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Abstract

Currently, the preferred options (chemotherapy, radiotherapy, etc.) for the treatment of breast cancer indiscriminately attack healthy
cells and cause hair loss. There is also a global concern about the rise of antibiotic resistance by infectious microorganisms.
Therefore, searching for an alternative with fewer side effects and improved activity becomes paramount. This study explored the
chemical components, cytotoxicity, and antimicrobial potentials of carob honey from Northern Cyprus. Gas chromatography-mass
spectrometry was used for the identification of the chemical constituents. Well diffusion assay was used for antimicrobial
assessment, and MTT assay was employed to determine the MDA-MB-231 cell viability. A total of 69 compounds, which include
hydroxymethyl furfural, quercetin, and furan carboxaldehyde were detected in the honey. At 8000 pg/mL, the zones of inhibition
are 13£1.7, 12+1.0, 11£1.7, 104£2.0, 8+1.0, 9+2.6, and 71 mm for S. typhi, E. coli, K. pneumoniae, S. aureus, S. pneumoniae, A.
niger and A. flavus respectively. Only E. coli and K. pneumoniae responded at 2000 pg/mL. Carob honey also suppressed the
proliferation of MDA-MB-231 in a concentration and time-dependent manner. At 300 pg/mL, 20 %, 50 % and 55 % of the MDA-
MB-231 cells were inhibited after 24, 48 and 72 hours respectively. However, the overall cytotoxic effect of carob honey on the
MDA-MB-231 cell line is substantially low.
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Abstrak
Pada masa ini, pilihan rawatan yang disukai (kemoterapi, radioterapi, dan lain-lain) untuk rawatan kanser payudara menyerang sel-
sel yang sihat tanpa diskriminasi dan menyebabkan keguguran rambut. Terdapat juga kebimbangan global mengenai peningkatan
rintangan antibiotik oleh mikroorganisma berjangkit. Oleh itu, mencari alternatif dengan kesan sampingan yang lebih sedikit dan
peningkatan aktiviti menjadi penting. Kajian ini meneroka komponen kimia, ketoksikan sitotoksik, dan potensi antimikrobial madu
carob dari Cyprus Utara. Kromatografi gas-spektrometri jisim digunakan untuk mengenal pasti konstituen kimia. Ujian difusi telaga
digunakan untuk penilaian antimikrobial, dan ujian MTT digunakan untuk menentukan daya hidup sel MDA-MB-231. Sebanyak
69 sebatian, termasuk hidroksimetil furfural, kuersetin, dan furan karboksaldehid telah dikesan dalam madu tersebut. Pada 8000

915



Ahmad and Ozgor:

CHARACTERIZATION OF CHEMICAL PROFILING, CYTOTOXICITY, AND

ANTIMICROBIAL ANALYSES OF CAROB HONEY FROM NORTHERN CYPRUS

pg/mL, zon perencatan adalah 13+1.7, 12£1.0, 11+1.7, 10£2.0, 8+1.0, 9+£2.6, dan 741 mm masing-masing untuk S. typhi, E. coli,
K. pneumoniae, S. aureus, S. pneumoniae, A. niger dan A. flavus. Hanya E. coli dan K. pneumoniae yang memberi tindak balas
pada 2000 pg/mL. Madu carob juga menekan percambahan MDA-MB-231 dengan cara bergantung kepada kepekatan dan masa.
Pada 300 pg/mL, 20%, 50% dan 55% sel MDA-MB-231 dihalang selepas 24, 48 dan 72 jam masing-masing. Walau bagaimanapun
kesan sitotoksik keseluruhan madu carob terhadap garis sel MDA-MB-231 adalah rendah.

Kata Kkunci: aktiviti bio, madu carob, ujian MTT, konstituen meruap

Introduction

Honey is a rich liquid substance used for centuries in
human nutrition and medicine. It is enriched with water,
sugar, minerals, vitamins, enzymes, organic acids,
flavonoids, and phenols. These compounds are
responsible for the remarkable biological properties of
honey [1]. Some of these properties include; antioxidant
[2], antibacterial [3], anti-diabetic [4], and anti-
inflammatory [5] activities. The antibacterial potential
of honey has been largely attributed to its high
osmolarity, low pH, production of hydrogen peroxide,
and bee defensing-1 formation. Many bacterial and
fungal strains are vulnerable to honey [6-9], depending
on its type and botanical origin [10]. Additionally, some
honey such as Manuka honey and its flavonoids exhibit
anti-proliferative activity against MDA-MB-231[11],
similar to acacia honey from Malaysia against MCF-7
[12]. In addition, a dose-dependent cytotoxic activity of
acacia honey against the MCF-7 cell line was reported
by [13].

Over 2.2 million women have been diagnosed with
breast cancer in 2020 alone, and it is expected that 2.6
million fresh cases may set in by 2030, which is quite
alarming [14]. Triple-negative breast cancer (TNBC)
accounts for 10-20% of all the breast cancers diagnosed
in women, it lacks the expression of estrogen receptor
(ER-), progesterone receptor (PR-), and human
epidermal growth factor receptor (HER2) [14-16]. The
absence of these receptors makes TNBC non-responsive
to hormonal treatment and difficult to diagnose [17, 18].
MDA-MB-231 is a TNBC cell line used by researchers
as a good model for studying potential breast cancer
therapeutic agents [19]. The current treatment options
for breast chemotherapy and
radiotherapy, have serious side effects on the patients.
For  instance, chemotherapeutic  drugs may
indiscriminately target healthy cells [20]. Therefore, the
search for an alternative treatment for breast cancer is
getting popular among the scientific community.

cancer such as
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Carob honey (CH) is made by honeybees that take nectar
from the flowers of Ceratonia siliqua L, also called
carob tree. It possesses numerous bioactive substances
[21], however, the data regarding the effects of CH,
originating from Northern Cyprus, on breast cancer and
pathogenic microorganisms is limited. We therefore aim
to evaluate the effect of Cypriot CH on the MDA-MB-
231 cell line, and its antimicrobial activity on
Streptococcus pneumoniae, Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, Salmonella
typhi, Aspergillus niger, and Aspergillus flavus.

Materials and Methods

Collection of CH

CH sample was obtained aseptically in December 2021,
in the Kyrenia district of Northern Cyprus, an area rich
in carob trees. The honey was brought to the lab in a dry
and clean glass container and was authenticated by
Assoc. Prof. Dr. Erkay Ozgér of Cyprus bee and bee
products research center, Cyprus International
University.

Analysis of chemical composition of Cypriot CH
using GC-MS

About 1g of CH extract was mixed with 10 mL ethanol.
The mixture was filtered with filter paper (0.45 um), and
then with a syringe filter. The appropriate volume of the
sample was transferred to the GC-MS vial for analysis.
The method of [22] was adopted with minor
modifications. The analysis was carried out using a gas
chromatography coupled mass spectrometer. HP-5MS
fused-silica capillary column (30 m x 0.25 mm i.d.; 0.25
pum film thickness) was employed for the analysis. The
carrier gas was helium at a constant pressure of 14.5 psi.
One microliter (1 pL) of the sample was injected using
a splitless mode at an injector temperature of 250 °C.
The oven temperature was ramped from 35 to 280 °C (1-
minute hold) at a rate of 25 °C/min. The GC-MS
interface temperature was set to 280 °C. Mass
spectrometry mode was used during analytical scanning
from 20-650 atomic mass units. The ion source
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temperature was set to 250 °C. The blank was first
injected, followed by the sample injection. The
chromatograms obtained from the total ion count (TIC)
were integrated without any correction for co-eluting
peaks and the results were expressed as total abundance.
All the peaks were identified based on mass spectral
matching from the Wiley library.

Antimicrobial assay of CH: Sample preparation
Stock solution (10 mg/mL) of CH ethanol extract was
prepared in dimethyl sulfoxide (DMSO (20% v/v)),
from which the working concentrations were prepared
(1000-8000 pg/mL). The prepared samples were stored
at 4'C until use.

Microbial strains

The bacterial strains used are Streptococcus
pneumoniae, Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, and Salmonella typhi, and the
fungi are Aspergillus niger, and Aspergillus flavus. The
bacteria were maintained in Mueller-Hinton agar, while
Sabouraud Dextrose agar was used to grow the fungi.
The test isolates were
physiological saline and were compared to 0.5
Mcfarland standard to get 1.5x10% CFU/mL [23].

inoculated in a sterile

Well diffusion assay

Well labelled petri dishes containing appropriate agar
were carefully and evenly covered with 1.5x10%
CFU/mL microbial strains, using a sterile swab. Wells
(6 mm) were made using cork-borer. The sample (50 pL)
was then added to the appropriate wells. The plates were
then incubated at 37 °C for 24 hours, and the zone of
inhibition was measured in mm [23]. Ciprofloxacin (30
ug) was used as a standard antibiotic for bacteria, and
ketoconazole (200 pg) was used for fungi.

Cell culture

MDA-MB-231 was taken from the cell culture
laboratory, Biotechnology Research Center, Cyprus
International University. It was maintained in
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco
by Life Technologies™, USA) supplemented with
4mmol/L L-glutamine and 5% fetal bovine serum (FBS)
and incubated at 37 °C, 5% CO; and 100% relative
humidity. At 80% confluence, MTT assay was
performed to assess the cell’s viability [24] at various
concentrations of CH.

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide) cell viability assay

MTT assay as described by [25] was performed, with
minor changes. The cells (1x10%) were seeded in a 96-
well plate and incubated overnight. Various
concentrations (10 — 300 pg/mL) of CH were then added
to the cells for 24—72 hr period. After the due period,
MTT (5 mg/mL) was added to all the wells and
incubated at 37 °C for 3 hr. Formazan crystal produced
by the live cells was dissolved by DMSO. The
absorbance of the sample and control (only DMEM)
were read using a multiwell plate reader (ELx800,
Biotek Instruments) at 490 nm. The experiment was
done in triplicate, and the cell viability percentage was
determined from the formula;

Absorbance of sample

X 100
)

Cell viability (%) =

Absorbance of control

Statistical analysis

Kruskal-Wallis and Mann-Whitney U tests were carried
out to check for statistical significance between the test
concentrations and the control drug. The significance
level was set at p<0.05. The results were presented as
mean+SD. The experiments were done in triplicate.

Results and Discussion

Chemical composition of Cypriot CH identified by
GC-MS analysis

GC-MS is a technique that separates organic
compounds. It uses gas chromatography to separate the
components of a mixed substance, and a mass
spectrometry, to decode the molecular structure of the
relevant compound [26]. CH was prepared in ethanol
and subjected to GC-MS analysis to determine its
chemical components. After careful selection, a total of
69 compounds with at least 80% similarity match, upon
data correlation on the WILEY 7 library, were detected.
The GC-MS chromatogram showing the retention time
and intensity is shown in Figure 1, and the molecular
weights with the relative abundance (%) of each
compound are shown in Table 1. Some of the detected
compounds include; 2-Furancarboxaldehyde, 2-
Furanmethanol, Dihydroxyacetone, 2-
Furancarboxaldehyde, Benzene acetaldehyde, decanal,
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-,
5-(Hydroxymethyl)furfural, benzene, (3-methylbutyl)-,
acetaldehyde, hydrazine carboxamide, 2-(2-
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methylcyclohexylidene)-, 1,2-Benzenedicarboxylic
acid, butyl 8-methylnonyl ester, 9-Octadecenamide, (Z)-

, Quercetin 7,3',4'-trimethyl ether and Squalene.
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Figure 1. GC-MS chromatogram of the phytoconstituents present in the ethanol extract of carob honey

Butanoic acid, ethyl ester and furfural, detected in the
CH are also present in carob fruit of Cyprus cultivars
[27]. Moreover, acetaldehyde was also detected in the
original Apis mellifera and dorsata honeys [28].
Linalool oxide detected in our CH was similarly found
in carob tree honey samples from Portugal [29] and
Morocco [30], and in the flower of the carob tree [31].
Furthermore, benzene acetaldehyde and decanal were
also present in bell heather and lavender honey samples
respectively [29].
Interestingly, some of the identified chemical
components are pharmacologically active. For instance,
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-,
2-Furancarboxaldehyde, and 5-hydroxmethyl, also
reported in marjoram honey, Trifolium honey, and citrus
honey [32], have antioxidant, anti-inflammatory, and
antifungal activities [33]. In addition, quercetin detected
in the honey has remarkable antioxidant properties [34]
besides its anticancer activity [35].

Antimicrobial Activity of CH

The zones of inhibition, measured in millimeters (mm),
of the tested bacterial and fungal strains when exposed
(ciprofloxacin,  30pg/disc
Ketoconazole, 200 pg/disc), and varying concentrations
of CH (1000-8000 pg/mL) are shown in Tables 2 and 3,

to  antibiotics and
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and in Figure 2. CH at 8000 pug/mL shows zones of
inhibition in all the treated bacteria, with the highest
activity against S. #yphi (13£1.7 mm), and the lowest
against S. pneumoniae (8+1.0 mm). CH at 4000 ug/mL
show reduced inhibition against all the bacteria but S.
aureus resisted the treatment. At 2000 pug/mL, only K.
pneumoniae and E. coli responded with zones of 10£1.0
mm and 8+1.7 mm respectively. No effect observed at
1000 pg/mL. Generally, gram-negative bacteria show
more sensitivity to CH than gram-positive bacteria.
Gram-negative E. coli and K. pneumoniae respond to the
treatment at 2000-8000 pg/mL, S #yphi responds at
4000-8000 pg/mL and has the widest zone of inhibition.
Although gram-positive S. aureus has a wider zone of
inhibition than S. pneumoniae, it responds only at 8000
pg/mL, while the latter responds at both 8000 and 4000
pg/mL concentrations of CH.

Stronger antifungal activity was noted in A. niger than
A. flavus. However, CH could not inhibit both the fungi
at concentrations less than 8000 pg/mL. The
antibacterial effect increases with an increase in CH
concentration. This trend agrees with that of [36], who
reported a dose-dependent antibacterial activity of Saudi
honey from Asir region and [37], who also found that
buckwheat and Manuka honeys exerted dose-dependent
antibacterial activity.
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Table 2. Antibacterial activity of CH in comparison with ciprofloxacin antibiotic

Zone of Inhibition (mm)

Carob Honey (CH) (pg/mL)/

Bacterial Strains

Antibiotic (30 pg/disc) S. aureus E. coli K. pneumoniae S. pneumoniae S. typhi
Ciprofloxacin 16+2.0 214+4.0 254+2.6 154£2.0 16+3.0
CH (8000) 10£2.0"  12+1.0 11£1.7 8+1.0 13+1.7
CH (4000) - 10+2.6" 1142.0" 8+£2.6 1143.5
CH (2000) - 8+1.7" 10+£1.0 -
CH (1000) - - - -

Results are presented as mean=SD of zones of inhibition (mm). “p<0.05 vs control (antibiotic). (-) indicate the absence of antibacterial activity.
p>0.05 for S. pneumoniae and S. typhi at 8000 and 4000 pg/mL vs positive control

Salmonella species cause salmonellosis, a lethal
infection in both humans and animals [38]. E. coli is not
only responsible for causing gastrointestinal infections
but also infection of the urogenital tract [39]. S. aureus
is implicated in the promotion of wound infection thus
causing delayed wound healing [40]. It is the most
virulent among the Staphylococci family, which causes
lethal infections like meningitis, pneumonia and
endocarditis [41].

Gram-negative bacteria develop resistance to many
antibiotics due to their unique outer membrane structure.
As a result, it is capable of causing serious infections in
humans, especially immune-deficient individuals [42-
44]. Although some studies have shown gram-positive
bacteria as more susceptible to inhibition than gram-
negative bacteria [45-49], our CH show better
antibacterial activity against gram-negative strains, S.
typhi at 8000 pg/mL (13£1.7 mm) and 4000 pg/mL
(11£3.5 mm), E. coli (8000 pg/mL (12+1.0 mm), 4000
pg/mL (104+2.6 mm), and 2000 pg/mL (8+1.7 mm), and
K. pneumoniae (8000 pg/mL (11£1.7 mm), 4000 pg/mL
(11+2.0 mm), and 2000 pg/mL (10+1.0 mm) than the
gram-positive bacterial strains.

A similar result was reported in honey bee honey, in
which a higher zone of inhibition was obtained in gram-
negative E.coli (26£0mm), S. #yphi (14£0mm) and K.
pneumoniae (17£0mm) than gram-positive S. aureus
[50]. Similar studies confirmed a better inhibitory effect
of honey against E. coli than S. aureus [51, 52].
Moreover, gram-negative E. coli and S. typhi were found
to be more susceptible to ethanol extract from raw and
processed honey than gram-positive S. aureus [52].

Furthermore, E. coli showed the highest sensitivity to
Dharm-1 honey (80%) with a zone of inhibition of 15.33
+ 1.1 mm [36]. A study conducted on Malaysian
Trigona honey revealed a higher zone of inhibition in
E. coli and S. typhi than S. aureus [53]. Algerian honeys
were, however, found to have better activity against
gram-positive bacteria with a zone of inhibition ranging
between 14 to 38 mm than gram-negative bacteria with
a zone of inhibition ranging between 8 to 28 mm [54].
In the same vein, honey sample from Adamawa state of
Nigeria showed that gram-positive S. aureus has the
highest susceptibility (13.6 mm) followed by gram-
negative K. pneumoniae (12.8 mm) and E. coli (12.4
mm) [55].

The proposed mechanism of destruction caused by
honey on gram-negative bacteria is the destruction of the
microbial cell wall and lipopolysaccharide which leads
to increased cellular permeability and ultimately cell
lysis [56]. In addition, many bioactive components
contribute to the antibacterial properties of honey, which
include flavonoids and polyphenols [57-59]. Some
important components detected in the Cypriot CH may
be responsible for the recorded antimicrobial activities.
These include; benzene acetaldehyde [60], 2, 3 dihydro-
3,5-di-hydroxy-4H-pyran-4-one [61], 5-
hydroxymethylfurfural [62], and quercetin [63].
Increased honey acidity, due to the presence of phenolic
acids, adds to the honey’s flavor, and boosts its
antibacterial activity [57]. Generally, the type and
amount of bioactive compounds in honey depends on the
geographical location, botanical origin, processing and
storage conditions [64].
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Table 3. Antifungal activity of carob honey against Aspergillus niger and Aspergillus flavus and Ketoconazole

Carob Honey (CH) (pg/mL)/
Antibiotic (200 pg/disc)

Zone of Inhibition (mm)
Fungal Strains

Aspergillus flavus  Aspergillus niger
Ketoconazole 16+4.3 15+1.7
CH (8000) 7£17 9+2.6"
CH(4000) - -
CH(2000) - -
CH(1000) -

Results are presented as mean+SD of zones of inhibition (mm). "p<0.05 vs control (antibiotic). (-) indicate the absence of antifungal activity

According to our results, 4. niger is more sensitive to the
tested CH than 4. flavus. However, the antifungal
inhibition occurred only at 8000 pg/mL and no
inhibition was recorded at lower concentrations (4000-
1000 pg/mL). Similar to our findings, the effects of
ethanol, methanol, and ethyl acetate extracts of
processed honey against 4. niger, have shown 11, 15 and
10.5 mm inhibition diameters for the respective extracts
[65]. Related research revealed the antifungal activity
of Romanian honey against Aspergillus spp, with an
inhibition diameter from 7 to 12 mm [66]. These
findings conformed to the studies on honey samples
from Nigeria, India and Pakistan [67-69].

Effect of CH on MDA-MB-231 cell viability

Figure 3 below shows a concentration and time-
dependent anti-proliferative activity of CH. MDA-MB-
231 was treated with CH at five different concentrations
(10, 25, 75, 150 and 300 pg/mL). The cell viability (%)
was found to decrease according to the concentration
applied and the time taken for sample activity. After 24
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Honeys have generally been shown to exhibit antifungal
properties against diverse species of fungi [70]. Our
study shows that Cypriot CH has potential antimicrobial
activity, which may be attributed to its
phytoconstituents. The antimicrobial activities of honey
are ascribed to the wide range of bioactive components,
such as phenolic acids, flavonoids, and other
biomolecules. Phenolic compounds are the notable
components responsible for most biological activities of
honey. Their antimicrobial role is mainly due to their
ability to cause protein denaturation [71].

Figure 2. Zones of inhibition of carob honey at 1=8000 pug/mL, 2=4000 pg/mL, 4=2000 pg/mL, 5=1000 pg/mL

hours of treatment, the cells showed 80% viability with
20% inhibited. After 48 hours, the viable cells were 50%
with 50% attenuated and after 72 hours the viable cells
were found to be 45%, indicating 55% inhibition.
However, the ICso values are substantially high, 300
pg/mL and 70 pg/mL after 48 and 72hr respectively.
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Figure 3. MDA-MB-231 inhibition at difterent CH concentrations, after A) 24 B) 48 and C) 72 hr. CH=Carob
honey. DOX=Doxorubicin

Breast cancer poses a great threat to women due to
difficulties in prognosis and uncertainties of the
available treatments. Among the breast cancer types,
TNBC is the most aggressive and it does not respond to
hormonal or HER2 receptor therapy. Although
chemotherapy, radiotherapy and surgical procedures
have been used to treat it, huge risks are associated with
the processes [72]. Honey is a natural dietary ingredient
that has been used for centuries in treating many medical
conditions. Honey’s bioactive components have been
linked to antitumor effects at various stages of cancer
[73]. Biological activities such as anti-inflammation,
antioxidant, immune-modulation and anti-proliferation
are all reported in honey [74], hence honey is a great
candidate to exploit in search of alternative cancer
therapies.

The cytostatic effects of honey can be attributed to its
ample phenolic compounds, which possess antitumor
and antimicrobial activities [73, 75]. In addition, organic
acids, vitamins and trace minerals contribute to the
anticancer and antimicrobial effects of honey [69, 76-
77]. For Manuka honey inhibits the
proliferation of MCF-7 breast cancer cell line in a
concentration-dependent and this effect
correlates with its phenolic compounds [78]. Tualang

example,
manner,

honey was used as a promoting agent with tamoxifen,
and the combination was found to have a considerable
cytotoxic activity on MDA-MB-231 and MCEF-7 cell
lines [79]. Cedar and pine honey from Turkey also have
inhibitory effects on MCF-7, MDA-MB-231 and
SKBR3 cell lines at high dose [80]. Chestnut honey and

cedar honeys were reported to exert 50% inhibition on
the MCF-7 cell line. Cedar honey could only exert this
inhibition at a higher concentration [81]. Treatment of
Sidr and wild honeys changed the appearance of the
MDA-MB-231 breast cancer cell line after 48 hr
indicating their cytotoxic effects against the breast
cancer cell [82]. The differences in the anticancer
activities of various honeys may be due to geographical
locations, storage conditions, differences in the amount
and type of minerals, amino acids, hydrogen peroxide
and phenolic contents [83].

Conclusion
The research  assessed the chemical
compositions, and antimicrobial and breast cancer
inhibitory potentials of CH from Northern Cyprus. Some
of the bioactive components detected are quercetin,
furan methanol, squalene and 4H-Pyran-4-one. CH
inhibited the growth of both gram-negative and gram-
positive bacteria as well as the fungi used in this
research. CH also exhibited a dose and time-dependent
anti-proliferative effect against the MDA-MB-231
breast cancer cell line. These biological activities may
be due to the presence of various bioactive compounds
detected in the honey in the GC-MS analysis. Further
research on carob honey safety, toxicity, and other

current

pharmacological potentials is highly recommended.
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