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Color Difference of Celluloytic Cultural Properties by
Fungi

RERR, M, S’
Han, Sung Hee, Kyu Sik Lee and Young Jae Chung”

[JABSTRACT : We compared the degree of color difference formed

by

environmental factor(temperature, relative humidity) with fungal growth in order to
know how to change the color difference of cellulolutic cultural properties such as
Korean papers, cotton, jute and hemp. We concluded, from the result, that the action

of fungal growth on celluloytic cultural properties was more hamful

than

environmemtal factor. We considered the secretion produced by fungi as the causative

agent for stained formation on cellulolytic cultural properties. Alternaria sp. colored all

materials greyish black, Chaetomium sp. colored cotton and hemp  orange,

and

Penicllium sp. colored cotton, jute and hemp yellowish green. But Trichoderma sp.
and Aspergillus sp. didn't show a clear color against each material. It was observed

that thymol(120g/m’) was the most effective fungicide to prevent fungal growth.
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142 29%S Radklar, AHI(1980 5 1990)= A X, 3%, 75, g SolA A
S By o JLA1966; 1972)2 AxE, A5, dE oA AR S
gl 5dste] Bagk vl Qi) o]9fZ e MAEZFE FIAE HESV] 8 A=
HWHA S oA sly] Y3t 374 2 W (Hueck, 1972; Thomson, 1977; & 41, 1980;
Valentin et al., 1990), Wt Ao 2] d+ AW (Dersarkissan and Goodberry, 1980; A
B, 1990) 28] F5kAe] Ad Bk ofye; HEFAW] mAE7AE At
SHO 1976, HrH &, 1975, ik, 1980)°] H i x i Q). vAEe] Ao
st TobAl ] 42 Al el FAERE ofy gt Rl aA fUlatke] &
2 e Ado] FafE WA FxEo] Ajdo] FHeFf A, ZF Aol Wy WA
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X A WA & AR, 1976, Hif, 1984). AEA 4 2
of g Wt AR Abol] ofslm g mAEo] EH|EE f7]kel 9d] oFslE 7] 4
k(o] &, 1972)

B oATE AG7hA APt o g A" WA #ek s wAsA 1k
orng AF, AFF T doAA ARGt HAe] o Aol WA wA| 3}
7] 98 wAEe] Aol AHe WA HAE JFS S5 WHEE Qg ML
oF nluste] HES 7| 1 A¥E Rtz gl

L. #5 % 434 =

5 5% (Trichoderma sp., Penicillium sp., Aspergillus sp., Trichoderma sp.,
Trichoderma sp.)+& &ATFE AREsIR o, AAAMER AFe 2AF 9 A E
AFESERoH, AFFAES 1o F(EH, BA], AehE QYR AlFoA FYst
of Mgl AHg3hsitt
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AT SFE AN 2FEX o] o3 AQA AwsE FA4str] 9
F71H0 2 A HAEE FAsAT S =Xk o3 MWsteE dois=
E FEEA Ak (Magnesium nitrate, 55% RH)S Abg3le] &%= 10Tl A 40
T7HA 10T rA o= WA A A4t on, S5 Wt o3 QA &4
T 2% 20CAA dUFEE 33%° A 100%7HA] 2+ FAAA F714 o=
AEE 7Adlel BAEE FA AT
2HE wxte] o3 A Ao AMwst

Za Akl ok Ao WY E SA 7] 98 AL H(1987)¢ W
o2 dAZ FUIR 2FEE WAAZ tE 1 60A Attt Al e MWstE S
Aot on 25Eo Wiz o3 go

<=9 x>

oAl group 1 80C, 65% RH%F 40C, 656% RHE 24A1kwith wia]slo] 2404 ¢

OA2 group : 80T, 65% RHol A 120A]7F A 2] th& 40T, 65% RHO A 120
A ZF A7 3ke] 2404 3F s A .

O© A3 group : 40C, 65% RHelA 120413 A 2]3 th& 80T, 65% RHelA 120
Al ZE A @ ske] 240417 Bk A g,

o A4 group : 80T, 65% RHoI A 2404 3F &<F A 2.

o A4 group : 40C, 65% RHOI A 24047+ &<t A2,
<FEo u}EA>

o Bl group : 80T, 93% RHS} 80T, 33% RHE 244 7tubc) A ske] 2404 7F
<t A

O©B2 group : 80T, 93% RHellA 120713+ A2l gk vk 80°C, 33% RHelA] 120
A ZF A2 3ke] 24041 %F Bk A 7.

0 B3 group : 80T, 33% RHelA 120A1%F A2l th& 80C, 93% RHelA 120
A ZF A2 3ke] 240A1%F Bk A 7.

o B4 group : 80T, 93% RHO Al 240A17F *{].

o B5 group : 80T, 33% RHell A 24047+ A1 &.

oo AEA o MAE 573

ngEe] Ao w Qe EH4EE AFSHZ] S8 mlE Hitste FvHlE +
petri dish(#7 15cm)o] 18] %] (NaNOs 2.0g, MgSO, - 7TH-0 0.5g, KC1 0.5g,
Fes(SOy)3 - HO 0.01g, KH-PO, 0.14g, KoHPO; 1.2g, Yeast extract 0.02g,
DW. 14, pH6R)E o nasiAzl the FAdFe] Aol e A &gl
T AoR ZaF EARAIA 6097E wistath 39 Sl wARY] EA o REE



7} wrAEl7] A1ZFEE petri dishollE vlg] HWiEdk ZF A 55 % I
F7el B v 3Y Ao E ARE AUl wAE ddTE AAHsa RH
55%°] Al A B ol A 244 7ke] A agt F 7} QA MAE SA 5
ot oju xR dFdaGgd diile HuFE HETste] TUHE wigs
A& AHgsk
HAE &4

AF 2 Ao ¥MAE ZAHL Coloimeter(MINOLTA model CR-200,

Japan)o. 2 Z=A3dle] KS A 006301] F3te] L', a’, b" #o2HE MAH(yp)=
{(AL)2+(Aa) AF-g-3} o ﬁwo} on, AMEZAGA AlgEE

rr&
S5
o=
Lo
ol
_1>~

253 S AFFEEZAH7(KETT model K-100, Japan) o 2 =
7Y gd5e2 F5E8547 (A & D Co., model AD-4712,

C9AF 2EE =4 WA A3

ZEzbe o3 4w

2EE EAZ A JdE 9 e BAe $%5S g9 sFew
257t =S4 E 578 Bold wrgo] HXHER 2% Wl o 7t
A WMAEE ZA45L7] 98] FEFA Al Magnesium nitrate(55% RH)E
Abgsle] A EE dASA FAANTIEA LEE 10Tl 40C7HA 10T
Ao R WA A F27 WA FAAZ o AAe] MEE SA S

7 o

Al A MRS SAS] Y 164, 404, 656¢, 959 18
125958 F72 &9 ARE FAHsY AMAE AT ﬁJJr zﬂmﬂi A =
10°Coll A 4.1, 9.3, 9.7, 13.3, 13.7°112™, 20Tl A 6.6, 7.7, 9.6, 14.2, 14.8°] 3]

ol om 40°ColA 7.1, 11.4, 12.2, 14.9,

..lk

L, 30CelA 39, 101, 106, 125, 14.
17.7°1 %1

weba kA= Aol R 55% RHE MABLE doT|a Qe
Ao yehgon Lzate] ogk Aol= A9 Aol7t glont 40UAFEH =
A & Ao Mox #=53F A Agt AAE YERRTE o] AA)
A st Al o] ®BEo] HAstal e Al 2% 20C 1gla Aus

% 55% + 5%9te AEE AolE K I S A% dAolt}t, 1
g ar 30T 40Tl A AE2 el glo] %7F =&
5 A= AR Addtes As FAE 5 AddT 5 10T A 0.6,
0.9, 1.0, 1.4, 1.4°o11 o™, 20°C ol A 0.7, 9, 09, 1.1, 150131, 30CelAl 0.7,
0.7, 1.1, 14, 1.60112™, 40T~ 05, 0.7, 1.0, 1.4. 1501t} weba 7z 2%
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A 125979 A7} 14~162 vheh} 2mate] o3 ol Al ek
A gol WARE SRS 9T A WA ¥ Ao veyth ZAE 1
0CeolA 0.7, 1.0, 1.1, 1.3, 1.7°] o™, 20TCA 1.1, 1.2, 1.5, 1.7, 1.9°] 31, 3
0CelA 06, 1.0, 1.1, 1.2, 170102, 40TCelA 1.2, 1.4, 1.5 1.7, 20013t} w
B R % 1259M9 Az GAT F e AR Fo]E nI £
T 40T 2.02)5 AQstais 1.7~192 243 2pol& YE o] BT
E ot A7t AAw 2R gHHE Al 6;% WA o Qo vehg
o} A= 10Tl A 1.3, 1.9, 2.0, 2.2, 230112, 20TA 06, 1.2, 1.4, 1.9,
260193, 30TCAl 0.6, 09, 1.1, 1.4, 2.3°] 2™, 40TA 14, 1.5 2.2, 2.3,
240190tk mebd 7 125949 LEdpe] o% AR 23~2602 Mz W
S AT F A8 Arel Aol tenigent LrAd o A

ol= 79 AAT(Fig. 1). wetA dAF FmxdstolA =zt og A4
e AREE B 0 A% S 9% wa ager A, 2a %
o ow e Wi Aow YEoy, #AE AJF HiFie L2 9
F& A9 WA ggtont AR B LRIS4E Augs 4L Aow v
1}
AA

= a0t

]
o 25 £ 75 100 125 a 5 50 T8 1060 128

Reaction ThmaiDay) Reaction Time{Day)

JUTE I HEMP
~ 40T — 20T = 30T = 40T ' = 107 ~+ 20T = 30T - 40T

Roaction Tims{Day) Rexction Time{Day)

Fig 1. Color Differance of sach material according 1@ the lemperatung

changes at 55% RH.
[As:Aspergillus &p, ALAR@mAana ap, ChoChasiomium sp, PecPanicllium sp, TrTrchodema spl
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v AFole FEWMs 9 stress7t DA EE o] BGolth o]& 3 %
TE & Hxo #d, AT vtg Fo] HASHA A 24, dEES F
wAHoR SEAZY AR, EAe %35 wkEste] JteRslE ot ol
A, F71Fe] ©A7LA of A ohkstd A & &Elste] A Ho R

of EAIEHS HATY. mepA F7]o o3 £ Ae WS F2 S U
B2 of 7]1¥+= Aoew AZtEAY. wepA] olF o str] fafiA= HEo

NRE WM MAE A A3 S
2= 33%1 A4 1.1, 7.0, 11.5, 11.9, 134010 2.1, 43%°14 53, 5.7, 8.0, 8.0, 12.0
o] AL, 55%°l A 7.6, 7.7, 9.6, 14.2, 14.8°10 21, 64%°lA 4.2, 7.1, 11.2, 15.0,
16.701 3L, 75%°l14 7.0, 9.0, 9.9, 134, 152011 o™, 84%lA 7.6, 9.9, 11.0,
146, 1550191, 93%°lA 6.9, 7.7, 11.2, 115, 11.6°12™, 100%°] 4= 34
9.6, 9.9, 11.9, 12.10] A t}. whe}A] 2O°C9] Z70 A 1259419 MAE= 11.6~16.7
2 Ee ANEE YEydey 7 FEx 9% 11 AolE wAskA R}
ATh EHe 33% A 1.0, 1.1, 1.3, 1.4, 14019121, 43%°] A 0.5, 0.5, 1.0, 1.2,
15019, 55%14 0.7, 0.9, 0.9, 09, 1501%12™, 64%°A 04, 0.6, 0.8, 1.1,
1.601 L, 75%°14 0.4, 0.9, 1.0, 1.4, 1.60191oH, 84%¢°lA 0.3, 0.6, 1.0, 1.4,
1501903, 93%°lA 05, 06, 1.3, 1.4, 15°191eH, 100%l A= 04, 0.7, 1.3,
1.5, 1.9o]A ) waba] 20T Z=HolA 125U A2 M= 14~1902 Ao
423 zolE Yo, ®AE 33%lA 04, 1.0, 1.3, 24, 1.9°]0oH,
43%°14 09, 1.1, 1.1, 1.2, 200131, 55%°14 0.9, 1.1, 1.2, 1.5, 1.99]9 e,
64%°14 0.6, 09, 1.4, 1.8, 1.901% 11, 7 9%l Al 1.1, 1.2, 14, 14, 1909 ow,
84%°l A1 1.2, 1.4, 14, 1.7, 1.8011 3, 93%°lA 1.2, 1.6, 1.7, 1.7, 2.00]oH,
100%°l A= 1.0, 1.3, 3.1, 3.2, 3.3¢1¢lth. wabA 20°csﬂ 7 125U 7 ¢ A
2h= 1.8~3302 EHHEbE tha mou A9 243 ztols YE AL, 4t
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,75/011*1 0.5, 0.9, 1.2, 15 1.70]12m, 84%-°llA 08, 1.2, 1.6, 1.8, 1.9°1%
, 93%° A4 1.0, 1.4, 1.9, 2.0, 2.1¢]11 2™, 100%14+= 1.1, 1.3, 1.5, 2.4, 3.0°]
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o olE yelddnt meba Fel od AMWEs AQAER B u gzt
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Fig 2. Color Diferance of sach malerial according to the each ralative

humidity conditions at 20T,
lhs:Aspargillus sp, AlARemara sp, ChChastomium sp, Pe:Panicillium sp, Tr:Tnchedamma spl
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1 7k, 120A17F, 180417y, 18] 3L 240A17J% FAAIZ F AEE Aol Ak

E A A3 X9 AWEE AlAE o = 31, 44, 58, 1155 L}E‘rLHO*
Orq A28 "ol M= 14, 20, 30, 1345 YeERS L, A3AETFANME 2
47, 50, 1252 YetyRd o, A4 E ol A= 1.2, 45, 46, 140 UrE‘rLHML
ASAE A= 1.7, 21, 41, 11.65 YeERATE wEba] dxlo] loj = 240
dAe] g4 AWsE Udeidle S &5 don, 128 FAAZ Add
Adel A 7HE 2 A¥EE JEtllen O tee oA ALo® A g
A2, ALoA neor wAF NS A3 A2S FAAZ AT A5 218
L2 AS Y wAZ AT AlY o2 MWt A4 Yergth o
ﬁJJriTEi Al o] MWt dA 7kl AEVVF AE & fgAy] Awsiot

AA F7tEThE A 220 Ao Amste] XA TE S &5 Ak

Zo] AWse AN TS 1.2, 14, 15 21S Yehygion, A2
oAM= 1.2, 14, 1.6, 205 YeEFSlaL, A3A ATl = 1.3, 15, 1.5, 17%—
B on, A4RFFolE 1.3, 1.3, 1.6, 1.6S YEFNA L, ASAFFo A=
1.4, 15, 1.7, 195 Yot webx] HHE 2 Adxde oa] A 54
FFoz Ao AT Y& AEE MREE Ao 2Euxtd og o
2 Ao w1 e Aoz yEy

Al MdstE Al é%oﬂ*ﬂt 47, 48, 5.0, 505 YeEfUIon, A28 T
ol M= 45, 47, 48, 518 YENI L, A3HE Lol E 14, 1.8, 3.0, 355 e
Wolom A4 AE 49, 50, 5.5, 5.7 YEFH L, ASA Ao A= 1.3,
1.7, 1.8, 2.0 YeE AT wpepA] 125 FX 1L AT Aol A 7H 2 A
Hsls et om, 123 A2S g wAg AT Al Z2oA ALo®

-

b

(
v}

0.

DA AT A2 A2 n2or WA AL A3 1YL AL FHA
A7l Ad i A5l o2 UEelhgth o] AR RE R AwWa: 1L
Smaate] ofs AA yEbva, Xﬂifﬂw Aol MA37} gt AL A
AN

Abwle] MW slE Al A= 38, 44, 54, 545 YEHIeH, A28
A= 34, 3.8, 44, 455 HEFWA 3L, A3H P ol A= 2.3, 2.3, 5.0, 5.1 HE
lom, AddAael A= 39, 3.9, 45, 5.0 HEFWA AL, ASH P A= 1.9
19, 25, 26& YERAT. webd ey A2E v Juﬂ'i AFT Al A

7?” 2 AdstEs behlidler, O gEe ARA aow WA AT
A3, & FAANZ APT A4, LM Ao ® Lz}]ql AYT A2 83
1La FAANZ AFT A5 £ow AWETL dojytth B3] A LA e
o7 wAF AT A3ME Lo wAF olF AMwslrl =7 Ay o
Aol AWEtE WINE exwxel neULE AHEL Astn, ALdL4E
A s7E Aoks AL G5 dth



mebA] el &gk ZF A F ] AW sl Ao A= dA 7| Tko] FET]
b ARE F A s 3 Soksglen, meeld Aussh @4
At HHAAM = 7 Az o8] A FUd FFeE Ao AT
& A ANHE sgot exuatel o3 9P A WA gE o=
Uehgth, 2 s nea Sxwat] o) AA yehgam, ALdAE A
A7 Qv AL 4 Tk Aol A= WIHE S uabet e dfE
st A, AedsE Aust Aos AL 94 A
HE B COTTON
iﬂ' - AAN = 43% = EE% * pa%
‘ TIE%N Y% Y ENs T N
15 -
10-+
B
i a —d
) i ——— e
o 5 50 7h 100 125
Aeaction Time(Day) Reaction Time{Day)
) JUTE ad HEMP i
a0 | “3¥s AN TEEWN Y% Eﬂ-' % T4 " EEW U AdN
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Rsaction TimeDay) Reaction TimaiDay)

Fig 2. Color Difference of each material according to the each relative

humidity conditions at 2070,
s Asporgillus sp, AlARemaria sp, ChiChasiomium sp, PecPenicilium sp, TrTrichoderma spb

=437 f1ste] 2 Ad A 60
AlZE, 120417, 180A12F 18] al 24041 7S FAIAIZl o Al E ZAdle] A3
E Aaksk A3 dx 9o AWstE BIAFFAAE 14, 25, 47, 1328 JEU
ow B2AEFoAME 27, 53, 60, 140S YERNS L, B3 EFolME 38,
3.8, 53, 9.3 uUrtygloen, B4 A= 44, 55 56, 595 YEFAN L,
B5A g ol A= 4.6, 56, 6.2, 975 YERNTE wetA g1 MAe FS
AFow wAG AP B2ot 1FH ASFS vid wAg APa BlelA A



stz A vdebd o 1 o5& Age TAAZ AP B5 AFelA 1L
Fo= wAg A¥s B3 183 1FS FAAZ AT B4 £o= AW
st7F aA yelstth o] A2 RE X9 AWt AGdEH EE aFolA
Agoz Agkd uf S AAe Fito] WEdE u dAEATE A a5 H
T FgExoel W AMWsyl Ao dojuA gervteE AS 4 drh

Lol Awsle BlAd T AE 1.3, 1.3, 1.8, 198 Yerd o, B2ad T
A= 1.3, 1.3, 1.6, 20 YE N1, B3R AE 1.3, 1.4, 1.7, 1.7& e}
Wonw, B4 e 1.3, 1.5, 1.6, 1.75 Ve, BoA Ao 4= 1.2
1.4, 16, 1.7& Yeddg. wehx] HWe] M= zh Agdxdel] 93k xolrt
A9 gl AoE YEgon BHdEE AQr R E BHe FLEulAo

ds A9 BH] Feve AS 45 Ak

TAle] A= BlA g Aol A= 31, 3.3, 3.8, 432 YEIA o, B2A g T
oA 40, 42, 42, 465 JERWA L, B3R FF A= 22, 2.3, 3.3, 455 YE
iR om B4 g Tl M= 3.8, 4.0, 4.3, 4.7 YERNS I, BoA A= 1.6,
1.6, 1.7, 245 YA mebs 2A 9 MAl= 158 FAAIZ AT B4
oF AFoA AFoz uA S AT B3oA AMHEI TA dojuton A<F
MM 2FoE WA AP B3e|l MAE HEFNI ™ Trichoderma sp.
129 kel A A o] $d3s] EAEH ARE I+ F gl b A
= Alternaria sp.ol 93] 7}& AWsEn 9SS 44 9ok

Emo oA = Aspergillus sp.©] 0.3, 2.1, 3.6, 46, 615 YEFA oW,
Alternaria sp.& 10.5, 204, 21.1, 21.6, 21.8% YEFHA L, Chaetomium sp.<
4.3, 9.6, 10.2, 12.0, 16.0= YEeErHA S Y, Penicillium sp.= 0.1, 86, 10.3, 11.8,
15.85 YEFAS 2, Trichoderma sp.= 4.0, 4.8, 5.1, 7.4, 775 YeErHA .
ghA ZHo 39 wjdol A Z7IAZ | H|3] Alternaria sp. 10.5% 7}& AH 3}
7 FEHAHoH, I vSS Chaetomium sp. 4.3, Trichoderma sp. 4.0,
Aspergillus sp. 0.3, Penicillium sp. 0.1¢9 o2 yetyth 159 ko) A
Alternaria sp. 21.7, Chaetomium sp. 16.0, Penicillium sp. 15.8, Trichoderma
sp. 7.7 12]31 Aspergillus sp. 462 YERSIT welA] EHHS Alternaria sp.
of 2k MWy} 7t Al 1 v Chaetomium sp.¥ Penicillium sp.oll
o] MHystETtE AS & Atk

Al ol = Aspergillus sp.©] 4.3, 55, 56, 56, 745 YEHF o,
Alternaria sp.= 13.2, 134, 16.0, 16.9, 20.72 YEIHA L, Chaetomium sp.=
3.2, 3.3, 36, 3.8, 855 YEMA 2™, Penicillium sp. 1.7, 4.1, 9.3, 94, 10.8%
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