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Applying the Disinfecting Effects of Vinegar to Raw Vegetables
in Foodservice Operations: A Focused Microbiological Quality Evaluation
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Department of Food and Nutrition, Sungshin Women's University

Abstract

This study was designed to provide basic data for the application and practical use of vinegar disinfection for
raw vegetable preparation in foodservice operations. The test materials were washed and disinfected by three
different methods(tap water washing, chlorine water disinfection, vinegar disinfection) and stored at 3°C and 10C
for 7 days. Then, their microbiological qualities were compared. Total plate counts increased over the course of the
storage period, and all samples, except in the case of tap water washing, remained under the permitted limit until
the 7th day of storage. In particular, vinegar disinfection showed the lowest increase in total plate counts(2.35~
4.03 Log CFU/g). While the total plate counts of chlorine and vinegar disinfection were within the 6.00 limit of
microbiological safety, the tap water washing treatment passed the permitted limit. The psychrotrophic counts
increased steadily over the course of the storage period, and increased least at 3°C, however, the tap water washing
showed the most drastic increase, while vinegar disinfection yielded the smallest increase.
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Table 1. Microbiological evaluation of vegetables in various phases by disinfection method. (Log CFU/g)"
Samples Phase by disinfection method” Coliform counts Total plate counts Psychrotrophic counts
Raw 7.69+.01” 8.47+.07 8.02+.02
Washing & peeling 6.60+.00 7.53+.06 7.69+.07
Lettuce W 1.53+.07 4.00+.66 3.69+.09
Disinfection” C 1.23£.08 3.15£.15 2.58+.00
A 1.31+.09 3.30+.00 2.45+.02
Raw 8.14+.03 7.12+.00 7.12+.00
Washing & peeling 6.47+.24 6.59+.07 6.591.05
Cucumber Cutting 6.001.11 6.20+.20 6.10+.10
w 2.34+.31 2.89+.28 2.64+.04
Disinfection C 2.33+01 2.95+.21 2.77+.10
A 1.99+.04 2.54+.15 2.47+.37
Raw 4.60+.00 6.84+.02 6.001.00
Washing & peeling 5.30+.54 7.01+.61 6.21+.23
Onion Cutting 4.47+.00 6.30+.40 6.00+.00
w 2.39+.23 3.03+.03 3.15+.04
Disinfection C 1.42+.42 2.32+.02 2.38+.08
A 1.60+.17 2.30+.02 2.43+.12
Raw 547422 6.24+.20 6.24+.04
Washing & peeling 5.25+.00 5.541.32 5.91+.00
Cutting 4.39+.27 7.01+.00 6.70+.23
Red bell pepper W 2.50+.03 3.75+.06 371.00
Disinfection C 1.42+.25 3.62+.05 2.56+.07
A 1.03+.03 3.17+.24 2.43+.26

" Expressed as the logl0 value of colony forming unit per g of sample(Log CFU/g) : mean of duplication

& Samples wee taken at the end of phases in disinfection method.
¥ W: Immersed in tap water
“ Mean+S.D
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C : Immersed in chlorine water made by sodium chloride

A : Immersed in vinegar 2.0 %
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Fig. 1. Changes in Coliform counts in vegetables with different disinfection methods.
W : Immersed in tap water C : Immersed in chlorine water made by sodium chloride A : Immersed in vinegar 2.0 %
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Fig. 2. Changes in total plate counts in vegetables with different disinfection methods.
A : Immersed in vinegar 2.0 %

: Immersed in tap water

C : Immersed in chlorine water made by sodium chloride
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Fig. 3. Changes in psychrotrophic counts in vegetables with different disinfection methods.

W : Immersed in tap water
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C : Immersed in chlorine water made by sodium chloride

A : Immersed in vinegar 2.0 %
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Table 2. Changes of coliform counts in vegetables with different kinds of disinfection metohds during storage.  (Log CFUjg)

Ingredient Stteorff%.e Disinfection” Storage time(days) F-value
(T) 0 3 5 7
w 1.53** 3.69% 3.81*° 437 659327
3 C 123 248" 3.10% 3.84% 2549477
A 1.31% 2.58"* 262" 373" 18275
Lettuce w 1.53*4% 3.80% 4.56™ 4.66™ 38.710
10 C 123 345" 3.97%* 3.62% 17.760"
A 131" 238" 3.19% 3.42% 122,004
F-value 4,580 84.850" 1013017 324.015
w 234" 2.52" 3.84* 3.92" 187.362°"
3 C 233" 234%™ 2.69° 3.69 178.2937
A 1.99 217 3.08% 3.32% 21938
Cucumber w 234 3.59% 4.15" 5.82* 161.065
10 C 233" 3.81" 3.97% 438" 1789.076""
A 1.99% 3.58% 3.69" 4.03** 285.098"
F-value 3.430° 743627 858827 31298
w 2.39* 2.45% 326" 4.00™ 77324
3 C 1.42™ 2.00% 2.41% 3.15% 46,6717
A 1.60%® 1.62°% 227" 235" 37.195
Onion W 2.39° 2.53"% 4.00" 4.15* 324.675
10 C 142 238" 3.45™ 3.67 97.009"
A 1.60°® 2.15% 2.23% 2.50 17952
F-value 7.754" 108713 70.246"" 55.7427"
w 2.50" 297 3.53% 3.85% 81416
3 C 1.42° 253 2.65° 273 2.508
A 1.03™ 2.12% 2.58%® 2.75% 300917
lee‘;ptfru w 2.50™ 3.00™ 3.66™° 4,78 151588
10 C 1.42° 2.84* 3.87 3.97" 93.154
A 1.03* 2.15% 2.57% 3.45% 1739317
F-value 24.643 35.8327 114.8217 60918
U W: Immersed in tap water C : Immersed in chlorine water made by sodium chloride A : Immersed in vinegar 2.0%

? Means with the same superscripts in a Column(a~d) are not significantly different from each other at a=0.05 as determined by
Duncan’s multiple rage test
Means with the same superscripts in a row(A~D) are not significantly different from each other at a=0.05 as determined by
Duncan’s multiple rage test

* p<0.05, ** p<0.01, *** p<0.001
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Table 3. Changes of total plate counts in vegetables wit h different kinds of disinfection metohds during storage.
; (Log CFU/g)
Storage . Storage time(days)
Ingredient temp. Disinfection” F-value
(C) 0 3 5 7
W 4.00" 4.61* 478" 5.15% 32.0307
3 C 3.15% 3.66™ 4.53" 497" 102,144
A 3.30% 3.48® 4.06° 4.45% 13.166"
Lettuce w 4.00° 5.42" 5.57" 6.12* 343537
10 C 3.15" 438" 4.64 5174 125.572°
A 3.30" 4.15™ 4,93 5.76™ 69.9317
F-value 2322 202,868 46.048" 199256
w 2.89* 438 441™ 5.15% 43963
3 C 2.95% 4.08" 4.36* 4.47% 11.279™
A 2.54% 3.61% 423" 4534 52476
Cucumber W 2.89** 4.92% 6.19” 7.09** 2633397
10 C 2.95" 4.53™ 526 6.66™ 963.423"
A 2.54% 3.87" 471" 632" 1210.386"
F-value 91276 430.1007" 156.084" 58.527
w 3.03° 3.15™ 4,16 428 136.590"
3 C 2324 2.87™" 3.40™ 3.95" 924,676
A 2.30™ 2977 253 2.53% 39717
Onion W 3.03¢ 3.53" 407 5.67" 1023.7277
10 C 2.32% 2.94™ 4.35% 4.62* 993.3257
A 2.30™ 2.59% 297 3.80™ 87.639"
F-value 295226 2914277 173.2347 1057357
w 3.75% 4,65 5.62% 6.12% 779.806
3 C 3.62°° 3.43%¢ 4.30°™ 5.11* 106.1427
A 3.17¢ 2.50% 3.00™ 415" 493270
Red bell w 375 476" 6.66" 723 i
pepper 10 C 3.62% 430° 5.12° 7.04 ;
A 3.17% 3.38" 4.00° 527° -
F-value 13.905" 3764337 4.420° -

Y'W: Immersed in tap water

C: Immersed in chlorine water made by sodium chloride

A: Immersed in vinegar 2.0%

) Means with the same superscripts in a Column(a~d) are not significantly different from each other at a=0.05 as determined by

Duncan’s multiple rage test

» Means with the same superscripts in a row(A~D) are not significantly different from each other at a=0.05 as determined by

Duncan’s multiple rage test
* p<0.05, ** p<0.01, *** p<0.001
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Table 4. Changes of psychrotrophic counts in vegetables with different kinds of disinfection metohds during storage.

(Log CFU/g)
Ingredient Stt:rrr?g.e Disinfection" Storage time(days) F-value
() 0 3 5 7
W 3.69*497 436" 4,157 6.12" 1123717
3 C 258" 3.15" 3.62* 453 51.794""
A 2.45° 3.38% 3.66™ 3.7 54.8917"
Lettuce W 3.69™ 5.33" 562" 6.44** 161.038™
10 C 2.58° 4.12% 493" 5.73* 7915575
A 2.45° 424" 4,49 5.33% 482927
F-value 329.058" 144,408 113949 172.012
W 2.64% 4,48 6.09" 6.80"* 363.924"
3 C 2.797° 3.69" 5.62% 5.88%% 353.601
A 247 3.66™ 5.59% 5.72% 3204.4017
Cucumber w 2.64" 5.11°¢ 6.23% 6.81* 348.679"
10 C 2.77° 4.65™ 5.61* 6.06™ 1953.8317
A 247 447" 5.11% 6.12°* 214.482
F-value 78.976" 128.547° 24517 208.768"
w 3.15¢ 4.45™ 4,144 457" 283.879"
3 C 238" 430" 452" 4.50° 22.349
A 2.43™ 438" 4727 471" 61272
Onion W 3.15% 470" 498" 5.09™ 428.837
10 C 2.38% 3.69™ 414> 476 15238
A 243 3.15% 4,08 462" 51.990"
F-value 25.060" 155716 57.1417 2945.536"
w 371 4.60™" 423 5.12% 59.0417
3 C 2.56™ 3.85% 3.78% 4.85% 324707
A 243 3.60" 3.15% 451" 64.242
Red bern w 3.71% 4.82*° 4.00™ 6.00"* 1464779
peppe 10 C 256" 459" 338 5.43% 263.161""
A 243 3.59% 3.58" 5.1 118291
F-value 8.827" 356527 38.904 148.625

Y W: Immersed in tap water C:

Immersed in chlorine water made by sodium chloride A :

Immersed in vinegar 2.0%

Y Means with the same superscripts in a Column(a~d) are not significantly different from each other at a=0.05 as determined by

Duncan’s multiple rage test

¥ Means with the same superscripts in a row(A~D) are not significantly different from each other at a=0.05 as determined by

Duncan’s multiple rage test

* p<0.05, ** p<0.0l, *** p<0.001
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AR e AZ 39FEH 400 0|39 &S UER & Hzy 259 3F daT A5H vzsAY
Rew, AF Tdel= A2 6.4, 5.73, 53322 3C A T 2% A7 e & 7 AT
Ze AR L £ UERALH 2. AR} &% AT U] HYd @t Escherichia
909 AR AF 7i7te] A wret Fr1e} coli 0157:H73} Listeria monocytogenes®| T3t 4 &
= 2%s Ushisled sE52 AR dede & Ae AN 2 BE ARM 5402 YEsith
7hEol 7HE ey A 2EA wE Aele FIsk 3 AF = A5 ALse A wE WA
A ek 2 87 A% d3dIre AZ 71de) 39
Fure] e a5 AFY APgTTt FET A of wet FUbstAed, I R HAERTR &
A, a5 2%, AT &5 AT 27 315 238, 53 39 AF 39 74A 2.3837T), 2.58(10T) 2 A
24301909 Aol A7 7]7ke] APl wet AN F 1A E HHEIGL, s AR F¢ AY 3L
Ztetger, A 2= @ AolE ekt 53 TEH 47 3.89, 3.69= FASH EUtst AF 749
FEF AH F 10TAN AZsHS o) 50902 713 e 466, 4372 71EANE 2HsAh 209 F
w2 FEL Usidded, ol A2 Adg A AL B9, AZ 2= BHAAME PldEY F2
7F AEY 37 A A AF —‘?—Jﬁg‘r % (Snyder OP ol Aolzt ASATh Egk A 7Ikbo] Baetel wpet
20000] He Aoz & wf AF GAGel] 91l 2 FdTre FSRL, 2RV 225 2 3750
T e ALR ARFHAG Atk 53] ¥ B9 AF 3G daF &
g ALlE 4% AP FE5 A, daF 5o A% 2873T), 2.94(107), A& 259 3
&F, N2y 2% AT 47 371, 2.56, 24304 A F 2773°C), 2.59(10C)2 wxe FEeloH, A
B30l Bl meEt AR Addre S7HA Z 5UREE 9aTE 25T Aol ¥/ YEd2
o GaFg o8t 25 A% 2T 25E @ 2Z2A 258 JaFe AF T FAMA ALEAE
Ade Hsd & UEloH, sET2 A H H2E ol8F ALF hFo] Aol A
T AZE Feole 10T AF 7494 60022 7H3 w2dvh B3 F339 Zeeles 10TAN A 7d
¥ FAE eIl A 247 723, 704, 5212 Az £5E AL
EF AFG daf 252 BF JEAE 2739
v. 2 £ Aot A2dded Bz BE ARAAM AZ
713bo) Bl mEt S7EE RIJEY TETE
2 A7 FARNA olgHe AaF T I ARG Feolle 37H5<] 71 Ao
F, 20, ¥ & JEe U AA A A
FEF A, di £5(4% Aotdadt HEF) R A ol A, AT DAY aFAHG] I
Z(FAE 61%)E ol §ad MA A H5E QA Holw, Axg A% Fe A dFEY FHLd
AZSAA, A 7EA AF D a53d 0E vdE A ARESke 94s £5% HssiAY eed 258
A F2E& vE ggeza AAaFe AAY A B G2 € 5 AU wEA Haxs &5 ¢
Az 2% PP AE 7t 2 A& Lol Bt & &%, 5 AEF AoMPAPUERS #Y =@
71z ARE AFSnA sglek 2 A7 4¥ 2% & 3, A LA5E¥NoEM AHE Jhedthal AR
£ eorshd o 2 & Holth a8y & d7E HxT &59 A&
LAE 2 258 me olgg 297 43t = kel @3 712A d7EA 2 794 AHSE
B ANEdAM g dBEEF, FEF ALY daT £589 4% dFEY FH&00A Age
#¢7E A3 2 253FE AXEA Z1EA olst e i F4 {4 x}%bﬂ% 1oz 139 o
2 Zasige, 53 9aF 2570 dzxg 25 WAL &5 F 339 AFHoR £PHUIL, HAET
o A% & HLE BYoEN FAaTFe AA 459 Fe 399 AuAAR L5 F 189 AFC
of £253gol ALHPES AT F AeH, B 2 FIF22ZA NAA 7 &5 F AFH A 0
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