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Supplementary Figure S1 

The chemical structures of the glycosides used in this study are shown as glycosides 

hydrolysable by honey proteins and Bifidobacterium sp. cell bodies (A) and those 

resistant to hydrolysis (B). 
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Supplementary Figure S2AB 

1H-NMR spectra of synthetic MSYR-isomaltose (A) and MSYR-maltose (B).  
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Current Data Parameters
NAME           20220831
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220901
Time              18.55
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT            MeOD
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG               113.07
DW               62.400 usec
DE                 6.50 usec
TE                293.5 K
D1          10.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1        10.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300118 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                64.00

MSYR-isomaltose
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Current Data Parameters
NAME         20251001sb
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20251001
Time              13.37
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT       CD3OD_SPE
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG               113.07
DW               62.400 usec
DE                 6.50 usec
TE                292.2 K
D1          10.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1        10.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                64.00

MSYR-maltose



 

 

Supplementary Figure S3 

Extracted mass chromatograms (positive ionization mode) of leptosperin, MSYR-Glc, 

and MSYR from UMF-certified mānuka honey. The signals for leptosperin and trace 

MSYR-Glc are observed as ammonium adducts.  

 

 

[M+NH₄]+ 554.208 ± 0.01, Leptosperin

[M+NH₄]+ 392.155 ± 0.01, MSYR-Glc

[M+H]+ 213.076 ± 0.01, MSYR
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Supplementary Figure S4 

Molecular phylogenetic tree based on 16S rRNA gene sequences of the five isolates 

(KK432, KK41, P4, YE1, and YI2) and reference Bifidobacterium species. The tree was 

inferred using the maximum-likelihood method with the Tamura–Nei model and gamma-

distributed rate variation among sites in MEGA 12. Node support values were estimated 

by 1,000 bootstrap replicates, and only bootstrap values ≥50% are shown. Scale bar 

indicates the number of substitutions per site. 

 KK432

 B. kimbladii H1HS16N JX099559.1 16S rRNA

 B. apousia W8102 MW540519.1 16S rRNA

 KK41

 B. asteroides CCUG 24607 EF187235.1 16S rRNA

 P4

 B. apis F753-1 LC788939.1 16S rRNA

 B. mizhiense S053-2 LC651622.1 16S rRNA

 B. choladohabitans B14384H11 MW540506.1 16S rRNA

 B. mellis Bin7N JX099565.1 16S rRNA

 B. polysaccharolyticum W8117 MW540516.1 16S rRNA

 YE1

 YI2

 B. indicum JCM 1302 D86188.1 16S rRNA

 B. coryneforme ATCC 25911 M58733.2 16S rRNA

 B. callimiconis LMG 30938 MK377257.1 16S rRNA

 B. vansinderenii Tam10B NEWD01000058 16S rRNA

 B. moraviense VB25=DSM 109958 MN707965.1 16S rRNA

 B. phasiani 6T3 MZ573302.1 16S rRNA

 B.bifidum KCTC 3202 GU361813.1 16S rRNA

 B. tsurumiense OMB115 AB241106.1 16S rRNA

 B. boum JCM 1211 D86190.1 16S rRNA

 B. thermacidophilum subsp. porcinum P3-14 AY148470.1 16S rRNA

 B. thermophilum KCTC 3225 GU361834.1 16S rRNA

 B. xylocopae XV2 MH043275.1 16S rRNA

 B. aemilianum XV10 MH043276.1 16S rRNA

 B. catenulatum AF432082.1 16S rRNA

 B. mongoliense YIT 10443 AB433856.1 16S rRNA
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Supplementary data (16S rRNA sequences) 

Strain P4:  

GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGGATCCGGGC

AGCTTGCTGTCTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCAACC

TGCCCCATGCTTCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTC

CGCACTGTCGCATGATGGTGTGGGAAAGGGTTTACCGGCATGGGATGGGGTC

GCGTCCTATCAGCTTGTTGGCGGGGTGATGGCCTGCCAAGGCTTCGACGGGT

AGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGA

CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGAT

GCAGCGACGCCGCGTGCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGA

TTGGGAGCAAGCGAGAGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGATTTATTGG

GCGTAAAGAGCTCGTAGGCGGTTCGTCGCGTCTGGTGTGAAAGTCCATCGCT

TAACGGTGGATCGGCGCCGGGTACGGGCGGACTGGAGTGCGGTAGGGGAGA

CTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCGA

TGGCGAAGGCAGGTCTCTGGGCCGTCACTGACGCTGAGGAGCGAAAGCGTG

GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATG

CTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGC

ATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATTGACGG

GGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGA

ACCTTACCTGGGCTTGACATGTGCCGGACGGCCGCGGAGACGCGGTTTCCCT

TCGGGGCCGGTTCACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGA

TGTTGGGTCAAGTCCCGCAACGAGCGCAACCCTCGCCTCGTGTTGCCAGCAC

GTTATGGTGGGAACTCACGGGGGACCGCCGGGGTTAACCCGGAGGAAGGTG

GGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTAC

AATGGCCGGTACAACGGGATGCGACATGGTGACATGGAGCGGATCCCTGAAA

ACCGGTCTCAGTTCGGATCGGAGCCTGCAACCCGGCTCCGTGAAGGCGGAG

TCGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTCCCGGGCCTT

GTACACACCGCCCGTCAAGTCATGAAAGTGGGCAGCACCCGAAGCCGGTGG

CCCAACCCGTTTGGGGGGGAGCCGTCTAAGGTGAGGTCCGCGATTGGGACT

AAG 



Strain YI2. 

GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGGATCCGCCA

AGCTTGCTTGGTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCAACC

TGCCCCATGCTTCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTC

CGCACTGTCGCATGATGGTGTGGGAAAGGGTTTACCGGCATGGGATGGGGTC

GCGTCCTATCAGCTTGTTGGCGGGGTGATGGCCTGCCAAGGCTTCGACGGGT

AGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGA

CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGAT

GCAGCGACGCCGCGTGCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGA

TTGGGAGCAAGCGAGAGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGATTTATTGG

GCGTAAAGAGCTCGTAGGCGGTTCGTCGCGTCTGGTGTGAAAGTCCATCGCT

TAACGGTGGATCGGCGCCGGGTACGGGCGGACTGGAGTGCGGTAGGGGAGA

CTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCGA

TGGCGAAGGCAGGTCTCTGGGCCGTCACTGACGCTGAGGAGCGAAAGCGTG

GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATG

CTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGC

ATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATTGACGG

GGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGA

ACCTTACCTGGGCTTGACATGTGCCGGACGGCCGCGGAGACGCGGCTTCCCT

TCGGGGCCGGTTCACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGA

TGTTGGGTCAAGTCCCGCAACGAGCGCAACCCTCGCCTCGTGTTGCCAGCG

GGTCRTGCCGGGAACTCACGGGGGACCGCCGGGGTTAACCCGGAGGAAGGT

GGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTA

CAATGGCCGGTACAACGGGATGCGACATGGTGACATGGAGCGGATCCCTGAA

AACCGGTCTCAGTTCGGATCGGAGCCTGCAACCCGGCTCCGTGAAGGCGGA

GTCGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTCCCGGGCCT

TGTACACACCGCCCGTCAAGTCATGAAAGTGGGCAGCACCCGAAGCCGGTG

GCCCAACCCGTTTGGGGGGGAGCCGTCTAAGGTGAGGTCCGCGATTGGGAC

TAAG 
 



Strain KK41. 

GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGGATCCAGGC

AGCTTGCTGTCTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCAACC

TGCCCCATGCTTCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTC

CGCATCATCGCATGATGGTGCGGGAAAGGGTTTACCGGCATGGGATGGGGTC

GCGTCCTATCAGCTTGTTGGCGGGGTGATGGCCTGCCAAGGCTTCGACGGGT

AGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGA

CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGAT

GCAGCGACGCCGCGTGCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGA

TTGGGAGCAAGCGAGAGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGATTTATTGG

GCGTAAAGAGCTCGTAGGCGGTTCGTCGCGTCTGGTGTGAAAGTCCATCGCT

TAACGGTGGATCGGCGCCGGGTACGGGCGGACTGGAGTGCGGTAGGGGAGA

CTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCGA

TGGCGAAGGCAGGTCTCTGGGCCGTCACTGACGCTGAGGAGCGAAAGCGTG

GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATG

CTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGC

ATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATTGACGG

GGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGA

ACCTTACCTGGGCTTGACATGTGCCGGACGGCCGCGGAGACGCGGCTTCCCT

TCGGGGCCGGTTCACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGA

TGTTGGGTCAAGTCCCGCAACGAGCGCAACCCTCGCCTCGTGTTGCCAGCAC

GTTATGGTGGGAACTCACGGGGGACCGCCGGGGTTAACCCGGAGGAAGGTG

GGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTAC

AATGGCCGGTACAACGGGATGCGACATGGTGACATGGAGCGGATCCCTGAAA

ACCGGTCTCAGTTCGGATCGGAGCCTGCAACCCGGCTCCGTGAAGGCGGAG

TCGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTCCCGGGCCTT

GTACACACCGCCCGTCAAGTCATGAAAGTGGGCAGCACCCGAAGCCGGTGG

CCCAACCCGTTTGGGGGGGAGCCGTCTAAGGTGAGGTCCGCGATTGGGACT

AAG 
 



Strain KK432. 

GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGGATCCGCCA

AGCTTGCTTGGCGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCAACC

TGCCCCRTGCTTCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTC

CGCATCATCGCATGATGGTGCGGGAAAGGGTTTACCGGCATGGGATGGGGTC

GCGTCCTATCAGCTTGTTGGCGGGGTGATGGCCTGCCAAGGCTTCGACGGGT

AGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGA

CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGAT

GCAGCGACGCCGCGTGCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGA

TTGGGAGCAAGCGAGAGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGATTTATTGG

GCGTAAAGAGCTCGTAGGCGGTTCGTCGCGTCTGGTGTGAAAGTCCATCGCT

TAACGGTGGATCGGCGCCGGGTACGGGCGGACTGGAGTGCGGTAGGGGAGA

CTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCGA

TGGCGAAGGCAGGTCTCTGGGCCGTCACTGACGCTGAGGAGCGAAAGCGTG

GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATG

CTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGC

ATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATTGACGG

GGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGA

ACCTTACCTGGGCTTGACATGTGCCGGACGGCCGCGGAGACGCGGCTTCCCT

TCGGGGCCGGTTCACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGA

TGTTGGGTCAAGTCCCGCAACGAGCGCAACCCTCGCCTCGTGTTGCCAGCAC

GTTATGGTGGGAACTCACGGGGGACCGCCGGGGTTAACCCGGAGGAAGGTG

GGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTAC

AATGGCCGGTACARCGGGATGCGACATGGCGACATGGAGCGGATCCCTGAAA

ACCGGTCTCAGTTCGGATCGGAGCCTGCAACCCGGCTCCGTGAAGGCGGAG

TCGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTCCCGGGCCTT

GTACACACCGCCCGTCAAGTCATGAAAGTGGGCAGCACCCGAAGCCGGTGG

CCCAACCCGTTTGGGGGGGAGCCGTCTAAGGTGAGGTCCGCGATTGGGACT

AAG 
 



Strain YE1. 

GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGGATCCGCCA

AGCTTGCTTGGTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCAACC

TGCCCCATGCTTCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTC

CGCACTGTCGCATGATGGTGTGGGAAAGGGTTTACCGGCATGGGATGGGGTC

GCGTCCTATCAGCTTGTTGGCGGGGTGATGGCCTGCCAAGGCTTCGACGGGT

AGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGA

CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGAT

GCAGCGACGCCGCGTGCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGA

TTGGGAGCAAGCGAGAGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGATTTATTGG

GCGTAAAGAGCTCGTAGGCGGTTCGTCGCGTCTGGTGTGAAAGTCCATCGCT

TAACGGTGGATCGGCGCCGGGTACGGGCGGACTGGAGTGCGGTAGGGGAGA

CTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCGA

TGGCGAAGGCAGGTCTCTGGGCCGTCACTGACGCTGAGGAGCGAAAGCGTG

GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATG

CTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGC

ATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATTGACGG

GGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGA

ACCTTACCTGGGCTTGACATGTGCCGGACGGCCGCGGAGACGCGGCTTCCCT

TCGGGGCCGGTTCACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGA

TGTTGGGTCAAGTCCCGCAACGAGCGCAACCCTCGCCTCGTGTTGCCAGCG

GGTCRTGCCGGGAACTCACGGGGGACCGCCGGGGTTAACCCGGAGGAAGGT

GGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTA

CAATGGCCGGTACAACGGGATGCGACATGGTGACATGGAGCGGATCCCTGAA

AACCGGTCTCAGTTCGGATCGGAGCCTGCAACCCGGCTCCGTGAAGGCGGA

GTCGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTCCCGGGCCT

TGTACACACCGCCCGTCAAGTCATGAAAGTGGGCAGCACCCGAAGCCGGTG

GCCCAACCCGTTTGGGGGGGAGCCGTCTAAGGTGAGGTCCGCGATTGGGAC

TAAG 


