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The global spread of antimicrobial-resistant infectious diseases and cancer are the most widespread pub-
lic health issue and has led to high mortality rates. This study aims to evaluate and verify the antibacterial
and antitumor activities of Shaoka and Manuka honey against pathogenic bacteria, human hepatocarci-
noma (HepG2) and breast cancer (MCF-7) cell lines. Shaoka hone was analyzed using HPLC, UV–vis, and
GC/MC, while antibacterial activity was measured by agar diffusion, broth microdilution methods, and
Transmission Electron Microscopy (TEM). Antitumor activity was investigated morphologically and by
MTT assay. According to the presented data of HPLC analysis, Shaoka honey was generally richer in
polyphenolic components, the antibacterial activity showed that Shaoka honey is equivalent or relatively
more active than Manuka honey against a broad spectrum of multi-drug-resistant bacteria. It inhibited
the growth of ESBL Escherichia coli in the absence or presence of catalase enzyme with a concentration
approximately 8.5%–7.3% equivalent to phenol, which supported the highest level of non-peroxide-
dependent activity. The minimum bactericidal concentrations (MBCs) ranged between 5.0% and 15.0%
honey (w/v). TEM observation revealed distorted cell morphology, cytoplasmic shrinkage, and cell wall
destruction of treated bacteria. The selected honey exerted cytotoxicity on both cancer cell lines, inhibit-
ing cell proliferation rate and viability percent in HepG2 and MCF-7 cancer cells, by different degrees
depending on the honey quality, Shaoka honey competed Manuka inhibitory effects against both cancer
cells. The obtained data confirmed the potential for use of Saudi Shaoka honey as a remedy, this well
introduces a new honey template as medical-grade honey for treating infectious disease and cancer.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

With the increase of drug-resistant bacteria among pathogens,
causing difficulty in treatment regimes, more attention has been
given recently to alternative medicine in controlling infectious
disease and cancer. Honey is a natural product with nutritive value
that can play an important role in human health. It is scientifically
proven to prevent and treat many diseases, such as cancers,
microbial infections, oxidative stress, diabetes, burns and wounds,
infertility, high blood pressure, and immunodeficiency (Oryan
et al., 2016; Eteraf-Oskouei and Najafi, 2013). It has been estab-
lished as a bactericidal drug with broad-spectrum activity against
Gram-positive and Gram-negative bacterial species (Yaacob et al.,
2020; Almasaudi et al., 2017).

Generally, honey is very rich in antioxidants such as phenolic
and flavonoid compounds (Cianciosi et al., 2018; Jibril et al.,
2019). Shaoka honey is derived from the Shaoka tree (Fagonia bru-
guieri), a small montane tree from the family Zygophyllaceae that
grows native to Saudi Arabia and is classified as having medicinal
plant value (Al-Sodany et al., 2013; Shawky and Alzamel, 2020).
Shaoka honey has a dark color with a special taste and unique aro-
matic scent. In traditional medicine, Saudi citizens often used
Shaoka honeys for wound healing, gastrointestinal distress, ulcers,
anemia, cancers, burns, hepatitis, and pulmonary disease. (Adgaba
et al., 2017; Hosny et al., 2010).

Multiple factors have been shown to contribute to honey’s anti-
cancer and antibacterial activities. The first factor is its high sugar
concentration, which exerts osmotic pressure on bacterial cells,
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causing shrinkage and stopping the growth of many microbes
(Albaridi, 2019). The second factor is the acidity of honey due to
the presence of organic acids, especially gluconic acid (Cavia
et al., 2007; Majewska et al., 2019). Hydrogen peroxide (H2O2),
the third important factor of antibacterial activity of honey, acts
as an oxidizing and sanitizing agent, killing bacteria. (Brudzynski
et al., 2011; Poli et al., 2018). The fourth factor is the presence of
phytochemical compounds in honey, which act as antibacterial
and antioxidant agents (these are referred to as having ‘‘non-
peroxide activity”). Studies done on different types of honey have
shown that honey has high levels of phenolic acid and flavonoids,
and has been marketed as a good alternative therapeutic drug
(Combarros-Fuertes et al., 2019; Halagarda et al., 2020). The
polyphenol level in honey can be affected by its botanical origin,
nectar, and geographical region, (Alqarni et al., 2016; Velásquez
et al., 2019). From New Zealand, the superior Manuka honey has
phenolic acid content ranging between 430 and 2709 mg/kg and
Kanuka honey 424–1575 mg/kg (Girma et al., 2019). The fifth fac-
tor is the presence of antimicrobial peptides from bee saliva, such
as defensin-1, which is found in honey that has antibacterial activ-
ity (Valachova et al., 2016; Bucekova et al., 2017). The sixth factor,
which has been demonstrated to enhance anticancer and antibac-
terial activity, is that honey at low concentration (1%) can stimu-
late monocytes in cell culture to release cytokines, tumor
necrosis factor (TNF) alpha, and interleukins 1L-1 and 1L-6, which
are responsible for activating the immune response to cancer and
infection (Zohair et al., 2015; Tonks et al., 2003).

The outline of cancer chemoprevention is the employment of
natural, artificial, or biological chemical agents to prevent or sup-
press carcinogenic progression. Many studies support that honey
has the potency to prevent, inhibit, or reverse the development
of cancer at different stages, so it can be called a cancer chemopre-
ventive agent (Erejuwa et al., 2014; Badolato et al., 2017; Afrin
et al., 2018). A large amount of data has been made available on
different kinds of honey from around the world and their bioactive
effects, although some local honey in different areas have not yet
been evaluated.

There are untapped resources of medical-grade honey in Saudi
Arabia. Therefore, this study was undertaken as the first evaluation
of Saudi Shaoka honey (Fagonia bruguieri DC), the study aims to
evaluate the:(i) chemical and bioactive components, (ii) antibacte-
rial, and (iii) anticancer activities of Shaoka honey in comparison to
Manuka honey, to determine the key factors of Saudi Shaoka honey
that could make it a new kind of medical-grade honey.
2. Material and methods

2.1. Honey samples

Twelve Shaoka honey samples were purchased from local mar-
kets in various locations in the Western region of Saudi Arabia.
Two samples of Manuka honey (Leptospermum scoparium) with
Unique Manuka Factor (UMF10+) were purchased from Comvita
Factory in New Zealand-Australia (Comvita Ltd., New Zealand).
All samples were stored at (�25 ± 2 �C) until further analysis (El
Sohaimy et al., 2015).
2.2. Chemical analysis of honey

For evaluating the main components in Shaoka honey, tech-
niques were used as described by Sereia et al., (2017) The analysis
was done at the analytical chemistry unit (ACAL), Chemistry
Department, Faculty of Science, Assiut University, Assiut, Egypt.
Chemical analyses of honey include:
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2.2.1. Detection of total carbohydrate, protein, and polyphenol
Using a UV–vis Lambda 2 spectrophotometer (Perkin-Elmer,

UK), total carbohydrates, proteins, and polyphenols were detected
to differentiate honey types and quality.

2.2.2. Detection of amino acids by high-performance liquid
chromatography (HPLC)

Separation and quantification of main amino acids were done
using a chromatographic system 1260 (Agilent Technologies, CA,
USA), which consisted of a 9012Q pump, 9100 auto-injectors, and
9075 fluorescence detector.

2.2.3. Detection of volatile compounds in Shaoka honey by gas
chromatography-mass spectrometry (GC-MS)

Analysis of honey was performed by dissolving samples with
phosphoric acid (1:1), followed by hexane sonication for 10 min
to detect their floral markers and volatile organic compounds
(VOCs). The organic layer was injected into an Agilent GC-MS
model 6890 (Agilent Technologies, CA, USA).

2.2.4. Analysis of phenolic compounds by HPLC
HPLC analysis was carried out to measure the polyphenolic con-

tent of Shaoka and Manuka honey by an Agilent 1260 Infinity Qua-
ternary LC, USA. The separation was executed using an Eclipse plus
c18 column (4.6 mm � 250 mm i.d., 5 lm). The movable phase is
composed of water (A) and 0.02% trifluoroacetic acid in acetonitrile
(B) at a flow rate of 1 mL/min. This mobile stage was programmed
consecutively in a linear gradient as follows: 0 min (80% A); 0–
5 min (80% A); 5–8 min (40% A); 8–12 min (50% A); 12–14 min
(80% A), and 14–16 min (80% A). Then, 10 ml of each sample solu-
tion was injected into the multi-wavelength detector at 280 nm.
The temperature of the column was maintained at 35 �C (Chan
et al., 2013). The phenolic compounds were identified by compar-
ing the retention time and UV-spectra with 14 standard phenolic
compounds selected for comparison based on their common pres-
ence in honey.

2.2.5. Measurement of non -peroxide activity (NPA) of honeys
To measure the non-peroxide activity for two different kinds of

honey, 32% (w/v) of the honey solutions were freshly prepared in
sterile distilled water, and further diluted to 16%(v/v) with equal
volumes of sterile distilled water containing 40 mg/20 mL catalase
solution (4000 units/ mg, Sigma- Canada) and kept for 2 h at room
temperature to remove hydrogen peroxide activity as described by
Allen, et al. (1991), and then applied to wells to compare the per-
centage of phenol content. The proportion of peroxide and non-
peroxide activity in Shaoka and Manuka were calculated by equiv-
alent percent phenols against tested bacteria.

2.3. Antibacterial activity of honey

2.3.1. Test bacteria
Eight clinical isolates of multi-drug-resistant bacteria were used

for the antibacterial assay, including Mycobacterium tuberculosis,
methicillin-resistant Staphylococcus aureus (MRSA), Streptococcus
mutans, Streptococcus pneumoniae, Helicobacter pylori, Salmonella
typhi, Escherichia coli, and Pseudomonas aeruginosa, obtained from
stock cultures from the Department of Biology, Science College,
Taif University.

2.3.2. Agar well diffusion assay
Prepared water solutions of 16% (w/v) honey samples and phe-

nol (Sigma-Aldrich) standards of 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% and
10 % (v/v) were prepared according to the method reported by
Irish, et al. (2011). b-lactamase-resistant E. coli, at a count of 105
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CFU/mL were seeded on Muller-Hinton Agar and used as the test
organism for the phenol assays. Phenol and samples of both kinds
of honey (50 ml) before and after prepared with catalase, as above,
were applied to wells (8 mm in diameter) based on a standard tem-
plate of quasi-Latin squares to randomize the sample distribution.
The mean diameters were calculated after 20 h of incubation at
37 �C. A standard graph was then plotted to calculate the diameter
of inhibition zones of phenol percent equivalent to the antibacte-
rial activity of each honey sample.
2.3.3. Determination of minimum inhibitory concentration (MICs) and
minimum bactericidal concentration (MBCs) of honey samples

The antibacterial activity of the honey was assessed using a
broth microdilution assay. The minimum inhibitory concentration
was detected using serially diluted honey samples with nutrient
broth (5.0%, 7.5%, 10.0%,12.5%,15.0%, 17.5%, 20.0%, 22.5%, 25.0%
and 30.0%). 200 ml of each dilution was placed in a 96-well micro-
plate (Costar, Fisher, Canada). Then, each dilution was seeded with
20 ml of 105 CFU/ml of tested bacteria, the microplate was incu-
bated at 37 �C for 20 h, and the MIC was determined. From each
inhibitory concentration observed by turbidity in a spectropho-
tometer or no visible sign of growth, sub-culturing was done on
nutrient agar to determine the minimum bactericidal concentra-
tion. Each honey was tested in triplicate for each bacterial strain
and the obtained medians were recorded.
2.4. Transmission Electron Microscopy (TEM)

The effect of Shaoka honey on the bacterial structure was inves-
tigated as described by Henriques and Jenkins (Henriques et al.,
2010) using a CX100-JEM transmission electron microscope-TEM
(JEOL, Japan). 100 mL overnight cultures of Escherichia coli in
Mueller-Hinton (MH) broth (Oxoid, UK), were centrifuged and sus-
pended in 0.05 mM Tris buffer with and without honey (at approx-
imately 1 � MIC value). Cells were suspended at times 0, 3, and 6 h
of incubation at 37 �C for electron microscopy. The specimens were
fixed in 2.5% glutaraldehyde and post-fixed in cacodylate buffer,
then dehydrated with alcohol, and finally embedded in Araldite
resin according to the method of Lemar and Turner (Lemar et al.,
2002)
Table 1
Average composition of common compo-
nents identified of Shaoka honey samples
(mg /100 g).

Component Average (%)

Total Polyphenol 273.45
Total protein 1016.44
Total carbohydrate 19526.00
2.5. Anticancer activity of honey

2.5.1. HepG-2 and MCF-7 cell line cultures
Human hepatocellular carcinoma (HepG2) and breast cancer

cell (MCF-7) lines were kindly provided by Dr. K. Fekry from the
National Research Center in Egypt. Cancer cell lines were pur-
chased originally from ATCC (The American Type Culture Collec-
tion). HepG2 and MCF-7 cells were grown in monolayer cultures
in DMEM medium (Gibco, Life Technologies, USA) supplemented
with 10% pre-inactivated fetal bovine serum (FBS), 100 U/mL peni-
cillin, and 100 lg/mL streptomycin (Gibco, Life Technologies, USA).
Then the cell lines were incubated at 37 �C in 5% CO2 with 95%
humidity.
Amino acids 344.68
Alanine 72.00
Tyrosine 52.40
Tryptophan 34.58
Phenylalanine 185.70
Volatile compounds 83.11
Esters 31.64
Ketone 14.48
Alkane 13.71
Alkaloids 12.45
Alcohol 9.71
Terpene 1.12
2.5.2. Preparation of honey for anticancer activity
2.5.2.1. Determination of cell viability. Pure Shaoka and Manuka
honey were diluted with a DMEM medium to a concentration of
6.25%, 12.5%, 25%, and 50% solution concentrations. The cell viabil-
ity was determined as the potency of live cells to accept Trypan
blue at 0.2% concentration (Szende et al., 2001). The surviving cells
were counted in a hemocytometer and the cell survival percentage
of treated cells at various concentrations was calculated by the
type of honey at different durations.
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2.5.2.2. Determination of HepG2 and MCF-7 cell line proliferation by
MTT assay. Both types of cancerous cells were seeded in 96-well
culture plates (2,000 cells/well) for 24 h, and then supplemented
with the honey at tested concentrations. Meanwhile, a group of
untreated cells was added to an equal volume of culture medium.
For each concentration of selected honey, three replicate wells
were set up, and the experiment was repeated three times
(Mosmann, 1983). After the cells were incubated for another 48
and 72 h, 20 ml of MTT (Bio Basic INC, Canada) at 5 mg/mL was
added to each well and incubated for an additional 4 h.
(Badakhshan et al., 2009). The values were measured using a
microplate reader at a wavelength of 492 nm.

2.6. Microscopic observation of cell morphology

Either MCF-7 or HepG2 cells were seeded in 50 mL culture
flasks at 1 � 106 cells/flask under routinely cultured conditions
for 24 h. After the cells were adhesive, the supernatant was dis-
carded, and 1 mL of honey in media, at different concentrations,
was added to the media. Meanwhile, an equal volume (1 mL) of
the medium was added to a negative control group. After 48 and
72 h, morphological changes of cancer cells were examined under
an inverted microscope and photographed.

2.7. Statistical analysis

Comparison between means in antibacterial activity was calcu-
lated using ANOVA analysis using mini-Tab software (BIO-TEK
Instruments, USA). Statistical analyses for anticancer activity were
performed using SPSS (version 11.0). Results were presented as
Mean ± SD one-way ANOVA (analysis of variance) followed by
multiple Duncan’s tests (Walter and Duncan, 1969; Custódio
et al, 2009). The results were considered statistically significant
when p < 0.05.

3. Results

3.1. Analysis of the components in Shaoka honey

Shaoka honey was analyzed for the first time to detect the total
composition of phytochemical constituents. The data obtained
from GC-MS, UV/vis, and HPLC are shown in Table 1 and Figs. 1
and 2. The total polyphenolic compounds, carbohydrates, proteins,
and amino acids were 273.45, 1016.44, 19526.00, and
344.68 mg/100 g, respectively. Volatile organic compounds as
unsaturated fatty acids (esters) were found in concentrations of



Fig. 1. Total profiles of shaoka honey volatiles obtained by GC-MS.
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31.64 mg/100 g, alkaloids 12.45 mg/100 g, alkane 13.71 mg/100 g,
ketones 14.48 mg/100 g, alcohol 9.71 mg/100 g, and terpenes
1.12 mg/100 g. Out of 72 extracted volatile compounds, the highest
two values recorded were hexadecenoic acid (2 hydroxy-1-
(hydroxymethyl) ethyl) esters, with a concentration 16.008% and
retention time (RT) 37.91 min and octadecanoic acid 2,3-
dihydroxy propyl ester 12.624% at R.T 40.055 min, as shown in
Fig. 1. These volatile components give the dark amber color and
aroma to Shoaka honey. These common components in Shaoka
honey depend on the nectar contents of Fagonia bruguieri dis-
tributed in Arabian regions.

3.2. HPLC analysis of Shaoka honey polyphenols comparable to
Manuka honey

HPLC analysis of polyphenols and flavonoids for Shaoka and
Manuka honey revealed the occurrence of five main polyphenols,
including gallic acid(GA), rutin, naringenin, quercetin, and caffeic
acid, in concentrations of 105.42 ± 8.3, 82.30 ± 5.2, 82.93 ± 6.0,
18.20 ± 2.8, and 3.21 ± 0.42, mg/g, respectively, for Shaoka honey
and in concentrations of 27.25 ± 4.0, 18.81 ± 1.9, 44.67 ± 3.4,
292.33 ± 18.9 and 19.07 ± 2.7, mg/g, respectively, for Manuka honey
(Fig. 2b & c). The highest polyphenolic component in both kinds of

honey was chlorogenic acid (CGA) in a concentration of 2453.57 ±

51.38 mg/g in Shaoka honey, depending on the geographic region,
and 579.46 ± 19.85 mg/g in Manuka honey. This means that the

chlorogenic acid in Shaoka represents 4.2-fold that of Manuka
7382
honey, and the total polyphenolic content of Shaoka honey was

2.8-fold that of Manuka honey (2734.48 and 985.01 mg/g for
Shaoka and Manuka honey, respectively) (Fig. 2a).

3.3. Antibacterial activity of Shaoka and Manuka honey by well
diffusion assay

Honey sensitivity was calculated for 12 honey samples against
E. coli. The largest average zone of inhibition produced by Shaoka
honey ranged from 29.9 ± 0.17 to 33.2 ± 0.13 mm, while it ranged
from 29.0 ± 0.63 to 30.5 ± 0.51 in Manuka honey. The total antibac-
terial activity was evaluated in response to phenol percent. In all
Shaoka types, the phenol percent ranged from 7.9% to 8.5%
(Table 2). Compared to Manuka honey, the inhibition zones pro-
duced were equivalent to 6.9–7.0% phenol, which appear slightly
lower in activity than Shaoka (Table 2).

3.4. Peroxide and non-peroxide antibacterial activity of honeys

Screened honey was tested before and after treatment with
catalase enzyme to estimate the non-peroxide activity. The inhibi-
tion zone produced by the total activity of Shaoka honey before
treatment shows higher antibacterial activity, ranging from
30 ± 0.27 to 33.0 ± 0.13 mm, which is equivalent to 7.9–8.5% (w/
v) phenols according to the presence of peroxide and non-
peroxide activity. In contrast, the antibacterial activity of Shaoka
decreased to 6.9% and 7.3% (w/v) equivalent to phenol after treat-



Fig. 2. Histograms representing the main (A&B) and the minor polyphenolic components (C) in Shaoka and Manuka honey.

Table 2
Non-peroxide antibacterial activities of Shaoka and Manuka honey against MDR Escherichia coli.

Sample Honey
type

Source In. zone
(mm ± SD)

Total activity Equiv. to Phenol
(w/v)

Non-peroxide Activity Equiv. to Phenol
(w/v)

The proportion of Non-peroxide
Activity (%)

1 Shaoka Alshafa 32.0 ± 0.27 8.4 ± 0.14 7.1 ± 0.52 91.4 ± 0.21
2 Shaoka Alshafa 30.0 ± 0.56 8.1 ± 0.18 7.0 ± 0.44 91.2 ± 0.32
3 Shaoka Alshafa 31.0 ± 0.13 7.9 ± 0.15 6.9 ± 0.35 91.3 ± 0.11
4* Shaoka Alshafa 33.0 ± 1.73 8.5 ± 0.13 7.2 ± 0.32 92.6 ± 1.10
5 Shaoka Alshafa 31.2 ± 0.85 8.2 ± 0.06 7.0 ± 0.15 90.0 ± 1.01
6 Shaoka Alshafa 33.0 ± 0.16 8.4 ± 0.16 7.1 ± 0.16 91.9 ± 1.23
7 Shaoka Tohama 31.6 ± 0.70 7.9 ± 0.30 6.9 ± 0.12 90.0 ± 2.50
8 Shaoka Tohama 33.2 ± 0.13 8.4 ± 0.01 7.0 ± 0.04 91.3 ± 1.42
9 Shaoka Tohama 31.1 ± 0.91 8.2 ± 0.04 7.0 ± 0.00 91.4 ± 0.45
10 Shaoka Aljanub 29.9 ± 0.17 7.9 ± 0.14 7.3 ± 0.17 90.2 ± 0.52
11 Shaoka Aljanub 33.0 ± 0.13 8.5 ± 0.16 7.1 ± 0.16 92.3 ± 0.90
12 Shaoka Aljanub 32.0 ± 0.37 8.5 ± 0.14 7.2 ± 0.14 91.1 ± 0.16
13 Monuka comivita 30.5 ± 0.51 7.0 ± 0.11 7.0 ± 0.11 100.0 ± 0.8
14 Monuka comivita 29.0 ± 0.63 6.9 ± 0.32 6.9 ± 0.12 100.0 ± 0.1

*Sample 4, the sample used for further antibacterial and anticancer studies In. zone: Inhibition zone
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ment, with the activity appearing to lessen slightly compared to
total antimicrobial activity before catalase treatment (7.9–8.5%),
which means Shaoka honey had peroxide activity when present
in low concentrations. Since there is an insignificant change in
the total activity of Manuka honey after treatment with catalase,
it means that the activity of Manuka honey depends totally on
non-peroxide effects. The inhibition zones were equivalent to
6.9% and 7.0% phenol, ranging from 29.0 ± 0.63 and 30.5 ± 0.51 m
m (Table 2).
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Before the inactivation of peroxide, the activity of Shaoka
honey was significantly more active than Manuka honey
(P < 0.0007). When the proportion of peroxide activity was
deduced from the total phenol percent as antibacterial activity,
Shaoka honey had activity comparative to non-peroxide Manuka
honey, 6.9–7.3% and 6.9–7.0% for Shaoka and Manuka, respec-
tively, as shown in Table (2). The proportion of non-peroxide
activity showed no significant difference (p > 0.05) between
Shaoka 92.6 ± 1.10 and Manuka 100 ± 0.10. In contrast, the pro-



Fig. 3. Propotion of peroxide and non-peroxide activity in shaoka and manuka honeys.
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portion of peroxide activity of total activity in Shaoka honey was
low, 7.4–10% (Fig. 3).

3.5. Minimum inhibitory and bactericidal concentration of honey
samples

Minimum inhibitory concentrations (MIC) for tested honey
were determined against the tested pathogenic bacteria, mainly
those found in wound infections, pneumonia, and tuberculosis.
The MICs ranged from 5.0% and 17.0%, while the minimum bacte-
ricidal concentration (MBC) of different bacteria ranged from
7.5 ± 2.5% and 22.0 ± 3.5% w/v. Staphylococcus aureus was the most
sensitive Gram-positive bacteria which was inhibited by 5. 0 ± 0.0%
w/v of Shaoka honey, while Gram-positive Streptococcus mutans
appeared sensitive to Manuka, with the MIC and MBC 5.0 ± 0.0%
and 10.0 ± 0.0%, respectively. The most sensitive Gram-negative
bacteria for both kinds of honey was Pseudomonas aeruginosa with
MIC and MBC 5.0 ± 0.0 and 7.5 ± 0.0%, respectively, when treated
with Shaoka honey, and from 7.5 ± 3.5 and 7.5 ± 0.0 when treated
with Manuka honey (Table 3). In general, Shaoka honey had lower
MIC and MBC on tested organisms than Manuka honey.

3.6. Morphological effect of honey

Fig. 4 shows the TEM images of E. coli cells treated with Shaoka
honey, showing a marked change in cell shape and bacterial struc-
ture. The images were compared with the untreated control to
identify structural changes (Fig. 4A). Honey-treated cultures of
E. coli displayed unpreserved morphology, cell wall thickening,
and non-homogeneous cytoplasm. The most significant changes
observed were distorted cell morphologies, including shrinkage
Table 3
Antibacterial activity of Shaoka and Manuka honey against Gram-negative and Gram-posi

Bacteria Honey (W/V)

Shaoka (%)

MIC1

Mycobacterium tuberculosis 7.5 ± 3.5
Staphylococcus aureus (MRSA) 5.0 ± 0.0
Streptococcus mutans 7.5 ± 3.5
Helicobacter pylori 10.0 ± 0.0
Salmonella typhi 10.0 ± 0.0
Streptococcus pneumoniae 12.5 ± 3.5
Escherichia coli 7.5 ± 0.0
Pseudomonas aeruginosa 5.0 ± 0.0

1Minimum inhibitory concentration.
2Minimum bactericidal concentration.
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and decreased size which increased over time, reduction in length,
leakage of intracellular content, cytoplasmic shrinkage, and cell
wall destruction leading to cell death (Fig. 4B & C). The presence
of cellular debris in TEM images indicated cell lysis (Fig. 4C).

3.7. Anticancer activity of Shaoka and Manuka honey

3.7.1. Proliferation percent of MCF-7 and HepG2 cells treated with
different kinds of honey

The cytotoxic effect and the most effective concentration value
of targeted bee honey (Shaoka and Manuka honey) against breast
adenocarcinoma (MCF-7) and hepatocellular carcinoma (HepG2)
were investigated using different concentrations of these kinds of
honey for various exposure times (Table 4). The data are presented
as mean values ± Standard Error. The screening results proved that
Shaoka honey was highly active against both tested cell lines and
inhibited the proliferation percentage by 70% for MCF-7 cells and
52% for HepG2 cells at a concentration of 25% when treated for
48 h, whereas Manuka honey had lower effects against MCF-7
and induced inhibition of the growth by 50% and 51% in HepG2
cancer cells when treated at the same concentration and duration
time (Table 4).

3.7.2. MTT assay for the inhibitory effect of honey on HepG2 and MCF-
7 cell viability

MTT assay results showed that both kinds of honey had a
marked inhibitory effect on the viability of both types of cancer
cells. MCF-7 cancer cells were more sensitive than HepG2, and
the inhibition rate increased with increasing honey concentration
and exposure time. After treatment for 72 h, MCF-7 and HepG2 cell
inhibition rates reached 90% and 80%, respectively, at 25% concen-
tive pathogens.

Manuka (%)

MBC2 MIC MBC

10.0 ± 0.11 12.5 ± 0.0 20.0 ± 3.5
7.5 ± 3.5 7.5 ± 3.5 17.5 ± 0.0
10.0 ± 0.0 5.0 ± 0.0 10.0 ± 0.0
15.0 ± 0.0 15.0 ± 2.5 22.0 ± 0.0
12.5 ± 0.0 17.5 ± 0.0 20.5 ± 3.5
15.0 ± 3.5 15.0 ± 0.0 17.5 ± 3.5
12.5 ± 3.5 10.0 ± 3.5 12.5 ± 0.0
7.5 ± 0.0 7.5 ± 3.5 7.5 ± 0.0



Fig. 4. Electron microscopic analysis. (A) In untreated cells of E. coli, cells exhibited
uniformly dense and homogenous structures. (B) The Shaoka honey’s effect on
cellular structure appears as distorted cell morphologies, including shrinkage in
shape and decreased size after 3 h of honey treatment at 37 �C. (C) Loss of structural
integrity and cell wall destruction after 6 h of exposure to honey. The sample was
examined using TEM at 10,000x magnification).
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tration Shaoka honey treatment group, which was significantly dif-
ferent from the control group, as shown in Fig. 5A & B. In compar-
ison, the obtained data showed that Manuka honey treatment had
moderate inhibitory effects against both cancer cells.

3.7.3. Morphological changes in MCF-7 and HepG2 cells treated with
selected honey

Under the inverted microscope, MCF-7 and/or HepG2 cells in
the control group were seen to be firmly adherent and in irregular
polygonal and fusiform shape. Cells were bright and fully
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stretched, with intact membrane and uniform cytoplasmic distri-
bution (Fig. 6a). In comparison, treatments with different types
of honey affected the cells’ morphology. At certain concentrations
of honey, changes in cellular morphology became increasingly evi-
dent. Most cells were detached, chromatins were condensed and
compacted, and typical apoptotic characteristics such as cell
shrinkage and apoptotic bodies were seen. Additionally, 72-h
treatment-induced obvious cytotoxic effects such as shrunken cells
and decreases in cellular crowding and cell number (Fig. 6b)
4. Discussion

In the present work, phytochemical analysis of Shaoka honey
identified more than 72 compounds from different chemical
classes, most of which also occur in other kinds of honey in differ-
ent concentrations (Ciucure and Geană, 2019; Gašić et al., 2014).
Shaoka honey has a unique flavor and a strong amber aroma, which
is actually due to the volatile and semi-volatile organic compounds
present (Bayraktar and Onoğur, 2011).

In this study, the HPLC analysis identified nine phenolic com-
pounds, mainly phenolic acids and flavonoids, in either Shaoka or
Manuka honey; the total phenolic content in Shaoka honey was
approximately three times higher than in Manuka honey. The
results demonstrated a strong positive relationship between
Shaoka honey’s phytochemical constituents and its biological
activity. Previous studies documented that polyphenols, mostly
phenolic acids/flavonoids, are used as markers for honey in quality
authentication and their direct effects as an antibacterial and anti-
cancer agent (Pauliuc et al., 2020). This phenolic content may con-
tribute to the antioxidant and antimicrobial potential of Shaoka
honey, which agrees with a study on buckwheat honey, which
has higher phenolic content than Manuka (Deng et al., 2018).

The present results found that CGA and GA are the dominant
phenolic compounds in Shaoka honey, while the flavonoids present
in the highest amounts are rutin and naringenin. Greater amounts
of quercetin than CGA were detected in Manuka honey, which
agrees with the results of other studies (Alvarez-Suarez et al.,
2014; Oelschlaegel et al., 2012; Deng et al., 2018). It is known that
CGA is a polyphenol that has important roles as an antioxidant,
antibacterial, antiviral, and anti-inflammatory agent and causes
hepatoprotective activity (Naveed et al., 2018). Previous data
showed that CGA significantly inhibits the growth of Gram-
positive and Gram-negative bacteria, with MIC values ranging from
20 to 80 mg/mL (Lou et al., 2011). Gallic acid was also shown to be
present in high levels in Shaoka honey, which exhibits various
properties such as antimutagenic, antibacterial, antivirus, antitu-
mor, and antioxidant activities (Velásquez et al., 2020; Kumar
and Goel, 2019). Yao et al. found that GA is the main phenolic acid
in various Australian honey types (Yaoa et al., 2005). Others have
reported that GA is highly antimicrobial, and can act directly
against Gram-negative pathogens (Borges et al., 2013).

Interestingly, Shaoka honey is also rich in flavonoid naringenin,
which has several biological properties (Salehi et al., 2019). Grow-
ing evidence from both in vitro and in vivo studies has shown that
naringenin has pharmaceutical value for the control and manage-
ment of infectious and malignant diseases (Céliz et al., 2011; Lim
et al., 2017; Salehi et al., 2019). These active polyphenolic compo-
nents give Shaoka honey superior properties when they work
together synergistically against multi-drug-resistant bacteria and
cancer cells. Manuka honey is rich in methylglyoxal and quercetin,
which act effectively against multidrug-resistant bacteria, (Tyagi
et al., 2015; Nolan et al., 2020).

Furthermore, a low level of hydrogen peroxide detected in
Shaoka honey is considered to be an important antibacterial agent
in diluted honey (Girma et al., 2019) Molan previously reported the



Table 4
Effect of selected honeys treated at different concentration on the proliferative percentage of mcf-7 and hepg2 cultured cells for different duration times.

Means with different superscripts (a, b, c, d, e, f, and g) between groups in the same column are significantly different (P < 0.05). Cell numbers were counted and data are
expressed as the percentage of untreated control.

Fig. 5. The viability percentage of MCF-7 (a) and HepG2 (b) cells treated with different kinds of honey at the different concentrations for various times.
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maximum level of hydrogen peroxide produced can be obtained
when honey is diluted by 30–50% (Molan, 1992; Brudzynski,
2006). In this study, Shaoka honey was diluted to 16% and the max-
imum proportion of peroxide activity (PA) detected was �10%,
which means �90 % of the activity is related to the non-peroxide
activity (NPA). The antibacterial activity of Shaoka honey was
equivalent to 7.2% phenol, approximately the same activity as that
exhibited by Manuka (7.0%). Both Shaoka and Manuka honey
inhibited the growth of ESBL E. coli successfully and with a similar
inhibition zone (30–33 mm), implying a bacteriostatic potency of
Shaoka honey equal to that of Manuka. Interestingly, Shaoka was
still as active or relatively more active than Manuka even after
catalase treatment destroyed any hydrogen peroxide. These find-
ings showed that Shaoka honey has low peroxide activity and high
non-peroxide activity, which can work together synergistically to
successfully inhibit and kill bacteria and cancer cells. In contrast,
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the proportion of peroxide activity in Manuka honey was recorded
as zero before and after treating honey with catalase, so the pro-
portion of non-peroxide activity was 100%. These results are in
agreement with a previous study (Adams et al., 2009). However,
someH2O2-dependent honey-like honeydew and blossom honey
showed antibacterial efficacy as effective as Manuka honey, but
this activity was markedly reduced by treatment with catalase
(Bucekova et al., 2019).

Recently, researchers have suggested that polyphenols could be
involved in the generation of hydrogen peroxide at low concentra-
tion by autoxidation of polyphenols (Bucekova et al., 2019; Grzesik
et al., 2019), and the slow release of H2O2in honey may improve its
antibacterial activity (Dogan-Guner et al., 2018). A new finding
documented a significant correlation between the H2O2 and total
phenol content in the overall antibacterial activity of the honey
(Grzesik et al., 2019)



Fig. 6. Inverted microscopic photograph of (A) represents untreated MCF-7 cells with normal angular or polygonal shape. (B) Treated MCF-7 cells with Manuka honeys at 25%
concentration for 48 h. that has lost its normal shape and shows a shrunken cytoplasm. (C) Treated MCF-7 cells with 25% concentration of Shaoka honeys after 48 h. that
shows evident morphologically signs of apoptosis. The apoptotic changes including, condensed chromatin (CC), fragmented nuclei (FN) and apoptotic bodies (AB). A Nikon
Eclipse 50i Nikon microscope with a 20 objective lens was used to investigate the cells.
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Another area of interest is the antibacterial effects of both types
of honey on broad-spectrum-antibiotic-resistant bacteria, which
are common causes of severe infections. The antibacterial activity
of Shaoka honey was either comparable or stronger than Manuka
honey, with different sensitivity depending on the type of bacteria.
The results of this study are in line with our previous work, which
indicated that Shaoka and Sidr honey surpasses all local and
imported honey available in Saudi markets in their antibacterial
activities (Halawani and Shohayeb, 2011). In this regard, other
studies have reported that Australian Manuka honey inhibits the
growth of Staphylococcus aureus, Bacillus subtilis, Salmonella typhi,
MRSA, Pseudomonas, Klebsiella pneumonia, and ESBL E. coli (Deng
et al., 2018; Girma et al., 2019).

Electron microscopic observation indicated that E. coli cells
treated with diluted Shaoka honey showed distorted cell mor-
phologies, including shrinkage in cells, and related to cell perme-
ability change, there was evidence of decrease and leakage of
intracellular content and cell-wall destruction, which lead to cell
death. Similar results have been shown in the mechanisms of
actions of phenolic compounds, which caused cell death by the loss
of cellular membrane integrity of function (Yaacob et al., 2020).
Other researchers have also reported that the antibacterial mecha-
nisms of flavonoids are assumed to have effects including inhibi-
tion of nucleic acid synthesis, alteration of cytoplasmic
membrane and function, alteration of membrane permeability,
and attenuation of pathogenicity (Xie et al., 2015; Jibril et al.,
2019). Furthermore, Eumkeb and Chukrathok have suggested that
naringenin detected in Shaoka honey can alter the outer and cyto-
plasmic membrane of E. coli and inhibit DNA gyrase (Eumkeb and
Chukrathok, 2013). Researchers have also found that a minimum
level of hydrogen peroxide causes DNA degradation and growth
inhibition in E. coli. There is also a synergistic effect with high
levels of polyphenols in the presence of hydrogen peroxide that
enhances oxidative stress on bacterial cells (Nolan et al., 2019;
Saranraj and Sivasakthi, 2018; Brudzynski et al., 2017; Finnegan
et al., 2010). These results agree with the E. coli cell degradation
observed in the present study.

The technique adopted as part of this work intended to detect
components in Shaoka and Manuka honey that exhibit anticancer
effects in different cancer cells at non-cytotoxic concentrations.
The results obtained show that anticancer activities investigated
by MTT and morphological examination in HepG2 and MCF-7 can-
cer cell lines are comparable regardless of the modes of action on
cancer cells. The results showed that Shaoka honey had the highest
cytotoxic effects on both tested cell lines and inhibited prolifera-
tion by 70% for MCF-7 cells and 52% for HepG2 cells at 25% concen-
tration when treated for 48 h, whereas Manuka honey had smaller
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effects on MCF-7 and induced growth inhibition by 50% and 51% in
HepG2 cancer cells when treated at the same concentration and
duration time. Both honey samples having cytostatic effects
against cancer cells were revealed to be abundant with phenolic
compounds, which are well documented as anticancer agents
(Erejuwa et al., 2014; Martinello and Mutinelli, 2021). Our findings
are consistent with several published studies that have docu-
mented cytostatic activities of honey in colon, breast, and hepatic
cancer cells based on the phenolic content (Erejuwa et al., 2014;
Wen et al., 2012; Jaganathan and Mandal, 2019). Chlorogenic acid
and gallic acid represented the major components in both tested
honey. These have a wide scope of pharmacokinetic properties,
such as cancer prevention and potential therapeutic effects on can-
cer cells, depending on its concentration, exposure dose, and dura-
tion time (Maalik et al., 2016; Belkaid et al., 2006). Burgos-Morón
et al. (2012) reported that CGA treatment resulted in damage of
DNA and formed a complex of topoisomerase-DNA at concentra-
tions of 0.5 to 5 mM (Burgos-Morón et al., 2012). The topoiso-
merases topo I and topo II are key players in DNA fragmentation
during the process of apoptosis (Deweese et al., 2009). When cells
are exposed to CGA for 24 h, it induces significant levels of topo-
DNA complexes (Burgos-Morón et al., 2012).

5. Conclusion

This study is to prove the importance of the non-peroxide-
dependent activity of Shaoka honey that exhibits wide spectrum
antibacterial action on multidrug-resistant bacteria and superior
anticancer activity on hepatocarcinoma and breast cancer cells.
This dual activity of Saudi Shaoka honey is either comparable or
stronger than New-Zealand Manuka honey, both of whose antibac-
terial and antioxidant activities were found to be correlated with
their high polyphenolic compound content.
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