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ABSTRACT 
Herbal honey mixture remedies are well known for their therapeutic benefits in traditional medicine. 
This research aspired to assess melissopalynological, sensorial, physicochemical, & antibacterial 
activity for three types of honey (clover, citrus, and cucurbits) and their mixtures with black seed, date 
palm pollen, & wheat germ at 1, 2.5, & 5%. The best mixtures were chosen according to overall 

acceptable as raw honey. Melissopalynological analysis and lower glucose level compared to fructose 
are evidences that honeys are natural. Infusing herbs with different types of honey caused higher 
electrical conductivity, free acidity, ash, H2O2, HMF levels, and lower pH. Type of honey and herb may 
affect the physicochemical characteristics of honey in different ways. Honey whether used alone or in 
combination with the three herbs, demonstrated the same significant antibacterial effect for 
Staphylococcus aureus and MRSA. Inhibition zones of honey and its mixtures were lower than the 
control for Pseudomonas aeruginosa. Most undiluted samples created larger bacterial inhibition zones 
than their 50% diluted counterparts. Depending on the type of honey, the herb and additive 
concentration, infusing herbs with honey could alter its chemical, physical, and antibacterial qualities.
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INTRODUCTION 

Antimicrobial resistance (AMR), caused by bacteria 
evolving to resist antibiotics, is a pressing public 
health issue in the 21st century. By the year 2050, it 
is estimated that AMR bacteria could result in the 
loss of 10 million lives annually. (Kraker et al. 2016, 

prevalence of antimicrobial resistance was a 
pressing issue that required a global response and a 
coordinated action plan to address it. The 
emergence of antibiotic-resistant bacteria worldwide 
has led to a lack of effective treatments for several 
ailments, lengthening treatment times and raising 
medical expenses (Albaridi, 2019). Ancient cultures 
recognized honey's therapeutic properties and used 
it to promote health and treat ailments. The human 
use of honey since 8,000 years, as reflected in 
certain Stone Age paintings (Kuropatnicki et al. 
2018, Saikaly and Khachemoune 2017). Honey has 
a long history of use as a natural remedy for common 
infections. It continues to be a prominent component 
of many traditional medical regimens for maladies 
such as cancer, heart disease, cataracts, asthma, 

Furthermore, the properties and structure of honey 
are affected by botanical origin, geography, season, 
environmental conditions, and beekeeper practices 
(Hossain et al. 2022, Young and Blundell 2023). In 
recent years, it has been discovered that many drugs 
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employed in conventional medicine originate from 
organic sources such as honey and medicinal plants 
(Khan et al. 2018). Current scientific studies have 
disclosed that honey is rich in biologically active 
substances, frequently utilised in folk medicine. It 
contains antimicrobial, anti-inflammatory, 
antiproliferative, antimutagenic, anticancer, 
antidiabetic, antioxidant, antibacterial, and 
antifungal properties  

Honey and herbs, a natural duo, have been 
traditionally used to treat wounds, alleviate asthma, 
prevent anemia in pregnant women, boost immunity, 
and support a healthy life (Kumar et al. 2024). For 
centuries, Nigella sativa seeds and oil have been 
valued in Ayurvedic, Unani Tibb, and other 
traditional healing practices for their potential 
benefits in treating divergent illnesses (Khatoon et 
al. 2024, Shafodino et al. 2022). It belongs to the 
Ranunculaceae family (Yarnell and Abascal 2011). 
On the other hand, date palm pollen, or DPP 
(Phoenix dactylifera L.), is a member of the 
Aceraceae family; it was historically utilized as a 
medicinal substance by the ancient Chinese and 
Egyptian cultures. Its widespread utilization is 
prominent in the Middle East, due to its impressive 
nutrient profile, comprising proteins, vitamins, 
minerals, trace elements, carbohydrates, lipids, 
organic acids, sterols, nucleic acids, enzymes, and 
cofactors, date palm pollen is a valuable natural 
dietary supplement. The crucial role of bioactive 
volatile unsaturated fatty acids, phenolic acids, 
flavonoids, and other phenolic compounds lies in 
their powerful antioxidant properties and their anti-
breast cancer abilities (El-Kholy et al., 2019).  

Wheat germ is a valuable by product of wheat 
processing, comprising 2-3% of the whole wheat 
kernel (Yu et al. 2015). It is estimated that its global 
production reaches 25 million tons per year (Song et 
al. 2019). Its extract offers a natural and accessible 
source of antibacterial and antioxidant compounds, 
making it a potential candidate for use in food 
supplements or pharmaceutical applications 
(Mahmoud et al. 2015). This study represents the 
first attempt to evaluate the effects of combining 
several herbs with honey. No prior research has 
been done to determine the impact of combining 
herbs in this manner; however, studies have only 
examined the effects of combining black seed oil 
with honey, not whole black seeds like (Raimi et al. 
2024). Even if there are studies on this topic, they 
focus on the impact of consuming the mixture on 
patients who have stomach bacteria (Abdullahi, 

2023). Thus, understanding how mixing affects the 
properties, composition, efficacy, and quality of 
honey is so crucial.  

This research sought to examine 
melissopalynological, sensorial, physicochemical, & 
antibacterial activity for three types of Egyptian bee 
honey and their herbal blends.

 

MATERIALS AND METHODS

Materials 

Honey samples: Three different samples of bee 
honey were obtained from several apiaries located 
at El-Gharbia Governorate specifically in Tanta
region, Egypt during their harvest seasons as follow 
clover honey (April-May), citrus honey (March) and 
cucurbitaceae honey (August September during 
2023. At the laboratory of the apiary yard, 
Experimental Station, Faculty of Agriculture, Cairo 
University, all samples (three triplicates per each) 
were kept at -

Herbs: Raw materials (black seeds, date palm 
pollen, & wheat germ) were purchased from Harraz 
Medicinal plant company, the most famous Egyptian 
herbalist located in Giza Governorate as openly sold 
herbs. Black seeds were ground before adding 
them to honey while the other two materials 
were used directly. 

Chemicals: All chemicals used for analysis were 
purchased from El-Gomhouria Company for Trading 
Chemicals and Medical Supplies, Cairo, Egypt. 

Bacterial Strains: Pathogenic bacteria used as 
indicators in this assay were obtained from the 
American Type Culture Collection (ATCC): 
Staphylococcus aureus ATCC 25,923, Methicillin-
resistant Staphylococcus aureus (MRSA) ATCC 
43,300, and Pseudomonas aeruginosa ATCC 
35,032.  

 

METHODS 

Pollen analysis: As claimed by Louveaux et al 
(1978), pollen grains from all evaluated bee honey 
specimens were examined. A total of ten grams of 
honey were mixed in twenty millilitres of warm water 
and centrifuged at 3,500 rpm for ten minutes. After 
discarding the liquid filtrate, fresh water was added 
into the tube, and then the centrifuge ran for a further 
ten minutes. After the silt was completely spread out 
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over a 20 x 20 mm area and dried slightly at 40 
degrees, the glycerine gelatine was added, and a 
light microscope was used to examine the results. 
Each sample had a minimum of 100 pollen grains, 
which were counted and identified via light 
microscopy. 

Physiochemical analysis: The honey samples 
were subjected to chemical analysis at the food 
safety and quality control laboratory of Cairo 
University's Faculty of Agriculture, Giza, Egypt as 
follow: -  

Sugars (Fructose, Glucose, and Sucrose): These 
were analyzed by HPLC with a Phenomenex Luna 
NH2 

consisted of Acetonitrile: HPLC grade water in an 
80:20 (v:v) ratio. Detection was performed using an 
RI detector, and data integration was carried out 
using ClarityChrom software. 

Hydroxymethylfurfural (HMF): It was determined 
by spectrophotometer UV  V, Jenway, England. 

Moisture: Water content was determined with 
a AOAC, 
1990. 

Electrical conductivity: This was conducted via a 
conductivity meter on a 20% honey weight/volume 

the honey's dry matter content. The instrument 
utilized was a conductivity meter, Five Easy, Mettler-
Toledo, Switzerland. 

pH: It was measured by pH meter, Boeco, Germany, 
calibrated with buffers having pH values of 4, 7, and 
10. 

Ash content: It was determined according to the 
methods of AOAC, 1990.  

Free acidity: This was measured by equivalence 
point titration methods. 

Hydrogen peroxide assay (H2O2): In the presence 
of peroxidase (HRP), H2O2 reacts with 3.5-dichloro-
2-hydroxybenzensulphonic acid (DHBS) and 4-
aminophenazone (AAP) to form a chromophore 
(Aebi 1984). 

Diastase activity: This was gauged after shade to 
get the DN (Gothe unit). 

Sensory evaluation  

Samples preparation: Honey samples were 
analyzed at room temperature. The honey samples 

were presented in clear containers to facilitate colour 
assessment. The samples were prepared one day 
prior to tasting in order to permit the honey's scent to 
develop within the headspace of the containers.
Honey and additives were blended using wooden 
spoons. Samples were labeled as follows: 1, 2, and 
3 for clover, citrus and cucurbit family honey, 
respectively, as well as black seed (BS), date palm 
pollen (DPP) and wheat germ (WG). 

The three raw materials were incorporated into each 
type of bee honey at three discrete percentages (1%, 
2.5%, and 5%). This resulted in a total of 27 samples 
as follows: 

- 1BS (1%), 1BS (2.5%), &1BS (5%); 1DPP (1%), 
1DPP (2.5%), & 1DPP (5%); 1WG (1%), 1WG 
(2.5%), & 1WG (5%). 

- 2BS (1%), 2BS (2.5%), & 2BS (5%); 2DPP (1%), 
2DPP (2.5%), & 2DPP (5%); 2WG (1%), 2WG 
(2.5%), & 2WG (5%). 

- 3BS (1%), 3BS (2.5%), & 3BS (5%); 3DPP (1%), 
3DPP (2.5%), & 3DPP (5%); 3WG (1%), 3WG 
(2.5%), & 3WG (5%). 

The sensory attributes (odor, colour, taste, texture, 
and overall acceptability) of each sample were 
assessed using a 10-point unstructured descriptive 
evaluation scale, where 1 indicates strong dislike 
and 10 represents strong liking (Singh-Ackbarali & 
Maharaj 2014). Twenty panelists from the Faculty of 
Agriculture, Cairo University, were asked to rate the 
sensory appeal of honey samples and their mixtures. 
The sensory analysis took place in a controlled 
environment with standard lighting conditions. 
Instructions were written under sensory sheets as 
follows:  

- Evaluate odor first. 

- Mix before taste. 

- Before and during the analysis sessions, rinse 
your mouth with water 

Measurement of antimicrobial activity: The 
antimicrobial properties of honey samples and their 
mixtures were carried out by the agar-well diffusion 
assay, following the protocol described by Balouiri et 
al. (2016). All samples were diluted in absolute 
ethanol at a 1:1 ratio. In brief, bacterial inoculum was 
evenly spread across the entire Mueller-Hinton agar 
plate surface. An aseptic hole with a diameter of 8 
mm was then created using a sterile cork borer. 
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added to the well at the specified concentration. 
Negative control involved the absolute ethanol 
alone, while the positive control consisted of 
novobiocin and polymyxin B against Gram-positive 
and Gram-negative bacteria, separately. The agar 
plates underwent a 24-hour incubation period at 37 

wells were measured to evaluate the antimicrobial 
properties. The assay was conducted in triplicate.  

Statistical analysis 

Differences between samples were explored 
through one-way ANOVA, T-tests, and LSD tests at 
a significance level of P  

 

 

 

RESULTS 

Melissopalynological analysis 

Figure (1) shows the pollen varieties in examined 
bee honey; there was a wide variability between bee 
honey samples according to the 
melissopalynological analysis. It could be concluded 
that the highest percentage of pollen grains was for 
clover (Trifolium alexandrinum) (56%) (Fig. 1A). The 
second place was Family: Umbelliferae (16%) 
followed by pollen of Eucalyptus spp. (12.26%) in 
clover honey. On the other side, citrus pollen had the 
highest percentage (30.43%) and followed by pollen 
of date palm (Phoenix dactylifera) (Fig. 1B). The 
main source of nectar and pollen comes from 
Cucurbitaceae (52.38%) for the third bee honey 
sample (Fig. 1C). Otherwise, Zea mays pollen grain 
is the second most frequent grain (19.04%).

Figure 1. Pollen spectrum of the tested bee honey 

Physicochemical characteristics  

Bee honey: Clover and citrus honey had 
significantly distinct moisture levels than 
Cucurbitaceae honey, as displayed by statistical 
analysis. These percentages were within the normal 
range (18.00-20.00g/100g) when compared with 
Codex & the Egyptian Organization for 
Standardization and Quality Control (EOSC). 

Statistically, no significant differences were found 
between honey types in glucose and fructose levels 
(Fig. 2). However, clover honey had significantly 
lower sucrose levels (P
types of honey. Sucrose content ranged from 

d honey 
samples did not meet international and national 
rules, which state that the concentration of sucrose 
content should not exceed 5g/100g. Furthermore, no 

significant differences were noticed between clover 
and citrus honey regarding maltose levels 
(3
respective order. The obtained data show that 
disaccharides, such as sucrose and maltose, were 
present at higher concentrations than those 
specified honey requirements published by the 
EOSC. Citrus honey (Fig. 2) exhibited the greatest 

100g) followed by 

least value was recorded in Cucurbitaceae honey 

both of Codex, 2001 and EOSC, 2005. The 
variations of reducing sugars among the three types 
were substantial (P honey 
quality indicators, is adopted to ascertain if honey 
has been exposed to heating. In Fig. 2, the DN of 
Cucurbitaceae honey had the highest value 

) and it was acceptable by Codex 
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Alimentations (2001) (DN>8). In contrast, the least 

Statistically, no significant differences were 
discovered between clover and citrus honey 

varieties. However, substantial differences were 
noted between both of these varieties and the third 
type. 

 

 

Each bar represents the mean; means with the same letter are not significantly different (P  

Figure 2. Moisture and sugar analysis of three tested types of honey 

 

Bee honeys and their mixtures: Regarding the 
effect of mixing herbs with honey on pH, data in 
Table 1 clarified that pH values for tested types of 

black seeds to clover honey reduced pH, while 

adding wheat germ did not affect it. No statistical 
differences were found between citrus honey and its 
samples. Conversely, mixing cucurbit honey with 
herbs reduced the pH. The order of the samples was 
as follows: cucurbit honey, cucurbit honey mixed 
with wheat germ, and then cucurbit honey mixed with

 

Table 1. Effect of infusing herbs in types of honey on physicochemical parameters 

Paramet
ers 

 

Clover 1BS1 1WG2.5 Citrus 2BS1 2DPP1 2WG2.5 
Cucurbitac

eae
3BS1 

3WG1 

pH B 

ab 
b 

a 
 

B 
   Aa c b 

Free 
acidity 
meq/kg 

5Ac b 4a Bd 7c 5b 0a Ac a b 

Ec 
(ms/cm) 21Ac 04b 02a 7Bd 02c 01b 02a 01Cb 3a 02b 
Ash B

b 
a 

a 
B

b a a b 
Ac b a 

H2O2 

(mM/100
g) 

0Ac 0a 03b Bd 31b 00a 00c Cc 
00a 0b

HMF 
(mg/kg) 7Ac b 7a 

B

a b c a 
Cc b a 

 (P  

within rows stand for significant differences between the three types of honey and their 
mixtures (P  
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Bee honeys and their mixtures: Regarding the 
effect of mixing herbs with honey on pH, data in 
Table 1 clarified that pH values for tested types of 

black seeds to clover honey reduced pH, while 
adding wheat germ did not affect it. No statistical 
differences were found between citrus honey and its 
samples. Conversely, mixing cucurbit honey with 
herbs reduced the pH. The order of the samples was 
as follows: cucurbit honey, cucurbit honey mixed 
with wheat germ, and then cucurbit honey mixed with 
black seed. The pH values of three tested types of 
honey and their mixtures were acidic and within the 
standard limits of Codex, 2001.  

In this study, adding herbs to honey generally 
increased free acidity and hydrogen peroxide (H2O2) 
levels. All samples did not exceed the total acidity 
than limit 50 med kg as required by Codex 
Alimentations (2001).  

For EC, all tested samples

honey with black seed. Electrical conductivity values 
increased when wheat germ was added to clover 
and citrus honey. Nonetheless, there was no 
statistically significant change when wheat germ was 
added to cucurbit honey. The electrical conductivity 
values increased when honey was combined with 
palm pollen or black seed at lower rates. The 
examined Egyptian types of honey and their 

ms/cm) of Codex Alimentations (2001).  A honey's 
ash content can be used to evaluate its mineral 

content. It is regarded as an indicator of quality for 
the botanic origin of honey. The amount of ash 
increased when cucurbit and clover honeys were 
mixed with herbs. Herbal infused citrus honey had 
similar trend, except for the wheat germ-infused one. 
Cucurbit honey and it blends are within the 
acceptable range (0.6 1.2 g/100 g) as mentioned by 
Codex Alimentations (2001).  

HMF value of tested honeys and their mixture 

(1WG2.5). HMF increases by mixing clover and 
cucurbit honeys with herbs, except citrus honey, 
which was different by this addition. All tested 
honeys fell within the acceptable limits, as 
mentioned by the EOSC (2005) (not exceeding 80 
mg/kg). 

Raw materials used in honey mixtures: The 
outcome of the chemical composition of black seeds, 
date palm pollen & wheat germ represented in Table 
2. It was discovered that date palm pollen possessed 
the highest total solid, ash, and carbohydrate 

100 g), 
respectively. The lowest values of total solid and ash 
were recorded in the 

lowest value regarding carbohydrates. The 
differences between the three herbs in the previous 
nutrients were significant (p
descendingly substantial variations were noticed 
between values of fat and fiber of black seed, wheat 
germ, & palm pollen. 

 

Table 2. Raw materials used in honey mixtures 

the same column denote signify significant differences between the three types of 
herbs (P  

 

Sensory evaluation 

In order to explore the impact of distinct additives 
(black seed, date palm pollen, and wheat germ) on 
the sensory properties of honey, a human sensory 
analysis was conducted. The best samples were 

chosen according to the total acceptability of the 
consumers. 

Table (3) illustrates the sensory analysis of clover 
honey and its mixture samples. Clover honey, clover 
honey + black seed at 1%, clover honey + wheat 
germ at 1 & 2.5% are similar in total acceptability.

Raw Total solid Ash Fat Protein Fiber Carbohydrate 
Black seed b b a a a c 
Date palm 

pollen 
a a c b c a

Wheat 
germ 

c c b b b b
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Table 3. Sensory analysis of clover honey and its mixture samples

Samples Odour (10) Colour (10) Taste (10) Texture (10) Total acceptability (10) 

Clover honey (1) a a a a a 

1BS (1%) bc e abcd bc ab 

1BS (2.5%) cd f d bc de 

1BS (5%) abc f de c ef 

1DPP (1%) bcd cd bcd bc bcd

1DPP (2.5%) cd de de ab def 

1DPP (5%) d f e bc f

1WG (1%) ab ab abc a ab 

1WG (2.5%) abc bc ab ab abc

1WG (5%) bc cde cd bc de 

fferent letters within the same column denote significant differences at (P  BS: 
black seed, DPP: date palm pollen, and WG: wheat germ. 

 

Regarding the sensory analysis of citrus honey and 
its mixtures, Table (4) displays that none of the 
blends are quite like raw citrus honey in their sensory 

properties. Next in preference in total acceptability 
are black seed (1%), date palm pollen (1%), and 
wheat germ with concentrations of 1 & 2.5%. 

 

Table 4. Sensory analysis of citrus honey and its mixture samples 

fferent letters within the same column denote significant differences at (P  BS: 
black seed, DPP: date palm pollen, and WG: wheat germ. 

 

Table (5) illustrates the sensory analysis of cucurbit 
family honey and its mixture samples. The most 
aacceptable samples in table 5 are cucurbit honey, 
cucurbit honey+ black seed (1%) and wheat germ 
(1%). 

In general, it could be concluded from the three 
sensory tables that the 
given to honey without additives in all sensory 
characteristics. The most acceptable additive was 

for both black seed & wheat germ, while the least 
acceptability was for palm pollen.

Statistical analysis revealed that the most 
acceptable mixtures were for seven samples (1BS 
1%, 2BS 1%, 3BS1%, 2DPP 1%, 1WG2.5%, 
2WG2.5%, & 3WG1%). Depending on the obtained 
results, physicochemical analysis and 
microbiological tests were performed for previous 
mixtures. 

 

Samples Odour (10) Colour (10) Taste (10) Texture (10) Total acceptability (10) 
Citrus honey (2) a a a a a 
2BS (1%) bc de b bc bcd 
2BS (2.5%) bcd de bc c cd 
2BS (5%) def fg c cd e 
2DPP (1%) cde cd bc bc bc 
2DPP (2.5%) ef ef c c de 
2DPP (5%) f g d d e 
2WG (1%) b b b b b 
2WG (2.5%) bc bc b bc bc 
2WG (5%) bcd cd bc c cd 
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Table 5. Sensory analysis of cucurbit family honey and its mixture samples

Samples Odour (10) Colour (10) Taste (10) Texture (10) Total acceptability (10) 
Cucurbit family 
honey (3) 

1.87a 7.85 a a a a 

3BS (1%) 7.15 1.46ab b ab b abc 
3BS (2.5%) 6.65 1.50abc bc b bc bc 
3BS (5%) cd e de bc e 
3DPP (1%) cd bc bcde bc bcde 
3DPP (2.5%) cd cd cde bc de 
3DPP (5%) d de e bc e 
3WG (1%) abc b b b ab 
3WG (2.5%) bc b bcd b bcd 
3WG (5%) abc bc bc bc cde 

M  column denote significant differences at (P . BS: 
black seed, DPP: date palm pollen, and WG: wheat germ. 
 

Antimicrobial activity 

The antimicrobial activity of honeys and their 
mixtures against three different pathogenic bacteria 
is depicted in Figure 3. Honey, whether used alone 
or combined with black seeds, had the same effect 
on Staphylococcus aureus as control (novobiocin 
antibiotic).  

The impact of mixtures  honey with wheat germ and 
palm pollen  was weak, as the inhibition zone ranged 
from 20.3 to 26.7 mm.  

For MRSA bacteria, wheat germ and a mixture of 
clover honey with wheat germ 2.5% had no 
significant effect on bacteria. The remaining 
samples, entailing honey alone and various honey 
mixtures, exhibited inhibitory effects on MRSA 
growth. Date palm pollen (b) being the most effective 
in suppressing its development.   

Clear significant differences between the control 
sample (polymyxin B) and the rest samples (types of 
honey or mixtures) were noticed; none of them 
reached the same degree of inhibition of 
Pseudomonas aeruginosa bacterial growth as the 
control (C). 

Figure 4 shows the antimicrobial activity of samples 
compared with the same diluted samples (50%). For 
Staphylococcus aureus, there are no significant 
differences between the diluted and nondiluted 
samples in the microbial growth at clover honey, 
palm pollen, citrus honey with black seeds 1%, 
cucurbit honey with black seeds 1% or wheat germ 
1%, and clover honey with wheat germ 2.5%. 
Nonetheless, nondiluted samples (citrus, cucurbit 
honeys, clover honey+ black seeds 1%, and citrus 

honey with palm pollen 1% or wheat germ 2.5%) 
inhibited bacterial growth more than themselves in 
diluted cases. In contrast, the diluted black seeds & 
wheat germ had a greater effect than the nondiluted 
samples, as the inhibitory zone was larger. 

The inhibitory zones of clover, citrus, and cucurbit 
honeys, along with citrus honey containing 1% palm 
pollen or 2.5% wheat germ, and cucurbit honey with
1% black seeds or 1% wheat germ, disclose 
statistically greater antibacterial activity against 
MRSA than the same samples in diluted form. 
However, there are no notable variances in bacterial 
proliferation among the samples (black seeds, palm 
pollen, 1% black seeds in clover honey, and citrus 
honey with 1% black seeds), regardless of whether 
they are diluted or not Conversely, the administration 
of wheat germ and a mixture of clover honey with 
wheat germ (2.5%) has been observed to have no 
effect on the activity of MRSA. The tested honeys, 
black seeds, and cucurbit honey with black seeds 
1% or wheat germ 1% showed antibacterial activity 
against Pseudomonas aeruginosa without dilution. 
The results demonstrated no notable differences in 
bacterial growth between the diluted and undiluted 
palm pollen, clover honey with black seeds (1%), 
citrus with black seeds (1%), and citrus honey with 
palm pollen samples. Nevertheless, wheat germ 
powder or its mixture (2.5%) with clover or citrus 
honeys had no inhibition effect on Pseudomonas 
aeruginosa growth.  

From Figure 4, undiluted samples consistently 
demonstrated significantly greater antibacterial 
activity than diluted samples against all types of 
bacteria investigated. 
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Figure 3. Inhibition zones (mm) of honeys (clover (1), citrus (2), and Cucurbit (3)), black seeds (Bs), Date palm pollen 
(Dpp), wheat germ (WG), and mixture samples. Nondiluted samples against Staphylococcus aureus (A), MRSA, methicillin-
resistant Staphylococcus aureus (B), and Pseudomonas aeruginosa
Means with the same letter are not significantly different (P < 0.05).
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Figure 4. Inhibition zones (mm) of honeys (clover (1), citrus (2), and Cucurbit (3)), black seeds (BS), Date palm pollen 
(DPP), wheat germ (WG), mixtures, and their dilutions (50%). Samples against Staphylococcus aureus (A), MRSA, 
methicillin-resistant Staphylococcus aureus (B), and Pseudomonas aeruginosa
deviation. Bars with the * are significantly different (P < 0.05); bars with ** are significantly different.
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DISCUSSION 

Public interest in functional foods made from natural 
ingredients has skyrocketed, driven by a desire for 
healthier dietary choices (Abd Elmontaleb et al. 
2023). There was a wide variability between bee 
honey samples according to the 
melissopalynological analysis. Our results are 
consistent with Louveaux et al. 1978 who explained
that dominant pollen is defined as more than 45 
percent of the pollen in honey with the exception of 
citrus honey must include 10% 20% citrus pollen in 
order to be considered monofloral (Fig 1). 
Furthermore, findings unveil that the pollens from 
these species are predominant, making this plant the 
primary supplier of pollen and nectar for bees, 
potentially impacting the physicochemical and 
granulation traits. Our results concur with those 
attained by Abd El-Dayem et al. (2024) and Seraglio 
et al. (2021), it was established that 
melissopalynological analysis represents a 
fundamental approach for the botanical and/or 
geographic identification of honey. 

Concerning the physical-chemical characteristics, 
clover and citrus honey had significantly distinct 
moisture levels than Cucurbitaceae honey, as 
displayed by statistical analysis (Fig 2). These 
percentages were within the normal range (18.00-
20.00g/100g) when compared with Codex 
Alimentations (2001) & the Egyptian Organization for 
Standardization and Quality Control (EOSC) (2005) 
which state that a honey's moisture content cannot 
exceed 20%. The moisture composition stands as a 
vital quality parameter crucial for the longevity, 
stability, resistance to microbial growth, and overall 
quality of honey. It can be affected by multiple factors 
such as harvest timing, seasons, nectar conditions, 
hive humidity levels, laboratory testing methods, 
storage and extraction practices (Gela et al. 2021, 
Singh and Singh 2018). 

A higher fructose-to-glucose ratio generally indicates 
better honey quality and natural bee feeding. 
Therefore, these findings ascertained the previous 
studies on different types of Egyptian honey (Abd-
Alla & Abd El-Wahab 2019, Abdel-Hameed 2020). 
The obtained data show that disaccharides, such as 
sucrose and maltose, were present at higher 
concentrations than those specified in the 2005 
honey requirements published by the Egyptian 
Organization for Standardization and Quality, 
(EOSC). Based on the EOSC rules, honey's overall 
apparent sucrose content (sucrose plus maltose) 

should not exceed 5%. On the other hand, clover 
and citrus types of honey were accepted in reducing 
sugar by both Codex (2001) & EOSC (2005). 
However, Cucurbitaceae honey reflected lower 
levels than the standard limits (Not less than 60%). 

 El-
Metwally (2015) which mentioned that the diastase 
number ranges from 3.00 to 100.00 U/Kg After 
evaluating 184 samples of Egyptian honey, the 
average DN value 18.32 U/Kg. In addition to its floral 
source, diastase is an essential enzyme that bees 
use to transform nectar into honey. The activity of 
the diastase, a measure of honey freshness, is 
greatly affected by factors such as flower type, 
climate, inappropriate storage, and heating (Raweh 
et al. 2023). 

Regarding the effect of mixing herbs with honey on 
pH, values of three tested types of honey and their 
mixtures were acidic and within the standard limits 
of (3.40 to 6.10) of Codex Alimentations (2001). 
Also, all of the mixtures fell within the acceptable 
range, although their acidity values were higher than 
those of the pure honey samples. Saeed& 
Jayashankar (2020) revealed that honey's pH 
ranged from 3.28 to 5.60. It could be due to the 
fermentation of the honey's carbohydrates into 
organic acid or the concentration of minerals (El-
Metwally 2015). In this study, adding herbs to honey 
generally increased free acidity and hydrogen 
peroxide (H2O2) levels. All samples did not exceed 
the limit of free acidity than 50 meq/kg as required 
by Codex Alimentations (2001) for acidity. Increased 
acidity could be an indicator that sugars are 
fermenting into organic acids (Sancho et al 2013). 
Honey's sour taste makes it less acceptable, on the 
other hand, low acidity values indicated freshness 
(da Silva et al. 2016). Although H2O2 is thought to be 
a significant antibacterial component in diluted 
honey, some research has shown that its 
concentration in various types of honey does not 
match antibacterial action. Additionally, Bucekova et 
al (2019) and Farkasovska et al (2019) concluded 
that most significantly the total polyphenol content 
and the amount of H2O2 already present in ripened 
honeys were connected to the overall antibacterial 
activity of honeys. Furthermore, the electrical 
conductivity values increased when honey was 
combined with palm pollen or black seed at lower 
rates. The examined Egyptian types of honey and 

ms/cm) of Codex Alimentations (2001). The 
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electrical conductivity of honey fluctuates 
significantly based on the floral origin of the honey, 
mineral content, overall ash content, salts, organic 
acids, and protein levels (El-Sohaimy et al. 2015, 

-Ruiz et al. 2011). When clover and cucurbit 
types of honey were combined with herbs, the 
amount of ash rose. Herbal infused citrus honey had 
similar trend, except for the wheat germ-infused one. 
Multiple factors such as plant type and physiology, 
soil diversity, weather patterns, and foraging 
materials collected by bees may affect the mineral 
(ash) content of honey (Mesele 2021). Concerning 
hydroxymethylfurfural (HMF), the results showed 
that the increases by mixing clover and cucurbit 
types of honey with herbs, except citrus honey, 
which was not affected by this addition. HMF is a 
critical component to consider while monitoring 
beekeeping procedures, honey exposure to high 
temperatures, and storage circumstances. HMF 
naturally exists in minimal quantities in fresh honey, 
but as it is stored and heated longer, it becomes 
more concentrated (Tafinine et al. 2018). 

Pointed to raw materials used, herbs are consumed 
for their medicinal properties and a wide range of 
biological activities, such as antiviral, antibacterial, 
antifungal, anticoccidiosis, anti-parasitic, and 
antioxidant effects (Idowu et al. 2024). The 
differences between the three herbs in the previous 
nutrients were significant (p reover, 
descendingly substantial variations were noticed 
between values of fat and fiber of black seed, wheat 
germ, & palm pollen. These findings were in 
agreement with El-Rahman and Al-Mulhem (2017) 
and Salem (2001). 

 According to sensory evaluation, Piana et al. (2004) 
stated that the conventional sensory assessment of 
honey, which was extensively employed in all honey-
producing regions of the world, has been shown to 
be a useful tool for quality improvement and control. 
Derndorfer et al. (2015) mentioned that Eastern 
cultures tended to consume honey more frequently 
than Western ones. The composition and sensory 
qualities of honey can vary depending on factors like 
the geographical and plant source of the flora, bee 
type and behaviour, the extraction methods used, 
and the storage conditions (Eleazu et al. 2013). In 
this respect, a study by Ndife et al. (2014) found that 
the top ratings for general acceptability were 
observed in honey samples from the northern region 
of Nigeria. Hashem-Dabaghian et al. (2016) 
discovered that Nigella sativa and honey worked 
well together to eradicate gastric H. pylori infections 

because they both contain anti-H. pylorus and anti-
dyspeptic properties. Using a combined 
metabolomic and sensory study, Kang et al. (2023) 
scrutinized the relationships between the chemical 
constituents and sensory traits of honey from 
divergent sources. Analysis of the honey with the 
senses disclosed that manuka and coffee were 
comparatively less accepted than sugar-fed, 
multiflower and acacia honey.

Results in Tables 3, 4 and 5 about mixing honey with 
the three different herbs, Hassan (2011) stated that 
palm pollen grains were a promising economic 
resource, providing essential nutrients that could be 
used to enhance human nutrition. Also, Altamimi et 
al. (2020) enhanced the nutritional and taste profile 
of date palm spathes beverages by adding pollen 
grains. In an investigation by Dotimas et al. (2024), 
it was concluded that the wheat germ was packed 
with beneficial substances that may help improve the 
health problems associated with obesity. Moreover, 
the results of an experiment by Tahoon et al. (2024) 
indicated that honeybee and wheat germ might be 
beneficial in managing high cholesterol levels in 
diabetic patients, offering a functional food 
approach.  

There is an urgent need to find substances that have 
an antimicrobial effect because of the proliferation of 
resistant harmful bacterial varieties (Kunat-

 Honey, a time-tested 
remedy, has been valued for its medicinal 
properties, particularly in treating burns, cataracts, 
ulcers, and wounds (Alvarez-Suarez et al. 2014). It 
has diverse health benefits, such as anti-
inflammatory, antioxidant, antibacterial, and blood 
sugar-reducing properties (Erejuwa et al. 2014), 
make it an ideal candidate for treating 
gastrointestinal and ophthalmic disorders (Khan et 
al. 2007). Therefore, honey, with unique properties
and botanical additives, increases its benefits, 
including antimicrobial (Kunat-
2023)  

In our study honey, whether used alone or combined 
with black seeds (Fig.3), had the same effect on 
Staphylococcus aureus as novobiocin antibiotic, due 
to honey antimicrobial properties, which stated by 
Kunat-  (2023). In addition, the 
black seeds (blessing seeds in Arabic countries) 
obtain aromatic plants (Kolayli et al. 2023), used in 
healing medicine (Aljawezjjah 2001). Thymoquinone 
is a key compound in the N. sativa seeds. Their 
extracts contain functional groups, which have 
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antimicrobial properties (Khatoon et al. 2024, 
Shafodino et al. 2022,). Due to its antibacterial 
properties, thymoquinone from N. sativa seeds could 
be explored as a viable treatment for wound 
infections caused by S. aureus (Babu et al. 2023). 

Our findings, mixtures of honey with wheat germ and 
palm pollen had a weak effect as anti-bacterial, 
agree with those conducted by Ashour et al. (2022) 
on the varieties cultivated in Libya. Despite palm 
pollen's abundance of phytochemicals, they 
discovered that it did not significantly reduce 
bacterial activity. However, the uniqueness of palm 
pollen lies in its great effect on the microbial activity 
of MRSA. It is partly similar to Bentrad et al. (2017) 
considering its effect on the S. aureus, MRSA, and 
Listeria monocytogenes (Tamma et al. 2020). Palm 
pollen demonstrated a greater efficacy against 
Gram-positive bacteria than Gram-negative bacteria 
(Daoud et al. 2019). Given the increasing prevalence 
of contagious and noncontagious illnesses, P. 
dactylifera should be explored as a promising 
medicinal plant with preventive potential 
(Mahomoodally et al. 2023). 

In our investigation, wheat germ did not affect 
bacteria (A), although it was a rich source of 
nutrients (Brandolini & Hidalgo 2012) and 
antioxidants, with antimicrobial effects (Hozyen & El-
Tohamy 2024), especially for S. aureus (Mahmoud 
et al. 2015). 

In general, honey without any additives has an 
antibacterial effect on Staphylococcus aureus and 
MRSA not Pseudomonas aeruginosa. The inhibitory 
effect of honey on bacteria depends on the following: 
high viscosity and acidity, high concentration of 
sugar, low water activity, and the existence of 
hydrogen peroxide, nonperoxidase components, 
phenolic acids, flavonoids, proteins, peptides, and 
nonperoxidase glycopeptides (Luca et al. 2024), in 
addition to the botanical honey origin, seasonal 
variations, climate conditions, geographical origin, 
and applied techniques (Jia et al. 2020, Martinello & 
Mutinelli 2021). 

Samples have an inhibitory effect on 
Staphylococcus aureus and MRSA (Gram-positive 
bacteria), but not on Pseudomonas aeruginosa 
(Gram-negative bacteria). Resistance can result 
from any modification of the outer membrane of 
Gram-negative bacteria, including changes to its 
hydrophobic abilities and mutations in porins. 
Therefore, Gram-negative bacteria are more 

resistant to antibiotics than Gram-positive bacteria, 
which lack this important layer (Breijyeh et al. 2020). 

Undiluted samples demonstrated significantly 
greater antibacterial activity than diluted samples 
against all types of bacteria investigated (figure 4). 
These results differ from those of previous studies, 
such as Hegazi research (2011) which used diluted 
honey at 20.3% and noticed antibacterial activity 
against Staphylococcus aureus & Pseudomonas 
aeruginosa. Moreover, Basualdo et al. (2007) found 
that honey at a concentration of 50% and undiluted 
honey had an inhibitory effect on the growth of 
Staphylococcus aureus. In 2005, the studies of 
Estrada et al. and Iurlina & Fritz differed on the 
concentration of honey that could inhibit microbial 
growth. Estrada et al. reported that the effective 
concentration was 25%, while Iurlina & Fritz stated 
that it was 75% or less. 

Conclusion: Generally, infusing herbs with different 
types of honey increased electrical conductivity, free 
acidity, ash, H2O2, and HMF, while reducing pH  The 
type of honey and herb may affect the 
physicochemical characteristics of honey in different 
ways.  

In sensory evaluation, consumers generally 
preferred pure honeybee products without any 
additives. However, some mixtures were also well 
received and could be used for health purposes due 
to their beneficial properties. Bee honey with or 
without herbs has an antibacterial effect on 
Staphylococcus aureus and MRSA (Gram-positive 
bacteria), not Pseudomonas aeruginosa (Gram-
negative bacteria). A larger bacterial inhibition zone 
was observed in the majority of the undiluted 
samples than in the diluted samples. Researchers 
could significantly advance the field by undertaking 
subsequent studies that evaluate the antioxidant 
properties and anti-inflammatory effects of honey 
and herb combinations. 

Ackowledgement: The authors express their 
sincere gratitude to Dr. Yasser Yehia Ibrahim, an 
Associate Professor of Economic Insects and 
Pesticides, Faculty of Agriculture, Cairo University, 
for helping to carry out this research. 

Author contributions: GME, MIH, and AEA: 
planning, data collection, methodological planning, 
experimenting, and setting up the study. All authors 
read and approved the final manuscript. 

Conflict of interest: The authors have no conflict of 
interest to declare. 



 

 Uludag Bee Journal 2024, 24 (2): 337-355 351

Data availability: The data that support the findings 
of this study are available from the corresponding 
author upon reasonable request. 

Ethics approval: Not applicable. 

Source of finance for the study: Not applicable 

 

REFERENCES 

Abd Alla A E and Abd El-Wahab T E. Antimicrobial 
activities of some Egyptian bee honeys 
against Staphylococcus aureus and 
Pseudomonas aeruginosa. J. of Plant 
Protection and Pathology, Mansoura Univ. 
2019; 10 (12): 597-603, DOI: 
10.21608/JPPP.2019.78003 

Abd ElDayem M, Kamel A A, Marzouk W M, Hashish 
M E. Ultraviolet-Visible Spectroscopy and 
Chemometrics Analysis of Clover, Citrus and 
Sugar Feeding Honey. Egyptian Journal of 
Chemistry 2024; 67(10): 11-20, 
https://doi.org/10.21608/ejchem.2024.215694
.8746 

Abd Elmontaleb H S, Hassaan M G, Ahmed R B, 
Hamdy S M. Impact of Bee pollen, Palm pollen 
and Wheat germ on the Physicochemical, 
Functional Properties, and Free Amino Acid 
Profile of Spreadable Processed Cheese. 
Egyptian Journal of Food Science, 2023; 
51(2): 187-198, 
DOI:10.21608/ejfs.2023.203837.1162 

Abdel-Hameed K M A. Physicochemical 
characteristics of some Egyptian honey from 
different botanical origins. Egypt. J. Plant Prot. 
Res. Inst., 2020; 3 (1): 444  455. 

Abdullahi A. Effect of Nigella Sativa with Honey on 
Helicobacter Pylori Infection. FUW Trends in 
Science & Technology Journal, (2023); 8(2): 
402-404. 

Aebi H. Methods Enzymol, 1984; 105:121-126. 

Albaridi N A. Antibacterial Potency of Honey (Review 
Article). International Journal of Microbiology, 
2019; 10, 
https://doi.org/10.1155/2019/2464507 

Aljawezjjah A Al, alnabawi A. study and comment: 
Ammar Zaki Albaroodi, first edition, 
Alttawfeeqiah library, Eygypt, 2001; 291- 293 
PP. 

Altamimi J Z, Alfaris N A, Almousa L A, Abu-Hiamed 
H A A, Albadr N A, Alghamdi F A. Nutritional 
quality and sensory attributes of date palm 
spathes beverage supplemented with pollen 
grains. Food Science and Technology, 2020; 
40(suppl 2): 728-732. DOI: 
https://doi.org/10.1590/fst.00420 

Alvarez-Suarez J M, Gasparrini M, Forbes-
The 

composition and biological activity of honey: a 
focus on Manuka honey. Foods, 2014; 3(3): 
420-432. doi: 10.3390/foods3030420 

AOAC. Official Methods of Analysis, 15th Ed. 
Association of Official Analytical Chemists, 
Inc., Arlington. 1990. 

Ashour R B, Auzi A A, Lahmer R A. Evaluation of 
antioxidant, antibacterial potential, nutrition 
value and acute toxicity study of Libyan date 
palm pollen. In VII International Date Palm 
Conference 2022, March; 1371 (pp. 343-360), 
DOI: 10.17660/ActaHortic.2023.1371.48

Babu B, Rao P, Suman E, Udayalaxmi J. A Study of 
Antibacterial Effect of Nigella Sativa Seed 
Extracts on Bacterial Isolates from Cases of 
Wound Infection. Infectious Disorders-Drug 
Targets (Formerly Current Drug Targets-
Infectious Disorders), 2023; 23(5): 41-45, 
DOI: 10.2174/1871526523666230403095441 

Balouiri M, Sadiki M, Ibnsouda SK. Methods for in 
vitro evaluating antimicrobial activity: A 
review. J Pharm Anal. 2016 Apr; 6(2):71-79, 
DOI: 10.1016/j.jpha.2015.11.005 

Basualdo C, Sgroy V, Finola M S, Marioli J M. 
Comparison of the antibacterial activity of 
honey from different provenance against 
bacteria usually isolated from skin wounds. 
Veterinary microbiology. 2007;124(3-4): 375-
381. DOI: 10.1016/j.vetmic.2007.04.039

Bentrad N, Gaceb-Terrak R, Benmalek Y, Rahmania 
F. Studies on chemical composition and 
antimicrobial activities of bioactive molecules 
from date palm (Phoenix dactylifera L.) 
pollens and seeds. African journal of 
Traditional, Complementary and alternative 
Medicines, 2017; 14(3): 242-256, doi: 
10.21010/ajtcam.v14i3.26 

Brandolini A, Hidalgo A. Wheat germ: not only a by-
product. International journal of food sciences 



A MAKALESI / RESEARCH ARTICLE 

 U Bee J. 2024 (2): 337-355  352

and nutrition, 2012; 63(sup1):71-74, DOI: 
10.3109/09637486.2011.633898 

Breijyeh Z, Jubeh B & Karaman R. Resistance of 
gram-negative bacteria to current antibacterial 
agents and approaches to resolve it. 
Molecules, 2020; 25(6): 1340, doi: 
10.3390/molecules25061340 

Bucekova M, Jardekova L, Juricova V, Bugarova V, 
Di Marco G, Gismondi A, Leonardi D, 
Farkasovska J, Godocikova J, Laho M, 
Klaudiny J, Majtan V, Canini A and Majtan J. 
Antibacterial activity of different blossom 
honeys: new findings. Molecules, 2019; 24(8): 
E1573, 
https://doi.org/10.3390/molecules24081573 

Codex Alimentations. Draft revised standard for 
standard for honey (at step 10 of the Codex 
procedure). Alinorm 2001; 01 (25): 19 26. 

da Silva P M, Gauche C, Gonzaga L V, Costa A C O 
and Fett R. Honey: chemical composition, 
stability and authenticity, Food Chem. 2016; 
196 :309 323, 
https://doi.org/10.1016/j.foodchem.2015.09.0
51 

 Daoud A, Malika D, Bakari S, Hfaiedh N, Mnafgui, 
K, Kadri A, Gharsallah N. Assessment of 
polyphenol composition, antioxidant and 
antimicrobial properties of various extracts of 
Date Palm Pollen (DPP) from two Tunisian 
cultivars. Arabian Journal of Chemistry, 2019; 
12(8): 3075-3086, 
https://doi.org/10.1016/j.arabjc.2015.07.014 

Derndorfer E, Schneider-  
Sensory Analysis of Honey. Dlg. org. 2015. 

Dotimas L G, OjoB Kaur A, Alake S, Dixon M, Davila-
El Rassi G, Lucas EA. Wheat germ 
supplementation has modest effects on gut 
health markers but improves glucose 
homeostasis markers in adults classified as 
overweight: A randomized controlled pilot 
study. Nutrition Research, 2024; 127:13-26, 
https://doi.org/10.1016/j.nutres.2024.05.001 

Egyptian Organization for Standardization and 
Quality Control, (EOSC), Bee Honey and 
Methods of Analysis. Part 1, 2005; p. 10. 

El Sohaimy S A, Masry S H D, Shehat M G. 
Physicochemical characteristics of honey 
from different origins. Annals of Agricultural 

Science 2015; 60(2): 279 287, 
http://dx.doi.org/10.1016/j.aoas.2015.10.015 

Eleazu C O, Iroaganachi M A, Eleazu K C, 
Okoronkwo J O. Determination of the physico-
chemical composition, microbial quality and 
free radical scavenging activities of some 
commercially sold honey samples in Aba, 
Nigeria:' the effect of varying colours. 
International Journal of Biological Research. 
2013; 4(1): 32-41.DOI:10.4172/2155-
9600.1000189 

El-Kholy W M, Soliman T N and Darwish A M G. 
Evaluation of Date Palm Pollen (Phoenix 
dactylifera L.) Encapsulation, Impact on the 
Nutritional and Functional Properties of 
Fortified Yoghurt. PLoS ONE, 2019; 14, 
e0222789, 
https://doi.org/10.1371/journal.pone.0222789

EL-Metwally A A E. Factors Affecting the Physical 
and Chemical Characteristics of Egyptian 
Beehoney. Ph. D. Thesis, Faculty of 
Agriculture, Cairo University, Egypt. 2015; 
320p. DOI:10.13140/RG.2.2.22564.30086

El-Rahman S N A, Al-Mulhem S I. Characteristic 
Analysis, Antioxidant Components and 
Antioxidant Activity of Date Fruits, Date Seeds 
and Palm Shell. Clin Med Case Rep 1, 2017; 
101. 

Erejuwa O O, Sulaiman S A, Wahab M S A. Effects 
of honey and its mechanisms of action on the 
development and progression of cancer. 
Molecules, 2014;19(2): 2497-2522, doi: 
10.3390/molecules19022497 

Estrada H, Arias M L, Chaves C. Evaluation of the 
antimicrobial action of honey against 
Staphylococcus aureus, Staphylococcus 
epidermidis, Pseudomonas aeruginosa, 
Escherichia coli, Salmonella enteritidis, 
Listeria monocytogenes and Aspergillus 
niger. Evaluation of its microbiological charge. 

 2005; 
55(2): 167-171. 

Farkasovska J, Bugarova V, Godocikova J, Majtan 
V, Majtan J. The role of hydrogen peroxide in 
the antibacterial activity of different floral 
honeys. Eur. Food Res. Technol. 2019; 245: 
2739 2744, DOI: 10.1007/s00217-019-
03393-y 



 

 Uludag Bee Journal 2024, 24 (2): 337-355 353

Gela A, Hora Z A, Kebebe D, Gebresilassie A. 
Physico-chemical characteristics of honey 
produced by stingless bees (Meliponula 
beccarii) from West Showa zone of Oromia 
Region, Ethiopia, Heliyon 2021; 7 (1): e05875, 
DOI: 10.1016/j.heliyon.2020.e05875 

 An overview of 
honey: its composition, nutritional and 
functional properties. J. Food Sci. Eng. 2019; 
9 (1): 10 14, DOI:10.17265/2159-
5828/2019.01.003 

Hashem-Dabaghian F, Agah S, Taghavi-Shirazi M, 
Ghobadi A. Combination of Nigella sativa and 
honey in eradication of gastric Helicobacter 
pylori infection. Iranian Red Crescent Medical 
Journal, 2016; 18(11): e23771, doi: 
10.5812/ircmj.23771 

Hassan H M. Chemical composition and nutritional 
value of palm pollen grains. Global J 
Biotechnol Biochem, 2011; 6(1): 1-7. 

Hegazi A G. Antimicrobial activity of different 
Egyptian honeys as comparison of Saudi 
Arabia honey. Research Journal of 
Microbiology, 2011; 6(5): 488-495, 
https://scialert.net/abstract/?doi=jm.2011.488
.495 

Hossain M d L, Lim L Y, Hammer K, Hettiarachchi D, 
Locher C. A Review of commonly used 
methodologies for assessing the antibacterial 
activity of honey and honey products. 
Antibiotics 2022; 11 (7): 975. 
https://doi.org/10.3390/antibiotics11070975 

Hozyen H F, El-Tohamy M M. Some Semen 
Characteristics and Oxidant/Antioxidant 
Markers of Chilled Diluted Rabbit Semen in 
Tris-Based Extender Supplemented with 
Wheat Germ Extracts. Egyptian Journal of 
Veterinary Sciences, 2024; 55(2): 555-566,
https://doi.org/10.21608/ejchem.2024.215694
.8746 

Idowu A O, Ojebiyi O O, Ademola S G, Abdullateef 
S O, Tanimowo D. G, Olakojo A O. Chemical 
composition of black seeds (Nigella sativa), 
African nutmeg (Monodora myristica) and 
Negro pepper (Xylopia aethiopica). Nigerian 
Journal of Animal Production, 2024; 1030-
1033. 

Iurlina M O, Fritz R. Characterization of 
microorganisms in Argentinean honeys from 

different sources. International journal of food 
microbiology, 2005; 105(3); 297-304, 
DOI: 10.1016/j.ijfoodmicro.2005.03.017

Jia L, Kosgey J C, Wang J, Yang J, Nyamao R M, 
Zhao Y, Zhang F. Antimicrobial and 
mechanism of antagonistic activity of Bacillus 
sp. A2 against pathogenic fungus and 

Food Science & Nutrition, 2020; 8(9): 4857
4867, https://doi.org/ 10.1002/fsn3.1770 

Kang M J, Kim K R, Kim K, Morrill A G, Jung C, Sun 
S, Sung J. Metabolomic analysis reveals 
linkage between chemical composition and 
sensory quality of different floral honey 
samples. Food Research International, 2023; 
173: 113454, DOI: 
10.1016/j.foodres.2023.113454

Khan F R, Abadin Z U, Rauf N. Honey: nutritional 
and medicinal value. International journal of 
clinical practice, 2007; 61(10): 1705-1707.

Khan S U, Anjum S I, Rahman K, Ansari M J, Khan 
W U, Kamal S, Khattak B, Muhammad A, 
Khan H U. Honey: single food stuff comprises 
many drugs. Saudi J. Biol. Sci. 2018; 25 (2): 
320 325, DOI: 10.1016/j.sjbs.2017.08.004

Khatoon M, Kushwaha P, Usmani S, Madan K. 
Dermaceutical Utilization of Nigella sativa 
Seeds: Applications and Opportunities. Drug 
Research. 2024; 74(1):5-17, doi: 10.1055/a-
2196-1815 

composition, aroma compounds, 
physicochemical and antimicrobial properties 
of Nigella sativa L. (black cumin) honey. 
European Food Research and Technology, 
2023; 249(3): 653-664 DOI:10.1007/s00217-
022-04160-2 

Kraker de MEA, Stewardson A J, Harbarth S. Will 10 
million people die a year due to antimicrobial 
resistance by 2050? PLoS Med 2016; 13: 
1002184. 

- -
 

Characterization of Turkish Astragalus 
honeys according to their phenolic profiles 
and biological activities with a chemometric 



A MAKALESI / RESEARCH ARTICLE 

 U Bee J. 2024 (2): 337-355  354

approach. Food Biosci. 2023; 53(2): 102507, 
DOI:10.1016/j.fbio.2023.102507 

Kumar S, Verma M, Hajam Y A, Kumar R. Honey 
infused with herbs: A boon to cure 
pathological diseases. Heliyon, 2024; e23302.  
https://doi.org/10.1016/j.heliyon.2023.e23302 

Kunat- - nska M, Rysiak A, Wiater A, Gra z M, 

nski M, Tomczyk M, Gancarz M, et al. 
Chemical Composition and Antimicrobial 
Activity of New Honey Varietals. Int. J. 
Environ. Res. Public Health, 2023; 20: 2458, 
https://doi.org/10.3390/ ijerph20032458 

 
Honey as medicine: historical perspectives. J. 
Apicult. Res. 2018; 57 (1), 113 118. 
DOI:10.1080/00218839.2017.1411182 

- -
s M P S. Vitamin C and sugar levels as simple 
markers for discriminating Spanish honey 
sources. J. Food Sci. 2011; 76: 356 361. 

Louveaux J, Maurizio A, Vorwhol G. Methods of 
melissopalynology. Bee World 1978; 59: 139
157. 

Luca L, Pauliuc D, Oroian M. Honey microbiota, 
methods for determining the microbiological 
composition and the antimicrobial effect of 
honey A review. Food Chemistry 2024; X23: 
101524, 
https://doi.org/10.1016/j.fochx.2024.101524 

Mahmoud A A, Mohdaly A A A, Elneairy N A A. 
Wheat Germ: An Overview on Nutritional 
Value, Antioxidant Potential and Antibacterial 
Characteristics. Food and Nutrition Sciences, 
2015; 6: 265-277, 
http://dx.doi.org/10.4236/fns.2015.62027 

Mahomoodally M F, Khadaroo S K, Hosenally M, 
Zengin G, Rebezov M, Ali Shariati M, ..., 
Simal-Gandara J. Nutritional, medicinal and 
functional properties of different parts of the 
date palm and its fruit (Phoenix dactylifera L.) 
A systematic review. Critical Reviews in Food 
Science and Nutrition, 2023; 7748-7803, 
https://doi.org/10.1080/10408398.2023.2191
285 

Martinello M, Mutinelli F. Antioxidant activity in bee 
products: A review. Antioxidants, 2021; 10(1): 
71, https://doi.org/10.3390/antiox10010071 

Mesele T L. Review on physico-chemical properties 
of honey in Eastern Africa. Journal of 
Apicultural Research, 2021; Vol. 60 (1): 33
45, 
https://doi.org/10.1080/00218839.2020.1754
566 

-

antibacterial and anti-biofilm properties of 
rapeseed creamed honey enriched with 
selected plant superfoods. Antibiotics, 2023; 
12(2): 235, 
https://doi.org/10.3390/antibiotics12020235 

Ndife J, Abioye L , Dandago M. Quality assessment 
of Nigerian honey sourced from different floral 
locations. Nigerian Food Journal, 2014; 32(2): 
48-55. 

-resistant infections globally: 
final report and recommendations. London: 
Review on Antimicrobial Resistance 2016; 
https://amr-
review.org/sites/default/files/160525.

Piana M L, Oddoa L P, Bentabolb A, Bruneauc E, 
Bogdanovd S and Declerckc C G. Sensory 
analysis applied to honey: state of the art. 
Apidologie, 2004; 35: S26 S37, 
DOI:10.1051/apido:2004048 

Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial 
resistance: a global qualitative standard 
based on antibacterial activity. Foods. 2015; 
(109): 309-318, 
https://doi.org/10.1179/2047773215Y.000000
0030 

Raimi, M Z K A, Hussain G, Zafeer N, Ahmad F, Irfan 
M, Ullah A, & Shabbir A. Honey and Black 
Seed Synergistically Promote Regeneration 
of Oligodendrocytes in Cuprizone Intoxicated 
Quail Brain. Pakistan Journal of Zoology. 
2024; 56(3): 1163-1173, DOI: 
https://dx.doi.org/10.17582/journal.pjz/20221
107121103 

Raweh H S A, Hadj-Ahmed A Y B, Iqbal J, Alqarni, 
A S. Physicochemical Composition of Local 
and Imported Honeys Associated with Quality 
Standards. Foods, 2023; 12, 2181, 
https://doi.org/10.3390/foods12112181

Saeed M A and Jayashankar M. Physico-chemical 
characteristics of some Indian and Yemeni 
Honey. Journal of Bioenergy and Food 



 

 Uludag Bee Journal 2024, 24 (2): 337-355 355

Science. 2020; 7(2): 1-15, 
DOI:10.18067/jbfs.v7i2.283 

Saikaly S K, Khachemoune A. Honey and wound 
healing: an update. Am. J. Clin. Dermatol. 
2017; 18: 237 251, 
https://doi.org/10.1007/s40257-016-0247-8 

Salem M A. Effect of some heat treatment on nigella 
seeds characteristics, Some physical and 
chemical properties of nigella seed oil. Journal 
of Agricultural Research, Tanta University, 
2001; 27: 471 486. 

-
M A, Pascual-  Nonaromatic organic 
acids of honeys. In: Vit, P., Pedro, S.R.M., 
Roubik, D.W. (Eds.), Pot-Honey: A Legacy of 
Stingless Bees. Springer, New York, 2013; 
pp. 447 458. https://doi.org/10.1007/978-1-
4614-4960-7_32 

Seraglio S K T, Schulz M, Brugnerotto P, Silva B, 
Gonzaga L V, Fett R, Costa A C O. Quality, 
composition and health-protective properties 
of citrus honey: A review. Food Research 
International 2021; 143: 110268. doi: 
10.1016/j.foodres.2021.110268 

Shafodino F S, Lusilao J M, Mwapagha L M. 
Phytochemical characterization and 
antimicrobial activity of Nigella sativa seeds. 
PloS one, 2022; 17(8): e0272457, 
https://doi.org/10.1371/journal.pone.0272457 

Singh I and Singh S. Honey moisture reduction and 
its quality, J. Food Sci. Technol. 2018; 55(10): 
3861 3871, doi: 10.1007/s13197-018-3341-5 

Singh-Ackbarali D, Maharaj R. Sensory evaluation 
as a tool in determining acceptability of 
innovative products developed by 
undergraduate students in food science and 
technology at the University of Trinidad and 
Tobago. Journal of Curriculum and Teaching, 
2014; 3(1): 10-27, DOI:10.5430/jct.v3n1p10 

Song Y, Jeong H Y, Lee J K, Choi Y S, Kim D O, 
Jang D, et al. Enzyme treatment alters the 
anti-inflammatory activity of the water extract 
of wheat germ in vitro and in vivo. Nutrients, 
2019; 11(10): 2490, 
https://doi.org/10.3390/nu11102490 

Tafinine M Z, Ouchemoukh S, Bey M, Louaileche H, 
Tamendjari. A. Effect of storage on 
hydroxymethylfurfural (HMF) and colour of 
some Algerian honey. Int. Food Res. J., 2018; 
25(3):1044 1050. 

Tahoon N A, Eid R A, Mahgoub S A, Ismail M S. The 
Hyperglycemic and Anti-hyperlipidemic 
Properties of Honeybee Mixed with Wheat 
Germ in Streptozotocin-induced Diabetes in 
Rats. Indian journal of pharmaceutical 
education and research, 2024; 58(1): 212-
219, DOI: 10.5530/ijper.58.1.23 

Tamma N E, Rebiai A, Benchikha N, Hima A. A 
comparative study of the antioxidant and 
antimicrobial properties of the phenolic 
extracts from palm pollen growing in Oued 
Souf (Algeria). An. Univ. Oradea Fasc. Biol, 
2020; 27(2): 154-161. 

Yarnell E, Abascal K. Nigella sativa: holy herb of the 
Middle East. Alternative and Complementary 
Therapy, 2011; 17: 99 105. 

Young G W Z, Blundell R. A Review on the 
Phytochemical Composition and health 
applications of honey. Heliyon 2023; 9: 
e12507, DOI: 10.1016/j.heliyon.2022.e12507 

Yu, X, Li, B, Wang, L, Chen X, Wang W, Wang Z, et 
al. Systematic Analysis of Pericarp Starch 
Accumulation and Degradation during Wheat 
Caryopsis Development. PLOS One, 2015; 
10(9): e0138228, doi: 
10.1371/journal.pone.0138228. 

 

 

 

 

 

 


