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Preparation of quality control samples for Listeria monocytogenesin food

XIN Le'?, SHI Zhao-Ye'”, WANG Xiao-He'~, LIN Fang'?", SHU Hui-Li'

(1. Shaanxi Institute for Food and Drug, Xi’an 710000, China; 2. National Medical Products Administration Key
Laboratory for Testing Technology of Pharmaceutical Microbiology, Xi’an 710000, China; 3. Shaanxi Key Laboratory of
Food and Drug Safety Monitoring, Xi’an 710000, China)

ABSTRACT: Objective To prepare quality control samples of Listeria monocytogenes. Methods Listeria
monocytogenes in the stationary phase was selected based on the growth curve. Then single-factor experiments and
response surface methodology were used to optimize the lyoprotectant formulation. The prepared quality control
samples were evaluated by homogeneity and stability. Results Listeria monocytogenes cultured for 12 hours
(stationary phase) was selected for freeze-drying. The optimized lyoprotectant formulation consisted of 13% skim
milk powder, 8% trehalose and 3% sodium glutamate, achieving a bacterial survival rate of 82.27%. In the
homogeneity test, the F-value was 2.747, which was lower than the critical F-value [F05(9,10)=3.02]. In simulated
stability tests, the quality control samples remained stable under transportation conditions which was 25 °C and 37 °C

for 7 days and storage conditions which was 4 °C and —20 °C for 28 days. The stability of the quality control samples
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was good. Conclusion The prepared Listeria monocytogenes control strain can be used as a quality control sample

in laboratories.

KEY WORDS: Listeria monocytogenes; quality control samples; freeze drying
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(119/693), BRI A %42 J7) (European Food Safety Authority,
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1.1 B %

BAAZ AN G R AT G ATCC 19115, % ve 2y
¥R (Listeria innocua) ATCC 33090, i A 4%
(Listeria seeligeri) ATCC 35967, 1 R4 4: K I (Listeria
ivanoviiy ATCC 19119, 4 3% {85 %) BR % (Staphylococcus
aureus) ATCC 6538, KM 4 R (Escherichia coli) ATCC

25922 R B BRI T 5 [ S 76 1 R 2R 78 50 (American
Type Culture Collection, ATCC), WK H It 5t Bli#fr i A B
HBRAHE.

1.2 UE5E%

HFsafe-1800LC(A2)E 1) %2 4 4 (11 1 Hi B AW 3%
B2 FD); Vitek 2 compact 43 H sl A: W1 56 8 M 25U B
RS OEEBEIBAT); 2-4 LD plus A% THIL(EE
CHRIST 7~ wl); LHP-250 i i 55 3256 (I AS HAU A A TR
Ao
1.3 w5

& 0.6%BE R R IR R T3 iE . IR B A
RE Ik ol A% % [K (Hoagland basal salt mixture modified,
PALCAM)}; 3R 3E . MV (AL B 5 AR A BR ZLAE A 7)),
T (LI =97.0%) . A E BRI (L =98.0%) . fifik(al
JE=99.0%) . HLIRILER (S = 99.7%)(IH 25 4 B4k 2151
AR, Him(N =FD @G, e K i bE R wE
B HD; TR EE o Frat, R deks g i 143 R |,
BRASFLAS (BERE =99.0%, JbREERHEA RAF).

1.4 7 3k
141 BRGELFRER

WA, HARw . S5 . TR A bk
HT WK, A 0.5 mL EFRRGS, £ 36 CHMH4 TR
24 h, FHIRIL AT PALCAM 555535 | 2o ih G B £
Rigedk . AP FREE . B IR BUIE (nutrient agar, NA) -4,
K535 5 0 45 A HE TR AR A0 AR A SE R S e, DL TR 1
Vitek 2 compact % 5E 5347 .

1.42 AKWLen g

BB FRUERE bR SRR TSB B9 3h, BT 36 °C
R A B SR A T B %, AN B ACRERG 2 h D
JE, 221 A il 2R R A A R AN BT A 5 SR s T], AAR B S il
SE N AR ERN AT, DA S bR o R R AR
KA et a), FUEIE AR E RN TR 808
1.43 ATy A ettt

BEAN R 2SR R T PR3 70), 38 3 B PR 2 S B0 0 32 o
WiAEFLAE . HIHZE 108 °CZK I 10 min; WFEEME . 54 B |
Gk . HEREE . AERS . PR MAR > B4 0.22 um oA
VBT UE, WCAEUE W, P I R BA )R B A B £
B3, B EE 2928 3x10° CFU/mL =K 0.5 mL IMA &
4.5 mL AR R EHRE SRR L R T, 7E-80 °CH%
I 1 h, —80 °C. 0.05 mBar /T 24 h, % E%,
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[ o

T 1 PR AT 5/ %=5 T 16 B A (CF U/ T RS 1
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+TICE; ARSI R+ TR
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SELIEAT B F O 40, PR SRR S 37
EEERER N F /NS48 B MK aGBE 0=0.05)1 I F
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Design-Expert 13 #4347k, Z5FR A Origin 2024
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X% 57 I gy 45 R — 5K, WU SESL I v B b v AT
B N T mibk .
22 HKHZHNELER

BRI 1 PR, ARAITEECTE 0~4 h
HEMRAAER, KBRS, 7E 4~10 h NEIEEON K
HaH, Bi3R 12 h JFEE A KA e A R AT o
BT KRIGBRAIRETE 6 h, QAR FC TR RIS i 5w 453
FRECHT 10 h, £ OEAERE 12 h, WRAHRRE 16 h
ARFIFAREN . MalEA K BERE, EmEsS
KA, EHHRE RS . AR 2 Mk AR
AR AN, EAAE 9 BRI . AR R, (A
T2 S %) 200 T o TR AR A BB, A TR AL, 7F
%R CORCORAN 2l i #4125 SEIE I . X g2k
I DR B 19 45 A o) A K I 3 1) B SLAT T, 40 1)
P VR TR Ab B, % BRAL TR 0 0 SRS AL AT B A7 05 3R
A3k 50%, A FXEBOW I AL BEAATE 200N 14%,
2251 3 (P<0.05), BUARBIGT RS FE 12 h 1Y BRI 2 1y
BTG SR R TR Ab 3
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Fig.1 Growth curves of standard strain
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Fig.2 Results of single factor experiment
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AT AP R B — VRO 4P 50 T L B 42 T+ H
PRERIOEER, RSP HE &G TR R
ITEREAIERE 78.8%, IR ANEPET1 5 4E 28 AT &
BC30 fAGRE 95.41%, AMFTARE A R ELIEE R, R
J Design Expert 13 AE¥12# 51 {, Box-Behnken B34 3 M
N T, SEUR 45 R 22 T s R Lk 2~3,
3D & LA 3,

FHTHEPFKFZRBE KT RR
R=74.5936+7.15644—6.35731B-1.94064C-8.719194B-3.310
54C+1.25571BC-5.996584°—7.823068°~12.3185C%, 757!

HAS 23X, Bl F 2 16.38, P=0.0007, 24155
P=0.0799>0.05, KB A R E, e RE RT MHE I
FH Ry KT 09,

AR R LG R R T, NG ZLA (4) A B4 (B) X PR 2=
R IR A IG 2SS R I 22 (P<0.01), A ERRIN(OA B3
EHAEFAZE SR, 38 5 TG LR R S X TR AR 19 A7
15 2R HAEFH IR 3 (P<0.05), T de i A 2 BREN, LB
REFLA FEESERR AN Y 58 HAE FHAS .35 (P>0.05). IERARLY) F
SETERTAL, VR OR3P TR0 X)L 2 17 R A A7 17 23 1Y) 5 i It
e oMY RS LRy > A > 2 S R

12 RIAS H Box-Behnken Design SEH (e AL 45 5, 1%
TR HIE )7 IR NEFLES 13% . A 8%, B4R 3%,
BIMRAEIE HTT A 82.27%. i LA B VR T OR3P L 7,
WA R T 3 IR, B B R SRR G 1 T A
1 (82.010.57)%, SR AT B FRIS(EAH LT, BLBA
B2 FC I R TR 0 B AR AR BB ] T SEBR

%<2 Box-Behnken A& %1 R s
Table 2 Design and results of Box-Behnken combination

F5 A BASELE/% B W% C: BERMN% TEERI%

1 10 10 3 77.6
2 10 7 4 61.2
3 6 13 3 57.5
4 10 13 2 45.2
5 10 7 2 66.2
6 10 10 3 71.1
7 6 7 3 47.0
8 14 10 4 56.2
9 10 10 3 74.7
10 14 10 2 68.0
11 10 10 3 75.7
12 6 10 2 49.8
13 6 10 4 51.1
14 10 10 3 73.8
15 14 7 3 81.5
16 14 13 3 57.1
17 10 13 4 452
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Table 3 Quadratic multiple model and analysis of variance for each term

A5 5 e i - J5 A A Yo7 F P B
LAY 2273.78 9 252.64 16.38 0.0007 ok
A 409.71 1 409.71 26.57 0.0013 **
B 323.32 1 323.32 20.97 0.0025 ok
C 30.13 1 30.13 1.95 0.2049
AB 304.10 1 304.10 19.72 0.0030 ok
AC 43.84 1 43.84 2.84 0.1357
BC 6.31 1 6.31 0.41 0.5428
A? 151.41 1 151.41 9.82 0.0165 *
B? 257.69 1 257.69 16.71 0.0046 ok
c? 638.93 1 638.93 41.43 0.0004 ok
B 107.95 7 15.42
AU 84.78 3 28.26 4.88 0.0799 NGES
R 23.17 4 5.79
poyil] 2381.73 16

TE: ¥ RIRTE P>0.01 /KPR, *FRIRTE P>0.05 K% .

TR /%

Fig.3 Response surface plot of the effects of different combinations of freeze-drying protectants on the survival rate of Listeria monocytogenes

' 323.43 s
C: B[R4/ %

13
11

10

9

. 8 B: WA/
38407 SRR

s |

80
51
70
651
60

_____

FHIGHI%

2.6, o=
2. :
83.03‘23.4

C: AR % 3.65¢
©4.06

P 3 A [ T R4 0 B3 2 A0 R0 305 < 5 M ) i . 7 1]

9
A: BARFLIY %

B: HFHNE /%




120 B il 2 A iR A I A 4

FH1TE

24 H@mBHSAMER

% JH CNAS-CL03-A001: 2025 B 27 243 M i F 1
B X AR RE S UEA T S VT . 5 IR R (ER 4), FARRES,
B F N 2.747, /NTF F IR SE Fo05(9,10)=3.02, FB il &0
AR S IAURIRE S TG B 25 5, ARG AR,

x4 HEAMBREFESN

Table 4 One-way analysis of variance for uniformity

haes GERIEE 1 SR 2 FHME
1 3.918 3.969 3.943
2 3.973 3.914 3.944
3 3.982 3.978 3.980
4 4.004 3.982 3.993
5 3.982 3.987 3.985
6 3.973 3.991 3.982
7 3.964 3.982 3.973
8 3.929 3.968 3.949
9 3.991 3.964 3.978
10 3.929 3.991 3.961
BAEHE 3.99
F 2.747
F Il A8 Fo.05(9,10)=3.02
R F=2.747<F05(9,10)=3.02

25 HRBEMER
251 EHEHBTELER

R BAPERE AR 12 . T . M S I 7 52 i g ok
R E RS, RIEE IR 5. S5 IREM, FE 25 °C
137 °CIRAFE 7 d N, PHEERESRIAL . IMEHZS IR R
PERE S I 45 R Y Rk i, K Ie g R 5l Rixit
145D BR—3%, UEBHASTR T ER 1 0 ST 5 ol 4 vk
A SRR E T R AT

x5 EHTHREMER

Table 5 Stability results of short term transportation

PRAF Tt FRAPEAR S PRAERESE  BAMERR A
Fif Bl /d i EE/°C 144 IEE 4
1 25, 37 K K i A
3 25, 37 iz R A
5 25, 37 Kt Kt KA H
7 25, 37 K K ARAGE

252 KMRABZMLER

R BHVERE Al TZH . TZH | PR S I A I PR A i
PR RS E PER IR, K2R LR 6. Z5 R, 1E 4 °CHI
—20 °C{RTF 28 d N, PHMARSNIAL . TAZSRSE K H; B
PERE 5 LA 25 SR 38 S R A6t A0 25 2R 5 o 4y R it
145K —B, UEHIAWF A H i BT R i 1 4 ik
TERIORAT e M R4

*o6 KHREREMER
Table 6 Stability results of long term storage

TRA7 1’17 PHEERES:  BHMERRSD  FERES

Fif Tl /d R /°C I# 4 114
7 4. 20 Kt K HAr
14 4. 20 G iz FAx
28 4, =20 ioda! K KA H

3 WR5ER

JE ARG — FP {8 . AT | e A8 71 BIE 1 5
B LR R A A B, A RISt e e
PECOL A S T L AR S X S R R B LS
RS, RN TR e 3 FBiskedlh, & 2 iy
SRR 10% CFU/mL, B 2= 374N [ T A 20 28 1 1 T
YOO K P 5 A B TR R 4 R G0 A BR R LA — o I o AR
FH, SO e 2 A 0 1 S TR G T R BT A 56 1 4
A VS IV B2 3 v 1) T S B AT RT RE S 0 o A TR T
PR AR A 2T T e 228 aod T P 68 i O 2 2 Ak S 00 5 P
T PR A 98 4 — B0 B0 U v 2 BT AR ER A PSR S R T
JEh 10° CFU/mL, 7852 PG I v i B b B R e 5 4
KAGTHAEF, A E A — M

AWFFEE L AR A I, I ARITRRIR I 36 °CH:
I 12 h iF AFEE B, SEPRRSE A TR AR A T A R A
AR EAEIE R . R T 08/ A R T A B 2= S [
B3, o0 e S s e ks e v, BT
R ZR PR TR e BT B R R 25 1R T
PR, AETERARME, VR 5 A7 1% 200 i I ke 6
PRI RICOL A AR BT A R D5k B 2L K
13% . MGk 8%, &R 3%, BWVRAFIGFK LT =
82.27%. F|F CNAS-CL03-A001:2009 { fE 1 S iiF 42 {5 A
Y D) A A ) 1o FH G B ) BRI SR i (A 1
SVERRSEYE: SR R RES F ol 2,747, /NT FIlG
BB Fo05(9,10)=3.02, FRFskEM 571 RAF; BBIRE vk
Seuh, BRI 25 °CFI 37 °CLRAE 7 d, FRAFSAT: 4 °CHI
—20 °CRA7 28 d, Ff&FE ARt R AT, B, AwFseiife
BB E h  25 Jr  iT DAVE R BHPE B i, T o e
ST R TRTAGE 0)  J e
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