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ABSTRACT

Determine the in vitro antibacterial potential activity sidr honey produced in upper Egypt against five
references bacterial strains (Gram positive and Gram negative strains) and its synergistic effect with
some antimicrobial agents. Material & Methods: fifteen Sidr honey samples were collected from three
Governorates in Upper Egypt. Honey samples were diluted and tested against Staphylococcus aureus,
Streptococcus agalactiae, Escherichia coli, Klebsiella pneumoniae and Bacillus cereus by agar
dilution method. Post determination of the minimum inhibitory concentration (MIC) values, six honey
samples were examined for their synergistic action with the ineffective antimicrobial agents. Results:
In vitro antimicrobial sensitivity test, all bacterial strains showed multidrug resistance action against
the 13 tested antimicrobial agents with high multiple antibiotic resistance (MAR) index, it was = 0.38.
All Sidr bee honey samples showing antibacterial activity against the five tested references bacterial
strains. All Sidr bee honey samples, showed better synergistic effect with all antimicrobial agents
against.

Key words: Egyptian Sidr honey, Antimicrobial impact, Minimum inhibitory concentration, Synergistic
effect
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Bu galigmanin amaci, Yukari Misir'da liretilen Sidr balinin bes referans bakteri suguna (Gram pozitif ve
Gram negatif suslar) karsi in vitro antibakteriyel potansiyel aktivitesini ve bazi antimikrobiyal ajanlarla
sinerjistik etkisini belirlemektir. Yukari Misir'daki ti¢ valilikten on bes Sidr bali 6rnegi toplanmistir. Bal
ornekleri seyreltilmis ve agar seyreltme yontemiyle Staphylococcus aureus, Streptococcus agalactiae,
Escherichia coli, Klebsiella pneumoniae ve Bacillus cereus'a karsi test edilmistir. Minimum inhibitor
konsantrasyon (MiK) degerlerinin belirlenmesinden sonra, alti bal 6rnegi etkisiz antimikrobiyal
ajanlarla sinerjik etkileri agisindan incelenmistir. In vitro antimikrobiyal duyarlilik testinde, tiim bakteri
suslari test edilen 13 antimikrobiyal ajana karsi yiiksek ¢oklu antibiyotik direnci (MAR) indeksi ile goklu
ilag direnci etkisi gostermistir, bu deger 2 0.38'dir. Tiim Sidr ari1 bali 6rnekleri, test edilen beg referans
bakteri susuna karsi antibakteriyel aktivite géstermistir. Tim Sidr ari1 bali 6rnekleri, tiim antimikrobiyal
ajanlara kargi daha iyi sinerjik etki gostermistir.

Anahtar kelimeler: Misir Sidr bali, Antimikrobiyal etki, Minimum inhibitér konsantrasyon, Sinerjistik
etki
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GENISLETILMiS OZET

Girig: Artik ddnyanin  bulasici  hastaliklardan
kurtulma umudu daha etkili ve guvenli antimikrobiyal
ajanlara ulasmaktir. Disuk bakim maliyeti ve yerel
olarak bulunabilirligi bala alternatif bir antimikrobiyal
tedavi olarak kullanim igcin degerli avantajlar
saglamaktadir. Ari balinin antimikrobiyal aktivitesi
fiziksel ve kimyasal Ozelliklerine, toplam fenol
icerigine, cografi bdlgeye ve bitki kaynaklarina
baghdir. Bu slre zarfinda, Yukari Misir'da Uretilen
sidr bahh (UESH) ticari olarak Uretiimeye
baslanmistir; konu, c¢ok ilaca direngli (MDR) farkli
bakteri suslarina karsi antimikrobiyal aktivitesinin
belirlenmesini gerektirmektedir. Tatli bir materyal
olan UESH, antimikrobiyal etkiye ve antimikrobiyal
ajanlarla sinerjik etkiye sahiptir, bu nedenle
bakteriyel enfeksiyon vakalarinin tedavisinde
tamamlayici ve alternatif ilag olarak kullanilabilir.

Amag: Bu ¢alismanin amaci, Yukari Misir Sidr ari
balinin beg referans (3 Gram +ve ve 2 Gram -ve)
bakteri susuna kars! in vitro antibakteriyel yetenegini
ve bazi antimikrobiyal ajanlarla sinerjik etkisini
belirlemektir.

Gere¢ ve Yontem: Yukart Misir'daki G¢ farkli
valilikte (Sohag, Qena ve Luxor) bulunan cesitli
ariliklardan on bes Sidr bali 6rnegi toplanmistir. Bal
ornekleri agar diflizyon yodntemi kullanilarak 5
referans bakteri susuna (goklu ilaca direngli
bakteriler olarak bilinen Staphylococcus aureus
AUMC B - 261, Streptococcus agalactiae AUMC B -
253, Escherichia coli AUMC B - 243 ve Klebsiella
pneumoniae AUMC B - 257; ve gida toksisitesine
neden olan Bacillus cereus AUMC B - 100) kars test
edilmigtir. MIK degerlerinin belirlenmesinden sonra,
alti bal 6rnegi etkisiz antimikrobiyal ajanlarla sinerjik
etkileri agisindan incelenmigtir.

Bulgular: In vitro antimikrobiyal duyarlilik testinde
tim referans bakteri suslari, test edilen 13
antimikrobiyal ajana karsi ¢oklu antibiyotik direnci
(MAR) indeksi = 0.38 olarak ylksek ¢oklu ilag direnci
(MDR) go6stermistir. Tim Sidr bal érneklerine karsi
test edildiklerinde, genel ortalama %15,16 + 3,77
olmak Uzere farkli MiK degerleri (%11,6 - 18,8) ile
biylime inhibisyonu elde etmislerdir. Sohag'dan
toplanan Sidr bali érnekleri, in vitro testlerde %13,6
MIC degeri gbsterdiginden en iyi antimikrobiyal etkiyi
ortaya koymus, bunu sirasiyla %14,36 ve 17,96 ile
Qena ve Luxor érnekleri izlemistir. Tim Sidr ari bali
ornekleri, tim antimikrobiyal ajanlarla en iyi sinerjik
etkiyi gostermigtir.
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Sonug: Calisma, tim Yukari Misir Sidr ari ballarinin
%11,6 ila %18,8 (v/v) arasinda degisen in vitro en iyi
minimum inhibitér konsantrasyon degerlerine sahip
oldugu sonucuna varmistir. Calisilan tim Sidr bali
orneklerinin antimikrobiyal etkisi, ¢oklu ilaca direngli
Gram pozitif veya Gram negatif bakterilere karsi bile
umut verici minimum inhibitdr konsantrasyon
degerlerine sahipti ve Sohag vilayetinden toplanan
Sidr bali o6rnekleri en iyi antimikrobiyal etki
gOstermistir. Ayrica, Sidr bali 6rnekleri direngli
bakterilere karsi etkili olmayan antibiyotik ajanlarla
sinerjik aktivite gOstererek onlari duyarli hale
getirmigtir. Elde edilen sonuglar, Yukari Misir Sidr ari
balinin  tim  api-terapdtik  kullanimlar  igin
kullanilabilecegini gdstermigtir.

Tim UESH o6rnekleri, test edilen tim Gram pozitif
veya negatif bakteriler Uzerinde blylimeyi
engelleyici etkiye sahiptir ve en ¢ok test edilen
antimikrobiyal ajanlarla sinerjik etki gostermistir.
Yerel olarak temin edilebilen UESH balinin
antibakteriyel aktivitesi, ¢oklu ilaca direngli ve gida
kaynakli bakterilere karsi terapdétik ajan olarak
kullanilabilir.

INTRODUCTION

Honey antimicrobial activity is proved in ancient
medicine where the primary characteristic of "Active
Honey" is the presence and concentration of
antibacterial compounds (Brudzynsk 2021). The
difference in antibacterial activity of bee honey
against different pathogens attributes to seasonality
of tested honey types, difference in floral origin,
physical and chemical properties, total phenol
contents, geographical area as well as plant
resources (Elbanna et al. 2014, Almasaudi 2021).

Determination of in vitro honey antimicrobial activity
is widely documented (Hegazi 2011, Abdul-Hafeez
et al. 2021) but with different potencies owing to the
action of honey macro-components (sucrose,
glucose) and the bioactive micro-components
flavonoids (Gorniak et al. 2019), also, polyphenols
that seems to contribute to the most antibacterial
activity (Stagos et al. 2018), in addition to definsin
(Bucekova et al. 2017) and hydrogen peroxidase
and catalase enzymes (Scripca et al. 2019), these
components are acting chemically resulting in
production of new created bioactive micro-
components (Almasaudi 2021, Hamouda et al.
2019).
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The high osmatic pressure and high acidity are the
main two factors of antibacterial activity of undiluted
honey while the activity of diluted honey is peroxide
- dependent. (Zainol et al. 2013). This activity is
highly complex and still remains not fully recognized
which is determined by agar dilution or serial
diffusion methods (Szweda 2017).

The application of antibiotics with honey yielded
potential synergistic effects against microbes
multidrug resistance bacterial strains even biofilm
producers (Liu et al. 2018, Abdul-Hafeez et al. 2021,
Almasaudi 2021). The low maintenance cost, local
production and low price give honey good advantage
to use as an alternative antimicrobial treatment
(Mandal and Mandal 2012).

Sidr and Talah honey samples contain great
potential as an antimicrobial against and Gram-
negative bacteria (Gram + ve) and dermatophytes
regardless of the origin of the sample. Where found
that Gram-negative more resistant to the tested
bacteria than Gram (Owayss et al. 2019).

In vitro there was synergistic affect between honey
and antibiotics against methicillin resistance
Staphylococcus aureus (MRSA) and clinical isolates
of Staphylococcus. aureus. In addition, the honey
and antibiotics combination stopped the appearance
of antibiotics resistant S. aureus. The susceptibility
of isolated bacterial strains revealed the synergistic
effect of added honey to the antibiotic discs tested.
Also, when honey was added with the antibiotic
discs, there was a highly synergistic increase in the
mean areas of inhibition (Abdul-Hafeez et al. 2021).

So, the present work aimed to study in vitro
antibacterial activity sidr honey produced in upper
Egypt (UESH) from different Governorates against
five bacterial references strains (three Gram positive
and two Gram negative strains) and their synergistic
action with antimicrobial agents.

MATERIAL AND METHODS
Honey Samples:

The present study was carried out through flow
season of Sidr honey, during the year 2021,
collected in three Governorates in Upper Egypt
(Sohag, Qena & Luxor). The antimicrobial activity of
selected monofloral 15 Sidr honey samples was
tested against 5 reference bacterial strains.

The quantitative and qualitative evaluation of pollen
grains was carried out under microscopy slide. The
results of the study showed that Egyptian Sidr honey
is considered a mono - floral honey with a high
content of Sidr honey pollen grains with an average
more than 45000 sidr pollen grains per 10 gm of
honey (Louveaux et al.1978).

Bacterial Strains:

Five reference bacterial strains known to be
pathogenic to human were chosen to evaluate the
antimicrobial activity of monofloral 15 Upper
Egyptian Sidr bee honey samples. The selected
tested strains included pathogenic Gram-positive
and Gram-negative bacteria- which were provided
kindly from Assiut University Mycological Center
(AUMC), Assiut, Egypt-(Bacillus cereus AUMC B-
100, Staphylococcus aureus B- 261, Streptococcus
agalactiae AUMC B- 253, Escherichia coli AUMC B-
243 and Klebsiella pneumoniae AUMC B- 257 and
Bacillus cereus AUMC B - 100; that causing food
toxicity. The bacterial study carried in Assiut
Regional Lab., Animal Health Researcher Institute;
Agriculture Researcher Center, Egypt. All tested
bacterial were used as freshly prepared to be
adjusted to a 0.5 McFarland opacity standard in each
bacterial inoculation all over the study to obtain
approximately 5x10% CFU/mI (Quinn et al. 2004).

Antimicrobial Sensitivity Testing: The antibiotic
susceptibility of the examined isolated bacteria was
evaluated to calculate multi antibiotic resistance
(MAR) index of examined strains. Overnight broth
cultured was compared with 0.5 McFarland
standards, using the Kirby-Bauer disc spread
sensitivity method as described in the National
Laboratory Standards Committee guidelines (2000).
The above mentioned five reference bacterial strains
(Staphylococcus aureus B-261, Streptococcus
agalactiae AUMC B-253, Escherichia coli AUMC B-
243, Klebsiella pneumoniae AUMC B-257 and
Bacillus cereus AUMC B-100) were tested against
13 antimicrobial agents [Cloxacillin ( CX) 1ug,
Erythromycin (E) 15ug, Norfloxacin (Nor) 5ug;
Cefotaxime (CTX) 30ug, Levofloxacin (Lev) 5ug,
Tobramycin (TOB) 10ug; Vancomycin (VA) 30ug,
Tetracycline (TE) 30upg, Gentamicin; (CN) 10pug,
Ofloxacin ( Ofx) 5pg; Amoxycillin (AML) 10ug;
Amoxyecillin/  Clavulanic acid (AMC) 30ug; and
Trimethoprim - Sulfamethoxazole (SXT) (25ug-
1.25/23.75ug); Oxoid -England] For Cloxacillin
inhibition zones diameter around the disc were
measured after 24 and 48 h using the following
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breakpoints: susceptible = 13mm and resistance
<11mm (Quinn et al. 2004). Multiple antibiotic
resistance (MAR) index of each tested bacterial
strain was calculated; to determine the MAR index
that was defined as a/b, where (a) represents the
number of antibiotics that isolated strain was
resistant and (b) represents the number of all tested
antibiotics (Subramani and Vignesh 2012).

Honey Minimum Inhibitory Concentration (MIC)
Determination: It was performed according to
Cooper et al. 2002 method by an agar dilution
method.

Synergism between Sidr honeys and ineffective
antimicrobial agents:

Synergy assay was based on described procedures
by Stepanovi¢ et al. (2003), where the five strains,
six Sidr honey samples and inactive antibacterial
agents was evaluated. As follows, by determination
of the MIC of honey, different dilutions of samples
are less than 1% minimum inhibitory concentration
of honey (sub-inhibitory concentration) prepared
(allowing bacteria to grow).

\

Plate 1: In Vitro antimicrobial susceptibility testing of Escherichia coli (B), Klebsiella pneumoniae (C), Staphylococcus

RESULTS

In vitro the present antimicrobial susceptibility testing
showed that all tested strains were highly sensitive
to Levofloxacin, Norfloxacin, Gentamycin,
Tetracycline and Ofloxacin (100%). While the tested
five reference bacterial strains were resisted
Tobramycin and Vancomycin with percentage 60%
followed by 40% towered Erythromycin and
Trimethoprim/ Sulphamethoxazole. But the highest
percentage of resistance was to Amoxycillin,
Cloxacillin, Amoxycillin/ Clavulanic acid and
Cefotaxime (100%); Table (1) and Plate (1) Multiple
Antimicrobial resistance index (MAR) among the
tested five reference bacterial strains; Escherichia
coli, Staphylococcus aureus and Streptococcus
agalactiae showed the highest value as 0.54, while
Bacillus cereus and Klebsiella pneumoniae showed
lowest value 0.38; for each. Table (1) and Plate (1)
the all-tested strains had very high MAR index value
since MAR index value just 2 0.2 was considered
high.

aureus (D) and Streptococcus agalactiae (E) against 13 antimicrobial agents showing multi-drug resistance.
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In the present study, the minimum inhibitory
concentration (MIC) of Sidr bee honey samples
collected from Upper Egypt and the antibacterial
activity was evaluated against five reference
bacterial strains, showing varying antibacterial
activity against the various tested bacterial strains.
Minimum inhibitory concentration of Egyptian Sidr
bee honey samples, from Upper Egypt, against
Bacillus cereus, Escherichia coli, Klebsiella

pneumoniae, Staphylococcus  aureus  and
Streptococcus  agalactiae  showing  varying
antibacterial activity were 14.2+2.36, 15.0t1.6,
15.4+2.56, 15.4+2.18 and 15.842.27 %,
respectively. The highest MIC value (15.8+2.27 %)
was found against Streptococcus agalactiae. On the
contrary, the lowest MIC value (14.2+2.36 %) was
showed against Bacillus cereus, with overall mean

15.16+2.19%, (Table 2 & Diagram 1, 2 & Fig. 1-4).

Table 1: In vitro antimicrobial susceptibility test of the tested bacterial strains and multiple antibiotics resistanc Index

(MAR).
SXT
AMC | CTX CX AML | OFX VA TE TOB CN NOR (1.25 LEV E MAR
(30 | (30 | (1 | (10 | (5 | (30 | (30 | (30 | (10 | (5 | pip | (5 | (15 | (mulple
Bacterial strains | mcg) | mcg) | mecg) | mcg | mcg) | mcg) | mcg) | meg) | mcg) | Mcg) mc.g) mcg) | mcg) | antibiotics
Resistance
The diameter of inhibition zone in mm Index)
14 Zero | Zero 11 25 20 25 19 24 21 Zero 28 30 SXT, AML
Bacillus cereus CX, CTX,
R R R R S S S S S S R S s | AMC(0.38)
SXT, TOP,
Zero | Zero | Zero | Zero 30 8 >30 1" 25 21 10 40 25 VA, AML,
Escherichia coli CX, CTX,
R R R R S R S R s S R s S AMC,
(0.54)
10 Zero | Zero | Zero 25 20 24 20 24 25 Zero 30 25 SXT, AML,
Klebsiella CX, CTX,
pneumoniae AMC
R R R R S S S S S S R S S (0.38)
Zero | Zero | Zero | Zero 35 Zero >30 12 25 25 22 40 Zero Vi’\ TAON'IDL
Stapgtyjlr(;z(;ccus cX. CTX.
AMC,
R R R R S R ] R S S ] S R (0.54)
E, TOP,
Zero | Zero | Zero | Zero | >33 Zero >40 12 23 23 22 >30 Zero VA, AML.
Streptocqccus CX. CTX.
agalactiae AMC
R R R R S R S R S S S S R (0.54)
AMC= Amoxycillin/Clavulanic acid, CTX= Cefotaxime, CX= Cloxacilin, AML= Amoxycillin, OFX= Ofloxacin,
VA=Vancomycin, TE= Tetracycline, E= Erythromycin, LEV= Levofloxacin, NOR= Norfloxacin, CN=Gentamicin,

TOB=Tobramycin, SXT=Trimethoprim/Sulfamethoxa
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Diagram (1): Percentage of the minimum inhibitory concentration (MIC) of Upper Egyptian Sidr bee honey samples against
the tested bacterial strains.

@ Sohag EQena O Luxor

B. cereus E. coli K. pneumoniae Staph. aureus Strept. Governorate
agalactiae mean

Diagram (2): Percentage of the minimum inhibitory concentration (MIC %) of Sidr honey samples from different locations
of Upper Egypt against the tested bacterial strains.

e

Figure 1: In Vitro honey (20%) showing no growth Figure 2: In Vitro honey (11%) showing no growth

against all five reference strains against Staph. aureus (D) and Strept. agalactiae (E).
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Figure 3: In Vitro honey at (10%)

all reference strains showing growth

Figure 4: In Vitro honey (20%) showing no growth all five

against K. pneumonia (C), and Strept. agalactiae (E)

Table 2. Percentage of the minimum inhibitory concentration (MIC %) of Sidr honey samples from different locations of

Upper Egypt against the tested bacterial strains.

MIC percentage v/v against different bacterial strains
Location %2?2{?; Escherichia l;':g;:glrl]?a Staphylococcus | Streptococcus Mean of
coli (B243) P aureus (B251) (B253) location
(B.100) (B257)
Sohag 11.6+0.24 13.4+0.42 13.4+0.23 13.4+£0.19 14.0+0.26 13.6£0.225 C
Qena 14.0+0.33 14.6+0.12 14.0+0.17 14.6+0.39 14.6+£0.17 | 14.36+£0.375 B
Luxor 17.0£0.44 17.0£0.17 18.8+0.09 18.2+0.33 18.8£0.12 17.96+0.872 A
Meanof | 142:236D| 15.01.6C | 15.4¢256B| 15.4:2.18 B 1584227 A | 15.16£2.19
bacterial strain
Range 11.6-17.0 13.4-17.0 13.0-18.8 13.4-18.2 14.0-18.8 -

In this study, the high antibacterial activity of honey
samples against all test strains support the
assessment of synergistic action of honey and
antibiotics. Honey interacts synergistically with
antibiotics at sub-lethal concentrations (sub-MIC), so
the present work tested this activity for six brands of
Sidr honey. with the ineffective antimicrobial agents.

All Sidr honey brands, in the present study, showed
best synergistic action with different antimicrobial
agents against Staphylococcus aureus (B 261),
Klebsiella pneumoniae (B 257), Bacillus cereus
(B100) and Streptococcus agalactiae (B 253), Table
(3) Fig. (5-7).
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Figure 5: Synergistic action of Sidr honey Figure 6: Synergistic action of Sidr honey

TOB and VA against E. coli. with AMC against K. pneumonia.

Figure 7: Different types of Sidr honeys (A, B and C) restored methicillin resistant S. aureus (MRSA) sensitive to
Cloxacillin (MSSA).
Table 3: Synergistic action of Sidr bee honey and the ineffective antimicrobial agents against both Staph. aureus (B 261)

and Strept. agalactiae (B 253)

zone of zone of inhibition of tested Sidr honey with antimicrobial disc
Antimicrobial | Breakpoint inhibition of in mm
agents = mm antimicrobial
disc only | Il 1 \ \Y \
Amoxycillin 29 mm Zero mm 33mm | 35mm | 33mm | 33mm | 33mm | 35mm
Amoxycilli_n / 20 mm Zero mm 25mm | 22mm | 24mm | 22mm | 23 mm | 22 mm
Clavulanic
Vancomycin 12 mm Zero mm 19mm | 26 mm | 20 mm 19mm | 24mm | 25 mm
Cloxacillin 13 mm Zero mm 16mm | 15mm | 18 mm 17mm 15mm | 18 mm
Tobramycin 15 mm 12 mm 23mm | 20mm | 18 mm | 21 mm | 199mm | 22 mm
Erythromycin 23 mm Zero mm 26mm | 28mm | 30mm | 28mm | 27 mm | 29 mm
Cefotaxime 23 mm zero mm 25mm | 27mm | 29 mm | 25mm | 29 mm | 30 mm

U.Ar D. — U.Bee J. 2023, 23 (1): 1-13 8



ARASTIRMA MAKALESI / RESEARCH ARTICLE

DISCUSSION

In the present study, the tested bacterial strains
showed strong multidrug resistance action (Table 1
& Plate 1) against different antimicrobial groups; -
lactam  (amoxycillin,  cloxacillin,  amoxycillin/
clavulanic acid) or against the third-generation
cephalosporin  (cefotaxime) showed resistance
100% resulting that the tested Staphylococcus
aureus B - 261 was methicillin resistance
Staphylococcus aureus (MRSA). But against
quinolone compound (tobramycin) and glycopeptide
(vancomycin) showed resistance 60%, while against
macrolide  (erythromycin) and  sulfonamides
(Trimethoprim - Sulfamethoxazole) was only 40%
resistance.

But all tested strains were highly sensitive to
Levofloxacin, Norfloxacin, Gentamycin, Tetracycline
and Ofloxacin (100%), (Table 1). These obtained
resistance results were with high value of multiple
antibiotic resistance (MAR) index as it was = 0.38
[0.38- 0.54] since MAR index = 0.2 is considered
high (Subramani and Vignesh 2012). These results
go in parallel with that obtained (Abdul-Hafeez et al.
2021, Sayed et al. 2011).

But fortunately, there is no bacterial resistance
against honey as that antibiotics (Blair et al. 2009;
Cooper et al. 2010). In the present study, the
minimum inhibitory concentration (MIC) of Sidr
honey samples collected from Upper Egypt showing
varying antibacterial activity against the various
tested bacterial strains.

All tested Upper Egyptian Sidr honey (UESH)
samples, in present work, have different potencies of
antibacterial effects against all five reference
bacterial strains with a percentage of minimum
inhibitory concentration. (MIC%) values were 13.6 -
17.96% (v/v), with the mean percentage minimum
inhibitory concentration (MIC%) values as 15.16%
(v/v), (Table 2 & Diagram 1); Generally, the
percentage of the minimum inhibitory concentration
of Upper Egyptian sider honey samples against
Bacillus cereus AUMC B- 100, Escherichia coli
AUMC B- 243 and Klebsiella pneumoniae AUMC B-
257Staphylococcus  aureus B- 261, and
Streptococcus agalactiae AUMC B- 253, were
14.245.97, 15+5.18, 15.4+5.32, 15.414.56 and
15.814.56%, respectively. The highest MIC% value
(15.8+4.56%) was found against Streptococcus
agalactiae. While the Ilowest MIC value
(14.245.97%) was showed against Bacillus cereus
(Table 2, Fig. 1 - 4 & Diagram 1). In the present work,

Sider honey showed broad-spectrum antimicrobial
activity against Gram+ve and Gram-ve bacteria,
which is agreement With previous findings where
different types of honey from diverse botanical
origins were reported with widespread activity
against Gram+ve and Gram-ve bacteria (Irish et al.
2011, Hegazi & Abd Allah 2012, Elbanna et al. 2014,
Almasaudi et al. 2017). honey samples collected
from Sohag were having goodly antibacterial
efficacy against the tested bacterial strains revealed
MIC% was 13.6 % followed by samples of Qena and
Luxor as 14.36 & 17.96 %, respectively (Table 2 &
Diagram 2).

The antibacterial potency differences among honey
samples could be attributed to the natural variations
the different geographical locations and floral
sources of nectar (Alzahrani et al. 2012, Da Silvaet
al. 2016). The difference in antimicrobial potency
between different types of honey can be more than
100-fold, depending on its geographical, seasonal
and botanical source (Molan and Cooper 2000).
Bacterial strains showed differential sensitivity as
Gram-positive bacteria were more sensitive than
Gram-negative bacteria (Owayss et al, 2019). Gram-
positive and Gram-negative bacteria were inhibited
by 5-10 and 10 to 20 % (w/v), respectively (Eman
and Mohammed 2011).

These results are According to other authors, Sidr
honey has been used as an antimicrobial agent. The
average MIC values of Sidr honey was 15%, 20%,
10% & 20% (v/v) (Alqurashi et al. 2013, Almasaudi
et al. 2017, Mohammed & Jayashankar 2020),
respectively. The present obtained MIC values of
Upper Egyptian Sidr bee honey were much less than
MIC values of either Egyptian Sidr Honey recorded
formerly as 20% (Hamouda et al. 2019) or the fully
studied Saudi Sidr Honey as 20% (Hegazi 2011,
Almasaudi et al. 2017, Hegazi et al. 2017).

Sidr honey possessed MIC value against
Streptococcus pyogenes 20% (w/v), as Sidr honey
is effective at inducing lysis of bacterial cell and
identifies targets genes, at the genetic level
(Mohammad et al. 2021). While the another study
showed high MIC that at a concentration 50% (w/v),
where Staphylococcus aureus ATCC 29213 was
susceptibility to two out of the three Sidr honey types
tested, while Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27453 were
completely unaffected by the three Sidr honeys
tested (Dash et al. 2016). Also, Sidr honey sample
showing MIC on Staphylococcus heamolyticus more
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than 25% v/v (Mohammed et al. 2016). Nigerian
honey at concentration 40% v/v gave better
antimicrobial  activity against Pseudomonas
aeruginosa, Staphylococcus aureus, Klebsiella
pneumoniae and Escherichia coli (Braide et al.
2012).

Recent study of Saudi Sidr Honey showed higher
MIC value as 33% w/v. Saudi Talh and Sidr honey
The water-diluted honeys caused an increase in
antimicrobial activity compared to the undiluted
natural honey. (Owayss et al. 2019). Consequently,
MIC of the Upper Egyptian Sidr bee honey revealed
the best in vitro antimicrobial action of all available
studied Sidr honey.

The potential therapeutic agent of honey is
increasingly due to its antibacterial activity as the
most researched biological property of honey
through the influence of its phytochemical contents
that vary geographically or seasonally. Sider honey
has several antibacterial components and property
is likely to explain why, unlike antibiotics, it does not
induce resistance in bacteria. Commercial
development of new classes of antibiotics has been
diminished and few pharmaceutical companies still
active in this area (European Center for Disease
Prevention and Control 2009).

Honey interacts synergistically with antibiotics at
sub-lethal (sub-MIC) concentrations (Masoud et al.
2015, Brown et al. 2020), so the present work tested
this activity of six Upper Egyptian Sidr bee honey
samples with the eight ineffective antimicrobial
agents. All tested Upper Egyptian Sidr bee honey
samples showed synergistic effect with different
antimicrobial agents against the five tested bacterial
strains and these resistant bacteria become
sensitive (Table 3 & Fig. 5 & 6); and the best
synergistic action was against Staphylococcus
aureus (B 261) and Streptococcus agalactiae (B
253). Meanwhile, all tested Sidr honey samples
restored Staphylococcus aureus sensitive to
cloxacillin, Table (3) and Fig. (7).

It was documented that manuka (Jenkins and
Cooper 2012, Muller et al. 2013) or Egyptian fennel
honey (Abdul-Hafeez et al. 2021) restored methicillin
resistant Staphylococcus aureus (MRSA) to
methicillin sensitive Staphylococcus aureus (MSSA)
since honey interacts synergistically with antibiotics
at sub-lethal (sub-MIC) indicated by significant
decline in minimum inhibitory concentration or sub-
lethal concentration (Enany et al. 2018). This action
is obtained by the down regulation of the honey on

U.An D. - U.Bee J. 2023, 23 (1): 1-13

methicillin resistant Staphylococcus aureus (MRSA)
accessory gene regulator genes (agr B, agr C, agr
D) responsible for virulence (Jenkins and Cooper
2012) and cid B gene responsible for bacterial cell
division and reduced expression of mecR1
(responsible for methicillin resistance) (Jenkins et al.
2014) and decreased transcription of the MRSA-
specific penicillin binding protein (PBP2A) that has
markedly reduced affinity to B-lactams compared to
endogenous Staphylococcus aureus PBP enzymes
(Liu et al. 2015). But, in the present study,
Escherichia coli (B 243) and Klebsiella pneumoniae
(B257) still  resistant the trimethoprim -
sulfamethoxazole and sub-MIC of one Upper
Egyptian Sidr bee honey (UESH) sample and
Bacillus cereus (B100) still resistant to two samples
It was evident that both the antimicrobial strength
and fairness brands of honey had variable
synergistic activity against Escherichia coli,
Klebsiella pneumonia and Streptococcus agalactiae
(Abdul-Hafeez et al. 2021). These findings provide a
strong basis for the use of Upper Egyptian Sidr
honey in treatment of bacterial infections. In addition
of mixing of honey and antibiotics have synergistic
activity against biofilms producing bacteria. The
micro-organisms may not develop resistance
against honey in the same way as they develop for
other commonly used antimicrobial agents. All these
features may make the honey a promising
alternative to the commonly used antibiotics.

Conclusion:

The study concluded that all Upper Egyptian Sidr
bee honey have the best minimum inhibitory
concentration values in vitro ranged from 11.6 to
18.8% (v/v). Antimicrobial action of all available
studied Sidr honey samples even against multi- drug
resistant Gram- positive or Gram- negative bacteria
was  with  promising  minimum inhibitory
concentration values, where Sidr honey samples
collected from Sohag governorate showed the best
antimicrobial action. Moreover, Sidr honey samples
achieved synergistic activity with the non-effective
antibiotic agents against resistant bacteria restoring
them sensitive. The obtained results recommended
that Upper Egyptian Sidr bee honey can be used for
all api-therapeutic usage.
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