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R WL ARSI £ TR URAAMG R AR Z — B (PEC) BERIE AR FEEMAEN R E R, Ay
SR -5 RCHU B B 8 B P R A R A PR S 75 e T R, R ST R L LR R AN K AL B X iy R AT I AR
KGRI YT 0 B EE TR SRR LR R MGOK E A B A SN B A TR . R K
T B TR AR AR ERERREMURENE SR IRAARAE LHE KT "HES
MR HLEE;RMERMNAREEFERAITH. SR EEARTAR SARAE “AEE BEE.
FRAME JAXHEATALRALEES, CERE LR R 59K SR A RUD R 5y 58 2.5% ,10. 0%
F15.0% , 10% LR 4 Ff ERAMRE B RESI KT 2. 5% FeFHEMS. 0% AR BACHE ;2. 5% FEIEREXT 8 T 220K
BRI IR T 10% JLZREM S. 0% DK ELE . B T8 LER FORE LSl AMRE YRR F 5T
TEM, ZIEFI e F B EAM K MAEY T EREH, HILE 2. 5% STSEE N B im0 3 R B A It AL

KR WA RUEYEE s LRER SUOKREMLH IRIUA; MRRR

hESES: K876.6  STEKFRIAE: A

0 51 &

ST A kTR AU AL = L DU SCAL R B 2 X 4
fRAERE4 6000 ~7000 4", 3 B K T3 B A 2 1Y
A SRt —, i TR B AR
AN EE AR, XEAMEERARZ S
B2 (PEG) BIIE ARG 17 1E 5 MUE MR E 1R, 43
W BT R M, DL S R B A )
BB AT O A9 R B ok 13
BEE R A, AT R EE R P R R
RSy, RIET LS (B IR %) KR R4
Y TERE LS | DL 2K B Bl R R
HUBE L I AEAE . AR A A U R 5T
P BAUR T 4, 2 Nk R UTEN LT
TR AT RS S RAEYREER, FRE
(Chitin) XFR*JLT R, HAb ¥ Z RN BN — 2Bt
BIEERE , BEAR G54 B8 T 5 R b AT 4 B I B AR
HIBATT AR, 40 D B A AR, R
FEEMER AL b (Y Z W E (CH,CONH—) 3 i o 3
(OH—) U BT R R BB REFEEN N -
CEEE Y A SE I (09 b 5 55 R A B 2 Bt
& WAIAE 70% LA b FEAREE ) T HE 2 3 20 4,

U R E 192009 —08 — 1254 1 145 .2009 - 09 - 14

FEAT 43 F J BEAR T 10000 #4115 5 58 0k B i 72 5
B AMHLATHTHRURSH KRR ZHE
Wi, 2 2B & A BRSO K IE TR ),
V2R AR IR e AR R, TRIVER .
ILERRRZBN TR, B HEEE, 45 2
FKRAEA60% ~80% , FEH EGCCG ECG EC DL -
C.GCG .EGC F R i, HAKEMIFRE HATIERE
T RMARAH N KERBAMBTEN, B TE
T M RO RE TR —F . HRBTRRR
TR LA R MYk E AL B B A R4 09 5T 8
e HIX =FBTRHE PEG /KR H 5978 g M52
UF 38 B TELL PEG 1A K AR BT RO B 7l it A 47
A PEREES A

1 BPRS

1.1 s

1) doRIEEE, BERTH AM (EFKEFE3I5% ~
345% ) VEEMPHIME HIEAE, HT:YM -3,
YM =55 8ty Kb (B K EAE 540% ~590% ) , %
EMTRER LEE LWEAWNE, 5 YM -
1;YM—-2;YM-4; YM -6,

2) RotaER. B L . 2000 ( Polyethylene
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glycol 2000, LA féj R PEG 2000) .

3) HiEM ., 75FEHE (Chitooligo Saccharide ) ;
P15 F 8 2000, i 2 BERE 94. 2% , WL N LT 4
RE A A A P, JLZ E ( Catechins ) : EGCG
63.2% ,ECG14. 6% ,EC8. 5% , i M K A AEYE R
NEIEFE, K EALEE (Nanosize zine oxide ) : ff
12 .DZZn - 01 <20nm; DZZn — 02 <50nm, Fi M 77 &
FBERAFE,

4) A, BRATHIEERE(NA); S
EHEEHIEERE(PDA) Y,

1.2 RAKies&

(1) B#EIRKBHE DK - S25(F | ~95C);
(2) BRI TS YI - 1300A {554 100 4 ;
(3) H Ak 354 LRH —250A 15 ~40C +1C;(4) &
Yy 87488 Olympus BH -2 1500 x ,

1.3 RABH*

1.3.1 #HLE AN AMIRENERAR
JR 7K AU AL 38 7 B 7 45 ~ 60°C fH IR 15 P 20% #Y
PEG2000 3, HEWE L A ZE 50% , HEEE K
K BRI E AR M 5T A PEG IR, EEAM A
SMAEI T4, FEREE 25 ~32°C , MXHB & 70% ~
85% 1) B SR IR R H B A 30d,

1.3.2 #4Eas 5 WG R ELER
ST ERERTRE PO a, VI, RE, B
FTERILEEHE/KF,30CE R 30min, 10 £%
WiRe, R AWML, BO. ImL 43+ 3 %A T NA #
PDA iR b,

BEHAM : SEFHNERE, ELHERET,
PUREE B R [ F 1 4 5 B HE 2 ENAE NA 1 PDA -
] b, FFEKBE, BURIRSEE#R 20 Edift.

HERREY NA SEARE F 32°C #5355 24 ~ 48h, PDA
FARE T 28C 15 3 ~5d, iREHEEFRWESE
ERAR, A E AR E ST L EEH,
1.3.3 Zu@asLEE HAEMNEE RIEEE
BFHNESFHE(BR KD RO EWHE A%
REE) BREAFE R AR AT (RBER AY

BRRE BRIR PR S ) TS RE

HREHHEE RSB R R,
R BME T URELIER AFERME fMPEE
FRHMAFESE HEEWELEREE HEME
FEHEL REFH B UYEHITEE,
1.3.4 WHEABRITHR —“MiARLEROT:

(1) BEES -BRARR. EEFATER
&I PEG 2000 ( 423k B2l 20% ) , 357 B DA
AR 7 B0 LR R AR AL sE, LI E X
=R PLE TR AR I E YR B, 3R LR DU R e 5
FBAXE, 2AER - CBE2EUNERA,
320, M FEHIEF 24h, L 0. ImL 75 F NA
R ,32°C , 35 5% 24 ~48h, MR AEKIEN .

(2) MHEBERKY. HRSHELE 10° ~10° 4/
mL, %35 10mL/ L ( $9em) , BEFE XN 0. ImL/IM,
FEFR IR FOET [B] : 4004 A 32°C ,24 ~48h; 2R EL
H28%C,3 ~5d, MBEBCERAIIRT, KR B E K
K/NBE N B E R R A MBERCR R, A
{E/NTF Lem BRI BEHRT

2 KR

2.1 RUEMEESER
HAMBHENEEHERILEK 1, AER1 T
W R A RME F BN ERER, AEARMA
% ( Phialophora richardsial ) . % X 3k # 25 ( Cephalos-
porium costantinii) . 4032 4% #1 % (Alternaria tenuis) |
HEE AR (Streprothrin) 3 RIRME N & KR AT
B ( Presumptive Acinetibacter lwoffii ) . BV R ¥ A9
R B = E R SR S ( Pseudomonas aerugi-
nosa) , LUK A EE AR BE MR X B ( Morganella morganii)
SR AT B ( Flavabacterium oboratum ) ; #2IR EH
FEE + % (Aspergillus terreus) | JK 43 #H & ( Asper-
gillus glaucus) . 77 F & ( Penicillum chrysogenum )
% .58 — Y% N KEAKRE (Trichoderma lignorum) ,
i ~E AL 22 #% B ( Rhizoctonia solani) TE T i Th Ak #1
Bt AR P ERETE , BOR B .6 MREARA .

®1 HAMRMHNEESER

Table 1 Ancient wood erosion bacteria identification results

HAM GRS M W wREH
" YM-3 & KR Sh¥T 8 ( Presumptive Acinetibacter lwoffii) ;i%giﬁrzzf::;m solani)
_E:T MAZSE I (Alternaria tenuis)
;'}(f YM-5 & KA BB ( Presumptive Acinetibacter lwaffii) JRH B (Penicillum Patulum)

P=#F & (Penicillum chrysogenum)
BT AKE ( Trichoderma koningii)
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(8K 1)
ENCE A wOW 2R
}ﬁ% % 1% 3 1 % ( Cephalosporium costantinii )
g YM-5 B [CAS ST B ( Presumptive Acinetibacter lwoffii) 1R IR A8 ( Phialophora richardsial)
;’; SIAG 22 4% % ( Rhizoctonia solani)
Hi SR B L ( Pseudomonas aeruginosa) VAL 24 ¥ i ( Rhizoctonia solani)
YM - LR B Bk
CRRERIRE) PBE 13 PE AR [ B ( Morganella morganit) AEARE (Trichoderma lignorum)
SLAL 22 ¥ W ( Rhizoctonia solani)
YM-2 il 441 BA. Pseudomonas aeruginos
" ( AR JEwnnE ¢, ) 3R B HL R ( Pseudomona, ginosa) 85 Penicillum chrysogenum)
;fﬁ; K 23 i B (Aspergillus glaucus )
o OYM-4(ARERE) Fil IR B8 ( Pseudomonas aeruginosa ) + #h%E (Aspergillus terreus)
K& KE ( Trichoderma lignorum)
R £ 1R B ( Pseudomonas aeruginosa ) LA 24 %% B ( Rhizoctonia solani)
YM -4 % KT
(PERRAMMAEE) S E AT Fi ( Flavabacterium oboratum) r=#H & ( Penicillum chrysogenum)
2.2 MEAFHIERR P ERCRASI I ; B A BB AR B R i, 3 AR

BT oty AR A R 400 TR SR R P 4T T
IR AR - IR AT XHRA BB BB
Rl R RN E B A, KRR EN T =M
FEAI A AR A EE | F L S 8
5 b BRUR R Ay b S R oty AR B L A A
2.2.1 stppmEemE AR MHBERARBRSR
RB7R:0.5% STEMEM 1. 0% 9K EALERT 4 FiiR ik
AT ARRE i A BE Y A B A T B OR 2. 0% JLR R

B Y EREIRE AT 2. 5% LK B WREILT
10.0% I KEACFREEE] 5. 0% of , MR B
E,JULL10.0% LA EMESCRREE2) .
FERRG R milR s R(ER3) , #H—LHHE
BLT =R AT 4 F {2 ik 48 B R TR 400 B RSR
10.0% JLAS R R 4 Fh 1 S B A B B RBOR 52. 5%
FERBE N EC N ShAT B AR PR AR ER A 4 T RIR A
4F55. 0% DK EAL BB RS I AR B

R2 HUERX B R DRI A EBOR AR B

Table 2 Antimicrobial agents’ inhibition effect on erosive bacteria A (inhibition zone test) (em)
FEEHE ILEE YUK E LR
R 2 Fr
0.5% 1.5% 2.5% 2.0% 6.0% 10.0% 1.0% 3.0% 5.0%
B RAZHH 1.0 1.4 2.9 1.2 1.5 4.0 1.0 1.3 2.5
( Presumptive Acinetibacter lwoffii)
s (B PA.

R AR 0.7 1.0 1.7 1.1 1.1 4.0 0.9 1.1 2.0

( Pseudomonas eruginosa )

RERE R 0.8 1.0 2.3 1.1 1.3 4.0 0.9 1.0 2.0

( Morganella morganii)

P ]

URRTE 0.7 0.9 16 .0 L0 3.0 0.8 09 19

( Flavabacterium oboratum)

R3 HEFHE R RRE G AERCR BUERRSG Rl
Table 3 Antimicrobial agents”inhibition effect on erosive bacteria B( shake flask oscillation — coating test) (cm)
FLENE ILEER FUKE L EE
BRI AR o
0.5% 1.5% 2.5% 2.0% 6.0% 10.0% 1.0% 3.0% 5.0%
& K ASHH T ( Presumptive Acinetibacter lwoffii) + + * - + + - + + -
HR 4R BB ( Pseudomonas aeruginosa) + + + + + + - + + +
AR BE AR [ B ( Morganella morganii)) + + + - + + - + + +
SR EFF & ( Flavabacterium oboratum) + + + + + + - + + +
H+ T RRAEBALOXI0~1.0x10° 2" 2" ERAHBIEL.0Ox10° ~1.0x10* ZE;" - "HEFHBEEL.0x10° LT,



F1H

FRREE SRR LR RGO QLB T Al R E AR BT 5 63

222 AERAHGHWALR SHTEELEE S
AMBLREFWMERRLE LI, WNK4TE
H,0.5% FEH 2.0% JLEE 1. 0% KR EALEE
O FLREFERMEY LMERR, EENH
FIHe R, G TR R F 2. 5% B, %t 9

MLORE B B8 R IR RUR s KR B H
WEKE]S. 0% i, AXIKGME L thE = E
B HEAREAMENR; LREWREILT 10.0%
B A EE B RUBEAA M EBCR, WX HR 8 MEK
REIAHE

R4 FIERN 2R AERMERMEICR (MEERR)
Table 4 Antimicrobial agents’inhibition effect on erosive filamentous fungi (inhibition zone test) (cm)
T FHE LEE A EAE
0.5% 1.5% 2.5% 2.0% 6.0% 10.0% 1.0% 3.0% 5.0%

K Z M E (Aspergillus glaucus) B OEH 1.7 b G & T EH KK 2.3
+ {1 (Aspergillus terreus) T TR 1.5 T K T T s 1.4
KFEAE (Trichoderma lignorum) P v S v § 2.0 T B Fik % KM AWE
3 HEFIE (Alternaria tenuis) B XK 2.0 X kR 1LOoGHE®) xF¥ OEHK 1L.0GERH)
7 # B & (Penicillum chrysogenum) E® KK 1.4 X E® 1LOGER) R EH 1.4
B & Penicillum Patulum) bt G ¥ 1.4 X K LOGER) % £ P
LA #2 BB ( Rhizoctonia solani) E® KR EALAK b S v & TR R OB EARK
2 KW #I % ( Phialophora richardsial ) b G 4 2.0 Tk Kk LOGER) X K TRk
% EHLB ( Streptothrix) T IR 2.5 X ER 2.5 ot G vy { 1.3

2.3 ABHER

RIGLE R R, Wty AR MR A PR RE
HEF4:10.0% JLZEE >2.5% S50 >5. 0% ik
AALEE R EE MR HCHRE SCHEE.
ARERBALAS 2 EN F, KA HT N
2.5% 5 EE>5.0% P KEALEE >10.0% ILEE;
STEAMAE REBNEERABET S, KHERN
HEEh:2. 5% 58 > 10.0% JLEZE >5. 0% 4%
ks KRG EEBN S, KO EEAHIT N :5.0%
YUOREALEE >2. 5% 5 FHE >10.0% JLEE,

3 %

1) REAMR. THEE ILERMPURE
MR YA AR, X T T 50% PEG2000 4t
BT HHE AR ,2. 5% BISTERE BRI R EAARM K
29 MBRH(ZLREE);10% K JLKEFNS. 0%
PKREACHERT 4 FRAMEIE R, L 10% JLE
FUREE

2) REYVLE, TEERAPRZR, B—FX
RBDPTREY RTEELHE, HpkLip-1,4
W T, SARM AR FLEMAALL, M
W FEIE AT RBIA SEB E R, HBGE & AR
P REETTRAL . TR BRI AR LA
—, LB A ] B R 5 2 EL4E A T DNA f#% € g A0
RNA 3R & 8%, i FHL#% DNA [a] RNA B)%% 3%, 2R
AR E R, R EIMEER . LERRE -
RaTEBmEAay, TERA TERHEY T o

ILERERXMERREA RN, RS AE PRBEA R
mE R, 5 R MERE RO W2 R A
HIRE, A BN EE R, (B RS H R T LA 1
B, RAETIESRNAKRALE, HE R
AME—ERERMT 7 BRI 2R AR
WBFRS T B RS SR/ SR A 8 990 1) 4 A
KEBAK, R, R AR, EAE A6,
R fE 100nm ~200nm BY BRI 3 SR A0 B A A= 9
FURERON AR,

3) MR, ETRERE ILKRMAKEAH
Xy AR AE P R B AR, 2% 1B B A 4
AMBMENERREEH (FRREAKRBER),
PR s FE R O B R R AE I o IHA LUK R
AT ARBSCHE IS BRI KR EHE —ERNE
P mFe SR LR R F LM, R AREA
PR N , BRI TR L & RA SRR, & 447
oMK RINEE,

4 % ©

AMKHMEDEE EEHEHTIRNEFHHR
EHTEREEREAMAM, HEER =T
T - B SE R B A A T RS S 4 ) S R VB A B
B HEEA A AP, OF LU SE A R B HE P B B SR
FRAEFFMEIE, FEE2ZERUREEEY R, Mk
AN R AL AR 32 B4 3 5 HLR R B T A 7 % AR B 440
HAN 27 EBEIR R EF YRR, (A RERER T
s EHARM AL H S HRE  BERERHEEE
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Research on the antimicrobial effect of catechine, chitooligo saccharide
and zinc oxide nanoparticles on freezing — dehydration pre - treated ancient timber

LI Dong - feng' ,LU Heng’ ,ZHOU Yang’

(1. Zhejiang Provincial Institute of Microbiology Research ,Hangzhou 310012, China ;
2. Zhejiang Museum, Hangzhou 310007 , China ;
3. China National Silk Museum ,Hangzhou 310002 , China)

Abstract; An architectural wooden bar unearthed in Hemudu, Yuyao,Zhejiang Province has suffered from disintegration
caused by micro — organisms after earlier replacement and filling with polyethylene glycol (PEG). The antimicrobial
effects of chitooligo saccharide,catechin and zinc oxide nanoparticles on those ancient wooden structures were tested ,with
the aim of avoiding the environmental issue resulting from synthetic preservatives. The classical method of separation and
identification of destructive microbes was used ,and the effective antimicrobial concentrations of chitooligo saccharide ,cat-
echin,and zinc oxide nanoparticles were investigated. The bacteria which damage ancient soft timber include Pseudo-
monas aeruginosa ,Morganella morganii and Flavabacterium oboratum. Fungi include mainly Trichoderma lignorum ,Asper-
gillus terreus , Aspergillus glaucus , Penicillium chrysogenum and Rhizoctonia solani; The primary bacterium that damage
ancient hard timber is Presumptive Acinetibacter lwoffii ,fungi include Trichoderma koningii ,Phialophora richardsial, Peni-
cillium chrysogenum ,Penicillum patulum ,Cephalosporium costantinii ,Alternaria tenuis and Rhizoctonia solani. The respec-
tive effective antimicrobial concentrations of chitooligo saccharide, catechin, and zinc oxide nanoparticles are 2.5% ,
10.0% and 5.0%. The effectiveness of 10% catechin’s against the four main types of destructive bacteria is greater than
that of 2.5% chitooligo saccharide and 5.0% zinc oxide nanoparticles ;the inhibitory effect of 2. 5% chitooligo saccharide
toward eight kinds of filamentous fungi is greater than that of 10.0% catechin and 5.0% zinc oxide nanoparticles. Since
chitooligo saccharide ,catechin and zinc oxide nanoparticles show selective inhibitory effects against ancient timber mi-
crobes ,and taking into account that the main harmful microbes to timber is fungi,2.5% chitooligo saccharide is the pre-
ferred environment — friendly bio — antibacterial agent.

Key words: Hemudu — timber ; Microbes identification ; Catechine ; Chitooligo saccharide ; Zinc oxide nanoparticles;
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Environment — friendly antimicrobial ; Antimicrobial effectivenes



