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Abstract

This study aimed to isolate and identify Lactobacillus in the honey stomach of honeybee Apis

dorsata. Samples of honeybee were collected from A. dorsata colonies in different bee trees and

Lactobacillus bacteria isolated from honey stomachs. Ninety two isolates were Gram-stained and

tested for catalase reaction. By using bacterial universal primers, the 16S rDNA gene from DNA of

bacterial colonies amplified with polymerase chain reaction (PCR). Forty-nine bacterial 16S rDNA

gene were sequenced and entrusted in GenBank. Phylogenetic analysis showed they were different

phylotypes of Lactobacillus. Two of them were most closely relevant to the previously described

species Lactobacillus plantarum. Other two phylotypes were identified to be closely related to

Lactobacillus pentosus. However, only one phylotype was found to be distantly linked to the

Lactobacillus fermentum. The outcomes of the present study indicated that L. plantarum, L.

pentosus, and L. fermentum were the dominant lactobacilli in the honey stomach of honeybee A.

dorsata collected during the dry season from Malaysia forest area - specifically “Melaleuca in

Terengganu”.
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Introduction

The genus Lactobacillus is one of the most important

genera of lactic acid bacteria (LAB) and includes over 174

species (Dsmz, 2008). Lactobacillus bacteria are catalase

negative, Gram positive and usually rod shaped. They are

found in a wide variety of habitats, including vegetable and

the gastrointestinal tracts of animals, like honeybees (Tan-

nock, 2004; Schrezenmeir and de Vrese, 2001; Fujisawa

and Mitsuoka, 1996) and are employed in manufacturing of

fermented foods, such as soybean products, fish products,

vegetable products, bread, alcoholic beverages, dairy, and

for cheese production (Kandler et al., 1986; Rhee et al.,

2011; Caplice and Fitzgerald, 1999). The dominant LAB

species in the honey stomach of honeybees’ A. mellifera, A.

dorsata, and bumblebees have been reported to belong to

the Lactobacillus genus (Olofsson and Vasquez, 2008;

Vásquez et al., 2009; Tajabadi et al., 2011b).

Microorganisms present in honey are those surviving

the low pH and antimicrobial compounds found in honey.

The microorganisms probably originate from pollen, the di-

gestive tracts of honeybees, flowers, dirt, dust, and the air.
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Gilliam (1997) discovered that honeycomb was dominated

mainly by bacteria and yeast, which all arrived from the

bees or the raw materials (nectar) (Gilliam, 1997). Larvae

could be sterile initially, but since they eat pollens and nec-

tar supplied by the workers, hence they are inoculated prior

to pupation (Lee and Kime, 1984).

The distinguishable phenotypic property for detec-

tion and identification of LAB microbiota has been leading

to a trend towards using molecular-based identification

methods. Different approaches of rDNA gene sequencing

(Wallbanks et al., 1990; Rachman et al., 2003; Settanni et

al., 2005; Yoshiyama and Kimura, 2009; Snell-Castro et

al., 2005) have been employed to identify Lactobacillus

species. Within the recent years, sequencing of 16S rDNA

and its use has been considered as the “gold standard” for

identification and phylogenetic analysis of LAB (Ludwig

and Schleifer, 1999).

The use of Lactobacillus species as probiotics has

been found to enhance the immunity of honeybees, helping

them to survive against the effect of pathogens and bring

advantageous properties for honeybee health (Evans and

Lopez, 2004; Forsgren et al., 2010). Therefore, the present

study aimed to isolate and identify lactobacilli strains from

the honey stomach of honeybees A. dorsata collected dur-

ing the dry season from Malaysia forest area - specifically

“Melaleuca in Terengganu”.

Materials and Methods

Sampling

During honey hunting, ten samples of bees were col-

lected from A. dorsata wild colonies over the course of dry

season between June and August 2009 from various bee

trees in the secondary forest area of Melaleuca, in Tereng-

ganu, Malaysia. Samples were placed in individual 20 mL

sterile tubes containing 10 mL of sterile 0.1% peptone sa-

line solution supplemented with Tween 80 (0.9% w/v NaCl

- Merck, Darmstadt, Germany -, 0.1% w/v Tween 80 -

Merck, Darmstadt, Germany -, and 0.1% w/v Peptone -

Merck, Darmstadt, Germany) and immediately transported

to the Food Biotechnology Laboratory at University Putra

Malaysia for analysis. Honey stomachs (Figure 1) were ob-

tained through aseptic excisions of the A. dorsata worker

bees abdomen in a laminar flow cabinet (Esco, Hatboro,

USA).

Culture-dependent method

Honey stomach solution (10%, W/V) was prepared in

a sterile 0.1% peptone saline solution supplemented with

Tween 80 and lactobacilli were isolated from honey stom-

ach on MRS (Deman Rogosa Sharp) agar (Oxoid,

Basingstoke, UK). The isolates were incubated for 3-4 days

at 37 °C under anaerobic conditions, using Anaerobic Jars

with Anaerocult (Merck, Darmstadt, Germany) (Tajabadi

et al., 2011b). Next, 92 colonies with varying morphologies

were chosen and sub-cultured as pure cultures.

Biochemical screening

Gram staining and catalase test (Coeuret et al., 2003)

were conducted as an initial screening of Lactobacillus.

Gram-positive, catalase-negative, and bacilli form isolates

were chosen. The isolates were maintained as stock cul-

tures at -20 °C in MRS broth (Merck, Darmstadt, Germany)

supplemented with 15% glycerol (Merck, Darmstadt, Ger-

many) for further analysis.

DNA extraction

DNA was extracted according to DNA extraction kit

protocol (QIAGene, Hilden, Germaney) with some modifi-

cations, as described by Ward et al. (Ward et al., 1994).

Briefly, all isolated cell were harvested in a microcentri-

fuge tube, after centrifuging for 10 min at 5000 g. Bacterial

pellet was re-suspended in 180 �L enzymatic lysis buffer

(20 mM Tris-Cl’ pH = 8.0 -Sigma, Aldrich, USA-, 2 mM

sodium salt of ethylenediaminetetraacetic acid (EDTA)-

Sigma, Aldrich, USA-, 1.2% Triton X-100 solution-

Sigma, Aldrich, USA-, Lysozyme 20 mg/ml -QIAGene,

Hilden, Germaney) and incubated for at least 30 min at

37 °C. Twenty five �L proteinase K and 200 �L Buffer AL

(QIAGene, Hilden, Germaney) were added into tube and

homogenized by vortexing and incubated at 56 °C for

30 min. A volume of 200 �L of ethanol (96%) (HmBg

Chemicals, Germany) was added to the sample, and mixed

thoroughly by vortexing. The sample was loaded into the

DNeasy Mini spin column (QIAGene, Hilden, Germaney)

placed in a 2 mL collection tube and centrifuged at 6000 g

for 1 min. The DNeasy Mini spin column was transferred in

a new 2 mL collection tube, 500 �L Buffer AW1 were

added and the resulting solution was centrifuged for 1 min

at 6000 g. Next, the DNeasy Mini spin column was placed

in a new 2 mL collection tube, 500 �L of buffer AW2

(QIAGene, Hilden, Germaney) were added and the solution
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Figure 1 - The full honey stomach (b) of Apis dorsata (a), including nectar

from flowers. The honey stomach is separated from the rest of the diges-

tive tract at the proventriculus (c).



was again centrifuged for 3 min at 20,000 g. Next, the

DNeasy Mini spin column was placed in a clean 2 mL

microcentrifuge tube, and 200 �L of buffer AE were trans-

ferred directly to the DNeasy membrane. The sample was

incubated at room temperature for 1 min, and then centri-

fuged for 1 min at 6000 g to elute and stored at -20 °C for

further analysis. The degree of DNA purity was determined

spectrophotometrically, using 260-nm/280-nm absorbance

ratios (Gene Quant pro RNA/DNA Calculator).

PCR reaction and program

In the present study, one set of bacterial universal

primers 27F (5’-AGAGTTTGATCCTGG CTCAG-3’) and

1492R (5’-GGTTACCTTGTTACGACTT-3’) was used

(Lane, 1991). Amplification reactions were performed in a

total volume of 25 �L containing 1X Taq Master Mix (New

England Biolabs Inc, Ipswich, UK), 1.5 mM MgCl2 (New

England Biolabs Inc, Ipswich, UK), 0.25 mM forward

primer, 0.25 mM reverse primer, and 0.4 ng of genomic

DNA. PCR (Eppendorf, Homburg, Germany) temperature

cycling conditions were as follows: an initial heating of

95 °C for 3 min, followed by 40 cycles of denaturation at

95 °C for 30 s, annealing at 55 °C for 55 s, extension at

72 °C for 1 min, and followed by a 10 min final incubation

at 72 °C. Gradient temperature PCR was employed to find

the optimal annealing temperature for each template-

primer pair combination. The PCR products were exam-

ined with Gel electrophoresis (Gel Electrophoresis Sys-

tems, Major Science, Taiwan). The amplified 16S rDNA

amplicons were purified with QIAquick PCR purification

kit (QIAGEN, Hilden, Germany), following the manufac-

turer’s recommendations and homogeneity was then

checked through electrophoresis on a 1% w/v agarose gel

(First BASE, Kuala Lumpur, Malaysia). The purified prod-

ucts were sequenced by First BASE Laboratories, Malaysia

using 27F and 1492R primers. Sequences identification

were investigated with GenBank (National Centre for Bio-

technology Information, Rockville Pike, Bethesda, MD),

employing the advanced BLAST likeness seek option (at-

tainable at http://www.ncbi.nlm.nih.gov/). Phylogenetic

analyses were completed, employing the computer soft-

ware of the neighbor joining method (http://www.

megasoftware.net/mega4). The neighbor-joining tree was

bootstrapped 1000 times and used from MEGA (4) package

(Tamura et al., 2007). All bacterial 16S rDNA gene se-

quences were entrusted in GenBank using the accession

numbers HM027639, HM027640, and HM027642 to

HM027644.

Reference sequences used in phylogenetic analysis

The following bacterial 16S rDNA gene sequences

were tested as outgroups in phylogenetic analysis: L.

plantarum IMAU 10272 (GU138600), L. pentosus NRIC

1554 (AB362711), L. fermentarum 6-1-2 (GU451063), L.

plantarum Probio-38 (GU357499), L. plantarum RT a12

(FM179607), L. pentosus N3 (GU253891), L. plantarum

KLDS 1: 0623 (EU419599) (cluster I in Figure 2), L. apis

(AY667701), L. alvei (AY667698), L. insectis

(AY667699), Lactobacillus sp.Bma5 (EF187242), L.

kunkeei YH-15 (NR026404), and Lactobacillus sp. Hma8

(EF187243) (cluster V in Figure 2), L. parabuchneri

(AB429372), L. kefiri (AB429371), L. buchneri

(AB205055), and L. vermiforme (M59295) (cluster III in

Figure 2).

Results

The total 49 sequences isolated from honey stomach

of honeybee A. dorsata in Terengganu state showed Gram-

positive bacilli and catalase-negative, identified as lacto-

bacilli and displayed a similarity of � 99% to type strains

deposited in the public GenBank database

(http://www.ncbi.nlm.nih.gov/) (Figure 2). Phylogenetic

analysis demonstrated that the honey stomach of the Asi-

atic Giant honeybee A. dorsata was comprised of 5 differ-

ent phylotypes of Lactobacillus, and 2 of them

(Taj-Honey366 and Taj-Apis362) showed 99.74% and

100% similarity with the more closely related strain L.

plantarum (clusters I in Figure 2 and Table 1). Moreover, 2

phylotypes, Taj-Honey341 and Taj-Apis359, with 99.5%

and 99.42% similarity, were more closely related to L.

pentosus (cluster I in Figure 2 and Table 1). The other

phylotype, Taj-Apis396 with 99% similarity, was distant

but more closely related to L. fermentum (cluster II in Fig-

ure 2 and Table 1).

The results of the present study (Figure 2) showed

that the lactobacilli present in the honey stomach of Mela-

leuca secondary forest area is dominated by the Taj-

Honey366 phylotype (34.69%), which is most closely re-

lated to L. plantarum. Other four dominant lactobacilli in

the honey stomach were Taj-Apis359 (24.49%), Taj-

Honey341 (22.45%), Taj-Apis362 (16.33%), and Taj-

Apis396 (2.04%). The 16S rDNA gene sequences of the

new isolates representing different groups and possible

new Lactobacillus strains were deposited in GenBank

(NCBI) with accession numbers HM027639, HM027640,

and HM027642 to HM027644.

Discussion

Lactic acid bacteria are remarkably abundant in

honey stomach of honey bees and mainly belong to the gen-

era Lactobacillus, Bifidobacterium, and Enterococcus

(Tajabadi et al., 2011a, 2011b).

The genus Lactobacillus, an important group from

the LAB, is usually found as commensal bacteria and is

commonly used as probiotics in humans and animals

(Ouwehand et al., 2002). Lactobacillus originated from the

honey stomach of honeybee may be selected and used for

food preservation, food enrichment, and food probiotic

supplement for human consumption (unpublished data).

L. plantarum, L. pentosus and L. fermentum 719



Historically, most assays to isolate and identify these nu-

merous microorganisms employ culture-based approaches

(Gilliam, 1997). More recent assays have applied culture

independent 16S rDNA gene sequences analyses to study

this community based on single-strand conformation poly-

morphism. In the present study, classical cultivation proce-

dures has been linked with the 16S rDNA sequencing

granted data to describe the bacterial diversity and phylo-

genetic relationships of Lactobacillus present in the honey

stomach of A. dorsata. This study set out with the aim of as-
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Figure 2 - Phylogenetic analysis of Lactobacillus bacteria in honey stomach of Terengganu. Phylogenetic tree based on a distance matrix analysis of

1,629 positions in the 16S rDNA gene. The phylogenetic tree was constructed by ClustalW using the neighbour-joining method within the MEGA (4)

package (Tamura et al., 2007). Closely related type and reference strains are shown in parentheses together with accession numbers from GenBank. Boot-

strap values based on 1000 re-samplings display the significance of the interior nodes, and are shown at branch points. Cluster I, L. plantarum and L.

pentosus group; cluster II, L. fermentum group; cluster III, Lactobacillus as out group and cluster V, Lactobacillus as out group.

Table 1 - Bacterial strains phylotypes isolated from honey stomach of honeybee Apis dorsata from the forest area of Melaleuca, in Terengganu, Malaysia.

Isolatesa Sequence lengths and

number of identicalb

Most closely related type strainc Sequence lengths and

similarityd

Accession numberse

Taj-Honey366 (1-1090) (17) L. plantarum IMAU: 10272(GU138600) 1106 (99.74) HM027639

Taj-Honey341 (1-660) (11) L. pentosus N3 (GU253891) 664 (99.5) HM027640

Taj-Apis396 (1-938) (1) L. fermentum (GU451063) 952 (99) HM027642

Taj-Apis359 (1-875) (12) L. pentosus N3 (GU253891) 877 (99.42) HM027643

Taj-Apis362 (1-812) (8) L. plantarum KLDS 1.0623(EU419599) 816 (100) HM027644

aThe identity of 16S rDNA gene sequences were generated from isolates.
bThe number of identical sequences found are shown in parentheses and the sequence lengths are shown in brackets.
cGenBank references accession numbers are shown in parentheses; taxonomic connection was established by comparing the sequence with those pub-

lished by the National Center for Biotechnology Information(NCBI).
dThe similarity to the closest type strain sequence is exhibited as a percentage inside parentheses.
eGenBank accession numbers for this study are shown in the last column.



sessing dominant lactobacilli in the honey stomach of the

most popular Malaysian honeybee of A. dorsata in a new

complex dynamic ecosystem. In this study, phylogenetic

analysis showed that Lactobacillus included five different

phylotypes. Dominant strains of lactobacilli (Taj-

Honey366 and Taj-Apis362), totalizing 51.02%, were most

closely related to the previously described species L.

plantarum. This species generally are recognized as safe

(GRAS) and several strains of L. plantarum have been iso-

lated from different ecological niches, such as cereal prod-

ucts, fruits, meat, fish, vegetables, and milk. Lactobacillus

plantarum has been used as a starter culture in various food

fermentation processes, contributing to improve food qual-

ity and sensory properties, like flavor, consistency, and tex-

ture. Due to the production of lactic acid and other anti-

microbial compounds, L. plantarum also might contribute

for the safety of the final products (Van Hoorde et al.,

2008). The next most dominant lactobacilli in the honey

stomach (Taj-Honey341 and Taj-Apis359) were associated

with L. pentosus. The species L. pentosus and L. plantarum

are genotypically closely related and show highly similar

phenotypes. Lactobacillus pentosus isolated from plants

has proven to produce the highest bacteriocin titers in envi-

ronmental conditions (Delgado et al., 2005), which suggest

its technological interest as a starter culture. Moreover, the

rest phylotype, Taj-Apis396 was distant but most closely

related to the L. fermentum. Lactobacillus fermentum is

commonly found in fermenting animal and plant material.

It has long been used in food processing (LeBlanc et al.,

2008) and is well-characterized as a probiotic strain with

efficacy in the prevention and treatment of infections in the

human being (Gardiner et al., 2002).

Earlier studies established that the typical honeybee

gut microorganisms belonging to the genus Lactobacillus,

Bacillus, and Bifidobacterium (Rada et al., 1997). Recent

studies on the detection and identification of LAB have

identified new phylotypes of Lactobacillus in the honey

stomach of European honeybee A. mellifera, bumblebee,

and A. dorsata (Olofsson and Vasquez, 2008; Vásquez et

al., 2009; Tajabadi et al., 2011b). However, the current ex-

periment was the first report highlighting the presence of L.

plantarum, L. pentosus, and L. fermentum in the honey

stomach of Malaysian honeybee A. dorsata. Olofsson and

Vasquez (2008) found different varieties of lactobacilli

profiles (L. kunkeei, L. buchneri, and L. acidophilus) in

honey stomach of honeybee A. mellifera. In a previous

study, we observed different lactobacilli profiles (L.

kunkeei, L. vermiform, and Lactobacillus sp) in the honey

stomach of honeybees A. dorsata in the highlands of Kedah

state, in the north of Malaysia. The result of our previous

work in the Kedah state of Malaysia, on the presents of

LAB in the honey stomachs of honeybees, in concordance

to the studies in the USA and Sweden, those reported that

the numbers and members of the LAB microbiota detect-

able in the honey stomach were seasonal and dependent to

the source and amount of nectar (Tajabadi et al., 2011b;

Vásquez et al., 2009). Moreover, the presence of other bac-

terial genera within the honeybees and honeybees species

were probably other factors to influence upon composition

of LAB in the honey stomach.

Conclusion

In conclusion, our study emphasized on the presence

of three promising and novel strains of L. plantarum, L.

pentosus, and L. fermentum isolated from the honey stom-

ach of honeybee A. dorsata from the forest area of Mela-

leuca, in Terengganu, Malaysia. These strains present in

honey and resistant to its antimicrobial character could be

considered as good candidates for screening of potential

probiotics from honeybee and also as candidates as natural

food preservatives for their possible use in the food indus-

try. However, studies on the characterization of these novel

strains of lactobacilli are recommended.
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