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Abstract: To study the activities of bio—preservatives 2—phenylethanol (2—-PE) , natamycin, chitosan and oligochitosan against

the four mainly citrus pathogens Penicillium italicum , Penicillium digitaum ,Alternaria citri and Cladosporium cladosporioides ,

the antibacterial rate and minimum inhibition concentrations of sigle and composite biopreservatives were assayed in this

research.The results showed that both of 2—PE and natamycin strongly inhibited the four pathogens in therelative low mass

concentration ,and could inhibite mycelium growth of citrus pathogens in the concentration of 2.4 g/1.(2-PE) and 0.3 ¢/L

(natamycin).The antibacterial effects of chitosan and oligochitosan were not significant, and mycelium growth could not be

inhibited completely in relative high concentration of 7.5 g/L( chitosan) and 12.0 g/L( oligochitosan).The analysis of variance

of main effect and interaction effect showed that the main factors affecting the inhibition rate of Penicillium italicum and

Cladosporium cladosporioides were 2—PE and natamycin, and the interaction between 2 —PE and natamycin was significant

(0.005 < P <0.05).The interaction between 2—PE and chitosan was not significant (P >0.05).Combined usage of 2—PE and

natamycin could enhance their inhibition activities significantly (P <0.05).Compared with the same concentration of 2—PE , the

antibacterial effect would increased by more than 60% when 2—-PE and natamycin were combined.
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Table 1  Table of factors and levels in orthogonal design
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Table 2 Effect of 2—PE in spore germination rate of four citrus pathogens( % )
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Table 3 Minimum inhibition concentration of bio—preservatives

in inhibiting spore germination of four citrus pathogens(g-L™")
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Table 4 Effect of bio—preservatives in inhibiting mycelium growth of citrus pathogens(g-L™")
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S 1.0.1.2 1.2 2.2 o/L, Y4 3k 100% B, Bl &/
SN e B (MIC) 435 1.4.1.8.2.2 .24 /L, HI
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Fig.1  Antibacterial effect of 2—PE concentration

on four pathogenic bacteria
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Fig.2 Antibacterial effect of natamycin concentration
on four pathogenic bacteria
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120 F5 TEAFITFE R SPSS i)y 5 4
100 2 . =l Table 5 Experimental scheme and results of
— 80 inhibition for P.italicum by SPSS
S AT 55 B( i C
i o0 ok S B - Lk
~ IS A(2-PE) L e MEHE(% )
0 o SRR BR)  (GURHD
= AR e 5 1 1.0 0.005 1.0 56.56 +1.01"
20 2 1.0 0.005 2.0 63.04 £0.79"
0 3 1.0 0.010 1.0 80.20 +0.98°
10 20 30 40 50
R (e/L) 4 1.0 0.010 2.0 89.79 +1.23"
W . s . 5 1.6 0.005 1.0 13 £0.98"
FI3 AEROREI BV IERT 4 B o R B8R 9013098
. . . . _ 6 1.6 0.005 2.0 9242 +1.34”
Fig.3 Antibacterial effect of chitosan concentration
. . 7 1.6 0.010 1.0 97.34 +0.97"
on four pathogenic bacteria
00 8 1.6 0.010 2.0 100.00 +0.10°
90 T B S AR R NG F R R R 2 53 3 P <0.05;% 7
80 . I
70 iy e A e D = =
S 60 ~; TTE R SEM 3, A R C B9 32 HAE X 38 KR 2
i 50 ,, N PR R AR TG PEZ i (P > 0.05) ¢
il N Bl = s v, s N = TSN NI
= ‘3‘8 , . “;ﬂjf{;&%@h 2.4.2 S A REEFIXT 2R TR AS 70 B 41D B R 19 1 38
P 1B || B e ptat ks BRISLE R P TR g b, 2 PE X 2EAOIRAL 7
10 e llE P AT B RS SR iR, 1117 490 i 5 38 Xk L P PR RS AR A 5
0 2.0 4.0 6.0 8.0 “ioho 12 iﬁﬁﬂiﬁfiﬁgﬁ%é’%% ”ﬁﬁﬁp%‘% E/‘J EE lﬁl?%ﬂ% lﬁl
S Ri(g/L) TIPS A . RIS S LR 7~ K 8,
P4 SEoEpim ik Xt 4 R SR B A 30 B RUR FT AR TER N H] SPSS iR T % K 4R

Fig4  Antibacterial effect of oligochitosan concentration
on four pathogenic bacteria

PE 5 g Sk, DR R FH 3 PR s Jird 1 ke 2 9l 2B 47 AN
[ R ) 1 52 B A BRI 6o A A TR A8 410 R R ok B2
T, RS G AR S 50 AT RE 2 BOR B L 0 410 R SSCR
TEHL N 3R SL B0 45 R ng Skl b, 1l i SPSS20.0 St it4K
PEAR g — JBEZR PR AU XS 3 PR 9 SR 280 FISE B AL
W UEAT 7 22538 o

241 S A OR AR AT 5 O R TR A ORI IE 52
IOEE R 2-PE 5 HAth A= 9 £ i 55 52 5 1 X 2
KA T B I R OR WL 5S~3R 6.

T AR 2L AN 7 22 53 BT F2 W, AL TE AR Y S
K P AE 4 0.003 , 520 AN 2, s Eta J5 2 0.999,
RN R R 22 /)N UG EEM G . A B 1 AB 19 P
¥ <0.01, X L i .35, C g P < 0.05, X

Table 7 Experimental scheme and results of

inhibition for C.cladosporioides by SPSS

- B( 4t C Gy

S5 A(2-PE) B2 (B MEH(% )
1 0.2 0.03 1.0 70.43 £0.12°
2 0.2 0.03 2.0 72.55 £0.23°
3 0.2 0.06 1.0 82.38 +0.05"
4 0.2 0.06 2.0 86.14 £0.24"
5 0.6 0.03 1.0 87.53 +0.58"
6 0.6 0.03 2.0 90.84 +0.43"
7 0.6 0.06 1.0 94.19 +0.56™
8 0.6 0.06 2.0 100.00 +0.01°

FEAARTE] SN AN T7 22 50 A Fe W, A TE AR TR 4 S A
K4 P = 0.005 < 0.01, 52 m t & 3%, W Ewa J7 N

F 6 EARFNFHEAMBIZOR T RIRL A Fe: 5
Table 6 Test of intersubjective effect of inhibition for P.italiacum
il I #4775 df Y5 F P& i Eta J5°
R IE AR 1779.422 5 355.884 290.251 0.003 0.999
AR 56025.434 1 56025.434 45693.085 0.000 1.000
A 1019.2611 1 019.261 831.287 0.001 0.998
B 531.056 1 531.054 433.166 0.002 0.995
AB 158.420 1 158.420 129.204 0.008 0.985
C 55.230 1 55.230 45.044 0.021 0.957
AC 15.457 1 15.457 12.606 0.071 0.863
PR 2.452 2 1.226
Bt 57807.308
MEIE T 1780.874 7

7 afl Eta 77 =0.999 (724l Eta J7 =0.995) ;3% 8 [Al,
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Table 8 Test of intersubjective effect of inhibition for C.cladosporioides
I A4 J5 0 df ¥7 F Pia fifs Eta J7°
R R 1330.671" 5 266.134 188.955 0.005 0.998
i E) 55514.452 1 55514.452 39415.281 0 1.000
A 774.211 1 774.211 549.69 0.002 0.996
B 435.125 1 435.125 308.939 0.003 0.994
AB 93.571 1 93.571 66.436 0.015 0.971
C 25.920 1 25.92 18.403 0.05 0.902
AC 1.843 1 1.843 1.309 0.371 0.396
R 2.817 2 1.408
Bat 56847.940 8
KIER BT 1333.488 7

H 9 2-PE NG FEE S BCIRO0 T8 M) T %5 A0 25 ACIRAS 76 % 1 40 B 5 R 0 3 4 39

Table 9  Antimicrobial rate with mixture of 2—PE and natamycin on Penicillium italicum and Cladosporium cladosporioides

ik MEH (g L") PR ‘TW% e WEH (g L") EER ‘?fﬂ?%
2-PE YR (%) (%) PNibFEE  2-PE (%) HEIR (% )
1.0 0.0000 32.54 £0.65' - 0.02 0.0 38.84 +1.78' -
1.0 0.0050 53.55 £1.02" 64.57 0.02 0.2 53.55 £1.45° 37.87
1.0 0.0075 66.32 +1.11 103.81 0.02 0.4 70.43 +1.23 81.33
1.0 0.0100 72.89 +0.45° 124.00 0.02 0.6 90.26 +0.78" 132.39
12 0.0000 42.39 +0.23° - 0.04 0.0 44.02 £0.79" -
ZHF 12 0.0050 76.46 +1.04" 8037 Aok 0.04 0.2 66.46 £0.67" 50.98
HE 12 0.0075 81.27 £0.87™ 91.72  Kif%E 0.04 0.4 8831 +1.23" 100.61
12 0.0100 83.37 +0.98" 96.67 0.04 0.6 97.37 +1.45% 121.19
1.4 0.0000 57.28 +0.67" - 0.06 0.0 60.51 +2.07" -
1.4 0.0050 89.54 +0.87" 56.32 0.06 0.2 79.54 +1.47° 31.45
1.4 0.0075 92.56 +1.45® 61.59 0.06 0.4 91.43 +0.45® 51.10
1.4 0.0100 96.38 +1.56" 68.26 0.06 0.6 100.00 +0.23" 65.26

TE =7 g G RSN ) /NG P RER R 285+ 3%, P <0.05

0.998 , F B [m] AR AU R 25 /N, A 4. A Fil B (19
P <0.01, XM B R 52 il .35, C 1) P <0.05, %} 4%
il A 5 B 1438 B AE X ZERCIR AL /R I S
SR FZ I 2 (P <0.05) ,A F1 C (W38 HAE X 2 A%
IRASE AL EE I R R A2 A .25 (P > 0.05) .
25 2-PE S4ttEEZME SHIE A

EAZIREGFR ] 2— PE 5 g fih 85 = X 73 K 5 85
I ZEASE AR A 70 85 00 0 B R A7 AR W I 38 BAE A
(P <0.05) 1T 2-PE Xf 2 KA HHIME TS,
IS B 0 G A B 2R R A PR T M. AN B
F0T ZEAS DR ASE 70 B 1 10D B AV A B2 59, A s in /b
2-PEMHE S I IE M. 32 9 WARRIMEER 2-PE
2P fih B 2 A2 T R T K R B N SRR A 1R R Y
U BRSO B SR I

TE 2—-PE S I ingi b as 22, 7T B ik $2 s %o 2= R
BHEMNIME R, 24 2-PE #F R 1.0 g/L B, TEH ik
B EE U B AL K 32.54% , %50 0.005 ,0.0075 |
0.0100 g/L (ghfih B2, T EA R A B3 2R A vk B
Bahng BH B, AH A T 6E B0 B R b i B i s
124.00% . ¥&75 2—-PE ¥R )&, B3040 1t 25 2 0 3100 54 1
R A TR B, 42-PER 1.4 o/L g5 R R
0.0100 g/L B}, M FKIEF] T 96.38% , FA FHNH T
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REICRIT 35 1 A= A, AEUFE 51K T Xk B0 1 5 84 it oy
68.26% , HHTB—fR&E5] 2— PE Fgh fih 85 22 58 4= 41
X R RN R A K AU B 53 53 R 2.4 F110.0150 g/L,
B A A X R R R T R A W Rk vk
FH B3k 381 ] — 0 BT 2R Akt FH 42 1 ) 791 L o g i R
P FH e R i 3 AT

TEAh S 22 T AN 2— PE 75 AT B 52 32 55 %) 2 4
IRAZ L TH PP B 3. Mgt E R 0.02 g/L B, ¥
T 2—PE $D & S8 R R R W3, BoEiik 132.39% , [
5 9 A A 2 v R 1A BN, X 2R R A A 1 41 B
EA TR, YN EE 2K 0.06 ¢/L.2-PE & 0.6 ¢/L
A, X ZEACIRAS A B A AT B 35 B T 100.00% ., 1144
fbBE R A 2 - PE 76 B 00 B I, ¥k 52 45031 2 0.2 F
1.4 g/TARETE M ENZE AR, Hik, —EHME &
ELAT B W i A B B E .
3 it

2-ZR L BE b FE R TR S 5T SR Y RE A &L
eI R R AL DN I N (= B N = 2 S L e e )
B RN 2SR A 70 55 1) 48L 7 W RN 22 48 1K, AE AR T
POV T, 3K 4 £ e 591 b B 22 24 B 0 0 i A5
ARG IUT g AL FFE R > 2- K LB > 52 R > 5%
SLME . 2—-PE F9 Aih 85 22 % A48 5 PRk 345 A B 0 B
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IO, AN Tr) (R TRT B 410 TR 23O AT 1 25 28 57, T 72 3R
W5 e SER B R RO I B RO 28 2 AN 3 0
JH SPSS HRAF i B — L R L S A, BEA T PR S 55 Y
Z N ZR K 32 EAR S, I 2EAT 322808 HH AN
S H T 22504, S R W, R R 7w
ZPRCIR B A ZE M B R0 E 2N T 2-PE 5 901th %
R,H A ARFELHEAAN ALl E AT
2-PEFIZNfb R 2R 2 & M B R W], —H 50
JHA S 25410 B 38 28 T, A A ] vk B2 T 410 T 2
A IE LR 60% LA E o PRI, 2-PE 5945 3R 2 BT
FEHT, AT G40 B, i T AT RGP R
FEEAR A ERT 79 B o FH o AS WF 58 5k 7 X A2 W) e A 1
2-PE R 5 H g A Wy AR S 55 ) 400 B S8R PR, O A
FEAH A S5 60 v B 7 6 DR D1 RE, O g O fef 32 1L
BT ARSAS B A= O e 7] X B T SR 1 o BRI
2 A AT 36 BB WA, S8 IT R AR SAS 2~ PE
A R SR A — AT A0 R A Tk
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