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Abstract. Herpes simplex virus (HSV) is a common cause of oral and
genital lesions and remains latent in nerve ganglia. Current antiviral
treatments often use antiviral drugs like acyclovir, valacyclovir, and
famciclovir. However, these drugs have side effects and drug-resistant
strains may emerge. Thus, natural products such as honey are being explored
as an alternative agent for viral inhibition. This study aimed to investigate
the antioxidant activity of longan, lychee, and polyfloral honey, and evaluate
efficacy of honey against HSV-1 infection via plaque reduction assays. The
HSV-1 was treated with three different types of honey before, during, and
after viral attachment to human epidermal keratinocyte ( HaCaT) cells.
Longan honey exhibited the highest total phenolic content of 1.375 + 0.02
mg GAE/g and antioxidant activity of 0.850 + 0.06 mg GAE/g. All three
different types of honey exhibited less than 50% inhibition when treated
before and after viral attachment. However, during viral attachment, all
types of honey inhibited HSV- 1 infection by more than 50% at a
concentration of 3.125% W/V and polyfloral honey showed the strongest
inhibitory effect by 70.87 + 3.72%. These results suggest that the antiviral
mechanism of honey may involve disrupting the viral particles or interfere
during attachment of the virus to the cell. Therefore, the finding supports the
potential anti-HSV activity of Thai longan, lychee, and polyfloral honey.

1. Introduction

Herpes simplex virus is classified within alpha subfamily of human herpesviruses. The viral
structure is large, about 125—-130 nm in diameter, spherically shaped with double-stranded
DNA that is enclosed by an icosahedral capsid and a lipid bilayer envelope [ 1-3]. HSV
infection is widely prevalent and typically manifests as painful blistering lesions. It often
spreads by skin contact that can be treated but not completely cured and can cause recurrent
infection. There are two types of herpes simplex viruses. HSV-1 is mainly spread via oral
contact and causes infections around the mouth. It can also cause keratitis and in some cases
cause genital herpes. HSV-2 is primarily spread via sexual and leading to genital lesions.
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However, it can also cause oral herpes in some cases [4]. Additionally, herpes simplex
viral infection can lead to severe symptoms of the disease, including encephalitis, meningitis,
and keratitis, which results in blindness [5]. The treatment of herpes simplex virus can be
performed using antiviral drugs including acyclovir, valacyclovir, and famciclovir by
inhibition of the viral replication. However, these medications cannot completely eradicate
the infection and may cause side effects such as nausea, vomiting, stomach pain, frequent
urination, loss of appetite, fatigue, or weakness. Due to these limitations of current antiviral
treatments, natural products with antiviral potential have gained increasing attention as
alternative therapeutic options for HSV infections. [6].

Honey is a natural substance that exists as a supersaturated solution or a semi-solid
substance. It is synthesized by worker bees after they collect floral nectar, plant secretions,
and the honeydew secretion [7]. The bees convert these substances by secreting enzymes in
their salivary glands to break down glucose and fructose into invert sugar and exude honey
before storing it in the honeycomb [8]. Honey consists of 70—80 % sugar as the main
component. It contains approximately 7 0% monosaccharides and approximately 10 %
trisaccharides. The minor components include minerals, vitamins, flavonoids, organic acids,
and various proteins and amino acids. The composition of honey depends on the type of bee,
the source of the flower, environmental variables, honey production processes, and the
various ratios of these elements that result in the aroma, color, viscosity, taste and different
therapy activities [9-11]. In addition, honey also contains biologically active substances such
as phenolics, flavonoids, polyphenols for antioxidant, antimicrobial, and immune stimulating
properties. It also provides nutritional benefits and medicinal properties, including treating
gastrointestinal disorders, burns, inflamed wounds, ulcers, and abscesses. It has anti-
inflammatory and anticancer properties [ 7, 12]. Furthermore, honey has demonstrated anti-
viral activities against various types of viruses, including influenza, human
immunodeficiency virus, rubella virus, rabies virus and SARS-CoV-2 virus [ 13]. Previous
study also demonstrated that honey and royal jelly exhibit inhibitory effects against herpes
simplex virus type 1, with efficacy comparable to that of acyclovir. The study also
demonstrated that Manuka honey was as effective as acyclovir to HSV-1 inhibition [ 14].
These findings indicate that honey may serve as an alternative natural product for the
treatment of herpes lesions. Therefore, the efficacy of Thai longan, lychee, and polyfloral
honey on antioxidant activity and the mechanism of herpes simplex viral inhibition were
investigated in this study.

2. Methods

2.1 Determination of antioxidant activity of honey by DPPH radical scavenging
assay

The antioxidant potential of honey was analyzed using the 1,1-diphenyl-2- picrylhydrazyl
(DPPH) assay. DPPH solution was prepared at 20 mg/ml by dissolving 2 mg of DPPH in 100
ml of methanol. Then, 0.75 ml of the honey sample at various concentrations was mixed with
1.5 ml of the DPPH reagent. Incubation in the dark for 15 minutes at 25°C and measured at
517 nm using a spectrophotometer. Gallic acid at different concentrations was used as a
standard solution, and the percentage of antioxidant activity was calculated [15].

2.2 Determination of total phenolic compounds in honey

The total phenolic compound was measured using a modified method from Isla et al., 2011
[15]. 0.5 ml of honey was combined with 2.5 ml of Folin-Ciocalteau reagent and incubated
for 5 minutes. Then, 2 ml of 5% Na,COs (75 g/1) was added to the honey sample solution,
and it was further incubated in the dark at 25°C for 2 hours. After incubation, the absorbance
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of the solution was measured at a wavelength of 765 nm. A calibration curve was generated
using gallic acid, and the results was reported as mg gallic acid/g honey.

2.3 Cytotoxicity test of honey on human epidermal keratinocyte (HaCaT) cell
line by MTT assay

HaCaT cells (CLS cell lines service, 300493) are the immortalized human keratinocytes. The
cells were cultured in a 96-well plate to grow into a monolayer. Honey was diluted with
DMEM medium in various concentrations and added into each well. The cells were
maintained at 37°C in a 5% CO; incubator for 72 hours. Then, the MTT reagant was applied
into each well and further incubated under the same conditions for 4 hours. The formazan
crystals were dissolved with DMSO solution, and absorbance was recorded at 540 and 630
nm. The obtained values were used to calculate cell viability. The antiviral activity against
herpes simplex virus was further tested using the honey at non-toxic concentration [16].

2.4 Inhibition of herpes simplex virus type 1 with honey before viral attachment
to HaCaT cells

HaCaT cells were seeded with a density of 1.5x10° cells in 24-well plates and incubated for
24 hours. The culture medium was removed and honey at non-toxic concentrations was added
to the wells. The plates were incubated on a rocking platform for 1 hour at room temperature.
After incubation, herpes simplex virus was treated to the wells of the culture plate and
incubated at room temperature for 1 hour on the rocking platform. Then, overlay media were
added to all wells and the plates were incubated at 37°C in a 5% CO, incubator for 3 days.
Subsequently, the infected cells were stained with 0. 1% crystal violet staining. The number
of viral plaques was counted and compared with the infected cell control to calculate the
percentage of virus inhibition [16].

2.5 Inhibition of herpes simplex virus type 1 with honey during viral attachment
to HaCaT cells

HaCaT cells was plated in 24-well plates at a density of 1.5 x 10° cell and cultured for 24
hours. The culture medium was removed, and herpes simplex virus was applied to the wells.
Then, honey at non-toxic concentrations was added into each well and incubated at room
temperature for 1 hour on the rocking platform. After incubation, overlay media were added
to all wells and incubated at 37°C in a 5% CO, incubator for 3 days. Subsequently, the
infected cells were stained with 0.1% crystal violet staining. The number of viral plaques
was counted and compared with the infected cell control to calculate the percentage of virus
inhibition [16].

2.6 Inhibition of herpes simplex virus type 1 with honey after viral attachment
to HaCaT cells

HaCaT cells was seeded with a density of 1.5x10 cells in 24- well plates and incubated for
24 hours. The culture medium was removed, and the herpes simplex virus was added to the
wells and incubated at room temperature for 1 hour on a rocking platform. Then, honey at a
non-toxic concentration was added to the wells, followed by the addition of overlay medium.
The plates were incubated at 37°C in a 5% CO, incubator for 3 days. Subsequently, the
infected cells were stained with 0.1% crystal violet staining. The number of viral plaques
was counted and compared with the infected cell control to calculate the percentage of virus
inhibition [16].

2.7 Statistical analysis

All data were analyzed using IBM SPSS Statistics version 26 and GraphPad Prism version
10.1.2. Differences among groups were evaluated using one-way analysis of variance
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(ANOVA), followed by Tukey’s HSD multiple comparison test. Statistical significance was
defined at p < 0.05.
3. Result and Discussion

3.1 Total phenolic content and antioxidant activity

The total phenolic content and antioxidant activity of the honey samples were determined in
this present study. The result is presented in Table 1.

Table 1. Total phenolic content and antioxidant activity of honey samples.

Honey Total phenolic content Antioxidant activity
amg GAE/g) amg GAE/g)
Longan 1.375+0.02° 0.850 +0.06*
Lychee 0.568 = 0.02°¢ 0337 +£0.06¢
Polyfloral 1.079 £ 0.07° 0.595 +0.05°

All values are mean+ SEM of triplicate samples. Different superscript letters denote significant
differences (ANOVA, p <0.05).

Polyphenols are a major group of bioactive compounds in honey and are important
contributors to its physicochemical characteristics. In the present study, the total phenolic
content (TPC) of the honey samples ranged from 0.568 + 0.02 to 1.375 + 0.02 mg GAE/g. A
significant difference in TPC was observed among the different honey types. Longan honey
showed the highest TPC of 1.375 + 0.02 mgGAE/g, followed by TPC of polyfloral honey
(1.079 £ 0.07 mg GAE/g), while Lychee honey showed the lowest TPC of 0.568 = 0.02 mg
GAE/g. The TPC values of longan and polyfloral honey analyzed in this study were higher
than those reports of similar honey from Vietnam (0.8930 to 1.110 mgGAE/g) [17], as well
as honey from Malaysia (563.55 mg/kg) [18], and Bangladesh honey (152.4-688.5 mg/kg)
[ 19].Hence, the variation in TPC was varied among honey from different geographical

regions, floral source, and climate conditions, which are known to influence the concentration
and profile of phenolic compounds in honey [18].

The antioxidant activities of the three honey varieties in this study were evaluated using
the DPPH radical scavenging assay. The results showed that the radical inhibition capacity
of Longan honey exhibited the highest antioxidant capacity compared to the other types of
honey. This finding is consistent with reported antioxidant properties from longan, lychee,
and polyflora honey collected in Thailand between February and April 2012 [20], as well as
those from Indian honey [21] and Malaysian honey, including Tualang, Gelam, and Borneo
tropical honey [22]. Furthermore, the antioxidant capacity of the honey was correlated with
their total phenolic content [23].

3.2 Cytotoxicity of honey

The cytotoxicity of the three honey types was performed on HaCaT cells. The honey solution
was prepared at a concentration of 50% W/V and the honey was diluted by two-fold serial
dilution with Dulbecco's Modified Eagle Medium (DMEM). After 72 hours, Longan honey
showed the highest cytotoxicity, with a 50% cytotoxic concentration (CCsg) value of 3.097
+0.01% w/v, followed by polyfloral honey at 3.125 £ 0.11%, and lychee honey at 3.314 +
0.02% w/v (Fig. 1).
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Fig. 1. Cytotoxicity effects of three types of honey on HaCaT cell. The result shows percentage cell
viability at various concentrations of (A) Lychee honey, (B) Polyfloral honey, and (C) Longan honey.
Data are reported as mean =+ standard deviation from three independent experiments.

The cytotoxicity test of the honey samples on HaCaT cells depended on the type of honey
and the cell line. These findings were consistent with previous studies that evaluated the
cytotoxicity of various honeys on the murine fibroblast cell line (L929). They reported ICso
values of 1.56 £ 0.14% for heather honey, 2.00 £ 0.24% for buckwheat honey, 3.55 + 0.61%
for linden honey, and 3.78 &+ 0.57% for rapeseed honey [24]. Similarly, cytotoxicity of
Malaysian kelulut honey was investigated on HGF-1 cells and they found that honey ( 3.125
to 200 mg/ml) showed the cell viability higher than 70%, suggesting low toxicity of the
honey [25]. Furthermore, previous studies have reported that honey tends to be more toxic
toward tumors or cancer cells while having lower toxicity to normal cells [26]. For example,
Tualang honey exhibited cytotoxic effects on human breast cancer cell lines (MCF-7 and
MDA-MB-231) but had no effect on normal breast epithelial cells MCF- 10A [2 7].
Additionally, Gelam honey showed ICso value of 25% against HepG2 cells, whereas normal
human hepatocytes (WRL-68) exhibited ICso value of 70% [28]

3.3 Inhibition of herpes simplex virus type 1 with honey before viral attachment
to HaCaT cells

The antiviral activity of three different types of honey against herpes simplex virus type 1
(HSV-1) infection was evaluated by plaque reduction assay. Different concentrations of
honey at a maximal concentration of 3.125% w/v could inhibit HSV-1 with percentages of
inhibition less than 50%. Lychee, longan and polyfloral honey showed percentages of HSV-
linhibition by 29.64 £ 2.12%, 32.63 £ 2.12% and 35.05 + 4.37%, respectively (Fig. 2.)
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Fig. 2. Inhibition of HSV-1 activity with (A) Lychee honey, (B) Polyfloral honey, and (C) Longan

honey before viral attachment on HaCaT cell. Results are presented as mean + standard deviation from
three independent experiments. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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These findings demonstrated that three types of honey samples showed low efficacy in
preventing viral infection at this stage, suggesting that honey may not effectively interact or
block host cell surface receptors. Furthermore, the relatively low concentration of honey used
in this study may have contributed to its limited inhibitory effect against HSV-1. This result
aligns with the finding that a higher concentration of honey is necessary for viral inhibition,
as a previous study demonstrated that honey at a concentration of 5% completely inhibited
HSYV infection before viral attachment to cell culture [29].

In addtion, other study reported that propolis extract obtained from bee hives strongly
interacted with the surface of Vero cells, resulting in preventing viral entry into the cells [30].
Additionally, propolis samples from various geographical origins and different
phytochemical compositions showed different levels of antiviral activity against the
influenza virus [31]. Therefore, the botanical origin and geographical source of honey and
propolis may influence the content and composition of bioactive compounds responsible for
antiviral activity.

3.4 Inhibition of herpes simplex virus type 1 with honey during viral attachment
to HaCaT cells

The efficacy of honey against HSV-1 was evaluated during the viral attachment to cell
culture. Non-cytotoxic concentrations of honey were mixed with the HSV-1 to the cell and
compared with the virus control group. The results indicated that lychee, longan and
polyfloral honey at a concentration of 3.125% W/V inhibited HSV-1 infection by 50.20 +
4.32%, 56.07 + 6.88%, and 70.87 + 3.72%, respectively, relative to the control group

(Fig. 3).
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Fig. 3. Inhibition of HSV-1 activity with (A) Lychee honey, (B) Polyfloral honey, and (C) Longan
honey during viral attachment on HaCaT cell. Results are presented as mean + standard deviation from
three independent experiments. *p<0.05, **p<0.01, ***p<0.001, ****p<(0.0001

The inhibitory effect of honey against HSV-1 during the cell attachment exhibited that
the honey may interfere with viral proteins involved in host cell binding and entry. This
finding aligned with the recent study that investigated the antiviral properties of natural
extracts, honey, and propolis against norovirus. Their results demonstrated that several
samples of honey and propolis were able to inhibit the interaction between Norovirus GII. 4
and GII. 10 virus-like particles (VLPs) with histo-blood group antigens (HBGAs) on the
surface of cell culture [32]. Moreover, the honey samples examined in this study may contain
bioactive compounds with potential antiviral properties. For example, Korean chestnut honey
(KCH) was reported to inhibit viral infection by interfering with viral attachment, possibly
through compounds other than kynurenic acid (KYNA), which is well known for anti-
influenza activity [33]. Flavonoids can bind to viral surface proteins, thereby preventing the

virus from entering host cells [34]. In addition, the antiviral efficacy is influenced by the
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bioactive compounds in honey, as the diverse floral sources of polyfloral honey contribute to
a variety of these compounds compared to monofloral honey [35]. Consequently, despite
longan honey exhibiting higher antioxidant activity, its antiviral activity was lower than that
of polyfloral honey. These findings suggest that viral inhibition may depend on the presence
of antiviral compounds in honey and may not correlate with antioxidant potential.

3.5 Inhibition of herpes simplex virus with honey after viral attachment to
HaCaT cells

The antiviral efficacy of honey against herpes simplex virus type 1 (HSV-1) was evaluated
by adding honey after the virus had attached to the cell culture. The results showed that all
three types of honey exhibited less than 50% inhibition against HSV-1 (Fig. 4.)
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Fig. 4. Inhibition of HSV-1 activity with (A) Lychee honey, (B) Polyfloral honey, and (C) Longan honey
after viral attachment on HaCaT cell. Results are presented as mean + standard deviation from three
independent experiments. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001

This result indicated that honey did not effectively inhibit the virus after attachment,
implying that honey may not interfere with the viral DNA replication or the translation and
assembly of viral proteins. In particular, the chemical nature of flavonoids could contribute
to the limited antiviral activity. The flavonoid components of honey are typically present as
flavonoid glycosides, which are often derived from the floral sources of honey. These
glycosylated forms are more polar and have lower lipid solubility than flavonoid aglycones,
making it difficult to penetrate the lipid bilayer of cell membranes. As a result, these
compounds may be unable to inhibit viral replication when the virus has entered host cells
[ 36-38]. Moreover, the differences in honey types can lead to variations in bioactive
constituents. For example, Manuka honey has been reported to inhibit other viral replication
at the translational level such as respiratory syncytial virus (RSV). The inhibition is likely
due to its high methylglyoxal content, that is known to have antibacterial and antiviral
properties [39-40] Similarly, Tualang honey contains luteolin, which inhibits the replication
of Japanese encephalitis virus (JEV) [4 1], while apigenin, a flavonoid with a 5,7-
dihydroxyflavone structure, has been shown to inhibit Chikungunya virus ( CHIKV)
replication rather than viral entry [42].

4. Conclusion

The analysis of total phenolic content and antioxidant activity of honey determined by DPPH
assay showed that longan honey exhibited the highest values. Lychee honey exhibited the
lowest cytotoxicity on HaCaT cells compared to longan and polyfloral honey. Moreover, the
efficacy of honey against HSV-1 infection showed low efficacy inhibition when treatment



BIO Web of Conferences 232, 04007 (2026) https://doi.org/10.1051/bioconf/202623204007
ICBBB 2026

before and after viral attachment to HaCaT cell. However, all samples of honey significantly
inhibited HSV-1 more than 50 % during viral attachment at a concentration of 3.125% W/V.
Polyfloral honey showed the highest inhibition by 70.87 + 3.72%. Notably, polyfloral honey
showed the strongest antiviral effect despite longan honey having higher antioxidant
capacity, indicating that antiviral efficacy may not be directly correlated with antioxidant
potential. Thus, the antiviral mechanism of the honey may involve disrupting the viral
particles or interfere during attachment of the virus to the cell.

5. References

1. R. J. Whitley, Herpesviruses. In S. Baron (Ed.), Medical Microbiology. (4thed.). ,
(University of Texas Medical Branch at Galveston, Galveston, 1996), pp. 883-899.

2. A. Banerjee, S. Kulkarni, A. Mukherjee, Herpes simplex virus: the hostile
guest that takes over your home.  Front.  Microbiol 11 ( 2020) .
https://doi.org/10.3389/fmicb.2020.00733

3. J. Y. Chang, C. Balch, J. Puccio, H. S. Oh, A narrative review of alternative
symptomatic treatments for herpes simplex virus. Viruses 15, 1314 ( 2023) .
https://doi.org/10.3390/v15061314

4. World Health Organization. Herpes simplex virus. https: // www. who. int/ news-
room/fact-sheets/detail/herpes-simplex-virus (2023).

5. S. A. Connolly, J. O. Jackson, T. S. Jardetzky, R. Longnecker, Fusing structure and
function: a structural view of the herpesvirus entry machinery. Nat. Rev. Microbiol. 9,
369-381 (2011). https://doi.org/10.1038/nrmicro2548

6. R. Rajalakshmi, R. Kumari, D. M. Thappa, Acyclovir versus valacyclovir. Indian J.
Dermatol. Venereol. Leprol. 76, 439-444 (2010).

7. S.U. Khan, S. I. Anjum, K. Rahman, M. J. Ansari, W. U. Khan, S. Kamal, B. Khattak,
A. Muhammad, H. U. Khan, Honey : single food stuff comprises many drugs. Saudi J.
Biol. Sci. 25, 320-325 (2018). https://doi.org/10.1016/j.sjbs.2017.08.004

8. W.M. A. Alaerjani, S. Abu-Melha, R. M. H. Alshareef, B. S. Al-Farhan, H. A. Ghramh,
B. M. A. Al-Shehri, M. A. Bajaber, K. A. Khan, M. M. Alrooqi, G. A. Modawe, M. E.
A. Mohammed, Biochemical Reactions and Their Biological Contributions in Honey.
Molecules 27,4719 (2022). https://doi.org/10.3390/molecules27154719

9. S. Kolayli, L. Boukrad, H. Sahin, F. Abdellah, Sugars in honey. In V. R. Preedy (Ed.),
Dietary Sugars: Chemistry, Analysis, Function, and Effects ( Royal Society of
Chemistry, 2012), pp. 3—15.

10. P. V. Rao, K. T. Krishnan, N. Salleh, S. H. Gan, Biological and therapeutic effects of
honey produced by honey bees and stingless bees: a comparative review. Rev. Bras.
Farmacogn. 26, 657-664 (2016). https://doi.org/10.1016/5.bjp.2016.01.012

11. K. Koztowicz, R. Rozyto, B. Gladyszewska, A. Matwijczuk, G. Gladyszewski, D.
Chocyk, K. Samborska, J. Piekut, M. Smolewska, Identification of sugars and phenolic
compounds in honey powders with the use of GC—MS, FTIR spectroscopy, and X-ray

diffraction. Sci. Rep. 10, 16269 (2020). https://doi.org/10.1038/s41598-020-73306-7

12. R. M. Elbargisy, Pharmaceutical Applications of Honey. In M. U. Rehman, S. Majid
(Eds.), Therapeutic Applications of Honey and Its Phytochemicals: Vol.1 (Springer
Singapore, 2020), pp. 279-298.

13. S. T. Asma, O. Bobis, V. Bonta, U. Acaroz, S. R. A. Shah, F. R. Istanbullugil, D. Arslan-
Acaroz, General nutritional profile of bee products and their potential antiviral
properties against mammalian viruses. Nutrients. 14, 3579 ( 2022

https://doi.org/10.3390/nul14173579




BIO Web of Conferences 232, 04007 (2026) https://doi.org/10.1051/bioconf/202623204007
ICBBB 2026

14. M. A. Hashemipour, Z. Tavakolineghad, S. A. Arabzadeh, Z. Iranmanesh, S. A. Nassab,
Antiviral Activities of Honey, Royal Jelly, and Acyclovir Against HSV-1. Wounds. 26,
47-54 (2014).

15. M. I Isla, A. Craig, R. Ordofiez, C. Zampini, J. Sayago, E. Bedascarrasbure, A. Alvarez,
V. Salomoén, L. Maldonado, Physico chemical and bioactive properties of honeys from
Northwestern Argentina. LWT - Food Sci. Technol. 44, 1922-1930 (2011).
https://doi.org/10.1016/].1wt.2011.04.003

16. P. Srisai, S. Suriyaprom, A. Panya, J. Pekkoh, Y. Tragoolpua, Inhibitory effects of algal
polysaccharide extract from Cladophora spp. against herpes simplex virus infection.. Sci
Re. 14, (2024). https://doi.org/10.1038/541598-024-60941-7

17. R. J. Mongi, Influence of botanical origin and geographical zones on physicochemical
properties, mineral contents and consumer acceptance of honey in Tanzania. Food
Chem. Adv. 4, 100731 (2024). https://doi.org/10.1016/j.focha.2024.100731

18. M. Moniruzzaman, S. A. Sulaiman, M. 1. Khalil, et al., Evaluation of physicochemical
and antioxidant properties of sourwood and other Malaysian honeys: a comparison with
manuka honey. Chem. Cent. J. 7, 138 (2013). https://doi.org/10.1186/1752-153X-7-138

19. M. Islam, M. Moniruzzaman, M. Mottalib, S. A. Sulaiman, S. H. Gan, M. Khalil,
Physicochemical and antioxidant properties of Bangladeshi honeys stored for more than
one year. BMC Complement. Altern. Med. 12, 177 (2012). https://doi.org/10.1186/1472-
6882-12-177

20. K. Jantakee, Y. Tragoolpua, Activities of different types of Thai honey on pathogenic
bacteria causing skin diseases, tyrosinase enzyme and generating free radicals. Biol. Res.
48, 4 (2015). https://doi.org/10.1186/0717-6287-48-4

21. S. Saxena, S. Gautam, A. Sharma, Physical, biochemical and antioxidant properties of
some Indian honeys. Food Chem. 118, 391- 397 ( 2010)

https://doi.org/10.1016/j.foodchem.2009.05.001

22. M. 1. Khalil, N. Alam, M. Moniruzzaman, S. A. Sulaiman, S. H. Gan, Phenolic Acid
Composition and Antioxidant Properties of Malaysian Honeys. J. Food Sci. 76, C921-
C928 (2011) . https://doi.org/10.1111/j.1750-3841.2011.02282.x

23. M. Schneider, S. Coyle, M. Warnock, I. Gow, L. Fyfe, Anti-microbial activity and
composition of Manuka and Portobello honey. Phytother. Res. 27, 1162—8 (2013).
https://doi.org/10.1002/ptr.4844

24. A. Nowak, A. Muzykiewicz-Szymanska, M. Peruzynska, E. Kucharska, £.. Kucharski,
K. Jakubczyk, P. Niedzwiedzka- Rystwej, J. Stefanowicz- Hajduk, M. Drozdzik, J.
Majtan, Assessment of in vitro skin permeation and accumulation of phenolic acids from
honey and honey- based pharmaceutical formulations. BMC Complement. Med. Ther.
25, 43 (2025). https://doi.org/10.1186/s12906-025-04786-1

25. C. Yun, N. Mohd Nor, Z. Berahim, K. Thirumulu Ponnuraj, Cytotoxic Evaluation of
Malaysian Kelulut Honey on Human Gingival Fibroblast Cell Line using MTT Assay.
J. Dent. Indones. 28, (2021). https://doi.org/10.14693/jdi.v28i2.1244

26. O. O. Erejuwa, S. A. Sulaiman, M. S. A. Wahab, Effects of Honey and Its Mechanisms
of Action on the Development and Progression of Cancer. Molecules. 19, 2497-2522
(2014). https://doi.org/10.3390/molecules19022497

27. A. N. Fauzi, M. N. Norazmi, N. S. Yaacob, Tualang honey induces apoptosis and
disrupts the mitochondrial membrane potential of human breast and cervical
cancer cell lines. Food Chem. Toxicol. 49, 871- 878 ( 2011)
https://doi.org/10.1016/j.fct.2010.12.010

28. Z. Jubri, N. N. N. Narayanan, N. A. Karim, W. Z. W. Ngah, Antiproliferative activity
and apoptosis induction by gelam honey on liver cancer cell line. Int J App!l. 2 (2012).

29. M. Huleihel, V. Isanu, Anti-herpes simplex virus effect of an aqueous extract of propolis.
Isr. Med. Assoc. J. 4,923-927 (2002).




BIO Web of Conferences 232, 04007 (2026) https://doi.org/10.1051/bioconf/202623204007
ICBBB 2026

30. J. Ghapanchi, A. Moattari, Z. Talatof, H. Ebrahimi, The In Vitro Anti-Viral Activity of
Honey on Type 1 Herpes Simplex Virus. (2011).

31. A. Kujumgiev, I. Svetkova, Y. Serkedjieva, V. Bankova, R. Christov, S. Popov,
Antibacterial, antifungal and antiviral activity of propolis of different geographic origin.
J. Ethnopharmacol. 64,235-240 (1999). https://doi.org/10.1016/s0378-8741(98)00131-
7

32. K. Ruoff,J. M. Devant, G. Hansman, Natural extracts, honey, and propolis as human
norovirus inhibitors. Scientific reports 12, 8116 (2022). https://doi.org/10.1038/s41598-
022-11643-5

33. E. B. Kwon, Y. S. Kim, B. Kim, S. G. Kim, S. J. Na, Y. Go, H. M. Choi, H. J. Lee, S.
M. Han, J. G. Choi, Korean Chestnut Honey Suppresses HSV-1 Infection by Regulating
the ROS-NLRP3 Inflammasome Pathway. Antioxidants (Basel). 12, 1935 (2023) .
https://doi.org/10.3390/antiox12111935

34. B. Roschek, Jr., R. C. Fink, M. D. McMichael, D. Li, R. S. Alberte, J. P., Elderberry
flavonoids bind to and prevent HIN1 infection in vitro. Phytochemistry 70, 1255-1261
(2009). https://doi.org/10.1016/j.phytochem.2009.06.003

35. M. Moniruzzaman, S. A. Sulaiman, S. H. Gan. Phenolic Acid and Flavonoid
Composition of Malaysian Honeys. J. Food Biochem. 41, €12282, (2017).

36. P. C. H. Hollman, Absorption, Bioavailability, and Metabolism of Flavonoids. Pharm.
Biol. 42, 74-83 (2004). https://doi.org/10.3109/13880200490893492

37. Y. Fang, W. Cao, M. Xia, S. Pan, X. Xu, Study of Structure and Permeability
Relationship of Flavonoids in Caco- 2 Cells. Nutrients. 9, 1301 ( 2017) .
https://doi.org/10.3390/nu9121301

38. R. Ancuceanu, M. Dinu, C. Dinu-Pirvu, V. Anuta, V. Negulescu, Pharmacokinetics of
B- Ring Unsubstituted Flavones. Pharmaceutics. 11, 370 ( 2019)
https://doi.org/10.3390/pharmaceutics11080370

39. P. P. Zareie, Honey as an antiviral agent against respiratory syncytial virus. (University
of Waikato, 2011).

40. M. Behbahani, Anti-HIV-1 activity of eight monofloral Iranian honey types. PLoS One
9, ¢108195 (2014). https://doi.org/ 10.1371/journal.pone.0108195

41. W. Fan, S. Qian, P. Qian, X. Li, Antiviral activity of luteolin against Japanese
encephalitis  virus. Virus  Research. 220, 112- 116 ( 2016)
https://doi.org/10.1016/].virusres. 2016.04.021.

42. N. I. Barkhadle, R. Mohamud, T. N. A. Mat Jusoh, R. H. Shueb, In vitro Evaluation of
Anti-Chikungunya Virus Activities of Tualang Honey. Trop Biomed. 38, 42-49 (2021).
https://doi.org/10.47665/tb.38.1.008

10



