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Abstract 
Working with honey in laboratory or applied settings presents practical challenges that extend beyond 
its well-known antimicrobial properties. Honey is viscous and sticky, tends to harden into crystals 
over time, and can make it tedious to apply the same amount repeatedly. These everyday issues have 
led researchers to seek powdered alternatives, though many published approaches involve heating 
steps or require so much carrier material that parts of honey’s natural properties may be altered unin-
tentionally. In this study, a powdered honey (P.H.) mixture supported with water-insoluble microcrys-
talline cellulose (MCC) was evaluated alongside liquid honey, ensuring that the actual amount of honey 
applied in each experiment was equivalent. Two commercially available honeys with different declared 
botanical origins (chestnut and polyfloral) were included to assess the applicability of the approach 
across market-available samples. Antimicrobial activity was assessed against Gram-positive Staphy-
lococcus aureus and Gram-negative Salmonella typhimurium using both disc and well diffusion as-
says. Before testing, powdered samples were rehydrated so that each application delivered a quantity 
of honey equivalent to that present in 10 µL of the liquid form. The resulting inhibition zones were 
measured using calibrated digital image analysis. Under matched-dosing conditions, antimicrobial ac-
tivity was preserved in both liquid and powdered honey, with inhibition patterns varying depending on 
the microorganism and experimental conditions. Overall, the findings suggest that this non-thermal, 
MCC-assisted powdering strategy can preserve antimicrobial performance while improving handling, 
storage, and dose reproducibility, and that inhibition outcomes may be shaped by physical form–de-
pendent diffusion behavior under equivalent honey content. 
Keywords: Powdered Honey, Polyfloral Honey, Monofloral Honey, Antimicrobial Properties, Physical 
Form 
 
Yenilikçi toz bal üretim yaklaşımının antimikrobiyal etkinliğinin değerlendirilmesi: karşılaştırmalı bir 

çalışma 
Öz 
Bal ile laboratuvar veya uygulamaya yönelik çalışmalarda, iyi bilinen antimikrobiyal özelliklerinin öte-
sinde bazı pratik zorluklarla karşılaşılmaktadır. Balın yüksek viskoziteye ve yapışkan bir yapıya sahip 
olması, zamanla kristalleşerek sertleşmesi ve her seferinde aynı miktarın tekrarlanabilir şekilde uygu-
lanmasının güç olması, deneysel süreçleri zahmetli hâle getirebilmektedir. Bu günlük pratik sorunlar, 
araştırmacıları toz formdaki alternatiflere yöneltmiş; ancak literatürde bildirilen birçok yaklaşımın ısıl 
işlem içermesi ya da yüksek miktarda taşıyıcı madde gerektirmesi nedeniyle, balın doğal özelliklerinin 
istemeden değişime uğrayabildiği görülmektedir. Bu çalışmada, suda çözünmeyen mikrokristalin se-
lüloz (MCC) ile desteklenmiş bir toz bal (P.H.) karışımı, sıvı bal ile birlikte değerlendirilmiş ve her bir 
deneyde uygulanan gerçek bal miktarının eşdeğer olması sağlanmıştır. Yöntemin piyasada bulunan 
farklı örnekler için uygulanabilirliğini değerlendirmek amacıyla, beyan edilen botanik kökenleri farklı 
olan iki ticari bal (kestane ve polifloral) kullanılmıştır. Antimikrobiyal aktivite, Gram-pozitif Staphylo-
coccus aureus ve Gram-negatif Salmonella typhimurium suşlarına karşı disk ve kuyu difüzyon yön-
temleri kullanılarak test edilmiştir. Deneyler öncesinde, toz örnekler yeniden hidratlanmış ve her bir 
uygulamanın, sıvı formdaki 10 µL bala eşdeğer miktarda bal içermesi sağlanmıştır. Oluşan inhibisyon 
zonları, kalibre edilmiş dijital görüntü analiz yöntemi ile ölçülmüştür. Eşleştirilmiş dozlama koşulları 
altında, antimikrobiyal aktivitenin hem sıvı hem de toz bal formlarında korunduğu; inhibisyon patern-
lerinin ise mikroorganizma türüne ve deneysel koşullara bağlı olarak farklılık gösterdiği belirlenmiştir. 
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Genel olarak elde edilen bulgular, bu ısıl işlem içermeyen ve MCC destekli tozlaştırma stratejisinin, 
antimikrobiyal performansı korurken kullanım kolaylığı, depolama ve doz tekrarlanabilirliğini artırabil-
diğini; ayrıca eşdeğer bal içeriği sağlandığında, inhibisyon sonuçlarının fiziksel forma bağlı difüzyon 
davranışlarından etkilenebileceğini göstermektedir. 
Anahtar Kelimeler: Toz bal, Polifloral Bal, Monofloral Bal, Antimikrobiyal Özellikler, Fiziksel Form 
 

INTRODUCTION 
Honey is a natural product with a long history of app-
lication in nutrition and traditional medicine, and its 
antimicrobial properties have been consistently de-
monstrated in both experimental and clinical studies. 
Its antibacterial activity does not rely on a single 
mechanism; rather, it results from the combined ef-
fects of multiple physicochemical and biochemical 
factors. High osmotic pressure and reduced water 
activity create an unfavorable environment for mic-
roorganisms, while the inherently acidic pH further 
limits bacterial survival. Additionally, hydrogen pe-
roxide generated upon dilution and non-peroxide bi-
oactive constituents, including phenolic compounds 
and flavonoids, contribute to the overall antimicrobial 
profile of honey (Almasaudi 2020; Al-Kafaween et al. 
2023). Unlike conventional antibiotics, which act on 
specific cellular targets, honey’s multi-target mode of 
action may reduce the risk of microbial resistance 
development (Combarros-Fuertes et al. 2020). 

The inhibitory effect of honey varies among microbial 
species. Gram-positive bacteria are generally more 
susceptible than Gram-negative ones, largely due to 
differences in cell envelope structure and wall comp-
lexity (Anand et al. 2019; Almasaudi 2020). Con-
sequently, antimicrobial studies frequently include 
representatives of both groups, with Staphylococcus 
aureus (Gram-positive) and Salmonella typhimurium 
(Gram-negative) commonly used as model orga-
nisms. Their distinct cell wall architectures allow 
controlled comparisons of honey’s antibacterial ef-
fects. 

Most laboratory studies to date have employed liquid 
honey, which presents practical challenges: it is vis-
cous, sticky, prone to crystallization, and difficult to 
apply in consistent quantities (Samborska 2019). 
These factors have sparked interest in honey prepa-
rations in forms other than liquid, as alternative phy-
sical states may ease laboratory handling and pro-
duct formulation without compromising honey’s bio-
logical properties. From a technological and practical 
perspective, converting honey into a powdered form 
addresses several well-recognized limitations of 
liquid honey. Honey is prone to crystallization during 
storage, which reduces flowability and causes hand-
ling difficulties. Crystallization may also result in the 
separation of a free aqueous phase, increasing the 
risk of fermentation and compromising product qua-
lity. In practice, crystallized honey is often re-
liquefied by heat treatment; however, thermal 
decrystallization has been shown to promote the for-
mation of hydroxymethylfurfural (HMF) and to cause 
quality deterioration. Recent work has clearly de-
monstrated that temperature and duration of heat 

exposure during decrystallization are key determi-
nants of HMF accumulation (Samples et al. 2025). 
The debate surrounding HMF formation is current 
and relevant; however, the importance of the issue 
can be more clearly demonstrated by stating that 
HMF is not only an indicator of quality but also a 
compound with potential toxicological significance. 
In this context, powdered honey offers advantages 
in terms of storage stability, dose reproducibility, and 
industrial applicability, while avoiding the need for re-
peated thermal processing. 

Powdered honey has received increasing attention 
as a functional alternative. It offers advantages in do-
sing control, stability, and ease of application (Osés 
et al. 2022; Cantero et al. 2023). However, several 
studies have shown that commonly used drying 
techniques, such as spray drying and freeze drying, 
may adversely affect heat- and process-sensitive 
honey constituents, including phenolic compounds, 
enzymatic activity, and hydrogen peroxide–media-
ted antimicrobial mechanisms, depending on pro-
cessing conditions (Samborska 2019; Rivero et al. 
2021). At the same time, available evidence indica-
tes that powdering procedures and the carrier sys-
tems employed can influence the structural integrity 
and biological performance of honey. In particular, 
drying processes that involve thermal exposure have 
been associated with losses of heat-sensitive bioac-
tive constituents (Samborska 2019; Jiamjariyatam et 
al. 2024). For this reason, the development of alter-
native powdering strategies that enable the produc-
tion of stable honey powders while maintaining inhe-
rent biological properties remains an important area 
of investigation. 

Recent studies have explored a variety of carrier ma-
terials for honey powder production, such as malto-
dextrin, gum arabic, protein-based carriers, and cel-
lulose derivatives (Mutlu et al. 2020; Toniazzo et al. 
2023). However, honey powder production also po-
ses practical challenges, including hygroscopicity, 
stickiness under humid conditions, and processing 
sensitivity, which can negatively affect powder qua-
lity and stability (Cantero et al. 2023; Saraugi et al. 
2026). Microcrystalline cellulose (MCC) has attrac-
ted interest as a carrier material due to its natural 
origin, chemical inertness, and suitable physical pro-
perties for powder formation, enabling the physical 
conversion of honey with minimal expected chemical 
interference. In the present study, preservation of 
honey composition is assumed based on the inert, 
non-thermal nature of the formulation strategy rather 
than directly verified through post-processing mea-
surements of phenolics, enzymatic activity, or H₂O₂-



RESEARCH ARTICLE                                      Kaya, 2026, 26, 1849662, DOI:10.31467/uluaricilik.1849662 

Uludag Bee Journal  3 

related antimicrobial mechanisms. MCC is not intro-
duced here as a novel carrier, as its use in honey 
powder formulations has been previously reported. 
The present study differs from earlier MCC-based 
approaches by avoiding thermal processing and by 
evaluating antimicrobial performance under strictly 
equivalent honey dosing, allowing inhibition outco-
mes to be interpreted in relation to physical form–
dependent diffusion behavior. 

Cellulose-based approaches have been suggested 
to facilitate the conversion of honey into a powdered 
form while largely preserving its original chemical 
composition (Samborska et al. 2013; Mutlu et al. 
2020). Despite these reported advantages, studies 
specifically addressing the antimicrobial activity of 
honey powders produced with cellulose-based carri-
ers remain scarce. 

Accurate comparisons between liquid and powdered 
honey require consistent honey concentrations, as 
differences in applied amounts directly affect inhibi-
tion zone measurements in diffusion assays 
(Hossain et al. 2022). Accordingly, the use of com-
parable honey amounts in evaluations of liquid and 
powdered honey is a fundamental requirement for 
methodological reliability. 

Additionally, the botanical origin of honey substanti-
ally influences antimicrobial efficacy, alongside con-
centration-related factors. Chestnut honey has been 
frequently described as exhibiting strong antibacte-
rial activity, a characteristic commonly associated 
with its high phenolic content and distinctive chemi-
cal composition. By comparison, polyfloral honeys 
tend to show a wider but less uniform biological acti-
vity profile due to contributions from multiple plant 
sources (Al-Kafaween et al., 2023; El-Meihy et al., 
2025). For this reason, including honeys of different 
botanical origins within the same experimental de-
sign enhances the robustness and broader rele-
vance of antimicrobial assessments. 

In this study, MCC-supported powdered honey was 
evaluated alongside liquid honey, ensuring equiva-
lent honey concentrations. Using chestnut and 
polyfloral honey, the antimicrobial effects of liquid 
and powdered honey forms against S. aureus and S. 
typhimurium were compared using disc diffusion and 
agar well diffusion methods. 

The primary rationale for selecting Staphylococcus 
aureus and Salmonella typhimurium was that these 
bacteria represent Gram-positive and Gram-nega-
tive microorganisms with distinct cell wall structures. 
This selection enabled a comparative assessment of 
how the antimicrobial efficacy of honey and its vari-
ous physical forms varies across bacterial cell struc-
tures. In addition, both bacterial species are impor-
tant food-safety and public-health pathogens, enab-
ling the investigation of honey's natural antimicrobial 
potential in a practically relevant context. 

An additional objective of this study is to determine 
whether antimicrobial activity is driven solely by the 

chemical composition of honey, or whether the phy-
sical form and mode of application also contribute to 
the observed effect. For this purpose, the same ho-
ney dose was applied to both liquid and powdered 
preparations, allowing direct comparison of the fin-
dings based on equivalent content. Subsequently, 
two diffusion approaches—disc diffusion and agar 
well diffusion assays—were used in parallel within 
the same experimental framework to evaluate how 
the mode of application shapes inhibition zone for-
mation; however, these assays primarily measure 
the diffusible fraction of antimicrobial agents and 
may not fully represent intrinsic antimicrobial po-
tency, as differences in inhibition zones can also 
arise from diffusion kinetics rather than true efficacy. 
Since the chemical profile was kept constant, the aim 
of this design is to disentangle and reveal the contri-
bution of physical form (and application approach) to 
antimicrobial performance. Accordingly, this study 
differs from previous MCC-based honey powder re-
search by combining a non-thermal production app-
roach with an mass-based equivalent honey-dose 
experimental design, in which the applied amount 
was standardized according to the weight fraction of 
honey in the powdered formulation, to specifically 
examine the role of physical form and diffusion be-
havior in antimicrobial inhibition.  
 
MATERIALS AND METHODS 
Honey Samples 

Two commercially available honey types were 
examined in this study: chestnut honey and polyflo-
ral Bingöl honey. The declared geographical origin 
of the samples was based solely on manufacturer in-
formation, and no independent analysis or certifica-
tion was performed to verify their geographical aut-
henticity. The chestnut honey was obtained via an 
online retail platform and declared to originate from 
the Hopa district of Artvin province (Türkiye), while 
the polyfloral honey was supplied by a commercial 
producer operating in the Bingöl region. Both samp-
les were obtained from single commercial batches; 
therefore, the results may not fully represent regional 
variability, and their generalizability should be interp-
reted with caution. Accordingly, the present findings 
should be interpreted as case-specific observations 
derived from single-batch samples rather than as 
representative of seasonal or regional variability. 
Sample selection was based on commercial availa-
bility and relevance rather than a systematic regional 
sampling strategy. Previous studies on honeys from 
the Bingöl region have reported, based on ICP-MS 
analyses, that toxic metal concentrations generally 
remain below regulatory threshold values (İzol et al., 
2021), while investigations on chestnut honey have 
shown that elements such as Al, As, Cd, and Pb do 
not exceed the maximum limits established by the 
World Health Organization and the Turkish Food Co-
dex (Guldas, 2023); these findings are provided for 
contextual background only, as no elemental analy-
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sis was conducted in the present study. These lite-
rature data are provided solely for context and sho-
uld not be interpreted as an analytical confirmation 
of the specific samples used in this study. Prior to 
analysis, all honey samples were stored at room 
temperature in containers protected from light and 
moisture to minimize potential physicochemical or 
biological alterations and to maintain conditions 
comparable to typical commercial storage. However, 
storage-related quality parameters such as HMF, 

pH, and moisture content were not monitored during 
this period; therefore, storage stability was assumed 
rather than analytically verified, which represents an 
additional limitation of the study. Because only a 
single commercial batch was analyzed for each ho-
ney type, potential batch-to-batch and seasonal va-
riability could not be assessed; therefore, the fin-
dings should be interpreted as indicative rather than 
fully representative of honeys from the respective re-
gions. 

 
Table 1. Key physicochemical properties of chestnut honey used in the antimicrobial study 

Parameter Result Unit Analytical Method Relevance to the Study 
Proline 708.69 mg/kg Spectrophotometric 

(DIN 10754) 
Indicator of honey maturity and bio-
active potential 

Diastase activity 26.98 DN Spectrophotometric 
(IHC) 

Reflects enzymatic activity and ab-
sence of heat damage 

Electrical conductivity 1.49 mS/cm IHC (2009) 
Characteristic of chestnut honey; as-
sociated with mineral and phenolic 
content 

Fructose/Glucose ratio 1.10 – HPLC Related to crystallization tendency 
and diffusion properties 

Total sugars 66.73 % TS 13357 High osmotic pressure contributes to 
bacterial inhibition 

Moisture content 17.0 % AOAC 969.38 Indicates good microbiological stabi-
lity 

Protein Not detected – AOAC 992.15 Suggests antimicrobial activity is ma-
inly non-protein-based 

HMF 9.83 mg/kg HPLC 
Low HMF confirms minimal thermal 
degradation and preserved bioacti-
vity 

The physicochemical analysis results presented in the table were obtained for the purchased chestnut honey used in the 
study and were conducted in an authorized laboratory on behalf of the producer company. These analyses demonstrate 
the honey's quality criteria, maturity level, and unprocessed (non-heat-treated) nature. In particular, the low HMF value, 
high diastase activity, and the high electrical conductivity characteristic of chestnut honey indicate that the sample is sui-
table for use in antimicrobial activity studies. Relevance to the study was interpreted based on internationally accepted 
honey quality and bioactivity indicators (Molan, 1992; Snowdon et al., 1996; Codex Alimentarius Commission, 2001; 
Bogdanov et al., 2004; Oddo et al., 2004). 

Preparation of Microcrystalline Cellulose–Based 
Powdered Honey 
To obtain honey in a powdered form without introdu-
cing components or processing steps that could che-
mically or enzymatically alter its native structure, a 
microcrystalline cellulose–based, non-thermal app-
roach was employed. In this system, MCC functio-
ned as an inert physical carrier and matrix, providing 
surface area for adsorption and physical entrapment 
of honey components rather than forming chemical 
interactions or modifying bioactive constituents; the-
refore, the formulation was intended to influence 
only the physical state and diffusion behavior of ho-
ney rather than its intrinsic antimicrobial chemistry. 
Liquid honey (10 g) was combined with water-inso-
luble microcrystalline cellulose (4 g), with this ratio 
selected based on preliminary trials to achieve 
adequate powder formation, flowability, and hand-
ling stability while maintaining the highest feasible 
honey loading; no optimization based on antimicro-
bial performance was performed.  The components 
were mechanically mixed until homogeneous. The 
resulting material was maintained under ambient la-
boratory conditions (22–25 °C) in open glass contai-
ners, in a dry environment protected from direct light. 

Drying was conducted in a clean, low-traffic labora-
tory environment using covered but aerated glass 
containers to minimize airborne contamination and 
particle deposition. During the drying period, the 
mixture was mechanically stirred 3–4 times per day 
to facilitate the gradual uptake of honey by the cellu-
lose matrix. Drying was carried out under ambient 
laboratory conditions without active control of rela-
tive humidity; therefore, the process duration (app-
roximately two weeks) reflected natural variations in 
ambient humidity rather than a fixed drying parame-
ter. The procedure resulted in a free-flowing powde-
red honey material without visible agglomeration. At 
no stage were thermal treatment, forced drying, or 
auxiliary equipment applied, and all procedures were 
conducted at room temperature, consistent with the 
previously described non-thermal approach (Kaya, 
2023).This distinguishes the present method from 
commonly reported spray drying or freeze-drying 
techniques by enabling honey powder formation wit-
hout heat exposure. The resulting powdered honey 
samples were stored at room temperature until sub-
sequent analyses. Physicochemical parameters 
such as pH, moisture content, and water activity 
were not measured after powdering; therefore, the 
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relative contributions of intrinsic compositional fac-
tors versus physical form–dependent diffusion ef-
fects to the observed antimicrobial activity cannot be 
fully distinguished, which represents an important li-
mitation when interpreting differences between liquid 
and powdered honey. Therefore, claims regarding 

the preservation of natural properties are limited to 
the formulation strategy's non-thermal, inert nature 
rather than to direct post-processing physicochemi-
cal characterization. This represents a limitation of 
the present study and should be addressed in future 
work. 

 
Table 2. Physicochemical characteristics of the purchased polyfloral honey used in this study 

Parameter Result Unit Analytical Met-
hod Relevance to the Study 

Proline 1034 mg/kg Spectrophotomet-
ric (DIN 10754) 

Indicator of honey maturity and bioac-
tive potential 

Diastase activity 38 DN Spectrophotomet-
ric (IHC) 

Reflects enzymatic activity and ab-
sence of heat damage 

Electrical conducti-
vity 0.3 mS/cm IHC (2009) Indicative of mineral content and floral 

diversity 
Fructose/Glucose ra-
tio 2 – HPLC Related to crystallization tendency and 

diffusion properties 

Total sugars 71 % TS 13357 High osmotic pressure contributes to 
bacterial inhibition 

Moisture content 16.0 % AOAC 969.38 Indicates good microbiological stability 

Protein Not detec-
ted – AOAC 992.15 Suggests antimicrobial activity is mainly 

non-protein-based 

HMF <loq mg/kg HPLC Low HMF confirms minimal thermal 
degradation and preserved bioactivity 

 

The information provided in this table refers to the 
polyflo. The Bingöl honey examined in this study is 
derived from standard analytical evaluations routi-
nely performed by an accredited laboratory on behalf 
of the producer for product characterization. The 
HMF and diastase values reported are consistent 
with those expected for non-heated honey and are 
commonly used indicators of freshness, while the 
measured proline level reflects a degree of maturity 
considered suitable for investigations of biological 
activity. Data on the sugar profile were obtained from 
the producer’s analytical records and presented to 
support the sample description, without further expe-
rimental assessment within the framework of the 
present study. Relevance to the study was interpre-
ted based on internationally accepted honey quality 
and bioactivity indicators (Molan 1992; Snowdon et 
al. 1996; Codex Alimentarius Commission 2001; 
Bogdanov et al. 2004; Oddo et al. 2004). 

Preparation of Test Solutions and Concentration 
Equivalence 
In antimicrobial experiments, comparable amounts 
of honey were applied in liquid and powdered forms 
based on mass-based calculations. In the powdered 
honey formulation, microcrystalline cellulose was 
treated as an inert carrier and, in accordance with 
previous reports, was assumed to have no intrinsic 
antimicrobial activity (Ye et al. 2018; Dong et al. 
2021); however, no separate carrier-only control was 
included, which should be considered a limitation of 
the study. Accordingly, the inertness of MCC and the 
absence of chemical or enzymatic interactions were 
inferred from the literature rather than directly veri-
fied experimentally.  

 
Fig 1. General appearance of the powdered honey sample 
obtained using a microcrystalline cellulose–based alterna-
tive production approach. The powdered honey was pro-
duced without thermal treatment, preserving its natural 
structure. 

Based on the formulation ratio, honey constituted 
71.4% (w/w) of the powdered product (10 g honey in 
14 g total formulation). For agar well diffusion as-
says, 2.0 g of powdered honey was dispersed in 10 
mL of sterile distilled water, yielding a suspension 
containing approximately 142 mg of honey per mL. 
Accordingly, application of 100 µL of this suspension 
corresponded to approximately 14 mg of honey, 
which is mass-equivalent to the 10 µL of liquid honey 
used in disc diffusion assays. It should be noted, 
however, that this equivalence was established so-
lely on a mass basis; differences in application geo-
metry, surface contact area, and initial diffusion ki-
netics between disc-loaded liquid honey and well-lo-
aded suspension may independently influence inhi-
bition zones, independent of dose. The suspension 
was mixed by vortexing and incubated at 37 °C for 
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40 minutes to facilitate rehydration and dissolution of 
honey components prior to application; these condi-
tions were selected to promote solubilization rather 
than based on a systematic optimization study.  

Furthermore, the potential physical effects of MCC—
such as altered diffusion behavior within the agar 
matrix or partial binding of honey constituents—were 
not specifically controlled, and therefore, the ab-
sence of a carrier-only control limits the ability to att-
ribute all observed antimicrobial effects exclusively 
to honey. The equivalence between liquid and 
powdered honey applications was therefore derived 
from theoretical mass calculations and was not inde-
pendently verified experimentally. This constraint 
should be regarded as one of the primary methodo-
logical limitations when interpreting differences 
between physical forms. 

Microorganisms and Culture Conditions 
Staphylococcus aureus (Gram-positive, G+) and 
Salmonella typhimurium (Gram-negative, G–) refe-
rence strains obtained from the culture collection of 
Atatürk University (Erzurum, Türkiye) were used to 
evaluate antimicrobial activity. These strains were 
deliberately selected to represent Gram-positive and 
Gram-negative bacteria rather than to provide 
broad-spectrum antimicrobial coverage. Accor-
dingly, the antimicrobial assessment was explora-
tory, and the limited number of bacterial strains limits 
the generalizability of the findings. After activation in 
Mueller–Hinton broth and agar media, bacterial sus-
pensions were incubated at 37 °C for 18–24 h under 
aerobic conditions prior to testing. The bacterial sus-
pensions were adjusted to the 0.5 McFarland stan-
dard using a densitometer. All experiments were 
performed in triplicate using freshly prepared cultu-
res under identical experimental conditions. 

Antimicrobial Activity Assay 

In this study, agar disc and agar well diffusion met-
hods were combined to enable direct comparison of 
diffusion behavior and antimicrobial zone formation 
for honey samples in different physical forms within 
the same experimental framework. The combined 
use of these two diffusion techniques was specifi-
cally intended to distinguish antimicrobial effects ari-
sing from chemical composition from those influen-
ced by physical form and diffusion characteristics. 
Antimicrobial activity was assessed after surface 
inoculation of Müller–Hinton agar plates with bacte-
rial suspensions, and all applications were conduc-
ted according to the respective methodological requ-
irements of both diffusion techniques. Sterile distilled 
water and carrier-only (MCC suspension) applicati-
ons were included as negative controls to exclude 
solvent- or carrier-derived inhibition effects.  

 
Figure 2. Petri dish images showing the evaluation of the 
antimicrobial effects of liquid honey and microcrystalline 
cellulose–based powdered honey against Staphylococcus 
aureus (Gram-positive) and Salmonella typhimurium 
(Gram-negative) using agar well/disc diffusion methods. 
(A) Antimicrobial effect of chestnut honey against Staphy-
lococcus aureus, (B) antimicrobial effect of polyfloral ho-
ney against Staphylococcus aureus, (C) antimicrobial ef-
fect of chestnut honey against Salmonella typhimurium, 
and (D) antimicrobial effect of polyfloral honey against Sal-
monella typhimurium. In all Petri setups, inhibition zones 
corresponding to liquid honey, powdered honey, and the 
positive control [C (+), gentamicin] are shown. Equivalent 
honey concentrations were applied in both liquid and 
powdered honey samples to enable direct comparison of 
antimicrobial activity. 

The positive control consisted of gentamicin (C+), 
applied at 5 µL per Petri dish based on commonly 
used clinical and literature standards and included to 
provide a consistent reference for comparison rather 
than to establish susceptibility breakpoints; the anti-
biotic was applied at a standardized dose of 10 µg 
per disc to allow direct comparability with conventio-
nal disc diffusion assays, and the antibiotic solution 
was loaded onto sterile paper discs (6 mm diameter) 
at a constant concentration throughout the experi-
ments. Liquid honey was applied at 10 µL onto ste-
rile discs, while powdered honey was applied by lo-
ading 100 µL of the prepared stock solution into agar 
wells (6 mm diameter, approximately 4 mm depth), 
a volume selected as the maximum that could be ac-
commodated without overflow or lateral flooding.  

It should be noted that disc- and well-based applica-
tions differ inherently in contact surface area, agar 
penetration, and initial diffusion kinetics; therefore, 
differences in inhibition zone diameters may partly 
reflect methodological geometry rather than solely 
antimicrobial efficacy, and this should be considered 
an important limitation when interpreting compari-
sons between physical forms. The use of different 
application formats and volumes reflects methodolo-
gical constraints imposed by the physical state of the 
samples rather than an attempt to equalize diffusion 
geometry; accordingly, the study prioritized mass-
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equivalent honey dosing over volumetric equiva-
lence to allow evaluation of physical form–depen-
dent diffusion behavior. Following the application, 
the plates were incubated at 37 °C for 24 h. All expe-
riments were conducted in three independent repli-
cates to ensure reproducibility (Valgas et al. 2007; 
Bonev et al. 2008; Balouiri et al. 2016). 

 

Figure 3. Inhibition zones obtained from disc/well diffusion 
assays performed on Petri plates were recorded using a 
Bio-Rad ChemiDoc™ Imaging System in Silver Stain 
mode with white light (epi-illumination). During image 
acquisition, automatic exposure (auto optimal exposure) 
was applied, and imaging was performed directly on a 
white tray. (A) Petri image showing the antimicrobial effect 
of chestnut honey against Staphylococcus aureus (Gram-
positive), (B) Petri image showing the antimicrobial effect 
of polyfloral honey against Staphylococcus aureus, (C) 
Petri image showing the antimicrobial effect of chestnut 
honey against Salmonella typhimurium (Gram-negative), 
and (D) Petri image showing the antimicrobial effect of 
polyfloral honey against Salmonella typhimurium are pre-
sented. In all Petri setups, inhibition zones corresponding 
to liquid honey, microcrystalline cellulose–based P.H., and 
the positive control [C(+), gentamicin] are shown. Powde-
red and liquid honey samples were prepared to provide 
equivalent honey concentrations in order to allow a com-
parable evaluation of antimicrobial activity. 

Digital Image Analysis of Inhibition Zones 
After incubation, Petri plates were imaged at a fixed 
distance and under standardized lighting conditions, 
and inhibition zone measurements were performed 
using calibrated digital image analysis. Calibration 
was achieved by referencing the known Petri plate 
diameters to convert zone diameters to millimeters, 
and measurements were conducted using the Pho-
toMeasure online software. To minimize inter-plate 
variability, the gentamicin inhibition zone on each 
plate was used as an internal reference (ratio = 
1.00). The inhibition zones produced by liquid honey 
and powdered honey on the same plate were mea-
sured proportionally relative to the gentamicin zone, 
with multiple radial measurements obtained for each 
inhibition zone and the median value calculated. The 

resulting proportional values were multiplied by the 
gentamicin zone diameter (mm) measured on the 
corresponding plate to obtain inhibition zone diame-
ters (mm). Given the exploratory, method-oriented 
nature of the study and the limited number of inde-
pendent replicates (n = 3), formal statistical compa-
risons and significance testing were not conducted. 
Accordingly, inhibition zone diameters were reported 
using descriptive statistics and expressed as median 
values. 

 

RESULTS 
In this study, the antimicrobial activities of liquid ho-
ney and microcrystalline cellulose–based powdered 
honey were evaluated against Staphylococcus au-
reus (Gram-positive) and Salmonella typhimurium 
(Gram-negative) using agar disc and agar well diffu-
sion methods. Inhibition zones were measured by di-
gital image analysis and calculated in millimeters 
(mm). The reported inhibition zone diameters repre-
sent the median values obtained from three indepen-
dent replicate experiments, rather than measure-
ments from a single Petri dish. Given the exploratory 
and methodological nature of the study, no formal 
statistical comparisons between liquid and powde-
red honey groups were performed, and the results 
are presented descriptively to illustrate relative 
trends in antimicrobial performance. Normalization 
of inhibition zones relative to the gentamicin control 
was used to reduce interplate variability; however, 
this approach may limit the direct interpretation of 
absolute inhibition zone sizes and should be consi-
dered when evaluating the results. 

Staphylococcus aureus (Gram-positive) 
For chestnut honey samples, the inhibition zone me-
asured for the positive control gentamicin was 32.7 
mm. In the same Petri dish, the inhibition zone for 
liquid honey was calculated as 25.8 mm, while that 
for powdered honey was 25.5 mm. Based on digital 
image analysis, the calculated ratios were 0.79 for 
liquid honey and 0.78 for powdered honey. For 
polyfloral honey samples, the gentamicin inhibition 
zone was measured as 31.8 mm. The inhibition zone 
was 30.5 mm for liquid honey and 28.9 mm for 
powdered honey. The ratios obtained from digital 
image analysis for this Petri dish were 0.96 for liquid 
honey and 0.91 for powdered honey. 

 
Salmonella typhimurium (Gram-negative) 
For chestnut honey samples, the inhibition zone me-
asured for gentamicin was 33.0 mm. In the same 
experimental set, the inhibition zone for liquid honey 
was calculated as 19.5 mm, whereas that for powde-
red honey was 21.1 mm. The ratios determined by 
digital image analysis were 0.59 for liquid honey and 
0.64 for powdered honey. For polyfloral honey 
samples, the gentamicin inhibition zone was measu-
red as 32.2 mm. The inhibition zone was calculated 
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as 20.0 mm for liquid honey and 22.5 mm for powde-
red honey. The corresponding ratios obtained from 
digital image analysis were 0.62 for liquid honey and 
0.70 for powdered honey. The slightly higher inhibi-
tion zones observed for powdered honey compared 
to liquid honey may be attributed to differences in 
physical form and diffusion behavior within the agar 
matrix, rather than differences in honey composition 
or applied dose. Rehydration of the powdered formu-
lation may facilitate more uniform radial diffusion of 
antimicrobial components, particularly against 

Gram-negative bacteria with complex outer memb-
rane structures. 

Inhibition zones were measured by digital image 
analysis using the gentamicin zone in each Petri dish 
as the reference. Multiple radial measurements were 
performed for each zone, and median values were 
used in the calculations. The obtained ratios were 
multiplied by the gentamicin zone diameters (mm) 
measured on the corresponding Petri dishes to con-
vert the inhibition zones into millimeters. 

 

 
Figure 4. Digital image analysis results of the antimicrobial effects of liquid honey and microcrystalline cellulose–based 
powdered honey against Staphylococcus aureus (Gram-positive) and Salmonella typhimurium (Gram-negative) as evalu-
ated by disc/well diffusion methods. (A) The effect of chestnut honey on S. typhimurium, (B) the effect of chestnut honey 
on S. aureus, (C) the effect of polyfloral honey on S. typhimurium, and (D) the effect of polyfloral honey on S. aureus are 
shown. In the Petri plates, inhibition zones corresponding to the positive control [C (+), gentamicin], liquid honey, and 
powdered honey are presented in sequence. Inhibition zones were digitally measured using the PhotoMeasure software, 
and the gentamicin zone diameter in each Petri dish was taken as the reference value (1.00). The green values for liquid 
and powdered honey represent the ratio of the inhibition zone diameter for each sample to that of gentamicin (relative zone 
ratio), thereby enabling comparability across different Petri dishes and bacterial strains. In all applications, liquid and 
powdered honey samples were prepared to provide equivalent honey concentrations in order to assess antimicrobial acti-
vity solely as a function of physical form. 
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Table 3. Antibacterial Activity of Liquid and Powdered Honey (Inhibition Zone Diameters, mm), (Formül: mm = Gentami-
cin(mm) × ratio) 

Bacterium Gram Honey type Sample Ratio Inhibition zone (mm) 
S. a. G (+) C C (+)  1.00 32.7 
S. a. G (+) C Liquid honey 0.79 25.8 
S. a. G (+) C P.H. 0.78 25.5 
S. a. G (+) B  C (+)  1.00 31.8 
S. a. G (+) B Liquid honey 0.96 30.5 
S. a. G (+) B P.H. 0.91 28.9 
S. t. G (–) C C (+)  1.00 33.0 
S. t. G (–) C Liquid honey 0.59 19.5 
S. t. G (–) C P.H. 0.64 21.1 
S. t. G (–) B C (+)  1.00 32.2 
S. t. G (–) B Liquid honey 0.62 20.0 
S. t. G (–) B P.H. 0.70 22.5 

Inhibition zones were measured using the PhotoMeasure software through digital image analysis. For each Petri dish, the 
gentamicin inhibition zone was accepted as the reference value (ratio = 1.00), and the zones of liquid honey and powdered 
honey were calculated proportionally relative to this reference. Final zone diameters (mm) were obtained by multiplying 
the gentamicin zone diameter by the corresponding proportional value. Measurements were based on the median of mul-
tiple radial assessments, and all experiments were conducted in triplicate. 

Abbreviations: C (+), gentamicin (positive control); P.H., powdered honey; S.a., Staphylococcus aureus; S.t., Salmonella 
typhimurium. 

 

DISCUSSION 
In this study, an alternative microcrystalline cellu-
lose–based powdered honey system was evaluated 
as a non-thermal, inert carrier, rather than investiga-
ting the antimicrobial properties of honey per se, 
which are already well established in the literature. 
The novelty of the present work lies in the conversion 
of honey into a powdered form using a heatless 
MCC-based system and in its comparative evalua-
tion with liquid honey at strictly equivalent concent-
rations. When applied under equivalent dosing con-
ditions, differences in inhibition zone size between 
liquid and powdered honey were microorganism-de-
pendent: liquid honey produced slightly larger zones 
against Staphylococcus aureus, whereas powdered 
honey produced comparable or larger zones against 
Salmonella typhimurium under certain conditions. 
The exclusive use of agar diffusion assays was a de-
liberate methodological choice aimed at evaluating 
diffusion-related effects associated with physical 
form, rather than determining MIC or MBC values.  

These findings indicate that antimicrobial outcomes 
associated with honey are influenced not only by 
chemical composition and applied dose but also by 
physical form and diffusion behavior within the agar 
medium. Although reduced inhibition against Gram-
negative bacteria was observed, this is consistent 
with the outer membrane's barrier function and is 
discussed here in methodological rather than clinical 
terms. The inclusion of both monofloral and polyflo-
ral honeys demonstrates the applicability of the pro-
posed approach across different botanical origins, 
rather than providing a quantitative comparison of 
botanical effects. Previous studies have similarly 
shown that the physical state of a substance and its 

diffusion characteristics can influence the accessibi-
lity of bioactive components in agar-based systems, 
thereby affecting measured antimicrobial responses. 

As summarized in Tables 1 and 2, the tested honey 
samples exhibited key physicochemical and functio-
nal characteristics relevant to antimicrobial perfor-
mance, including high sugar content–associated os-
motic pressure, low water activity, and acidic pH, all 
of which are known to contribute to bacterial growth 
inhibition. In addition, the low HMF levels and pre-
served diastase activity reported for the honey 
samples indicate minimal heat exposure and support 
the use of a non-thermal processing strategy. These 
parameters provide essential context for interpreting 
the inhibition zone data, as they reflect both the int-
rinsic antimicrobial potential of the honeys and their 
suitability for diffusion-based evaluation. 

Accordingly, disc diffusion and agar well diffusion 
methods were used concurrently in the present work 
not to establish a direct methodological comparison, 
but to account for potential differences in diffusion 
linked to viscosity and physical form under identical 
experimental conditions. Since inhibition zone size 
reflects both antimicrobial potency and the capacity 
of a substance to spread through the agar matrix, the 
more restricted diffusion of high-viscosity liquid ho-
ney compared with the more uniform distribution of 
adequately rehydrated powdered honey may reaso-
nably contribute to the larger inhibition zones obser-
ved for the powdered formulation in certain cases 
(Rivero et al. 2021; Farooq et al. 2025; Kaya et al. 
2025). 

The carrier material used in powdered honey pro-
duction directly affects the final product's physical 
and functional properties. Many recent studies have 
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focused on maltodextrin, gum arabic, or protein-ba-
sed carriers, which have been reported to dilute ho-
ney’s bioactive components (Ganaie et al. 2021; 
Chandrakar et al. 2024). In contrast, the use of a na-
tural and inert carrier such as MCC allows the physi-
cal transformation of honey without altering its che-
mical composition. From this perspective, the appro-
ach may be considered applicable to different bota-
nical origins.  

Experimental studies conducted with various bee 
products have similarly demonstrated that biological 
responses depend not only on chemical composition 
but also on the mode of application. Accordingly, 
while MCC has previously been used as a carrier 
material in honey powder formulations, the innova-
tive aspect of the present study lies in the non-ther-
mal formulation strategy and the equivalent honey-
dose antimicrobial design, which together enable 
evaluation of physical form–dependent diffusion be-
havior. Microcrystalline cellulose is widely reported 
as an inert and biologically inactive carrier material 
in food applications.  

Literature evidence indicates that MCC alone does 
not exhibit antibacterial activity (Samborska 2019; 
Mutlu et al. 2020; Çakar et al. 2025) and the assump-
tion that MCC did not contribute to antimicrobial ef-
fects in the present study was evaluated in light of 
these findings. Most previously reported MCC-ba-
sed honey powder studies primarily focus on drying 
performance or physicochemical stability. In cont-
rast, the present study emphasizes antimicrobial 
performance under strictly standardized honey do-
sing and interprets inhibition outcomes in relation to 
physical form–dependent diffusion behavior. Unlike 
spray-drying–based approaches, the applied non-
thermal powdering strategy avoids heat-induced qu-
ality deterioration, as evidenced by the preservation 
of low HMF levels and high diastase activity, indica-
ting minimal thermal damage and maintained 
enzymatic integrity. 

Although the inert nature of microcrystalline cellu-
lose is well documented in the literature, the present 
study did not include a direct experimental compari-
son with other commonly used carrier materials such 
as maltodextrin, gum arabic, or protein-based matri-
ces under identical antimicrobial testing conditions. 
Similarly, iso-osmotic sugar controls were not emp-
loyed to experimentally decouple osmotic effects 
from other honey-derived antimicrobial mechanisms. 
These aspects therefore represent limitations of the 
present work. However, the strict standardization of 
honey mass between liquid and powdered formulati-
ons was designed to minimize dilution-related bias 
and to focus on physical form–dependent diffusion 
behavior rather than on carrier-specific or purely os-
motic effects. 

Differences in antimicrobial responses between 
Gram-positive and Gram-negative bacteria obser-
ved in this study are consistent with previously re-
ported findings. The outer membrane of Gram-nega-
tive bacteria constitutes a well-known permeability 

barrier that restricts the intracellular penetration of 
both hydrophilic and hydrophobic antimicrobial 
agents, thereby attenuating the antibacterial effecti-
veness of honey-based treatments (Onyango et al. 
2024; Ogwu et al. 2025). From this perspective, the 
relatively smaller inhibition zones observed for Sal-
monella typhimurium are expected. Nevertheless, 
the fact that powdered honey produced wider inhibi-
tion zones than liquid honey under certain experi-
mental conditions indicates that physical form and 
diffusion-related properties may influence antimicro-
bial performance even in Gram-negative species. 
Beyond bacterial cell wall architecture, the botanical 
origin of honey plays a decisive role in shaping anti-
microbial activity.  

Chestnut honey has been frequently associated with 
strong antibacterial activity, largely attributed to its 
high phenolic content and distinctive chemical com-
position, particularly against Staphylococcus aureus 
and biofilm-forming microorganisms (Koloh et al. 
2024; Coppola et al. 2025). Although polyfloral ho-
neys exhibit greater compositional variability, they 
have been shown to exert broad-spectrum biological 
effects (Nagy-Radványi et al. 2024; Luca et al. 
2025). The maintenance of antimicrobial efficacy in 
the powdered form for both honey types suggests 
that the cellulose-based powdering strategy is appli-
cable across different botanical origins. A notable 
strength of the present study is the strict standardi-
zation of honey concentration across liquid and 
powdered formulations, an aspect that is often insuf-
ficiently addressed in comparable studies and can 
compromise the interpretation of results (Obey et al. 
2022; Wadi 2022). Furthermore, the use of calibra-
ted digital image analysis for inhibition zone measu-
rement enhanced data reliability by reducing opera-
tor-dependent variability. 

Chestnut honey was deliberately selected as a chal-
lenging model due to its high biological value, al-
lowing assessment of whether the non-thermal 
powdering approach preserves antimicrobial activity 
in a highly bioactive honey. This also demonstrates 
that the method is applicable to premium honeys, not 
just those that are technologically problematic. A li-
mitation of the study is that antioxidant activity was 
not directly evaluated; therefore, the findings should 
be interpreted as reflecting preservation of antimic-
robial functionality, while conclusions regarding anti-
oxidant retention remain beyond the scope of this 
work. 

Although inhibition zones are commonly reported as 
absolute diameters, this study adopted proportional 
normalization relative to an internal reference to re-
duce inter-plate variability. Factors such as agar 
thickness, inoculum density, and minor incubation 
differences can influence absolute zone sizes 
between plates. By expressing inhibition zones of 
honey samples relative to the gentamicin zone obta-
ined on the same plate, plate-specific variation was 
minimized, allowing a more reliable comparison of 
antimicrobial performance across treatments. This 
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approach was selected to support the study's explo-
ratory and methodological focus rather than to es-
tablish standardized susceptibility thresholds. 

It should be recognized that agar diffusion assays 
are inherently limited and do not provide an absolute 
measure of antimicrobial efficacy; therefore, larger 
inhibition zones observed with powdered honey sho-
uld not be interpreted as indicating lower minimum 
inhibitory concentrations (MICs). In the present 
study, diffusion-based assays were intentionally 
employed to evaluate physical form– and diffusion-
related effects rather than to determine MIC or bac-
tericidal endpoints. Accordingly, the literature un-
derscores the importance of complementary appro-
aches—such as broth microdilution, time–kill kine-
tics, and antibiofilm assays—for a more comprehen-
sive assessment of the antimicrobial potential of ho-
ney-based formulations (Bezerra et al. 2024; 
Hosseini-nejad et al. 2025). Future studies should 
therefore substantiate the antimicrobial performance 
of cellulose-based powdered honey through MIC 
and MBC determinations, evaluate its effectiveness 
in biofilm models, and assess its stability during sto-
rage. Within this context, the present study offers a 
meaningful methodological and practical contribu-
tion by demonstrating that an alternative powdered 
honey system is intended to preserve honey's natu-
ral structural characteristics, thereby supporting its 
potential for broader functional and application-ori-
ented use. 

Conclusion 
This study demonstrated, comparatively, the effect 
of a microcrystalline cellulose–based alternative 
approach to powdered honey production, designed 
to preserve the natural structure of honey, on anti-
microbial activity by ensuring an equivalent honey 
concentration to liquid honey. The findings showed 
that the cellulose-based powdered honey form exhi-
bited measurable, reproducible antimicrobial activity 
against Staphylococcus aureus and Salmonella typ-
himurium in both chestnut and polyfloral honey. The 
honey samples used in this study were selected to 
represent monofloral (chestnut honey) and polyfloral 
honey structures. 

This approach indicates that the observed findings 
are not limited to a single botanical origin but may 
also be applicable to honeys with different floral com-
positions. Accordingly, the applicability of the cellu-
lose-based powdered honey production approach 
was evaluated independently of botanical diversity. 
Unlike commonly reported methods in the literature 
that involve thermal processing or require high pro-
portions of carrier materials, the applied powdered 
honey production approach offers an alternative, in-
novative strategy to preserve the chemical composi-
tion and natural characteristics of honey. The use of 
microcrystalline cellulose, an inert and naturally de-
rived carrier, enabled the transformation of honey 
into a powder while maintaining its antimicrobial ac-
tivity. In this respect, the study demonstrates that the 
biological activity of honey is influenced not only by 

its chemical composition but also by its physical form 
and mode of application. Furthermore, ensuring 
equivalent honey amounts in comparisons between 
liquid and powdered honey strengthened the direct 
comparability of the results. Inhibition zone measu-
rements performed using a digital image analysis 
method enhanced methodological transparency and 
contributed to the reliability of the findings. 

In conclusion, this study demonstrates that a cellu-
lose-based powdered honey production approach, 
validated with both monofloral and polyfloral honey 
samples and preserving honey's natural structure, 
can maintain antimicrobial activity while expanding 
honey's functional use potential. The findings pro-
vide a strong methodological foundation for future 
studies evaluating honey in alternative physical 
forms and offer a new perspective for the develop-
ment of honey-based functional products. 
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