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Establishment and validation of heat inactivation modeling of Salmonella in
commercial crispy meat
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Shandong Qingdao 266032, China)

Abstract: Objective This study aimed to clarify the heat inactivation mechanics of Salmonella in commercial crispy
meat and provide guidance for its safe consumption by studying the inactivation pattern of Salmonella in crispy meat at
different heating temperatures. Methods The crispy meat inoculated with 10* CFU/g Salmonella typhimurium was heat
treated at 80 °C, 90 °C, 100 C, 110 °‘C, and 120 °C for a certain time. The thermal inactivation curves of Salmonella in
crispy meat were fitted using a linear model, a Logistic model, and a Weibull model, and the optimal model was verified
by external experiments. Results The results showed that compared with the linear model and the Logistic model, the
Weibull model was more suitable to describe the thermal inactivation of Salmonella in crispy meat. The judgment
coefficient R* of the primary model was more than 0. 992 1, and the R* of the secondary model was 0. 949 2 and 0. 995 9,
respectively. The accuracy A and deviation B, of the model verified at 95 ‘C and 105 °C were within the acceptable range,
which indicated that the model constructed in this experiment can better describe the inactivation pattern of Salmonella in
crispy meat in the temperature range of 80 ‘C-120 ‘C. Conclusion This study is expected to guide the safe heating of
crispy meat to reduce microbial risk during consumption.

Key words: Crispy meat; Salmonella; thermal inactivation model; predictive microbiology; Weibull model

%% A #9:2022-07-14

EE&WH:ExRESAFXITHI(2018YFD0500505)

EEBN:RBEHK * HEHRALE AT EHAIRSBMILE %4 E-mail:chenghmxxn@163.com

BEEE A% L A RS @A 3R R A DN Fo R &3R5 E-mail: cathyge2015@126.com
IEH B HAR MEF@AZIHRELRERGLN FELSAERLARARL  E-mail: yffs2000@sina.com
R Fe B 5 A R EAS A



AR AR

—1552—

CHINESE JOURNAL OF FOOD HYGIENE

202344 35 %45 11 1

Pt B A U, 2R AR 2 —
N R R L R 42 T ANBETT, LB R
FEREA o VDTS BB B IR LS 1 1Y K
Wz —, e BkaEAF PG V0 1] S8 T2 9 N B0 i
15.5 77 N0 e geit, £8 2006—2010 4R ], ¥b '] 1
JE TR A PR R E R o 90% PLE
AV TT B TS JeoR IR T s P i . LIU 450 B
FEAR WL, M A O B T T 2% o AR i SRR
JEU TR 51 A A £ TR R G d BRI IR A
T [ 8 A P 0 1T BT AGE HH R B, 2018—2019 4R
[l R 7 B AU T R H RO 67% , 388 73 i X A
MR EE 73 1%, Horf BRGFE TN T R M A P i
VLA YT B I A 2

it A [ R A 9 KT B R e R AR 9 2R
P, AMTHI IR S5 40 A A T AR R g 28 4k, 2 28 Y
] it 5 B A 2 E AT RS 5 o /NER DY 2 — b
SR A AR S R A 2 — AR )
32 )L R AN B o AE/NBR A AT T i AR
ok A T8 52 03 U A A By Ot OB A 9 10T
R, B A B DL R TN TR A i v T L
A 20 5 375 Je/NER A B AT RE X ok 1 B
AR NN SRR SN RN 8= BN S U N R i
P £ YRR SRR Y R A A2 T e 1 B P 7 o B A
5N R AN e B Y (R o N B2 A
a1 A B Al 22 A PR AUA , 2018 AF ISR R A [a] —
L NG VD 1T A TGRS 8 RS P i 52021
AF, S B 45 ) 5 TR rhoL RE — B 2 R
A J V& VR X P 7 i S BUR VD TR B T N
P80 T 75 3 sk e X8 A A i 900 T 07 R AL,
P 4 3R TR AT — J2 B B DR 37 AT AR A i
TR PN T o H R/ IR Y R ORY R T X
Ak DK FE HERE S5 22 Bl 0T 2 I S E R AL B
A B2 AU TR RS B KU o R, R /N BR
PR PR D 1T B AT XU DA e B2

U Gl A= W00 2 S O DR B AR W KU T A A B B2
T+ B, P A Bl S A A 0 AR R O 9 L
FTRERIT BT o /NIRRT A 7 0 AT B A T —
L LA ST AL IR YRR AT VD T R R AR N 32
FEWA DN I AR B9 58 DL /ISR DY D 0 2 00 5 A 0 AL
it v Bt A L R A A i % 3 R G b ol A
o FH, R X A A v ] T A O 9 A R i /b
A NAEFE, X /IN R P 25 PR A it ) 2R T A8 28 R DL
FHOGHRIE ™, AT ] 22 5 4 [l A B2 06, PR G A7
BRI AT B Iy g BEAT IR SE o AW SR R I
AW 07Tk AR T /BRI R B SE VD T TR AE A [
P8 IR B A AF R I AR T Bl ) S RO BEAT T B

B, UXE/NER P B S A 1 9 4 B R 4R 5 TR o
ZINTR PR Bl A A O XU A 42 11 S 4%

1 #R5H®
1.1 B2 SR

F AL  HH-SS $0 i K8 5 (4 3571 4 3 =
Jik 52 86 X 2% )7 ) , MASTICATOR ¥ i 2% [ B} B B4
(At s BHE AR A ], HVM L 3 e 8R  # ( i 5
HEAES A BRA R ) 5 35 5 48 (1l SC S A BR
NHE]) AIRTECH AW % 2 (N L RS KB AR A
FRAFD

i o TR K - B0 ZE VD TT 1R (ATCC 14028) , i &
IR (CICC 21513) (Hh [E sh ) TUAE 5 A7 0% 2% h
O B30 T 2 W = TR R R U R (R ) R AR
BN T 4 ) s ANBR A (IR A BRA A 52
GO, % E R T -20 CIRFF) o
1.2 B & 5 TR R A

S8 RS VR A T -80 CHY B A% JE U 1T BRI AL
P OIS AL S VD T T BT TR K O R R A
FRE IR 9% 18~20 h, I 45 B8 I 48 v B 0 It
2 W TC A B K e G e 2 12 10° CFU/mL
) 4 T R PR T, 4 CR A o

TW &M ¥/ NERA T TE W F AR T 5 45
Pe, (520, 20) g, H B TEVD T T 40 TR 22 77 W
S0 TE S AEAE i R, A R AR S R R R YT T
MR B 29 10° CFU/ g (AR #2 Rl Vb 171 B8 1 FE S AR Sl 28
F1 6 JEAL A 0 AS IS V0 1T 1) |, A B 58 RS A
JC R 4 A4S v, I FH A0 28 BILIR 25 N B A8 AU B R
T 4°CHH.
1.3 B E S5 A Ab 3

B i s TR A I TR VA B E AR TR EE 43 )
WHE R 80 °C.90 °C.100 C.110 “CAHI 120 C, 5 iR JE
R Ja o KR I B T AR HE R VD T B A RE L Y
JUARf Hany K R A48 58 2 B AR TV L Il SRR
AR B) K UL, B 2 R R SRR A 3 IR

AN TR H B AT R VD 1T R AR I SR < S e R
TH VA B I R AR E AR AR IR B PR R R A A R
TR RE i 58 AR B AE T T AR A AR IR R R R R A
BF) (3R 1), i o pl s b sk 3B Hh A o b IR I 7
VKoK A R SO AR E AN 1 s, A TR
MR TR SC B H AT 3 IR,
1.4 VI

TCHH 2 E R R b B /9 2 AR FTIF A
10 mL 2% 3 A 7K (Buffer peptone water, BPW ) fii
R e R R BAE WA . TSR LA 9 /s (13 BE 40
1 3 mino XFFE G AL IR T BPW AT 10 £5 86 FE



TR /INBR P R 20 1 T R G T AR Y B s 5 R —— R A, 4

—1553—

F1 NIRRT SR A 1A

Table 1  Sampling time at different temperatures
1L R ] /s
80 C 0.120,180.,300.,480.510.,540.690
90 °C 0.30.60.90.165.240.,330.360
100 °C 0.,20,40.60.90.,120,180,195.210
110 C 0.20.40.80.100.,120,140.150
120 C 0,20,40.,60.,80,100,120,125
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Table 2 Salmonella residues in crispy meats at 80 C

it S I 1] /s YRR AT 4 /(15 CFU/g)
0 8.01+0.039 1
120 6.19+0.305 0
180 3.61£0.4419
80 C 300 4.12+0.361 6
480 3.03£0.622 3
510 2.06+0.155 3
540 1.46+0.226 3
690 1.01+0.012 2
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Table 3 Salmonella residues in crispy meats at 90 C

i P VIR A7 /(1g CFU/g)
0 8.16+0.022 7
30 7.90+0.134 6
60 7.50+0.132 3
. 90 6.05+0.020 4
90 C
165 4.30+0.170 7
240 2.69+0.032 7
330 1.95+0.125 2
360 1.03+0.014 3
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Table 4  Salmonella residues in crispy meats at 100 ‘C

i 2 I [H] /s IR ERAT /(15 CFU/g)
0 7.98+0.082 1
20 7.64+0.018 7
40 7.34+0.091 9
60 6.90+0.040 2
100 °C 90 5.27+0.424 9
120 3.82+0.369 5
180 2.110.068 2
195 1.95+0.053 2
210 1.02+0.012 2
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Table 5 Salmonella residues in crispy meats at 110 C

iy S i /s I T 5R A7t /(Ig CFU/g)
0 8.11+£0.023 5
20 7.97+0.025 1
40 7.79+0.174 6
. 80 6.82+0.232 7
110 C
100 5.51+0.019 8
120 3.50+0.123 9
140 2.01+0.1325
150 1.01+0.004 1
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Table 6  Salmonella residues in crispy meats at 120 C

B 5[] /s TR 3R AF 2 /(g CFU/g)
0 8.200.053 2
20 7.95+0.009 1
40 7.80+0.132 3
. 60 7.43+0.139 5
120 °C
80 6.90+0.134 4
100 5.49+0.023 4
120 2.92+0.132 4
125 1.3420.070 1
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Table 7 Individual model fitting parameters for Salmonella typhimurium at different temperatures
LT Bl Logstic f5 71 W eibull 5 1
Z% DfH/s RMSE  AIC BIC R*  RMSE AlC BIC R’ RMSE AlC BIC R’
80 C 98 0.7003 7.6249 7.4626 09937 0.4127 4.2196 0.0574 09981 0.3956 -6.8172 -7.9889 0.9982
90 C 51 0.7852 92266 9.0643 0.9927 0.297 1 1.2222 -29402 09961 0.2127 -3.4877 -3.6499 0.999 1
R 100 C 30 0.2527 -6.6477 -6.8100 09839 0.3168 -4.4435 -8.6058 09956 0.2222 -19.73 -19.8923 0.996 6
110 °C 20 0.6496 10.5710 6.4087 09159 0.1287 -21.3761 -21.5384 0.9995 0.0882 -30.5135 -30.6757 0.999 6
120 °C 11 13514 153020 11.1397 0.8903 — — — AEM 02222 54902 -5.6525 0.992 1
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Inactivation curves of Salmonella typhimurium and central temperature changes of commercial crispy meat at

different temperatures
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Table 8 Accuracy and deviation of predictive values of viable
Salmonella typhimurium in crispy meats at 95 and 105 °C

heating temperatures

W/ C SRR A, B, RMSE R?
95 5 1.1316  1.1040  0.1665  0.9832
105 7 1.0835 1.1302  0.0838  0.9993
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Table 9 Accuracy and deviation of Lnd and Lnp predicted

values at 95 °C and 105 C

T WE/C SRWE A )
95 3 0.999 7 1.025 8
Lné
105 3 1.1289 1.1316
95 3 1.001 4 1.065 4
Lnp
105 3 1.065 7 1.0752

2.3.3  Fra B R E
Shy 58 UIE JUT R A R A A A 1 VD T R Y
AL LU U T BG4, B B 95 C
105 “C AN I B2 R AT $AR 0% 5200, X 52 50 i 75 08
I Weibull #5258 #4701 &, BT 15 458 28 2 4 n 5% 10,
1R . BERFW, LR FEVD T R 0 5T X
G AL LT R VD TR R RE IS T, Vb T
LA 8 A T A P 0 A 0 BRI T B e BR A
F 10 951 105 CHIARIEE T /INBR A H i 48 U0 1) B A7 37 T
A 2 TIN5 )
Table 10 Accuracy and deviation of predicted values of viable
Salmonella Enteritidis in crispy meats at 95 °C and 105 °C

heating temperatures

WBIE/C AL A, B, RMSE R’
95 6 1.0712  1.1229 0.106 5 0.996 2
105 5 1.1186  1.07747 0.0754  0.9926
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i 22 2
Table 11 Accuracy and deviation of Lnd and Lnp predicted
values at 95 “C and 105 °C

e WE/C SRR A B
Lns 95 3 1.040 7 1.065 3
. 105 3 1.108 5 1.134 7
95 3 0.920 7 1.065 4
Lnp
105 3 0.943 3 1.060 1
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