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Development of a Predictive Model and Risk Assessment for the Growth
of Staphylococcus aureus in Ham Rice Balls Mixed with Different Sauces
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ABSTRACT

This study compared the predictive models for the growth kinetics of Staphylococcus aureus in ham rice
balls. In addition, a semi-quantitative risk assessment of S. aureus on ham rice balls was conducted using
FDA-RISK 4.0. The rice was rounded with chopped ham, which was mixed with mayonnaise (SHM), soy
sauce (SHS), or gochujang (SHG), and was contaminated artificially with approximately 2.5 log CFU - gﬁl of
S. aureus. The inoculated rice balls were then stored at 7°C, 15°C, and 25°C, and the number of viable S.
aureus was counted. The lag phases duration (LPD) and maximum specific growth rate (SGR) were calculated
using a Baranyi model as a primary model. The growth parameters were analyzed using the polynomial equa-
tion as a function of temperature. The LPD values of S. aureus decreased with increasing temperature in SHS
and SHG. On the other hand, those in SHM did not show any trend with increasing temperature. The SGR
positively correlated with temperature. Equations for LPD and SGR were developed and validated using R’
values, which ranged from 0.9929 to 0.9999. In addition, the total DALYs (disability adjusted life years) per
year in the ham rice balls with soy sauce and gochujang was greater than mayonnaise. These results could
be used to calculate the expected number of illnesses, and set the hazard management method taking the
DALY value for public health into account.
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w]=+ CDC(Centers for Disease Control and Prevention) 2]
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" Y(1): the natural logarithm of the bacterial counts
? yo: the initial bacterial counts

9 Ymax. the maximum bacterial counts

y Itmax. Maximum specific growth rate

¥ B(t): the transition function

% & the lag phase transition coefficient

Baranyi model
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) yo- the initial bacterial counts

& Imax. Maximum specific growth rate
K Ymax- the maximum bacterial counts
9 1 time

9 ho: the physiological state of the microorganism under

consideration
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) ei. error of predictive data

2 yi: the predictive data
9 V. the average of predictive data

Polynomial model equation
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Table 1. Input data for the hazard scenarios in FDA-IRISK 4.0,

gy
[Secrmet|

B;=10 obs

A= 10T
Z(obs —pred)2

MSE= T

) pred: the predicted value

% obs: the observed value

9 repetition number of the observed data

Element of risk

Input parameter, .
scenario RISK template Model input References
Food Rice ball
Hazard S. aureus
Process model Initial prevalence 0.079 Oh et al. (2007)
Initial unit mass 118.6 g Shin et al. (2017)
Initial concentration SHM": Uniform® (2.62, 2.63/1.00, 1.30/1.20, 1.30) log CFU
SHS: Uniform (3.01, 3.18/1.30, 1.48/1.30, 1.69) log CFU
SHG: Uniform (2.80, 2.99/1.85, 2.04/2.07, 2.10) log CFU
Process stage : storage, SHM: Uniform (3.99, 4.00/3.93, 4.10/7.00, 7.20) log CFU
increase by growth SHS: Uniform (7.64, 8.18/7.18, 7.26/7.64, 8.08) log CFU
SHG: Uniform (8.20, 8.34/7.22, 7.40/8.20, 8.23) log CFU
Consumption model ~ Grams per eating occasion 150 g Korea Centers for Disease
Eating occasions per year 23.99 Control and Prevention (2018)
Dose-response model ~ Exponential =7.63E-8 Shibata & Solo-Gabriele (2012)

Health effects DALY template

4.7 daly per 100,000 inhabitants

Havelaar et al. (2012)

""SHM, SHS or SHG are a ham rice ball added with mayonnaise, soy sauce or gochujang
% Initial concentration input: minimum, maximum of 7°C/minimum, maximum of 15°C/minimum, maximum of 25°C
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Figure 1. Growth of S aureus in SHM (A), SHS (B), and SHG (C) during storage at different temperatures.
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FHrto] Q¥H S awreus?] AFZEITE Huang
model-& ©]-8-5tof LPD} SGR 59 4H&4d & U
B At U}ﬁLﬂi &g 7R SHM J FHt
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Table 2, Growth parameters of S aureus in rice balls calcu—
lated by the Huang model,

Sample Temperature Parameter Value” L9sc?  u9scr’
SHM  7°C ¥ 2.74+0.04 2.65 2.83
LPD?  87.74:11.15 6383  111.64

Yinax 43140358 354 5.08

SGR” 0.01x0.01 0.00 0.02

15°C Yo 1.10+0.08 0.92 1.28

LPD 10.90+2.26 6.06 15.74

Yiax 4.19£0.16 3.84 453

SGR 0.0620.01 0.04 0.07

25°C Yo 1.300.16 0.96 1.65

LPD 12.4320.51 11.36 13.51

Yiax 6.47+0.13 6.19 6.75

SGR 0.7520.11 0.50 0.99

SHS  7°C Yo 32720.12 3.02 353
LPD 87.64:924  68.14  107.13

Yiax 7.96£0.23 748 8.46

SGR 0.03£0.01 0.02 0.04

15°C Yo 1.4120.15 1.09 1.72

LPD 8.71%3.40 1.54 15.89

Yinax 8.18+0.66 6.80 9.56

SGR 0.06+0.00 0.05 0.06

25°C Yo 1.640.12 140 1.89
LPD 5.75+1.40 281 8.70

Vo 7.46+0.12 7.20 772

SGR 0.2540.02 0.20 030

SHG  7°C Yo 2.96+0.05 2.86 3.05
LPD 3486£2.99 2855 41.17

Yiax 8.300.07 8.16 8.44

SGR 0.030.00 0.02 0.03

15°C Yo 1.9120.07 1.77 2.06

LPD 7.1941.53 3.96 10.41

Yinax 7.56+0.12 731 7.81

SGR 0.06+0.00 0.06 0.06

25°C Yo 2.08+0.16 1.75 241
LPD 235090 045 425

Yiax 7.8920.11 7.66 8.12

SGR 0.2520.01 022 0.28

1
2)

R R S

7

)
)
)
)
)
)
)

Meanststandard error
Lower 95% confidence intervals
Upper 95% confidence intervals

The initial bacterial counts

Lag phase duration (h)

The maximum bacterial counts

Specific growth rate
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Table 3. Growth parameters of S aureus in rice balls calcu— Table 3, Continued
lated by the Baranyi model,
- - - Sample Temperature Parameter Value LI95CI U95CL
Sample Temperature Parameter Value" L95Cr”  U9sCr SHG 25°C Yo 1.94+0 13 166 201
0, 4)
SHM 7C Yo 2.72+0.04 2.64 2.80 ho 047
5)
hy 549 LPD 1812003 178 1.84
6)
LPDY 137334000 13732 13733 Yoo 700:0.12  7.65 8.14
7
Yimax 4011007 3.86 4.16 SGR 025:001 023 027
8]
SGR”  0.04x000 0.4 0.05 T Meantstandard error
15°C Yo 0.99+0.08 0.83 1.16 ' Lower 95% confidence intervals
h 0.70 K Upper 95% confidence intervals
0 ’ “ The initial beterial counts
LPD 12.55+0.00 12.55 12.55 9 The physiological state of the microorganism under consideration
Vinax 426+0.19 3.86 4.66 :’ Lag phase duration (h)
SGR 0.0620.00 0.05 0.06 8: The maximum bacterial counts
Specific growth rate
25°C Yo 1.30+0.16 0.97 1.63
ho 10.57
LPD  1298:0.69 1230 1365 E AL LT 2245 w2 32 YEth
Yinax 647£0.13 620 673 3} Baranyi model 0]-8-5}0] AT AL KA}
SGR 0812002 076 086 dom, 7t &xoAQ] hy FHS Alo]al K Table 3).
SHS 7°C Yo 3.21+0.12 2.96 345
N 589 hy 3 0.47~10.57=2 SHS, SHGO|A HjeF =7}
0 .
LPD  11186:328 10815 11557 S7htl wet Agich SHMoA = 7CoflA] 15°C
Yinax 776£0.16 743 8.09 27138} wlof|= hy o] AR 25°CE 27}
SGR 0.05:0.00  0.05 0.06 3 wjoll= hy Zro] Z7b3th Baranyi model2 AR
15°C 1.57+0.11 1.34 1.81
Yo slo] thokst 2woA o&¥ SGR ZHE Huang
ho 1.80
LPD  2431£235 2165 2697 model = o]-g-5te] et Arpet FUBHA A=}
Yo 738£027 681 7.95 EOH4E SGRE =2 72 UEIt: Baranyi
SGR 0.07£0.00  0.07 0.08 modelo]|A] LPD9] ZF& heE SGRE Ui=o] 1L35+Y
0 -~
25°C Yo 1.46+0.11 1.22 1.70 0111 SHS-(Z]' SHGQ—] ZSOCOH OHE]—C’]'L_ %}]\,% Zﬂﬂ?ﬂ—
ho 1.37
A ZF=-L Huang modelo|A] o&% ZFHET =
LPD 5448020 522 5.67 el gks & W A5 ke =
Vew 746012 72 171 . 7 EAelA SHS, SHGE| LPD= AH-EE=7}
SGR 025¢0.02 020 030 Lol A2 ZQk1l, SHM O] 25°CQ] LPD Z}o]
SHG  TC Yo 2812005 2.70 2.93 15°C9] LPD 7=t} Huang model, Baranyi modelo]|A]
h 1.31
0 247y 1.53h, 0.43h A= ZA%ch
LPD 45.04+1.55 43.28 46.79
Ymax 8.22+0.08 8.06 8.38
SGR 003000 003 003 2R} Moz i
15°C Yo 1.84+0.05 1.74 1.95
oo W ZlA] S aurense] Aol dfet &)
LPD 8.51+0.14 8.36 8.66
og3ke. Hylsl7] 8l polynomial model A& ARE-
Yo 75210 11 729 276 F& H7kst7] 2@l poly A& ARE
SGR 0.06£0.00  0.06 0.07 otef LPD9} SGRE AbEsHalTt Fig. 29] A, C, E
25of w2 LPD £49] HSkE Y Slom SHME A|
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ok SHS, SHGOl|M= AdLm=7k S7kgkel wel B, D, F= 24749] 3 F9uofA] S, aureus©] SGRE
LPD gfo] Z48h¢itt LPDO| g4 A= SHS, SHG <o wE HolkE yehfiglen, SGRE Ak
o)A Baranyi modelo] Huang model®t} 7tk Fig 29 7} Z7hele] wet Z7bstadnt A %59 @ Zu
A 61 C 61 E 6
—e— Huang —e— Huang —e— Huang
5 —o— Baranyi 5 —o— Baranyi 5 —o— Baranyi
—~ 41 _ 41 4
[a) [a) [a)
3 34 3 34 3 34
= 2 = 2 = 2
1 14 1
0 T T T T T d 0 T T T T T J 0 T T T T T J
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Temperature (°C) Temperature (°C) Temperature (°C)
B D F
-5+ -5+ -5+
—o— Huang —e— Huang —e— Huang
—41 —o— Baranyi 41 —o— Baranyi 41 —o— Baranyi
o -3 o -3 o -3
0] [U] [0}
L Q L
£ -2 £ -2 £ -21
-1 -1 -1
0 T T T T T ] 0 T T T T T ] 0 T T T T T ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Temperature (°C) Temperature (°C) Temperature (°C)
Figure 2, Secondary models of S aureus in rice balls mixed with mayonnaise (A), (B), soy sauce (C), (D), or gochujang (E), (F).

Table 4, Evaluation of the primary models developed for the growth of S aureus in rice balls,

Sample  Temperature (°C) - Huang Baranyi
R*? B A MSE”  RMSE’ R’ B Ar MSE  RMSE
SHM 7 09506 10005 10282 00113 01061 09458 10011 10312 00124  0.1112
15 09867  1.0044 10558 00156 01250 09796 10013  1.0656  0.0241  0.1551
25 09767 10034 10502 01305 03613 09767 10028 10504 01305 03613
SHS 7 09714 10028 10447 00525 01975 09674 10017 10491 00557 02092
15 09734 10037 10601 01052 03244 09979 10042 10631 01248 03532
25 09874 10044 10503 00534 02311 09971 10106 10769  0.083%6 02892
SHG 7 09881 10022 10476 00654 02557 09888 10009 10505  0.0667 02583
15 09829  1.0034 10526 00747 02704 09946 10052  1.0635 00917  0.3002
25 09684 10011 10203 00097 00984 09956  1.0008  1.0310 00198  0.1408

1
2

Coefficient of determination
Bias factor

Accuracy factor

Mean square error

Root mean square error

)
)
3)
4
)
)

> w

All data between Huang and Baranyi models were not significantly different at P=0.05
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ZolX 53] SHMe| SGRo| A Z7shelo
A 5o & FHyl % HUbA o2 Huang model
9] SGRo] Baranyi model®] ZA¥} ZFRT} 71ak2A
Z7¥sl9ey. w3 15°C, 25°C9] SGR Zroll o]
Huang, Baranyi model7to) x}o]= giglou}, 7°CoflAl
= magke] Aolr} At

4, HEUIERYY 2

ol

S. aureus ] /g7 tfgh 12} Aol S dl o] 2394
H71 A1k = Table 49} Z+th Huang model¥} Baranyi
model 2] R* 712 0.9458~0.9979 %t B2} As 3 & 1

oA Wi 1of 7p7kgen, MSESH RMSE g &

A% mdoll B 00 7phe gro] bk
Aerel 22} AR 2mdlo] AL Bl
el Al Sz sol AREEA] ¢k 20°Col|A
271 ARe Agste] AR Bk 2 ma
LA S aureus @] HEE Zrt AREE 1, 22F A xl—cq]
SRds Bl oS3 4= 0]-85ko RMSE & 4=
3} Aal= Table 59F Zt}h SHMQ 7% RMSE gk
o] 2032 A AEEHAT, SHS9F SHGY
RMSE F}o] 2+ 0.40, 0.19 2 00f & 5HA YERdT]

5. FDA-RISK #{sHE7}

FDA-RISKE o]g3lo] 4 E57} o2 o &

Table 5, Developments and validation of secondary models to predict the growth of S aureus in rice balls by Baranyi model,

Sample Equation R MSE? RMSE’
SHM LPDY=337.725943-34.71046 1 xT+0.86882207xT" 0.9999 412 2.03
SGRY=(.4578125-0.088475xT-+0.0041125xT" 0.9929
SHS LPD=241.30688-22.014768xT+0.5032098xT" 0.9983 0.16 0.40
SGR=0.1211597-0.0156148xT-+0.0008329x T" 0.9959
SHG LPD=99.721421-9.3272539xT+0.21643002% T 0.9985 0.04 0.19
SGR=0.08801389-0.0143481xT+0.00084537xT" 0.9996

1

)

Mean square error

Root mean square error

Lag phase duration

Maximum specific growth rate

& w

)
)
)
)
)

o

All data between Huang and Baranyi models were significantly different at P=0.05

Table 6. Results of FDA=IRISK for S, aureus in ham rice balls with different sauces,

Sample Tem(p;ecr; ure Mean Dose (CFU)” illni\i:;rslb;ero)f/ear Mean risk of illness Total DALY per year occ[e)lls\igr:{ss or;ei:oer?st:rlfers
SHM 7 3.25E+08 3.64 0.15 17.10 0.71
15 1.17E+07 1.92 0.08 9.02 0.38
25 1.77E+10 3.64 0.15 17.10 0.71
SHS 7 7.81E+10 3.64 0.15 17.10 0.71
15 3.20E+10 3.64 0.15 17.10 0.71
25 7.80E+10 3.64 0.15 17.10 0.71
SHG 7 7.81E+10 3.64 0.15 17.10 0.71
15 7.81E+10 3.64 0.15 17.10 0.71
25 7.81E+10 3.64 0.15 17.10 0.71

" Mean dose per contaminated serving
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227} F7Htol whet LPD gho] 7H48F31aL, SGR- A
27t ool we S7lskgitk Ding 5(2010)
of MEAA QA= S aureus®] 7o iRt 484
a2l B3k Ato| A= Gompertz model AR5}
o] LPD®} SGR-& AFE3}al, square root 2|02 £
o e e Wk An Lwsb Zslus
LPDL 7h43ka SGRE Z7Hste] B A aume} §
AYsSiet. Castillejo-Rodriguez 5(2002)9] S-5A4|=9]
S. aureus®] /FE A5sH7] gk 5H4 mElo] o
Zhell gk Atellds 7E F, ARz VA
o 7R S aureusE RHE3I] LHAIA 10°C,
13.5°C, 17.7°Col| A 52 st A} 229} SGRo|
MRt AoE et E A7asel axsic
E3F Kim 5(2017)9] AlS fs2 5% HSoA
9] S aureus S EE ko] W3 AAE
o S LAAA 4~3TColN  AFSHEA
Baranyi model2 ©o]-83lo] A%t Ay} LPD= 7+
oA 212.81, 79.67, 3.12, 221 A7IOE 2%0f
wha)el Aoz UERdI SGRES ZF 0.004, 0.009,
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E| 11, enterotoxin®] AARS A3 SH= AoE HIIE
QlthVadehra & Harmon 1965). ESF lysozyme2 Al
IHS Bt gazH] I3kl S aureusQ)
NEHE EFAIA S. aureus®] /J7FS Al 4= Q)
CHPaul & Potter 1978, Gomez-Lucia 5 1987).
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