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Oxytetracycline residue alters profiles of microbial communities
and metabolites during vegetable fermentation

CAI Ting, XIONG Haibo, ZHOU Xiaohong, XIANG Wenliang*, ZHANG Dafeng,
PAN Maoyuan

College of Food and Bioengineering, Key Laboratory of Food Biotechnology of Sichuan, Institutes of Ancient
Fermentation & Brewing Technology, Xihua University, Chengdu 610039, Sichuan, China

Abstract: [Objective] To study the changes in microbial communities and metabolites during
the vegetable fermentation exposed to oxytetracycline residue and further provide a theoretical
basis for evaluating the effects of antibiotic residue on vegetable fermentation. [Methods] In
this study, we determined the oxytetracycline residue by ultra-performance liquid
chromatography spectrometry (UPLC-MS/MS), organic acids by high
performance liquid chromatography (HPLC), volatile components by the electronic nose and
gas chromatography mass spectrometry (GC-MS), microbial species by high-throughput
sequencing. [Results] The oxytetracycline residue decreased from 4.00 mg/L to 2.53 mg/L in
spontaneous vegetable vegetable oxytetracycline
experienced homolatic and heterolactic fermentation, while that with oxytetracycline residue
only experienced homolatic fermentation. Meantime, the characteristic microorganisms
changed from Lab. pentosus and Lab. plantarum to L. paratarrginis, Lab. buchneri, and Lab.
kisonensis. Furthermore, oxytetracycline residue significantly affected the content of lactic
acid, citric acid, acetic acid, citronellol, 3-octanol, allylsenevol, geranyl acetate, and
phenylethyl isothiocyanate. [Conclusion] Oxytetracycline residue affected the type of
vegetable lactic acid fermentation, the succession of microbial communities, and the production
of organic acids and volatile compounds. Therefore, the antibiotic residue should be listed as a
quality control indicator of raw vegetable materials for fermentation.

Keywords: oxytetracycline residue; spontaneous fermentation; microbial communities; organic
acids; volatile compounds
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ACQUITY UPLC HSS TS Cig (100 mmx2.1 mm,
1.8 pm) B34 ARl 40 C; #EMERE. 5puL;
. 0.3 mL/min; W3IAH A: 0.1%H2; Wi
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PG AN 4.0 mg/L +55 R AXTIRZL CAT; LA 6%
A TRER KRN 4.0 mg/L + 55 2 A RIRZH CBT,
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W TR A N A A 2 T 45 AILIR R o 1R 2 AR
AbFEBY. BY 2 mL A£ 5 8 000 r/min 2.0 2 min J5
R FVEW 1 mL F 0.22 um JERFITE, K 2%
4. i Inertsil ODS-3 (250 mmx4.6 mm, 5 pm)
3ERE, FShAH A I EE:0.01 mol/L Milig — E 4=
3:97 (L) AR BIAR ; Ji# A 0.5 mL/min, 4§
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FEIR 30 °C o 38 S Am v 0 £ R R a] R AR
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AR AEWIE] 10 s; FERHER 5 s; BEFETL

400 mL/min; Z3HTRFE 60 so K HL T B AT R AR
PR, I A B T St o B R I
1.9 EAMMRENE
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0.25 mmx0.25 pm)#fPh G I 4B ME:; T
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1.10 WEMEZENE

W% Wk A b U W B I S R
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Pree kg T B0 2 ) S GB 4789.35—2016
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GAGTTTGATCCTGGCTCAG-3" )Mz ] 1541R
51¥1(5'-AAGGAGGTGATCCAGCCGCA-3"), ¥
Har= M AMpure XP ¥k (Beckman coulter
Gmbh)i#EF74li1k ., {#iH SMRTbell barcode Adapter
Complete Prep-96 kit (Pacific Bioscience)if 7l &
WA 3 FIEHREE Y barcode JPF )5 45 i
HiIEG . P IFIREW M Pacific Biosciences
Template Prep kit 1.0 {71 & 44 &I )3 SCPE I 7F
PacBio RS 1T AT
112 Hit o

R EE ] SPSS 21.0 1 GraphPad Prism
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SR ARG R 5 F #E TR,
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21 ABAEPLIEZRSENTKL
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T RE R T 8 A KU TR T A A K R i i
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Changes in oxytetracycline content during fermentation. **: P<0.01; ns: P>0.05.
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Figure 2 Changes in pH value (A) and total acid (B) during the fermentation. *: P<0.05; **: P<0.01.

MYEAT, AR IR FEAE AR BT 1G58, CON 41
SR AR R E 1-3 d PR TRy, 57 d 4kEsR
& FtEr, M OTC 4B R AR fL i Bl T #E R
%, WEBES 2 RIEATFRIGET R, HAEk
AR T R b SR S IR T CON 4.(/#] 2B),
23 BRABIEDENBRSENTHK
APLRR B AT D) S R SR 1) A T
FRRE, e S R KUk A T R 2 e,
T EHERREA WE WML . TR R

W3l 7127 (P<0.05) , (B XTHTIR I B2 A0 R R A A
B )12 W W (P>0.05), +ERERE N o-
i I 1R (5 AN TE 23 d (P<0.05), HiAth i ]
XF -l 136 — 1 FR) 2 M A K (P>0.05) (3R 1)
FLIR 2 DU 1| 30 35 I ok i v A B e
WA PLR . 76K B 2—7 K, CON ZHFLIR &
U5 T OTC 4H(P<0.05), 1E CON 41, k&%
B1-5 K, FLMRE S 2 211.68 mg/L 25 I
F5) 7 997.37 mg/L, TEH 7 REHHF4G 12

1 ITEFRBMEABIEPEIERSENZMN
Table 1 Effect of oxytetracycline residue on organic acid content during the fermentation
Organic acids  Group Fermentation time (d)
(mg/L) 0 1 2 3 5 7
Oxalicacid  CON 152.48+8.87 72.4742.95 65.46+8.77 55.53+16.72 35.60+1.18 33.754+2.33
OTC 131.52+15.94  73.42+1.85 56.24+2.50 44.72+1.52 34.03+1.99 32.34+0.49
Lacticacid ~ CON 2240.90+80.32 2211.68+14.08 4426.08£96.83 6 605.88+99.32  7997.37+43.42 7 885.95+95.90
OTC 2050.57+11.90 2 089.29+26.45 2526.69+57.38" 4 084.62+15.77" 6 729.62+97.33" 5991.23+23.35"
o-ketoglutaric CON  156.37+7.31 168.11£7.17  172.76%3.56 182.74+4.56 199.26+4.86  199.92+1.25
acid OTC 151.91+9.43 174.56+4.11 201.29+1.19™ 199.82+5.03"  203.25+3.16  194.65+0.97
Ascorbic acid CON  15.82+3.87 46.24+2.65 67.23+10.96 78.5242.56 102.61+2.71 88.27+8.48
OTC  12.1+0.49 50.24+4.02 78.38+4.93 80.55+2.56 114.26+17.35  79.40+5.52
Aceticacid  CON  0.79+0.02 0.78+0.01 0.71=0.01 0.87+0.01 1.04+0.01 1.03+0.01
OTC  0.88+0.11 0.82+£0.01" 0.87+0.03" 0.96+0.02" 1.11£0.017 1.17+0.02"
Citric acid CON  304.84+0.05 322.84+3.02 376.14+5.39 525.53+18.16 779.71+20.34  834.74£9.03
OTC 302.26+2.58  328.13+547  347.47+7.07 447.47+6.09" 752.89+£35.34  765.91+4.78"
Total CON 2871.29 2822.16 5194.67 7 449.16 9135.12 9 042.80
OTC 2649.15 2721.42 3211.04 4758.15 7 839.19 7065.43

*: P<0.05; **: P<0.01.
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TFEZ 7 885.95 mg/L; {HETE OTC 4, KRy
85 0-2 K, HEE M 2050.57 mg/L 221814 hn 3
2526.69 mg/L, Bz KBERIIEITNES 3 RELFR &
IR RSN, 7655 5 KiKF) 6 729.62 mg/L,
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MR o iR R I hka s, AT TS b AL
TR T 1) S TR A T S TR TR P S TR A I 7 = ) &
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o, TERA R R, TR KRR
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M 302.26 mg/L /%] 765.91 mg/L.
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& 0.2 .
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B S2 WSS oxynitride
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S 02 S4 W6S hydeogen
E
£ 04
g
IS\
0.8 S7 W1W sulphide
[
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1. main axis (Variance: 91.75%)
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OTC-7d), EIATERIEN 1-3 X, HAEHRENE
BT R R IE SRR AR K, (HR B A TR
AT, 5 5-7 REYFRHIES R CON ZHH OTC 4]
BIXATFR, H2E5R RERMAES — 57, B S1.
S7 Fll S8 S XER I TF AT . B IR
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>
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S -
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1. main axis (Variance: 67.80%)

Figure 3 Electronic nose analysis result. A: Principal component analysis of electronic nose sensor

performance. B: Linear discriminant analysis of odor.
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Figure 4 OPLS-DA analysis result. A: Score plot. B: Load diagram. C: VIP predictive value distribution map.
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Figure 7 Distribution of relative species abundance in bacterial community during fermentation.
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Figure 8 The co-occurrence patterns between volatile compounds and LABs. A: Characteristic
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REKr FLIR Sk W &R . £ OTC #Hr, Lab. E%%ﬂ: CON 4, FHEFLMKEFA N R
parafarraginis 1 Lab. buchneri TE 103 K& b 5 (Kl 7). @i LEfSe 43#H71 & L CON 4H HRRIE T3
F AL, FROETE R, H A X WA Lab. pentosus Fl Lab. plantarum , 5 HAth

http://journals.im.ac.cn/actamicrocn



218

CAI Ting et al. | Acta Microbiologica Sinica, 2023, 63(1)

BRI R W B R AR 2 AR LB, AR
TE LB RPN, RO Y 5 I A BEA L
KA RZES, %A Lab. paratarrginis . Lab.
buchneri ). Lab. kisonensis. WAb, M5BT
OTC AP R I T REREME T8 R IX R IR K HT
R RE, W Acinetobacter sp.. Citrobacter
freundii, Pseudomonas sp.f Sphingomonas sp.,
NHTI SR T Z B OTC S2ib el h + R Rk B
i W E TR IRAAE S TS B R AR, GIESE T
OTC U AFAEREY N S HA: R IE R AL

bk HR KB — 1 EIRNARSGE, Kb
LB ZRAY, AR REESS, AR
TR IR 7 2 A o 4 R 1 i o3 B DTS W] o el
THAEYREE N2, (EREEEFT CON Al
OTC ZH HP 45 & M U B o SRR B A A o 2
s 4), HhA 6 fiisE e, mifne
SEME . oAU . AL F L TR
2- & KE-5-HURE UK I Il 2 PR FE A FEBR A AE. CON
AR 2] FrmE ., RRARKENE . RF
MG . LA i B A S A SRR AR L RS 10 Fib
RS YIE OTC A & B 3% & T CON
ALY g e | R g i B o e )
SFAE XU LAY, HOUR BE 5 SR VR B 5 TEAH DY,
L, CRRWE S, OTC ' &R A Mg Al 75
B 09 B OB A BRI, OTC A 4 1k
S T, R s PR T R S A PR R 2 T ) TR
FWT CON (& 4), XrHES CON 4+ &g
EACMN, b, ARKRAR T, LERM
B BR 3 R U IR R TR 45, A LR RN
BRSNS, ARk B R AR R
B B 1) A 25 AU TEA DL Bk 2 Ik i A Rk
iz eEmt it —E 2%,

Sk

[1] PAN M, CHU LM. Fate of antibiotics in soil and their

<l actamicro@im.ac.cn, & 010-64807516

[10]

uptake by edible crops[J]. Science of the Total
Environment, 2017, 599/600: 500-512.

SHAHID M, KHAN MS. Tolerance of pesticides and
antibiotics among beneficial soil microbes recovered
from contaminated rhizosphere of edible crops[J].
Current Research in Microbial Sciences, 2021, 3:
100091.

PAN M, CHU LM. Transfer of antibiotics from
wastewater or animal manure to soil and edible
crops[J]. Environmental Pollution, 2017, 231: 829-836.
PROSSER RS, SIBLEY PK. Human health risk
assessment of pharmaceuticals and personal care
products in plant tissue due to biosolids and manure
and wastewater
Environment International, 2015, 75: 223-233.

ZHI D, YANG DX, ZHENG YX, YANG Y, HE YZ,
LUO L, ZHOU YY. Current progress in the adsorption,
transport and biodegradation of antibiotics in soil[J].

amendments, irrigation[J].

Journal of Environmental Management, 2019, 251:
109598.

ANAL AK, PERPETUINI G, PETCHKONGKAEW A,
TAN R, AVALLONE S, TOFALO R, NGUYEN HYV,
CHU-KY S, HO PH, PHAN TT, WACHE Y. Food
safety risks in traditional fermented food from
South-East Asia[J]. Food Control, 2020, 109: 106922.
XIAO YS, XIONG T, PENG Z, LIU CG, HUANG T,
YU H, XIE MY. Correlation between microbiota and
flavours in fermentation of Chinese Sichuan Paocai[J].
Food Research International, 2018, 114: 123-132.
XIANG WL, ZHANG ND, LU Y, ZHAO QH, XU Q,
RAOY, LIU L, ZHANG Q. Effect of Weissella cibaria
co-inoculation on the quality of Sichuan pickle
fermented by Lactobacillus plantarum[J]. LWT, 2020,
121: 108975.

RAO Y, QIAN Y, TAO YF, SHE X, LI YL, CHEN X,
GUO SY, XIANG WL, LIU L, DU HJ, XIAO H.
Characterization of the microbial communities and
their correlations with chemical profiles in assorted
vegetable Sichuan pickles[J]. Food Control, 2020, 113:
107174.

ML, gets, I, RAETE, =AHL, BRI, M
K, sk, AHLAE bR LM LR EHT A R it 2y
PEAIHTI. B AR, 2015, 36(11): 145-149.

LIN K, CAI T, XU GR, SONG FF, YUAN CH, CHEN
G, XIANG WL, ZHANG Q. Antibiotic resistance of
epibiotic lactic acid bacteria on the surface of organic
white radish[J]. Food Science, 2015, 36(11): 145-149
(in Chinese).



RIESE | AR, 2023, 63(1)

219

(11]

[14]

[15]

[17]

LIU DQ, ZHANG CC, ZHANG JM, XIN XT, LIAO X]J.

Metagenomics reveals the formation mechanism of
flavor metabolites during the spontaneous fermentation
of potherb mustard (Brassica juncea var. multiceps)[J].
Food Research International, 2021, 148: 110622.

LIU XH, LV Y, XU K, XIAO XX, XI BD, LU SY.
Response of ginger growth to a tetracycline-
contaminated environment and residues of antibiotic
and antibiotic resistance genes[J]. Chemosphere, 2018,
201: 137-143.

2R, RIS K RGO BB AR R | BTSRRI AT
PR TR 1 4= B2 5 OCHRPEAF ST [D]. AUM W7 VLR 2 A
LA B, 2014

LI JN. The abundance and relationships between
typical antibiotics and corresponding resistance in
municipal wastewater treatment system[D]. Hangzhou:
Master's Thesis of Zhejiang University, 2014 (in
Chinese)

LI ZJ, QI WN, FENG Y, LIU YW, EBRAHIM S,
LONG J. Degradation mechanisms of oxytetracycline
in the environment[J]. Journal of
Agriculture, 2019, 18(9): 1953-1960.
HALLING-SORENSEN B, SENGEL@V G,
TIORNELUND J. Toxicity of tetracyclines

tetracycline degradation products to environmentally

Integrative

and

relevant Dbacteria,
resistant bacteria[J]. Archives of Environmental
Contamination and Toxicology, 2002, 42(3): 263-271.
WATTS EG, JANES ME, PRINYAWIWATKUL W,
SHEN YX, XU ZM, JOHNSON D. Microbiological
changes and their impact on quality characteristics of
red hot chilli pepper
fermentation[J]. International Journal of Food Science
& Technology, 2018, 53(8): 1816-1823.

CHEN ZD, KANG JY, ZHANG Y, YI XX, PANG XN,
LI-BYARLAY H, GAO XZ. Differences
bacterial profiles and physicochemical between natural

including selected tetracycline-

mash during natural

in the

and inoculated fermentation of vegetables from Shanxi
Province[J]. Annals of Microbiology, 2020, 70(1): 1-12.
CHOI YJ, YONG S, LEE MJ, PARK SJ, YUN YR,
PARK SH, LEE MA. Changes
non-volatile compounds of model kimchi through

in volatile and

fermentation by lactic acid bacteria[J]. LWT, 2019, 105:

118-126.

XIANG WL, LI K, LIU S, XING YG, LI MY, CHE ZM.

Microbial the

Luzhou-flavor liquor fermentation process as evaluated

succession in traditional Chinese

[20]

[22]

[25]

[26]

by SSU rRNA profiles[J]. World Journal of
Microbiology and Biotechnology, 2013, 29(3):
559-567.

CAO JL, YANG JX, HOU QC, XU HY, ZHENG Y,
ZHANG HP, ZHANG LB. Assessment of bacterial
profiles in aged, home-made Sichuan Paocai brine with
varying titratable acidity by PacBio SMRT sequencing
technology[J]. Food Control, 2017, 78: 14-23.
THIERRY A, POGACIC T, WEBER M, LORTAL S.
Production of flavor compounds by lactic acid bacteria
in fermented foods[A]//Biotechnology of Lactic Acid
Bacteria. Chichester[M]. UK: John Wiley & Sons, Ltd,
2015: 314-340.

SAWADA K, KOYANO H, YAMAMOTO N,
YAMADA T. The relationships between microbiota
and the amino acids and organic acids in commercial
vegetable pickle fermented in
Scientific Reports, 2021, 11: 1791.
EINSON JE, RANI A, YOU XM, RODRIGUEZ AA,
RANDELL CL, BARNABA T, MAMMEL MK,
KOTEWICZ ML, ELKINS CA, SELA DA. A
vegetable hosts

rice-bran beds[J].

fermentation facility distinct
microbiomes reflecting the production environment[J].
Applied and Environmental 2018,
84(22): ¢01680-¢01618.

PASOLLI E, de FILIPPIS F, MAURIELLO IE,
CUMBO F, WALSH AM, LEECH J, COTTER PD,
SEGATA N, ERCOLINI D. Large-scale genome-wide

analysis links lactic acid bacteria from food with the

Microbiology,

gut microbiome[J]. Nature Communications, 2020, 11:
2610.

GAUDIN V. The growing interest in development of
innovative optical aptasensors for the detection of
antimicrobial residues in food products[J]. Biosensors,
2020, 10(3): 21.

Yang XH, Song XF, Hallerman E, Huang ZT. Microbial
community structure and nitrogen removal responses
of an aerobic denitrification biofilm system exposed to
tetracycline[J]. Aquaculture, 2020, 529: 735665.

RAO Y, QIAN Y, TAO YF, SHE X, LI YL, CHE ZM,
LI HH, LIU L. Influence of oxygen exposure on
fermentation process and sensory qualities of Sichuan
pickle (Paocai)[J]. RSC Advances, 2019, 9(66):
38520-38530.

LUO SM, LI Q, CHEN AJ, LIU XY, PU B. The aroma
composition of baby ginger Paocai[J]. Journal of Food
Quality, 2017, 2017: 1-9.

http://journals.im.ac.cn/actamicrocn



