Volume 8 < Issue 3 | 265

(
f@l‘lune ARCHIVES OF MICROBIOLOGY

3

Journals & IMMUNOLOGY
Research Article ’ ISSN: 2572-9365
L

£

Antimicrobial, Antioxidant and Cytotoxic Properties of Four Types of
Honey as Related to Their Phenolic and Flavonoid Contents
Seif Eldin AM", Ahmed SK?, Waleed SK?, Khalid AK**5, Hamed AG**5, Mogbel AAE'*45, Badria MS**%, Mohamed

E A3,4,6

Abstract

This study explores the antibacterial and antifungal activity of
four floral honey types (12 samples) (A. seyal, Zizuphus spina-christi,
Cucurbita maxima and A. nilotica) as related to their phenolic content,
antioxidant capacity, and assessing their cytotoxic effects. The cup-plate
agar diffusion assay was employed to examine the antimicrobial potency
against different pathogens including Bacillus subtilis, Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa, Aspergillus niger and
Candida albicans. Scavenging activity, total phenolic, flavonoid contents,
and cytotoxicity were determined by the DPPH radical scavenging, Folin—
Ciocalteu, spectrophotometery, and Brine shrimp lethality, bioassays
respectively. All assessed honeys significantly inhibited the growth of the
tested pathogens. Both Acacias honey exhibited high antioxidants with
IC50: 6.68 and 9.08 mg/ml respectively for A. seyal and A. nilotica. The
total phenol content varied from 5.75 to 67.95 mg (GAE)/100 g while
the overall flavonoid content varied from 0.15 to 0.5mg (QE)/100g. All
honey types expressed no cytotoxicity effects on cell lines. Thus the
study, supports the existing antimicrobial activity of honey. However, the
strong antimicrobial activity of Cucurbita and Ziziphus honeys, with their
corresponded poor antioxidant furtherly provides evidence that the high
levels of phenolic substances in honeys is not always the only cause of

their antimicrobial potency.
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Introduction

As a natural product, the nutritional and medicinal value of honey has
been recognized since the ancient civilizations. Currently there has been great
interest of honey by the researchers, medical community and public dealers.
Honey is an antiseptic agent for the treatment of illnesses such as ulcers,
bedsores, and other skin infections that result from burns and injuries [1,2].
As an antibiotic, honey is very effective on infections that have not been cured
with any authenticated antibiotics. The astonishing effect of honey in clearing
infections quickly and helping healing was stated in numerous research
findings on its antibacterial activity [3].

The honey antioxidant is varying due to some reasons including botanical
sources foraged by the bees, seasonal and environmental contributions, and
harvesting methods [4,5]. The entire characteristic of honey antioxidant
results from many bioactive substances. However, the phenolic profile is well
known to contribute largely to the total honey antioxidant activity [6,7].
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The antimicrobial and antioxidant activity of honey
are largely affected by the honey polyphenols, flavonoids,
peptides/proteins, di-carbonyls and hydrogen peroxide.
Antioxidants substance of honey is found in high levels. These
substances include enzymatic and non-enzymatic ones such
as catalase, phenolic acids, flavonoids, carotenoids, organic
acids, ascorbic acid, amino acids, proteins, and Millard
reaction products [4,5; 8-14]. Honey phenolic compounds
vary according to its botanical/geographical origin, honeybee
race, climate conditions and factors such as the honey harvest,
treatment, and storage [15].

A comparative study was performed to determine the
efficacy, antibacterial, antifungal, and antioxidant of four
honey types from different botanical/geographical origins.
Although there are many reports on the antimicrobial and
antioxidant properties of honey, the current study enriches
our knowledge of antimicrobial and antioxidant properties
of honey in the light of its phenolic and flavonoid contents.
It might also be a new intervention utilization of a safe
(none cytotoxic) nutraceutical, which can contribute to the
management of chronic diseases commonly associated with
oxidative stress.

Results
Antibacterial and antifungal activity

In the present study, all investigated honeys were
active against the tested pathogens. A. seyal honey, in all
concentrations, significantly (p < 0.05) had positive effects
on B. subtilis, E. coli, and Pseudomonas aeruginosa. It
was most active against E. coli giving maximum growth
inhibition diameter of 33.3 mm (Figure 1A). Similarly,
Zizuphus honey was significantly (p <0.01) active against E.
coli giving maximum growth inhibition diameter of 34.7 mm
(Figure 1C). Its activity was almost the same as for the rest
of the tested bacteria. Cucurbita honey also was significantly
(p <0.05) active against B. subtilis, E. coli and Pseudomonas
aeruginosa (Figure 1D). Only, A. nilotica honey showed
steady and similar activity on all the tested bacteria (Figure
IB). No statistically significant differences were observed
between Zizuphus and Cucurbita honeys (p = 0.157) and
between A. seyal and A. nilotica honeys (p = 0.247) in their

overall antibacterial activities (Table 1). It can be noticed
that all the investigated floral honeys have almost constant
antibacterial activity (_25 mm) against Staphylococcus aureus
(Figure 1A, B,and C, D). Itis also important to note that E. coli
was resistant to the standard antibiotic tested (supplementary
material Table S1) while it was the most susceptible candidate
to the all investigated floral honeys (Figure 1A, B, C, and
D). Figure 2 shows the antifungal activity of honeys. All the
assayed honey types have shown similar activities against
Candida albicans and Spergillus niger. None of the honey
types has expressed statistical significance variations.

Scavenging activity, total flavonoid and total phenol
contents

The scavenging activity of the different floral honeys was
presented in Figure 3. The IC50 varied greatly between the
samples, Acacia seyal honey was the most active (IC50 =
6.68 mg/ml) followed by Acacia nilotica (IC50 =9.08 mg/ml)
and Ziziphus (IC50 = 72.31 mg/ml). Cucrbita honey was not
active in DPPH inhibition (Table 2). The total phenol varied
from 5.75 to 67.95 mg GAE/100 g respectively; in cucurbita
and Acacias honey types. The two varieties of Acacia have
shown no significant difference (p < 0.01) between them in
the phenol contents (Table 2). The total flavonoid contents
were similar 0.15 mg QE/100 g in Zizuphus and Cucurbita
honeys. They varied from 0. 57-0. 50 mg QE/100 g in A.
nilotica and A. seyal honeys respectively (Table 2).

Cytotoxicity of honey

As results show, the LD50 from Brine shrimp lethality
bioassay was > 1000 pg/ml indicating no cytotoxicity.
Thus all the studied honey types are safe compared to the
positive control vincristine sulfate which show LD50 > 249
(Table 3).

Materials and Methods
Sampling

Twelve samples of honey of different botanical/
geographical origins were randomly collected from apiaries
during the season 2000/2021. The samples were labeled from
(1- 12) and then stored under laboratory conditions (20 °C)
waiting for analysis.

Table 1: Correlation matrix (probability) between the different honeys (N = 12 samples) in the antibacterial activity.

Zizuphus spina-christa

Zizuphus spina-christa

Acacia nilotica 0.005
Acacia seyal 0.017"
Cucurbita maxima 0.157Ns

“ Significant difference at (p < 0.01). NS = No significant difference.

Acacia nilotica Acacia seyal Cucurbita maxima

0.247nNs

0.019" 0.032"
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Figure 1: The antibacterial activity of the different honey types. (A) A. seyal, (B) A. nilotica, (C) Zizuphus spina-christi, (D) Cucurbita maxima.
* Significant at P < 0.05; ** Significant at P < 0.01.
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Figure 2: The antifungal activity of the different honey types. (A) A. seyal, (B) A. nilotica, (C) Zizuphus spina-christi, (D) Cucurbita maxima.
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Table 2: Total polyphenols profile and the RSA of the different honey (N = 12 samples) types

Total polyphenols Mean + SD
Sample No. Botanical name of the honey RSA IC50 (mg/ml)
Flavonoids (ug QE/100 g Phenols (ug GAE/100g
1. Ziziphus spina-christi 72.31 0.152+ 0.00 25.50° + 4.66
2. A. nilotca 9.08 0.57¢+0.02 67.95°+9.73
3. A. seyal 6.68 0.50° + 0.01 54.95¢ + 6.52
4. Cucurbita maxima n/a 0.152+ 0.01 5.75°+ 0.38

Means in the same column with the same superscript letter are not statistically different. (p < 0.01). RSA = Radical scavenging activity; n/a = not
active.
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Figure 3: Percentage of DPPH radical scavenging activity of the different honey types
and the control (Ascorbic acid).

Table 3: Cytotoxicity of the honey (N = 12) samples.

Concentration (ug/ml) Concentration (ug/ml)
No. Name of honey Number of Number of dead Number of survivors LD, pg/mi) The degree of
source shrimps organisms organisms 50 toxicity

1000 100 10 1000 100 10

1 Ziziphus spina-christi 30 10 10 10 20 20 20 < 1000 Non-toxic

2 Acacia nilotca 30 10 7 7 20 23 23 < 1000 Non-toxic

3 Acacia seyal 30 10 8 7 20 22 23 < 1000 Non-toxic

4 Cucurbita maxima 30 10 7 7 20 23 23 < 1000 Non-toxic

5 Control 30 30 27 25 0 3 5 > 249 Highly toxic

Key: LD50 < 249 pg/ml high toxic; 250 — 499 pg/ml median toxicity; 500 — 1000 pg/ml light toxicity; < 1000 pg/ml None-toxic.

Citation: Seif Eldin AM, Ahmed SK, Waleed SK, Khalid AK, Hamed AG, Mogbel AAE, Badria MS, Mohamed EA. Antimicrobial, Antioxidant
and Cytotoxic Properties of Four Types of Honey as Related to Their Phenolic and Flavonoid Contents. Archives of Microbiology

and Immunology. 8 (2024): 265-272.




Volume 8 < Issue 3 | 269

Seif Eldin AM, et al., Arch Microbiol Immunology 2024

Journals DOI:10.26502/ami.936500174

The antimicrobial activity assays

The cup-plate agar diffusion assay was applied according
to Kavanagh (1972) [34] with some minor modifications.
The antibacterial activity of the honey samples was assayed
against two Gram-positive bacteria Bacillus subtilis (NCTC
8236) and Staphylococcus aureus (ATCC 25923) and two
Gram-negative bacteria Escherichia coli (ATCC 25922)
and Pseudomonas aeruginosa (ATCC 27853). Standardized
bacterial stock suspension (108 - 109 CFU/ml) was thoroughly
mixed with molten sterile nutrient agar (1:100 ml) which was
kept at 45°C. Then 20 ml aliquots of the inoculated nutrient
agar were distributed into sterile Petri-dish plates. Four cups
of (10 mm in diameter) were made using a sterile cork borer
(No. 4) and the agar discs were removed. Then after, each
cup was filled with 0.1 ml of sample and allowed to diffuse
at room temperature for 2 h. The plates were then incubated
in an upright position at 37°C for 18 h. Two replicates
were carried out for each honey sample against each of the
bacterium. The diameters of the resultant growth inhibition
zones were measured and averaged.

The same method was employed for the antifungal test
against two fungi strains Aspergillus niger (ATCC 9763) and
Candida albicans (ATCC 7596). However, instead of nutrient
agar; Sabouraud dextrose agar was used as inoculation media.
The inoculated medium was incubated at 25°C for two days
for Candida albicans and three days for Aspergillus niger.

DPPH radical scavenging assay

Free radical scavenging DPPH (1, I-diphenyl-2-
picrylhydrazyl) was applied to the samples according to the
method described by Kumaran and Karunakaran (2007) [35].
Honey solutions (10-100 pg/ml) were mixed with 0.4 mM
DPPH in methanol (2.0:1.0 ml). The mixture was shaken
vigorously and kept in dark at room temperature for 30 min.
Blank solutions were prepared with each sample (2.0 honey:
1.0 ml methanol) while the negative control was 1.0 ml of 0.4
mM DPPH solution plus 2.0 ml methanol. L- Ascorbic acid
was used as positive control. The absorbance of the assay
mixture (in triplicates) was measured at 515 nm against each
blank with spectrophotometer. DPPH radical inhibition was
calculated using the equation:

% inhibition = [(Ao— A1)/ Ao] x 100

Where Ao is the absorbance of the control, Al is the
absorbance of the tested sample. The IC values were
calculated from the plotted graph of DPPH radical scavenging
activity against the concentration of the assayed sample.

Brine shrimp lethality bioassay

The cytotoxicity of honey was assayed against Brine
shrimps nauplii Artemia salina (Ocean 90, USA) according
to Meyer et al. (1982) [36]. Honey was dissolved in

dimethylsulfoxide (DMSO) at three doses (1000, 100, and10
pg/mL). The honey solutions were then added to the pre-
marked vials containing 30.0 live Brine shrimp nauplii in
5.0 ml simulated sea water (38.0 g of sea salt in one liter of
distilled water). After 24 h, the vials were inspected using
magnifying glass and the number of survived nauplii in each
vial was counted. Nauplii were considered dead if they did
not show any observable internal or external movement
during 30.0 seconds. The number of the dead nauplii in each
treatment was compared to the dead nauplii in the control.
DMSO and vincristine sulfate were used respectively as
negative control and reference standard.

Total phenol content

Total phenols were determined using a modified method
of the Folin—Ciocalteu [37]. Honey samples were mixed
with distilled water (5.0 g: 50.0 ml) and filtered through
Whatman No. 1. The resultant solution was mixed with 0.2
N Folin—Ciocalteu (0.5: 2.5 ml) (Sigma— Aldrich Chemie,
Steinheim- Germany) for 5.0 min and 2.0 ml of Na2CO3
solution (75.0 g/l) were added. All samples were incubated
at room temperature in the dark for 2 h, the absorbance
of the mixture was read at 760 nm against blank solution
containing methanol instead of honey. A calibration curve
was developed using a stock solution of Gallic acid (Sigma—
Aldrich Chemie, Steinheim, Germany) 1.0 mg/ml was
prepared by further dilutions. The linearity of the curve was
(R2 =0.998). The mean of triplicate readings was used, and
the total phenol content was expressed as mg of Gallic acid
equivalents (GAE)/100 g of honey.

Total flavonoids

Total flavonoids were determined as described by Kim et
al. (2003) [38] with little modification. Firstly, honey solution
(1.0 mg/ml) was prepared and mixed with 0.3 ml of 5 %
NaNO2. Then 0.3 ml 10% AICI3 was added after 5 minutes.
Prepared honey samples were mixed and after six minutes
neutralized with 2 ml (1 M NaOH) solution. The absorbance
of the mixture was read at 510 nm and quantification was
performed using a standard curve. The titration curve was
developed using different concentrations (5-114 pg/ml) of
quercetin. The curve was linear (R2 = 0.989). The results
(triplicates) were expressed as quercetin equivalent (QE)/100
g honey.

Statistical analysis

Data were entered and plotted using Microsoft Excel
2010. Statistical Package for Social Science (version 16,
SPSS Corporation, Chicago, IL) was applied to determine:
One-way ANOVA, Student's t-test, and Duncan's multiple
range test (DMRT) for means comparison.
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Discussion
Antimicrobial activity

Itis common to find a plethora of evidence of incorporating
traditional folks into the modern medicine [16]. Globally,
honey has gained reputation in classical medicine for its
potential of defeating several illnesses [17]. The activity
of honey against bacterial and fungi has extensively been
documented in many scientific reports [18, 19]. The obtained
antibacterial activity results in the present study came in line
with the findings of other reports [20, 21] who tested the
antibacterial activity of honey against many bacteria such
as E. coli, Psecudomonas aeruginosa, and Staphylococcus
aureus. Also, results in this investigation have shown that
the differences in the antibacterial activity depend on the
botanical origin of the honey, unlike, Al-Waili et al. (2013)
[22] who stated that there were non-significant differences
between different varieties of honey against pathogens.

The current result concerning antifungal activity was
again, corroborative to the finding of Al-Waili et al. (2013)
[22]. However, according to their results, Acacia’s honeys
were the lowest in their activity to suppress Candida
albicans while, Acacias honeys were very effective against
Candida albicans in this study (Figure 2A & B). This could
attribute to the different geographical locations of the tested
samples of honey in both studies. Acacia seyal gave growth
inhibition diameter of (32.7 mm) against Candida albicans
even this result is comparable to the result obtained by the
standard antifungal drug tested for comparing the results
(supplementary material Table S2).

DPPH radical scavenging activity, flavonoid and to-
tal phenol contents

The phytochemical composition, antioxidant compounds
and hydrogen peroxide are among the compounds responsible
for the bactericidal and bacteriostatic activity of honey [21].
Also supplementary proteinaceous compounds generated by
the indigenous bacteria in the honey bee guts prior to honey
ripening and royal jelly proteins in honey render additional
antimicrobial activity to honey [23, 24].

The obtained antioxidant activity result in this paper
was clearly in disagreement with the previous antioxidant
capacities reported by Idris et al. (2011) for some Sudanese
honeys [25]. They reported higher antioxidant capacity for
Zizuphus honey than A. seyal and A. nilotica honeys. They
employed the phosphatidylcholine peroxidation method while
the current study used DPPH-radical scavenging method.
The explanation for this disagreement may be attributed to
the existence of different anti-oxidative ways exploited by the
different kinds of honey. However, the IC50 values recorded
here are corresponding to those reported by Meda et al. (2005)

[26]. The total phenols and flavonoids demonstrated in this
work are similar to the finding of other authors [5, 27-31].

Cytotoxicity of honey

The cytotoxicity of the investigated 12 honey samples
by Brine shrimp lethality bioassay indicated that cytotoxic
activity was not reported, and therefore the entirely studied
honey samples are safe for living cells. Similar finding was
reported by Mohammed et al. (2019) [32].

Cucurbita and Ziziphus honeys demonstrated strong
antimicrobial activity though Cucurbita was inactive and
Ziziphus was poor in the antioxidant capacities. This could
support the notion that “the level of phenolic compounds
present in honey is not always responsible for its antioxidant
activity” [4, 31]. And this in turn supports the hypothesis
“that honeys had additional antimicrobial activity arising
from unknown substances” [30,31] which should be
addressed by research in the future. The Cucurbita species
are known to have antimicrobial and antioxidant properties.
Therefore, these plant species have been given great interest
in the last years due to their use in multiple applications [33].
Our findings clearly show the merit antimicrobial activities of
honey produced from the Cucurbita plant, which reflects the
fact, that natural honey contains the properties of its botanical
origin. However, the weakness of the Cucurbita and Ziziphus
honeys to the antioxidant properties may suggest that honey
is not necessary to express all the properties of its botanical
origin.

Conclusion

In general, this study corroborates the known antimicrobial
activity of honey [39] and furtherly demonstrates that Acacia
seyal and Acacia nilotica honeys were the most active
antioxidants. In addition, the results proved that Cucurbita
and Ziziphus honeys have strong antimicrobial activity
though being poor in their antioxidant capacities. We also
can conclude that honey may have additional antimicrobial
activity arising from unknown substances, which should be
addressed by research in the future.
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