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Abstract Extracts of five organic and one conven-
tional honey sources, available in Finnish markets,
were tested for antimicrobial activity and inhibitory
concentrations against Escherichia coli, Salmonella
Typhi, Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Bacillus cereus, and Staphylococcus epider-
midis, obtained from human specimens. Five (honeys
A, B, D, E, F) of the six studied honeys were organic.
All the studied honeys had inhibitory activity (zone
of inhibition (ZI)>9.4+0.5 mm) compared to con-
trol artificial honey (ZI <8 mm) against all the stud-
ied pathogens. Four organic honeys (B, D, E, F)
showed inhibitory activity with ZI> 13.3 mm against
all the studied bacteria with minimal inhibitory con-
centration (MIC) values of 12.5-50%. Against E. coli,
the organic honeys E and F had activity index (AI)
of 0.64 and 0.73, respectively, compared to the antibi-
otic Al of 1.0. Against S. Typhi, the organic honeys D

J. K. Obey

Department of Medical Laboratory Science, School

of Health Sciences, University of Eastern Africa, Baraton,
P.O. Box 2500, 30100 Eldoret, Kenya

J. K. Obey - J. Kauhanen - A. von Wright
Institute of Public Health and Clinical Nutrition,
University of Eastern Finland, Yliopistonranta 1,
FI-70210 Kuopio, Finland

M. M. Ngeiywa

Department of Biological Sciences, School of Science
and Technology, University of Eldoret, P.O. Box 1125,
30100 Eldoret, Kenya

and F had Al of 0.59 and 0.64, respectively. Against
P. aeruginosa, the organic honeys D, E, and F had the
highest Al of 0.71-0.80, and against S. epidermidis
the honeys B, D, E, and F possessed relatively high
Al of 0.60, 0.67, 0.73, and 0.78, respectively. Against
K. pneumoniae and B. cereus, the detected Al of the
organic honeys B, D, E, and F varied between Al of
0.48 and 0.58. The organic honey A and convention-
ally produced honey C possessed only minor activity
with MIC values of 80%. Here, we show that com-
mercially available culinary organic honeys possess
remarkable antimicrobial activity against several
important human bacterial pathogens.
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Background

Antibiotic-resistant bacteria and their resistance genes
emerge and spread globally among people, food, ani-
mals, plants, and the environment (soil, water, and
air) (Berendonk et al. 2015). Erratic success in treat-
ing infectious diseases results in important societal
and economic costs to human health and well-being
(WHO 2020). Excessive and improper use of anti-
biotics in farm animals amplify and accelerate this
development (Manyi-Loh et al. 2018). Introducing
a novel antimicrobial requires lengthy efficacy and
safety studies before introduction entry into the mar-
ket. Increasing worldwide emergence of multidrug-
resistant pathogens emphasizes the need to develop
alternative or complementary treatment strategies,
effective substances, formulas, or active ingredients.

Honey is a natural sweet substance consisting
of hundreds of compounds (Maddocks and Jenkins
2013; Nolan et al. 2019). Honey has been used both
as food and as a traditional medicine for centuries
(Zumla and Lulat 1989). Comprehensive reviews
and several studies have been published on honey
varieties with promising antibacterial and medici-
nal properties (Maddocks and Jenkins 2013, Zainol
et al. 2013, Huttunen et al. 2013, Salonen et al. 2017,
Mandal and Mandal 2011, Combarros-Fuertes et al.
2020), and especially in wound healing (Al-Waili
et al. 2011). Recently, a meta-analysis confirmed
the activity of honey against viral respiratory infec-
tions (Abuelgasim et al. 2020), and immunomodula-
tory effects of different sources of honeys have also
been demonstrated (Ota et al. 2019). Honeys have
not been reported to have toxic or other harmful side
effects (Zainol et al. 2013). There are several reports
showing activity of honey against antibiotic-resistant
bacteria (Kwakman et al. 2008, Cooper et al. 2010,
Maddocks and Jenkins 2013, Huttunen et al. 2013,
Shah Pratibha and Williamson Manita 2015, Natara-
jan et al. 2001).

Difference in antimicrobial potency among dif-
ferent sources of honey can be more than 100-fold,
depending on their geographical, seasonal, and
botanical origin, as well as harvesting, processing,
and storage conditions (Molan and Cooper 2000).
The antibacterial nature of honey is dependent on
various factors working either individually or syn-
ergistically. High osmolarity (Kwakman and Zaat
2012), low pH (Karabagias et al. 2014), and hydrogen
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peroxide (White et al. 1963, Kwakman and Zaat
2012, Brudzynski 2020) are the main antimicrobial
factors (Molan 1992, 2001, reviewed by Combarros-
Fuertes et al. 2020). Phenolic compounds may con-
tribute to antimicrobial activity (Estevinho et al.
2008; Agbaje et al. 2006). Additional antimicrobial
mechanisms have been detected from Revamil® and
Manuka honeys (Kwakman et al. 2011). The main
active component in Manuka honey is methylgly-
oxal with concentrations from 38.4 to 761 mgkg™ !
(Mavric et al. 2008). An antimicrobial peptide, bee
defensin-1, has been identified from Revamil® honey
(Kwakman et al. 2010).

Honey is a food commodity frequently involved
in food fraud cases (Aries et al. 2016). Adulteration
by sweeteners is one of the most common authen-
ticity issues. The simplest way to adulterate honey
involves the addition of sugar (syrups) directly to
honey. In 2015, EU countries together with Norway
and Switzerland assessed both the prevalence of
sugar-adulterated honeys on the market, and honeys
mislabeled with regard to botanical source or geo-
graphical origin. Of the tested honey samples col-
lected at all stages of the supply chain, 14% contained
added sugar. The practice of adding sugars to honey
is occurring both within the EU and in the third world
(Aries et al. 2016). A study with Australian honeys
has shown that about 27% of the commercially availa-
ble honeys tested were of “questionable authenticity”
(Zhou et al. 2018). Consumers who buy honey from
the supermarkets are not able to distinguish possible
fraudulence present in food markets. Even chemical
analyses are complicated for detection of fraudulent
honey.

Research on antimicrobial activity of organic hon-
eys is a novel approach and only a few studies exist
regarding bioactivity or quality. Quality of 75 organic
Erica species sourced from the Tras-Os-Montes
region (Portugal) has been evaluated along with
measurement of bioactivity and content of phenols
and flavonoids (Estevinho et al. 2012) and found to
be relatively high and comparable to previous studies
with non-organic Erica sp. honeys (Feas et al. 2013).
In our earlier studies, we have shown that Finnish
organic honeys have antibacterial activity against the
food pathogen Clostridium perfringens (Oinaala et al.
2015). Clinically used SurgihoneyRO™, which is
engineered from organic honey, effectively prevents
biofilm formation by clinically important wound
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pathogens in vitro (Halstead et al. 2017). Previously
unknown mechanisms and factors have been detected
from organic honeys. Honey extracts from organic
floral sources had favorable effects on pesticide-
induced DNA damage response (Alleva et al. 2016).
The present study was made considering consumer
perspectives and bioactivity among randomly selected
organic honeys available in supermarkets. Finnish
and foreign culinary commercial organic honeys from
supermarkets in Helsinki were investigated. They
were tested for their antibacterial activity against six
important bacterial pathogens isolated from differ-
ent clinical specimens in Kenia. The studied medi-
cally important bacteria Escherichia coli, Salmonella
Typhi, Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Bacillus cereus, and Staphylococcus epider-
midis represent various disease conditions. E. coli is
a versatile bacterial species with the ability to cause
intestinal or systemic diseases in humans and in ani-
mals (Leimbach et al. 2013). E. coli is associated
with urinary tract infections, diarrhea, septicemia,
wound, and other infections, such as neonatal men-
ingitis. E. coli causes bacterial infections in humans
and is prominently associated with diarrhea in pets
and farm animals. The therapeutic treatment is com-
promised by the emergence of antimicrobial resist-
ance (Allocati et al. 2013). Human infections with
typhoidal Salmonella serovars (Salmonella Typhi
and Salmonella Paratyphi A) cause typhoid fever, the
treatment of which is complicated by increasing drug
resistance (Johnson et al. 2018). Typhoidal serovars
cause a systemic infection (Raffatellu et al. 2008).
P. aeruginosa causes infections and diseases in both
plants and animals, including several human diseases,
e.g., wound infections, diabetic foot ulcers, urinary
infections, and many hospital-acquired infections
especially in immune-compromised patients. P. aer-
uginosa is an opportunistic pathogen and the occur-
rence of antimicrobial resistance makes it difficult to
treat and eradicate (Azam and Khan 2019). K. pneu-
moniae, known as a major threat to public health, is
the most common factor of hospital- and commu-
nity-acquired infections. Clinical specimens can be
isolated from bronchial, urea, blood, catheter, rectal,
bile, tracheal, and wound cultures (Shah Pratibha and
Williamson Manita 2015). B. cereus has been associ-
ated with food poisoning. The bacterium causes two
types of gastrointestinal disease, the diarrheal and the
emetic syndromes, which are caused by very different

types of toxins (Stenfors Arnesen et al. 2008). S. epi-
dermidis is an important commensal organism of
the human skin and mucous membranes. S. epider-
midis can cause opportunistic infections including
biofilm-associated infections on indwelling medical
devices and nosocomial sepsis (Nguyen et al. 2017).
S. epidermidis can be found in food products, e.g.,
artisanal cheeses from raw whole cow milk, being
a threat for humans with more virulence factors and
antibiotic resistance through mobile genetic elements
(Chajecka-Wierzchowska et al. 2019).

Great variabilities of honey samples regarding
quality and bioactivity are available for customer use
in the market. Organic honeys are produced using
strict ecological and natural principles which are
meant to enhance the good quality (Estevinho et al.
2012). Antimicrobial activity of the organic honeys is
less studied. The aim of the present study was to col-
lect commercial organic honey samples from Finnish
supermarkets in order to investigate their antimicro-
bial activity against important human pathogens.

Materials and methods
Materials
Preparation of honey samples and antibiotics

Six honey samples were randomly purchased from
supermarkets in Helsinki, Finland (Table 1), and were
randomly coded from A to F. According to the label-
ling, five of the honey samples (A, B, D, E, and F)
were organic and one (C) was non-organic. Two of
the honeys originated from Finland (C and E) and
one honey sample (B) was a mixture of organic hon-
eys (unknown proportions) from Bulgaria and Roma-
nia. Honeys A, D, and F were produced outside of
EU. Floral sources were indicated for honeys E and
A. Honey A was produced from the nectar of agave
flowers. The nectar of honey E had been collected
from forest raspberry, bilberry, lingonberry, and wil-
low herb. Honey C had been filtered free from pollen
and honey E had been kneaded (mechanically stirred
slowly in order to generate small honey crystals). The
other studied honeys were in their raw form. Four
additional honey samples were collected from Nandi
County villages of Kenya for antimicrobial and meth-
ylglyoxal assessment.

@ Springer
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Table 1 Honey sources studied, purchased from a Finnish supermarket

Label/origin Floral source Production type Treatments
A Mexico Agave Organic Not indicated
B Bulgaria/Romania Not indicated Organic Not indicated
C Finland Multifloral Conventional Filtered®

D Outside EU (packed in Denmark) Not indicated Organic Not indicated
E Central Finland Forest flowers® Organic Kneaded®

F South and Middle America Not indicated Organic Not indicated

*Filtered in order to get rid of pollen

Forest raspberry, bilberry, lingonberry, willow herb

¢ After centrifugation mechanically stirred slowly in order to generate small honey crystals

The honey samples were stored in the dark
at+4 °C. Each honey sample was diluted in sterile
deionized water to achieve concentrations of 80, 50,
25, 12.5, and 6.25% (w/v). The samples were used
immediately after dilution. The control antibiotic used
for the study was gentamycin (Unice Pharma, China)
(10 pg) against K. pneumoniae, B. cereus, and S. epi-
dermidis and ciprofloxacin (Cipla Ltd, India) (10 pg)
against E. coli, S. Typhi, and P. aeruginosa. Sterile
deionized water was used as a negative control. An
artificial honey control was also prepared to test the
osmolarity of the honey sugars against the organisms.
The control contained 40 g of fructose, 30 g of glu-
cose, 8 g of maltose, and 2 g of sucrose dissolved in
100 ml of distilled water and diluted to obtain con-
centrations of 80,50, 25, 12.5, and 6.25% (w/v).

Preparation of bacterial inoculum

The studied six clinical isolates of pathogenic bac-
teria originated from different clinical specimens
obtained from the Baraton University Hospital, Bara-
ton, Kenya. The bacterial strains were identified by
the Department of Medical Laboratory Sciences, Uni-
versity of Eastern Africa, Baraton, Kenya, with stand-
ard laboratory tests (Chauhan and Jindal 2020; Shoaib
et al. 2020) applying ISO TC/212 (Clinical laboratory
testing and in vitro diagnostic test systems) regula-
tion on laboratory standards. The bacterial organisms
were Escherichia coli and Salmonella Typhi from
stool, Pseudomonas aeruginosa from an infected
wound, Bacillus cereus from spoiled rice, Staphy-
lococcus epidermidis from a wound, and Klebsiella
pneumoniae isolated from urine. E. coli, S. Typhi, B.
cereus, and P. aeruginosa were cultured on Mueller
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Hinton agar (HiMedia, India) and S. epidermidis and
K. pneumoniae on blood agar (HiMedia, India). Each
organism was re-suspended in Mueller Hinton broth
(HiMedia, India) and subjected to 37 °C overnight.
The bacterial inoculum for each species was stand-
ardized to 1.0x10% cfu/ml using a 0.5 McFarland’s
Standard and a UV-Vis spectrophotometer.

Antimicrobial activity

Antimicrobial activity of all the honey samples
against each of the bacterial organisms was exam-
ined in Kenya using the agar well diffusion method
(Rajeswari et al. 2010, Sherlock et al. 2010, Oinaala
et al. 2015, Stagos et al. 2018, Mgbeahuruike et al.
2018).

The organisms were separately plated on Muel-
ler Hinton agar after an overnight culture in Mueller
Hinton broth. A sterile cork bore of 6-mm diameter
was used to produce the wells on the agar plates.
Each honey sample was placed in wells to obtain a
replicate of nine readings per sample. An artificial
honey control, as well as positive and negative con-
trols, was examined for each organism tested. Anti-
microbial activity of the six honeys was measured as
zone of inhibition (ZI) in millimeters with the aid of
a ruler. Approximate minimum inhibitory concentra-
tions (MIC) were determined by the agar well diffu-
sion method (Oinaala et al. 2015). Five different con-
centrations, 80, 50, 25, 12.5, and 6.25% (w/v), of each
honey were used to determine the lowest honey con-
centration that gives ZI>6 mm. The activity index
(AI) is expressed as follows: inhibition zone of the
honey/ inhibition zone of the antibiotic control.
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Quantification of methylglyoxal

For the four honey samples from Nandi County vil-
lages of Kenya, methylglyoxal (MGOQO) analysis
was carried out in Finland and determined as qui-
noxaline derivative as described before for Finnish
organic honeys (Oinaala et al. 2015). The honeys
were treated with o-phenylenediamine (OPD), which
reacts with MGO and forms quinoxaline derivative,
2-methylquinoxaline (MQ). Briefly, honeys (3.0 g)
were dissolved in 20 ml of 0.5 M phosphate buffer
(pH 6.5) containing 1% (w/v) of OPD and 0.3 mg of
p-cymene (PC) (internal standard). Reactions were
performed in the dark at room temperature for 12 h.
Samples were extracted three times with 4 ml of
dichloromethane, dried over Na,SO,, and evaporated
to 0.5 ml. The analyses of derivatized samples were
performed with a GC/MS system (Agilent Technolo-
gies) consisting of a gas chromatograph (series 7890
A), an autosampler (series 7693), and a mass selec-
tive detector (series 5975 C). The column was HP5-
MS (5% phenylmethylsiloxane silica capillary col-
umn, 30 mx250 um %0, 25 um). The concentrations
were obtained based on internal standard calibration.
Calibration was performed with five standards each
containing 0.3 mg of PC. Standards were prepared
from MGO and they were treated and analyzed like
samples. The GC oven was programmed to increase
the temperature from the initial temperature of 40

Table 2 Antibacterial effects of the honey samples (100%)
purchased from Finnish supermarkets against selected path-
ogenic bacteria. Results obtained with the agar diffusion
method. The zones of inhibition (ZI) are expressed as diam-

to 208 °C at the rate of 4 °C/min. The mass spectra
and the retention time (20.7 min) were confirmed
with a pure MGO compound. MGO, OPD, MQ, and
PC were obtained from Sigma Aldrich, Finland. The
other reagents used were from VWR International,
Finland. Water used for sample and solution prepa-
rations was obtained from Millipore Synergy water
purification system.

Results
Antimicrobial activity

The detected antimicrobial activity was dose
dependent regardless of the honey sample. All
the studied honeys possessed antimicrobial
activity against the studied bacterial pathogens
(Z1>9.4+0.5 mm, AI>0.34) compared to the
control artificial honey (ZI<8 mm, AI<0.29)
(Table 2). The most active honeys were the hon-
eys F and E, then the honeys D and B in that order
(Tables 2 and 3) with the MIC values of 12.5-50%
(Table 4). The lowest MICs were detected for the
organic honey F, produced in South and Middle
America and for the organic honey E of Finnish
origin (MICs for F and E 12.5-25%), followed by
the organic honey D packed in Denmark and the
organic honey B from Bulgaria/Romania (MICs

eters (including the well diameter of 6 mm)+SEM (standard
error of mean). Standard deviation was determined from 9 rep-
licates

Honey/control Antibacterial activity (zone of inhibition in mm)
Escherichia coli Salmonella Typhi Pseudomonas  Klebsiella Bacillus cereus Staphylococ-
aeruginosa pneumoniae cus epider-
midis

A 12.4+0.5 12.7+0.5 12.8+0.4 11.7+0.5 11.9+03 11.7+0.5

B 14.4+0.5 13.6+0.5 14.7+0.5 13.3+0.5 14.0+0.0 16.9+0.3

C 12.3+0.7 11.3+0.5 10.2+04 9.4+0.5 11.1+0.3 12.8+1.0

D 14.3+0.5 14.3+0.5 18.3+0.5 14.7+0.5 14.3+0.5 18.7+0.9

E 17.9+0.3 14.0+0.0 19.3+0.5 14.3+0.5 15.0+0.5 20.3+0.7

F 20.7+0.5 15.7+0.5 20.7+0.5 15.1+0.3 14.3+0.5 21.8+0.4

AH 7.0+0.0 ND ND 8.0+0.0 ND ND

PC 28.0+0.0 24.4+0.7 25.7+0.5 27.9+0.3 25.7+0.5 28.0+0.9

NC ND ND ND ND ND ND

A-F, honey samples; AH, artificial honey; PC, antibiotic positive control; NC, negative control; ND, not detected
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Table 3 Activity index (Al) of the honey samples (100%) purchased from Finnish supermarkets in relation to antibiotic. Al is
expressed as inhibition zone of the honey/ inhibition zone of the antibiotic control

Honey/control Antibacterial activity (Al)
Escherichia coli Salmonella Pseudomonas Klebsiella Bacillus cereus Staphylococ-
Typhi aeruginosa pneumoniae cus epider-
midis

A 0.44 0.52 0.50 0.42 0.46 0.42

B 0.51 0.55 0.57 0.48 0.54 0.60

C 0.43 0.46 0.40 0.34 0.43 0.46

D 0.51 0.59 0.71 0.53 0.56 0.67

E 0.64 0.57 0.75 0.51 0.58 0.73

F 0.73 0.64 0.80 0.54 0.56 0.78

AH 0.25 ND ND 0.29 ND ND

PC 1.00 1.00 1.00 1.00 1.00 1.00

NC ND ND ND ND ND ND

A-F, honey samples; AH, artificial honey; PC, antibiotic positive control; NC, negative control; ND, not detected, Al, activity index

Table 4 The approximate

o o Bacteria MIC values (% honey)

minimum inhibitory

concentrations (MIC) of the A B C D E F

honey samples (A, B, C, D,

E, F) against the pathogenic Escherichia coli 80 12.5 80 12.5 12.5 12.5

bacteria Salmonella Typhi 80 50 - 25 12.5 125
Pseudomonas aeruginosa 80 25 - 25 25 12.5
Klebsiella pneumoniae - 25 - 25 12.5 12.5
Bacillus cereus - 50 - 50 25 25

. . Staphylococcus epidermidis - 25 - 12.5 12.5 12.5
(-), inactive

for D and B 12.5-50%) (Table 4). Compared to the
antibiotic activity index (AI=1.0), the organic hon-
eys D, E, and F had high inhibitory activity against
P. aeruginosa (Z1>18.3+0.5 mm, Al 0.71-0.80)
and against S. epidermidis (Z1>18.7+0.9 mm,
Al 0.67-0.78) (Table 2, Table 3). Against E. coli,
the organic honey E (ZI 17.9+0.3, Al 0.64) and
the organic honey F (ZI 20.7+0.5, AI 0.73) had
remarkable activity (Table 2, Table 3). The organic
honey F had higher activity against S. Typhi (ZI
15.7+0.5, AI 0.64) compared to lower activity of
the organic honeys A, B, D, and E (ZI 12.7+0.5
-14.0+0.0 mm, Al 0.52-0.59) (Table 2, Table 3).
The organic honeys A, B, D, E and F induced some
growth inhibition against B. cereus (Z1 11.9+0.3
—15.0+0.5 mm, AI 0.46-0.58). The organic honey
A showed low inhibitory activity against P. aerugi-
nosa (Z1 12.8 +0.4, AI 0.50) and against E. coli (ZI
12.4+0.5 mm, AI 0.44) (Tables 2 and 3). The non-
organic honey C had low inhibitory activity against
the studied bacteria (Z1 9.4+0.5 — 12.8 +£1.0 mm, Al
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0.34-0.46) (Tables 2 and 3). The organic honey A and
the non-organic honey C showed activity against all
the studied bacteria only at a concentration of 80%
and higher (Table 4). The MIC is the lowest concen-
tration of the honey that caused ZI > 6 mm.

The four honey samples collected from Kenyan
County villages revealed no antimicrobial activity
against any of the studied bacteria (Table 5).

MGO contents

MGO concentrations in the four honeys collected
from Kenyan villages were between 7 and 29 mg/
kg in each of the four honey samples (Table 5).
Discussion and conclusions

Numerous studies carried out with convention-
ally produced honeys from different countries and
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Table 5 Antimicrobial activity and MGO contents of the non-
organic honey samples from Nandi County, Kenya

Label/origin in Kenya  Treatments AM  MGO mg/kg
1/ Nandi County Not known ND 7-29
2/ Nandi County Not known ND 7-29
3/ Nandi County Not known ND 7-29
4/ Nandi County Not known ND 7-29

AM, antimicrobial activity; MGO, methylglyoxal; ND, not
detected

especially with New Zealand Manuka honey have
proved that honey possesses significant antibacte-
rial activity against several bacterial pathogens, also
against E. coli, S. Typhi, P. aeruginosa, K. pneu-
moniae, B. cereus, and S. epidermidis (Mandal and
Mandal 2011; Feas et al. 2013; Salonen et al. 2017;
Matzen et al. 2018; Combarros-Fuertes et al. 2019).
In the present study, we show that all the studied
commercial honeys had antibacterial activity against
human pathogenic organisms E. coli, S. Typhi, P.
aeruginosa, K. pneumoniae, B. cereus, and S. epi-
dermidis responsible for various human diseases.
The studied pathogens were susceptible to four of
the five organic honeys (B, D, E, and F) at 12.5-50%
concentrations. The most active honeys were organic
honey F, produced in South and Middle America,
and organic honey E of Finnish origin, followed by
organic honey D packed in Denmark and organic
honey B from Bulgaria/Romania. Organic honey A
and non-organic honey C were effective at 80—100%
concentrations and possessed only minor antimicro-
bial activity. There were no reported heat treatments.
Honey C was described being filtered to remove pol-
len and the floral source was not indicated. The flo-
ral source for honey A was agave, which has earlier
reported negative regarding antibacterial activity
(Matzen et al. 2018). The reason for the weak activ-
ity of the organic agave honey A and conventionally
produced honey C against the studied bacterial patho-
gens remains open. The small number of honey sam-
ples does not allow comparison of the antibacterial
activity between organic and non-organic honeys.
Honey composition is variable and depends on the
floral source and on external factors, such as seasonal
and environmental, as well as processing, manipula-
tion, packaging, and storage conditions (Da Silva
et al. 2016; Combarros-Fuertes et al. 2020). Heated
or processed honeys can be active as shown by

Huttunen et al. (2013), Lee and Lee (2016), and Ayub
et al. (2020). Dose-dependent antimicrobial effect
was observed against E. coli, S. Typhi, and K. pneu-
moniae with increased concentrations (6.25-50%
v/v) of autoclaved Marhaba branded honey and
unbranded local Pakistanian honey from Ziziphus
mauritiana plant (Ayub et al. 2020). Different solvent
fractions of Korean domestic honey had antimicro-
bial activity against B. cereus strains. Honey, as also
shown in the present study, could be a good source
for the natural antimicrobials used in the food indus-
try and other related industries against food poisoning
pathogens like B. cereus. In the present study, E. coli
and S. Typhi were isolated from stool, B. cereus from
spoiled rice, and K. pneumoniae from urine. Anti-
bacterial activity of the studied commercial organic
honeys against these pathogens suggests the protec-
tive effect of organic culinary honeys against diarrhea
(Oinaala et al. 2015, Lee and Lee 2016) and against
urinary tract infections as described before for non-
organic honeys (Bouacha et al. 2018). In the present
study, antibacterial activity was detected from organic
honeys against S. epidermidis and P. aeruginosa
obtained from wound. Organic honeys thus show
further potential for medical products against wound
infections like medical SurgihoneyRO™ in clinical
use (Halstead et al. 2017).

In the present study, the four honeys collected
from different villages in Kenyan Nandi County did
not possess antimicrobial activity against the studied
pathogens. The analyzed MGO concentrations of the
honeys varied from 5 to 29 mgkg~!. The relatively
low MGO concentrations of the local honeys from
Nandi County can be of natural origin or due to the
dilution of the honeys with sugar or other substances
to achieve maximal profit from the sales (Aries
et al. 2016). In our previous studies, MGO amounts
of 22-27 mgkg™! were found from Finnish antimi-
crobial organic honeys with no correlation to the
detected antimicrobial activity (Oinaala et al. 2015).
In Nordic forest honeys, high levels of MGO (up to
166 mg kg™') have been found, but the mechanisms
of the antibacterial activities could not be explained
by MGO content only or by any other individual fac-
tor associated with different honeys (Salonen et al.
2017). Our present results support the previous stud-
ies (Oinaala et al. 2015) that low concentrations of
MGO have no impact on antimicrobial activity and
if present is caused by other often unknown factors.
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Mokaya et al. (2020) analyzed different types of Ken-
yan honeys. The studied honeys inhibited growth
of E. coli and showed substantial amount of nonper-
oxide antimicrobial activity and suggested that Ken-
yan honeys have great therapeutic potential. They
reported that geographical origin of honey had an
influence on its bioactive contents, which may be the
reason for the inactivity detected from honeys from
Nandi County in the present study.

Efficacy of conventionally produced honey against
pathogenic bacteria has been scientifically demon-
strated (reviewed by Mandal and Mandal 2011).
Honey is composed of hundreds of compounds, any
one of which may act at several sites, additively or
synergistically. Apparently, resistance to honey prop-
erties is therefore difficult to develop (Combarros-
Fuertes et al. 2019). When bioactive honey com-
pounds are used separately, at the concentrations
detected in honey, they may not have an effect on bac-
teria (Combarros-Fuertes et al. 2019).

Honey also acts synergistically with several antibi-
otics, reducing the doses required to inhibit bacterial
growth or reverting the antibiotic-resistance previ-
ously acquired (Jenkins and Cooper 2012, Campeau
and Patel 2014, Hayes et al. 2018). In order to pro-
pose honey as a good antibacterial agent in the food
and for the food processing, further investigations to
determine the tolerance of honeys to low pH and high
temperature will be necessary (Ayub et al. 2020).
Controlled, large-scale clinical trials will be needed
to confirm honeys’ efficacy in vivo as regards anti-
microbial and possible immunomodulatory impact
of honeys. Application of honey for clinical purposes
needs standardization of both antimicrobial activity
and bioactive composition against bacterial, viral, and
fungal pathogens (Al-Waili et al. 2011, Kwakman and
Zaat 2012, Combarros-Fuertes et al. 2019).

In order to ensure safety of honey especially for
medical uses, it must be free of any form of con-
tamination, such as herbicides, pesticides, heavy
metals, and spores. To meet these criteria, honey
must be collected in organic regions, as well as
following strict quality, processing, and storage
standards and regulations (Nair et al. 2020), where
organic agriculture opens a huge possibility. Con-
sumers use honey mostly as sweetener and for culi-
nary purposes, and have also raised interest regard-
ing health impacts of honey, especially its activity
against viral flu (Watanabe et al. 2014; Abuelgasim

@ Springer

et al. 2020) and against respiratory infections (Hut-
tunen et al. 2013). Commercial honeys for culinary
purposes may be raw or processed. Processed, e.g.,
heated, honeys may be inactive (Matzen et al. 2018)
or may preserve even after heating (Huttunen et al.
2013; Ayub et al. 2020), an option for organic food
processing or medical purposes without gamma
radiation.

The emergence and rapid spread of viruses
and antibiotic resistant bacteria are of concern for
human health and human-connected animals, farms,
food, water, and natural ecosystems worldwide.
Here, we detected significant antimicrobial activ-
ity against six important human pathogens from
four of five studied organic culinary honeys avail-
able in supermarkets for consumer use. This activ-
ity is comparable to the activity previously shown
for conventionally produced honeys in numerous
reports (reviewed by Mandal and Mandal 2011;
Huttunen et al. 2013; Salonen et al. 2017; Matzen
et al. 2018; Combarros-Fuertes et al. 2019). Our
present study shows that commercially available
culinary organic honeys from different sources and
countries possess remarkable antimicrobial activity
against various important human bacterial patho-
gens. Organic honeys carry potential for consumer
use with anti-infective preventive impacts. They
also could be applied in food industry for the devel-
opment of novel antimicrobial food products.
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