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The medical usage of honey has become popular as an alternative and complementary treatment
in recent time. This study was aimed at determining the inhibitory effect of honey and propolis
against various species of Gram-positive and Gram-negative bacteria. The antibacterial activity
was assessed using the disc diffusion and macro-dilution methods. The antioxidant activity was
measured using the 2,2-diphenyl-1-picryl hydrazyl (DPPH) radical scavenging method. The
tested honey showed antibacterial activity only against Escherichia coli and Staphylococcus
saprophyticus. All bacteria tested showed less degree of susceptibility to propolis treatment;
producing less than 15 mm zone of inhibition. The propolis exhibited different antibacterial
activity compared to the honey, the propolis inhibited the growth of gram-positive bacteria (S.
aureus and B. cereus) while the honey inhibited S. saprophyticus and E. coli. In the DPPH
scavenging assay, the scavenging activities of local honey and propolis ranged from 9.81 to
90.70% and from 25.33 to 73.47%, respectively, with ICsy values of 4.5 mg/mL and 7.5 pg/mL,
respectively. Therefore, the locally available natural honey may be used as a rich source of
antioxidant and as an effective antibacterial agent that may be used to combat bacterial
infections due to susceptible organisms.
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Introduction

In recent times, an obvious rise in antibiotic resistance by

pathogenic bacteria has been noticed. This rise is due to the overuse
and misuse of antibiotics and has resulted in many highly resistant
bacterial strains such as Methicillin-resistant Staphylococcus aureus
(MRSA. For this reason, better alternative agents apart from the
traditional antibiotics is being explored. Traditionally, bee products
including honey, propolis and the royal jelly have been applied to heal
wounds, treat gastrointestinal tract, respiratory tract and eyes
infections. Besides, honey is used as a nutrient for health maintenance
and to enhance vital body functions.™?
Currently, honey and other bee products receive great attention in
medicinal and pharmaceuticals research.*>” In addition to their broad
biological activities, honey consist of a variety of bioactive
compounds. Honey and propolis possess antimicrobial, antioxidant,
anti-leishmanicidal,® anticancer,’ hepatoprotective,*° and
cardioprotective™ activities. Honey is rich with several bioactive
compounds such as a-tocopherol, phenolic acid, flavonoid, ascorbic
acid, carotenoids and proteins.l'z'12 In addition to vitamins and
minerals, propolis appears to be rich in phenolic compounds,
flavonoids and terpenes.®'* The antibacterial activity of honey is due
to their osmolarity, acidity or constituents from flora sources.™
Studies have demonstrated the antimicrobial activity of honey and
evaluated the effects of the high osmolarity, the acidity, sugar content
on the antimicrobial activity its high sugar content. It was concluded
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that the honey has antimicrobial substances.>>**™*

Due to the variation of botanical origin, honey differs in their
appearance and this may reflect in their chemicals in term of
composition and concentration. Therefore, the study of the bioactivity
of honey on the basis of the differences in the environmental
conditions and plant variation is highly recommended. This study was
aimed at evaluating the antibacterial and antioxidant activities of
honey and propolis samples collected from Jordan.

Materials and Methods

Sample collection

Honey samples were collected from the local bee farmers in northern
Ghore, Karak, Jordan. The first harvesting took place in March 2017
(springtime) while the second harvesting time was in June, 2017.
Three samples were collected on each harvesting time. Propolis
samples were also provided by the same farmers in March and June
2017. The samples were collected in sterile glass screwed bottles.

Extract of propolis

The propolis was extracted using 70% ethanol. Thirty grams (30 g) of
raw propolis were soaked in 100 mL of 70% ethanol for 7 days at
room temperature. Then the solvent was filtered and clarified using
Millipore filter syringe. The dry weight was estimated after
evaporation of the solvent at 50°C.*

Bacterial strains

Four Gram-positive bacterial species including Staphylococcus aureus
(25923), Staphylococcus — saprophyticus, Bacillus  cereus (ATCC
11778) and Enterococcus faecalis and six Gram-negative bacterial
species including Shigella flexneri (ATCC 12022), Salmonella
Typhimurium (ATCC 14028), Klebsiella oxytoca (ATCC 700324),
Pseudomonas aeruginosa (ATCC 10145), Escherichia coli (ATCC
25922) and Enterobacter aerogenes (ATCC 13048) were used in this
study. The species were provided by the medical laboratory of the Al-
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Karak Governorate hospital, Karak, Jordan.'?**2, Overnight bacterial
suspension adjusted to 0.5 McFarland’s standard (1.5x10° CFU/mL)
was used in all the antibacterial tests.

Disc diffusion method

Disc diffusion method was performed using Mueller-Hinton agar.
Hundred microliter of each bacterial species (1.5x10® CFU/mL) was
streaked on the surface of the agar plate. Then, sterile blank disc
impregnated in 100 L of each sample was transferred to the surface
of the inoculated plate at equal distance with the control. Standard
antibiotics including cefoxitin (10 pg), cloxacillin (10 pg), lincomycin
(10 pg) and gentamicin (10 pg) were used as positive controls. After
incubation for 24 h at 37°C, the inhibition zone diameter was
measured in mm.?

MIC determination

The minimum inhibitory concentration was determined using
macrodilution method according to Kacaniova et al.’®. Briefly, eight
sterile test tubes containing 1 mL nutrient broth were prepared and
labelled (1 to 8). Honey control tube (HC) and growth control tube
(GC) was used as quality control. Then, 1 mL of honey sample
(undiluted) was added to tube no. 1 and tube HC. Then serial dilution
using the same broth media was performed to give 1:1; 1:2; 1:4; 1:8;
1:16 and 1:32, fractions respectively. The GC tube received no honey
and served as a the growth control while the HC tube received no
bacterial inoculums and served as a the honey control. Then, 1 mL of
the cultured bacteria was transferred to all tubes except HC tube. After
24 h incubation at 37°C, the concentration that showed no visible
growth using spectrophotometer (600 nm) was assigned as MIC.
Using the same method, the MIC values of propolis and sugar solution
were determined.”

To determine the MBC, the incubated tubes having no sign of visible
growth (growth/turbidity) in MIC, were sub-cultured onto sterile
nutrient agar plates by streak plate method with 24 hours of aerobic
incubation at 37°C. The lowest concentration of honey that did not
show growth of tested organisms was considered as the MBC.®

Inhibition effect of different concentrations of honey and sugar solution
on the tested strains

Decreasing concentrations of honey and sugar solution were each
prepared in two-fold serial dilutions using nutrient broth. The sugar
solution was prepared to contain the following: 46.5% fructose, 34%
glucose, 1.5% sucrose and 18% water. Bacteria suspension adjusted to
1.5x10® CFU/mL was added to an equal volume (5 mL) of each
concentration. Growth control tube was prepared without honey or the
sugar solution. An uninoculated tube of nutrient broth was incubated
to serve as the negative growth control. After overnight incubation at
37°C, the tubes were examined for turbidity indicating growth of the
microorganism at 600 nm.

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
The antioxidant potential of honey and propolis samples was
measured using DPPH- as already described by Tarawneh et al.Z with
some modifications. Briefly, various volumes of the tested samples
solutions (2.0 mg/mL) were mixed with 2.0 mL of DPPH methanol
solution (0.1192 mmol/L). The mixtures were incubated in the dark
for 30 min at room temperature and the absorbance was measured at
517 nm. Methanol and Trolox were used as negative control and
positive control, respectively.

The antioxidant activity of the tested samples was measured by
calculating the scavenging capacity of the DPPH radical according to
the following formula:

% of Inhibition DPPH = ((Abs DPPH —Abs sample) / Abs DPPH)*100
The results were expressed as 1Cso value (pg/mL). %2

Statistical analysis

All experiments were performed in triplicate. Data were expressed as
mean + standard deviation (SD). Statistical analysis was performed
using SPSS. Data are considered different if it had significance value
of P <0.05.
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Results and Discussion

Antibacterial activity of honey

Disc diffusion method

Preliminary screening using disc diffusion assay showed that the
honey sample tested had no antimicrobial activity against most of the
bacterial isolates exceptE. coliandS. saprophyticus (Table
1). Comparing the inhibition diameters between the control antibiotics
and the honey at different concentrations, no significant differences in
the values between these antibiotics were observed. This may suggest
that the antibacterial activities of honey at these concentrations are
comparable to that of the tested antibiotics. Antibiotic evaluation tests
were made, by using commercial antibiotic permeated discs; cefoxitin,
cloxacillin, lincomycin and gentamicin. Of the antibiotics tested,
cefoxitin and gentamicin were the most effective against all ten
bacteria, except for S. aureus and S. saprophyticus, which were most
susceptible to cefoxitin, cloxacillin and lincomycin (Table 1). Of the
four antibiotics, lincomycin displayed less inhibitory effects with the
zone of inhibition produced being 16 mm against S.
saprophyticus. The honey was in certain instances, comparable
to cefoxitin and gentamicin, which were the most effective treatments
overall. On the other hand, honey was the most effective product
against E. coli and S. saprophyticus.

Using honey as antibacterial agent was generally attained by applying
high concentration ranging from undiluted to 1:4 ratio (for example,
against S. flexneri). The antibacterial activity of honey was achieved
mainly by the high concentrations. This suggests that, honey is
commonly beneficial in the treatment of bacterial infections as it can
be directly applied to the bacteria infected body surfaces such as skin
diseases, septic wounds and eye infections.’® This was also in parallel
with the results of clinical study where honey was used in the
treatment of septic wound and burns. For example, it was shown that
honey reduced superficial septic wounds better than using Savlon
antiseptic.”®?®® Research showed that cutaneous infected wounds in
buffalo calves which were experimentally induced healed significantly
faster with natural honey than ampicillin ointment and honey-
ampicillin ~ mixture.””  There are great antimicrobial activity
dissimilarities shown by some natural honeys, because of the spatial
and temporal variation in sources of nectar. Other reports have
confirmed that variation in antibacterial activity of honey can be
traced to the available nectars and pollens.*? It can be observed that
both Gram-positive (S. saprophyticus) and Gram-negative (E. coli)
bacteria were inhibited by the honey collected during the springtime.
Many studies have demonstrated the antibacterial activity of honey
against Gram-positive and Gram-negative bacteria. S. aureus and E.
coli are among the most studied microorganisms.?

Bacteriostatic and bactericidal activity of honey

The results of antibacterial activity achieved from the macro-dilution
assays for honey samples are presented in tables 2 and 3. The
inoculated plates were scored as bactericidal if no growth;
bacteriostatic if there is minor to moderate growth and no antibacterial
activity if there is substantial growth according the record of Payveld
(1986). Table 2 shows the results of antibacterial activity attained by
honey and the sugar solution against 10 species of bacteria. It is clear
that the growth of S. typhimuruim, K. oxytoca, E. coli and E. faecalis
were mostly inhibited by the highest ratio of honey:distilled water
mixtures used as compared with the rest of tested bacterial genera
used (Table 2). The minimal bactericidal concentrations (MBCs) for
K. oxytoca, S. aureus, B. cereus and E. aerogenes were undiluted, S.
saprophyticus and E. faecalis was 1:1(50%), S. typhimurium and E.
coli were 1:2 (33%) and finally S. flexneri was 1:4 (25%).

The honey is known to have low water activity as a result of high
sugar concentration or super-saturated solution of sugars. In this study,
high concentration of sugar solution was made in a manner similar to
the property of high sugar concentration in honey, which leads to the
high osmolarity that could produce antimicrobial activity (Table 2).
Because the sugar solution was similar to honey in its high sugar
composition, the bacteriostatic and bactericidal activity achieved by
pure honey (undiluted). Tables 3 and 4 showed the significance of the
high sugar concentration in the antibacterial activity of honey. As
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recorded in Table 3, the clear differences between the bacteriostatic
activity of the diluted forms (1/2, 1/4, 1/8) of honey and the sugar
solution and between the bactericidal activity of the undiluted as well
as the diluted forms (1/2, 1/4, 1/8). In this study, the bacterial broth
macrodilution method presents higher sensitivity compared to the disc
diffusion assay, probably due to a greater availability of the active
molecules in the liquid broth than in the agar. This behaviour can be
explained by the possibility of honey being composed of substances
that do not diffuse properly within the solid media, which could
happen because of variances linked to the polarity of both molecule
and the agar medium. In the liquid medium, however, this diffusion
rate obstacle is naturally reduced. Previous studies had predicted that
the diffusion of extracts of natural products have more hydrophobic
characteristics that lead to the hindering of their spread in agar. In
other words, inhibiting the diffusion of natural products is related to
their water solubility and molecular weight. As recorded in Table 2 the
clear differences between the bacteriostatic activity of the diluted
forms (1/2, 1/4, 1/8) of honey and the sugar solution and between the
bactericidal activity of the undiluted as well as the diluted forms (1/2,
1/4, 1/8) suggest the presence of other factors responsible for the
antibacterial activity of the honey.® The honey samples showed
bactericidal activity against the tested organisms up to the dilutions of
25%. This result is similar to those reported previously by Nzeako and
Hamdi® but is at variance with the results of Willix et al.* Since
honey’s antimicrobial property is dependent on its water activity (the
free water molecules in honey which is usually between 15 and 21%)
in part, this will directly affect its osmotic effect. It is then rational to
assume that a more diluted honey may have lost its antibacterial
ability. The range of total content of reducing sugars in honey is
generally between 69.6 - 80% depending on which seasons the honey
is harvested or if it wild honey.**3 Fructose concentration in honey
may be between 36.9 and 47.3%.% Glucose concentration may be
between 27 and 34.9%.%%* Sucrose concentration may be between 0.2
and 2.7%. Maltose concentration may be between 0.7 and 11%.
Melezitose concentration may be 0.6%.*%. The water content of
honey may comprise 12.4-20.3%;> 19.9-20.3%:* or 16.3-18.5%.%

Inhibitory effect of different concentrations of honey and sugar
solution on the tested strains

The inhibitory effect of different concentrations of honey and sugar
solution on the tested strains was evaluated using spectrophotometer at
600 nm. As shown in figures 1la-d and 2a-f, honey exhibited stronger
inhibitory effects than the sugar solution against all strains tested.
These results are consistent with the honey’s antibacterial activity tests
in tables 1-4. In addition, the 1Cso values of the honey and sugar
solution against the Gram-positive bacteria were lower than the 1Cso
against the gram-negative bacteria. In particular, the 1Cso of honey
against S. saprophyticus, S. aureus, B. cereus and E. faecalis were 10,
10, 20 and 10%, respectively. The ICsy of sugar solution were 30, 30,
40 and 60%, respectively. Regarding Gram-negative bacteria, the 1Cso
of honey against E. coli, P. aeruginosa, K. oxytoca, S. Flexneri, E.
aerogenes and S. typhimurium were 10, 30, 10, 10, 20 and 10%,
respectively, whereas the 1Csq of sugar solution were 30, 60, 30, 30, 30
and 10, respectively.

Antibacterial activity of propolis

Disc diffusion assays

The bacteria tested showed the least amount of susceptibility to
propolis with each producing a zone of inhibition less than 15 mm
(Table 5). S. aureus showed 13 mm zone of inhibition while B. cereus
showed 14 mm. The ethanol and blank disc controls run for each
bacterium produced no zone of inhibition, indicating that the ethanol
solvent used has no effect on the antibacterial activity of the
propolis. The action of propolis was different from that of honey, the
propolis inhibited the growth of S. aureus and B. cereus (Table 5)
whereas its honey harvested from the same hives inhibited the growth
of S. saprophyticus and E. coli. Thus, it is favorable to use it as a
mixture of both. It was reported that the use of propolis at
concentrations below the MIC could increase the growth of the
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microorganisms, whereas at higher levels they may inhibit or even kill
them. This event is known as “hormesis”.*®

Bacterial broth macrodilution assays

It is clear that local propolis when using macrodilution technique
affected bacterial growth in the same manner as in the disc diffusion
method (Table 4). S. typhimurium, S. flexneri and S. saprophyticus showed
no susceptibility effect toward local propolis. At the same time a 1:1
(50%) of local propolis inhibited the growth of S. aureus and B.
cereus. In contrast, Brazilian propolis as control showed better activity
mainly with undiluted and 1:1(50%). The growth of all ten bacteria
used were inhibited by 100% Brazilian propolis and five of the ten
tested bacterial genera had susceptibility effect. These areS.
typhimurium, E. coil, B. cereus, E. aeruginosa and E. faecalis. The
bacteria chosen in this study are common infectious bacterial
organisms. For example, S. aureusis a common agent in skin
infections, food poisonings, and toxic shock syndrome. E. coli, while
part of the body’s normal intestinal flora, can be infectious and toxins
producing, like S. aureus that resulted in food and water borne
poisonings. B. cereus also, is a food borne pathogen that is prevalent
in cream sauces, soups and rice. To treat such infections, honey and
propolis have the potential to be useful as either prophylaxis for pre-
infection control of contaminated foods and surfaces or as a post-
infection treatment.*” The observed differences in the activity of the
two propolis samples with different concentrations, may also suggest
that there could be regional differences along with the nature of honey
and propolis production influencing the inhibitory activity as
previously suggested.” In addition, the variations could be attributed to
the occurrence of other components resulting from the nature of honey
production, in that bees are capable of taking nectar from any kind of
source that is available to them at the time.

The antioxidant activity of honey and Propolis

In the DPPH assay, the scavenging activity of local honey (Figure 3)
and propolis (Figure 4) ranged from 9.81 — 90.7% and 25.33 —
73.47%, respectively, with the ICso values of 4.5 mg/mL and 7.5
png/mL, respectively. Therefore, the lowest inhibition caused by local
honey and propolis samples were 9.81% and 25.33%, respectively, at
concentrations of 5 mg/mL and 0.6 pg/mL, respectively. The highest
concentrations of the honey and propolis samples used were 20
mg/mL and 20 pg/mL, respectively at which the scavenging activity
were decreased to 90.7% for local honey and decreased to 73.47% for
propolis. The locally available natural honey may be used as a rich
source of antioxidant. The locally available natural as well as
commercially available processed honeys (around the world) are
reported to contain antioxidant components (such as phenolics and
flavonoids), and to exert antioxidative activity with wide-ranging
capacities.”* The honey samples obtained from several countries had
higher antioxidative ability for the sample with higher quantities of
phenolic compounds. From Croatia, the ICso values of chestnut honey
were reported as 14.24-24.56 mg/mL, acacia honey as 52.06-176.57
mg/mL.* The excellent antioxidative activity with 1Cs; values of 3.1-
5.05% was shown for Romanian honeydew honey and 2.39 - 5.11%
for Polish honeydew honey.”*** The DPPH scavenging activity was
estimated for Chinese honey samples from various floral sources. The
I1Csp values of the raw and processed honeys ranged from 126 - 625.79
pg/mL, with highest activity being noted in Trigona honey from
Trivandrum, Kerala, India, having 97.21% inhibition at 500 pg/mL.
The multifloral honey had DPPH free radical scavenging activity of
19.04-71.92%.%** As shown earlier, the commercial honeys had
antioxidant activity in the DPPH assay, with ICsy values between
66.73 and 132.24 mg/mL, which were higher than the ICs values of
tested honey and propolis samples used in the current study (5.5
mg/mL and 7.5 pg/mL, respectively) indicating that the locally
produced honeys are more effective as antioxidant than the imported
ones. The locally available natural honey may be used as rich source
of antioxidant and can be used as effective antibacterial agent in order
to combat the bacterial infection to humans.

472

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, March 2021; 5(3):470-477

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Table 1: The inhibition Zone (mm) of the honey sample against the bacteria isolates

Bacterial species

Inhibition Zone (mm)

Honey Antibiotics
0.4g/mL 0.7g/mL 1g/mL 2g/mL 25¢g/mL Cefoxitin  Cloxacillin  Lincomycin  Gentamicin
S. typhimurium - - - - - B 10 _ _
S. flexneri - - - - - 20 - - -
K. oxytoca - - - - - 19 - - 14
E. coil 21.0+0.0 200+00 19.0+05 15.0+05 - 26 - - 14
S. aureus - - - - - 25 26 15 18
S.saprophyticus  30.0+05 20.0+0.0 19.0+0.0 16.0+0.0 - 35 23 16 -
P. aeruginosa - - - - - - - 26
B. cereus - - - - - - - 11 15
E. aerogenes - - - - - - - - 23
E. faecalis - - - - - 8 15 - ;
- no activity

Table 2: Inhibitory effect of different concentrations of honey and sugar solution on the bacterial isolates

Bacterial species Honey Sugar Solution

Undiluted 11 1/2 1/4 1/8 1/16 1/32  Undiluted 1/1 1/2
S. typhimurium 0 0 OMBC T T T T OMBC 52000000 T
S. flexneri 0 0 0 0 mbc 100 T T 0 mbc 16000000 T
K. oxytoca Ombc 10000 15000000 T T T T 620000 T T
E. coil 0 0 Ombc 2000 6000000 T T 12000000 T T
S. aureus Ombc 800000 1000000 4000000 T T T T T T
S. saprophyticus 0 Ombc 20000 5000000 6000000 T T 28000000 T T
P. aeruginosa 0 0 T T T T T 0 mbc 3000000 T
B. cereus 0 10000 40000 T T T T Ombc 500000 T
E. aerogenes Ombc 5000 10000 4000000 T T T 10000000 T T
E. faecalis 0 0 5000 400000 500000 T T 0 3200000 T

T = Turbid tubes (not counted); (MBC) = minimum bactericidal concentration: The minimum inhibitory concentration (MIC) is the
concentration before the turbid tubes (T). All concentrations greater than MIC are inhibitory concentrations and all concentrations greater
than MBC are bactericidal concentrations.

Table 3: The Bacteriostatic activity and Bactericidal activity of honey

Bactericidal activity Bacteriostatic activity Concentrations

Sugar solution Honey Sugar solution Honey
% No.(T=10) %  No.(T=10) % No.(T=10) %  No.(T=10)

50% 5 100% 10 100% 10 100% 10 Undiluted
0% 0 50% 5 50% 5 100% 10 111
0% 0 33% 3 0% 0 66% 6 112
0% 0 10% 1 0% 0 20% 2 114
0% 0 0% 0 0% 0 10% 1 118
0% 0 0% 0 0% 0 0% 0 1116
0% 0 0% 0 0% 0 0% 0 1132

No. = number of bacterial species; T = total number of bacterial species;. Honey had bactericidal concentration with ten species of bacteria
(100%), whereas the sugar solution had bactericidal concentration with five species (50%) .and 34.9%.%* Sucrose concentration may be
between 0.2 and 2.7%. Maltose concentration may be between 0.7 and 11%. Melezitose concentration may be 0.6%.">*. The water content
of honey may comprise 12.4-20.3%;* 19.9-20.3%:* or 16.3-18.5%.%
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Figure 1: Effect of different concentrations of honey and sugars (v/v) on the growth of gram-positive bacteria (a) Staphylococcus

saprophyticus, (b) Staphylococcus aureus, (c) Bacillus cereus and (d) Enterococcus faecalis. Growth was measured at 600 nm

Table 4: The inhibition zone (mm) of the propolis sample against B. cereus and S. aureus

Bacterial species  Inhibition zone (mm)

10 mg/mL 30mg/mL  50mg/mL 70 mg/mL 100 mg/mL 200 mg/mL  Honey + propolis
S. aureus - - 9.0+£05 11+0.0 11+0.0 11+0.0 13+0.0
B. cereus - 12.0+0.0 140+0.0 14+0.0 14+ 0.0 1405 16+ 0.0
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Figure 2: Effect of different concentrations of honey and sugars (v/v) on the growth of gram-negative bacteria; (a) Escherichia coli, (b)
P. aeruginosa, (c) Klebsiella oxytoca and (d) Shigella flexneri (e) Enterobacter aerogenes and (f) Salmonella typhimurium. Growth was
measured at 600 nm
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Table 5: Inhibition effect of different concentrations of local propolis and Brazilian propolis on the bacterial isolates

local propolis Brazilian propolis

Undiluted 1/1 1/2 1/4 1/8  Undiluted 1/1 12 14 1/8
S. typhimurium 0 0 mbc 80000000 T T 32000000 T T T T
S. flexneri 0MBC 20000000 40000000 T T 2000000 44000000 T T T
K. oxytoca 0MBC 10000000 16000000 T T 0 1000000 T T T
E. coil 0 0MBC 8000000 T T 0 2000000 40000000 T T
S. aureus 0MBC 16000000 28000000 T T 0 0 8000000 T T
S. saprophyticus 0MBC 2000000 T T T 4000000 6000000 T T T
P. aeruginosa OMBC 2800000 T T T T T T T T
B. cereus 0 O0MBC 20000000 16000000 T 0 0 4000000 T T
E. aerogenes 0 OMBC T T T T T T T T
E. faecalis 0 O0MBC T T T T T T T T

T = Turbid tubes (not counted); (MBC) = minimum bactericidal concentration: The minimum inhibitory concentration (MIC) is the
concentration before the turbid tubes (T). All concentrations greater than MIC are inhibitory concentrations and all concentrations greater

than MBC are bactericidal concentrations.
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Figure 3: The antioxidant of honey (mg/mL) by using DPPH

Conclusion

The locally available natural honey showed antibacterial activity at
lower concentrations against both gram-positive and gram-negative
bacteria. At higher concentration, propolis was also active against
gram-positive bacteria. Honey and its propolis as a mixture can be
recommended for preventative and therapeutic uses against infections
caused by the tested bacterial isolates.
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