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TFREShEY K F B i%z‘ WA FCAERRAMANY, @ hTH%E45T. EXLIRAATHELE
FCAHENEARIEE, AEZ2FAKS 5K, 25 mgkg #2 50 mg/kg WRERGHY, H2F
YA F C A FEA BALS A EIK 41.35%F 49.80%; sbIl, WIRE KRR R F w2 FARFM
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Effect of tetracycline residue on rhizosphere microbes and
nutrients of soybean sprouts

CAI Ting, ZHANG Shan, LI Xin, XIANG Wenliang*

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

Abstract: [Objective] To explore the effect of soil tetracycline on the growth and
development, rhizosphere microbes, and nutrients of soybean sprouts, and to lay a theoretical
basis for evaluating the influence of antibiotic residue on vegetable cultivation and preventing
and controlling antibiotic contamination in soil-vegetable system. [Methods] We simulated
different levels of tetracycline (0, 25, 50 mg/kg) in soil and determined the tetracycline in
soybean sprouts by high performance liquid chromatography (HPLC). The nutrients in soybean
sprouts were measured with physicochemical methods and rhizosphere microbes were
elucidated by high-throughput sequencing. [Results] Tetracycline accumulation in soybean
sprouts rose with the increase in the level of tetracycline in soil, and the distribution followed
the order of root>hypocotyl>cotyledon. Tetracycline residue in soil significantly inhibited the
development and biomass of root and hypocotyl, vitamin C synthesis, and antioxidant activity
of soybean sprouts, particularly the vitamin C synthesis. To be specific, on the fifth day of
growth, vitamin C content in soybean sprouts cultivated in soil with 25 mg/kg and 50 mg/kg
tetracycline was 41.35% and 49.80% lower than that of the control, respectively. Moreover,
tetracycline residue significantly affected the microbial community structure in rhizosphere of
soybean sprouts, especially the nitrogen cycling-related genera. Specifically, the relative
abundance of Acinetobacter and Thermus significantly increased and that of Pseudoxanthomonas
and Hydrogenophaga reduced. [Conclusion] Tetracycline residue in soil suppressed the growth
of soybean sprouts, rhizosphere microbial community structure, and important nutrients such as
vitamin C.

Keywords: tetracycline residue; soybean sprouts; rhizosphere microbes; nutritional quality
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B & WE R MR 0 KUK SRR, A0
INTE A IR RN TE e P S S S 552
HiSE FEMAZ —, PR SEEFIH A = By
WS FEE, BRIy s RRIE B 2 A
TV, BRI AN FELEA R C M E SOk
P rhBEMEE S, O G 5 R Y
EE—210 B R, L RTEUKEE G
BIRMEE R, H TR s, Bk,
HETE AT ES G - iR HA B, &
Wk 55 ORI AR P i T 2F . e
FEARKSRE D, — s O AR E IR
RERL A T 2 A2 A Ak, o —JriH, AR
F 3 WS S R K A RS AT BOC R AR
WL H ARG ER Y, HrhEn T,
BRI . 2550 . REEardt. 4iER C. Bk s
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Wi, LGS RORE VAL B AR 25k B X R g S E
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1.1 M

B SIS T R A BB RO A R R i
AR B U FEA HLEE SR, RAEETS H AR
T, BEREL 5 mm GRiA . TIEREERR R BT -
pH 5.83. AWML 19.24 g/kg., % 11.29 g/kg.
4Tk 8.45 g/kg. WRfHA 164.29 mg/kg., A 5Lk
96.12 mg/kg. R 132.57 mg/kg; Frf skt
BB AAGIN P A R .
1.2 FERFFNEE

MUAER . A MEAED .
G-250. HHA . pEwE, W AIEEREERE AR
ANdl; WEE, 2NE. Wi, WH Merck 2AH];
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B A BR ] ; Soil DNA Extration i &, 1
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MR 25 5804R ¥R ¥R E LML, Eppendorf 73
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UV2400 240-7] WLAMGGEETE, FilgEsEgiE
Bl PR ] 3 NanoDrop 2000, Thermo
/N 7) 3 T-1 Thermoblock PCR H s § #9{X ,
Biometra Tgradient 23 ) ; 720BR HL Ik 5 i il 15
SHri, Bio-Rad 2AH] .
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P 16 AR R B B, A SRR Uk
3 YK, £ 30 °CiZifl 3 he SLIRZHENIN 25 mg/kg
(TC25)#1 50 mg/kg (TC50) VYR ZE AL 1 5 rhp
SR R/CE: NI S B N | L7 Ny 0 L EE
(CON)., HiZ il J5 b B2 P 7 LR
BHH#ET, BT25°C, #EFKMH TR &
AAEHIES 3 R, BERBGRGEE, HURE
5, —WarEsh . IR A
VUM RFR AN E, —FB0 BME AT IAE F
Fe bR BTSRRI E . 55 3 RAIER 5 R
MR - 458 T el 1 U )
14 BEFHONRZBE

KF Gu USG5 0 R DURR A R
B 10 mg U EFRUER ERZE 10 mL H AR
e, SRl B AR EWE R 5. 10, 15,
20, 25, 50, 100 pg/mL HIFRUEIRIR . BT
PRG£S AR S 4R, dlifh . We4m, ¥
HPLC #

HPLC R34 . Agilent Eclipse Plus
Cig (4.6 mmx150 mm, 5 um); Wahtl: AN
0.1%M R, B HME; Wik 1.0 mL/min; #HERE
20 uL; ZEAMEIIPE K 340 nm; H:E 30 °C; &
VERFRE : 90% A. 10% B, YEMEATTE] 30 min,
VU IR 28 A HE I WA [5) J0  VR BE () 5 () VE A
Mk, HHEHR =27 197x+418 (R*=0.999 9).
o 1m0y AR AR T 2R R DU R R AR A
1.5 EXREYZHMN

R s ERALRE i LR ER 120 #k, 7E
FRBE RS B A Al 20 B AR Ak, ek
RS, SRIEMADEKRFREKZ, B
FARE TH A, RS E e KR,

RS . NRRLLRE S BEALIEE R 120 £,
FH 10 43 BEliE bR - RGN ot R IR KB

AW IERLLRE S BEALIEE 120 B,
ZHJE 105 °CHET ZfE TR o

1.6 BEFEKIREDEFRBRIDNE
1.6.1 #4%%EC

KA BES M EgEER C &
it AEALETAE PR S A R UK, [ 5.0 mL 42
BUOBR RN 2.0 mL 243 . 5.0 mL —FI &,
AHEIRA] 0.5 min, 5 B E 2 2R BUR
£ 500 nm AbIIESEEE o AHTE SRR I E AN [
R E B B2V VR 1 W ORI VR AR T 4k
1.6.2 =

K AP R E A R R FR AL
FIAL PR i £ iR EOR, B 2.0 mL FH 2
e, A 2% B 0.5 mL, PR EEINA
5.0 mL VKGR, 1RA5JJ5#FE 12 min, 7E 620 nm
AR SR RO B A RS TT E AS [R]  BE F 4
BRI ORI VR bR HE R £
1.63 ZEBAK

K Grintzalis %52V 7 20000 %€ 5 11 &
o AEARTT AL IS A PR ORI EL
1.0 mL, fIMAZH B dekl 5.0 mL, RA5)E
BB 5 min, 7E 595 nm ARG . AR 4%
(G = N b7 e o I = s g = R R U oY [
FHHIVERRHERT 2R
1.6.4 TWRMHE

SR T A RO J  sE m v R . R
sty T AR 3R o) 5 LB O, B 0.5 mL T HLIE K
R, A 1.5 mL ZKE, A 2%
#0.5mL, FHTEREMAS.0 mLKkEER, RS
JE KRR 1 min, HARERHISTE 630 nm Ab
DU W2 S o R ) S A T D00 AN () e B TR i
VR FH MR S I i P o o T 2K
1.6.5 BERA

Jig 105 i 22 =% AR ( GB 5009.6—2016
B EEHE BT As DI E ) H R
ENEIIE7H7 SRt
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. MY B (total phenols, TP)KG 7] £ 15
W5 A T E

(2) WA T . X AMEFM DPPH kR
AEJT: SIS A A B F B 0,)
e R & . 2 A H 2R (OH- )M e 1R & .
DPPH H 13L& BRBE a0 St B A 204 1l 2 .

(3) & T ik 5 BE J1 (ferric ion reducing
antioxidant power, FRAP): % Pajak 25> )5
W BBl o R A 2 A A8 R B
HRAE P A 3 mL FRAP TAEW, 37 °C/KIB
5 min JGfITA 400 pL $2B0GK, 1RG5 #HE 4 min,
PLTAEWGAZ, 78 593 nm AbIEWOGE. M
A4 R IEARRIHRE FeSO, TH,O ¥ I AWK
eI EAR M £
1.7 16S rRNA EF BN F

HHE Soil DNA Extration &7 & i 42
BURE S P ) 5L DNA,  {ifi F§ NanoDrop 2000 #£1 7
DNA ¥k B2 A2 E 5 SR 16S V4 XIE W 5]
H 515F (5-GTGYCAGCMGCCGCGGTAA-3")F]
K154 806R (5'-GGACTACHVGGGTWTCT
AAT-3") 1% 16S rRNA 3[R S 7 41 e 1 75 41
W Z M. PCR VAR FRA(50 uL): 5 pL
1xPCR Buffer for KOD-Plus-Neo, 5 pL. dNTPs
(0.2 mmol/L), 1 pL KOD-Plus-Neo, 3 uL. MgSO,
(1.5 pmol/L), E 5 14(0.3 pmol/L)45 1.5 uL,
2 uL #iHt DNA, ddH,O 31 pL., PCR [ W& )F
94 °CHIZETE 1 min; 94 °CZE%: 205, 54 °C
Bk 30 s, 72 °CHEfH 30 s, 30 MEA; R)G
72 °CRAEIEM 5 min, FJGTE 4 CHATFIRAT o
FI ] Tllumina 23 7] ) MiSeq PE250 75 1 121l 6
YT, ] QIIME (v1.9.0)4KFx 5 4k
sk s, [ FLASH 3RA-1EF 19H%;
RIGFEF Usearch {4 (http://www.drive5.com/
usearch/), f§i ] UPARSE 5VE7E 97%H— 8k
IR b 743 2548 4F BT (operational  taxonomic
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unit, OTU)RIIFH AR A4 A UCLUST
J3JEHN SILVA B8 e HEA TR0 A
1.8 ZIt iR

I K4 FH SPSS Statistics25 F1 GraphPad
Prism 8 BIFFATAC TR, PRt ER 3k, 45
LI IR AR 1 25 308 o SR XU 5 22 43 B
(two-way analysis of variance, two-way ANOVA)
Ko 22 S 1 2 o A RIS Rl TP AR Bk
A2 PR TR 8 2 A FURE O 3 B2 R AT AT AR AR B
[ s 23 AT AR PR A ) 5 B SRR AR AR DG

2 HERE4M

21 HREFFURZEMNEKE
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A P 3 SR VEY & 42 Hu
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FE G+ R A B AR IR B, 2551
T, WG AEMM . RGN R D3R 2R 5
BA LY B REE P AR ZVR B R RGN
HEAKBPRIEALEE 1), BUFSEHE
o EFIUIR R IR R —E 22 2 AR AR
oh O B 2R B R TR IR A (P<0.01),
WE AR 5 K, TC25 RGP, FIE
B, R U R R =5 21.31, 2.87
1021 mg/kg; M TC25 IRILH & 25 B ) PUFR
RIREARE R, /58 36.99.5.04 F10.41 mg/kg.
22 MARZERBNARIEFEREMZHMN
A

TP REREREYPEEE, &
HEZEZmELAERKER, MRERUAELDE
F A BE AR 1) K 2R AR P fEA
WHoE s, IR AR R IR B TR
ZER AR MRS b, EL DU PR 2k e g HAm i 1
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®1 REFTEREFHTENXEE

Table 1 Tetracycline residues in different organs
of soybean sprouts
t/d Groups Different organs (mg/kg DW)
Cotyledon Hypocotyl Root
1 CON ND - -
TC25 ND - -
TC50 ND - -
2 CON ND ND? -
TC25 ND 0.83+0.06° —
TC50 ND 1.67£0.06° -
3 CON ND ND? 0.50+0.05°
TC25 ND 1.4240.32°  9.85+4.22°
TC50 ND 3.20£0.89°  17.84+6.41°
4 CON  ND? ND* 0.51+0.65°
TC25 ND* 2.02+0.02°  16.40+6.16°
TC50  0.2740.07° 4.24+0.45°  29.47+1.19°
5 CON  ND* ND? 0.70+0.47
TC25 0.21+0.02° 2.87+0.18° 21.31+4.16°
TC50  0.41£0.04° 5.04+1.03°  36.99+4.17°

The presented values are the means of three determinations,
with standard deviations indicated; ND: Not detected; —: No
samples were collected; DW: Dry weight. Different letters
indicate significant differences from the CON group (P<0.05).

Length of the hypocotyl (cm)

TC25-5 CON-5 TC50-5

1 MEERILE
Figure 1

AN BRI FEAREYF RN

Tetracycline residues in different organs of soybean sprouts. A: The above-ground fresh mass. B:

SRR, FERGIFERE S K, TC2541Y
CON AW & . iK% 27 (P>0.05), 1M
TR KA B #2557 (P<0.05); TC50 415 CON
ZH 1 A= ) & (P<0.05) . MR K (P<0.05) K2 T ik %
(P<0.01)sZmi i 2, BEIEHIN 4.28%. 4.64%
1 6.03% (K 1),

23 MRREREREBENBIFEAEFRIBRN
=20
231 MHERRBMEIFPHESER CHEM
xR C REHBEDH - EHEZEEFR
7, HAMREAPUE SN, e S E LA
FE R P, A KRR, CON 444
R ComgREItaT MR, KFEN S Kk
FEE(H 75.92 mg/100g; 1L 5021 8 G 2F A Kl
i, e R C SR IEEAD, Tk
95 3 K TC25 4181 TC50 414k K C ik FIE(E
4354 60.48 mg/100g 1 51.37 mg/100g. DU
RN E PR R C BRI

[
[=]
1

[e2]

=)}

=

Biomass (g/100 plants DW)

(S

Length of the root (cm)

TC25-5 CON-5 TC50-5

Biomass. C: Length of the hypocotyls. D: Length of the root. *: P<0.05; **: P<0.01; ns: P>0.05.
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FH(P<0.05), H.FfiPUR 2 B3, Joam i1
L, TER TR AE KA 5 K, TC25 41 TC50
HEEFEPYEAER C 8 R A 4 7 FE AR
41.35%71 49.80% (P<0.01) (&l 2A),
232 MRRZREBENEBIFHARRNZMN
A UER HA WM RS B i
e F 8 Wi 2l . m AR AE g HE T RERT .
SRR E AR, SRS a2 R
TS, KZES 5 K, CON 4l G2 hef 4
E M 104.34 mg/g BMF] 306.15 mg/g, &
FIIT 193.42% (P<0.01) ;I He J3 DU 3R 25 %) £F
A 285 TG NI 2 A, e DU A R
B VI SRR AT 2 25 B N $54(P<0.05) 5 #84>
KEZEWAR], DUPRZE (0 2 P AR 4 35
I, 7ERLELTE B2, TC25 411 TCS50 4H % & 2F
AR SR CON 4N T 22.45%
9.87% (P<0.05) (K 2B).
233 MRERZEBNHRIFHEARMNEN
B ELAT Y B R R A iz sh G 1
M, BAMTBSEAT S S ELEERR, MY
AR ARBEEEARNEZRE, %5
R R R, X ER NS A B A
BT TR, KR 5 R, CON 4B g 2
SR 305.50 mg/g KR 121.05 mg/g,
HETFFET 60.38% (P<0.01); 1 PUFR 5% Al
DITE—E R M TRt IER ZF 1-5 K,
LI SX AR EFMEAR TR LR &2
S (F 3A) (P>0.05),
234 MRRZKENERIFHALAMEENSE
AT MW A ) A i SR 0 v o 5 E A
FH ., AR A T 8 VR 40 B A0 5 4 14y, i EL
AR R A5 T S AR AR RN R R O 1 45 B
AR X B RS IR A v T AR K AR
VSRR S BT RS, B 2 R 5 R
BT —RAM L, ¥ H B T 5 (P<0.05). & 2
%2 KR5% 1 KM, &5 i G 2Fmn
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¥
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EmTC50
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Vitamin C (mg/100 g DW) >
2
(=]
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o]
L
=
<

4001 EICON ' ﬁ

Cellulose (mg/g DW)

B2 BSFEKIRREDHEER C AMALER®B)
AENTK

Figure 2 Changes of vitamin C (A) and cellulose
(B) content in soybean sprouts during growth. *:
P<0.05; **: P<0.01; ns: P>0.05.

PERE S R EF T 72.06% . 73.27% K&
78.44% (P<0.01); & Z%5 5K, CON 4], TC25
ZHFN TC50 2H B & 2 v Al i PE RS & it 0 il ik 3
551 K 2.32 £i5. 2.36 £, 2.38 fi%. KZFH 3 K,
S0 20 B 2 R AT A B e ot BRI T
f, (HERIR FORUL, DUIRE R B e 2]
WM R0 B 3 A (K] 3B) (P>0.05).
235 MR RZREXNRIFHERNEI
REWITE M AT ERERRZ—, BA
RS LB TR T B AR DA AT
DA IE I8, 3 AT DU F R 1 4 A= 22 it
B0, BEZEA KN 1-3 d, IR & AR LA
W, WES 4 KPR, WIS, (AR
WA . FEREFARKM 1-5 d, TUAHARER
X HAE 5 e s R A 835 (] 3C) (P>0.05).
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Figure 3 Changes of protein (A), soluble sugar (B)
and fat contents (C) in soybean sprouts during
growth. *: P<0.05; ns: P>0.05.

24 MRZEFREBMNHRIFPAREMNR
BEURME WS

KU Z B o 2 A TR, Xt
WA B A BB A4 I AEPY, ¥ SR
B TR], 2SR R AR A i AR T AR IR,
Fu I B E TR, 5 4 RikF
B 1.96 mg/g, TGl By 7 i At B i T v e 3,
555 RIkFE(H 7.70 mg/g (5 2). ik HFE,

VU A 2R 5k BA N B L 2 S B A R )
(P<0.05), TixTEBy o . G AR 5 K,
TC25 41 TC50 2H B &2 Hh S v il 5 48 CON
2H 3 HIFEAR 11.17%F01 29.61% (P<0.05), 1587 Y
0N e R e || i N A Ry Y TS
e J 1 A o A FH e A

B SR BT A A RE T S48 8 2 W PR A A O
SR i AR N IEPEST A AL B A s X B R
ARG, P nr LI ik S AR 50 i s
EFRY R AARRCH . i — T DU R X
B AR R BRI RE B, DU
FIesF i BRAE Ty . ¥ A i 2EIEFRAEJ1 . DPPH
B H1 L R AE T FRAP DUANFEFRIE Jy 5 5 2
PrAAALRE I PEM AR bR . BRI R, A
KA F R hU A AR S RS B35, PUIRE
B R AR T o 2R BB E AL BE ), 9 AN SR BT
MEm o, A mSEERRAE S . DPPH AMH
HVE R BEJI R FRAP, H Bl A: 2 vk B 038 fin
FEARH B3 R G 2R KA 5 K, TC50 &
CON 41, ZEwifii & sREAL T 29.61% (P<0.05);
¥ [ 1 HETEER AE S H FRAP 43 SIFEAE T 31.80%
1 24.79% (P<0.05) (3 2).
2.5 HEFIRFRMEMIEENTK
251 BEEFRIRMEVEEN o ZHEMESH

o AR T PEA R A i A W i 5 O
JE, R MR E A LA AR R .
Chaol $58UH1 ACE 458 n] LSz e H Sl 2E Wy it v
H=EE BE, 1 Shannon 5 %41 Simpson $5 %N
S B B 2 REERY fE B T A K R
Chaol. ACE Hl Shannon 8%, PiH & &
TR R R AR BRI A ) R T R 2R
WK, WMEZFARKSE S K, WHRREM S
SRR AE Y BEYS Chaol . ACE Hi1 Shannon
FEBOEAL, ULPTUPR RIS 7 o A Kt R
HOAR BRI PRV = B R 2 AR (E 4),
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*2 REFEKIEFRENENZWL

Table 2 Changes of antioxidant capacity in soybean sprouts during growth

t/d Groups Total flavonoid Total phenol O, OH-~ DPPH FRAP
(mg/g DW) (mg/g DW) (U/g DW) (U/mg DW) (mg trolox/g DW) (mmol Fe?**/100 g DW)
1  CON  0.61+0.06° 1.41£0.12°  14.59+2.54* 23.68+1.55*  0.27+0.01° 0.92+0.02°
TC25  0.54+0.06° 1.30£0.04*  15.02+1.43% 19.02+4.21°  0.26+0.01° 0.88+0.01°
TC50  0.51+0.07° 1.2740.01*  15.29+1.36° 21.14+1.84*  0.25+0.01° 0.87+0.02°
2  CON  0.91+0.01° 2.26+0.19*  25.32+1.60° 47.06+1.51*  0.38+0.01° 1.08+0.02*
TC25  0.90+0.02° 2.75+0.17°  34.50+£1.23% 47.58+1.79°  0.43+0.02° 0.99+0.02°
TC50  0.89+0.02° 2.45£0.14*  31.55£1.02° 49.65+1.37°  0.44+0.01° 0.930.02°
3  CON  1.43+0.06° 4.03£0.37*  48.96+1.92° 85.09+4.84*  0.55+0.03° 1.14+0.04*
TC25  1.37+0.05° 4.5240.31*°  51.78+0.95* 81.85+1.89°  0.38+0.03° 1.06+0.05"
TC50  1.2240.06° 3.68+0.41°  53.39£1.30° 86.19+6.37°  0.41+0.01° 0.95+0.03°
4 CON  1.96+0.01° 5.86+0.43°  58.32+0.84* 60.81+3.10°  0.70+0.02° 1.18+0.05"
TC25  1.92+0.03" 5.19+0.32°  59.86+2.39* 55.31+2.97°  0.63+0.01° 1.02+0.02°
TC50  1.71£0.07° 4.54+026°  59.07+1.60° 44.14+3.10°  0.56+0.02° 0.93+0.03°
5 CON  1.79+0.03" 7.57+0.30°  74.91£2.59* 51.95+2.19°  1.39+0.02° 1.21£0.03*
TC25  1.59+0.04° 7.70£0.15°  80.63+2.12° 43.2742.19°  1.39+0.02° 1.0040.02°
TC50  1.26+0.03° 7.37+£0.14°  91.55+2.55° 35.43+2.59°  1.37+0.04° 0.91+0.03°

The presented values are the means of three determinations, with standard deviations indicated; DW: Dry weight. Different

letters indicate significant differences from the CON group (£<0.05).
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