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Effect of Trigona honey on Escherichia coli cell culture growth: In vitro study
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ABSTRACT

Aim: This study aimed to investigate the antibacterial activity of Trigona honey against
Escherichia coli.

Methods: The antibacterial activity of honey was examined by agar well diffusion
assay, minimum inhibitory concentration (MIC), minimum bactericidal concentration
(MBC), and time-kill curve assay. Bacterial strains were cultivated in microtiter plates
with varying concentrations of honey (10%, 20%, 30%, 40%, and 50% w/v) for specific
incubation time (24, 48, and 72 hours) at 37°C.

Results: Agar well diffusion assay showed that Trigona honey had the highest
antibacterial activity against E. coli with 18.2 + 0.6 mm. The MIC value against E. coli was
10% (w/v) and MBC was 30% (w/Vv). In time-kill curve, Trigona honey has inhibited E. coli
in a4 log,, at 18 hours, and total viable counts were killed after 24 hours. It was found
that even >30% Trigona honey dilution interfered significantly with E. coli cell culture
growth. Moreover, it was found that a difference of more than 10% honey concentration
between the treatments was considered significant to produce inhibitory effects. This
study has shown that Trigona honey has significant inhibitory effects on E. coli growth in
vitro. Trigona honey may be used as an alternative to antibiotics in controlling infections
caused by E. coli. However, further investigation is required to strengthen this argument.
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Introduction

Antibiotics have significantly reduced the mortality
associated with infectious diseases during the 20th
century. Unfortunately, their massive and repeated
use has led to the emergence of bacteria resistant
to these drugs. Today, bacterial resistance to anti-
biotics has become a worrying reality; the increas-
ing evolution of bacterial resistance associated with
a decrease in the stock of antibiotics is one of the
essential motivations for research and the intro-
duction of new antibacterial agents [1]. Alternative
antimicrobial strategies are urgently needed and
thus this situation has led to a re-evaluation of the
therapeutic use of ancient remedies, such as honey
[2,3]. Honey has a long history of medicinal use

that continues to prevent microbial infections to
this day. It is also recognized as a topical antimicro-
bial agent effective in the treatment of burns and
infected wounds [4-7]. The therapeutic properties
of honey could be due to various factors, and the
floral source of honey plays an important role in the
biological properties of honey [8,9].

Honey has been used for thousands of years as
a food, as a medicine, and has been incorporated
into cosmetic products. A large number of different
cultures have widely used honey as a medicine for
many disorders such as chronic wounds and ulcers
[10-14].

Trigona honey is produced by Trigona bees
without stings grown in uncultivated bushland in
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Malaysia and Indonesia. Trigona honey is generally
brighter in appearance than ordinary forest honey
and has a distinctive “bush” taste, i.e., a mixture of
sweet and sour with a hint of fruity taste [15]. It has
been reported that honey has more than 100 dis-
tinct compounds with different biological functions
[16], the main antibacterial compound in most types
of honey is hydrogen peroxide [17,18]. However,
perhaps the antibacterial activity of Trigona honey
is due to phenolic compounds [15,19,20]. These
compounds have non-sticky properties that could
be used to control bacterial growth and biofilm for-
mation [21-23].

The properties and compositions of honey
depend on its geographical floral origin, season,
environmental factors, and beekeeping manage-
ment [7,24,25]. It is recognized that some chemi-
cal changes occur when nectar is transformed into
honey. These changes are mainly due to the enzy-
matic activity of bee enzymes deposited in honey
by bees. These enzymes are invertase, which hydro-
lyzes sucrose into glucose and fructose, amylase or
diastase, and glucose oxidase, which generates glu-
conic acid and hydrogen peroxide from glucose in
dilute honey. The other enzymes present in honey
are catalase and acid phosphatase [26,27]. Honey
is used in some hospitals, particularly for the clin-
ical treatment of ulcers, bedsores, burns, and sur-
gical wounds [28]. The antibacterial properties of
honey can be particularly useful against bacteria
that have developed resistance to several antibiot-
ics [11,29,30]. The antibacterial properties of honey
referred to acidity, the activity of non-hydrogen
peroxide, the high osmotic effect, and the presence
of phytochemical components [31,32]. The high
osmotic effect of honey due to its high sugar con-
tent also plays a role in reducing the rate of bacterial
growth [7]. In addition to the high osmotic effect of
honey, its acidity could also reduce the rate of bacte-
rial growth. The acidity of honey, which is in the pH
range 3.2 to 4.5, creates an environment unfavorable
to bacterial growth [7,33]. Numerous reports and
clinical studies have demonstrated the antimicrobial
activity of honey against Escherichia coli, Salmonella
entercolitis, Shigella dysenteriae, Mycobacterium,
Staphylococcus aureus, Enterococci, Candida albi-
cans, and Streptococcus pyogenes [34-36].

In this study, the antibacterial effect of Trigona
honey on E. coli growth was evaluated in several
concentrations of Trigona honey. We selected E. coli
because it is a common bacterium used in microbi-
ological laboratory tests; its structure and physiol-
ogy are well-known. In addition, many strains of this
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bacterium have been implicated in diseases such as
gastroenteritis and urinary tract infections. Antibiotic
resistance and biofilm formation by pathogenic
strains of E. coli are considered a major concern, espe-
cially in hosts with weakened immune systems [37].

Materials and Methods
Honey samples

Medical grade sterile honey from the stingless bee
Trigona was obtained from a local pharmacy at
Kuala Terengganu, Malaysia. The honey was steril-
ized using gamma-irradiation 25 kGy). The samples
were kept at room temperature and protected from
sunlight [23,38,39].

Bacterial growth

Escherichia coli ATCC 25922 was used for this study.
By using a sterile loop, bacteria were streaked across
the nutrient agar medium and incubated at 37°C for
24 hours. The bacterial culture was prepared by
picking up 1-2 morphologically identical colonies
from the stock culture and suspended in 20 mL of
sterile Brain Heart Infusion in a sterile conical flask.
The inoculum was adjusted to 0.5 McFarland stan-
dard (approximately to 1-2 x 7108 CFU/ml) and it
incubated at 37°C for 24 hours [31,39-43].

The effect of Trigona honey on growth of E. coli

Five different concentrations of honey 50%, 40%,
30%, 20%, and 10% were prepared with inoc-
ulums as shown in Table 1, and 150 ul of each
concentration were pipetted into a 96-well plate.
A 200 pl of honey was used as a corresponding
negative control, 200 pl of inoculum was used as a
positive control, and 200 ul of broth was used as a
sterility control. The plates were incubated for 1, 2,
and 3 day at 37°C. Absorbance was measured each
day (1st, 2nd, and 3rd day) by using the microti-
ter plate reader (Tecan Infinite 200 PRO, Austria)
at 570 nm. This test was performed in triplicate
[38,42,43].

Table 1. Trigona honey diluted with inoculum.

Volume of Final honey
Treatments Stock Honey (g) inoculums Concentration
(ml) (% w/v)
A 0.2 1.8 10
B 0.4 1.6 20
C 0.6 1.4 30
D 0.8 1.2 40
E 1.0 1.0 50
11



M. A. Al Kafaween, A. B. M. Hilmi, R. S. Khan, M. Bouacha, M. Amonov

Minimum inhibitory concentration

Micro broth dilution was employed for the deter-
mination of the minimum inhibitory concentra-
tion (MIC) of the honey. Following the method of
[31,39,60], with minor modifications. Working bac-
teria culture was prepared as previously described,
adjusted to be equal to 0.5 McFarland standards.
MHB broth was used to prepare 50%, 40%, 30%,
20%, and 10% (w/v) concentrations of honey.
Initially, the first well added with 200 pl of every
honey dilution was used as dilution sterility con-
trols. 100 pl of bacterial culture was mixed with
100 ul of each honey dilution in other wells. While a
well with 200 pl of bacterial culture was used as the
assay growth control. Also, a well containing 200
ul broth only was labeled as assay sterility control
well. Plates were incubated at 37°C for 24 hours, and
the presence/absence of visible growth was noted
for each well. Also, the absorbance of the wells was
read at 570 nm using microtitre plate reader (Tecan
Infinite 200 PRO, Austria) [23,31,38,39,44-46].

Minimum bactericidal concentration

Minimum Bactericidal Concentration (MBC) was
conducted using wells that appeared to have no
growth (no turbidity) by visual inspection and were
streaked onto nutrient agar plates using sterile 100
ul loops. The plates were incubated at 37°C for 24
hours. After incubation, any growth on the plates
was marked as positive and no growth was marked
as negative. The plates with the lowest concentra-
tion of honey showing no growth were recorded as
the MBC [23,31,38,39,44-47].

Agar well diffusion assay

A prepared 0.5 McFarland E. coli suspension was
streaked evenly on the surface of Muller Hinton
agar (MHA) by using a sterile cotton swab. After
that, wells with 7-mm diameter were prepared on
the agar with a sterile cork borer. Each well was
then filled with 70 ul of 50%, 40%, 30%, 20%, and
10% concentration of Trigona honey. Following
24 hours of incubation at 37°C, the diameters of
the zone of inhibition for each sample were then
recorded in millimeter (mm). Assays were com-
pleted in triplicate and an average value was
obtained [31,39,44,45].

Time-kill curve

An overnight broth culture of E. coli in 5 ml of MHB
was prepared by inoculating a colony from pure
culture and incubating at 37°C for 24 hours. The
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first tube was inoculated with 0.6 g of honey and
1.4 ml of a broth culture of the test bacterium in an
initial concentration of approximately 107 CFU/ml
and the second tube was filled with 2 ml of inoc-
ulum used as a positive control. The tubes were
incubated at 37°C. Broth aliquots were collected at
different time points, serially diluted in saline solu-
tion, plated on nutrient agar media, and grown for
24 hours at 37°C to determine the colony-forming
units (CFUs) in each tube. Finally, a graph of log,  to-
tal viable count (TVC) versus incubation time was
plotted to allow the exponential growth phase to be
identified [39,48].

Statistical analysis

Repeated measures analysis of variance (ANOVA)
was applied on the collected data using “Statistical
Package for Social Science version 21” The differ-
ences of mean values within groups (time effect)
were analyzed by using pairwise comparisons with
the assumption of compound symmetry as given by
Mauchly’s test of sphericity. A separate ANOVA for
checking the treatment effect was performed with
Post-hoc multiple comparisons to reveal the differ-
ences in mean values among groups.

The level of significance was set at 0.05 with
two-tailed fashion. The assumptions of normality
and homogeneity of variance were applied to check
the fit of the model.

Results
Effect of Trigona honey on E. coli growth

As shown in Table 2, there are no significant differ-
ences in mean growth rate values between day one,
two, and three (F = 0.30, p = 0.745). It was found
that E. coli growth was five times higher in 10%
honey compared to the other concentrations (F =
551.37,p < 0.001).

The differences in mean values among groups
with regard to time (time-treatment interaction)
were analyzed by using ANOVA. There were signif-
icant differences between mean growth values in
day 1 and day 2 (Table 3). It was also observed that
the treatments become non-significant even after
72 hours of incubation (Table 3).

Profile plot (Fig. 1) for the adjusted mean (esti-
mated marginal means) of E. coli cell culture for
Days 1, 2, and 3 revealed that at 30% honey concen-
tration, days of incubation become irrelevant.

It can be inferred from this study that honey
at a concentration of 30% (w/v) may be the most
suitable treatment to inhibit the growth of E. coli
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cells. Similar findings have been reported by [38]
wherein 20%-40% dilutions have shown a marked
inhibitory effect on bacterial growth. Moreover, it is
observed that 40% and 50% treatment on the third
day (Table 3) becomes non-significant in producing
inhibitory effects.

MIC and MBC determination

In Table 4, the results obtained show that Trigona
honey inhibited the growth of E. coli at 10% (w/v)
and it has a bactericidal effect at the dilution of 30%

(w/v).
Agar well diffusion

Agar well diffusion assay was summarized in
Table 5. The table shows the zone of inhibition for E.
coli after treated with Trigona honey. Trigona honey
exhibits greater inhibition on E. coli cultures, which

The time-kill curve is used to determine the bac-
tericidal or bacteriostatic activity of antimicrobials.
It is analyzed by plotting log ,, CFU/ml versus time.
Total cell count is defined as the total number of
both dead and living cells in the sample, whereas
the TVC is defined as the number of living cells
[50]. To maintain and minimize the impact of time-
kill variables, several factors should be considered
when performing time-kill studies. These varia-
tions affect the results and its interpretation. These
factors are first, the initial or starting inoculum of
10* to 107 CFU/ml should be applied. Second, the
samples should be incubated at 37°C. Third, the
assay should be continued up to 24 hours [51]. In

Table 3. Comparison of mean cell culture among different
groups based on time (time-treatment).

Comparison Mean difference (95% Cl)  p-value
is related to its dilution. Day1 50%versus40%  —-0.03 (-0.15, 0.08) >0.95*
Time-kill curve 50% versus 30% -0.04 (-0.15, 0.08) >0.95*
The time-kill curve clearly shows an increase in S0%versus 20% - -0.13(-0.24,-0.10) 0033
the number of E.coli cells without honey treatment S0%versus 10%  -0.13(-0.25, ~0.02) 0.026
(Fig. 2). However, areduction in the number of E. coli 40% versus 30% -0.01(-0.12,0.11) >0.95%
was observed, which showed the decreased 2 log, 40% versus 20%  -0.09(-0.21,0.02) 0.131
reductions in TVCs at 6 hours (Table 6). At 12 hours, 40% versus 10% -0.10(-0.22,0.02) 0.097
E. coli was decreased 3 log, reduction in TVCs, and 30% versus 20% -0.09 (-0.20, 0.03) 0.187
at 18 hours, it was decreased by 4 log, reductions. 30% versus 10% -0.09 (-0.21, 0.02) 0.136
Escherichia coli was killed after 24 hours (log,,CFU/ 20% versus 10% -0.01(-0.12, 0.11) >0.95*
ml =0, p=0.001). Day2 50%versus40%  -0.07 (-0.16, 0.04) 0.335*
50% versus 30% -0.10 (-0.20, -0.002) 0.045
Table 2. Overall mean difference of growth rate 50% versus 20%  -0.15(-0.25, -0.05) 0.006
(cell culture) among groups (Treatment effect). 50% versus 10% -0.28 (-0.38, -0.18) <0.001
Comparison Mean difference (95% Cl) p-value 40% versus 30% -0.04 (-0.14, 0.06) >0.95*
50% versus 40% -0.05 (-0.09, -0.01) 0.018 40% versus 20% -0.09 (-0.19, 0.01) 0.104
50% versus 30% -0.09 (-0.13, -0.05) 0.001 40% versus 10% -0.21(-0.31,-0.11) 0.001
50% versus 20% -0.18 (-0.22, -0.14) <0.001 30% versus 20% -0.05 (-0.15, 0.05) 0.948*
50% versus 10% -0.24 (-0.27, -0.20) <0.001 30% versus 10% -0.18 (-0.28, -0.08) 0.002
50% versus control -0.37 (-0.41, -0.33) <0.001 20% versus 10% -0.13 (-0.23, -0.03) 0.014*
40% versus 30% -0.04 (-0.08, -0.003) 0.035 Day 3 50% versus 40% -0.05 (-0.15, 0.06) >0.95*
40% versus 20% -0.13 (-0.17, -0.09) <0.001 50% versus 30% -0.13 (-0.23, -0.02) 0.017
40% versus 10% -0.19 (-0.23, -0.15) <0.001 50% versus 20% -0.26 (-0.36, -0.16) <0.001
40% versus control -0.33(-0.37,-0.29) <0.001 50% versus 10% -0.30(-0.40, -0.19) <0.001
30% versus 20% -0.09 (-0.13, -0.05) 0.001 40% versus 30% -0.08 (-0.19, 0.02) 0.152%*
30% versus 10% -0.15 (-0.19, -0.11) <0.001 40% versus 20% -0.21(-0.32,-0.11) 0.001
30% versus control -0.28 (-0.32, -0.25) <0.001 40% versus 10% -0.25 (-0.35, -0.15) <0.001
20% versus 10% -0.06 (-0.10, -0.02) 0.007 30% versus 20% -0.13 (-0.24, -0.03) 0.014*
20% versus control -0.20(-0.23, -0.16) <0.001 30% versus 10% -0.17 (-0.27, -0.07) 0.004
10% versus control -0.14 (-0.18, -0.10) <0.001 20% versus 10% -0.04 (-0.14, 0.07) >0.95*

F-stat (df) = 551.37 (5), p-value < 0.001. *Non-significant (p > 0.001).
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Figure 1. Mean values of E. coli cell culture (measured as OD) incubated at

37°C.

Table 4. MIC and MBC determination.
MIC % (w/v) MBC% (w/v)
E. coli 10 30

Strain

Table 5. Inhibition zone (mm) (Mean +SD), n = 3.

Test The concentration of Honey (%w/Vv)
bacteria 50 40 30 20 10
) 182+ 172+ 152+  135+%
+
. coli 0.6 0.4 03 04 002

this study, all these conditions were applied in the
time-kill assays. The log,  CFU/ml for treated E. coli
was noticed at 12 hours almost half of E. coli was
killed (log, , CFU/ml = 3.2). Also, at 24 hours, almost
100% of E. coli was killed.

Discussion

In this study, we have demonstrated that all con-
centrations of Trigona honey were able to decrease
the growth rate of E. coli. This study demonstrated
that there was considerable variation between
the concentrations of honey and that indication
of activity derived solely from the mean size of
the zone of inhibition to determine the relative
activity of honey. Antibacterial activities of honey
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have been broadly discussed among researchers
worldwide. It is strongly related to several factors
such as osmolarity, pH, and other major constit-
uents such as phenolic acids and flavonoids [49].
The MIC value of Trigona honey against E. coli was
10%, whereas the MBC value was 30% (w/v). A
study by Zainol et al. [31] showed that MIC and
MBC of Kelulut honey against E. coli were at 20%
concentration of honey. Previous studies showed
that the MIC of stingless honey was 4% to >10%
(w/ v) for Gram-positives bacteria, 6% to >16%
(w/ v) for Gram-negative bacteria, and 6% to
>10% (w/ v) for Candida spp. [55,56]. Currently,
the studies conducted by [12,57] have been
reported that MIC of Manuka honey against S. pyo-
genes was at 20% concentration and MBC was at
25% concentration. Previous studies showed that
MIC of Kelulut honey, Algerian honey, and Manuka
honey against Pseudomonas aeruginosa was at
20% concentration and MBC was at 25% concen-
tration [31,39,58,59]. These variations affect the
results and its interpretation. Firstly, the initial
or starting inoculum of 10* to 10” CFU/ml should
be applied. Secondly, the samples should be incu-
bated at 37°C. Thirdly, the assay should be contin-
ued up to 24 hours [51]. Previous studies showed
that stingless bee Trigona carbonaria decreased

J Apither ¢ 2019 ¢ Vol 5 e Issue 2
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Figure 2. Time-kill curve showing in vitro bactericidal effect of Trigona honey on E. coli.

Table 6. Log reduction (LR) for E. coli after 24 hours of
exposure to 30% of Trigona honey.

Time  Log,CFU/ml rt:flﬁii% R=log, (A} e
(hours) (A) (8) log, (B)
0 7.3 7.3 0 Initial
3 7.4 6.3 11 0.021
6 7.5 5.4 2.1 0.015
9 7.8 4.8 3.0 0.011
12 7.9 3.2 4.5 0.014
15 7.9 2.4 5.4 0.011
18 8.2 0.8 7.4 0.007
21 8.5 0.4 8.1 0.002
24 8.6 0.0 8.0 0.001

1-3 log for S. aureus, and >3 log for P. aeruginosa
after treated with 20% of honey [55]. Four major
antibacterial properties of honey including acid-
ity, non-hydrogen peroxide activity, high osmotic
effect, and the presence of phytochemical compo-
nents [49]. The high osmotic effect of honey due
to the high contents of sugar in honey also plays
a role in reducing biofilm mass [7]. Besides the
high osmotic effect of Trigona honey, the acidity
of honey is assumed to play a role in reducing bio-
film mass as well. The acidity of Trigona honey
which is within the range of pH 3.2 to 4.5, creates
an unfavorable environment for bacterial growth
whereas their optimum pH for growth is about pH
7.2t07.4[7].
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Conclusion

This study has provided evidence to show that
Trigona honey can significantly inhibit the growth
of E. coli cell culture in vitro. Further 30% honey
dilution is found to be the most appropriate con-
centration for getting significant results in inhibit-
ing the growth. Therefore, it can be concluded that
Trigona honey in its diluted form can be effectively
applied in controlling E. coli infections. However,
further investigation is needed to understand the
mechanism of this inhibition, which was not the
scope of this study. Further study with a scanning
electron microscope followed by quantification of
active compounds would help to understand the
mechanism of inhibition.
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