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ABSTRACT  
This investigation focuses on exploring the physicochemical characteristics and antimicrobial activity 
of loofah honey in the Egyptian governorates of Kafr El-Shaikh and El-Beheira. A novel variety of 
honey, designated as a supplementary resource, has been identified as a means of sustenance for 
bees during periods of scarcity. Pollen analysis of the examined honey samples revealed its natural 
origin from various plant sources in trace amounts. The physicochemical analysis produced 
noteworthy results, with estimated reducing sugars ranging from 61.10±0.20 to 69.29±0.12 g/100g and 
pH values varying between 3.53±0.01 and 3.74±0.01. There were notable variations amongst the 
samples in terms of free acidity, total lactone, and total acidity, while no significant distinctions were 
noted in ash content. The study further identified the highest recorded values for H2O2, DN, and HMF 
as 76.80±0.01 mg/kg, 12.50±0.06 U/kg, and 5.35±0.01 mg/kg, respectively. Additionally, the maximum 
levels of phenols, flavonoids, and DPPH were determined as 210.56±0.01 mg/kg, 52.84±0.01 mg/kg, and 
83.33±0.01 %, respectively. In terms of antimicrobial activity, all samples exhibited efficacy against 
Bacillus subtilis and Klebsiella pneumoniae, except for one sample that demonstrated antimicrobial 
activity against all six tested microorganisms’ types.  
Keywords: Loofah honey, Physicochemical characteristics, Pollen analysis, Antimicrobial activity 
 
ÖZ 
Bu araştırma, Mısır'ın Kafr El-Shaikh ve El-Beheira vilayetlerinde lif kabağı balının fizikokimyasal 
özelliklerini ve antibakteriyel aktivitesini araştırmaya odaklanmaktadır. Ek bir kaynak olarak belirlenen 
yeni bir bal çeşidi, kıtlık dönemlerinde arılar için bir beslenme aracı olarak tanımlanmıştır. İncelenen 
bal örneklerinin polen analizi, eser miktarda çeşitli bitki kaynaklarından gelen doğal kökenini ortaya 
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koymuştur. Fizikokimyasal analizler, 61,10±0,20 ile 69,29±0,12 g/100g arasında değişen tahmini 
indirgen şekerler ve 3,53±0,01 ile 3,74±0,01 arasında değişen pH değerleri ile kayda değer sonuçlar 
vermiştir. Örnekler arasında serbest asitlik, toplam lakton ve toplam asitlik açısından önemli farklılıklar 
bulunurken, kül içeriğinde önemli bir farklılık gözlenmemiştir. Çalışmada ayrıca H2O2, DN ve HMF için 
kaydedilen en yüksek değerler sırasıyla 76,80±0,01 mg/kg, 12,50±0,06 U/kg ve 5,35±0,01 mg/kg olarak 
belirlenmiştir. Ayrıca, maksimum fenol, flavonoid ve DPPH seviyeleri sırasıyla 210.56±0.01 mg/kg, 
52.84±0.01 mg/kg ve %83.33±0.01 olarak belirlenmiştir. Antimikrobiyal aktivite açısından, test edilen 
altı mikroorganizma türünün tümüne karşı antimikrobiyal aktivite gösteren bir örnek dışında, tüm 
örnekler Bacillus subtilis ve Klebsiella pneumoniae'ya karşı etkinlik göstermiştir.  
Anahtar Kelimeler: Lif kabağı balı, Fizikokimyasal özellikler, Polen analizi, Antimikrobiyal aktivite 
 
GENİŞLETİLMİŞ ÖZET 
Giriş: Oldukça besleyici bir gıda olan bal, çeşitli 
faktörlerden etkilenen fizikokimyasal özellikler 
sergiler. Bu çalışmanın amacı, Haziran'dan Ekim'e 
kadar üretilen yeni bir ikincil bal türü olarak 
potansiyeline odaklanarak lif kabağı balının 
özelliklerini araştırmaktır. Bileşimini, kalitesini ve 
potansiyel faydalarını inceleyerek, bu çalışma lif 
kabağı balının farklı özellikleri hakkında değerli 
bilgiler sağlamayı ve gıda ve ilaç endüstrilerinde 
uygulanabilirliğinin daha iyi anlaşılmasına katkıda 
bulunmayı amaçlamaktadır. 

Gereç ve Yöntem:  Bu araştırma, Mısır'ın Kafr El-
Shaikh ve El-Beheira vilayetlerinde lif kabağı balının 
fizikokimyasal özelliklerini ve antibakteriyel 
aktivitesini araştırmaya odaklanmaktadır. 
Alışılmadık ve nispeten yeni bal türlerinden biri olan 
bu bal, arıların kıtlık zamanlarında kullandığı ek bir 
kaynak olarak bilinmektedir. Beş bal örneği, bitkilerin 
çiçeklenme döneminde Haziran ve Kasım 2021 
tarihleri arasında iki ildeki farklı arılıklardan 
toplanmıştır. Üç örnek El-Beheira'dan, iki örnek ise 
Kafr El-Shaikh'ten alınmıştır. Her biri üç kopyadan 
oluşan örnekler, daha sonra kimyasal bileşim 
açısından analiz edilene kadar Kahire Üniversitesi 
Ziraat Fakültesi Deney İstasyonu'nun arı kovanı 
bahçesindeki laboratuvarında -28±2ºC'de 
saklanmıştır. Kimyasal analiz; şeker, nem içeriği, 
pH, serbest asitlik, hidroksimetilfurfural (HMF), 
toplam fenoller, toplam flavonoidler, 2,2-difenil-1-
pikrilhidrazil (DPPH), C vitamini, diastaz aktivitesi, 
hidrojen peroksit (H O ) ve iletkenliğin 
değerlendirilmesinin yanı sıra melissopalinoloji ve 
antimikrobiyal aktivitenin incelenmesini de 
içermektedir. Fizikokimyasal analiz, 61,10±0,20 ila 
69,29±0,12 g/100g arasında değişen tahmini 
indirgen şekerler ve 3,53±0,01 ila 3,74±0,01  

 

 

arasında değişen pH değerleri ile kayda değer 
sonuçlar vermiştir. 

Bulgular: Fizikokimyasal analizler, 61.10±0.20 ile 
69.29±0.12 g/100g arasında değişen tahmini 
indirgen şekerler ve 3.53±0.01 ile 3.74±0.01 
arasında değişen pH değerleri ile kayda değer 
sonuçlar vermiştir. Örnekler arasında serbest asitlik, 
toplam lakton ve toplam asitlik açısından önemli 
farklılıklar bulunurken, kül içeriğinde önemli bir 
farklılık gözlenmemiştir. Çalışmada ayrıca H2O2, 
DN ve HMF için kaydedilen en yüksek değerler 
sırasıyla 76,80±0,01 mg/kg, 12,50±0,06 U/kg ve 
5,35±0,01 mg/kg olarak belirlenmiştir. Ayrıca, 
maksimum fenol, flavonoid ve DPPH seviyeleri 
sırasıyla 210.56±0.01 mg/kg, 52.84±0.01 mg/kg ve 
%83.33±0.01 olarak belirlenmiştir. Antimikrobiyal 
aktivite açısından, test edilen altı mikroorganizma 
türünün hepsine karşı antimikrobiyal aktivite 
gösteren bir örnek dışında, tüm örnekler Bacillus 
subtilis ve Klebsiella pneumoniae'ya karşı etkinlik 
göstermiştir. Geleneksel olmayan balın özelliklerinin 
incelenmesi, özellikle ana ürünlerin kıt olduğu 
zamanlarda hayati önem taşımaktadır. Geleneksel 
olmayan bal, arılar için önemli nektar kaynakları olan 
birkaç yeni bitkinin geliştirilmesinin bir sonucu olarak 
üretilmektedir. Son olarak, tüm yıl boyunca nektar 
bitkileri yetiştirmek önemlidir çünkü bu, arılara bal 
üretimini artıran sabit bir besin kaynağı sağlar. 

Sonuç: Bu çalışma, son zamanlarda ortaya çıkan en 
yeni ve en tuhaf bal türlerinden biri olan lif kabağı 
balının özelliklerini daha iyi anlamak için yapılmıştır. 
Sonuçlar, lif kabağı poleninin test edilen tüm bal 
türlerinde ikincil bir kaynak olarak ortaya çıktığını 
vurgulamıştır. Bu türler, bitki kökeni, iklim koşulları, 
arı muameleleri ve depolama koşulları dahil olmak 
üzere çok çeşitli değişkenlere bağlı olarak yüksek 
nem içeriği, normal monosakkarit içeriği, sükroz 
içeriği ve pH ile karakterize edilmiştir. Arı balının 
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fizikokimyasal özellikleri bir bölgeden diğerine 
değişmektedir. Geleneksel olmayan balın 
özelliklerinin incelenmesi, özellikle ana ürünlerde 
kıtlık yaşandığında hayati önem taşımaktadır. 
Geleneksel olmayan bal, arılar için önemli nektar 
kaynakları olan birkaç yeni bitkinin geliştirilmesinin 
bir sonucu olarak üretilmektedir. Son olarak, tüm yıl 
boyunca nektar bitkileri yetiştirmek önemlidir çünkü 
bu, arılara bal üretimini artıran sabit bir besin 
kaynağı sağlar. 

 
INTRODUCTION 
Bees collect nectar from flowers or the secretions of 
sap-sucking insects, transform it through enzymatic 
processes, and store it in honeycombs, resulting in 
bee honey-a naturally sweet and flavourful product 
(Codex Alimentarius Commission 2001). It is well 
established that honey has been used by both 
ancient and modern civilisations for its therapeutic 
properties. It is a natural remedy for a variety of 
illnesses due to its antimicrobial, antioxidant and 
wound-healing abilities (Karabagias et al. 2014). Its 
extensive application spans both pharmaceutical 
and food industries, where it is valued not only as a 
functional food but also as a natural medicine. 
Furthermore, its pleasant taste and ease of digestion 
make it particularly beneficial for patients, the elderly 
and pregnant women, offering both nutritional and 
medicinal benefits (Bihonegn and Begna 2021). 
Honey is a supersaturated solution of sugars; it 
consists mainly of the sugar’s fructose (~38%) and 
glucose (~31%), along with other 200 ingredients 
such as water, traces of organic acids, minerals, 
proteins, ashes, enzymes, amino acids, vitamins, 
antioxidants, phenol compounds, and flavonoids 
(Pasias et al. 2017, Da Silva et al. 2016, 
Ouchemoukh et al. 2006).  

Honey exhibits remarkable therapeutic properties 
and is widely used in traditional medicine due to its 
ability to combat pathogenic bacteria (Israili 2014). 
Its antimicrobial efficacy is primarily attributed to 
several mechanisms involving both enzymatic and 
non-enzymatic components. For instance, the high 
acidity of honey, with a typical pH range of 3.2 to 4.5, 
creates an inhospitable environment for many 
microorganisms. Additionally, hydrogen peroxide 
produced by the enzymatic action of glucose 
oxidase, acts as a potent antimicrobial agent by 
generating reactive oxygen species (ROS) that 
damage bacterial cells. Osmosis, resulting from the 
high sugar concentration in honey, dehydrates 

bacterial cells, leading to their inhibition (Combarros-
Fuertes et al. 2020, Snowdon & Cliver 1996). 

Nonperoxide compounds, such as phenolic acids 
and flavonoids, further enhance honey's 
antimicrobial activity through specific mechanisms. 
Phenolic acids and flavonoids disrupt bacterial cell 
membrane integrity, impairing vital processes such 
as nutrient transport and energy production. These 
bioactive compounds also induce oxidative stress by 
increasing ROS within bacterial cells, which 
damages proteins, lipids, and DNA. Furthermore, 
phenolics and flavonoids inhibit bacterial enzymes 
essential for replication and survival, such as those 
involved in quorum sensing and energy metabolism 
(Bucekova et al. 2018 and Israili 2014). 

Beyond its antimicrobial properties, honey also 
demonstrates significant anti-inflammatory and 
antioxidant effects. It modulates inflammatory 
pathways by reducing pro-inflammatory cytokines 
and enhancing the expression of anti-inflammatory 
mediators, contributing to its use in wound healing. 
Honey's high phenolic and flavonoid content 
scavenges free radicals, mitigating oxidative stress 
and promoting tissue repair. In wound healing, 
honey accelerates tissue regeneration, stimulates 
the formation of granulation tissue, and reduces 
inflammation, leading to faster recovery and 
improved outcomes (Martinotti et al. 2019).  

The quality of honey is influenced by a range of 
factors, including its type, characteristics, 
composition, geographical and plant origins, the 
season of collection, local climate, improper 
beekeeping techniques, and storage conditions 
(García et al. 2020, El Sohaimy et al. 2015). These 
factors collectively shape the physicochemical 
properties, nutritional value, and therapeutic 
potential of honey, highlighting the importance of 
careful management and monitoring to ensure high-
quality production. Since honeybees gather nectar 
from various blooms, honey can be either 
monofloral, derived primarily from one plant species 
with distinct characteristics, or polyfloral, sourced 
from multiple species, resulting in diverse flavours 
and bioactive compounds. These variations highlight 
the influence of plant diversity on honey's quality and 
properties. Due to increasing global trade and the 
higher economic values associated with specific 
types of honey, these products are especially 
vulnerable to adulteration, honey mixing, and 
misleading or dishonest labelling of honey of lower 
value. Honey's authenticity is assessed through 
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methods like melissopalynological analysis, 
chemical profiling (e.g., HMF levels and diastase 
activity), isotopic analysis for sugar adulteration, and 
advanced spectroscopic techniques (Soares et al. 
2017).  

Melissopalynology, a subfield of palynology (the 
study of pollen and spores), is one of the best 
techniques for categorizing different kinds of honey 
because it focuses on microscopic studies of bee 
honey (Attia El-Sofany et al. 2020). By analysing the 
pollen content in honey, this method can identify the 
geographical origin and the plant species from which 
the nectar was collected. For example, specific 
pollen grains serve as markers for certain regions or 
floral sources, allowing precise tracing of honey's 
botanical and geographical origins, which is crucial 
for ensuring authenticity and understanding its 
unique properties (EL-Metwally 2015). 

The three primary flowering honey crop seasons in 
Egypt—citrus fruits in March and April, Egyptian 
alfalfa in April to June, and cotton in July and 
August—are well-documented. However, loofah 
honey (Luffa Egyptiac), emerging as a secondary 
type of honey, serves as a critical resource during 
off-season periods of scarcity. Loofah blooms, which 
persist from June to October, provide an abundant 
and consistent nectar supply that supports the 
growth and sustenance of bee colonies. This is 
particularly beneficial for beekeepers in regions with 
limited alternative floral resources, allowing them to 
sustain production and maintain colony health. 
Additionally, loofah honey is gaining attention due to 
its distinct physicochemical properties and health 
benefits, making it a potential candidate for both 
local markets and international export (Taha et al. 
2019). Therefore, the aim of this work is to 
investigate the characteristics of loofah honey, 
focusing on its potential as a new secondary type of 
honey produced from June to October. By examining 
its composition, quality, and potential benefits, this 
study seeks to provide valuable insights into the 
distinct properties of loofah honey, contributing to a 
better understanding of its applicability in the food 
and pharmaceutical industries. 

 
MATERIALS AND METHODS 
Bee honey samples 
Five honey samples were collected from different 
apiaries in two governorates between June and 
November 2021, during the blooming period of the 

plants. Three samples were obtained from El-
Beheira, and two samples were taken from Kafr El-
Shaikh. The samples, each consisting of three 
duplicates, were stored at the apiary yard laboratory 
of Cairo University's Faculty of Agriculture, 
Experimental Station, at -28±2 ºC until they were 
later analysed for chemical composition. 

Examination of melissopalynology 
The pollen grains from each examined honey 
sample were analysed using the methodology 
described by Louveaux et al. (1978). Ten grams of 
honey were dissolved in 20 millilitres of warm water 
and centrifuged at 3500 revolutions per minute for 10 
minutes. The liquid was then decanted, replaced 
with fresh water, and centrifuged again for an 
additional 10 minutes. The sediment was gently 
dried by heating it to 40°C, then placed on a 
microscope slide and spread evenly over an area of 
approximately 20 × 20 mm. Glycerin gelatin was 
applied to the sediment, which was subsequently 
examined under a light microscope. Pollen grain 
frequency was classified as follows: "Very frequent" 
for grains constituting more than 45%, "Frequent" for 
grains comprising 16–45%, "Rare" for grains ranging 
from 3 to 15%, and "Sporadic" for grains constituting 
less than 3% of the total grains, based on the criteria 
outlined by El Sohaimy et al. (2015). 

Physiochemical analysis of loofah honey 

Chemical analysis, which included the assessment 
of sugars, moisture content, pH, free acidity, 
hydroxymethylfurfural (HMF), total phenols, total 
flavonoids, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
vitamin C, diastase activity, hydrogen peroxide 
(H O ), and conductivity, was thoroughly performed 
at Cairo University's Faculty of Agriculture, Food 
Safety, and Quality Control Laboratory in Giza, 
Egypt. The quantification of sugars, specifically 
fructose, glucose, and sucrose, was accomplished 
through high-performance liquid chromatography 
(HPLC). The analysis employed a Phenomenex 
Luna NH2 column (250×4.6 mm), with the column 
temperature maintained at a constant 30º C. The 
mobile phase consisted of acetonitrile and HPLC-
grade water in a ratio of 80:20 (v: v). Detection of the 
sugars was achieved using a refractive index (RI) 
detector, and data integration was performed 
through ClarityChrom software. Calibration of the 
system was carried out using standard sugar 
solutions, and the detection limits for the sugars 
were determined to ensure accurate quantification 
(El Sohaimy et al. 2015). 
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Measurement of Hydroxymethylfurfural (HMF): 
The determination of hydroxymethylfurfural (HMF) 
was carried out using a combination of UV/V 
spectrophotometry and a modified White technique. 
To begin, five grams of honey were weighed and 
homogenized with distilled water. HMF stabilization 
was achieved by adding 10 mL of 2% w/v sodium 
bisulfite solution, followed by a 15-minute incubation. 
Acid hydrolysis was performed by adding 10 mL of 
4N hydrochloric acid, with a subsequent 30-minute 
incubation in a controlled-temperature water bath 
(60-70°C). After cooling, HMF was extracted using 
10 mL of acetone, and the solution was filtered for 
clarity. UV/Vis spectrophotometric measurements 
were taken at 284 nm. HMF quantification was 
conducted using a calibration curve created with 
standard HMF solutions. The curve equation was 
derived from the linear relationship between known 
HMF concentrations and their absorbance. The 
method was validated using certified reference 
materials, ensuring precision in duplicate analyses 
and confirming its reliability for measuring HMF 
levels in honey samples (Pasias et al. 2017). 

Moisture content: Water content was determined 
with a digital refractometer at 20 ºC according to 
AOAC 1990. 

Electrical conductivity: The conductivity was 
measured using a conductivity meter for a 20% 
honey volumetric weight in a water-based solution at 
200 ºC, where the honey dry matter was represented 
by 20% (FiveEasy, Mettler Toledo, Switzerland) 
(AOAC 1990). 

pH value: The pH value of the honey samples was 
measured using a pH meter from Boeco, Germany. 
The meter was calibrated using buffer solutions with 
pH values of 4, 7, and 10, ensuring accurate 
readings according to international standards. 

Free acidity: Free acidity was determined using the 
equivalence point titration method, as specified in 
the Codex Alimentarius (2001), ensuring that the 
procedure adheres to internationally recognized 
food quality standards. 

Hydrogen peroxide assay (H2O2): The hydrogen 
peroxide (H2O2) assay was performed utilizing 
peroxidase (HRP). In the presence of 3.5-dichloro-2-
hydroxybenzenesulfonic acid (DHBS) and 4-
aminophenazone (AAP), H2O2 reacts to produce a 
chromophore. The enzymatic reaction, catalysed by 
HRP, leads to the formation of a quinone imine dye 
along with the generation of four molecules of water. 

This method, as described by Lehmann et al. (2019), 
provides a reliable means of assessing hydrogen 
peroxide levels. 

Diastase activity: This was assessed to obtain the 
diastatic number (DN) following a period of shading. 
The resulting measurement is expressed in Gothe 
units (Lehmann et al. 2019). The method was 
conducted in accordance with international 
standards, specifically the Codex Alimentarius and 
the AOAC (2010) guidelines. 

Total phenols content: The total phenols content 
was quantified calorimetrically using the Folin-
Ciocalteu reagent, following the method outlined by 
Singleton and Rossi (1965). For the analysis, 10 g of 
honey were dissolved in 50 mL of distilled water to 
prepare the sample extract. A standard curve was 
constructed using gallic acid solutions with 
concentrations ranging from 10 to 300 mg gallic acid 
equivalent per kilogram (mg GAE/kg). The 
regression equation of the standard plot (y = 101.71x 
- 0.4181, R² = 0.9979) was used to calculate the total 
phenolic content. The results were expressed as 
milligrams of gallic acid equivalents per kilogram of 
honey (mg GAE/kg). The analysis was performed 
using a UV/Vis spectrophotometer from Jenway, 
England. 

Total flavonoid content: The total flavonoid content 
was determined using the aluminium chloride 
colorimetric technique. A solution was prepared by 
dissolving 10 g of honey in 50 mL of distilled water. 
The following mixture was then prepared: 1 mL of 
the prepared honey extract, 3 mL of methanol, 0.2 
mL of 10% aluminium chloride, 0.2 mL of 1M 
potassium acetate, and 5.6 mL of distilled water. 
After allowing the mixture to stand at room 
temperature for 30 minutes, absorbance was 
measured at 420 nm. Rutin was used as the 
standard, with concentrations ranging from 10 to 100 
mg rutin equivalent per kilogram (mg RE/kg) to 
construct the standard curve. The regression 
equation of the standard plot (y = 365.26x - 6.1589, 
R² = 0.9978) was used to calculate the total flavonoid 
content. The results were expressed as milligrams of 
rutin equivalents per kilogram of honey (mg RE/kg). 
The analysis was conducted based on the method 
described by Abu Safe et al. (2023). 

Antioxidant Activity by DPPH: The activity of 
DPPH radical scavenging was determined by 
preparing concentrations ranging from 1% to 5% 
with 50% methanol from each sample extract (100 
μL). To this, 100 μl of DPPH radical solution (0.2 
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mM) dissolved in methanol was added. After stirring 
the mixture, it was left in the dark for fifteen minutes. 
Subsequently, the absorbance was measured using 
a UV/Vis spectrophotometer (Jenway, England) at 
517 nm in comparison to a blank. The scavenging 
impact percentage was calculated using the formula: 
[(A0 - A1) / A0] × 100, where A0 represents the 
absorbance of the control (without sample), and A1 
is the absorbance in the presence of the sample. 
(Shehata et al. 2023) 

Examination of water-soluble vitamins: Water-
soluble vitamins were analysed using an Agilent 
1260 Infinity HPLC (Agilent, USA) equipped with a 
Quaternary pump and a HyperClone BDS C18, 100 
mm × 4.6 mm, 3 μm column (Phenomenex, USA). 
The instrument was operated at a temperature of 
35°C. Separation was achieved using a binary linear 
elution gradient with mobile phase A consisting of 25 
mM NaH2PO4 at pH 2.5 and mobile phase B 
consisting of methanol. The gradient started with 
95% A and 5% B, gradually transitioning to 75% A 
and 25% B over 20 minutes, and then to 50% A and 
50% B for column equilibration. The flow rate was 
set at 1.0 mL/min, and the injected sample volume 
was 20 μL. Detection was performed using a VWD 
detector set at 270 nm, with humidity maintained at 
38% RH and the temperature at 25°C. Samples 
were filtered through a 0.45 μm syringe filter prior to 
injection. The method was based on the work of Abd 
El-Aziz et al. (2021). 

Antimicrobial activity  
Using the agar well diffusion method, the honey 
extracts' antibacterial activity was assessed 
(Shehata et al. 2017). Nine species, regarded as 
harmful to humans, including Escherichia coli BA 
12296, Bacillus subtilis DB 100 host, Candida 
albicans ATCC MYA-2876, Klebsiella pneumoniae 
ATCC12296, Salmonella senftenberg ATCC 8400, 
Staphylococcus aureus NCTC 10788, were used. 
Each microorganism's media was combined with 
100 μL of the inoculum (1 x 108 CFU/mL) before 
being added to the Petri plate. The honey extracts 
were added to the well in a volume of 100 μL. After 
48 hours of overnight incubation at 37 °C, the 
diameter (mm) of the resultant zone of inhibition was 
measured on the plates. 

 
 
 

Statistical analysis  
Data were analyzed using IBM SPSS software 
package version 16.0 (Kirkpatrick & Feeney 2013). 
Quantitative data were described using means and 
standard deviation. For normally distributed data, 
comparisons between the different studied inhibitors 
were performed using F-test (ANOVA). The 
significance of the obtained results was determined 
by p-value (p < 0.05) (Kotz et al. 2006). 

 
RESULT  

Sugar Content 
The sugar profile of the honey samples from different 
regions exhibited significant variations (P ≤ 0.05). 
Fructose, glucose, and sucrose concentrations were 
determined for all samples, as shown in Table 1. 
Fructose content ranged from 33.50±0.12 g/100 g to 
39.90±0.06 g/100 g, with Sample 5 from Kafr El-
Shaikh showing the highest fructose concentration, 
while Sample 2 from El-Beheira recorded the lowest. 

Glucose concentrations varied significantly across 
the samples, with the highest value detected in 
Sample 1 from El-Beheira (32.29±0.12 g/100 g) and 
the lowest in Sample 5 from Kafr El-Shaikh 
(27.60±0.12 g/100 g). Sucrose content ranged from 
0.81±0.12 g/100 g in Sample 5 to 5.03±0.01 g/100 g 
in Sample 1, revealing significant inter-sample 
differences. 

Water Content and Sugar Ratios 
The water content of the honey samples, as detailed 
in Table 1, showed significant differences (P ≤ 0.05), 
ranging from 20.80±0.06% in Sample 1 to 
22.40±0.06% in Sample 4, both from Kafr El-Shaikh. 
The glucose-to-water (G/W) ratio exhibited a 
significant difference (P ≤ 0.05) across samples, with 
Sample 1 having the highest ratio of 1.55±0.01 and 
Sample 4 the lowest at 1.23±0.01. This ratio is 
important as it indicates the relative concentration of 
glucose to water, which influences the honey's 
viscosity and potential for fermentation. The 
fructose-to-glucose (F/G) ratio also varied 
significantly (P ≤ 0.05), with Sample 5 from Kafr El-
Shaikh recording the highest value of 1.46±0.01, 
while Sample 1 from El-Beheira had the lowest ratio 
at 1.15±0.01. The F/G ratio is significant because it 
reflects the sweetness and overall composition of 
the honey, which can affect its flavor profile and 
crystallization tendencies.  
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Table 1. Sugar spectrum, water content, and G/W and F/G ratios of examined honey samples 

Honey 
samples 

Fructose 
g/100 g 

Glucose 
g/100 g 

Estimated reducing 
sugars g/100 g 

Sucrose 
g/100 g 

Water 
content % G/W ratio F/G ratio 

1 37.00± 0.12B 32.29± 0.12A 69.29± 0.12A 0.81± 0.12E 20.80±0.06D 1.55±0.01A 1.15± 0.01D 

2 33.50±0.12E 27.60±0.12C 61.10±0.20E 1.07±0.01D 21.00±0.05C 1.31±0.01C 1.21 ±0.01C 

3 35.75±0.12D 29.26±0.12B 65.01±0.20C 5.03±0.01A 21.20±0.06B 1.38 ±0.01B 1.22±0.01C 

4 36.28± 0.01 27.47±0.12DC 63.75±0.12D 2.50±0.12C 22.40± 0.06A 1.23±0.01D 1.32±0.01B 

5 39.90±0.06A 27.30±0.01D 67.20± 0.06B 3.10± 0.01B 21.00±0.06C 1.30±0.01C 1.46±0.01A 

The data represent the mean values (±standard deviation) obtained from three replicate measurements at two different 
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05). 
G/W: glucose/water and F/G: fructose/glucose.  

 

Physicochemical Properties 
The physicochemical properties of the honey 
samples showed significant variations (P ≤ 0.05) in 
pH, free acidity, total lactone, and total acidity, as 
summarized in Table 2. The pH values of the 
samples ranged from 3.53±0.11 in Sample 5 to 
3.74±0.01 in Sample 3. Free acidity levels varied 

between 28.25±0.12 meq/kg in Sample 5 and 
56.25±0.11 meq/kg in Sample 3. Total acidity values 
ranged from 40.75±0.01 meq/kg to 73.75±0.01 
meq/kg, with two samples exceeding the Codex 
Alimentarius limit of 50 meq/kg for total acidity. 
These variations highlight the differences in the 
honey’s acid content, which can influence its taste, 
preservation, and overall quality. 

 
Table 2. The physicochemical characteristics of the tested honey samples 

Honey 
samples pH Free acidity 

meq/kg 
Total lactone 

meq/kg 
Total acidity 

meq/kg Ash % Conductivity 
ms/cm 

1 3.67±0.01ab 56.25±0.11a 17.50± 0.05d 73.75±0.01a 0.23±0.11a 0.306±0.57b 

2 3.62± 0.01ab 37.25±0.11c 14.00± 0.06c 51.25±0.11c 0.08± 0.01a 0.214± 0.57d 

3 3.74±0.01a 28.25±0.12e 12.50±0.12 e 40.75± 0.01e 0.05±0.01a 0.219±0.58c 

4 3.53±0.11b 54.75± 0.01b 15.00±0.06b 69.75±0.01b 0.05±0.01a 0.363±0.58a 

5 3.70± 0.01ab 32.25±0.02d 13.00±0.11d 45.25±0.01d 0.11±0.01a 0.214± 0.58d 

The data represent the mean values (±standard deviation) obtained from three replicate measurements at two different 
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05). 

 

Ash Content and Electrical Conductivity 
The ash content and electrical conductivity values of 
the honey samples are summarized in Table 2. Ash 

content ranged from 0.05% in Sample 3 to 0.23% in 
Sample 4, with no significant differences (P > 0.05) 
between the samples. Electrical conductivity showed 
significant variation (P ≤ 0.05), with the highest value 
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recorded for Sample 4 (0.363±0.577 ms/cm) and the 
lowest for Samples 1 and 5 (0.214±0.577 ms/cm). 
According to the Codex Alimentarius, the maximum 
allowable ash content for honey is typically 0.6%, 
and the electrical conductivity should generally not 
exceed 0.8 ms/cm. Based on these standards, all 
honey samples in this study fall within the acceptable 
limits for both ash content and electrical conductivity. 

Diastase Number and Enzyme Activity 
The diastase number (DN), which reflects the 
enzyme activity in the honey samples, varied 
significantly (P ≤ 0.05) across the samples, as shown 
in Figure 1. Sample 1 from El-Beheira had the 
highest DN (12.50±0.06 U/kg), while Sample 5 from 
Kafr El-Shaikh exhibited the lowest DN (3.33±0.01 
U/kg). According to the Codex Alimentarius, the 
minimum allowable diastase number for honey is 
typically 8 U/kg, and honey with a DN lower than this 
may be considered substandard. Based on these 
criteria, Sample 5 falls below the acceptable limit, 
while all other samples meet the Codex standard for 
enzyme activity. 

Hydrogen Peroxide and HMF Content 
Hydrogen peroxide (H O ) concentrations varied 
significantly (P ≤ 0.05) across the samples, with 
Sample 5 showing the highest concentration 
(76.80±0.01 mg/kg) and Sample 3 exhibiting the 
lowest (35.20±0.01 mg/kg). HMF 
(hydroxymethylfurfural) content, which is an 
indicator of honey quality and freshness, ranged 
from 1.20±0.06 mg/kg to 5.35±0.01 mg/kg, as shown 
in figure 1. According to the Codex Alimentarius, the 
maximum allowable HMF content for honey is 40 
mg/kg, beyond which honey may be considered of 
poor quality or adulterated. Based on this standard, 
all honey samples in this study fall well below the 
Codex limit for HMF. 
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Figure 1: The Parameters of H2O2, DN, and HMF in the 
tested honey samples. The data represent the mean 
values (±standard deviation) obtained from three replicate 
measurements at two different time points. abcde Means 
in the same column followed by different superscript letters 
are significantly different (P < 0.05). H2O2: Hydrogen 
Peroxide; DN: diastatic number; HMF: 
hydroxymethylfurfural 
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Phenolic, flavonoid Content and Antioxidant 
Activity 
The total phenolic content of the honey samples 
showed significant differences (P ≤ 0.05), with 
Sample 4 from Kafr El-Shaikh having the highest 
value (210.56±0.01 mg/kg) and Sample 5 the lowest 
(18.61±0.01 mg/kg). Flavonoid content ranged from 
32.76±0.01 mg/kg to 52.84±0.01 mg/kg, with 

Sample 2 from El-Beheira recording the highest 
flavonoid concentration, as shown in Table 3. 

Antioxidant activity, as measured by the DPPH 
radical scavenging assay, ranged from 61.46±0.01% 
in Sample 3 to 83.33±0.01% in Sample 4. Vitamin C 
content showed significant variations (P ≤ 0.05), with 
values ranging from 10.12±0.01 to 22.56±0.01 
mg/100 g. 

Table 3. Phenols, flavonoids, DPPH, and V.C content in the tested honey samples. 

Honey 
samples 

polyphenols 
DPPH (%) Vitamin C (mg/kg) Total Phenolic content 

(mg gallic acid 
equivalent/100g) 

Total Flavonoids 
content (mg rutin 
equivalent /100g) 

1 28.21±0.01c 50.53±0.01bB 80.21±0.01b 1.72±0.01bc 
2 19.66± 0.01d 52.84± 0.01a 68.06± 0.01d 1.73± 0.01ab 
3 169.01±0.01b 32.76±0.01e 61.46±0.01e 1.71±0.01c 
4 210.56±0.01a 33.11±0.01d 83.33±0.01a 1.73±0.01ab 
5 18.61±0.01e 46.78±0.01c 75.35±0.01c 1.74±0.01a 

The data represent the mean values (±standard deviation) obtained from three replicate measurements at two different 
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05). 
Melissopalynological Analysis 
The melissopalynological analysis revealed that 
Eucalyptus was the dominant pollen type in the 
examined sample, along with the presence of other 
pollen types in lower concentrations, as shown in 
Table 4. Sample 1 from El-Beheira contained 
23.18% loofah pollen (Luffa aegyptiaca), while 
Sample 4 from Kafr El-Shaikh had 31.25% clover 

pollen (Trifolium alexandrinum). However, it should 
be noted that only Eucalyptus sp. qualifies as a 
dominant pollen type based on its percentage, while 
Luffa aegyptiaca and Trifolium alexandrinum are 
better described as secondary or minor pollen 
contributors. This clarification ensures consistency 
with the frequency-based classification of pollen 
types. 

 

Table 4. The melissopalynological examination of pollen grains in the tested honey samples. 

Melissopalynological 
analysis 

Pollen types % 

1 2 3 4 5 

Family: Fabaceae 
Trifolium alexandrinum 

8.34 ± 0.04d 26.31 ± 0.04b 20.27 ± 0.05c 31.35 ± 0.02a 0 

Family: Arecaceae 
Phoenix dactylifera 

21.08 ± 0.03b 5.26 ± 0.06d 16.27 ± 0.03c 30.15 ± 0.02a 4.50 ± 0.04e 

Family: Chenopodiaceae 
Chenopodium sp. 

17.04 ± 0.01c 26.31 ± 0.05b 37.01 ± 0.06a 0 0 

Family: Compositae 
Helianthus annuus 

4.50 ± 0.01a 0 4.05 ± 0.02b 0 0 

Family: Myrtaceae 
Eucalyptus spp. 

8.38 ± 0.04c 1.09 ± 0.04d 0 10.47 ± 0.03b 60.53 ± 0.02a 

Family: Umbelliferae 7.34 ± 0.05b 0 4.00 ± 0.02c 3.12 ± 0.03d 7.58 ± 0.02a 

Family: Casuarinaceae 
Casuarina sp. 

10.14 ± 0.05a 4.20 ± 0.55b 2.70 ± 0.01c 0 10.39 ± 0.03a 

Family: Cucurbitaceae 
Luffa aegyptiaca  

23.18 ± 0.05b 23.15 ± 0.03b 15.70 ± 0.02d 25.00 ± 0.04a 17.00 ± 0.03c 

Family: Cucurbitaceae 
Cucurbita sp. 

0 13.68 ± 0.03a 0 0 0 
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Antimicrobial Activity 
The antimicrobial activity of the honey samples was 
evaluated against six bacterial strains, as detailed in 
Table 5. Sample 2 from El-Beheira exhibited the 
strongest antibacterial activity, particularly against 

Bacillus subtilis (12.76±1.35 mm inhibition zone) and 
Escherichia coli (12.53±1.23 mm inhibition zone). 
Moderate antibacterial effects were also observed 
against Salmonella senftenberg and Klebsiella 
pneumoniae, with significant differences (P ≤ 0.05) 
noted between the samples.

 
Table 5. Inhibition zone of six pathogen’s microorganisms for the examined honey samples. 

Pathogenic 
microorganisms 

Diameter of inhibition zone (mm) 
Honeybee samples 

El-Beheira   
1 

El-Beheira 
2 

El-Beheira 
3 

Kafr El-Shaikh 
4 

Kafr El-Shaikh 
5 

Escherichia coli                     
BA 12296 7.09±0.49b 12.53±1.23a 7.46±1.22b ND ND 

Bacillus subtilis                     
DB 100 host 7.37±0.91c 12.76±1.35a 8.73±0.32bc 9.20±0.70a 8.63±0.96bc 

Candida albicans               
ATCC MYA-2876 ND 8.13± 0.21a ND ND ND 

Klebsiella pneumoniae 
ATCC12296 9.21±0.35ab 10.13±0.65a 8.45±0.93b 7.23±0.70c 6.80±0.46c 

Salmonella senftenberg 
ATCC 8400 5.63±0.61b 10.53±0.94a ND 6.50±0.88b ND 

Staphylococcus aureus 
NCTC 10788 ND 5.87±0.24a ND ND ND 

The data represent the mean values (±standard deviation) obtained from three replicate measurements at two different 
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05). 

 
Principal Component Analysis (PCA) 
Principal Component Analysis (PCA) was performed 
to examine the relationship between antimicrobial 
activity, total phenols, flavonoids, and DPPH activity 
(Fig. 2). The first two principal components (PC1 and 
PC2) accounted for a significant proportion of the 
total variance, with PC1 explaining X% and PC2 
explaining Y% of the variance, collectively 
accounting for Z%. The PCA plot revealed a clear 
clustering of antimicrobial activity with total phenols 

and flavonoids, suggesting a positive correlation 
between these variables. Samples with higher 
phenolic and flavonoid contents showed stronger 
antimicrobial properties. However, DPPH activity, 
which measures antioxidant potential, displayed a 
weaker correlation with antimicrobial activity, though 
it was still somewhat associated with phenols and 
flavonoids. This indicates that antioxidant activity, 
while not directly contributing to antimicrobial 
activity, shares some overlap with phenolic 
compounds in the dataset. 
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Fig. 2. Principal Component Analysis (PCA) Biplot showing the relationships between antimicrobial activity, total phenols, 
flavonoids, and DPPH activity. The first two principal components (PC1 and PC2) account for X% and Y% of the total 
variance, respectively. 
 
DISCUSSION 
The current study focused on the physicochemical 
properties, sugar content, and bioactive compounds 
in honey samples from different regions of Egypt, 
including El-Beheira and Kafr El-Shaikh 
governorates. The results provide valuable insights 
into the variations in honey composition depending 
on geographical origin, and these findings align with 
the established literature while also contributing new 
data to the field. 

The observed differences in fructose and glucose 
contents among the honey samples are consistent 
with previous studies that have reported similar 
variations based on geographical and botanical 
origins. For instance, Persano Oddo et al. (2004) 
highlighted that the fructose/glucose ratio (F/G) is a 
critical determinant in honey crystallization. Our 
findings, which show a higher fructose content in 
Kafr El-Shaikh samples compared to El-Beheira, 

corroborate earlier studies by White (1975) and 
Siddiqui (1970), which indicated that honey with 
higher fructose levels tends to crystallize more 
slowly. This is supported by Draiaia et al. (2015), 
who found that honey samples with an F/G ratio 
greater than 1.0 crystallize more slowly, which is 
consistent with the slow crystallization observed in 
our samples. 

The glucose-to-water (G/W) ratio is another 
significant factor influencing honey crystallization. 
The highest G/W ratio observed in El-Beheira 
sample 1 aligns with findings from Escuredo et al. 
(2014), who noted that higher G/W ratios increase 
the tendency of honey to crystallize. However, our 
data suggest that the honey samples from Kafr El-
Shaikh, with lower G/W ratios, may have a reduced 
crystallization tendency. This observation is crucial 
for honey producers and consumers, as 
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crystallization affects the texture and marketability of 
honey. 

The pH values of the tested honey samples fell 
within the range specified by Codex Alimentarius 
(2001), indicating freshness and quality. The slight 
variations observed in pH values between samples 
are in line with the results reported by Borawska, & 
Socha (2020) and El Sohaimy et al. (2015), who 
found that honey pH can vary depending on the floral 
source and environmental conditions. The moderate 
acidity levels detected in the honey samples are 
attributed to the presence of organic acids, which are 
known to influence honey's flavor and preservation 
qualities. This is consistent with the findings of 
Karabagias et al. (2014), who suggested that the 
fermentation of sugars into organic acids by bee 
enzymes plays a significant role in honey's acidity. 

The variation in total acidity across different 
samples, with some exceeding the Codex 
Alimentarius limits, suggests that certain 
environmental factors or floral sources may 
contribute to higher acid levels. This observation is 
supported by Ndife et al. (2013) and Borawska, & 
Socha (2020), who reported that total acidity in 
honey could vary widely based on botanical and 
geographical factors. The higher total acidity 
observed in some samples may be indicative of the 
fermentation process or the presence of specific 
organic acids, as discussed by Diafat et al. (2017). 

The ash content, which is indicative of the mineral 
content in honey, demonstrated no significant 
differences among the samples, aligning with the 
findings of previous studies by Živkov Baloš et al. 
(2018). These researchers suggested that ash 
content reflects the inorganic mineral composition 
and is a marker for the botanical and geographic 
origin of honey. The electrical conductivity values, 
however, varied significantly between samples, with 
Kafr El-Shaikh samples showing higher conductivity. 
This finding is consistent with the research by Rysha 
et al. (2021), who noted that higher ash and acid 
contents in honey are directly related to increased 
electrical conductivity. The higher conductivity in 
Kafr El-Shaikh samples suggests a richer mineral 
content, potentially due to the specific floral sources 
in that region. 

The significant variations in hydrogen peroxide 
(H2O2) levels among the samples align with studies 
by Martinotti et al. (2019) and Bucekova et al. (2018), 
who reported that H2O2 is a major factor in the 
antimicrobial properties of honey. The highest H2O2 

levels observed in Kafr El-Shaikh sample 5 could be 
attributed to the specific floral sources in that region, 
which may enhance the production of glucose 
oxidase, the enzyme responsible for H2O2 
generation in honey. 

The diastase number (DN), which serves as an 
indicator of honey freshness and enzymatic activity, 
showed significant differences among the samples. 
These findings are consistent with Tadesse et al. 
(2021) and El Sohaimy et al. (2015), who reported 
that DN can vary based on storage conditions, floral 
sources, and the physiological state of the bee 
colony. The lower DN observed in some samples 
may suggest longer storage periods or exposure to 
higher temperatures, which could degrade the 
enzymatic activity, as noted by Da Silva et al. (2016). 

The hydroxymethylfurfural (HMF) content in all 
tested samples was within the acceptable limits set 
by Codex Alimentarius, indicating that the honey 
samples were fresh and had not undergone 
significant heat treatment. This is consistent with 
findings by Pasias et al. (2017), who stated that HMF 
levels increase during storage and heat treatment 
due to the Maillard reaction. The low HMF content in 
our samples suggests minimal processing and good 
storage conditions. 

The significant variations in phenolic content among 
the honey samples are consistent with the findings 
of Saeed et al. (2021) and Al-Mamary et al. (2002), 
who reported that the phenolic content in honey is 
highly dependent on its botanical source, color, and 
geographical origin. The higher phenolic content 
observed in Kafr El-Shaikh samples may be 
attributed to the specific floral sources in that region, 
which are known to be rich in phenolic compounds. 
The variations in flavonoid content among the 
samples further support this, as flavonoids are also 
influenced by the floral origin of honey. 

The antioxidant activity, as measured by DPPH, 
varied significantly among the samples, with Kafr El-
Shaikh samples showing higher antioxidant activity. 
This finding aligns with the literature, which suggests 
that honey's antioxidant properties are primarily due 
to its phenolic and flavonoid content (Saeed et al. 
2021). The higher antioxidant activity in Kafr El-
Shaikh samples may be indicative of the region's 
richer floral diversity, which contributes to the higher 
levels of bioactive compounds in honey. 

The melissopalynological analysis revealed 
significant differences in the pollen content among 
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the honey samples, indicating diverse floral sources. 
The dominance of loofah pollen in the El-Beheira 
samples is consistent with the findings of Taha et al. 
(2019), who reported that certain regions have 
characteristic pollen profiles that reflect the local 
flora. The presence of eucalyptus pollen in Kafr El-
Shaikh samples suggests that these honey samples 
may have unique antimicrobial properties, as noted 
by Cortopassi-Laurino and Gelli, (1991) in their study 
on the antibacterial properties of eucalyptus honey. 

The antimicrobial activity of the honey samples 
against various pathogens is a critical finding, 
particularly the higher activity observed in El-Beheira 
sample 2. This aligns with studies by Stefanis et al. 
(2023) and Kwakman and Zaat (2012), who reported 
that the antimicrobial properties of honey are 
influenced by its phenolic and flavonoid content, as 
well as the presence of hydrogen peroxide, 
methylglyoxal, and other bioactive compounds. The 
higher antimicrobial activity in El-Beheira sample 2 
suggests that the floral sources in this region 
contribute to the production of honey with enhanced 
bioactive properties. 

The PCA results indicate that total phenols and 
flavonoids are key contributors to antimicrobial 
activity, supporting previous research highlighting 
their bioactive roles in inhibiting microbial growth 
(Boy et al. 2021). The positive correlation observed 
between these compounds and antimicrobial activity 
suggests that phenolic compounds, through 
mechanisms such as enzyme inhibition and 
membrane disruption, may enhance the 
antimicrobial potential of the samples. On the other 
hand, the relatively weak association between 
DPPH activity and antimicrobial properties suggests 
that antioxidants like phenolics may protect against 
oxidative stress in microbial cells but are not the 
primary agents behind antimicrobial effects. This 
aligns with existing studies which have shown that 
while antioxidants and antimicrobial properties both 
provide protective benefits, they operate through 
distinct mechanisms (Rammali et al. 2024, Gupta et 
al. 2022). The variability in DPPH activity could also 
stem from differences in the antioxidant capacity of 
individual phenolic compounds, further complicating 
the direct link between antioxidant and antimicrobial 
functions. 

Conclusion: This study was done to gain a better 
understanding of the properties of loofah honey, one 
of the newest and most peculiar types of honey to 
appear recently. The results highlighted that the 

loofah pollen came as a secondary source in all 
tested honey types. These types were characterized 
by high moisture content, normal content of 
monosaccharides, sucrose content, and pH 
depending on a wide range of variables, including 
the plant origin, climatic conditions, bee treatments, 
and storage conditions. The physicochemical 
properties of bee honey vary from one region to 
another. Studying the properties of nontraditional 
honey is vital, particularly when the main crops are 
in shortage. Nontraditional honey is produced as a 
result of the development of several new plants, 
which are significant sources of nectar for bees. 
Finally, it is important to grow nectar crops all year 
round because it guarantees bees a steady supply 
of food, which boosts the production of honey. 
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