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TERRTE S 3 [ 52, A0 A 2 3% T 700 ) 7K R it
977 JG5 O 6 1 728 AF I />, ) B R i 01 A= 0 1 5]
B H 50 K2 3 AR A A AL A S T R KR
HEF T R0 I R EE I AR R R R 221 AR A S
& B XV 0 1 2 A= By o ML L, 4 00 G 3 0 g e T
REAM ] T | % 5 1O A I B0, U5 5 2R S8 AR PR
P, e ik 2R B A AR A, B iR R Sk, H
Je , A ETAA ) S5 M T %5 DR 98 5 1 5 Bl
AR LR T B IE , 1 JCH] T KR AR 6 ) F
FEo ASCRH A 3253 B 095 1 8 5 2 By T bR (P
oligandrum CQ2010) il £ & BEWL , B 5T T XF /N B A
APETEIE, DLW T 2R B A 100 0 4 R e A A
e P B v 4 2, DA O A JCRE | 22 4 Y R AR £t fi
FRHR IR

1 Aopfa 7 &k

1.1 Rewr

1L1.1 #EXsh# . W s R E WD, 1R 3% T H T
HEGBIFE B S50 S I IF ST

1.1.2 K4 . 05 WK ( Citrus sinensis L.
Osbec) , >k A T H P JL A b & RO B2 52 Be
TR BIEE i RS ARSR Bl | RN AL, SR B TE 40 | e
HUFE A AR S,

113 #4 B wk: S50 R & AR B bR (P
oligandrum CQ2010) ,2010 4= [ £ B 345 747 T
PO R E B IR ER B 2 B i A W S e = 5 R A
( Penicillium italicum , 75 % ) M8 IR B ( Penicillium

digitatum 2% ) , 35 v o A A} 2 e A AR AT 5 T

LEE DA IR ZH $ 43t
1.2 BEBELEAB R (P. oligandrum Broth,
POB) #l &

L1000 mL 7K, 15 g Hj%iHE,0.5 g AF A MLk,
1.0 g WEATREE, 1.0 mL R ITT RG] B L&
8.4 mg H,BO, 5.0 mg MnSO, -7H,0 .6. 0 mg FeSO, -
7H,0.0. 62 mg CuSO, -5H,0.2. 7 mg ZnC1, #10. 27
mg ( NH4)2M04O] i o) YA A 1% 7 ik (pH5.5), K
(121 °C, 10° kPa, 30 min) J5 R P. oligandrum
CQ2010, FIH 50 L % We e, B8 37 C A Beif |
50 r/minfiiFE# 10 mL/(min - L) 38 < &, kK B
120 h,5120 x g &5.0>,0. 45 pm JEME T UE, JETR BN K
POB,
1.3 RERELNAFEZREE
FCi] PDA [& {4 3% 5% 4 (1000 ml 7K, 200 g +
12,20 g I, 20 ¢ BERR, FAR pH) , 43l |
LrRE,28 CHEHEIR 7 d 16 AL U A, TG 1 7K Uk £
T W BRI 3 x 10° A4/ mL #6720
1.4 POB X/MNRERMF XS

TEE KB o 24 o W B 45 B )5 ( State Food and
Drug Administration, SFDA) tAUERY, B PE T o 245 F
RBE 25 W) % 4 GLP ( Good Laboratory Practice ) 5% 55
24T POB 2R RIS . 21 3h W iR 37 M il
AT AN R E [E K bR GB15670-1995 5 #
2738 U8 F5 #E #2 ¥ ( Standard Operation Procedure,
SOP) '™, 7E22.7 -26.3 °C,12 h ARG Z#E, sh¥
Dl /N 8 Yt Uy sz P ER 8 vh , (Esh i A il
B bR TR,

YT AT, Sh AR pr [ N aE . 3 d, 4R
J& RIS AT REALK /N 30 Hr ok 2 41,0564 20
HAX IR 10 2 MEMERSF . R2hRiAE & 2 h ARk
R G Y14 4

®1. XBIMFBESRE

Table 1. Test animal groups and drug delivery

Test dose Delivery volume . .
S Test substances Delivery way Delivery fre >
Groups est substances /(ml/kg) /(ml/ke) elivery way elivery frequency
Test group POB 60 30 Gastric lavage Twice a day and 6 h interval
Control Purified water 60 30 Gastric lavage Twice a day and 6 h interval

1.5 POBXMB RERLAKMABAFHEZNZMN
B SEREFDITT R E I (ER 6 mm) , 535

FERRT PDA K3 b 7 A B K T 28 5 1Y

SESHAIHRE I 1.0 mL POB, % [& 7% i 4514 36

W, JC B K ALK ) POB (121 °C L, 2.03 kg/m’,
20 min) X SR AR K I T W, oL ik B
TR S PR 0 45 1 K TR %) POB Ah B R % R, 4R
J5,28 CHERG 3R 4 d,EH 5 K,
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KH NY/T1156. 1 —2006 4 242 N A= 9 2 3k
B5 7%k B POB 4% 1.0.2:3 1.3 JNJC R KH B, 1
WA H B B2 19 POB L 4% 1.1 435115 3 x 10° 4~/mL
HRATRIFRORS A MDA D=7 wom
K 1Y POB S XFHR 26 °C RIZ K5 3% 12 h Al
24 h, X E R 3 IR, % EUESE T &R 0 kAR R
()73  BESE POB X4 F5 4811 & B S
1.6 AIEMIBERT POB WHESERHMIE
iR

N T3 500 . H 2% R BN 1A 2
MIREASE 2 min, Vi BT HIE TS 00 & ks
(b =12 mm) BEHFH % M F B2 W (3 x 10°
A/mL) VRN S S0 AR 38 FR 34 0 8 s R SR Bz (R
FE2 mm) , BT J5 43 9 B 7K (CK) L POB | 125
mg/L, R fef iz (75 & 44 FR Prochloraz , A 30 & & 25%
T EFEEAE AR A Y T I R B A A,
PC 3I/R) (125 mg/L BKEERE 5 POB AYIR AW (PC +
POB) , ¥ 1 min, BT, A0 100 /> HH 4% 2R
SELEA 4R, AU SR S S A R R e A
R A A R A B IR e | TR T S L R M AR
B 619 CENIM, IR EL 3 K,
1.7 POB X##ER B REFHIIER

LS i AT i X« BRI ARG SR 5, T h
7K (CK) .POB.PC .PC + POB 73 Ji2 & 1 min, BT,
RN THAE 8IS, R4 402 300 ASHIAE RS,
g 4 it
1.8 MEMBSH*®

£ POB s B iR ge |, 4 K 58 55 A 1K
SN OARAE AT AR XTSI S 43
Yy RSSO FRIA TR, RIS S X T A 3
WIHEAT R AR, WLER Bh ) 20 8L B R AR R B £ |
JE A

TEIN R IS o, B 7 1 1 B8 O0  v 7 T
s FH S SRR WA 1 R I 00, B4 A BRAEE K 200
BT, ZFE KB T 5 — kT
B &, TR B AR A R 78N T # ik
g s ] B 2 d B — DR AR SR S A I L
ORI R BRI A eSO R i Ah T R O
TRIG P, LS A S 512 s 1 50 (%) B 1] ] B[] A T
TR 7RI ES 15 KA 30 KR A i
DU A AR D | A A T R e R A 7 v M e SR
i v i) i A8 A0 P B AR P (Superoxide dismutase,

SOD) it ALY (Peroxidase , POD ) Flid 4 1k 2 i
( Catalase, CAT) "™ ~""  FEALHRS 55 30 .60 190 d,
BRI 10 A SR 5L H A 3 Ik, 1 GB8210-87
P E A R AT e R MEA R COFLERE I
e AT E I B AL ( Pocket pefractometer PAL-1, H A<
ATAGO 23 w]) W SR ATk e & i
1.9 #iEaE
PR 22 A2 A B A 32 F6 1 SR RN AR i A
A AAR (1) ((2) ((3)ITHE,
W22 K % =
Xof FE BRIV T AR — Ak B R T A 100
Xk B T 7% T AR
HIFHRE/ % = % x100
Tl MK/ % =
Xf RESEL B R % — AbIRA T R
X HR AR %
MBS I R b AR SR S R R R T
RECFIBA ROR SR IR A0 (4) L (5) L (6) #4713
&,

KIH % = e x100

TETEE % =
B x Ab BRI 5
SIRE X B R
Biia s/ % =
XoF RS I HE 2 — b R Ak
X} B 1 46 2L
FH Excel 2003 #E173A 8, SPSS18. 0 #1748
AT, Duncan XA [R] b B A B 08 2E 17 22 521 L
B, WEMKRE N P<0.05,

2 HERFapar

A(1)

n(2)

x100 AZ(3)

2~ (4)

x100 mal(5)

x100 A3(6)

2.1 POBM/NMNRHEMESHE

EVEE 4525 POB JGI5E 1.2 3.7 Ml 14 d, A5
AR/ DRI E K IC R #2257, iR
J] , X B ZH 6 /N B B DA 20. 45 ¢ 3= 23. 83 g,
TRE 20 (1) /N U EE DA 20. 19 g 3801 & 25. 08 g (%
2) Bk W ny ST R A T R, Ak, 7Rk
AW R ST T R, SR
VB W SR AR A R R B | T A
ez
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F2. Wi/NRIFE (g) HBR
Table 2. The mean weight (g) of test mice

Groups Per-test 1* day 2" day 3™ day 7" day 14% day
CK (n=10) 20.45 £1.34a 22.58 £2.78a 23.39 £3.82a 24.45 £3.89%a 22.33 £3.32a 23.38 £4.77a
Test (n=20) 20.19 £1.31a 21.90 +1. 88a 23.89 £2.21a 25.21 £2.49a 23.70 £2.01a 25.08 +4. 84a

In each column, data followed by different small letters are significantly different at P <0. 05 and same below unless stated otherwise.

2.2 POBXME RERLEKMATFHELNI M
Bl 1 AL, POB I 2 M BRI 75 | 2R 8 TR 22 1 A=

K, XA e, POB X7 | 4R 85 TR 22 A= 4 i

Iy HI5E3] 70. 24% F193.74% . AN, LA POB J&,

BigREE b B 1 S )
FEAEVR B2 T TR P, POB 4l 7 | 4 55 76 15
K, WP AW AR, R T BRI R

KR8+ 12 h J5,POB R X5 R+ &1
TR RS> 5K 96. 14% F1 76. 12% s TERE 70T 24 h
Ji , POB JFUR X T | 4 85 46 W & 40 il 2% 43 1) oy
87.82% F144.91% (3 3)
2.3 AIEMERT POB MBS EMRIUEIERE
FEFEFN T B AL TR b | 2 R) B A AR SR 5K
KRNI BCZ e m (E 2) . W E 34 d,
X R (HERD T 2 ) ARS8 R ik 5] 100% , POB
56.02% ,PC & 53.14% ,PC + POB (W1 6. 02% , I,
Ah TR AR AR Akt 5 R AR, CK e,
POB il PC ¥ Z, PC + POB 5 A%; B 1A 40 PC +
POB # &, PC W& T POB, Wik 34 d J5, PC +
POB \POB Fl PC A7 7 2506 T 1Y B 36 B8RRI Ry
92.56% 45.81% F151.17% ,

POB

P. digitatum

g 1. POB XI5 RBELMERKI
Figure 1. Effect of POB on the hyphae growth of P.

italicum and P. digitatum.

R3. ZBRME KBRTHRMMEIER

Table 3. Inhibition of POB on the spore germination of P. italicum and P. digitatum

12 h after treatment 24 h after treatment

Pathogens Freatment Germination rate/% Inhibition rate/% Germination rate/% Inhibition rate/%
P. italicum CK 72.67 +3.21a - 91.67 4. 04a -
1/3 POB 7.83 £7.01b 88.65 +10. 15a 62.17 +3.79b 32.18 4. 13¢
2/3 POB 3.00 +2. 60b 95.65 +3.77a 18.33 +4.31¢ 80. 00 +4. 70b
100% POB 2.67 +1.15b 96.14 +1. 67a 11.17 +1.61d 87.82 +1.75a
P. digitatum CK 96.33 +3.21a - 99. 83 +0.29a -
1/3 POB 32.67 +3.62b 32.18 £7.51b 90. 83 + 1. 44ab 9.02 +1.45b
2/3 POB 33.67 +1.89b 30.10 £3.93b 84.83 +0.29b 15.03 +0.29b
100% POB 11.50 1. 32¢ 76.12 +2.75a 55.00 +5. 00c 44.91 £5.01a

2.4 POB 7EFHAZHE IR S0 i R &% R Y 2R
2.4.1 HBRIEFRERIIEIR R ML
Tt A, 22 9 3R A I i e ] S T, A

ANFHRIEALFE R CK BRI RN 45 KRR
5 ,POB 1 PC Yk ,PC + POB ¢ ffk, 7E 545
it , CK .POB . PC #il PC + POB Kb ) i & % 2843 )



1422

Yan Tan et al. /Acta Microbiologica Sinica(2015)55(11)

K 26.40% 16.61% 15.03% F1 4.21% ; 5 Lk

2.45% . BIIAZCEMLL PC + POB &, POB #l PC

MR AR IR & 17.67% . 11.51% . 10. 11% F1 BELT PC +POB(& 3),
A) 100 B cy 100 =
(A) —o—CK ®) 60} —o—CK © M
® —e—POB - —e—POB o a
> 15[——7PC N —a—PC S 75
£ |—=—PC+POB £ 40| —=—PC+POB b g
=l 1
g sor £ £ sof b
9 g s
& 2 201 b =] b
§ 25 a 5 251 :ggB
8 ) “
—=—PC+POB
0 0 ol v v
2 10 18 26 34 2 10 18 26 34
t/d t/d

B2 ##FBRTFHKES, HBERILFR FEEYENERR(FRFHERTLEEEREE,P <0.05)

Figure 2. Incidence, index and control efficiency of blue mold rot disease of orange fruit in pathogenic inoculation experiment. A: disease

incidence; B: disease index; C: control efficiency. Curves followed by different small letters are significantly different at P <0. 05.

(A)  30¢
N —-—POB a
Rs) —+—PC
2 20f —~PC+POB
3
Q
g
[}
g 10f
2
2
0
© _100
S
% a
575
b=
250¢t b
S b
§ ,5| —~poB
= —+PC
E —+PC+POB
0 20 40 60 80 100

t/d

(B)

(D)

20
2 . —-—POB a
S 15 =PC
=3 —+PC+POB,
g b
3= 10} IS oo
3 b
25 4
e c

0 20 40 60 80 100
t/d

100
[
ERS
i) a
38 75t
)
53
'S E 50t
£ 5 iy b
S &, —-—POB b
£g P «PC
S —PC+POB

0 20 40 60 80 100
t/d

B 3. mamiERREERE T, HER I A REMGERROZME ( FRFERTREEEREZE,P <0.05)

Figure 3. Disease incidence rate of orange fruit and control efficiency in commercial simulation storage. A disease incidence; B: incidence of

blue and green mold rots; C: total control efficiency; D control efficiency of blue and green mold rots. Curves followed by different small letters

are significantly different at P <0. 05.

2.4.2 R E SRR AN SRR A ARG SR S
AT T E R e AR R C MR & A
TR s [R] F S2E 7T A [ A B b AR (e 4) o
WFENY 56, 90 d B, o FEUR A7 R 552 v i) W] 3 2 [
Y o B R L 4E AR R COR R A B Bl R AR
13.35% 46.31% .29.32% 1 19.27% , 15, Bi &
PR b BT S A AT E DR Y AR R C BN
AT i 5 R TG o 25 5

243 HIEBEREHRHRBEHEXEEEME. X5
UL, POB il PC + POB 4b ¥l {2 42 = 5 iz /b % SOD
POD Al CAT 75 (73 15 d /9 POB A4t POD 4]
Ak, 5 CK ML), F75#E 30 d, POB il PC + POB Ab B
/) SOD, POD F1 CAT % ¥ 43 % b X M & T
44.98% —52.10% 20. 61% —23. 82% H160. 80% -
61.85% , ILAN, 75K 30 d () POD.SOD F1 CAT i
PEEER LR FI 15 d AR SR SE
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F4. EMETE P, RE)AIE T HE R MR R0

Table 4. Changes in the quality of orange fruit under different treatments in storage

Storage time/d Treatments TSS/ % Acidity/ % X;:;r/nir(l)ocmL) Total sugar/%
0 11.16 a 0.95 a 54.12 a 8.82 a
30 CK 10.67 b 0.74 b 50.38 b 8.45b
POB 10. 60 b 0.75b 49.89 b 8.45b
pPC 10.56 b 0.71 b 50.07 b 8.47 b
PC + POB 10. 66 b 0.79 b 48.99 b 8.46 b
60 CK 9.57 ¢ 0.61 ¢ 45.38 ¢ 8.11 ¢
POB 9.59 ¢ 0.64 ¢ 45.89 ¢ 8.05 ¢
pPC 9.71 ¢ 0.63 ¢ 46.07 ¢ 8.05 ¢
PC + POB 9.61 ¢ 0.64 ¢ 46.99 ¢ 8.07 b
90 CK 9.17 d 0.51d 38.25d 7.12.d
POB 9.02d 0.54 d 35.21d 7.21d
pPC 9.03d 0.53d 36.07 d 7.18 ¢
PC + POB 8.96 d 0.54 d 36.15 d 7.15d

R 5. MEGERE P, AR LB HE R R HUR AR KBS R

Table 5. Activities of enzymes related to disease resistance in orange peels in storage

Storage time/d Treatment Superoxide dismutase/(U/g) Peroxidase[ AOD,,y/ (min-g) ] Catalase/ (U/g)
15 CK 57.95¢ 29. 15b 2.95b

POB 91.57a 33.25ab 5.37a

PC 42.74d 31. 64ab 2.37b

PC + POB 92. 14a 34.89a 6.35a
30 CK 42.17d 16. 02d 1.24d

POB 76. 65b 20. 18¢ 3.25¢

PC 37.31d 18. 18cd 1.07d

PC + POB 88.03a 21. 03¢ 3. 16¢c

3 it

RZFH N, SEMEE B S0 WA N & G
IR fES Y 2RI N R
— H W 45T POB 60 mL/kg, 35 FiZsh ) (5 K
424k, W 14 d 3R H1, POB XX 2 W i MWL
11k MREBTC R E L O T E I S A
FMARRR B | b S R B ek s, B BA R T P
oligandrum CQ2010 il 4519 POB J& T ILEY it , X 5)
W2 4 T8 | AT AT S5 b J 25355 1 70 i) F SR 4
R

TEMERE R REN R 5 SRR ) HH TR IR T
R TR R R KR R R R R T T
S5 2 MR (0 s D LB 1 A A B, AR ARG SR R A
T, POB R EIMHT Axm A 22 AR KA Tk, 5
MENEFERE > WA LT A 3R W FE B LT B A B-1,3-
HIRAEBG S Z RS, 00 i EL T A0 BE P R ST YRR |
BB LT RE Y X nl B POB Ml 7 sk

KEHEEFEHN Z—, MO, S0 = i /Ny
FHUREPR Y AT fEXT T | G A A K R R A
EAEAHRIER

MG S S P 5 55 2 )5, POB. Ab B I 25 [ 2 2R
L] POB X B UL M AR S 52 19 75 85 [R) A 5L A 410
YEF, BEAh, FRATAMEL 2] POB ffi AHH A7 SR S 4 45 11
WA A, XA 8 TR R 0 e gLy, 1
POB 1 2 kil Bl A KR Weh R aSAK
TEPEY BT, T A A 532 (2 2 4 A K R 1 A
B0 FEASHDUAT A R A AL RO e 00 h T 4R
B o | M AR e SR 0 F B LR, S5 A A gE 4G R
HART, POB AR BE /Y PC B EFRIR T & &%
Sl MR, B R R SR 15.03% - 16.61% ,
PC + POBAb JH iy 2 B 464 4.21% - 6.02% , 1 W
POB F1l PC HLAT IEAC H. & IV, POB W] 44 /55 K 6 e
BB . POB 8% PC + POB b BAA% 5 , S iz
1) SOD . POD FI CAT s M AH O Bl & M4 e, 28
B1H5 | 7 0 L AR AE 2 B VE 9 X POB 1 A 3
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7220 UL POB A BE I8 & HE A SR S G B o B
W, A 25 T 45 B i e K. SoD, POD Al
CAT REA RUE bR 16 M 4 A i 3%, 9 R o S A 1
FH HE 28 52 2, L 1 g 0 T 4 s 2R S 0 R
PEPT S ARG SRS S TR, 45 Ab P55 0 R G 3 2
S, Ui POB XA i 51 TG fb 52

FERRSE IR 1 51, S 5 85 1 B 9 11 ) 2 &
FTFERaEY 0 B R E S, 3 E R 2 v KRR
ST LI 6 B O AT A R MR, HU IR
I A Bl N AR T AT i R M 2K 5 %
BER B AR, SORGR 28, R M R R
WAAR S = W A5 A W 3 T s D S T $R
A B RO ke R E i, B P oligandrum
CQ2010 il #5 POB, I T AHH A SR 552 (%) I 8 £ £ | AN A
LT, R A AR B , T L AT AR BR80T 4,
P A BRI R e M

4 i

POB JCEh W REE , & il 5 AR R 22 2R A
FRF WA, TR ARG SRS 7 A T P 7 A S, R
A, T E PR R A 4R i WK A i 1) B o 24
R, EN RS T 3 5 ), T AR DU fR fef rpn]
AEA — & BN RS
%% Xk
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Toxicity of Pythium oligandrum broth to animal and its
control effect on rot diseases caused by Penicillium
italicum and Penicillium digitatum in orange fruit storage

1 . . 2 . 1 * 2
Yan Tan , Liangzhi Peng”, Ling Yuan ~, Shaobo Wang
' College of Resource and Environment, Southwest University, Chongging 400716, China
* Orange Research Institute, Academy of Agricultural Science of China, Chongging 400712, China

Abstract : [ Objective ] In order to develop a safe, nontoxic and efficient biological antistaling agent and to decrease the
incidence of rot diseases caused by the Penicillium italicum and Penicillium digitatum in orange fruit storage, [ Methods ]
the present experiment was carried out with Pythium oligandrum broth (POB) produced by our self- isolated strain ( P.
oligandrum CQ2010) to study the toxicity to animal. Thereafter, mycelium growth and spore germination of both P.
digitatum and P. italicum and control effect of rot disease in orange storage were compared after treated by liquid culture
medium (control) , POB, prochloraz (PC), and PC + POB. [ Results] Gastric lavage with large amount POB did not
influence mouse weight. The animals also showed no abnormality in appearance, behaviors and pathology changes in
heart, liver, kidney, lung and intestine. POB decreased the hyphal growth by 70.24% — 93. 74% and spore germination
by 44.91% - 87.82% (24 h after POB addition) of these two pathogenic fungi. Disease incidence of orange fruit
following P. italicum inoculation changed in the sequence; CK >POB >PC > PC + POB and the control efficacy behaved
otherwise. In commercial simulation storage, the disease incidence of orange fruit caused by P. digitatum and P. italicum
was above 50% of the total. The fruit rot rate was 26.40% (CK), 15.03% (POB), 16.61% (PC) and 4.21%
(PC +POB). There were no significant differences in fruit quality under different treatments. [ Conclusion] POB was
safe to animal and could decrease rot disease incidence caused by P. italicum and P. digitatum in orange storage whereby
producing a positive interaction with prochloraz and controlling rot diseases caused by these two fungi.

Keywords: Pythium oligandrum, orange, Penicillium italicum, Penicillium digitatum
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