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Korean Black Locust Honey from the Same Apiaries
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m Bacterial communities in honey can be influenced by production sites and surrounding
environmental conditions; however, little is known about their temporal variation within the same
production sites. In this study, bacterial communities in black locust honey produced at the same
five apiaries in 2024 and 2025 were compared using 16S rRNA gene-based metabarcoding. Alpha
diversity analysis showed that observed ASVs increased at all five apiaries in 2025, whereas the
Shannon diversity index decreased at four apiaries, except Hwasun, indicating different patterns
of change in bacterial richness and diversity. Apilactobacillus kunkeei was one of the predominant
bacterial species in both years, and its relative abundance increased at four of the five apiaries,
although the magnitude and direction of change varied among apiaries. Principal coordinate
analysis (PCoA) based on Bray-Curtis dissimilarity showed shifts in bacterial community com-
position between the two years within the same apiaries; however, the overall effect of year was
not statistically significant in PERMANOVA accounting for apiary (R?=0.247, P=0.125). Bray-
Curtis dissimilarities between the two years within individual apiaries ranged from 0.320 to 0.864,
indicating varying degrees of temporal change among production sites. These findings indicate
that bacterial communities in black locust honey may vary over time even within the same pro-
duction sites, although the magnitude and direction of these changes were not consistent across
sites. However, because samples from 2024 and 2025 were processed in separate experimental
batches, the observed temporal differences could not be fully distinguished from potential batch
effects. Therefore, when bacterial communities in honey are considered as potential biological
indicators of geographical origin or production environment, temporal stability within the same
production site should also be taken into consideration.
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oA HEEE vAES £} 51 5O o F et of Z/30 tfd& vk, T el T AR Aol
et 28] 4ot U e 5 ot A=et vk of Yetth= &4 Fx9 ¥st= —E—*—iﬂ?&i’r. °o|& &l
= QI (Anderson ef al., 2013; Luca ef al., 2024). Z|Zoll= AL oA E 2] ] %‘aoﬂfq UeltE e 7HHE &
DNA metabarcoding= ©|-85}to] Eof| ZAsH= P& A& Zelstal, FY AL oA xﬂﬁzu A7 HE
o] AT v @ olof] FFE mlAl= 89S EA5H 7Vs/d-& B7keta At 5}%’1‘:}.
= A7t ol R AL glom, EO| FFe} o]3telA E4d
o] Alat & X3 o] thel /gt #ld 4= g0 Haly]
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%210 ™ (Wirta et al., 2021), Pathiraja er al. (2023)2 16S
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ol @) % A3 Nyeler, 202487 2025 A== oF
T U (Robinia pseudoacacia L)) 7§ 2 A A 7]
S PO B AL UG OPINBE B
o4 4 AT T o] Azt FAT A0z
st o, 24 A7HA] AARFAS mste] 2 B
shair.

2. DNA =% %! 165 rRNA RH%} 24

7} A=’ Algs AF § HEE DNAES 55k PCR
2 A7IME S AR o= £3ski o] & fIsl 2
AR 10 gofl A= F1]9] 58o]| sidSHH= GI buffer (S M
guanidine hydrochloride containing 30% isopropanol)& 3
7V5ke] 9 F 13,000 ripm & 3057 AR5
oh dHEe & e Zt JAEH S 2]
slom, MU EZHE] O] DNAE DNeasy Plant Mini Kit
ol-gste] FZEsI3h. 45
o]l ZAf5h= 583 DNA+ QIAquick PCR Purification Kit
(Qiagen)©l| 234 affinity column ©]-8oto] H =2 94’\
SFATHKim et al., 2021). = A 22 HE DNA 353
o]z} AHZW A HellA ZH2t 2l4=3t DNA

oo Y
_HET'_‘

(Qiagen, Hilden, Germany) S

sesl

of shto] o 2 ALg-stict.
A3 242 2351 16S rRNA 5-4212] v3-v4 H

2 2}o]H 2 Jllumina adapter overhang sequence”’} 2
TH 341F (5'-CCTACGGGNGGCWGCAG-3")¢} 805R
(5-GACTACHVGGGTATCTAATCC-3') primerS ©]-&3}
o] SZ51Iek PCR ¥H-3-2lli= 5ng2] template DNA2} 2]
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X 247} 500 naM 9] forward 2 reverse primers AHE-
F9.2 ™, Herculase II Fusion DNA Polymerase (Agilent
Technologies, Santa Clara, CA, USA)S ©]-&5I%tt. PCR
£ 95°CollA] 37 27] MR F 95°C 30X, 55°C 30X
d 72°C 3029 2O R 25 cyclesS -5}, 72°COlIA
587t 2 AT PCR 24 A negative control-= 3F
A =35t o H, olof tigt FH4hE2 SQIEA] gk
PCR AtE-2 AA|?T & Nextera XT index primersE ©]-&
Sto] index PCR= 35131}, Index PCR-2 98°COllA] 14+
7k 271 AT F 98°C 15%, 55°C 15% 2 72°C 3029
ZOZ 10 cyclese 35k, 72°ColA 323 2F Al
A5t} 2% library 2] ‘52t 2718 221 F Mllumina
MiSeq platform (Illumina, San Diego, CA, USA)& ©]|-85

|t o}-N
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o] paired-end sequencing= =5t TY
3. W7INE U N2 24

/5 sequencing readsi= Trimmomatic v0.39 (Bolger et
al., 2014)E ©]-8-5F°] adapter ¥ low-quality sequencess
A AT, Trimming®ll'= LEADING : 3, TRAILING : 3,
SLIDINGWINDOW :4:20 ™ MINLEN:509] 275 2]
85}t ©]% QIME 2 v2024.2.0 (Bolyen et al., 2019) &
7JollAl DADA2 v1.36.0 (Callahan ef al., 20162 ©]-8-5}]
denoising?} paired-end read merging= <35}l amplicon
sequence variants (ASVs)E 435It} Forward & reverse
reads®] truncation length+= ZYZ}+ 270 bp2} 210 bp = Ao}
ST}, Chimera sequencest™= VSEARCH2] uchime-denovo
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ASV sequences®] taxonomic assignment= NCBI RefSeq
16S database (O’Leary et al., 2016)5 7|52 2 BLASTN
v2.17.0+5 ©]-&5to] =35I} Taxonomic assignment
o] &= sequence identity > 80%, query coverage >80% X
E-value<0.0019] 7|2 A-85k3.2H, Z} query©ll Hish
&9 hits ol-&sto] ERSHH o] S Hig e 7 Al

O At taxa'8 A EHEE AHESHAT

4. 87| 24

Alpha diversity:= Observed ASVs®} Shannon diversity
index & ©]-8-5+] H7}5FSIT}. Beta diversity+= Bray-Curtis
H]GATES 718 2 principal coordinate analysis (PCoA)
£ FActo] Alutayd F2E Hluskith 59 8
o] A= ZF Alettf] W AEE 202487 20259 Al
= 7 Bray-Curtis Hl-FAHEE o5t B7Fetqnt. A
of whE AA AlttF] £/ 9] Apole S et
PERMANOVAE HASIA oM, SAH {Fo4E2 P<
052 A7kt

g2
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4& vlasty] §J8f ZF Az 3utE BAstelon B
22 Observed ASVs®t Shannon diversity index& H] 1
SIS TH(Fig. 1). Observed ASVs= ZAME 57 5% &
FollA 2024 @ 20250 S7FoHE S UERA
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Fig. 1. Alpha diversity of bacterial communities in black locust honey collected from five apiaries in 2024 and 2025. (A) Observed ampli-
con sequence variants (ASVs) and (B) Shannon diversity index. A, Andong; CH, Cheorwon; HW, Hwasun; L, Icheon; N, Changnyeong.
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Fig. 2. Bacterial community composition of black locust honey collected from five apiaries in 2024 and 2025. (A) Relative abundance of
major bacterial taxa and (B) heatmap showing the relative abundance patterns of major bacterial taxa. A, Andong; CH, Cheorwon; HW, Hwasun;

L, Icheon; N, Changnyeong.

o} 53] 3k (HW) I 482 242 94130014 2090302,
1,034.0014 2161322 F7}sto] T 2[Hof| vl 4]
Ao 2 Wl Bolth(Fig. 1A).

2ol A 20241 Hr} 2025W0f| TASHE S UER
T} eHE (A)oll A= Bt 9.87914 7.58=, H Y (CH) M=
9.820l4] 7452 FFA5Hom, ¥ Sl=of A= 7.8101A4]
8.80°2.= Z7lsH3Th(Fig. 1B).
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ApilactobacillusZy Alvto] 2] AlgolA =2 H&
E5 .0, E3| Apilactobacillus kunkeei= ZAHE
7 At 8 AltE o & SRRIE| ).
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lo
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A A o] F Ak AtolofA] FQ
ATt taxa2] S H Ij| o) 4] ZFolE H T (Fig. 2B).

Bray-Curtis H|-FAFEE 7|1 O 2 PCoAE 4345t A},
PCoA 17} PCoA2+= A -3 WHolo] Z+2t 41.8%2F 23.5%
2 VeI (Fig. 3). 2024 AR+ PCoA -F7tollA] vl
%) Hﬂ] Bt uh 2025W Al Alddog 7ke

Aol Rk P Bt

%‘?z‘ FE7F0] 202417} 20259 T T2 1HA-2 PCoA
SN A= ohE QAo BRSO, Fede 1
2F PERMANOVA 2404 = A 7F 3 249 zto]7t
SAH o2 FolotA] ettt (pseudo-F=2.630, R2=0.247,
P=0.125). & A1 Tt 4 $13ke] A= 8ol ot
2tol 5 H Tk,

4, 2EFO| AL 7t M2 M

22 Fa7gelA 20243} 2025 Ato] o] At
H3} Y& Hlwsh] s F Al 3 T2ty
Bray-Curtis H-FAFEE AFESHTH (Fig. 4). 9% ZF vl
A= g7l wet 032000141 0.8642] H91E WERA
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Fig. 3. Principal coordinate analysis (PCoA) of bacterial commu-
nities in black locust honey collected from five apiaries in 2024 and
2025. PCoA was performed based on Bray-Curtis dissimilarity of
bacterial community profiles. PCoA1 and PCoA2 explained 41.8%
and 23.5% of the total variation, respectively. Numbers in the figure
indicate the year. A, Andong; CH, Cheorwon; HW, Hwasun; L,
Icheon; N, Changnyeong.
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Fig. 4. Bray-Curtis dissimilarity of bacterial communities between
2024 and 2025 within the same apiaries. Bray-Curtis dissimilarity
was calculated between the representative bacterial community pro-
files of the two years for each apiary. A, Andong; CH, Cheorwon;
HW, Hwasun; L, Icheon; N, Changnyeong.

o}, ¢FE (A)°] 7H & gH0.864)S HEom, FY (N,
0.790)TF M (CH, 0.758)% H|WA =2 zkS vrepiict,
e Bl (HW)S 032002 7P Sekon], o] d (L)
04785 Uehtct.

.

2 ATolA oAIESY Aldt7R] Lttt 5
FaHollAE F A7) Atolo] A= thE #st S
EFRTE Observed ASVsE RAMH 57 B4 B0 A
2025A9] 5715t §1H, Shannon diversity index= SH=S
A QIRt 47 FBAo A AT Observed ASVs=
A HolA HEH ASVe] &, & FHEE UEd= vh,
Shannon index= S-F-Et @7 & Fst= 27T
ol Jid EEE TrgotE R F X1 O] HsrL FIEA] &
gt ko 2 Yehb= A2 ofYTth(Cassol et al., 2025).
71ZE =l oA EANA E Aol et Observed ASVs2t
Shannon diversity”} A= g H9|2 UER et
FHLELF Thef/dell Atol7t Qo] B HE QITh(Kim er
al.,2025). T3} o] Al A2 A QU of=t 213 A7)
of A gepd 4= glom, Elo] o] got= AlEAY
T 1 2P o] A7HA WSkt ol 2Rt Y WE T E
7FsAdo] B R QItH(Tiusanen et al., 2024). WAl o]
At A= AEE e Aol 35T 377 HEA] 1
AA o] g Z7H onlobA] ghow, 7+ W A3
T R o] Hslel A AT ot S-S BT

Al AN E Al719F Fadol ohe Halrt
= ATk, Apilactobacillus kunkeei= ZAHE OF7FAIE 9]
T8 AMFETORE et om, A3 es 57 Fed 5
47114 20258 S7Fstalnt. 5] QbEolA= 12.78%
ol 4] 86.09% = FA| F7FeE HHA, Skeoll A= 67.35%°1141
56.04%= FActo] Ferde] et A& ohE e B
th A. kunkeei= 37 WM AH Aldo= &, 3}
g 9 B0 48| TS ESE ohst A HE
He AR duA Aok AR tE 3HE 7Y B E
Aet AFONXNE A. kunkeei7t 57 A 3 Aldt2
2 yepgon, Zo| Ay 24do] s 9 s 7|
of mat g 7hsAdo] Bl E Stk (Stavropoulou ef al.,
2023). AA| Apis cerana =2] 16S rRNA gene w41 A%
A. kunkeeiv= HEF A4 7| VY SEe Fo2 o
Q15 1TH(Lanh er al., 2024). FZol= EE O] cropolA A.
kunkeei7t 8 /3 At o2 FRIE|Q 0T strain =0l
A AT EE Foll whE Zpol7t Ul 7 Ak K]
QATH(Warren er al., 2025). 8 Hlat E732] tHE ASV
of thet BLAST ZFHE F7t= HES AT A. kunkeei,
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2MD|, 2120, AT E, 0MZ, 2Y, A2, 223
Paenibacillus larvae ¥ Melissococcus plutonius= N & oh, 2 2 Ao A= o] zto]e] Yglo] F 4= gL
I} =2 sequence similarityS WEFH §1H, 45 ool = A=A, 7198 2 9 e B aclE AL
Me B0 ZaFo] FARE 50 dAEE UElY. SHA ?J%EEE—E; Sheoll A Urehd §3) Qo] IS &
weha] B A} Zro 16S rRNA -F-4412] v3-v4 49 g5t7] ot webA] o3t ATE Sk 2o dit
7|RFo 2 3 Al EFollA= dF 2Rl & o oA Al E/dolut Alatt o] ARE /e onlshe A
of o7t Hasie. o]t A A5 efshd, & A o= gujjste] sfAst7|Hthke AR & AlRelA 2
TollA ERR1E A. kunkeei®] FHEFE H3l= EO| Al o FFo= Agtste] siAe art )t 2T Eofl &
THo] 7 A7l Atolof] M= the e UERE o Qe Aet= HES DNA JEE A4 - A5 7|9 5
= HojFErh ot 2 Ao h= AEAkd % 71927 25t7] QIR A A ;2 A= QAT Pathiraja ef al.
891 21 ZAfsHA] Qhgte B = olz|gh Hgte] AH A (2023) A= tHE 2|22 7]99] E-& eDNA HEHEE Y
Hele S5t 1ol HAZE et Eot of 2 FEgellA o2 FAoto] Aldt DNA 2/d0] Z]2]4 7] o] uhaf 2}o]
A. kunkeei®] S x 5712} Shannon diversity 7471 T7 E YUehd 4= Q18-S H 15190 H, Sabater et al. (2024)
=L oW, Al e BEar Qs & e 71 HEHAE T2uds 7o oF 7|45 Sl A2
o] A A A2 BrFsHA] ke olof HisiA= 2 7193t WA ngE Hol et o] &8 7Hs A= Al
718 Ql AZo] ™ g5}, A8}, TE3F Paluoja ef al. (2025)2 W12 honey bulk
Bray-Curtis H]-F-AHE 715t PCoAol M= Y FaAkel DNA metagenomicsE &-ofl =2] 3= DNA HE7} 4]
2024‘34' 2025'd Alettdo] A2 thE f13]of LSt =014 24 9 AR ohy et Aqt & = 7]
T A7) Aol o] -4 2748 WSS gl 4= QISiTh 17 W AHE AT 7Fsd= A6 ol gt A5
1% F&dS L PERMANOVACIM = ke T Al o] &2 Eshs rutddo] 2|24 72 JRE AlT
3 2749 Apol7t FAA LR FOSHA] AU H (R’ = & 7Fs S Hojeotd, 2 A0 A ol Zrat
0.247,P=0.125), °]= ZAFE a7 AutellA ke < A5 G8shrlol A FY AR oA Q] ATHA Qb Ad
T 37F e oL siAstr] otk As ofnlRitt, T A BT BaUt e Holeth
Y FEFelA g AE FeEE O W Ml vt o g B A= 5 el AR TE T Al
B ZARE dtollAe Al7]ol wet dutetel gt =8 A 710l AT OZFAIE S B Wk =M Al R O] AJTHA]
0] /o] Hslstqlom, 27 B Alo] 7o) b Ao HE 7Fs/de FAsHIthE © o7t Qick ot 2 A
2 FA1E 717tels 3 e A o ® A ekt TolM= 570 A9 9] L FEolA 2 Aol shte]
Th(Ludvigsen et al., 2015). =3t A2 Tf2 AEH . 7|94 T ANBE AQFste] BAotdor, /id BS E5H
Z 704 EE Y AletwAlS vl gt Ao A A7 7 HHEO 2 Sd5kA] ottt ERt B Alm o] WS 24
3 Aol FrolRt 2tol7F et o w, of2]et Zfol= 7|5 A o] A gelsh] fiet 7led HieolHe
Z23 7oAl Eol the FAArE el Hstet #elE vk Fed U S 5o AEH ®HlolE Brtsh= Tl
Zdol AMEI AT (Papp et al., 2022). &, &2 X ZS A € AV A F o AEE 74 dEEE Y20
ZARRE FE AFME A AZ17F et 3] 2 AY 9 4714 4E 4] sREleRR Ao w
Fe v 4 &0 HAE I (Tiusanen et al., 2024). ©] £ 2tolet 24 batch o] FFS ¢ o] Eest7oll= A
2ot AdY Ao} vlwohd, -2]o] Avb= AR B 7} it} ESE 2 Ao A= PCR negative control-2 5+
oAl F Ak Ato| o] Al ®ist A =7t AJAkA o whek SHAAITE extraction blank, library negative control 2! mock
= 7Hs/3E Holg= g4 A= sfAld 4= qloth community+= ZSHA] AT whebA] W2 TS
Y F5e] T AlA 7t Bray-Curtis Hl-5-AHE7H0.320~ Zh= el Qo AdgolA f9lE 4 e ‘31” 2
0.864°] HLE UEPH A= o]t oA HEHRIt). O] YFe o] WA o floeB= siAof o7t 2
E, B8 Ao Ao R w2 Bl Rt Y Qsith @A19] AiE B Aol whe duhA gl Wt
B WA SReol A T Al7] Afe] 9] Zpo| 7t 71 Ak grfiste] siAstr Erhs Y AR A T Aletwt3d o]
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