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ARTICLE INFO ABSTRACT

Article History The relationship between storage periods and microorganisms
Received:17/5/2018 (bacteria, fungi and yeasts) in honey samples was evaluated. Ripe honey
Accepted:28/6/2018 was collected from honey bee colonies fed on natural flowers available in

the study area in addition plain sugar syrup (1:1). The population was
Keywords: 1.40, 1.80, 2.53, 3.47 and 4.90 colony/sample for bacteria; 0.30, 0.50, 0.90
Honey 1.60 and 2,20 colony/sample for fungi and 2.70, 3.10, 3.90, 4.50 and 7.20
Storage colony/sample for yeasts in honey samples stored at zero, 3, 6, 9 and 12
gﬂ;g:src;;ganlsms months, respectively. According to isolation and identification procedures
Fungi of m_icroornglnisms in tested honey sa_m_ples, three_ bacteria types Bacillus
Yeasts brevis, Bacillus cereus and Clostridium botulism, four fungi types

Aspergillus apis, Aspergillus niger, Cladosporium sp. and Penicillium sp.
and three vyeasts types Debaromyces sp., Lipomyces sp. and
Saccharomyces sp. were determined according to cultural, morphological
and physiological characters. The data also summarized that, fungi were
the least population when compared with bacteria and yeasts. Clostridium
botulism bacterium was the most frequency (%) compared with other
bacteria types. A. apis fungus was the most frequency (%) compared with
other fungi types and Lipomyces sp. yeast was the most frequency,
meanwhile the yeast Saccharomyces sp. was the least frequency. The data
also summarized that, the population and frequency (%) of
microorganisms increased as increasing the storage period.

INTRODUCTION

Honey is a product with minimal types and levels of microbes. Microbes of concern in
post-harvest handling are those that are commonly found in honey (i.e., yeasts and spore-
forming bacteria), those that indicate the sanitary or commercial quality of honey (i.e.
coliforms and yeasts), and those that under certain conditions could cause human illness
(Snowdon and Cliver, 1996). It contains fewer microorganisms than other neutral-foods.
Microorganisms present in honey are those that can withstand the concentrated sugar, acidity
and other anti-microbial components of honey. Conventional microbiology and PCR based
studies reported several species of cultivable and non-cultivable bacteria, yeasts and
filamentous fungi associated with honey of different geographical and botanical origin
(Olivieri et al., 2012, Sinacori et al., 2014 and Rawdaa-Khalil, 2018).
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There are some sources of microbial
contamination in honey, the primary sources
of microbial contamination are the nectar,
pollen, the digestive-tracts of honey bees,
dust, dirt, earth, and air, the other sources of
microbial contamination in honey are post-
harvest sources include dust, wind,
containers, equipment and human (Olaitan et
al., 2007 and Kim, et al.,, 2011). These
microbes could be placed in three categories:
microorganisms that are commonly found in
honey (certain strains of yeast and spore-
forming bacteria) (Aurongzeb and Azim,
2011); microorganisms that indicate sanitary
or commercial quality (coliforms or yeasts)
(Whadan, 1998); and microorganisms that
infer certain conditions (e.g. germination and
growth in a non-heat-treated food product)
(Sinacori et al., 2014).Members of genera
Bacillus, Clostridium and Micrococcus are
common in air and dust and they can easily
enter into honey (Rawdaa-Kalil, 2018).Sadik
and Ali (2012) found that the numbers of
aerobic mesophilic bacteria, moulds and
yeasts were less than 105 cfu/g for all 91
samples in honey samples from different
plant sources and regions of kingdom of
Saudi Arabia. They also found that, total
coliforms, Salmonella spp., Shigella spp, E.
coli. and Clostridium sulfite-reducers were
not detected but Bacillus licheniformis,
Bacillus  wakoensis, Bacillus subtilis,
Bacillus atrophaeus, Bacillus sonorrensis,
Bacillus spizizenii, Bacillus vallismortis,
Bacillus sonorensis, Bacillus alcalophilus,

Bacillus murimartini, Bacillus horti and
Aspergillus niger were detected.
Paenibacillus larvae larvae were not

detected in all honeys samples. Estevinho et
al. (2013) found that all organic honey
samples showed low microbiological counts
(yeast, moulds, and aerobic mesophiles),
with negative results in respect to faecal
coliforms, Salmonella, and sulphite-reducing
clostridia. Rawdaa- Kalil (2018) found that,
no bacteria, fungi and yeasts were detected
in extracted honey at zero time, it was
detected after 6 months, It also summarized
that Clostridium botulism was the most

frequency compared with B. brevis and B.
cereus and the fungus A. apis was the most
frequency compared with other fungi types.

On the other hand, high osmolarity,
acidity and the presence of hydrogen
peroxide in natural honey make the growth
of microorganism difficult (Whadan, 1998
and Aurongzeb and Azim, 2011).Presence of
high sugar concentration, low pH, hydrogen
peroxide, antioxidants, polyphenols,
phenolic acids, and bee peptides contributes
to its anti-bacterial activity (Wajiha Gul et
al., 2015). The antioxidant activity of honey
varies depending upon the floral source,
climatic conditions, geographical origin,
processing and storage (Belitz et al., 2009).
Since honey has antimicrobial properties that
discourage the growth or persistence of
many microorganisms, it has been used as a
medicine since ancient times in many
cultures. Honey vary according to their plant
origin and the conditions of their production
(Bogdanov, 1997) and it shows antibacterial
activity against the growth of Bacillus
cereus, Staphylococcus aureus,
Pseudomonas aeruginosa and Escherichia
coli (Radwan, et al., 1984; Efem, 1993 and
Agbagwa and Frank-Peterside 2010).

The objective of the current research is
to study the relationship between the storage
period and population as well as the types
and frequency (%) of microorganisms in
stored honey.

MATERIALS AND METHODS

The experimental honey bee colonies
were fed on natural flowers which available
in the study area in addition plain sugar
syrup (1:1), they were fed weekly on 400 ml
of sugar syrup (1 sugar: 1 water)/ colony).

The ripe honey was extracted from
experimental honeybee colonies at end of the
experiment and honey samples were
collected in 250 sterilized glass jars, and then
transferred to Bacterial Plant Diseases
laboratory, Plant Diseases Department,
Faculty of Agriculture, Ain Shams
University for isolation, purification and
identification of microorganisms (bacteria,



Relationship between storage periods and microorganisms (bacteria, fungi and yeasts) in honey 79

fungi and yeasts).The samples were used
immediately (zero time) or stored at 3, 6, 9
and 12 months at room temperate to study
the relationship between storage periods and
the population of microorganisms (bacteria,
fungi and yeasts) in stored honey.

Isolation of Microorganisms in Honey
Samples:

Nutrient agar (NA), water agar (WA)
and nutrient yeast extract dextrose agar
(NYDA) media were applied to study
isolation and population of bacteria, fungi
and yeasts, respectively. Honey suspension
was prepared by adding 10 g of honey to
flask contained 90 ml of sterilized distilled
water and was shaken at 1000 rpm for 2hr.
One ml of the prepared solutions was added
onto sterilized petri dish and about 20 ml of
previously method specific agar media (45-
50°C) were added to it (Mehrotra et al.,
1996; Barnett and Hunter 1987 and Fahy and
Persley 1983). Four plates were used as
replicates for each particular treatment. After
gentle rotation, inoculated plates were
incubated at 28°C for 2-5 days. Number of
bacteria, fungi and yeasts colonies were
recorded per sample to calculate their
population. Single colonies were picked up
and transferred to another slant media.
Obtained bacteria, fungi and yeasts isolates
were kept in a refrigerator for further studies
(Rawdaa-Khalil, 2018).

Identification of Microorganism in Stored
Honey Samples:

Selected colonies of bacteria, fungi and
yeasts were transferred to sterilized Petri
dishes contained the specific medium for
purification by steaked plate technique and

incubated at 28°C for 2.5 days. According to
cultural, morphological and physiological
characters, selected bacteria (Schaad, 1980
and Bochner, 1991), fungi (Barnett and
Hunter, 1987); and yeasts (Kreger-Van Rij,
1984; Odds, 1988 and Barnett et al., 2000)
were identification in the microbiology

center, Faculty of Science, Al-Azhar
University, Cairo, Egypt.
Statistical Analysis:

Obtained data were statistically

analyzed by using a randomized complete
block design in factorial arrangement
according to Sndecor and Cocheran (1990).
For separation between means, least
significant  difference LSD, (at 5%
probability) was applied.

RESULTS
Population of Microorganisms (bacteria, fungi
and yeasts) in Stored Honey Samples:

As shown in Table (1) the population
of bacteria was 1.40, 1.80, 2.53, 3.47 and
4.90 colony/sample; 0.30, 0.50, 0.90 1.60
and 2,20 colony/sample for fungi and 2.70,
3.10, 3.90, 4.50 and 7.20 colony/sample for
yeasts in honey samples stored at zero, 3, 6,
9 and 12 months, respectively. The data
indicated  that, the population of
microorganisms increased as increasing the
storage period, where honey samples stored
at 12 months had the highest population of
bacteria, fungi and yeasts followed by 9
months. Meanwhile, samples stored at zero,
3 and 6 months had the least microorganisms
count with significant difference between all
the storage periods.

Table 1: Mean population count of microorganisms (bacteria, fungi and yeasts) in honey samples stored at
different storage periods under room temperature condition.

Storage period Mean colonies count /honey sample of different storage periods
(month) Bacteria Fungi Yeasts

0 1.40+ 0.66e 0.30+ 0.63d 2.70+ 0.58e

3 1.80+ 0.08d 0.50+ 0.52d 3.10+ 0.33d

6 2.53+0.09c 0.90 0.62c 3.90+ 0.70c

9 3.47£ 0.99b 1.60+ 0.72b 4.50+ 0.65b

12 4,90+ 1.01a 2.20+ 0.81a 7.20+0.77a
L.S.D. 0.384 0.244 0.282

The data also summarized that fungi
were the least population as compared with

bacteria and yeasts, where their population
ranged from 0.30 to 2.20 colony/sample,
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while it ranged between 1.40 to 4.90
colony/sample for bacteria, meanwhile, the
population of yeasts registered the highest
population counts ranged from 2.70 to 7.20
colony/sample (Table, 1).
Type and Frequency (%) of Bacteria:

The frequency (%) of B. breviswas 0.6,
1.4, 2.80, 7.9 and 15.7%, B. cereus was 0.1,
0.9, 2.1, 3.2 and 5.0% and C. botulism was
0.6, 1.7, 3.0, 87 and 17.3% in honey

samples stored at zero, 3, 6, 9 and 12
months, respectively (Fig. 1).

The data also show that, the frequency
(%) of bacteria increased as increasing the
storage period. It also summarized that,
Clostridium botulism bacterium was the
most frequency (%) compared with other
bacteria types. Their percentages of
frequency ranged 0.6 — 17.3, 0.6 — 15.7 and
0.1 — 5.0% for C. botulism, B. brevis and B.
cereus, respectively (Fig.1).
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Fig. 1: Relationship between storage periods and frequency (%) of bacteria in honey samples.

Type and Frequency (%) of Fungi:

The percentage of frequency of A. apis
fungus was 0.5, 1.3, 2.9, 8.5 and 16.3%; 0.2,
1.0, 2.8, 6.5 and 12.4% for A. niger; 0.0, 0.0,
0.2, 0.9 and 1.6 % for Cladosporium sp. and

0.0, 0.0, 0.7, 2.1 and 4.3 for Penicillium sp.
after 0, 3, 6, 9 and 12 months, respectively

(Fig. 2).
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Fig. 2: Relationship between storage periods and frequency (%) of fungi in honey samples.
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The data showed that, the frequency
(%) of fungi increased as increasing the
storage period. Also, A. apis fungus was the
most frequency compared with other fungi
types, where its frequency ranged from 0.5 to
16.3%, followed by A. niger 0.2 to 12.4%,
meanwhile, Cladosporium  sp.  and
Penicillium sp. were the least frequency
ranged from 0.0 to 1.6 and 0.0 to 4.3,
respectively (Fig. 2).
Type and Frequency (%) of Yeast:

Data illustrated in Fig. (3) showed that,
the percentage of frequency (%) was 0.2, 1.2,

3.4, 7.0 and 13.2%for Debaromyces sp.; 0.4,
1.3, 3.1, 6.9 and 15.4% for Lipomyces sp.
and 0.0, 02, 11, 30 and 5.4%
forSaccharomyces sp. after 0, 3, 6, 9 and 12
months, respectively.

The data indicated that, the frequency
of fungi increased as increasing the storage
period. It also summarized thatLipomyces sp.
was the most frequency ranged from 0.4 to
15.4%, meanwhile the yeast Saccharomyces
sp. was the least frequency 0.0 to 5.4% (Fig.
3).
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Fig. 3: Relationship between storage periods and frequency (%) of yeasts in honey samples.

DISCUSSION

According to isolation and
identification procedures of microorganisms
in tested honey samples, three bacteria types
Bacillus  brevis, Bacillus cereus and
Clostridium botulism, four fungi types
Aspergillus  apis,  Aspergillus  niger,
Cladosporium sp. and Penicillium sp. and
three yeasts types Debaromyces sp.,
Lipomyces sp. and Saccharomyces sp. were
determined according to cultural,
morphological and physiological characters.
It also summarized that, fungi were the least
population when compared with bacteria and
yeasts. Clostridium botulism bacterium was
the most frequency (%) compared with other
bacteria types, A. apis fungus was the most
frequency compared with other fungi types
and Lipomyces sp. yeast was the most

frequency. The data also summarized that,
the population and frequency (%) of
microorganisms increased as increasing the
storage period.

The obtained data is in agreement with
data by Dumen et al., 2013; Estevinho et al.,
2013; Oliveira et al., 2013; Tasneem and
Aruna, 2013; Belas et al., 2014; Musa et al.,
2014) whom found that honey samples
showed low microbiological counts (yeast,
moulds, and aerobic mesophiles), with
negative results in respect to faecal coliforms
andSalmonella and Monte et al. (2013) who
found that the fungal count ranged from 1.77
to 2.26 CFU/g log 10 in any of the honey
samples.It also with agreement with results
obtained  byRawdaa-Khalil(2018)  who
isolated bacteria, fungi and yeasts from
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honey samples and found that fungi were the
least population when compared with
bacteria and yeasts and not detect either
Salmonella or E. colli intested honey
samples.

It also is in disagreement with Adjlane
et al. (2014) who found that Total coliforms
and Clostridium were not detected in honey
sample collected from Algeria and data from
Gul et al. (2015) who found a list of
microorganisms in honey samples collected
from Karachi, Pakistan included bacteria E-
coli and Pseudomonas in honey samples.
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