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ABSTRACT

The am of the present study was to evaluate the synergistic antibacterial effect
between the two Egyptian honey brands, sesame and eucalyptus, and common
antibiotics against clostridium reference strains including Clostridium acetobutylicum
DSM1731 and Clostridium perfringens (KF383123). Sesame and eucalyptus honey
exhibited a potent antibacterial activity against DSM1731 and KF383123 when used
aone. The combined effect of honey and antibiotics against clostridia strains was
found to be in general advantageous when compared to the antibiotic alone. Sesame
honey and Cefotaxime (30 pg/disc) CTX showed a great synergistic effect with an
increase in zone of inhibition (ZI) of 40.67+0.67 mm against C. perfringens when
compared with 29.16+0.60 mm and 8.67+0.33 mm for honey alone and antibiotic alone
respectively. Sesame honey also exhibited a clear synergistic effect against C.
acetobutylicum when combined with CTX, Ciprofloxacin (5ug/disc) CIP and
Tobramycin (30 pg/disc) TOB. Eucalyptus honey also showed a clear synergistic effect
when combined with CTX, CIP, Cephalexin (Cephem/Cephalosporin 1) (10 pg/disc)
CN, TOB and Sulphamethoxazole (100 pg/disc) RL against C. perfringens.
Meanwhile, eucalyptus honey did not show any synergistic effect when combined with
antibiotics against C. acetobutylicum. Interestingly, the antibacterial effect of honey
alone showed to be more effective in some cases than both the antibiotic aone and the
combination of honey and antibiotic. The total flavonoid content in sesame honey was
3.16 mg/100g while it was 7.23 mg/100g for eucalyptus honey. The results revealed
that sesame and eucalyptus honey can be used for the development of potent and novel
antibacterial agents that can be used either separately or in synergistic combination
with commonly used antibiotics to safely enhance their antibacterial activity as well as
to overcome the growing problem of antibiotic resistance.

I ntroduction

Clostridium is the second largest bacterial
genera next to Sreptomyces and it is
classified as Gram-positive endospore-
forming obligate anaerobes (Andreesen et
al., 1989, Rehner and Samuels 1994; Garrity

2005). Many species of Clostridium are
known to cause a broad spectrum of human
and animal disease (Miyakawa et al., 2007;
ESR, 2010). On the other hand, some
species are of biotechnological importance
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including C. acetobutylicum which is used
for solvent production (Jones and Woods,
1986). There are five types of C. perfringens
based on toxin type including A, B, C, D,
and E. Most C. perfringens food poisoning
cases reported in developed countries are
caused by Clostridium perfringens type A
strains (Bates and Bodnaruk, 2003).
Antibiotic resistance of C. perfringens
strains to antibiotics are becoming a major
health concern. The intestine is an
environment that favors C. perfringens to
multiply and sporulation. Clostridium
perfringens enterotoxin (CPE) is expressed
during the sporulation of cells in the small
intestines, after CPE binds to intestinal
epithelia and cause damage to intestinal
cells, which isclinically manifest as diarrhea
(Veshnyakovaet al., 2010).

Honey has been used in medical practice
since ancient times (Hegazi, 1998, Ayaad et
a., 2009 and Richard, 2009). The
therapeutic use of honey has been
rediscovered by medical provincia as it
inhibits both Gram-positive and Gram-
negative bacteria (Hegazi, 2011; Hegazi and
Abd Allah, 2012; Khalil et al., 2001). Honey
exhibits several biological activities (Molan,
2002) including antioxidant (Hegazi and
Abd El-Hady, 2009). It was also used for the
treatment of burns and wounds (Snow and
Manley-Harris, 2004; Brudzynski, 2006;
Mullai and Menon, 2007), post-surgica
wound infection (Namias, 2003), ulcers and
bed sore (Brudzynski, 2006 and Tousson et
al., 1997), bacteria gastroenteritis in infants
(Haffegjee and Moosa 1985) and liver
diseases (Yoirish, 1977). The antibacteria
activity of different honey was of specific
interest for many authors (Kwakman et a.,
2010; Halawani and Shohayeb, 2011;
Hegazi, 2011; Abd El-Moez et a., 2013).
The aim of the present investigation was to
evaluate the synergistic antibacterial effect
of sesame and eucalyptus honey brands and
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seven  reference  antibiotics  against
Clostridium acetobutylicum DSM1731 and
Clostridium perfringens KF383123
reference strains using agar well diffusion

assay.
Materialsand M ethods
Honey samples

Two monofloral honey brands including
sesame and eucalyptus were obtained from
apiary farm in Egypt. Honey samples were
stored at 5 °C in dark glass container to
prevent photo degradation until being used
(Pimentel et a., 2004).

Preparation of microbial suspensions

A total of two clostridium reference strains
were used in this study including
Clostridium acetobutylicum DSM1731 and
Clostridium perfringens KF383123. A
suspension of each bacteria strain was
freshly prepared by inoculating fresh stock
culture from the tested reference strain into
broth tube containing 7 ml of Muller Hinton
Broth. The inoculated tubes were incubated
anaerobically at 37°C for 24 h. Seria
dilutions were carried out for each strain and
dilution matching with 0.5 Mc-Farland scale
standard was selected for the screening of
antimicrobial activities.

Antibiotic sensitivity testing (AST)

Seven common antibiotics were used as
reference in this study including Cefotaxime
(30 pg/disc) CTX, Ciprofloxacin (5ug/disc)
CIP, Erythromycin (15 pg/disc) E,
Oxytetracycline (30  pg/disc) oT,
Cephalexin (Cephem/Cephalosporin 1) (10
pg/disc) CN, Tobramycin (30 pg/disc) TOB
and Sulphamethoxazole (100 pg/disc) RL.
Antibiotic susceptibility was determined
using disc diffusion method according to the



Int.J.Curr.Microbiol.App.Sci (2014) 3(8) 312-325

guidelines published by the British Society
for Antimicrobial Chemotherapy (BSAC)
standardized disc susceptibility testing
method (Andrews, 2007), except that
Mueller-Hinton agar (MHA; Oxoid,
Cambridge, UK) was used in place of iso
sensitest agar (Poilane et al., 2007).

A volume of 100 ul of cel -culture
suspension matching with 0.5 Mc-Farland of
reference strains; Clostridium
acetobutylicum DSM 1731 and Clostridium
perfringens KF383123 were spread onto
Muller Hinton agar plates. Antibiotic discs
were firmly applied to the surface of agar
with a maximum of 6 discs for a 90 mm
plate. To investigate the antibiotic activity
against tested reference strains, plates were
left for 1 h at 25 °C to alow a period of pre-
incubation diffusion in order to minimize the
effects of variation in time between the
applications of different discs. The plates
were re-incubated anaerobically at 37 °C for
24 h to alow bacterial growth. After
incubation, plates were observed and the
zones of inhibition were measured to
evaluate the antimicrobial activity for each
of the tested antibiotics. The experiment was
carried out in triplicates for statistical
relevance and the MeantSE of the results
was calcul ated.

Antimicrobial activity of pure monofloral
honey brands using agar-well diffusion
method

The antimicrobial activity of honey against
bacteria strain was evaluated by using agar-
well diffusion method (Katirciolu and
Mercan, 2006). A volume of 100 pl of cell
culture suspension matching with 0.5 Mc-
Farland of target isolate was spread onto the
plates. To investigate the antibacterial
activity, 50 ul of different honey samples
were added in individua wells. Plates were
left for 1 h at 25 °C to alow a period of pre-
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incubation diffusion in order to minimize the
effect of variation in time between the
applications of different solutions. The
plates were re-incubated anaerobically at 37
°C for 24 h to allow bacterial growth. After
incubation, plates were observed and the
zones of inhibition were measured to
evaluate the antimicrobial activity for each
of the tested honey samples. The experiment
was carried out in triplicates for statistical
relevance and the Meant SE of results was
calculated.

Testing for synergistic antibiotic and honey
combinations by AST

To evaluate the combined antimicrobial
activity of antibiotics and honey to check if
there is any synergistic activity, disc
diffusion tests were repeated on MHA.
Antibiotic disks used for sengitivity test
were saturated with 50pl of either sesame or
eucalyptus honey. The same procedure as in
AST was applied. The experiment was
carried out in triplicates for statistical
relevance and the Mean+ SE of results was
caculated. The resulted means were
compared with both the means obtained
when both types of honey were used alone
as well as the means obtained from
antibiotic discs alone to check the presence
of synergism.

Measurement of Total Flavonoid Content
Using Folin-Ciocalteu Assay

Total phenolic contents of the two honey
brands were determined
spectrophotometrically according to the
Folin-Ciocalteu colorimetric method
(Singleton et al., 1999). Total flavonoid
content was determined using the method of
Meda e a. (2005) with minor
modifications. In brief, 0.25 mL of sample
(0.1 mg/mL) was added to a tube containing
1 mL of double-distilled water followed by
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0.075 mL of 5% NaNO,, 0.075 mL of 10%
AIClz and 0.5 mL of 1 M NaOH at 0, 5 and
6 min, sequentialy. Finaly, the volume of
the reaction solution was adjusted to 2.5 mL
with double-distilled water. The absorbance
of the solution was measured at 410 nm
wave length using a spectrophotometer.
Caffeic acid, a ubiquitous flavonoid was
used as a standard to quantify the total
flavonoid content of honey and the results
were expressed in microgram Catechin
Equivaents (CE) mg/100g honey.

Statistical analysis

The in vitro antibacterial activity was
conducted in triplicates. The data were then
subjected to SPSS Ver. 21(IBM, New Y ork,
US) software for statistical analysis. Duncan
Test of Post Hoc Multiple Comparisons in
one way ANOVA was applied for
comparison between and within the groups.
All the data were given in meant standard
error (SE). A probability value P<0.05 was
taken as significant (Steel and Torrie, 1980).

Results and Discussion

The antibacterial activity of the two brands
of Egyptian honey, sesame and eucalyptus
were evaluated according to the following
criteriaz zone of inhibition range >18
showed significant activity, 16-18 good
activity, 13-15 low activity, 9-12 non-
significant activity, and <8 no activity.
Sesame and eucalyptus branded honey
exhibited significant activities against C.
acetobutylicum DSM1731 with zones of
inhibition 18.33+0.88 mm and 25.00+0.58
mm, respectively. While only sesame honey
was sdignificantly effective against C.
perfringens KF383123 strain with zone of
inhibition reaching 29.16:0.60 mm. On the
contrary, eucalyptus honey showed non-
significant activity against C. perfringens
KF383123 with zone of inhibition of
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9.00+£0.58 mm as shown in (Table 1 and
Chart 2).

Antibiotic sensitivity test was carried out to
detect the antimicrobial activities of seven
reference antibiotics; Cefotaxime,
Ciprofloxacin, Erythromycin,
Oxytetracycline, Cephalexin, Tobramycin
and Sulphamethoxazole against tested
reference  dstrains; C.  acetobutylicum
DSM 1731 and C. perfringens KF383123 as
well as the synergistic effect of the sesame
honey and eucalyptus honey when added
individually to the reference antibiotics.

The results revealed that CIP showed the
best antimicrobial activities with zone of
inhibition of 18.00£0.58 mm against both
tested reference strains (Table 1, Chart 1 and
Chart 2). The activity of CIP was followed
by CN with inhibition zone of 16.00+0.58
and 17.00+0.58 against C. acetobutylicum
DSM1731 and C. perfringens KF383123,
respectively. Then TOB exhibited lower
activities with ZI of 11.33+0.88 mm and
10.00+0.58 mm respectively. This was
followed by RL and CTX with ZI of
8.00£0.58 mm and 10.33+0.88 mm for RL
againt DSM1731 and  KF383123
respectively and 8.33+0.33 mm and
8.67+0.88 for CTX against DSM1731 and
KF383123 respectively. Meanwhile,
antibiotics E and OT showed no hindrance
activities against tested strains.

The results of synergistic activity of sesame
and eucalyptus honey were presented in
Table (1) as well as Chart (1) and Chart (2).
A combination of honey and antibiotic was
considered synergistic when the scored ZI
for the combination is bigger than ZI of
honey and antibiotic separately. The results
revealed that the addition of sesame honey
showed great synergistic effect with CTX
with an increase of inhibition zone against
C. perfringens KF383123, from 29.16+0.60
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mm for sesame honey alone and 8.67+0.33
mm for CTX aone to 40.67+0.67 mm for
the combination. Although the combination
of sesame honey and CN caused an increase
in the zone of inhibition from 17.00+0.58
mm for CN aone to 26.00+0.58 mm for the
combination against C. perfringens
KF383123, this combination is not
considered synergistic. as the antimicrobial
activity of sesame honey alone scored ZI of
29.16+£0.60 mm which is bigger than that of
the combination.

Similar results were recorded for the
combination of sesame honey with CIP and
TOB, with ZI of 24.00+0.58 mm for both
combinations when compared with CIP and
TOB aone, with ZI of 18.00£0.58 mm and
10.00£0.58 mm, respectively against C.
perfringens KF383123. Both OT and E
aone were not effective against tested
strains but when combined with sesame
honey, an increase they scored ZI of
29.33x1.85 mm and 23.00£0.58 mm
respectively against C. acetobutylicum
DSM1731 and 17.00+0.58 mm and
15.00£0.00 mm, respectively against C.
perfringens KF383123. This effect could be
totally due to sesame honey alone.

The results revealed the presence of
synergistic effect between eucalyptus honey
and CTX, CN, TOB and RL against C.
perfringens KF383123 with an increased ZI
of 10.00£0.58 mm, 20.33+0.88 mm,
12.00+1.15 mm and 24.00+1.15 mm
respectively compared with ZI of 8.67+0.33
mm, 17.00£0.58 mm, 10.00+0.58 mm and
10.33+0.88 mm respectively for antibiotics
aone and 9.00+0.58 mm for eucalyptus
honey alone.

Although, eucalyptus honey did not show
any synergistic effect with antibiotics
against C. acetobutylicum DSM1731,
eucalyptus honey aone scored higher ZI
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than those scored by individua antibiotics.
On the other hand sesame honey exhibited a
synergistic effect against C. acetobutylicum
when combined with the antibiotics CTX,
CIP and TOB with ZI of 21.33+0.88 mm,
23.00£058 mm and 22.00£+0.58 mm
respectively as compared with 8.33+0.33
mm, 18.00+0.58 mm and 11.33+0.88 mm
for antibiotics aone respectively and ZI of
18.33+0.88 mm for sesame honey alone.

Quantitative determination of the total
flavonoid content was done photo metrically
using Caffeic acid as a standard. The total
flavonoid content in sesame honey was 3.16
mg/100g and the total flavonoid content in
eucalyptus honey was 7.23 mg/100g.

Honey has been principaly used for its
antibacterial effects since ancient times
(Zumla and Lulat, 1989; Hegazi, 1998). It
was believed that honey could be used in the
topical treatment of wounds and burns due
to its antibacterial and wound healing
promotion activity (Khan et al.,, 2007,
Wijesinghe et al., 2009). In the present
study, the antibacterial activities of sesame
and eucalyptus honey obtained from apiary
farm in Egypt were estimated against C.
acetobutylicum  DSM1731  and C.
perfringens KF383123 strains. The results
revealed that sesame and eucal yptus branded
honey exhibited significant activities against
C. acetobutylicum DSM1731. Only sesame
honey was significantly effective while
eucayptus honey showed non-significant
activity against C. perfringens KF383123.
Researchers have failed to point out the
active ingredient responsible for the
antibacterial activities of honey. Over 100
substances were found to be candidates for
such antibacterial activity (Simon et a.,
2009). While antibiotics destroy bacteria by
attacking the cell wall honey works in a
different way. Honey is hygroscopic,
meaning that it draws moisture out of the
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environment and dehydrates and prevents
the growth of bacteria with the aid of its
hyperosmolar properties (Khan et al., 2007;
Smon e a. 2009; Molan, 2006).
Furthermore, honey has a mean pH of 4.4,
so the acidification of honey can reduce
bacterial  colonization (Molan, 1992;
Rushton, 2007; Schneider et al., 2007).
Beside the low pH, other factors that
contribute to antimicrobial activities of
honey include the high sugar concentration,
hydrogen peroxide, methylglyoxal and the
antimicrobial  peptide bee defensin-1
(Kwakman and Zaat., 2012). It was found
that both hydrogen peroxide and the non-
peroxide components contribute to the
bacteriostatic and bactericidal activity of
honey. Also, H,O, in honey was involved in
oxidative damage causing bacteria growth
inhibition and DNA degradation, but these
effects were modulated by other honey
components (Brudzynski et al., 2011).

Antibiotic sensitivity test was carried out to
detect the antimicrobial activities of seven
reference antibiotics; Cefotaxime,
Ciprofloxacin, Erythromycin,
Oxytetracycline, Cephalexin, Tobramycin
and Sulphamethoxazole against tested
reference  strains; C.  acetobutylicum
DSM1731 and C. perfringens KF383123 as
well as the synergistic effect of sesame
honey and eucalyptus honey when combined
individually with each of the reference
antibiotics. The results revealed that CIP
showed the best antimicrobia activities
against both tested reference strains
followed by CN, TOB, RL and CTX. While
both E and OT showed no hindrance
activities against tested strains. Though there
is hardly any data on antibacteria effect of
sesame and eucalyptus honey against C.
acetobutylicum and C. perfringens, severa
studies investigated the antibacterial activity
of several honey brands against different
bacterial strains, which can be used for
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comparison with our data. The MIC and
MBC of Manuka honey for three C. difficile
strains were investigated by Hammond and
Donkor, 2013. The MIC values of the three
C. difficile strains were the same (6.25%
v/v). Similarly, MBC values of the three C.
difficile strains were the same (6.25% v/v).
Cooper et al., 1999 reported the antibacterial
activity of Manuka honey against 58 isolates
of Saureus. In another report, Cooper and
Mulan.,, 1999 determined the MIC of
Manuka honey for 20 strains of P.
aeruginosa. Furthermore, Cooper et d.,
2002 proved medium level of activity of
Manuka honey against 17 strains of P.
aeruginosa. Wilkinson and Cavanagh, 2005
reported that Manuka honey was effective
against many organismsincluding S aureus,
E. coli, S typhimurium and P. mirabilis. In
general, earlier studies indicated that
antimicrobia activities of honey are among
several hedth beneficial effects of honey
(Tan et al., 2009; Hegazi, 2011; Hegazi and
Abd Allah, 2012; Koc et a., 2011). The
antimicrobial activities of sesame and
eucalyptus honey may be due to the
presence of sugars such as monosaccharides,
disaccharides, oligosaccharides and
polysaccharides (Bogdanov et al., 2008;
Erguwa et a., 2012a; Erguwa, et 4a.,
2012b). Earlier studies aso indicated that
honey contains enzymes such as glucose
oxidase, diastase, invertase, catalase and
peroxidase (Bogdanov et al., 2008) and
these enzymes may play an important rolein
the antimicrobial activity of honey. Also,
honey contains other bioactive constituents
such as organic acids, ascorbic acid, trace
elements, vitamins, amino acids, proteins
and Maillard reaction products (Bogdanov et
al., 2008).

These results indicated that the total
flavonoid contents varied considerably
between the two types of honey. The total
flavonoid content in sesame honey was 3.16
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mg/100g and the total flavonoid content in
eucalyptus honey was 7.23 mg/100g. Honey
was found to contain a great variety of
minor components, including phenolic acids
and flavonoids, the enzymes glucose oxidase
and catalase, ascorbic acid, carotenoids,
organic acids, amino acids, proteins, and a-
tocopherol (Ferreres et al., 1993). Although
the actual composition of honey varies,
depending on many factors such as the
pollen source, climate and environmenta
conditions (Gheldof et al., 2002; Azeredo et
a., 2003), the phenolic compounds in their
many forms are the man components
responsible for the functional properties,
such as antioxidant capacity (Kerem et al.,
2006; Almaraz-Abarca et a., 2007; Hegazi
and Abd e Hady, 2009), antibacterial
capacity (Huang et a., 2006; Theodori et al.,
2006; Hegazi and Abd Allah 2012), and
antivira capacity (Evers et a., 2005;
Ozcdlik et al., 2006).

Synergistic effect of honey brands with
tested antibiotics against C. acetobutylicum
and C. perfringens were evaluated. The
results revealed that the combination of
sesame with CTX showed great synergistic
antibacterial effect against C.perfringens
KF383123, The combination of sesame
honey with CTX, CIP, and TOB was aso
synergistic against C. acetobutylicum. On
the other hand combinations of eucalyptus
honey with CTX, CIP, CN, TOB and RL
was synergistic against C.perfringens
KF383123. Meanwhile, there was no
synergistic antibacterial effect for the
combination of eucalyptus honey with any
of the antibiotics against C. acetobutylicum.
Recently  synergistic action  between
piperacillin  and  methylglyoxal (an
antibacterial component characteristically
found in manuka honey) was demonstrated
by disc diffusion method and checkerboard
procedure against multi-drug resistant
(MDR) clinical isolates of P. aeruginosa
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(Mukherjee et d., 2011). Synergistic
combinations between methylglyoxa and
carbenicillin as well as amikacin were also
noted against P. aeruginosa. Furthermore,
synergy between oxacillin and manuka
honey in the inhibition of methicillin-
resistant Saphylococcus aureus (MRSA)
has been reported (Jenkins and Cooper,
2012). Manuka honey, therefore, seems to
offer real potential in providing novel
synergistic combinations with antibiotics for
treating wound infections of MDR bacteria.
In this study a selection of antibiotics which
affect a wide variety of cellular target sites
was tested for synergistic activity with
medical grade Manuka honey in order to
identify novel therapies and five
combinations were identified.

It has been also shown that combinations of
antibiotics with non-antibiotic substances
can enhance the efficacy of a number of
currently used antibiotics by forming
synergetic combinations (Ejim et a., 2011,
Jayaraman et a., 2010). Many naturd
compounds have previously been shown to
have potential to inhibit antibiotic resistance
in bacteria (Gibbons, 2008).

Three antibiotics, from an initial selection of
fifteen antibiotics proved to be synergistic in
combination with Manuka honey against
MRSA and three were additive against P.
aeruginosa. One combination (Manuka
honey and tetracycline) exhibited enhanced
activity against the tested bacteria.

Another two research groups have reported
synergy between gentamicin and honey
(Karayil et a., 1998; Al-Jabri et al., 2005). It
is likely that the botanical origin of honey
influences its biological activity because
different antibacterial components have been
identified in different honey sample
(Kwakman et al., 2011). This fact confirms
the importance of selecting an appropriate
honey for specific antibacterial use.
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The use of antibiotics exerts selection
pressure that favours the emergence of
mutants  with  antibiotic  resistance
determinants. While training experiments
with honey indicated that bacteria failed to
manifest resistance to honey in the
laboratory (Blair et al., 2009; Cooper et al.,
2010). It can be postulated that
combinations of antibiotic and honey would
be less likely to encourage the emergence of

MRD bacteria than antibiotics alone. These
findings also highlight the great importance
and usability of synergistic activities of
sesame and eucayptus honey when
combined with antibiotics against clostridial
strains. Further studies that involve the
evaluation of the antibacterial activity of
honey in vivo are of great importance to
underline the effect of honey on the host
immune system during infection.

Table.1 Antibacterial activity of sesame and eucalyptus honey separate and combined
against Cl. acetobutylicum (DSM1731) and Cl. perfringens (KF383123)

Antibacterial agent cl. ?Sg&bf%lgum Synergistic CzKp%ggl]gg;] S Synergistic

Sesame 18.33+0.88 - 29.16+0.60 -

Eucalyptus 25.00+0.58 - 9.00+0.58 -
CTX+ Sesame 21.33+0.88 Yes 40.67+0.67 Yes
CIP+ Sesame 23.00+£0.58 Yes 24.00+0.58 No

E+ Sesame 23.00+0.58 - 15.00+0.00 -

OT+ Sesame 29.33+1.85 - 17.00+0.58 -
CN+ Sesame 16.00+0.58 No 26.00+0.58 No
TOB+ Sesame 22.00+0.58 Yes 24.00+0.58 No
RL + Sesame 16.00+1.15 No 20.33+1.45 No
CTX+ Eucalyptus 10.33+0.88 No 10.00+0.58 Yes
CIP+ Eucalyptus 16.33+0.88 No 15.33+0.33 Yes
E+ Eucalyptus 9.67+0.33 No 8.33+0.33 No
OT + Eucalyptus 0.00+0.00 No 0.00+0.00 No
CN+ Eucalyptus 19.00+0.58 No 20.33+0.88 Yes
TOB+ Eucalyptus 11.00+0.58 No 12.00+1.15 Yes
RL + Eucalyptus 11.00+0.58 No 24.00£1.15 Yes

CTX 8.33+0.33 - 8.67+0.33 -

CIP 18.00+0.58 - 18.00+0.58 -

E 0.00+0.00 - 0.00+0.00 -

oT 0.00+0.00 - 0.00+0.00 -

CN 16.00£0.58 - 17.00+0.58 -

TOB 11.33+0.88 - 10.00+0.58 -

RL 8.00+0.58 - 10.33+0.88 -
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Chart.1 Antibacterial activity of sesame honey alone and in combination with antibiotics against
Cl. acetobutylicum (DSM1731) and Cl. perfringens (KF383123)
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Chart.2 Antibacterial activity of eucalyptus honey alone and in combination with antibiotics
against Cl. acetobutylicum (DSM1731) and Cl. perfringens (KF383123)
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