B2 % W3 SR e = T S Vol. 22 No. 3
2022 4F 3 A Journal of Chinese Institute of Food Science and Technology Mar. 2 02 2

Eh & EBHERKEE R NF RS THEE

X TR, EHExm2, T #, F #E,
(AARKXFLERAFEFER  4BM 350002
PE R R R A RS TS T 100022
ST RFAW AL IRELSAFERE M 310030)

KT, ER T

WE 2HRECHNIRAALTHEFAANRERN LN FTLRABL—, ARG ESEREIEHEEFFTHS ¥
EHERNARAOAERSNE, WA RERXHEIERTANER, FEATHKREEENHAAORSAREN Z BB
o RENAE T 12,16,20,25,30 2 35 CHMH TR A, ME A AR ML, B3 —F A4 2HEH HRE O A RUKIBIAT
BB ST, A FE R B 6L A R BE A (Huang A2 &) 2% Baranyi #£ %! 3% Two Compartment 42 %! ) 5 = 2 4% %! (Huang Square Root,
HSR A2 A ) eg 204 A KA | 2 R A9 Huang-HSR # &  Baranyi—-HSR # % Two Compartment—HSR #£ %! L7 F] 4 649 $1 &
HR HIANAASBRAGI AR EH HRANRIKERBE PR XA KKES A 8.29,8.74,8.74 CH 9.31,9.32,9.32
lg(CFU/g), iid %80 4 Wk S BERS TH M T &5 EH H A 09 £ KX %, 7 Huang-HSR £ A & A H 47 338 | 3
RMSE 4~ T (0.28~0.40)1g(CFU/g) i€ B , & B Pf My 22 ) TR AL AL B A7 4% & 69 /B 4 5 45 & 2 TR R 4R 09 MMl JE BRBL IR JE A A
RE LR, 8 Huang-HSR B A A5 & H) SR B 0020 & A K IR Ll 09 5 A KRBT 50 A 22 09 B2 AL T 1)

TPk ER BB E KT,

XEBIR M, 2FXEHNARE,; AKkFHF;, —F ik, HEIEM

MXEHRS 1009-7848(2022)03-0246-10

G (0 7 BB O R DL I R O B 2
— TTEAFAET AR AR SN T EREE R AR
M ST B 0] AR T A B R R
AHEHOHARE L HFERGENENE,
RS]S9 N B 2
B B AR, ARk 3R oh 4 v 60 R 4 K e
Sl EY R IE)Z AT, Hrb 2017 4F
LA TR W v B S AR M ) v B S
() 20% 2247 AN T V0 1T B B FR R It 1 S E , EL
5 P A S R R S AR ORI I A LU
SR AR 2 1) A S P O TR L AR B
— URAZ T SR T R AR ) R A B —
R H TS ] ot 30 R 0 R B SR8 hon T
TR oA B, M i A7 AL 4 B R AT ER B AR N
F1R) B VR O TR 1) 7 G0, KR S 2003
2017 A4 1], 3% ] 220 o) 1 1) okl v 4 €0 4 BR
PR R 2 8.11%, B A X [H] 2.64%~22.32%

KA. 2021-03-19

BeTIE. fmda ARFEEm EIH (2021J01112)
EFE . KT (1995—), &, Bl 1A=

BIEEE: KM  E-mail: changcheng li@fafu.edu.cn

DOI: 10.16429/j.1009-7848.2022.03.027

PRI AL R G T it 7 DA% 2 DA i P e B (0 R
BRT A A O XA JE I TR A B 4 L R B 2 P )
mh 2 HATE R L

U GRS Rh i By L T 7NN
WRIEAT NI R, ] DU TR e X
I8 DAl % R SN A 8 ) ARl A I A T
PR P A 17 5 1 AR ) A i 34 1
SE MBI T (FL AN BE pH K 7336 B2 )RS T
A W R B I 1) P A2 A, o AR Ak [l A 3R A
AR AR RNR A AR S0 50 2 DA
SR PR B [N 7 3 AR K R eGR i I R, o
FELAE [ PR R AR e KA KR 5 pH (52
B TR R WA Stk 11 0 c8CHE 43 B ek A2
SR 22 A XK DR ek /I A e e ) SR
WR2E AT AR R A SCHR AR £ ] — 25 125 7 % i ok
BRI, B G — UCAR L 101 U9 ) 20 4 e )
AR AT H AT, B O TR A ]
<5 (09 4 TR TR A I TN AR (Y SRR A TN, AR
i, A R S TG P ik i = B sl
JE AR B OIS, J0 3k I R SE PR A N T s
i D A P B A OR



228 H3M

B P 2R ERARBERS A FILES FH S48 247

R SO 5 5 G v <6 B (5 7 B A 2R R R
P MR T — PR M S S TN AR, B A A G
7 i V4 0 2 R A 0 2R RS XU BT A
2%

1 MBERE
1.1 MRS

FEMG A M L 2 OB T .

FI48 - (Rifampicin, Rif), b5t RKEEREA
B F) 5 2 IR, AN s ik R A B A ) 5 R
% KGRI R 75 5L (Tryptose Soya Agar Medi-
um, TSA) -2 H ¥ A ¥ (Brain Heart Infu-
sion Broth, BHI), " ZR IS4 DR A R
] ; Whirl-Pak-207 mL JC & ) i 4%, 3£ [E Nasco
NN
12 &%

KB115 ik 1H G A4F , 7% E BINDER A 7 ; Bag
Mixer—400 ] BT 13T %%, 5 E Interscience 2 ) ;
SHP-250 4 & A= b 35 5541, DIAE R LR i & A
PR 7] s LDZX-75KBS 37 3k ) 28 VK B 4, 1 if
K 7 26 5 45 BN A s H-1850R 25 18 ¥4 U B 0>
BIL, 1 e A A S 50 25 A A% A FR 2 7] s VORTEX -5 i
WIRA A%, LI R = S A B A F]; AIRTECH
L, M TR S AR ARATA
1.3 RKEH*

1.3.1 4 B (o8 % PR e A IR IR P 1 & R 4
B {03 %4 BRI (CICC10786 .CICC10787 ) ) % ) F
o ] M Ak AR ) R R R A B s (CICC) , IR
fEF-80C. % 20%H i BHI Al . =M
Jia SFUI T3 R R AR ST 20 300 A8 75 5 W0 K 4
B0 4 BK A L 7 A T TR R, Y X A AT
) iR} 32 Jo Bk 3 1A #1100 mg/L 5, KI8T TSA/Rif
AR, ORAE T 8 CHEFRA . S DRk TR RIS P
BEBR 7 o B E R A 1Y TSA/RGE P, B 056
B, M TSA/Rif AR P HC 2 #k 4 o 6074 45 Bk 18 1Y
PATEVE 4y AR 2 10 mL BHI ¥ W (R AR SF- 4
i BV 100 mg/L) 1, 15 3% 18~20 h, il B A4 ik i
ik 10°° ~10% CFU/mL, FF 4 CZ&AFTLL 5000 1/
min #.0 15 min, K3 F3E®, HOHE & A KK
(0.1 g/L)VEVRTEMR 2 K, ¥ 2 MR 4 o (0 2 BR 1A
BIRWAE 1 VIRA A NHEARKHREELY 109

CFU/mL, % H .,
1.3.2 By &8 A BRI A KA B
R EH RIS AR (2 kPa) , Jf T 115 CR A
20 min, AIHBRE S AW g, BHIE T W
BT WG R )53 25 0, B4y (5£0.05) g, If
PANTCHE B A B B A Y B R TR, B
FlP0.1 mL 2 B0 K5 WG AL 5 b OF B R R R
WS TR G o IR A 2, DA 46 B0 (3
%) BR A (0] 4 H2 TR B o 10~10% CFU/g, ¥ E2
TR B9 R 43 50 B T 12,16,20,25,30,35 °C
BRFRAR R R AR R B AR KR B IR
B A5 PF T B BORE S S FE A PR, 534, TAR IR K
FRAf AN B 4 R AT R S AR E (TP,
TP2.TP3 . TP4, UL 3), JF R sh A i B 4 140 F iy 4k
N T

133 s EHERETE RIS &1, #%
TR (14 HsF ] ) B BB HH R S, B B AS R A 20
ml. JC 2 H K (0.1 /L), B T3 T4 4T 2% ik
P4 04T 2 min, SR 1 mlL 35 50 00A i &
9 mlL JC B & A R TR TR R R AR
B SR T s R A A, TG oA R A A R TR T
(0.1 mL 8% 1 mL) %45 F TSA/Rif55 238 546 )5
(RS- ME T 37 CAc M T RS 77 ,24~48 h Je 114k,
3>} Ln(CFU/g) 5% 1g(CFU/g) .

1.4 HKER

141 WIHBA 43 5 ¥E B Huang A58 B4 21
Baranyi B EI2H] Two Compartment £ 5 ZE by 49
SRR R TR G v 4 €07 A Bk A 1 AR K
Wi T 0] 719 25 Ak, 3 B ) GO R 1) B o3 T R e ik 5K
ratn=(1) X (2) LGP

dy 1

N T e T Al 1- Y-Y
dit  l+exp[-4(-A )]Mmax[ exp( )] 0
A,
dY 1
N Jaeen(—) 1- Y-Y
A~ Trexp(=y P 1mexP =Y N
do _
dt _ﬁbmax
dn,
L N
dt y#max L
dw; N, +N 3
mpq%mwmﬁmga.ﬁﬁ;z> (3)
N=N, +N,



248 hoE

M

2022 455 3 #

KDY Y 20 B ¢ 5 20568 57 1 40 7 2
WL R R A KR (I (CFU/R) ) s 4 240 TR
R AR R HOR (W) A 2R A Flm Ry EA
ARG X Q)F LY Y s e F (DM, ZHQ
JE R A R W) 46 AR BDIRS E R  e=0 B A
Q=00 F(3) ™, BFEIAH R B i N(CFU/g) A ARER
WA A B K N, (CFU/g) 5 241 09 41 3 BN,
(CFU/g) Z N 3 N 4 40 B 5 KA KR JEE (CFU/g)
y 5 AR R W A DG S8k, Ho b TR ERCHR
A5 10 20 L ) o3 SRS W e AL, FLAEAE 0~1 Z0H]
1.42 9B A % $& Huang —Square —Root
(HSR)BEARIWE Sy — 045580 | FH T D7 H i B2 X6 5
T B (0 2 B A A KO B s e, ek = n
K (PR,

0.75
\% Mmax :a(T_Tmin ) (4)
W (4) T T 73 ) 2 45 88 00 7] % BK BT

F18) A58 Uk B R B AR A A IR, °C e AT B R
AR R R h
1.5 FAFSHNHBESHESH

W A E IR AT Y 2 Yoph T E AT
i & 0F, IRl — kI T A, SRR A S
B, Ak A 4 B0 7 2 K A 0 AR R TR A A AR 5T
HF Matlab 44 (3£ [E Math Works 22 ®], JRA
2018 ) % 7 552 B XS 158 SR SR Ak | 4 0 i SR 280
e 4 (P}, W] Huang—HSR # % Baranyi—HSR 45 #4
F1 Two Compartment—HSR #5% %Y ) £ 5K 2 80T 43
Sl (5) 3 (6) M (7)o BE A Hrad FE v
R FH DU B e A% - PRI VR 4 G B ek 2 R il
o B R 2 KW (Y 5 O Y 9
/N2 R RSS (5K 8) e n o LR B A
i

{P}:{T ’Yma_\' ,a,A ’m} (5)
{P}:{Tmin ’ Ymax s, QO} (6)
{P}:{Tmin ’Ymax ,’y,(l} (7)
RSS=X" (V-¥)’ (8)

1.6 HEEH

Gt JRIRZE (RMSE) (W=t 9) H1 AIC
EPICan=C 10) 77 H F A PP . — B0 7, RMSE
/N | 3 IR AR IR UL %) v R v 5 ALC Sz ke A 7Y
PLEEAE R UL BAE, AT A RIS R 2 6] Y b3

S AT AN 2 RERY ) 4005 D0 RE i

RMSE=1/ &SS 9)
n—q

AIC=Nxin(B55 )15 (g41)+ 20+ (g+2)
n n—-q-2

(10)

K n SRR
1.7 B

WL 4 AT B R AR T R B A AR KR
5 X ST A S 11 S TR K HL 2 B o A M R A T 5 IE
B 5 A PR S50 (Y R WL Y 2 Y 25 5
TR IR ZE (RMSE) . 535h @it @Risk8.0 4k
PRSI 1R 22 AU 30T

LA S48 q

2 HR55W
21 BESWTEERHE

AT G T 5 G R i 2 22 K Ab B, DA I
PRS0 7/ PO Wk Kk §Rach N:E AL P =2
it T 4 B 00 A 2 BR AT WD IR TR A 102 ~10°
CFU/g,12,16,20,25,30 F1 35 CHAE T, 4 (A4
R AR K i e an & 1 iR, mE 1 s, e 4
N T B I BE AR AT, i 0 7 35K T A 0 G A
HR AR B g R, HAR Rl e 4 4 55 IR Wi
W RO R R E I 3 AP B, e Ah B R
JE B Th e, 4 B €8 2 R TR 0 A R R W K
IR B A A T e R T

Wt — kN ik 6 AR A M T &6
HATER A K AU SO R e 42 (dkit 182 4
i) AT RISV, S SR AR 7 R
(1).(2) . (3), 153 4 v (0,3 4 BR AT A9 2E K3 ) 2
ZHUPH(K 5.6.7) , 1 1A 5 ) QAR R R — G A
IR 3 PP ALY B Huang—HSR #2%!  Baranyi—
HSR A fl Two Compartment-HSR Bi%Y | H 45 i}
ST RIS EE TR A R 1 MR 2 PR, F
i 56 2% BH |3 b 4l A5 A5 7R 2 W) R 4 A 0 1 R
Hh 4 v 00 ) 49 3R TE Y A= K (P<0.05) , Ho b Huang—
HSR #7% Baranyi—-HSR #<7 Two Compartment—
HSR # B 4 15 75 A 2% 22 (RMSE ) 433l 24 0.50),
0.52,0.52 1g(CFU/g) ,AIC {43 %l Jy -242.513,
-229.829,-231.492(3k 1), k2 nlJl il id —20
3R f# 1) Huang—HSR #5278 Baranyi—HSR #5278 J¢



H22% 43 B P 2R ERARBERS A FILES FH S48 249

o MIME
— — — Baranyi-HSR il
Huang-HSR Y
--------------- Two Compartment—HSR %)

10 -
i g
gg °
RS g
H 2
® 3 7
® L 6
g
9% 4
B
<’H£E 3
=] 2 1 1 1 1 1 1 1 1
“ 70 72 144 216 288 360 432 504 576
fif ]
Time/h
(a)l12C
o WL

— — — Baranyi-HSR #%%!
Huang—HSR #%#
"""""""" Two Compartment—HSR 527!

o<

—
o

1 1 1 1 1 1 1

0 20 40 60 ‘80 100 120 140
I [A]
Time/h
(¢)20C

G W O A ER A RO
Number of S.aureus/lg(CFU-g™)
N W R Lo u® 0

o WA
— — — Baranyi-HSR 7
Huang-HSR #5#
"""""""" Two Compartment—HSR 5 %

—
o

00 7 2 BR A A e
Number of S.aureus/lg(CFU-g™)
NOW s WOy 0 O

1 1 1 | 1 1 1 1

0 3 6 9 12 15 18 21 24 27 30
I 7]
Time/h
()30 C

o WLfH
— — — Baranyi-HSR %!
Huang-HSR #2%!
"""""""" Two Compartment—HSR 452 %!

MT,‘;@ 10 o o]
g2E 9
vwe g
4 &P
w3 !
zL 6
@%T 4
X5 4
& E
= 2 1 1 1 1 1 1 1 ]
z 0 40 80 120 160 200 240 280 320
B ]
Time/h
(b)16 °C
o W

— — — Baranyi-HSR #¢#!
Huang-HSR # %4
............... Two Compartment—HSR #4527

T, 10
S g
H 2
23
AU 6
3
° 4
&3
= 2 L 1 1 L L 1 1 1 1 I
“z 0 5 10 15 20 25 30 35 40 45 50
i 1]
Time/h
(d)25C
o WIIE
— — — Baranyi-HSR #{#)
Huang—HSR %)
"""""""" Two Compartment—HSR #5 7!
T 10
o0
%S g
#
T = 6
= 3
gr >
@73 4
-
&g
5 2 T S N T N T S B S
Z
0 3 6 9 12 15 18 21 24 27 30
B 1]
Time/h
(f)35C

E1 BERheHBRHHREERBE-—SEUSIHN

Fig.1 One-step curve fitting of growth curves of S. aureus in roasted duck
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Table 1 Results of one—step approach analysis
AR RMSE AlIC F1a P&
Huang-HSR 0.50 -242.513 6.80x10° 3.31x10°
Baranyi-HSR 0.52 -229.829 7.87x10° 4.72x10™”
Two Compartment-HSR 0.52 -231.492 7.95%10° 2.09x107
®2 KERrh 3 MRS Hfht
Table 2 Estimated parameters of three models in roasted duck
. 95% E AZ X 14
B X 3 1 A AR 2 X P - -
LR TR A
Huang-HSR a 0.082 0.002 42.481 9.030x10 0.078 0.086
Tin 8.29 0.234 35.436 2.702x10* 7.83 8.75
A 1.144 0.346 3.305 1.149%x107 0.461 1.826
m 1.324 0.151 8.760 1.544x107™" 1.026 1.623
Y 21.43a 0.171 125.370 8.245x10°"" 21.10 21.77
Baranyi-HSR a 0.084 0.002 52.949 7.094x10™ 0.081 0.088
Tin 8.74 0.083 105.360 2.603x107'% 8.58 8.90
Qo -1.434 0.396 -3.621 3.821x10* -2.215 -0.652
Y 21.45b 0.179 119.910 3.569%x107"" 21.09 21.80
Two Compartment—-HSR Y 0.286 0.117 2.440 0.016 0.055 0.517
a 0.084 0.002 52.896 8.389x107" 0.081 0.087
Tin 8.74 0.083 105.190 3.437x107'¢ 8.57 8.90
Y 21.47¢ 0.180 119.450 7.006x107'™ 21.11 21.82

7 :21.43 In(CFU/g)=9.31 lg(CFU/g);"21.45 In(CFU/g)=9.31 1g(CFU/g);21.47 In(CFU/g)=9.32 1g(CFU/g).
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Fig.2 Effect of temperature on growth rate

of S. aureus in cooked meat products
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Fig.5 Numerical simulation of S. aureus in roasted duck
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Fig.6  The growth of S. aureus in roasted duck was numerically simulated under sinusoidal fluctuation temperature

with different oscillation range and period
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Kinetic Comparison and Dynamic Simulation of the Growth of Staphylococcus aureus
in Roasted Duck

Zhang Ziye', Liu Limin', Wang Yeru?, Ding Tian’, Fang Ting', Li Changcheng"
(College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002
’China National Center for Food Safety Risk Assessment, Beijing 100022
*College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310030)

Abstract  Staphylococcus aureus is one of the common pathogens that threaten the food safety of roasted duck and other
cooked meat products. The objective of this study was to investigate the growth characteristics of Staphylococcus aureus in
roasted duck under different storage temperatures, then to develop and evaluate relevant dynamic models. The roasted
duck samples inoculated with a 2-strain cocktail of Staphylococcus aureus were stored at 12, 16, 20, 25, 30 and 35
°C, respectively, to observe the growth during storage. The one-step approach was used analyze the growth data of
Staphylococcus aureus, and then to construct a combined growth model including the primary model (Huang model,
Baranyi model, or Two Compartment model) and the secondary model (Huang Square Root (HSR) model). The results
showed that Huang—HSR model, Baranyi-HSR model and Two Compartment—-HSR model had an equal fitting effect. The
minimum growth temperature and maximum cell density of Staphylococcus aureus estimated by the three combined models
were 8.29, 8.74, 8.74°C, and 9.31, 9.32, and 9.32 lg (CFU/g), respectively. The Huang—HSR model and its parame-
ters were verified by the growth experiment of Staphylococcus aureus in roasted duck under another 4 groups of dynamic
temperature profiles. The RMSE of the predicted value was between 0.28 and 0.40 lg (CFU/g), indicating that the pre-
diction model constructed has high accuracy. The model was then used to simulate the dynamic growth of Staphylococcus
aureus under real environmental temperature of roast duck restaurant and artificially set fluctuating temperatures to
demonstrate its potential application. The models developed in this study can be used to predict the growth of Staphylo-
coccus aureus in roasted duck.

Keywords roasted duck; Staphylococcus aureus; growth kinetics; one—step analysis; dynamic simulation



