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Objective

This study evaluates the antibacterial activity of five natural substances (hot water extract of
cinnamon sticks, peppermint, and lemon leaves, Egyptian local packed honey, and Yemeni
Sidr honey) against some gram-positive and gram-negative bacteria.

Materials and methods

The well diffusion method was first used to evaluate the antibacterial effect of each of these
tested natural products on the tested organisms. The minimal inhibitory concentration and
the minimal bactericidal concentration were detected for the effective substances. The highly
effective antimicrobial ones were chosen to investigate their effect on the tested organisms by
graphing the bacterial growth curve of each bacterium before and after treatment.

Results and conclusion

The findings indicated lower antibacterial effect of the three plant extracts compared with
both bee honey samples. Yemeni Sidr honey, local honey, and cinnamon extract were the
more potent antibacterial agents, respectively. Minimal inhibitory concentration and minimal
bactericidal concentration of these three natural substances ranged between 10 and 80% for
the tested organisms. Bacterial growth curve indicated that honey had powerful antimicrobial
activity that did not allow bacteria to grow, especially after treatment with Yemeni Sidr honey.
The study recommends that herbal extracts and honeys could potentially be used as therapeutic

agents against bacterial infection particularly on the tested microorganisms.
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Introduction

Herbal products have been used since ancient times
in folk medicine, involving both eastern and western
medical traditions [1]. Many plants and plant-
derived antimicrobial components are used in folk
lore therapeutics for oral hygiene [2]. Some have
been evaluated for possible use in modern medicine,
whereas thousands of other potentially useful plants
have not been tested [2]. During the last two decades,
the development of drug resistance as well as the
appearance of undesirable side effects of certain
antibiotics have led to the search for new antimicrobial
agents mainly among plant extracts with the goal of
discovering new chemical structures that can overcome
the above disadvantages [3—6]. A wide range of
antimicrobial agents and herbal products are added to
dentifrice and mouth-rinsing solutions and sanitizers
with the aim of preventing biofilms’ formation [1].

The fact that bee honey has antibacterial properties
was recognized more than a century ago because it
cures infections [7]. Honey resistance has never been
reported; the absence of toxicity or side effects, low
cost of maintenance, and local availability represent
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valuable advantages to the use of honey as an alternative
antimicrobial therapy [8]. There are numerous reports
of the antimicrobial activity of honey against a wide
range of bacterial and fungal species [9,10]. The
antimicrobial activity could be attributed to the osmotic
effect of honey, the low pH of honey being between
3.2 and 4.5 [11], hydrogen peroxide, defensin-1, as well
as the presence of phytochemical factors [12].

Several types of bacteria, commonly involved in wound
infections such as Escherichia coli, Staphylococcus aureus,
Pseudomonas mirabilis, Klebsiella spp., Streptococcus
faecalis, and Pseudomonas aeruginosa, are susceptible to
the antibacterial activity of bee honey irrespective of
their resistance to antibiotics [13—15].

This study aimed to investigate the antibacterial
activities of some plant extracts (cinnamon sticks,
peppermint, and lemon leaves) compared with two
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types of honey (Yemeni Sidr and local bee honey)
against some pathogenic microorganisms, and also
to comparing the growth curves of some tested
gram-positive and gram-negative bacteria before and
after treatment with the most effective tested materials.

Materials and methods
Bacterial strains

The following control bacterial strains were used
(ATCC, USA): Neisseria meningitides (ATCC: 13090),
E. coli (ATCC: 25922), S. aureus (ATCC: 25923),
and P aeruginosa (ATCC: 27853). Bacterial strains
were subcultured on nutrient agar (Lab M, UK) and
incubated aerobically at 37°C for 24 h and stored in a
refrigerator at 4°C [16].

Plant extract

Four grams of each of dry plant material (peppermint
leaves, cinnamon sticks, and lemon leaves) was
extracted with 20 ml sterile boiled distilled water. The
suspensions were stored at room temperature for 24 h
and then centrifuged (3000 rpm, 15 min). The extracts
obtained were filtered through a Seitz filter and stored
in a refrigerator at 4°C until use [17].

Honey samples

Two bee honey samples were used in this study, one
obtained from the local market in Egypt and the other
from Saudi Arabia (Yemeni Sidr bee honey), and
stored in the dark at room temperature.

Antibacterial activity

Different concentrations of honey and plant extracts
constituting, 10-100% were prepared using sterile
distilled water. This was done by dissolving the
respective volumes: 1-8 ml of each bee honey type into
the corresponding volumes of sterile distilled water to
yield a 10 ml preparation [18].

The well diffusion technique was used as described
previously by Bauer ez a/. [19]. McFarland standard
inoculums was prepared using the method of Koneman
et al. [20] as follows: the turbidity was adjusted to
1.5 x 108 CFU/ml (corresponding to 0.5 McFarland
standards) and then a sterile cotton swab was dipped
into the standardized bacterial suspension and used to
inoculate the nutrient agar plates evenly.

The plates were left to dry for 3—-5 min. Thereafter,
0.45 ul of each tested natural product was placed in
a well prepared in the nutrient agar plate by a sterile
borer. Plates were incubated for 24 h at 37°C, and then
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the mean diameter of the inhibition zone was measured
in mm. The experiment was repeated in triplicate for
each isolate.

Minimal inhibitory and minimal bactericidal
concentration

The minimal inhibitory concentration (MIC)
was determined as the lowest concentration of an
antimicrobial agent that prevents visible growth of a
microorganism in a broth dilution susceptibility test.
The minimal bactericidal concentration (MBC) was
determined, after determining the results for the MIC,
as the lowest concentration that achieved a 99.9%
decrease in viable bacteria. The MBC can be determined
from broth dilution MIC tests by subculturing on agar
medium without a disinfectant and incubating at 35°C
for 1620 h according to the macrodilution method
described by the National Committee of Clinical
Laboratory Standards [21]. The experiments were
conducted in triplicate.

Determination of the growth curves of bacterial cells
The four tested bacterial strains were cultured on
Mueller-Hinton (MH) broth and the bacterial
cell concentration was adjusted to 0.5 McFarland
standards. Tubes were prepared as follows: 0.45 pl of the
McFarland standard inoculums of each organism was
added to 1 ml MH broth media and then inoculated
with 0.45 ul of each highly effective inhibitor product.
'The control tube contained only MH broth media and
was inoculated with each strain without the inhibitor
product.

Each culture was incubated in a shaking incubator at
37°C for 17 h. Growth curves of bacterial cell cultures
were determined through repeated measures of the
optical density (OD) at 600 nm each hour using a
spectrophotometer (humalyzer junior GmbH ser.#

72333; EEA) [22].

Heterotrophic plate count detection

Heterotrophic plate count was performed in parallel to
OD measurements each hour up to 17 h to detect the
number of viable bacterial cell count for the control
and treated isolates using the heterotrophic plate count
standard protocol and reported as colony-forming

units (CFU/ml) [23].

Results

The inhibition zone diameter of the five natural
products tested was determined for, N. meningitides,
E. coli, §. aureus, and P aeruginosa. All of them were
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effective against the four bacterial strains, except the
peppermint extract, which was only effective against
S. aureus, and lemon leaves extract, which was effective

against E. coli (Table 1).

Table 1 indicates that the highly effective antibacterial
products for all bacterial strains were Yemeni Sidr
honey, packed local honey, and cinnamon sticks

extracts, respectively. They were examined for the MIC
and MBC value of each of them (Fig. 1).

Bacterial growth curves for control and treated bacterial
strains were constructed over all 18 h after growing

Figure 1
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bacteria lonely (control) on MH broth and with each
of cinnamon extract, packed local honey, and Yemeni
Sidr honey to determine the effect of each of these on
these bacterial strains (Figs. 2-5).

Figure 2 shows the growth curve of E. co/i before and
after treatment with the MIC of Yemeni Sidr honey,
packed local honey, and cinnamon extract (10, 30,
and 80%, respectively), and it was obvious that in the
control one after the first 2 h, E. co/i growth increased
until the sixth hour (log phase) and then it remained
in the stationary phase, whereas after treatment with
Yemeni Sidr honey, there was a slight growth all over
the 17s hours. The treatment with Yemeni Sidr honey
was the most effective one.
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Table 1 Determination of the mean inhibition zone diameter (mm) of the five tested natural products against the four bacterial

strains examined

Concentration 10 20 30 40 50 60 70 80 90 100
Bacterial treatment
E. coli + peppermint 0 0 0 0 0 0 0 0 0 0
E. coli + cinnamon 0 0 0 0 12 14 16 16 16 16
E. coli + lemon 12 14 14 16 18 22 22 22 21 22
E. coli + local honey 38 38 38 36 36 38 37 37 38 37
E. coli + Yemeni Sidr honey 38 38 39 38 38 39 38 38 36 37
S. aureus + peppermint 0 0 0 18 19 19 20 20 19 19
S. aureus + cinnamon 0 0 0 14 16 18 18 20 19 19
S. aureus + lemon 0 0 0 0 0 0 0 0 0 0
S. aureus + local honey 10 12 12 11 13 10 10 11 10 11
S. aureus + Yemeni Sidr honey 28 30 32 32 34 31 35 36 32 35
P. aeruginosa + peppermint 0 0 0 0 0 0 0 0 0 0
P. aeruginosa + cinnamon 0 0 12 15 16 19 21 22 20 20
P. aeruginosa + lemon 0 0 0 0 0 0 0 0 0 0
P. aeruginosa + local honey 11 11 12 12 10 11 10 12 11 11
P. aeruginosa + Yemeni Sidr honey 28 28 30 31 32 33 33 36 36 35
N. meningitidis + peppermint 0 0 0 0 0 0 0 0 0 0
N. meningitidis + cinnamon 0 12 14 14 14 18 19 22 22 22
N. meningitidis + lemon 0 0 0 0 0 0 0 0 0 0
N. meningitidis + local honey 37 38 37 38 35 35 33 36 37 37
N. meningitidis + Yemeni Sidr honey 39 39 39 38 38 37 38 39 39 39
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In Fig. 3, there were low bacterial growth in the first
four hours then growth increased until the eighth hour
(log phase for the control one) and then it remained in
the stationary phase, whereas regrowth was observed
after 13 and 17 h. Treatment with Yemeni Sidr honey,
packed local honey, and cinnamon was effective, but
Yemeni Sidr honey was the most effective.

Figure 4 shows the increased growth of S. aureus after the
second hour to the sixth hour (log phase for the control
one); then, it remained stable up to the 17th hour, but after
treatment with Yemeni Sidr honey, the growth was more
inhibited than that with local honey or cinnamon extract.
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Figure 5 showed that there was an increase in bacterial
growth from the first to the 15th hour and then it as
found to nearly stable for an hour; then, the death
phase was observed, but after treatment with Yemeni
Sidr honey, there were no growth all over the 17 h,
whereas there was a slight growth nearly the same after
treatment with both local honey and cinnamon.

Table 2 shows the heterotrophic plate counts for E. co/i,
P aeruginosa, §. aureus, and IN. meningitides before and
after treatment. It was found that the highest colony
count number before treatment was for P aeruginosa
compared with the other three strains tested, whereas
the treated V. meningitides showed the least colony
count number, indicating the powerful effect of the
three products. It was also found that the lowest HPC
was after treatment with Yemeni Sidr honey for the
four tested strains.

Discussion

'The inhibitory activity caused by the osmotic effect of
honey dilutions obviously depends on the species of
bacteria. Hydrogen peroxide is the major contributor
to the antimicrobial activity of bee honey and the
different concentrations of this compound in different
bee honeys result in their varying antimicrobial

effects [24].

In-vitro studies support the antimicrobial effect
of bee honey against a wide range of pathogens
including B-haemolytic streprococci, methicillin-resistant
S. aureus, and Pseudomonas spp. [25]. In-vivo studies
are less conclusive, but bee honey has been used to
treat burns [26] and meningococcal lesions [26,27].
Subrahmanyam [28] compared honey and silver
sulfadiazine for the treatment of patients with burns
and found less inflammation, lower infection rates, and
faster healing in patients treated with honey.

In the present study, local and Yemeni Sidr bee honey,
cinnamon, lemon leaves, and peppermint extract
samples were tested for their antimicrobial activity on
N. meningitides, E. coli, S. aureus,and P, aeruginosa. There
were varying degrees of in-vitro growth-inhibition
activity of these natural products against the tested
organisms. The highly effective products were Yemeni
Sidr honey, packed local honey, and cinnamon extract,
respectively. Some authors found that the antibacterial
effect of honey might be because of the osmotic
effect, the effect of pH, and the sensitivity of these
organisms to hydrogen peroxide, which are unsuitable
for bacterial growth, represented as an inhibition factor

in honey [26,29].



Table 2 Heterotrophic plate count of E. coli, P. aeruginosa, N. meningitides, and S. aureus before and after treatment with minimal inhibitory concentration of Yemeni Sidr honey, packed
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local honey, and cinnamon extract

Mean heterotrophic plate count/ml (CFU/ml)
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Our result was supported by a number of previous
studies that have reported that various honeys have
antibacterial activity. Nzeako and Hamdi [30] studied
six commercial honeys and found inhibition of
S. aureus, E. coli, and P aeruginosa occur at all honey
concentrations, except 40%. Ceyhan and Ugar [31]
tested 84 honeys against eight bacteria and two fungi,
showing that honey has broad-spectrum activity.
In addition, the antibacterial activity of honey was
greater than that attributed to the sugar content of the
honey. The antibacterial activity of honey has also been
investigated for its potential use in reducing food-borne
pathogens [32], preventing catheter exit/entry site
infection [33], for the treatment of colitis [34], or
even to protect against gastric mucousin Helicobacter

pylori-induced inflammation [35-37].

All the different concentrations of both honey
samples (10-80%) showed growth-inhibitory activity
against E. co/i more than other bacteria tested using
the well diffusion method. This was in contrast with
the result reported by Hegazi [38] and Hegazi and
Fyrouz [39], who reported that the different types of
Saudi honey were less inhibitory against E. co/i than
other bacteria. All the bacteria tested were sensitive to
local, Yemeni Sidr bee honeys, and cinnamon extract
at 40-80% concentrations. The antibacterial activity
of Yemeni Sidr bee honey was higher than that
obtained by Egyptian local honey. This was discussed
by other authors, who reported that variations in honey
antibacterial activity were because of changes in the
level of hydrogen peroxide achieved and in some cases
the level of nonperoxide factors, which are related to
the floral source [18]. Molan and Cooper [40] reported
that the difference in antimicrobial potency among the
different honeys can be more than 100-fold depending

on its geographical, seasonal, and botanical source.

The poor activity of the three plant extracts examined in
this study may be because of what was mentioned in the
literature data as differences in the extract preparation
methods. Most often, ethanolic extracts are positioned
as more active than aqueous extracts [41].

In the present findings, the MBC value of Sidr honey,
local honey, and cinnamon extract samples were in the
range of 20-80%. Hern ez al. [42], Kwakman ez al. [43],
and Lusby ez al. [44] showed that all honeys tested had
some antibacterial action from concentrations as low
as 5%; however, the greatest inhibition is observed at

20%.

The present study of bacterial growth patterns and
heterotrophic plate counts of E. co/i, P aeruginosa,
N. meningitides,and §. aureus before and after treatment
with Yemeni Sidr bee honey showed that the high



effectiveness of Sidr honey was found to be as follows
in descending order: . meningitides, P aeruginosa,
S. aureus, and E. coli. The results in this study were also
supported by a similar in-vitro antimicrobial study on
the activity of honey carried out by Coates ez al. [45]
and Mohapatra ez al. [46], who observed that honey
stopped the growth of P, aeruginosa and E. coli. Honey
has a potent antibacterial activity and is very effective
in preventing wound infection [46].

In light of the enormous potential applications of
honey within a clinical environment, it is important
that research continues not only into those honeys
recognized as antibacterial but also into other locally
produced, as yet untested, honeys.

Conclusion

Egyptian local and Yemeni Sidr bee honeys and
cinnamon extract were effective in inhibiting the in-vitro
growth of N. meningitides, E. coli, S. aureus, and P
aeruginosa, which means that using natural products to
overcome pathogenic bacteria is a more safe and valuable
way nowadays since the development of the multidrug-
resistant phenomenon among pathogenic bacteria.

Acknowledgements

'The author thank Professor Abeer A. Rushdy, Faculty
of Girls, Ain Shams University; Assistant Professor
Mohammed Abdullah Hussein, Faculty of Pharmacy,
October 6th University; Assistant Professor Mahmoud
Abd El-Mongy, El Sadat University; and Farag
Mohammed Nageib for their help.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1 Groppo FC, Bergamaschi CC, Cogon K, Franz-Montana M, Motta RHL,
Andrade ED. Use of phototherapy in dentistry: a review article. Phytother
Res 2008; 22:993-998.

2 Tichy J, Novak J. Extraction, assay, and analysis of antimicrobials from
plants with activity against dental pathogens (Streptococcus spp.). J Altern
Compl Med 1998; 4:39-45.

3 Enne VI, Livermore DM, Stephens P, Hall LMC. Persistence of
sulphonamid resistance in Escherichia coli in the UK despite national
prescribing restriction. Lancet 2001; 28:357:1325-1328.

4 Marchese A, Schito GC. Resistance pattern of lower respiratory tract
pathogens in Europe. Int J Antimicrob Agents 2001; 16:525-S29.

5 Poole K. Overcoming antimicrobial resistance by targeting resistance
mechanism. J Pharm Pharmacol 2001; 53:283-294.

6 WHO Publication (2001). WHO global strategy for containment of
antimicrobial resistance. Available at: www.who.int/diseasecontrol.../
toolkits/Afghanistan_annexes.pdf.

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Natural product antimicrobial Othman 15

Subrahmanyam M, Hemmady A, Pawar SG. Antibacterial activity of
honey on bacteria isolated from wounds. Ann Burns Fire Disasters 2001;
14:198-201.

Zainol MI, Yusoff KM, Yusof MYM. Antibacterial activity of selected
Malaysian honey. BMC Complement Altern Med 2013; 13:129-139.

Chute RK, Deogade NG, Kawale M. Antimicrobial activity of Indian honey
against clinical isolates. Asiatic J Biotech Res 2010; 1:35-38.

Kwakman P, Velde te A, de Boer L, Speijer D, Vandenbroucke-Grauls C,
Zaat S. How honey kills bacteria. FASEB J 2010; 24:2576-2582.

Cooper RA, Molan PC, Harding KG. The sensitivity to honey of Gram-
positive cocciofclinical significance isolated from wounds. J Appl Microbiol
2002; 93:857-863.

Frankel S, Robinson GE, Berenbaum MR. Antioxidant capacity and
correlated characteristics of 14 unifloral honeys. J Apic Res 1998; 37:27-31.

Lusby PE, Coombes AL, Wilkinson JM. Bactericidal activity of different
honeys against pathogenic bacteria. Arch Med Res 2005; 36:464—467.

George NM, Cutting KF. Antibacterial honey (Medihoney): in-vitro
activity against clinical isolates of MRSA, VRE, and other multiresistant
Gram-negative organisms including Pseudomonas aeruginosa. Wounds
2007; 19:231-236.

Cooper RA. Using honey to inhibit wound pathogens. Nurs Times2008;
104:46-49.

Cappuccino JG, Sherman N. Microbiology
Benjamin-Cummings Publishing Company; 1995.

lab manual. USA:

Krumina G, Ratkevicha L, Nikolajeva V, Babarikina A, Babarykin D.
Influence of plant extracts on the growth of oral pathogens Streptococcus
mutans and Candida albicans in vitro. Proc Estonian Acad Sci 2015;
64:62-67.

Alqurashi AM, Masoud EA, Alamin MA. Antibacterial activity of Saudi
honey against Gram negative bacteria. J Microbiol Antimicrob 2013;
5:1-5.

Bauer AW, Kirby WMM, Sherirs JC, Turck M. Antibiotic susceptibility testing
by standard single disk method. Am J Clin Pathol 1966; 45:433—-496.

Koneman WE, Allen DS, Janda MW, Scherchenberger CP, Winn WC.
Color atlas and text book of diagnostic microbiology. 4th ed.: JB Lippincott
Company; 1992. 624. 629, 637.

NCCLS. Methods for determining bactericidal activity ofantimicrobial
agents, approved guideline. M26-A 1999; 19:18.

Cao R, Francisco-Fernandez M, Quinto EJ. A random effect multiplicative
heteroscedastic model for bacterial growth. BMC Bioinformatics 2010; 8:
11:77.

Yasin N, Khan J, Shah N, Islam Zu, Azim Khan R, Saba N. Bacteriological
study of food in the Pakistan’s peri-urban areas of Rawalpindi and
Islamabad. African J Biotechnol 2012; 11:9445-9451.

Ahmed M, Djebli N, Meslem, Aissat S. Antibacterial activity of various
honey types of algeria against pathogenic gram-negative bacilli:
Escherichia coli and Pseudomonas aeruginosa. Asian Pac J Trop Dis
2012; 211-214.

Cooper RA, Molan PC, Harding KG. Antibacterial activity of honey against
strains of Staphylococcus aureus from infected wounds. J R Soc Med
1999; 92:283-285.

Minisha DM, Shyamapada M. Honey: its medicinal property and
antibacterial activity. Asian Pacif J Trop Biomed 2011; 154—-160.

Dunford C, Cooper R, Molan P. Using honey as a dressing for infected
skin lesions. Nurs Times 2000; 96:7-9.

Subrahmanyam M. A prospective randomised clinical and histological
study of superficial burn wound healing with honey and silver sulfadiazine.
Burns 1998; 24:157-161.

Postmes T, Van den Bogaard AE, Hazen M. Honey for wounds, ulcers,
and skin graft preservation. Lancet 1993; 341:756-775.

Nzeako BC, Hamdi J. Antimicrobial potential of honey on some microbial
isolates. SQU J Sci Res Med Sci 2000; 2:75-79.

Ceyhan N, Ugar A. Investigation of in vitro antimicrobial activity of honey.
Riv Biol Forum 2001; 94:363-372.

Taormina PJ, Niemira BA, Beuchat LR. Inhibitory activity of honey against
foodborne pathogens as influenced by the presence of hydrogen peroxide
and level of antioxidant power. Int J Food Microbiol 2001; 69:217-225.

Quadri KH, Huraib SO. Manuka honey for central vein catheter exit site
care. Semin Dial 1999; 12:397-398.

Bilsel Y, Bugra D, Yamaner S, Bulut T, Cevikbas U, Turkoglu U. Could
honey have a place in colitis therapy? Effects of honey, prednisolone,
and disulfiram on inflammation, nitric oxide, and free radical formation.
Dig Surg 2002; 19:306-311.



16

35

36

37

38

39

40

41

Egyptian Pharmaceutical Journal

Osata MS, Reddy SG, Graham DY. Osmotic effect of honey on growth
and viability of Helicobacter pylori. Dig Dis Sci 1999; 44:462—-464.

Ali MATM. Prevention of ammonia-induced gastric lesions in rats by
natural honey. Environ Med 2003; 13:239-246.

Mathews KA, Binnington AG. Management of wounds using honey.
Compend Contin Educ Vet Pract 2002; 24:53-61.

Hegazi AG. Antimicrobial activity of different Egyptian honeys as
comparison of Saudi Arabia honey. Res J Microbiol 2011; 6:488—495.
Hegazi AG, Fyrouz MAA. Antimicrobial activity of different Saudi Arabia
honeys. Glob Veterinaria 2012; 9:53-59.

Molan PC, Cooper RA. Honey and sugar as a dressing for wounds and
ulcers. Trop Doct 2000; 30:249-250.

Krisch J, Galgécezy L, Tolgyesi M, Papp T, Vagvélgyi C. Effect of fruit juices
and pomace extracts on the growth of Gram-positive and Gram-negative
bacteria. Acta Biologica Szegediensis 2008; 52:267-270.

42

43

44

45

46

Hern TT, Rosliza AR, Siew HG,Ahmad SH, Siti AH, Siti AS,
Kirnpal-Kaur BS. The antibacterial properties of Malaysian tualang honey
against wound and enteric microorganisms in comparison to manuka
honey. BMC Complementary Altern Med. 2009; 9:34.

Kwakman PHS, Johannes PC, Van den Akker G, Ahmet L, Hamid A,
Binnekade JM, et al. Medical-grade honey kills antibiotic-resistant
bacteria in vitro and eradicates skin colonization. Clin Infect Dis 2008;
46:1677-1682.

Lusby PE, Coombes LA, Wilkinson JM. Bactericidal activity of
different honeys against pathogenic bacteria. Arch Med Res 2005;
36:464-467.
Coates A, Hu Y, Bax R, Page C. The future challenges facing the
developement of new antimicrobial drugs. Nat Rev Drug Discov 2002;
1:895-910.

Mohapatra DP, Thakur V, Brar SK. Antibacterial efficacy of raw and
processed honey. Biotechnol Res Inter 2011; 1-6.



