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WE . A B BRAEH 3 Dictyophora echinovolvata TEEIR I 3T R B M A M H R A QT AER, ARR KRRy
HUBERRARBA, stRieH AT Ehsbfrizst, G LR AR ESGREMNET TERARSHK., HRL, 28R
B AZRBESF AN AN RIAFERYTRALRG Y0, RO RERRIE A TEHEARRS K I0%, #Hik
1 50.0 g-L7', Z4t et 2.0 h, Z4RBET5 Co M E kR 24 Kik £k 5 5 0 & T kI 4r 3 T B3 BUR 3T
BERBMA LS HRAGTAER ., EREAW: RIEHAHCEHRREN RSB U MA MY RR LY LA
WAER, A2 xR s SRR IR BSR4 RS A P, ARG BRI R R 2K B F ik
& Staphylococcus aureus , A3 3 J84F 8 Bacillus subtilis, #3k 3 3847 ¥ Bacillus cereus, K34 B Escherichia col-
[, ¥ B AZES A 2408, 23.12, 23.02 A= 22.16 mm, T LRI A 35 OB SR RO AT F L K PR a0 B 60 9 1 AR 2
FRTELZRMBESE, EEXGSHEYBRRLAT, WHLRNZIIKR KA 2 RKKXHHE Exserohilum turci-
cum, ¥ BB Sclerotinia sclerotiorum, % % # % 9% H Botrytis cinerea, % 7 % 9% & Fusarium graminearum, 3
R R E Valsa mali, ¥ F 5 5 A 75.01%, 57.67%, 49.65%, 21.34%%= 9.26%, B & # & ¥# &k B HE £ F
(P<<0.05), TR FLHRRASADGAERARAFF®F. B4454516
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Abstract: To study the antibiotic activity of Dictyophora echinovolvata on food spoilage microorganisms and
phytopathogenic fungi and to provide a theoretical basis for developing D. echinovolvata into a natural food
preservative and a green biological pesticide, an antibiotic extraction of the D. echinovolvata fruiting body was
prepared by boiling an ethanol extract. Single factor and orthogonal experiments were used to determine the
optimal extraction parameters. Four factors was optimized included ethanol concentration, ratio of material to
solvent, extraction time and extraction temperature. Antibiotic activity was determined by the Oxford cup
method and mycelium growth rate method. The size of the inhibitory zone diameter was to evaluate antibacteri-
al ability of food spoilage microorganisms, and the inhibitory rate was used for phytopathogenic fungi, with
three replications. Results showed that the optimal extraction parameters were ethanol concentration — 90%, ra-

tio of material to solvent — 50.0 gL', extraction time — 2.0 h, and extraction temperature — 75 °C. Extract from
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D. echinovolvata exhibited a strong antibiotic effect on food spoilage bacteria and phytopathogenic fungi, but no
inhibitory effect on Saccharomyces cerevisiae. For four selected species of bacteria causing food decay, the
successive order for the bacteriostatic effect with inhibitory zone diameter (in mm) was Staphylococcus aureus
(24.08), Bacillus subtilis (23.12), Bacillus cereus (23.02), and Escherichia coli (22.16). The antibiotic effect
of gram positive bacteria was significantly greater (P << 0.05) than the antibiotic effect of gram-negative bac-
teria. Five selected phytopathogenic fungi were significantly different (P << 0.05) for bacteriostatic effect and
inhibitory rate (%) with the successive order being Exserohilum turcicum (75.0% ), Sclerotinia sclerotiorum
(57.7%), Botrytis cinerea (49.7%), Fusarium graminearum (21.3%), and Valsa mali (9.3%). Obviously, there
is a great potential for developing D. echinovolvata into natural food preservatives and green biological pesti-
cide. [Ch, 4 fig. 4 tab. 16 ref.]
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BRAG AT # Dictyophora echinovolvata J& fHF 1 ] Basidiomycotina I 14 24X Gasteromycetes % %8 %} Phal-
laceae 7731 J& Dictyophora ELJ , J& EFFS: TAEHE K BIET 1988 45 & A 0l BAEAT#50E —Fh 44
SRR, EAAR, M, I B A R BRI L E R R AE 2 A R I B R, e B
SECIE Y R BBRAEAT SRR IO X 5 R L0 IR B0 B A TR AR A, SRR KRB IMKIR
B ML YR Vibrio parahaemolyticus , FAIEZEWi K5 TH Listeria monocytogenes, KM 7 W Escherichia coli
O157:H7, 111K Salmonella enteritidis , 4x 5 (455 2 BR A Staphylococcus aureus , FRILATIRIEE Y
[Fi) B 5L 5 g B AR PR R Z 1 pH(EAR E R 5 X SC ISR R S A B R AT 2R TR, RIEBOK
CWEFNA TR S $ MR A 5T )9 S ) LA R AT R4 A, A TR B 37 i S M Rk Xt 5 it . KR
AW HRITITE . B MU INEE | 4 v 603 % BR T A0S 2 ke B A8 EA T B S 00, 45 SR IT A SR U
X 3 AT LA TR e 5 R S A R T P8 I B IO A R RBOR A T KRB . R E T E N S X
BACATIR I C e iz, (HXF SRR I 2 AR o838 e b, H B B TAT R0 R S i ik 5e
2t I 22 0 B AR B T SO RO IE S, XA o R ) 41 T AT Y 1 R DL ARG o A IS R AT R T
WEPEY) T SR BT 23 T 00k, e 1 B IR 5 L1 ot 8 WO T 5 8 i A 9 D L TR 1) 49 R
DA R R FIAT 20 2 B8 OK 8R 10 £ ot 977 T8 3700 R 2 ) AR 2 25 5 il

R I

1.1 &8

LL1 XA IR 257 SR T 00 T Wi /R R A R A F], ST #R4R 60 CHET 2 1E 5t
kyweid 80 Hfi, LI A

112 #XE EHEWEGENE: RKIpBRAaE, SmOmMaRE, K52 A E Bacillus subtilis
IR ZE MU FT T Bacillus cereus F1W5H [ £ Saccharomyces cerevisiae ; TR FHY)IR IR EH . TR KKK H
Exserohilum turcicum, MW IR Sclerotinia sclerotiorum, T JKEEWE 8 Botrytis cinerea, 3£ J& R4
W Valsa mali F1/NAZ FRFE W Fusarium graminearum ) BEIRTE o B8RP 1 2R ) 4R 25 i 2800 4 H AR [ 5 3 5
HRA TR S % 5 Wi VL AR AR E MOl 5 2R W AR 2 B i A W 2 e o s it

113 %A HPREMAEENE(PDA) R IR B85 200.00 g, % HF 20.00 g, ZiHg 20.00 g,
B8 5 B Ik 38 30 min,  JHZ0 A i BRI, A A BE A BUIR VAL, #hok 2 1000 mL, pH {HH A
Luria-Bertani (LB) 35 5# 4 . AL 2E H R 10.00 g, WEEEP2HLY) 5.00 g, & fkfy 10.00 g, #h/KZ% 1000 mL,
pHH AR, FiFadk 121 CZEE K 20 min £ .

1.2 FHik

1.2.1 #Ro % BUMITAT RN A 10.00 g, 4 514% 88 33.3, 40.0, 50.0, 66.7, 100.0 g-L™" k& L
A 60.0, 70.0, 80.0, 90.0, 1000.0 g-kg™ i ZEE/KE W, RAEE T 60, 65, 70, 75, 80 C/KikékH
RS, 2.0, 2.5, 3.0, 3.5h, iE, PR U AHEEORF AR, Uk, FUEE, BIF 2 WIBW,
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SHUERRHE 4 5] 10.0 mL, BT 4 CTFHEAS .

122 Xt OWRERIOMES . 76T 2 T B T bR AR #Hm % 77 56 B, 4058 37 “ClE iR
Big% 18~24 h, AEYR LT . WERE AR 30 CIHIE B 9% 44~48 h 5 %5 . QU R & . R F
PRBCD VR AR T 464 9.0 mL TR K 18 N, S0 B . A T2 QL ik Rk, ERE T A 3RO
BOBGHH, 88 B R T L B 5 A (B T ) 10°~10" AN - L' (X £ i J88 0 v 40 o 4 I S8 o W B
0.2 mL {34 B 2 IR A T LB “FA I, 37 CH; 5% 18~24 h, 0.2 mL MU £ A T PDA P4 I, 30
CHiJF 48 h, ML KRG E HpR sk E M e, A 3 . X RE % i B0 B (0 30 56 R 0 e o
I 0.2 mL it ik B o 100.0 g- L7 BRAEAT IR B IO Uk A F PDA Sl b il B 5 25 35 7 36 -l , A0 i B
WA R R R ) s FATALAR IR E AN 8 mm UL R DE, B8 2 S AR50 rh o, (DRI
SLmim by BT 26 CCHE SR 44~48 h, SR RRBH A 5 45 1 T 22 AR R I E YR B, ER 3R, M
(D) EM R,

: o R 9 AR — b B R AR

R )= ) X100% o
123 BRI ZLHARE O BB SR 0568 7 B0, PRI 10.00 g T3 A, L
50.0 g+ L™ fORHE L 43 B A SRR 43 80k 60%, 70%, 80%, 90%F 100%[1 2 K s, T 80 Crk
W2 h fEauk, WENEE, RIEEARTIR R, AAHFE AR RE 1R, A0 2 WIMIEW, o iE T
WedE % 10.0 mL, $% R I5 1.2.2 15 sP QLA 4 B €2 4 27 BR B 1 S 15 0% B Fh I 52 42 OB M I T B B AR . K
TG HE O B TR RE S R R2 e . MERRFRER 10.00 g PTERKR R, e BILL 33.3, 40.0, 50.0, 66.7, 100.0 g-L
(RHR I A BIA > 8k 90% 2 K 7R, F 80 C/KIs 2.0 h 55k, ZERAERO, @t a st
FEIY AN ER AR 1 M SE R . HERRFREL 10.00 g MTERRI A, DL 50.0 g- L7 @R Hin A BIAFR 43 20k 90% 2

KR, T 80 CHaRlkis 1.5, 2.0, 2.5, 3.0, 35h 5 £1 ErRRESKTE
j‘i{}‘ﬁ ’ ZE&VE I§J®O @{%%ETEH&%EX%W ﬁEjJ El/ﬂ E‘Z ﬂ[ﬂ °  Table 1 Factors and levels of orthogonal experiment
HERIFREL 10.00 ¢ 73R8 K, LA 50.0 - L7 AR e i A S 4 A ZEHE BROEK/ CE# DB
Hﬁﬁ%%&@*%ﬁ*,ﬁ%?@,&,mﬁﬁﬁ%Tlmyﬂ%%%<Mﬂ Wi/ R EE/C
K 2.5 h gt g, ZE#RERO, OZHNEERRK, EHF | 80 66.7 2.0 65
CEEAT (A, B3I (B), BHEH(C), B#EmE D) 2 % 500 25 70
4ANHFEIENT 4 % 3PS, R LG w0 W0 30 P

LE 3SR A W e T 2 B 1)
2 ZREAM

21 BENIZHEZRXBER

2.1.1 TEARSHEATRBG A AGH 0 CRERTOET S O EAER R M R E 1. A
LA B SRR B ok, M A RCR AW o, CEEAR R 7 BN 60%~90% 1, 1l 1 el H 4% i
EHN(P<<0.05), i &EEARF N ECH 90%~100% ], MR HAM AR E, LG FH B TEIRA,
TE 90% LK WM ATIRBEBOA ) o SRR TR B0 22 S0 A T Pl B AR 1 B 25 22 5, mT BB IRl AN )
RBU B C BB O M B o AEAE 22 5, SRR Bom S A R TR B i i i

2,12 HegarREBEM A A Fea NE 2 TRUE B RN L AR, BRSBTS AS
TR, BH& M 33.3 g- L7 3 40.0 g- L7 #1 50.0 g-L™, M 66.7 g-L™ 5] 100.0 g- L™, 47155 & B 42 FE AR A
W%, MR LM 50.0 g- L7 3] 66.7 g-L™, 416 18 1% 0 & FEAR(P<0.05), P I & 72 BHK 2 50.0
g L7 B HEAT 30 B 0 A $R I . BRI, R L I RNFE R R R b R AL TR IR R B,k
JE 2R WG B — S, PREE R R 2% AT A5 B A A I R BBORUR

2.1.3 Z@EeEASRBGIPARAGFH @ aliREE 15, 2.0, 25, 3.0 535 h 5, CEREBORN 4B
ERAIRE A ZS R I 3, HE 3 AT RlAE RARE B, SRR EACR AW BT, R
IFEIA 1.5 h 884003 2.0 h, M 2.5 h 84 m3) 3.0 h F13.5 h, 0002 8 AR R W3, 1 32 B ) A 2.0
h 3 2.5 h, 0GB ERE R E KM (P<0.05), 256 % ISR SAS, B S IBUE R 2.5 h,
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Figure 1 Effect of ethanol concentration on the inhibitory Figure 2  Effect of material and resolvent ration on the

zone diameter of Staphylococcus aureus inhibitory zone diameter of S. aureus

214 ZPFEBENRBDFARAY 0 WK 4TI HEERREE AT, SRBOR 00 B RO AR B L
Th, S BGE M 60 CHGINE] 65 CH1 70 °C, 5 B4 W& 1 in (P<0.05) , T4 Bl B2 A 70 “CHg in 3
75 CHI 80 C, MR EAAN YA EE, 565 ERRIE A, e $eBGR 70 °C, FREUR B 2 52
BEHACRMERRNE, BESA R TASUSS MERASEY i, RIELR S,

23
£
E21
@
™9
17 1 1 1 J 15 1 1 1 |
1.5 2.0 2.5 3.0 3.5 60 65 70 75 80
t/h T/C
AT N E 7 R R 7R E0.05K A 2 53 1 3% AN TF N 5 7R R 7E0.05K - 22 5 B 3%
B3 ARAZR/ENARREASLEZEHHRYE B4 ARAIRBEARRRSLEZENHRE
I B ARG YR I B ARG YR

Figure 3 Effect of ethanol water bath time on the inhibitory Figure 4 Effect of ethanol water bathtemperature on the

zone diameter of S. aureus inhibitory zone diameter of S. aureus

22 SZEBNEREZRELER

DA 4 B R A BR A R R A, 0P BRFEAT IR 7 SR SR B T 2T SRR AU B BRI EL L R A
], RS 4 DR 3 AACFHEAT IS SN, 25 R0 ER 20 3R 2 W2/ A& Rl . 52
P33 B P2 BRI R E RIT R A (CBEARFU B0 >D R $EIRE ) >BCRHE ) > C R $ER R ) ,
ABCiD; MRS EH T AL A, WS BEIRFL 50l 90% , BHE Ly 40.0 g- L7, 2 LR} 2.0
h, B2EEWE 75 C,

XFA4ANHREITI 200, S5RNE 3 NER3I AT AR D B X B BRI 8 FOR AT B 3 5
(P<<0.05), B 1 C P XF BE ORI B A W 35 vE e o U SR RR A Bl . R AR BE XA 25 v S B
JoT 1 B BCROR B E AR .

2.3 HEHR

Fig JEUE A2 52 3 e Ak ) $ BT 25X G AT 20 A A0 DA A SR AT BB, A5 B X o D A A
FLIA AN S5 5 00 0 W2 4~5, th3k 4 nf WL BRAHTAT IR £ BB IORORT £ 5 oA T8 2 BoAT sl L 3
X WG R N R A A o eI 4 b £ o JS IO B v, 0 PO DA R B R 2 4 B0 7 4 Bk
VL AR ZEIRFT PR L AR ZE AT IR R K A B o G e SRR R 4 B 60 R A BK T 1 I B B AR R T
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x2 EXHBER

Table 2 Design and results of orthogonal experiment

RRE AZ,@%)MS B C 7%%11# D E i ﬁll/Til“PﬁE e 5 AZJE%,MS B I C%%%%Dﬂ‘ D B4Rk %W/%I%EL
TR % fi] i f#/mm TR fi1] & f/mm
1 1 1 1 1 15.14 K1 49.50 57.71 58.94 54.80
2 1 2 2 2 16.23 K2 63.23 57.90 58.00 58.83
3 1 3 3 3 18.13 K3 62.80 59.94 58.59 61.90
4 2 1 2 3 21.77 k1 16.50 19.24 19.65 18.27
5 2 2 3 1 19.66 k2 21.08 19.30 19.33 19.61
6 2 3 1 2 21.80 k3 20.93 19.98 19.53 20.63
7 3 1 3 2 20.80 R 4.58 0.74 0.32 2.36
8 3 2 1 3 22.00 | |[fREAKF A, B, G D,
9 3 3 2 1 20.00

x3 EXXBRAESHE

Table 3 VARA analyze of orthogonal experiment

il B 25 AOAT T 5 IR 2 A AT B (P<<0.05), [ i 2 Uy 3
X3 R 22 B (G 40 T Bl AR B R T

FCBIHE B (GO ks B 7 B (P<<0.05), T WL7E X pipffp 1. — =0 K0 POTRL RbOE O Pl
S BT ATIRZ BRI R 5 % FS B 0 90 3 ;E?Wﬁ‘?i S
25K % M A SRR . e 2 om el

W S AT BHEHTIRZMRBOR M R S MAY Sy asaa 0 laer oss0 e
J35 5 0P P 247 K 0 L RSOR A 5 BUR IR U  FOR K BE 00 18 044
B AR . BAOKERE . NEREREN aa 15872 8

YW Fos(2, 18)=3.55; Fou(2, 18)=6.01, ** %
/RAE 0.05 KR 22 5 8.3 (P<<0.05) .

SERE R, B A 25 5 408 B3 (P<<0.05), ]
DLIRAE AT 9 £ s $ BOOGE B I 22 A 4 B A ) 3 11 4 o
PEHT, AE300 3 A P i 583 PR 3L T R 2 T 57

3 A5t

PAF AT I8 T LR M B Y BRI AL T2 . SRR RUr £ 90%, FHR L 40.0 g- L7, EEmf[A]
2.0 h, R 75 Co W22 73 M 7 52 W AT 954 20803 B OCRBCR 9 E RN RIUT 9 A (L EHARLY
BO>D R EZ) >B OB L ) > CORARIS ), AB.CDs MRS BN T RS, B EER
Bl 90%, KL L 40.0 g- L7, REEMAIY 2.0 h, RIS 75 Co 5 25000 K I B B B i
Btk 2 XA 2 0 R 28R 4 BB S B A I

ABWFFEAE R . AT IR IR SO0 £t J SO0 T A B S A BRI, (X M 8 AN SR L o
YRR, &5 R A AR R BT A E — . BRAEAT IR SRR AR WX 4 Fh A AR B A
TSR SR B S AR U < B (U AT BRI L A AT I WP AP IR AR I R A T, S ARBRR  GE
AEE R —, mTOL, 22 PR B TR ARG o 22 PR B TR 0 RAE 7 75 £ B4 ) o o AR . o 22 ER B PR T A

x4 BEMDERYNERAE. BEENAEBEER

Table 4  Antimicrobial activity of the ethanol extract on tested bacteria and Saccharomyces cerevisiae

PR M B2 /mm PR T A B AR /mm PR 1 B AR /mm

K 35 4 1 22.16 = 0.51 ¢ A 2R AT TR 23.12+0.54 b WL i £ 0.00 + 0.00 d
A WO A R 24.08 +0.33 a R 2 A 23.02+045b

x5 MEMHEBERYNMHEXENFEEENNEER
Table 5 Antimicrobial activity of the ethanol extract on phytopathogenic fungi
BRI 1% PR MAI% BRI MR I%

e AT 57.67 +0.77 b TR K BER 1# 7501 +0.82 a B KA 49.65 + 0.56 ¢

SR R T 926 +043 e INFE IR BEIR 21.34 £ 0.58 d
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2 TGP TR 4 RO SRR AT T £ B B A SRR 2 S RT RE S 22 P TR R 22 G T ) A B RE
P 5 2 B0 22 A 0% o BRATAT TR £ B U X0 A 2 TG B T g 4 AL A5 1 — 25 R o

AWFTER I ATIREESE YN S MR It L B — e IR T, e xR A A 7 e R R
RKBERG B LTI R AZ O B . B K TR AE 3 AR 0 D A RO B, R, M ER A TR Rk
WAL BRI T o

N SEIE N - BRIEAT PRI S IO 1 Ak 2 Ay A R . A LR . fERE . ERSE, b
B 25 0 O o 2R A, HOGT 200 TR R T B, TR R A R R R A B AR RN B B BRI Y R
Wl BRAEAT IR QIR SR KU W 2R R Ne Wi R LR L ke . SRR W RRIR 2 . 1 28 A
XK, HhAWRAIFERE S BE L, ALK anE . & w sesk ma W B mmERN . 481k, B
FEAT TR B HL ) b 400 B 1 ) o A 2 10 R B, (BRI — B IR

TR S St HE, BABRKRWEMSRERE, Hal g mssie, MITirk
AR T — BT, HRATZR RO T, B M e m AT, WX 2 B b B A Y=
60% L4 b1, MEAR KA UK 2R VR AR IRL S BUBRFE AT 20 DG T 45 R, R W R v 32 K i B T
TEBETE . AHRAR A SR AN AR T, A MG AT 200 T 55 A0 B FE A 4 SO TS R B mom DAL, R AR R Ry
Fo XEERE I — L TEANT .
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