes to evaporate the solvent 

using a hot plate at 40 °C. During this process, the evaporating dish was covered with 

aluminum foil to reduce air and light exposure. 
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2.5  Determination of Total Flavonoid Content 

Total flavonoid content (TFC) was determined using a quercetin calibration curve, as 

described by Machado et al. [16]. Standard quercetin (0.05 g) was dissolved in 50 mL 

ethanol to obtain 1000 μg/mL of quercetin stock solution. The stock solution was then 

diluted to obtain quercetin solutions with concentrations of 100 μg/mL, 50 μg/mL, 25 

μg/mL, 12.5 μg/mL, 6.25 μg/mL, and 0 μg/mL, for the blank solution. 2 mL of standard 

solution was mixed with 2 mL of 2% AlCl3 solution and incubated for 30 minutes. Next, the 

absorbance was measured at a wavelength of 415 nm with an ultraviolet-visible (UV-VIS) 

spectrophotometer (Shimadzu UV-1800). Before analyzing the sample, propolis extract 

from the evaporation process was dissolved in 10 mL 80% methanol. The propolis-methanol 

solution was added to 2% AlCl3, and the absorbance was measured. Quercetin contents in 

the sample solution were considered as TFC in units of mg of quercetin equivalent per mL 

(mg QE/mL), determined by the following equation:  

TFCsample solution = (
𝐴−0.0296

0.035
) × 𝑁,                                                                                     (1)  

where A is the absorbance value of the sample, N is the dilution factor of the sample solution, 

and 0.0296 and 0.035 are the constant value and the coefficient of the quercetin calibration 

curve, respectively.  Meanwhile, the TFC in propolis extract was determined by the 

following equation:  

TFCpropolis extract (mg QE/g) =   
𝑇𝐹𝐶 sample (

𝑚𝑔

𝑚𝐿
)×𝑉solution (𝑚𝐿)

𝑚extract (𝑔)
,                                                      (2) 

where Vsolution  (10 mL) is the total volume of propolis methanol extract solution, and mextract 

is the mass (g) of propolis extract (mass of remaining solids from the evaporation of propolis 

filtrate). 

2.6  Determination of Total Phenolic Content 

The total phenolic content (TPC) of propolis was determined according to the Folin-

Ciocalteu method, as explained by Machado et al. [16]. A calibration curve was constructed 

by first dissolving 0.1 g of standard gallic acid in 10 mL ethanol and then diluting with 100 

mL distilled water to obtain a stock solution with a concentration of 1000 µg/mL. The stock 

solution was diluted with distilled water to obtain standard solutions with concentrations of 

750 μg/mL, 500 μg/mL, 250 μg/mL, 100 μg/mL, 50 μg/mL, and 0 μg/mL, for the blank 

solution. 0.5 mL of each standard solution was added to 2 mL of Folin-Ciocalteu reagent 

and 2.5 mL of 7.5% Na2CO3 solution. The mixture was then incubated for five minutes in a 

water bath at 50 °C. The absorbance of each standard solution was measured with a UV-

VIS spectrophotometer at a wavelength of 765 nm. Sample analysis was performed by 

dissolving evaporated propolis extract in 5 mL ethanol 80%. Gallic acid contents in the 

sample solution were considered as TPC with a unit of mg of gallic acid equivalent per mL 

(mg GAE/mL). TPC in the sample was determined with the following equation:  

TPCsample solutione (mg/mL) = (
 𝐴−0,1351

0,0111
) × 𝑁                                                                      (3) 

where A is the absorbance value of the sample, N is the dilution factor of the sample solution, 

and 0.1351 and 0.0111 are the constant value and the coefficient of the gallic acid calibration 

curve, respectively. Meanwhile, the TPC in the propolis extract was determined with Eq. 

(2), with a Vsolution of 5 mL. 
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2.7  Characterization of Honey 

Honey characterization was carried out at Sibaweh Laboratories, Bandung. The 

moisture content of the honey was measured according to Indonesian National Standard 01-

3545-2004 (19- SNI, 2004) using a refractometer. Reducing sugar content was determined 

with the Luff-Schoorl method according to the Indonesian National Standard 01-2892-1994 

(20-SNI, 1994). Antioxidant activity was determined with the DPPH (2,2-diphenyl-1-

picrylhydrazyl) activity method as suggested by Sadeli et al. [17]. Vitamin C content was 

measured using a titration method according to Silva et al. [18]. 

3. RESULTS AND DISCUSSIONS 

3.1  Productivity of Propolis Produced by T. laeviceps 

T. laeviceps colonies that were cultivated in bamboo hives produced propolis at a rate 

of 0.67 ± 0.01 g/colony/week. The propolis productivity of the bees in small, medium, and 

large MOTIVEs with nylon, polyethylene, and aluminum meshes ranged from 1.12–2.52 

g/colony/week (Table 1). T. laeviceps bees produce propolis to cover the holes in the hive 

for self-protection [19]. A MOTIVE is equipped with a perforated mesh to stimulate more 

propolis production by the bees. The productivity of propolis of the colonies in bamboo 

hives was lower than the colonies in the MOTIVEs. This phenomenon is related to the 

difference in cavity size in the hives. Bamboo hives have smaller cavity gaps, which extend 

vertically, resulting in less propolis produced and difficulty in harvesting.  

Table 1: Productivity of propolis and honey (g/colony/week) produced by T. laeviceps in various 

hive sizes and mesh materials 

Hive sizes Mesh materials Propolis productivity 

[g/colony/week] 

Honey productivity 

[g/colony/week] 

Small Nylon 1.24 ± 0.21a 0.09 ± 0.02 c 

Polyethylene 1.12 ± 0.58a 0.08 ± 0.01c 

Aluminum 1.12 ± 0.54a 0.02 ± 0.01c 

Medium Nylon 1.51 ± 0.63a,b 0.09 ± 0.07d 

Polyethylene 1.60 ± 0.27a,b 0.12 ± 0.17d 

Aluminum 1.81 ± 0.80a,b 0.78 ± 0.18d 

Large Nylon 2.52 ± 0.37b 0.12 ± 0.02c,d 

Polyethylene 2.32 ± 0.39b 0.35 ± 0.35c,d 

Aluminum 1.31 ± 0.50b 0.03 ± 0.01c,d 

  *Different letters indicate statistical differences (P-value < 0.05, Duncan's test). 

The mesh sizes in this study were proportional to the MOTIVE size, such that the large 

MOTIVE has a larger mesh surface area than the small MOTIVE. Thus, larger MOTIVE 

results in higher propolis productivity as the bees need to cover more areas. This 

phenomenon was shown through the propolis productivity in the large MOTIVEs with 

nylon and polyethylene meshes, which were higher than that of the small and medium 

MOTIVE. However, the MOTIVE with an aluminum mesh did not show the same pattern. 

Propolis productivity in the large MOTIVE with an aluminum mesh was lower than that of 

the medium MOTIVE.  
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Propolis production by the bees was influenced by several factors, such as the colony 

condition during the beekeeping process [20]. In this study, the number of bees per colony 

varied with bee colonies. The large MOTIVEs with nylon, polyethylene, and aluminum 

meshes had 859, 1120, and 937 bees, respectively. These population numbers were enough 

for the bees to cover the mesh with propolis, as shown by the highest productivity of propolis 

in the large MOTIVEs. Similarly, the medium MOTIVE with nylon and aluminum meshes 

also had enough populations with 774 and 1788 bees, respectively. Interestingly, the 

medium MOTIVE with a polyethylene mesh only had 189 bees, but the colony could still 

meet the needs of propolis production to cover the mesh. This phenomenon is related to the 

task divisions of worker bees, which are determined based on anatomical and physical 

conditions, environmental stimuli, and age [21]. The bee colony was considered young, 

signified by the abundant brood cells and bee breads in the hive. Thus, the high needs of the 

colony affected the activity of the forager bees in collecting resin [22]. In this study, the age 

of colony and number of bees per colony were not pre-determined prior to the study but 

were calculated after the harvesting process, which resulted in different numbers of bees in 

the colonies in each treatment.  

In the research conducted by Agussalim et al. [23], the highest productivity of propolis 

was produced by the bees in a wooden box hive sized 35 × 20 × 17.5 cm with a value of 

3.85 ± 3.66 g/colony/week. This value was higher than the colony from a wooden box hive 

sized 40 × 20 × 20 cm with a productivity rate of 2.30 ± 1.82 g/colony/week. These results 

were similar to this study, where the productivity of propolis in the MOTIVEs with 

aluminum meshes was not linearly proportional to the size of the hive. This could be due to 

factors such as the number of worker bees, flight activities of the forager bees, and sources 

and availability of resins.  

Table 1 shows that propolis productivity was more affected by hive size because 

propolis productivity differences were not significant in mesh material variation. The 

highest productivity of propolis was from the colonies in the large MOTIVE with a nylon 

mesh at 2.52 ± 0.37 g/colony/week. According to Tsakgarakis et al. [24], propolis 

production is higher with smaller mesh pore size, which has a larger total surface area. Pore 

sizes of the aluminum, nylon, and polyethylene meshes were 2 × 2 mm, 1 × 1 mm, and 2 × 

2 mm, respectively. The small pore size of the nylon mesh results in more holes to cover 

but allows for easier propolis placement by the bees. 

3.2  Productivity of Honey Produced by T. laeviceps 

In addition to propolis, T. laeviceps bees produce honey at a rate of 0.02–0.78 

g/colony/week. The honey tends to have a dark brown color with a distinctly sour taste. The 

results show that honey productivity is directly proportional to the size of MOTIVE with a 

polyethylene mesh, but not for the MOTIVE with nylon and aluminum meshes. According 

to Bushal et al. [25], honey productivity is not affected by the size of the hive but is affected 

by the size of the colony, the number of populations in the colony, and the bees’ flight 

activity. Honey production tends to increase when the population increases owing to the 

growing need for bees to forage, which results in more forager bees. Based on the research 

conducted by Salatnaya [26], honey productivity using a 25 × 15 × 15 cm wooden box hive 

was 0.02–0.19 g/colony/week, less than the honey productivity of small MOTIVEs.   

In addition to the colony population, honey productivity is influenced by nectar flow, 

or the availability of nectar in the environment [27]. The bees will collect nectar in warm 

weather for supply during the rainy season. However, honey production for stingless bees, 

in general, is not as high as the Apis honeybees owing to their smaller body sizes, which 

results in shorter flight distances [28]. The maximum flying distance of Tetragonula 

39



IIUM Engineering Journal, Vol. 24, No. 2, 2023 Abduh et al. 
https://doi.org/10.31436/iiumej.v24i2.2709 

 

 

stingless bees is approximately 712 m [29]. However, its small body prevents the stingless 

bee from collecting nectar and pollen on small flowers [30]. Several factors that can cause 

low honey production are the focus of worker bees on hive construction, waste disposal 

activity from the hive, and low productivity of the queen bee to produce worker bees [31].  

In this study, honey productivity was directly proportional to propolis productivity in 

MOTIVEs with polyethylene and aluminum meshes. This was because large amounts of 

honey can provide energy for the bees to forage other resources, such as pollen and resin. 

Stingless bees, which are eusocial organisms, are interdependent to fulfil their needs and 

maintain hive conditions. These activities improved the sustainability of the colony, and the 

colony remained healthy and protected from pests and diseases. 

3.3  Total Flavonoid and Total Phenolic Content of Propolis Extract 

The harvested raw propolis was extracted. The resulting propolis extracts had a wide 

range of TFC and TPC. Propolis from the bamboo hive had a TFC and TPC of 3.42 ± 1.15 

mg QE/g and TPC 284.62 ± 39.46 mg of GAE/g, respectively. The complete TFC and TPC 

of each MOTIVE size and mesh material are shown in Table 2. The propolis extraction 

process will remove the inert materials and keep the polyphenol fraction [32]. The results 

of this study indicate that there is no correlation between hive size and propolis quality. The 

difference in propolis quality is caused by numerous factors, such as bee genetics (species), 

different sources of plant resins, and microclimates [26]. This is supported by the research 

of Hakim & Abduh [8] and Abduh et al. [10], in which the colony of T. laeviceps in a 

MOTIVE sized 21 × 14 × 18 cm that was cultivated in the Cileunyi Wetan Village had a 

TFC of 6.64–11.42 mg QE/g extract, whereas a MOTIVE in Cibodas Village had a TFC 

amounting to 14.8 mg QE/g extract.  

The extraction process of propolis also affects the dissolved flavonoids and phenolics 

content. The antioxidant content and activity of the propolis extract depend on the extraction 

method and the type of solvents used [33]. Propolis extracted by the maceration method for 

three days resulted in TFC and TPC of 52.17 mg QE/g extract and 26.13 mg GAE/g extract, 

respectively, whereas five days of maceration resulted in TFC and TPC of 68.04 mg QE/g 

extract and 46.68 mg QE/g extract, respectively [34]. These results indicate that the duration 

of the maceration process can affect the solubility and the yield of flavonoid and phenolic 

compounds associated with the mass transfer process of the compounds into the solvent. 

The solid-to-solvent ratio, temperature, and the maceration speed can also affect the TFC 

and TPC.  

TFC and TPC in the propolis from the bamboo hive were also measured with the result 

of 3.42 ± 1.15 mg QE/g extract and 284.62 ± 39.46 mg GAE/g extract. TPCs in the propolis 

from MOTIVEs were lower than TPC in the propolis from the bamboo hive. The position 

of propolis in the hive may play a role in the chemical composition of propolis. According 

to Pratami et al. [35], propolis located inside the hive had a higher TFC and TPC compared 

with propolis located outside the hive, which was exposed to the external environment. 

Propolis in the MOTIVEs was more exposed to the external environment because of the 

ventilation space between the mesh and the top cover compared with propolis in the bamboo 

hive. Therefore, the difference in propolis position in the hive may be a factor that caused 

differences in the TPC of the propolis. Exposure to light, air, and high temperatures can 

change the structure of phenolic compounds affecting their degradation process [35].  

Moreover, the chemical composition of propolis is also influenced by the source of the 

plant resins. During the beekeeping process, the bees produce propolis from plant resins 

obtained near the beekeeping sites, such as mahogany (Swietenia macrophylla), velvet apple 
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(Diospyros blancoi), gmelina (Gmelina arborea), guanacaste (Enterolobium cyclocarpum), 

and kassod tree (Senna siamea). The colors of propolis produced varied, light to dark brown, 

red, as well as greenish yellow. Color differences in the propolis indicate that the chemical 

composition and the active compounds in each propolis might also be different [10]. 

Table 2: Total flavonoid and total phenolic content of propolis produced by T. laeviceps in 

various hive sizes and mesh materials 

Hive sizes Mesh materials Total Flavonoid Content (TFC) 

[mg QE/g extract] 

Total Phenolic Content (TPC) 

[mg GAE/g extract] 

Small Nylon 3.18 ± 1.43a 112.13 ± 47.64b 

Polyethylene 2.60 ± 1.66a 32.23 ± 14.09b 

Aluminum 2.46 ± 1.21a 80.45 ± 53.93b 

Medium Nylon 1.95 ± 1.02a 39.10 ± 15.91b 

Polyethylene 1.78 ± 1.02a 39.12 ± 23.35b 

Aluminum 3.02 ± 1.50a 54.58 ± 26.76b 

Large Nylon 1.77 ± 0.86a 77.61 ± 34.61b 

Polyethylene 2.84 ± 2.01a 52.44 ± 25.01b 

Aluminum 2.84 ± 1.00a 71.41 ± 27.30b 

  *Different letters indicate statistical differences (P-value < 0.05, Duncan's test). 

3.4  Characteristics of Honey Produced by T. laeviceps 

The honey harvested from T. laeviceps was measured for its moisture, reducing sugars, 

antioxidants, and vitamin C contents. Table 3 shows that the moisture content, reducing 

sugars, and active antioxidants of T. laeviceps honey from MOTIVEs were lower than in 

the honey from the bamboo hive. However, the vitamin C content of honey from the 

MOTIVEs was higher than in honey from the bamboo hive.  

High moisture content can reduce the quality of honey because the presence of water 

can accelerate the rate of yeast growth so that fermentation occurs. The type of yeast that 

causes fermentation in honey is Zygosaccharomyces [36]. The higher moisture content in 

the honey from the bamboo hive could be caused by the differences in the bamboo hive and 

MOTIVE structures. Bamboo hives are narrower and have less ventilation space and, hence, 

higher humidity compared to the MOTIVEs. Honey is also hygroscopic, able to absorb 

water from the environment. Therefore, the moisture content in honey could be influenced 

by environmental humidity [37].  

According to Souza et al. [7], the moisture content in Apis bee honey is only 17%, lower 

than in honey from Tetragonula bees, which is 24%. The difference is caused by the more 

open structure of honey storage pots in Apis bees, so the rate of water evaporation in Apis 

honey will be faster than in Tetragonula honey. Honey from the MOTIVEs met the 

maximum moisture content requirement of 22% outlined by the Indonesian National 

Standard SNI 01-3545-2004 [38]. Yeast in honey will degrade sugars, such as glucose and 

fructose, into alcohol and CO2. This will increase the reducing sugar content, which is the 

total amount of fructose and glucose in honey [37]. Table 3 shows that the reducing sugars 

in honey from the bamboo hive was higher than in honey from the MOTIVEs. This shows 

the correlation between moisture content and reducing sugar content in honey. Bees from 

the Meliponini family, such as T. laeviceps, generally have a reducing sugar content of 66% 

(w/w) with a sucrose content of 2.3% [9]. Based on the standard quality of honey from the 
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Indonesian National Standard SNI 01-3545-2004 [38], the minimum of total reducing sugar 

is 65%, and thus, honey from the bamboo hive and MOTIVEs still meets this requirement.  

Table 3: Characteristics of honey produced by T. laeviceps   

Parameters Bamboo hive MOTIVE 

Moisture content [%]     24.08     21.86 

Reducing sugar [%]     74.70     72.84 

Active antioxidant/IC50 [µg/mL] 3544.88 2613.41 

Vitamin C [µg/mL]   184.50  192.86 

 

Honey contains many antioxidant compounds such as catalase, glucose oxidase, 

peroxidase, and phenolic compounds. The active antioxidant of T. laeviceps honey from a 

bamboo hive is higher than in honey from a MOTIVE. However, both honeys have higher 

antioxidant content compared to honey researched by Abduh et al. [10]. The antioxidant 

content of honey cultivated from this study in Cibodas and Cileunyi Wetan, West Java, were 

1188.2 μg/mL and 1,341.88 μg/mL, respectively. The lower active antioxidant content in 

honey from this study could be caused by the location of cultivation, sources of nectar, and 

the age of honey.  

Vitamin C (ascorbic acid) is one of the numerous compounds present in honey. The 

vitamin C content in honey from MOTIVEs is higher than in honey from bamboo hives, 

which are 192.86 μg/mL and 184.5 μg/mL, respectively. Different sources of nectar could 

cause the difference in vitamin C content [7]. Therefore, both the content of vitamin C and 

antioxidants in honey is strongly influenced by the plant nectar sources around the 

cultivation site.  

4. CONCLUSION 

In brief, increasing the hive’s size increases the productivity of propolis. The highest 

productivity of propolis (2.53 ± 0.37 g/colony/week) was obtained when T. laeviceps was 

cultivated in large hives equipped with a nylon-based mesh. The highest productivity of 

honey (0.78 ± 0.18 g/colony/week) was obtained when T. laeviceps was cultivated in 

medium hives equipped with an aluminum-based mesh. The harvested propolis was 

extracted using a maceration method to determine the total flavonoid and phenolic content 

of the propolis which lies in the range of 1.77 ± 0.86 to 3.18 ± 1.43 mg QE/g propolis and 

32.23 ± 14.09 to 112.13 ± 47.64 mg GAE/g propolis, respectively. Relevant properties of 

the harvested honey were also characterized and shown to meet the standard quality of 

honey. The result of this study provides an insight for larger scale cultivation of T. laeviceps 

to produce higher productivity of propolis from stingless bees. 
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