“/\?5‘/\ ]
1_.

X.

= } Aspergillus

versicolor?2}
Penicillium

joe) om’cum of| ola}

O] AH %Oé

| H|A = At}




CONSERVATION STUDIES Vol.32, pp 137~153(2011)

138

AT A A2)7} Aspergillus versicolor2}
Penicillium polonicum®]| 2|3t 3HX] o] =L}
S/d0]| v|Al= &t

EE R o e P S R Rk

*IYSHATA, 2SR YA TImIcHSr

P

The Effect of Oxygen Absorbent on Aged
Characteristics of Hanji during Biological Artificial
Aging by Aspergillus versicolor and Penicillium

polonicum
Hye Young Jeong*, Kyoung-Hwa Choi* !, Ji Hee Park*, and Jin Ho Seo**
* Research Division of Restoration Technology, National Research Institute of Cultural Heritage

** Graduated school of Forest product & Biotechnology, Kookmin University

' Corresponding Author : bleaching@kangwon.ac.kr

| =& |

SRR U A o A4l i AR B B TF, AAR 53 2E Tyt AR dsta
Q5] o3 7k HQl £ 9IS 4 Uk, B3] HEAH B RN AL ol 3t Babrh LAHY) 415
uf, FF Fo|o] FARC MR e A W Aol A, L, okl 59| BotET Bl 4R Qo
ShEL Fo]0] 1e8kS of 7|51 ek, AAHA) SRRk EAR oA A5 ol AEeh Aok

Al 4= Q= n|REF O 7 oF 3000] £o] TAE e, T Fo| A% Aspergilli (30%)2} Penicilli (30%)7}
AZZ QA0 39 Hol o' dejA Qlrt, ol Qg A=sha &4 WAsl] $1eh 7P 2 e
BEA FE 25 A G uAEY A4S 208 2, IA T At WS E 5 ok ek 2 At
A= ARG HAE o] 8ato] AR &2 F ANE 2AST] Aspergillus versicolor Y+ Penicil—
lium polonicum ol &3t A=A} WA| B35 FAsHI T At Aaf 4AAg4A] Ag]7) 252 ot 9
o A= Ao} A Bl QS Ikl
TAo] (AL GA, WA BT, HE ), $bX], ofAT Fe|A vAlFe], Hu el EEUFE

*E$:2011.9.30 *£3:2011.10.31 *AMEE:2011.11.9

BN

-

jid

)



MABS

| ABSTRACT |

E4H X2l7t Aspergillus versicolort Penicillium polonicumd| 2|8t §tx|o| MEEs E4

of olxl= S0t/ HYalY, 2Bst, YK|E,

Paper cultural heritages in museums and libraries are deteriorated by many biological factors

like as fungi, insects, bacteria and rodents and get irreversibly damaged. Especially, paper com-
ponents like as cellulose, hemicellulose, lignin, pectins, tannins, proteins and mineral additives
are good nourishment for microorganism. Through some studies on fungi causing the aging of
paper materials, Aspergilli (about 30%) and Penicilli (more than 30%) are the most common
among 300 different kinds of microorganism that caused the biological aging of paper cultural
heritages in museums and libraries. At present, various treatments are attempted to control the

biodeterioration by these fungi. Especially, it is focused on the control of environmental factors
such as humidity, temperature and oxygen. In this study, the oxygen absorbent was used to control
oxygen, one of the these favorable conditions during the biological aging of Hanji by Aspergillus

versicolor and Penicillium polonicum and then the effect on prevention in aging by this treatment
was investigated. In result, the oxygen absorbent treatment had the good effect on prevention in
aging during the biological aging by two species of fungi.

Key Words : Oxygen absorbent, protection effect, biological aging, Hanji, Aspergillus versicolor,

Penicillium polonicum

! f20 4
o A T 25, £5, 4405 541 0
3 AR GBE b)) itk B3] SE7k %

N

& 20 A= wtol| o3t B3k AR 7] 45
o fRL Folo FAE MER A U A}
23t ofal 5o TpahEat T A4
e YYYLE 5hof Fo] 9] o= HAIAR]
t}(Crespo, C., Vinas, V., 1985; Gallo, F.,
1985). ol=gt n|A=o o3t A= g&o| &
7hs gk u7He A0l AokE WAA717] diwol
Aol mle] WA[sl= o] Fasict,

etz o 2 n|YE| L2 AL FE o
A}, AFES A A7 Gk
Ho g FofXl oA & - ST nAE
O] 5ol At g5 o] ek mAEo] &gk
AFEstAf o A& 9 5 gl Aol

(Porck, H. J., Teygeler, R., 2001). E3+ 37

S
I, Ak 5ol

Z210] whet BEetA] dsh Igat d3t e
gebd 5 Qlek webA mEY s 20
Z4sto] HEH3E YA sk BRlEe] A
=32 Ql=tl, AA7HA| el QR et d
L= WAJeh] SRt o R 35 Aol R
YA AL Sk, Lt EFokEov L RES- AY
dEL LWFC Fol Weoll AEFe R A A+
Aol $A4] o2 FF= A ¢ vk A
TAIZL BEL glom S A5 QA A
Zgoll siig7] whizoll @4 EH Abgolu 8 E
off ®A| ME7heke] stal qlv, 53] i
st e} 22 A7 5oL 2ol siE7
wizoll, A AR = AR-S FAISHAL SlTt
(Barba, D et. al. 2003), 18E2 335 4%
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hA| HeHEo] At - AREEAL glom | o]zl
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2. A= B

EH??} A5 Es] A3kl qlck(Porcek, H.
J., Teygeler, R., 2001; Maekawa, S., Elert, 2.1, ZAM=
K., 2003; Daniel. V. et al. 1993).

HAYTIA] A Aka B HPHO BELY 7iAE 1) 8]
HEIERE A7 e ROl L O n e apgEl Fol At FfelA 2
=T 7 A S RN BAIAN S six 2 gzels gima Ty 4304 A1)
Hof|A] T AL AlRtEo} QloB R olF E = crajste] ) %st oFA| 2 Hopukol Ale51
3} Hloto]| o3l o371 B3k Aot CHTable 1),

wHbA] B Ao A= AR 8 AR Al
ERAE BN 8 E3 e w
A& Aspergilli(F 30%)} Penicilli(30% ©]
A} %(Crespo, C., Vinas, V., 1985; Gallo, F.,
1985) 52 32l Aspergillus versicolor®}
Penicillium polonicum®] J&%9 A (2} ¥
Hho|| A =213 2| A| & e 3l 3kR] Al 7)E A
2FTAZE AeE HE QE0 R A3t uo
LJ'°1 A2 eh 3, AF =SS A5t
FagpAlof ot AEast A avs 4
SFALE,

Table 1. The description of Haniji

2) THfungi)

SR o] a4 datol| AREH 2 A o
ek Hel ol X175 A} A= ot T 7t
2} w0 1] 5 AR|5= Aspergilli(2F 30%)2}
Penicilli(30% o) & 259 o2 AHE-3FIT
2 Aol A ARRE Y] i 2ASRAS
g o] Bt o 2 A2l Aspergillus ver—
sicolor®} Penicillium polonicum®]™ (24
9] 2009) & G- AALAE (KACC)ol| A £
Hro} PDA(Potato Dextrose Agar) B Aol

Mo sample  Cooking B35 MU sample  Cooking
urers name Chemicals (g/w) urers name Chemicals (g/m)
W gt [ e | e
A B
o | g e | e
N | ot pper st | *19 ON | sl . s
c D
o | gl lme | e | S g

In this table, A, B, C, D : four manufactories; N : natural ash; C : sodium carbonate  * Source of natural lye
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LAAESH XMe|7t Aspergillus versicolor2t Penicillium polonicumOil 25t &HX|9] MEE3t EMol| 0jXl= =1t / allg, 2IZst 8x|s], MES

Zato] 289 QAFHlolE of| A 257k st
THTable 9).

2.2, YUY
1) d=gst A MASeH %2

Fig, 1] eRdl ufe} zro] Eoish ol Aha

A A EE AT, WA 242

6X6cm 7|2 At 7HEw7AA] (auto—
]_

[e]
clave)ol| A 12002 H#3F & LFAH clean

bench) WollAl 217 90mme] #Ez] tjA|of gt
A dltt, o]% cork borer(3%, p6mm))E
ARE-Sto] o2 AFISH 3 HE tA] Wf 3
o] ol JFsklon, wto] M HED o
Ao =74E 7hest e = A5 150 mm2] 7
Eg HA] ol FAsIATE nhAeoz o) Al
ol Bt o2& AlFshr] flal wtoll A g
A s P ] HE L] T (p150mm) W
of 10mLe] o5 ¥ ¥, a2t BH(para

film)o.2 WiEsldct 7k A 7o) AEsz o

Table 2. Histories and cultivation conditions of Aspergillus versicolor and Penicillium

polonicum

History Ltci)gz;—

Scientific Sample KACC

name name No.

Temper-

Source Culture
ature

Image

PDA
Aspergillus CBS |Indiana, (Potato o
versicolor K-8 41873 245.65 | USA Cellophane Dextrose 28
Agar)
PDA
Penicillium CNU |Daejeon, Pinus (Potato o
polonicum K9 43011 0600092 | Korea | densiflora |Dextrose 8¢
Agar)
Put in petridish Fumgl inceulation Addition of OA
Hanji sampling T

120
G0nn

Sealing (escal film)

—

Ol O
=

cork borer No. 3

Biological aging
in incubator at
30°C for 80 days

Fig. 1. The process of oxygen absorbent treatment (OA: oxygen absorbent)
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MaFESH M2l7h Aspergillus versicolor2t Penicillium polonicumoi| 2|8t tx|o] MEHst EAMof OlXle &1t / FallE, 2438t 4x|3], MES

Uz 5 o, ARRFAZE BEES Al DX Bop YEgh ik sk of ] A Aol
2 B o] A E Sste] 37 ARl As- diE S A e Ao ' vk
pergillus  versicolor 2} Penicillium

polonicumst2] A% AAE= Aoz ®el 3.2, 22|H EM EM(zero-span

o}, & Ao A= A e s S| Hlsl A QHZLE)

2ZeAIeE g AR A A (oxygen indica—

tor)& ARE-81o] Akds =7t A5 =(0.5%0]5}) Aspergillus versicolor ®+  Penicillium
2 FAEL IS AR FRISHIAIT,  polonicumol| &3t AHEGD}; Al A=A A

Table 3. The effect of the oxygen absorbent during biological aging by Aspergillus
versicolor (OA: Oxygen absorbent, each contents is shown in table 1)
(images taken from optical camera)

Non-treated sample Oxygen absorbent-treated sample

Cooking Chemical ~ N(Natural lye) C(SodiumCarbonate) ~ N(Natural lye) C(SodiumCarbonate)

K-8
(Aspergillus
versicolor]
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Table 4. The effect of the oxygen absorbent during biological aging by Penicillium
polonicum (OA: Oxygen absorbent, each contents is shown in table 1)
(images taken from optical camera)

Non-treated sample Oxygen absorbent-treated sample

Cooking Chemical ~ N(Natural lye) C(SodiumCarbonate)  N(Natural lye) C(SodiumCarbonate)

B
K-9
(Penicillium
polonicum)
C
D
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K-8
(Aspergillus

versicolor)

LaFLH| X274 Aspergillus versicolor2t Penicillium polonicumoi| 2|5t Hx|o| MEHst

Cooking Chemical

Non-treated sample

N(Natural lye) C(SodiumCarbonate)

(images taken from Video Microscope System)

Table 5. The effect of the oxygen absorbent during biological aging by Aspergillus
versicolor (OA: Oxygen absorbent, each contents is shown in table 1)

5t 5

g0l 0Ixl= =0t/ HallY, 2Bs, UKl MES

Oxygen absorbent-treated sample

N(Natural lye) C(SodiumCarbonate)
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Table 6. The effect of the oxygen absorbent during biological aging by Penicillium
polonicum (OA: Oxygen absorbent, each contents is shown in table 1)
(images taken from Video Microscope System)
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Non-treated sample

Cooking Chemical  N(Natural lye)

C(SodiumCarbonate)

Oxygen absorbent-treated sample

N(Natural lye) C(SodiumCarbonate)

K-9
(Penicillium
polonicum)

C
D

2]--Fof| W2 Zero—span =
X517) 93l 2t A3} Al 752 Zero—span ¢!
e 2 AEgs A 9A AR 54
(100%)°ll that Hle2 ghitstithFig. 2).
Fig. 20l4¢} 70| Aspergillus versicolor®l|
O3] P2} H A= CNZ Al @]kl B ¥

of Hsj Zaxsl= %Y %
A A2 A7 7:‘%
A3} A 5] Hl3f e Aaes Ut
W}, Penicillium po]onzcumoﬂ o5l 43t =
SHA] ESE A A S 2 Aspergillus versicolor
A2 Nzsh fAR ATkE e, £



MAERH XM2[7F Aspergillus versicoloret Penicillium polonicumdl 2lgt gtx|e| MEHESH SEMol| 0|Xl= =2t / Fallg, 24st, 8X|3], MEs

CN, CC Al=2] 7-f-olle dAEeh =7}
S71ekele, olet 22 Ans & f, Ataga
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lium polonicum®]| 2]t =43} = LY==

Bola] AR oJAIsHs A0 Balh
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3.3. Hatx E42N

1) BHM = (brightness)
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AN AC BN BC N (e N

The rate of mero span tensile strength to the initial value [Tg),X

oo

polonicum®]| 23t AHEE3} Al AaT4A| A
2lof w2 WA= Fig, 3of|A] K= v} o]
x|} AT (100%)0] et Hle= LTt

YA & 4= 0] Aspergillus versi—
colore]| &J3] &3} & sHA]&= BN Al &5t It
T HAJ o Hsl] Atk e LR e A
agA A2 Al&e] B BN, CC, DC 5=
A LJskal AR He} skl ot AE S =
of Bl fFASEAL =2 A ZhS LrEie)
Penicillium polonicum®l 2J3 €3} H g%

g

[(mKe CKa-0A |

]

= | .
&
40 +
20 |
ol i | - " " "
AN AC BN BC CN

8

The rate of mio span lensile stregih 1o the inidial value (1.3

cC DN DC

Fig. 2. The effect of the oxygen absorbent on zero-span tensile strength of the Haniji
during biologically aged by Aspergillus versicolor (left) and Penicillium polonicum
(right). (OA: Oxygen absorbent, each contents is shown in table 1)

BEE OK3-0A

The ratis of 1590 brightasss Lo the initial value (M), T

8 a 3

The ratio of 150 brightness to the fnltial valus (000, T
]

o
=3

Fig. 3. The effect of the oxygen absorbent on ISO brightness of Hanji during biological
aging by Aspergillus versicolor (left) and Penicillium polonicum (right). (OA: Oxygen
absorbent, each contents is shown in table 1, 2)
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Fig. 4. The effect of the oxygen absorbent on L* value of Hanji during biological aging by
Aspergillus versicolor (left) and Penicillium polonicum (right). (OA: Oxygen
absorbent, each contents is shown in table 1, 2)
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Fig. 5. The effect of the oxygen absorbent on a* value of Hanji during biological aging by
Aspergillus versicolor (left) and Penicillium polonicum (right). (OA: Oxygen
absorbent, each contents is shown in table 1, 2)
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Fig. 6. The effect of the oxygen absorbent on b* value of Hanji during biological aging by
Aspergillus versicolor (left) and Penicillium polonicum (right). (OA: Oxygen
absorbent, each contents is shown in table 1, 2)

| DXz 20t/ Hallg, £|Bat, BxIE], M

=2

149



H

150

ZasAET Vol.32, 2011

Aspergillus versicolor 2+  Penicillium
polonicum®]| 2|3t A= E3} Al A=A A
2ol me UV-vis S8 4127 Fig, 7
0 8ol fERct, Zh2te] 1R e 2t AR S
UV-vis 2HEH 3} 309-400mmol| 4 2] 2}2] 4
EY% 128 WE o= Sl et 1
RlollA] w v} o] SRS Hzlat Amo)
ATl vl A2 AR Rk A et 2ug
2 A dwko] A2|sHA] o8 Aol Hls| 4]

%8S & % A

=

e

2
30,

2
T

i

aF

0.010
0.009 |
0.008 |
0.007
w
< I
0.006 |

0.005 |

0.004 |

— K3-BN-OA

0.003

200 250 300 350 400
Wavelength, nm

(c)BN

= 329 7 Fd

AN, CN, DN, DC9| ¢ B=g3} Al= H A
2FTA AP Alm 2R A AR S
T ghofl vla) HaE= A
o] FAEl= AR et Bidel AC, BN
BC, CC2| 7Zf-oll= =3t AlE= 273kl
Hlaf| S7Fetglom Ak SA] Aele A
of AbagA A7t AMEE S A

7le Z o2 LERET

oL

4 2E

Aspergillus versicolor®} Penicillium polonicum
T 259 Aol o3k ehx| 9] AHEEB} Al AbAs

S A7} o)A RS BAsE Al )

o= w1

rir

0.m0

0.009

0.008

0.007

AF

0.005

200 250 300 350 400
Wavelength, nm

(bJAC

—_KS-BC-0A

200 250 300 350 400
Wavelength, nm

(d)BC

Fig. 7-1. The effect of the oxygen absorber on absorbance(AF) of Hanji during biological
aging by Aspergillus versicolor and Penicillium polonicum. (OA: Oxygen
absorbent, each contents is shown in table 1, 2)
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Fig. 7-2. The effect of the oxygen absorber on absorbance(AF) of Hanji during biological
aging by Aspergillus versicolor and Penicillium polonicum. (OA: Oxygen
absorbent, each contents is shown in table 1, 2)
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. 8. The effect of the oxygen absorber on absorbance area of the Hanji during biological
aging by Aspergillus versicolor (left) and Penicillium polonicum (right). (OA: Oxygen
absorbent, each contents is shown in table 1, 2)
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