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ABSTRACT: Objective To screen the inactivated strains with high adsorption efficiency for alternariol
monomethyl ether (AME), and optimize the process of removing AME by bacterial powder. Methods Firstly, the
adsorption capacity of inactivated bacterial powder to AME was identified by high performance liquid
chromatography, and A1-11 strain with the strongest adsorption capacity to AME was screened. Then, the effects of
inactivated lactic acid bacteria powder addition, AME mass concentration, adsorption time and pH on AME removal
rates were analyzed by single factor test. Finally, the response surface method Box-Behnken design was used to
optimize the process conditions for adsorption of AME. Results The most suitable adsorption conditions were
inactivated lactic acid bacteria powder addition of 1.2 g, AME mass concentration of 0.30 pug/mL, adsorption time of 27 h,
solution pH 4.5, the model predicts that the AME removal rate was 51.05%, and the actual test obtained AME removal

rate of 50.98%. At the same time, a quadratic multiple regression equation between AME removal rate and various
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factors was established, and the model was verified. The results showed that the model had a high degree of fitting and

was similar to the model prediction results. Conclusion The strain A1-11 with the strongest ability to adsorb AME has

been screened out, and the results can provide practical application value for the removal of AME from forest fruits.

KEY WORDS: inactivated lactic acid bacteria; adsorption; alternariol monomethyl ether
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B A R R A S, AR R, D
FLIR B R b TR BE 1, A A0 PO R BB
BHR Y, BERS L (Alternaria spp. )i AEE T 138 L AH
Yrep, ALRYURERS O SN A e R A R, RS
1 5 H ¥ (alternariol monomethyl ether, AME) 24445 1l &
WEANFERERGERZ —, ALY KEaRES
et siet S E R GERAAE . Biest . MR,
FUMFBUE ), XA AR 21 ™ B A Al B ] fi 2
T RFIE R W3R (2017—2020 46) B9 %cH s 97 Fh sy
P . B SR SE AT R S R A A B R A
f W} (alternariol, AOH). AME . 4132 4% 7 B i % (tenuazonic
acid, TeA). &% % (tentoxin, TEN)AI%Z 4 1% (altenuene,
ALT), THFEAYH TeA KFii5 16752 pg/ke!™ .
ZHAO Z51 SR FH A 3 OB €00 - PR IS 25 PR 8 - R I R i 1%,
X EE PR 181 F/NZE Ry A 142 F/NZE & dh (6 T
. ML) AOH, AME, TEN. TeA #4771 4r
BEHE R 99.4% /N BEE LG i TeA, TeA &4
AT Y7 A E AR, ST 1.76~520 pg/kg. B
A2 A AR RS PEAS, O B s s AR R
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LS B LR B (lactic acid bacteria, LAB)A] L 3k LR
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TER TG, AR B R R WA K L&
(AHLRR . reuterin, HRWiFR. 1A LRI IKILEG YD), LA
N REWE B AN A 5% A S TCRE R, N2 T TR R
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infrared spectroscopy, FTIR) . X £k fi7 4} (diffraction of X-rays,
XRD)X IR TeA 92RTE FLIR TR ANAEIES TRAE, KIS 54
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FRZSHD); C9743 IRTEIR A #% (LI & 8 4B AL B A FR A D),
DS-CJ-1D ##i TAE & (L — 1% 4 $.0); TGL-16E
BERABERHEE O HEFEEITTRESARA ),
DGL-50B 7 2 i He 28 VK T i (i ) R A AR BHE A BR A
r]); BenchTop Pro fxXELZS R AT HEML(GEE SP Scientific
7 wl); KQ-1500DB Hid5 8 7 v vk e (A6 50 R ACRHE AT
FRAHD; DT-111C RhXE R IR S 7 (LIS R E AR
AR ) LC-2010A B0 i A AR S A H]); R300
e L E R E PR AT, PHSIH4A 530 pH (i
REGERLA B4 PR 7)), Agilent 5 HC-C g (250 mmx 4.6 mm,
5 um, FrimE A A BRARD); 0.22 um EME. 0.45 pm E
R AR R 22 A3 AT B W)

1.3 B &%
1.3.1 BA#Ek
B H MBI 3 MRELITIRFLIR RS A1-3. Al-4, Al-11
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RN IR ARG R 2 D, AR SR A P i TR R .
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AR RIS FR IR (0~30 h), R 2 h 200 pL
B BRIV T WA AR, IE BRVRLAY ODggo fH o T4 ERE FRAT[R]
R A8 ODygoo 1A 2 418 25 B 1 AR K AF DL
1.3.3  R&EBH AW H 695 &

BT K322 )5, 78 6000xg 2.0 15 min, WHER
U, FZEBKUEEEREE LG LEREE k. SEE
RSy vk, 5 A FIEE U 121°C S FEZEVA K15 25 min, ¥
HIEHTA MBS B R T, BTG, DS
A5 I BRI B39
1.3.4 AME % 3 20&48 &840 7 &

2 He A SCE DO vk, KRS SR 0 vk s Bl
5 O AR f8,3% % (high  performance liquid chromatography,
HPLOKIN 46 faiiAt: Agilent 5 HC-Cyg (250 mmx4.6 mm,
5um); VRENAH: WENHE A: 0.1%H R, WS B: 100%2.JE;
Y9 0.45 pm JEBIE S EALS 15 min; BRI SR
0~1 min, 20%~40% B; 1~22 min, 40%~60% B; 22~25 min,
60%~20% B; #EAEE: 20 pL; FiE: 1.0 mL/min; A:iE:
35°C; SEAMEINE K 254 nm; BESIIRETEE 0.22 pm A HL
TEME, AME {5 83 B[] 7€ 17.5 min,
1.3.5 AME #9477 th &5 4

HEFFREL 0.1000 mg AME i fh, FC 7850 Ia,
EAZE 10 mL, BCHIK 10 pg/mL BIFRAER . 23 BRI 0.50
0.75. 1.00, 1.25, 1.50. 1.75. 2.00. 2.50 mL fIFRUER, &
5% 10 mL, el pAS [ BT ik B AR VR - i 0.22 pm 7%
FLUBRR, mls . MlET, id5t AME fruEigmE, L
AME JTT 5k FE (ug/mL)FIXT 1 1) S-S5 0 T AR A0 501 i . 90

ABFR, 221 AME FRifi 2 .
1.3.6 ZFHARM AME B +ked i ik

4 PR TE PR A B HERR AR I 0.2000 g, ITA 20 mL
0.50 pg/mL AME ¥, BUA 30°C, 150 r/min fY 35S HE 37
24 ho DA IR TR R BRI AME Y398 R 28 %
B TR 58 J5, AME % 6000xg 4.0 15 min, B F3h
Wik 0.22 um AHLIEME, Al AME &5, DABA USRI
BRI AME ¥R 2 AR IR, M 3 407475,
AME LBREBHRAXILA(D),

AME £ R%/%=
XTHEAME HPLCUTHIAR — Wt 5 AME HPLCU[HIAR
FHHE AME HPLOWTHIFR
13.7 #HZERE

(DK FLRR A B R A% AME 18 I 56 52

TERBFR 0.2000., 0.4000. 0.6000. 0.8000. 1.0000, 1.2000 g
B RTEB R, A 15 mL 0.50 pg/mL AME ¥, 7£ 25°C
180 r/min AR5 FRARE IR 24 ho RS o5 2 HI R Ui &
5 AME TR 30 iR, TE I LR bE R S il A
Xt AME ()W BfH2 0

(2) AME JFR e % AME HW R i

HERFRIX 6 £ 1.0000 g BTG ZLER R A4, A 15 mL
JR R BE 43 3k 0.25. 0.50., 0.75, 1.00, 1.25. 1.50 pg/mL
{1 AME ¥, 7E 25°C 180 r/min HIIEFRAERETR 24 h WL
455221 AME UV (ng/mL) 5 AME [T 22 1 i
LRI, PEM AME JiE IR BEXT AME 005 52 0

()AL pH XF AME F W FhH52 i)

#5 AME BY¥% & pH 433194 2.00.3.00.4.00.5.00.,
6.00.7.00, ¥ 1.0000 g 9K i& FLER B B IA 15 mL R[F]
pH 155 0.50 ug/mL AME (K&, 25°C 180 r/min A 5537
FEHESR 24 ho W ES RS 2R W pH 5 AME [0 BR300
LR IEL, PRI pH X AME IR RS20 o

(4 BRFIH ] Xk AME £ 18 R 2 i

# 1.0000 g FIKIHEFIIIA 15 mL 0.50 ug/mL AME
R, HCA 25°C 180 r/min YRS FEAA - HIREFE 6,12, 18,
24 30, 36 ho WERHES SO 22 il BT ED 5 AME (140 B 25
PR R, PPN IR B B % AME f1% 9% B 532 1

B PR 2R B 18 DA VS 0 K0S TR B R Y AME ¥
WA AN R, AR 3 AN ER . FEARI SR,
¥ AME %W 6000xg 2.0 15 min, B EIEWGT 0.22 pm A
HLUEME, F HPLC ¥l AME &4,

1.3.8 Box-Behnken *# 5 f X 32

SN ERBZ R, ISR RIS . 5%
W AIERE R AME Fim vk | VTR pH . WS ) A B e 22,
LI AME B F 3 kWi (B, 348 Design-Expert 10.0 {4,
#it 4 H % 3 /KPR Box-Behnken Wi 7 i 4, W3 1.

x100% (1)
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Table 1 Box-Behnken response surface test factor level coding table

7 N3
% K
-1 0 1
Ar RIS FLRR R T I/ g 0.8 1.0 12
.kt i =k g Bk 3E
B: HEAKTIEERE R AME ik 0.25 050 075
/(ug/mL)
C: WA E] /b 24 30 36
D: % pH 4 5 6

1.4 HIEALE

L Design-Expert 10.0 34700 R ARG 504 o
il Excel 2013 X$¥cdiab 3, R SPSS 27.0 #AfF#E1 74K
a5+ 4> 7, Graphpad prism 9 #4780 K

2 HRED

2.1 BEKHEKER

TREFUT R, 5500 4 hAE R ZE18, 8~12 h A
i, ZEBTRE. Al-3. Al4, Al-11 ILEH, AEK BT
AT EEFFFEE, 3 HRALBREER 12 h SBREE, 25
Al-4, Al-11 BaTRE, Al1-3 75565 16 h I ODggo fEIAF K.
2.2 RGEEHRIEIZ

IR 1.3.3 kil &s KGR BRI, BLas ek T8
J& BT RS BREOIR, K HUIR RS I 0 (60 H ) BHRAT -
2.3 AME Htnf & g E iR Eph s

AME FYFRIE A (% 182 2.5 pg/mL # AME AR i i
LB, MWIEILLLTFa, WIBT R FIEAaAimh gk, A H
PR W B, AR B ISHRILE 17.5 min BRI . #4288 1.3.5 (14
FrEEMAE AME MIAREMZ Y=56212X+47860, FHXC 2%
r’=0.9992, FW] AME bk 4% U 3 5 A 0 R Fy e i AR
ZIHA BRI R .
2.4 AME BEHREGFE

HE L AH, AL-3. Al-4. AL-11 AT EEFLFF X

AMEZ:[5:3/%
(3]
()
T T T T 1T T1T T 17T 17T 1T 17T 17T T17TT1T
——

(=3 S B N e kel S Ne Vo]

Al-3 Al-4 Al-11 FEIUTH

S iU P

Bl 1 &M AME BB 2 (n=3)
Fig.1 Adsorption rate of AME by different strains (n=3)

AME A — & W KHEE 77, Hidp A1-111E 0.2000 g K% E S,
20 mL 0.50 pg/mL AME ¥, 30°C 150 r/min (W 4514 T,
X AME B8R i m, 1k 21.56%. HaCE T LT
X} AME BB AR I, $EI AL-11 BRI TR S T2
AR .

25 BERREERSH

251 REFLBE AN RmES AME 69K M %"

] 15 mL 0.50 pg/mL AME R 43 FIMA 0.2~1.0 g
BTG FRRR T, AME M 25BR3RBWi T, Musinmibss 12 ¢
BF, BRICHEAT T T RE . ULHH RS TRk RN, TS
R, AR AR AL R RS AL £, FTLL AME
LB H T RS 20, AR Tl
A, RS R FIRVER IR G, BRI GOS8 AR,
LR BRSSP TR X R
YA HETEL B IR TeA AR MHR IR 7T 75 Tt A 25 BI45 8 .
F UG RT T, A2 O TR FH B R, 75 300 IR B O b
I, P, EFE 1.0 g R TE R AR &

252 AME & KREAT AME 9% %k

4 1.0000 g 1 K36 BAR 2 BN 15 mL 5T 2 v 3 43531
41 0.25~1.50 pg/mL ) AME %, A1-11 XF AME Fg
RIEB WAL 75 AME JTatik A 0.25 pg/mL B, 2Bk
HIRE N 35.69%, 1E 1.50 pg/mL BHRARH 13.9%, P
AME AR R R, PRI RES 78 2 i TR B 07 o5
HH45G, WE AME FERES S, R0 FNE, 8
TR AR AN M RE RESR LAY 25 A 005 A R, IFLL A1-11 X% AME
B IR B 2R 2ol BRI . BRI, #64% 0.25 pg/mL i AME 1)
S ZE RN 15 TN a7
2.53 KM AF AT AME 89K # %A

H 1.0000 g FRIEHEH#IA 15 mL 0.50 pg/mL AME %
WA RIS 6~36 h )5, AME [2:F% a8 7, 7624 h
LRI PR, N 35.6%, 25 Ko1K ) 0% FSF- £,
FBRFRAERFAE 30%~35% 2], A IR FHES [ % AME 1)
LA E X, Hit, %5 24 h 3 AME B A0 R a]
2.5.4 & pH 3t AME 897 M &R

F4 1.0000 g K IEFLER BB IA 15 mL pH 439118
2~7 [ AME & ', AME KBRZBEE R pH 15t
T, 7E pH=5 B, 4 39.38%, ZJE AT R M. JER AT
REJETENS pH B, VAP ik 22 1) 1 Hi i 52 0 4 FfLRE v () 2
MY SR R A A, I BE R AR AR F B, B pH Y
Thi, WHRCh AR RN 2, A TR R LW
W B, (HAL Z B9 T AN F T AME Bt . BRIk, e B
1ER pH H 5
2.6 Box-Behnken Mo N EL LK SR K 74

FIFH Design-Expert 10.0 #f4EXT R 2 A9 ¥diE 2 st iml -
BIE, 55 AME EERRV)NT R G IR E BRI A) .



2513 1 ZERAT, A5 RN FLIR 8 R BRAEAS B B H k1 1 24k 157
AME JfUfE ¥k 5 (B). MBS ](C). ¥ pH (D) ZIT IR = 2(4)
A5 LK Y=45.66+7.72A-8.55B+3.86C—2.28D—-3.59AB+ e AME
1.46AC—2.60AD+10.99BC+7.36BD—3.48CD-8.94A% 8.83B2 M Mg Blugml)  Ch TR %
9.96C*-6.33D%, 16 0.8 0.50 24 5 14.60
ot g g 17 1.0 0.50 30 5 44.80
Table 2 li:porf?e%f;iiﬂtz:tigj !;;121 test results 18 08 0-50 30 6 23.33
19 1.0 0.50 30 5 44.99
- AME
JEN sy Alg B/(ng/mL)  C/h D S /% 20 1.0 0.75 36 5 35.87
21 1.0 0.50 30 5 42.24
! 1.0 050 30 > 30.71 2 1.0 0.50 36 6 21.83
2 1.0 0.75 24 5 8.52 23 1.2 0.50 36 5 43.87
3 1.0 0.75 30 5 24.60 24 1.2 0.75 30 5 20.24
4 1.2 0.50 24 5 26.57 25 1.2 0.50 30 4 42.93
5 1.0 0.25 36 5 24.66 26 0.8 0.50 30 4 21.51
6 1.0 0.25 30 6 3237 27 1.0 0.75 30 6 29.16
7 12 0.25 30 5 4821 28 0.8 0.25 30 5 25.84
3 1.0 0.50 36 4 36.87 29 1.0 0.50 24 6 25.40
9 1.0 0.25 30 4 49.52 n .
0 038 0.50 2 5 26.07 HER 3 AT, [l AR 4P<0.0001, AU P>0.05,
. o 0.5 ”4 S 4126 Hj‘%?ﬂﬁﬁﬁiﬁE‘J?ﬁiﬂ'ﬂﬁﬁi%ﬁZl‘Eﬂﬁ R 47 i AH OGP
R°=0.9414), 15t HH M 1, IR RIST A1-11 W% [t AME 15
B0 0TS BB e i B, BD X AME A e
14 1.0 0.50 24 4 26.53 o
T T 0.50 30 6 34.56 W, 25 R EX AME 25 Bk 2 52w i oK 2/ 09 0T 2
B>A>C>D,
3 EEFRBFEFHER
Table 3 Analysis of variance for response surface fitting regression equations
g3 R Kl 1 g ¥y F P B EE
Y 3716.11 14 265.44 16.07 <0.0001 %
A 714.56 1 714.56 43.26 <0.0001 o
B 816.93 1 816.93 49.46 <0.0001 o
C 178.56 1 178.56 10.81 0.0054 ok
D 52.52 1 52.52 3.18 0.0962
AB 51.55 1 51.55 3.12 0.0991
AC 8.50 1 8.50 0.51 0.4850
AD 26.99 1 26.99 1.63 0.2219
BC 482.90 1 482.90 29.24 <0.0001 Hox
BD 138.04 1 138.04 8.36 0.0119 *
CcD 48.37 1 48.37 2.93 0.1091
A2 524.65 1 524.65 31.77 <0.0001 o
B? 472.58 1 472.58 28.61 0.0001 o
c? 650.33 1 650.33 39.37 <0.0001 ok
R 2% 231.23 14 16.52
KT 190.47 10 19.05 1.87 0.2866
AR 40.77 4 10.19
¥l 3947.34 28

T R, R R .
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il 2 7%, B 5 D.B 5 C WA HAF I & .24 AME
R 0.25 pg/mL, WERMISHE] 24 h i, 22540 AME gt
WP 7 ) AR AR A, VR OIS RO AR N 7 T AR Ak hg, 3

AME R /%
AMEZ 5% /%

AMEELBRZ /%
AMEZERZE/%

W] AME JFUEREEXT AME EERFEISE m T KGR s
o YRR 1.0 g, ¥ pH i 5, AME [ AR (L]
AT, 75 AME SARBURR R, RERFRER .

J
N
4
&
B
[Sa]
=
=
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Fig.2 Surface plots and contour plots of interaction between the 4 factors

2.7 FUMARBY B 36 E

N T A BAE AME W RS0 A g R 1, i
B a5 RS R B R T H A . ASETRY A AT At SR B 2%
e RKIEBERIESINE 1.19 g, AME JiRWE 0.29 ug/mL .
WL REINEE] 26.94 h, W pH 4.49, Wil AME £BRE R
51.05%. it B Rk 230 2R A 0L &8 SR e, o g 16 Ak
KIE B AME 19 12T 5E 1 . S 7 (8 52 bs
Befl, BUKIS AR WA 1.2 g, AME k¥
0.30 pug/mL W FfFAsSE] 27 h FEHE pH 4.5, SLPRiRIE R AME
FERF N 50.98%,

3 WiRE55ER

AWEFERT R ORI AME (BRI T E, R
WK IE EAT 5T AME BEATURES T 200k, FERRINE
SN S T el o DR DA RE R 8- D BN R S IS S Rl
TAEF AT A, SRE: Wil 3 B KA RS
Al1-3. Al-4. Al-11 AT AR T B LA B A < Hh Ze il
E, AITRAL AL-3. Al-4. AL-11 HSHHEREESRI8, BRI
B g /b, s FURF B AE R, ORI OK .

HPLC X 4 i D b W i 45 11 25 7 R AME REJTROMIAE, 4
R AL-3, Al-4, Al-11 BYWLRNZBCR RAF, P AlL-11
BB R, N 21.56%, T RRFLAF I B0 Mt R g, W
IR A-11 BARIE T 5 2249 12tk

AR 7 T3 %o 45 PR 2R B A2 B F X AME B
PISEIREAT 00T, B2 2 AT AME 23R 52 0 K/
ke AME 5 v J3 > 305 7L IR AT TR VS o > 0% BB [1) > 775
W pHo 5845 R FH T T AR 4 B o A AR T v A
TR TeA MM T 2Z0EA T4, 13 TeA B0 46 5t ik B>
W B [ >A8 H pH> KIS RS e, S AR B2 A
FIART . il T 2S5 KIGFRARBRIE 1.2 g,
AME JEHRHPE 0.30 pg/mL, W HASIR] 27 h, #7 pH 4.5,
MM S AME £BRFR N 50.98%, [FIFHAN. T AME 2
B % 5 4% 5 i DR 2R 1R 9 R 200 [T DA AR, 306 45 21 5 il
DAL 25 ST, 106 B i) 17 TG £ K 06 RTR W AMEE 114
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