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Microbial Diversity and Functions of Acacia Honey Revealed by
Environmental DNA Metabarcoding for Geographic Origin Identification

Seonmi Kim, Hong Min Choi, Pureum Im, Samgyul Lee, Mun Seon Lee, Yungon Son,
Suwon Park and Soon Ok Woo*

Department of Agricultural Biology, National Institute of Agricultural Science, Rural Development Administration,
Wanju 55365, Republic of Korea

m This study analyzed fifteen domestic and four imported Robinia honey samples using V3-
V4 16S rRNA gene metabarcoding, identifying a total of 1,147 bacterial taxa. The 39 most
prevalent taxa were grouped into five functional categories based on their physiological and
ecological characteristics: (1) honeybee-associated symbionts, such as Apilactobacillus spp.
and Gilliamella apicola, which aid in digestion and immune function; (2) pathogenic bacteria,
including Melissococcus plutonius and Paenibacillus larvae, responsible for foulbrood
diseases; (3) beneficial and probiotic strains like Bacillus atrophaeus, Latilactobacillus sakei,
and Clostridium butyricum with fermentative and antimicrobial properties; (4) skin and human
commensals, such as Cutibacterium acnes and Staphylococcus capitis, suggestive of potential
operator or cross-contamination; and (5) environmental and plant-associated microorganisms,
including Pantoea, Acinetobacter, Pseudomonas, and Erwinia, originating from soil, vegetation,
and air. These microbial community profiles show potential as biomarkers for verifying honey
origin, as well as providing simultaneous insights into apiary health and disease risks.
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Table 1. Alpha diversity indices of microbial communities in Robinia honey samples

Sample Observed Shannon Simpson Sample Observed Shannon Simpson
P ASVs entropy P p ASVs entropy p
China 3 1775 8.97 0.996 Gyeongsang 2 1413 8.46 0.994
China 4 3383 10.74 0.999 Gyeongsang 3 1034 9.27 0.998
China 5 4644 11.29 0.999 Gyeongsang 4 1021 8.21 0.992
Vietnam 5409 11.83 0.999 Gyeongsang 5 1617 8.66 0.995
Gangwon 457 6.51 0.983 Gyeongsang 6 1929 9.87 0.998
Gyeonggi 1 1402 8.17 0.991 Jeolla 1 593 7.98 0.992
Gyeonggi 2 2570 9.53 0.997 Jeolla 2 941 7.81 0.991
Gyeonggi 3 1338 8.75 0.995 Chungcheong 1 909 7.85 0.993
Gyeonggi 4 3334 10.96 0.999 Chungcheong 2 1668 9.82 0.998
Gyeongsang 1 3471 9.73 0.997
Table 2. Bacteria that can be present in Robinia honey
Class Order Family Genus
Actinomycetes Mycobacteriales Lawsonellaceae Lawsonella
Corynebacteriaceae Corynebacterium
Micrococcales Brevibacteriaceae Brevibacterium

Alphaproteobacteria
Bacilli

Bacteroidia

Betaproteobacteria

Clostridia

Gammaproteobacteria

Spingobacteria

Propionibacteriales
Geodermatophilales
Rhodospirllales

Bacillales

Lactobacillales

Bacteroidales
Burkholderales

Eubacteriales
Lachnospirales
Moraxellales
Lysobacteriales

Enterobacterales

Pseudomonadales
Orbales
Sphingobacteriales

Propionibacteriaceae
Geodermatophilaceae
Acetobacteraceae
Paenibacillaceae
Bacillaceae
Staphylococcaceae

Lactobacillaceae

Enterococcaceae
Muribaculaceae
Birkholderiaceae
Comamonadaceae
Clostridiaceae
Lanchnospiraceae
Moraxellaceae
Lysobacteraceae

Erwiniaceae

Enterobacteriaceae

Pseudomonadaceae
Orbaceae

Spingobacteriaceae

Cutibacterium
Modestobacter
Bomellas
Paenibacillus
Bacillus
Staphylococcus
Apilactobacillus
Latilactobacillus
Melissococcus
Muribaculum
Burkholderia
Delftia
Clostridium
Anaeropeptidivorans
Acinetobacter
Stenotrphomonas
Panote

Mixa

Erwinia
Escherichia
Enterobacter
Tenebrionibacter
Pseudomonas
Gilliamella

Sphingobacterium
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Fig. 1. Beta diversity analysis of microbial communities in Robinia honey samples. Beta diversity was evaluated using weighted UniFrac
and Jaccard distance metrics to compare the microbial community compositions between domestic and imported Robinia honey samples.
Each point represents one of three technical replicates per sample, with colors indicating geographic origin. Circles denote imported honey

samples.
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Fig. 2. Z-score heatmap of top 30 bacterial species in Robinia honey. The heatmap depicts the standardized relative abundance (Z-score) of
the top 30 bacterial taxa across domestic and imported Robinia honey samples. Color gradients indicate variations in microbial abundance,
illustrating differences in community composition and diversity between samples of different geographic origins.
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