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Inhibitory Activity of Ceiba' Honey against Escherichia Coli ATCC 33218
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Abstract

Escherichia coli is a type of bacteria that has evolved yearly, such as
resistance to various antibiotics. Honey consumption can improve the
quality of individual health. It has the potential to inhibit the growth of
Escherichia coli. This study aimed to characterize the Escherichia coli
ATCC 33218, and to investigate the inhibitory activity of Ceiba' honey
against this strain. We obtained Ceiba' honey from the honey farm of Ceiba
petandra. The antibiotic sensitivity tests revealed that the strain used in this
study is not ESBL strain. Even it is resistant to Ampicillin, Amoxycillin,
Penicillin, and Oxacillin and is sensitive to Cefotaxime. This study runs
inhibition zone, MIC, MBC, and time-kill growth experiments to evaluate
the inhibitory activity of Ceiba' honey. It showed a strong inhibition zone.
Its MIC and MBC were 30 and 40%, respectively. The time-kill growth
experiments revealed its inhibition by lowering the lag phase, slowing
the growth rate, and decreasing the biomass yield of strain. In conclusion,
Escherrichia coli ATCC 33218 is not an ESBL strain. Furthermore, Ceiba'
honey has inhibitory and killing power against Escherichia coli ATCC
33218.
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Introduction

Escherichia coli is one of the normal bacteria in the human digestive
tract. However, E. coli can cause harm to humans because this bacterium
can become pathogenic and cause disease in the human digestive tract [1].
In its development, E. coli has evolved as a result of resistance to the use
of antibiotics. The ability of E. coli to withstand the effects of antibiotics is
a new defense strategy referred to by the term "resistance mechanism" [2].
This resistance indicates that fewer antibiotic options will be available to treat
infections caused by E. coli [3]. Increased antibiotic resistance is a problem
in the health care center and the community, in the form of an increase in the
incidence of infection [4,5]. The search for new antibiotics requires a long
process and time [6]. Interestingly, Indonesian people widely use honey to
improve the process of healing [7]. Especially during the COVID-19 (Corona
virus diseases-19) pandemic, the consumption of honey has increased for
health reasons [8]. Honey is a liquid that has a syrup-like form. It is condensed
and has a sweet taste. Particular bees (4pis mellifera) produce it from flower
nectar. In the case of Ceiba' honey, the tree plantation of Ceiba pentandra is
the best production site. This honey is brownish yellow and slightly thick.
Most of the Ceiba' honey production collected by beekeepers is in Ceiba
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plantation areas of C. pentandra in Central Java and East
Java [9,10]. C. pentandra (local name: kapok or randu tree)
grows in Asia countries, such as India, Indonesia, Thailand,
and the Philippines. The kapok tree serves as a host for honey
bees. This plant is cultivated in the tropics because it requires
conditions with high rainfall levels [11]. Ceiba' honey is
relatively cheaper than other kinds of honey in Indonesia. It
is rich in minerals such as potassium, magnesium, chlorine,
sodium, iron, sulfur, and phosphate. It is also rich in thiamin
(B1), riboflavin (B2), niacin (B3), pyridoxine (B6), ascorbic
acid (C), vitamin K, biotin, pantothenic acid, and folic acid
[12,13]. Its antibacterial properties depend on its low pH,
high sugar concentration, and the presence of H,O,. With a
high sugar concentration, bacteria lose water due to osmotic
pressure and dry out, while a low pH inhibits bacterial
growth [9,10]. Some studies found that a mixture of H,O,
and ascorbic acid produced an antibacterial mechanism that
increased lysozyme lysis and bacterial death [9]. Glucose
oxidase activity produces H,O, aerobically from glucose. The
function of H,O, in honey is to prevent damage from raw
Honey [10]. In addition, organic compounds in honey, such
as polyphenols and glycosides, have antibacterial activities.
They can damage the integrity of the cell wall so that they
can kill the bacteria [14]. Flavonoid compounds in the honey
can inhibit the nucleic acid synthesis and the cytoplasmic
function of the target bacterial membrane [9]. The objectives
of this study were to characterize the morphology and the
antibiotic sensitivity of Escherichia coli ATCC 33218 to
determine whether the strain is ESBL strain; to investigate
the antibiotic activity of Ceiba' honey against Escherichia
coli ATCC 33218. We used 1Z, MIC, MBC, and time-kill
growth tests to evaluate the antibacterial activity of Ceiba'
honey against E.coli.

Material and Methods
Escherichia Coli

The strain used in this study was Escherichia coli ATCC
33218 obtained from the Laboratory of Microbiology of this
university. The strain was maintained in nutrient agar (Oxoid
CMO003) at 37°C and pH 4.5 [1]. The colony and microscopic
characteristics of the strain were checked regularly.

Ceiba' Honey

There are several kinds of Ceiba' honey available in
the market. We chose Ceiba' honey produced by Perhutani
(Perusahaan Hutan Negara Indonesia, Indonesian State
Forest Company), Bogor (Figure 1).

Inhibitory Zone Test of Ceiba' Honey against
Escherichia coli

The bacterial suspension was spread in nutrient agar
containing Petri disc. Small wells with 0.5 cm diameter were
prepared and filled with 50 puL of Ceiba; honey. Incubation was
at 37°C for 24 hours. The inhibition zones were measured [15].
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Method of Minimal Inhibitory Concentration (MIC)
and Minimal Bactericidal Concentration (MBC)

Serial concentrations of original Ceiba' honey tested
for MIC and MBC were 10, 20, 30, 40, 50, 60, and 80%.
The overnight bacterial suspensions (0.5 McFarland) were
inoculated into the honey and nutrient broth-containing test
tubes. MIC is an antibacterial test solution at a minimal level
that can inhibit bacterial growth. Then, the solution specified
as MIC and other solutions in the next step will be streaked
on McConkey agar media and incubated at 37°C for 24 hours.
The no-growth with a minimum concentration of honey is
called MBC.

Time-Kill Growth

Time-kill growth was carried out using Personal Reactor
(RTS-1) BioSan. Bioreactor tubes (falcon tubes) were filled
with nutrient broth and different concentrations of honey. The
tube was placed into the Bioreactor, then rotated at a speed
of 1000 rpm and a wavelength of 850 nm for 24 hours. The
culture's optical density was automatically measured by the
sensor and recorded by the computer system of the Biosan.
From the computer system, we could obtain the growth
curve. Calculating the lag phase, growth rate, and biomass
yield followed the information obtained from the computer
system of Biosan.

Results
Is Escherichia coli ATCC 33218 belong to Extended-
Spectrum Beta-Lactamase?

Morphological and microscopic testing of Escherichia
coli ATCC 33218 revealed that the strain is true Escherichia
coli. Gram staining proved the purity of the strain. It had

Figure 1: Perhutani Ceiba’ Honey.
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a large colony shape, round, thick, grayish white, moist,
smooth, and opaque (Figure 2) [16]. Based on antibiotic
sensitivity tests of Escherichia coli ATCC 33218 as listed
in Table 1, the strain is not an ESBL strain, even though
it is a multi-antibiotic resistance strain. Among five beta-
lactam antibiotics (Table 1), the strain is sensitive against
Cefotaxime. Nevertheless, it is resistant to Ampicillin,
Amoxyecillin, Penicillin, and Oxacillin. This strain is resistant
to macrolide, Streptomycin, and Chloramphenicol. Based on
the antibiotic sensitivity tests, this Escherichia coli ATCC
33218 is Multidrug Resistance (MDR).

Inhibitory Zone of Ceiba' Honey against Escherichia
Coli

Ceiba's honey inhibition zone showed a strong inhibitory
effect on Escherichia coli (Figure 2). This test revealed the
antibacterial inhibition of Ceiba' honey in vitro. The inhibition
zone diameter range was 11-20 mm, which denotes "strong or
very strong" inhibition [17].

Figure 2: Microscopic image (400x) (A) and colony morphology of
Escherichia coli ATCC 33218 (B).
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The test results (Figure 3) showed that the SOuL volume
had an inhibition zone of 44.10 mm. Therefore, Ceiba’ honey
has a powerful inhibition capacity.

Test of Minimal Inhibitory Concentration (MIC)
and minimal bactericidal concentration (MBC) of
Ceiba' Honey against Escherichia coli ATCC 33218

The results (Figure 4) obtained from this activity test
were optical density in the tubes. The results showed that
the tube with 30% (v/v) honey was the minimum inhibitory
concentration (MIC). Higher than 30%, there is no more
visible density or growth of Escherichia coli. After getting
results from MIC, the minimum bactericidal concentration
(MBC) tests were carried out (Figure 5). The minimal
bactericidal concentration (MBC) of Ceiba’ honey was 40%
(v/v). Above 40%, Escherichia coli did not grow.

Time-Kill Growth of Escherichia coli

Ceiba' honey can inhibit the growth of E. coli. Added
Ceiba honey to the growing culture can prolong the lag
phase, slow the growth rate, and decrease the biomass yield
(Figure 6, Table 2). Up to 40% Ceiba' honey concentrations,
the bacteria could no longer grow. The bacteria can still grow
a little at a honey concentration of 30% (v/v).

Discussion

The strain we investigated in this study is not ESBL strain.
Previously, we hoped that this strain belonged to ESBL
strain. Nevertheless, the strain ATCC 33218 is a multi-drug

Table 1: Sensitivity of Escherichia coli ATCC 33218 against antibiotics.

Abbreviation Antibiotic Sensitivity
B-lactam antibiotic
AMP Ampicillin R
AML Amoxycillin R
CTX Cefotaxime S
P Penicillin R
OX Oxacillin R
Quilonone
CIP Ciprofloxacin S
NA Nalidixic acid S
OFX Ofloxacin S
Fluoroquilonone
NOR Norfloxacin S
Macrolide
DA Clindamycin
E Erythromycin

Abbreviation Antibiotic Sensitivity
Aminoglycoside
CN Gentamycin S
K Kanamycin S
S Streptomycin R
N Neomycin S
Others

PB Polymyxin B S
C Chloramphenicol R
TE Tetracycline S
W Trimethoprim S
IPM Imipenem S
NV Novobiocin S
CRO Ceftriaxone S
FOX Cefoxitin S
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Figure 5: MBC result.
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Figure 6: Growth curve of Escherichia coli under different treatments.
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Table 2: Influence of Ceiba honey on the growth rate, max OD,, , and
biomass yield.

Honey Growth rate () Max Biomass
(%) (h"") oD, (mg/ml)
0 (control) 0,19 1 3.3
10 0,18 0.6 24
20 0,07 0.25 1
30 0,04 0.25 0.8
40 0,00 0.1 0
50 0,00 0.25 0

resistance (MDR). ESBL-producing Escherichia coli should
be resistant to cefotaxime [18]. This study proved that Ceiba'
honey has potent inhibitory activity against Escherichia
coli ATCC 33218. This capacity depends on its bioactive
compounds that have antibacterial activity. Several bioactive
compounds contribute to the antimicrobial activity of honey.
These substances are associated with antioxidants and protein
compounds, such as polyphenols, lysozyme, flavonoids,
and other phenolic compounds, methylglyoxal, inhibin,
glycosides, and peptides bee. They generally have antibacterial
properties by damaging the integrity of the cell wall so that
they can inhibit or kill. Flavonoid compounds act by inhibiting
the nucleic acid synthesis and the cytoplasmic function of the
target bacterial membrane [9]. In addition, other factors such
as low pH, high sugar concentration (osmotic nature), and
the presence of H,O, are also essential [9,10]. These factors
depend on several aspects, such as honey harvesting time,
moisture content, color, taste, and aroma of honey [13]. With
the rise in the prevalence of antibiotic-resistant bacteria,
honey is increasingly valued for its antibacterial activity, not
only against E. coli but also too many other bacteria, Bacillus
subtilis,  methicillin-resistant ~ Staphylococcus  aureus,
extended-spectrum beta-lactamase-producing Escherichia
coli, ciprofloxacin-resistant Pseudomonas aeruginosa, and
vancomycin-resistant Enterococcus faecium. [19].

Conclusion

This experiment showed that the ATCC 33218 is not
ESBL strain. Ceiba' honey has powerful inhibitory activity
against Escherichia coli. MIC, MBC, and time-kill growth
data confirmed this inhibitory activity. Further research can
be carried out using other bacterial species, other types of
honey originating, and the preparative extraction process.
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