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Abstract: The pathogenicity of isolated strains of Lilium brownii

var. Viridulum Baker was studied by using conventional tissue
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separation method. The pathogenicity of the isolated strains was
verified by Koch's law. The morphological and molecular biology
techniques were used to identify the spoilage bacteria. Moreover,
effects of nine food-grade

the inhibitory preservatives on

dominant spoilage bacteria were explored. The results showed
that the dominant bacteria causing the decay of lily bulbs was Fu-
sarium oxysporum. The optimal temperature for growth and
sporulation of the mycelium was 30 and 25 °C, respectively. The
lethal temperature of hyphae was 66 ‘C for 10 min. The growth
rate was the fastest at pH 7 and 8, and the sporulation was the
highest at pH 7. A variety of carbon and nitrogen sources could
be used, which were grown on a medium with glucose and D-
fructose as the carbon source and beel extract as the nitrogen
source. In the case of D-xylose as a carbon source, with beef ex-
tract and L-phenylalanine as a nitrogen source, it was more con-
ducive to sporulation; light was conducive to mycelial growth and
sporulation. The antibacterial test results of 9 kinds of food-grade
preservatives against the dominant bacteria showed that natamy-
cin, sodium dehydroacetate and sodium metabisulfite had a sig-
nificant antibacterial effect against the bacteria (P<C0.05), and
the minimum inhibitory concentration (MIC) were 150, 125,
100 mg/L, respectively.
Keywords: Lilium brownii var. ViridulumBaker; Fusarium ox-
ysporum ; biological characteristics; antibacterial effect

HER

AEMAGRENZAFEA R ARMY . X

79



80

R4&5# 7 SAFETY &. INSPECTION

ZHEAE AREEE. RITAANEAREAEANE
PO E A R E AL G 2 RR A R R Lk
KA G EE LTS Ve Vi B IR E Y B S48 .
BRVBEVHN LA VR SR IO T R L IR S A BOKANBR L B R
ey TR A 8 o E R U I =R A
P2 55 B R G ) SRR .

A B 2L IR 5 & A AR T4 L T R
THAEWERES RAIHATERREERNZZ —.
O 2 E A0 5 o 8 S S B T A T —
W9, Sara % B 98 K LA AR JT T )2 A iR 0D TR A5 A 2
S LA 5 [ A 5 25 8 e 1 3 I R 5 R AT
XF M AE 6 48 0 E A 8 25 R AT R 4 B
LR EREEW M AR BRE . BHEEH
RS B s A AR 22D TR R F M X A
WP IEAT 43 B 2 AR BN [R)  AR 35B Bpg . W 0L X
REEAEB A RRE AR, B, 8 H %5
Xt 1873 e I T b X O 28 A DR AT R Y . AR g
Xof 12 b DX 2 E A T DA AT A B R A W 2 e M T
58, I ERIEE N 9 Fh & & G By Ji 790 % 08 34 8 e o 1 41
TR, B A R R [0 b X0 e 8 A 7 e 4R 1L
IR J SR CHE
1 #Rt5 5%

L1 ##R5iKH
111 HEa ok

Al 28 6 05 25 SR W R A S B T R AL iR
J B B4 AT M L8 = 4 CUKAE R A5 .

1.1.2 ks 3k

I SR R B 0% 9% 32 (PDA) . ¢ + 19 200 g,
HERE 20 g, B 18 g, MK 1 000 mL, 121 °C K 1H
20 min,

TG R R 3 ¢ iR A 8 1 o, TR EE
(MgSO, » TH,0)0.5 g, ZAb4H 0.5 g. Bl W 4k 0.01 g. 1
B 30 g, BilI§ 20 g, 26487k 1 000 mL,121 ‘C K 20 min,
1.1.3  FZH

DNA i 7 & 24k T4 TR R B0 A R

»
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JBL S 2 BR AN - o3 W Al 0 R Wl A PR A
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1.2 UgE5EeE

A ZKFEE . GISADWS B, Ky sl A= B A
[N

M LAEG SWP-2 B, ) T R E A2 G BR A ] 5

H AP R 35 R4 . DHP-500 AU, 5 M T 7 A {08 il 1
HRRAHE,
1.3 A&
1.3.1 A AAREMEN S Ltk HEdfiEs R
EREEUTR I AR A8 k. LI B MR A AL
G B T AR AR B 42 A0 R DR IBUE 25 4 5 00 1R 9 AR AT 4l
35 ¥ A Sl AL T bR HE AT PDA B AL 4 C KAl
Rz
1.3.2 BHBREENGER 2% 30k 103+ RiE B o, X
A ) A A R % 25 BRI AL K B AR 4 mm BRI AL
s DRI FLARL S G A O 0 8 25 O X B, 28 °C E DR B R 0
SR DL P A 72 5 2 v a3l b B bR R S R T
AT WO
1.3.3 RAEABWEMIESKEME . Sx s
Vo i fb i 18 22 8 T PDA i 974k [ 28 “ClE iR K 5+,
EEBMETHERLMNBE TS IEMEBETF RN 5%
CHCTR %5 TF 0T T SR 0 TR 7 R AE A AT B S 2 o 2
U5E
134 BAEHEBWEMBC S FAEDEETE Bk
DNA F$2BUR F Ezup #2022 5 56 B 41 DNA 42 12 571
BTS2 P R AT W O AT A R R
(PCRO) A Z 1 B F2 J¥ 2 % White 457 19 J7 3k 9 17 .
PCR =4yl afifb JG s 4k TS TR BRGE
B2 w5 5 . 64T BLAST X H 23 #r .
1.3.5 R E A T 1 A 2 R o

Q) R BEX T A T T TR T 22 A RN 7R 5 1
M s EE 10,15,20,25,30,35,40,45 “C4L 8 A6 1R 4b
LSRN SN ER 3 K5 dE T FEREX
IR AR LT d 5 A Bk RO I e

(2) pH X Jo 2 6 T8 WO B 22 7 6 6 1 52 -
R —E AR R pH E 5l 5,6.7.8,9,10,
11 ) PDA B335 02 k5 1.3.5(1) —3k,

(3) e RUUE N IR 2F TG R LT T 24 R R AR Y
W]+ DL 56 5 B R 19 TR AW L D-AOBE L D- AU FLRE
28 T AR A TG B 7 ik v (99 TR W TC ACAS [) i Y 85 % 3k L R
IR PR B0 7 3R A X B (CK D 5 [R5 DL A 25 8 R IR Y
L-RAWR L-RNERR B AR PR BRI
i AN ) LU0 A i % i L L G SR TR B 5 6 O X IR (CK) s
Mg E 1.3.5()—,

(4) 6 HRXT B 25 ' A 5 T AT 2 0 77 0 145 T < 4
He M5 i) PDA SEAR 4> 38 F R 2L IR FRr 2L B mEA 12 h
JGHE SR 3 MG TR AAF T M E ik 1.3.5(1) — 3.
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(5) Ji W B BR 22 BORE R BE 1 RE L B T 51, 54,57,
60,63.66,69 ‘CIt 7 MR B 3 4K E IR
FOELW AN TGN ETIMA S AHRZ 4 mm
Tt L ZE U 2E JR FE TR 0 1E TRLKOE B b AT n#A L 10 min
Ja B BV HUG BEATL N B A B 3 A TR D ik E
PDA -4 |, BT 28 °CfH iR 45 7248 b 0% 7 AR 8 5 0F 2
A T 22 W EOE IR
1.3.6 Sl 7% Je 2 A G T O g I AR S
KT IR IRAE TN R - K R B T K R 9 R
UL A 3 g/ L IR A B 2 mL 2 00 B 8
FEMAp FARHZE 50 CHEARFHHE 18 mL, R5IRS)
AN . R B R B 28 Wk B R 300 mg/ L K 3R 5O
HL, [ A8 3 A AR . RS AE 28 "CHE R K 3= 46
B % 2 d, 4 (D PR A T A TS BT R SR

d,
- X100% , 1
. X % (1

A

c

c =

PR, %

dy— X IRA TR % H AR mm;

d,— R AW ¥ HAR, mm,

HIT 0T 2 B A A R 0 B ) S R R
FEAR AR 304 15 BG T R B 1 A8 B 0 E A R Y
MIC ¥, & i E A 4 mL K PDA WK, n A
4 mL ZIXAWIKIR G LR R, GFYRRE 6 AH
557 BN AR 1 T KO AR 1 R PR XS BRL B 8 A
AT A5 7 A B X IR 3 5 TR i K T AR R
KRB 10 A/ mL W BE LB 100 L 4351 A ZE Bk
HIREPORSYET 28 CRATHEE 24 h 5 WL
PR L 5 281 s it 3 1) oy i R vl g o ) ) ok B B A
R MIC,

1.4 #iEkE

Sk HI SPSS 17.0 #4784 43 #7 , Origin #4722 B L il
W R UL CE M SRz FR .

2 RS0
21 RFEERMENSBR4L

1E PDA SR 3w~ A R0 48 mT DLy 85 L 4lifk AN TR
TEA M ECTA LR IR R UL 0 o 2R I 3 i B TR AR O
ai A xd &8 B ML A EICERE W-1(6 D,

2.2 FHKENE R

b W-1 TR E A 85 22 3 W oo B 0 M %
(B 2) . FEMECE & ST 553 89, 3145 5 IR U — K
BB M o AR 8 B ER R ) E S B W1 S A O
2.3 RTBEEMENESHIENE.LEE

W-1 76 PDA F A 85 95 3 b 3G 55, T i 2 55 R R
T 22 B0 2 1, B B 60 A5 2 R B 58 7 R #FAE AN

FRBE AT ERBMEN S ELETE W25 R0 7 %%

Bl FAELTEASLAKR
Mold grows on Lilium brownii var.

Viridulum Baker

B2 #EALTEAEMNEA W-1 508K
Figure 2 After the inoculating bacteria W-1 of healthy

Figure 1

Lilium brownii var. Viridulum Baker

AL, FERN A AN E A PR AL R IR E A,
Kl 3Ca)  (b) s 8 FA7A7E 2 Mo B IR /M FHH
Z  ERMBIE  GNIE , S0, KN (8~12) pm X (2~
3) pm KA FEH B D, A RDE 2l gk T AR Sk
TR AR 3Ce) () 1 25 1 7 M AR 1 4k T B8 ( Fusarium

oxysporum) ,

(a) IETH (b) &
(c) fil+ (d) fE-FHE

A3 W-1EhEEIULR

Figure 3 Morphological observation of W-1 strain

24 RFEEBEMENRERD FEMEETE

M5 rDNA-ITS 3K J&F H 536 bp. 43t GenBank
RV M AT E A UM e @ 1 7 TR S Rk 1
R .
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&1 B TS F 5 [E GenBank 28 & B #K B IR 1% L &

Table 1 Comparison of homology between strain ITS sequences and mold strains in GenBank
I ik 44 k7 ¥ RS Fidic! ML/ %
Fusarium oxys porum MFG/0 MH911386.1 990 100
Fusarium oxysporum MF11 MH911375.1 990 100
Fusarium werticillioides MRCF17 MH880113.1 990 100
Fusarium oxysporum TH9Bg0 MH725595.1 990 100
Fusarium oxysporum NEAU-LCX1 MH469710.1 990 100
Fusarium oxysporum F403 MG515306.1 990 100
Fusarium oxysporum H3 HM210092.1 990 100
ME AT LA i TTS J3 5 m) 98 1 %, 1% i Ak 2ok —e R :5—.’\
15 Genlank 11 7 B Jt ) 6 ) LTS 1714 01434 14 5) _eop A E
100 %% T H. 4316 B i ) 4 T S SR 7 8 U0 0 o AR 40 ) 9 < 5l 14 %
MBS T AT WA WL BRI R 1 1%
ITS J¥ UK\ GenBank it £ 10 MEIER IO ITS 3 B 5] | 2
HF50. 0 MEGA 7.0 B R R & W, i8] 4 :220, z
A, W-1 B 5 R Lk U0 W Fusarium  oxysporum 1ok 1l g
(MH911386. D FE—A4> %, H W-1 FI2R 75 I 1 Fu- ol . T 0 =
sarium oxysporum (MH911386.1) 1Y 55 2% 5 ZR fx i » i 710120025 30340 45‘]5%)
Temperature/“C

TE A 43 % 5 45 RN 1% TR 5 O R T T 8 2R 1t i T
T - 44 A f0 8k ] B (Fusarium oxysporum)W-1,

100 Fusarium napiforme(KU950733.1)
Fusarium sacchari(JX868679.1)
Fusarium graminearum(KX066037.1)
W-1

Fusarium oxysporum(MH911386.1)
Fusarium tricinctum(MF355383.1)
Fusarium decemcellulare(HQ897815.1)
—Acremonium sp. HL3-2(KT192220.1)
74— Fusarium ¢f. solani 13229(1X270174.1)
—Fusarium solani(JN411814.1)

75— Fusarium solani(KJ443674.1)

B4 A ITS 730 4 kst eg W-1 Bkt AL F A

Figure 4 Phylogenetic tree of W-1 strain constructed

75

based on ITS sequence

2.5 REFEINE W-1 WEMEREFAR

2.5.1  JREEXT Rk W-1 B2 AR ™fEMEm i
B S FIH. AR W-1 BA BRI EAFRES] AE 10~40 C
JUH AT A AL R B R 45 CI 2R E KL TE
30 C W EKHEP,5 d)JEEEERE 62.95 mm, 7E
25 CH ™R R, 7 d 57 4.63X10°4/mL, H
23 (P<C0.05) = FH A AL B A 58 & A S5 Fi T
R U TS St

2.5.2 pH XKk W-1 B2 R ™=@t psgm hE 6 mf
A AE pH 5~11 Ju [l N bk W-1 B REA: K 7= 4. B
pH Y 15« B bR B4R 22 S 1 s pd N # . A8 pH 7.8 I

A5 BENSHKW1IH
Figure 5

“E R FRF Y0
Effect of temperature on mycelial growth

and sporulation of strain W-1 (n=3)

WezE K AEK 5 d 5% H A2k 56.68,57.28 mm,
55 0K 4 SO (B e A R — 5, LR pH R4k K.
VA AR A L 32 U AEL W B B BR MR A 4 T /N T L IR
IS ECTE P s B I BR B T A pH Ry 7O 7 i
H KA 4.81X10° A /mL, AN [E] pH X 32 1 7™ 96 5 Wi 24 5
ETE NV ETBUR vt S ER RN L DO NE RS - F g |
—E A VE A .
2.5.3 R AEXN R W-1 WL M- HENEm Wl
F 20T LI Bk W1 B 22 78 BB L 20 R B kTR
601 16

A L
it

W
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Figure 6 Effect of pH on mycelium and sporulation

of strain W-1 (n=3)
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X2 BMEXMNEKW-1HZLEKNEFRENS W
Table 2 Effect of different carbon sources on mycelial
growth and sporulation of strain W-1 (n=3)
L3l W78 HA%/mm FEfLE/ (X105 mL 1)
i 2 M 56.9741.32¢ 3.3840.03°
TE K 54.2241.46° 3.4340.06"
D-AK B 53.851.35" 4.0640.08¢
L 53.8041.12b 1.2340.069
D- 55.2041.20% 3.3340.10°
R 41.794-0.49¢ 2.3340.06¢
Xt R CK, 46.76+0.59¢ 1.21+0.08¢

T TR E RN 25 7 B 3 (P<<0.05),

0 5 70 S vp gy R AR I U O R TROR T AT . AR
A% A D- SR A b U Y B IRk b A B HLAE g i
% 0.05 /K E T 0 e L 5 LR RS SR B S 4 R 2
AL s 75 LA B 1 DA i U ) B R B A K 1 B L TR
AR T I H B B T 0% R U R 8 A D ik
A 5 B AR X T R L e 0 A 0 F S 4 R 2
5 ] R85 T bR FIJE Al S SRR A 6. IR TERL D-K
S Bl R IR o 7 0 R A K LR B L UE R A D- SR
PRI = 3% 77 A0 6 TG 2 35 28 57 5 O S 00k R 14 X TR 417 £
A D BUWTIE G A B TR B T 22 A AN AL

132 3 AT T Bk W-1 X A [R) 6096 9 ) I 50 22 5
BEELUFAENABROFFRELERRR.EK S5
JG B BARIR B 65,13 mm, FU, LR R AR BR A
U B e A RO BB, B TR F 5 78 L-K
AR AR B IR 5 F AR Rl 8 = o B IR 18 U
W L-REAMAESIE N Ebk W-1 89 &I 2 s 7E LA
T LRI B0 O RUR Y B SRk B R RO T d R
4230 3.48 X 10°,3.49 X 10° 4>/ mL. 7E A 75 i & IR
W IR B R A (L 2.13X10° A/ mL. £8 B AR
HEEGZEEAERK RS NESH Z IR AR

®3 REMEKR W1 HLERNFRENIM

Table 3

Effect of different nitrogen sources on mycelial

growth and sporulation of strain W-1 (n=3)

A Wik B A%/ mm AR /(X 10° mL—1)
L- KA 31.1241.104 2.13240.08¢
LM%M  51.88%0.75° 3.49240.03
® A 57.6740.670 2.3320.06"
4N 65.131.41° 3.4820.03°
BT 3 51.7540.51° 2.3140.12b
il R 56.0741.29b 2.20240.08<
X} i CK, 44.78+1.234 2.1340.06¢

T PR R 2 57 B (P<0.05),

FRBE AT ERBMEN S ELETE W25 R0 7 %%

TR W) 28 K 4 A R K Y . B SR
BT FEE L T LU L AR W-1 B 22 R KR SR T B
B TR SE AR 0 B — L SR AR A B FR O o R
[ARERTE

2.5.4  JEHEXIE AR W-1 B2 A" RE R 3R 4]
AN TR BR AL B A% 1 TR L 45 AL 22 AR R USR] 7R i
SOLBAMT, WL HE MM e 8 Rk, 4
58.09 mm Al 3.18 X 10°4~/mL, 5 i fli 4b #2401 Lk B A5 &5
2R (P<<0.05) BB A R FiX A K.

R4 ORBEKR W1 EHLMERENHIE
Table 4  Effect of different light on the mycelium and

sporulation of strain W-1 (n=3)

R kA Wk ER/mm PR/ (X10° mL— D)
LR 58.09+0.45° 3.18+0.09°
4 TR 47.08£0.12¢ 2.2340.08¢
PR 49.4440.54° 2.64240.06"

T FRARFERR 257 B3 (P<0.05),

2.5.5 Bk W-1 B2 BIEIRE M E Bk W-1 i #
1 51,54,57,60,63 CALHE 10 min iA fE 4= . B 7E 66,
69 °C AL 10 min J5 A A AR 1, U6 28 0T T 42 1 3
YEIR Ky 66 °C,10 min,
2.6 HIHIFIX K FE G S BOE R0 H R
0 R e S 300 mg/L i, i3 5 R AL At E E
Xt Bk W1 400 B8 A0SR Fe A, I R 95.98 %, A &
i 0 R 5 T 0 KT B R W1 A B SR Ok L R R
Gy B 86.97 % ,86.67 %6 s A% 22 W AN TN R 41 5 % BRALTC B
25 AR 2 Bl % AR W1 IS T kR s Al
0T B — 0 AR A R RO A PR
SR A A Ll Bl R 1 0 S8 3 R B 4 R0 A MIC R B

x5 BBFXE W-1 HIDFERE'
Table 5 Inhibition effect of different antifungal agents
on strain W-1 (n=3)

Bjj & 571 WK ER/mm MR/ %
POl 26.25+0.07° /
EDTA-2Na 23.3340.07" 11.12
Fe R M 20.25+0.02¢ 22.86
111 B4 iz 4 17.08+0.104 34.93
M 2 R 3.4240.16¢ 86.97
e 25.424-0.15¢ 3.16
7 R £ 25.5040.04* 2.86
7 R 5 22.83+0.08" 13.03
£E B R 40 3.5040.02¢ 86.67
PR 0.670.06! 95.98

T PR R 25 B (P<0.05),
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ZERFW] WA L R Y) MIC ¥k &y 150 mg/L, 52 187
SE U A R D) 4 1 B K | 4R A PR Bl MIC Yk BE S
B 2h 125,100 mg/L. B[ i I8 56 T 7 M 25 3 A0 £ 4 1R
LCPOIS RENE VR AN RITE NS (R SN O )
AU DT IR At 3R AR A TR A X AT 1 A R
FLEREGANEA 25 e U 07 I AN K Bk 22
3 g

il oy B Al A K TE e F T A A B R B
SE T 51 [ M X e O 0 2 D 0 D R
AR T % B 22 30 °CLpH 7,8 S AF T A Kbk,
W22 B8 BE 66 °C A3 10 ming 3% B T B I £ F ik A
U5 rb 7 LA 7 B R B A A e T PR O TR 1
Frhk FAR K R 7E 25 °C o pH 7 YRS OLTF 7 B i ROk
D-AME R BIR A AR L-R T8 R BB 460 T 08
FF = 40 S B F T o 22 A KA 9. 9 Fh i
37 JE5 790 %ok 32 T 4 40 T R R L A A R LT L R A
S5 0B R B 0T 12k T L S I R AR, MIC R 2 1
150,125,100 mg/L. L6 5S40 5 500 % e 5F 1 & #EAT
T O A7 S B Y A B R A I A A
AT G S TARTT 53 2 A J5 1) BEAT S 0 400 0 400 7 79 18 4
FRFI I 3 ol o R0 0 AT B I 5 5 T 0 T AOR S D
TR0 B 0T 8 8 LT Y A ) S o AT
BB 1 AR G E A R AR L pH A I Tk
0T Dt A A A B RO e R B R A T A E B
e
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