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ABSTRACT 

Despite not being native to the Philippines, Apis mellifera L. is still a preferred honey bee 
to keep because of their high production of honey. However, there is limited information 
available about the physicochemical changes, which take place during storage of A. 
mellifera honey in the Philippines. Given that honey can be stored for extended periods, 
ensuring its stability and quality for human consumption is important. Thus, this study was 
conducted to evaluate the quality of commercially available A. mellifera honey in 
Malaybalay, Bukidnon, in storage for six months at room temperature by measuring 
different physicochemical properties. The average values for the pH level, moisture 
content, HMF content, reducing sugar content, and total sugar content were 3.85 ± 0.02, 
18.50 ± 0.00 %, 27.20 ± 0.71 mg/kg, 77.11 ± 1.69 %, and 81.69 ± 2.64 %, respectively. Analysis 
using One-way ANOVA revealed that the moisture content, reducing sugar content, and 
total sugar content of honey did not significantly vary with respect to time. While increases 
in HMF and pH levels were observed, this is a natural progression likely attributable to 
reactions that lead to the breakdown of organic acids and inorganic ions initially present 
in honey. The rise in HMF can also be associated with prolonged storage, given the inherent 
acidity of honey. This suggests that the physicochemical properties of pure A. mellifera 
honey, when stored at room temperature for six months, remain largely unchanged 
indicating preservation of its physicochemical characteristics under these conditions. 

Keywords: honeybee, 5-hydroxymethylfurfural, physicochemical analysis, shelf 
life 

INTRODUCTION 

Apis mellifera L. is one of the world's eight acknowledged surviving honey bee 
species. Although it is not native to tropical regions, A. mellifera plays an 
important role in local apiculture and crop pollination. Among the products of 
beekeeping, honey is the most important, serving as a key resource obtained 
from apiaries. It is a supersaturated sugar solution created by honey bees 
through the gathering and processing of plant nectars, secretion of living plant 
parts, or excretions of plant sucking insects (Codex Alimentarius, 2001). Honey 
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is widely used as a natural sweetener and has vast applications in medicine due 
to its high nutritional content and bioactive qualities (Ball, 2007; Seraglio et al. 
2019; Pavlova et al. 2018). 

Honey has a complex composition which varies with many biotic and abiotic 
factors, such as the harvesting season, climatic condition, soil composition, 
botanical and geographical origin of nectar, treatment of honey during 
extraction, processing, and storage, as well as other beekeeping practices (De-
Melo et al. 2017). Such factors result in distinctive characteristics of Philippine 
honey compared to honey from other regions, reflecting differences in floral 
sources, climate, and storage practices. Due to the high variability of honey 
composition as well as high consumer demand, honey is prone to adulteration 
which may involve deliberately misrepresenting its geographical and botanical 
origin, producing counterfeit or synthetic honey, heating and storage of honey 
under poor conditions, and addition of artificial sweeteners such as sucrose, 
corn syrup, molasses, and glucose (Damto, 2021). Thus, it is imperative to 
analyze the quality parameters of honey for ensuring authenticity and safety 
(Huyop et al. 2024). 

Understanding the stability of Philippine honey under tropical ambient 
conditions is important for ensuring its quality during storage and handling. 
However, information on how the physicochemical properties of Philippine A. 
mellifera honey change during typical storage conditions remains scarce. This 
study aims to determine if storage for six months at room temperature will alter 
the physicochemical properties of A. mellifera honey. The results offer insights 
into its stability and quality retention, providing a reference for proper storage 
and handling practices. 

MATERIALS AND METHODS 

The honey samples were collected from independent colonies located in a bee 
farm in Malaybalay, Bukidnon. The honey samples from these colonies were 
pooled and subdivided into 12 glass jars (approximately 60 g honey/jar).  There 
were three jars assigned for each month which served as the replicates.  Each 
replicate was analyzed using three trials. Raw honey was used such that the 
samples were not subjected to any form of heat treatment. Quality parameters 
were evaluated over a period of six months to monitor the impact of storage time 
on honey quality.  

The pH of the honey samples was determined based on the International Honey 
Commission methods (2009) for pH determination. In a beaker, 2.5 grams of 
honey was dissolved in 18.75 mL of distilled water and stirred. The pH electrode 
was immersed to obtain the pH value. The pH meter (WalkLAB Professional pH 
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meter HP9010), with an accuracy of ± 0.02 pH unit, was calibrated at pH 4.0 
and 7.0 prior to analysis. 

The moisture content of honey was determined using a handheld refractometer 
(Aichose), in which the amount of solid content in the sample alters the refractive 
index. The determination of hydroxymethylfurfural (HMF) content of honey 
samples was based on the White method, as described in the AOAC Official 
Method 980.23. In a 50-mL beaker, 5 g of honey was dissolved with 25.0 mL of 
distilled water and transferred quantitatively to a 50-mL volumetric flask where 
0.5 mL of Carrez solution I [3.75 g of potassium ferrocyanide (K2Fe(CN)6 · 3H2O) 
diluted in 25 mL distilled water] and II  [7.5 g of zinc acetate (Zn(CH3COO)2 ·2H2O) 
diluted in 25 mL distilled water] were added. The solution was mixed in between 
addition of Carrez solution I and II and was filled to mark using distilled water. 
The resulting solution was filtered, discarding the first 10 mL of filtrate. Two 
separate test tubes were filled with 5.0 mL of the filtrate in which one had 5.0 
mL of water added to it while the other had 5.0 mL of 0.2% sodium bisulfite 
solution. This served as the sample and reference solution, respectively.   

Over the course of an hour, the absorbance of the sample solution against the 
reference solution was measured at 284 nm and 336 nm using quartz cuvettes 
and a UV-Vis spectrophotometer (Shimadzu UV-mini 1240). The HMF Content 
was calculated using Equation 1. 

𝐻𝐻𝐻𝐻𝐻𝐻 =  (𝐴𝐴284−𝐴𝐴336)(149.7)(5)(𝐷𝐷𝐷𝐷)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡

 (1) 

Where: 
A284 = absorbance reading at 284 nm 
A336 = absorbance reading at 336 nm 
DF = dilution factor (in case dilution is necessary) 
5 = theoretical value of sample weight 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 149.7 = � 126
16830

 � �1000
10
� �100

5
� (2) 

Where: 
126 = molecular weight of HMF 
16830 = molar absorption coefficient of HMF at 284 nm 
1000 = mg/g 
10 = centiliters/liter 
100 = g honey reported 
5 = theoretical nominal sample weight 

The free reducing sugars in the honey samples were determined based on the 
3,5-dinitrosalicylic acid (DNS) method of Susilowati et al. (2022). A DNS solution 
was prepared according to the method of Goncalves and co-authors (2010) by 
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dissolving 0.5 g of DNS powder in 25 mL of distilled water at 80°C, then cooling 
to room temperature. Next, 10 mL of 2 M NaOH (2 g of NaOH in 25 mL water) 
was added, followed by 15 g of potassium sodium tartrate (KNaC4H4O6∙4H2O). 
The mixture was then diluted with distilled water to a final volume of 50 mL. 

The DNS test involved dissolving 0.5 g honey sample in 20 mL of water in a 
beaker. The solution was diluted up to the mark in a volumetric flask then 
filtered. The filtrate was collected, and 5 mL was then diluted to 100 mL with 
distilled water. After mixing, 2 mL of the diluted solution was transferred to 
another test tube, and 1 mL of DNS solution was added. This was kept in a 
thermostatic bath at 90 oC until a reddish-brown color appeared. Then, 7 mL of 
distilled water was added once the solution cooled to room temperature. A UV-
Vis spectrophotometer (Shimadzu UV-mini 1240) was then used to determine 
the absorbance reading at 540 nm. The values obtained were plotted against a 
glucose calibration curve (0, 200, 400, 600, 800, and 1000 mg/L) and reducing 
sugar content in the honey samples was calculated using Equation 3. 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%) =  
(𝐶𝐶)(𝑉𝑉)(𝐷𝐷𝐷𝐷)( 1

1000)

(𝑊𝑊)(1000)
 𝑥𝑥 100% (3) 

Where: 
C = concentration from the calibration curve 
V = volume of the solution (mL) 
DF = dilution factor 
1/1000 = conversion factor to cancel out the volume unit 
1000 = conversion factor to cancel out the mass unit 
W = weight of the sample (g) 

The total sugar content of the honey samples was determined using the Phenol-
Sulfuric Acid method (Trinh et al. 2022). In a beaker, 0.5 g of honey sample was 
dissolved in 20 mL of distilled water then transferred quantitatively in a 100-mL 
volumetric flask and diluted to mark. The solution was then filtered followed by 
further dilution of 0.5 mL of the filtrate with distilled water in a 100-mL 
volumetric flask. From the diluted solution, 1 mL was transferred into a test tube 
where 1 mL of 5% phenol solution and 5 mL of concentrated sulfuric acid were 
subsequently added with mixing in between additions. The solution was kept in 
a thermostatic bath until it cooled to 24 – 25 °C. Upon cooling, the absorbance 
was determined at 490 nm using a Shimadzu UV mini-1240 spectrophotometer 
(Shimadzu UV-mini 1240). The values obtained were plotted against a glucose 
calibration curve (0, 10, 20, 30, 40, 50 ppm) and total sugar content in the honey 
samples was calculated using Equation 4. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%) =  
(𝐶𝐶)(𝑉𝑉)(𝐷𝐷𝐷𝐷)( 1

1000)

(𝑊𝑊)(1000)
 𝑥𝑥 100% (4)
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Where: 
C = concentration from the calibration curve (ppm) 
V = volume of the solution (mL) 
DF = dilution factor 
1/1000 = conversion factor to cancel out the volume unit 
1000 = conversion factor to cancel out the mass unit 
W = weight of the sample (g) 

The data obtained for each chemical analysis were expressed as mean ± standard 
deviation (S.D.). Grubbs Test was used to detect outliers in the data and One-
way ANOVA using Microsoft Excel was applied to compare means across time 
intervals. Parameters that showed significant difference were further analyzed 
using Tukey test. For both tests, 95% confidence level was considered. 

RESULTS AND DISCUSSION 

Different physicochemical properties such as pH, moisture content, HMF 
content, and sugar content were monitored over a period of six months in order 
to determine the effect of storage time on the quality of A. mellifera honey stored 
at room temperature of 24.0 – 33.0 °C, a relative humidity of 59.0 – 70.0%, and 
an atmospheric pressure of 756 – 758.3 mmHg. The results of the 
physicochemical parameters of A. mellifera honey sample over the six months of 
storage are summarized in Table 1. 

pH Analysis 

The pH values obtained had values ranging from 3.64 ± 0.03 to 3.86 ± 0.01
(Figure 1). This falls within the pH 3.2 to pH 4.5 range mentioned by Da Silva et 
al. (2016) for fresh honey. The pH values were also comparable with the pH 3.77 
reported by See et al. (2011) for fresh A. mellifera honey samples collected from 
the Philippines. The results also align with the findings of Bhalchandra and co-
authors (2022) who reported that the mean pH value of fresh honey collected 
from India was 3.4. This value increased to 5.3 after 24 months of storage. 

The pH value of honey is typically influenced by the amounts of acids such as 
amino acids, phenolic acids, and organic acids (Amin et al. 2018). Statistical 
analysis using one-way ANOVA showed significant differences in the measured 
pH values with respect to time (p > 0.05). However, the measured values still 
agreed with reported pH values for pure and unadulterated honey.  
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Figure 1. Average pH level of Apis mellifera  L. honey over the course of six 
months of storage. 

Moisture Content Analysis 

The moisture content is a parameter that determines the stability of honey and 
its resistance to microbial spoilage. High moisture content in honey corresponds 
to a decrease in sugar content – a condition favorable for fermentation due to the 
proliferation of osmotolerant yeasts resulting in spoilage and loss of flavor that 
lowers honey quality (Bhalchandra et al. 2022). In this study, the honey samples 
had moisture content values ranging from 18.50 ± 0.00 to 18.56 ± 0.11% (Figure 
2). According to the Codex Alimentarius Standards, EU Honey Directive, and 
Philippine National Standard, the moisture content of honey must not exceed 
20%. The moisture content values obtained in the study adhered to the limits 
set by both international and national standards for the entire duration of the 
analysis. It also agrees with various literature such as those of Bhalchandra et. 
al. (2022) and da Silva et al. (2020) who reported values of 18.1% to 20.00% for 
fresh honey samples harvested in Aurangabad, India in storage for 2 years and 
a range of 16.2% to 20.87% from Brazilian A. mellifera honey stored for 450 days, 
respectively. Some Malaysian A. mellifera honey samples from pineapple and 
acacia were reported to have moisture content of 14.86% and 15.16%, 
respectively (Moniruzzaman et al. 2013). On the other hand, the study by See et 
al. (2011) on A. mellifera honey collected from the Philippines showed slightly 
elevated moisture content values at 20.77%. The variations in the results imply 
that moisture content in honey samples may vary based on geographical origin, 
botanical source, and storage time. 
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Figure 2. Moisture content of Apis mellifera  L. honey over the course of six 
months of storage. 

Statistical analysis using one-way ANOVA showed that there was no significant 
difference with respect to time (p > 0.05) between the moisture content of fresh 
honey samples. This suggests that the honey samples have remained stable and 
have resisted fermentation. Based on the study of Almasaudi (2021), stability 
may be attributed to the high sugar content in A. mellifera honey which inhibits 
the growth of bacterial cells. 

Hydroxymethylfurfural (HMF) Content Analysis 

HMF is a six-carbon heterocyclic aldehyde that forms as an intermediate during 
the Maillard reaction or the dehydration of hexose sugars in acidic conditions 
(Figure 3). Another pathway is acid-catalyzed hydrolysis, wherein sucrose is 
broken down into glucose and fructose (Figure 4). This forms fructofuranosyl 
cation upon further enolization and dehydration. Further progression of this 
reaction under dry pyrolytic conditions at a temperature above 250 °C then 
converts the fructofuranosyl cation into HMF. HMF, usually present in trace 
amounts in fresh honey, increases with aging, making it a key freshness 
indicator. (Rivera-Mondragon, 2023). Aside from this, a high HMF content may 
also be evidence of heat treatment, adulteration using invert syrup, and poor 
storage conditions that degrade honey quality (Bhalchandra et al. 2022). 
According to the Codex Alimentarius Standards, EU Honey Directive, and 
Philippine National Standard, the HMF content of processed and/or blended 
honey must not exceed 40 mg/kg with the exception of honey from tropical 
environments with an HMF content limit of 80 mg/kg. 
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Figure 3. Formation of hydroxymethylfurfural (HMF) via the Maillard reaction. 

Figure 4.  Formation of hydroxymethylfurfural (HMF) due to decomposition of 
sugars at high temperatures. 
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In this study, the mean HMF content measured was 25.15 ± 0.59 mg/kg for the 
fresh A. mellifera honey samples. This increased to 27.20 ± 0.71 mg/kg by the 
end of the six months of storage (Figure 5). These findings show how HMF may 
increase with storage time. Despite this, the measured values were still within 
the limits set by the international and national standards, suggesting that the 
samples have remained fresh and resisted the Maillard reaction during six 
months of storage.   

Figure 5. Hydroxymethylfurfural (HMF) content of Apis mellifera  L. honey over 
the course of six months of storage. 

In comparison to other literature, the results of this study had similar findings 
with those of honeys collected from other regions, such as Malaysian honey (0.26 
mg/kg – 68.99 mg/kg), Pakistan honey (36.08 mg/kg), and Panama honey (22 
mg/kg – 61.5 mg/kg) (Moniruzzaman et al. 2013; Fahim et al. 2014; Rivera-
Mondragon et al. 2023) but slightly lower than those reported by See et al. (2011) 
for A. mellifera honey collected from the Philippines (36.12 mg/kg).  

Statistical analysis using one-way ANOVA revealed that there is a significant 
difference between the mean HMF content of honey samples with respect to time. 
This supports the fact that HMF is formed naturally during storage and tends to 
increase with aging (Manickavasagam et al. 2024).   

Reducing Sugar Content Analysis 

Apis mellifera honey is primarily characterized by high fructose (38.5%) and 
glucose (31.0%) levels, which vary based on nectar source, geography, climate, 
and honey processing. These reducing sugars result from sucrose breakdown 
during ripening, making their levels a marker of honey maturity (Da Silva et al. 
2016). The Codex Alimentarius Commission (2001) sets the minimum total 
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reducing sugar content in honey at 60 g/100g. Levels below this indicate poor 
quality, possibly due to early harvesting or adulteration. 

The present study measured reducing sugar content ranging from 75.66% ± 
0.89% to 77.11% ± 1.69% (Figure 6) in honey samples over six months, meeting 
the Codex Alimentarius minimum. These values align with the values reported 
for A. mellifera honey from Northern India (65.58% to 78.51%) by Kaur et al. 
(2016), honey from Iran (65.01% to 76.61%) by Afshari et al. (2022), honey from 
Malaysia (61.17% to 63.89%) by Moniruzzaman et al. (2013), and honey from the 
Philippines (73.97%) by See et al. (2011). Variation in total reducing sugar 
content is influenced by environmental factors like temperature and humidity. 
Generally, higher ambient temperatures generally lead to nectar with more 
sugar, while high humidity results in nectar with lower sugar content (Adalina 
& Kusmiati, 2020). In the six months storage period, marked differences were 
not observed for the reducing sugar content (p > 0.05). This may indicate that 
the honey remained stable against fermentation, which would typically reduce 
the reducing sugar content, and that its quality was preserved during storage. 

Figure 6. Reducing sugar content of Apis mellifera  L. honey over the course of 
six months of storage. 

Total Sugar Content Analysis 

Meanwhile, the total sugar content of the honey samples ranged from 79.69 ± 
4.34% to 81.69 ± 2.64% (Figure 7). This is slightly higher as compared to other 
literature such as those reported from Pakistan (72.420 ± 1.486%), Malaysia 
(62.33 ± 0.92% to 68.40 ± 0.80%) and Arab Gulf Region (64.9% to 80.4%) (Fahim 
et al. 2014; Moniruzzaman et al. 2013; Kaakeh & Gadelhak, 2005). The total 
sugar content in honey is the sum of both reducing and non-reducing sugars. 
Higher non-reducing sugar content can result from direct adulteration, bee-
feeding with sugar syrups, or processing nectar with high sucrose levels (da Silva 
et al. 2016).  
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Statistical analysis using One-way ANOVA shows that the total sugar content of 
the honey samples did not significantly change over the six months storage 
period (p > 0.05). This may imply that the honey sample has maintained stability 
and resisted deterioration in quality.  

Figure 7. Total sugar content of Apis mellifera  L. honey over the course of six 
months of storage. 

Fermentation in honey occurs when high moisture content results in increased 
water activity, allowing yeast to proliferate and metabolize sugars resulting in 
by-products like ethyl alcohol, acetic acid, and carbon dioxide. The production 
of acetic acid increases the acidity of honey, which may lead to higher HMF levels 
through the acid-catalyzed degradation of hexoses. Hence, fermentation is 
generally associated with high levels of moisture, HMF, and acidity, along with 
decreased sugar content. However, no elevated levels of these parameters were 
observed in the present honey sample, consistent with its low susceptibility to 
fermentation. These results imply that the honey quality was preserved during 
six months of storage.  

In addition, honey contains bioactive compounds that inhibit bacterial growth. 
Hydrogen peroxide, a key component, plays a major role in honey's antibacterial 
activity due to its strong oxidizing effects. Non-peroxide compounds, such as 
methylglyoxal (MGO), polyphenols, and bee peptides (e.g., bee defensin-1), may 
also contribute to its antimicrobial properties, as reported in literature (Ghramh 
et al. 2019; Szweda, 2017). 
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Table 1. Physicochemical parameters of Apis mellifera L. honey samples stored 
for six months. 

Storage 
duration 

pH Moisture 
content* (%) 

HMF content 
(mg/kg) 

Reducing 
sugar* (%) 

Total 
sugar* (%) 

Fresh 
honey 

3.64 ± 0.03a 18.50 ± 0.00 25.15 ± 0.59a 75.66 ± 0.89 79.69 ± 4.34 

After 2 
months 

3.86 ± 0.01b 18.50 ± 0.00 25.92 ± 0.82ab 76.23 ± 1.40 81.28 ± 2.54 

After 4 
months 

3.83± 0.02c 18.56 ± 0.11 26.08 ± 0.84ab 76.97 ± 1.50 80.65 ± 4.87 

After 6 
months 

3.85± 0.02bc 18.50 ± 0.11 27.20 ± 0.71c 77.11 ± 1.69 81.69 ± 2.64 

Data are presented as mean ± std. dev. (n = 9) 
*Values for moisture content, reducing sugar, and total sugar are not significantly different based on one-
way ANOVA (p > 0.05)
a – c Different superscript letters in the same column indicate significant differences based on Tukey test (p
< 0.05)

CONCLUSION 

Honey produced by A. mellifera is an important agricultural product, valued not 
only for its nutritional and bioactive properties but also for its role in local 
apiculture and crop pollination. The findings of this study indicate that the 
physicochemical parameters assessed for honey quality fall within the limits 
established by regulatory authorities. This provides evidence on the stability of 
the physicochemical profile of pure A. mellifera honey stored at room 
temperature for six months. This stability can be credited to the high acidity and 
osmolarity of honey, along with the presence of antimicrobial agents like 
hydrogen peroxide and non-peroxide compounds, which prevent the growth of 
microorganisms that could otherwise lead to honey quality degradation. Overall, 
these results underscore the resilience of Philippine A. mellifera honey under 
typical storage conditions and provide a reference for beekeepers, consumers, 
and future studies on honey quality and safety. 
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