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Abstract 

 
Heating in honey processing can inhibit fermentation, crystallization, and the growth of microorganisms, such as 

bacteria. However, the effect of the honey heating process on the properties of honey and its antibacterial activity 

has not been further studied. Therefore, in this study, the properties of honey of both Apis and Trigona species 

from Bogor, Kalimantan, Sulawesi, Sumatra, and Lombok, were tested. The properties of honey, including water 

content, acidity, reducing sugar, 5-hydroxymethylfurfural (HMF), and diastase enzyme activity, were tested at 

heating temperatures 50, 70, and 90 °C. The antibacterial activity was determined using the disc method against 

Escherichia coli and Staphylococcus aureus. The results showed that the average water content and acidity values 

decreased after heating. However, the values met the SNI quality requirements with a water content value of < 

22% and the acidity value not exceeding 50 mL NaOH 0.1 N/kg in the Apis and Trigona types of honey. The 

reduced sugar content fluctuated after heating all samples, and the average HMF level of honey increased after 

heating. However, the activity of the diastase enzyme decreased, although the value was still within the SNI 

standard value. The selected honey samples of the Apis and Trigona types were active in inhibiting the growth of 

Staphylococcus aureus but were not active against Escherichia coli. 
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1. INTRODUCTION  
Honey is a natural substance with various 

bioactivity compounds, including honey 

produced in Indonesia. For example, Trigona sp 

honey, Kaliandra, and Kelengkeng have the 

potential as supplements for lung cancer 

patients (Sumarlin et al., 2019), and the 

presence of aurantiamide acetate (antiviral or 

anti-inflammatory and therapeutic agent for 

influenza) (Sumarlin et al., 2021). In addition, 

the ability as an antibacterial has also been 

widely found. However, this antibacterial 

property depends on its type, geographical 

location, as well as the type and origin of the 

plant that is the source of honey nectar (Rio et 

al., 2012). The antibacterial properties and 

mechanisms in honey are caused because honey 

contains flavonoids, honey osmolarity, acidity, 

and the presence of inhibin compounds, namely 

hydrogen peroxide (Nadhilla, 2014). 

The physicochemical properties of honey 

are listed in the honey quality requirements of 

SNI-01-3545-2013. Water content, acidity, 

reducing sugar content, and 5-

hydroxymethylfurfural (HMF) content are very 

important to know to determine its quality 

through the physicochemical characteristics of 

honey (Sjamsiah et al., 2018). Water content is 

one factor that determines honey's durability or 

shelf life, where the maximum moisture content 

determined by SNI is 22%. In addition, another 

parameter that determines the quality of honey 

based on SNI is the determination of the activity 

of the diastase enzyme. Bees produce this 
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diastase enzyme during the honey maturation 

process, where generally, the value of the 

activity of this enzyme is used as an indicator of 

the freshness or purity of honey.  

Previous studies have shown that the 

ability of honey as an antibacterial is due to the 

high concentration of sugars and low water 

activity to prevent honey from fermenting. 

Meanwhile, honey easily crystallizes due to the 

high concentration of monosaccharides in 

honey, especially glucose. During 

crystallization, part of the water is released from 

the solid phase, resulting in increased humidity 

that can multiply yeast cells naturally and make 

the honey ferment, thus affecting the quality of 

honey (Kowalski, 2013; Samborska & 

Czelejewska, 2014).  

Indonesia has various types of honey 

because of the diverse and different floral 

sources in each region, so the antibacterial 

activity of honey will also vary. One of the 

obstacles honey farmers faced in Indonesia is 

because the air humidity is quite high, around 

60-90%, so in general, honey in Indonesia has a 

high-water content. Honey has hygroscopic 

properties where it will absorb water if left 

exposed to moist air (Enggar, 2018). High water 

content honey causes its consistency to become 

thinner, which can also increase the risk of 

bacterial fermentation, which causes a decrease 

in the quality of honey.  

Heating treatment in honey can be one of 

the efforts as a honey preservation technique 

expected to produce better antibacterial activity. 

The heating process in honey can dissolve sugar 

to slow down granulation, reduce honey's 

viscosity, and inhibit honey's crystallization 

process. This process also eliminates 

microorganisms that cause honey decay, 

reduces the moisture content to prevent 

fermentation, and destroys sugar-tolerant 

osmophilic yeast to extend the shelf life of 

honey (Blidi et al., 2017; Zarei et al., 2019). 

Although studies on the antibacterial 

activity of honey have been widely carried out, 

the effect of heating honey to maintain its 

quality on antibacterial activity and the 

characteristics surrounding it are still limited in 

the report. Therefore, the information presented 

in this study is very useful, especially about the 

optimum temperature possible in heating honey 

in the process and its presentation while 

maintaining and maintaining the quality of its 

bioactivity. 

2. MATERIALS AND METHODS 
Materials And Instruments 
 The honey samples used came from 

several regions in Indonesia, namely AP LK 

(Apis Klengkeng); AP LMB (Apis Lombok 

north); AP MG (Apis mango) MAC (Madu 

Aceh, Buloh Seuma); MG KLS (Apis 

mangrove south Kalimantan), TR BB (Trigona 

Southeast Sulawesi); TR BIR (Trigona 

tetroginola biroi South Sulawesi); TR BGR 

(Trigona Bogor); TR LMB (Trigona North 

Lombok); TR SLS (Trigona Genotrigona Insica 

South Sulawesi). Meanwhile, the antibacterial 

activity of honey against Escherichia coli 

ATCC 8739 and Staphylococcus aureus ATCC 

25923 using the disc method and measured 

clear zones (mm). The chemicals used in this 

study were NaOH (Merck), phenolphthalein 

indicator (Merck), Mueller Hinton Agar (MHA) 

(Merck), acetate buffer, NaCl (Merck), amylum 

(Himedia), iodine (Merck), KI (Sigma-

Aldrich), H2SO4 (Merck), Na2S2O3 (Merck), 

K4Fe(CN)6.3H2O (Merck), 

Zn(CH3COO)2.2H2O (Merck), NaHSO3 

(Merck), C6H8O7 (Merck) and Na2CO3 (Sigma-

Aldrich). Instruments used Oven (Memmert), 

desiccator, water bath (Memmert), and Uv-Vis 

Spectrophotometer (Genesys 10S). 

 

Honey Preparations 

30 g of ten honey samples were put into 

a vial bottle and tightly closed. Then it is heated 

in the oven at 50, 70, and 80 °C for 10 days, 

respectively. Vials of samples of any 

temperature are quickly taken and cooled on ice 

to stop the reaction during heating and stored at 

24 °C until the time of analysis (Turkmen et al., 

2006). Meanwhile, samples before heating are 

finished the same as for heated samples, and 

only they are not put in the oven. After that, all 

the samples prepared above are ready for 

various characteristic tests. The characteristics 

measured include water content, acidity value, 

reducing sugar content, 5-

hydroxymethylfurfural (HMF) content, and 

diastase enzyme activity. In addition, it was 

continued with antibacterial activity tests 

against Staphylococcus aureus and Escherichia 

coli. 

 

Water Content Test 

2 g of each honey sample was put in a 

petri dish already known to weigh it. The 

sample was heated at 105-110 °C for 2 hours. 

Cool the sample in a desiccator for 10 minutes, 
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weigh it, and heat it for 1 hour. The sample was 

cooled for 10 minutes and then re-weighed 

(Wulandari, 2017). Repeat heating and 

weighing until a constant weight (consecutive 

weighing difference ≤ 0.2 mg). Then the 

moisture content of the sample is calculated 

using equation 1. 

 

MC (%) = 
(𝑀𝑜−𝑀𝑖)

𝑀𝑜
 x 100.............................. (1) 

 

Where, MC is moisture content (% w/w), Mo 

is initial mass of sample, Mi is final mass of 

sample. 

 

Acidity Value Test 

10 g of honey sample was put into an 

Erlenmeyer glass and dissolved in 75 mL of 

distilled water. Then, 4-5 drops of 

phenolphthalein indicator (PP) were added and 

titrated with a 0.1 N NaOH solution until it 

reached the equivalence point (Prabowo et al., 

2019). Then the acidity value on the sample is 

calculated using equation 2. 

 

AV = 
(a x b)

m
 x 100......................................... (2) 

 

Where, AV is acidity value of honey (mL 

NaOH /kg honey), V is volume of NaOH 0.1 N 

(mL), N is normality of NaOH 0.1 N and m is 

mass of honey (g). 

 

Reducing Sugar Content Test 

The sample was weighed 2 g, put in a 

measuring flask of 250 mL, and added distilled 

water to the limit mark and shaken. The solution 

is pipetted 10 mL and put into Erlenmeyer, then 

added 15 mL of distilled water and 25 mL of 

Luff Schoorl solution are. Erlenmeyer was 

connected with a condenser and heated for 10 

minutes, then removed and cooled in an ice-

filled bath (it should not be shaken). After 

cooling, add 10 mL of KI 20% and 25 ml of 

H2SO4 25% (carefully formed CO2 gas). The 

solution was titrated with 0.1 N of sodium 

thiosulfate with a starch solution indicator of 

0.5% (V1) (Wulandari, 2017). The blanks were 

determined with a sample containing 25 mL 

water and 25 mL Luff Schoorl solution (V2).  

The reducing sugar content was calculated 

using equation 3-4. 

 

Volume of Na2S2O3 = (V1-V2) x 
N

0.1
............. (3) 

 

RSC (%) = 
At x fp 

m
 x 100%............................ (4) 

 

Where, V1 is volume of blank solution (mL), V2 

is volume of sample solution (mL), N is the 

normality of Na2S2O3 solution, RSC is reducing 

sugar content (%), At is number of Na2S2O3 

volume in SNI-01-3545-2013 table and m is 

mass of sample and fp is dilution factor. 

 

5-hydroxymethylfurfural HMF Content Test 

Each honey sample is weighed 5 g, then 

put into a 50 mL measuring flask and rinsed 

with water until the solution volume is 25 mL. 

Add 0.50 mL of Carrez I solution, shake and 

add 0.50 ml of Carrez II solution, shake again, 

and dilute with water until the line mark. Add a 

drop of alcohol to remove the foam on the 

surface. Strain using filter paper, and discard the 

first 10 mL of the filtrate. Pipette 5 mL filtrate 

and each put into an 18 x 150 mL test tube. 

Pipette 5 mL of distilled water into a test tube 

for a sample solution. 5 mL of NaHSO3 0.20% 

was put into another tube for reference. Shake it 

with a Vortex mixer. Furthermore, measure the 

absorbance of the sample to the reference in 

cells of 1 cm at 284 and 336 nm. The HMF 

concentration was calculated using equation 5. 

 

HMF (mg/kg honey) = 
(A284−A336) x 14.97x 5

mass of sample (g)
 (5) 

 

Diastase Enzyme Activity Test 

The honey solution from the sample 

preparation was pipetted 10 mL and put into a 

50 mL Erlenmeyer. A 5 mL starch solution was 

pipetted into the tube and placed in a water bath 

at 40±0.2 °C for 15 min. Mix the solution and 

turn on the stopwatch. Every 1-minute time 

interval, pipette the 1 mL of the sample mixture 

and add it to the 10 mL iodine solution of 

0.0007 N, mix and dilute to the volume as 

before and set the absorbent value at 660 nm. 

The mixing time between amylum and honey 

was recorded until the addition of iodine as the 

reaction time. The solution collection in a 

certain time interval is continued until an A 

value of A < 0.235 (SNI 3545-2013) is 

obtained. The diastase enzyme activity was 

determined by calculated the disatase number 

(DN) using equation 6. 

 

DN = 300/t................................................... (6) 

 

Where, DN is diastase number, t = time used to 

reach the absorbance value (A < 0.235). 
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Antibacterial Activity Test 

A 24-hour bacterial swab 

(Staphylococcus aureus and Escherichia coli) 

was prepared. Put ose in a diluent (sterile TBS) 

to homogenize the suspension. Next, measured 

%T with a UV-Vis Spectrophotometer at 580 

nm to 25%T (108 CFU/mL). Bacterial 

suspensions were taken as much as 0.2 mL each 

into the Petri, add 20-25 mL of homogenized 

TSA (Tryptic Soy Agar) media, let it solidify, 

and placed the disc containing the sample. K- 

(negative control) and K+ (positive control) for 

E. coli using distilled water and 

chloramphenicol, respectively. In contrast, S. 

aureus used distilled water and tetracycline 

over the surface of the solidified medium. It 

incubated for 1 hour until the test solution 

absorbs, incubating for 30-35 for 18-24 hours 

aerobically. The presence of a clear zone around 

the disc indicated antibacterial activity. Observe 

the clear zone/inhibitory zone. The samples 

tested for antibacterial activity were only four, 

AP LK (Apis Kelengkeng), AP LMB (Apis 

Lombok Utara), TR LMB (trigona Lombok), 

and TR BGR (trigona Bogor) (Nurhayati et al., 

2020). 

 

3. RESULTS AND DISCUSSION  
Moisture Content 

Water content is the amount of water that 

contains in the substance. The water content in 

honey determines the quality and durability of 

honey (Ariandi & Khaerati, 2017; Zarei et al., 

2019). All honey samples have a decreasing 

water content result along with the high heating 

temperature (Figure 1), so it can be said that 

honey's moisture content and heating 

temperature are inversely proportional. 

Prabowo et al.  (2019) state that when the honey 

is heated, the moisture content will decrease, 

and there will be a decrease in surface tension 

characterized by foam formation. 

Most Apis honey, before heating, has a 

water content that matches SNI. While Trigona 

honey has not met SNI standards because its 

value is > 22%, this is because Trigona honey 

has a higher moisture content than Apis honey 

due to the natural conditions of Trigona bees 

which are moister (Gela et al., 2021). The water 

content value decreases when heating 50 °C in 

Apis and Trigona types of honey appropriate to 

the SNI quality requirements of < 22%.                     

The type of Apis honey that run into the 

largest decrease in water content when heated, 

namely at 70 °C, is South Kalimantan 

Mangrove honey (MG KLS) by 14%, and the 

lowest decrease, namely at 80 °C in Kelengkeng 

Apis honey (AP LK) by 0.24%. The Trigona 

type of honey that underwent the largest 

decrease in water content was the Bogor 

Trigona (TR BGR) at 50 °C with a decrease in 

water content of 12.8% and the lowest decrease, 

namely Sulawesi Trigona honey (TR SLS) at 80 

°C by 1.1%. 

  

 

 
Figure 1. Water content in different types of honey 
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Acidity Value 

Acidity affects the quality of honey 

because honey contains several organic acids, 

including formic acid, acetic acid, citric acid, 

lactic acid, butyric acid, oxalic acid, and 

succinic acid (Khasanah et al., 2017). The 

acidity value of the different types of honey 

tested varies (Figure 2). Due to the different 

types and origins of honey, the content 

contained in it will also be different such as 

minerals, vitamins, and enzymes, as well as the 

fermentation process (Prabowo et al., 2019). 

Apis and Trigona-type honey have different 

characteristics. Trigona honey has a honey 

flavor that tends to be sour and sharper. Trigona 

honey has a high acidity influenced by its 

content of free acids, minerals, and amino acids 

(Dan et al., 2018). In addition, variations in 

organic acid content in plants that are the source 

of bee feed will also affect the acidity of honey 

(Sousa et al., 2016). 

All samples without heating except AP 

LK have an acidity value exceeding the SNI 

quality requirement limit, which is a maximum 

of 50 mL NaOH 0.1 N/Kg, with an acidity value 

of 27.6 mL NaOH 0.1 N/Kg (Figure 2). Honey 

with low acidity indicates a thick honey texture 

causing putrefactive microbes that make honey 

acidity not easy to grow. Samples with acidity 

exceeding SNI honey texture tends to be liquid 

and smell sour. It happens because the liquid 

honey texture is easier to ferment and will affect 

the acidity level (Savitri et al., 2017). 

The measurement results (Figure 2) 

show a decrease in the acidity value of various 

types of honey by increasing the temperature. 

At 50 °C heating, the acidity value in honey 

Apis samples AP LK, AP LMB, and MG KLS 

decreased and was appropriate to SNI. For 

Trigona types, TR BB samples decreased and 

met SNI quality requirements. Heating at 70 °C, 

all samples of Apis honey except MAC were 

appropriate to SNI. In contrast, all samples of 

Trigona honey decreased. However, only SLBB 

was appropriate to SNI, and at the heating of 80 

°C, the acidity of all Apis honey was 

appropriate to SNI quality requirements. 

At room temperature, the acidity of 

honey will increase compared to low 

temperatures because the humidity of honey is 

relatively high, so it is easier to absorb water 

(Prabowo et al., 2019). Acidity can also be 

affected by the high moisture content of honey. 

Almost the entire sample of Trigona honey has 

a very high acidity value. It is because the water 

content of Trigona honey is higher than the 

water content of Apis honey (Maria et al., 

2021). When the moisture content is high, 

honey will ferment easily. The fermentation 

process of honey into organic acids is an 

indicator of increasing the acidity of honey 

(Wulandari, 2017). One of its fermentation 

processes is by yeast (Zygosaccharomyces) 

which will degrade sugar to alcohol. If alcohol 

reacts with oxygen, it will form free acids such 

as acetic acid and oxalic acid, thus affecting 

acidity, taste, and aroma levels (Budiwijono, 

2008; Savitri et al., 2017). According to 

Wusnah et al.  (2018), his reaction was as 

follows: 

 

C6H12O6 →  2C2H5OH + 2CO2 

 

C2H5OH + O2      →  CH3COOH + H2O 

 

 
Figure 2. Acidity value in different types of honey 
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Reducing Sugar Content 

Honey has the main components of 

carbohydrates from the monosaccharide group, 

namely glucose and fructose, called reducing 

sugars (Ariandi & Khaerati, 2017).  

The average value of reducing sugar 

when heated at a temperature of 50 °C has 

increased (Figure 3). The increased level of 

reduced sugar in honey is due to heating that 

converts sucrose into reduced sugar (fructose 

and glucose). Not only has it increased, but at a 

temperature of 70 °C, the value of reducing 

sugar has decreased. It happens due to the 

formation of HMF during the heating process, 

and there will be further degradation into 

levulinic acid and formic acid (Dewi et al., 

2013) (Figure 4). 

Apis-type honey that underwent the 

largest increase in reducing sugar content when 

heated was south Kalimantan mangrove honey 

(MG KLS) which increased by 21.24% at 80 °C 

and ran into the largest decrease, namely at 70 

°C by 25.47%. Trigona honey that sustained the 

largest increase in reducing sugar content was 

Sulawesi Trigona honey (TR SLS) at 50 °C with 

a value of 13.84%. The largest decrease was 

south Sulawesi Trigona honey (TR BIR) at 70 

°C by 16.31%. 

 

5-Hydroxymethylfurfural (HMF) Levels 

5-Hydroxymethylfurfural (HMF) is a 

fraction of sucrose and fructose in honey. This 

HMF is an indicator of freshness, heating 

process, and length of honey storage. The 

measurement results showed that the HMF 

value increased after a heating treatment 

(Figure 5).   

 

 
Figure 3.  Graph of reducing sugar content of different types of honey 
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Figure 4.  The reaction of glucose dehydration to 5-hyrdoxymethylfurfural (HMF) (Kupiainen et al., 2011) 
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Figure 5.  5-Hydroxymethylfurfural (HMF) levels of various types of honey 

 

 

 
 

Figure 6.  Reaction schemes for the dehydration of fructose into HMF and parallel reactions (Gomes et al., 2015) 
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levulinic acid and formic acid (Figure 6) (Kesić 

et al., 2017; Sumarlin et al., 2018). 
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Diastase Enzyme Activity 

The activity of the enzyme diastase is 

closely related to its structure and can be 

modified by denaturation caused by heating. 

Diastases are a group of starch-digesting 

enzymes that include α-amylase and β-amylase. 

These enzymes convert complex carbohydrates 

or polysaccharides into monosaccharides like 

glucose and fructose (Sakac & Sak-bosnar, 

2012). According to the quality requirements of 

honey SNI-01-3545-2013, the activity of the 

diastase enzyme is at least 3 DN (Diastase 

Number), where generally, the value of the 

activity of this diastase enzyme is used as an 

indicator of honey freshness. Bees produce 

diastase enzymes during the honey maturation 

process. The value of the enzyme diastase 

activity that is not appropriate to the SNI 

requirements can be influenced by the 

packaging process or the possibility of honey 

processing during harvesting (Akuba et al., 

2020). 

The value of the diastase enzyme 

activity of 10 honey samples tested had 

fluctuations or irregularities (Figure 7). It is 

thought to be because when honey is heated, 

enzyme molecules will expend energy to 

overcome mutual repulsion forces between 

electrons so that the enzyme molecules will be 

close together and make transitions and then 

undergo denaturation (Nurmala, 2020). 

Apis-type honey that ran into the 

largest increase in diastase enzyme activity 

when heated was mangrove Apis honey (AP 

MG), which increased at 50 °C with a diastase 

number of 98.06 DN and decreased at 70 °C 

with a diastase number of 59.92 DN. While, 

Trigona honey that underwent the largest 

increase in diastase enzyme activity was Bogor 

Trigona honey (TR BGR) at 70 °C with a value 

of 34.41 DN, and the largest decrease was 

Southeast Sulawesi Trigona honey (TR BB) at 

50 °C with a diastase number of 51.15 DN. 

Heating honey at a certain constant 

temperature over a while can cause the 

activation of the diastase enzyme to restore the 

value of diastase that has dropped (Tester, 

2002). It is also shown in Hasan's research 

(2013) that the heating treatment of honey does 

not affect diastase and invertase rates, except 

for the effect of time storage. Research by Harjo 

et al.  (2015) also explained that heating honey 

at temperatures above 40 °C causes the activity 

of the diastase enzyme to decrease and can even 

cause the enzyme to be inactive due to damage 

to the protein structure of the enzyme. 

Therefore, the indicator to determine if honey 

was damaged by heating is the increase in HMF 

value due to honey sugar degradation.

  

 
Figure 7. The activity of the enzyme diastase on various honey samples 
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Antibacterial Activity of Honey 

The samples measured antibacterial are 

selected samples representing the Apis type 

(AP LK and AP LMB) and the Trigona type 

(TR BGR and TR LMB). This selection is 

based on analyzing the dominant characteristics 

of the water content, acidity value, HMF, and 

diastase enzyme activity. 

Tables 1 and 2 show that AP LK, AP 

LMB, TR BGR, and TR LMB honey can inhibit 

the growth of gram-positive bacteria 

(Staphylococcus aureus) with strong inhibition 

activity. The diameter zone inhibition obtained 

is 10-20 mm. However, they did not inhibit the 

growth of gram-negative (Escherichia coli). 

Apis-type honey AP LK and AP LMB inhibit 

bacterial growth the most during heating at 70 

°C with clear zone diameters of 11.4 and 18.1 

mm, while Trigona TR LMB and TR BGR at a 

heating temperature of 50 °C with clear zone 

diameters of 11.1 and 10.1mm. Heating at 80 

°C of all samples did not indicate the presence 

of a clear zone. It is possible because 

overheating damages the active antibacterial 

substances in honey, resulting in the absence of 

a clear zone. Gram-positive (Staphylococcus 

aureus) and gram-negative (Escherichia coli) 

bacteria were used because of the different 

properties on their cell walls. The cell wall of 

gram-positive bacteria is composed of 

peptidoglycans. In contrast, gram-negative 

bacteria cell walls are made of protein, lipids, 

and only a small amount of peptidoglycan 

(Nurhayati et al., 2020).  

The honey antibacterial mechanism is 

directly influenced by hydrogen peroxide 

(H2O2), high osmolarity, osmotic pressure, low 

pH, non-peroxide factor (methylglyoxal 

(MGO), and phenol content (Putri et al., 2017). 

Phenolic compounds inhibit microorganisms 

by disrupting cell membranes and inhibiting the 

synthesis of bacterial structural components 

(Prestianti et al., 2018). In addition, the content 

of flavonoid compounds can also inhibit 

bacterial growth by damaging the bacterial cell 

wall, which will cause lysis in cells (Lutpiatina, 

2015). 

Inactive honey samples inhibit 

Escherichia coli bacteria (gram-negative). It 

can be seen from selected samples representing 

Apis (AP) and Trigona (TR) honey, which 

show clear zones or cannot inhibit bacterial 

growth. It was conducted by Rio et al. (2012), 

which tested honey from Sikabu and Lubuk. It 

showed the inability of antibacterial effects 

against Escherichia coli but affected 

Staphylococcus aureus. It is due to the nature of 

the two bacteria tested as well as the nature of 

the honey. In addition, the compound content in 

honey affects the activity of honey as an 

antibacterial agent. 

 
Table 1.  Diameter of the inhibitory zone against 

Staphylococcus aureus 

 

T (°C) 

Inhibitory zone diameter (mm) 

Staphylococcus aureus 

AP 

LK 

AP 

LMB 

TR 

LMB 

Tr  

BGR 

0 10.7 16.1 10.5 9.3  

50 10.8 16.3 11.1 10.1 

70 11.4 18.1 - - 

80 - - - - 

K(+) 21.3 20.8 22.3 20.2 

 

Table 2.  Diameter of the inhibition zone against 

Escherichia coli 

 

T (°C) 

Inhibitory zone diameter (mm) 

Escherichia coli 

AP 

LK 

AP 

LMB 

TR 

LMB 

Tr  

BGR 

0 - - - - 

50 - - - - 

70 - - - - 

80 - - - - 

K(+) 30.1 29.7 30.6 29.4 

 

Aseron et al. (2019) research about the 

antibacterial effect on Staphylococcus aureus, 

using samples of Trigona biroi and Apis 

mellifera honey species, showed antibacterial 

effects on Staphylococcus aureus and 

prescribed to cure patients in the Philippines.  

However, it is not yet known which of the two 

is more effective in preventing the growth of 

Staphylococcus aureus.  In addition, Aseron et 

al. (2019) also compared the antibacterial 

properties of Trigona biroi honey and Apis 

mellifera honey against Staphylococcus aureus 

through a gelatinous diffusion test and showed 

that Trigona biroi honey inhibits the growth of 

Staphylococcus aureus more than Apis 

mellifera honey, but the difference is not 

significant. Ewnetu et al.  (2013 compared the 

anatar of stingless bee honey (Trigona sp type) 

and white honey (Apis mellifera type), also 

showing inhibition of Staphylococcus aureus. 

Thus, making honey a new source of 
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chemotherapeutic agents to treat drug-resistant 

bacteria in the future (Ewnetu et al., 2013). 

Eliza (2010) mentioned that another 

effect of the antibacterial activity of honey on 

Staphylococcus aureus is due to differences in 

the structure of gram-positive and gram-

negative bacteria cell walls. In this case, the cell 

wall of gram-positive bacteria (Staphylococcus 

aureus) has a simpler structure than gram-

negative bacteria (Escherichia coli). Gram-

negative bacteria consist of three layers: 

lipoproteins, peptidoglycan, and 

lipopolysaccharides. 

 

4. CONCLUSIONS 

Honey samples before and after 

heating in Apis and Trigona types had 

significant differences in moisture content, 

acidity, and HMF (5-

hydroxymethylfurfural). Reducing sugar 

and diastase enzyme activity were no 

significant differences. Selected honey 

samples Apis (AP LK and AP LMB) and 

Trigona (TR LMB and TR BGR) under 

conditions without heating at 50 °C were all 

able to inhibit the growth of Staphylococcus 

aureus bacteria. However, at 70 °C, only 

Apis (AP) can inhibit Staphylococcus 

aureus, while at 80 °C, all such samples do 

not show inhibition. It was inactive against 

Escherichia coli bacteria in selected 

samples before and after heating. 
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