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Abstract: Honey has a history of medical use and is known as bio-alternative therapy. This research
assessed the phytochemical and biological activity of the medical grade manuka honey (MH). Gas
chromatography–mass spectrometry (GC–MS) was chosen to investigate bioactive compounds of
the MH. The DPPH and ABTS free radical scavenging and beta-carotene antioxidant activities as
well as the antibacterial and antibiofilm effects against S. aureus, B. subtilis, E. coli and P. aeruginosa
were all determined. Furthermore, to gauge anticancer properties of MH, a MTT assay was opted
towards three cell lines, including HCT-116 (colon), A549 (lung) and MCF-7 (breast) cancer cells.
The GC–MS analysis of the tested MH revealed the identification of various chemical constituents
belonging to the fatty acids, phenols, and esters. The MH was found to have higher reducing power
activity (DPPH IC50: 7.36; ABTS IC50: 4.49 mg/mL) than the beta-carotene bleaching power (IC50:
37.51 mg/mL). Similarly, the MH was noted to be more active against the planktonic and biofilm of
Gram-positive bacteria. Furthermore, a dose-dependent anticancer potential was observed, although
a significant anticancer potential was pointed out against the MCF-7 and A549 cell conforming to the
IC50 values of 9.05 and 9.37 mg/mL, respectively. This study’s results have highlighted the MH’s
chemical composition with significant bioactivities.

Keywords: manuka honey; GC–MS; antioxidant; anticancer; antibacterial; antibiofilm

1. Introduction

In natural medicine, honey is known as having been a therapeutic agent since ancient
time. Honey has been widely used as a treatment for multiple illnesses. The majority of
those claims were validated following scientifically modulated experiments [1,2]. Honey
was utilized as a relief for sunburns and sores, treating ulcers and reducing throat inflamma-
tion and coughing [3]. In recent times, honey is also being used for the treatment of bacterial
and rotaviral gastrointestinal tract (GI) infections, such as gastric ulcerations, gastritis and
duodenitis [4,5]. Numerous studies have reported the potential anti-inflammatory [6],
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antioxidant [7,8], antibacterial [9] and antidiabetic [10] activities of honey. Honey has the
properties of naturally sweetening food materials. This fluid of a chemically diverse nature
is a by-product of ambrosia extracts from flowers. The existence of organic acids, phenolic
acid enzymes, bioactive peptides and organic acids in honey contributes to a pronounced
capacity in honey to cure and treat diseases of various etiologies [11]. Manuka honey (MH),
compared to other honeys, constitutes a higher number of polyphenolic compounds and
an even higher antioxidant capacity [12].

MH is native of New Zealand or Australia, a work of pollinator bumble bees extracting
the juices of Manuka myrtle (Leptospermum scoparium) [12]. It exerts strong bactericidal and
bacteriostatic effects [13,14] thanks to its composition of polyphenols, such as flavonoids
and benzoic acids; of note here are cinnamic acid and methylglyoxal (MGO) [12]. MGO is
found in other kinds of honey in very minute quantities. However, the concentration of
MGO in MH may reach up to 800 mg/kg, whereas the level of MGO is comparatively low
in other commercially available honeys, ranging from 100 to 550 mg/kg, giving the fact
that the quantity of the MGO is a determinant of a honey’s antibacterial properties. MGO
potentially inhibits Bacillus subtilis and Staphylococcus aureus. Even after neutralization of
MGO, the bactericidal properties of MH remain effective as it contains other components
that are not well elucidated yet, which would prevent the growth of pathogenic bacteria [15]
that are associated with a wide range of infections, including Pseudomonas aeruginosa and
Escherichia coli [16,17]. Therefore, the current understanding behind the key function of MH
is directed toward possessing a high quantity of a mixture of compounds including fructose,
glucose, sucrose, hydrogen peroxide, MGO, bee-defensin-1 peptide, as well as the acidity
and certain other undiscovered substances [15,18,19]. A recently identified glycoside in
MH known previously as methyl syringate (MSYR), and now named as Leptosin, is also
found to contribute to the antimicrobial activity in a concentration-dependent manner and
may serve as a specific marker of MH [20].

Despite all previous efforts to define the chemical components associated with the
biological activities of MH, there are limited reports describing its metabolites that are
linked with its broad spectrum of antimicrobial activities. Consequently, current study aims
to explore and validate the chemical composition along with different biological activities
including antimicrobial, antibiofilm and anticancer of MH using an array of chemical and
biological assays.

2. Results and Discussion
2.1. Gas Chromatography–Mass Spectrometry Analysis

Phenols and flavonoids are frequently recorded bioactive phytochemicals that may
potentially be used to develop novel active drugs [21]. In plants, the possession of those
phytochemicals is attributed to the biological activities [22]. Similarly, the presence of
these phytochemicals along with other chemical compositions in the honey depends on
various factors, ranging from the source of the flower to geography and entomology [23].
Phytochemicals are known to be significant components in ensuring plant defense against
multiple factors, ranging from microorganisms, environmental stress as well as to inter-
species protections. These phytochemicals have been incorporated in therapeutic works for
ages [24]. Hence, the initial step in this study was to screen for potentially active chemical
compounds in MH. This was achieved by GC–MS analysis (Figure 1) to highlight the main
bioactive compounds within the tested MH sample (Table 1).

Overall, GC-MS analysis has revealed the presence of 37 different phytoconstituents
belonging to various chemical classes were tentatively identified. Compounds which were
identified in larger percentages within the tested MH sample are as follows: benzofuranone
(16%), methylethylamino thiazole (10%), propenal nitrophenyl (3.7 %), heptyl caprylate
(3.3%) and furan-2-yl ethan 1-amine (3.2 %). The remaining compounds constitute of 63%
of the tested MH, each of which is present with less than 3%. These different chemical
constituents belong to diverse, yet important classes of phytochemicals, such as phenol,
sesquiterpenes, fatty acids, methyl esters and others. The presence of varied bioactive com-
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ponents in the MH sample might justify its use for the treatment of numerous diseases [25].
For example, Benzofuran derivatives are well known for its multiple biological activities,
including anticancer, antibacterial and antioxidation [26]. Methylethylamino thiazole has
also shown to have an antibacterial activity that has shown high level of interaction with
bacterial proteins [27]. Furthermore, the geographical location from which the honey is
originated plays a major role in its composition. The climatic conditions, such as humidity,
sunlight, chemical nature of soil and other factors would determine the concentration of
phytochemicals, including carbohydrates, phenolic compounds and volatile compounds
in the honey. Thus, it is very logical to assume that the components of any honey are
different, depending on the place of origin. In part, this may also be attributed mostly to
the difference in compositions of pollen or nectar that influences the chemical composition
of the honey [28,29].
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Figure 1. GC–MS chromatogram of the tested manuka honey sample (X-axis: retention time in
minutes; Y-axis: intensity).

Table 1. Gas chromatography–mass spectrometry analysis of tested manuka honey samples.

No. Retention
Time (min) Area (%) Tentative Compounds Identification

1 7.869 16.11 2(3H)-Benzofuranone, hexahydro-3-methylene-

2 7.228 10.61 5-Methyl-2-ethylamino-2-thiazoline

3 9.709 3.62 2-Propenal, 3-(2-nitrophenyl)-

4 8.518 3.37 Heptyl caprylate

5 12.372 3.23 2-(Furan-2-yl)ethan-1-amine

6 1.572 2.97 2-Chloroethyl methyl sulfoxide

7 8.788 2.95 Silane, [3-(2,3-epoxypropoxy)propyl]cethoxydim

8 11.201 2.66 Benzoic acid, 4-hydroxy-3,5-dimethoxy-, methyl

9 4.603 2.54 Thiophene, tetrahydro-2-methyl-

10 14.123 2.24 4-[3-(4-Fluorobenzyloxy)propyl]-1H-imidazole

11 3.21 2.07 1-Methylcyclopropanemethanol

12 11.631 1.95 3,4,5-Trihydroxybenzyl methyl ether

13 3.402 1.69 Propanedioic acid, oxo-, diethyl ester

14 7.484 1.62 4H-Pyran-4-one, 5-hydroxy-2-(hydroxymethyl

15 2.098 1.57 Propane, 1,2-bis(difluoroamino)-2-methyl-

16 5.627 1.41 L-Valine, N-ethoxycarbonyl-

17 10.385 1.0 2,4-Dimethoxy-5-pyrimidine carboxaldehyde

18 12.053 0.99 3,5-Methano-2H-cyclopenta[b]furan-2-one, 6-b
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Table 1. Cont.

No. Retention
Time (min) Area (%) Tentative Compounds Identification

19 5.056 0.88 3H-Pyrazol-3-one, 2,4-dihydro-5-methyl-

20 11.82 0.87 Butyl dimethyl phosphorothioate

21 12.906 0.77 1,4-Methanonaphthalene, 6,7-diethyldecahydro-, c

22 10.926 0.72 p-Menthan-3-one, semicarbazone

23 13.074 0.51 4,5-Imidazoledimethanol

24 2.971 0.42 S-Methyl-L-cysteine, N-(n-propyloxycarbonyl)

25 1.64 0.39 Oxirane, (fluoromethyl)-

26 5.323 0.37 2-Furanmethanol, 5-methyl-

27 16.921 0.33 Cirsiumaldehyde

28 16.528 0.32 Succinic acid, dodec-9-yn-1-yl pentyl ester

29 9.221 0.3 2-Aminoresorcinol

30 6.865 0.27 2H-Pyran-2-one, 5,6-dihydro-

31 9.975 0.26 (6R,7aR)-3,6-Dimethyl-5,6,7,7a-tetrahydrobenz

32 14.848 0.26 Hexadecanoic acid, 2-hydroxy-1-(hydroxymeth

33 16.294 0.25 Octadecanoic acid, 2,3-dihydroxypropyl ester

34 15.414 0.22 2-Furaldehyde azine

35 2.438 0.21 2,3-Dimethylpentanoic acid

36 14.318 0.17 (8S)-Eremophila-7(11)-en-12,8-lactam

37 10.949 0.08 1,7-Dimethylxanthine

2.2. Antioxidant Activity

Several pathophysiology caused by oxidation and free radicals including inflamma-
tory, degenerative, cancerous, obesity, dementia and chronic diseases like diabetes [30–33].
While natural antioxidants usually impede the process of oxidation by interaction with
free radicals [21,30–33], but it might not be the case for honey since it contains mixture of
compounds which possess various mechanism of actions. For such a reason, it is difficult
to estimate antioxidant capability of honey by one assay, and hence, multiple antioxidant
experiments are required to obtain more accurate data from different angles [34]. The
antioxidant potential of the MH sample was assessed in this research using free radical
scavenging (DPPH, ABTS) and beta-carotene bleaching antioxidant tests (Table 2). MH sam-
ple showed considerable radical scavenging properties (DPPH IC50: 7.36 mg/mL; ABTS
IC50: 4.49 mg/mL) and a moderate beta-carotene bleaching potential (IC50: 37.51 mg/mL).
Different chemical components are responsible for this potent antioxidant activity. Each one
of the performed assays investigates different mechanisms of antioxidant activities (ABTS
and/or DPPH compared to bleaching assay) which were achieved due to phytochemi-
cal compounds present in the tested MH confirming that MH possesses higher radical
scavenging properties than bleaching properties. Collectively, the obtained data from the
antioxidants experiments in this study are in concordance with preceding studies that
presented a robust positive relationship between the bioactive phytochemical compounds
and their antioxidant affect [35,36].

Table 2. Antioxidant activity of tested manuka honey.

Antioxidant Assays IC50 Values

Radical Scavenging activity DPPH 7.36 ± 0.03
ABTS 4.49 ± 0.1

Bleaching assay Beta-carotene 37.51 ± 0.64
IC50 results are presented as the mean ± standard deviation. DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS:
2,2’-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid.
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Honeys are considered as strong antioxidant agents that can protect cell and its com-
ponents against the destructive effects of various stressful factors by acting as modulator
of free radicals [37,38]. MH contains a high number of identified and yet to be elucidated
phenolic compounds [39,40]. These phenols effectively reduce the existence and number
of free radicals, thus provide a fitting antioxidant capacity [41,42]. Consequently, this
bioactive characteristic of honey that is often used as a reference method [37] to investigate
the antioxidant capability of multiple types of honey from various geographical locations.
In this context, studies form Algeria, Germany, Scotland and Saudi Arabia showed that MH
was found to present with higher phenolic contents and exhibited increased antioxidant
activity compared to acacia, portobello, and wild carrot honeys [19,38]. Comparable out-
comes were acquired with the Malaysian honey [41] and Tualang honey [60]. An electronic
paramagnetic resonance has also been used to study the MH’s transitory action against
superoxide anion radicals [43,44]. In these two studies, obtained outcomes provided that
the alleviating role of MH could be very much due to the presence of methyl syringate [45].
Former in-vivo model experiments have proved the activity of MH in halting the damages
caused by oxidation in young and middle-aged rodents hepatocytes [46]. To achieve these
advantages, antioxidant enzyme activities (like catalase) might be modulated, and the high
antioxidant activity associate with phenolic content could be potentially used as therapeutic
agent in this respect [46]. The current antioxidant data suggested that MH can be used as
an alternative medicinal treatment to boost physiological oxidative status.

2.3. Antibacterial and Antibiofilm Activity

The potential antibacterial activity of honey were associated with its physicochemical
properties just as much as various chemical components are derived from the plant secre-
tions, pollens, propolis and from bee that is collecting it [47]. MH exhibited a relatively
increased antimicrobial activity against Gram-positive bacteria compared to Gram-negative
bacteria (Table 3). Currently, tested sample of MH showed a higher antimicrobial effect
towards Gram-positive than negative bacterial strains. This is in agreement with previous
reports where generally Gram-positive bacteria exhibited higher level of sensitivity towards
MH than Gram-negative bacterial isolates [12,48].

Table 3. Zone of inhibition of various bacterial isolates treated with manuka honey.

Tested Bacteria Tested Honey Sample (10%)
Zone of Inhibition (mm)

Gram-positive B. subtilis 9.54 ± 0.3
S. aureus 6.55 ± 0.24

Gram-negative E. coli 4.6 ± 0.25
P. aeruginosa 3.7 ± 0.15

All results are presented as the mean ± standard deviation (n = 3).

The intrinsic property of honey to work against pathogenic bacteria is the essence
of multiple factors. These factors either work individually or collectively to achieve the
required function/s. The major factors that are playing an important role would include,
phenolic compounds, H2O2, honey pH and the osmotic pressure produced by honey
itself [49]. It was claimed that the prominent antibacterial efficacy of MH is mainly linked
to the quantity of MGO present in the honey [40]. A study explored the antimicrobial
effect of MH has shown its activity against various bacterial species, including Streptococcus
pyogenes, Streptococcus mutans, Staphylococcus aureus, Enterobacter cloacae, Proteus mirabilis
and Pseudomonas aeruginosa [46].

Biofilm formation can project great hindrance against antibiotics, as they furiously
remain stable and would not be eradicated in severe infections [50]. The majority of anti-
bacterial and anti-biofilm agents are known to be present in most medicinal plants and
their compounds [51]. Even though all extracts have strong anti-bacterial potential, the
lowest anti-biofilm potential of extracts must be discovered in the current investigation.
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The MH sample’s biofilm percentage inhibition was assessed (Table 4), and 1
2 MIC values

were also calculated (Table 4). A similar pattern of these findings was obtained in the case
of anti-bacterial activity was noted, and the MH sample exerted more anti-biofilm potential
against S. aureus and B. subtilis, with percentage of inhibition as 67.13 and 56.52 %, respec-
tively. Recent research has shown that metabolites, such as alkaloids, tannins, polyphenols,
flavonoids, steroids and terpenoids are effective anti-bacterial and anti-biofilm agents. Even
the function of catechin and polyphenol fractions as powerful biofilm inhibitors has been
investigated [52]. The presence of these compounds in MH could be the reason for the
observed anti-biofilm activity in the current study.

Table 4. Antibiofilm activity of the manuka honey against biofilm-forming bacterial species.

Tested Bacteria Mean % Inhibition

B. subtilis
Control 0.76 ± 0.01

67.131/2 MIC 0.25 ± 0.01

S. aureus
Control 0.84 ± 0.01

56.521/2 MIC 0.36 ± 0.05

E. coli
Control 0.72 ± 0.03

48.281/2 MIC 0.37 ± 0.01

P. aeruginosa Control 0.87 ± 0.01
42.781/2 MIC 0.50 ± 0.04

All results are presented as the mean ± standard deviation.

2.4. Anticancer Potential

Various concentrations of MH were tested against three cancer cell lines (HCT-116,
MCF-7, A549), and their cytotoxic effects were observed using MTT assays. The percentage
of cell viability at different concentrations of the MH sample and the IC50 values were
determined (Table 5).

Table 5. Percentage of inhibition, cell viability, and IC50 values of tested manuka honey against
various cancer cell lines.

Tested Cell
Lines

Percentage of Inhibition
and Cell Viability

Honey Concentrations (%)
IC50

2 4 6 8 10

HCT-116
Inhibition rate (%) 18.52 31.78 42.03 54.34 64.73

48.65
Cell viability (%) 81.47 68.21 57.96 45.65 35.26

MCF-7
Inhibition rate (%) 12.53 23.22 34.04 42.23 57.81

9.05Cell viability (%) 87.46 76.77 65.95 57.76 42.18

A549
Inhibition rate (%) 9.73 15.86 28.31 37.43 49.89

9.37Cell viability (%) 90.26 84.13 71.68 62.56 50.10
IC50 results are presented as the mean of three reads. HCT-116: colon cancer cells; MCF-7: breast cancer cells;
A549: lung carcinoma epithelial cells.

Anticancer activity of MH against tested cell lines are surmised in Figure 2. A dose-
dependent anti-cancer potential was observed, as well as a substantial anticancer potential
against the MCF-7 and A549 cell lines, and IC50 values were as 9.05 and 9.37 mg/mL,
respectively. Aside from its antibacterial and antioxidant characteristics, honey has been
found in recent research to have features that could slow the multiplication of malignant
cells [45,53,54]. The anti-cancerous activity can occur via the adoption of one of the follow-
ing routes: (1) depolarizing the mitochondrial membrane of cancer cells, hence causing
apoptosis, (2) cyclooxygenase-2 inhibition by components, such as flavonoids, (3) releasing
cytotoxic H2O2 and (4) scavenging the reactive oxygen species (ROS). It has also been
associated with the phytochemical compounds [55]. On human breast cancer (MCF-7),
colorectal carcinoma (CT26) and murine melanoma (B16.F1), MH has been shown to have a
dose and time-dependent anti-proliferative effect [37]. It is primarily has this effect through
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mitochondrial membrane apoptosis [56]. The initiator caspase-9 is triggered, which causes
the executioner caspase-3 to be activated [55]. It also promotes apoptosis by activating
poly(ADP-ribose)polymerase protein (PARP), which causes the loss of Bcl-2 expression
and fragmentation of DNA [57]. In a mouse melanoma model, MH significantly lowered
overall tumor volume and boosted death of these cells [58]. A study by Forbes-Hernández
and colloques used rats suffering from inflammatory bowel disease, and after applying
HM, colonic inflammation was decreased, lipid peroxidation level was lowered, and the
antioxidant activities were increased [55]. These findings justify the observed cytotoxicity
potential of the tested MH sample.
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3. Materials and Methods
3.1. Honey Sample

A medical grade manuka honey sample (250 g) was purchased from Manuka Guard
(Otara, New Zealand). The honey was stored at room temperature and cultured on Mueller-
Hinton Agar (MHA) to ensure absence of contamination.



Appl. Sci. 2022, 12, 9928 8 of 13

3.2. Gas Chromatography–Mass Spectrometry Analysis

To analyze the chemical components of the MH sample, gas chromatography and mass
spectrometry (GC–MS) were employed. For the GC–MS analysis, a TSQ Quantum mass
spectrometer and a Thermo Trace GC Ultra gas chromatograph were used [59]. The mass
detector was run in full-scan mode at 0.132 scans per second at 70 eV ionization energy
throughout a mass range of 40–500 Daltons. Thermo TR-5MS fused silica capillary column
was utilized in combination with a 5% phenyl polysilphenylene-siloxane stationary phase,
and it had a length of 0.25 mm and a film thickness of 0.25 µm. The oven temperature
was raised slowly from 40 ◦C to 300 ◦C over the course of the first 10 min, with an injector
temperature of 250 ◦C. With a flow rate of 1 mL/min and a split flow rate of 25 mL/min,
helium was used as the carrier gas, producing a split ratio of 25. The transfer line’s
temperature stayed at 250 ◦C all the time. By comparing the mass spectra of the analyzed
MH to multiple relevant libraries, including Wiley Library and the National Institute of
Standards and Technology (NIST) as well as data from previously published studies, the
majority of the present chemicals were identified accordingly.

3.3. Antioxidant Assays
3.3.1. DPPH Scavenging Activity

The antioxidant potential of the MH sample was established with regard to its intrinsic
scavenging capacity versus DPPH free radicals [60]. Various concentrations ranged between
1 and 100 µg/mL of the MH sample were assorted into designated tubes. Briefly, each tube
has 2 mL of DPPH solution (6 × 10−5 M) dissolved in dimethyl sulfoxide (DMSO). These
were further assorted during incubation in the dark for a period of 1 h. Upon termination of
incubation, the absorbance attained 517 nm following previous protocol [61]. To calculate
the results, the following formula was used:

DPPH scavenging activity (%) = (A0 − A1)/A0 × 100

A0 = absorbance of the control. A1 = absorbance of the sample.

3.3.2. ABTS Scavenging Assay

The free-radical-scavenging activity of the MH sample was determined by ABTS
radical cation decolorization assay [62]. Cation decolorization of ABTS+ radical cation is
accomplished using a reaction mixture of 7 mM ABTS and 2.45 mM potassium persulfate.
The reaction mixture was then stored at ambient temperature for 16 h in the dark. The
resulting combination was then diluted with ABTS solution and methanol (MeOH) to yield
an absorbance of 0.70 ± 0.02 units at 734 nm. A 50 µL MH sample was combined with 1
mL ABTS+ solution that was then kept at room temperature for 30 min. The absorbance of
the reaction mixture was measured at 734 nm. The ABTS scavenging percentage inhibition
was calculated as follows:

ABTS radical scavenging activity (%) = [(Abscontrol − Abssample)/(Abscontrol)] × 100

where Abs control is the absorbance of ABTS radical + MeOH; Abs sample is the absorbance
of ABTS radical + sample extract/standard.

3.3.3. Beta-Carotene Assays

This test measures the obstruction of decomposition of beta-carotene by oxidation.
The oxidative by product of linoleic acid causes discoloration of beta-carotenes when the
emulsion of the two is solubilized in concentrations of 25 µL and 0.5 mg beta-carotene
in 1 mL chloroform. Tween 40 in 200 mg (w/v) was added to the mixture followed by
adding 100 mL of oxygenated distilled water. Approximately 350 µL of extracts solubilized
in MeOH (2 mg/mL) were added to reach 2.5 mL of emulsion. The procedure is then
performed using MeOH and H2O as negative controls. The absorbance at 490 nm was
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measured at regular intervals from one hour to 24 h of incubation at room temperature in
the dark.

The percentage of inhibition of β-carotene decomposition in the MH sample’s antioxi-
dant potential was measured as follows:

AA% = ABS test/ABS BHT × 100

AA%: Percentage of the antioxidant activity. ABS test: Absorbance in the presence of
the MH sample (test). ABS BHT: Absorbance in the presence of positive control BHT.

3.4. Antibacterial Activity

Bacterial strains used for antibacterial activity were obtained from the Microbial Type
Culture Collection (MTCC) and were cultivated overnight at 37 ◦C in Muller-Hinton Agar
(MHA). These bacterial isolates include Escherichia coli, (E. coli) (MTCC 9537), Bacillus
subtilis (B. subtilis) (MTCC 121), Pseudomonas aeruginosa (P. aeruginosa) (MTCC 741) and
Staphylococcus aureus (S. aureus) (MTCC 96). The antibacterial activity of the MH sample was
determined using the agar well diffusion method [63]. By adjusting the culture’s turbidity
using 0.9% of sterile saline solution, the concentration of bacteria was adjusted to 0.5 Mc-
Farland standard 108 CFU/mL. Then, each prepared solution of tested bacterial strains
was inoculated into designated agar plate using sterile swabs. Next, approximately 60 µL
of the MH sample (1 mg/mL) were injected into wells that were constructed previously
by using a sterile cork borer (6 mm). These plates were then incubated at 37 ◦C for 24 h.
Inhibitory zones were measured in millimeter (mm) and three replicates for each strain
were conducted. Chloramphenicol (1 mg/mL) and Muller–Hinton broth were employed
as positive and negative controls, respectively.

3.5. Antibiofilm Assay

The potential effect of the MH sample toward biofilm formation was assessed using a
modified version of a previously reported method [64]. A growing culture of each bacterial
strain (107 cells/mL) was inoculated into 96-well microtiter plates made of Mueller–Hinton
Broth (MHB) and 1% glucose to form biofilms. Planktonic cells were removed, and the wells
were gently rinsed three times with normal saline at the conclusion of the 24 h incubation at
37 ◦C. Half of minimum inhibitory concentration (MIC) of MH was added (approximately
200 µL) to the wells and then incubated at the abovementioned conditions. The absorbance
was monitored each hour for 24 h using 492 nm wavelength. The MHB of each bacterial
strain was utilized as a biofilm growth control. The percentage of inhibition in the biofilm
was calculated using the equation below:

[(OD (control) − OD (test)/OD (control)] × 100

3.6. Anticancer Assay (MTT Assay)

The anticancer activity of the MH sample was investigated against different human
cancer cell lines, including colon (HCT-116), breast (MCF-7), and lung (A549), which were
acquired from the National Centre for Cell Science (NCCS). Cells were grown in a 25 cm
flask containing Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10%
Fetal Bovine Serum (FBS) and gentamicin and was then overnight incubated at 37 ◦C in
5% CO2 environment. Cells were grown to 80 percent confluence before being seeded
at a density of more than 1 × 105 cells per well in 96-well plates and incubated in the
described abovementioned growth conditions. Cells were then stained with Trypan Blue
(0.4%), and viable cell count was determined using a hemocytometer. Cells were then
treated with different concentrations of MH sample (1–100 µg/mL) for 24 h. Cells were
washed with phosphate-buffered solution (PBS) and subjected to 100 µL of MTT solution
5 mg/mL followed by incubation for 4 h. Next, the medium was then removed, and
formazan crystals were solubilized with 100 µL of DMSO. The amount of formazan crystal
was determined by measuring the absorbance at 570 nm using an ELISA microplate reader,
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following theses protocols [65–68]. All assays were performed at least three times and 50%
cytotoxic concentration (IC50) was calculated [69,70].

4. Conclusions

The current study highlights the GC–MS phytochemical and biological effects of
manuka honey. The tested samples were found to contain various bioactive compounds
that might be potentially responsible for the observed antioxidant effect in MH. Further-
more, the observed antibacterial and antibiofilm effects of the MH would suggest a promis-
ing and naturally alternative source for easily and readily available antibacterial agents.
Obtained data for the cytotoxicity assays indicated that MH exerted a dose-dependent
anti-cancer potential against HCT-116, MCF-7 and A549 cell lines. Forthcoming studies that
further investigate the molecular mechanistic and pharmacogenetics of MH with different
pathogens and cancer cells are needed to scrutinize the validity and efficacy of MH.
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