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Abstract

In this study the microbiological quality of vegetables was evaluated in relation to the sanitization methods used and
vegetable types which consisted of raw food ingredients used in foodservice operations. We analyzed the microbial
quantities on lettuce and spinach, which were used as leaf vegetables and cucumber and tomato, which were used as
fruit vegetables according to various disinfection methods using different chlorine concentration(50 ppm, 100 ppm, 200
ppm) and exposure time(5 min, 10 min) over 5 days. When the effects of the disinfection methods on microbial qualities
and sensory evaluation were analyzed, the following results were obtained. First, in the leaf vegetables, disinfection with
a chlorine concentration of 200 ppm for a 5 minutes exposure time was needed to control microbia growth. Second,
fruit vegetables sterilized with tap water had reduced microbia qualities after an extended amount of time relative to
chlorine disinfection, that is, disinfection with a chlorine concentration of 50 ppm for 5 minutes exposure time was

desirable.
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Fig. 1. Phase in product flow of vegetables in various phases by disinfection method
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Table 1. Microbiological evaluation of vegetables in various phases by disinfection method

Samples Phase by disinfection method® Total plate counts Coliform counts
Raw 5.61 4.80
Cutting & Washing 4.09 3.58
5 3.56 2.82
TWC
10 3.24 245
50 5 2.62 2.35
Disinfection’ 10 215 1.74
m, min 5 250 2.26
(pp! ) 100
10 2.10 1.62
5 2.38 214
Lettuce 200
10 1.94 155
5 344 2.73
™
10 3.20 2.36
5 2.46 214
50
Rinsing 10 2.02 154
m, min 5 2.29 2.04
(pp! ) 100
10 2.00 1.52
5 2.27 192
200
10 1.85 147
Raw 5.48 4.67
Cutting & Washing 4.78 4.22
5 3.90 3.29
TWC
10 3.78 3.25
50 5 361 312
Disinfection” 10 351 2.85
m, min 5 321 3.09
(pp! ) 100
10 3.06 2.79
. 5 2.97 2.66
Spinach 200
10 2.75 2.37
5 3.86 321
™
10 3.67 31
50 5 353 3.00
Rinsing 10 342 2.78
m, min 5 314 295
(pp! ) 100
10 2.99 2.74
5 2.93 243
200
10 2.69 221
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Table 1. Continued

Samples Phase by disinfection method® Tota plate counts Coliform counts
Raw 4.86 2.72
Cutting & Washing 4.82 2.62
5 4.79 2.59
TWC
10 4.77 2.40
50 5 4.49 2.05
Disinfection” 10 4.34 1.68
m, min 5 4.32 173
(pp! ) 100
10 4.17 161
5 3.76 116
Cucumber 200
10 3.73 1.05
5 450 244
™
10 4.17 2.24
5 431 2.03
50
Rinsing 10 3.84 164
m, min 5 3.56 -
(pp! ) 100
10 2.78 -
5 2.54 -
200
10 2.16 -
Raw 3.32 242
Cutting & Washing 3.26 2.16
5 311 2.02
TWC
10 2.80 197
50 5 251 1.66
Disinfection” 10 1.90 1.25
m, min 1 1
(pp! ) 100 5 59 30
10 1.39 110
5 1.16 -
Tomato 200
10 1.00 -
5 3.01 1.95
™
10 2.70 1.90
5 249 159
50
Rinsing 10 1.65 1.16
m, min 5 1.28 1.10
(pp! ) 100
10 1.00 1.00
5 - -
200
10 - -

Mean (Log CFU/g)
@ Samples were taken at the end of phases in disinfection method.
® Immersed with various chlorine concentration and exposure time.

“Tap water.

- : Not Detected.

=4 Duncan| 1?}?‘f’é%’fl@7‘<§(Duncan‘s multiple range N, o} 2 px=t

te) 0.2 AFE H3FS 31, Spearman correlaions ©]

g3to] dag 5, IAAAZL AR 7|1 mAAESH 1. M& & Aol 2 o|MSste 2
.]

Fdo| FABAS BHHAT

Korean J. Food Cookery Si. Vol. 25, No. 5 (2009)



636 319 - o2 3]

3 2.

AR e EERJATE T A, 0] E

3 o9 AE), 548, 4.86,

3320|103, A= ZF 7+ 4.80, 4.67, 2.72, 2.42%
o AT FAFY FAEY T4 AfolE HH, FA)
F7F FAFEG ZEHBASE T 145 =4 YER
1, hAFTFE HE 216 oF 9AFI FAFEG
AFEN7E A X3S o 5 AT 22U Solberg M
5(1990)°] AAIZE AA S HYE 8 7IFA 6.00
(EEHIFS), 300N FTFTF)S 294314 ol nAY
EHoF QS S e

A} AE B At FA Fof nAER 2 Aol
5 AHEYH 43 AFH, 20|, EvtE 7} 7} 1593
T4+ 152, 0.70, 0.04, 0.06 & HAE HAFHI,
TFE 1.22, 045, 0.10, 0.26 4% Ao =2 E
Sk g AR ek AleRle] 79 Nastimento 5(2003)
o] Brazil?] AEFH o8 FHIRZRE T HFE ofE
A & FF:F8e diZdTw57E 24 2 HdE 078,
0.829] ZAE RAYE A7 ZAHe} Kim HY S} Ko SH
(2005)&] ATollA] Har] AHE= AL Al G 20]9
NAAH-E Fal vABEH FE Fo] YRt A FY
gk Azjo|t}.

a5 33 A gz FES AEHTEE Al
ko, FFHIATT) = 1.85-2.62, AlEX| 2.69-3.61,
20] 216~4.49, ENIE 0.00~2510103, hAFTTF= A
F, AFA, Q0] EvlE 77} 1.47-2.35, 2.21~3.12, 0.00~
2.05, 0.00~1.66°|UT}F. A% & FFHAAT WA
T57F F43] FAsIg e olyd Ay AYdTE
(Kim HY9} Cha JM 2002, Lee SH®} Jang MS 2004,
Moon HK 5 2004)9] 4=9] a¥e}l dAsiath d49

to

Table 2. Changes of totad plate counts in vegetables with different

i
N
T
o
3L
2o

|
Adrs &A% a3y _ o]= Kim SH¢}
Chung SY(2003)°] A4 HAAEE 93 2% 4% n|
AEA B3 A7 LT AHGTh

2. NMEof| 2 pFEYTLA4o| M3t
BEE ANEESY &5y 2 ARt g &
A 2A A= Table 29 2ok FA1FA A
ANFAY A FEF AE, daF &% BT AF
Zto] Aol uel BEHIHFTE ooz Flst
7AS B (p<0.0001), Solberg M 5(1990)°] A
Ag AR mAE 38 7]EXQ 6.008 Z=FSHA|
oo} mAEStH o2 kA% S YERLh RS0
5% A & AT Z-9-9F 4 200 ppmell 10% 3
A A A 5IdA BEHBFFIT A5, Al
=4 7k ZF 174, 1.34% 2 AolE BT} o2 Sascha
B 5(2005) 0] Aol 40| iceberg WdF2] A7)
2ol mA= G IS ATl A 104A7A] S
= Y i A5S 3 4 100 o) ZolE B
A A FARE AA nAER E-o] 7 kg A
o]RH FA= 200 ppmell 108 A=A F A 23 H¢- A
A717be) W} 5= 1.85, 258, 3.13, 3.34, AleX|E 269,
22, 418, 4272 ZFHI{ATT7F 7214 2 Z(p<0.0001)
719, A% A3 04AI9} AF 5UA Aol A
Fo] 49 149, AFXE 1582 H|=3 AS R
FA 7 20]9] AP FEF AFH, 4T A5 BT
A% 713¥0] Al wet EEFAATE FolFoR F
7Fhs 43S H9131,(p<0.001, p<0.0001) ErFES] 79
TEol 108 FA & AHS F-9-2F 50 ppm Farol

rr

2
o

i

w

kinds of disinfection methods during storage

Disinfection Storage time(days)
Ingredient  Chlorine Concentration Exposure time o 1 3 5 F-value
(Ppm) (min)
W 5 344 +022° 461+001° 4.62+0.06° 5.08 +0.01% 207.73****
10 3.20+0.08° 3.31+0.16° 421+011° 4.66 + 0.03° 255.29* ***
t vaue 2.49* 10.63**** 7.70%*** 27.39%***
50 5 2.46+0.27° 3.69 + 0.05° 420+0.11° 4.58 + 0.00a 223.29%***
10 2.02+0.15° 3.14+0.00° 370+ 0.24° 452+001%  31247+***
t vaue 3.42%* 24.10%*** 4.58** 11.57%***
Lettuce 5 2.29+0.18° 2.69+0.23° 3.81+0.02° 3.81+0.10° 142.73****
100 29+0. 69+0. .81+ 0. .81+0. )
10 2.00+0.15° 2674033 3.69+0.00° 3.76+0.07° 120.38****
t vaue 2.89* 0.08 13.13**** 1.04
200 5 2.27+0.15° 2.64+0.38° 3.36 £ 0.00° 343+0.23 32.84****
10 1.85+0.09° 258 +0.15° 3.13+0.09° 3.34+033 69.48****
t vaue 5.56%** 0.36 4.61** 0.54
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Table 2. Continued

Disinfection Storage time(days)
Ingredient  Chlorine Concentration Exposure time o 1 3 5 Fvalue
(ppm) (min)
W 5 3.86+0.27° 5.27 + 0.00° 5.58+0.11° 5.61+0.03  186.02****
10 3.67+0.26° 4.93 + 0.00° 4.94+0.24a 495+0.02  73.17%***
t value 121 376.30%*** B.74%%* 36.32%***
5 5 353+0.2° 4.28 +0.00° 468 +0.33 478+0.06a  390.88***
10 3.42+023° 414+0.01° 452 +0.31° 458+0.19%  36.27%***
Spinech t vaue 0.76 16.92%*** 0.84 2.45
100 5 3.14 +0.08° 420+0.01° 4,65+ 0.38% 475+0.06°  80.26%***
10 2.99 +0.02° 3.99+0.02° 435+ 0.19° 440+025°  98.65+***
t vaue 3.2+ 15.42% % %% 1.74 3.32*
200 5 2.93+0.03° 3.99 + 0.05¢ 430+0.18° 458+023a  136.73****
10 2.69 + 0.05° 3.22+0.16° 418+ 0.21° 427+027%  8O.77+***
t vaue 8.O1x*** 10.58¢*** 1.07 2.07
W 5 450+ 0.14° 5.12 + 0.00° 5.23+0.01° 534+003a  147.23*%**
10 417 +0.74° 4.98 + 0.00* 5.14 + 0.00% 5.32 + 0.08% 10.98%**
t vaue 1.07 46,90 *** 12,73+ * %% 053
5 5 431 +0.03° 4.67 +0.00° 4.82 +0.05° 498+0.02  435.85+***
10 3.84 +0.00° 4.61 + 0.00° 4.64+0.00° 484+000°  4BT75.7%***
Cucumber t vaue 33.83%%** 14,07+ *%* 8.2k ** 14,08+ ***
100 5 356+0.17° 4.62 +0.01° 4.65 + 0.04% 479+043  34.20%%x*
10 2.78+0.21° 4.48 +0.05° 453+0.03 470+ 0.06%  363.18****
t vaue B.90%*** B.AQx*** 5.03%** 0.48
200 5 2.54 +0.03° 4.25+0.00° 4.27+0.14° 459+019%  32827x***
10 2.16 + 0.09° 417 +0.01° 423+011° 440+0.06%  951.37+%**
t value 8.84x % 10.62%** 0.51 221
W 5 301+ 0.05° 3.35+0.18" 3.38+0.19% 353+0.13 12,69 ***
10 2.70+0.32 2.85+0.39 2.91+0.37 3.07+0.12 1.34
t value 2.27 2.84 2.73+* B.12%**
5 5 2.49+0.39 2.55+0.34 2.62+0.36 2.68+0.22 0.36
10 1.65+0.03° 2.33+0.40° 2.43+0.35% 2.46 + 0.15% 11.33***
Tometo t vaue 5.22%* 1.00 0.88 2.01
100 5 1.28+0.15° 1.77+0.04° 2.22+0.22° 229+0.10°  B0.4LF***
10 1.00+ 0.00° 159+ 0.07° 1.84+0.00° 216+ 0.09%  402.11%***
t vaue 4.45%* 5.19%** 4.11** 2.18
200 5 0.00 + 0.00° 1.30+ 0.00° 154+ 0.03° 203+004°  5503.75%***
10 0.00 + 0.00° 1.08+ 0.09° 1.47 +0.00° 201+001%°  1820.63****
t vaue 5.41%* 4.05+* 142

Mean = SD(Log CFU/g)

a before storage.

*kkkkkoxxkk o ggnificantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively.

ed Meens with the same letter in a row are not significantly different from each other a o=0.05 as determined by Duncan's multiple range test.

5% AAG & AHG F9E AYstas ZEHAAT ppmoll A 108 HA| & A Qo= AH 7|7 &<t
7F AA7IZke]l Adel wet folHo g2 ST p< 384, 461, 464, 4845 FZHATT7} 93 (p<0.0001)
0.001, p<0.0001). =72} PR IAZE vAd=E Hd 7|+ o7 053 F7bste 7MW xEEudT S &
%l 6.00 PIFEOE Aol e T Lol &3t 50 Ho] F93, EntEs 50 ppmollA] 5% A & A|Hg
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(2007)°] AldHo] Bs FaAT AlFH3te vA=HA A 108 A T MHIE B FoHo|AE Ft
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o] 4910180, 7Y & FEF AF G2 das Aﬂ Foll 5 FA F AHF A5e] o] 334% T]F
A e EFEEIHTTE 2.00 7o) x}OlE Hel A A& AT AR 3YA FEF AHE 3 AFe
B FARE Aot o]AL B Aol HAAFE #E 71EAE 2t HAAEERE @S oA, A
T AAE g Aot daF AEE 3 AS BT AE 2 594 100 ppm FAFl 108 HA3 Ao A
Al oA AL Y= FEoIou, ARkl et 296, 200 ppm FATE 5, 108 &57F A
gk mel dag MFHES 3 A9t rdE ASES 7} Z}7} 233, 2160.= OlAa% AYstaies BF 7|E
AA SRR e FEdAE 4T AFHS vteA I A& 2HsEATE A 71kF B MY B e B
Qs Ao g AlRdn Ql AL 200 ppm Hiol 5 %M S AHZ Hle=
AEZAS AR 194, 3UA], 59/ 1.92, 1.95, 2.29,
3. MEo| mE iEHL2| Hsl 23308 {oH o2 F7}5F TH(p<0.0001). /\lﬂ = &
RE N85 AZdhd W A7 e gAATE 5 A% o AFE g A5} 50 ppm Fhol 5
Table 3. Changes of Coliform counts in Vegetables with different kinds of disinfection methods during storage
Disinfection Storage time(days)
Ingredient  Chlorine Concentration Exposure time ) FEE
: 0 1 3 5
(ppm) (min)
W 5 273+014°  334+007° 356+046° 459+0.15  5555%***
10 236+008° 247+029° 308+055°  433+0.18 4457+
t value 5.32%* 7.07%** 1.65 2.73*
5 5 214+026° 218+021° 282+019°  443+002°  174.40%***
10 154+003"  177+024° 216+009° 421+019"  333.07+***
t value 5.46** 301 751k % %% 2.77*
Lettuce - < 5 P
100 5 204+030° 209+025° 254+003°  3.69+0.11 79.61%***
10 152+017° 175+026° 211+000° 296+002°  95.69***
t value 3.63** 2.25* 26.53**** 14.69****
200 5 1.92+024°  1.95+006° 229+007  233+010°  14.08***
10 147+000°  169+000° 197+015° 216+009°  67.28***
t value 4.44%% 0,85+ ** 4.58+* 3.01*
W 5 321+004° 390+015° 411+031° 479+001°  82.23****
10 311+003" 381+000° 400+030° 468+004°  106.46****
t value 121 376.30%*** 5.74%** 5.50%**
5 5 300+000" 323+010° 366+026° 442+0.16°  83.94%***
10 2.78+010° 291+015° 315+040° 438+0.16°  5833****
_ t value 0.76 16.92+*** 0.84 245+
Spinach b b b a
100 5 295+000° 306+001° 319+000°  4.11+0.40 41, 59r**x
10 274+000  287+005  309+001  318+061 2.62
t value 3.92+* 15.42+*** 1.74 3.32*
200 5 243+006° 254+003° 262+003° 280+0.28 6.52+*
10 221+011° 228+015° 230+001° 251+0.28" 367
t value 8.91***+ 10.58**** 1.07 207

Sl
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Table 3. Continued
Disinfection Storage time(days)
Ingredient  Chlorine Concentration Exposure time P 1 3 5 F-value
(ppm) (min)
W 5 244+020° 320+016° 364+019° 379+013  7L70%***
10 224+015°  305:016° 357+0.16° 361+015°  93.72%***
t vaue 1.96 157 0.75 217
5 5 203+005° 225+015° 2.82+085  293+000°  9L27****
10 164+009° 184+000° 258+002° 285+002°  767.89%***
Cucumber t vaue 8.8+ *x+ 6.55+* 3.65* 6.94%**
100 5 0.00+0.00° 1.81+002° 272+013F  277+0.04% 1943.42+***
10 000000 173+004° 249+011° 269+017°  760.84%***
t value 3.75+* 3.14* 1.10
200 5 000000 125+012° 247+006° 2.84+0.11*°  1190.03****
10 000+000" 1.16+009° 233+020° 259+0.07°  608.69****
t value 1.31 1.61 4.48+*
W 5 195+003° 208+004° 231+0.09° 247+020°  12.91%***
10 190+000° 197+004° 211+007%° 220+0.10°  23.55%***
t vaue 4.01* 4.3+ 4.04+* 211
5 5 159+007 168+003° 177+004° 204+015°  26.09%***
10 116+009°  139+005° 154+0.03%  160+000°  64.54%***
Tometo t value 8.83+*** 10.30%*** .30k *** 6.76%*
100 5 110+0.15°  135+009° 1.39+005°  173+002°  4574%***
10 100+000° 120+015° 1.30+000° 142+007°  26.19%***
t value 158 2.16 4.12+* 10.41%***
200 5 0.00+0.00° 000+0.00° 097+015°  152+012°  34355+***
10 000+000° 000+000° 000+000° 1.36+0.19%  299.48****
t value 1555+ * 1.70

Mean + SD(Log CFU/g)
3 before storage

* k% kkk kkk%
’ ) ’

. significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 respectively

% Means with the same letter in a row are not sgnificantly different from each other a 0=0.05 as determined by Duncan's multiple range test.
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Table 4. Spearman correlation coefficients between disinfection
methods and factors during storage

plate count  coliforms
sodium chloride density -0.549****  -0.561****
Lettuce immersed time -0.188** -0.314****
storage day 0.731x***  (0.629****
sodium chloride density  -0.498****  -Q.777****
Spinach immersed time -0.190** -0.205**
storage day 0.717****  Q.440****
sodium chloride density -0.682****  -0.576****
Cucumber immersed time -0.135 -0.119
storage day 0.612x***  (,722****
sodium chloride density -0.842****  -Q0.857****
Tomato immersed time -0.167* -0.200**
storage day 0.371x***  (0.368****

* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001

ok

F=gA] 2 2] 25} 3] 2] A 259 A| 53 (2009)
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