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Abstract 

The study was carried out at the apiary and in the laboratory of the Bee Research Department, 

Plant Protection Research Institute, Agricultural Research Center, Ministry of Agriculture, 

Giza, Egypt, during the year, 2023. Honey bee workers, the supporting force of the colony, 

and a measure of the queen's efficiency, as the increase in the size of the colony population 

and the presence of age sequence, are evidence of the efficiency of the queen and the 

goodness and efficiency of the pasture. The absence of natural nectar or pollen sources may 

force beekeepers to use alternatives, some beekeepers may resort to feeding bees with things 

that are not suitable for human use as a result of poor storage, long-term storage, or heat 

treatment of honey, which increases the levels of HMF. Accordingly, the level of HMF 

content in the fresh clover honey sample was estimated using a spectrophotometer, which was 

estimated at 1.92, it was divided and exposed to heat to reach HMF levels of 40 mg/Kg، 

80mg/Kg, 200mg/Kg, 400mg/Kg, 700mg/Kg, 3700mg/Kg.  The experiment was conducted 

on newly hatched bees inside small cages, containing 100 workers. The results obtained show 

that food consumption is inversely proportional to the levels of HMF in honey which 

are recorded as 7.02±0.07 for fresh honey and 1.78±0.30 for honey with HMF level of 3700 

mg/Kg, the proportion of longevity is also directly proportional to its proportion HMF (33, 

27, 24, 24, 18, 15 and 9 days for fresh honey, 40mg/Kg، 80mg/Kg, 200mg/Kg, 400mg/Kg, 

700mg/Kg, 3700mg/Kg, respectively). Therefore, using honey with HMF High in feeding bee 

colonies is not recommended as an alternative in scarce pasture or during the winter season. 
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Introduction 

Honey is produced by bees collecting 

nectar from flowers. The nectar matures 

and becomes honey, which is rich in 

antibiotics, enzymes, phenolic 

antioxidants, aroma compounds, amino 

and organic acids, flavonoids, phenolic 

acids, gluconic acid, minerals, vitamins, 5-

hydroxymethylfurfural (HMF), and other 

phytochemicals. Honey also contains a 

complex mixture of nitrogenous 

compounds, lactones, proteins, and inhibin  

(7 and 1). Honey is considered a nutritional 

and therapeutic product. However, 

contamination with heavy elements or high 

levels of its components, such as some 

alkaloids and 5-hydroxymethylfurfural, 

might make honey and its derivatives 

nutritionally toxic.  

HMF is a well-known factor influencing 

honey freshness because it is typically 

absent from fresh honey or present in trace 

levels. Its concentration tends to increase 

during heat processing and long storage 

periods. Previous studies have shown that 

honey stored under good conditions or at 

low temperatures has low levels of HMF 

(22, 5, and 15). Very little research has 

indicated that high levels of HMF harm 

honeybees. Jachimowicz et al. report that 

within 16 days of the feeding regimen 

starting, the 150 mg/kg HMF content in 

commercially produced acid-hydrolyzed 

inverted sugar syrup resulted in a 50% 

mortality rate (17). longevity of honey bee 

workers is an important indicator of the 

development of honey bee colonies and 

ensuring the existence of age and 

functional sequence within the colony, 

nutrition may be a major factor in this, (12) 

evaluated the HMF dose-response effect on 

bee mortality using caged honey bees and 

high-fructose corn syrup (HFCS), an 

alternative saccharose substitute for honey 

bees in the United States. After 19 days, 

they found that 50% of the bees died from 

HFCS with 150 mg/kg HMF. This closely 

resembles the findings of (7). When they 

examined bee mortality after 26 days at 

various HMF doses (57, 100, 150, 200, and 

250 mg/kg), they discovered that only 

HFCS enriched with 250 mg/kg caused a 

noticeably lower survival rate. One trait of 

honeybee workers that is significant to the 

economy is their food consumption 

tendencies (4). Bee preference plays an 

important factor in storing the sugar syrup, 

depending on the sugar percentage as well 

as the additives that in turn increase the 

preference properties such as Flavors, 

amino acids, or even bee venom, which 

recorded an increase in the food 

consumption levels (8 and 21). Therefore, 

this work aims to study the effect of HMF 

on the longevity and food consumption of 

honey bee (A. mellifera) workers 

underfeeding with stored honey containing 

different levels of HMF. 

Material and methods 

The present investigation was carried out 

at the apiary and in the laboratory of the 

Bee Research Department, Plant Protection 

Research Institute, Agricultural Research 

Center, Ministry of Agriculture, Giza, 

Egypt, during the year, 2023. 

Preparation of HMF concentration 

Honey Samples were stored under various 

conditions and evaluated for 

hydroxymethyl furfural by 

spectrophotometer according to Winkler 

(1955). Fresh clover honey (Tripholium 

alexandrinum) samples were harvested, 

homogenized, and divided into six 

sections. One section was kept at 4℃ until 

http://creativecommons.org/licenses/by/4.0/
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the experiment started. The remaining 

parts were exposed to continuous high 

temperatures (from 50°C to 100°C) to 

stimulate increased HMF concentration to 

reach the following levels (fresh: 1.92, 40, 

80, 200, 400, 700, and 3700 mg/Kg). 

Feeding honeybee workers 

Dissolved 10 grams of honey in 10 ml of 

distilled water for every concentration for 

HMF for feeding workers in cages. 

The longevity of honeybee workers 

Susceptibility of honeybee workers fed on 

a honey solution containing different 

concentrations of HMF and sugar syrup 

(control). Hybrid Carniolan bees collected 

from combs of healthy kept in the 

experimental apiary, summer 2023. Tests 

were conducted using 100 newly hatched 

honeybee workers placed in special 

wooden cages (16 cm x 12 cm x 6 cm) 

with wire-screened sides and glass fronts. 

Twenty-one cages were divided into seven 

groups, each comprising three cages/conc. 

as the replicates and 3 cages used as 

(control).  The boxes treated were 

incubated at 34℃ and 65% RH. Dead 

workers were counted and removed every 

three days, and the experiments were 

recorded as continuing for thirty-three 

days.  

Assessing the food consumption  

Under laboratory conditions, the food 

consumption of honeybee workers 

(Carniolan hybrids F1) was assessed 

during the incubation period, which ran 

from the summer of 2023. The standard 

procedure was followed to prepare honey 

syrup with varying concentrations of HMF, 

which was then given to the cages under 

investigation in graduated cups at a rate of 

10 milliliters per cage. The day after the 

honey solution was given to the test cages, 

the amounts of hoarded honey solution in 

each experimental cage were measured and 

noted. When necessary, known amounts of 

honey solution were added to the test 

cages. (16). 

Statistical Analysis  

The obtained data was subjected to a two-

way ANOVA analysis using SAS's proc 

ANOVA (19). The same statistical 

program was used to perform a means 

separation using p=0.05. The multiple-

range test was used to compare all means 

at the significance level of 0.05 (6).  

Results and discussion 

Effect of HMF on the longevity of 

honeybee workers  

One of the factors affecting the 

development and growth of the honey bee 

colony is the age of the worker bees, which 

includes many internal factors and external 

influences that may have a negative or 

positive effect. Internal nutrition is one of 

the most important factors affecting 

workers' longevity. The results showed that 

workers treated with low concentrations of 

the HMF lifespan of the workers inside the 

cages extended to 33 days, and half of the 

individuals died between the 18th and 21st 

days. While the HMF percentages, 

estimated at 40mg/Kg, of the workers died 

under treatment between 12 and 15, the 

entire ten collapsed after 27 days. results 

showed that HMF levels of 80 mg/Kg and 

200mg/Kg, all workers died after 21 days 

and half of the colony was lost between 

day 12 and day 15. Half the test subjects 

were lost between days 9 and 12 for both 

concentrations. 400mg/Kg and 700mg/Kg, 

while the death of all individuals was 

recorded on the 21st and 15th day after 

treatment, respectively. The highest 

concentrations used under the test, 

http://creativecommons.org/licenses/by/4.0/
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estimated at 3700 mg/Kg, showed the 

death of half of the individuals between the 

third and sixth days and the complete 

collapse of the treatment on the ninth day, 

while the results of the control group, 

which was fed sugar syrup, showed that 

the individuals did not live longer than 21 

days, while half of the individuals died 

between 12 and 15 days (Table  and Fig. 1). 

All treatments showed significant 

differences compared to the control, 

however, the treatments 80 mg/Kg and 200 

mg/Kg were equal in the significant 

differences. (p = 0.0001, Randomized 

Complete Block Design (RCBD) analysis). 

 

 

 

Table 1. Daily honey bee worker's dead percentage under the influence of 

feeding honey containing several concentrations of HMF 

Conc. HMF 

(mg/kg) 
3 days 6 days 

9 

days 

12 

days 

15 

days 

18 

days 

21 

days 

24 

days 

27 

days 

30 

days 

33 

days 

Death 

after/day 

Fresh (1.92) 1.00 4.33 9.66 18.99 33.32 47.32 56.82 70.82 84.82 95.82 100.0 33.0a 

40 9.33 21.00 29.00 48.33 63.33 76.66 89.00 93.00 100.0 0.00 0.00 27.0b 

80 11.67 15.67 23.0 44.33 60.33 76.66 87.00 100.0 0.00 0.00 0.00 24.0c 

200 15.33 18.00 26.33 49.66 66.33 83.00 92.00 100.0 0.00 0.00 0.00 24.0c 

400 15.67 23.67 36.34 61.34 85.01 98.34 100.0 0.00 0.00 0.00 0.00 18.0d 

700 9.33 21.00 44.67 76.00 100.0 0.00 0.00 0.00 0.00 0.00 0.00 15.0e 

3700 23.67 65.34 100.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.0f 

Control 16.0 20.00 20.00 23.00 63.00 88.00 95.00 100.0 0.00 0.00 0.00 24.0c 
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Fig. 1. Effect of HMF concentration (mg/kg) on the mortality percentage of 

honeybee workers 
 

The effectiveness of HMF concentration 

on workers' food consumption  

The food consumption of honey bee 

colonies depends on one of the basic pillars 

of the degree of preference or acceptance 

of that food. Therefore, feeding newly 

hatched workers placed in small cages with 

honey solutions of different concentrations 

level of HMF were assessed as the amount 

of consumption ml/cage, Table (2) shows 

http://creativecommons.org/licenses/by/4.0/
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that food consumption in fresh honey is 

almost equal with no significant 

differences compared to the control but 

with a high significant difference with the 

other treatments, as the food consumption 

behavior in both showed 7.02±0.07 ml/day 

and 7.12±0.88 ml/day. The workers that 

were fed on the HMF conc.  40 mg/kg, 

80mg/kg, and 200mg/kg showed a mean 

consumption of 6.06±0.32 

ml/day,5.25±0.31ml/day, and 

4.37±0.39ml/day, respectively. The highly 

significant difference. The concentration 

of 700 mg/kg of HMF in test cages 

recorded means of consumption  

of 2.38±0.34 ml/day with a significant 

difference. Also, workers in the treatment 

group that received 400 mg/kg of HMF 

hoarded 3.38±0.49 ml/day with a 

significant difference. 3700 mg/kg of HMF 

in a honey solution consumed 1.78±0.30 

ml./day compared with control sugar syrup 

that showed the highest mean of 

consumption 7.12±0.88ml./day. 

Table 2. Influence of HMF concentration of honey on the efficiency (means) 

of honeybee workers' food consumption inside lab cages.  

Amount consumption ml/cage 

HMF Concentration (mg/Kg) Mean± Sd 

(Fresh) 1.92 7.02±0.07 a 

40 6.06±0.32 b 

80 5.25±0.31 c 

200 4.37±0.39 d 

400 3.38±0.49 e 

700 2.38±0.34 f 

3700 1.78±0.30 g 

Control (sugar syrup) 7.12±0.88 a 

 

Data in Table 4 showed that the highest 

mean of bee food consumption during the 

experiment was in control cages and 

workers fed on fresh honey ml/100 

worker/cage) compared with cages fed on 

high concentrations of HMF. 

positive correlation with significant 

differences between the amount of food 

consumed (ml) from HMF at low 

concentrations and the mortality rate of 

worker bees, and a negative correlation 

tending to no correlation between the 

amount of food consumed from high 

concentrations of HMF and the mortality 

rate of honey bee workers inside laboratory 

cages during the experiment period, i.e. 

with high concentrations of HMF, a large 

percentage of worker bees die with the 

withdrawal of a small amount of honey 

solution. 
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Table 4. The simple correlation coefficients (r) between HMF 

concentrations, worker longevity, and food consumption during the year, 

2024. 

Concentration of HMF 

(mg/kg) 

Longevity 

Fresh 

1.92 

(mg/kg) 

40 

mg/kg 

80 

mg/kg 

200 

mg/kg 

400 

mg/kg 

700 

mg/kg 

3700 

mg/kg 

Control (sugar 

syrup) 

Consumption 

1.92 mg/kg 0.973* 0.842* 0.285 -0.948 -0.947 0.999* -0.999 0.999* 

40 mg/kg 0.267 -0.063 -0.700 -0.737 -0.179 0.444 -0.999 0.446 

80 mg/kg -0.116 -0.435 -0.918 -0.427 0.206 0.074 -0.997 0.076 

200 mg/kg -0.978 -0.856 -0.309 0.94* 0.955* -0.999 0.019 -0.999 

400 mg/kg -0.798 -0.951 -0.921 0.358 ns 0.849* -0.669 -0.743 -0.668 

700 mg/kg -0.845 -0.975 -0.882 0.442 ns 0.894* -0.735 -0.679 -0.733 

3700 -0.579 -0.814 -0.996 0.06 ns 0.651 -0.415 -0.909 -0.413 

Control (sugar syrup) -0.982 -0.866 -0.326 0.934 0.96 -0.999 0.001 -0.999 

F 6.14 0.297 

P(0.05) <0.0001 

LSD 0.607 

Means in the same column followed by the same letter are not significantly different (p>0.05) using LSD in RCBD 

The results obtained indicate that feeding 

bees in laboratory cages with fresh honey 

(1.92mg/Kg for HMF) led to prolonging 

the longevity of the worker, unlike high 

concentrations of HMF, the bees die with 

the consumption of a very small amount 

and after a short period of nine days, these 

findings corroborate those of Gregorc et 

al., (8), who claimed that fresh honey is 

rich in proteins, fats, and certain enzymes 

and vitamins that enhance bee health in 

general and worker longevity.   A 

few years later, Ceksteryte & Racys (4) 

proposed that wintering honey bees could 

safely consume sugar syrup made from 

maize containing 48 mg/kg of HMF, 

during experiments on the quality of 

syrups used for bee feeding. Remarkably, 

they discovered that the amount of HMF in 

the first syrups dropped in the syrups that 

the bees left in the comb, indicating that 

the bee organism can partially metabolize 

the HMF Krainer et al., (11). These studies 

appeared to suggest that HMF contributes 

to honey bee mortality, but to determine an 

HMF LD50 for bees, experiment 

standardization is required. The adult 

worker at the 3700 mg\kg conc. HMF test 

groups showed a mortality of 100 % 

compared to bees fed on fresh honey (0 

mg/kg HMF) 5.7 %, these results 

according to research by (9) commercially 

available acid-hydrolyzed inverted sugar 

syrup with a 150 mg/kg HMF content 

resulted in a 50% mortality rate 16 days 

after the feeding began. Since honey bees 

appear to be unaffected by HMF 

concentrations of up to 30 mg/kg, many 

experts advised that the maximum amount 

of HMF in inverted syrup, as in most 

honey, should not exceed 20 mg/kg. Zirbes  

et al., (22). The food consumption of 

honey bee workers is an economically 

important characteristic Badr et al., (3). 

Cages whose workers hoard more sugar 

syrup in cages produce more honey than 
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those food consume less. Regarding food 

consumption and storage, the results 

showed significant differences between 

feeding bees on conc. Of HMF and 

workers fed on fresh honey (0 HMF), these 

results are in agreement with (4). As 

previously mentioned, there has been an 

instance where honeybees were exposed to 

HMF through syrup that was provided to 

them for winter sustenance. It appears that 

HMF is toxic to honey bees, as evidenced 

by the possibility of fatal intestinal tract 

ulceration. Subsequently, Le Blanc et al., 

(2009) evaluated the HMF dose-response 

effect on bee mortality using caged honey 

bees and high fructose corn syrup (HFCS), 

an alternative saccharose substitute for 

honey bees in the United States. After 19 

days, they saw a 50% bee mortality rate for 

HFCS with 150 mg/kg HMF. This closely 

resembles the findings of Jachimowicz et 

al. When they compared bee mortality for 

various HMF doses (57, 100, 150, 200, and 

250 mg/kg) after 26 days, they discovered 

that only HFCS-enriched honey at a dose 

of 250 mg/kg caused a noticeably lower 

survival rate. Syrup crystallization 

enhanced the toxicity of HMF to honey 

bees. Some of the syrup solidifies during 

the crystallization process, concentrating 

the HMF in the liquor—the only phase that 

honey bees can access. Since information 

about the toxicity of HMF derivatives 

became available according to Shapla et 

al., (18) their interest in these compounds 

has grown. Numerous structural alerts in 

HMF have been shown in animal 

experiments to present potential genotoxic 

and carcinogenic risks. Nevertheless, very 

few studies found that HMF was harmful 

to honey bees. Inverted sugar syrups 

should have their HMF content under 

control before being fed to bees, according 

to previous advice. (10). 

 

Conclusion 

In conclusion, hydroxy methyl furfural 

(HMF) poses a toxicological risk to honey 

bees, potentially leading to bee mortality 

either directly or indirectly. Feeding 

extremely low concentrations of HMF to 

honey bees lowers their mortality rate and 

prolongs their life. On the other hand, as 

HMF concentration rises, so does its 

toxicity to bees. In high concentrations, 

bees die at the age of nine days, with a 

100% fatality rate. Regarding food 

consumption, the amounts of food 

consumed rise when there is a low HMF 

content in the food, while the amounts 

consumed fall when there is a high HMF 

content in the food. 

Acknowledgments 

The staff of the Bee Research Department, 

Plant Protection Research Institute, and 

Agriculture Research Center are 

acknowledged by the authors. 

Conflict of interest 

The authors declared that they have no 

competing interests. 

Authors' contribution 

The authors contributed equally to the 

following points (concept and preparation 

of the manuscript, materials, and methods 

used, follow-up of results, collection of 

data resulting from the study, discussion of 

the research, statistical analysis and 

collection of references, writing the 

comprehensive study and preparing the 

final preparation required for publication) 

designing and conducting the experiment 

equally. All authors read and approved the 

final manuscript. 

http://creativecommons.org/licenses/by/4.0/


Kufa Journal For Agricultural Sciences – 2025:17(2) : 66- 74                            Farag et al. 
__________________________________________________________________________________ 
 

KJAS  is licensed under a Creative Commons Attribution 4.0 International License.  
 
 

References 

1. Abd El Dayem, M.R.; Kamel, A.A.; 

Marzouk, W.M. and Hashish, M.E.2024. 

Ultraviolet-Visible Spectroscopy and 

Chemometrics Analysis of Clover, Citrus, 

And Sugar Feeding Honey. Egyptian 

Journal of Chemistry, 67(10): 11-20.  

 doi10.21608/EJCHEM.2024.215694.8746  

2. Abraham, K.; Gürtler, R.; Berg, K.; 

Heinemeyer, G.; Lampen, A. and Appel, 

K.E.2011. Toxicology and risk assessment 

of 5-Hydroxymethylfurfural in food. Mol 

Nutr Food Res 55:667–678 

https://doi.org/10.1002/mnfr.201000564   

3. Badr, N.F.; Marzouk, W.M. and 

Hashish, M.E.2020. Controlling of some 

honeybee colonies (Apis mellifera L.) 

diseases by bee venom. Egypt. J. Plant 

Prot. Res. Inst., 3 (4): 1139-1150.    

https://www. 

researchgate.net/profile/WaelMarzouk/pub

lication/363925194_Article_History/links/

633aaeee76e39959d694493a/Article-

History.pdf   

4. Ceksteryte, V. and Racys, J.2006. The 

quality of syrups used for bee feeding 

before winter and their suitability for bee 

wintering. Journal of Apicultural Science, 

5: 5–14.   

https://www.researchgate.net/profile/Violet

a-Ceksteryte-2/publication/280035950 

5. Das, S.; Uddin, M.N.; Haque, M.S.; 

Chakraborty, D.; Mostafa, M.; 

Hasnaine, A.; Das, S.K. and Uddin, 

M.2022. Hydroxy methy lfurfural Content 

and sugar profile of honey available in 

Bangladesh using validated HPLC-PDA 

and HPLC-RID. Journal of Food Quality 

and Hazards Control. 9: 160-168. doi: 

10.18502/jfqhc.9.3.11154 

6. Duncan, D.B.1955. Multiple range and 

Multiple F–test. Biometrics, 111: 1-24.   

Doi: 10.2307/3001478. 

7. Edo, G.I.; Onoharigho, F.O.; 

Akpoghelie, P.O.; Akpoghelie, E.O.; 

Agbo, J.J.; Agoh, E. and Lawal, 

R.A.2023. Natural honey (raw honey): 

insights on quality, composition, economic 

and health effects: a comprehensive 

review. Food Science and Engineering, 

pp.265-293. DOI: 

10.37256/fse.4220232713 

8. Gregorc, A.; Snežana, J. and Blair, 

S.2020. "Hydroxymethylfurfural Affects 

Caged Honey Bees (Apis mellifera 

carnica)" Diversity 12, no. 1: 18.        

Doi.org/10.3390/d12010018 

9. Jachimowicz, T. and El Sherbiny, 

G.1975. Zur  Problematik der Verwendung 

von Invertzucker für die Bienenfütterung 

(Problems of invert sugar as food for 

honeybees), Apidologie 6, 121–143.  

https://www.cabidigitallibrary.org/doi/full/

10.5555/19760204442   

10. Karabournioti, S. and Zervalaki, 

P.2001. The effect of heating on honey 

HMF and invertase. Apiacta 36(4):177–18.        

https://mombeebee.ir/wp-

content/uploads/2022/08/HMF.pdf    

11. Krainer, S.; Brodschneider, R.; 

Vollmann, J.; Crailsheim, K.; and 

Riessberger-Gallé, U.2016. Effect of 

hydroxymethylfurfural (HMF) on mortality 

of artificially reared honey bee larvae 

(Apis mellifera carnica). Ecotoxicology, 

25, 320-328.     

https://doi.org/10.1007/s10646-015-1590-x 

12. LeBlanc, B.W.; Eggleston, G.; 

Sammataro, D.; Cornett, C.; Dufault, 

R.; Deeby, T. and Cyr, E.S.2009. 

Formation of hydroxymethylfurfural in 

domestic high-fructose corn syrup and its 

http://creativecommons.org/licenses/by/4.0/
https://www.researchgate.net/profile/Violeta-Ceksteryte-2/publication/280035950
https://www.researchgate.net/profile/Violeta-Ceksteryte-2/publication/280035950


Kufa Journal For Agricultural Sciences – 2025:17(2) : 66- 74                            Farag et al. 
__________________________________________________________________________________ 
 

KJAS  is licensed under a Creative Commons Attribution 4.0 International License.  
 
 

toxicity to the honey bee (Apis mellifera). 

Journal of Agricultural and Food 

Chemistry, 57, 7369–7376. 

https://doi.org/10.1021/jf9014526 

13. Maeda, I.C.; Sampaio, A.N.C.E.; 

Flores Canon, E.F.; Nardy, J.F.; 

Oliveira, S.C.; Pereira, J.G.; and 

Martins, O.A.2023. Spectrophotometry of 

Winkler and White's official methods for 

the determination of hydroxy methyl 

furfural in bee honey. Brazilian Journal of 

Food Technology, 26, e2022133. 

https://doi.org/10.1590/1981-6723.13322 

14. Mahmoud, F.; Essa, E.E. and Farag, 

R.M.A. et al., 2022. Double-coated 

microencapsulation of honeybee 

endogenous probiotics as a new strategy 

for the biocontrol of the American 

foulbrood disease. Egypt J Biol Pest 

Control 32, 136.         

doi.org/10.1186/s41938-022-00636-1 

15. Moritz, R.F.A. and Hillesheim, 

E.1989. Genotypic intragroup variance and 

hoarding behavior in honeybees (Apis 

mellifera L.).  Apidologie, 20: 383-390.  

https://www.apidologie.org/articles/apido/

pdf/1989/05/Apidologie_0044-

8435_1989_20_5_ART0002.pdf      

16. Schrenk, D.; Bignami, M.; Bodin, L.; 

Chipman, J.K.; del Mazo, J.; Grasl-

Kraupp, B.; et al., 2022. Scientific 

Opinion on the evaluation of the risks for 

animal health related to the presence of 

hydroxymethylfurfural (HMF) in feed for 

honey bees. EFSA Journal, 20 (4):7227, 

101 pp.  

https://doi.org/10.2903/j.efsa.2022.7227 

17. Shapla, U.M.; Solayman, M.; Alam, 

N., et al., 2018. 5-Hydroxymethylfurfural 

(HMF) levels in honey and other food 

products: effects on bees and human 

health. Chemistry Central Journal, 12, 35. 

https://doi.org/10.1186/s13065-018-0408-3 

18. Stokes, M.2013. Current directions in 

SAS/STAT software development. In 

Proceedings of the SAS Global Forum 

2013 Conference. Cary, NC: SAS Institute 

Inc. 

 http://support.sas. 

com/resources/papers/proceedings13/432-

2013. pdf. 

19. Vîjan, L.E.; Mazilu, I.C.; Enache, 

C.; Enache, S. and Topală, C.M.2023. 

Botanical Origin Influence on Some Honey 

Physicochemical Characteristics and 

Antioxidant Properties. Foods, 12, 2134.  

https://doi.org/10.3390/foods12112134 

20. Wahba, M.A.Y.; Marzouk, W.M.; 

Badr, N.F. and El-Sharkawy, 

A.Z.E2020. Effect of bee venom on 

honeybee (Apis mellifera L.) worker 

longevity and its hoarding behavior, 

Bulletin of the Entomological Society of 

Egypt / Economic series, 46: 1-14. 

https://scholar.google.com/citations?user=

Zk4Rn7YAAAAJ&hl=en 

21. Winkler, O. 1955. Beitrag zum 

Nachweis und zur Bestimmung von 

Oxymethylfurfurol in Honig und 

Kunsthonig. Zeitschrift für Lebensmittel-

Untersuchung und Forschung, 102, 

pp.161-167. 

https://link.springer.com/article/10.1007/B

F01683776 

22. Zirbes, L.; Nguyen, B.K.; De Graaf, 

D.C.; De Meulenaer, B.; Reybroeck, W.; 

Haubruge, E. and Saegerman, C.J.2013. 

Hydroxymethylfurfural: a possible 

emergent cause of honey bee mortality, 

Agric Food Chem. 2013 Dec 

11;61(49):11865-70. 

Doi:10.1021/jf403280n. 

 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1590/1981-6723.13322
https://doi.org/10.2903/j.efsa.2022.7227
https://doi.org/10.1186/s13065-018-0408-3
https://doi.org/10.3390/foods12112134
https://scholar.google.com/citations?user=Zk4Rn7YAAAAJ&hl=en
https://scholar.google.com/citations?user=Zk4Rn7YAAAAJ&hl=en
https://link.springer.com/article/10.1007/BF01683776
https://link.springer.com/article/10.1007/BF01683776

