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Honey is a widely consumed food and a habitat for diverse
microorganisms. In this paper, we employed the metagenomics
approach to investigate the species composition and genetic make-up of
natural honey from Moc Chau, Yen Chau and Quynh Nhai districts,
Son La province in Vietnam, where is favorable for honey production.
The results revealed that honey contains DNA from various
microorganisms, notably the bacterium Apilactobacillus kunkeei and
the yeast Zygosaccharomyces rouxii. Observable differences in
microbial composition among 06 honey samples have been noted,
suggesting that metagenomics could be applied to trace honey’s
geographic and biological origins. The gene function profiles of
microorganisms in honey indicate diverse metabolic activities and
biological processes, with similar functional gene compositions across
samples. The functional group "Defense Mechanisms" accounts for an
average of 2.94+0.13%, reflecting microbial adaptations to the harsh
environment of honey through efflux pump systems. Genes associated
with  “Secondary compound metabolism” average 1.52+0.43%,
demonstrating that honey is a source of bioactive compounds. This
study provides a honey metagenomic data resource for exploring novel
microorganisms and genes in Vietnamese honey.
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Mat ong
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Mat ong la thuc pham pho bién cua con ngudi va méi trudng séng cua
nhiéu vi sinh vat. Tinh Son La, Viét Nam c6 diéu kién tu nhién thuan
loi cho su phat trién ciia ong mat. Trong bai bao nay, chung t6i da sir
dung phuong phap metagenomics dé khao sét thanh phan sinh vat va
cac gene trong mat ong tu nhién thu tai Moc Chau, Yén Chéau va
Quynh Nhai, tinh Son La. Két qua cho thdy mat ong chia DNA cua
nhiéu loai sinh vat, néi bat 1 vi khuan Apilactobacillus kunkeei va
nim Zygosaccharomyces rouxii. Sy khac biét vé& thanh phan sinh vat
gitta cAc mau mat ong cho thdy tiém niang cua metagenomics trong
viéc truy xuat ngudn goc mat ong. Ho so chire ning gene tiét 16 sy da
dang vé trao doi chat va qua trinh sinh hoc, vai thanh phan chirc ning
gene tuong dong gitra cac mau. Nhém "Co ché phong vé" chiém 2,94
+ 0,13%, phan anh kha nang thich nghi cta vi sinh vat véi moi truong
mat ong théng qua cac protein bom dao thai. Cac gene lién quan dén
chuyén héa hop chat thir cdp chiém 1,52 + 0,43%, chang té rang mat
ong la ngudn céc hop chét co hoat tinh sinh hoc. Nghién ctiu nay cung
cip nguon dit liéu metagnome nham khai théc thdng tin vi sinh vat va
gene mai tr mat ong tai Viét Nam.
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1. Introduction

Honey is renowned for its uniquely sweet taste and complex chemical composition,
contributing to its nutritional and therapeutic properties [1]. Given its probiotic potential and
natural antibacterial properties, honey is a valuable resource in medical and wellness applications
[2], [3]. The microbiota found in honey consists of a variety of bacteria, fungi, and other
microorganisms that originate from multiple sources, including the bee's digestive tract, pollen,
and the surrounding environment [4]-[7]. Despite honey's extreme conditions, including high
osmotic pressure, low pH, and antibacterial properties, these microorganisms have uniquely
adapted and thrived. Researching the biodiversity of honey is crucial as it offers insights into
ecosystem health, particularly the well-being of honeybee populations [8]. By analyzing the
pollen content of honey, researchers can identify key plants of bee foraging, which can inform
conservation strategies. Furthermore, studying the microorganisms in honey can enhance food
safety by identifying both beneficial and potentially harmful species [9].

Son La, a mountainous province in northern Vietnam, is known for its favorable conditions
for honey production [10]. The rich biodiversity of Son La’s plants contributes to its honey’s
distinctiveness and high quality. Metagenomics has become a key tool to gain a deeper
understanding of the microbial composition in Son La's honey. Metagenomic methods allow
researchers to analyze the genetic material of all microorganisms in a honey sample, offering a
comprehensive picture of the microbial biodiversity without the need to culture individual species
[7]. Via this approach, researchers can identify microbial species and their functional roles,
shedding light on their contributions to honey's flavor, preservation, and health-promoting
properties [11].

While there has been some research on the chemical composition of honey in Vietnam [12],
[13], studies focusing on the biodiversity of microorganisms in honey remain limited. To fully
understand the biological characteristics of honey produced in Vietnam, in this study, we used a
metagenomics approach to explore the species composition and genetic make-up of six natural
honey samples collected in Son La province, Vietnam. This knowledge will enhance the quality
control of honey products and open new avenues for exploring their potential across industries,
from food to medicine.

2. Materials and methods

All chemicals used for DNA extraction and purification are analytical grade and purchased
from Merck and/or Sigma Aldrich.

2.1. Sampling and processing
Table 1. The location of the beehives in this study

Sample District Coordinates
o1 21°45'57.5"N
Quynh Nhai 103°41'21.3"E

Q2 21°45'57.3"N
103°4121.7"E

v1 20°59'17.0"N
Yen Chau 104°14'25.0"E

Y2 20°59'15.0"N
104°14'26.0"E

c1 20°48'35.0"N
Moc Chau 104°42'27.0"E

c2 20°48'32.0"N

104°42'10.0"E
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In this study, six natural honey samples were collected from various locations (Table 1) within
Son La province, Vietnam, from May to June 2022. The honey samples were collected directly
from natural hives in the wild.

Samples were preserved at cool temperatures and transported to the laboratory to prepare for
DNA extraction. From each sample, 62.5 mL of honey was divided into five 50 mL Falcon tubes,
and filled with milli-Q water to reach 50 mL. The tubes were heated to 65 °C for 15 minutes,
cooled, and centrifuged at 4,620 x g for 30 minutes. The supernatant was discarded, and the
pellet was resuspended in 5 mL of milli-Q water. After combining all the suspensions into a
single tube and diluting with milli-Q water to a total volume of 50 mL, the pellet was
resuspended in 1.5 mL of milli-Q water and centrifuged at 4,620 x g for 15 minutes. The
supernatant was discarded again, and the remaining suspension was transferred to a fresh 2 mL
Eppendorf tube for centrifugation at 16,000 x g for 2 minutes to obtain a pellet. The DNA
extraction followed a protocol from a previous study [5]. Briefly, the pellet was mixed with 900
uL of TE buffer and four 2 mm glass beads, then vortexed for 1 minute. After adding 100 L of
Lysozyme solution and incubating at 37 °C for 50 minutes, the tube was centrifuged, and the
supernatant was removed. Then, 40 pL of proteinase K and 960 uL of 2.5% CTAB lysis solution
were added, vortexed, and incubated at 65 °C for 90 minutes. Chloroform/isoamyl alcohol (Cl)
was added, and the mixture was centrifuged at 7,600 x g for 10 minutes. 800 pL of the
supernatant was transferred to a fresh tube, followed by the addition of NaCl and CTAB
solutions. After additional centrifugation with Cl, the DNA was precipitated with ethanol,
washed with 70% ethanol, and treated with RNase A in TE buffer. Finally, the DNA was
dissolved in 100 pL of TE buffer and stored at 4 °C.

2.2. DNA quality checking, library preparation, and sequencing

These steps were performed by NovogeneAIT Genomics Singapore Pte Ltd. DNA
concentration, degradation degree, purity, and contamination were checked following their
criteria. Samples with an OD value between 1.8 and 2.0 and DNA content above 1 pg were used
for library preparation. Following the manufacturer’s recommendations, sequencing libraries
were generated using NEBNext® Ultra™ DNA Library Prep Kit for [llumina (NEB, USA). The
libraries were sequenced on an Illumina NovaSeq 6000 system (lllumina, Inc.), and paired-end
(PE) reads (2 x 150 bp) were generated.

2.3. Data processing

The quality of reads was checked using FastQC (v0.11.9) [14]. Raw data were processed
using Trimmomatic (v0.39) [15]. The remaining data were mapped by Bowtie2 (v2.4.5) [16] with
the human reference genome GRCh38.p14 (GCF_000001405.40) downloaded from the National
Center for Biotechnology Information (NCBI). Unmapped reads were used for taxonomic
classification by Kraken2 (v2.1.2) [17] and metagenomic assembly by MEGAHIT (v1.2.9) [18].
Bracken (v2.7) [19] was used to estimate the relative abundance from Kraken2 reports. QUAST
(v5.2.0) [20] was used to check the quality of assembled contigs. The protein-coding genes in the
contig sets and their corresponding protein sequences were predicted using the Prodigal software
(v2.6.3) [21] with the -p meta option. The functions of the protein sequences generated by
Prodigal were annotated using the reCOGnizer software (v1.11.1) [22]. The reCOGnizer software
utilizes the Conserved Domains Database (CDD) to annotate functions based on protein domains.

2.4. Data availability

The sequencing raw data in this study was deposited and available in the NCBI under the
Bioproject ID PRJNA1023004 with the Sequence Read Archive (SRA) number from
SRR26265546 to SRR26265551.
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3. Results and Discussion
3.1. Data filtering

Overall, the raw sequencing data for all samples demonstrated good quality. The percentage
of data discarded is not high (less than 10% after Trimmomatic processing), indicating the good
quality and high purity of the DNA samples. The amount of sequencing data discarded after
Bowtie2 mapping ranged from 0.01% to 0.16%. Figure 1 shows the amount of data before and
after the filtering steps.
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Figure 1. Bar plots showing numbers of base pairs before and after cleaning steps
3.2. Taxonomic profiles

Using the Bracken for six metagenome samples in honey that were collected at three different
districts showed that the eukaryotic group accounted for a high proportion in samples C1, Q1,
Q2, Y1, and Y2 (ranging from 58 to 93%) (Figure 2). Exclusively, in sample C2, the eukaryotic
group only accounted for 21%, much lower than that of bacteria (79%). The proportions of
protozoa, archaea, and viruses in this study were negligible, ranging up to 0.6%. Overall, the
findings of this study align with previous research, suggesting that the DNA composition in
honey samples can vary greatly and does not follow a specific pattern [6], [23]. Some studies
have indicated that the majority of DNA in honey samples belongs to viruses, accounting for as
much as 40% [4] to over 98% [6], followed by bacteria and eukaryotes. In contrast, specific
honey samples from Greece showed a high proportion of bacteria (~53%), followed by plants
(~31%), other eukaryotes (~14%), and viruses (~2%) [7]. Meanwhile, an analysis of honey
samples from China showed that the DNA pool in a given sample could be dominated by
bacteria, fungi, plants, animals, or viruses [23]. While current evidence in this study remains
insufficient to elucidate the relationship between microbial composition and environmental
factors fully, many studies have demonstrated that the distinct metagenomic profiles observed in
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honey samples from different regions may help in tracing the geographic origins of honey
products available on the market [23] - [25].

In the eukaryotic group, honeybee DNA accounted for the highest proportion in samples C1,
Y1, and Y2, whereas fungi dominated in samples Q1 and Q2, comprising 80% — 84% of the total
eukaryotic reads. Among fungi, Zygosaccharomyces rouxii was the most prominent species,
accounting for 76% — 85% of the phylum Ascomycota. Other fungal species, such as
Zygotorulaspora mrakki (4% - 6%) and members of the genera Saccharomyces and
Kluyveromyces, appeared in smaller proportions. Within the genus Apis, A. cerana consistently
represented over 90% of honeybee DNA across all six samples, while other species were trivial,
contributing only 3% — 4%. The small number of reads assigned to the other bees can be caused
by two reasons: (1) the DNA of these bees contaminated the honey of A. cerana through their
contact in the wild, and (2) the similarity between the genomic sequences of these species leads
to false-positive classification results [6].

The plant composition accounted for only 2% — 6% of the eukaryotic group. In this study, the
phylum Streptophyta was evenly represented, with the class Magnoliopsida dominant. Orders
such as Asterales, Malpighiales, Poales, and Fagales collectively accounted for over 70% of the
plant reads. Other species were less abundant but demonstrated significant diversity, highlighting
the ecological richness around the hives. Plant composition at lower taxonomic ranks, such as
genus and species, can vary depending on geographical regions. Our findings revealed a different
taxonomic distribution compared to a previous study [25], which reported Schleichera and
Syzygium as predominant genera. These variations likely reflect regional differences in floral
resources available to the bees, which influence pollen collection and, consequently, the botanical
composition of honey.

The relative abundance of bacteria in samples C1, C2, Q1, Q2, Y1, and Y2 were 37%, 79%,
28%, 7%, 15%, and 41%, respectively, reflecting significant dissimilarity. Among bacterial
phyla, Proteobacteria dominated only in samples Q1 and Q2, with proportions of 60% and 90%,
respectively, followed by Firmicutes (6% — 29%), Actinobacteria (1% — 6%), Bacteroidetes (2%
— 3%), and other phyla in smaller percentages. In contrast, in samples C1, C2, Y1, and Y2, the
Firmicutes phylum dominated, accounting for 85% (Y2) to 99% (C1).
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Figure 2. Bar plot illustrates the relative abundance of phylum in each sample.
Only the top 10 phyla are shown.

http://jst.tnu.edu.vn 344 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 230(09): 340 - 348

For Apilactobacillus, a significant bacterial genus reported in other bee-related studies [26],
remarkable differences were observed between samples from distinct regions in our study. In C1,
C2, and Y1, Apilactobacillus constituted 34% — 77% of the bacterial population, with over 96%
identified as A. kunkeei. In samples Q1 and Q2, however, Apilactobacillus was only 1%, with the
three species, Apilactobacillus sp. SG5_A10, A. bombintestini, and A. kunkeei present in
approximately equal proportions. A. kunkeei ferments sugars like glucose and fructose, producing
lactic acid and other organic acids that contribute to honey's preservation and flavor [27].
Thriving in honey’s acidic pH (3.5 — 4.5) [1], A. kunkeei is pivotal in enhancing honey’s sensory
attributes and shelf-life. Its fermentation creates an environment unfavorable to spoilage
microorganisms, highlighting its significance in food preservation and potential probiotic
applications [28]. In addition, we also detected Enterococcus faecium, Lactobacillus panisapium,
Escherichia coli, and Paraburkholderia fungorum at varying levels, reflecting the diversity of
bacteria in the honey samples. While some species are commonly associated with bee gut
microbiota or environmental sources, E. coli may indicate potential contamination and should be
further investigated.

As mentioned, some previous studies have shown that most of the DNA in honey samples is
viral, ranging from 40% [4] to more than 98% [29]. The viral group often dominates in other
studies of the honey metagenome. However, in our samples, the percentage of viral DNA was
very low; the highest was in sample C1, with 0.6%. There were differences in the viral species
composition of the samples in different regions. While the read percentage of Polybotosvirus
accounted for the majority in samples Q1 and Q2, the group of viruses Apis mellifera filamentous
virus (AmFV) was dominant in the other four samples. In addition to its primary host, A.
mellifera, AmFV has also been detected in populations of A. cerana in China [30]. Studies on
this virus indicated that it is relatively harmless to bees [31].

3.3. Metagenomic assembly

Table 2 presents the results of metagenome assembly. The samples’ contiguity is different,
expressed through the average length of contigs (auN), the index N50, L50, and the number of
contigs in each sample. Sample C1 has a high N50 index but a low L50 index and the lowest
number of contigs, indicating that this sample has the best continuity, while Q2 has the worst
continuity. The contig sets were used for gene prediction and functional annotation.

Table 2. Reference-free metrics for metagenomic assembly result of each sample

Sample No. contigs Total length auN N50 L50
C1 167,377 323,769,217 28,018 11,464 5,425
C2 162,804 278,111,171 13,782 3,411 18,216
Q1 342,323 395,716,891 52,599 1,465 35,177
Q2 400,709 298,592,043 9,188 704 117,939
Y1 1,386,043 1,424,228,826 5,514 1,244 250,196
Y2 336,418 415,887,259 14,656 2,459 19,301

3.3. Functional profiles

To our knowledge, limited research has been conducted on the functional gene composition of
metagenomes in honey. The gene function profiles (Figure 3) in this study highlight the diverse
metabolic activities and biological processes the microbial community performs in honey.
Notably, the functional gene composition across honey samples is mainly consistent. Prominent
functional groups include carbohydrate metabolism and transport, cell membrane/wall/capsule
formation, replication, transcription, translation, and ion metabolism and transport — essential
processes required for cellular survival. Compared to the gut microbiota of honeybees [32], the
honey microbiota also exhibits a high abundance of genes related to carbohydrate metabolism

http://jst.tnu.edu.vn 345 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 230(09): 340 - 348

and transport, underscoring the distinctive characteristic of microorganisms thriving in honey that
adapt to a high-sugar environment.

Notably, the "Defense mechanisms™ functional group accounts for an average proportion of
2.94 £+ 0.13%. Honey is an environment characterized by high sugar concentration, low water
activity, low pH, and the presence of antimicrobial compounds. Microorganisms thriving under
such conditions require defense mechanisms to adapt to the environment. Most genes in this
group in our honey samples encode efflux pump proteins, particularly multidrug efflux pumps,
indicating that the microorganisms in honey may possess the ability to resist multiple types of
antibiotics. Genes related to the transport and metabolism of secondary compounds were also
present in all four samples, with an average proportion of 1.52 + 0.43%. Although their
proportion is not high, their presence could still be valuable for researching and developing of
highly applicable compounds such as antimicrobial agents and antioxidants.
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Figure 3. Bar plot showing the abundance of gene function in each sample
4. Conclusions

This study provides a foundational analysis of the microbial and functional gene composition
in honey samples from Son La province. The microbial composition of honey samples varies
significantly and is influenced by environmental factors. We identified the presence of efflux
pump genes in metagenomic sequences, demonstrating microbial adaptation to the extreme
conditions in honey. Our findings highlight the diverse microbial ecosystem of honey and its
potential for developing biologically active compounds.
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