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Abstract

The purpose of this study was to present management guidelines for critical control points by analyzing microbiological hazardous
elements through screening Potentially Hazardous Foods (PHF) menus in an effort improve the microbiological quality of foods
prepared by restaurant operations. Steamed spinach with seasoning left at room temperature presents a range of risk temperatures which
microorganisms could flourish, and it exceeded all microbiological safety limits in our study. On the other hand, steamed spinach with
seasoning stored in a refrigerator had Aerobic Plate Counts of 2.86+0.5 log CFU/g and all other microbiological tests showed that their
levels were below the limit. The standard plate counts of raw materials of lettuce and tomato were 4.66+0.4 log CFU/g and 3.08+0.4 log
CFU/g, respectively. Upon washing, the standard plate counts were 3.12+0.6 log CFU/g and 2.10+0.3 log CFU/g, respectively, but upon
washing after chlorination, those were 2.23+0.3 log CFU/g and 0.72+0.7 log CFU/g, respectively. The standard plate counts of baby
greens, radicchio and leek were 6.02+0.5 log CFU/g, 5.76+0.1 log CFU/g and 6.83+0.5 log CFU/g, respectively. After 5 minutes of
chlorination, the standard plate counts were 4.10+0.6 log CFU/g, 5.14+0.1 log CFU/g and 5.30+0.3 log CFU/g, respectively. After 10
minutes of chlorination treatment, the standard plate counts were 2.58+0.3 log CFU/g, 4.27+0.6 log CFU/g, and 4.18+0.5 log CFU/g,
respectively. The microbial levels decreased as the time of chlorination increased. This study showed that the microbiological quality of
foods was improved with the proper practices of time-temperature control, sanitization control, seasoning control, and personal and
surface sanitization control. It also presents management guidelines for the control of potentially hazardous foods at the critical control

points in the process of restaurant operations.
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1) FDA Food Code 2013(US FDA 2013)ol W=,
Moz 91 2] F(Potentially Hazardous Food; PHF)
2 2AF9] kS Yl 2=/ BE)VF B8 2]F
3 gelsta gom, 4 B R BEYNE, o3
24 AE WYY PR F47 BaYHL oA
=% 2854 ge A He AR A2 UL A
A7, AE EvfEY AE EvtEVE £
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oA BAAEE HIREOE AFES dod|e
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for science in the pubic interest 2010).
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FHoE 3 AAZo] ARE I 31 S ™(Choi JW 5 2005),
A AAR 2 W(well-being) 24T £3} Savo] 27}
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LR 1996, De Roever C 1998, Gleeson E€} O'Brirne D
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gk gl v Ay, CP8 A EFHEREH AH 2 A5 5 F6
7h¢) Z 2323 (Critical Control Point: CCP)3} 27¢] &
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HnAES AAATE &%5e a3E dolrr] 93,
FEHAEFE 100 ppme] AFAof 57 HAAIZ] 2534
A=A e AFOE Yo mAlE FAE Bluske]
o E &% AR mE &35 dolhy] 98] fFEEA
FS 100 ppme] AEdo) s HAAZ AEH 108 F

AAZ A FOE o] ASAR] WE nAES F2
M EFRE dotRUT 4 AEE 23 29E WAE]
] ZE| oA FgHoz i A5 dd v)dd
o zhF e 3 2417t oY E ice boxoll B kst 4
&3] Aol ARESIATE 24 AH Al AMREE =79t
S71E 121°C, 15 Lb/in’, 15802 713} 71dste] B4
g3 F AMSSUY. BE AlEE clean bencholl A F
AgERon, FHHoZ HHA 25 goll 0.85% H2
d4 225 mLE 7} & Stomacher Lab-blender 400
(Seward Medical Limited, London, UK)S.& 287t $40
2 #A4sksidth

o YE A4 7158 Solberg M 5(1990)2] 7]&o] wh
2} 22 FoA Al 5 log CFU/g, W&
2 log CFU/g °l3t=, vI7tE =253 7tdzxe] $4g
2 FE UWHAlFS 6 log CFU/g, tid 71¥ 3 log
CFU/g oJ3t 7]%< o]83l3th A== = PHLS (Gilbert
RJ 5 2000)2] 7|ZollA GHbA|F= THESr<(satisfactory)
6 log CFU/g WY, $~8-<acceptable) 6-7 log CFU/g<]
714 E, AlAldol B Wk % 2 log CFU/g ©]
3, 31 &5HE 5 24 log CFU/g, TR 53 5
< 4 log CFU/g °)do2 7|FEXE Aslda, sugs] 9
A FZ A Z A (Ministry of education, science and technology
2010)9] A+t 38X+ 1 log CFU/g WY, =47+
1.30 log CFU/g P|¥HE 83ttt

2) Z2| BALXte| Fznt 717 & &7

AN nYEH ZHAFVE Q8] 2, =oh, HE
AF, A, AAE AR, A sidste =
YTAAY E(Fh e PAEH FAE SAsAT 28
of Fodgt FAAY] 28 A2 glove Juice (Paulson
DS 1992y o 2 ny&E HAAE AAIEER o S84
o AHgEE Z, vl HEESE, A, HA T2 swab
u1 (Favero MS 5 1968)0.2 7]7] EHolA ARE )
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ppme] AFHOZ SE HA Ay} $2 o] vl £4
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717-400] B §710] g PYEZ 4% 7k Harigan
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CFU/M100cm’, 2321 225 ZF8loF HE 472 2,500
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bt 227515 7] 4] 3028 7 65 (2014)
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Table 1, Comparison of microbiological quality of foods after holding at different storage temperature

)

s

APAFS 93t 2 we]y gt 777

o

Mean+S.D

Food Area
temperature (°C) temperature (°C)

Total bacteria
(log CFU/g) (log CFU/g) (log CFU/g) (log CFU/g)

Enterobacteriaceae
(log CFU/g)

E. coli Coliforms S. aureus

Cold storage

Spinach
After 20 Hours" 11.6+0.6 4.9+0.0 2.59+0.5 ND? 1.62+0.2 ND 1.80+0.3
At service NA?Y NA 2.86+0.5 ND 2.07+0.2 ND 2.15+0.3
Room temperature
storage Spinach
After 20 Hours  24.2+1.0 22.8+1.4 5.37+0.6 0.56+1.2 3.91+0.0 1.39+0.8 3.93+0.2
At service NA NA 6.36+0.5 0.56+1.2 4.59+0.1 1.59+0.9 4.46+0.1
Seasoning NA NA 3.23+0.2 ND 2.14+0.2 ND 2.05+0.1

YAfter 20 Hours: Before combining with Seasoning
“ND: Not detected
YNA: Not attained

o] F, ARt wE xu, Aol Ao WA, Hy
2ol HAG ALY SR nAEY FAS A
7] g FXE FZ3HTHCremer ML Chipley JR
1997). &21¢] Fdo ¥ A F Ue 25E 2
Had YAEAC R Uro] Rludy 3 A3 YR
o FoAHE HoFa glow, AAPFANA FE SA

229 e UEF 53 2o AAd dPNEL ¥

71&E HIA|
FdFet HEEES] nAEH
skt
QA 52 YRNTFS 4.66+0.4 log CFU/g, B2
AARE S W 3.12+0.6 log CFU/g, FEFAFE 100
ppm®] AEHqox] 5E A5 F AHE P& W 223403
log CFU/g= Yttt oo, SIS+, 3
YAl 25 &5 3 AFA @ nETAE B
Atk EvtE YAs9] IubHFS 3.08£0.4 log CFU/g.

Table 2, Comparison of microbiological evaluation for sanitization effect

B2 AFT S u) 2.10£0.3 log CFU/g, &% & A3
S w) 0.72+0.7 log CFU/gZ UERTE A%34S
N EntES] g ret FAMEEGTHTTE A 3
S FAE BYoH, AYMFE &5 T AHAEE A
A EnfEoA EAZE HASH

FEluEtel A= 20000 ©]F Fu] T4 4ol HACCP
A=} EYHEA AR a9 AP amAA o] thEH
)l FadEHoRE AAEHASH, Stugale] 8T
A% A(Ministry of Education, Science and Technology 2010)
NHZ FEEA F= 100 ppm 2550 58 A &
He B2 Ao AYsIES st Ut} Kim HY 9 Lee
YH(2009)e] A7-ollA At E dAA 2]l &
EE MHTE At itHFS7T 45 1.85-2.62 log
CFU/g, ANE*] 2.69-3.61 log CFU/g, 2°] 2.16-4.49 log
CFU/g, EPFE 0.00-2.51 log CFU/go|1al, WAdTF+=
A5, AFA, Qo] EntE Z}zt 1.47-235 log CFU/g,
2.21-3.12 log CFU/g, 0.00-2.05 log CFU/g, 0.00-1.66 log
CFU/go 2 Yelyttt o= &% & &3 Aa9} oz

T

Mean£S.D (log CFU/g)

Total bacteria E. coli Coliforms S. aureus Enterobacteriaceae
Lettuce
Raw material 4.66+0.4 ND" 3.24£0.2 ND 3.37+0.4
Only Washing 3.12+0.6 ND 2.25+0.4 ND 2.75+0.2
Sanitization + Washing 2.23+0.3 ND 1.41+0.1 ND 1.64+0.3
Tomato
Raw material 3.08+0.4 ND 2.42+0.2 ND 2.33+0.2
Only Washing 2.10+0.3 ND 1.37+0.7 ND 1.01+0.6
Sanitization + Washing 0.72+0.7 ND 0.72+0.6 ND ND

UND: Not detected
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o7 543 4ads HoFon, Asd7E(Kim
HY2} Cha JM 2002, Kim HY 2004)2] &AZ&39ls: &
At AiE Bt webs AgdTEa B A9 A
TARE T3l 7FEE AXA v AL 419 WA
ol HEA] AxEAH o] ZihEojof 3 o F o

o, ZAH 98 AFL AH A BEA 252 A8
of B},
3. AEAIZHHEIS S5 ZHT|IIE AA

o

+ A79] Screening g 3 A3, Az 544
HAELAE7E =4 Yebgal AlAHsH] 7ttt 22 Ho]
HIA A&, gfox] e, B55 dAste] €944 100 ppmel 5
3 108 £25S Aldste nAEd FH3Fd adE
2151 TH(Table 3).

oA e PAE &4 23 kTS AAE 6.02+0.5
log CFU/g, 5% &% % 4.10+0.6 log CFU/g, 10% A%
$ 2.5840.3 log CFU/g2 YAFANA &= FX&5 HAA|
T 10E A% Fole dAT8] e FAE Btk =%
Hloju A Ao AR g o] UWHAHFL 5.76+0.1 log CFU/g
olal, 5% A% % 514x0.1 log CFU/g, 108 &% &
4.274£0.6 log CFU/gE UEsth 759 AT IukAl
<& 6.83+0.5 log CFU/g, 5% 4% FE 530403 log
CFU/g, 108 &% 3+ 4.18+0.5 log CFU/gE A2
of Hls|AE 108 4% Fd= F2& FXE YA
ZEAIZ o] Aol met e nAEe] A5 BYth
g, FNZEdTH, B A A7) A
3t whel W v ETFAE Bt

AukH o2 2] 7-8 log CFU/g A= AUkl 4=
7 EAF A5, olZle] HRlo] Hof thE A FHe| B}

2hg e HYY)Fo] ofg ARAlE W0l
Alelgt A= 255 dod rhsde] &
Ao g I#FHDonnelly CW$} Briggs EH 1986). L4k
o7 Ao WA= GRbAIT = 3-9 log CFU/g
o|™(Harris LJ 5 2001), #loJH|x4 Fo ARAE ARk
Ad57E 28 & 229 dutdd 9 g 579 vl
sste] AdH e AF 28] S RAESY A
E7F IR HolH R dRAse] AANETT v F
Q3 Z=2EUtHYou WC 5 2000). F3Edol=
FAANA A=} T2 e, 28 & AFHT Al
T YA FE7} 1.4x10° log CFU/g, TS 1.7x10°
log CFU/ge 2 %8| 52 FA7|ES 27938t $jA83 o]
2 B3 AARE BH 2™ (Kim SH2 Chung SY 2003), A
N 2 F FFe ARSHA AFs17E b2 4
©2 YelthMoon HK 5 2004). 949 %7} =71
G2 dubAldeet diZdd T gastden, 2
FRAAE AFdd HAAs= ARte] AoHSE A%
T3} =4 e thKim HY S} Lee YH 2009). wehA]
250 ZIOEE MirFe A2SALE AFst] AHs)
of AFskeE Aol viEA & Ao=E ARHTh

fr o

)

ES}

(=24 ="

4,

dEE2E SHEE7IE FMA

Aot adAel A= Al Bdole do
2 F2 uks, A%, 7hESA, &uh b, Alelth, 1%
7V, AR, 2, 7 55 ARSSkA e, iR
of that A= o] Hs| o] FARA FUtt. ol &=
P& A PR, A, I, Foh AdEHRE
F71 3l AxE H/Ms FdA)F BT o] FoiA
I YA A AB)S ¥ B AAE Table 4

Table 3, Comparison of microbiological quality of vegetables according to the sanitization time conditions

Mean+S.D (log CFU/g)

Total bacteria E. coli Coliforms S. aureus Enterobacteriaceae
Baby greens
Raw material 5.76+0.1 ND" 5.25+0.4 3.18+0.9 5.59+0.3
Sanitization for 5 min 5.14£0.1 ND 4.70+0.3 1.90+1.1 4.53+0.2
Sanitization for 10 min 4.2740.6 ND 4.03+£0.7 0.70+0.9 4.15+0.4
Radicchio
Raw material 6.02+0.5 ND 5.38+0.6 1.03+0.9 5.52+0.8
Sanitization for 5 min 4.10+0.6 ND 3.48+0.5 ND 3.44+0.3
Sanitization for 10 min 2.58+0.3 ND 2.13+0.6 ND 1.85+0.2
Leek
Raw material 6.83+0.5 ND 6.16+0.2 2.29+1.2 5.93+0.5
Sanitization for 5 min 5.30+0.3 ND 4.19+0.3 1.43+0.8 4.11+0.5
Sanitization for 10 min 4.18+0.5 ND 3.29+0.5 0.55+0.7 2.99+0.7

UND: Not detected
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o AAEITH Table 59] ]43174@_0]91 | AERA Ay, dAE] &
weadole mAE B4 AdolA gy HFEr] nu] el 5o dntAlet= 247 4.61+0.2 log CFU/g, 3.18
Ao AA27E B 553 2o vkt 44 +0.3 log CFU/gZ 2&‘0134 B L«l A= 4.86
3.89+0.4 log CFU/g, 5.61£0.5 log CFU/g2 UElGTH & +0.5 log CFU/g, A¥de] M+ 3.57£0.3 log

o] Afode £25HH S AFdE 52 HAE T4 CFU/g®| A5 Btk HE@_@OH ok A3} npziA &
£ Ko, A4 54 T AHAFT] 25NN E 1 log o’ mAE FX7F Hask 202 Yehsith 7
o @r WA A Fahe] Amfo] A HA| Feh= HE ] 2o A i A wgE v‘i‘—*—iéﬂrA Be| <Fd
o AT EE TESt, BHoh 321 A5 o] IQ Fom la mAETFATL et AS AT F ok
g o= AsHh ol Aol AN A o)A EEP FARS H7PE 9
A0S B Qe A2E AU FEA A91 %_‘H QA Ao g Alsdn. wsEdole} vRVIA R, 7EAE
A<= 4.45+0.3 log CFU/g, 2125 H7IsHA] & T5 233 ofdA Boll WA, okdd AL ASelE
34 Bo| YukAlFS 5.55 log CFU/gE YERY, 1 log ol Solberg M 5(1990)°] AAgH AAE2] vAEH 7]
Ao mAE T AT AR et ESE vl =291 IHbA| 4= 4.08+0.5 log CFU/g, AT 2.79+0.1

=

¢

‘rr‘

O:
o

A mAEEA Ay FdAo R Qe nAETAT A log CFU/gE 7|Ex] Bt WA e o, ZhjAlet2 2.69
S AL AT = qden, o= AdFo|ARE A +0.1 log CFU/gE PHLS OJ%HL %91 2-4 log CFU/g
oA X3t FAlse HIrt U1 ASE AsHT F (Gilbert RJ 5 2000) ¥ 9ol &3l Ao 2 Vel

dA A9 mAEEA A3} Solberg M 5(1990)°] A g Jeon IK-°Jr Lee YK(2004) Od?L?éTJr 12+ Aol A= vl
AAEe HAEZA FA7|EAQ] YHAIFS 6 log CFU/g, S A & Zdobx T3S FdFol AT B
gt 71% 3 log CFU/g ©lstZ UEeb o™, A E AAE AAE Ast dibdr) V1SS 2935H9
 9A 9= PHLS (Gilbert RJ 5 2000)] 7153} Bl a1, 2z AReAe mheEd A 2 s AANE
e o J8EHeE T 24 log CFU/g2] 714 W9 AANF A AH-A=T A7, B3 A7), ksl
ANE Bk B5 diNHFee) ZH TSI 7IEXE 29Ee §

Table 4, Comparison of microbiological quality of seasoned cabbage geotjeori with or without sanitization process of spicery

ingredients Mean£S.D (log CFU/g)
Total bacteria E. coli Coliforms S. aureus Enterobacteriaceae
Test Times without ?  with®  without with without ~with  without ~with  without  with
Seasoned cabbage after preprocessing 3.89+0.4 ND" 3.50+0.7 0.20+0.4 3.46+0.7
Wild chive after preprocessing 5.61+0.5 ND 5.38+0.3 2.05+1.2 5.21+0.6

Seasoning 5.55+0.0 4.45+0.3 ND ND 3.14+0.6 2.07+0.1 2.90+0.3 0.66+0.6 3.21+0.4 2.07+0.3
At service 5.48+0.2 4.56+0.2 ND ND 4.44+0.5 2.59+0.2 1.95+£0.6 0.72+£0.6 4.15+0.4 2.36+0.3

Y ND: Not detected
? without: without sanitization of spicery
% with: with sanitization of spicery and add vinegar

Table 5, Comparison of microbiological quality of seasoned dropwort with or without sanitization process of spicery ingredients
Mean+S.D (log CFU/g)

Total bacteria E. coli Coliforms S. aureus Enterobacteriaceae
Test Times without” with”  without with without  with without  with without  with
Seasoned dropwort after preprocessing 4.61+0.2 ND" 4.30+0.2 0.81+0.7 4.01+0.2
Radish after preprocessing 3.18+0.3 ND 2.36+0.7 ND 2.57+0.4

Seasoning 4.86+0.5 3.57+0.3 ND ND 3.45+0.8 2.43+0.5 1.28+0.7 0.20+0.4 3.45+1.0 2.15+0.5
At service 5.14+£0.5 4.08£0.5 ND ND 3.47+04 2.79+0.1 1.20+0.6 0.60+0.5 3.40+0.3 2.69+0.1

Y ND: Not detected
? without: without sanitization of spicery
* with: with sanitization of spicery and add vinegar
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Table 6, Comparison of microbiological quality for food contact surfaces before and after sanitization process

Mean+S.D
Food contact surfaces Total bacteria E. coli Coliforms S. aureus Enterobacteriaceae
Sampling points B AY B A B A B A B A

Rubber glove (log CFU/glove) 417406 2.84+02 ND" ND 29604 1.29+1.1 146+1.3 0.80+1.0 3.39+03 1.831.0
Cutting board (log CFU/100cm’) 2.81+0.2 1.63+0.1  ND ND  2,2440.2 1.1940.7 1.06+0.7 0.46+0.6 2.25+0.6 1.38+0.2
Knife (log CFU/100cm’) 2.78+0.1 1.47+0.1 ND ND  1.1840.6 0.75+0.7 0.46+0.6 0.20+0.4 1.51+0.3 0.46+0.6
Mincing knife (log CFU/lOOCmZ) 3.28+0.3  1.71+0.5 ND ND 2.01£0.3 0.66+0.6 0.66+0.6 0.40+0.5 1.83£0.2 0.92+0.5
Dish (log CFU/100cm’) NA? 133402 NA ND NA 046406 NA 046406 NA  0.66+0.6
Mixing Dish (log CFU/ IOOcmz) NA 1.15+£0.2 NA ND NA 0.81+0.7 NA ND NA 0.20+0.4

) ND: Not detected

? NA: Not attained

' B: before sanitization
Y A: after sanitization
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Table 7, Test for difference in experimental group for microbiological quality improvement effects at critical control points

Control point Material Process V4 p-value
After 20 Hours (Before combine with Seasoning)

Cold storage Spinach- -2.023 0.043*

Storage temperature Steamed spinach Room temperature storage Spinach

control with seasoning At service

Cold storage Spinach- -2.023 0.043*

Room temperature storage Spinach
Raw material-Only Washing -2.023 0.043*
Lettuce Raw material-Sanitization + Washing -2.023 0.043*
T Only Washing-Sanitization + Washing -2.023 0.043*
Raw material-Only Washing -2.023 0.043*
Tomato Raw material-Sanitization + Washing -2.023 0.043*
Only Washing-Sanitization + Washing -2.032 0.042*
Raw material-Sanitization for 5 min -2.023 0.043*
Baby greens Raw material-Sanitization for 10 min -2.023 0.043*
Sanitization for 5 min-Sanitization for 10 min -1.826 0.068
o ) Raw materiall-Sanitization for 5 min -2.023 0.043*
Sam“:j;(r’; time Radicchio Raw material-Sanitization for 10 min 2.023 0.043*
Sanitization for 5 min-Sanitization for 10 min -2.023 0.043*
Raw material-Sanitization for 5 min -2.023 0.043*
Leek Raw material-Sanitization for 10 min -2.023 0.043*
Sanitization for 5 min-Sanitization for 10 min -2.023 0.043*
Seasoning sanitization With - Without -2.023 0.043*

Seasoned cabbage )

Seasoning control .At ser\.n.ce ?efore.-After . -2.023 0.043*
Seasoned dropwort Seasoning sanltllzatlon With - Without -2.023 0.043*
At service Before-After -2.032 0.042*
Rubber glove Sanitization Before-After -2.023 0.043*
Food contract surface Cutting board Sanitization Before-After -2.023 0.043*
sanitization control Knife Sanitization Before-After -2.032 0.042*
Mincing Knife Sanitization Before-After -2.023 0.043*

%p<.05, **p<.01
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