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Isolation and Identification of Filamentous Fungi from Indoor Air
of a Sogokju Traditional Rice Wine Factory
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ABSTRACT: To investigate the mycoflora of indoor air in a Sogokju, traditional rice wine, factory, fungi were
sampled and analyzed from the air of several rooms in the factory using an Anderson air sampler and from two
kinds of Nuruk. Twelve fungal species belonging to the genera of Aspergillus, Penicillium, Gibberella, Cladosporium,
and Talaromyces were isolated. Species belonging to Aspergillus and Penicillium genera were the major species.
Seven different species of Penicillium were isolated from each different room of the factory. The Aspergillus species
found from indoor air of the factory was also found from Nuruk. Rhizopus sp. was commonly isolated from Nuruk
but not from indoor air of the factory. This is first report of fungi present in indoor air of a traditional rice wine

factory in Korea.
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Fig. 1. Examples of air sampling (top) using an Anderson air sampler in two different rooms of a Sogokju rice wine factory and
fungal colonies (bottom) detected from indoor air of the two rooms. White spots in the two plates indicate fungal colonies.
Anderson sampler used is shown in the center of the top photos.
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Table 1. Fungal species identified from indoor air of several
rooms in a Sogokju rice wine factory

Number of
isolate obtained”

Indoor air Fungal species

sampled rooms grouped

Aspergillus spl
Cladosporium spl
Fusarium spl
Penicillium spl
Penicillium sp2

Filtering room 19

Aspergillus sp2
Aspergillus sp3
Penicillium sp3

Mixing room 8

Aspergillus sp2
10 Cladosporium spl
Penicillium sp4

Storage &
aging room

Crude liquor-making 21 Aspergillus spl
room Penicillium sp5

Aspergillus spl
17 Aspergillus sp3
Penicillium sp6

Hard-boiled
rice-making room

Laboratory 13 Penicillium sp7

*After exposure to indoor air, the area of MEA medium in a plate
was divided into eight sectors and fungal colonies formed in one sec-
tor were isolated and counted. The average of the counted numbers
from three replicate plates was displayed.
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FEAIBFAT}. Cladosporium

2~ .
&3} Fusarium 5 25

Aspergillus spl. 595bp
GGTGACCTGCGGAGGATCATTACCGAGTGCGGGTCCTTTGGGCCCAACCTCCCATCCGTGTCTATTATAC
CCTGTTGCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGGGGGGGCGCCTTTGCCCCCCGGGCCCGTGCCC
GCCGGAGACCCCAACACGAACACTGTCTGAAAGCGTGCAGTCTGAGTTGATTGAATGCAATCAGTTAAAA
CTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAAT
TGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCT
GTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCGCCGTCCCCCTCTCCGGGGGGACG
GGCCCGAAAGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACATGCTCTGTAGG
ATTGGCCGGCGCCTGCCGACGTTTTCCAACCATTTTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCC
GCTGAACTTAAGCATATCAATAAGGCCGGAGGAAA

Aspergillus sp2. 574bp
CGTAGGTGACCTGCGGAGGATCATTACTGAGTGAGGGTCCCTCGGGGCCCAACCTCCCACCCGTGTATAC
CGTACCTTGTTGCTTCGGCGAGCCCGCCCCCCTTCCTTAGGGGTGGCACAGCGCTCGCCGGAGACACCAA
CGTGAACACTGTCTGAAGTTTTGTCGTCTGAGTCGATTGTATCGCAATCAGTTARRACTTTCAACAATGG
ATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGT
GAATCATCGAGTCTTTGAACGCACATTGCACCCCCTGGTATTCCGGGGGGTATGCCTGTCCGAGCGTCAT
TGCTGCCCTCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCCCCGGGGGACGGGCCCGAAAGGCAGCGG
CGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTTGTAGGCCCGGCCGGCTGCTGG
CCGACGCTGAAAAGCAACCAATCTATTTCATCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACT
TAAGCATATCATAA

Aspergillus sp3. 582bp
TTCGTAGGTGACCTGCGGAGGATCATTACCGAGTGTAGGGTTCCTAGCGAGCCCAACCTCCCACCCGTGT
TTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCATTCATGGCCGCCGGGGGCTCTCAGCCCCGGGCCCGC
GCCCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAGTCTGAGTTGATTGTATCGCAATCAGTTAA
AACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARATGCGATAACTAGTGTGA
ATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGC
CTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCTCTCCGGGGGGG
ACGGGCCCCAAAGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGT
AGGCCCGGCCGGCGCTTGCCGAACGCAAATCAATCTTTTTCCAGGTTGACCTCGGATCAGGTAGGGATAC
CCGCTGAACTTAAGCATATCAA

Cladosporium spl. 535bp
GGTGACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATAACCCTTTGTTGT
CCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCGGGTGGACACTTCAAACTCTTGC
GTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTAAAACTTTTAACAACGGATCTCTTGGTTCTGGC
ATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT
GAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCT
CGCTTGGTATTGGGCATCGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTAAGC
GTTGTGGAAACTATTCGCTAAAGGGTGTTCGGGAGGCTACGCCGTAAAACAACCCCATTTCTAAGGTTGA
CCTCGGATCAGGTAGGGGATACCCGCTGAACTTAAGCATATCATA

Fusarium spl. 549bp
TTGGTGACCAGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCTTAATGTTG
CCTCGGCGGATCAGCCCGCGCCCCGTAARACGGGACGGCCCGCCAGAGGACCCAAACTCTAATGTTTCTT
ATTGTAACTTCTGAGTAAAACAAACAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATC
GATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
CGCACATTGCGCCCGCTGGTATTCCGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCCCCG
GGTTTGGTGTTGGGGATCGGCTCTGCCTTCTGGCGGTGCCGCCCCCGARATACATTGGCGGTCTCGCTGC
AGCCTCCATTGCGTAGTAGCTAACACCTCGCAACTGGAACGCGGCGCGGCCATGCCGTARAACCCCAACT
TCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATARG

Penicillium spl. 571bp
GGTTCGTAGTGACCTGCGGAGGATCATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTT
ATTTTACCTTGTTGCTTCGGCGAGCCTGCCTTCGGGCTGCCGGGGGGCATCTGCCCCCGGGTCCGCGCTC
GCCGGAGACACCTTGAACTCTGTCTGAAGATTGTAGTCTGAGACAAAATATAAATTATTTAARACTTTCA
ACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGA
ATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTCCGA
GCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCCGTCCTCCTTCTGGGGGGACGGGCCCGAA
AGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGACTGGCCG
GCGCCTGCCGATCAACCAAACTTTTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAA
GCATATCAATA
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Penicillium sp2. 572bp
CGTAGGTGACCTGCGGAAGGATCATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTAT
TTACCTTATTGCTTCGGCGGGCCCGCCTTCACTGGCCGCCGGGGGGCTCACGCCCCCGGGCCCGCGCCCG
CCGAAGACACCCCGAACTCTGTCTGAAGAATGAAGTCTGAGTGAAAATATAAATTATTTAAAACTTTCAA
CAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAAAT
TCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGC
GTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGTCCTCCGATTCCGGGGGACGGGCCCGARA
GGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTCTGTCACCCGCTCTGTAGGCCCGGCCGG
CGCTTGCCGATCAACCCAAATTTTTATCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAA
GCATATCATAAG

Penicillium sp3. 584bp
GTTCGTAGGTGACCTGCGGAAGGATCATTACCGAGTGCGGGCCCTCGCGGCCCAACCTCCCACCCTTGTC
TCTATACACCTGTTGCTTTGGCGGGCCCACTGGGGGCCCCCTGGTCGCCGGGGGACATCCGTCCCCGGGL
CCGCGCCCGCCGAAGCGCTCTGTGAACCCTGATGAAGATGGGCTGTCTGAGTATTATGAAAATTGTCARA
ACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAA
TTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGGCATGCC
TGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGTCCCCCCGGGGACCTGCCCG
ARAGGCAGCGGCGACGTCCGTCTGGTCCTCGAGCGTATGGGGCTCTGTCACTCGCTCGGGAAGGACCTGC
GGGGGTTGGTCACCACCACATTTTACCACGGTTGACCTCGGATCAGGTAGGAGTTACCCGCTGAACTTAA
GCATATCATAAACGGGAAAGAAAA

Penicillium sp4. 572bp
TTCGTAGTGACCTGCGGAAGGATCATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCATGTTTA
TTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCGGGGGGCTTCTGCCCTCTGGCCCGCGCCCG
CCGAAGACACCATTGAACACTGTCTGAAGATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCA
ACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGA
ATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTCCGA
GCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCTTCCCGGGGGACGGGCCCGAA
AGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTTGTAGGCCCGGCC
GGCGCTTGCCGACAACCATCAATCTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTT
AAGCATATCATA

Penicillium sp5. 570bp
TTCGTAGGTGACCTGCGGAGGATCATTACTGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA
TTGTACCTTGTTGCTTCGGCAGGCCCGCCTCACGGCCGCCGGGGGGCTTCTGCCCCCGGGCCCGCGCCTG
CCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGTCTGAGCGATTAAGCAAAATTAGTTAARAACTTTC
AACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAATTAATGTGAATTGCAG
AATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCG
AGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGTCCCCCCCGGGGGACAGGCCCGAARG
GCAGTGGCGGCACCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCTG
CTTGCCGACCCCCATCAATCTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAG
CATATCATAA

Penicillium sp6. 573bp
CGTAGGTGACCTGCGGAGGATCATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATT
TTACCTTGTTGCTTCGGCGGGCCCGCCTTAACTGGCCGCCGGGGGGCTTACGCCCCCGGGCCCGCGCCCG
CCGAAGACACCCTCGAACTCTGTCTGAAGATTGAAGTCTGAGTGAAAATATAAATTATTTAAAACTTTCA
ACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCARA
TTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAG
CGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCCGTCCCCCGATCTCCGGGGGACGGGCCCGA
AAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCC
GGCGCTTGCCGATCAACCCAAATTTTTATCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTT
AAGCATATCATAG

Penicillium sp7. 558bp
ACCTGCGGAGGATCATTACTGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATTGTACCTTG
GTTGCTTCGGTGCGCCCGCCTCACGGCCGCCGGGGGGCTTCTGCCCCCGGGTCCGCGCGCACCGGAGACA
CTATTGAACTCTGTCTGAAGATTGCAGTCTGAGCATAAACTAAATAAGTTAAAACTTTCAACAACGGATC
TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAA
TCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGC
TGCCCTCAAGCACGGCTTGTGTGTTGGGCTCCGTCCCCCCGGGGACGGGTCCGAAAGGCAGCGGCGGCAC
CGAGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCCAGCCGACAAC
CAATCATCCTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA

Fig. 2. Determined nucleotide sequences and length (bp) of ITS rDNA regions in the different isolate groups of Aspergillus,
Cladosporium, Fusarium, and Penicillium obtained from indoor air of a Sogokju rice wine factory.
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Table 2. GenBank search results of sequence similarity between known fungal ITS rDNAs and the ITS rDNAs of the different
isolate groups of Aspergillus, Cladosporium, Fusarium, and Penicillium obtained from indoor air of a Sogokju rice wine

factory
GrouP e? Max Speciesb/GenBank no. GrouPed Max Species/GenBank no.
species score species score

1074 A. awamori/DQ235784 1048 P paneum/EU128612

Aspl 1074 A. niger/AB369898 Psp2 1048 P paneum/DQ339571
1070 A. tubingensis/EF621571 1048 P. paneum/DQ339554
1046 A. ochraceus/AY373854 1037 Talaromyces flavus/U18354

Asp2 1027 A. westerdijkiae/DQ682565 Psp3 979 P. pinophilum/AB369480
1026 A. westerdijkiae/EF634412 979 P verruculosum/AF510496
1062 A. oryzae/EU301638 1040 P corylophilum/AY 373906

Asp3 1062 A. oryzael AY373848 Psp4 1031 P corylophilum/EU128646
1062 A. flavus/DQ46981 1022 P corylophilum/AF034457
974 C. cladosporioides/DQ810182 976 P sclerotiorum/AY373930

Cspl 974 C. coralloides/AF393695 Psp5 966 P. sp./EU076956
974 C. tenuissimum/AJ00331 957 P grabrum/EU644087
1014 Gibberella avenacea/lEU255802 1044 P crustosum/AY373907

Fspl 1009 Gibberella avenaceal AY 147285 Psp6 1044 P expansum/AY 425984
1009 Gibberella avenaceal AJ279478 1044 P. commune/AF455527
1033 P. olsonii/AY373925 1020 P grabrum/AY373915

Pspl 1022 P. olsonii/EF634440 Psp7 1020 P grabrum/EU128643
1022 P, olsonii/DQ123662 1018 P. grabrum/EU128622

*Grouped species; Asp: Aspergillus sp., Csp: Cladosporium sp., Fsp: Fusarium sp., Psp: Penicillium sp. hSpe:cies; A: Aspergillus, C: Cladospo-

rium, P: Penicillium.

574, 582, 592bp I71E 7RI UYL Penicillium <501
&3 259 A9$E 558, 570, 571, 572, 573, 584 bp2l
A7E 73 AT Cladosporium®; Fusarium a2
Z¥7} 535 bpS} 549 bp 715 7R AL YU

ool uwhel Table 20 o}zl ITS rDNA F7|M LS
GenBank database®l|] 55 79 A7IXEH fAE
HZE 3319tk FARE A2 highly similar sequence
optiong AMEEAY 2 A A7) E=S4E max
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<Rhizopus sp.>

Fig. 3. Colony morphology (left), and microscopic image (right) of Aspergillus sp3 and Rhizopus sp. that were dominantly isolated
from both Nuruk made with domestically produced wheat and imported wheat.
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Table 3. Comparison of the number of fungal isolates obtained from the Nuruk made with domestically produced wheat and

imported wheat

Fermented malt made with
domestically produced wheat

Fermented malt made with
imported wheat

Isolated from non-ground malt
Isolated from ground malt

35Y7° 23/11
30/6 24/10

*Number of fungal isolate.
"Number of bacterial isolates.
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