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Abstract: [Background] Zearalenone (ZEN), a mycotoxin with estrogenic effects produced by
Fusarium, is one of the pollutants that seriously jeopardize human health and agricultural safety
worldwide. As a class of food-grade non-pathogenic microorganisms generally recognized as
safe (GRAS), lactic acid bacteria have been proved to have good mycotoxin-reducing ability in
recent years, demonstrating the application potential in safeguarding food safety. [Objective]
To screen the lactic acid bacteria capable of reducing ZEN from seven Chinese sourdough
samples collected from Shandong, Henan, and Gansu, and investigate the reducing mechanisms
of ZEN by the bacteria. [Methods] The strains were isolated by the dilution-plate coating
method. Ultra-high performance liquid chromatography was employed to screen the strains with
ZEN-reducing activity, mass spectrometry (Q exactive) to identify the metabolites, and
transmission electron microscopy (SEM) to observe the morphology of the strains. The
adsorption effects were examined at different initial toxin concentrations and bacterial
concentrations, and a kinetic model was fitted. Fourier transform infrared spectroscopy (FTIR)
was employed to identify the functional groups involved in the adsorption of ZEN and elucidate
the adsorption mechanism of ZEN. [Results] A total of 63 strains of Lactobacillus were isolated
from the preliminary screening, and then three strains with ZEN-reducing activity were
obtained. Strains 6-8 and 18-2 were identified as Levilactobacillus brevis, and strain 12-6 as
Acetobacter tropicalis. The two strains of L. brevis had ZEN-degrading effects, with the
degradation rates of 85.5% and 87.3%, respectively, within 48 h at ZEN concentration of
10 mg/L. The mass spectrometry results showed that the degradation product was a-ZEL. The
other strain had a ZEN-adsorbing effect, with the adsorption rate reaching 62.9% within 20 min
at a bacterial concentration of 4.26x10'° CFU/mL and a ZEN concentration of 10 mg/L.
Moreover, the adsorption rate increased by 20% after strain inactivation. The adsorption process
was fitted with both pseudo-first-order and pseudo-second-order models. Fourier transform
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infrared spectroscopy (FTIR) showed that the main adsorption sites of strain 12-6 were
peptidoglycan and teichoic acid in the cell wall, involving hydroxyl, methenyl, carboxyl, and
amide groups. [Conclusion] L. brevis 6-8 and 18-2 showed strong degradation capacity against
ZEN, and A. tropicalis 12-6 had a strong adsorption capacity for ZEN. The adsorption kinetics
conformed to pseudo-first-order and pseudo-second-order models, with the adsorption sites at
teichoic acid and peptidoglycan in the cell wall. This study provides a theoretical basis for the

application of lactic acid bacteria in the removal of harmful substances from food and feed.
Keywords: zearalenone; lactic acid bacteria; adsorption; functional groups
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Table 1 List of sample origins

4= No. U5 Source

Hilv 4 RE T Wuwei, Gansu
MRS 44 7 Fe T Shangqiu, Henan
T RG24 #R I 15 Zhengzhou, Henan
1117544 28 % 11 Tai’an, Shandong
1754231 Yuncheng, Shanxi
M Fg 4 FRIM T Zhengzhou, Henan
I P45 B3 Yuncheng, Shanxi
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% EzBioCloud ¥ 7, 4rHrai Randk 2 s,
PIREFR AR 6-8 (B35 h OR349487)F1 18-2
(& 5+ 5 4 OR349488) ¥ Ny i fit A= L #F 1
(Levilactobacillus brevis), Witk 12-6 (&35
“h OR349489) Ky #Raiy il Fi(Acetobacter tropicalis).
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22,1 FERKE. BAESXRMAORIMER
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y ——12-6
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301 ZEN

Time (min)

1 UPLC #&l ZEN B SER  A: Hbk 6-8. 18-2 (& HIfG ZEN WS AIXT . B: 12-6 W ff
J& ZEN WETR AR X He. 3.8 min 40 AR =4 a-ZEL 1§, 5.0 min 4tk ZEN 0%

Figure 1

Detection of detoxification of ZEN by UPLC. A: Comparison of ZEN peak area before and after

degradation of strain 6-8 and strain 18-2. B: Comparison of ZEN peak area after desorption of 12-6.

Metabolite peaks at 3.8 min, ZEN peak at 5.0 min.
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A B
35 [ ——ZEN intensity 17.87 S — intensity
2 al —6-8intensity 7 an _ —— 18-2 intensity 285.‘148 5
% 20l % 20} 303.159 1
z I |
RZERI S @ 15k

0.5F " e LA 0.5 321.169 7
- 17.86 - \
00 L " nm 00

5 10 15 20 25 30 50 100 150 200 250 300 350
Time (min) mlz

2 LC-MS %W ZEN BIFERRFY) A PIRRFEME R A — A5 S ZEN bRifEd X L. B: ik
K5 a-ZEL FpiE b Xt kb

Figure 2 Detection of ZEN degradation products by LC-MS. A: Comparison of primary chromatograms of
two degrading strains with ZEN standard. B: Comparison of secondary mass spectra with a-ZEL standard.

v

Zearalenone a-zearalenol

B3 EARABHERECHE~IHEFEHN

Figure 3 Chemical structural formulae of zearalenone and its metabolite.

A B , €

1.0 pm 1.0 um 0 um
e

B4 EHFHBETEKRESE  A. #Hk6-8. B: Kk 18-2.C: Kk 12-6

Figure 4 Morphology of the strains under transmission electron microscope. A: Strain 6-8. B: Strain 18-2.
C: Strain 12-6.
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Table 2 16S rRNA gene sequence analysis of the isolated strains

Name Strain 6-8 Strain 18-2 Strain 12-6

Top-hit taxon  Levilactobacillus brevis Levilactobacillus brevis Acetobacter tropicalis
Top-hit strain ATCC 14869 ATCC 14869 NBRC 16470

Similarity (%)  99.93 99.79 99.70

Top-hit Bacteria; Firmicutes; Bacilli; Bacteria; Firmicutes, Bacilli; Bacteria; Proteobacteria;
taxonomy Lactobacillales; Lactobacillaceae, Lactobacillales; Lactobacillaceae, Alphaproteobacteria; Rhodospirillales;
Levilactobacillus Levilactobacillus Acetobacteraceae; Acetobacter

GenBank OR349487 OR349488 OR349489
accession
number

A B

20 a
a 16 a
_ b
gh _b Si2

1 2 5 10 0 107! 1072 1033
Initial toxin concentration (mg/L) Bacterial dilution

5 BRETERIRMEILE A NFEFEZWEE T BRI B: AR AR T R R
a, b RN HI 2 FFEE

Figure 5 Comparison of adsorption rate of strains under single factor. A: Adsorption rate of strains under
different toxin concentrations. B: Adsorption rate of strains under different bacteriophage concentrations. a, b:
The degree of difference between groups.
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K 6 o T AR 12-6 7EA [R] 2 fik i 8] R X
ZEN MWt 7e e, 45K M ZEN MW 7ETT
20 min PJIRGERE TN, 20 min ZJ5 &4 T W H.
W R AT S R, 3 P E R R A R s
Pl B <R s N LR [ s
FolBR L %) A ) W B R AR A 4 W 86 e AR T i st
FEA W B T 1 5 22 ] S PR e i R
TP T HE ks T] o %o T SE PRI ZEN A 40 Ff iz
FARE, 6 - et Tt 2 — A2 KA A=
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q. (mg/g)

i ®  Adsorption capacity value

2r —— The pseudo-first-order kinetic fitting
— The pseudo-second-order kinetic fitting

oF

1 1 1 1 1 1 1
0 20 40 60 80 100 120
Time (min)

B 6 Wk 12-6 WM ZEN KUE—R . HE RN
hEFERE

Figure 6 The pseudo-first-order and second-order
modeling plots for ZEN adsorption by strain 12-6.
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Figure 7 Comparison of adsorption rate of live and
inactivated bacteria.
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Figure 8 Adsorption rate of ZEN by bacteria under different treatments (A) and infrared spectroscopy (B).
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