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Abstract

The aim of this study was to investigate the growth of aerobic bacteria in fresh-cut salad during short-term temperature
abuse (4~307C temperature for 1, 2, and 3 h) for 72 h and to develop predictive models for the growth of total
viable cells (TVC) based on Predictive food microbiology (PFM). The tool that was used, Pathogen Modeling
program (PMP 7.0), predicts the growth of Aeromonas hydrophila (broth Culture, aerobic) at pH 5.6, NaCl 2.5%,
and sodium nitrite 150 ppm for 72 h. Linear models through linear regression analysis; DMFit program were created
based on the results obtained at 5, 10, 20, and 30C for 72 h (r2 >(.9). Secondary models for the growth rate
and lag time, as a function of storage temperature, were developed using the polynomial model. The initial contamination
level of fresh-cut salad was 5.6 log CFU/mL of TVC during 72 h storage, and the growth rate of TVC was shown
to be 0.020~1.083 CFU/mL/h (¥ >0.9). Also, the growth tendency of TVC was similar to that of PMP (grow
rate: 0.017~0.235 CFU/mL/h; r2=0.994~1.000). The predicted shelf life with PMP was 24.1~626.5 h, and the
estimated shelf life of the fresh-cut salads with short-term temperature abuse was 15.6~31.1 h. The predicted
shelf life was more than two times the observed one. This result indicates a ‘fail safe’ model. It can be taken
to a ludicrous extreme by adopting a model that always predicts that a pathogenic microorganism will grow even
under conditions so strict as to be actually impossible.
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Shelf life = t. + tg In(C/Co)/In2

tu = Lag time, tg = Generation time, C¢ = the maximum
permissible concentration in CFU/mL, C, = the initial
bacterial concentration
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Fig. 1. Predicted growth of Aeromonas hydrophila (Broth Culture,
Aerobic) at various conditions using PMP 7.0 (A) and Combase (B).
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Table 1. Microbiological changes of fresh-cut salads during 72 hr of storage at short term temperature abuse

Storage time (hr)

Temperature profile (C)"

0 1 2 3 24 48 )

4" 561+0.05” 5.72+001 6.15:0.01 6.19+0.04 6.12+0.01 6.90+0.05 7.010.04
10_1 5.61£0.05 6.0020.06 6.53£0.10 6.8720.07 6.12£001
10.2 5.61£0.05 6.25£0.03 6.80£0.03 6.62+0.12 7.13£0.06
10.3 5.61£0.05 5874003 6.24+0.04 6.94£0.05 6.50£0.05
20_1 5.61£0.05 6.3420.06 6.62£0.08 6.9920.05 6.87:0.06
202 5.61+0.05 6.25+0.05 729+0.03 6274028 7.0240.05
203 5.6140.05 6.35+0.035 7.690.02 6.64+0.01 7.59:0.01
30_1 5.61£0.05 6.2920.04 6.60£0.10 6.95£0.04 7.01:0.08
302 5.610.05 6.51£0.04 7.16:0.06 7.06£0.05 7.14:0.04
303 5.61+0.05 6.68+0.01 7.76+0.75 7.13+0.03 7.08+0.04

l)4_1, 4.2, 4.3; storage at 4°C for 72 hr, 10_1, 10_2, 10_3; storage at 10C for 1, 2, 3 hr respectively and then storage at 4°C for 72 hr, 20_1, 20_2, 20_3; storage at
20C for 1, 2, 3 hr respectively and then storage at 4°C for 72 hr, 30_1, 30_2, 30_3; storage at 30°C for 1, 2, 3 hr respectively and then storage at 4°C for 72 hr,

Jcfy/ml
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Fig. 2. Predicted growth pattern of Aeromonas hydrophila (Broth
Culture, Aerobic) at pH 6.6, NaCl 2.5%, sodium nitrite 150 ppm.

A observed means data form storage at 4°C.

Table 2. Observed growth rate and shelf life of fresh-cut salads
with short-term temperature abuse

Shelf life (hr)®

Temperature profile  Growth rate 2 )
c)’ (CEUJmLyhr) observed predicted
sum
4 0.020 0913 61.1 109.1
10_1 0.023 0.864 53.1 101.1
102 0.018 0.946 531 101.1
103 0.026 0971 516 99.6
20_1 0.043 0.991 44.6 92.6
202 0.321 0.997 19.8 67.8
203 0.247 0.998 150 63.0
30_1 0.042 0.986 24.6 726
302 0911 0.992 183 66.3
303 1.083 0.995 15.6 63.6

"The product was held at 4, 10, 20, 30°C for 1, 2, and 3 hrs respectively and
then the product was moved to 4C storage for 72 hrs.
shelf life = point of log 7 CFU/mL
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Table 3. Predictive growth rate and r* values of aerobic
Aeromonas hydrophila (Broth Culture, Aerobic) at pH 6.6, NaCl
2.5%, sodium nitrite 150 ppm

Temperature (C) Growth rate (CFU/mL/hr) P
5 0017 0.999
10 0.045 1.000
20 0.135 0.994
30 0235 0.994
8708t ol 2Ee el

PMP 7.0& 83ty 43 2dg T3 F57]8
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Table 4. Estimation of shelf life using Predicted data from PMP
70

Temp. (C) L (" G () Estimated shelf life (hr)”
5 39445 1632 6265
10 113.69 6.56 207
20 19.64 183 457
30 9 1.06 241

Growth rate of Acromonas hydrophila (Broth Cultute, Acrobic) predicted at pH 5.6,
NaCl 2.5%, sodlum nitrite 150 ppm and different temperature using PMP 7.0.
1)Lag time, “Generation time, Shelf life=tL+G In(Cf/CO)/In2, Cf (the maximum
permissible concentration in CFU/mL), CO (the initial bacterial concentration)
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Table 5. Evaluation of the predictive model for effect of
temperature on the specific growth rate of Aeromonas hydrophila
(Broth Culture, Aerobic)

Equation MSE" B AP

Grow rate = -0.0056 + 0.0044*Temp +
0.0001*Temp*Temp

Growth rate of Aeromonas hydrophila (Broth Culture, Aerobic) predicted at pH 5.6,
NaCl 2.5%, sodium nitrite 150 ppm and different temperature using PMP 7.0.
"Mean Square error, PBias factor, 3’Accuracy factor

0.000852  0.750056  1.333233

o ok

s =

AT AYEAFE THRE PR o5 R A
AR AREA Fe LEBE olaksiel B
2 dbuse 4HL WA P YEH 757183 255

Atk Bok 8420 {571 488 Y8l dSrAEsH
o] 39 2l PMP 7.0& Z&3t 1 #8IsHE
ZAFSA T
F2745 oA 9] abuse Al7FO] S-S nAE
2 w2 St des A §5713 Ao E At
%= log 7 CFU/mLY| =238t= Al7te] #olxlth. =7}
Z7FE= 0.02000 4] 1.0837}4] grow rate’™= S7}31 0.,
o] melo] Ae = Jehfe rY gk A ATl A 09
0]4-S JERNTE PMP 7.00.2 o =5 njAEo] Z2)
2 2% u}g} 0.017~0.235 CFU/mL/hrZ UFEFHO.
E oA 0994~1.0007H] =2 59 S Vel
Atk T PMPE 83t &S F57IH H4E 2%
7} F7vshel wel FAskih
ASE S oz oMY= AF
o 7dol] 22517717 48417 A0 E AoR
E713He 109.1~63.0A7HA 2 3 5 v PMPE
718H24.1~626.5~1 20l BIF) F A JEFSTE o]
abuseol] 93t 8k W fail safedl] Pt A2HE
NME Felsht #Eld SHAA B3 7|E
< 53 #Enlg S 5o wo] A
o2 AGHL &, SV YETS L83l
2 ZAAYE Y3 27 vAE 7E A
Agsle AL B8 Al=rt 2 Ao,
7NFo2 AAE AL, BAFH, A
Aol 7hsd Aoz 23]y #H a&S AT

[
SR
_]1}14 Fo"
rg

X0, X
e o

Jn
N
o

X
o

I 2 o
T
T,
X
[

)

tlo
Y

o 2
o

Hfo 2 > o 4y 1o 12 rfo i o of

1. KFDA (2007) Notification No. 2007-63, Korea Food and
Drug Administration, Seoul, Korea, p 29-31

2. Koo MS, Kim YS, Shin DB, Oh SW, Chun HS (2007)
Shelf-life of prepacked kimbab and sandwiches marketed
in convenience stores at refrigerated condition. J Food
Hyg Safety, 22, 323-331

3. KFDA (2011) Guidelines on shelf life of foods, Korea
Food and Drug Administration, Seoul, Korea, p 20-23

4. Steven CI, Melody AF, Greg MB, Barbara HI, John PN,
Donald WS (2007) Predicting Pathogen Growth during
Short-Term Temperature Abuse of Raw Pork, Beef, and
Poultry Products: Use of an Isothermal-Based Predictive
Tool. J Food Protection, 70, 1445 - 1456

5. Zwietering MH, Jongenburger I, Rombouts FM, Triet
KV (1990) Modeling of the Bacterial Growth Curve.
Applied and environmental microbiology, 56, 1875-1881

6. Rosso L, Lobry JR, Bajard S, Flandrois JP (1995)



638

10.

A F A8 A #1199 A53 (2012)

Convenient Model To Describe the Combined Effects
of Temperature and pH on Microbial Growth. Applied
and environmental microbiology, 61, 610 - 616

. Panisello PJ, Quantick PC (1998) Application of Food

MicroModel predictive software in the development of
Hazard Analysis Critical Control Point (HACCP)
systems. Food Microbiology, 15, 425-439

. Baranyi J, Roberts TA (1994) A dynamic approach to

predicting bacterial growth in food. International Journal
of Food Microbiology, 23, 277-294

. Bemrah N, Sanaa M, Cassin MH, Griffiths MW, Cerf

O (1998) Quantitative risk assessment of human
listeriosis from consumption of soft cheese made from
raw milk. Prev Vet Med, 37, 129-45

Ross T, McMeekin TA (1994) Predictive Microbiology.
Int J Food Microbiol, 23, 241-264

11.

12.

13.

14.

15.

Lammerding AM, Fazil A (2000) Hazard identification
and exposure assessment for microbial food safety risk
assessment. Int J Food Microbiol, 58, 147-57

Robin CM, Xuewen L (2004) Modeling microbial
responses in food. CRC Press, Florida, USA, p 185-187
Lee YS, Ha JH, Park KH, Lee SY, Choi YJ, Lee DH,
Park SH, Moon ES, Ryu K, Shin HS, Ha SD (2008)
Survey on Storage Temperature of Domestic Major
Chilled Foods in Refrigerator. J. Fd Hyg Safety, 23,
304-308

Isabel W, Virginia NS (1997) Use of predictive
microbiology in microbial food safety risk assessment.
Int J Food Microbial, 36, 97-102

Cho JI, Lee SH, Lim JS, Kwak HS, Hwang IG (2011)
Development of a predictive model describing the growth
of Listeria Monocytogenes in fresh cut vegetable. J Food
Hyg Safety, 26, 25-30

(A% 2012 82 3% 474 2012 9€ 269 A= 2012+ 9Y 28Y)



