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Modeling for the inhibition of CO, combined with probiotic on
Listeria monocytogenesin pork
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1 School of Public Health, Shaanxi University of Chinese Medicine, Xianyang 712046, Shaanxi, China

2 School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China
Abstract: [Background] The pork safety problem caused by Listeria monocytogenes not only
brings great consumption risks to consumers but also causes huge economic losses to the food
processing industry. The virulence of Listeria monocytogenes in pork products should be
controlled to curb the occurrence of public health events. [Objective] To explore the inhibitory
effect of CO, combined with the probiotic Lactobacillus plantarum (CO,-LP) on L. monocytogenes
in pork by the method of predictive microbiology and determine the optimal combination of
CO,-LP. [Methods] The Jameson-effect model was employed to establish the growth curves of L.
monocytogenes in pork samples treated with CO,-LP, and the kinetic parameters including lag
phase (1), maximal growth rate (tmax), and maximum population density (Nmax) Were determined.
[Results] The inhibitory effect of CO,-LP was well fitted by the Jameson-effect model. CO,-LP
treatment prolonged the A and reduced the pm.x and Np.x of L. monocytogenes. Moreover, the
inhibitory effect of CO,-LP enhanced as the CO, concentration increased. Compared with the
control group, the 80% CO,-LP treatment increased the 4 by 0.87 fold and decreased the yax and
Nmax by 47% and 2.05 1g (CFU/g), respectively. Although 80% CO,-LP had the best inhibitory effect,
the 60% CO,-LP was selected as the optimal treatment, because the presence of N, could prevent
pack collapse in modified atmosphere packaging. Compared with the control group, 60% CO,-LP
treatment increased the 4 by 0.81 fold and decreased the timax and Nmax by 33% and 1.83 lg (CFU/g),
respectively. [Conclusion] CO,-LP treatment inhibited the growth of L. monocytogenes in pork
from different aspects, which reflected the advantages of hurdle technology.

Keywords: CO,; probiotic; combination; model of inhibition; Listeria monocytogenes
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Table 1 Gas compositions within packages
Groups Gas composition (%)

CO, 0, N,
20% CO,-LP 20 20 60
40% CO,-LP 40 20 40
60% CO,-LP 60 20 20
80% CO,-LP 80 20 0

FUFFHZS G 20% CO,-MAP ., 40% CO,-MAP .
60% CO,-MAP Fil 80% CO,-MAP < i {3 b 1t
B8 2 BT AR N . 20% CO,-LP 4H . 40%
CO,-LP 4. 60% CO,-LP 4 F1 80% CO,-LP 4 .
BB B AE 13 °C BRI T4 P 3%, B
FUL I BE T FH (abuse  temperature)” 2544 T 38 A
B AR R PR 0 AR KA
1.6 EMITH

FERE R A2t R, g P B e ) BB X6 2L
FFF A P BP0 2 i R TR R4 7 F 55 o JBORE B ] T 5 e
PRI L5 R, CO, W BBy, ORE [ B s ]
(L N G R

FETCR AT, KSR PR G G 5 IR 5%
BR&A 225 mL A BRE K B4s T, SR
JEAEY AL EFA4T 2 min, 7540 5 MG P b
%, BOIETESIR Y . F AR BRI AT R R
B, L8R 23 NS EM R R, WA
3100 pL YR AT E T SEHER 47 ) PALCAM
M MRSA #5555 b, T 25, BT
37 °C $5 3R R & 5 5% 48 h, FHAN T 4s F
1rit4k.
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R FE > 3 ks ERE, N SPSS17.0 FfF
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2.1 CO,-LP X} B2 Hr s a0 HI /E A
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AN[F] COp-LP Ah B BRI 2 MR T A 0 o
BLULE 1o GniE 1 B, FEWAEIAE], 550 REZd A
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FE , fmax FI Noax I/ N5 CO, MR BR R, B4
WA A KA G2, AR BRI IR Ny B4R
W ZE R FH] CO,-LP ARFRAT PUFE: B At
BAIA A B ttmax F Ninae, RER T IR AR AL

H HIFF CO,-MAP Bk HAh A1 -4 it 17 1) B
WA R IR A £ . A 25U R b R
T MAP R S Rl R sE e , 3748 iK% CO,-
MAP A AR DR 7 ) ol P Ofe 1 w85 120 il o
AR G 2R ARk KR I3, Djenane

1 13 °CHE7FRT CO,-LP A IBFIE R h il
Hris B A KA MR M

Figure 1  The inhibition effect of CO,-LP on
Listeria monocytogenes in pork at 13 °C.
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S AR A INE] CO,-MAP 44k, K BLH
WA TR R MR BERRAIR T 2.5 1g (CFU/g) AT,
I H X FIRA AL BT A= HER (B35 . i A pH (E
TC RS

SEHT SR 245 th Tl £ 50 HT CO,-MAP Bk
B LR TR X B0 B A0 D/ () 5 1 S TR A £
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HRBNITFZE A tmax T Noax ISR . SRTITZH
B AR FFEIE Ay fmax T Nipax — PS50 [F]
S o R0 D TR RTE CO,-MAP Fil
FLAR A XTI AR TR AL ftmax T Ninax PRI
22 CO,-LP XA RIBIHFE 1.
Hmax FA Npmax B 5200

] Baranyi #EILI4 CO,-LP AL 54 A H#,
FF BRI 2 R 0 2R i 26, 15 20 ZLAF R A
B AR M AR KB 12 S 8L 3R 2. gk 2
firoR, X REZH B BA A BT RE TR Y A 24 10.68 h, timax
4 0.089 1g (CFU/(g-h)), Nmax A 7.23 1g (CFU/g)
20% CO,-LP . 40% CO,-LP . 60% CO,-LP Fil 80%
CO,-LP 5l ¥ B 2R R 1Y 2 18K T 0.26.
0.66. 0.81 1 0.87 fiF; tmax FEAR T 18%. 28%.
33%H1 47%; Nupax FEART 170, 1.51., 1.83 Fl
2.05 1g (CFU/g). CO, HJEiEF 60%Hf 1] L i 3
(P<0.05)4E K B A= Wi KR TR A9 4, 20% CO,-LP B

.25 (P<0.05) BRI 2 TR TR Y femax 71 Nimaxo
FEE S TR L R v, AN — R B a4t
Jit A1 ¥ A 1) AR )T TR . — B K 2 A AN TR
(0 B P it ) 2 B b 4 SR Lr A R A
BRI CO, 7 B 2= TS B A 38 0 A K 1
T A IRE A, B3, 44
Wb FGPIRAS I, w2015 A FRAB S 2 1E 7 KA
REMEAT A A, DR G B A R AR AR
A R BRI 0 LT TR B A0 R R B, B
HTRF R AL T AR, 2330 CO,L-LP 4b
FRIF R SRR B 2 ZER, thma A1 Nipa
REA, 35 30 T P B 2= R B I AR, A
BT M AR B
23 CO-LP 5EIBZHIEE 2 70 prmax FIKFR
f£ CO,-LP AbAFER T, “FLAFR” <N
IS5 A B AR TR T B — A R RN 2 kST
FETER), COp M K FUAT B (B35 T AR A i
W) HIAEAE 38 Wil B 2 B R TR I AR KBRS, 3F
S B A IR B A A R B, D T A A
B2 N T R AR N e
Baranyi IS 1520 CO,-LP AbFE A Hh A
WA HTRE T A T s FRA Z TR, 5350115
F| CO,-LP 5 FIf AR A A fimax & RIS
&, LI 2.

22 Baranyi {22 A58 13 °C 4 TAE CO-LP AIEIER h S EMSE M T RN E Keh hF S8

Table 2 Parameters of Listeria monocytogenes and Lactobacillus plantarum estimated from Baranyi model in

pork at 13 °C under different CO,-LP treatments

Groups A (h)

Hmax (1g (CFU/(g-h)))

Nimax (Ig (CFU/g))

L. monocytogenes L. plantarum

L. monocytogenes L. plantarum

L. monocytogenes L. plantarum

Control 10.68+0.32a 0.089+0.01c 7.23+£0.16¢

20% CO,-LP 13.443.03ab 6.89+0.74a 0.073+0.01b 0.081+£0.01b 5.5340.10ab 7.36+0.04a
40% CO,-LP 17.7+1.34ab 7.10+0.83a 0.064+0.00ab 0.071+0.01b 5.7240.21b 7.13+0.02a
60% CO,-LP 19.37+2.19b 8.30+2.36a 0.060+0.00ab 0.068+0.00ab  5.40+0.25ab 7.30+0.14a
80% CO,-LP 20.0+6.26b 9.40+3.46a 0.047+0.00a 0.060+0.00a 5.18+0.00a 7.31+0.17a

BAEHRIIEX, FIELhRER; F—RERMT, FI A RNG FREFROR ) 2= S50 3% 125 5:(P<0.05)
Numerical representation, meantstandard deviation; Under the same temperature conditions, different lowercase letters in the
same column indicate significant differences of kinetic parameters (P<0.05).
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Figure 2 Secondary models of Listeria monocytogenes inhibited by CO,-LP treatments. A: /. B: tmax.

PR A T KR E 20% CO,-LP . 40%
CO,-LP. 60% CO,-LP F1 80% CO,-LP 4bPH 514
THATDIAKES . b CO,-LP ¥ CO,
R RSN, BABGZE IR AT A S | i B/ o
Ui CO,-LP & 52 i PRI AR I Rp R A K A FL 2 2
£, BRUEIN B AR R AR . Ji Ak, nEl
2 R, B COMKEERIE N, B HTRERE A
HEIN A BRI, g PATEE BR8N, 156
CO»-LP J&5% M B R W R B AR K M F B S 4L
REAZ T A 2 R B 9 4E K . Francis 250V
T CO, AL E T 50T FLIR 141 L1
SRR AR, RIEWER CO, X3
MR A KT R E 2w, JFH CO, MFLEREE
% PIp [ 00 ) B AR ST R TR A AR G

AT 228 H Ratkowsky-type #5 #l #] &
CO,-LP 5 HAIAZRITRTR Al e KRR, LT
PR 25 R Ratkowsky-type #E7 fLA 0
B2 o — IR AT IR AF Hufii id CO,-LP X HRL
WEZEITRR R A B2, SRR AT LUAR G ik
CO,-LP X B AITRF IR phmman HISENE o ST HY
RERVAS DL EAT B CO,-LP 451N B 25
FERTAY A F ptman» AT EEHA AL GE RO YL
U RE Bt 7 R IR T A AR
2.4 HIERENE S RBFITMN

¥ Baranyi #AE1S 2GR P EATE S
BRI R T 1 AR K3 1 S A Tameson-
effect BB FR, 1551 4 FUAT TRDR B4 2= 307 R 121 A
i Ry Wk 3.

% 3 Jameson-effect FREUSFEIHIAR[E] CO,-LP A IBIEA b BIETHMFE N =23 R9HIE) R BN

IRIE

Table 3 The Ny, values of Listeria monocytogenes and inhibition coefficient (y) as well as fitting evaluation

of the established Jameson-effect models

Groups y Nimax Evaluation parameters

Measured values Predictive values Ar By RMSE
20% CO,-LP 0.80 5.45 5.76 1.05 0.96 0.33
40% CO,-LP 0.85 5.89 6.58 1.07 0.93 0.43
60% CO,-LP 0.86 5.41 6.13 1.08 0.93 0.43
80% CO,-LP 0.79 5.17 5.28 1.05 0.96 0.27
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20% CO,-LP. 40% CO,-LP. 60% CO,-LP
1 80% CO,-LP 1Y y {H5351°0 0.80. 0.85.
0.86 f110.79, ¥J/NF 1, UiBHARHE Jameson-effect
BRI, FERLAT R B E WS, g4
T Rp TR AR SR A K — BEEF R A R R . 20%
CO,-LP. 40% CO,-LP. 60% CO,-LP #1 80%
CO,-LP 2 H B 2 7R T 2 B2 S P 178 S5
55392 5.45. 5.89. 5.41 F15.17 Ig (CFU/g).
£ 41 Baranyi HAIFINAS 2 20% CO,-LP,
40% CO,-LP. 60% CO,-LP Fl 80% CO,-LP £
AR Y Niax 209102 553, 5.72, 5.40 Al
5.18 Ig (CFU/g) (% 2)., Jameson-effect & %I 1]
529 20% CO,-LP., 40% CO,-LP, 60% CO,-LP
F1 80% CO,-LP ZH HIEAHIFFTR Y Niax 537142

5.76. 6.58. 6.13 1 5.28 lg (CFU/g).

TE 4 Fft CO,-LP 315554, Jameson-effect
ABEARD T A5 B () BRI AT RE TR N 2K T 52900
B, 3150 D 7 B 2 B0 O U P4 oS 25
PRI-fE R RI 45 R . S5 7h, Jameson-effect Fi
TFHIN 4 B IE 2R 3005 T N K T1E 52 1Y Baranyi
BERITIATFEN Noax, U8B TE FHBCA BT A A
PAYE AR T A A AT, ORI TR
LPR AR AN CO-LP 51 ki, If
L6 P 228 1 50 A5 8 S o e b 4 R LA 7R
XTSI RE R YA RIAE R, A B TR
PR A O MR Y LS 2R T AR AR

AE CO, MREETR , FUAFRIXTAE A h B 4=
HrRER A RIE R LR 3. Wi 3 o, FLAFIAE

Time (h) Time (h)
C D
ch 3 !.l.l."' ) X . \ N N C‘g 2 |
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (h) Time (h)

3 Jameson-effect AR 13 °C I EFHE A P AT E X R G Hr 4 & A0 HDHI1E R
Figure 3 The inhibitory effects of Lactobacillus plantarum on Listeria monocytogenes in pork stored at 13 °C
were modeled by the Jameson-effect model. A: 20% CO,-LP. B: 40% CO,-LP. C: 60% CO,-LP. D: 80%

CO,-LP.
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Jameson-effect #AY Z5HREH], MEABRRIAE
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2T RE A R B R
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Figure 4 Influence of 60% CO,-LP on the pH

values of pork meat. Different letters on the same
line indicate significant differences of data (P<0.05).
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