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Abstract

This study was conducted to estimate the shelf-life of cooked mung bean sprouts contaminated with
Staphylococcus aureus according to storage temperatures after cooking in school foodservice operations. A
predictive growth model of S. aureus in cooked mung bean sprouts prepared using a standard recipe was
developed at 4 storage temperatures (5, 15, 25, and 35°C). To determine the effect of vinegar on the shelf-life
of cooked mung bean sprouts, the growth of S. aureus in sprouts prepared using vinegar and the standard recipe
were compared. The R? values of the specific growth rate (SGR) and lag time (LT) determined using the Gompertz
model were greater than 0.90 at all temperatures except 5°C, which confirmed that it would be appropriate to
use these parameters for a secondary model. The secondary model, which indicates changes in LT and SGR
values according to storage temperatures, was calculated using response surface models. The compatibility of
the developed model was confirmed by calculating Rz, B¢, Ar and MSE values as statistic parameters. The R?
values of LT and SGR were 0.94 or higher, and the MSE, B; and A values were 0.02 and 0.002, 0.97 and 1.03,
and 1.31 and 1.10, respectively, with high statistical compatibility. The growth rate of S. aureus was higher
when the standard recipe was used than when vinegar was used at all temperatures. Indeed, no growth of S.
aureus was observed in mung bean sprouts prepared using vinegar. Based on the model developed, cooked mung
bean sprouts prepared using the standard recipe for school foodservice should be stored at 10°C or less.
Additionally, sprouts stored at 25 or 35°C should be consumed within 6 or 12 hours after cooking. Finally, the
addition of vinegar will prevent the growth of S. aureus in cooked mung bean sprouts.
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A S aureust S, FAFE, 1, FAE, BV, AL
TAA AFES FEAZ F UTHE). dSo] o] I
2 7+ 430 F enterotoxing NHFOE H{3HA FHH,
&8 gol AMgsle A7 2 AAFE G4 292 = o
tH(6). Staphylococcus aureus 2= WHEL -2}t
A Salmonella spp., Vibrio parahaemolyticuse} ©Eo] ¥
E7F #3208 % Stuge] Aes A SRR E coli
O157:H7, Bacillus cereusdl ©]°o] 3912 x}A&}ATH7). w}
gA AEHF Al ZEFTAEAY] v dFH 28 &
BAAS RALEr} Aglo] 5] S aureus AFEo] WA

@ 7bsol ¥0ha @ & Ak olg @ 4FE WAL 8

g 5 Qe VAR s BT 4 e PHelE 5
PAE $, 1Y, 19, BE, 71D, HER A§ 5ol
stk =8 Fole] A% AASHE 22 FREL UE
HxE H4FY BAYA ol §37E FTHE)

A2 AF AL RS A AL RO of
2 4F0YESo] oI Utk ol 5 BFEA}
N, A % 994 vaEe] 4 AEe BAHeR )
33 AZT 5 9 AWelth). HFe] Ao Bl
e 9ol MBS R HE 7)o nE Al
HlE) A% o Z0] FHsaa, AEE ol B TS

7hA 2tH(10). o2l g dSH B ET-S o] &3t B AF
of thate] WA vAES AFdSEd sdel] #g AT
7b FAEHAT 1 F AAFAAE 5ol Akl o3
Pseudomonas fluorescens 2 Listeria innocua 7373l &5
g 3kl(11), FAFNA Listeria monocytogenes(9,12)2]
A= d et AlF XA L monocytogenes2] 437
SEANEA0) 59 A7t ol FoyHiT S fEF7IE B
BH7)7E AAo] B3 AT EE Bahk 5(13)2) Zytol A<
S. aureus®l g GHFA v]AE 23H 7} Heo 5(14,15)2]
AlgollA FE=HL A w3 Aol S Jan 9 25
AF2E 2A1A 9 FE73 44, Food MicroModel ©]
&3t AN T FAEI AT g A FF0] LA SR
REE F8 7178 APE% A7H(16) ol ok 28y T
FAd AFEHe 2AFd dg A7 = Kim(17)9] A+
£ AYsta A5g AA4o|t
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Atk SFE 2 FEEZ AF] Ao B B4 o
& b3 5 3=l A4 =718 A o3 4(162/0 o
wh5(1.35%), #71(1.35%), #718(1.88%), &F(1.35%)=
Hol Z MEHG. FolE AEE 23 L89S HPX] 37 )
AP ANA 2 A FaH o= i Petri dishell 25
g? AF st AP o] &3 AT

pH &3

S aureus 37 ZU& Yol 7] 93t 28 AF S5
=°] pHE A3t pH S L 542 10 goll S/
90 mLE EaHo] Yol 187t stomacher(Elmex SH-II,
Tokyo, Japan)Z & 3}3F & pH meter(PB-11, Sartorius,
Goettingen, Germany)& ©|-&3}3H18).

H7rst7] f1te] Gk, o
e 2 gZ3 TS AFFHA9) S o] &3t #4

y S5+ 0.1% peptone water 225 mL
= o] stomacherZ 1837t #3233 & 0.1% peptone wa-
terg ©]-&st] B 845t ALEsHATH AWtAlTTY =
AL 98l A= Plate Count Agar(PCA, Difco, USA)ol| Z+
A sl 1 mLE =3t 35°CY] incubator(BI-600M,
GIiEO Tech, Kimpo, Korea)oll A 24~48A) 7t vl oFsle] A A
A JFe Ao hATT L PFFL Petrifilm™
coli/coliform count plate(PCC, 3M, USA)e] &+ & A& A}
olel zt &7 A 1 mLE HFska 35°CE AAT in-
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0.19 peptone water2 3] X413+ & stomacher® 1%+ #23}
stgth A4zt #3239 A]EE Baird Parker RPF agar
(Biomerieux, France) @] 100 uLA #F3}1 spreaddt
5 37°Coll A 24~48A17F mi et Mg $ S-S m=
A2 colonyE AlF3R T

Gompertz model &

AHS E3) AojA © o] B+ modified Gompertz equa-
tione A8 4 U= GraphPad Prism 4.0 Software(San
Diego, USA)E AH&3te] 2 v 2%9] = 7](lag time;
LT)9} =214 % (specific growth rate log CFU/g/hr; SGR)
£ ZAA3ATH2D).

log (N)=Np+Clexp(exp((2.718 x mue/C) x (lag-X)+1)
log (N, log CFU/g): log count of bacteria at time (in hours)
Ny (log CFU/g): log count of bacteria at initial count
C (log CFU/g): difference between intial and final cell

numbers

mue (log CFU/h): maximum specific growth rate
lag (h): lag time (LT)
X (h): time

Response surface model &
w9 9o wE LT, SGRHS d=317 93t
Minitab program Ver. 152] response surface model& 2-&

39 th. Response surface model?]-& ThHH g R A Q)

R
Al
e

o

partial least squares regressions £3 F=¥w, 7 W
< o 2oH22).

LTpa or SGRua=Ao+A1(N,) +Ax(T)+ As(Sy) +Aq(T)?
+ A5(S)2+ As(No x T) + A7(Ny X Sp)
+As(TxSy)

Ao~ Ag different constant coefficients of the model

N,: initial inoculum (log CFU/g)

T: temp. (°C)

Sy storage time (hr)

M

SzojzTMel Mty Bt
dds 5 A kT 232 d 2o A8t 2
dZ3gke] H3AS &3slr] 93+ coefficient of determi-
nation(R?), mean square error(MSE), bias factor(B;), ac—
curacy factor(Ap#<= AFHE3F9 Y. GraphPad(GraphPad
Software)ol] 93] A F=HE RE AAHOZ d=3S =4
st A AFEEAL(10), 0014 1ALe]9] ks JEeldTh
(23,24).

R*=1-Xe/Z(yi-9))
e the error of predictive data

o
A¥S EF Ao 7

yvi- the predictive data
¥: the average of predictive data

EE S R

MSEE AHHE9] S0l ofs] =8 23 AFTE ek
t, BEg A2 AolE o) gatel QojAE FAo]

oH(24).

MSE= [E log (LTprcdithd/LTobscrvcd)2]/1'1
= [ Z log (S GRprcdictcd/S GRobscrvcd ) 2]/1’1

n: number of observation

Bt B39} dlZgatel Aua B ZYse Ao
2 0780 AAY 158 2 e Jehie mdo) 4l

A 2o AbE-o] E7hs SEH25).
Bi= 10( Zlog(LTpredicted/LTobserved)/n}

=1 0( 3log(SGRpredicted/SGRobserved)/n}

n: number of observation

A gl Arht R HEANE 388 AL
2 1.3~15¢ w7t 7HE Aol ETH26).
A= 10(2 | logL. Tpredicted/L Tobserved | /n}

_ 10(2 | logSGRpredicted/SGRobserved | /n}

n: number of observation
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SFUEY HAAFEITNL S aureusd] ARAEAIY
Lindqvist 5(27)¢] A& =47} A HE 6.0 log CFU/g
o)’} =& Al ZASt 283 ATh S aureus®] B2
= W9 7T~48°CE Pl E AT AF5e dlo] H=
enterotoxin< A& &&=l 35~38°Coll A 7174 2 A4k
o}t pH W= 42~930]1, H 3 pHe 6.8~72% o|Ht}
HdEoly dAYAFoE ool we 54 ALkEE
2 iR, pH 5 ©]8} = 9 o]4to] HW enterotoxin A
o] A= H(28,29).
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T4 Aol gk F4d AF2 SPSS Win(ver. 12.0)¢]
General Linear Models(GLM)ZE ©]-&3}o] EA413}% ).

I

o 3
pH 58 3 D|ME 2N
&FUEY pH 23 29 6322 Ve S aureus?t B33
st7lo) AFS 2ol MAE B4 A dukM
AT +-S 242 3.00, 1.63 log CFU/g2 AEH YL,
AEHA FAutt ol A= B{A| g2 40l
SFUE i AR Ld9E ZAET F Min Lee(30)
o] AT} Seol T(BDY AFNA ZHAF kAT G}
17} 4.28, 2.8 log CFU/gE, i3t o] 22t 278, 2.4 log
CFU/gE YEyte 239} Hl&3 FFoldnh

VEY
N rlo

_[\l

H20|12t 5 S aueus| B4

5, 15, 25, 35°Ce] R LT oA 72A17F &<t S. aureusd]
A4S AT 2 A9 5, 15°Coll e T2A13F 59 25
3.0 log CFU/g®] =704 722 A9 dgstA FAH

o 25°Col & 12417 o]%F 50 log CFU/g %22
Z7Vst AL, 2N A A DA FA = At 35°Cel
A 3AIZE O] FRE 124174 d7t 543 ek
°F 70 log CFU/g FF 22 FAHAU olejg Adoe HEit
3 ZUERH | 2775 20 log CFU/gY S aureusE A
ZI& W 10°C olslol M= 27dF 58 FASAY 7
2EQa, 25°Col e 1243 ol A Al & 50 log
CFU/g &2 & Z7lslgem, 35°CAME 3A7HS 71Fo°
2 3 F24o] MEA Yests A7A7N9 AT

Xz =4

of

Gompertz model M1} MS

Zr L= Z (5, 15, 25, 35°C)oll A S, aureus E4-& o =3}
71 A% AS AxJ LT SGRLS modified Gompertz
equations &3l TR ASH KRR 545
23S YR E RS Table 13+ 2o 5, 15, 25, 35°C
oA 247} 0.79, 090, 090, 09322 e thE 1o 24
A TH23,24). ©]& %t A3 = TSB medium= ©]&3}4 S

Table 1. For the primary modeling, best-fit lag time (LT),
and specific growth rate (SGR) of S. aureus in cooked mung
bean sprout obtained from the modified Gompertz equation

Temperature Growth parameters S;i;ig‘;sl
C) SGR” LT (h? RZ?
5 0.07 19.26 0.79
15 0.34 4.98 0.90
25 0.81 4.80 0.90
35 1.74 4.92 0.93

4”SGRZ specific growth rate.

LT lag time.

YR% coefficient of determination.

aureus®] AR SEd S dst=d AHEE LT, SGRe
R*3%(0.90~0.99)(32)7 Ao A L monocytogenes &5
g o] R*gko] iR 093 o] Uehgthe Z23H10)9}F FrAL
Stk kA B A7 A3 LT9 SGR#AS 5 UE
29 S aureus AE5ASE A o|AEL Y W FPOoE
AFR3EL7)9) A gsl Ao g Felx ot

Response surface model

Response surface model?] ol 93] 72w o=rndS o]

23te] exuiglo] W LT SGRY o =7< Fata o
S5 vugk 22 E Fig. 1o e LT %m‘i— ==
A&7 BF 5°Col A ek ok 19417k 2 Vel 15, 25
BCAMNE 2k A7t 2 Vel LTS &% %7}01] Sl
g8t Faste AEFS dE AT SGRY #=4H A=
e 5°ColA 242 0.07, 0.08 log CFU/g2 wl-$ 2gkar 15°C
A FA3] F718te] 35°CollA =5 1.73 log CFU/gZ
Elwtth o]t 232 AFHAH x| 77 d 4= SGR

Te N3 FFEHeE 8k, e L= USE SGRELO)
A9 00 1A YehY SA6 B3t RS g1 4
gdck AWy M= X9 S aureus AAGERIS
square root model®ll 283 AT (33)ANH = SGREILS 2=
7t ZoHAFE VST AR SIS, LT#HLS =57}
EolAFE trolx] B A9 Ao} IX3HHTh whEkA
2= S aureus®] AW FH SdHalo T 283

o e T & AT

Fig. 1. Values of lag time and specific growth rate of S. aureus obtained from predicted equation in cooked mung bean sprout.
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Fig. 2. Observed vs. predicted specific growth rates (SGR) and lag times (LT) of S. aureus in cooked mung bean sprout.
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Ao os] #=% ZkF response surface modelol ]3|
AolA o Zzke] ATAAS 2B A3} Rgho] 2+2} 094,
0992 YA A YetstaL(Fig. 2), 16 7W7h 3te 2 e
v AP E7E =ThH23,24).

ASEA Y FP& Hrietr] Hsted FAA AR He
MSE, By, Asgk2 Table 20 YehH Atk LT, SRGS] MSE%
2 77} 0.020, 0.002Z 0o ZA3t =& AFAdS BRI
(24). Biak® Agh2 o138 gkol 10]a, 7 % =5 19
IWhESE BEET AS%Y Aol Aue As vE
ThH25,34). & Aol A Bk Zh7+ 097, 1.032.2 YEp}
2ol woka, Agt® 7tz 1.31, 110 Ve
A e =2 H Yt} Seo 5(32)°] TSB mediumol A4 response
surface model®l A-&3tod 713t S, aureuse] dSEd
A= R’%ke] 094, MSE®] 0.02, Ag, Begkol 242t 1.26, 1.022
et 2 A7 At fAbskATE ol gt ARE SAR
SFUE U S aureusd] AFCNSEL L FAHSZ
Aggol vt & & dom, AHE vhes RdE gdd
ot A SFUE] A Hrtel QlojA WA ES] A7
A PEE Adste 72 A5E E8E F IS Aotk

“FUEel MAIRE7IZH 4T
5°CE= S. aureus”t 3331710 338K e 222 o
Table 2. Statistical indices of the secondary modeling step

for lag time (LT) and specific growth rate (SGR) of S. aureus
in cooked mung bean sprout

Growth parameters RrR?Y MSE? B AP
LT 094 0020 097 131
SGR? 0.99 0.002 1.03 1.10
ULT: lag time.

YSGR: specific growth rate.
YR2 coefficient of determination.
YMSE: mean square error.

9By bias factor.

YA accuracy factor.

o] F2o] AY YA &dth 15°CY &%+ S. aureus
o] BHEow WY (7~48°0)ll e EFHY, EEH AT o] &
2 Az A7 YE A 2R 7R 27k S qureus =211k
L}E}L]' 5°Co vz HA 2 At ol# gl dve A

o g AT BEFHAIF o] & UELS S aureus®] TH
o 23 25°Coll A 3A7HEE w2 A A3 sle] 1247t
= ¢ 50 log CFU/g2 YEhY 2559 434S e
o} 35°Coll A= 3AIZRE] WEA st oF 8A Izl =
6.0 log CFU/gE Z#std 5444 7s4dE Bt =7
H Ao AF 18°ColA+ S aureus’} 6.0 log CFU/g o]
FTATAE FA7F AAHEA LRA T 22, 30°CA A= 80
log CFU/g o]0 2 F2stojol a7t A= A th20). ¢
FrollME 25, 32°Coll ARt 7.0 log CFU/g ©]do.2 F2131%
S 527 AR Y T Bt ok3h). g S5FUE
> _%E] T oF 10°C o]3te] ¥e 2T oA Bdof 31,

ool A BEd Aol 12A13F o], 35°C o]/l A
6’\]@ oA AAsteIok & Aoltt.

F}O ru[o

i @

0z

P SFELIEO| S aureus MNZE E

4713 SFUE(EET)S pH &4 2 4782
el S. aureus?] A4 223 ZIEZﬂO] ATH29). Lut
M3 AT+ 47 1.36, 062 log CFU/gZ AEF A
3, g AEHA &t Table 33 Zo] A
olg EFUEUETH s 2 27 pH(p<0.001)¢t ¢
HEA T (p<0.0D) ol A 21820 =]l & BRA{Y. S, aureus?]

> >

[
U g
N

IN'

Table 3. pH measurement and microbiological contamination
level in cooked mung bean sprout

Type F-value
Control Experimental
pH 6.32+0.17" 478+099 192.95™
Microbial count ACrobiC 340,017 1351106 14,04
Mean+SD plate count
(log CFU/g) Coliforms 1.63+127 0.62+0.96 2.42

YThree times trail. *p<0.01, “**p<0.001.
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Table 4. Growth of S. aureus in cooked mung bean sprout
at different temperatures

Microbial count

Tem%)%r;a ture Type Mean=+SD (log CFU/ g) F-value
yOl) Ymaxb
5 Control 3.12+0.68Y 3344055 1765
Experimental 3.0240.00 2.00£0.00 ’
15 Control 3.20+£0.54 3.58+0.10 36,197
Experimental 3.02+0.73 2.54+0.42 ’
Control 3.20£0.38 5.00£0.43 -
% Experimental 3.02+000 254+000 04
35 COljltrol 3.21+£0.39 7.01+£0.80 1855™

Experimental 3.31+0.26 2.00+0.00

yo initial cell count.
)ymax finial cell count.
YThree times trail.
“p<0.01 “"p<0.001

ZHe 2

y
r_E

3o Aglo] 30 log CFU/g &F20.2 4R
sHAl FAH AL, oF7F FAadte AFE B o 5°C(p<0.01),
15°C(p<0.001), 25°C(p<0.01), 35°C(p<0.01)oNA tZz+3
ol H Q1 2ol & YEM A THTable 4). o]H s A= A
I AxE ghato 2 3 AFoA Azt H7bE D Zzub)
A= b, o] 10, 20°ColA] B#eE 749 484
A AL 28R gkal, 30°Col A= ofghe] F2h
Hel ABeT FALIATE Azxe $FUE] pHE B3
S. aureus ¥z £ 2oz 2848 ¥yl ofz}
o vAEe] AsE O*Xﬂ’é}% a7} S’,lO*EP uepA] 7
o] && 37 «F
3}7] 913t 225 o] &3 E]“o‘?é% /\}%’3}1—‘:— A
gty 2y B AT S aureusd] AFE VRE
81708 AR 7] Wi, A JHRFE7 A
AAME S22 L kA, 3T, i
@ Axdol g F7F AF A7 FE ok

F

S

a

o oF
Qo =

2 A= Fugda ATEHe sFUEe] HHAEES
FREATG FFHAIFE o] &8t x
FUE W] 5 v =TS o] &t KFU=
oS 2dS NS 3 RS A4, Ax
£ Hrbeted 283 SFUE 9 S aureus 437¢7 B3
o FFU A E o83t 227 S aureuss 473879
A4 pH632 R FHHQT, L= WG, 15, 25, 35°C)°
et wEA AT QSRS Jh ey Hstke
Gompertz modelS 283t A& AX(LT, SGR)E T3
A3 5°CE AL 090 o] ¥ Righe vehfo] o)
mdo] Wy gho g ARRERr]o] A A o] =3tk Response
surface modelS ©]8-3 23} Zd o= LT, SGRY R*3ko]
B 094 o] o 2 veh #Fg d Sk AadATt

9489tk MSEE 2H2} 0,020, 0.0022 ebsks, Bish A
o] Aol o] gl 10 7k o g Yeh) #=
#I d Sk e =2 AGAES eI weps] 2 A
F9 S aqureus AAGEZRA L EA O 7 Ao =}
T Fon, A e d REE dudn. S5 uEl
RBI e S aureus® AFAZAT =271 MAHE 60
log CFU/gS ZAE AAs4GE 2 29 10°C o]3le] v
2ZoA B RS A3 25°C o] el A RAE Fg
ol 12A17F o)A, 35°C o] ol A+ 6417t o] Al A FH 3o
oF & Aojt}, HF Y&l 225 H7Is A3 pHE 4782
el S aureusd] Z21e Bed 27oa, 7o FAE

e Wl gaglel 4T FEE FAAY A
oo meba 7o) 2 Ao H2E o83 S aur-
eusoll gk S GA 2345 Yl s5UEY HH8S

2

EEL 20089 E R D (2SN H ALY
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