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Antibacterial effect of Fusarium nematophilum of Lycium barbarum on
rot-causing fungi in oostharvest Ziziphus jujube cv.Lingwuchangzao
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Abstract: [Objective] This study clarified the bacteriostasis and preservation effect of the antagonistic
Fusarium nematophilum strain NQ8G [l 4 on pathogenic fungus of Ziziphus jujube cv. Lingwuchangzao to

provide reference for its postharvest preservation. [Method] With the dominant decay-causing fungi Alter-

(WewiEd] 2021-12-14

[(RETH] EEA RPN RS H “HA P A w50 5 S5 I 1 B AR (8 S 5 40 IR Ak 22 B9 7 (31460484) 5 7 I 5 #F & it
KI5 E 7 BTG G 7 e T Ak [ 4 OGS 4 R 1 BT S5 7R 38 (2019 BBF02013)

[fEHF A SRSRSR(1995—) , T W mg A O 7R+, EE NS AW B IR 5 @) 7 A58 . E-mail: 951987870@qq. com

GEMGER] W% (1969—) 4, F RN #8214 1 28 S, 3252 A B2 A W B A 5 0 4 9 VR R T B 9

E-mail : gupeiwen2019@nxu. edu. cn



138 PO AL AR MRB 3 222 4R (A SRR 2 B 9% 50 &

naria alternata and Botrytis cinerea after collection of Ziziphus jujube cv. Lingwu changzao as the target
pathogenic fungi. The antibacterial rate of NQ8G [ 4 was determined by in-dish confrontation test. Three
treatments were set up: inoculation with NQ8G [[ 4 and target fungi at the same time, inoculation with
NQ8GII 4 for 4 d followed by inoculation with target fungi., and inoculation with NQ8G [[ 4 for 4 d fol-
lowed by inoculation with target fungi; the antagonistic effect of NQ8G [ 4 on the target fungi was ob-
served microscopically by culturing NQ8G I 4 and the target fungi using the coverslip standoff method.
NQS8G [ 4 culture filtrate was prepared, and its inhibitory effect on the growth of target mycelium (The
volume ratios of the culture medium were 10%,15%,20%,25% ,30% and 40% , respectively) and spore
germination was tested( The volume ratios of the culture medium were 10%,20% ,30% ,40% and 50% ,re-
spectively). The broad-spectrum antibacterial activity of NQ8G [I 4 against Rhizopus oryzae , Aureobasidi-
um pullulans and Peyronellaea glomerata was determined by in-dish confrontation method. The inhibition
of NQ8GII 4 volatile substances on the growth of target mycelia was determined by the plate-to-button
method. To analyze the preservation effect of NQ8G [[ 4 culture solution on Ziziphus jujube cv. Lingwu
changzao,we used the method of soaking Ziziphus jujube cv. Lingwuchangzao with NQ8G [ 4 culture fil-
trate solution content of 10%,20% ,30% ,40% and 50% by volume for 1 min and then dried, refrigerated at
15 °C ,with sterile water soaking treatment as the control, and observed the decay and counted the decay
rate every 5 d. [Result) The antibacterial effect of inoculating strain NQ8G |] 4 4 days before inoculating
pathogenic fungi was significantly higher than that of simultaneously inoculating strain NQ8G [[ 4 and
pathogenic bacteria. The bacteriostatic effect of NQ8G [[ 4 against A. alternata and B. cinerea were 71.25%
and 68.75% , respectively. Optical microscopic observation showed that NQ8G I 4 could cause malforma-
tion,disintegration and branching increase to the mycelia of spoilage fungi. The culture filtrate of NQ8G [[
4 effectively inhibited the growth of A. alternata and B. cinerea hyphae with inhibition rates of 71. 25% and
62.00% ,respectively; When the culture filtrate fraction of strain NQ8G [| 4 was 50% ,the conidial germina-
tion inhibition rates of A. alternata and B. cinerea were 92.81% and 88. 72% ,respectively. The inhibition
rate of volatile substances of NQ8G [l 4 to pathogenic fungi A. alternata and B. cinerea reached 94. 34 %
and 95. 95% respectively. The inhibition rates of strain NQS8G [I 4 against A. pullulans,P. glomerata and
R. oryzae were 87.91% ,75. 42% and 30. 95% , respectively. Compared with control, NQ8G |[ 4 strain cul-
ture filtrate at 20% volume fraction had the best preservation effect with decay rate reduced by 77. 09%
and shelf life extended by 15— 30 days at 15 °C. [Conclusion) Fusarium nematophilum NQ8G ][ 4 is a
promising strain for fruits and vegetables preservation.

Key words: endophytic fungi of Lycium barbarum ; Fusarium nematophilum ; Zizi phus jujube cv. Ling-

wuchangzao;rot-causing fungi
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A. Inoculating strain NQ8G I[ 4 and A. alternata at the same time;B. Inoculation of strain NQ8G [ 4 4 days followed by A. alternata;
C. Inoculation of A. alternata for 4 d followed by strain NQ8G [I 4; D. Inoculation of A. alternata(CK) ;E. Inoculating strain NQ8G I 4 and

B. cinera at the same time;F. Inoculation of strain NQ8G I 4 4 days followed by B. cinera;G. Inoculation of
B. cinera for 4 d followed by strain NQ8G [ 4; H. Inoculation of B. cinera(CK)
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Fig.1 Inhibitory effect of endophytic F. nematophilum NQ8G | 4 from L. barbarum on

growth of target pathogenic fungi mycelium
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Table 1 Inhibitory effect of endophytic F. nematophilum NQ8G Il 4 from L. barbarum on growth of

target pathogenic fungi mycelium

pGE ! 3C 4l s FLA R 3R/ 2o TR A 4 AL 3R/ %6
Treatment Inhibition rate of A. alternata Inhibition rate of B. cinerea

[ I 426 60 T bk NQSG 11 4 Al J5LEC

+ +
Inoculate strain NQ8G [[ 4 and pathogenic fungi at the same time 50.890.71'b o1.061.22b
PN NQSG A 4 d J5 S Ff 5L 71.254+0.99 a 68.754+1.14 a

Inoculation of NQ8G [ 4 4 d followed by pathogenic fungi

BRI L 4 d S5 R NQSG T4
Inoculation of pathogenic fungi for 4 d followed by NQ8G [ 4

29.04+1.54 ¢ 20.13£0.69 ¢

TE R B P I AR iR . [RISTECR R AR AR [/ 5 B e 7R Ak B ) 22 57 18 3% (P<<0. 05) . &,

Note: The data is the “mean® SE”. Different lowercase letters indicate significant differences between treatments (P<Z0. 05). The same be-

low.
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A. A. alternata; B—D. Microscopic observation of the interaction between strain NQ8G [[ 4 and A. alternata;

E. B. Cinerea; F— H. Microscopic observation of the interaction between strain NQ8G [l 4 and B. cinerea
Bl 2 HAC P A e Lk g T i NQSG T 4 o 30 bR 95 T 0 1 475 B0 V6 P B9 5 o o 45
Fig. 2 Microscopic observation of antagonistic effect of endophytic F. nematophilum NQ8G [l 4 from

L. barbarum on target pathogenic fungi
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Table 2

Inhibitory effect of culture solution of endophytic F. nematophilum NQ8G |l 4 from L. barbarum on

growth of target pathogenic fungi mycelium

NQSG Il 4 ¥ 57
B %
Content of NQ8G [| 4
culture filtrate

IRAGH AL A/ %

Inhibition rate of

B HEHS LI %/ Y
Inhibition rate

of A. alternata B. cinerea

Content of NQ8G [ 4

NS LT ekt s bk %

Inhibition rate of
A. alternata

R 25 A A %/ 6
Inhibition rate of

. B. cinerea
culture filtrate

10 27.294+1.57 32.39+1.75 f
15 38.38*+1.55 ¢ 38.9640.80 ¢
20 48.0941.89d 46.56+£1.45d

25 56.3040.94 ¢ 51.52+1.32 ¢
30 63.0440.63 b 56.0840.35 b
40 71.2540.74 a 62.00%0.55 a
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differences among differdnt treatments of the

same pathogenic fungi (P<C0. 05)
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Fig.3  Inhibitory effect of culture solution of endophytic
F. nematophilum NQ8G Il 4 from L. barbarum on spore

germination of pathogenic fungi
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Table 3

Inhibitory effect of volatile substances of endophytic F. nematophilum NQS8G ][ 4 from

L. barbarum on pathogenic fungi

RHEEAR IR/ %0 A A AL R/ %
Inhibition rate Inhibition rate
of A. alternata of B. cinerea

Fi gt i) /d

Incubation time

8l A FL I 1 3R / 6
Inhibition rate of
A. alternata

TR 75 AL i 3R/ 4
Inhibition rate of
B. cinerea

3R] /d

Incubation time

0 33.04+1.94 ¢ 28.75+1.87 ¢
2 54.8043.17 d 33.6040.54 d
4 90.30x1.46 a 68.4321.29 ¢

6 94.344+0.83 a 77.3240.86 b
8 78.2241.42 b 92.7241.37 a
10 66.1421.17 ¢ 95.9540. 80 a
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FIAC P9 AR BB B B NQSG I 4 X HY 2 Ji A %5
BRUR A 55 A0 AR 25 50 I TR 0 A R an &1 4 P
No FHIE 4 WA R NQSG 1 4 X Hh 27 40 1 55 L Bk

R A B 10K KR B 429 5 AT 400 ) 8 JH e e b 2 e A
B ) 0 TR R, B e X ER IR AR B O I R RO Uz L
KRR BOR 22 . AR NQSG 1 4 % 27 48 4
B BROUR A& B FOK AR 25 B 30 ) 3 5 0] ik 87, 9104,
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75.42% Fl1 30, 95% , 54 2. 1 A AT, M AT P AR A
B ONQSG I 4 14 B ik #5715 Fpog i &

PR 35T AN B A A

A—C AR A 25 58 AT B L BRUR A6 75 FIOK AR %5 41 19 X IR AL D— F AR O BBk NQSG TT 4 XiF Hh 2 46 4 5 B3R UR 16 85 ALK AR 25 (4 410 1 7B FA 40
A—C. The control group of A. pullulans,P. glomerata and R. oryzae,respectively; D—F. Inhibitory effects of strain

NQS8GIl 4 on A. pullulans,P. glomerata and R. oryzae,respectively
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Inhibitory effect of endophytic F. nematophilum NQS8G Il 4 from L. barbarum on different pathogenic fungi
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Table 4 Preservation effect of culture solution of endophytic F. nematophilum NQ8G || 4 from

L. barbarum on Ziziphus jujube cv. Lingwuchangzao

b JE R/ Y% Decay rate
Treatment 54d 10 d 15d 20 d 25 d 30 d
TEK 6.2552.08a  18.7542.08a 45.8312.40a  64.58+3.99a  85.4245.24a  97.92+2.08 a

Sterile water

KRB 10% NQSG 1T 4 B3Rl

o e i 0.004£0.00 c  0.0040.00d  2.0842.08 de  8.3340.00 de 20.83+2.40 de 33.3343.40 ¢
ﬁ)f}?ﬁju%uiiﬁggiGogééi?gﬂﬂ4 0.00£0.00 ¢ 0.00£0.00d 0.00£0.00 e 4.17+2.41 ¢ 10.42+3.99 f 20.8342.40 g
gf}fﬁjﬁiﬁgﬁi%iﬁﬁ 0.0040.00 c  0.0040,00d  4.17+2.41d 12.50®2.41d  25.0043.40d  43.75+2,08 d
ﬁﬁﬁ%ﬁ%fi‘ﬁi%iﬁﬁ 2.0842.08 be  6.2542.08¢  16.67+0.00 c  31.2542.08 ¢  45.8342.40 ¢  62.50+5.38 c
gf/:éfu”?fui%ﬁii%%éﬁﬂ‘ﬁ 4174241 ab  14.5842.08b  27.08=2.08b  30.5842.08 b  56.2542.08b  79.17+2.41 b
ZWR 0.004£0.00 ¢ 0.0040.00d  2.08+2.08de  6.2542.08 ¢ 16.6743.40 e  27.08+2.08 {

Carbendazim




144 P A e MR K AR

5 50 &

3w

Vi Shy 00 A= B A 0 P9 A LT AT LS i D
T 52 A A AL B AR A B 5T A S e AL B
AR T L B B A R B R S AR T
PSRRI SE S W i £ e T G T R
W (Alternaria oleracea) . H B X ELIH B (Ceratocys-
tis paradoxa) 5T M HEAE 0 (Alternaria citri)
BRMUFR A SR B (Colletotrichum capsici ) Z ¥ —E
AR AR BT ABFSERY] L Bk NQSG I
4 0 SRR ST B i T L T AT B0 4 ] AR
F PR EEBOCR BT U] NQSG I 4 2 — Rl BT &
T8 3 0 A By TR A SR R DR T T BT )T R Y
I TR 5

FEBUAE FH B0 5 55 5 455 DL o1 R it T ) 2 o e )
EREN D e e
Wi (Bacillus amylolique faciens) HN J5 F-42:Fp & K
IKEEIRE (B, cinerea) b B (1) 41 B %R e 1] 15 422 Fp
AbFE S 26,0000, 19 ¥ AEH B S AIE S H b D AR 4
& (Alternaria sp. ) Al54 R 3 d J5 B-EFpSE R
W 295 B (Valsa ceratos perma ) Ab PR #4110 B %5 5
L [ B 42 o b 347 00 4 %6 i 3k 87. 3400, ASBIFSE
I 3 0L ) AR 3% 5 e B, TS H2 il NQBG T 4 T #k 4
d J5 P TR Y Ak B AT S A R B A
KXl RESE R NQSG I 4 il T4 Al iy A= &4
TR T A B fE .t O %6 & B, & O 19 Ak
NQS8G II 4 5455 J5 L T T v 141 2 1 22 1 BRI L i f
F AR BT A1 9 45 B 42, 58 35 91 DU T BB J2 1 T I AR
NQSG 11 4 7 A T KL Al 10 1 i B 0 Br 85 . Uit
AN AWFFE IR K B L TR NQSG 1T 4 85 78 1T LLAT 5L
00 ) 52 A% A K A % 0 T 22 AR K K o) AR A T
Ko ERFWH.ER NQSGI 4 3w rh &4 Ffb
TGS P S5 AE R A 0 i S A 3 i 0 —
B

LT 4 R 0 JB AN ST AT ) SR o D L R A
Yo S0 AT DAV S B8 AR BUR P L AR BB R Mo
ERR T Z B )T RFEHENCE., W HFAEE
(Apiospora montagnei ) ZY-2 7= B35 B W) i 48 &
T G 8% A7 50 i) K B2 0 T (B. cinerea) 512 (Y B %
JE5 A2 A B 2 MUAT T (Bacillus subtilis) Y13 % i
7 AR B R A ) O T 2 B TR AT G 1 4 ol A
Y ARBFR R AR NQSG I 4 48 & ) i Xt 2
IR AU R 5t B A B R AR B
i T A A B 83 T 22 i L A R W) 5 1) 1 4 ik

5 30 o AR € B - B I (GC-MS) J7 ¥ 43 BT 7

A 790 110 ViR 5 SR O A Ak R 2 U0 A G i
A I 1 R B 0] v B RE K B R A 32 T 1 R B AL
R VIR AR A i B R R Bl 5,10, 15, 20
g/ LI 7e B KU o6 #E AT AL 3, R B 15 g/L 5%
TR 110 L i R0 SR A 5 TN A AR IR O R B R R
ATEC10 0009 NQSG T 4 15 3% W R At Jig 46 1 I B 41
TR 05 ey o % i AT SR DR VR I e df . ABIFSE R B
R 20 08 NQBG T 4 15 xR i Rt K&
MIPREERCR e b S Z WA Y . A
REERE L H NQSG I 4 ¥ 32 W iy 2 JF ek
SO TR NI E - S U O N 128 @ e AR 7 A 1
PEIM TR 22 8 R B B AE 5 it 2o 2 4
VUi 50 BRI AL T EOF RS, SECRE LS
T BE A5,

ST P A AP E TR SR 1 A R oY H A
v Ah T 0 25 B B T i A 1 R A TR TR Y R D
. MR YA g 2 R T T NQSG T 4 1 S B i
S 14 AR R B ) A 7 AT R R X LA R LB L K
R 2% A 0 390 2045 HEAT VR A S L A B I B
— iR R SR g R 6 R R R T AR 7 SR

4 %k

T4t ok AL P9 A g R U T TR NQSG T 4 %
R AR T BOE R R A R A R BiE
NQS8G Il 4 #5 % W A4 % M4 B3 R K AR 5
AN g D L TR A A 6 D A A A8 T 22 AR K R
T R A BRI HIE- . 78 15 CIEARET .
FHRFL 80 20 %0 1) NQSG 11 4 K5 FR b #E iy R b K
HLTE 30 d J5 . ST BAH LR R TRET 77.09% .
PHMGER T 15~30 d.

(5% k]

(1] ATBH, EJE, 28 5 L, 56 TR 435 B 28 70 FT 28 0 R R KR

JE BB HE B E AR 1], B a5 & B Tk, 2020, 46 (20)
21-26.
Ren M M, Yan S Y, Li ] H,et al. Antibacterial effect of two
antagonistic Bacillus strains on rot-causing fungi in posthar-
vest Ziziphus jujube cv. Lingwuchangzao [J]. Food and Fer-
mentation Industries,2020,46(20) :21-26.

(2] AEE#. DR XMESE, & RRK ARG 200 A %

€ [J]. B FFE 59 % ,2012.33(9) :128-130.
Ren Y F,Ma A Y,Liu Y Q,et al. Identification of main patho-
genic fungus from post-harvest Zizphus jujubamill cv. Ling-
wuchangzao [ J]. Food Research And Development, 2012, 33
(9):128-130.



%12 1)

TR R L 45 < A A A I L B ] TR SR G AR i O L B B4 A ) A T

145

(3]

(4]

(6]

(7]

(8]

9]

[10]

[11]

[12]

PR TR ARk, A T D RO SR o R
sreg S %E L] P ERR202005):93-97,102.
Ren M M,Yan S Y,Li ] H,et al. Isolation and identification of
pathogenic fungi in postharvest Ziziphus jujube cv. Lingwu-
changzao [J]. China Fruits,2020(5):93-97,102.
TEMESR ] =77, F AR S5 IR O e B R R SRR [T, PREE S
NT,2016,16(5) :134-138.
Shen Y M, He S N. Research progress on storage technology of
postharvest fresh jujube [J]. Storage and Process.2016,16(5) :
134-138.
PESRTN - T DU S FR KR BT 4 22 4 b ok BUOIR 4 B
[J]. B 2# 4, 2016,33(5) :612-623.
Pang R L,Cheng X,Xie H Z,et al. Current status of fruit qual-
ity safety standards in China [J]. Journal of Fruit Science,
2016,33(5):612-623.
Khan A R,Ullan I, Waqas M, et al. Host plant growth promo-
tion and cadmium detoxification in solanum nigrum, mediated
by endophytic fungi [ J]. Ecotoxicology and Environmental
Safety,2017,136:180-188.
Aly A H,Edrada-Ebel R A, Indriani I D, et al. Cytotoxic me-
tabolites from the fungal endophyte Alternaria sp. and their
subsequent detection in its host plant polygonum senegalense
[J]. Journal of Natural Products,2007,71(6) :972-980.
A, PER AT B F ST, . Bk A T SYS-5-2 (i %0 K
FCA B G LT, MU e AR B 2 4, 2020, 35(1) : 158-164.
Hao Y R,Pang J Q,Zhao X D,et al. Identification and antimi-
crobial activity of endophytic fungus SYS-5-2 from walnu [J].
Journal of Northwest Forestry University, 2020, 35 (1) ; 158-
164.
ZL PR I AF . L BR P AR T X = i st XA A
B A M R EEAE D (D). AL RAL 2. 2017.56(9) . 1717-1720.
Qinwang G G, Jiang W, Huang W C, et al. Biopreservation of
several endophytes to the citrus in Three Gorges Region [J].
Hubei Agricultural Sciences,2017,56(9):1717-1720.
BT A . 15 SR, 2 g A AR MO AT P AR T 6 R AL Sk JH TR
Colletotrichum gloeosporioides BIFEPLAE I S A= B 71 [J].
MR- .2020,46(1) :125-133.
HuLJ,Yan SY.LiJ H,et al. Antagonism and control poten-
tial of endophytic fungi from Lycium barbarum against Colle-
totrichum gloeosporioide []]. Plant Protection, 2020,46 (1) :
125-133.
ARG L ZE A T AR ES LAEL 1 BR AN RE IR G A PSR AT B
M GIEERTSE [T]. PEALRABB K= i CH SRR MO
2012,40(3):117-125.
MaZ Y,Li J L,Feng Z Z, et al. Isolation, identification and
antibacterial activity of Antagonistic bacteria M-07C2F a-
gainst tobacco brown spot []]. Journal of Northwest A&.F U-
niversity (Nat Sci Ed ),2012,40(3):117-125.
SR TRH G R UEE L AR W UE R 2 A IR XTS5 $5R R M
0 TR I P O S AR JE s B g [T, h A B R A AR
2020,36(4):575-580.
Guo J X,Zhang Y M, Zhu H L, et al. Antifungal activity of

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

volatile organic compounds from Bacillus amylolique faciens
XJ5 and control effect against Monilinia fructigena [J]. Chi-
nese Journal of Biological Control,2020,36(4) :575-580.

b1 306 A AN e N A B TE - S 7 NS DO R i A R S i)
PRAE K R S A B ()], £ Bk, 2018,39(13) . 272-279.
Zhang S P,Zhang X K, Yuan X, et al. Effect of 1-methylcyclo-
propene on preservation and postharvest physiology of early-
middle maturing table jujube [ J]. Food Science,2018,39(13) :
272-279.

INIOE /NI T 1 6 L A MU R AR ELT DFP-G-7 1 43
BIME AW R RO S M L) ). TR AL B2, 2018, 46
(20):97-100.

Sun W B, Huang X J,Feng B B, et al. Biological characteristics
and antibacterial activity of endophytic fungus DFP-G-7 from
the bark of maple leaf []]. Jiangsu Agricultural Sciences,
2018,46(20) :97-100.

JEV I A R L A BB A T BT AN B A B LR R Y
LI, WA Al R 224 CH AR B2 D - 2014, 40(3) - 262-266.
Zhou L H,Ji G H,Wang Y J,et al. Mechanism of biocontrol
of Amorphophallus konjac endophytic bacteria [ J]. Journal of
Hunan Agricultural University (Natural Sciences), 2014, 40
(3):262-266.

INTIE Wk L REESR L AR S0 R BN T B AR AL BT S
UK 5 s [T, Rl %41, 2015, 24(4) :174-190.,

Sun G Z,Yao T,Zhao G Q,et al. Research progress and pros-
pects for controlling plant diseases using Pseudomonas fluo-
rescens | ]]. Acta Prataculturae Sinica,2015,24(4) :174-190.
JA AT BRACKE BRI IG A5 AR VE B 2 M FF T HIN X a0
U T B 3 i A T (D). SRR K 22 2 3 CH SRR 10
2019,39(4) :51-57.

Zhou K,Wei D L,Zhang F F,et al. Inhibitory effects of Bacil-
lus amylolique faciens HN on the fungus pathogens of tomato
and cucumber [ ]J]. Journal of Tianjin Normal University
(Natural Science Edition).2019,39(4) :51-57.

o W WIRIR . E R, A5 SR BN A LRI a3 e B H
JE g g A B TR v D [0, M DR B2 4, 2012,39(4) 1327~
Xu T.Hu T L,Wang Y N,et al. Isolation of endophytic fungi
from apple bark and their potential for biological control of
Valsa ceratosperma [J]. Acta Phytophylacica Sinica,2012,39
(4):327-333.

WA 55 0 B, SRR . A ) 465 T 14 BF 5 O 1 5 Rl R
LT, %R R4 ,2011,39(3) :1310-1314,1332.

Liu H Z,Liu J C,Zhou J X. Research methods and agricultural
application of microbial antagonism [J]. Journal of Anhui Ag-
ricutural Sciences,2011,39(3):1310-1314,1332.

Ramadan M, Gigolashvili T, Grogkinsky D K. et al. Trichoderma
volatiles effecting arabidopsis:from inhibition to protection a-
gainst phytopathogenic fungi [ J]. Frontiers in Microbiology,

2015.68:45-50.
(F 4% 154 T



154 PE 3t A AR 2 4R (B A REE D 95550 %
leaves [J]. Journal of Northwest A&F University (Natural lipid peroxidation and DNA oxidative damage [ J]. Food Sci-
Science Edition),2019,47(8):109-116,143. ence,2019,40(11):146-151.

[25] BRMER, B0 25808, 55, FOORF M40 R IR 2 U X/ B [26] #RICER, WA, 0k &, 55, A8 M50 e D ae i ot 3k R
JFFHE B 5 i 48 Pk S DNA S A6 B0 9 £ 1 [0 & il Bt o L], RATF=H B FE 5 % .2020,32(10) :1782-1793.
2019,40(11) :146-151. XuY Q.Wang Z Q,Zhang J, et al. Research advance on an-
Chen S N,Wang X Y,Li M T,et al. Effects of different sol- tioxidant function of fucoidan [J]. Natural Product Research
vent extracts from Schisandra chinensis bee pollen on hepatic and Development,2020,32(10):1782-1793.

(L% 145 70

[21] BF ¥, B8 2% MORIE. Bk W IR A% & Ve W) I BT 36 R I R 8 Feng F S, Liu J A, Hu L C,et al. Analysis of volatile com-
WEMT R [T SEY2Ei.2021,61(7):1771-1785. pounds from Bacillus subtilis Y13 and its antimicrobial activi-
Zhong T, Wang Z R, Du M Y. Control of postharvest [ruits ty [J]. Chinese Journal of Biological Control, 2019, 35(4):
and vegetables diseases by microbial volatile compounds [J]. 597-604.

Acta Microbiologica Sinica,2021,61(7) ;1771-1785. [24] #k F6.75 V. EZ UL 45 A {0 000 70 50 25 1 0 o 1 17 B

[22] BRAMZE, EEF BT, % - FHE 2Y-2 Wk %€ T Wroe kR [J]. & Dok RH4%,2018,39(6) :308-316.
A B T W e S A Ay g BT LT m O Rk R Zhang X,Li Y, Wang L M, et al. Research progress of applica-
2013,44(11):1818-1822. tion of biological preservative in the preservation of fruits and
Chen L J,Wang G J,Tian X L,et al. Identification of an aro- vegetables [ J ]. Science and Technology of Food Industry,
ma-producing fungus ZY-2 and its analysis on antifungal ac- 2018,39(6):308-316.
tivity and chemical component of volatile compounds []]. [25] ¥  JE.LSRESAT. 3 Fh AR AR 500 X XU 75 AR E kR [T, &
Journal of Southern Agriculture,2013,44(11):1818-1822. A Tl B, 2018,39(16) :253-257,265.

[23] oy, X0 B, 0 B A, 5. A ZE AT B Y13 3% & M Xu Y,Zhang M Q. Three natural preservatives for preserva-

1 43 A BB g ()], o B A Y B A 244, 2019, 35(4) 1597~
604.

tion of Pleurotus sajorcaju [J]. Science and Technology of

Food Industry,2018,39(16) :253-257,265.



