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Abstract. Karyawati AT, Nuraida L, Lestari Y, Meryandini A. 2018. Characterization of abundance and diversity of lactic acid bacteria 
from Apis dorsata hives and flowers in East Nusa Tenggara, Indonesia. Biodiversitas 19: 899-905. Previous research on lactic acid 
bacteria associated with honey bees has been conducted in temperate arid regions and wet tropical regions. We isolated lactic acid 
bacteria from giant honey bee (Apis dorsata) hives and flowers in East Nusa Tenggara, Indonesia, an area with a tropical savanna 
climate. Diversity of lactic acid bacteria was studied using Denaturing Gradient Gel Electrophoresis method. The purpose of this study 
was to obtain information about the diversity of lactic acid bacteria contained in Apis dorsata hives and flowers from tropical savanna 
climate. We identified seven Operational Taxonomy Units (OTU) within the hives and flowers. Two OTUs were closely related to 
LactoBacillus kunkeei strain YH-15 (T), while three others were closely related to Lactococcus lactis subsp. tructae strain L105 (T). 
This information is important to explore the potential utilization of lactic acid bacteria in maintaining human health. 

Keywords: Apis dorsata hives, denaturing gradient gel electrophoresis, East Nusa Tenggara, flowers, lactic acid bacteria 

INTRODUCTION 

Lactic acid bacteria can be found in milk and dairy 
products, animal digestive tracts and plants. Generally, 
lactic acid bacteria are known as Gram-positive bacteria 
that produce lactic acid as the final product of carbohydrate 
fermentation. Lactic acid bacteria are widespread on the 
surface of various flowers and may be carried by honey bee 
in the hives (Daeschel et al. 1987). Flowers containing 
nectar and pollen are a food source for giant honey bee 
(Apis dorsata Fabricius, 1793). Nectar and pollen are 
collected by giant honey bee from flowers, which are then 
deposited in the hives. When the giant honey bee collects 
nectar and pollen from flowers, lactic acid bacteria on the 
surface of flowers are carried over and deposited in the 
hives (Olofsson & Vásquez 2008). Therefore, many kinds 
of lactic acid bacteria from flowers exist in the hives.  

Indonesia has been known as the most diverse honey 
bee species in the word. Five of nine species of honey bees 
are native to Indonesia, i.e., Apis andreniformis, A. dorsata, 
A. cerana, A. koschevnikovi, and A. nigrocincta 
(Hadisoesilo 2001). Apis dorsata is indigenous honey bee 
species that has the biggest body size of all honey bees in 
Indonesia. Apis dorsata (giant honey bee) is a wild honey 
bee building the hive on the tree in the jungle. Hives of 
Apis dorsata consist of a big honeycomb whose the width 
reaching until one-meter square (Hadisoesilo 2001). A 
Giant honey bee is an aggressive honey bee with the wide 
range area of feeding. 

Some researchers had found lactic acid bacteria in the 
hives of honey bees and flowers. Lactic acid bacteria had 
been isolated from hives of Apis mellifera in Tucson (arid 
regions in Arizona, USA) and hives of Apis dorsata in 
Kedah, located in the tropical region of Malaysia 
(Anderson et al. 2013; Tajabadi et al. 2013). The lactic acid 
bacteria from flowers in Jonstorp (the cold temperate 
region in Sweden) were LactoBacillus kunkeei, 
LactoBacillus spp., and Bifidobacterium spp. while lactic 
acid bacteria from flowers in Tucson (arid regions in 
Arizona, USA) were LactoBacillus Firm5, L. kunkeei, 
Enterococcus sp., and Weissella sp. (Olofsson & Vásques 
2008; Anderson et al. 2013). Based on these results lactic 
acid bacteria on flowers from different climates (cold and 
arid climates) had different diversity.  

Previous research on lactic acid bacteria associated with 
honey bees has been conducted in temperate arid regions 
and wet tropical regions. However, diversity of lactic acid 
bacteria in bee hives has not been previously studied in 
tropical savanna climates. Therefore, the objectives of our 
study were to: (i) quantify diversity of lactic acid bacteria 
from giant honey bee hives and flowers in East Nusa 
Tenggara, Indonesia, a region with a tropical savanna 
climate; and (ii) predict the benefits of lactic acid bacteria 
from bee hives for human health based on diversity of 
lactic acid bacteria. 
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MATERIALS AND METHODS 

Study area 
Hives of Apis dorsata and flowers were collected from 

the sub-districts of Central Amfoang, South Amfoang and 
Central Fatuleu in Kupang District, East Nusa Tenggara 
Province, Indonesia. These three sub-districts represented 
areas of high honey production from hives of Apis dorsata. 
East Nusa Tenggara has a tropical savanna climate with a 
dry season is longer than the wet season. Grasslands 
represented the dominant vegetation.  

Procedures 
Sample collection 

The hives were collected randomly from three different 
trees in each location and were subsequently mixed. 25 g of 
hives were weight and used as samples. Similarly, flowers 
from 9-12 plants in each location were randomly collected 
and were subsequently mixed as well as weighted around 
25 g for samples. There were a total of six samples from 
three different areas for three replications.  

Isolation of Lactic Acid Bacteria 
The sample (25 g) was suspended in 100 mL of 0.85% 

(w/v) NaCl (Merck, USA). a 100 μL aliquot of suspension 
was spread on Mann, Rogosa and Sharpe agar (Merck, 
USA) supplemented with 1% of CaCO3, which were then 
incubated for 24 hours at 37°C under anaerobic conditions 
using Anaerobic Jars with Anaerocult A gas packs (Merck, 
Darmstadt, Germany). All grown colonies were scraped 
and dissolved in 500 μL nuclease-free water and 
centrifuged at 12,000 g for 2 min. The supernatant was 
discarded and bacterial cells were collected for DNA 
extraction. 

DNA extraction 
Bacterial DNA was extracted with PrestoTM Mini 

gDNA Bacteria Kit (Geneaid, Taiwan). The DNA 
extraction procedure was carried out following the manual 
provided by the manufacturer. Extracted DNA was tested 
for purity by Nanodrop 2000 spectrophotometer (Thermo 
Scientific, Wilmington, DE, USA). 

Amplified 16S rRNA gene 
Bacterial DNA was amplified by PCR Applied 

Biosystem 2720 Thermal Cycler (Thermo Fisher Scientific, 
Massachusetts, USA). Amplification was performed with a 
universal primer for 16S rRNA gene that was hybridized 
with GC clamps (Ovreas 1997). DNA was amplified with 
primer 338 Forward (ACTCCTACGGGAGGCAGCAG), 
518 Reverse (ATTACCGCGGCTGCTGG) and 338 
Forward-GC (CGCCCGCCGCGCGCGGGGGGGGG 
GGGGGGGGGGGGACGGGGGCGGGGGAGGCAGCA. 
The PCR reaction contained 25 μL of final solution 
consisting of: 1.25 μL of 10 pmol of each primer, 12.5 μL 
Go Taq Green Mastermix 2x (Promega, Madison, USA), 
2.5 μL DNA template and 7.5 μl nuclease free water 

(NFW). Amplification by PCR comprised 35 cycles of pre-
denaturation at 94°C for 5 minutes, denaturation at 92°C 
for 30 seconds, annealing at 58°C for 30 seconds, 
elongation at 72°C for 45 seconds, and post-elongation at 
72°C for 3 minutes. The PCR products were migrated on 
1% agarose gel and stained with ethidium bromide 0.1% 
for visualized in G: BOX Gel Documentation (Syngene, 
Frederick, USA). 

Denaturing Gradient Gel Electrophoresis 
The electrophoresis process was performed on D 

Universal Mutation Detection System (Bio-Rad, California, 
USA) at 60°C, 150 volts for 5 hours. A total of 20 μl of 
DNA and 5 μl of loading dye were migrated on 8 % 
polyacrylamide gel containing a denaturing gradient from 
30-70% (Muyzer 1993; Muyzer & Smalla 1998). The 
polyacrylamide gel was stained with ethidium bromide 
0.1% for 15 minutes, then visualized in G: BOX Gel 
Documentation (Syngene, Frederick, USA). DNA bands on 
polyacrylamide gel were cut and eluted with 100 μl 
nuclease free water, which were then amplified with PCR 
TI-Thermocycler (Biometra, Goettingen, DE) using the 
same primers (338F and 518R) but without GC clamps. 
Results of amplified DNA were sent to the provider of 
sequencing services for DNA sequencing. 

Data analysis 
The DGGE profile had been interpreted with Lab Image 

Plat Form software to determine volume of DNA bands or 
OTU (Operational Taxonomy Unit). This volume was used 
to calculate diversity index and evenness index of 
microbial community. The OTU value represents 
abundance of lactic acid bacteria in DNA bands. The 
Shannon-Wiener diversity index was calculated based on 
the OTU value using the formula: H' = - Σ pi ln pi, where 
Hʹ is Shannon-Wiener diversity index and pi is the relative 
abundance of OTU. Evenness index (E) was calculated by 
the following equation: E = Hʹ/ln S, where Hʹ is Shannon-
Wiener diversity index and S is bacterial richness that 
expressed total number of OTU in sample (Hill et al. 2003; 
Pangastuti et al. 2010; Radita et al. 2017). Criteria of 
Shannon’s diversity (Hʹ): Hʹ < 1 the diversity is low, 1 < Hʹ 
< 3 the diversity is medium, Hʹ > 3 the diversity is high. 
Evenness index (E) value is between 0 to 1, E < 0.4 the 
evenness of population is low, 0.4 < E < 0.6 the evenness 
of population is medium, E > 0.6 the evenness of 
population is high.  

DNA sequences were analyzed by MEGA (Molecular 
Evolutionary Genetics Analysis) software version 7.0 for 
assembly and trimming process. The DNA sequences were 
compared to database of 16S rRNA gene of type strain in 
EzTaxon Bio Cloud (http: //eztaxon-e.ezbiocloud.net) 
software (Yoon et al. 2017; Park et al. 2012). The 
homologous sequences were aligned with MEGA 7.0 by 
the bootstrap method (Kumar et al. 2016). Phylogenetic 
tree was constructed by Neighbour-Joining method. 
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RESULTS AND DISCUSSION 

Denaturing Gradient Gel Electrophoresis profile of 
lactic acid bacteria in flowers and Apis dorsata hives 

Number of DNA bands varies among locations and 
between flowers and hives. Sample E (honeybee hives 
from South Amfoang) had the largest number of DNA 
bands, while sample A (flowers of Central Amfoang) had 
the smallest number of DNA bands (Figure 1). The most 
dominant DNA bands were found in line 5 and line 6, and 
both lines had bands presented in all samples. The pattern 
of bands in line 1, line 3, and line 4 were found only in 
hives of the giant honey bee (samples D, E, F). Flowers 
collected from Central Amfoang (A) contained only 2 
bands in line 5 and line 6. Flowers collected from South 
Amfoang (B) contained 3 bands, which were presented in 
line 5, line 6, and line 7, while flowers collected from 
Central Fatuleu (C) contained 4 bands, which could be 
observed in line 2, line 5, line 6, and line 7. Hives of the 
giant honey bee collected from Central Amfoang (D) 
contained all bands in all line numbers except for line 2 
with six bands. Hives of Apis dorsata (E) from South 
Amfoang contained all bands with total of seven bands. 
Hives of Apis dorsata from Central Fatuleu (F) did not 
have bands in line 1 and line 7 with five bands. The flowers 
contained fewer DNA bands than the hives of the giant 
honey bee, showing that the type of lactic acid bacteria 
(LAB) found in the hives was more diverse than the type of 
lactic acid bacteria found in the flowers. 

The abundance and diversity of lactic acid bacteria 
We also found that diversity in LAB differed among 

locations and between flowers and hives. The hives of Apis 
dorsata from South Amfoang (E) had highest rank 
abundance of operational taxonomy unit (OTU) (Figure 2). 
Flowers from Central Amfoang (A) had lowest rank 
abundance of OTU. There were seven OTU in sample E, 
while sample A only contained two OTU. Flowers from 
Central Fatuleu (C) had more OTU than other flowers (A 
and B). 

Some OTUs were not uniformly distributed between 
flowers and hives. OTU1, OTU3, and OTU4 were found 
only in the hives of Apis dorsata. It is likely that three 
types of bacteria did not originate from flowers, but they 
were released from the honey bee stomachs to the hives. 
This interpretation is supported by the fact that OTU4 
(LactoBacillus kunkeei YH-15) has previously been found 
in stomachs of honey bees (Olofsson and Vásquez 2008). 
Honey bee stomachs are filled with nectar and nutrients in 
a micro-aerobic state, potentially representing an optimal 
niche for LAB.  

Samples from flowers and hives contained OTU5 and 
OTU6. Results of this study indicate that types of lactic 
acid bacteria contained in flowers are also found in the 
hives. OTU2 found in flowers from Central Fatuleu were 
also found in the hives of Apis dorsata from Central 
Fatuleu. This suggests that lactic acid bacteria from flowers 
were transferred to the hives of Apis dorsata. This 
suggestion is supported by Anderson et al. (2013) which 
showed many bacteria from bee bread (in the hives) and 

crops were also found in floral nectar, suggesting frequent 
horizontal transmission. Based on all flower environments, 
38 of 215 (17.7%) samples of sequenced isolates had 
identical similarity with honey bee gut, crop, or hive 
samples (Anderson et al. 2013).  

Although we found the same dominant OTU 
(Operational Taxonomy Unit) in each sample (Table 1), the 
composition of OTU in each sample was different. OTU5 
and OTU6 were the dominant OTU in all samples. Sample 
E (the hives of Apis dorsata from South Amfoang) had 
three-dominant OTU. 

Hives and flowers exhibited different levels of diversity 
in LAB. The hives of Apis dorsata collected from South 
Amfoang (E) had the highest diversity index (Hʹ), while 
flowers collected from Central Amfoang (A) had the lowest 
diversity index (Table 2). Evenness index of sample A was 
higher than other samples, and sample E had the lowest 
evenness index. The Hʹ values of samples C, D, E, and F 
were >1, which exhibit moderate levels of diversity. 
Sample A and B had Hʹ < 1, which indicated the low 
diversity of bacteria. Evenness index of six samples was > 
0.6, indicating high evenness of all samples from 
population and suggesting that the number of OTU in each 
sample was the same or similar. 

 
 

 

 
 
 
 
 
Figure 1. Denaturing Gradient Gel Electrophoresis profile of 
flowers (A, B, C) and the hives of Apis dorsata (D, E, F) from 
Kupang District, East Nusa Tenggara, Indonesia. Description: A = 
Flowers from Central Amfoang; B = Flowers from South 
Amfoang; C = Flowers from Central Fatuleu; D = Hives of Apis 
dorsata from Central Amfoang; E = Hives of Apis dorsata from 
South Amfoang; F = Hives of Apis dorsata from Central Fatuleu 
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Figure 2. Rank abundance of OTU (Operational Taxonomy Unit) from six samples from Kupang District, East Nusa Tenggara, 
Indonesia. A = Flowers from Central Amfoang; B = Flowers from South Amfoang; C = Flowers from Central Fatuleu; D = Hives of 
Apis dorsata from Central Amfoang; E = Hives of Apis dorsata from South Amfoang; F = Hives of Apis dorsata from Central Fatuleu  
 

 
 

Table 1. The dominant OTU of LAB from flowers and the hives 
of Apis dorsata in Kupang, East Nusa Tenggara, Indonesia 
 

Sample Σ 
OTU Dominant OTU (%) 

The same 
OTU in 

every sample 
A 2 5 (62.5%), 6 (37.5%) 5. 6 
B 3 5 (51.2%), 6 (38.5%) 5. 6 
C 4 5 (54.4%), 6 (25.7%) 5. 6 
D 6 5 (39.3%), 6 (23.3%) 5. 6 
E 7 2 (11.73%), 5 (43.2%), 6 (18.2%) 5. 6 
F 5 5 (49.1%), 6 (19.9%) 5. 6 
Notes: A = Flowers from Central Amfoang; B = Flowers from 
South Amfoang; C = Flowers from Central Fatuleu; D = Hives of 
Apis dorsata from Central Amfoang; E = Hives of Apis dorsata 
from South Amfoang; F = Hives of Apis dorsata from Central 
Fatuleu 
 
 
Table 2. Shannon-Wiener Diversity and Evenness index of LAB 
from flowers and the hives of Apis dorsata in Kupang, East Nusa 
Tenggara, Indonesia 
 
Sample Shannon-Wiener diversity 

index 
Evenness index 

A 0.66 ± 0.01 0.97 ± 0.01 
B 0.95 ± 0.02 0.86 ± 0.02 
C 1.13 ± 0.03 0.77 ± 0.02 
D 1.59 ± 0.03 0.81 ± 0.02 
E 1.65 ± 0.03 0.74 ± 0.02 
F 1.34 ± 0.03 0.77 ± 0.03 
Notes: A = Flowers from Central Amfoang; B = Flowers from 
South Amfoang; C = Flowers from Central Fatuleu; D = Hives of 
Apis dorsata from Central Amfoang; E = Hives of Apis dorsata 
from South Amfoang; F = Hives of Apis dorsata from Central 
Fatuleu 

The level of diversity was related to dominance of 
bacteria. The highest diversity of LAB in the hives of Apis 
dorsata that were collected from South Amfoang indicated 
that honey bees in South Amfoang had more sources of 
LAB than the honey bees in Central Amfoang and Central 
Fatuleu. Flowers from Central Amfoang exhibited lowest 
diversity of LAB but highest dominance. Flowers 
contained few LAB, so that bacteria can live on flower 
surfaces because there were exudates of flowers (nectar) 
and pollen as food sources for LAB (Daeschel 1987). There 
were only a few LAB on surfaces of flowers because of 
extreme conditions including direct sunlight, wind, heavy 
rain, and human disturbance.  

The sequence homology of bacteria based on 16S rRNA 
gene sequencing analysis 

The nucleotide sequences of LAB were compared with 
the database in gene bank using Ez Taxon Bio Cloud web 
software (Table 3). The results confirmed that OTU2 and 
OTU4 were closely related to LactoBacillus kunkeei strain 
YH-15 (T)1 with pairwise similarity of 98.5% and 99.5%. 
OTU5 was closely related to Lactococcus lactis subsp. 
tructae strain L105 (T)2, Lactococcus lactis subsp. 
hordniae NBRC100931 (T)3, Lactococcus lactis subsp. 
lactis JCM5805 (T)4, and Lactococcus lactis subsp. 
cremoris NCD0607 (T)5 with pairwise similarity of 99.0%. 
OTU6 and OTU7 were closely related to Lactococcus 
lactis subsp. tructae strain L105 (T)2, Lactococcus lactis 
subsp. hordniae NBRC100931 (T)3, Lactococcus lactis 
subsp. lactis JCM5805 (T)4, and Lactococcus lactis subsp. 
cremoris NCD0607 (T)5 with pairwise similarity of 99.5%. 
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Table 3. Ez Taxon Bio Cloud results of 16S rRNA gene of LAB from flowers and the hives of Apis dorsata in Kupang District, East 
Nusa Tenggara, Indonesia 
 

Code Closest species Mismatch/ 
Total nt 

Completeness 
(%) 

Pair wise 
Similarity 

Accession 
number 

OTU2 LactoBacillus kunkeei YH-15 (T)1 3/202 100 98.5% JXDB01000004 
OTU4 LactoBacillus kunkeei YH-15 (T)1 1/198 100 99.5% JXDB01000004 
OTU5 Lactococcus lactis subsp. tructae L105 (T)2  

Lactococcus lactis subsp. hordniae NBRC100931 (T)3  
Lactococcus lactis subsp. lactis JCM5805 (T)4 

Lactococcus lactis subsp. cremoris NCD0607 (T)5 

2/201 
2/201 
2/201 
2/201 

100 
100 
100 
100 

99.0% 
99.0% 
99.0% 
99.0% 

EU770697 
BCVL01000058 
BALX01000047 
AB100802 

OTU6 Lactococcus lactis subsp. tructae L105 (T)2  
Lactococcus lactis subsp. hordniae NBRC100931 (T)3  
Lactococcus lactis subsp. lactis JCM5805 (T)4 

Lactococcus lactis subsp. cremoris NCD0607 (T)5 

1/200 
1/200 
1/200 
1/200 

100 
100 
100 
100 

99.5% 
99.5% 
99.5% 
99.5% 

EU770697 
BCVL01000058 
BALX01000047 
AB100802 

OTU7 Lactococcus lactis subsp. tructae L105 (T)2  
Lactococcus lactis subsp. hordniae NBRC100931 (T)3  
Lactococcus lactis subsp. lactis JCM5805 (T)4 

Lactococcus lactis subsp. cremoris NCD0607 (T)5 

1/200 
1/200 
1/200 
1/200 

100 
100 
100 
100 

99.5% 
99.5% 
99.5% 
99.5% 

EU770697 
BCVL01000058 
BALX01000047 
AB100802 

Notes: 1Edwards et al. (1998); 2Pérez et al. (2011); 3ex. Latorre-Guzman et al. (1977), Schleifer et al. (1986); 4Lister (1873), Schleifer et 
el. (1986); 5Orla-Jensen (1919), Schleifer et al. (1986); OTU = Operational Taxonomy Unit 
 
 
 

 
OTU2 and OTU4 were closely related to LactoBacillus 

kunkeei. This type of bacteria is known as a fructophilic 
LAB (Endo et al. 2012). L. kunkeei belongs to the 
heterofermentative LAB producing lactic acid, acetic acid, 
and ethanol as a result of glucose fermentation. These 
bacteria grow very weakly on glucose-containing media, 
but they can grow well if external electron acceptor such as 
oxygen, pyruvate, and fructose exist on the media. 
LactoBacillus kunkeei performs fructose fermentation 
faster than glucose and produced acid from fructose within 
1-2 days, while the acid from glucose was formed on the 
3rd day until the 4th day. Based on this information, the 
type of LAB from OTU2 and OTU4 identified as 
LactoBacillus kunkeei was a fructophilic LAB. This 
bacterium was able to live in the hive environment because 
the hives contain large quantities of honey consisting of 
high levels of fructose. L. kunkeei was also found in crop 
(honey in stomach), midgut and hindgut of Apis mellifera, 
the bacteria were dominant in the crop (Anderson et al. 
2013). Isolates of Mesquite flower and honey contained 
L.kunkeei (Anderson et al. 2013). 

OTU5, OTU6, and OTU7 were closely related to 
Lactococcus lactis. The L. lactis bacteria known to be safe 
for humans (Laroute et al. 2017; Nuryshev et al. 2016). L. 
lactis isolated from milk in Russia has antimicrobial 
activity against Gram positive and Gram-negative bacteria 
and antifungal to the fungi of the genus Aspergillus, 
Fusarium, and Candida (Nuryshev et al., 2016). These 
bacteria are resistant to acidic environments and bile salts, 
are sensitive to antibiotics, and exhibit treatment effects in 
mice suffering from chronic ileum-dermatitis (Nuryshev et 
al. 2016). Based on this information, OTU5, OTU6, and 
OTU7 were predicted to have potential candidates for 
probiotics with functional properties as antibacterial and 
antifungal, which may play an important role in the 
treatment of chronic ileum dermatitis. According to 

Laroute et al. (2017), L. lactis is divided into four 
subspecies: lactis, cremoris, hordniae, and tructae, but 
only subspecies lactis and cremoris are of industrial 
interest. L. lactis is involved in the manufacture of dairy 
products, such as cheese, buttermilk and sour cream. The 
role of L. lactis is acidification step and contributes to the 
flavor of dairy products, notably due to its capacity to 
produce diacetyl and acetoin. Diacetyl is an aroma well-
known for its buttery taste. The phenotype investigation of 
L. lactis strains reported here revealed highly diverse 
carbohydrate metabolism, especially in plant- and gut-
derived carbohydrates, diacetyl production and stress 
survival (Laroute et al. 2017). L. lactis aids in food safety 
because of high production of lactic acid and antimicrobial 
agents such as bacteriocin. 

Phylogenetic tree analysis 
Phylogenetic analysis using MEGA 7.0 by neighbor-

joining method (with bootstrap 2000x) showed that OTU2 
and OTU4 had 99% bootstrap value and were closely 
related to LactoBacillus kunkeei YH-15 (T) (Figure 3). 
OTU5 and OTU6 and OTU7 had 99% bootstrap value and 
were closely related to Lactococcus lactis subsp. tructae 
strain L105 (T), Lactococcus lactis subsp. hordniae 
NBRC100931 (T), Lactococcus lactis subsp. lactis 
JCM5805 (T), and Lactococcus lactis subsp. cremoris 
NCD0607 (T). Results of this phylogenetic tree analysis 
were the same as results of Ez Taxon Bio Cloud web. 
Taxonomy of LactoBacillus kunkeei: Kingdom of Bacteria, 
Phylum Firmicutes, Class Bacilli, Order Bacillales, Family 
Bacillaceae, Genus Bacillus. Taxonomy of Lactococcus 
lactis: Kingdom of Bacteria, Phylum Firmicutes, Class 
Bacilli, Order Bacillales, Family Streptococcaceae, Genus 
Lactococcus. 
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Figure 3. Phylogenetic tree of 16S rRNA gene of lactic acid bacteria from flowers and the hives of Apis dorsata in Kupang District, 
East Nusa Tenggara, Indonesia with MEGA 7 (bootstrap analysis with 2000 replication) software. Note: OTU code refers to Table 5. 
 
 
 

Diversity of lactic acid bacteria from Apis dorsata hives 
was higher than diversity of lactic acid bacteria from 
flowers. Lactic acid bacteria from Apis dorsata hives and 
flowers were closely related to LactoBacillus kunkeei and 
Lactococcus lactis. Based on results of bacterial diversity 
analysis, lactic acid bacteria from flowers and Apis dorsata 
hives in East Nusa Tenggara (Indonesia) can be predicted 
as potential candidates for probiotics with functional 
properties as antibacterial and antifungal. We note that the 
diversity analysis using DGGE method has limitations, 
because it is not compatible to analyze the long DNA 
fragments. We recommended for further research to 
quantify the diversity of lactic acid bacteria by advanced 
methods such as metagenomic with next-generation 
sequencing methods to examine culturable and 
unculturable lactic acid bacteria from hives and flowers of 
native honeybees. 
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