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Cultural characteristics of fungal species associated with

deterioration or foxing of paper and chemical removal
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ABSTRACT

The annals of Joseon dynasty, especially the volumes of King SeJong(1418-1450 A.D.),
were heavily deteriorated by fungi. Investigations on the deteriorating and foxing fungi were
carried out. Fungal structures on the beeswax, which were coated on the both side of
Han-Ji, were suspected to be involved in the deterioration, and were observed by SEM.
Isolation and culturing of these fungi were tried by scrubing swab samples and placing on
the artificial media. Culture-independent approaches were used to identify the fungal strains
associated with damages of beeswax and foxing of the paper by the analyses based on DNA
sequences data from the specific ITS region of rDNA regions. In addition, well-known paper
staining fungi(PSF), i.e., Aspergillus terreus var. terreus, Fusarium oxysporum, Chaetomium
globosum, Cladosporium cladosporioides, and Alternaria solani, were compared in the
mycelial growth and stain on beeswax and papers under different environmental conditions
(temperature, light, moisture, etc). Fungal strains isolated from the air samples in the storage
room and shelves were identified as Irpex sp., Arthrinium sacchari, Cladosporium
tenuissimum, Aspergillus sclerotiorum, Sistotrema brinkmannii, and Hypoxylon bovei var.
microsporum The isolated strains were compared in growth and stain patterns on beeswax
and papers(Han-Ji, Hwa-Ji, and Yang-Ji) whether these can cause damage or foxing on the

annals or not.
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pyridine, 1,4-butanediol di-glycidyl ether)& A}-&3te] WA AA {75 At
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Fol #AF e 2 FRAEC] ddEd Hd
Stk TEM ##& A,
EAstE 2ol FAHAAY (Fig. 1A, B)
¥ Biscogniauxia atropunctata, Aspergillus versicolor, Penicillium
polonicum, Ceriporia lacerata, Irpex lacteus® SR H AL}, ol FFE HAFFo

oAz oR B4 = ¥7) 2 EY SO 24dE #HIG,

(A)

®)

Vol 100 (11 page)

Fungal spore {FS) |

Vol. 122 (14 page)}

Fungat hyphae FH) [

TEM (x 50,000)

X 20,600

Fig. 1. Samples of the Annal of King Sejong, SEM and TEM observations. (A)
Vol.100-11 page, (B) Vol.122-7 page. FS: fungal spore, FH: fungal hyphae.
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GrolA ke A el 944G A, B, ClM o we #is AEel 2eH
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Aspergillus  sclerotiorum,  Sistotrema  brinkmannii, Hypoxylon bovei  var.
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Fig. 2. Three sampling points(A, B, C), where isolation frequency of fungal and

bacterial isolates was relatively high, are shown within the red circle.

Table 1. The number of fungal and bacterial strains isolated from

the storing room and shelves of Kyu Jang Gak

Pos. A B C D E F G Shelves
10 min 1 m= 1 (N - 1 - -
20 min 1 1 1 1 - - - 1
30 min  1(2) 2 1 - - - 1 2)

*number indicate the number of fungal isolates,

#=*the number in parenthesis indicate the number of bacterial isolates.
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Astit 9 7§ Biscogniauxia atropunctata, Aspergillus versicolor, Ceriporia lacerata
= 83 A ry Fo dyoa o) gdssigon Mu BEdE F Irpex spE F
= Ago|A] AFel FFIIYI Arthrinium  sacchari, Hypoxylon bovei var.
microsporume 3 AeelA 23w Aol FmEGTh Fol WAMTE FeAM=
Cladosporium cladosporioides, Aspergillus terreus var. terreus?t 3= oA A
Fol Fz e

Fol FHYE THEY TAF ARHE wd 7494 &3 EH, Cladosporium
tenuissimum, Hypoxylon bovei var. microsporum, Penicillium polonicum 52 A4E
AFER A g dF 50 el AdFges waA AFsido wld 304A, g2
o #FE SXG A AFe] A9 A FAHHA 2 At &
& Irpex lacteus$®t Ceriporia lacerata™ THE TS viste] A& st A FAL
Aol ¥zttt A4 BEARE AN E R Bl Ao AR 288 Aol A
2% pTEol Bdwd, 53| Irpex sp., Sistotrema brinkmannii, Irpex lacteus,
Aspergillus terreus var. terreusv 2|9 3|0l A FARAY A " St 50% = WA
A R
Mg 304 F Fo] WAL AdME A4 HAxn BT FAA Irpex sp,
Arthrinium sacchari, Cladosporium tenuissimum, Sistotrema brinkmannii, 2% 43}
3t Foll M Biscogniauxia atropunctata, Penicillium polonicum, Ceriporia lacerata, %
ol MM Fol|A  Alternaria solani, Cladosporium cladosporioides, Aspergillus
terreus var. terreus, Fusarium oxysporum 5°] ®4& Hdrs o),

RN = AL Mo Bl oA Irpex sp., Aspergillus sclerotiorum,
Sistotrema brinkmannii, Hypoxylon bovei var. microsporum, 4% @3t FolA
Biscogniauxia atropunctata, Aspergillus versicolor, Ceriporia lacerata, o3
oA Alternaria solani, Cladosporium cladosporioides, Aspergillus terreus var.
terreus, Fusarium oxysporum S°] NS iyt

A4 BARGA A 324 Ao el FNA Arthrinium sacchari, Cladosporium
tenuissimum, Hypoxylon bovei var. microsporum, 2% g3&tit FoX Aspergillus
versicolor, Penicillium polonicum, Irpex lacteus, ZE°|HANTFF FolA Alternaria

solani, Fusarium oxysporum %o} WA F4ks)ich
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3.4. 3154 My o WM §F&A AA

A e WA AAEZSE g2 Zol7t o funneld o] &3 WAl A
= &7t BHste Albol fd grobA WA AALIIF vElyA agkout Eufel
24X FAAANN APl M e A GujoA Fiel od M AAZIHI Feom
AAA AAFHAY. AAAEAA 14, di-oxaned] A, Fusarium3 Penicilliumol| <
3k Al A&7 293, N N-dimethyl-formamide®] 7%, Fusarium, Penicillium,
Aspergillus°l 3t @371 QAo pyridine® A% Fusariumol| &3 AAELH7} 2
2o} di-methyl sulfoxide, 1,4-butanediol di-glycidyl ether, acetone, ethanol, xylene
o Atolle AAZAE 9T & gk (Table 2)

Table 2. Effects of solvent treatment on stain removal on the paper

induced by paper staining fungi

treatment  filtering  soaking

No

organic solvent method eye cye
1 di-methyl sulfoxide (DMSQ) X X
2 1,4-di-oxane X F, P
3 N,N-dimethyl-formamide X AF.P
4 | tri-ethylamine X X
5 | pyridine X F
6 | 1,4-butanediol diglycidyl ether X X
7 acetone, ethanol, xylene X X

A Alternaria solani, ¥ Fusarium oxysporum, P. Penicillium polonicum.

- ! not examined.
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Aspergillus versicolor, Penicillium polonicum, Ceriporia lacerata, Irpex lacteus=.
R ey

2. 84 Al JTAA ke dRA Al AAF A HYA A B, CAA EAE
A D E F GAlA Bt ¢ & g/ Aol BHAT 37 £ Aol A5
7 2 Alde 287 9 Bol HAh 37 AMaddA Eed 7 Irpex sp,
Arthrinium sacchari, Cladosporium tenuissimum, Aspergillus sclerotiorum,
Sistotrema brinkmannii, Hypoxylon bovei var. microsporum® %24 =%t}

3. HE dsd9 Z$ Biscogniauxia atropunctata, Aspergillus versicolor, Ceriporia
lacerata ¥t WHRUT F UM Aol Fsstda, A BEld F Irpex sp.
= F5 AgoA Aol *xs P ey Arthrinium sacchari, Hypoxylon bovei var.
microsporume &3t WA 28 Aol FIEATE Fo] WAHE FAAE
Cladosporium cladosporioides, Aspergillus terreus var. terreus’} = HioA A}
o] ¥zt

4. 2o TFEL WY 304F A9} sAAA Ago] A9 FUAA FAHHANL
v Rz sl Bel$ Irpex lacteus$t Ceriporia lacerata’ty W& 3o |3}
of Ago]l dsatAtt A4 EALEA A E kA9 sttt o8]e Aol Az
FEol B, &3] Irpex sp., Sistotrema brinkmannii, Irpex lacteus, Aspergillus
terreus var. terreust A9} A o)) Ao ulae] 50%AE W XA £3k T
5. ¥/ EY #AFLL AN FHG M Bt FolA Irpex sp., Arthrinium
sacchari, Cladosporium tenuissimum, Sistotrema brinkmannii, 3% Qs Fl A
Biscogniauxia atropunctata, Penicillium polonicum, Ceriporia lacerata, 5ol A
Fol X Alternaria solani, Cladosporium cladosporioides, Aspergillus terreus var.
terreus, Fusarium oxysporum %o ¥AE fusls, x| e F3474 Az §¥
T Tl A Irpex sp., Aspergillus sclerotiorum, Sistotrema brinkmannii, Hypoxylon
bovei var. microsporum, 3% @3} Fo| A Biscogniauxia atropunctata, Aspergillus
versicolor, Ceriporia lacerata, Fol¥M 7 FolA Alternaria solani, Cladosporium
cladosporioides, Aspergillus terreus var. terreus, Fusarium oxysporum %°] #H2
FEEF e, A4 BAERGqAE 44 Mz BEi FolA Arthrinium sacchari,

Cladosporium tenuissimum, Hypoxylon bovei var. microsporum, 2% QA8 Zoll A
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Aspergillus versicolor, Penicillium polonicum, Irpex lacteus, Zo|ANT Fol A

Alternaria solani, Fusarium oxysporum %°] W8 #4314t}
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