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Composite organic acids for decontamination of Listeria
monocytogenes in chicken

ZHONG Dan”, ZHANG Qin*, WANG Ye, NING Haibo, WANG Xiaoding, WANG Zegang,
JIAO Xin’an, YIN Yuelan®

College of Bioscience and Biotechnology, Yangzhou University, Jiangsu Key Laboratory of Zoonosis, Jiangsu
Co-innovation Center for Prevention and Control of Important Animal Infectious Diseases and Zoonoses, Key
Laboratory of Prevention and Control of Biological Hazard Factors (Animal Origin) for Agrifood Safety and
Quality, Ministry of Agriculture and Rural Affairs, Yangzhou 225009, Jiangsu, China

Abstract: [Background] Listeria monocytogenes (Lm) is a major zoonotic pathogen. Lm
carried by domesticated animals can spread along slaughter and sale chains, posing a threat to
consumers’ health. [Objective] To establish and apply a green efficient technology for the
control of Lm contamination in the broiler industrial chain. [Methods] We prepared a
composite organic acid disinfectant composed of lactic acid and citric acid, optimized the
sterilization conditions by response surface methodology, conducted preliminary applications of
the disinfectant in slaughterhouses, and explored the sterilization mechanism. [Results] The
optimal sterilization conditions were as follows: lactic acid content of 0.98%, citric acid content
of 0.72%, and treatment for 3.6 min. The treatment under these conditions reduced the Lm on
the chicken surface by more than 99%, extended the shelf life of chicken, and decreased the
isolation rate of Lm on the surface of knives and broiler carcasses in the pre-cooling and
segmentation stages in broiler slaughterhouses. Moreover, the composite organic acid disinfect
significantly down-regulated the expression of genes associated with Lm virulence, inhibited
the biofilm formation, and destroyed the cell structure of Lm. [Conclusion] The composite
organic acid disinfect prepared in this study can effectively reduce Lm on the broiler surface in
a short time, demonstrating good application prospects in preventing and controlling Lm
contamination in the slaughter process of broilers.

Keywords: Listeria monocytogenes; lactic acid; citric acid; decontamination; biofilm

FEYR NI A ANNTE R IR, B
LN, JBERTARGH Lm A9 R BK,

PO AN A A A T (Listeria monocytogenes,
Lm)Je— R HEEMEHMEAF LB E, Lm

REAETEARIR . IR pH. = 3 5510 a2 77 IR 19 i
AT AAF RN AT IR

FLl s BHRRHE S LRI B R, AR
BRTH Lm BY a0 5] k=N,
I RAE R = R I . ™ . I A

TR E I 20%-30%1, 2008-2017 4E, H[HE
22 A Oy el 5 AT RE TR 759 B, SRR AL
ik 18%, ik LB E MR R 5 (73%)Y ., B

T AE e R A 0 4t 28T 3k 20% A o it
JBEA LEIRE Lm B ARIKR, #iftH
KR H =S B 4
AT R RS Lm 15505k
E QR TR L v Yk ik B 7% TR R AR I8 A% TR R S R
BVE, SR S IR AT RE ST B I E SR, A
PERRUR S il — 2 ), R S — e
RO AERR BB ARXTF &S Lm 5
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o, AL EA W ARSI B
FURR « FTRRTR A AL [ N AN b S 5 A
MEFP SR VR B A B SR S IR, e 3k A AT
FF B SE R0 1 22 A RO T a0 ik e
A DL X RS P I KR T s, A ML=
Hll 55 B 2 A LR T 250 A T T2 ORI n]
e P b e B LB BT TR RC AL A, AEREAIR
A LI i P v B P Rty bR T R AOR DT A
3CE A 1 E R R X A A MLER AT
PLARAEIRLL , FR T T IS JE 52 5 e f oy
FI I, I E A PLIRAL B S 1 Lm 2R
YIIRAIE BRE T . AR A5 A B A LA S A HLRR A
PR A w2 1 B R IR OKF AL, WP IRIEA
PLRR B 1 A AILEE LU DA HILER P T F 1 3%
S Lm By 75 e 5858 LAl

AR

1.1

ST FH B A R A= 2 30 T B b v
EGD-e. KM# i (Escherichia coli, E. coli) E526 .
W 46 ¥ 1] IR B (Salmonella enterica  serovar
Enteritidis, SE) C50041 VL7 N\ At k2%
SIS AR AT . LI Al A A EEXG IR T H
TLINE S M T IR R R T
1.2 BHEE. FERFMUE

LB #5980, A TAY TR R AR
osw] s B0 IR RS FR 5L (brain heart infusion,
BHI), BD Al L-JLMR, b s kA fLFHY
ISEly 95% L BER— K G ERR , HE BR 24
HIABR AT 400/ RNA SR B0 &,
RIBAEARE AL ) ABRAF; AceQ Universal
SYBR qPCR Master Mix Fl 2 % 35 &,
LU ME R AR MR I A BR A

fER SR AE , WMERBHEA R A A
Milli-Q 4li7KAY, %P5 Qubitd %I E

=X
H

%, Invitrogen 2\ #] .
1.3 itk EGD-e RIEE 5
¥ Ak EGD-e #2270 F BHIRF =56+, 37 °C
180 r/min }53% 16-18 h. i BHI W14 15 35 2okt
21 T I %% 2 OD40=0.8 , H-Fi B & 1x10° CFU/mL
#H.
1.4 HBHLERECH
FICHEZEIR KK 80%11) L-FLIR Al — KA FF

TE TR [ 4R 3 SEC R 10% L-FLER E A 10%Fy
BRI £ o

1.5 BIRERRRAE

DAFLER W . AP v 2 . A R [a] A 52
MR 2, SRR, B 100 pL ¥R E N
10° CFU/mL BT, A 900 uL F4 HLER
SRR 1.2.5 min J5 455X 100 puL %41 2 BHI
ARG FRIE |, BT 37 °CIEIRIEFE 24 h 5 ik
FAHEC R B A poxh B, AR R fol R 2 771
AU JG 6T B2 AN S B A G TR, TR TR,
BRI T 3 IRER .
1.6 EEANERWNERKL

FEF AT PR B R IR r SE A, A
Design Expert 12 #f4, UUZLERMREE . FriF Rk
JEFNAE FHIS B A B AR 5, DA BRI 2R A by A
% H Box-Behnken i Jvj [ 73 #7476 — R 36 =K
S Ak 3 A A A T e 1 1T A3 BT AL
1.7 SMMFHREIE

Sk BT AR A5 R AT R, H R LR Y
0.98%, FrEEmR & 0.72%, YEHIATE 3.6 min
PIAAF AT IR UE RS, [RIR 8 B VAT e 2s 4,
FUEAT 3 SRR
1.8 EEBHNERCEX I A EEARE
RS 0EAl!

DL 1x10° CFU [ B 2 A\ 175 Y08 A RE &
FE 30 min J5 B 225 mL ZEIBKME &
AORER IR 3.6 min, 4 3 MER, K
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ZEHEBEFEMA, 4 °Ct. ME 0 KITLG,
FEBE 2 d ARG A R I L BAFTEEL, LK
o1
19 E5BNBEBREIANNA

WA IEEE AL R XS 8 52 i T4k
TS RIAEN 10 X, BIEF 10 L &F
0.98%FLERH 0.72%F 7B IR 1Y 55 A HLRR I W
AbFE 3.6 min HEAT R AT , (51 JC AR BRI A 454K
R () N F TN AN TAT, LA IE 5 T4 1715 149 Al
PARAE Ry 3o HR 2

BRI R DAIEAT AR A ) 1) 45
YE TR T B X4, i F e i A k484
JIHEFM, RAE 10 (34 SV A0 IR SRAE S
XA 9 70 2l AT 2 A A PR IR T
3.6 min, {455 FHAR BRG] B A R4 4 1)
ENH, DR 10 RFEAME N SRR . B ElE
XS RNZ AR A A HLER T 259 P 2R B 3.6 min,
SRAE 10 M RE S, X HEZH N TE 5 200 FR 15 1 XS 1A
TR o A SR RN PR 5 2 B T T ROR R4S
W, GRS T iz ik 2 s i ke, AT
FERCR
1.10 BHERR T Lm X EFBFERK
FRIE

F Pt E B PCR SYBR green 74
W, AHEG P FI I 1. BrEE Rk EGD-e 43

x®1 RAEESY

HIFE BHI A A MR R SR 3 il i i 5% 16 h,
HOE 20 /40 7 . RNA RG] 56 B 45 B
mRNA, i 115 4E W) [ 5% 550 & mRNA #%
5K cDNA 2R FH SR 58 %E i PCR %:(qRT-PCR)
fill sigB. prfA. actA. hly. inlA ) mRNA 7K
o BEEE gyrb FERIAE R 2 DA U TE A A DN
R RIBZE S, G5R R AR E 58
e, MRE 2R S DR A AR X s
1.11 £ 49ER R R BE 1N E

SR P2 i 58 10500 5 AR ) B T e T - H
PRER MR EGD-e M E BHI Wik 3R 3L+,
37 CCRIBITEFR o B ISR BRI 53 3 BHI 5
FRIFNETH 0.98%FLEE | 0.76%FFIEIR N BHI 557
FLH#E 2 ODgoo M 1.0, #i B 10 1555 101 96 FLAR P
JA 200 pL W B, BT 37 °CEIRIE A b
I 48 h (B4 3 NEK). RIGEIH LRy
¥y, FHAZE K (double distilled water, SW)UE 4
UM 3 Wk, BALPINA 225 uL 1 g/L 45 IR
W, 4eft 15 min J5 P SW BEE 3 UOFMET
A M 225 pL 95% B 7 i# 15 min,
i R A ODsos FAMR AR
1.12 BHLERX Lm REAIF M

T A HLER A S 1Y EGD-e &
AT R . 7E BHI W i8S 75 55 A br oft
Pk EGD-e, 37 °Cif %575 12 h, %% % ODgqo

Table 1 Primers for fluorescent quantitative

B8 NALEIEY) 514y

Gene Forward primer (5'—3") Reverse primer (5'—3")

gyrb AGACGCTATTGATGCCGATGA GTATTGCGCGTTGTCTTCGA
sigB TCGGATGGAAGTACGATTAC TCTTCTGTTCTCGCTCATCT
prfA AGCCAACCGATGTTTCTGT TATTAGCGAGAACGGGACC
actA TATGCGTGCGATGATGGT ACCTCGCTTGACTGCTCT
hly AAATGCCACTAAATCAAACG CACTGTAAGCCATTTCGTCA
inlA AAGATGCTTCACTCCCAACA GCCATTGCGGTTCCTACT
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1.0 J5 FH BHI KRG F= 5606 B 100 15, €
RNz 24 LTRSS SRR h, BEALAIIA 100 pL
R 900 uL 7 A MLIR T 2 57 i BHI MR M35 77
JE,37 °CHi 3% 12 ho JH SW BV 3 S IA 1 mL
2.5%% Wk, 4 °CHrE 24 ho FH PBSHUE 3 K
Je A BIE I 30% ., 50% . 70% . 80% . 90% . 95% .
100% ¥ B4 B 1) S B3 i /K 10-15 min, il
AT TEK NaySO, [ TG /K L WEFR B, TE IR A5
FHACR T 2 h JEBERE, EJE AR, SR b
PSS
1.13 ZitFERE

AR S F RO 5347 R Prism 8 Y t K 3
Jrik, P<0.05 FRg5 R EE, P<0.01 KR4
ETE N

2 HERE4M

21 BHNEBRREERABER

XFAFA B S AN E AR E R FLIR . AT
MR Rl R0 . 25 RERM, Rl —Aa ML AEAH
[vi) Ak B o [E0] I o 5 A B 1 v A% T 1 P 3 v 4
R LR ARV B R 2% (K] 1A) S BE R i %
W R 5% (K 1B)BFFE 1-5 min PR 2 =550~
FRCR, REFEAIK 50%-100%.
22 EEBAVBRMMEMRKER
2.2.1 MR EREE

AR HRRBLER, #—-BHPEHE
M A, B EFEFLIR W 0.50%-1.00%,
FEERR U 0.50%—1.00%, VEFHIE 1-5 min
HEA T B IETCAG RS . AT 3R Design Expert
12 Dh L-FLER U B (A) 0.50%—1.00% , Frisig e J&
(B) 0.50%—1.00%, {EFARF[E(C) 1-5 min & A 4E
L R ER(R) R A ) = R KR HEA T
e o TR AU . AR SR 2, iE4T 17 Wb

R,

B

Six

A 50~

100

I
Y

501 —e— 1% Lactic acid

Bactericidal rate (%)

& 2% Lactic acid
—— 3% Lactic acid

1 | J

0 2 4 6
Time (min)
B
150
S
2100 -
e
_E FT )
S —o—3% Citric acid
g Sor -8~ 4% Citric acid
= —4— 5% Citric acid
0 I I J

2 4 6
Time (min)

1 FEREFLERA)FITZEEL(B)T Lm B R E
R
Figure 1 Bactericidal effect of lactic acid (A) and

citric acid (B) against Lm at different concentrations.
*: P<0.05; **: P<0.01.

222 REENEEEMSH

I i 7 T 43 AT 32 % 52 A HILIR ) AR TR AL
AT EABLE, 53] R 20 e Ry
7 : R1=0.953+0.105 6A+0.067 0B+0.098 3C—
0.089 6AB—0.063 2AC+0.000 14BC—0.017 9A*—
0.068 6B’~0.039 4C*, 5K | F i 56 % i 50 B4 10k
1707 22500 (3% 3), TEMBIRL G2 X

MR A ALY Iy 225341 (3R 3)AT N, LAY FEA
[7) 4b B 20 7] ) 22 5 B 25 (P<0.05), BB I Jy i B
AAEEME. RIE 2 PR, FLER FIATE R Bk B
X ARFRME R K, SHEEMNEVR., HME
LR R FR v B 3, R BRI .
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x2 MWMNEIKERITRER
Table 2 Response surface experimental design and
results

Number A (%) B (%) C (min) R (%)
1 0.75 0.50 5 93.89
2 0.50 0.75 1 66.67
3 0.75 0.75 3 94.44
4 0.75 1.00 1 75.00
5 1.00 0.75 1 98.06
6 0.50 0.75 5 93.89
7 0.75 0.75 3 97.22
8 0.75 0.75 3 95.00
9 1.00 1.00 3 100.00
10 0.75 0.75 3 93.89
11 0.75 0.50 1 69.44
12 0.50 0.50 3 55.56
13 0.75 0.75 3 96.39
14 0.50 1.00 3 94.44
15 1.00 0.75 5 100.00
16 1.00 0.50 3 96.94
17 0.75 1.00 5 100.00

*®3 HAEABENBESHR
Table 3  Variance analysis of regression equation

I O AmE )5 FE PE

Source Sum of DF Mean F value P value
squares square

FEETR 0.280 5 9 0.0312 11.80 0.001 8

Model

FRAUI 0.0177 3 0.0059 30.86 0.0032

Lack of fit

WEH 0.0008 4 0.000 2

Error term

LR Total 0.2989 16

I AT B R AR W Ay LR
R 0.98% , F7BEHR 7 it 0.72% , 4 FH R i) 3.6 min.,
23 mIMFHIEIESER 2 WRESH A FLRIRE TR T
A BB RY S a2 TR T LG AR B B B AIELER MR . C. AR AR R v
HERAFESEMN:. AR E 0.98%, MEMR S = Figure 2 Response surface analysis. A: Lactate

N . - N N concentration and citrate concentration. B: Time
0.72%, B E] 3.6 min. K AR s . .
%o, fESHIRITE] ERERS G and lactate concentration. C: Time and citrate

FAEFATIRARRAL, SR ME 3A s, 48 concentration.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2514 A 2 AR

Microbiol. China

Number of strain (g CFU/g)

Number of strain (1g CFU/g)

Number of strain (Ig CFU/g)

Organic acid PBS

3 BERFHETEARINERISRREE RS
EHIREWR  A: Btk EGD-e. B: @itk ES26.
C: itk C50041.

Figure 3 Bactericidal effect of compound organic
acid to common meat bacteria on chicken surface

under optimal conditions. A: Strain EGD-e. B: Strain
E526. C: Strain C50041. **: P<0.01.

A PR Uk A Ak B, Ve B RS PR HR ) TR AR
EGD-¢ [#fik T 2.6 Ig CFU/g, RIMEFIZAREAAT
ATDVEROR K 99%Lh B Lm, SXFREZLAH L 22
SRR 3 (P<0.01). [AIEE, A1 3B, 3C ATHI, %
AR AAEXT 53 AR PR PR R L A
PEEOR KA s R TR A
WERWEHR, 28 5 AVRBEAGIE, ¥
i 35 A F ) TR PR ES26 FITER AR CS50041 2RI T
1.11g CFU/g #11 0.9 1g CFU/g, BEI43510] 2% KA A
FEIT 92% M1 87% AR » 27 b, SRS 155]
PR DL R SR8 WL R R TH A C 2 Lm B
AP, I 28 5 A A
24 SEEAVRAENICEHREEHEE
EIR- s 0EATNERES

52 A HLER IS 7 X BEXS ) L BRI
NN 4 iR, BEE TR [ R e, X AR
2055 S0 2H TR I R ECER AE ETH R TR RE 2
b B TR 5 B T R ] R T AR R L 2R
2 KX R TR 75 R 8] 4.84 1g CFU/g, Ml
A HLRRAE PR V5 SO 3.60 1g CFU/g, /b
T 1.24 4 1g {H o 5 4 RIS FE0 B Al /> T
0.81 4~ lg fl. 7E55 6 K, XFHR4] Lm $iE
#iid 10° CFU/g, WX AR E AL R, 1
HAEA IR P AN F & 10° CFU/g, I8 A7

[}

[ -e-SW

b

é g | -® Organic acid

éD sk po

-§ or ok *ok

Zaf

1)

2 2

=

z 0 S Bt SR
0 5 10

Time (d)

4 TR EAEISARE Lm HETK
Figure 4 The changes in Lm numbers on chicken
surface during storage. **: P<0.01.
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JT o UL 52 B A B D AT 1) 0 ¥4 i X5 PR 5 o)
P Lm AR K 20 B AU I 0 VR FH
25 EEBNBREBRZINNASAR

T FH A2 6 LR T 2 700 X 1004 2015 0 43 1)
AT RGN ) BT, A A HLIR
B YIARIE M Lm 43 EE L ANER 4 PR, 16
THEEAT, T 281 2 FIPR Y 0 8 B R
20%, AR GAEIRMILE, £ EF Lm, F
WA 30 v 9 52 6 A MLRR T FE RO AT
2.6 E£YIERREENINELSER

A BB 280 B A A s A AR 2 T A
BRI A3 U LA Z2 W L T . 4 4 2R 1 R IR R B
IR = e 2 )2 250, ReAE RS E BL R R
THBERIHEA AP 2, S 40 TR 70 & il in L3R
W HAG R AR AR T, DR A W A A7 AE ] RE
SECE TR R R R B T ARG e
ShA YA E T 2 5 A WG BE 44T Lm
FIAE I IETE B O . W 5 R, TER BB VLR
PIVE T AE YRR TE B 2 T B (P<0.01),
2.7 BUEENHT Lm FHERE/GERKFE
Al

i 35 9 E H PCR ¥R Y 727 LR W 3 2% 1
T Lm /9 sigB. actA. hly, prfA. inlA %3y 3
R RRIEDL, 25 RKW, sigB fEMRMERMT
HF ks EE Fi(P<0.01), B sigB 25 Lm Y

x4 EAANREEBRF=IHNAYR

PUBR WO 4A o T HoA 555 T A DGR R A priA.
actA. hly. inlA %351 B 2 T (P<0.01, & 6),
FREAVRMAFMFTX 4 s R RSB
Z EHE
2.8 EABENEX Lm REMFEWER
R it — PR AVIRIEN T Lm AYEE
AR RS WA LIRS Lm W4T
Bk SR 7 R, BHIE; F 5 H () EGD-¢
TR X5, MERMDEH, 45585,
EHKEIR &2 G AYIRA IR Lm 41 585%
AR, H B S RE 4 . R Lm 724G HLERAE
T S5 & A28, A HTE s

3 W54 #®

Lm X P45 BAT B P T, BT AR
I s AAE, W5 e Sk m gk A
KW AL . Lm 5N R LS
WrRe R I AT R0, 2014 SEFFE B A THEE
P g | & B NI R o, Al 41 NS,
Hrpo17 Azer:U, 2017 AERIERE THE B
U K 2= R i e 1, Hodh 937 A ]
RS e R R A I Ty, 193 Ak
et Ik, DSR2 4 Ak B 5 e
Y Lm 53 RIS E . AR
FLETYE W A A AE T R R L TR R AR Ak

Table 4 The application effect of compound organic acid in slaughterhouse

HORE A
Sampling point

7 J7

Disinfection method

T4 B HPH MR
Positive rate before
disinfection (%)

TH 5 PR
Positive rate after
disinfection (%)

TR 1T PR X ) s R 10 (1/10) 0 (0/10)
Chicken carcass before pre-cooling link Immersion disinfection
43 E AT A X R {4 R 20 (2/10) 0 (0/10)
Chicken carcass in segmentation link Immersion disinfection
S EIFRAT ) A 2L B 30 (3/10) 0 (0/10)
Knives in segmentation link Immersion disinfection
411 Total 20 (6/30) 0 (0/30)
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!
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Organic acid BHI

5 Lm BEYIRET B RE
Figure 5 The biofilm formation ability of Lm. **:
P<0.01.

Y, BEEANE LN, EHRk
AT B S RARA LU DAL S 25
R HE R AR, 1992 43 FE ARl
T il 48 A R A SR S HETE R B 52 3 f A L
FRVEMTHBEN, LA 38 ™ i 2 4 MR AE K P il
AR . 7EFRE, (GB 2760—2014 4%
4 [ SRR T A N R4 R AR ) R FLIR
FEEEER . VKIS R 258 MLER AT 4 R 12 b i i sm) el

BT, BRI AURIRE, AR

AR PR A& PR i R TR AT S > L %K
. El-Khateib 5E!"R L, 4 NFER M 48 h )5,
FRIAMWH 0.22 mol/L MFLIR A R K Lm ME
FHl . Gonzalez-Fandos 2SI 2% A B2 5%, 2% K
1R Ab B P A] DAYs DAL XS P Y Lm B VB2
2.14 4~ 1g {. Snijders "% I S f b iy
B AR 2 ZLER Ab PR IS, 2 1H1 TR VR A EICRE PR AR
154 g fH. B2, RAARIA HLER X PR 28
i R AT IR AT A R0 R AR A i R T Y L %504
{H H AR 2 BN R A 5T 35 240 B — A HLER I
BRI, [BIZR A A 0 B Rk A i o A 0 B0 T

ZE AR T LR AN UK R A2 5 A B A AL I
R, 25 R R 2%FLIR N 3% VKB IR IR &

AT AT R AT A PR 0 4 T TR B AR L
FLIR AP IR A ikl , I Box-Behnken {4
Soi e 1= B S A = 5| B S R b5 & ol B
BHCH: HLER SR 0.98%, MR SR 0.72%,
YERIEFR] 3.6 min, 7ES LA 1F T X3S N 2 i
AW I, BE 8 I IR v ff X9 DA % 1 4
0.9-2.6 1g CFU/g; & & 47 HLIR &b BEXT 4 5 45 )
FE 4 CCHARIE L B P 9 L 258 i 1) 4 47 11
MHIER . Zeitoun FPIER G MR F 2

o | ol — re
":: 1.5 kl ki *k oo actd
= T | r
Wl 7. . W B
«Q l\b' «5\\, Z\b 458 l\b 458 l\b «Q l\b'

6 BHENHET Lm SHERNERIH

Figure 6 Transcriptional analyses of genes related to virulence of Lm under organic acid stress. **: P<0.01.
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E7 HEBERTHRERS

A: EGD-e 7£ BHI 553331 (9 TE45(5 000%). B: EGD-e 7£ BHI ¥ 323t
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Figure 7 Morphology of bacteria under the scanning electron microscope. A: EGD-e in BHI medium (5 000x).
B: EGD-¢e in BHI medium (10 000x). C: EGD-e in BHI medium containing organic acid (5 000x). D: EGD-e

in BHI medium containing organic acid (10 000x).
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