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The preservation of museum collections poses a serious problem for the foxing caused by fungi. Four
foxing fungi were isolated from the linen fabrics collections of National Museum of Natural Science,
including Aspergillus ostianus, Penicillium glabrum, and two unidentified Penicillium sp. and Aspergillus
sp.. These fungi were cultured on the linen textiles and incubated at room temperature and 15%, 60%, 100%
relative humidity, respectively. The tested fungi were grown at saturated humidity and formed different
levels foxbrown but not at 15% and 60% relative humidity. This is the evidence that these fungi can grow on
this kind of matrix. These isolated were capable of growing on low water potential medium from -1 to -90
bar, suggested that they were xerotolerant fungi and the most xerotolerant one is Aspergillus ostianus 919-2
from the cloth of Miaos, Guizhou, China. The mycelia colonized and sporulated on linen fibers were observed
by Scanning Electron Microscope. To evaluate the ability of cellulase production, reducing sugars and
cellulase were tested by the DNS method. It showed that all tested fungi have the cellulase production
ability to hydrolyze cellulose to reducing sugars.

Key words: Foxing, Aspergillus, Penicillium, Xerotolerant, Cellulase.
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FILE -
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63 BIE B9 B 2 A8 3t 40 BT 1% 2% T Ry B IER -
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HEEETHE BRI E EEAE K
B oy Ry e % > BEARORBELL > (HEEE S8
PR ER A ST B SO R - FEHI AR AT
& b 4 B A A AL B A T 0 A SR AR
in XYY M B — P IR fE -
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#2EK - DIANR B fiE 5 #88% (Nikon SMZ-104,
Japan) B #2812 B ¥ SN - 0009 A s HI S 22
i 1% 7122 B R NTE 2 #EMEE (Nikon Eclipse
E800, Japan) T~ #1425 & flu i i -

1 43 BB 22 BY B PR LA Biolog MicroLog™
System $5€ ° 1F 24 ~ 48 ~ 72 EH 96 /NEFEE &%
Il Biolog MicroLog™ 3 4.20 K #% f i 4R EL
(FF) & # e 7 B8 7 - AR $8 Biolog # FhiKk H B
ZREHE > AF 24 /NRERE 2 IRF R AR DARS 5 0.9 -
A8 /NI 0.7 ~ 72 /NI B33 0.65 ~ 96 /NF R
0.6 KF > BlIE & kA Fl -

SARAREHEMEMRA LERZEE

DU R G IS T BB i ik - Y T %
T Do RANIAG B 53 BT 15% ~ 6021940
IR R B AR R B R R R R R = R R
“EA - BERERNAEREMAARGHEE -
15% 8 6020AH S ¥ 55 £27 B 7% /7 0 A6 1A 422 i) 152
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R AL R A » HETT H R U B
# (SED Ry EHZE - BEEMAmERA - Kfmr b
B AR B A TR 2 I SR K 5 mm < 5 mm /)N
BR - DLRE E W (glutaldehyde, 2.5%; para-
formaldehyde, 4.0%)[E%E#% > L1 M 1% & 4%
9% (1 M KHPOs, 94 mL; 0.1 M KH:POs, 6.0 mL)
M=K HX 15438 H LA SE L (osmium
tetroxide, 0sO)fERIVY/INERF » 2 FFLL 0.1 M
Tk 1% W88 4 77 % (phosphate buffer) Pk =K »
R 15 7 o [EE TR ERRER — R
T (30% ~ 50% ~ 70% ~ 85% ~ 95% ~ 100%) 1Y
B & 10-15 53 SEAETT IR 7K - SERKRTRE B -
CBRERBIIEERKEEHEENTOEEM
EECBRE T HEMBEE TR REZER
BEEZ M (critical point drying) K 4 )& 7 R
Mg o DU i =08 7 8 38 (JEOL JSM-6300)
B IEAE -

FKBEHRAGKERNEE
%3 Robinson 1 Stokes"® 1y /5% » fE %

T 5% 2% B (basal medium : Na2HPO1, 0.75 g; KH:POs,
0.75 g; NaCl, 0.12 g; NHiNOs, 0.40 g; glucose, 1.80
g; yeast extract, 1.00 g; agar, 15.00 g;
distilled water, 1 L)H > M A 435 R 0.2 ~
0.8~1.2~1.6~2.0 M IN&EAL# KCD » BLRLA
[ 7k 2% g8 (1.0, -9.012, -35.417, -53.221,
-71.404, -90.064 bar) By B5 E 5 - 2R E ik
TN PDA | - BE 8 — B - SIS 10 g 3 8
TREE T B — A > PR AN R 7K BARE
SRR Lz LnE  MERTEEER
=4 R DS S

N EEEERSBENDVAE

B Tlmén 25 A" 19 53 RSB PR
H#t a-cellulose FsME—iRiE » fEEE AR -
HIE R B R o K2 AR EERE R PDA
bREE—-EER > SN IMARE KRS - DL
Il Bk Z 8% 2% (haemocytometer, Eram) 34 %% {1 +
R EGET 100 - B 1 mL f TR A
&8 80 mL AN a—cellulose KR H & 5 &K
(minimal medium: KH:PO:, 15 g; (NHo)2SOs, 5 g;
MgS0s, 0.6 g; CaClz, 0.6 g; FeSO0:- TH:0, 0.005 g;
MnSO: - H20, 0.0016 g; ZnSO0s- 7TH0, 0.0014 g; CoCl= -
6H:0, 0.0037 g; Tween 80, 2 mL; peptone, 2 g;
a-cellulose, 10 g; distilled water, 1 L) Z
250 mL I - LL150 rom £ 30 C T E S
B 4 K% > Dl Whatman 1 R IEHGEEEK -
EBRE A %% FIH 3,5-dinitrosalicyclic
acid (DNS)IE™ HEATIEJFBEAVHIE > HL 1 mL
B MA 3 mL DNS 3AH - IREE - WKB
Tz 3 434 - LR EE L EBET (spectrophotometer)
(Shimadzu UV-1201, Japan)i#] 540 nm T Z WG
g -

DNS I BEIFIBI S @ 5% sodium potassium
tartrate 300 gAY 500 mL AYZKEE /K »
HY 3,5-dinitrosalicylic acid 10 g %A 200 mL
2 M1y NaOH ¥4 W « i $2 K i 1 o 3,5-dini tro-
salicyclic acid A& IZMEIMA sodium potassium
tartrate AR H > INZRER/K 2 1,000 mL - [ 2E
T 0 ZE AT E I B

Tt BEMEEREDBEE (cellulase) Ay
R E

223 Criquest”” 19 J73% » Cellulose-Azure
RIBDEYL © HY 0.28 g cellulose - Azure (Sigma,
USA) AL 50 mL 50 mM Ay NaCHsCO: - 3H:0 HF » &



286 RACEIRF
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RHE > BN ATT 1 /K> 2% L1 12,000 rpm
BECs b o > DOBEE ELEaETHE 569 nm T Z WG
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HRERNKYE =4 0 B kb H Gl
BBt o BEEE T o] R R AR o
LR ETS VYRR E B 526-2P3 ~ 526-2w4 ~ 7216-
IT3 A1919-2 ([&]— » F*—) -

AL 2 BY B AR R B V5 B B AR K o A
TEHEBEETVISEE B Aspergillus Bl
Penicillium (35— > Il Biolog Microlog" System
o o AR EGE LA By 526-2wd Ky
Penicillium glabrum (Prob = 91%) > HE K E4K
5B 919-2 Fy Aspergillus ostianu (Prob = 97
%) > H % PR 526-2P3 F1 7216-1T3 HI K # E
HER—) -

T ATRAREHEMERZEE

L R R B R A L fEE R TR
15%E1 60 % R 5 5 B 5% B 1% A WaflE H A
KA - HAFIRER AR 5 EAEERIE
ERYEREE T » il RIRE#BE 28 00 4 & BT -
AR TR R = E R > UKREKRE S
ERIFIGEM » Hh Aspergillus sp. 526-2P-3
P TR ok R 6 £ s Bt A3 2 10 - AR BE e

PRERRIRPIBEA BHARDE - A > BEGGEH - B > BNFIERHEIRATE S MmEE © C > BINGIER

BB LTK - D > E > F 3R HAR DL IR & I ERIUS K E] (bar = 10 mm)
Fig. 1. The collections and the foxing stain in this study. A, cloth of the Hans; B, cloth of the Miaos, Guizhou; C, cloth
of the Miaos, Guizhou. D, E, F, the foxing stain by dissecting microscope (bar = 10 mm).



420 R O - 4T L T 5 257

xK— AUIEATHER K EEETGR

Table 1. Fungal strains and identification results in this study

No. Identification results Source Sites in NMNS '
Light microscope Biolog MicroLog™ System
526-2P3 Aspergillus sp. - cloth of the Hans, unknown C5-2-6
(EERER > ANHHIED)
526-2W4 Penicillium sp. Penicillium glabrum cloth of the Hans C5-2-6
(EEREHE > ANHHIED)
7216-1T3 Aspergillus sp. - cloth of the Miaos, Guizhou, China C 07-02-16

919-2 Aspergillus sp.

Aspergillus ostianus

(HEEMERE » BINFHZEHEK)
cloth of the Miaos, Guizhou, China C9-1-9
(HBE LR - BEINEILER)

1 NMNS: National Museum of Natural Science, Taichung, Taiwan.
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Table 2. The growth, sporulation and foxing stain of tested strains at saturated humidity

No. growth sporulation foxing stain
Aspergillus sp. 526-2P3 + + -+
Penicillium glabrum 526-2W4 + + ++
Penicillium sp. 7216-1T3 + + +
Aspergillus ostianus 919-2 + + —

TE fife 1 B D T 8t 2% B0 50 i AR MR 2
&g th o P glabrum 526-2W-4 et 5 X2 >
B EH X B Penicillium 7216-1T-3> £ A. ostianus
919-2 By A AR #e gt o A [A) B8 ik 1L 28 AR
DL AR A A A (R 0 B ) -

= ERABEFEMNEERE

i =NE T M P BRI R
& A il AT B AfE B0 15 AN L SR 3, - B AT B B
HEBNFMEMAA RN EREREEM - FHk
Aspergillus sp. 526-2P3 1R % B #h B &L
it Ao kg okE B AR (B — B,C) ° Penicillium sp.
T216-1T3 71 i An A Al b $E 8 0 T BT 26 BR i
i1 (B E,F) » 4. ostianus 919-2 (E—_H, D
R 55 7E fRL i i B A s 1 -

M- kBEHEKBHERNZE

HEER Y Y PR B PR AE K BABE -1 bar E-90 bar
ROEE g B nI DI R - Hidr A ostianus 919-2
1£-35.4 bar 1 7Kk BABERY i 38 'H 24 K 0 Aspergillus
sp. b26-2P3 i Penicillium sp. 7216-1T3 1¢-1 bar
70 bar £ EMRWEHZ=R 5 10 P glabrum
526-2W4 HIIAE -1 bar I 4 R i iF > i AN F -

16-90 bar KRESREERE T A RHEES 0.11 cm/
day » Exilit VB PR B A. ostianus 919-2 > #£-90
bar IREE T A B HEBAZEE 0.31 em/day (57
=)

A DU i A = SR A HE B A [R] 7k 8468
FrfEz i » KRBT Ry = =0 0 55—
T ey R A 1Y A R 3 R B 7K B RE e A T e {C » 4
P, glabrum 526-2w4 5 25 U % A4F R MR AR K B
AE-1 E-T1.4 bar N 72 IAE 7R > {H1E-90 bar
Ff BH B [ > 40 Aspergillus sp. 526-2P3 Ei
Penicillium sp. 71216-1T3 ; 55 =1 » 4 K HK[E
JRESRERY T BT B B 5 b T 8% IR IR A B - A
-35. 4 bar £ EHEEEE » W1 A. ostianus 919-2
([ =) o vE Rt " & 43 A7 F 50 25 8 B - 43 B
15BN 1F# Penicillium &R T Aspergillus
Btk » HAE-1 bar F-90 bar AN[E] 7k 18 BA M RS
BE ARSI 2 B FRRNE = HHE
?__?lg o

Griffin® DIKSAREM Z M EE S B
B > Hg A R/KEEEHE K E R/KEGES
Ak« BHE/KBRE B BURI E F Fy-1 bar
-20 bar; FAKKERERURAY E E Ry -10 bar >
=50 bar ; ¥HK/KEARE H E BUBHY B f-10
bar > -100 bar F|-150 bar ; ¥R E F-50 bar
=200 bar E|-500 bar 2 [ - BIANFF 25 E A&
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B BEFIRE T EMRIERE _ CRVE RSN - DU ARG T RS RS - Aspergillus sp. 526-2P3 (A, B, C) ~
Penicillium sp. 7216-1T3 (D, E, F)F Aspergillus ostianus 919-2 (G, H, )= (A, D, G, bar = 1 mm, B, C, E, F, H, 1, bar =

10 pm)
Fig. 2. The colony morphology in the linen fabrics at saturated humidity and its observation by scanning electron microscope.
Aspergillus sp. 526-2P3 (A, B, C), Penicillium sp. 7216-1T3 (D, E, F) and Aspergillus ostianus 919-2 (G, H, ). (A, D,

G, bar=1mm, B, C, E, F, H, L, bar = 10 um)

F= MHEHEREAFEKSBEEEREERELRBZEE LK (cm)
Table 3. The colony diameter (cm) of tested isolates grew in different water potential
medium after 7 days

No. Water potential (-bar) Mean SD
1.0 9.012 35.417 53.221 71.404 90.064
Aspergillus sp. 526-2P3 1.38 1.67 1.57 1.62 1.67 1.00 1.48 0.26
Penicillium glabrum 526-2W4 3.07 2.98 2.57 2.08 1.70 0.75 2.19 0.88
Penicillium sp. 7216-1T3 242 2.53 2.52 2.40 2.20 1.03 2.18 0.58
Aspergillus ostianus 919-2 2.68 3.43 3.72 3.48 3.10 2.15 3.09 0.59
B 5 R BRI AEAE A0 bar BUERA 00 bar BT IRAESIAE-90 bar 1Y (/K B5AENY L

/K BAEE T 45 BIAEREE 2 A. restrictus » BZPMEE-

KL AW R - HH 1) 8 B K W) L o5 e

f P glabrum 526-2w4 J& > %K 7k BYRE o i -EMSBEHEELSERERESE
R EE > LR 25 o R 25 D BB (cel lulase) BSE A FE
B A R R /K B REERE » f

SR = RUGE il (8 =) 7 -35.4 bar L E&ER B AR B R AE & a—cellulose J M — iR i
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Typel = ;12 | ] Penicillium glabrum
é:/ 30 | 526-2W4
8 25 1
(o]
% 20 T
T o0l
S0k
g o5t Eﬁ
g o0 — o
1 9 35 53 71 90
water potential (-bar)
Type 11
g B Aspergillus sp. 526-2P3
= [] Penicillium sp. 7216-1T3
53
5
o
z
=
8
1 9 35 53 71 90
water potential (-bar)
Type III s 45 [ Aspergillus ostianus
S il T 919-2
sl B A E
L 30 |
5]
g 25 f
<
T s
S 15 |
g 10}
S 05 |
0.0 : : : ‘
1 9 35 53 71 9%

water potential (-bar)

B= REIVKESEERERERN =AY - x &f : water potential (-bar) ; y #fl : colony diameter (cm/7 days)
Fig. 3. Three types of hyphal growth on different water potential media for tested stains. x-axis, water potential (-bar); y-axis,
colony diameter (cm/7 days).

FVY PR A R N RE 0 B A A 0 IR IR SR RE T L PR

Table 4. Comparison of the reducing sugar and cellulase production of test strains

No. reducing sugar cellulase
ODs540 SD p value ODs69 SD p value

Aspergillus sp. 526-2P3 0.209 0.012 0.095 0.143 0.008 <0.0001

Penicillium glabrum 526-2W4 0.246 0.015 0.006 0.061 0.005 <0.0001

Penicillium sp. 7216-1T3 0.268 0.009 0.003 0.076 0.012 0.0012

Aspergillus ostianus 919-2 0.230 0.015 0.014 0.110 0.012 <0.001

Blank 0.188 0.008 - 0.017 0.001 -
ZEEEW o PR E E PR ROLE - W15 3R TR A B 22 W R A T A2 s Y 77 A
Aspergillus sp. 526-2P3 ~ P glabrum 526-2w4 - MARASEREER P ERENEZEIT A
Penicillium sp. 7216-1T3 ~ 4. ostianus 919-2 V41 K HZ A PRAYME A o g A AfE 221 2 42

AR PRI BOLEARAE 0.2 DAL > Byl A JE PRI RE T (FRIY) -
T B BRI OB RUAE 0.2 DU < IROB{ERY B PR RS 2 AE & o-cellulose FyME—kIR
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ZESRIRR o DU R M QSR AR AE o7 R I R
MR SCA{E  Aspergillus sp. 526-2P3 ~ P. glabrum
526-2w4 ~ Penicillium sp. T216-1T3 ~ A. ostianus
919-2 P4k 4t 3 B ok 3 B Ay o ok 18 2R KR
0.06 » {E 55 2 A e HY 55 BRH B (BRI /)N
20.020 ZREE > RRERBRTEGE

MRATZE A 1Y cellulase 17 4E - H o Aspergillus sp.

526-2P3 HYK LB EE] 0.14 - B IR A= 5
A RAHBHESTBEBEENERE RS (R
rg) e

Ao BRI R E 2B S I B P A AR AE o R I SR
HYRE T B ¥ IEH 43 Al AT t de 2 de TS SR 38
T & B R 2 AR 2 IR NE Y RE 7 B S IRGRH AR R -
k& Aspergillus sp. 526-2P3 .2 4t » Fir1S p {HEI/N
A 0.05° Fx H ik = bk B R 22 42 B R i pE ) B
S IR AH P B T AT JH 22 S (R YD o i AR A
Mo FRIEE RBVRE ST - B RIS p HATE
0.001 Bez T » SHAR VYRR B Pk B 3 RH 2 R
M E 7= (RPY) -

H B 1E /7 FRAAE R 0w A b 4 b
MZEomeER > FTEWNKBEEREG =8
endocel lulase ~ exocel lulase F1B-glucosidase »
endocellulase 7k fi# ##% #t % 19 H # -
exocellulase H 43 T HI4h ii FEHY cellobiose »
B-glucosidase #& i B 4 & &= B - A6
cellobiose B #4 % by #j 7 FE - Endoglucanase
(B-glucosidase) B & T4 — fi% & 38 1 H 1Y 52 8
BRI E o F R A A R A< b B Y
PR ARER 7T DL 43 BB AfE 32 - Nim il H E 4
EIFFERRE ST » B M E KA o3 1A B2 R AT
Mo EET LIS EIFEBH - fEE PRI KRY) — B2
FELEHEEMTE > XAl - BEEEN
T A DAEXRY) LA RMELES
gt o BRI - FEERME o AE O B

B 37 AR B B A G = A TR R AR
WRIERYFTE - MHERE R 60% » BEHBEE 24
INFRS SR BE R - BRI E BT o A
B e 22 B TR JE AR PG EE v o AR ER IR AR IR
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