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WE: (BB % 7 8 (Fusarium spp.) 3 K & #) & 142 & & FF S R 69 %@, 05 & B A 0 61 4k 71 B % 12 69 1%
& My AR 5 B TR AR BL AT S k71 T M B2 (deoxynivalenol, DON) & # /1 [ FIE] A E 2 £ — K £ H FF w5t %,
ML HRNDEABRFEORET S BE > FBAR  FTRRRAEBEZOMEERNTRL LREAESIH KL S5RE
REWMAFRE KZEMEBZDONRESHFH/IT, OB EREFEE ZLEWEFWDONRES KA &G
B B-# RABBG R BE 09 BE S ) AR B BARCHE B A LR TERERAL-ARBRZRE). AKERE
FhR A AR FEARFERNMAE D, R M AR EF R & T 4 (cell-free supernatant
powder,cfsP)*F = HH A K A F 4%k, WX T B A 2 2 4(0.020~0.100 png/kg)cfsP 89 47 2 % & 37 & HL
B, BZFENBEMNZIWNAMAEY, FTRHELT L FDONRAE»H A Ty AEER[ER]I2 % <,
FEHEHMRA KA Y7 HA (Fusarium culmorum , F. culmorum) o F B ZH WAL SdE R EN R FETHT
45.8%, KB 2R %5 ,DON R R £k 2] 276 pgkg, %56, R E A F W DON R E 5 H b3t B aigmT
W 64E, BB E NI, SR OB F B- R RIBEENEEET )RS, H A KA THERL R KT, 4-5
RABRZRERY . 6k —#pH K 7% 71 B 69484 U AT B (Lactobacillus plantarum , L. plantarum)
NM-6, % cfsP i & 5 $#>0.020 ug/kg bt , T E R AV H A A GHA LW 5 ;% ofsP A& £ #%=0.050 ug/kg 8, 7T
WHRAPAERTFHAFTOAEK S cfsPREH2HH0.100 pg/kg bt , T2 AU A KL K, L A& pH &4
TWE E®E PR, FE W B EM 23107 CFU/g M4 SLH AT NM-6 1+, % 3F DON R & 5 % £ 0 5T 8 %
FAS50%, R AFLERFERUERFILEIRE(ERIREFE XA RNIALCAXRTIRAHA,
EHWFHRABRIAEHEOREDLE T AHMBILHEATEANM-6. K THRTEAREFERKERXTRA TS
FDONFZRRE MU HAANM-6BI DR EED A THRPH K AR ITANR T AL L
AR, A ATHEALIZTRAST R AFZEHN R ARA ALAREXR LN R 2L ARBEED G &
Fok
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Isolation and in Vitro Inhibition of Mycotoxin-metabolizing Strains from Domestic Barley

OIU Ran ZHONG Junhui CHANG Xiaomin XIAO Lin BAI Yanlong YU Tengfei’
(China Resources Snow Breweries Co., Ltd., Beijing 100005, China)

Abstract: [Objective] This study aims to assess the effects of Fusarium on the malting process and malt quality
of barley, screen out the microorganism with inhibitory activity against Fusarium, and explore the potential of this
microorganism for degrading deoxynivalenol (DON). [Method] The mycotoxin-producing strain was isolated
from domestic Dan’er barley contaminated with pathogenic fungi, and the interaction between the pathogen and
the host was studied. The germination rate, water sensitivity, and DON mass fraction were compared between the

barley infected for 5 d and standard barley. The DON mass fraction, activities of protease, f-glucanase, and
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amylase, and physicochemical indicators (free amino acids, soluble nitrogen, and f-glucan mass concentration) of
malt produced from infected barley were measured. The microorganism capable of inhibiting the viability of the
mycotoxin-producing strain was screened from barley and malt. The effects of the freeze-dried cell-free
supernatant powder (cfsP) of the microorganism on the growth and development of the mycotoxin-producing
strain were studied, and the antifungal effects and mechanisms of cfsP at different mass fractions (0.020~0.100
pg/kg) were tested. During the steeping stage, the antifungal strain was inoculated and its regulatory effects on
the DON mass concentration and the processing performance of malt were evaluated. [Result] The mycotoxin-
producing strain was identified as Fusarium culmorum (F. culmorum). After being infected with this strain for 5
d, the barley showed a germination rate decrease of 45.8%, significantly increased water sensitivity, and the DON
accumulation reaching 276 pg/kg. Compared with the control group, the malt produced from infected barley
showed an increase of 6 times in DON mass fraction, a decreased activity of amylase, increased activities of total
protease and S -glucanase, increased levels of free amino acids and soluble nitrogen, and a reduced mass
concentration of f-glucan. Lactobacillus plantarum (L. plantarum) NM-6 capable of inhibiting F. culmorum was
screened out. The L. plantarum NM-6 cfsP with a mass concentration > 0.020 pg/kg changed the mycelial
morphology of F. culmorum, and the cfsP with a mass concentration > 0.050 pg/kg inhibited the growth of the
germination tube of conidia. The cfsP with a mass concentration of 0.100 pg/kg completely blocked the growth of
the strain, and its antifungal activity was stronger at low pH conditions. When 2x107 CFU/g of L. plantarum NM-6
was inoculated into barley during the steeping stage, the DON mass fraction in the malt was approximately 50%
of that of the control malt, and the filtration and solubility properties of the malt were significantly improved.
[Conclusion] The Fusarium species infecting Dan’ er barley was identified as F. culmorum and the
microorganism with inhibitory activity against F. culmorum was identified as L. plantarum NM-6. The infection
of F. culmorum led to a decrease in the germination ability and accumulation of DON in barley. L. plantarum NM-6
can efficiently inhibit the spore germination and mycelial growth of F. culmorum by secreting acid-tolerant active
substances. Its application in the malting process can simultaneously achieve toxin control and quality
improvement, providing a biocontrol strategy for the safe application of barley exposed to fungal infections.

Keywords: barley; malt; microbial community; filtration properties; mycotoxin
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KRS T 50 0 B 6 5 R AR5 A R
2020 A YSCER (1 JE L VL T5 B K 22, DON Ji & 43
#h 586 ng/kg, HoAl H I FE R C R R TR I BT
(NIV) . % #h % % & A (OTA) . L XK 7 & i B
(ZEA) AR 5 & BI(FB 1) B AR A H 5 T I
72 H A AR 6 AR £ 2020 4 I FR 1 3 L T 9
HL UM K 3, DONGNIV.OTA.ZEA fl FB1 ¥ &
for b o FH T O 328 00 o) BRI R ) e e A R < [
R KRF BRm g5 M RBuos  Hr=shlb kK&
‘KA-4B FHHE = B = b K& 45 DR
56 AR DLUR/INGE DL B kL B i R 22 2
Y PR 22 5 ORI A BR A A H 4l

i Eh B2 KR 9% 3L MRS 15 77 3L (PDA 85 95 5 |
SNB 15 7% 5t \MEB 1 7% 5t .CAC K7 37 5 \MSA K5 5%
Fe L F 20 g/L T8 g/LE g &9 H7.5%
NaCD : 75 & = BH Tolk el g A E ARG BRA F

PCR il £ 3 77 & : &' [ 25 o 1 5 BR 2 &
Qubit dsDNA BR ik 7] & : % [ Thermo Fisher
Scientific 2 ] ; £ 2 40 B 5 K 2 DNA 4 3 i 7
B RRAEMBFE LT HER A A s D-FLER L-FL
P« T B ARG A7) B - A TR ) - R
B B ) B AR R R « %2 /R 22 Megazyme /A 7 5
Triton-X100+ £ — & VU Z & (EDTA) & % 1 4%
(Tris)~500 mmol/L #h B A : 3 [ Sigma 2 7 .
12 UBRE5EE

151 AR €5 3 X : Agilent Technologies 1200
series Y , 3¢ [H % #EA48 F} 57 A PR A 7] ; Athena C18
TROAH 238 A (4.6 mm*250 mmx5 um) : | 22 1 52
55 BB A R A A 9% 11 Invitrogen Qubit”
2.0 #, 2% [E Thermo Fisher Scientific 2 @ ; 4> 76 6
B 11 : NanoDrop 2000 %4 , 3¢ [ Thermo Fisher
Scientific 24 ] ; B AR 1X : Bio Rad Y , 11 &k A= i 5= 2%
7 C R A BR A A Gl ) 22 A% ORI
Joe White 24 & ; ¥} #% #l : DLFU-W23050 % , % £
BUHILER A & ; #E4b4X : LB12 %4, ## [ LOCHNER
2w spH it : Delta320 2, B MR 8487 2 &
H) o fH R TE 9 BF 3% A : Forma &, 3% [E Thermo
Fisher Scientific 2 m] ; L #F J 48 : T6060 2 , 1
HERAEUS A A .
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13 Ak
131 X%x#HBEFZFARGFRALL

B ) U % < BE AL Bk IE 100 KL 5E K, H
AR 4 %1 0.1% NaClO ¥ W2 L 45 #F 1 min, F 8
B K R BB 3 Ik 1E B A S T IR OF SUOUUR () 36
Pt IR S h 25 cCHE 3R 7 d. B AEK Tk
(1 8k ) T R SR 4R B PP 2 PDA BE FR 5 kAT 4l
b, 5 J5 4 4l 4K J5 IR B PR 2 Bl 7 PDA A T 85 77 AR
b F 4 cC i

i 25 A0 T B 0 Ok < BE ML PRk 100 KL 58 K
., FARFL 43 %0.1% NaClO ¥ R 8 5t #F 1 min,
F R 5350 7.5% NaClE R R BiE P 2 k. HL25 K
Ab B K A, 4 0, 20 AN 4 D MSA 55 3R L,
25°CHi R 7d. HAERKHRMMENEFEZEKKRE
R 26 $:Fh 22 PDA 5597 5 Lt A7 4lifh , SR 5 f aliA 5
() B R 12 P /E PDA R B 773 1, T 4 °CH .

W 07 3 HY B4 1 Bk B Fh B PDA SR L F 25 °C
BRI MR IR . SIR(EBEEEF MO HE
BRBEAT A2 %52 . ] CTAB J7 72 47 B EC B % A
H DNA. J M= #aifb 5 66 bk 1TS ¥ 5110 5 #0 L
SHEAEY TREORIEARAF M. KFERM
FH TS I Lowe & .

132 K& EFANTG &k ABEH PNk

H Analytica-EBC # 3% ] J7 ¥ 43 #r K 32 fll 42
FRE N o AR N BT o-TE K B B-VE B B
B~ 5B Bl G 77, R AR kR R - B
B W B S S R AE 60 °C R AR AR B . AR 4
Brijs 2 7 VA DI 52 B (1 S A .

133 TR FReIER B L&A

2 [ Mauch ZE1 ) 77 75 i) 4% 7l 1 B SR
1x10° CFU/mL f) {7 2% K B kM 1
PDA V- I ,28 °CH5 72 4 d, T 4 °CREAFAF . BUHY
B T B R FE RS A 500 mL ) SNB £ 97 5k
o T 25°C. 120 t/min 5 FREEFR 7 d, % S 774K
ST 10 £ bR BE RR R R0 70 1 B R B O
N 1x10°.1x10°. 1x10" CFU/mL, & A T PDA °F
PR E 28 °CHE TR, ML B 22 AR KA L

T R AR B 2% 1 H o AR
F B, 7E1E IR (25 °C ) TH I CH X 2 FE 98% ) Kf 7
MRS5S d, 8 hilfllZ — k. oM AKEN
Ky HHE R ZE o RIBG K E AR, HR A
A A Ry X HEAH .
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B KXk

W1 kg(FREDEMKEZE 4 kg(F B ED X
MREREGRERKRE, Z X T ZHRE
HATHIZE . BFE:18°C, IR 5 h. TR 12 h. T&7
6 h; K7 :18 °C, K% 5 d, ¥ i 48 H 2l e #% 18 X,
B 10 min JEF% 1 min; 85 £5 :45 °CIR¥F 3 h, 27
Fd 1 h®E55°C,55 CRF3hEFARILE
65 °C,65 °CLR£F 3 h, #2/¥ FHii 1 h & 70 °C, 70 °C
1L TR L hE 75°C,75 °CHEHF 1 h,
¥ FFiE 1 h % 85 °C, 85 °C#4F 3 h.
135 A®HAKFILEGN =

DREE — IR TR B ZRIR VB IR TR
R W BB (R B 24 h BURE , DL R FE RS BRI B 55 °C
Je BUORE S A8 I PCRASCHT 73 06 0 B2 1 I € DNA Jit &
WRENT, DAk S W BB AR KB . JE K 41 DNA $2
B Y 20 g i 22 00 T UK _EWFBR 56 N 3545 55 mL
ali K A 25 mL 2 fF 22 i W) TG B AR TR B R
15 min. Z2f# W # : 20 mmol/L EDTA.10 mmol/L
Tris~ #& 1 73 % 1% Triton-X100. 500 mmol/L #; 2
HT.250 mmol/L NaCli#fi# T 1 LB 4li/K . =i
AEFE 1 min, B B 15 min, AW EWIE 1.2 mL &
WL N2 mLOK B B0 H,8 000 g B0 1 mine H
PCR il % 1 71 & AT 30 B 25 5 41 DNA 73 &, 4 5
[A 241 DNA i i i8 & , B T 0K EIFH T PCR R M .
PCR J B 2% #F = 4% B8 U B 45 225K 8 2 pl JE A 41
DNA NI 48 uL (St FemtEsI ¥4 OPT 18R
(5-GATGCCAGACGCACTAAGAT-3")#1 OPT 18F
(5-GATGCCAGACCAAGACGAAG-3"). 94 °CTi
A8 M 4 min; 39 X AE 3 : 94 °C .20 s, 63 °C .20 s,
72 °C .30 5572 °CH#E i 5 min. ff H % it 5
Qubit dsDNA BR A =il 71l & % PCR =¥ it 17 &
o 4% HE U B ) A R A, 22 °C OB 2 min JE R
. i E % DNA S B 28 56 iF PCR 1) £k
YU (10~26 pg/mL) .
1.3.6 DON 8 48 & i 5 #7

Z M 4 B U0 g7 i/ I DON R & &
K, B 25 g K F2 B 2F 08, i N 100 mL 44 2
I3 B T5% ) &I - K W, B RE B B3 h CFE
TOAR R EC 1 h), A 48T € . B 2 mL 3E Wi
PuraToxSR DON & H 4/ , AW T, E % T
200 pL/AK-HBE - B W (R R 90:6:4) .
i ODS i £ (250 mmx*4.6 mmx5 pm) , i 24 A

1.3.4
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RNIK-HEE-L BRI R 90:6:4) , i & 1.0
mL/min, i 25 °C, ¥ £ & 20 pL, & 0 % K 220
nm, & H R 30 pg/kg, [FCE 90% .
137 SLERE N & L ALK 7

e B S N AR A, W B S IR (30 ° OO E
£8d, FIRE P E AR 10 g, Il 40 mL 6 1H /K i
51, FH 10 5 46 FE R B VR BEAT FRE o BUAS [RI 9K B 1)
BRI V40 ) R AT T B IR R T 55 1K MRS [ A 85 7
B 1,30 °C et PR 55 7% 2 d, B UL R 1A 2R 4T 4
B aifl .

Z: W) & U B T, B R A 5R A0 | 3R
B M B R B DNA. DL T GE FH 5] W 27F
(5-AGAGTTTGATCCTGGCTCAG-3' ) 1 1509R
(5'-TACGGTTACCTTGTTACGACTT-3' ) ¥ 14
16S rDNA. K BT 15 K F£ 17 900 bp 19 K B k-
& % GenBank %45 = , i ] BLAST # & , [&] Y '
KT 98% 15 4 i bk BRI M IRl — B Pk o 9 384 2l
M AW TR CRED A R A = 3T .
1.3.8 @KL

B A A I () BB 9K, 7E MRS [8] 44 1 B 35 77
B ERIL, 2436 hnEKHEH G, R EE A5 .
100 uL 2 72 F W5 5 mL & @l fb 5 R #8178
45 °C[f) PDA L Z 353 BB 451, L B8 & ik R 2k
P b A F30°CHE R34 BEBEES
AR 25 cCHE IR 2 AR HE LB AR . IR A
R ¥ S L 32 P P I K /0 SR o A R PR 1 0 3
[CRGRE
1.3.9 JLBERH cfsP &9 %) &

4 00 B A 7 s i AN I A R AR B LR 1R 4
B Fh F] 500 mL T £ () MRS WA B 75 3 p , =R B
B 24 hJ5,30°CH; 3 144 h. 3 000 g &0 15 min,
FH R FE 1F U & pH , 48 J5 8 LR 1 _E 5 W2 R 51 55
T4 ARG LR B ofsP % H .
1.3.10 $LBRE L& i@+ D-JLdk (L-SLBR f= T BR K F

& 7

¥ LR B ofsP N3 £ B ok BA T E 7 3
N 25% , MR UL B A5, D-FLER < L-FL IR « £ R i 77
BT E
13.11 $LBE EFig L@ L ks

A8 F Tl AL AR B F A R R B LR T T VRN
HE M. 30 pm L2  3E 40 g T &
R, A B A 1 B KR B2 O 1.0x10° CFU/mL, %%
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U1 mL, T 4°C.3000g & 10 min, 5 2% FiE R
MEB 8 72 ¥ I N S5 R AL D-FL R L L-FLIR R &
HW, H 4 mol/L NaOH ¥ pH i % 4.0, H 0.45 um
JEME L JE . 1 mL MEB 5% 3% W 7 k& 5 il 70T
VE LB g AR AT BT &y B0 B 05 0..0.010.,0.025,
0.050.0.075.0.100 pg/kg. [\ 96 FL F bx A o o A
200 pL 55 779,25 °C 5 37 48 h, K B bn A ¥ € &
4 ¥R 1 s, 53 h H 0L T ODe 18 , il B B 4
Kb 2, A7 00 5E 31k
13.12 k45T H R KB

) 2% B A 40 ) ik 0 B 0 3L R B ofsP, BT
A o B S IR G A M LR W B TR
MEB 3% 72 ¥ , i1 & 7 %053 7 4 0.0.05.0.10 pg/kg,
F LA 20 mL, K pH 35 2 4.0 K L BRAFE A X R
SN E] MEB 3 72 P, 8 pH R 5 2 4.0 WA
0.45 um JE ML JE . K5 20 mL T B IF W T 4 °C.
3000 g &0 10 min J& , f0 7 VIUE B IR B S A
FLER B L3 W MEB £ 32 W, T 350 r/min,
25°C NH59%. B3 hT 4000g&E 03 min. 3
2 FIE WS, 87 UUVE KGR TR AE 100 pL 7R FL 4y
$50% B H . B S uL Bl B S A L,
f85 F S R AE 400 5 TR 43 A 100 A Bl BL Ik 5 1 K
AT ME T R R AR TR
HZERCRLE 2 B0, AT E 31K
1313 Has RMmeHEFaR

P 228 7KV iR cfsP, 28 0.45 pm JE JIE i €,
B IR N 50 g/dL 1 TAEWR . B S A 0.
0.01.0.05.0.10.0.50.1.00.2.00 g/dL T {£ ¥ [ PDA
PR, & D-FLIR L-FL IR IR A ¥ R 2 1R 1
A E TR AT B CAC P AR, B K 29 100 AN K 73 A=
7 757 B B A 55 . #E 25 °CH5 9% 72 h, B i R
PR I 3% B AR KB L, IR E A 3K
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1.3.14 pH.& & B fo At 32 34 6] A B L &40 &
8% v

S0y A R 2 B 10% (1 40 B /AR 30 I
V)5 i) 20 mL MEB 5 72, H D-FL1R . L-FL IR IR
AR WK pH T E 4.0.5.0.6.5. 4% Fl H H 3
MEB 5 78 W, 350 8 K0 A fll 1 8 R 2, P AT
M E 3

FH 2% B A G E R AR (I KK fR 4 B S 1
TH W . AR U W A ) A B, A B SDS AT Triton
X-100. [ i ¥ 0 NG 400 B8 35 PR 1 of P, G ) A
JR By #25% M . F 4 mol/L 1) NaOH ¥ pH
W AR 7.5, 0.45 um JERE L JE, T 37 °CHE 3% 1~
S5h, BEE20°CJ5 & 1L N . HA MEB £ 7#
ofsP ¥ 11 5 & 73 50 45 & 10% , F- 486 H D-FLEE
L-FLBR VR & V0K pH A 17 & 4.00 #4 2 mg [ cfsP
Hifi 3 8 mL £ & 17K, 43 Al £E 80.90.100 °C %%
R INAT Bt ofsP M B BT &2 0 20N 10% .
2 #iRkS5ihwe
21 EEMBEREE

TE 2 5 B DR R GO0UR 1 2 5 M v h 8% KBS
FrHE b3 I R gL R T B K FE 26 K, 4 R B
LR naiA, B T5 G T bk 3 O [E — Bl D B,
TEAFENE 1. PDAPAR FEVE 2R, IEH 2
FE R, PR, FEf R 2R,
AWML, 25°CHIFSdE, BREA 7 em, H
225k AN NN 5 N SR (ARt AR 7N

715 3 — 5% 536 bp /7 51] , $2 5 F| GenBank
B AT Xt 5 K TR T B AR AL E N 99%
BTN IX125045, 7E MSA B 983 | R4y 35 2]
B JE A A R ET LA e K )R T B 2 S B0
HER Sz 5 e AR L EE R A

() WS
Bl BEBSAKRSEBTHHMANS

Colony morphology and microscopic morphology of macroconidia

Fig. 1

(b) R EFTRNTEE (400 x)
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22 HIZEEBREFEENEKSTS
221 KREWILIEARS AT

WR 1R, BT DONJR&E 758, Wi KE S
b e K22 1 & DB AL 48 An ZZ2 BB A Ko X IR 32
DON Jii & 4> #4586 ng/kg, 1 75 bp 1 K 2 b K
i DON. fEE: Rl K I8 T W& AT Ja , K32 K5 i &
43 M 13.56% 3400 £ 26.85% , 9 I 29 1 4% 5 A 1
ROF BT RS R, M 83.0% B &
45.0%, [FAK T 45.8%; K 5F 2t &M [F T &
o X AL RS Schwarz &M R H R &8 J1 H#
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F. graminearum KB-172 & 4% H 1] K 22 1 BF 75 45 R
— 0, 78 IR Bl B I OK R R R
T 42%. KSR S K3 KB B A G,
FEorb R e R Z B K BOPE 1S B 38.3%, 3 0 T 4
218 JRYY R 1 B TS BE T B UK A 286 mg/L
b 21 236 mg/L, iX 1] fg 42 K N K JJ 8k 7J B 2= 55 W
S-HEFEEE . WFAR I, N LR R A 8 T)
ALk ) B S, A R 4i i BE AT LUK I B A Ak
1) 1 5 0 W 1Y) 7 AR RE MR B R AR BRI S
d 5, B YK 22 1) DON Jii & 4 30 276 ng/kg.

#z1 KINENEBREXZSREXZEMNIERXTEE
Table 1 Physicochemical indicators of barley infected with . culmorum and standard barley
Bi KA RESEY%  EARERAN  THEEE  REAMG  REEN ki, b0 RRE DON R/
W/ (mg/L) (ng/kg)
o HEOK #2 13.89+0.11 12.30+0.22 41.5+0.3 88.0+2.0 87.0£0.5  15.5%1.5 269+18 586
bRt A # 13.56+0.08 11.80+0.22 40.8+0.5 84.0£1.0  83.0£1.5  12.5%1.5 286418 0
YK 26.85+0.14 11.90£0.04 40.6+0.8 48.0+2.0 45.0£1.0  38.3+3.0 236+12 276
A% 98.0 0.8 -0.5 -42.9 -45.8 206.4 -17.5 —

T "R AR B A" ROR RGN SR ME R Z M ZEH A 2.

222 HEIARAARAEKRBAEDONRE;# TR

K JD 8k J1 T RTDLER e oK 22 A A H DR) 22 FR 24
h % 60 h'™, fE 4R 455 9% 5~6 h 5 7= £ 2 4 i o 4
s R K )4k T R A )RR (H e AT B
FEWCER JG T 38 B 44 (25 °C , M XS E 100%) T 4
FEP . CLAK J) R T R AR B L T &
¥ 491 40 DON Je HAT AP I NIV %220, H 1R 3 &
J TE PR 85 W 38 5% AR R PR AR AR W IR AR
Wyt 37 2 BB R I KT B T R D B )
J e 2R i T T2,

ERI R, g — R E A,
122 W6 AR AR R L 8 P R OK 4
BY46% . KFH B BV 5 KB K i, 5 8
RN 40 O RE () B A DA R T R R L UK A
WG G F A mR R, BUKMRE R, &
KA T FZRIK 4y, BH Ak 22 2F O R AR () I R AR S
P S B, T T EF R R B E R, BN
FH T il 22 19 K 22 BURL AT R K g /b sk T B, BT A
1] 22 3 B DR 2 K g o R A B0 3 I AN A g T
AR 5 0 LS 7 R 1 A AR 0 X e ik AR
KGR 2 R — D B .

I kK I DNA JI & 9K FE R DON i &=
HOR DAL 1) 22 1 F% v oK 0 8k 00 B AR KR R EE AR L
SR 20 G K F oK )8k U0 B I 2 4R DNA

Ji B W E N 9.56 ug/mL, 2 4h DON Ji & 7> $ AN
55 ng/kgo il 2 i A2 K J) 9k J) T DNA Jit & ik i
F DON Jiit £ 73 HUH B 5 ) 2 1F [) 1 28 K 52 328 7 1
s . BREELH, KTk J) T DNA R = K
1% ) 31.43 pg/mL; DON Jii & 4> $ N 376 ng/kg, 34
T 6 .

a0 - - 600
-+ - DNAJR IR
—o— DONJs &5 41 =500
- 4 —_
§3O - / v
E: %, a0z
i _ P =
Eoof 4 %\{}—‘} T/ 4300 %
= /? ’ T/T Egﬂ
< LN —T 4200 2
Z A 4
Q10p @/@/ a)
]/R D/ <100
g/
0 1 1 1 1 1 1 1 0
24 48 72 96 120 144 168 192

22 i i) /h
B2 &P K704k 7] 8 & DNA K & A= DON i ¥ % 4
Fig.2 DNA concentration and DON mass fraction of

F. culmorum during the malting process

Nl 0N WAN: NN NI
J& L K Z2 TR K T) Hik 70 B RS 4G DNA JR R K A
5.62 pg/mL, {2 4H DON Jii & 77 #0°N 586 pg/kg. &
P KZ DON i 27 B iim HEERZ 4R, 1



Vol. 44 No. 5

Jo B G BORH RS, 2R IRIR 22 45 R DON Ji &
7 N 52 pg/kg, X 1 fE & K 8 DON H f /K %
PR, R 3 R P DON S & 4 30% 0 3 .
55 °CHE W1 45 o 5 , DON Jit 2 20 $o b e 389 n , & 4%
FE 45 K, DON Ji & 70 B ms B MK . b 22 28
DON Jii & 73 # L SRR 2 BRAIK T 37% . fEREFEFY
B EREASANTERMAERK, 3REREK
A2 N IOR R 9 R AR U B B B & . [0 DON £
80 °C '~ B A # A2 € 1 , it LA AE ) 22 o5 4 [ Bk 2|
5 K o BT B TE IR BE R 55 °C I ME T B B RT A
WEPT, HAE R 3 R Al e A ik & 1 DON. 7 4k,
Vegi WAL T N T H R0 R B AR I8 G K 22 8 b
KRBT Tris 3 R 5 7= 4 DON [ AH Gk, 45 3
F U, DON (1) 7= A Ak 7 1 00 A KA L CTri 5 MR EED
R AH 5 1 B e G 2
223 K71k 7E R G R s K o Rk

VAL DN Y PN &k i N A = R
() 8% G 22 2F R b o 22 2R I B AL 4R AR LR 2, oo
BT B R R R RV MR R B A
AR i B 5 2 E S R A O, R TR T B R e e
B R 2 IR RS . BRI SR IR IR R
B AR IR A T s R, IR A b T
B, 500 I 0 4 B AL B DB T O O
[ 285 A — 5, G AT RE R BB D B oK ) Bk O R
o 7 BV VRO P R, B R R AR K T B 22 4k
PH 2E 7 b JE M, S ma 1 I g UR .

ECOR R G 37 2F 1) R R 3 22 R0 H LG xR 1
2 (H G S SE I R R T X R 2R, X 2

B A% BFAZRWPEESEERNS B REMIGIHR

40 - B 600
- & - DNAJ &K E
—o— DONJii #4344 i

w
S
T
1
& 5
S S
S S

DNAJ 3 5 /(ng/mL)
S
\
4
g
DONJT 173 4/ (ng/kg)

s
T
\
kY
\
\
\
it
Y
1
A
I
I
s ol
R
1
(3%
g

»
\
\D
1
S
(=]

1 1 1 1
24 48 72 96 120 144
il I [7/h

B R & H & LA K71 %k 71 H 4 DNA 2 K fe
DON /i & o #

L 0
168 192

A3

Fig.3 DNA concentration and DON mass fraction of
F. culmorum during the malting process of infected

barley
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Table 2 Physicochemical indicators of standard malt and infected malt

B ﬁgﬁf ﬁigif ﬁ;gﬁi% T g g:Zi BACHWK  pH itUEMI/min (A E/EBC
FRAEZE ZF 4.50+0.05 11.9£0.1 256+7 34.6+0.1 78.3+0.5 387+12 5.9240.01 56 4.75+0.13
YK ZE 4.60+0.11 12.4+0.2 198+5 34.940.5 78.7+0.3 354+9 5.8240.01 58 7.00+0.25
A% 22 4.2 -22.6 0.8 0.9 -8.5 -2.6 3.6 473

. i/ ?iﬁﬁf&’:ﬁ FéNIﬁ‘i%%% *&ﬁf{?y‘;@? % — Iﬁi%!ﬁ*ﬁﬁ i%?ﬁ}%ﬁ% D9Nfﬁ‘i§ii%

(mPa's) il 40/%  FE/(mg/L) £ 1% B 80/% 535 % % /Cug/kg)
PRAEEZE 1.63+0.01 0.84+0.01 17846 78.3+0.4 44.2+0.6 72.5+0.2 3.1£0.7 21.840.2 —
YL 1.60+0.01 0.92+0.01 215+7 79.6+1.5 50.6+1.0 78.9+0.1 3.140.9 24.6+0.4 348
A% -1.6 9.5 20.8 1.7 14.5 8.8 1.1 12.8 0

T =7 ROR RN B A7 FOR IR R F L bR E R I 2B 0
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Table 3 Activities of enzymes in control malt and infected malt
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o a-VE K I B-VEFi Bl JoN =] 30 °CH g~ FE Ak g 60 °CIf p-71 5% Wl it
fitg3% 71/(U/g) WG J1/(U/g) fitg % 71/(U/g) fitg 3% 71/CU/kg) fitf 7% 73/(U/kg)
o R 2 290.1£7.0 14.9+0.2 16.4+1.8 521.3+16.2 101.5+2.8
R I 258.4+3.4 13.0£0.2 28.5+2.5 546.3£6.3 156.5+3.8
A% -10.9 -12.9 73.8 4.8 55.2
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Fig. 4 Inhibition of F. culmorum by L. plantarum NM-6
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Fig. 5 Moycelial areas of F. culmorum incubated on PDA for 72 h
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Fig.7 Germination rates of F culmorum macroconidia

cultured with different mass fractions of lactic acid

bacteria metabolites
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Fig. 8 Germination rates of F. culmorum macroconidia in cell-

free supernatants with different pH
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AL 5 b R W FLRE AT R NM-6 100 BT P S
FIBE KVE AL 1 h B9 A o 3 2 44 U ) 2L R 2
Wh R B S E AT S R s 2 5 A R
R R .

FT4 EMAEFECSPIRET D-AE L-ABMIERKRE

Table 4 Concentrations of D-lactic acid, L-lactic acid, and acetate in the solution of L. plantarum cfsP

L% D-FLFR K £ /(mmol/L) L-3L B2 W ¥ /(mmol/L) LR /(mmol/L)
W) FLAE AT B NM-6 1 cfsP ¥4 12.8 19.8 13.2
FE W FURE AT T HW-1 11 ofsP % 12.3 14.1 9.5

IRl K 2 B 1 J5 s 0 i OB, o it TR
[F) 35 0T 7L T AU A 4 R SR 2 e . 80 °C
n#e 1 h g AR B R AR TR R, 27 h
G RaAEMFHIBAEK 48 h 52 10% 1) Kok
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M E] 90,100 °C Hf 4EKF 1 h, AR W 10 411 1 V%
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Fig.9 Effect of inoculating L. plantarum NM-6 on the mass
fraction of DON during malting
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Table 5 Effects of inoculating L. plantarum NM-6 on malt quality

. R R EER SR
) @ R R Bm s RERI §
2093 o REIRE, BRI/ pH  KF/ PEAH/%
EBC WK (mPa-s) /%  [A]/min FTU
(mg/L) (mg/L) mL
F PR P FLAE AT B NM-6 [ 22 2 3.25 346 1.45 79.5 48 148 217 178 586 1.72 449
xif B 4 3.25 331 1.54 79.5 60 294 199 283 589 143 420

VE < B KT R BT (mL) 275 B 100 mL A i VT FERRY 1 mol/L F) NaOH b #E ¥ W ) 22 T 40
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