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Table 1 One-step analysis of non—competitive growth of S. aureus in sauced duck

95% E Az X 1]

Lo £ A ARk £ A P& - -
X TR

a 0.076 0.002 45.631 2.695x10% 0.073 0.080

Ty 9.28 0.167 55.592 3.907x10™ 8.952 9.612
A 0.824 0.313 2.631 9.421x107 0.205 1.320

m 1.301 0.141 9.204 3.350x10 1.022 1.580

Y i 21.63* 0.265 81.528 1.207x107 21.109 22.158

5 =151 B W =146 RMSE=0.47

1 :*. 21.63 In(CFU/g)=9.39 1g(CFU/g) .
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Fig.2 One-step analysis of the competitive growth curves of S. aureus and background microflora in sauced duck
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Table 2 One—step analysis of competitive growth of S. aureus and background microflora in sauced duck

95% & 1z X 1]

X4 fh R A % i P1E - -
X8 T X g

as 0.080 0.002 33.313 8.149x107% 0.075 0.085
ap 0.086 0.001 65.012 7.588x107'" 0.083 0.089
Toins 9.40 0.362 25.933 1.341x107™® 8.684 10.111
Thins 7.80 0.170 45.806 1.897x107%7 7.460 8.130
A 1.074 0.389 2.764 6.071x107 0.309 1.838
m 1.352 0.163 8.286 3.942x1075 1.031 1.674
Y e 22.87* 0.167 136.56 3.920x107%7 22.539 23.198
a 0.556 0.063 8.807 1.053x107' 0.431 0.680

# I E=308 B & =300 RMSE=0.51

. *.22.87 In(CFU/g) = 9.93 Ig(CFU/g)
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Fig.3 Comparative analysis of lag time (a) and growth rate (b) of S. aureus



250 E N W 2022 455 4 )
2.2 #REBIIGIE ~

201 FHBHOVRIE ARG R =D

65 2 BR P 1 3E 35 AR KOBCARURS ) 10 CAIF R ﬁg: Z;xﬁﬁ

S HA PN R D0 2 ARG, A R 12~30 CHY £k i i% § 6 10°C I
FAF— 25164007 , 1 10 CL&AE T B B4 ol Fl g ¥ s ——20CHU
BUMWE, 1 4 ROBUENGE TR0 9%

HAE RMSE 5 0.16 le(CFUJg) . IESF RS 62 2 oo
1o 73 U LT A5 E T R g v 4 e A 4 K R 1 A Z 10730 60 90 120 150 180 210240 270 300
KR (20 °C) fe oA 17 3 A 5 800 M .

P Eh BT 4 R AR () T - L 1) 22 S L 4 EBSERRIT.FEREE TGS
/N, H: RMSE 4 0.56 1g(CFU/g) , B — 5 ik 4y 2t SEEHERENEK

14 A 55 4 55 750 T of A b TOTI0) IC B 3 S v 4 9 (L
EIERA MR

222 TEREAIEGGE AT 5 IR 13 C
20 CHAF T 1 rh 4 W A 45 BR T 5 3 S A AHR
B B 0 A a0 Dl S0 IE T A 1) 3 A A AR R H
SR WERYE (L S), B 5a fIE Sh a3l i T
13 °CHl 20 CE& AT 4 B €0 7 %) 2K TR RN 5% AT
S A A A AR TR T RS IR 2 (8] Y 25 5, i

il

i
i

<&
© (A 2 TR AT OL DU EL
O SRR
4 0 87 247 R A TN i
— SRR
0 50 100 150 200 250 300 350 400 450
i [
Time/h
(a)

k43
Number of bacteria/lg(CFU-g™)
(=)}

Fig.4 Validation of the non—competitive model;
growth curves of S. aureus in sauced duck

at different temperatures

BIRL g 22 S/ #4907 iR 22 (RMSE) 433l 2
0.49 1g(CFU/g) 1 0.63 1g(CFUlg) , # B FF #4 7 1)
AT T A8 Sy v A b A 3% g rh 4 B LR A B T
HRER TR ER,

R i6

Number of bacteria/lg(CFU-g™)

o SRR N
O HREHRIE
S 4 TR 1 O
— SR

00 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9b l(‘]O
i i)
Time/h

(b)

5 ZHEARIEA3C(a)M20TChO)EHTERFLECHERANERAHNERK
Fig.5 Validation of the competitive model: growth curves of S. aureus and background microflora in sauced duck

at 13°C (a) and 20 C (b)

3 #FHig
RILHET AR KT, &8 a5 Bk
A AL o o 5 T S P TR G R e S b g 2E
Kbk, a8 it — A e B A S ) B (AR 55 4
o B A AR ) R AR (1 2 A B, GRS A
ity PRk P 4 B (0 A A ER R B, Pl Al SR A AR
Al 3 1 4 9 €08 40 BR R 0 R AR AR KR E R 9.28
C, I KEKTE N 9.39 1g(CFU/g) ; 5741k

B, &EEAERE ST SRR G R
IR ARG e R AR K ORI & 22 5 SR Y
T SRR A AR K AT E RS, &8 O A BRI
{14 A K 3 I S AL, 0 A0 o S50 (0 A 3
FH a=0.556); AR T |, 3 R RAL 1Y
i V0 ) 2 TR TRTRIT Y S TR 04 1) e (IR AR R TR B A
$1°R 9.40 CCHI 7.80 °C, T 5% B #F 19 o K AR K vk %
9.93 1g(CFU/g) ; 56 i 3% 56 3¢ HA Ky 2 A 455 751 i



5224 4 W

Hh P RS H F A AT E EH HRA LK w0 TR AL 251

5 558 Sy YA 3t TN 45 1S e < €0 2 B 9 A
FAR MRS RENOIFEESERK, 200
WA — A0 T Bl A W 2 R A B W T U
AR SCHIT R S ) RO AR T T A G v 4 v (8
R ER R AN E S ARG, DA OG T e B
10757 2 R A 114 i IR DA % % 2 5 ) T ) i ik
R SR

2 % x #

(] 5kBk, THELF, W, 4. ZUAH & &R O
BRI A KRB )] Tk R, 2018, 48
(3): 40-45.

ZHANG W, YU S H, CAO H,

ment

et al. Establish-

of Staphylococcus aureus growth model in

cooked meat products [J]. Industrial Microbiology,
2018, 48(3): 40-45.

(2]  T5RAs, LA, LMewd, S TR A G &P e
6,7 %5 Bk T 15 YR 0L Meta 20 BT [J]. A9 0m 15 72
2020, 18(3): 386-391.

FANG T S, WANG J, WANG Y R, et al. Cooked
meat products contamination with Staphylococcus au-
reus in China: A Meta— analysis Chinese[]]. Journal
of Bioprocess Engineering, 2020, 18(3): 386-391.

3] JHHE, BE, RMEW, S TRE A SRS

B (0 7 2 R A Y T g A R w0 2 KUK TP T R
m BAEZ4RE, 2014, 26(5): 496-500.
ZHOU S J, LIANG H, ZHU H M, et al. Staphylo-
coccus aureus contamination and risk evaluation in
ready— to— eat meat products in Guangdong Province
[J]. Chinese Journal of Food Hygiene, 2014, 26
(5): 496-500.

[4] JIA K, FANG T S, WANG X, et al. Antibiotic re-
sistance patterns of Staphylococcus aureus isolates
from retail foods in mainland China: A meta—analy-
sis[J]. Foodborne Pathogens and Disease, 2020, 17
(5): 296-307.

[5] SCHELIN J, WALLIN C N, THORUP C M, et al
The formation of Staphylococcus aureus enterotoxin
in food environments and advances in risk assess-
ment[J]. Virulence, 2011, 2(6). 580-592.

[6] SARAH D, LAURENCE D, YACINE N,

Food —borne

et al.

outbreak investigation and molecular

High diversity of Staphylococcus

typing: aureus

strains and importance of toxin detection[J]. Toxins,

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2017, 9(12). 407-419.

Wisw, B, R, F. AR S EEEUR
B R HE P[] B an B, 2015, 36(11): 197-
201.

JI R, CAO H, XU F, et al. Risk ranking of main
pathogenic bacteria in deli meat[]].
2015, 36(11): 197-201.

LUCA D, DALL A C, GIANN G. Toxicodynamics

of mycotoxins in the framework of food risk assess-

Food Science,

ment—an in silico perspective[]]|. Toxins, 2018, 10
(2): 1-23.

DELHALLE L, DAUBE G, ADOLPHE Y, et al. A
review of growth models in predictive microbiology
to ensure food safety[J]. Biotechnology, Agronomy,
Society and Environment, 2012, 16(3): 369-381.
MANSUR A R, PARK J H O, DEOG H. Predic-
tive model for growth of Staphylococcus aureus on
raw pork, ham, and sausage[J]. Journal of Food
Protection, 2016, 79(1). 132-137.

YONG J L, BYEONG S J, KEE T K, et al. Pre-
dictive model for the growth kinetics of Staphylococ-
cus aureus in raw pork developed using integrated
pathogen modeling program (IPMP) 2013[J]. Meat
Science, 2015, 107(4): 20-25.

AR, A (0 A BR IR TR )T SRS I R P 2R K
FEVERFSE[D]. M. R TR, 2017.

ZOU Y T. Study on the growth of Staphylococcus
aureus in Cantonese Barbecue[D]. Guangzhou: South
China University of Technology, 2017.

FRRLE, WE, R, AR KB R b G 6 4 Bk
A RB R AL ()] ' A RS, 2015, 36(13):
154-159.

YU S H, CAO H, XU F, et al. Predictive models
for the growth of Staphylococcus aureus
duck[J]. Food Science, 2015, 36(13). 154-159.
BEDNARKO M E, SZTEYN J, BIALOBRZEWSKI
Modeling the
Staphylococcus aureus in regional yogurt from goat’s
milk[J]. Polish Journal of Veterinary Sciences, 2015,
18(1): 39-45.

L'UBOMIR V, PAVEL A, ALZBETA M. Applica-

tion of competitive models in predicting the simulta-

in roast

I, et al kinetics of survival of

neous growth of Staphylococcus aureus and lactic
acid bacteria in milk[J]. Food Control, 2018, 87
(5): 145-152.

GAO Z H, DALIRI E B M, WANG J, et al. In-



252

O

=Y

= QYA
=

R 2022 455 4 Wi

[17]

[18]

[19]

[20]

[21]

[22]

Abstract

hibitory effect of lactic acid bacteria on foodborne
pathogens: A review[J]. Journal of Food Protection,
2019, 82(3): 441-453.

DONG Q L, BARKER G C, GORRIS L G M, et
al. Status and future of quantitative microbiological
risk assessment in ChinalJ]. Trends in Food Science
& Technology, 2015, 42(1): 70-80.

WS, B, XImiE, % TS ar
A i VD TD R A BB U] v R,
2020, 20(4): 197-205.

LI X T, LI CC, LIUL M, et al. Numerical sim-
ulation of growth of Salmonalla in tuna sashimi -
One-step kinetic analysis[J]. Journal of Chinese In-
stitute of Food Science and Technology, 2020, 20
(4): 197-205.

HUANG L H. IPMP Global Fit — A one-step direct
data analysis tool for predictive microbiology[J]. In-
ternational Journal of Food Microbiology, 2017, 262
(12). 38-48.

FANG T, HUANG L H, LIU L, et al. Mathemati-
of  Salmonella and

cal modeling of growth spp-

spoilage microorganisms in raw oysters[J]. Food Con-
trol, 2015, 53(7). 140-146.

HUANG L H. Optimization of a new mathematical
model for bacterial growth[J]. Food Control, 2013,
32(1): 283-288.

HUANG L H. A new mechanistic growth model for

[24]

[25]

[26]

[27]

simultaneous determination of lag phase duration and
exponential growth rate and a new Bélehdradek-type
model for evaluating the effect of temperature on
growth rate [J]. Food Microbiology, 2011, 28 (4):
770-776.

MOLLER C O A, ILG Y, AABO S, et al. Effect
of natural microbiota on growth of Salmonella spp.
in fresh pork—A predictive microbiology approachl[]].
Food Microbiology, 2013, 34(2). 284-295.

JIA Z, BAI W J, LI X

growth of Listeria monocytogenes in salmon with or

T, et al. Assessing the

without the competition of background microflora ——
A one-step kinetic analysis[J]. Food Control, 2020,
114. 107139.

HUANG L H. Mathematical modeling and validation
of growth of Salmonella enteritidis and background
salad —One —step kinetic

microorganisms in potato

analysis and model development[J]. Food Control,
2016, 68(10): 69-76.

RATKOWSKY D A, LOWRY R K, MCMEEKIN T
A, et al. Model for bacterial culture growth rate
through the entire biokinetic temperature range [J].
Journal of Bacteriology, 1983, 154(3). 1222-1226.
HUANG L H, HWANG C A, PHILLIPS J. Evalu-
ating the effect of temperature on microbial growth
rate—the Ratkowsky and a Bélehradek—type models[J].
Journal of Food Science, 2011, 76(8). 547-557.

Predictive Modeling of the Effect of Dominant Background Microflora on the Growth

of Staphylococcus aureus in Sauced Duck
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The objective of this study was to investigate the effect of dominant background microflora

’School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093)

(BM) on the

growth of Staphylococcus aureus in sauced duck, and then to develop and validate the predictive models. Non—competi-

tive and competitive growth experiments of Staphylococcus aureus under 10, 12, 16, 20, 25, 30 °C were conducted re-

spectively by inoculating Staphylococcus aureus alone or mixed with BM into the sterile sauced duck samples. Growth da-

ta under non—competitive or competitive experiments was used to directly construct both primary model

(non-competitive

growth model and competitive growth model) and secondary model through one-step kinetic analysis, and growth experi-
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ments from newly designed constant temperature conditions were chosen for model validation. The results showed that
one-step approach can be used to predict the growth of Staphylococcus aureus and BM in sauced duck. Under non-com-
petitive conditions, the estimated minimum growth temperature and maximum growth density of Staphylococcus aureus
were 9.28 °C and 9.39 lg(CFU/g), respectively. The lag period of Staphylococcus aureus under competitive growth was
slightly longer than those under non-competitive conditions, while there was no significant difference on the maximum
specific growth rate. However, the growth rate of Staphylococcus aureus decreased significantly after the growth of BM
entered into the stationary phase, indicating the inhibitory effect of BM on the growth Staphylococcus aureus (a=0.556).
And the estimated minimum growth temperature of Staphylococcus aureus was 9.40 °C, and the maximum growth density
of BM was 9.93 lg(CFU/g). Validation tests showed that the models could accurately describe the growth of Staphylococ-
cus aureus and BM in sauced duck. The results of this study can provide scientific basis for quantitative risk assessment
of Staphylococcus aureus in sauce duck and predict its shelf life.

Keywords sauced duck; Staphylococcus aureus; background microflora; competitive model; one-step kinetic analysis



