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SUMMARY

A study was undertaken to suggest the method of effective microbiological
quality control in the process of salad products flow in school food service
system by application of electrolyzed water and comparing it with general
process of salads production flow using chlorine water, thereby establishing a
practical food quality control based on the HACCP system.

For electrolyzed water property analysis, treatment groups were set by 3
different manufacture conditions, including EW-1(electrolyzed water of
diaphragm type 1), EW-2(electrolyzed water of diaphragm type 2) and
EW-3(electrolyzed water of non-diaphragm type). Effect of sterilization in
vitro was determined before storage and changes in pH, oxidation-reduction
potential and HCIO contents of the electrolyzed water were monitored at 5C
and 15C for 30 days post-manufacture.

The changes in the physicochemical properties are following;

post-synthesis, pH for EW-1, EW-2, and EW-3 were 2.62, 259 and &8.87,
respectively, resulting no change in pH of EW-3 irrespective of storing
temperature. ORP of 1139, 1175, and 813 mV for each type did not change
except in the EW-3 type in which ORP dropped to 747mV 24 days post
storage. On the other hand, HCIO contents of 53.5, 143.55, and 157.33 ppm for
each type diminished regardless of storage temperature and manufacture
method in general. Sterilizing time for each type of water against 8 strains of
bacteria, including B. cereus was 30sec for EW-2 and EW-3 and 30 sec-5
min for EW-1 from the result.

In order to determine the optimal electrolyzed water for application to the
fresh vegetables, organoleptic, physicochemical and microbiological properties
were investigated for 7 storage days after washing fresh head lettuce with
EW-1, EW-2, and EW-3, and compared them with CW/(chlorine water) and
TW (tap water) used in the food service facility generally.

From the sensory evaluation, treatment EW-1 and EW-3 showed the high

score from 1st day after storage in appearance, discoloration, texture, taste



and overall acceptability. Four days after storage, however, treatment EW-3
alone resulted in a high score of 8.00(very like) and maintained it at 7.00(fairly
like) after 7 days storage. treatment CW resulted in significantly low score in
the category of smell of chlorine, however, no concern over chlorine residue
of electrolyzed water should be necessary.

As for physicochemical properties, water contents of the head lettuce after
washing with each treatment water ranged from 95.96~96.79% and Aw for
each sample was within 0.94~0.97 range after 7days of storage. In general
pH values tended to increase in all the samples and total vitamin C loss for
treatment CW and EW-2 after treatment was about 24.14~33.50% compared
to its control value of the raw material at 6.09 mg%. Residual chlorine
contents on the lettuce after washing with each electrolyzed water was
comparable to that from washing with treatment TW, however, treatment CW
resulted in 2.06ppm which is equivalent of 200 times higher than the
treatment TW. Changes in color difference(AE) right after treatment were
minimal across the samples except treatment EW-2, however, after 2 days
treatment EW-3 showed a comparatively low value. The firmness measured
by Rheometer, all samples maintained the firmness right after treatment with
an exception of treatment EW-2, which showed reduction ratio of 29.84% in
firmness.

Total plate counts for treatment EW-3 after immersing was 1/3,000~
1/30,000 which is low compared to counts for raw materials and treatment
TW, and it rearly increased until 7th day of storage. Initial count for CW
treated lettuce was 1/10 of the count obtained with treatment TW and in the
case of coliform, the counts were similar to those obtained by total plate
counts. Psychrotrophic counts for treatment EW-3 was decreased to 1/30,000
of the initial bacterial population.

Time and temperature conditions, pH, Aw, total vitamin C content, residual
chlorine content and microbiological quality of salads treated with EW-3 and
chlorine water were examined at various phases of product flow in a school

food service to assess food quality as related to the system of operation. In



addition, CCP(critical control points) were determined based on the HACCP
system.

The quality of hygienic conditions for the kitchen and staffs ranked average
and through analyzing sanitary condition based the kitchen layout, the
working area was rather undersized for all the Kkitchen staffs to work
efficiently without getting a cross contamination from each other. Average
seasonal temperature and humidity of the kitchen was not satisfied with
standard temperature and humidity as below 25T, 50~60%, respectively.
Average time and temperature for making salads was over 4 hours at 15~2
3C and the temperature of the original ingredients and salads themselves
ranged from 6.25~13.05°C at which microorganisms proliferate actively. Water
content of salad from preparation to serving stage was between 0.92 and 0.94,
again the range that will permit growth of microorganisms.

Treating the raw materials with chlorine water decreased the total vitamin C
contents by 11.87~30.82%, however, treatment EW-3 resulted in the 1/2~
1/3 of the loss observed with treatment chlorine water. Residual chlorine
contents after immersing the raw materials ranged from 1.16~1.75 ppm in
general process with clorine water, however, EW-3 treatment resulted in 1/5
8~1/70 of the value obtained from such general process.

According to analysis on microorganisms found in salads, the level of total
plate and coliform counts found in a general salad preparation process was
over the safety level, however, in the process utilizing EW-3 treatment
satisfied the safety level from the assembly to serving. Microorganisms
found on cooking utensils and equipment found in a general preparation
process was also higher than the safety level, thereby increasing a chance for
a cross—contamination to occur. However, treating all the cooking utensils and
equipment once with treatment EW-3 at the initial step of the preparation
resulted in an acceptable level for food safety.

Based on a hazard analysis, receiving, pre-preparation storage,
pre-preparation, cooking, storage after preparation and serving turned out to

be the critical control points for salads in a general production process,
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however, when treatment EW-3 was applied in such process, pre-preparation
and storage process were the only critical control points. Treating all the raw
materials with treatment EW-3 for 5 min at the pre-preparation and also by
sterilizing all the utensils and equipment including the rubber gloves with
treatment EW-3 can effectively sterilize the initial bacterial population of raw
materials and prevent any possible cross—-contamination from initial to serving.
This will in turn result in meeting the microorganism safety standard in food

preparation.

In summary, treatment EW-3 with the most effective sterilizing property
without compromising other qualities was used in preparing salads for school
food service system. Salad produced in general did not meet the
microorganism safety standard even after chlorine water treatment, however,
application of treatment EW-3 in each and every step of salad production
process was attributed to meet the safety standard. Considering that salad
products can not be heat-sterilized, utilizing treatment EW-3 for preparing
salad will significantly improve the critical control point in salad production

process as a part of the new effective sanitizing management means.
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715 AAT = 7bed g 2ASA o

M Fe e g dEA oy, AF

wel dARE Ay x5 AFsHA ZA S oF dkt). Ohta®l Sugawara:s

A A3 FAFZE basket BEFY (A7 52 cm, 1000 rpm)e]l YAl EE] 7)ol 30%
= 25 7 Ak F(32).
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A AR AR Al Al2"lE Fig. 13 o] 7435kt &
Aol EAL Auba @ LA WA o g |d i 2 H7REES FA
g A"l A A8 F AEF ATt A5 olgw v HERE A
H& (701401 mm) o= A Astlar, Auprox = A kA mE dag¢ 5
AL AHKR7] 9] A HAS 08, 1.0 mmz Zz WMAsEq Agst 5
AEF 33 Egh A TS AHFHRE FsteE WA TEEEE

3|

q Diaphragm type Diaphragm type Storage
Supply | Filter Blending electrolytic cell electrolytic cell > water
water tank tank
(1 stage) (2 stage)
Electrolyte Storage
supply ater
pump
Non-diaphragm type Non-diaphragm type Storage
Electrolyte [L—| electrolytic cell - electrolytic cell > V:atf]?(l‘
tank (1 stage) (2 stage) an
Storage
water
tank
)4 : Stop value

Fig. 1. Schematic diagram of electrolyzed water system.
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2. A7 AT

Ad AP T= Table 13 #Zo] Mg Az we} 37H(EW-L,
EW-2, EW-3)2 &ttt Al dafjs Axol AH§d dald NaCl &9
T duAEs B 249 HA TEQ 20%(w/w)E THEo] Abgatdlon,
A7 Afrs Ax FA A AR AEAFS dstd o, 77
AalFE 3L Feheg A 87](30x30x15 cm)oll wol 5Te 15T 9] Wit
35U 3F At A J W3s R

i

=]
E/Ko

—_)

Table 1. Physicochemical properties of the treatment water

Physicochemical properties

Ireatments pH ORP(mV) HCIO(ppm)
EW-1" 2.54+0.00 1139.50+0.71 53.55+0.50
EW-2? 2.24+0.00 1166.00+1.41 147.55£1.56
EW-37 8.94+0.01 807.00+0.00 157.33£1.75

v Electrolyzed oxidizing water produced by diaphragm type 1
2 Electrolyzed oxidizing water produced by diaphragm type 2
) Electrolyzed oxidizing water produced by non-diaphragm type

3

e

3. A7I &3 EA

715242l pHE pH meter(Suntex, 2000A, USA)E A3t o 2ks}hgt
444 (oxidation-reduction potential; ORP)¢] Z=AH-<& ORP meter (RM-12P,
TOA Electronics, Japan)&, 183 ZFo}d A4HHCIO) e 2537 (33) w
2 APl o Aa4 50 mLol KI 2 g, acetic acid 10 mL$} 1% A &2 A] 2F
= 9 e ket 240 HEE % 01 N NaS:03 §oz 749 &
Fusld WA AAse] 2% 01 N NapgS0:9 A mLE o2 el
upe} SAkeke] xpobdd A4Hppm) &= A

ZFold A4 Hppm) = 0.1N NazS:05 AH] #H(mL) x 7.092
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4. M= 54

7b AT F
Bacillus cereus(ATCC 1012), Salmonella typhimurium(ATCC 1925),
Erwinia carotovora subsp.(ATCC 2776), Pseudomonas fluorescens (ATCC 2344),
Escherichia colilATCC 1039)& FAFstA T4 FHA2gA & ol A}
3l o, Aspergillus niger(K 993), Lactobacillus plantarum(K 464),

Staphylococcus aureus(K 171)% =2 FAFHoA &G o} ALESLA

. ALgH A
Bacillus cereus, Salmonella typhimurium, Pseudomonas fluorescens 2
Erwinia carotovora subsp., Staphylococcus aureus, Escherichia coli®] 8|3} A<=
+ Nutrient Agar(Difco A}), Aspergillus niger= Malt Extract Agar(Difco A}),

Lactobacillus plantarum+ MRS medium with 5% LactoseZ AF&3}1

o vABE ATAE

g T 60 mLe] HiXe] HF s 25~37C 9 incubatorol Al 24~T72A]
7Hsob wjde F Fujdd 15 mLE  ependorf tubeol FHalA YAE
12,000rpm, 10%)3Fe] AEde Wi thA] 0.85% saline 1.5 mLE 7Fste] &
A7 vE BhA] dAlE el ste] Aol E2 wiFels AT ol HA Ao
Al 15 mL B ds-E Yol d8d ¥ 1 AT d 1 mLA S v
el xS Ayl & 5 7hete] 100 mL(#j Y
1%(v/V)E & o, =FAZ0 gho] 271, 058, 1%, 2%, 5%, 10 % 20%
ol Aup Z+zF 1 mL# &t ez dA 345 v viAlel pour

2] 2]
platingdt & wjsldth dETFe HT SHFFE ARSI TH3E4).

>om O

A
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A 2Ad Aig ATl wE F

1. A5 2 AAF

B Ao Algwd S F(Lactuca sativa var. cappitata)s= cripsheadd 2
New Lakes #& o= 2004d 1149 %, A& 7Hge w5ide mmfja gl 9]
& oy 74 15 cm, T % 1.8 kg A9 S AH&sHadth
AT AlHge] Sl vk 57EA(EW-1, EW-2, EW-3, CW, TW)®Z 3}
= Hl, 24 Aee] =42 Table 29F 2

Table 2. Physicochemical properties of the treatment water for head

lettuce
Treatments Physicochemical properties

pH ORP(mV) HCIO(ppm)

TW" 7.60+0.01 516.50+6.36 0.55+0.07
EW-17 2.56+0.00 1137.24+0.49 54.66+1.21
EW-27 2.27+0.00 1163.00+1.73 145.21+1.47
EW-3" 8.51+0.01 838.00+0.00 169.33+1.75

CW” 9.38+0.01 381.50+4.95 105.1+4.53

b Tap water

? Electrolyzed oxidizing water produced by diaphragm type(l stage)

» Electrolyzed oxidizing water produced by diaphragm type(2 stage)

Y Electrolyzed oxidizing water produced by non-diaphragm type(2 stage)
? 100 ppm NaClO solution

aEal FRF AAYE Y SA 29 e 1k @l 25 AAG

2HG A stysit WAA FASAl sampling 3T

AR A e = §2F2100x90x70em)oll A1 10£1.0C =2 A2l st A28 HNFFE AL

AL, IAFFS Al TF 108, JAARLELS 5EIF A & A nke] WA

o™ 10015 g©@9lZE  sterile sampling bag(Whire-Pak,
e & 5T WAarel] ®RytstHA Aol AHE-sES

—
o
oz
)

N
rO
i)

Nasco, USA)o| 7
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2. °|3t8tx F4 &4
b FEEETS A
FEIZFS AOACH 35 wel 16T FgAxH oz 33 olA} A3}
O HEge Argstden Awel 4L 72 Agd HE A8EE AHsY

=
blender(Model KA-2600, Kaiser, Korea)2 183t & o2 743} Azl & 3g¥
#H3ste] plastic &7]9] ©o} Aw-Therm (Thermoconstanter Novasina, Type :
TH2/RTD33, Swiss)® =4 3} 3 t}H(36).

Y. pH
pHe A& A& 10 g4 FAE 2ok 100 mLe FTHFE 7hsta
blender(Model KA-2600, Kaiser, Korea)®Z 13t F&5 02 w#A3A7l § H]o]
7ol o} /\]GJB‘OHOE Abgst o, Ao pH meter((Suntex, 2000A,
USA)E AH&3te] FA 53]

o. FHEH C
2, 4-Dinitrophenyl hydrazine® (37)o] uwe} A ZFstAth. Al& 20 goll 5%
metaphosphoric  acid(HPO3)-&<9 60 mL< 7}3}31 blender(Model KA-2600,
Kaiser, Korea)Z 13 FT&Ho= d#ZsAFHT of7]d 20 mLe 5%
metaphosphoric acid &5 Ab&ste] g Aol d4dZe7] (Model
Centrikon T-324, Kontron Instruments, Italy)E ©]83}¢] 9000 rpmoﬂ A 2087

AAEZse] A& AENS Whatman No. 2 o #HA 2 o33 & 100 mLE A
%—:l- /\]JEJ_OH% }\]ZS‘J,Q.OHQAE /\].8.'5‘]_ . A]fﬂﬁ.oﬂ 2 mL/V\] }\]6‘43":]— 27Hoﬂ ZH'S‘]_O%
Ald#d 1& F BER CO blank® 3Fal Al@ ¥ 2& W e Co] Aoz )

Sia=s /\]@% EFo+ 0.03% DCP(2, 6-dichlorophenolindophenol sodium)-& <} 1
mLe 2% thiourea 2 mLE 7}slx, Alg3 20 2% DNP(2, 4-dinitrophenyl
hydrazine) 1 mLE #H7}star &5z 37CFolA 3AZ Tk WA 3]

oxasones FAAIZ T AdSE FToA w&Ae] AlFH 2740 85% HSO4 5

mLE Faloz A3 7tste] 30%3F vortex mixer® & T3tk 19 Al
F= 2%¢ DNP 1 mLE 7Fstr  A2904 3087 WA &
spectrophotometer(Jasco V-570, Japan)E AF&3te] 540 nmolA STHE=E =4
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Fig. 2. A standard curve for ascorbic acid.
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BE A, 98 xUF9 3 XS A7 33 W A O "o yE
i et
g} =
T dee dFEe A FA A (puncture test)S okl FA S

A& Table 3% #& W92 Rheometer(R-2001, Sun Scientific Co. Ltd.,

England)& ©]-&3to] SASA. SHA A 27F 4014 s A8 AANE
ARESEAY. A EATOA 571 ARE FANR FE, 4 AR AN

9ol el 33 wHE SAR & HrAZ YEr A

Table 3. Instrumental configuration for measuring hardness

Index Condition
Type Measure force in puncture
Distance 1.0 mm
Test speed 50 mm/min
Plunger puncture probe(riddle type, ¢ 0.1mm)

FHAoR FFF 10 g€ AT H 90 mLe BHAHAATFE 7Hah
stomacher(Laboratory Blender Stomacher 400, Srward)® 183} # 43 Azl
S, 247 AlEdS 1 mLA FHAste] 9 mLel B A A AR A 3 A et
M 1 mLe 7 9A AN 1 mLAS HoE AEZHPA 2uf o] Ao
o7 FHolo] 43~45C=E HA %k Plate count agar(PCA, Difco Lab. USA)
mLE FAH o2 EF319 pouring culture method® HE3F S, 35+
1Col Al 48~72A12F wik$ 1 HAd 30~300702 Hete A HAS ©sh
colony+E =439 colony forming unit(CFU/g) 0.2 A&} TH3R).
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T AAe sdd o E ARE AAYS & AFEN 1 mLet 7
GA AN 1 mLAS Hd HEZHA 20 o] o] iAo m FHsto] 43~
45°2 A3+ Chromocult agar(CM, MERCK Co. German) ¢f 15 mLE Y13
o2 FEF3}9 pouring culture method® FHE3F v} 35+1Col A 48~T2A] 7k
HiFAIZL & 19 30~30070 ¢ HeEs AET WS "9ete] colonyTrE S

A3l colony forming unit(CFU/g)S 2 ¥ A3} th.

GAl A ImLA S it HEZHPA] 2] o] Ao Ao R Hsto] 43~45°
2 A3 Tryptic soy agar(TSA, Co. Medium) ¢F 15mLE Fd & oz F 53}
o] pouring culture method® HZF 3t ths, 7x1TCAlA 747 AFAIZD & 153
T 30~30070¢ HEges AL HAS Bt colonydE A3 colony

forming unit(CFU/g) 2.2 3£ A]3F$ tH(39).

4. #53 F2%7}

FETFE 5T 793 At Y oF A0 F=AEATLY T
f P5ed 209 Yo 99 FEWUOLR VEE PAE Ao,
9 v FeoR 182 wf o E etk AA Alse £33 A
(24, 274 20cm)oll ol AR o FrFeEL o] ¥H(appearance), ¥4 A
% (discoloration), 7338t “X(clearness), 94 F (smell of chlorine), =27

==
(texture), Z(taste), A A& 7|35 = (overall acceptability)ZA 33] % 7}3}1 .
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3. 7% MAEE B¢ ANE B}

T wAEE Abeto] e Aok Bk A T AF
o mA 2P FA ] Ao dAE ARk

oy
e
|l
o
B>
il
i
H
e

7}, %*4 FE5E AARA

Aaoxel s AAE et xR AR, &7 2 A9F
AAH o FA Ao R Az HIF(EW) AihsE H&ste] g
77k o] FA 5 Eo| HACCP 93 & &3

= 1
of elgAolA A 7t fllersE EAsta oo wWE EAIHEES Wl A

1) A4 A8=

A AYE=e) FAEAE 948 2 5 (raw materials & receiving),

44 2] (preparation), & (mixing & seasoning), ®.¥(holding), ¥2](assembly &
serving) ] S5THAIZ FAE™ Fig. 3, 401 A AT

A Aol e WHS Table 49 YR ublel o] ESstalo]A] o] &

Fal

ol

g ErzaWe ddsgon Qs 17000208 49 99 ope] g
Hol geo] st A%, HE/, 47 59 AAeE AA =dyH &
T F oA Aol mastarish wa =
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Table 4. Formulas for preparation of salads

Ingredients Weight(g) Total quantity(kg)”
Head lettuce 13 15
Celery 7 8
Cherry tomato 15 18
Vinegar 14 1.6
Sugar 0.8 1
Salt 0.08 0.1

Y Total quantity for 1,162 portions

Astel FARAE QAR D A, A, 2@, 2@, 949 sHAR
5, 691 Zﬂ/\] sk ar, Aate] @Al 9= Table 59 Z2th A A=

] L6778, Q4 S2Em(EAY) 16562 20 A
g obel Qusel AL wusgivit A4, BE7 o A4S AA

1= H
HAAAA B Ak $ Ao Basdtrt wi H A

. A A28 A R 2=
A e = gl Ao LRSS 9% ZF dAY] AQ AR 2 timert
digital thermometer(Fluke 52, John fluke MFG. co. Inc., USA)E Al&3to] =4
sttt AQ Az Ae= AL ZF dAe] At EFue A - A S48
A AEY] FAEe AEAHE FAY FHERE 4 WA TR ARCdA 7

N
S3hql e,
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Table 5. Formulas for preparation of apple

Ingredients Total quantity(kg)”
Apple 9%
Sugar 1
Vinegar 1

Y Total Quantity for 1,677 portion.

3 v4E =

EEELEIEE T

NF W §7), FAFAAE £

I

LG A A A FHFE Al eE Akl AR
wA A e Sl diske] AAES

Al

D34 F

el
e

N

Zy A Aol ARE FHAHOZE sterile sampling bag(Whire-Pak,
Nasco, USA)el 100 g =X st BE AAH7 4ds] & W74 =
A o] WAae] HASATH} ice boxell wol A@AR Hkste] #2451
oo FEAeR 2zt gAY AR 20 g2 % ¥ 180 mLe| Ew A

3}o] stomacher(Laboratory Blender Stomacher 400, Srward)® 187t 723} A]
2% o] T 1 mLE FAste] Alddeor Atgsigion 7 Algs EEUHES,

38)el whet EA sk

o] Ag5 1 mL¥ FHste] 9 mLe i“ﬁﬁ] AT GA 34
ahith. A& ImLet ZF A 34 ImLA & HEZHA 2u] o] 44

Hog o] 43~45C=E A3 Plate count agar(PCA, Difco Lab.,
m 2 FF3}o] pouring culture method® &3 S,
G oA &1 FAF 30300709 HEhe AAS Hd
< "3t colonyTE 543t colony forming unit(CFU/g) 2.2 A1

r:p
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-
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2 A e 1 mLge Wi A=A 29 ol gHel TRHow kel 4

7
N
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job)
09
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O
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job)
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2
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(@2

mLE
T+A o7 FF3e] pouring culture method® HE3 L, 35:1 Tl A 48~72A
T 1 H33AF 30~30070¢] AdFAN FAA Hehs A FaASs

g3lo] colonyFE =43t colony forming unit(CFU/g)& ZE A&} th.

t}) Escherichia coli
Fodoez AqMHAE AR 25 go FTE AAM A<l modified EC Wl A]
(novobiocin sodium salt &< 7} 225 mLE 7}3 & 2EnAE o] &slo] it
Asglste] it At EEtazo] &7 35x1TAA 2443 S wiSstdch &
 wjkdS MacConkey sorbitol Agar(MSA, Difco Lab. USA)el HZ3dlo]
365+1TCoIA 18A1ZF wlgsle], sorbitole ®alehA @& FAFHSS FHeH
Eosine Methylene Blue Agar(EMB, Difco Lab. USA)ol HZ3stsitt. EMB 33
A& 35+1TCell A 24A12F wiekstar, =29 S84 FEo]
Nutrient Agaroll &7 35+x1TColA 24A1 7+ WS a8
A& 3M petrifilmol] ©AE AN 1 mL¥ FHF8Fo] 35+17

& ¥ JlERA P4 Qe Hastac,

a

2}) Salmonelila spp.

FoAdoez AHA AR 25 g STE AAuA|S]  Selenite F
broth(Difco) 225 mLE 7}k § 2Evt7E o] &sto] ddststo] Hite &
ghx=e] &4 3B£1TAA 2443 S wigEATh 2l
MacConkey Agar(Difco)oll =&3a}e] 35+1Col| A 24A13F mjeksl & Aol f1f
vl el vt o]l Hgehs gelstdnh. Eelwidd FauiA el d2hs Nutrient Agar
of &7 35x1TelA 18~24A3F Wit & ST dS st AP 20
E kit(BioMerieux)& Ab&3te] FA3ste] Aglstdet. =3 wigd +&
TSI(Triple Sugar Iron) Agarel] Z=x}o]2l&bar 35+1Col A 18~24A17F wjj %k&}o]
A=A AdE HAAstd 5 2 SalHA gon xw
Aol gAlow Wela sharp A E o] wiA] AR ddo]l YW {3t

28 WSt AR Ae] SA7F PFeow W



ul) A ¥ 5w AT F(Staphylococcus aureus)
A7 25 g2 H3F 10% NaCl 225 mLE #7Fst TSB ®l X (Tryptic
Soy Broth, Difco)ell 7}3t 3 35£1TCoA 16A1F Sduj kst Sw g S
Mannitol Salt-Egg Yolk Agar®ll @%3]—0% 37+1CAA 16~24A1 3+ vl &gk}, wj

FA, A A B B ek wel)S UER L TR ek uw
F(dERts Aol e HEg2 A EES HAAEAY. ZEudd HAa A
Aol F eSS Nutrient Agarell =7 37£1Col A 18~24A17F v ksl 3 13- A

tlo

AAajste]l  E=Ae]l wideS e a"EAd ol FRIEW coagulase

test(staphylase, Oxide)E& A A s & S37} dojuypd Fgd oz AA AT

2) AHE71F+ 2 £7]
A A e ALEEE 7 vl §7] E A TelA ARE AHT
W= swab WHE o] 83U FFE rinse WH(A3, 42)02 ABRE A FHFH

S, AT 2 FAEESTA] te vAdE AAE AAs i

7}) Swab test
Ayt Aol A (Model Pro-media ST-25, ELMEX
Limited, Japan)& ©] &3l Ao 3 7S 124cm’e] BEWAL wul
WAg7), # e, dad 2 Fgeiee 100cm®] WA S & swabshe] @it ®
0.85% salines A< cap tubed] Y& % ice hoxel| Ho} AdAz2 gwtslo] n

BE=HA S A8

ME
M
)
=)
oft

B

1) Rinse method
g+ 100 cm® WA st FRS ddd s9E Zet sterile
sampling bag(Whire-Pak, Nasco, USA)ol To} 452 A& ice boxo] Fof 4
AR sl & 100mLe "B A A AF rinsedte] 7 HES A BEFE sl

qojg wEol 4R A A,

o gsss B4 2 Aojwe By B}

A Aels 5 F2W ARRGAN Ao HgPds wAsD ]
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&9 A Aol o v AFAI vugozH wAETHoR FI}
Aol AT Weks A A HACCP systemo] <A F2#32]d(CCP
Critical control point)< TFH3slaL, o] & AT &= J= 23K A W
= EAE7] fste] S5 A gdA s dAl] oj2= H dAld AA +H
oAzt 7F @A AQARE B SRAAEE EA8Ha o]shEA AR M AE

sS4 gardse 28, LA

4. FAAH

SAS(Statistical Analysis system, version 8.1, SAS Institute Inc.)E ©] &3}
o ANOVA % Duncan® ©H¥H$¢ 74 (Duncan’s multiple range test)S &3}

5% ol A ZF AlEzte] ol ARl AbelE 53 TH43).
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7}. pH
Ao AzzA wE A S pHe W3 Fig. 7 2 8% o] el
wth Ax2%F EW-1, EW-2 @ EW-39 pHE Z+7F 262, 259 9 8.87°] %t}
AFLew 5T A9 EW-1S A% 3UdA7A = 262~26429 FEo7 FAH
b 6LANE 317~379 FEo® FUFEe] ol Fdli= & WEyh Ydth
EW-2& A% 12d#7hA%= pH 259~294 $£&o2 §AHT7 A% 15975
Bl HA S718 & A% 3094 pH 5 oz S7hsksih wbd, EW-32 A
304 7kA] pH 887414 pH 825 FFo =2 °ofzt @ié}—t— AgS By
Aol WMatE HolA @t Aow Jeygrh adu A% 15T 4§, EW-1
2 AR 34A7A = pH 260~2.649 FFo2 A= 694 5E pH 3.18~
3BFEoE S olFo= & W gllen A 2o wWE Aole &
4 9tk EW-2% A# 1294 71A1%= pH 259~2.77 F5o 2 FAHT7 A%
5YAFE = A3 7k & A% 3094 pH 4515-F0 2 F7teg o A%
Sxo] & Aol athA] AA FkEdl ol e A= Willk(44)7F Al Atks)

F2 797 AGAS v pH 7S] W7t Ao gldtia B gk viel A xstE
2o vEyth 8 EW-3% A4 30941704 pH 887914 pH 840 %<
2 ot gadts AFS oy Ao WaE nelx gE Ao yrhgon
AA AR LEo] BE Aol g Ao eyt
i} 3-gd de
Aalre] Azxzzd mE A T AstEAH$(ORP)S] ¥Wst= Fig. 9
2 107 2gkth Alz2"EF EW-1, EW-2 2@ EW-39] ORPE 7+7} 1139, 1175 %

813 mVolltt A% 5T A5, EW-12 A% 3dA71A = 1138 mV F°
o2 Z7AE AR A 6LdAdE 1133 mVE 2 ghol ozt 743t
o A 30974 1127 mV FFo s 27|53 2 2ol2 Yeh A skt

H;RH
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gal EW-2&= A% 1594744 1174 mVZ gke] W3zt A9 ¢luzt A4 18Y
AHEEH A 304 A 74 = 1168~1160 mV & FAstG T ¢H, EW-3&= A
214 A 7FA] 813~809 mV TS frAlste] wuwgh WEE ®Blov A4 24
AAFEH ORP ol 747 mVE v& Ag o] Hlate] o7k & Fo=w 3483
o A% 30dAE 735 mVE YERNYTH w2 A% 15CAAE
EW-12 1139~1128 mV, EW-2+= 1175~1164 mV, EW-3+ 813~749 mV 2] &
T Utz AR 5T Hluste] =3k Aol auhA] A4
o

r°"
E

ok Zpol g 24t
Aslge] Azzxddd mE A T+ HCIO &3 W= Fig. 11 2 129
2k Alx4$ EW-1, EW-2 ¥ EW-39] HCIO &2 ZH7F 5350, 14355 %
157.33 ppme] Attt AF2%= 5C A9, EW-1& A% 344712 += 482 ppm
From Wl musidoy A% 6YdA= 41 ppmeE L gho] A4Skl
A% 308 o= 34 ppmeE Z27|A 9] ¢F 63% FToE AT EW-2+
A% 6 7HA %2712 14355 ppmoll A 111.35 ppm FFO2 s o), A
 15Y o] FelE A 30¢ A7EA 10441 ppm FEoE AL WEE HolX
F= oz yebyy, Wb EW-3% %71 15733 ppmelA A% 18U A
49.71 ppmo 2 ¢F 5% 7rAdd ot A 2144 1350 ppmeE 9k 15% 7HA
&S Heon MG 0UAA F WMIE Holx gkokrh dH 15T B A
, EW-12& 535~250 ppm &0 8 AF7|7re] 22 473 A28 e
KXot 5C Aol ms| A% 309AM7FA oF 26%°] ¥ AAES Hith
EW-2= A% 64A71# 109.32 ppmoE % 7] z
Fom 1 o]FRE AY 0YANA 1 FES %ﬂam EW-3+ A 2
A 14362 ppmo = Z7IA 9 H 23 S FASGR oY A 219 A FE A%
30 A 74A 119.0~11751 ppme 2 °F 23%9] 7
R ko] wE oF7he] zo]lE Rof Fou Aol aite] I
zZ

2 oAz WA #Agle] Az AERE gads o 4 o

[

i
y
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Fig. 7. Changes in pH of electrolyzed water produced by different
conditions during storage at 5TC.

EW-1: Electrolyzed water produced by diaphragm type I
EW-2: Electrolyzed water produced by diaphragm type II
EW-3: Electrolyzed water produced by non-diaphragm type
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Fig. 8. Changes in pH of electrolyzed water produced by different
conditions during storage at 15C.

EW-1: Electrolyzed water produced by diaphragm type I

EW-2: Electrolyzed water produced by diaphragm type II

EW-3: Electrolyzed water produced by non-diaphragm type
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Fig. 9. Changes in Oxidation—-Reduction Potential of electrolyzed
water produced by different conditions during storage

at 5C.
EW-1: Electrolyzed water produced by diaphragm type I
EW-2: Electrolyzed water produced by diaphragm type II
EW-3: Electrolyzed water produced by non-diaphragm type
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Fig. 10. Changes in Oxidation-Reduction Potential of electrolyzed
water produced by different conditions during storage

at 15TC.
EW-1: Electrolyzed water produced by diaphragm type I
EW-2: Electrolyzed water produced by diaphragm type II
EW-3: Electrolyzed water produced by non-diaphragm type
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Fig. 11. Changes in HCIO content of electrolyzed water produced

by different conditions during storage at 5TC.
EW-1: Electrolyzed water produced by diaphragm type I
EW-2: Electrolyzed water produced by diaphragm type II
EW-3: Electrolyzed water produced by non-diaphragm type
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Fig. 12. Changes in HCIO content of electrolyzed water produced
by different conditions during storage at 15T.
EW-1: Electrolyzed water produced by diaphragm type I
EW-2: Electrolyzed water produced by diaphragm type I
EW-3: Electrolyzed water produced by non-diaphragm type
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Table 6. Changes in number of microorganisms by electrolyzed water
produced by different conditions

Surviving bacterial population

Egg(tfensal Treatments (mean CFU/mL) after exposure for:
Initial 0.5min 1min 2min 5min 10min

0.85% saline” 872 x 10° 856 x 10° 879 x 10° 848 x 10° 869 x 10° 871 x 107
Bacillus EW-12 872 x10° 32 x 1¢ 110 x 10° 151 x 100 ND” ND.
cereus EW-2Y 8™ x10 ND. ND. ND. ND. ND.
EW-3" 8™ x10 ND. ND. ND. ND. ND.

0.85% saline 171 x 10° 175 x 10° 163 x 10° 172 x 1° 176 x 10° 170 x 10°
Salmonella EW-1 171 x10° 283 x10° 141 x10* 150 x10'  ND. ND.
typhimurium EW-2 171 x 1°  ND. ND. ND. ND. ND.
EW-3 171 x10°  ND. ND. ND. ND. ND.

. 0.85% saline 550 x 10" 561 x 10° 554 x 10° 551 x 10° 563 x 10° 552 x 10°
Oab;gfolgloia EW-1 550 x 10f 1.10x 10 ND. ND. ND. ND.
subsp. EW-2 550 x 10" ND. ND. ND. ND. ND.
EW-3 550 x 10 ND. ND. ND. ND. ND.

085% saline 715 x 10° 7.11 x 10° 724 x 10° 727 x 10° 710 x 10° 713 x 10°
Esherichia EW-1 715 x 10° 454 x 100 ND. ND. ND. ND.
coli EW-2 715 x 10 ND. ND. ND. ND. ND.
EW-3 715 x 10 ND. ND. ND. ND. ND.

0.85% saline 960 x 10° 969 x 10° 958 x 10° 972 x 1° 966 x 10° 964 x 10°
Lactobacillus EW-1 960 x 10°  ND. ND. ND. ND. ND.
plantarum EW-2 960 x 10°  ND. ND. ND. ND. ND.
EW-3 960 x 10°  ND. ND. ND. ND. ND.

0.85% saline 914 x 10° 915 x 10° 927 x 10° 924 x 1° 910 x 10° 912 x 10°
Pseudomonas  ~ EW-1 914 x 1°  ND. ND. ND. ND. ND.
fluorescens EW-2 914 x 10°  ND. ND. ND. ND. ND.
EW-3 914 x10°  ND. ND. ND. ND. ND.

Staphylo ~ 0-85% saline 720 x 10" 732 x 10’ 7.6 x 10" 720 x 10 721 x 10 7.5 x 10°
EW-1 720 x 1° ND. ND. ND. ND. ND.
“eoceus EW-2 720 %10 ND. ND. ND. ND. ND.
aureus EW-3 720 x 1 ND. ND. ND. ND. ND.

0.85% saline 223 x 10° 224 x 10° 220 x 10 234 x 10° 221 x 10° 221 x 10’
Aspergillus EW-1 223 x10° 504 x 100 ND. ND. ND. ND.
niger EW-2 223 x 100 ND. ND. ND. ND. ND.
EW-3 223 x 1°  ND. ND. ND. ND. ND.

Sterile physiological salt water

EW-1: Electrolyzed water produced from diaphragm type 1 generator

EW-2: Electrolyzed water produced from diaphragm type II generator

EW-3: Electrolyzed water produced from non-diaphragm type generator

Negative by enrichment and no detectable survivors by a direct plating procedure
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Table 7. Sensory characteristics of lettuce with different treatments
during storage at 5C

Sensory Treat Storage time(days)
chracteristics ~ ~ments” Initial 1 2 4 7

TW 850" 690" 525¢  565¢ 2890 3614
EW-1 9.00™ 850 850 665 589° 3227
EW-2 610" 5708 490 470 356 11817

F-value

Appearance  pu o oot ogat gost 810 750 425°
CW 830" 760" 760" 650" 317¢ 43917
F-value 5089 3950 2562 2064™ 3203
TW 860°* 690" 690"  530C 2607 29.06™
EW-1 840™ 830" 830" 595" 535"  36R™
Discoloration EW-2 600" 530" 460" 420Y 3457 9.01f*
EW-3 870 83x™ 805" 815" 720" 6977
CW 810" 800" 735 640"  310¢  5539™
F-value 4226™  3524™ 2456™ 19077 2893
TW 850" 850" 850" 855™ 800 423
EW-1 900 900" 88 88™ 833" 3117
Cleamess EW-2 850" 880 870 88 854" 245

EW-3 900 890 870" 880" 880" = 233
CW 880" 850" 860™" 870" 883 251
F-value 5277 38" 215 1.9 1.14
TW 900" 900"  900* 900 900 -
EW-1 900 900 900" 900"  900™ -
Smell of EW-2 880" 89" 900 890" 900" = 116
chlorine EW-3 890" 890 900" 9.00™ 900 = 075
CW 830 860" 860  870™F 900 135
F-value 198 198 381" 32 260

_63_



(Continued)

Sensory Treat Storage time(days)
chracteristics ~ —ments — [pitial 1 2 4 7

TW 88 7758 58®  430®C  320C  1030™
EW-1 8&%% 855 855" 700" 550" 3441
EW-2 600" 550 48  525% 330" 703"

F-value

Textre  pwis ssm™ g4t g2t g1 7500 347
CW 810" 770" 740 705" 400° 4704
F-value 31977 3502 3053 1580™ 1927
T™W 858 795" 595 472%C  340¢ 1030
EW-1 850" 855 847 709" 542 3441
Taste EW-2 700" 698" 514 490"  341® 703"

EW-3 865" 830" = 820 824" 761" 342
CW 840 800™*  73™ 711"  410° 46147
F-value 1298" 2845 3842 3395™ 1835™
T™W 865" 735 510¢ 495  280P 6462
EW-1 87 865 845 690" 530  439™
Overall EW-2 610"  565% 480" 455" 315¢ 2139
acceptance  EW-3 880" 870" 855 830"  775¢ 820"
CW 83 83 730" 650 3107 6449
F-value 67637 6214 475 21527 47447

U TW : Immersed in tap water
EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite

YMeans with the same superscripts in a column(a~d) are not significantly different
from each other at 1=0.05 as determined by Duncan’s multiple rage test

YMeans with the same superscripts in a row(A~D) are not significantly different
from each other at 1=0.05 as determined by Duncan’s multiple rage test

™ ot significant, p<0.05, “p<0.01, “*p<0.001
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—-TW, --—-EW-1, EW-2, —EW-3, ----CW

Fig. 13. QDA nprofiles of Sensory characteristics of lettuce with
different treatments on the initial day of storage at 10T.

TW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite
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9 _-—

Overall acceptability

Discoloration

Texture —Smell

S TW, -o--EWAT, e EW-2, —EW-3, --—-CW

Fig. 14. QDA vprofiles of Sensory characteristics of lettuce with

different treatments on 1lst day of storage at 10TC.

TW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator

CW : Immersed in chlorine water made by sodium chlorite
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Overall acceptability
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Texture ~Smell of chlorine
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Fig. 15. QDA vprofiles of Sensory characteristics of lettuce with
different treatments on 2nd day of storage at 10C.

TW : Immersed in tap water
EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator

EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite
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Appearance
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Discoloration

Texture Smell of chlorine

—=-TW, --=-EW-1, - EW-2, — EW-3, -----CW

16. QDA profiles of Sensory characteristics of lettuce with

Fig.
different treatments on 4th day of storage at 10T.

TW : Immersed in tap water
EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator

EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite
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Discoloration Taste

Smell of chlorine

Texture

= TW, =---EW-1, - EW-2, —EW-3, ----CW

Fig. 17. QDA vprofiles of Sensory characteristics of lettuce with
different treatments on 7th day of storage at 10C.

TW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator

CW : Immersed in chlorine water made by sodium chlorite
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Table 8. Moisture contents and water activity(Aw) of lettuce with
different treatments during storage at 10TC

Storage time(days)
Initial 1 2 4 7
TW 96.79+0.28 95.67+0.48 94.40+0.48 94.20+0.25 93.37+1.44

EW-1  96.7610.24 96.76+1.05 96.73£0.83 95.5210.74 94.84+1.15

Treatments”

Moisture
co(lg}e;nts EW-2 95.96+050 95.96+1.05 95.94+0.24 95.79+0.10 92.49+1.16
° EW-3 95.99+0.02 95.82+0.29 95.17+0.22 94.67+0.95 94.83+1.65
CW 96.71+0.03 96.16+0.57 95.02+0.04 95.04+0.89 93.82+1.20
TW 098+0.12 098+0.14 0.97+£0.18 0.97£0.05 0.97+0.04
EW-1 0.98+0.17 0.98+0.10 0.98+0.03 0.97+0.07 0.97+0.01

Water

aC(tXit%] EW-2 097002 097001 0.96x0.03 0.96+0.12 0.94+0.05
A\

EW-3 0.98+0.17 097003 0.97£0.08 0.96+0.09 0.96+0.02

CW 0.98+0.06 098+0.09 097£0.01 0.97+0.07 0.96+0.01

UTW : Immersed in tap water
EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite

“Mean+standard deviation
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Fig. 18. Changes in pH of lettuce with different treatments during
storage at 10C.

TW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type 1 generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite
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Fig. 19. Changes in total vitamin C content of lettuce with different
treatments during storage at 10C.

TW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type I generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite
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Table 9. Changes in residual chlorine content of lettuce with
different treatments during storage at 10T

(ppm)
Treatments” _ Storage time(days)
Initial 1 2 4 7
TW 0.01+0.00°  0.01+0.01  0.00+0.00  0.00£0.00  0.00=0.00
EW-1 0.02£0.01  0.01£0.00  0.00+0.00  0.00£0.00  0.00+0.00
EW-2 0.04£0.01  0.02£0.00  0.01+£0.00  0.00£0.00  0.00+0.00
EW-3 0.02£0.01  0.01£0.00  0.00+0.00  0.00£0.00 0.00+0.00
CW 2.06x0.11  1.70£0.08 1.28+0.11 0.75+£0.07 0.04+0.01

UTW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite

“Mean+standard deviation
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Table 10. Changes in color values of lettuce with different
treatments during storage at 10C

Storage time(days)

Colorl) Treatments” —
value Initial 1 2 4 7

™ 68.14+2.01 6958+1.10 70.23+0.53 69.42+0.41 60.05+2.54

EW-1 71442059 72.08+1.00 7281+1.14 70.94+0.55 63.08+2.20

L EW-2 74.73+045 7472112 7123206 69.33£1.06 62.92+0.99
EW-3 69.04+0.87 69.66+1.25 70.24+1.95 70.42+0.61 70.91+1.95

CW 71.05+1.45 71.25£1.06 7237026 69.19+1.13 62.88+0.46

™ -22.831£0.98 -17.68+0.33 -16.73+1.79 -14.10+0.76 -9.46+1.64

EW-1  -22.86+0.15 -20.01+1.25 -20.29+1.72 -14.58+1.28 -13.13£0.82

a EW-2  -1972+1.12 -17.64+047 -14.07+1.13 -14.41+1.09 -13.96£0.90
EW-3  -22.65+0.75 -21.97£1.05 -19.99+1.15 -19.11+0.80 -18.82+0.48

CW -20.23+0.73 -18.78%0.72 -17.39+0.36 -16.55£0.81 -13.04£0.28

™ 29.13+0.73 31.30£2.25 31.88+1.42 32.01+1.37 33.49+2.63

EW-1 29.11+1.22 2953+0.29 29.16£0.36 30.67+1.45 32.32+1.83

b EW-2 31.12+1.31 31.33%1.73 31.91+0.18 32.00£0.39 32.51+1.07
EW-3 29.782054 29.90+0.76 29.23+0.27 30.00£0.18 31.41+0.38

CW 30.48+0.29 30.78+0.66 31.44+234 31.69+1.44 32.38+0.51

™ 0.00+0.00 567£1.02 675091 9.22+1.06 17.31£0.55

EW-1 1.30+0.62  2.69+0.07 3.03+0.11 843052 11.93+0.97

AE EW-2 589037 726045  883+t1.00 893+0.77 12.41£0.05
EW-3 1.16x0.11  1.24+0.15 2.84+028 3.74x0.62 4.94+0.19
CW 1.73£0.43 265062 4.71x0.35 6.84+024 12.61+1.33

UL Lightness 0~100, a: Redness -60~+60, b: Yellowness —-60~+60

NBS(AE) unit classcification : 0~0.5=trace, 0.5~1.5=slight, 1.5~3.0=noticeable,

3.0~ 6.0=appreciable, 6.0~12.0=much, over 12.0=very much

YTW : Immersed in tap water
EW-1 : Immersed in Electrolyzed water produced from diaphragm type 1 generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite

YMeant+standard deviation
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Table 11. Changes in firmness of lettuce with different treatments

during storage at 10C ‘
(g/cm?)

Storage time(days)
Initial 1 2 4 7
TW 123.33+1.157 103.33+152 53.33+157 3668205  23.31+058

EW-1 116.67+1.55 116.00£1.03 103.33+0.57 79.67+2.08  44.33+0.51
EW-2 8733141  86.67+1.52 56.67+0.55  43.67+0.57  21.00+1.73
EW-3 124.00£1.67 123.33£2.08 106.67+2.08 93.00+0.36  71.67+1.04

CW 113.33£2.08 106.67£1.52 71.33£2.01  70.00+0.95  30.67£1.15

Treatments"”

UTW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite

“Mean+standard deviation
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Table 12. Changes in total cell counts of lettuce with different
treatments during storage at 10C

(CFU/g)
Treatments” _ Storage time(day)
Initial 1 2 4 7

™ 5.92x10° 6.76x10° 1.35x10°  352x10"  8.78x10
EW-1 3.04x10" 456x10"  117x10°  277<10°  4.21x10°
EW-2 8.91x10° 9.42x10°  3.03x10"  824x10°  9.44x1(°
EW-3 2.03x10" 279x10  479x10°  1.06x10°  7.28x10°
W 6.21x10" 6.51x10" 774x10°  726x10°  3.79x10°

UTW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator
CW : Immersed in chlorine water made by sodium chlorite

. dZgET T
57 Ale] AR 523 A Add F ek A d FEF e aF
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1.03x10° CFU/g, 2.32x10' CFU/g, 3.25x10° CFU/gel Yttt HdTae] A= %
ok FAREE AES Yeldel AA A% EW-3% 27|l diske] 1/2,000
FEoR AA FhdAon A TdAAE SR Ao 273 v

-

f2e A9 EW-IH EW-2E AdAT AETel L0-160 $E0w
wastgor A% AR AUAF YETF £ES FARAD G5 A
27 X274 621x10° CFU/g2 9] 1/17 F&olglon A%7]7ke] A
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Table 13. Changes in coliform counts of lettuce with different
treatments during storage at 5T

(CFU/g)
Treatments” _ Storage time(day)
Initial 1 2 4 7

™ 552x10°  5.04x10° 45510 593x10°  7.51x10
EW-1 255x10°  456x10°  2.36x10° 1.05x10"  2.75x10°
EW-2 1.03x10°  526x10°  3.17x10’ 150x10°  6.49x10°
EW-3 2.32x10"  351x100  1.42x10° 564x10°  8.21x10
Cw 325x10*  4.23x10*  2.95x10° 5.00x<10"  1.05x10°

UTW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in  Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator

CW : Immersed in chlorine water made by sodium chlorite
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LA g vl Fig. 220 vEbd wiep gow FAlHE] F

A2t 9] WSl Table 14014 R upe} 2o FAxE Ao G5
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Table 14. Changes in psychrotrophic counts of lettuce with different
treatments during storage at 5T

(CFU/g)
Treatments” _ Storage time(day)
Initial 1 2 4 7
™ 158x10°  260x10°  378x10°  521x10° 1.63x10°
EW-1 9.13x10"  1.03x10°  156x10°  3.08x10° 8.97x10°
EW-2 9.94x10°  1.21x10"  2.00x10"  554x10° 6.21x10°
EW-3 1.84x10°  231x10°  4.77x10° 5.05x10 9.65x10’
Cw 799.x10"  9.98x10*  2.42x10° 3.17x10° 1.55%10°

UTW : Immersed in tap water

EW-1 : Immersed in Electrolyzed water produced from diaphragm type [ generator
EW-2 : Immersed in Electrolyzed water produced from diaphragm type II generator
EW-3 : Immersed in Electrolyzed water produced from non-diaphragm type generator

CW : Immersed in chlorine water made by sodium chlorite
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Table 15. Evaluation of sanitary condition in kitchen

Classification Evaluation Items Score”
. Quality of raw ingredients 2.00
Purchasing and
testing foods Keepipg the proper temperature of raw 1.00
materials
Subtotal mean 1.50
Treatment of outer packing box 0.00
Storage foods with proper temperature 1.00
Methods of thawing 1.00
Treatment and Washing methods of fresh vegetable 2.00
storage of foods Capacity ratio of refrigerator 2.00
Conforming the center temperature of 900
cooked meats and fishes ’
Methods of assembly and service 1.00
Subtotal mean 1.29
Disinfect of dishes and utensil. 2.00
Treatment of ) ) )
) ) Using knives and cutting board 1.00
utensil and equipment
Wiping clothes 1.00
Subtotal mean 1.33
Water supply and  Inspecting the quality of water 2.00
draining facilities Treatment of waste baskets and leftover  1.00
Subtotal mean 1.50
Grand total mean 1.40

* Evaluation scale was as follows;

0 : Unsatisfactory : negligence or ignorance of safety practice
1 : Some improvement required in order to meet all standards
2 . Satisfactory : safety standard of food hygiene observed
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Table 16. Evaluation of sanitary practice of employees

Classification Evaluation Items Score’
(1) Wearing protective, cap and long

boots 200

Personal hygiene Wearing ring on the finger 2.00

Hand washing and cleaning 1.00

Cleaning clothes 1.00

Subtotal mean 1.50

Sanitation training 1.00

Food handling practice Sanitary checklist 2.00

Checking health certification 2.00

Subtotal mean 1.67

Grand total mean 1.59

* Evaluation scale was as follows;

0 : Unsatisfactory : negligence or ignorance of safety practice
1 : Some improvement required in order to meet all standards
2 . Satisfactory : safety standard of food hygiene observed
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Boiler room

Rice helf helf
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—ance waiter
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;Ot, 2 Work
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ying table
pot 1 Assembly
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e Sink 1 cart
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Vegetable Sink 3
_cutter. Sink 2
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mixer
Work
Enter table
—ance Water
Shelf Refrigerator closet
Office Dressing room
o Foods store room
(dietian) (workers)

Fig. 23. Kitchen layout of E middle school.
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Table 17. Measurements for time and temperature of salad at various

phase in general product flow

Phase in Food items Time Food Temp. EnV.Tgmp.
product flow" (min) (C)? (c)y?

Receiving
Raw ingredients Head lettuce 3.25+0.32 6.25+1.77

Celery 2.25+0.25 13.05+0.21 15.00+0.25
Cherry
tomato 2.75+0.30 11.25+0.35

Holding Head lettuce 7.40+0.14
Celery 9350+4.95  13.70+0.71  1650+0.28
Cherry
tomato 13.20+0.42

Pre—preparation

Immersing in
chlorine wter

Head lettuce 5.00£0.01 10.00£0.71

Celery 4.85+0.71 9.70+0.42
h
Cherry 500€0.00 1075035  18.70+1.13
Rinsing Head lettuce 13.50+2.12 10.05+0.35
Celery 11.50£1.13 9.75+0.28
Cherry
tomato 13.50+2.21 11.00£0.72

Cutting&Trimming Head lettuce  10.35+1.20 11.05+0.17

Celery 11.53£1.38 10.95+0.35 19.00£1.20
Cherry
tomato 9.90+0.49 11.45%0.78
Mixing&Seasoning 11.00+1.41 10.80+0.14 19.50+0.71
Holding 47.50+3.54 11.60+0.14 20.50+1.13
Assembly&Service 23.75+1.77 12.15+0.49 21.00+0.35

b Samples were taken at the end of phase in product flow
? Mean+standard deviation of food temperature
¥ Mean+standard deviation of room temperature
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Table 18. Measurements for time and temperature of salad at various
phase in product flow with electrolyzed water

Phase in Food items Time Food Temp. Env.Temp.
product flow" (min) (C)? (c)y?
Receiving

Raw ingredients Head lettuce 2.50£0.73 10.50+1.41

Celery 2.75+0.35 11.75£1.06 17.00£1.20
Cherry
tomato 2.25+0.35 12.55+1.48

Holding Head lettuce 11.40+1.27
Celery 106.25+1.77  1265%092  1750+1.50
Cherry
tomato 12.80+1.56

Pre—preparation

Immersing in
electrolyzed water

Head lettuce 5.00£0.01 10.55+0.07

Celery 5.00£0.00 11.20+0.28
h
Cherry 500000 11304042 19954106
Rinsing Head lettuce 3.75+0.35 10.25+0.07
Celery 4.00+0.74 11.25%0.35
Cherry
tomato 3.50+0.71 11.15+0.21

Cutting&Trimming Head lettuce  10.93+0.90 11.55+0.07

Celery 12.15+0.34 11.50+0.14 19.50+0.34
Cherry
tomato 8.55+0.89 11.30£0.42
Mixing&Seasoning 10.50+0.87 15.35%1.20 20.75+0.01
Holding 46.50+2.12 15.75%0.35 22.00+0.42
Assembly&Service 27.75+£3.89 16.15+0.21 23.00+0.71

b Samples were taken at the end of phase in product flow
? Mean+standard deviation of food temperature
¥ Mean+standard deviation of room temperature
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Table 19. Measurements for time and temperature of apple at various

phase in chlorine water and electrolyzed water applied product flow.

Phase in Time(min) Food Temp.(C) Env.temp.(TC)
product flow" EW CW EW CW EW CW
Receiving raw 15.6 146 17.6 19.2

ingredients

Holding 70 75 165 165 22.1 23.9
Immersing in
chlorine water 15 20 125 11.6 23.0 248

& Rinsing

Peeling& 62 57 16.8 15.8 23.2 25.0

cutting

Holding 75 75 17.0 18.1 235 25.0

Assembly& 20 20 18.1 18.8 22.3 234

Service

242 247

b Samples were taken at the end of phase in product flow.
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1) F&E3F
e 2 dalFz AA A Al Aakzge o] 2 @A A A
3 Az H FESHE] A A= Table 220 YERG e} 2o

2o el Ao AF, AR FEFFS 8468% R o A
Azl 2 AFAE Foe HIT%E 0.98%°] F7HES EAth BaAIAAAA =
Z Aeol7k e iy Hdel= Fet el 87.90% = HERS T
Hag Aol 4, AR FEFFS 81.76% Ao dAy B AlgAe F
o= 89.11%= 098%° T7H&s BT HadAodx= 2 Aolrt glilen
w2 A dol = Hd Rl 88.05% % YEHTE o9kto]l RE A g ol A
Ay Foll R =A yEhd A2 2udd BAE fdl dsdga A

Gl SR WAEel Hol naetel Fiol Fhe Aow 4ZHh

Table 22. Moisture contents of apple at various phase in product flow

with chlorine water and electrolyzed water.

Phase in Moisture contents (%)
product flow” EW? CW?
Receiving 2
. ) 84.68+0.33 87.76+£0.50
Raw ingredients
Immersing
. ) 85.87+0.63 89.11+0.50
in chlorine water
Peeling & Cutting 84.26+0.24 85.83+0.17
Holding 87.95+0.09 88.65+0.94
Assembly& Service 87.90+0.10 88.05+0.95

b Samples were taken at the end of phase in product flow.
? Mean*Standard deviation.

' Product flow treated with EW.

)

Product flow treated with CW.

3
4
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2) pH
Aol wE A ABAAAC] Qlol ZF WAl A AfFH T AR pH
%—ﬂ A3} Table 233 22T},
2FAE Y A, 9AS pHe 492 vAE F4 3 #dE pH Wl i3
EJ?MUJ Ak Fo dEFe W2 pHIF 4602 vroly on] ®ykal wjA Ay
AAAA T Frtste] Hdow thavel mAE S0 oAE JdE
ATt

ghdel] dafa Aele] A, AR pHE 48 o2 dAe] 2 Al Aol

fs

AE 47~49 SFom Assel 9ge Aol UehlA ggtor duy des

o

rie

Table 23. Changes in pH of apple at various phase in product flow

with chlorine water and electrolyzed water.

Phase in pH
product flow" EW? cw?
Receiving 2
] ) 4.8+0.01 4.9+0.00
Raw ingredients
Immersing
) ) 4.9+0.01 4.8+0.01
in chlorine water
Peeling & Cutting 4.7+0.00 4.7+0.01
Holding 45+0.02 4.6%0.02
Assembly& Service 4.7+0.01 4.9+0.01

! Samples were taken at the end of phase in product flow.

MeantStandard deviation.
Product flow treated with EW.
Product flow treated with CW.

Do

3

)
)
)
4)
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3) FHER C

A A Askabge] Zb gAlol A A F e AlEe] FHERT Co] &
4 A= Table 240 AA g vhe} 2ok, Ahs iAo Ae, dAs vk
Al F HERICE 354 mg% il 7] BAGAZA Fujekvl C deke] wWabs
A got da XA 2 33 AFFol 226 mg%E SobA 1.28 mg%
< CHbHEe Al AgE o A9elE x27] 1.29 mg%ellA H

A 2 Aee ZA F 18 P, A FHEw CFHFS 1.23 mgke ¢

B AAES HYow daTE xﬂﬂfﬂ ARt Aol \lske] 1/2~1/3 7
o] vk FAES et A FHIER C FHS 157 mg%olA Bas
b 245 mg% = i&%ﬁloﬂﬁ HEFY C7F A% Z71e AL gEF
1 o] wto] Folthrb wiA st 7] witolth v et s A Al A = B
AKX 0.18 mg% SobA F7FAQl &Ao] doyrt. o]ebito] HAok A FHE] uf
A7A ] FHERIC 48 Aas HAle v AFoR vehyEd oA

& 2] & g AT o7 JFor FAEAT

f
30
o

n

Table 24. Changes in total vitamin C content of apple at various phase

in product flow with chlorine water and electrolyzed water.

Phase in Total vitamin C”
product flow” EW” cw?
Receiving
] ) 1.19+0.00 3.54%0.01
Raw ingredients
Immersing
. ) 1.23+0.01 2.26+0.00
in chlorine water
Peeling & Cutting 1.57+0.01 2.17+0.01
Holding 2.45%+0.02 2.10+0.02
Assembly& Service 2.27+0.01 1.34+0.01

b Samples were taken at the end of phase in product flow.
Y Mean+Standard deviation.

" Product flow treated with EW.

)

Product flow treated with CW.

3
4
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4) ZFRIL
A At AAGAE A AFHS AR FHRAL FAH A
Table 259} #Zt}.

AagsE AYe Ao A9, FE294 50 ppmo] Aot RAUHEF &Hd 57
o A
= -

T AAGE AF AR AFALE 066 ppmS HEFH O FEER 33 Pu
B4 AR A= 036 ppmez Yol duk FEZ fFEAA FFO W
9 e B dvdow AFrwr AFAE 108 Fo FHRA: FFL 0

Fag Ao Aot UESF &4 AP A AR vEe 1/66
Fo7 ZAFALT AY 2AHAeH, 139 A AL 1 Fko] 0.02 ppm 2ot
Homw AAAA AAIAAHS AX Fdi= 000 ppme 2 FFAL7F A ¢
Ao 2 Yyt

Table 25. Changes in residual chlorine of apple at various phase in

product flow with chlorine water and electrolyzed water.

Phase in Residual chlorine
product flow" EW? cw?
Immersing 9
. ] 0.01+0.01 0.66+0.09
in chlorine water
Rinsing 0.02+0.01 0.36+£0.02
peeling & cutting N. D. 0.30+0.02

! Samples were taken at the end of phase in product flow.

)
? Mean+Standard deviation.
)
)

3
4

Product flow treated with EW.
Product flow treated with CW.
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Adbd A A2 defd g8 Ao e M= Aty
Aozt dA A AHIT A5 mAE B A= 74z Table 26 2 273 %
o dubAQl A= AAIgel A e AT dAR] FdF, AyE 2w

al
[e]
Eulgeo 274 7hzh 1.38x10°, 1.98%10°% 1.47x10° CFU/ggal Ul da4E=

[e]
=
747+ 7.10x10°, 4.30%10% 8.15x10" CFU/g& Solberg 5(22)0] #AI st A=) n|
A=A orH7|FER A E74 10° CFU/gelst, g4 10° CFU/gol a8 &
B Zy8e] 2719419 Yalesz AFHUAT. Axg A, 9387ke B

M= FTFS7F 143x10°~2.05x10°CFU/g, thdda57F  2.60x10°~7.80x10"
CFU/g= mA= FA7F f3F S7kstdl ot & Wshe 1A dAe dA 9 4
g HAA AFE 2FF7L 1.75x10°~2.61x10°CFU/g, g w57F 4.90x10~
158x10° CFU/g® 925 AHART 1/10~1/80 502 #Ardte] WEEnE
o) WFETSE Aty mE JEAE wHgon 459 PFAHY Fole
s FA9 Wstrt wEgddnh 5 S(13)2 SvE AAY dARe TdT
rA7IEAE 2RPoY Ae Ao A Farrie] 7]
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S Ao} e FAdA FAFE S0 BE e A HAE FA7 2
T4 Fbetga 53 weErtEY dEdwTsst 18 ZAsg. ol
7t @Al A Eow TEE HAAA wARe] wAegre] Frletnw Y=
o o] 7tdstA Fv AL dAP dAdA Fom vFe AAHs HAad
Herk 9o FulE 54 4Colste] WARAL Fowm w2 Aol w4
B 4% ¥AE B2 ke

YA 5= Fd57 151x10°CFU/g, AT $7F 2.05x10°CFU/g 2 F4 &
A Ao mAEH GAVEAA Fwg 10°0]8, WgwL 10%8hE 233
Rom 48E3te] HyTA el 24737 viAGAIE AXHA XA FHT Ft
iz oF SHl, dlgET S ok 2u)7) ) Srbetel 27] AR vAE S
H) Z2gk o] H ATk
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F satgon, f SU5E AAF ARl dukg

Tk zel F o0 dwAEE R AT TS Esel AR 25

4 AAEe] AL T dolsol AnHoR fAge BA don
w A

3] axdTal gl

Zpold AU EFS L monocytogenestt ¥ e dX EA o Wigk I a
I F2 AoE W oy ASARA ofxFo ZWH FAdE nAES A
Aste dle & 290 gle Aor BHuFHded I olfE odg 7kA 29 F
ANA AolFARAGER &Aool ofAfFo FWH EAlete &aFe A4 BW
< AFskA syl wWiEel Aew g JrH73). Mg AsEae] A
A3} E. coli, Salmonella spp., Staphylococcus aureust A A A0S

g 2 WeEEY FF5E ZH2 640x10° 1.25x10°% 2.42x10° CFU/g% 3 o
FidsE Z27F 385x10°, 6.10x10% 1.02x10"° CFU/g= dAl=e wAEA ok
ZIEAE UFE AT dAE A, 10677He] HAGANAE FdTT
2.80x10°~1.30x10° CFU/g, 347t 650x10°~1.37x10" CFU/g® W A& 5
A7} kb Trhstd o & Wshe Atk dAE @A A A A F
F4E 345x10~5.60x10° CFU/g, td# w4 HEErErte] 360x10 CFU/g
I FFek Ay tiFwate]l W AEHA Gk oA Adsr
A FAEEY 1/380~1/10,000 FEo 2 AA AT o= BT V|EAE
St on 13)9 Aw Ay Foll= v

7)ok 7] HAgo A FgFo]
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2 oAE wier AZHEY. xgAFd= TdTUt
CFU/g, W& 57F 250x10 CFU/g2 F2eA 219 nAEA kA7 &2l
F#4 10° CFU/gol s}, a4 10° CFU/golatE whEelglon] 478719
A SE 28& 3] MiAEAE AAEA ZYAFEYG FdFE o
T oF 1.3w9 7k F7hst S Q‘Jr wAGAe] HAVEAE BT
om dnkA AARHAC Hlste] Fwtr= 1/700, T 1/13 Tl
Tk AT AE ﬁ-% E]/\]fﬁ A3} E. coli, Salmonella spp., Staphylococcus
aureust™ 7 GANA SANS-S UERHSIT

HIVL

1
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Table 26. Microbiological evaluation of salad at various phase in
general product flow

Phase in Food i Total plate Coliforms E coli Salmonella Staphyllo-
roduct flow” ood items count (CFU/g) . coli SpD coccus
P (CFU/g) ) aureus
Regzving Head lettuce  138x10°  7.10<10° — —
ingredients Celery 1.98x10°  4.30x10° - - -
Cherry tomato  147x10°  815x10' — —
Holding Head lettuce  143.x10° 8.00x10° — — —

Celery 205x10°  4.60x10° — —
Cherry tomato  159x10°  7.80x10' — —

Pre-preparation

Immersing in Head lettuce 175 x10° 2.96x10° _ _ _
chlorine water o '

Celery 261x10*  4.90x10 - o o

Cherry tomato 984x10° 1.58x10° _ . .

Rinsing Head lettuce 172 x10* 270x10°  — - B
Celery 1.95x10"  5.20x10 - o o

Cherry tomato 948x10°  1.29x10° — —

Cutting Head lettuce  345x10°  6.20%10% o o n

& Trimming ' -
Celery 1.05%10°  6.50x10 - - o
Cherry tomato 138x10* 6.90x10° - _ _

Mixing

& Seasoning 151x10°  2.05x10° - — —

Holding 525x10°  235x10° — —
Assembly : ,

& Service 6.91x10°  4.30x10 — — _

b Samples were taken at the end of phase in product flow
2 A value of — indicates that the sample was negative by enrichment
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Table 27. Microbiological evaluation of vegetable salad at various phase

in product flow with electrolyzed water

Phase in di Total plate Coliforms /i Salmonella Staphyllo-
roduct flow” Food items count (cfu/g) E. coli Spp coccus
D (cfu/g) ) aureus
ReceVing  Head lettuce  40x10°  385x10° — - -
Raw ’ ‘
ingredients Celery 1.25%10°  6.10x10° - - -
Cherry tomato 9 42x10°  1.02x10" - - -
Holding Head lettuce  705.x10° 3.04x10° — — —
Celery 1.30x10°  6.50x10° - - -
Cherry tomato  980x10°  1.37x10" - - -
Pre-preparation
Immersing in Head lettuce  700x10 ND? — — -
electrolyzed ’
water Celery 5.60%x10% ND — — —
Cherry tomato  345x10  3.60x10 - - -
Rinsing Head lettuce  7.85x10 ND — — —
Celery 5.30x107 ND - - -
Cherry tomato  378x10  3.10x10 - - -
Cutting Head lettuce  365¢10  2.60x10 ~ — — —
& Trimming
Celery 8.37x10° ND - - -
Cherry tomato  598x10  2.10x10 - -
Mixing ) o o o
& Seasoring 3.35x10°  2.50x10
Holding 9.70x10>  1.30x10 - — —
Assembly )
& Service 9.90x10°  3.20x10 - - -

v Samples were taken at the end of phase in product flow

? Not detected

¥ A value of — indicates that the sample was negative by enrichment
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Aty GagAeet dajs A wE AR BakRAg e Z) w Al A
iﬂ%fﬂ AlFe] v AE B A3= Table 28 2 299 2},

2 A e Abgle] A9 AS AT dA s FHSFE 465x10'CFU/g, W
% 1.60x10° CFU/g, Staphylococcus aureus™= Solglom 4o A
= 10° CFU/goldte] Wglel glo] 959 edrs 4 oy JAves 2
83k Aoz ATH )
AAE GAdAE i A T
CFU/go = ZAastgon Aouad, vy 2 w2 wAdA Zzk 1.40x10°
CFU/g, 155x10°CFU/g, 6.20x10°CFU/g= Zma wslrk ddch ot
FaT JAAF 33 FuFol SN, AHAAA D Adk F By @A, b
2 gAle A Z+ZE 1.95x10° CFU/g, 2.10x10° CFU/g, 3.00x10* CFU/g o & ‘et
g HaleE A9 QY. T3l Staphylococcus aureust EE A O A
w402 YEsHh
fzb, dalre A 49 AF 45 QA5 Fw5E 113x10'CFU/g, Wt
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AAY SAe Aag AA F 13 FEs2 75 FF5E 10° CFU/gR 7
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3 AFFol AAAAY} AGF, my @A, e dACA zZzE 1.00x10"
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Table 28. Total plate count evaluation of apple at various phase in
chlorine water and electrolyzed water applied product flow

Phase in Total plate count (CFU/g)

product flow" EW? CW?
Receiving Raw ingredients 1.13x10" 4.65%10"
Immersing 1n.ch.10r1ne water 1.00x10" 4.00%10°

& Rinsing

Peeling & Cutting 7.50x107 1.40x10°
Holding 9.50x10" 155%10°
Assembly& Service 2.05%10° 6.20x10°

b Samples were taken at the end of phase in product flow.
? Product flow treated with electrolyzed water.
¥ Product flow treated with immersed in chlorine water.

Table 29. Coliform count evaluation of apple at various phase in
chlorine water and electrolyzed water applied product flow

Phase in Coliform count(CFU/g)
product flow" EW? cw?
Receiving Raw ingredients 2.00x10* 1.60x10°
Immersing m.ch.lorme water ND? ND
& Rinsing
Peeling & Cutting 1.00x10* 1.95x10°
Holding 1.00x10° 2.10x10°
Assembly& Service 2.80%10* 3.00x10°

! Samples were taken at the end of phase in product flow.

)

' Product flow treated with electrolyzed water.

" Product flow treated with immersed in chlorine water.
' Not detected.

2
3
4
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Table 30. Staphylococcus aureus evaluation of apple at various phase in
chlorine water and electrolyzed water applied product flow

Phase in Staphylococcus aureus(CFU/g)
product flow" EW? cw?
Receiving Raw ingredients ND? ND
Immersing m.ch.lorme water ND ND

& Rinsing

Peeling & Cutting ND ND
Holding ND ND
Assembly& Service ND ND

! Samples were taken at the end of phase in product flow.

Product flow treated with electrolyzed water.
Product flow treated with immersed in chlorine water.
Not detected.

)
2)
3)
4)

Agel gExe Gl AnE oaow
i

|2l Aol e 24 dAd s dita
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Fig 24. Comparison of total plate count on apples in rural area and
urban area by using EW and CW.

Receving raw ingredients.

Immersing in chlorine water & Rinsing.
Peeling & Cutting.

Holding.

Assembly& Service.
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akul, 25000149 WE Z7HH9) A Frsol dvta sRov, gFETs
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Table 30. Microbiological evaluation of utensil and equipment used in
general product flow

Utensil & equipment Total plate co;mt Coliform couglt Staphylococcus
(CFU/100cm?) (CFU/100cm”) aureus
Rubber gloves 2.80x10° 6.05%10° -7
Chef knife 2.45x10° 4.60x10° B
Cutting board 5.36x10° 5.15x10 -
Wicker basket 2.34x10° 7.95%10 -
Serving dish 795107 ND" B
Dishcloth 8.95x10? 450%x10 -
Sink 2.50x10 ND N
Bottom of kitchen 1.15x10° 1.53x10" _

Y Not detected
2 A value of - indicates that the sample was negative by enrichment

Table 31. Microbiological evaluation of utensil and equipment used in
product flow with electrolyzed water

Total plate count Coliform count  Staphylococcus

Utensil & equipment (CFU/cm?) (CFU/em?) aureus
Rubber gloves 2.00x10 ND -7
Chef knife 2.11x10 ND T
Cutting board 450%10 ND o
Wicker basket 1.15%x10 ND _
Serving dish NDV ND _
Dishcloth ND ND T
Sink ND ND o
Bottom of kitchen ND ND -

Y Not detected
2 A value of — indicates that the sample was negative by enrichment
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Table 32. Microbiological evaluation of receiving board used in chlorine
water and electrolyzed water applied product flow

Total plate (:Zount Coliform cozunt
(CFU/cm?) (CFU/cm?)
EWY CW? EWY CwW?
Betor ¢ 162x10° 18510  350x10'  NDY
In rural area After ) - ) S
(Commissary ki 1.55%10 R.70x10°  3.00x10 2.25x10
system) WCO(})], ng <
ashing
after disinfection ND ND ND ND
Before 2
cooking ND 1.30x10 ND ND
In urban area After S 3 )
(Conventional i 1.89x10°  1.70x10 ND 3.10x10
system) WCO%_ ng <
ashing 1
after disinfection ND 2.00<10 ND ND

b Electrolyzed water.
? Immersed in chlorine water.
¥ Not detected.

I 5@ ATl osE Awe Agstel AT A A4 Aol A7 2
oA Ewel SlAgEst ol Basita el gtk =3 1@ ¥
AA Y 4stae] G477 2%Ade] B AFAE 4% F 230] 1.2x10
~35x10° CFU/cm’e] #o] A&Hol A A2 87k oty 24

H9tt o Az B w ¥ AFe] AvE
BgE 7t A4S pelslolor & AoE

Wy oolge] Q99S gerd W zeld, ¢
Aedel 2ol @ 4 dE At 4

Z HIEA] 2] Zo: A

El

it

- 124 -



Table 33. Microbiological evaluation of work table used in chlorine

water and electrolyzed water applied product flow

Total plate (:20unt Coliform c02unt
(CFU/cm?) (CFU/cm?)
EW" cw? EW CW
Before 1 1 3)
S cooking 9.00x10 6.00x10 ND ND
(Commiss)ary Ater . 545%10°  580x10° ND ND
system
! Washing & ND ND ND ND
after disinfection
Betor ¢ ND 35010 ND ND
In urban area After |
(Conventi(;nal cooking 4.1x10 1.70x10° ND 5.45x10"
system -
Washing & ND ND ND ND

after disinfection

D Electrolyzed water.
? Immersed in chlorine water.
Y Not detected.

T EE AARY] 2wk ALgs)
o] A% Al AT oA
@9l F#4E 155x10° CFU/em™l™, 944 Ad T+ 1.85%10° CFU/em’®2
Uebstth Al 5 dalg 2 dag 47 162x10°, 8.70x10" CFU/em™2 v A&
Lol AZE FEol oy AFH - AT BEE AyFolA HEHA FR
of. =AY A AT 284 gAdAE 25 AEHA fgoy 94
4 AP TE 255x10° CFU/em’® e} 255371 353 Aoz A7Er) x=
gl Foll= dals ¢ 945 AT 2424 1.62x10° CFU/em’, 3.85x10° CFU/em”
Z,:

Fom Frhsgont AALEFolE AEHA galth

RFETSE FE5G PRUHR 28 Pl #50 Fhgon AgAE
o= AEHA ekt

43t FEODE Swd A & el Aol e9Y Aow EAEY
Ga wEEE ot St FAzA HES HES oY A4 BAL ¥a
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Table 34. Microbiological evaluation of cart for equipment used in

chlorine water and electrolyzed water applied product flow

Total plate count Coliform count
(CFU/cm ) (CFU/cm )
EW" CW” EW" CW”

Before cooking  155x10°  1.85x10*  3.00x10! ND?
In rural area

(Commissary  After cooking ~ 1.62x10°  870x10"  3.50x10°  2.25x10

system)  Washing & after
disinfection

Before cooking ND 2.55%10° ND ND

ND ND ND ND

In urban area ) 3 3 3 4
(Conventional After cooking 1.62x10°  3.85x10°  2.40x10°  2.20x10

system)  Washing & after
disinfection

ND ND ND ND

b Electrolyzed water.
? Immersed in chlorine water.
Y Not detected.

4) =np 2 Z

AR ARGl A Bl S @RV wE& Tl &t E=vket 2SO
doz dag 2 Adg A e vAdE 4 ZA3e Table 35 2 3600 o
BRIt WA Table 350 WElH ZnfE AW EHA w2 45 28 dol+=
A B Qi AT BFolA THarE AEHA fFten xe$o] Al
4 A TE 755x10° CFU/em’el™, 944 A2 FE 142x10° CFU/ecm’® YE}
1} Harrigan® McCance(79)¢] A|QFSF A WS "o} 2go] wj¢- =&
wolth 2 i EAF QoA E xEF HalF L dagd A TlA 47
1.67x10° CFU/cm®, 1.80x10° CFU/cm’® Yetstow, tiddel olAm ze
Foll= 156~9.10x10° CFU/em” 502 veh} ool A738he HojFrh 1
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al Table 363 o] Zo] Ag-ol =g Fol= Aaiaq R das AN
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BOARET MEA AH L AES Fomd VAR £AE AL F 9e wof
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a8, AED 2l oaH BAFA s Evhe T2 58k 45 (2o}l
SAYEF)Y d9AE5S Abgstel AR Z Aajstal ey b dxvh
B @how ddd AAEAE 2o sbsdel Avtn stgow, #(Ee
APlNE Erpel e 19 18 I945e AN e 1 9o g
e obA o kil Bagk mp it olok= RbtlE S (83)¢] ATl
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Table 35. Microbiological evaluation of cutting board used in chlorine
water and electrolyzed water applied product flow

Total plate count Coliform count
(CFU/cm?) (CFU/cm )
EW" CW? EW" CW?
Before 3)
: 1 cooking ND ND ND ND
n rural area
(Commiss)ary C(ﬁgi{g 755x10°  142x10°  215x10°  156x10°
t
System Washing & after
disinfection ND ND ND ND
Before 3 2
- cooking ND 1.49%10 ND 3.90x10
n urpan area
(Conventic;nal C(ﬁfﬁ‘fg . 167x10°  1.80x10°  9.10x10°  285x10°
system -
Wajgii%e ffioifter ND 1.70%10% ND ND

b Electrolyzed water.
? Immersed in chlorine water.
Y Not detected.
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Table 36. Microbiological evaluation of knife used in chlorine water and
electrolyzed water applied product flow

Total plate count Coliform count
(CFU/cm?) (CFU/cm )
EW" CW? EW" CW?
Before 3)
1 1 couling ND ND ND ND
n rural area
(Commiss)ary C(ﬁfﬁi{g 320x10°  505x10°  150x10'  555%10°
system -
Washing &
after disinfection ND ND ND ND
C%g{{‘;ffg 2.00x10'  4.00x10", ND ND
In urban area .
(Conventi(;nal C(ﬁ)%ﬁ{g 195%10°  3.15x10°.  1.00x10°  3.20x10°.
system -
Washing & ND 2.50x10" ND ND

after disinfection

b Electrolyzed water.
? Immersed in chlorine water.
Y Not detected.

5 AH% AR AA 2L 2
Peeleri= #2420l A Ao AAE AASNAY AaF ¥ T 59 4
AAAGORZ AFE3HE 7| FRA, B dFoE Ay 4AdS AAGEY ALE Y
Aok, ¥ FEHAAM AHgE Y BavE Ad oo 68date] vy atgl
om AP = AAS AAT F 62Tt AT
Table 37¢] YepWHLe} o] peelerd] T+ 2g Hiv H3lld& 2 dx
Ae] ol A zhzE 8.35x10° CFU/em’, 3.95x10° CFU/em’2 rebskt), ol el dk A3}
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24 AT 49YE ¢ F A 2 AR AAF L dad A7

e

1l AWZW} ook 2 AT Fol oA
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Table 37. Microbiological evaluation of peeler used in chlorine water
and electrolyzed water applied product flow

Total plate Czount Coliform count
(CFU/cm®) (CFU/cm?)
EWY W2 EWY CW?

Before cooking 835x10°  3.95x10°  250x10°  1.00x10"

In urban area
(Conventional After cooking — 4.10x10°  875x10°  1.50x10°  2.80x10°

system) Washing &
after disinfection

ND? 1.45x10° ND ND

D Electrolyzed water.
? Immersed in chlorine water.
Y Not detected.

2 oAl e MR 24

A3E e Ao, A9 S4o #Agel FTF L PRt Ao
FAgon, zes A4
=]

(o5 ] %
= -1
Foll= el Aol s e AEHA L wbdel g Aol =

Table 38. Microbiological evaluation of fruit divider used in chlorine
water and electrolyzed water applied product flow

Total plate CZOUIlt Coliform count
(CFU/em?) (CFU/cm?)
EWI) CWZ) EWI) CWZ)
Before 1 2 1
: 400x10"  2.90x10 ND.  200x10
In rural area cooking : :
(Commissary C(ﬁ)fﬁieég 995%10°  9.95x10°  5.00x10'  555x10°
system) Washin :
g & 3)
after disinfection ND ND ND ND
Before 2 )
; 195%10°  2.35x10 ND ND
In urban area cooking
(Conventional cﬁgg 121x10°  865x10°  1.10x10"  2.75x10°
system) Washing &

1
after disinfection ND 2.50x10 ND ND

b Electrolyzed water.
? Immersed in chlorine water.
¥ Not detected.

- 129 -



= Hpehgko] Al A g el B Aglol

T L A
Aot =2 HEENoy daje 2 dag AFole BF AddEe A

Table 39. Microbiological evaluation of Rubber gloves in chlorine water
and electrolyzed water applied product flow

Total plate %ount Coliform coQunt
(CFU/cm?) (CFU/cm?)
EWY cw? EWY CwW?
Before ND” ND ND ND
For cooking
trimming Washing & after ND ND ND ND
disinfection
Before cooking ND ND ND ND
For After cooking ~ 1.04x10°  1.40x10°  259x10°  7.05x10°
cooking Wahire & aft
ashing after
disinfection ND ND ND ND
Before 2
For cooking ND 1.00x10 ND ND
washing  Washing & after
disinfection ND ND ND ND

b Electrolyzed water.
? Immersed in chlorine water.
¥ Not detected.

6) B3
Aph kel AHgE BFE didow dag R dals Al we v
2 4 A7E Table 409 YeEMAT Fv52] F$ Ao AAfo] i
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T+7F 895%10°
CW
ND
1.75x10°

[

=

Y 9]

Coliform count(CFU/g)
EW
ND
ND

A 2] ol M

CW?
8.50x10"
3.50x10"

A<
RS

R

1

EWI )
ND
ND

°](90)
Total plate count (CFU/g)

FEom vy,

SEERY
@

3}

<

AF
%
system)
In urban area
system)

o

i

In rural area

(Commissary
(Conventional

o §-

Table 40. Microbiological evaluation of dishcloth used in chlorine water

logCFU/em?, thdat a4 450x10 CFU/g= Al 40| =
and electrolyzed water applied product flow

' Immersed in chlorine water.

) Electrolyzed water.
¥ Not detected.
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Table 41. Hazard analysis, CCP’s and control methods in vegetable
salad produced by general product flow

Phase in Significant

product flow  hazard CCP Control methods

Fresh vegetables at harvest may have
Receiving Pathogens Yes the region of 10°~10%g of bacteria,
raw ingredients present which are controlled by purchasing high
quality products.

Temperature abuse may allow growth of
pathogens present in the raw vegetables.

Holdin, Pathogens v ¢
& growth Raw vegetables should be controlled by
keeping temperature below 5C at holding
area.
Pre-preparation
Immersing raw materials in 100ppm
chlorine water for 5 min was not good
. h dard.
I ersing in Pathogens Ves enough to meet standar
hlori i .
chlorme water remain Population of pathogens can be controlled
by  using electrolyzed  water  for
immersing raw materials.
Rinsing raw materials with tap water for 4
times was not good enough to meet
standard.
o Path
Rinsing a Qgens Yes
remain

Population of pathogens should be
controlled by wusing raw vegetables
immersed in electrolyzed wter
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Table 41. (continued)

Phase in Significant
CCP Control thod
product flow Hazard ontrot methods
. Path . e
Cutting atnosens Cross—contamination can be minimizes by
related with . . . .
& cross— Yes using cutting board, knifes and sanitary
trimming . gloves sanitized with electrolyzed water.
contamination
.. Path L C
Mixing athosens Cross—contamination can be minimizes by
related with ) . )
& Yes using utensil and sanitary gloves cleaned
. Cross— .
seasoning . with electrolyzed water.
contamination
Long-time holding at room temperature may
allow growth of pathogens.
. Pathogens
Holdi Y
oding growth s Growth of pathogens can be controlled by
keeping salad at temperature below 5T
and minimize holding time.
Path o .
Assembly reallate(z)dge\fvlisth Cross—contamination can be minimizes by
& ross— Yes using utensil and food container cleaned with
service electrolyzed water.

contamination
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Table 42. Hazard analysis, CCP’s and control methods in vegetable

salad produced by product flow with electrolyzed water

Phase in Significant
product flow hazard

CCP

Control methods

Receiving Pathogens

Fresh vegetables at harvest may have the
region of 10°~10%g of bacteria, which are

. . Yes . . .
raw ingredients present controlled by purchasing high quality
products.

Temperature abuse may allow growth of
pathogens present in the raw vegetables.
. Pathogens
Holdi Yes
g growth Raw vegetables should be controlled by
keeping temperature below 5T at holding
area.

Pre-preparation

Immersing 1 . . .

TMErsmg 1n Raw materials immersed in electrolyzed

electrolyzed None No )
water for 5 min.

water

Rinsing None No Raw materials rinsed with tap water for 1
time.

No hazard is introduced as  cross-

Cutting . o . .
contamination minimized by using clean utensil

& None No ) | n -

trimming and  sanitary gloves washed wit
electrolyzed water.

.. No hazard is introduced as  cross-

Mixing .. o . .
contamination minimized by using clean utensil

& None No . .
. and  sanitary gloves washed with
seasoning
electrolyzed water.
Long-time holding at room temperature may
allow growth of pathogens.

Holding None No Growth of pathogens controlled by
minimizing the initial population of
bacteria in  vegetables treated with
electrolyzed water

Assembly Cross—contamination minimized by using clean

& None No utensil and food container washed with
service electrolyzed water.
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Appendix I. Score card for Sensory Evaluation

Name:

Date:

Please evaluate each of samples after reading instruction below and

score according to the following 9 scales.

Instruction

Preference evaluation

Fill on the blank according to the
following 9 scales value. How do you like each sample?

* Scale value for question No. 1-7

Appearance
Discoloration
Clearness

Smell of chlorine
Taste

Texture

NSO W

Overall acceptability

-—— like extremely

—-—-- like very much

—-—— like fairly

—-—— like slightly

—--- neither like nor dislike
—-—— dislike slightly

—-—— dislike fairly

—-—- dislike very much

—-—— dislike extremely

796 842 630 217

432
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Appendix II. Comparison of sterilization effect by
electrolyzed water(EW) and chlorinated water(CW) on

utensil and equipment for school foodservices
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OsZY EW
5[ OsZ&d CW
W A" EW
4 OZAl" CW

Log cell number (cfu/g)
w
T

Before cooking After cooking Washing & After
disinfection

Phase in product flow

Fig. 1. Inactivation of total cell count by EW and CW on receiving
board.
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Fig. 2. Inactivation of coliform group by EW and CW on receiving
board.
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Fig. 3. Inactivation of total cell count by EW and CW on working
table.
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Fig. 4. Inactivation of coliform group by EW and CW on working table.
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Fig. 5. Inactivation of total cell count by EW and CW on cart for

equipment.
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Fig. 6. Inactivation of coliform group by EW and CW on cart for

equipment.
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Fig. 7. Inactivation of total cell count by EW and CW on cart for class

room.
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Fig. 8. Inactivation of total cell count by EW and CW on sheves.
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Fig. 9. Inactivation of total cell count by EW and CW on cutting board.
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Fig. 10. Inactivation of coliform group by EW and CW on cutting
board.
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Fig. 11. Inactivation of total cell count by EW and CW on knives.
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Fig. 12. Inactivation of coliform group by EW and CW on knives.

- 160 -



Log cell number (cfu/g)

4.5
4l Os&8 EW
Os&8 CW
35 |
WA EW
3 OEAIE CW
25 f
2 -
15 |
1 -
0.5
0

Before cooking After cooking Washing & After
disinfection

Phase in product flow

Fig. 13. Inactivation of total cell count by EW and CW on fruit divider.
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Fig. 14. Inactivation of coliform group by EW and CW on fruit divider.
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Fig. 15. Inactivation of total cell count by EW and CW on rubber

gloves.
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Fig. 16. Inactivation of coliform group by EW and CW on rubber

gloves.
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Fig. 17. Inactivation of total cell count by EW and CW on vegetable

slicer.
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