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ABSTRACT

The Meliponini honey is one type of stingless bee honey. Although honey has been widely used as a natural remedy,
understanding on how storage affect the microbiological quality and pH in stingless honey is still scarce. This study was
carried out to determine the microbial quality of honey produced by stingless bees, Heterotrigona itama and Geniotrigona
thoracica during ambient storage for 6 weeks. The changes in microbiological analysis was determined for Aerobic Plate
Count (APC), yeast count and Bacillus count. Lactic acid bacteria (LAB) were isolated using three types of media, namely,
MRS agar, MRS agar with 0.8% CaCOj; and MRS agar with 1% glucose. Detection of Clostridium was done using anaerobic
egg-yolk agar and cook meat medium. Results showed that Aerobic Plate Count ranged between 102 to 105 CFU/g for both
samples. However, yeast count showed the range between 102 to 10° CFU/g, which higher than APC. Both honey samples
showed low in Bacillus count. The LAB counts on three media were significantly higher for the first month of storage, then
decreased gradually after fifth week. Storage of honey had reduced the pH in both honey samples to pH 2. Clostridium was
not detected in all samples.
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INTRODUCTION

Meliponini is a stingless bee that produces honey
that include Heterotrigona itama, Geniotrigona
thoracica and Trigona fulviventris. A stingless bee
is a type of eusocial insects that live in multi-
generational family groups in which the majority of
individuals cooperate for reproductive group
members. Their colonies range from a few dozens
to 100,000 or more adult workers that live in the
tropical and subtropical regions of the world
(Michiner, 2000). They produce less honey compared
to Apis mellifera. However, stingless bees have good
quality, and reported to have antitumoral,
antimicrobial and antioxidant activities (Gomez-
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Caravaca et al.,, 2006). The physico-chemical and
microbiological properties of honey samples
obtained from Ibadan, Nigeria have been reported
(Adenekan et al., 2010). However, there is no study
reports on the effect of physico-chemical and
microbiological properties of Meliponini honey
during storage. Demands on for Meliponini honey
in Malaysia is increasing due to its reported health
benefits and treatment for various diseases.

Spore forming aerobes and anaerobes are
reported as predominant microflora of honey, but
other genera of microorganisms such as Lactic Acid
Bacteria (LAB) (Aween et al., 2012a; Aween ef al.,
2012b; Bulgasem et al., 2015, Bulgasem et al.,
2016), yeast and fungi were also detected in honey
(Barnett et al., 1990) either as part of existing
microflora or contaminated from environment
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(Olaitan et al., 2007). The primary sources of
microorganisms in honey could be from pollen, soil,
dust, water, digestive tract of Meliponini, air and
nectar which are difficult to control. Post-harvest
microbial contamination in honey can also occur as
a result of lack of concern on the hygiene of
processing, handling and storage of honey. Air and
dust are important sources of Bacillus sp.,
Clostridium sp. and Micrococcus species
(Kacaniova et al., 2007).

Most microbes found in honey are not
dangerous to the consumer’s health. Honey has
inherent antimicrobial properties that can delay or
inhibit growth of many microbes (Adenekan et al.,
2010). It has been long recognised that quality of
honey influenced by the seasonal variations, post-
harvest handling of honeys and their storage
conditions. However, there are some cases related
to the infant botulism due to the presence of
Clostridium botulinum in honey. For this reason, the
FDA, the Centers for Disease Control and Prevention
(CDC), and the American Academy of Pediatrics
recommend not feeding honey to infants under one
year old.

The stability and shelf life of honey is influenced
by pH of honey during the extraction from the hives
and storage (Terrab et al., 2004). Changes in pH of
honey indicates production of organic acids; this
makes honey more sourish in taste and could affect
consumers’ perception of honey produced by stingless
bee, Heterotrigona itama and Geniotrigona
thoracica during storage for six weeks at ambient
temperature (25 + 2°C). Changes in pH and total
counts of yeasts and lactic acid bacteria as well as
detection of Clostridium sp. and Bacillus sp. were
carried out to ascertain the microbiological quality.

MATERIALS AND METHODS

Honey samples

Meliponini honey samples were collected from
Pusat Tunas Stevia Jabi, Besut, Terengganu located
approximately 90 km from Kuala Terengganu. The
hives were man-made wooden hive. Honey samples
were collected by using a suction pump and placed
in the previously sterilised blue cap bottle. The
honey samples were kept and protected from
sunlight to prevent any degradation of the honey
during transportation to the laboratory as suggested
by Guerrini (2009).

Storage of honey samples

Each honey samples (50 mL/bottle) was
distributed to seven previously sterilsed universal
bottles and stored at ambient temperature (25 + 2°C)
in the dark. Changes in microbiological counts and
pH was monitored at weekly intervals.

Determination of Aerobic plate count (PCA) in
honey samples

Aerobic plate count was carried out following
the methods described by Food and Drug
Administration’s Bacteriological Analytical Manual
described by Merker (1998). Honey samples (10 g)
was thoroughly mixed with 90 ml of 0.1% sterile
buffered peptone water (Merck, Germany) in a
stomacher bag using a stomacher (BagMixer,
Interscience, France). Appropriate dilution was
spread plated on the Plate Count Agar (Oxoid, UK)
and incubated at 35°C for 24 h. A 24-h culture of
pure selected isolates were Gram stained and the
morphology was observed using a light microscope
(Leica DM1000, Germany).

Determination of yeast count in honey samples

Honey samples (10 g) was mixed with 90 ml of
0.1% sterile buffered peptone water (Merck,
Germany) before homogenizing in blue caps bottle.
Appropriate dilution was spread plated on Yeast
Malt extract Agar (Oxoid, UK) and incubated at
30°C for 24- 48 h. A 48 h culture of yeast isolates
were stained with lactophenol blue and the
morphology was observed by using a light
microscope (Leica DM 1000, Germany).

Determination of Bacillus count in honey samples

Honey samples (10 g) was added with 90 ml
of 0.1% sterile buffered peptone water (Merck,
Germany). Appropriate dilution of the samples
was spread plated on the Mannitol Egg Yolk
Polymyxin Agar (Oxoid, UK) and incubated at
35°C for 24-48 h.

Determination of lactic acid bacteria count from
honey samples

LAB were isolated from honey samples
following the method described by Aween et al.
2012a that involved pre-enrichment step before
isolation on de Man Rogosa and Sharpe (MRS) Agar
(Oxoid, UK). Honey sample (10 g) was aseptically
transferred to 90 ml of MRS broth (Oxoid, UK) and
incubated in a CO, incubator (Model ICO150
Memmeth, Germany) at 30°C for 24 h. A 100 ul of
appropriate dilution in 0.1% saline was spread
plated on three media, namely, de Man Rogosa Agar
(MRS), MRS agar with 0.8% CaCOj3, and MRS agar
with 1% glucose incubated at 30°C for 48 h in an
anaerobic incubator (Model ICO150 Memmeth,
Germany). Colonies with clear zone on MRS Agar
with 0.08% CaCOj; were considered presumptive
LAB. A 24-h pure cultures were Gram stained and
further tested for catalase activity using 4%
hydrogen peroxide; cells producing gas bubbles
were considered catalase positive. LAB are catalase
negative organism.
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Isolation of Clostridium sp. from both honey
samples

Detection on the presence of Clostridium sp.
was carried out as described by Kiipliili et al.
(2006). Aseptically, 25 g honey was diluted in 100
ml sterilized distilled water containing 1% Tween
80 (Merck, Germany) thoroughly mixed using a
vortex. The mixture was heated at 65°C in water
bath for 30 minutes to inactivate vegetative cells,
then rapidly cooled in iced water. The mixture was
centrifuged at 9000 x g, 4°C for 30 minutes. The
precipitates were transferred into 9 ml cook meat
media (Oxoid, UK), layered with sterile paraffin oil
and incubated at 35°C for 7-10 days. After 7 days
of incubation, each culture was examined for their
turbidity and gas production. Cultures that have no
turbidity and gas production considered as negative
and were further incubation for additional 3 days to
allow late germination of spores. After 10 days of
incubation, cultures with no significant signs of
growth were considered to be negative. Tubes that
showed positive reactions were streaked onto
Anaerobic Egg Yolk agar (Oxoid, UK). The plates
were incubated at 35°C for 48 h in CO incubator
(Model ICO150 Memmeth, Germany). At the end
of incubation time, isolated typical colonies were
re-streaked on two AEY agar plates; one incubated
aerobically and the other one incubated
anaerobically at 35°C for 48 h. Colonies that grew
anaerobically were considered to be pure cultures
of Clostridium spp. (Kipliili et al., 2006). The pure
Clostridium strains was obtained from original stock
cultures supplied by Biolution Resources Sdn. Bhd,
Kuala Lumpur. Typical colony showing an opaque
precipitate around the colonies due to the
degradation of lecithin in the egg yolk. The lipase
enzyme hydrolyzes the fats within the egg yolk,
which results in an iridescent sheen on the colony
surface. These were the indicative of Clostridium sp.
(Kuplulu et al., 2006).

Determination of pH in both honey samples

The pH of sample was determined by using
pH meter (Model 3505, Jenway, UK) at weekly
intervals during 42 days storage period at ambient
temperature (25 + 2°C).

Statistical analysis

In order to evaluate significant differences for
microbial counts and pH, paired t-test were used,
and a significant level of a=0.05 was chosen. All
the statistical analysis was performed using Minitab
Version 14.0.

RESULTS

Aerobic plate count (APC) in two types of
Meliponini honeys

Aerobic Plate Count (APC) can indicate the total
population of microorganism in each storage days of
honey. There were not significant differences (p>0.05)
in Aerobic Plate Counts between H. itama and G.
thoracica honeys at 6 weeks of storage. However,
the APC in sample A (H. itama) had slightly higher
count (3.76 log;, CFU/g) compared to sample B (G.
thoracica). Table 1 shows the APC (log;, CFU/g) of
both stingless bee honey from H. itama and G.
thoracica at 0, 7, 14, 21, 28, 35, and 42 days. From
this study, the lowest Aerobic Plate Count (APC)
count was observed in both sample were 10> CFU/g
during 21 and 42 days of storage whereas the highest
APC 5-log;q CFU/g were observed at the beginning
of the storage which at 7 days of storage. The APC
count started to decrease after 7 days of storage until
day 21 from 5-log;o CFU/g to 2-log;y CFU/g. Then,
after 21 days of storage, the APC count increased
again to 35 days of storage from 2-log;y CFU/g to 4-
log;o CFU/g. After that, APC declined again to 2-
log;o CFU/g at 42 days of storage was observed. The
total mean of both sample honeys was 3.58 log;,

Table 1. Aerobic plate count: (Logyy CFU/g) of H. itama and G. thoracica honeys at 6 weeks of storage

95% Confidence Interval for Mean

Storage N Mean Std. Std. Min Max
Days (Logqo CFU/g) Deviation Error Lower Bound Upper Bound

0 Day 2 4.68 0.75 0.53 -2.08 11.45 4.15 5.22
7 Days 2 5.17 0.08 0.06 4.41 5.93 5.11 5.23
14 Days 2 3.45 0.32 0.23 0.59 6.31 3.23 3.68
21 Days 2 2.00 0.00 0.00 2.00 2.00 2.00 2.00
28 Days 2 4.00 0.21 0.15 212 5.87 3.85 4.15
35 Days 2 3.78 0.42 0.30 -0.04 7.59 3.48 4.08
42 Days 2 2.00 0.00 0.00 2.00 2.00 2.00 2.00
Total 14 3.58 1.20 0.32 2.89 4.28 2.00 5.23

Dependent Variable: Pca Count with Mean (log;, CFU/g)
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CFU/g. Both APC results in sample A and B were
within the safe limit for microbiological count, which
less than 5.00 log;, CFU/g, as stated by the Ministry
of Health, Malaysia (FSANZ, 2016).

Yeast count in two types of Meliponini honeys
Identification and characterisation of yeast
species have been reported by Barnett et al., 1990,
which based on morphological traits and physio-
logical capabilities. The yeast counts of both
samples were not significant differences (p>0.05)
between H. itama and G. thoracica. The yeast count
of both honeys was low in a fresh sample 10* CFU/
g (Table 2). As the storage applied, both honeys
indicated a number of yeast increased drastically
from 10% to 10° CFU/g after 7 days of storage. At
day 14 and 21 of storage days, the yeast count was
decreased (102 CFU/g). However, during day 28,
the yeast count increased to 10* CFU/g and then
declined again to 103 CFU/g in day 35 and 42 days.

Bacillus sp. count in two types of Meliponini honeys

The Bacillus sp. counts in both Meliponini
honeys were not significant differences (p>0.05)
indicating that both honey of H. itama and G.
thoracica did not have much different in Bacillus

sp. count (Table 3). However, the Bacillus sp. count
in sample A (H. itama) had slightly higher count
(2.93 log;y CFU/g) compared to sample B (G.
thoracica) throughout 6 weeks of storage. There
were only slightly different between both samples
and the counts were low. The Bacillus sp. counts of
both honeys was the highest at day 14. During 14
day of storage, the Bacillus sp. count increased
drastically from 102 to 10* CFU/g. Then, the
Bacillus sp. count declined to 102 CFU/g at day 28
and 35, respectively. The lowest count of Bacillus
sp. was observed after 42 days of storage. The
fluctuation in Bacillus sp. count occurred due to the
microbial adaptation throughout storage.

Lactic acid bacteria (LAB) count in two types of
Meliponini honeys

As lactic acid bacteria were monitored
throughout storage, the results present were also
different based on the media used. Based on Table
4, the LAB count in sample A (H. itama) was not
significantly different (p>0.05) with sample B.
However, the LAB count in sample B (G. thoracica)
had higher count (6.55 log;q CFU/g) compared to
sample A (H. itama) throughout 6 weeks of storage
(Table 4).

Table 2. Yeast count: (Logyq CFU/g) of H. itama and G. thoracica honeys at 6 weeks of storage

95% Confidence Interval for Mean

Storage Mean Std. Std. .

Days N (Log4g CFU/g) Deviation Error Lower Bound Upper Bound Min Max
0 Day 2 413 0.01 0.01 4.00 4.25 412 414
7 Days 2 6.13 0.02 0.02 5.93 6.32 6.11 6.14
14 Days 2 3.84 2.27 1.61 -16.58 24.27 2.24 5.45
21 Days 2 3.58 2.24 1.58 -16.53 23.69 2.00 5.17
28 Days 2 4.54 0.01 0.01 4.45 4.64 4.54 4.55
35 Days 2 3.89 0.83 0.59 -3.58 11.35 3.30 4.48
42 Days 2 3.60 0.49 0.35 -0.82 8.01 3.25 3.95
Total 14 4.24 1.26 0.34 3.51 4.97 2.00 6.14
*Dependent Variable: Yeast Count with Mean (log;o CFU/g).

Table 3. Bacillus sp count: (Logyy CFU/g) of H. itama and G. thoracica honeys at 6 weeks of storage

Storage N Mean Std. Std. 95% Confidence Interval for Mean Vi "
Days (Logyg CFU/g) Deviation Error Lower Bound Upper Bound n ax
0 Day 2 2.00 0.00 0.00 2.00 2.00 2.00 2.00
7 Days 2 2.15 0.21 0.15 0.24 4.06 2.00 2.30
14 Days 2 3.78 0.90 0.64 -4.29 11.84 3.14 4.41
21 Days 2 2.15 0.21 0.15 0.24 4.06 2.00 2.30
28 Days 2 3.74 0.15 0.11 2.37 5.10 3.63 3.85
35 Days 2 3.71 0.23 0.17 1.61 5.80 3.54 3.87
42 Days 2 2.00 0.00 0.00 2.00 2.00 2.00 2.00
Total 14 2.79 0.90 0.24 2.27 3.31 2.00 4.41

*Dependent Variable: Bacillus sp. Count with Mean (log;, CFU/g).
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Table 4. LAB count on MRS Agar: (Logiq CFU/g) of H. itama and G. thoracica honeys at 6 weeks of storage

Storage Mean Std. Std. 95% Confidence Interval for Mean .

Days N (Logyo CFU/g) Deviation Error Lower Bound Upper Bound Min Max
0 Day 2 8.82 0.19 0.13 713 10.50 8.69 8.95
7 Days 2 7.36 1.02 0.72 -1.82 16.54 6.64 8.09
14 Days 2 6.91 2.70 1.91 -17.36 31.18 5.00 8.82
21 Days 2 6.04 0.70 0.50 -0.28 12.36 5.54 6.54
28 Days 2 6.19 0.30 0.21 3.49 8.89 5.98 6.41
35 Days 2 5.01 0.42 0.30 1.19 8.82 4.71 5.31
42 Days 2 4.98 0.84 0.60 -2.58 12.54 4.39 5.58
Total 14 6.47 1.57 0.42 5.56 7.38 4.39 8.95

Dependent Variable: LAB count on MRS Agar with Mean (log;o CFU/g).

Table 5. LAB count on MRS Agar + 0.8% CaCO; (log;q CFU/g) of H. itama and G. thoracica honeys at 6 weeks of storage

Storage Mean Std. Std. 95% Confidence Interval for Mean _

Days N (Logyo CFU/g) Deviation Error Lower Bound Upper Bound Min Max
0 Day 2 9.53 0.51 0.36 4.99 14.07 9.17 9.89
7 Days 2 6.23 0.32 0.23 3.37 9.08 6.00 6.45
14 Days 2 6.93 2.72 1.93 -17.53 31.38 5.00 8.85
21 Days 2 5.69 0.42 0.30 1.94 9.43 5.39 5.98
28 Days 2 6.32 0.08 0.06 5.62 7.02 6.27 6.38
35 Days 2 5.32 0.08 0.06 4.55 6.08 5.26 5.38
42 Days 2 4.89 0.89 0.63 -3.15 12.92 4.26 5.52
Total 14 6.41 1.68 0.45 5.44 7.38 4.26 9.89

*Dependent Variable: LAB count on MRS Agar + 0.8% CaCO with Mean (logo CFU/g).

Table 6. LAB count on MRS Agar + 1% glucose: (Logyq CFU/g) of H. itama and G. thoracica honeys at 6 weeks of

storage

Storage Mean Std. Std. 95% Confidence Interval for Mean _

Days N (Logqo CFU/g) Deviation Error Lower Bound Upper Bound Min Max
0 Day 2 8.84 0.05 0.04 8.36 9.31 8.80 8.88
7 Days 2 6.94 0.74 0.52 0.33 13.55 6.42 7.46
14 Days 2 6.86 2.62 1.86 -16.72 30.43 5.00 8.71
21 Days 2 6.26 0.86 0.61 -1.46 13.98 5.65 6.87
28 Days 2 6.53 0.70 0.50 0.24 12.81 6.03 7.02
35 Days 2 4.14 1.61 1.14 -10.29 18.56 3.00 5.27
42 Days 2 4.98 0.61 0.43 -0.48 10.44 4.55 5.41
Total 14 6.36 1.73 0.46 5.36 7.36 3.00 8.88

*Dependent Variable: LAB count on MRS Agar + 1% glucose with Mean (Log;o CFU/g).

Table 5 shows substantial difference in LAB
count on MRS agar with 0.8% CaCOj; from both
honey samples throughout storage days. The LAB
count in sample A (H. itama) was not significantly
different (p>0.05) with sample B (G. thoracica).
However, the LAB count in sample A (H. itama) had
higher count (6.62 log;, CFU/g) compared to
sample B (G. thoracica) throughout 6 weeks of
storage. The counts were significantly high and

there were only slightly different on LAB counts
between both samples.

Table 6 shows the LAB count on MRS agar with
1% glucose from both honey samples throughout
storage days. As the results obtained, the LAB count
on MRS agar with 1% glucose from sample A (H.
itama) was not significantly different (p>0.05) with
sample B (G. thoracica). However, the LAB count
in sample A had lower count (6.17 log;, CFU/g)
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compared to sample B (6.55 log;, CFU/g)
throughout 6 weeks of storage. There were only
slightly different between both samples and the
bacteria population were high.

Table 6 shows the results of LAB count on MRS
agar with 1% glucose in H. itama and G. thoracica
honeys after 6 weeks of storage. Based on the results
obtained, the LAB counts on MRS agar of both
honeys were the highest at day 0 with 108 CFU/g
while the lowest was the last day of storage (day 42)
with 10* CFU/g was observed. Then, at day 7 the
LAB count was decreased drastically from 10% to
106 CFU/g. Furthermore, the LAB counts were
declined throughout storage days with some
fluctuation between day 21 and 28.

Detection of Clostridium sp. in two types of
Meliponini honeys

Based on the results, the obtained colony from
anaerobic egg yolk agar were positive in both
catalase and oxidase test. For Clostridium sp. they
were sensitive bacteria that cannot exposed even in
small amount of oxygen and should have negative
results for catalase test. However, pure colony had
negative results for both catalase and oxidase test
which represented the actual results for Clostridium
sp. characteristics. The detection of pathogenic
bacteria Clostridium sp. in H. itama and G.
thoracica honey were negative.

Determination of pH changes in two types of
Meliponini honeys throughout ambient storage
The importance of acidic pH range in foods
cannot be overemphasized because it prevents the
honey samples from constant contamination by

various species of micro-organisms and thus helps
to ensure longer shelf life. Figure 1 shows the pH
value of H. itama and G. thoracica honeys
throughout 6-weeks of ambient storage. In this
study, there were no significant differences at p >
0.05 between sample A and B except for day 7, 14,
28, and 42 there were a significant difference at
p<0.05 between sample A and sample B.

DISCUSSION

Relationship between the presences of LAB
microflora with other pathogenic bacteria

Quality assessment of microbiological analysis
of Meliponini honey can be seen through the
microflora counts throughout the storage days. In
this study, LAB microflora were competitively
grown with other pathogenic bacteria which were
aerobic plate count, yeast count and Bacillus count.
Results indicated that LAB count on MRS with 0.8%
CaCOj; was the highest when compared to MRS with
1% glucose and MRS alone. This result is in the
agreement with previous study reported by Aween
et al. 2012a, MRS with 0.8% CaCOj; agar is the most
suitable media for LAB isolation. In addition,
calcium carbonate was used as an indicator for acid-
producing strains as it dissolved when interacted
with acid, then a clear zone was observed (Onda et
al., 2012).

The Aerobic Plate Count was lower in honey due
to high number of LAB present in honey. According
to Brudzynski and Kim (2011), there were reductions
of antibacterial activity due to honey storage. This is
because the growth of LAB were reduced throughout
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Fig. 1. The pH value of H. itama and G. thoracica honeys throughout 6-weeks ambient storage.
“Mean value with the different letter in the same day of storage days was significantly different at p<0.05.
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storage. LAB has been known to have major roles in
antimicrobial properties in honey. This study also
shown that in three weeks of storage, LAB counts
were high between 10° to 108 CFU/g, but then it
decreased until 10* CFU/g at the last day of storage.
In addition, at day 35 and 42 of storage, the LAB
counts were low in both honey samples. Thus, it is
advisable to consume Meliponini honey within one
month of storage at ambient temperature after freshly
harvested in order to get the highest population of
LAB in stingless bee honeys.

The competition between yeast and LAB was
observed where LAB counts were decreasing, while
the yeast count were increased throughout storage.
It is suggested that the main reason for competition
is for sake of nutrients (carbohydrate source) for
microbial metabolism. This kind of interaction
between groups of bacteria is referred to
‘antagonistic’ interaction (Olofsson et al., 2016).
Antagonistic studies are generally directed towards
food-spoilage and pathogenic microorganisms
related to the host or product from which the lactic
acid bacteria was isolated. The LAB counts increased
again at day 14 while the yeast count decreased. The
yeast was maintained in low count which 102 to 10*
CFU/g until the last day of storage. The yeast count
was low due to the low in pH value of samples (pH
2). The optimal pH range for yeast growth can vary
from pH 4 to 6, depending on temperature, the
presence of oxygen, and the strain of yeast
(Neelakantam & Ronan, 2005).

pH changes in Meliponini honeys throughout 6-
weeks of ambient storage

The pH values of both honey samples was low
and declined gradually throughout storage days
starting day O until day 42. Low pH in the acidic
range may be an indication of good shelf life
(Turhan et al., 2008). Results from this study had
shown the statistical significant of pH between both
honeys samples were same with the previous study
by Kacaniova et al. (2007), who had reported that
the statistical different of measured pH values was
variable in different groups of honey. Other studied
by Crane (1990) also stated that the pH value was
influenced by organic acids and by the
concentration of mineral substances.

The mean pH of H. itama and G. thoracica
samples analysed was ranged between pH 2.40-3.40
that make it possible that both honey samples may
have a good antibacterial property. However, the
reducing of pH value through storage might cause
the decline of LAB growth due to acidic
environment in honey. These results were supported
by previous study, the optimal pH for LAB growth
lies between pH 5 and 9 because lactic acid bacteria
are neutrophils (Neelakantam and Ronan, 2005). So,
LAB cannot grow under acidic environment.

CONCLUSION

The results obtained in this study indicated that
there were relationship between the presence of LAB
microflora and others pathogenic bacteria in honey
during storage. Besides, the pH values were
decreased in both honey samples throughout 6-
weeks of storage. The pH ranged between 2.40-3.40
were low and suitable for inhibitor of pathogenic
microbes since the most bacteria and mold grow
optimum in the neutral pH (pH7). Clostridium sp.
was absent in both honey samples indicating that
both stingless bee honey were safe to be consumed.

ACKNOWLEDGMENT

This study was financially supported by the School
of Food Science and Technology, Universiti
Malaysia Terengganu (UMT).

REFERENCES

Adenekan, M.O., Amusa, N.A., Lawal, A.O. &
Okpeze V.E. 2010. Physico-chemical and
microbiological properties of honey samples
obtained from Ibadan. Journal of Microbiology
and Antimicrobials, 2(8): 100-104.

Aween, M.M., Hassan, Z., Muhialdin, B.J., Eljamel,
Y.A., AlMabrok, A.S.W. & Lani, M.N. 2012.
Antibacterial activity of Lactobacillus
acidophilus strains isolated from honey
marketed in Malaysia against selected multiple
antibiotic resistant (MAR) Gram Positive
Bacteria. Journal Food Science, 77: M364-
M37.

Aween M.M., Hassan, Z., Muhiladin, B.J., Mohd
Noor, H. & Eljamel, Y.A. 2012. Evaluation
on antibacterial activity of Lactobacillus
acidophilus strains isolated from honey.
American Journal of Applied Science, 9(6):
807-817.

Barnett, J.A., Payne, R.-W. & Yarrow, D. 1990.
Yeasts: Characteristics and Identification. 2nd
Ed. Cambridge University Press. Cambridge,
England.

Brudzynski, K. & Kim, L. 2011. Storage-induced
chemical changes in active components of
honey de-regulate its antibacterial activity.
Food Chemistry, 126: 1155-1163.

Bulgasem, B.Y., Hassan, Z., Abdalsadig, N.K.A.,
Wan-Yousoff, W.M., Musa, EM.M.T. & Lani,
M.N. 2015. Anti-adhesion activity of lactic acid
bacteria supernatant against human pathogenic
Candida species biofilm. Health Science
Journal, 9(6): 1-9.



96 MICROBIOLOGICAL QUALITY AND pH CHANGES OF HONEY PRODUCED BY STINGLESS BEES

Bulgasem, B.Y., Lani, M.N., Hassan, Z., Wan-
Yousoff, W.M., Musa & Fnaish, S.G. 2016. Anti-
fungal activity of lactic acid bacteria isolated
from natural honey against pathogenic Candida
species. Mycobiology, 44(4): 302-309.

Crane, E. 1990. Bees and beekeeping: Science
practice and world resources, In: Comstock Pru.
Assoc., Itacha, New York. 614 pp.

Food Standards Australia New Zealand (FSANZ).
2016. Microbiological limits for foods. In:
Compendium of Microbiological Criteria for
Foods. Creative Commons Attribution 3.0,
Australia. 50 pp.

Gomez-Caravaca, A.M., Gomez-Romero, M., Arraez-
Roman, D., Segura-Carretereo, A. & Fernandes-
Gutierrez, A.J. 2006. Advances in the analysis
of phenolic compounds in products derived
from bees. Pharmacology and Biomedical
Annals, 41(4): 1220-1234.

Guerrini, A., Bruni, R., Maietti, S., Poli, F., Rossi,
D., Paganetto, G., Muzzoli, M., Scalvenzi, L. &
Sacchetti, G. 2009. Ecuadorian stingless bee
(Meliponinae) honey: A chemical and
functional profile of ancient health product.
Food Chemistry, 114(4): 1413-1420.

Kacaniova, M., Sudzina, M., Sudzinova, J.,
Fikselova, M., Cubon, J. & Hascik, P. 2007.
Microbiological and physico-chemical quality
of honey collected from different Slovak
habitats. Slovak Journal of Animal Science, 40:
38-43.

Kiipliilii, O., Gonciioglu, M., Ozdemir, H. &
Koluman, A. 2006. Incidence of Clostridium
botulinum spores in honey in Turkey. Journal
of Food Control, 17: 222-224.

Merker, R.I. 1998. FDA’s Bacteriological Analytical
Manual (BAM). United States of Food and
Drug Administration. 8th Edition, Revision A,
Maryland.

Michener, C.D. 2000. The bees of the world. The
Johns Hopkins University Press, Baltimore,
Maryland, USA. 912 pp.

Neelakantam, V.N. & Ronan, P. 2005. Relationship
between pH and medium dissolved solids in
terms of growth and metabolism of Lactobacilli
and Saccharomyces cerevisiae during ethanol
production. Applied Environmental Micro-
biology, T1: 2239-2243.

Olaitan, P.B., Adeleke, O.E. & Ola, 1.0. 2007. Honey:
a reservoir for microorganisms and an inhibitory
agent for microbes. African Health Science,
7(3): 159-165.

Olofsson, T.C., Butler, E., Markowicz, P., Lindholm,
C., Larsson, L. & Vasquez, A. 2016. Lactic acid
bacterial symbionts in honeybess- an unknown
key to honey’s antimicrobial and therapeutic
activities. International Wound Journal, 13:
668-679.

Onda, T., Yanagida, F., Uchimura, T., Tsuji, M.,
Ogino, S., Shinohara, T. & Yokotsuka, K. 2012.
Widespread distribution of the bacteriocin-
producing lactic acid cocci in miso-paste
products. Journal of Applied Microbiology, 92:
695-705.

Terrab, A., Recamales, A.F., Hernanz, D. & Heredia,
F.J. 2004. Characterisation of Spanish thyme
honeys by their physicochemical characteristics
and mineral contents. Food Chemistry, 88: 537-
542.

Turhan, I., Tetik, N., Karhan, M., Gurel, F. &
Tavukcuoglu, H.R. 2008. Quality of honeys
influenced by thermal treatment. LWT-Food
Science and Technology, 41(8): 1396-1399.



