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A Simulation Study on Microbiological Evaluation of
Kimbap Manufacturing Process in Summer and Winter

AeKyung An, Hye-Sang Lee'
Department of Food and Nutrition, Andong National University, Andong, Korea

ABSTRACT

The purpose of this study was to evaluate microbiological quality for each stage of the kimbap manufacturing process in
summer and winter. Under the various controlled conditions through the simulation, the time-temperature datra were collected
and the microbiological quality(including total plate count, coliforms, and fecal coliform count) were evaluated. To determine
the expected shelf life of Kimbap, a microbiological analysis according to the length of the storage time was performed. The
microbiological analysis on both sanitary and unsanitary utensils was compared. The microbiological quality of the raw miaterials
of Kimbap in summer was not at an acceptable level, but that of the heat-treated raw materials of Kimbap met the requirement
according to the standards set by the Natick Research Center. The number of the microorganisms of the unsanitary utensils and
the Kimbap made from unsanitary utensils was more than the acceptable criteria. Sanitary management is necessary to prohibit
cross-contamination and to manufacture Kimbap safely. Results from storage times and storage temperature conditions(chilled
and room-temperature storage) showed that the expected shelf-life of the Kimbap with the room-temperature storage was as less
than 3 hours in summer, while it was as 7 — 10 hours in winter. (Korean J Community Nutrition 5(28) : 333~342, 2000)

KEY WORDS : simulation study - microbiological quality - kimbap production.
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Laver Baked
2,3 1 1,23
Rice Washing Boiling (salt?esa:s?a%lg oil)
2,3 1 1,2,3
Pickled radish Washing
2,3
Wrapping
Carrot Cutting 4 Blanching filling with Holding
2,3 1T 1,23 laver
Fished paste Cutting Stir-flying
2,3 1T 1,23 Storage
Ham Cutting = Stir-flying
2,3 1 1,23
Spinach Washing Blanching — (salt?esa(:soar:'::lneg oil)
2,3 1 1,23 1 1.2,3 1 1,2,3 1 1,2,3

Legend 1 indicates the measurement points of time
2 indicates the measurement points of temperature
3 indicate the points microbiological sampling

Fig. 1. Flow chart for production of Kimbap.
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Table 1. Measurements for time and temperature and a microbiological evaluation of Kimbap during production phases in winter and summer

Winter

Summer

Total

Ph ood items
ases/F : plate count

Time Temp,

Coliforms

Fecal

[ F
. Tota Colifarms ecal
coliforms

Time Temp. .
plate count coliforms

(min) (T) [logCFUYg) llogMPN/g)] [log(MPN/g)]

(min) () [log(CFU/) llog(MPN/g)] log(MPN/g)

1. Raw ingredients

Laver NA® 110 6.73 - - NA 308 665 - -
Pickled radish NA 50 1.18 - - N.A 115 2.99 <0.48 ~
Fished paste NA 60 4.1 - - NA 200 4.04 - -
Carrot NA 95 2.62 0.90 - NA 213 5.38 4.16 1.78
Ham NA 65 3.28 <0.48 - N.A 150 6.16 2.79 ~
Spinach N.A 105 6.78 3.58 - NA 233 6.54 5.14 -
I. Cooking & Post-preparation
Rice(After seasoning) 6 650 2.56 - - 4 528 2.70 - -
Laver(Baking) 1 550 2.54 - - 1 653 5.63 - -
Fished paste(Stir-frying) 5 825 2.29 - - 4 763 2.93 - ~
(Stir-frying) 4 540  3.62 - - 3 540 3.07 0.95 -
Carrot(Stir-frying) 6 705 1.83 - - 6 785 2.34 - ~
Ham(Stir-frying) 6 730 2.72 - - 7 833 4.04 - ~
Spinach(Blanching) 2 NA. 3.16 - - 3 NA 3.62 1.76 -
{After seasoning) 2 190 3.08 - - 1 248 3.88 3.07 -
M. Assembly )
Kimbap : Control 3 275 4.95 - - 3 385 4.46 1.80 -
: With 547 fished paste 3 270 4.9 - - 3 363 4.84 2.07 -
: Under unsanitary condition 3 18.0 5.42 - - 3 393 5.64 374 0.60
. Baked in pan 3 280 3.55 1.00 - 3 405 4.28 - 1.95 - -
; With Baked laver 3 280 297 - - 3 365 4.32 1.87 -~
a : Colony forming unit b : Most probable number ¢ : Not attained d : Not detected
At 2Ed dliexe 17“00 12t gZ Snyder(1995)7F A G4l A 7971

zEHAoN 159 9= Bobeng & David(1978)
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HESE 435 ol FEA0Y S AN A
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7050, ¥ T3CINH, AFAE LE Wit 1T Het

o %Ze! 31717} o .

FDA(1996)¢] 914 #ejAdA HE2= HFAU 5~
60ClA AFe HFAL FAG F &= FHuA|zto] 44]
Zkolw], 2 FollA 15C~38TAte]] &5 WellAeE dis
2N 7 o] 4S wRE A e kit VET wus] 2 o 2
s A T 7te] RLEE 275CEA 98 2T
EELEE 24 7rolol] v S Ao vlgalEh

AR AdGAN S 24 F9E dHEd, Ty
Az v BE BN A3 FEFUAE = GFA, G2
o] 3% 1.18log CFU/g, 2.62log CFU/g, 3.28log CFU/

=42 4log CFU/g o] O}O]Ui ‘Good & T &3led 1)
AEH Fdo] & on, ]85 4.11log CFU/g=
“Average' 9 5 u°ﬂ "—‘rb’m 23} AFA)= 6.73l0g CFU/
g, 6.78log CFU/gE"Poor"——] ool &8} f‘ﬂ/’ﬂ-zﬂ—,—
B A820E <t ddch e A4 EAHE AXX &

I AR AR B0 B Ao R B oo Ay
AEEY F ogdo® FEHen A AF 72 F
o171 #afA= o] AIRE A o= o] Fojxof B
ojt}, AT+ = AlFA7} 3.58log MPN/gAEE
Buckalew 5(1996)] AA & Zejstx] e 2Fe i3
T o 3log MPN/g t|%Hg 238k Atejel A Bk o5
B 98-S <dx ideh BZE gARA 2 didTT
T AEHA ¥l olFe dAE EFEVT T 411
log CFU/golsle} 74T ooz I AL 25
#HE T 2.209log CFU/g2 | ®eo| S50 54CE &
ZAdshA 71E 28§ B$E 3.62log CFU/gE A A €9
E Ae® Hol AA% 2w 288E ¢ 5 JUH
ANFH e dAEe] 49 B2EET 4 6.78log CFU/g,
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Alg 28 o7 A A8 v|AE HA|EXY BEHIT 4,
AT 4 6log CFU/e, 3log MPN/gr|9te Z3lslo]
APaRle] ARt Gxe] Foe REPWT F 3.16
log CFU/g., AT 402 Z4so] 7193 A% 1|
A& 71223 Slog CFU/g, 2log MPN/gr| e =
sk & HA

A AFAAN M= AE AR Bdsit. A48
Aoz s iyt nAH o AAE AN R
A 71 F o] 58 0] &g Aot} o]Fe M v
Aatet At FEEaw 7} 5.42log CFU/g24 Bu-
ckalew 5 (1996)¢] AA| s FAAA LA 9] EEHAT
Slog CFU/g& 293l £33 A, Uoixs BF
=g gk o)) ol 7t AFEE =T AFe Y
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AARY AFA YR2EE 4, @7 R, R, 3=, & A
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o} ZdA ALrs 30TCE AHIA AUYLEE HHL
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A% FFART F= 7 6.65log CFU/g, 257 2.99log
CFU/g. ©1% 4.04log CFU/g. 3 5.38log CFU/g, &
6.16log CFU/g. AIE=] 6.54log CFU/gZ #45o &%
A% Snyder(1995)7F A A3k FA 2ollA 9] 4R TU7]
<1 4log CFU/g olslol 22 “Cood ¢} Sl &85,
702 . g2 ¥ AFAE 25 “Averag & 53
£3le] n|AEH Fdo] Aty At dFdTE v
g2t Al SR9A 4.16log MPN/g, 5.14log MPN/gol
AZx|o] Buckalew %(1996)7} A3 xaldtA] oF2 4
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lo He

WA diAFATE = FZoA 1.78log MPN/gA&5H3)
H o2 AsAN e ZEEA Yol
AANE 2 FEAAGM 229 INELR %
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i Wb
F oo
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FEFHT 7 2.70log CFU/golle™ of
A AFHET = AEHA &oF 1F §F Na-
tick 974 (Silverman & 1976)olA AXE =
o] ol A& 7]#9l Slog CFU/g vlgte 2 wh5g vhet A4
Act. B 4T oo E FEF A= T
2.93log CFU/ge 2 &8 1 AT 294
L AEEA gstov, 54T E B AsA 7k =8
A4e FEHBT § 3.07log CFU/gE A7 FE]2
o ) AFT = 0.95log MPN/g2 HAg L2271 &
254 ¢ & At L BF=HRF 4 6.16log CFU/g,
PAFF 4 2.790g MPN/goll X 74CE 71E3L o &
FHAT F= 2og cycle A% ZAAsIHod AT
AEHA FUT AFAE 948 A FERDA F
6.54log CFU/g. tIA-#F2 4= 5.14log MPN/g .2 Buck-
alew 5(1996)7} AAg =7 o]d A= WAE FAS
21 EFHATE P, 3T F 6log CFU/g, Slog MPN/g
n|vhe st EeslS oku Yo}, S Fol=
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g2 ZAaEe] 71dF AF v AE §AZIEXY Slog
CFU/g, 2log MPN/gH]5h& HE81= 430 Hion &
23 #7802 dde AFAE TEBBT 4 3.88log
CFU/g. AT < 3.07log MPN/g2 Ho $a2384
o] At

A% AEGACNNE AL sl g AH S
2 AN At EHET 5271 5.64log CFU/g, W4T
T 7 3.74log MPN/g, 294 & 25 0.60log MPN/
gl A&5 9 Buckalew 2(1996)0] A E F2¢A454
o] gEHWF 4 Slog CFU/g, hATF 4 2og MPN/g
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F 2% dag AAFT DG AHEEE AAEE
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g A EEERTE v W3R - A2 A8 22"
o5, B3, &, AFAET BF #A71EAS Slog CFU/g
o2 A VTG FFEo|Y o, FF AFAE H&A
FR0 vAE Fao] A dolxtort £ zlol= ¢l
o}, SRR A2 (20C) oA AT B AFR A5zE A
A% 2Ayke BEHRT 7} 5.46log CFU/g2 A& o
FAGAEA e 3A71239 Slog CFU/ge =73 whd |
Wgsel ] 6417 A3 AR Ais 2ve] Ae=
4.95log CFU/g2 @AVIEXE Dl FEo|dt o
AT o BuA OAEE T 4 A% 2xdle A A
2ol ZA e AEEA L} o] AR B o] AL
o= g A i 2 ARE IFLE0)d A

Bt =54 Aol ARgStE Wgm AR 647
ol A gtsloiol e & 4 ATt

A& AP =l A Ay wat oA
g F20] sk 24 el 3, 62417 B¢ W A
e ARER G 1Y) Aol I&HATF 7}
4.61log CFU/g. 4.97Tlog CFU/g2A 347132 R} o}
ok, AL(30T) WA £ Ao AREE S
BAkgk A9-oE 3A71) 5.20log CFU/g. 64133l 5.32log
CFU/gZ 8A71ZFXE ol Qe gde o5
ALAZE 3T A HEE WG 6A7 AR V)
TAE golylc). 4de] A82gL 4HRA 59 FHS-
33 A% d= 0. 3. 6417 A%l wel 242} 2 93log

Table 2. Microbiological evaluation of the cooked food iterns during storage at 4 and 20(or 30)C in winter and summer

Food items Winter Summer
Stora rage Total Fecal Storage Total . F
timege Sttgr:s. plate count Coltforms coliforms tems. plateotzaount Coliforms colz‘gis
(hr) ('C) llog(CFU/g)]l  [log(MPN/g)]  [log(MPN/g)] () log(CFU/@]  [log(MPN/g)]l  [log(MPN/g)]
Kimbap 0 20 4.95 - - 30 4.46 1.80 -
3 5.46 - - 5.20 2.82 -
6 5.22 - - 5.32 4.92 -
0 4 4.95 - - 4 4.46 1.80 -
3 4.81 - - 4.61 1.90 -
6 4.95 - - 497 4.06 -
Fished paste 0 20 2.29 - - 30 2.93 - -
3 299 - - 3.83 0.76 -
6 2.69 - - 7.09 - -
0 4 2.29 - - 4 2.93 - -
3 2.85 - - 2.52 - -
6 2.61 - - 2.91 - -
Carrot 0 20 1.83 - - 30 2.34 - -
3 - - - 3.00 1.04 -
6 0.70 - - 6.40 0.36 -
0 4 1.83 - - 4 2.34 - -
3 0.70 - - 1.85 - -
6 1.10 - - 3.89 - -
Ham 0 20 272 - - 30 4.04 - -
3 339 - - 3.65 0.95 -
6 3.30 - - 3.5 0.95 -
0 4 272 - - 4 4.04 - -
3 3.37. - - 3.76 - -
6 3.09 - - 3.03 - -
Spinach 0 20 3.16 - - 30 362 1.76 -
3 233 - - 4.75 3.63 -
6 4.51 - - 6.29 5.50 -
0 4 316 - - 4 3.62 1.76 -
3 296 - - 3.99 237 -
6 3.28 - - 3.99 3.43 -

a : Colony forming unit b : Most probable number

¢ : Not detected
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o2 B o oFe] Afoll AEA ] A-2(30T)A o]
FoAAE =Y, WAL ANME A7 oJUZ BEA]
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Table 3. Micorbiological evaluation of food equipments used for Kimbap manufacturing

Season Equipment Total plate count Coliforms Fecal coliforms
[log(CFU/em?])] [log(MPN®/100cmA)] [log(MPN/100cm?)]
Sanitation Unsanitation Sanitation Unsanitation Sanitation Unsanitation
Sanitary gloves =€ 2.60 - <0.48 - -
Winter Knife - <0.48 - - - -
Cutting board - 1.72 - 0.99 - -
Kimbal - 3.49 - 0.99 - -
Sanitary gloves <0.48 3.88 - 4.65 - -
Knife <0.48 4.11 - 4.38 - -
Summer
Cutting hoard <0.48 6.26 - 6.39 - 3.43
Kimbal <0.48 3.48 - 3.36 - 1.35

a : Colony forming unit b : Most probable number

c : Not detected
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Fig. 2. Changes of Total plate count and coliforms in Kimbap during holding at 0, 3, 7, and 10hrs.
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