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Abstract 

Producing powdered honey remains a technical challenge for both industry and 
researchers due to honey's inherent stickiness and thermal sensitivity. Foam mat drying is 
the process of converting materials from liquid to stable foam before air drying, enhancing 
drying efficiency and reducing product loss. Tween 60 is a low molecular surfactant that 
can absorb water well at the air-water interface and reduce tension, increasing the surface 
area of the drying material. This study aimed to develop honey powder from rubber (H. 
brasiliensis) using maltodextrin (MD) and gum Arabic (GA) as carrier agents. Foam-mat 
drying under vacuum conditions was applied, and the resulting honey powders were 
evaluated for their physicochemical properties, antioxidant capacity, and bioactive 
compound contents. The results showed that MD-based honey powder exhibited 
significantly lower moisture content (1.53%), faster dissolving time (43.05 s), higher 
solubility (99.34%), bulk density (0.65 g/mL), tapped density (1.81 g/mL), and powder 
yield (96%) than its GA-based counterpart. In contrast, GA-based honey powder had a 
higher hygroscopic rate (0.015 g.H₂O/g solid.h), glass transition temperature (45.3°C), 
diastase activity (6.09 DN), total phenolic content (107.70 mg GAE/100 g), total flavonoid 
content (48.07 µg QE/100 g), and stronger antioxidant activity (lowest IC₅₀ = 5.68 mg/
mL). GA-based honey powders also lower hydroxymethylfurfural (HMF) content (11.81 
mg/100 g), Hausner ratio (2.32) and Carr Index (56.90%) than the MD-based counterpart. 
Thus, the results concluded that GA had a higher potential as a carrier for producing 
honey powder using vacuum foam mat drying than MD. 

1. Introduction 

Honey is a nutritious natural product with unique 
organoleptic properties and numerous health-promoting 
properties (Shi et al., 2013). However, the industrial 
application of honey is restricted by its stickiness and 
high viscosity properties (Samborska et al., 2015). 
Honey frequently contains supersaturated sugar 
(composed of fructose and glucose) and is prone to 
crystallization over time because of its highly viscous 
sugar solution. Sugar crystallization in honey has several 
disadvantages because of the formation and coexistence 
of two phases (crystalline and liquid), including 

disapproval from consumers due to altered appearance 
and homogeneity loss, difficulty in handling and 
pouring, and an increase in water activity (Aw), which 
are prone to microbial fermentative processes (Krishnan 
et al., 2021). Honey powder is less complicated to 
transport, has less volume or weight, and has storage 
requirements (Samborska and Czelejewska, 2012). 

However, manufacturing powdered honey remains 
challenging for both industry and researchers to enable 
its incorporation into a wider range of food products 
(such as beverages, bakery items, and dry mixes), where 
liquid honey is less compatible due to its moisture 
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content and viscosity. The problem related to the low 
glass transition temperature (Tg) of a particular 
amorphous material is called "stickiness behavior 
" (Nurhadi et al., 2022). The fructose and glucose in 
honey have Tg of 5°C and 31°C, respectively 
(Samborska and Czelejewska, 2012). Suitable carrier 
materials have become a common practice in drying 
sticky materials (Azhar et al., 2021). High-molecular-
weight carrier materials, such as maltodextrin (MD) 
and gum arabic (GA), were added to dry liquid honey 
and put into a powder. Honey converts liquid into 
powder (Farahnaky et al., 2016; Islam et al., 2016). 
Recently, efforts have been made to facilitate the honey-

drying process (Nurhadi et al., 2012; Suhag et al., 2016; 
Machado De-Melo et al., 2018; Samborska et al., 2019). 
Thus, a technology for producing excellent honey 
powder with good physicochemical characteristics and 
functional activity is under development. 

Spray-drying and freeze-drying methods were used 
to create honey powder. However, neither method 
applies to small- and medium-scale industries because of 
their low yields and relatively expensive equipment 
(Ganaie et al., 2021). In the vacuum drying and 
microwave vacuum drying methods, water evaporates at 
a lower temperature and absolute pressure (under 
vacuum conditions) than under normal conditions 
(ambient pressure, 1 atm). However, honey powder can 
be lost during vacuum oven drying because of clinging 
or spilling off the container or difficult grinding 
(Samborska et al., 2019; Mutlu et al., 2020). 

Foam mat drying is an affordable, applicable, and 
novel way to minimize the stickiness of small and 
medium industries. In foam mat drying, the surface area 
of the drying material increases in a foamed state. The 
foam structure was dispersed as thin foam lamellae to 
prevent hardening. The substance persists in its 
permeability even after being completely dried. In 
addition to accelerating the drying process, the inner 
surface of the material increases (Kudra and Ratti, 2006). 
Sramek et al. (2015) investigated vacuum foam-dried 
honey powder using a glucose syrup formulation and 
whey protein isolate (WPI) as an emulsifier. The 
disadvantage of using glucose syrup is its hygroscopic 
property, and WPI is a more costly ingredient than low-

molecular-weight surfactants. Tween 60 is a type of low 
molecular surfactant with a characteristic odor, a warm 
feeling, and a brownish-yellow liquid with a hydrophilic 
lipophilic balance (HLB) value of 14.9. The HLB value 
of Tween 60 is high; therefore, it is hydrophilic or 
soluble in water (Rowe et al., 2003). An excellent 
foaming agent must be able to absorb water well at the 
air-water interface, reduce tension, and act as a 
viscoelastic film that can withstand heat due to the 

movement of the foaming device (Sangamithra et al., 
2015). 

Ustadi et al. (2017) reported that rubber nectar honey 
throughout the year in Indonesia contains various 
bioactive compounds (including phenolic acids and 
flavonoids) and exhibits higher antioxidant activity than 
certain other Indonesian honeys, such as calliandra 
honey (Calliandra calothyrsus) and kapok honey (Ceiba 
pentandra). However, honey powder has only been 
produced from sunflower (Suhag et al., 2016), multiflora 
(Sramek et al., 2015; Samborska et al., 2017), 
buckwheat (Samborska et al., 2015), and Azadirachta 
indica (Meliaceae) (Devi et al., 2016). No studies have 
reported rubber honey being used to produce honey 
powder. Given its bioactive potential and nutritional 
profile, rubber honey powder is particularly promising 
for functional food applications. In this research, MD 
and GA at different concentrations combined with tween
-60 as a surfactant were used to study the effect of 
vacuum foam mat drying on producing honey powder. 
Therefore, this study aimed to develop powdered rubber 
honey using foam-mat vacuum drying with MD and GA 
carriers and to evaluate the resulting powder’s 
physicochemical and antioxidant properties. 

 

2. Materials and methods 

2.1 Raw materials 
A honey sample from a rubber tree (Hevea 

brasiliensis) was obtained from PT. Kembang Joyo 
Sriwijaya, Malang, Indonesia. The plant origins of 
rubber honey were based on the pollen spectrum (45% 
and above), which is the ratio of the frequency of each 
pollen type in honey, determined using both 
melissopalinology (Von der Ohe et al., 2004) and 
sensory analysis (Persano Oddo and Piro, 2004; Piana et 
al., 2004). Gum Arabic (GA) carriers were purchased 
from Ingredion Sweetener and Starch Company Limited, 
Thailand, and maltodextrin (MD) 12 DE from Sorini 
Agro Asia Corporindo Tbk, Indonesia. The foaming 
agent Tween-60 was from Muby Chemicals, 
Ankleshwar, Gujarat, India. 

2.2 Carrier material solution and foaming preparation 

The carrier material solutions were prepared by 
combining 100 mL of honey with carrier material at 
ratios of 2:1, 1:1, and 2:3. The amounts of honey, 
maltodextrin (MD), or gum arabic (GA) were calculated 
from the initial solids contents of raw honey (≈ 80% w/
w) and each carrier so that the final mixtures contained 
60, 80, or 100% total solids on a dry‑basis (db). A 50 g 
of honey and a carrier material solution were mixed with 
0.5% w/w tween-60 (Muby Chemicals, India). The 
mixture was homogenized using a planetary mixer 
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(Miyako 5M-625). Aeration was performed by 
normalizing Tween 60 in the honey-carrier material 
formulation using an outer and inner stirring rate of 460 
rpm for 3 min. 

2.3 Vacuum drying and powder preparation 

The mixture was placed on the trays with a 0.5–1.0 
cm thickness, and the trays were placed in a vacuum 
dryer (B-One VOV-50, China) equipped with a water jet 
vacuum system and a water chamber with dimensions of 
188×122×62 cm. The oven vacuum conditions included 
a drying room measuring 41.5 cm × 37 cm × 34 cm, 
drying temperature set at 70°C, a vacuum pressure of 
29.35 in Hg (with an absolute pressure of 5.807 in Hg), 
sample weight of 100 g, and drying time of 5 h. Drying 
trials were performed in duplicate. The dried material 
was stored at 18°C in glass bottles for 10 h before being 
ground in a grinder (GM-800S1, China) at room 
temperature under atmospheric conditions. The Ground 
samples were then stored at 18°C in vacuum plastic bags 
for further analysis.  

2.4 Characterization of rubber honey  

The physicochemical properties of rubber honey 
were analyzed using standard procedures, with results 
expressed as mean values from three replicates. 

2.4.1 Moisture content 

Moisture content was determined by oven-drying 
2.0±0.1 g honey at 105°C for 4 h according to AOAC 
Official Method 969.38. The sample was cooled in a 
desiccator and reweighed. Moisture content was 
determined using the following equation:  

2.4.2 Diastase number 

Diastase number (DN) was determined by diluting 
honey in acetate buffer (pH 5.3), incubating with 1% 
starch at 40°C, and measuring absorbance (660 nm) after 
iodine addition every 5 min. The DN value was 
calculated using DN = 300/t, where t is the time to reach 
A₆₆₀ nm < 0.235 (Kuc et al., 2017).  

 2.4.3 Hydroxymethylfurfural 

Hydroxymethylfurfural (HMF) was quantified by 
dissolving 5 g honey in 25 mL water, treating with 
Carrez I and II, filtering, and measuring absorbance at 
284 and 336 nm. The HMF value was calculated using 
the method from the International Honey Commission 
IHC (1999).  

Where A284 is the absorbance at 284 nm, A336 is 
the absorbance at 336 nm, 149.7 = (126 × 1000 × 1000)/
(16,830 × 10 × 5) is constant, 126 is molecular weight of 
HMF, 16,830 is molar absorptivity ε of HMF at λ = 284 
nm, 1000 is conversion g into mg, 10 is conversion 5 
into 50 mL, 1000 is conversion g of honey into kg, 5 is 
the theoretical nominal sample weight, D is dilution 
factor in case dilution is necessary, and W is the weight 
in g of the honey sample. 

2.4.4 Reducing sugar 

Reducing sugars were analyzed through Lane-Eynon 
titration following clarification with lead acetate and 
titration with Fehling’s solution using methylene blue 
indicator according to AOAC Official Method 920.183. 

2.4.5 Free acidity 

Free acidity was determined by titrating 10 g of 
honey diluted in 100 mL of water with 0.05 N NaOH to 
pH 8.30. Free acidity value was calculated using the 
method from AOAC Official Method 962.19 (2023).  

Where V is the volume of NaOH, N is the normality 
of NaOH, and the value 1000 is a conversion factor to 
express the result in milliequivalents per kilogram (mEq/
kg).  

2.4.6 Antioxidant activity (DPPH‑IC₅₀) 

Antioxidant activity (DPPH IC50) was evaluated by 
mixing 0.2 mL of 10% (w/v) honey solution with 1.8 mL 
of 0.1 mM DPPH methanolic solution. The mixture was 
incubated in the dark at 25°C for 60 min. Absorbance 
was measured at 515 nm, and % inhibition was 
calculated. IC50 was obtained through linear regression 
between concentration and inhibition values (Cinkmanis 
et al., 2017). 

2.4.7 Total phenolic content  

Total phenolic content (TPC) was measured by 
reacting 0.5 mL of 0.1 g/mL honey solution with 2.5 mL 
0.2 M Folin-Ciocalteu reagent and, after 4 min, adding 2 
mL of 7.5% Na2CO3. The mixture was incubated for 1 h 
at 25°C in the dark, and absorbance was measured at 750 
nm. Results were expressed as mg gallic acid equivalents 
(GAE) per 100 g dry basis (Keke and Cinkmanis, 2021). 

2.4.8 Total flavonoid content  

Total flavonoid content (TFC) was determined by 
mixing 2 mL of 0.2 g/mL honey solution with 3 mL of 
5% AlCl3 solution. After 30 min of incubation at room 
temperature, absorbance was measured at 437 nm. 

 (1) 

HMF (mg/100 g) = (A284 − A336) × 149.7 × 5 × D/W  (2) 

Free acidity (mEq/kg) = V × N × 1000 / sample 
weight (3) 
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Values were expressed as mg quercetin equivalents (QE) 
per 100 g dry basis (Pontis et al., 2014) 

2.5 Honey powder analysis 

2.5.1 Bulk density  
Bulk density (g/mL) was defined as the ratio of the 

sample weight to the initial volume of the sample, as 
displayed on the measuring cylinder, and after gently 
tapping 20-25 times, the volume was recorded. In 
contrast, the tapped bulk density refers to the actual solid 
density, which does not include inter-particle gaps. The 
bulk density was compared with voids and spaces during 
the analysis. The tapped bulk density of the immiscible 
liquid ethanol (99%) was calculated using a pycnometer 
as the average of three replicates (Suhag et al., 2021). 

2.5.2 Hygroscopic  

The hygroscopic rate (g.H2O/g solid. h) was 
calculated according to the procedure described by 
Nurhadi et al. (2012). A portion of the powder sample 
weighing 0.5 g was placed in a desiccator at an RH of 
70%. Its weight was recorded every 60 min for a total 
duration of 240 min. The moisture uptake was calculated 
as the difference between initial and subsequent weights 
at each interval. The hygroscopic rate (g H₂O/g solid·h) 
was calculated as the slope of the linear regression line 
of moisture content (on a dry basis) against time, 
indicating the rate at which the powder absorbs moisture 
under specified RH conditions. All results are expressed 
as the average of three replicates. 

2.5.3 Solubility  

The solubility of honey powder in water was 
determined following a modified method of Suhag et al. 
(2021). A 1 g sample in 100 mL of water (a) was 
homogenized with a magnetic stirrer at speed dial 
position 3 to produce a homogeneous solution. The 
samples were then filtered after complete dissolution. 
The residue on the filter paper was heated to 105°C for 3 
h (b). The sample was then placed in a desiccator for 15 
min, weighed, and recorded as the residual weight (c). 
All results are expressed as the average of three 
replicates. The following equation expresses solubility 
(%): 

2.5.4 Flow properties  

The determination of flow properties and the 
classification of flowability were conducted based on the 
Hausner Ratio (HR) and Carr Index (CI) values, as 
described by Gorle and Chopade (2020). The Carr index 
(CI) was used to classify powder flowability, and the 

Hausner Ratio (HR) was used to classify the 
cohesiveness of the powder as the average of three 
replications using the following formula:    

2.5.5 Dissolution time 

The dissolution time of the honey powder was 
estimated according to the method described by Nurhadi 
et al. (2012). Briefly, 250 g of aqueous solution was 
added to 1 g of the sample and stirred using a blender at 
a 3-speed dial. The dissolving time was calculated from 
the time it dissolved entirely in water. The data are the 
average of three replicates. 

2.5.6 Powder yield 

The ratio of the yield of the produced honey powder 
to the product of the honey-carrier material solution was 
used to calculate the production yield of honey powder, 
and the results were expressed as percentages (Suhag et 
al., 2021). The data represent the average of three 
replicates. 

2.5.7 Glass transition temperature (Tg) 

A differential scanning calorimeter (ASTM F 2625-

10) (mode DSC 214 Polyma, Bayern, Germany) was 
used to measure the glass transition temperature (Tg) of 
the powdered honey. A 10 mg samples were sealed 
hermetically in aluminum pans and analyzed at ambient 
temperature. The standard was an empty aluminium pan. 
The procedure consisted of the following steps: initial 
cooling from room temperature (25℃) to −40℃ at a rate 
of 10℃/min, followed by an isothermal hold at −40℃ 
for 5 min; heating to 90℃ at 10℃/min, with another 
isothermal hold for 5 min at 90℃; re-cooling to −40℃ at 
10°C/min and holding again for 5 min; finally, the 
sample was reheated to 160℃ (or to 200℃ for pure MD 
and GA powders) at 10℃/min. This method utilizes a 
double scanning program of samples to improve the 
accuracy of T measurements on DSC thermograms.  

2.5.8 Moisture content and water activity 
determination 

Moisture content of honey powder was determined 
by drying 1 g of the sample at 105℃ for 4 h (Chegini 
and Ghobadian, 2005). Water loss after treatment 
generated a weight change that was expressed as a 
percentage of the sample’s initial weight and calculated 
as the average of duplicate samples. The water activity 
(aw) of the vacuum foam mat dried honey powder was 
measured using an AquaLab 3TE Series water activity 
meter (Decagon Devices, Inc., Pullman, WA, USA). The 

 (4) 

 (5) 

 (6) 
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temperature was held at 24.5°C plus or minus 0.5°C 
during the measurement.  

2.5.9 Hydroxymethylfurfural  

Hydroxymethylfurfural was determined using a 
spectrophotometric method (International Honey 
Commission, 1999). A 50-mL volumetric flask was 
filled with 5 g of honey powder dissolved in 25 mL of 
water. Then, 0.5 mL of Carrez solutions I and II (0.5 
mL) were added, and water was used to fill the flask to a 
total volume of 50 mL. After filtering the solution 
through a paper, the first 10 mL of the filtrate was 
removed. Approximately 5 mL of Distilled water 
(sample solution) and 5 mL of sodium bisulfite solution 
(0.2% concentration) were added to two test tubes, each 
containing an aliquot of 5 mL. UV-Vis spectroscopy was 
used to calculate the absorbance of the solutions at 284 
and 336 nm. The standard external technique (99% 
Sigma-Aldrich, Milan) and the suggested formula for the 
method reported by the International Honey Commission 
were used to determine the quantitative value of HMF 
(Bogdanov et al., 1999). All results are expressed as the 
average of three replicates. 

2.5.10 Diastase number 

Diastase activity was based on the distribution of 
starch by α-amylase, according to Kuc et al. (2017), with 
a modification. Five grams of honey was added to 10-15 
mL of distilled water and 2.5 mL of acetate buffer. The 
solution was stirred until homogeneous and transferred 
to a 25 mL volumetric flask containing 1.5 mL NaCl. 
Distilled water was added until the limit mark was 
reached, and 10 mL of solution was added to 5 mL of 
starch solution. Heating was done in a water bath at 
40±20℃ for 15 min. At every 5 min interval, 1 mL of 
the solution was added to 10 mL of iodine solution, 
mixed, and diluted with 20 mL of water. The absorbance 
of the sample was measured at a wavelength of 660 nm. 
The reaction time was recorded from the time the honey 
was mixed with the starch solution until the iodine 
solution was added. The solution was continued until A 
< 0.235 was obtained within a specific time interval. The 
determination of DN was made using the following 
formula 

Where DN = diastase number and t = time taken to 
reach the absorbance value. 

2.5.11 Antioxidant activity 

The antioxidant activity of honey powder and honey 
was assessed using the DPPH (Sigma Aldrich®, 
Germany) assay according to Cinkmanis et al. (2017), 

with a slight modification. The honey powder was 
diluted in water to reach a concentration of 10%. The 
solution of 0.2 mL was mixed with 1.8 ml methanolic 
DPPH solution (0.1 mM) and left to stand for 60 min in 
the dark and at room temperature. The absorbance of the 
sample mixture (A1) was measured at 515 nm with the 
control of methanol (A0). The measurement was 
conducted in three replications. The antioxidant activity 
was measured with the following formula: 

A 3.5 mL of methanol and dissolved honey powder 
solutions of the same concentrations as before were used 
to create a blank solution. The 1.5 mL of 0.1 mM DPPH 
solution and 3.5 mL of methanol (Sharlab S.L., Spain) 
were added to create the control solution. The IC50 
values were determined using linear regression plots, 
where the concentration of produced solutions is shown 
on the abscissa, and the antioxidant activity is shown on 
the ordinate. The IC50 values were calculated by linear 
regression of plots, where the concentration of the 
prepared solutions was represented on the abscissa, and 
the antiradical activity of the prepared solutions was 
plotted on the ordinate (Pontis et al., 2014).  

2.5.12 Total phenolic content 

The Folin–Ciocalteu method, modified by Keke and 
Cinkmanis (2021), was used to determine the total 
phenolic compound content. The powder and liquid of 
honey were diluted in deionized water to a concentration 
of 0.1 g/mL. The 0.5 mL sample volume was added by 
2.5 mL of 0.2 M Folin-Ciocalteu reagent (Sigma 
Aldrich®, Germany). Approximately 2 mL of a 7.5% 
Na2CO3 solution were mixed with the sample and stirred 
for 5 min. The reaction mixture was maintained at ±20°C 
in the dark for 1 h. A UV/Vis spectrophotometer 
(Shimazu 1280, Japan) with absorbance at 750 nm was 
used to measure the total phenolic content after 
incubation. Deionized water was used as a blank 
solution. Data are presented as gallic acid equivalents 
(µg GAE 100/g dry matter) as the average of three 
replicates. 

2.5.13 Total flavonoids 

The total flavonoid content was determined using 
aluminum chloride according to the method described by 
Pontis et al. (2014). Stock honey solution of 0.2 g/mL (2 
mL) was dissolved in 3 mL AlCl3 5% solution. After 
incubation for 30 min, the absorbance was measured at 
437 nm with methanol as a blank. The data are presented 
as quercetin equivalents (mg QE.100 g-1 dry basis). The 
data represent the average of three replicates.  

 

 (7) 

 (8) 
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2.6 Data analysis 

All experiments were conducted in three 
replications. Statistical analysis used SPSS software 
(v.24.00, IBM SPSS., Chicago, Illinois, USA). The 
difference among treatments was analyzed by two-way 
variance analysis of variance followed by Duncan's 
honest significant difference test at 5% significance 
level. Data were presented in the mean±standard 
deviation (SD). 

 

3. Results and discussion 

3.1 Characteristics of rubber honey  
The physicochemical properties, antioxidant activity, 

total flavonoids and phenolic contents of rubber honey 
(H. brasiliensis) are presented in Table 1. The data show 
that rubber honey meets both the Indonesian National 
Standard (2018) and the Codex Alimentarius 
Commission (2019) in terms of key parameters such as 
moisture content, diastase number, and HMF. In 
particular, the diastase number of 21.17±0.78 and HMF 
of 5.41±2.59 mg/100 g are consistent with high-quality 
honey indicators, while the reducing sugar, sucrose, and 
total sugars confirm the typical sugar profile of 
monofloral honeys. The free acidity of 18.01±1.43 
mEq/100 g also underscores the freshness and acceptable 
acidity level of the rubber honey. Moreover, the 
antioxidant activity (IC50) of rubber honey was 
125.41±5.70 mg/mL, which means it is classified as 
having weak antioxidant activity because it is not 
sufficiently effective to reduce free radicals by 50%. 
Ustadi et al. (2017) reported that the DPPH IC50 of 
rubber honey from West Java was stronger (15.08±1.49 
mg/mL) than that observed in the present study. This 
difference may be attributed to variations in geographical 
locations, rubber tree varieties, and the different harvest 
seasons, all of which can influence the nectar 

composition and bioactive compounds contributing to 
honey’s antioxidant capacity. 

Jaya et al. (2022) reported that the total phenols and 
flavonoids in rubber honey are lower than those in other 
types of honey, such as calliandra honey (Calliandra 
calothyrsus) and kapok honey (Ceiba pentandra). 
Adalina et al. (2020) stated that rubber honey from A. 
mellifera with an actual phenolic content is weak 
compared to that of A. dorsata, which is moderately 
positive. According to Alvarez-Suarez (2018), the 
location of the apiaries or the geographical origin where 
the bees collect nectar may influence the composition of 
polyphenols in honey because these compounds act as 
protectors against environmental stress, such as changes 
in temperature, light intensity, moisture content, UV 
exposure, and mineral nutrient deficiency. These 
compounds may vary depending on the environmental 
exposure of the plants. 

3.2 Rubber honey powder properties 

The final product produced by milling was obtained 
from the weight of the sample relative to the initial 
volume of the sample, whether closed or open to the 
surrounding atmosphere (Fitzpatrick, 2013). The actual 
solid density is called the tapped bulk density (Suhag et 
al., 2021). The different carrier materials and levels 
affected the bulk and tapped densities of the vacuum 
foam-dried powders (p < 0.05). An increase in MD and 
GA total solid level in the feed concentration from 20 to 
40% led to a decrease in powder bulk density (Table 2). 
Based on these results, the best treatment for producing 
rubber honey powder, in terms of balancing flow 
properties and yield, was GA at 40%, as it resulted in a 
desirable bulk density with comparatively favorable 
solubility, yield, and flow characteristics. Samborska et 
al. (2019) obtained similar results. The increasing honey 
concentration decreased the bulk density of the MD-

based powders. This relationship could be related to the 
low degree of agglomeration of the carriers, which may 
be related to their lower bulk density with increasing 
carrier levels, thus increasing the volume of the powder 
particles (Suhag et al., 2021). The trapped density is 
equivalent to the actual solid density (as opposed to the 
bulk density), which accounts for all empty spaces 
between the particles. The present study's tapped density 
ranged between 1.26 g/mL and 1.81 g/mL (Table 2). 
These findings align with the research of Suhag et al. 
(2021), who observed that the honey powder with MD 
and GA additions exhibited densities of 1.80 and 1.64 g/
mL, respectively. Samborska et al. (2019) also reported 
that honey powders obtained by low-temperature 
dehumidified air spray drying with honey-to-MD solid 
ratios of 60:40, 70:30, and 80:20 were 1.51, 1.50, and 

Parameters  Concentration 

Physicochemical properties 

Moisture content (%) 19.40±0.20 

Diastase number (DN) 21.17±0.78  
HMF (mg/100 g)  5.41±2.59 

Reducing sugar (%) 56.75±4.88 

Sucrose (%)  0.84±0.32 

Total sugars (g/100 g) 73.09±0.81 

Free acidity (mEq/100 g) 18.01±1.43 

Antioxidant activity 

DPPH IC50 (mg/mL)  125.41±5.70 

Bioactive compounds 

Total phenolic content (mg GAE/100 g) 48.21±0.61 

Total flavonoid content (mg QE/100 g) 31.22±1.21 

Table 1. Characteristics of raw rubber honey. 

Values are presented as Mean±SD  



23 Jaya et al. / Food Research 10 (2) (2026) 17 - 26  

 
https://doi.org/10.26656/fr.2017.10(2).220 © 2026 The Authors. Published by Rynnye Lyan Resources 

RESEA
RCH

 PA
PER

 

1.50, respectively. In this study, the MD-based honey 
powder showed a slightly higher tapped bulk density 
than the GA-based honey powder. Suhag et al. (2021) 
suggested that MD has more interparticle spaces than 
GA, which has relatively fewer. 

Amorphous products are more hygroscopic than 
crystalline products. GA with higher levels had higher 
hygroscopic rates. GA is believed to have a greater 
capacity for hydration, swelling, dissolution, and 
interaction with water. The hygroscopic rate of GA 
ranges from 0.013 to 0.015 g.H2O/g solid.h, with the 
highest level of 60%, indicating a significant water 
absorption and retention capacity. Hygroscopicity 
increased with decreasing particle size, suggesting that 
GA with a smaller size has a higher propensity to absorb 
water from the environment (Rosland Abel et al., 2020). 
At the same time, Fabra et al. (2011) stated that adding 
MD decreased the powder's ability to absorb water due 
to its lower hygroscopicity. The hygroscopic rate at MD 
40% was 17.77% lower than at MD 20%, whereas MD 
60% showed a 57.77% reduction in hygroscopic rate. 
The hygroscopic rate for GA 20% was reduced by 6.66% 
and 13.33% when compared to GA 40% and GA 60%, 
respectively. 

Solubility is crucial for predicting the behavior of a 
powder in an aqueous phase. Food powders have distinct 
water solubilities. As shown in Table 2, the solubility of 
the powders increased with increasing carrier levels 
because of their naturally high water solubility. The 
honey powder with MD had the highest solubility 
compared to GA. The results were similar to those of 
MD- and GA-based spray-dried powders reported by 
Suhag et al. (2021) and vacuum-dried powders reported 
by Mutlu and Erbas (2021). The highest solubility was 
achieved with MD (98.77± 0.10 s), while the lowest was 
99.34±0.10 s. This result matched honey powder spray 

drying with MD (28-148 s) (Samborska and 
Bieńkowska, 2013). These findings follow those of Osés 
et al. (2021), who reported that the lower moisture 
content of vacuum-dried powder using MD showed the 
best solubility. Similarly, Mutlu and Erbas (2021) also 
reported that solubility increases as the moisture content 
decreases because of the lower chance of powder 
clumping. Nevertheless, these findings contradict those 
of Samborska and Bieńkowska (2012). The water 
solubility decreased with increasing powder moisture 
content.  

The Hausner ratio and Carr index results of honey 
powder by vacuum-foam drying differed significantly (p 
< 0.05), and they changed between 2.32±0.09 -2.91±0.09 
0.15 and 56.90±1.66-65.63±1.81%, respectively (Table 
2). These flow properties of vacuum-foam dried honey 
powder are "very, very poor" based on the category by 
Gorle and Chopade (2020). The harmful flowing 
properties of honey powder might be related to sticky 
substances from carrier materials, which are hygroscopic 
and quickly absorb water from the surroundings. Thus, 
the anti-caking acts as a barrier to water. Ortega-Rivas et 
al. (2005) stated that an anti-caking agent (or free-

flowing agent) improves the host stability and preserves 
its free-flowing characteristics. The anti-caking 
chemicals protect the host material by water barrier 
formation, surface friction elimination, and crystal 
development restriction. Therefore, the stability of sugar-
rich powders, such as honey powder, can be maintained 
using an anti-caking agent (Welti-Chanes et al., 2008). 

The dissolution time is required to dissolve an object 
evenly throughout the solution. Table 2 shows that the 
dissolving time of honey powders ranged from 
43.05±0.10 s to 73.78±0.24 s and decreased due to the 
emulsifying abilities of carrier agents and the 
amphiphilic molecular structures of aids. In this study, 

Parameters 
Maltodextrin (MD) Gum Arab (GA) 

20% 40% 60% 20% 40% 60% 

Bulk density (g/mL) 0.65±0.01d 0.52±0.03a 0.50±0.02a 0.62±0.02cd 0.58±0.01bc 0.56±0.04b 

Tapped density (g/mL) 1.81±0.04e 1.51±0.01c 1.26±0.01a 1.45±0.01b 1.79±0.02e 1.57±0.03d 

Hygroscopic rate 
(g.H2O/g solid.h) 0.037±0.002b 0.045±0.002d 0.019±0.005c 0.015±0.001a 0.014±0.001a 0.013±0.001ab 

Solubility (%) 98.77±0.10a 99.34±0.47b 99.09±0.23ab 98.85±0.09ab 99.12±0.16ab 99.07±0.31b 

Hausner ratio 2.71±0.04ab 2.91±0.15b 2.54±0.02ab 2.32±0.09a 2.49±0.44a 2.48±0.15a 

Carr index (%) 63.15±0.54bc 65.63±1.81c 60.85±0.38abc 56.90±1.66a 59.07±6.60ab 61.28±1.17abc 

Dissolving time (s) 73.78±0.24f 49.88±0.12d 43.05±0.10a 50.99±0.09e 45.26±0.10b 47.02±0.08c 

Glass transition 
temperature Tg (ºC) 13.7 21.2 17.8 20.8 21.1 45.3 

Table 2. The rubber honey powder's physical properties with different levels of carrier materials. 

Values are presented as mean±SD, n = 3. Values with different superscripts in the same row are statistically significantly 
different (p<0.05).  
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the dissolving time was higher than that of vacuum-dried 
powders with MD and GA (Nurhadi et al., 2012) and 
with the rewetting method using polyvinylpyrrolidone 
(PVP) (Nurhadi et al., 2022). The discrepancies may be 
caused by variations in the drying conditions and carrier 
material level, affecting the solution viscosity. Mutlu and 
Erbas (2021) stated that a long vacuum drying time 
would result in the formation of crystalline rather than 
amorphous solids. Crystalline solids are less soluble than 
amorphous solids because of the hydrogen bonds 
between solid crystal molecules. The dissolving time of 
honey powder containing MD requires more time to 
disperse in water than that of GA. Similar behavior was 
observed with GA-based spray drying (Suhag et al., 
2021). In contrast, Nurhadi et al. (2012) reported that 
GA in vacuum-dried honey powder was more 
challenging to wet and required longer to disperse in 
water. 

The glass transition temperature (Tg) of honey 
powder ranged from 13.7 to 45.3℃ (Table 2). Higher Tg 
values were achieved with honey powders with GA than 
with MD as the carrier material. Ganaie et al. (2021) 
obtained a similar result. Honey powder containing WPI 
was successfully transformed into a glassy, free-flowing 
form compared with powders with MD carriers. The Tg 
value increased with the molecular weight of the 
material. The lower Tg values of the powders with MD 
suggest that they should be stored in high-barrier 
packaging under refrigeration (Bhatta et al., 2020). The 
Tg values of MD and GA were higher than those 
obtained by other researchers, who described Tg values 
between 6.5 and 26.1°C (Jedlińska et al., 2019) and 
ranged from 6.5 to 20.3 (Samborska et al., 2019). 
However, the current study's Tg values in vacuum drying 
are lower than those obtained using spray drying, falling 
between 42.6 and 49.86°C (Sahu, 2008) and spray drying 
between 47.5 and 82.14°C (Samborska et al., 2020). 
Despite having low Tg values, all treatments were 
successfully transformed into powder. This phenomenon 
also occurred in the research conducted by Samborska et 
al. (Samborska et al., 2019). Amorphous materials 
achieve their critical viscosity, which causes stickiness 
and caking at temperatures 10-20℃ higher than the Tg 
value (Samborska et al., 2020). However, amorphous 
ingredients are not stable at temperatures above the Tg. 
Therefore, honey powders with low Tg values (close to 
room temperature) should be stored in high-barrier 
packaging under refrigerated conditions (Jedlińska et al., 
2019). 

3.3 Physicochemical properties of rubber honey powder 

The powder yield from this study (Table 3) was 
higher (from 53% to 96%) than that from a previous 

study on honey drying. This finding is comparable to 
Nurhadi et al. (2012), who reported that the recovery of 
vacuum-dried honey powder was 73.0-73.8%. The 
lowest powder recovery was MD 20% (53±1%) and GA 
20% (57±2%), which contained the lowest carrier 
material level. GA 20% yielded more powder than MD 
20% because GA has a higher transition temperature 
than MD. According to Nurhadi et al. (2012), GA can 
encapsulate or cover honey more effectively than MD. 
Therefore, the honey powder with GA had a higher yield 
than MD. This result was higher than that of honey 
powder using spray drying, ranging from 5% (Shi et al., 
2013) to a maximum of 77.1% (Samborska et al., 2017). 
The water added to the mixture (honey + carrier) during 
spray-drying tends to lower its Tg, which may cause the 
mixture to stick to the drying chamber. Product loss can 
also occur during drying by spilling off the container and 
grinding (Nurhadi et al., 2012). 

Moisture values were between 1.53±0.24 and 
5.26±0.15%, and the type of carrier material had a 
significant difference (p < 0.05). This report indicated 
that the residual moisture of honey powders dried using 
vacuum foam mat drying is affected by the initial total 
solid concentration. This value was higher than that 
reported by Nurhadi et al. (2012), who found that the 
moisture in vacuum-dried honey powder was between 
1.1-2%. Mutlu et al. (2020) also reported that honey 
powder produced by vacuum-drying using GA and MD 
was 1.40% and 1.92%, respectively. The concentration 
of honey or the drying process resulted in a lower 
moisture content despite using the same honey samples. 
The present study compared MD and GA using different 
levels of honey as a carrier for each treatment. According 
to Samborska et al. (2019), the amount of water in the 
final product increased with the carrier material 
concentration. Honey powder with GA as a carrier 
material showed higher moisture content than that with 
MD (Table 3). GA in vacuum-dried honey powder had a 
higher moisture content than MD (Nurhadi et al., 2012). 
The carrier material causes variations in the hydrophilic 
and hydrophobic balance (Gabas et al., 2007). Aw values 
were between 0.31±0.01 and 0.38±0.01 with a 
significant statistical difference (p < 0.05). Similar 
values were obtained by Nurhadi et al. (2012), Nurhadi 
and Roos (2017), and Mutlu et al. (2020) using vacuum 
drying, while higher water activity (0.066–0.138) was 
obtained in spray-dried powders with GA or MD. This 
variation might be due to the variation in honey types, 
time spent before analysis, and storage conditions (Oses 
et al., 2021). The honey powder used in this study was 
classified as a stable food because of its low Aw value. 
Abramovič et al. (2008) reported that most microbial 
activities are inhibited if the water activity of honey is 
less than 0.6.  
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 HMF values of honey powders were between 
21.52±1.22 and 50.73±3.32 mg/100 g, and carrier 
material types and their level are significantly different 
(p < 0.05). The highest and lowest HMF contents were 
the honey powders containing MD 60% and 20%, 
respectively. Hydroxylmethylfurfural (HMF) content and 
diastase number (DN) indicate the heating effects during 
honey powder drying. HMF is a derivative of glucose 
and fructose produced by overheating (Chmielewska, 
2003). HMF could also indicate the inverted sugar 
content in honey produced from the oligo- and 
polysaccharides added to honey (Mutlu and Erbas, 
2021). The HMF content in this study complies with the 
National Standardization Agency of Indonesia (2018) 
and the Codex Alimentarius Commission (2019), which 
has a maximum of 40 mg/kg. Unlike MD 60%, the HMF 
content of honey should be lower than 40 mg/kg. 
According to Nurhadi et al. (2012), honey powder 
produced by vacuum drying using GA and MD is 0 and 
30.4 mg/kg, respectively. Mutlu and Erbas (2021) also 
reported that the highest HMF content was found in 
vacuum-dried samples compared with spray-dried 
samples. The amount of HMF in the honey powder 
might have increased due to prolonged drying. 

Diastase number values in this research were 
between 2.50±0.07 and 6.09±0.11 DN (Table 3), with 
significant differences (p < 0.05) among treatments. 
Except for MD 60%, all diastase numbers from MD and 
GA at various levels were higher than the minimum for 
diastase numbers of three (The National Standardization 
Agency of Indonesia, 2018). Vacuum-dried honey 
powder had a DN of 0-7.2 DN (Nurhadi et al., 2012) and 
2.61±0.32-10.48±10.48 DN (Mutlu and Erbas, 2021). 
However, based on the Codex Alimentarius Commission 
standard (2019), these values were also lower than the 
minimum legal limit for diastase number eight. Honey 
powder with GA as a carrier material revealed a higher 
diastase number than MD. GA offers better protection 
during drying than MD with DE 12. Mutlu and Erbas 
(2021) reported similar results for lower DN in MD-

containing honey powders. Nurhadi et al. (2012) 
reported that GA had a lower heating destruction effect 
than MD when using vacuum and spray drying. The 

drying method did not affect DN. Mutlu and Erbas 
(2021) found similar results for producing honey powder 
using blossom honey. Drying methods did not affect 
diastase enzyme activities. In conclusion, vacuum foam 
mat drying techniques can maintain diastase enzyme 
activity. 

3.4 Antioxidant activity 

The IC50 value was used to express the free radical 
scavenging activity, indicating the sample's capacity to 
inhibit 50% of free radicals. The capacity of the sample 
to neutralize free radicals increased with decreasing IC50 
values. The obtained IC50 values of the honey powders 
with MD and GA ranged from 5.68±1.60 to 47.47±2.93 
mg/mL (Table 4). Honey powder with GA as the carrier 
material showed better antioxidant activity than that with 
MD. In a previous study, Mutlu and Erbas (2021) also 
examined Apis mellifera honey under different drying 
methods (spray-drying and vacuum-drying) and reported 
that antioxidant capacity was influenced by both the 
processing technique and the type of carrier used, 
underscoring the importance of technological parameters 
in preserving honey’s bioactive compounds. Ali et al. 
(2020) reported that GA possesses anti-inflammatory and 
antioxidant properties through its derivative butyrate and 
contains naturally occurring polyphenols. MD and GA 
significantly increased the antioxidant potential of the 
honey powder. 

3.5 Bioactive compounds of rubber honey powder 

The total phenolic content (TPC) ranged from 
50.15±0.47 to 107.70±0.84 mg GAE 100 g dry matter 
(Table 4). High TPC was found in the honey containing 
20% carrier material. These findings follow the research 
of Osés et al. (2021), who reported that honey powder 
containing GA showed higher total phenolic content 
after spray drying than MD. The drying procedure, 
carrier, and interactions significantly influenced the TPC.  

The total flavonoid in honey powder prepared by 
vacuum foam-mat drying with varying levels of MD and 
GA ranged from 9.95±1.09 to 48.07±1.77 µg QE/100 g. 
GA had higher concentrations of flavonoids compared 

Parameters 
Maltodextrin (MD) Gum Arab (GA) 

20% 40% 60% 20% 40% 60% 

Powder yield (%) 53±1a
 73±1c

 96±3f
 57±2b

 78±2d
 90±5e

 

Moisture (%) 2.66±0.12b
 1.53±0.24a

 2.80±0.11bc
 2.83±0.09bc

 3.01±0.11c
 5.26±0.15d

 

Water activity (Aw) 0.38±0.01c
 0.31±0.01a

 0.36±0.01c
 0.31±0.01bc

 0.33±0.01c
 0.32±0.01d

 

HMF (mg/100 g) 21.52±1.22b
 35.87±1.34d

 50.73±3.32e
 31.25±0.64c

 24.04±0.43b
 11.81±0.49a

 

Diastase number (DN) 3.97±0.24c
 3.14±0.35b

 2.50±0.07a
 4.21±0.13c

 5.58±0.39d
 6.09±0.11f

 

Table 3. Physicochemical properties of rubber honey powder using different levels of carrier materials. 

Values are presented as mean±SD, n = 3. Values with different superscripts in the same row are statistically significantly 
different (p<0.05).  
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with MD. Moreover, the nectar content in rubber flowers 
can vary in phenolic and flavonoid profiles, thereby 
affecting the final bioactive compound content of the 
resulting honey powder. Factors such as climate, rubber 
tree variety, and harvesting conditions influence the 
nectar’s phytochemical composition, which ultimately 
impacts phenolic and flavonoid concentrations in the 
powder. Alawi et al. (2018) reported that GA contains 
various secondary metabolites such as flavones, 
catechins, polyphenols, tannins, chalcones, alkaloids, and 
flavonoids. In conclusion, honey powder prepared using 
GA has more bioactive compounds than honey powder 
prepared using MD. 

 

4. Conclusion  
In conclusion, tween 60 is a type of low molecular 

surfactant which can act as a foam mat drying and holds 
promising potential for producing honey powder 
containing MD and GA as carrier materials. Foam mat 
drying of honey powder using GA at 40% concentration 
is recommended based on overall quality. While 
increasing the level of MD and GA on physicochemical 
properties could increase powder yield and glass 
transition temperature, it reduces the quality of moisture, 
water activity, HMF, and Diastase Number, although still 
following honey standards. Good antioxidant potential 
was achieved by increasing the level of MD and GA of 
the honey powder. Foam mat dried honey powder can be 
applied in many food products, such as snacks, yogurt, 
and dietary supplements and can be used as a substitute 
for artificial sugar. 
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