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Study Antibacterial Activity of Libyan Honey Against Some Common Pathogenic
Bacterial Species (187-201)

Abstract:

Background: Honey is a natural complex produced by honey bees and from different
types of nectar from various flowers and grains the vaccine, Honey has been used as a
medicine since ancient times, mainly for the treatment of skin wounds, burns, ulcers,
ocular infections, sore throat, and digital dermatitis, among others. Honey can clear
infection in several ways _including boosting the immune system by having anti-
inflammatory and antioxidant activists and via stimulation of cell growth.

Objectives: Isolation and identification of pathogenic bacteria.

Evaluation of the effect of different types of Libyan honey on isolated bacteria at
different concentrations.

Method: This experiment was conducted in the clinical microbiology laboratories at AL-
Gala children's Hospital (Tripoli— Libya) from April to July 2022, the honey sample used
in this study was collected from different regions of Libya, and the honey was diluted in
four different concentrations (25%, 50%,75%, and 100%) to evaluate the antibacterial
activity of Libyan honey against several pathogenic bacteria (Escherichia coli, Klebsiella
pneunomoniae, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus
epidermidis) using agar well diffusion and agar disk diffusion methods.

Results: Our results obtained showed that Libyan honey possesses anti-bacterial activity
in our study. The effect varies according to the sample, bacteria spp., and concentration.
The results of the honey across bacterial species are based on four types of honey and
their effect on five types of bacteria soup. The tests were doubled to confirm the results
on four dilutions (25%, 50%, 75%, and 100%). The great value of the antibacterial effect
can be obtained when honey is at a concentration100%. Seder honey showed more
significance in P. aeruginosa, while moderate significance was on S. aureus and non-
significant was on the bacterial spp. Concerning the mean * SD for SEDER,
COMMERCIAL, and SPRING there are significant differences (p= <.001). In this work,
we focus on the results of the affectivity of honey across bacteria by measuring the
Inhibition zone.

Conclusion: The excellent antibacterial activity of honey against clinical bacterial
isolates indicates the usefulness of honey in clinical practice against bacterial infection.
Keywords: honey, pathogenic bacteria and urine sample.

Introduction:

honey is a by- product of flower nectar and the upper aero-digestive tract of honey
bee, which is concentrated through a dehydration process inside the bee. The collected
substances are mixed with other specific compounds from the honeybees and are then
deposited by the honeybees in the wax honeycomb and allowed to mature over time. The
composition of honey depends on the source of the plants that the bees feed on (Eteraf-
Oskouei and Najafi, 2013; Schneider et al., 2013). However, Honey of all origins is
composed mainly of sugars glucose sucrose, and fructose, which constitute_80% of its
weight, with water composing the remaining 20%. In addition, vitamins, flavonoids,
amino acids, enzymes, minerals, and phenolic acids are also present in honey. Honey has
anti-inflammatory (Tonks et al., 2003), healing (Bergman et al., 1983), antioxidant
(Jaganathan et al., 2010), and anti-neoplastic effects (Swellam et al., 2003). Honey is a
natural complex produced by honey bees and from different types of nectar from various
flowers and grains the vaccine, the worker bee collects it and combines it with special
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materials, turning it into a sweet syrup that varies according to plants in the pasture
(Wang and li, 2011). Honey is an example of a naturally available product and is the only
concentrated sweetener that can be found in nature (Mandal, 2011). Honey has been used
as a medicine since ancient times, mainly for the treatment of skin wounds, burns, ulcers,
ocular infections, sore throat, and digital dermatitis, among others (The national honey
Board, 2002), (Molan, 1999), (Oelschlaegel et al., 2012), The healing capacity of honey
is strongly influenced by both physical and chemical properties of this food (Basuoldo et
al., 2007) which are also related to the botanical source, honey bee's metabolism as well
as environmental, seasonal and climatic conditions. Apart from healing, honey has been
also employed as an excellent preservative for other food commodities, due to its
antimicrobial activity (Krushna et al., 2007), (Malik, 2010). Honey can clear infection in
several ways _including boosting the immune system by having anti-inflammatory and
antioxidant activists and stimulating cell growth (Jabri, 2005). According to the world
health care organization (WHO) statistics, up to 80% of the population in some
developed countries used natural products in their primary health care (World Health
Organization (WHO, 2014). Honey has been reported to have an inhibitory effect on
around 60 species of bacteria, including aerobes and anaerobes gram-positive and gram-
negative bacteria (Hannan et al., 2004). Many reports of bactericidal as well as
bacteriostatic activity of honey may be particularly useful against bacteria that have
developed resistance to many antibiotics (Patton et al., 2006). Various parameters affect
the antibacterial potential of honey, including its low water content (low water activity),
high viscosity, acidity, and H202 content. In addition, many compounds are associated
with honey and provide its antibacterial potential, including phytochemicals, peptides
non-peroxidase glycopeptides and proteins that are notable features of honey and are
associated with its antimicrobial effects (Molan, 1992). A study in Libya showed that
several concentrations (25%, 50%, 75%, 90 %) of camphor honey to know the extent of
its inhibition of bacteria resistant to many antibiotics Amikacin, Cloisom, Sulfate,
Amoxycillin, Gentamycin, on bacteria E. coli, Enterococcus faecalis, S.aureus,
Klebsiella pnemoniae, Acinetobacter spp. The study confirmed that the higher the
concentration of honey, the higher the inhibitory diameter, and at 90% concentration, the
inhibitory diameter was for Enterococcus faecalis bacteria (27 mm) and (29 mm) on K.
pnemoniae while (31 mm) on both S. aureus, E. coli and (20 mm) on Acinetobacter spp
(Maraia, 2016). Al-Jabri, 2003 studied the antibacterial activity of 24 samples of honey
(16 from Oman and eight from Africa) against three bacteria, namely, S. aureus, E. coli,
and P. aeruginosa. They found that 81% of the Omani honey samples and 88% of the
African honey samples assessed in the study had ant staphylococcal activity, but only
63% of the Omani honeys and 62% of the African honeys showed any activity against E.
coli. Activity against P. aeruginosa was less common in Omani honey (38%) but more
common in African honey (75%).

Aims of the study:

1. Isolation and identification of pathogenic bacteria.

2. Evaluation of the effect of different types of Libyan honey on isolated bacteria at
different concentrations.
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Material and methods:

1. Study population:

This experiment was conducted in the clinical microbiology laboratories at Al-Gala
Children's Hospital (Tripoli— Libya) from April to July 2022.

2. Material:

2.1. Media:

Its environment contains all the components necessary for bacterial growth, its either
commercially prepared or with the addition of distilled water.

The type of media used in this study:-

Table 1. Media used.

Type of media Manufacture of company
Elood agar Oxoid
MacConley agar Onoid
Nutrient agar Ooid
Mueller Hinton azar Oxoid
Crstine-lactose-electrolyte- deficient agar Oxoid
(CLED agar)

/ %
Figure 1. Inoculated Media
2.2. Type of bacteria:

A total of 5 bacterial isolates were used (Escherichia coli, Staphylococcus epidermidis,
Staphylococcus aureus, Pseudomonas aeruginosa, klebsiella. pnemoniae).

2.3. Types of honey used in the in study:

Four honey samples were used (Seder, Thyme, Spring and Commercial).

2.4. The devices used in this study:

Table 2. Devices used.

hemment-Germany Incubator

Mcros-Australia Microscope

Cluszz- China Autoclave

Rotofix 32 A-Germany Centrifuge
3. Method: -

3.1. Bacterial isolates

The samples were obtained from urinary tract infection cases in the microbiology
department at AL-Gala

Children’s Hospital (Tripoli— Libya). A swab of urine sample was taken and lines were
created by a sterile ring on the
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Blood agar, MacConkey agar, and Cystinelactose Electrolyte Deficient (CLED) agar and
then incubated 37°C for 24h.

A total of 5 bacterial isolates were included (Escherichia coli — Staphylococcus
epidermidis - Staphylococcus aureus — Pseudomonas aeruginosa — Kilebsiella
pnemoniae).

r\

¥

Figure2 . Bacterial isolated.

3.2. Gram stain: -

The process included five basic steps: -

1- bacterial sample was applied onto a clean slide then air dried and heat fixed.

2- A primary stain (crystal violet) was applied onto the slide.

3- A mordant (Gram’s iodine) was applied onto the slide.

4- A decolorizer (ethanol, acetone or a mixture of both) was applied onto the slide.

5- Counter stain (Safranin) was applied onto the slide.

3.2.1. Coagulase test: -

Used to differentiate Staphylococcus aureus (giving positive coagulase test, thus, produces the
enzyme coagulase, from S. epidermidis and S. saprophyticus (giving negative coagulase test,
thus, do not produce coagulase.

Procedure:

1- The tube slide coagulase test was performed by mixing the suspension of bacterial
cells on a clean slide and mixed into a drop of EDTA-treated rabbit plasma.

2- If bound coagulase is present in the bacterial cells, then the presence of plasma will
cause the bacterial cells to clump, meaning a positive coagulase, otherwise it is a negative
coagulase test.

3.2.2. Analytic profile index (API): -

The APl is a rapid test for bacterial identification based on their biochemical properties.

The Analytical Profile Index (API) Strips - Rapid Test:

The API 20E, is a standardized micro plate method used for the Identification of
Enterobacteriaceae. The positive and negative reactions are shown by color reactions.
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api 20E

Figure -3. Diagnose is of bacteria with a API20E system.

Method:

1- A single isolated colony (from a pure culture) was picked and a suspension of it was
added to a tube of sterile distilled water.

2-The API20E Biochemical Test Strip which contains dehydrated bacterial media/bio-
chemical reagents in 20 separate compartments was opened.

3- The compartments with the bacterial suspension were filled up (up to the brim) using a
Pasteur pipette.

4- A sterile oil was added to the ADH, LDC, ODC, H2S, and URE compartments.

5- Some drops of water were added to the tray, and the API Test strip was placed in the
tray and closed.

6-The tray was marked with the identification number (Patient ID or Organism ID).

7- The tray was incubated at 370C for 18 to 24 hours.

8-Reaents are added and the results are recorded according to

Steps and Result Interpretations:

1. For some of the compartments, the color change can be read straightway after 24 hours
but for some reagents were added to them before the result interpretation.

2. The following reagents were added to these specific compartments:

- TDA: Put one drop of Ferric Chloride-

- IND: Put one drop of Kovacs reagent

- VP: Put one drop of 40 % KOH (VP reagent 1) & One drop of VP Reagent 2 (a-
Naphthol).

3. Each test was marked as positive or negative according to the APl Reading Scale
(color chart). The wells are marked off into triplets by black triangles, for which scores
are allocated.

4. The scores for the positive wells only in each triplet were added up.

5. Three test reactions were added together at a time to give a 7-digit number, which can
then be looked up in the codebook. The highest score possible for a triplet is 7 (the sum
of 1, 2, and 4) and the lowest is 0.

6. The organism was identified by using an API catalog.

3.3. Bacteria preservation: -

Bacterial isolates were not preserved, but used immediately after culturing for 24hr at
37°C.

3.4. Collection and preparation of honey: -

Three honey samples were collected from several cities in Libya the Seder honey
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Obtained from southeast (Tarhona-Libya), Thyme honey was obtained from west region
(Tripoli), Spring honey was obtained from the east region (AL-Gable AL-akhdar-Libya)
and Commercial honey was obtained from local markets in Tripoli, called AL-Shefaa
Company. All honey samples were collected in screwed bottles and kept in a cool and dry
place and labelled with the time of collection and type of honey.

3.5. Honey components analysis:-

The components of honey were examined in two different ways: -

First: - Four different types of Libyan honey were tested streaked on blood agar, nutrient
agar, and Muller Hinton agar in duplicate and incubated for 24 to 48h at 37°C to check
microbial purity.

Second: - By microscopic examination.

3.6. Evaluation of the effect of honey concentration on bacteria resistance at two
methods: -

3.6.1. Agar well diffusion method: -

Agar well diffusion method is widely used to evaluate the antimicrobial activity of plants
or microbial extracts (Magaldi, 2004; Valgas, 2007).

3.6.2. Agar disk-diffusion method:-

is the official method used in many clinical microbiology laboratories for routine
antimicrobial susceptibility testing. Nowadays, many accepted and approved standards
are published by the Clinical and Laboratory Standards Institute (CLSI) for bacteria and
yeast testing (CLSI, 2012; CLSI, 2004).

Figure 4. Working method.
The honey was diluted this way:-

Volume/volume percentage concentration calculation.

VIV % (VIV %) =mli/100ml

25%(V/IV)=25ml/75mi

50 % (V/V) =50ml/50ml

75% (VIV) =75ml/25ml

3.4. Statistical analysis

-The experiment was designed according to a completely randomized design (CRD) and
the significant differences between treatment means were find out by using Duncan
Multiple Range Test (Duncan, 1955). Statistical Analysis System (SAS, 2002) was used
to apply analysis of variance.
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-The data were analyzed using IBM SPSS 20.0 (Armonk, NY USA). Quantitative
variables are expressed as mean + standard deviation (SD). All reported values were 2-
tailed, and those <0.05 were considered to be statistically significant. Graph pad prism
8.0 was used for plotting graphs.

Results:

1. Sample characteristics.

e This study evaluated the effect of three types of Libyan natural honey (Seder, Thyme,
and spring) and one type of commercial honey on five types of bacterial species.

2. Laboratory results for the effect of honey on bacterial species: -

2.1. The effect of different Seder honey concentrations on the selected bacteria.

The results showed the effect of Seder honey on most of the bacteria spp. with significant
differences at 100 % concentration where the average diameters of the inhibition zones
were recorded for P. aeruginosa (37.5 £ 1), on the other hand, significant differences
were recorded for S. aureus with an intermediate zone of Inhibition (41.0 £ 6), at 100%
concentration. (Table 3 and Figure 5).

Table (3) Effect of different concentrations of Seder honey on bacterial spp.

Concentration . k. P. AN
o E. coli S. aurens . . . . e
Yo DHENMONIae | aeriuginesa epidermidis
25 26=x1 230 NE 310=x1 NE
50 3051 320£0 115+ 16 320£3 NE
75 3000 325+4 220=x0 350=x0 NE
100 345+1 4106 27.0=x0 375+1 NE
B Bacteria u:
3 Inkibrtion Fone 41 N
37.5 . . EL4
34.5 -
27 5
0
10
= 5
0
5, eprderraidin P, arugEnois k. paeumanioe 5. ouneus E i

Figure 5: The mean diameters of the inhibition zones of Seder honey on different types of
bacterial spp. at 100%concentration.

2.2. The effect of different Thyme honey concentrations on the selected bacteria.

The results showed the effect of Thyme honey on most of the bacteria spp. with
significant differences at 100 % concentration where the average diameters of the
inhibition zones were recorded for P. aeruginosa (42.0 £ 0), on the other hand, (41.0 £ 5)
significant differences were recorded for S. aureus with an intermediate zone of
Inhibition. At 100% concentration. (Table 4 and Figure 6).
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Table (4). Effect of different concentrations of Thyme honey on bacteria spp
Concentration k.
%o E. coli Sanrens Prenmeniae aeriginosa eprdenurdrs
P
- 310=x1 27.5+3 55=7 245=1 NE
{
S0 335+1 NS5 125+1 310 =1 NE
I3
73 355+x1 355=x1 205=x1 265=x1 NE
100 360+ 1 41+ 5 2095 +1 4200 NE
| Bacteria 45
Inhibition zone a2 41 .
36 35
30
29.5 75
20
15
10
0 5
o
5. epidermiiais P Serugingsa k. prrewrnoniae 5 atreus E. colf

Figure 6: The mean diameters of the inhibition zones of Thyme honey on types of
bacterial spp. at 100% concentration different.

2.3. The effect of different Spring honey concentrations on the selected bacteria.

The results showed the effect of Spring honey on most of the bacteria spp. with
significant differences at 100 % concentration where the average diameters of the
inhibition zones were recorded for S. aureus (38.0 +3), on the other hand, significant
differences were recorded for E. coli with an intermediate zone of Inhibition (36.5 £1). At
100% concentration. (Table 5 and Figure 7)

Table (5). Effect of different concentrations of Spring honey on bacteria spp.

Concentration k P. AN
%o E. coli 8. aureus premonia aeriuginosa | epidermidis
75
- 205 +2 2500 60x9 NE NE
{
S0 355+1 27.5x1 2300 NE NE
{
73 345+1 3703 205+1 NE NE
100 365+1 3803 325+4 195+1 NE
40
= Bacteria  ——
B inhibtion Zome - _ | 28 36.5 | ¥
32.5 1 | 30
25
20
19.5

15

10

5. epidermidis . awruginasa . peeurmonios 5. cwnrewrs E. coli

Figure 7. The mean diameters of the inhibition zones of Spring honey on types of
bacterial spp. at 100% concentration different.
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2.4. The effect of different Commercial honey concentrations on the selected
bacteria.

The results showed the effect of Commercial honey on most of the bacteria spp. with
significant differences at 100 % concentration where the average diameters of the
inhibition zones were recorded for E.coli (37.5 £ 2), on the other hand, significant
differences were recorded for S.aureus with an intermediate zone of Inhibition (35.0 = 1).
At 75% concentration. (Table 6 and Figure 8).

Table (6) Effect of different concentrations of Commercial honey on bacteria spp.

Concentration k. P. AN
%o E. coli S. aurens | preranoniae | aeruginosda epidermidis
25 NE
2700 31.0=1 0 240=x1
q
>0 280=0 34.5+2 225+4 2800 NE
=
73 3052 35.0 £1 28.5+2 285+1 NE
100 37.5+2 335+ 2 3301 33.5+2 NE
an
B Bacteria
O InkiBtion Tone S — B 5
33.5 . 33 | . 33.5 30

[u]

5. epsideereraidlis Peruginosa e P TR e 5. oureut E. coli

Figure 8: The mean diameters of the inhibition zones of honey Commercial on types of
bacterial spp. at 100% concentration different.

3. Statistical data analysis:

Four types of honey were used and their effect on 5 types of bacteria. The tests were
doubled to confirm the results on four dilutions (25% - 50% - 75% and 100%) in addition
to the control (a lunch medium with bacteria without concentration of honey), Agar Disk
and Agar Well diffusion have been the two techniques used to confirm our research
results statistical results using the Duncan multiple range test and Statistical Analysis
System was used to apply analysis of variance, significantly different to (P<0.001).

3.1. The Effect of Seder honey concentration on the five types of bacteria.

Figure 9.a, 9.b, 9.c shows how the difference and effect of honey on different isolated
bacteria by wusing agar disk diffusion and agar well diffusion methods.

.
= é
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Figure 9a: Effect by using Agar disk diffuson method. Fig 9b: Effect by Agar well diffusion method
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Figure 9c: The effect sider honey on bacteria S. aureus.

3.2. The Effect of thyme honey concentration on the five types of bacteria, Figure 10.a, 10.b,
10. ¢ shows how the difference and effect of honey on different isolated bacteria by using agar
disk diffusion and agar well diffusion methods.

I ' .
" u " i " Y

Tnalunal Tratmnl

Figure 10.a E ffect by using Agar diskdiffusion method. Figure 10.b Effect by using Agar well diffusion method.

Figure 10c: The effect of thyme honey on bacteria S. aureus.
3.3. The Effect of spring honey concentration on the five types of bacteria Figures
11.a, 11.b, 11. ¢ shows how the difference and effect of honey on different isolated
bacteria by using agar disk diffusion and agar well diffusion methods.
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Figure 1La E ffect by using Agar diskdiffusion method. .Figune 1Lb E ffect by using Agar well diffusion method.
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Figure 11.c The effect of spring honey on bacteria S. aureus.
3.4. The Effect of commercial honey concentration on the five types of bacteria Figures 12.a,
12.b, 12.c shows how the difference and effect of honey on different isolated bacteria by using
Agar disk diffusion and Agar well diffusion methods.
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Figure 12.b Effect by using Agar well diffusion method.

Figure 12.c Effect of commercial honey on bacteria klebsiella.

3.5. The honey effect was observed among bacterial species using the well method:
The well Method showed concerning the mean + SD for Seder, Commercial, and
SPRING there are significant differences (p= <.001). The mean + SD in Seder was (21.71
+ 14.88), in Spring (17.78 + 15.47),), Thyme (22.54 + 14.839), and Commercial (22.22 +
14.10). (Table 7).

Table 7. Mean £ SD and significant level of the honey and bacterial spp. (Well Method).

N | Mimum | Mazumum | Mean | 5td. Devigtion | P-Fale
SEDER 41 |0 43 2171 (14878 <001 *
THYME 41 10 42 2254 14.830 <001
SPRING 41 |0 40 17.78 | 15.467 <001 *
COMMERICAL | 41 |0 39 221 14.101 <001 °
Valid N (hstwise) | 41
A: Kruskal-Wallis Test
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Discussion:

Natural Libyan honey is characterized by an antimicrobial effect and the results
were presented in these Figures (9,10,11,12) for the average diameters of the inhibition
zones for honey varieties, with different concentrations, it was confirmed that there are
significant differences between the average of the inhibition areas for honey types, the
probability value was < 0.001, which is less than the moral level specified for the study,
which confirms the existence of a highly significant difference for this study.

The Seder honey showed more significance in P. aeruginosa) while S. aureus moderate
significant, non-significant in S. epidermidis, E. coli, k. pnemoniae, this is in agreement
with the study conducted by Kimoto et al., 2008. Our study also showed that thyme
honey was more significant in E. coli and moderate significant in S. aureus and had non-
significant on k. pnemoniae, P. aeruginozsa, and S. epidermidis, this study is similar to
the study conducted by Abu Annizah, K et al, 2017 while thyme honey had a similar
effect on S. aureus at concentrations of 75%, 100%. In this study, spring honey
concentrations, had more significant effect on E. coli and moderate effect S. aureus and
non-significant effect on K. pnemoniae, P. aeruginosa, and S. epidermidis this finding is
similar with the study conducted by Abu Annizah, K et al, 2017 while this honey had an
effect on E. coli), finally the commercial honey showed more significant effect on S.
aureus and non-significant effect on P. aeruginoza, S. epidermidis, K. pnemoniae, and E.
coli, this finding is not in agreement with the study conducted by Sheriff, et al, 2011
whereas the commercial honey was more significant in his study on E. coli. As Showed
in the appendix.

The Statistical results in this study indicated that the fact that types of honey used in our
study were effective in inhibiting or Killing the studied bacterial species. Estimates were
not calculated accurately due to the time factor that requires studying each type of honey
and the variables from the nutritional environment or bacterial species.

Conclusion:

Our results suggest that honey can be used as an antibacterial agent against bacterial
species regardless if the bacteria were gram positive or gram-negative group.

The great value of antibacterial effect can be obtained when honey was used at
concentration of 100%. The inhibition effect of honey decreased as the honey is diluted.
Additionally, the antibacterial activity of the honey tested depended on the type of
bacterial species, which means that the honey antibacterial effect can also vary from one
bacterial strain to another. The excellent antibacterial activity of honey against clinical
bacterial isolates indicates the usefulness of honey in clinical practice against bacterial
infections.
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