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Abstract. A limited number of studies investigate the chemical composition and effects of Algerian bee products specially
propolis, beeswax, bee bread. This study investigated the chemical composition and biological activities of Algerian bee products-
propolis, beeswax, bee bread, and honey-focusing on total phenolic and flavonoid contents, antioxidant capacity, anti-diabetic
potential, and antimicrobial effects. Extracts obtained using 70% acetone showed varying yields, with honey A and propolis
exhibiting the highest (78.7% and 24.26%, respectively). All products demonstrated significant levels of phenolic compounds and
flavonoids. Antioxidant activity, measured via DPPH radical-scavenging assay, was strongest in Algerian propolis (ICso = 0.0744 +
0.0007 mg/mL). LC-ESI-MS/MS analysis identified rutin and 21 phenolic compounds in propolis. While all samples were tested at
126 pg/mL for anti-diabetic activity, hexokinase inhibition was minimal. Disk diffusion assays revealed that Algerian bee honey
exhibited notable antimicrobial activity. These findings highlight the rich bioactive profile and therapeutic potential of Algerian bee

products.
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INTRODUCTION

Healthcare professionals manage diabetes mellitus
by administering insulin alongside synthetic anti-
diabetic drugs such as metformin and glipizide, despite
the potential side effects of these medications. To
mitigate these undesirable side effects, researchers are
actively exploring natural metabolites as potential
candidates for new anti-diabetic therapies. Recent
studies suggest that abnormal increases in HK2 levels
and dysregulated glycolysis play a significant role in
impaired glucose metabolism. Elevated levels of G6P
and downstream glycolysis intermediates have been
identified as key contributors to the tissue-specific,
chronic progression of hyperglycemia associated with
diabetes [47]. Apitherapy involves using bee products
for their natural healing qualities and is a part of
alternative and folk medicine. Its origins can be traced
back to ancient China or present-day Russia. However,
the use of bee products for therapeutic purposes can
also be found in ancient Egypt and Greece, where they
were used for cosmetics and wound healing
preparations. It's important to note that while honey or
royal jelly cannot cure conditions like diabetes, they do
contain anti-diabetic substances which may help
improve glycemic profiles when consumed [53].

Numerous research papers have explored the
natural antioxidant substances present in medicinal bee
products. These compounds are not only used as food
preservatives to replace synthetic antioxidants, but they
also play a role in managing hyperglycemia. Therefore,
the objective of investigating the extraction of phenolic
compounds using 70% acetone is to identify the most
effective active molecules with antioxidant and anti-
diabetic properties. The increasing ineffectiveness of
existing antibiotics, coupled with the emergence of
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more virulent and resistant microorganisms, has
effectively compelled the scientific community to
explore therapeutic alternatives from natural sources.
As a result, plant- and animal-derived products have
regained prominence in the search for natural
antimicrobials, with honey and its derivatives standing
out as a potential solution [21]. Honey is composed of
a variety of chemical and mineral substances, vitamins,
carbohydrates, proteins, flavonoids, phenolic acids, and
additional components, along with physical and
chemical characteristics such as acidity, moisture
content, viscosity, and crystallinity, which all
contribute to its antioxidant properties and its efficacy
in combating bacteria and inflammation [3]. Honey
demonstrates significant antimicrobial properties. It
effectively inhibits a wide variety of bacterial species.
Alcohol extracts from honey show a suppressive effect
on numerous bacterial types, including both aerobes
and anaerobes, as well as Gram-positive and Gram-
negative bacteria. Honey exhibits strong antimicrobial
action against both harmful and non-harmful
microorganisms, such as yeasts and fungi, including
those that have developed resistance to various
antibiotics. The antimicrobial effects can be either
bacteriostatic or bactericidal, depending on the
concentration used [3]. The antibacterial and antifungal
activities of honey are influenced by its chemical,
physical, and biological characteristics. These factors
vary considerably among different honey varieties and
play a crucial role in determining the specific
properties of each type [36]. This study aimed to
evaluate the antimicrobial effects of Algerian bee
honey against certain strains of clinically relevant
Gram-positive and Gram-negative bacteria as well as
fungi, to assess its potential use for microbial
sterilization as a natural alternative.
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MATERIALS AND METHODS

Sample collection

Table 1. Algerian bee products, sampling area and year of collection.

Algerian bee product

Sampling area

Yaer of collection

Algerian bee honey A.
Algerian propolis.
Algerian bee honey B.
Algerian bee-wax.
Algerian bee-bread.
Algerian bee honey S1.
Algerian bee honey S2.
Algerian bee honey S3.
Algerian bee honey S4.
Algerian bee honey S5.
Algerian bee honey S6.
Algerian bee honey S7.
Algerian bee honey 8 A mixture of seven
honey varieties (S8).

Djelfa. 2022
El-Medea. 2022
Sog-Ahras. 2022
Sog-Ahras. 2022

Tipaza. 2022

Batna. 2024

El-Bayedhe. 2024
Tizi-Ouzou. 2024
Khanchela. 2024

Barika. 2024
Boussaada. 2024

Djelfa. 2022

/ /

Extraction
Acetonic extract of samples in room temperature

For each sample, 5 grams of bee product were
weighed and combined with 50 milliliters of 70%
acetone, stirred continuously for 24 hours. The mixture
was then filtered through filter paper. The residue was
subjected to three separate extractions. The solvent
from the two extracts was evaporated using a rotary
evaporator at 40°C, and the extracts were stored for six
days at 60°C in a steam room. Thereafter, the extract
samples were stored at -20°C.
Determination of the Total Phenol Content

The Folin-Ciocalteu colorimetric method was used
to determine the total polyphenol content of the
samples [18]. In a 1.5 mL Eppendorf tube, 100 puL of
sample extract (I mg/mL in distilled water) was
combined with 500 pL of Folin-Ciocalteu reagent
(10%) and 400 pL of Na2COs (75 mg/mL). After five
minutes of incubation at 40°C in the dark, the
absorbance was measured at 735 nm. The total
polyphenol content was expressed as mg/g of gallic
acid equivalents (Fig. 1) using the calibration curve (Y
= 0.0122x — 0.0052, R? = 0.9995). All measurements
were performed in triplicate.

Concentration
Figure 1. Total polyphenols calibration curve

Total flavonoids content

The method of Zhishen et al. (1999), with
modifications, was used to determine the total
flavonoid content of the samples [60]. In a 1.5 mL
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Eppendorf tube, 200 uL of sample extract was mixed
with 60 pL of 5% NaNO.. After 5 minutes, 60 uL of
10% AICIs was added, and the mixture was vigorously
mixed. After 6 minutes, 400 uL of 1M NaOH was
added. The absorbance was immediately measured at
510 nm against a control. A quercetin solution was
prepared, and calibration curves were plotted using
standard solutions at concentrations ranging from 0 to
1000 pg/mL (Fig. 2) with the equation (Y = 0.0018x +
0.0357, Rz = 0.9991). All measurements were
performed in triplicate.

¥=0.0018x+0.0357 .8
Ri= 09991 "

Concentration
Figure 2. Total flavonoids calibration curve

LC-ESI-MS/MS Analysis

An Agilent Technologies 1260 Infinity II system,
coupled with a 6460 Triple Quad Mass Spectrometer,
was used for the quantitative analysis of phenolics. A
Poroshell 120 SB-C18 column (3.0 x 100 mm, 2.7 pm)
was utilized [24]. Samples of 50 mg were dissolved in
1 mL of methanol in a 2 mL Eppendorf tube. One
milliliter of hexane was used to extract the end product,
followed by centrifugation for 10 minutes at 9,000
rpm. Subsequently, 100 puL of the methanol phase was
diluted with 450 pL of water and 450 pL of methanol
(900 pL total). After filtering through a 0.22 pm filter,
the mixture was injected into the instrument. The
injection volume was 5.12 puL, with a flow rate of 0.40
mL/min. The mobile phase consisted of ammonium
formate (5.0 mM) and 0.1% formic acid in methanol
(B), and 0.1% ammonium formate in water (A). The



Analele Universitatii din Oradea, Fascicula Biologie

gradient program for the B mobile phase was adjusted
as follows: 25% for 1-3 minutes, 50% for 4-12
minutes, 90% for 13-21 minutes, and 3% for 22-25
minutes. The column temperature was maintained at
40°C. The nebulizing gas (N2) flow rate was 11 L/min,
with a pressure of 15 psi, a capillary voltage of 4000 V,
and a gas temperature of 300°C.

DPPH Test for Scavenging Free Radicals

The DPPH method was used to assess the
antioxidant activity of the extracts [43]. To each
methanolic extract solution, 50 uL was added to 1.95
mL of DPPH methanolic solution (0.025 g/L) at
varying concentrations (from 0.0125 to 5 mg/mL).
Similarly, 50 pL of methanol was mixed with 1.95 mL
of the DPPH methanolic solution as a negative control.
After 30 minutes of incubation at room temperature in
the dark, the absorbance was measured at 515 nm
against a blank prepared for each concentration.
Ascorbic acid was used as the positive control, and its
absorbance was measured three times for each
concentration under the same conditions as the
samples. The inhibition of the DPPH radical was
calculated using the following equation:

1%= [(Abs contrdle — Abs test )/ Abs contrdle ] x 100
Hexokinase activity

Hexokinase  (HK) activity was  assayed
spectrophotometrically using a coupled reaction with
glucose-6-phosphate dehydrogenase (G6PD),
monitoring the reduction of NADP at 340 nm [33]. The
reaction mixture contained: R1 [MES buffer: 5.0
mmol/L, pH 6.0; Mg*: 24 mmol/L; ATP: > 4.5
mmol/L; NADP: > 7.0 mmol/L; preservative] and R2
[HEPES buffer: 200 mmol/L, pH 8.0; Mg?*: 4 mmol/L;
HK (yeast): > 300 pkat/L; G6PDH (E. coli): > 300
pkat/L; preservative]. The assay was conducted using
yeast HK isoforms (GLUC3, Roche/Hitachi Cobas) as
well as untreated medium. The enzyme was incubated
with the test compounds (126 pg/mL) for 10 minutes
prior to the assay.

Antimicrobial properties of Algerian bee Honey

We utilized a modified agar disk diffusion
technique for our study [31]. We evaluated the
antimicrobial effect of bee honey on various microbial
and fungal strains using Mueller-Hinton agar plates
that were pre-inoculated with a standardized microbial
suspension at 10° CFU/mL. Whatman paper disks that
were soaked with 10 puL of bee honey were placed on
the surface of the agar, with each disk being 6 mm in
diameter. After incubating at 37 °C for 24 hours, we
analyzed the results by measuring the inhibition zones'
diameters in millimeters (mm). All experiments were
performed in triplicate.

To assess the antimicrobial activity of honey
samples, five clinically identified bacterial strains were
selected, and one clinically identified fungus.
Preparation of honey samples

In a tube, we combined 0.2 mL of each honey
sample with 1 mL of dimethyl sulfoxide (C,HsOS)
(DMSO) solvent [44]. The tubes that were prepared
were then vortexed thoroughly.
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Minimum inhibitory concentration (MIC)

The MIC is defined as the lowest concentration that
can inhibit the growth of bacteria [56]. This assay is
conducted by performing serial dilutions of honey
samples at various concentrations on 96-well
microplates.

Initially, 100 pL of MH broth was added to every
well of the microplates. Introduce 100 microliters of
the prepared honey extract into the first well, mix
thoroughly, then transfer 100 microliters from the first
well to the second well. Continue this process for the
remaining wells to create a series of dilutions ranging
from a concentration of 10 mg/mL to 0.020 mg/mL.
Next, 50 microliters of the bacterial suspension are
added to each well of the microplate. The well
designated as the negative control contained solely 100
pL of MH broth, while the positive control well
contained 100 pL. of MH broth with Honey-free
Bacterial Suspension. The microplate was then
incubated at a temperature of 37°C for 18 hours.
Following incubation, each tube is inspected visually
for cloudiness [26].

Statistical analysis

EXCEL 2016 was used to conduct the tests in
triplicate and to express the results as mean + standard
error (SE) with p < 0.05 serving as the significance
level. Using SPSS 17.0, a one-way analysis of variance
(ANOVA) was used to examine the impact of the
enzyme inhibitor.

RESULTS

Extraction yields

The extraction method for evaluating the
phytochemical activities of the samples involves the
extraction of polyphenols and flavonoids. Extraction
with 70% acetone yielded a higher amount of Algerian
bee product extract, as shown in Fig. 3.
Estimation of  polyphenol and
concentration

For Algerian bee products, the total flavonoid (TF)
and total phenolic content (TPC) were assessed. The
highest TPC and TF concentrations were found in
Algerian bee propolis, as shown in Fig. 4, with values
of 62.65 (1.43) mg EGA/g and 205.16 (18.26) mg
EQ/g, respectively. Other products showed lower
concentrations: bee bread had 16.49 (0.45) mg EGA/g
and 17.57 (4.19) mg EQ/g; bee wax had 6.16 (0.40) mg
EGA/g; and bee honey A and 2 had 2.85 (0.31) mg
EGA/g and 2.96 (0.54) mg EGA/g, respectively. Bee
wax, honey A, and honey B had a TF concentration of
0 mg EQ/g.
LC-ESI-MS/MS

The LC-ESI-MS/MS method was utilized to
identify the primary organic components present in
Algerian bee products. A total of 45 phenolic
compounds were used as standards (Table 2) (Fig. 5).

flavonoid
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Figure 3. Yields of algerian bee product extracts by aceton 70% Figure 4. Concentrations of TPC and TFC estimated in acetonic

algerian bee product samples.

Table 2. Esmation of chemical composition of Algerian bee products by LC-ESI-MS/MS
Phenolics (ng  Phenolics (ng  Phenolics (ug  Phenolics (ng Phenolics

Compounds Analyte Rt analyte/ g analyte/ g analyte/ g analyte/ g (ng analyte/
Bee honey A) propolis) Bee honey B) Bee Bread) g Bee Wax)
1 Shikimic acid 1.46 ND ND ND ND ND
2 Gallic acid 323 ND 60.79 ND ND ND
3 Protocatechuic acid 542 ND 50.60 ND ND ND
4 Epigallocatechin 6.82 ND ND ND ND ND
5 Catechin 6.86 ND ND ND ND ND
6 Chlorogenic acid 7.38 ND 23.01 ND ND ND
7 Hydroxyben zaldeyde 7.63 ND 1.93 ND ND ND
8 Vanillic acid 7.73 ND ND ND ND ND
9 Caffeic Acid 7.81 ND 300.08 ND ND ND
10 Syringic acid 8.35 ND ND ND ND ND
11 Caffein 8.34 1.92 391 1.11 1.65 1.60
12 Vanillin 8.59 ND 11.75 ND 5.54 4.99
13 o-coumaric acid 9.39 ND 68.45 ND ND ND
14 Salicylic Acid 9.73 ND 68.87 ND ND ND
15 Taxifolin 9.68 ND 6.00 ND ND ND
16 Resveratrol 9.74 ND ND ND ND ND
17 Polydatine 9.87 ND ND ND ND ND
18 Trans-ferulic acid 10.05 ND 165.80 ND ND ND
19 Sinapic acid 10.33 ND ND ND ND ND
20 Scutellarin 11.16 ND 2.26 ND ND ND
21 p-coumaric acid 11.57 ND ND ND ND ND
22 Coumarin 11.56 ND ND ND ND ND
23 Protocatehuic ethyl ester 11.68 ND ND ND ND ND
24 Hesperidin 11.72 ND ND ND ND ND
25 Isoquercitrin 11.74 0.69 14.07 ND ND ND
26 Rutin 12.21 ND 4489.06 ND ND ND
27 Quarcetin-3-Ksilozid 12.41 ND ND ND ND ND
28 Kaempferol-3-glucoside 13.07 221 2.06 ND ND ND
29 Fisetin 13.34 ND ND ND ND ND
30 Baicalin 13.78 ND ND ND ND ND
31 Chrysin 14.04 ND ND ND ND ND
32 Daidzein 14.18 ND ND ND ND ND
33 Trans-cinnamic acid 14.27 ND 23.27 ND ND ND
34 Quercetin 14.76 31.18 93.97 ND ND ND
35 Naringenin 14.86 9.13 88.82 ND ND ND
36 Silibinin 15.60 ND ND ND ND ND
37 Hesperetin 15.83 ND 12.51 ND ND ND
38 Morin 15.70 ND ND ND ND ND
39 Kaempferol 16.36 268.68 402.56 ND ND ND
40 Baicalein 17.07 ND ND ND ND ND
41 Luteolin 17.78 ND 24.70 ND ND ND
42 Biochanin A 17.90 ND ND ND ND ND
43 Capcaicin 18.17 ND ND ND ND ND
44 Dihydrocapcaicin 18.58 ND ND ND ND ND
45 Diosgenin 23.53 ND ND ND ND ND
Rt: Retention time. ND: not detected
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Figure 5. LC-ESI-MS/MS chromatograms of Algerian bee products: A: Honey A; B: Propolis; C: Honey B; D: Bee Bread; E: Bee Wax; @ Caffein;
@ Vanillin; @ Isoquercitrin; @ Kaempferol-3-glucoside; @ Quercetin; @ Naringenin; @ Kaempferol; Caffeic acid; @

Salicylic acid; Rutin; @9 Luteolin.

Antioxidant activity

The DPPH scavenging activity method was used to
determine the half-maximal inhibition concentration
(IC50) values for Algerian bee products, BHA, BHT,
and Trolox. The results are presented in Table 3.

Table 3. The DPPH radical-scavenging activity of Algerian bee

products.
DPPH Scavenging
Antioxidant Activity ICS0 2
R
pg/mL
BHA 4.39 0,04
BHT 10.86 0,06
Trolox 495 0,03
Algerian Bee Propolis 74.46 0.78
Algerian Bee Bread 198.66 2.63
Algerian Bee Wax / /
Algerian Bee Honey A / /
Algerian Bee Honey B / /

the HK inhibitory assay, indicating a minimal anti-
diabetic effect from the Algerian bee products (Fig. 6).

honey A propolis honey B beebread beewas
Bee Products

% of antihexokinase effects

Hexokinase (HK) Inhibitory Assay

The Algerian bee products (honey A, propolis,
honey B, bee bread, and bee wax) were tested for their
in vitro anti-diabetic properties. At a concentration of
126 pg/mL, the HK inhibition values were 2.9%, 4.7%,
2.2%, 2.2%, and 1.5%, respectively. The anti-diabetic
properties of these bee products were assessed using
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Figure 6. Percentgae of antihexokinase effects of acetonic algerian
bee product extracts.

Antimicrobial properties of Algerian bee Honey

Antimicrobial activity results of selected honey
samples presented in the table by measuring the
inhibition diameter in millimeters for the strains tested
(Table 4) (fig. 7-11).
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Table 4. Inhibition zone diameters.

Hone Escherichia Klebsiella Proteus Staphylococcus Streptococcus Candida
samplZs coli pneumoniae vulgaris aureus sp. albicans
Gram - Gram - Gram - Gram + Gram + Fungi

S1 20.33mm 9.66mm 24.5mm 16mm - -
S2 25mm 12.5mm 12.33mm - - -
S3 33.33mm - 12.66mm - - -
S4 24.66mm - 17.66mm - - -
S5 22mm - 15.5mm - - -
Se 20.33mm - 18mm - - -
S7 22.66mm - 17.33mm - - -
S8 26.66mm - 18mm - - -

- : no inhibition zone

[Inhibation Zone

=

Figure 9. The zone of inhibition in Staphylococous aureus bacteria.
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Figure 10. The zone of inhibition in Streptoccus sp. bacteria.

Minimum inhibitory concentration (MIC)

Figure 11. The zone of inhibition in Candida albicaus fungi.

The table below displays the minimum inhibitory concentration (MIC) results in mg/mL (Table 5).

Table 5. Result of the minimum inhibitory concentration of honey.

Escherichia Proteus Klebsiella Staphylococcus Streptococcus Candida
Honey coli Igaris Pneumoniae Aureus sp. albicans
samples cont viisa P .
Gram - Gram - Gram - Gram + Gram + Fungi
S1 2.5mg/mL 10mg/mL Smg/mL 2.5mg/mL - -
S2 10mg/mL 10mg/mL Smg/mL - - -
S3 Smg/mL 10mg/mL - - - -
S4 10mg/mL 10mg/mL - - - -
S5 Smg/mL 10mg/mL - - - -
S6 Smg/mL 10mg/mL - - - -
S7 Smg/mL 10mg/mL - - - -
S8 Smg/mL 10mg/mL - - - -
Cefotaxime
Antibiotic R R R ) S i
R: Résistance - :no CMI S : sensible
DISCUSSION organic solvents due to its lower polarity and greater

Since ancient times, beekeeping products such as
honey, bee bread, propolis, and beeswax have been
widely used in folk medicine due to their potent
medicinal qualities and high concentration of bioactive
molecules [38].

In this study, higher extraction yields were
observed with 70% acetone compared to methanol and
ethanol, except for antioxidant activity, where ethanol
performed better [43]. Acetone is known to be more
effective at extracting phenolic antioxidants than other
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ability to dissolve phenolics [5, 27-29, 31, 40, 46, 48,
54]. The extraction yield is influenced by factors such
as the solvent used, temperature, and duration of the
extraction process [30, 48, 52].

Bee propolis, bee bread, bee wax, and both varieties
of Algerian honey exhibited the highest concentrations
of phenolic compounds, with values of 62.65 mg
EAG/g, 16.49 mg EAG/g, 6.16 mg EAG/g, 2.96 mg
EAG/g, and 2.85 mg EAG/g, respectively. Comparing
the Algerian propolis extract to studies by Petar et al.
(2018) [49] and Nurul Aliah ef al. (2019) [2], it was
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found to have higher concentrations of phenolic
compounds and a greater flavonoid content (205.16 mg
EQ/g) than reported by Petar et al. (2018) [49].
Additionally, the Algerian bee bread extract showed
higher levels of phenolics and flavonoids compared to
those reported by Carlos et al. (2015) [61] and
Katarzyna et al. (2016) [19]. The Algerian bee wax
extract also had higher phenolic content than that
reported by Haoan et al. (2019) [59]. The Algerian bee
honey extracts had higher phenolic levels than those
reported by Tania et al. (2013) [S1], Je-Ruei et al.
(2013) [35], Ibrahim et al. (2018) [8], and Vesna et al.
(2018) [55]. These variations are likely due to
differences in nectar sources and the geographical
origin of the samples [6, 11].

There is limited research on the compounds found
in Algerian bee products. LC-ESI-MS/MS analyses
identified six phenolic compounds in Algerian bee
honey sample N°01 (Fig. 5), while only one phenolic
compound was identified in sample N°03. In
comparison, studies from Cuba identified 16 phenolic
compounds using HPLC-DAD-ESI-MS/MS [10], and
studies from Brazil identified 20 phenolic compounds
by LC-MS and 26 phenolic compounds by HPLC-ESI-
MS/MS [15, 16]. Additionally, our analysis determined
21 phenolic compounds in Algerian propolis, while
studies from Chile and Portugal reported 29 and 31
phenolic compounds, respectively, using GC-MS and
UPLC-DAD-ESI/MS [17, 25]. For Algerian bee bread
and bee wax, only two phenolic compounds were
identified, whereas Bakour et al. (2019) [12] reported
30 phenolic compounds in bee bread. These variations
in phenolic compound profiles can be attributed to
factors such as the collection time and location of bee
pollen (geographic conditions), extraction techniques,
extraction solvents, and the methods used to estimate
the compounds.

The DPPH test results for scavenging free radicals
were expressed as IC50 (mg/mL). The results indicated
that the DPPH scavenging capacity of Algerian bee
products was lower compared to BHA, BHT, and
Trolox (Table 3). However, the bee bread sample
exhibited higher antioxidant activity than reported by
Bakour et al. (2019) [12]. On the other hand, Algerian
propolis demonstrated greater antioxidant capacity than
other bee product samples and was also superior to the
antioxidant capacity reported in Brazil (Abdullah ef al.,
2019) [2]. This finding may be attributed to the nature,
amount, and structure of the synthesized polyphenols,
which aligns with previous studies [48]. The
mechanism of the reaction between the antioxidant and
the DPPH radical is influenced by the spatial structure
of the antioxidant [32, 48]. Although ethanol extraction
was found to be more effective than acetone extraction
in terms of antioxidant activity in some studies [48],
our results show that acetone extraction is more potent
than ethanol and methanol extraction, consistent with
findings from studies in Brazil and Morocco [58]. This
may be due to the major compound in our sample,
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chlorogenic acid, which has known antioxidant effects
[4, 23, 42].

For the first time, bee products have been tested for
anti-hexokinase activity. The results indicated that our
crude acetonic samples did not exhibit significant
hexokinase inhibitory activity. This may be due to the
presence of kaempferol, a polyphenol known to
potentially increase hexokinase activity [7, 23], or the
absence of fisetin, as tetrahydroxyflavone (3,7,3°,4")
can decrease the activity of glucose-6-phosphate
dehydrogenase [23, 45]. Additionally, the absence of
protocatechuic acid, which has known anti-hexokinase
and antihyperglycemic activities [42], could also
explain the lack of significant hexokinase inhibition.

The findings indicated that every honey sample
evaluated exhibited a substantial inhibitory effect on
Escherichia coli bacteria. The inhibition diameters
varied between 33.33 mm and 20 mm. Sample 03,
which was multi-flower honey, had the highest
inhibition, followed by sample 08 (a blend of all honey
samples) with a diameter of 26.66 mm, while the
remaining samples showed similar inhibition
diameters. The results obtained surpassed those
reported by Ben-Amor (2022) and Alqurashi (2013) for
sample 03 and were similar to the findings of our other
samples, as well as to Nakib (2020), except for sample
M2 in the Escherichia coli strain, which yielded the
same results since it was sourced from the same region,
resulting in almost identical chemical, physical, and
biological characteristics. However, results for sample
MO in the Escherichia coli strain were superior, and the
same trend was observed with samples M4 and M5 in
Staphylococcus aureus. In the case of the Klebsiella
pneumoniae strain, our results were more favorable
than those found by Nakib (2020). These differences
can be attributed to variations in chemical, physical,
and biological traits. Such factors vary significantly
among different types of honey and play a crucial role
in determining the distinctive characteristics of each
variety [9, 36, 41, 50]. In his examination of honey
samples from Saudi Arabia, the inhibition diameters
varied from 17 to 25 mm. Regarding the Gram-
negative bacteria Proteus vulgaris, Sidr honey sample
01 exhibited the strongest inhibitory effect with a
diameter of 24 mm, followed by sample 08 with a
diameter of 18 mm. In comparison, samples 02 and 03,
with diameters of 12.33 and 12.66 mm respectively,
displayed average inhibitory activity relative to the
other samples.

These findings surpassed those reported by
Mahendran & Kumarasamy (2015) in their analysis of
various natural honey samples in India, where the zone
of inhibition ranged from 8 to 9.2 mm, indicating a
relatively weak effect when compared to our study
[37].

The strains of Escherichia coli and Proteus vulgaris
appeared to be more responsive to the honey samples
tested compared to the Klebsiella pneumoniae strain,
which exhibited a low inhibition level in sample 01
with a diameter of 9.66 mm and a moderate inhibition
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level in sample 02 with a diameter of 12.50 mm. For
the remaining honey samples, there was no observed
impact on the activity of these Gram-negative bacteria.

These findings surpass those reported by Zahoor et
al. (2014) in their investigation of four varieties of
Pakistani honey, where the inhibition zones for
Klebsiella pneumoniae ranged from 6.8 to 9.1 mm
[57].

Only  Gram-positive  Staphylococcus — aureus
bacteria displayed a significant sensitivity to honey
sample 01, which had a diameter of 16 mm, while
showing no response to the other honey samples,
similar to the findings with Streptococcus sp. and
Candida albicans.

Staphylococcus aureus bacteria exhibited strong
sensitivity exclusively to honey sample 01, with a 16
mm diameter, and showed no interaction with the other
honey samples, mirroring the results seen with
Streptococcus sp. and Candida albicans. These
findings contrast with those reported by Abdellah et al.
(2020) in his research, where a lower zone of inhibition
was recorded, falling between 8 and 9.5 mm for
Staphylococcus bacteria and measuring at 6 mm in
diameter for Candida albicans [1].

The findings indicate that bacterial and fungal
strains exhibited varied interactions across different
samples. The honey samples displayed a pronounced
zone of inhibition against Gram-negative bacteria,
especially Escherichia coli and Proteus vulgaris.

According to Merah (2010), this suggests that
certain honey samples might influence Gram-negative
bacteria while having no impact on Gram-positive
bacteria or fungi, potentially clarifying the observed
ineffectiveness on Streptococcus bacteria and Candida
albicans fungi [39].

According to Cilia et al. (2020), the antibacterial
properties of honey are influenced by its botanical
source, quality, extraction methods, and shelf life, all
of which impact its physicochemical characteristics,
enzymatic activities, and effectiveness [22].

Belhaj et al. (2016) explained honey's antibacterial
effects by noting the presence of the enzyme glucose
oxidase, which facilitates the transformation of glucose
into gluconic acid and hydrogen peroxide [14].

In the antibiotic testing results, all tested bacteria,
including Escherichia coli, Proteus vulgaris, and
Klebsiella pneumoniae, exhibited resistance to the
antibiotic Cefotaxime. Escherichia coli demonstrated
the highest sensitivity to the eight honey samples, with
a concentration of 2.5 mg/mL in sample 01 effectively
preventing the growth of Escherichia coli, and a
concentration of 5 mg/mL in all other samples
3.5.6.7.8.

In other words, honey's efficacy against
Escherichia coli surpassed that of Ukrainian honey in
the research conducted by Cilia ef al. (2020), where the
minimum inhibitory concentration (MIC) values
ranged from 188 to 375 mg/ml [22].

Proteus vulgaris showed less sensitivity compared
to Escherichia coli, with a minimum inhibition
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concentration of 10 mg/ml across all honey samples.
These findings were more favorable than those
presented by Bouhlali e al. (2020) in his MIC
evaluations of various plant-origin samples (orange,
lavender, eucalyptus), which yielded MIC results of
10.33 - 11.50 - 12.50 mg/mL [20].

Regarding Klebsiella pneumoniae bacteria, the
concentration of 5 mg/mL in honey sample 01 and
honey sample 02 was adequate to inhibit them. The
other honey varieties showed no inhibitory effect on
these bacteria.

The Staphylococcus aureus bacterium exhibited
sensitivity only to sample 01, with an MIC of 2.5
mg/mL, while other honey samples did not
demonstrate any sensitivity. This finding surpasses the
results reported by Bazaid et al. (2023), which
indicated the lowest concentration needed to inhibit
this bacterium was 400 mg/mL in their study on Saudi
Sidr honey [13].

In the case of Streptococcus and Candida albicans,
these bacteria did not show sensitivity or reactivity to
any of the tested honey samples, differing from the
results of Bazaid et al. (2023), which recorded an MIC
of 700 mg/mL [13].

In conclusion, LC-ESI-MS/MS analysis identified
caffeine as a common component in Algerian bee
products, including propolis, beeswax, bee bread, and
honey. Algerian propolis contained 21 phenolic
compounds, with rutin as the most abundant. The
phenolic content may be influenced by the bees’ diet.
Although these products do not appear to act as anti-
hexokinase agents, they may have potential as natural
inhibitors of alpha-amylase and beta-glucosidase,
relevant for diabetes management. Antimicrobial
testing revealed variability in bacterial susceptibility
among honey types, with Escherichia coli and Proteus
vulgaris being the most sensitive. Notably, sample
(08), a combination of seven honeys, showed strong
synergistic inhibition against these strains « synergy ».
Further research is needed to validate these findings
and explore their therapeutic potential.
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