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Outline

« About my previous work
 Making of EW

 FDA Top 10 riskiest food

— Category I: leafy greens, etc. (skip)
— Category Il: eggs

— Category IlI: tuna, oyster (skip)

— Category IV: cheese, ice cream



Electrolyzed water (EW)

* To be specific, electrolyzed
oxidizing water (EOW)

* An environmental friendly, safe
and powerful deodorant,
disinfectant and sanitizer to kill

a variety of fungi, bacteria and
VIrus.



EOW related work on fundamentals and machine design
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System installed: Bio-Industry (1)
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System installed: Bio-Industry (2)
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System installed: food processing industry (2)
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System installed: food processing industry (3)
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Making of EOW: Method 1

A
Water

\ '+Smt

With
Ion-selective
membrane

Alkaline Acidic

Electrolyzed Flectrolyzed Water  Electrolyzed Water Electrolyzed
Reduced Water A Oxidizing
(dilute NaOH) Water (HOCI,

_— dilute HCI)

ERW or AEW PowsrtoClesn " Deodorize | EOW or AEW



Tap Water Salt

H,0
H* g Na+ B
02 —_— HyO
- OH"
cr cl Ha2
| 4D -
positive negative
electrode electrode
Membrane
Electrolyzed Electrolyzed
9:: = acid basic
agueous agueous solution
— | @ solution

9

positive negative
Salt (NaCl) and Softened Tap Water (H20)
electrode electrode e

* * Electrodes

Electrolyzed acid Electrolyzed basic
aqueous solution aqueous solution

4 20H
Negative ions ’ Positive ions,
Cl- and OH- are ) N+ and H+ are
attracted to the " attracted to the
anode _— 0 cathode

Acidic Solution J— - -~ Alkaline Solution
Very High ORP
Water - | 100my




Making of EOW: Method 2
Electrolysis EW with
(membrane-less) [l HOCI + ...

Without

membrane Hypochlorous acid
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Sanitizing capability of EW

FAC (Free Active/Available Chlorine)
= AFC (Active/Available Free Chlorine)

FAC = Concentration of HOCI + OCI- + Cl,
Sanitizing capability

Cl,>HOCI >> OCI



pH affect % of HOCI in EOW made by method 2
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Features of EOW

( Certified )

Solute: salt or HCI

Low chlorine residue, no carcinogen
(causing cancer) produced

Harmless to skin and respiratory tract

e  Strong sanitizer, disinfectant

*  Strong deodorant

* Long preservation time if sealed
and avoid light

Approved for sanitization usage
Approved to use as food additive:

US FDA, JN mhw & 24 %4 -

CODEX R *% & -2 &, European EPA,
TW mhw #4&3%



Lab rat: EOW fog - inhale




Lab rat: EOW water — skin contact

- FAC@0,200,1000 ppm
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US Regulations

1. Use of EO water as a sanitizing agent is considered a special
case of chlorination. Hence EO water can be used in any
application while currently chlorine is allowed.

2. In poultry wash tank, 50 mg/L chlorine is allowed.

3. Under Food Codes, food service operations need to used
chlorine water with minimal 200 mg/L



EU Regulations

1. Regulation (EC) No 1333/2008 on food additives

1. Substances not consumed as food itself but used intentionally in the processing of foods,
which only remain as residues in the final food and do not have a technological effect in the
final product (processing aids), should not be covered by this Regulation

2. Chlorine and EO water is considered as a processing aid , it needs to be regulated by the
positive list in each state member. In the case of Spain, there is not a positive list in which
is approved or excluded.

3. aprocessing aid, it may result in the unintentional but technically unavoidable presence in
the final product of residues of the substance or its derivatives provided they do not present
any health risk and do not have any technological effect on the final product”

4. It is the responsibility of the operator of the food industry, based on the responsibilities of
operators of food businesses ( EC 178/2002 regulation of the European Parliament and of
the Council, particularly in section 4 on general requirements of food legislation).

2. The application of any disinfection technology for fresh-cut in
Europe i1s uncommon except in England, France and Spain
where they use mainly chlorine as a gas or bleach and now of
chlorine dioxide.



Taiwan Regulations
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Food safety concern |

 Sanitation practices:
Not only food, but also any
tool/surface/water/
compartment/personnel
need to be sanitized before

touching or get contact with the
food.
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Cutting board wiped with cleaning rag
soaked with tap water vs. 200 ppm EOW

Cleaning rag soaked with 200 ppm EOW for

Cleaning rag soaked with tap water at least 5 min
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Cleaning of dish plate

Bacterial count Coliform
Plastic dish plate (CFU/cm?)
Untreated TNTC TNTC
Tap water treated 5556 0
EOW treated (200 ppm) 0 0
Steel dish plate
Untreated 11111 2222
Tap water treated 1111 0
EOW treated (200 ppm) 0 0

26



Now you have clean
hand, cutting board, dishes
but how about air?



Microorganisms associated with an airborne route of exposure that result in
adverse human health effects

Microorganism

Health effect

Exposure

Aspergillus fumigatus
Aspergillus versicolor
Bacillus anthracis

Chaetomium species
Francisella tularensis

Legionella pneumophila

Mycobacterium tuberculosis
Penicullium species
Strachybotrys chartarum

Trichoderma species

Variola virus
Yersinia pestis

Infection, allergy
Allergy toxicosis
Anthrax
Toxicosis
Tularemia

pneumonia

Tuberculosis
Allergy
Toxicosis

Allergy, toxicosis

smallpox

plague

Mold-contaminated building, compost
Mold-contaminated building

Bioterrorism, animal habdlers, veterinarians
Mold-contaminated building

Potential WMD, infected rodents

Aerosols from water spray

Person-to-Person

Mold-contaminated building
Mold-contaminated building
Mold-contaminated building

Potential WMD
Potential WMS, infected fleas

" Stetzenbach et al., 2004
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Food safety concern |l

* Not only food, tools/surfaces/water/
compartments/personnel,
but also the SPACE
need to be keep clean / sanitized
before the food entered.

« HEPA Filters, UV, fogging EOW



How about bad smell

<

Applying EOW
for
deodorization

EOW iIn

sprayer and
use it
wherever you
need

) EOW flooded
. food waste for

sanitation and
deodorization




Bad smell around chicken farms can be treated
using AKW and ACW

Sources of bad smell:
1. NH,
2. H,S

HOCI and NaOH

Bad smell removal rate:
70~98 %




Applying EOW In draining trench

Pour EOW In the
draining trench can
reduce number of
cockroaches, flies,
and rats and bad
smell.
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FDA Top 10 riskiest food

Many of the FDA Top Ten are, unfortunately, some of the healthiest and most
popular foods consumed in the U.S. And while some are already considered “high
risk” foods, others are surprising. The FDA Top Ten riskiest foods regulated by FDA
are:

i 1. Leafy Greens: 363 outbreaks involving 13,568 reported cases of illness
2. Eggs: 352 outbreaks involving 11,163 reported cases of illness

mm 3. Tuna: 268 outbreaks involving 2,341 reported cases of illness

4. Oysters: 132 outbreaks involving 3,409 reported cases of illness

5. Potatoes: 108 outbreaks involving 3,659 reported cases of illness

B 6. Cheese: 83 outbreaks involving 2,761 reported cases of illness

B 7. Ice Cream: 74 outbreaks involving 2,594 reported cases of illness

8. Tomatoes: 31 outbreaks involving 3,292 reported cases of illness

99, Sprouts: 31 outbreaks involving 2,022 reported cases of illness

& 10.Berries: 25 outbreaks involving 3,397 reported cases of illness

fungi, bacteria and virus

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



Sources of fungi, bacteria and virus:
from plant itself
Man: from soil and water

prll sh

ik from handling personnel, etc. FDA

are:
i 1. Leafy Greens: 363 outbreaks involving 13,568 reported cases of illness

— = PN . e e
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5. Potatoes: 108 outbreaks involving 3,659 reported cases of illness

8. Tomatoes: 31 outbreaks involving 3,292 reported cases of illness
99, Sprouts: 31 outbreaks involving 2,022 reported cases of illness
& 10.Berries: 25 outbreaks involving 3,397 reported cases of illness

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



Sources of fungi, bacteria and virus:
from egg shell, contacting surfaces,
v Trom handling personnel, etc.

prllldI’ LOOUUS LOULISULIIEW LI UIEe U0, ALLU WILLE 5UlLIE d1 e dlleduy Lullsiuelr eu Illgh
risk” foods, others are surprising. The FDA Top Ten riskiest foods regulated by FDA
are:

S
2. Eggs: 352 outbreaks lnvulvmg 11,163 reported cases of illness

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



types . .
P It Treatments Bacterial count ~ Salmonella Coliform
O u ry (CFU/cnm?) (CFU/cn?) (CFU/cm?)

Tap water 10 sec

On shell eggs (CFU/cm?) soak

100 ppm
10 sec EOW soak

200 ppm
10 sec EOW soak

100 ppm
30 sec EOW soak

200 ppm
30 sec EOW soak

100 ppm
EOW spray

200 ppm
EOW Spray

Due to roughness on the
surface of the egg shell ?



Poultry

On shell eggs (log,, CFU/shell egg)

Treatment Time Reduction
(min) L. mono. S. Enteriditis

=

Deionized
water

Alkaline EO
water

~~ Acidic EQ
water (41 ppm)

Chlorine water

G|k, O|FL O | O]

4
_ (45 ppm)

+

Park et al. 2005. J. Food Prot. 68:986-990.



Brush, washing and quality inspection machine

Wash and brush
for 20 sec using
55 °C warm
water added
with bleach

CNS 10890

38



Washing eggs in the brusher

Bacterial Population(%o)

0% -

Chlorine residue using bleach : 50-100 ppm

Chlorine residue using EOW : 0.5-1 ppm

80% -

60% -

40% A

20% -

. | Wash for 20 sec

using 55 C

warm water
with EOW

| | additive

EOW (FAC=200 ppm) can
reduced bacterial count on
the surface of egg shell by

99.5%

J

F RIL

\_
0.7% 0.5%
v ok G ENN
bleach  Eow



Does EOW affect the eating quality of egg?

AL FFHRABN G RHBEEEI SR - RREM - FOHBE - E R8P TF

i 3 X ARAEmm X E@ Fadid % Rl %
S B BEE - 65.80 a 1.77 a 3792 a
F ik 0.41 a 47.13b 1.41 a 34.76 b
0 ppm 0.41 a 243 a 1.60 a 3801 a
50 ppm 0.40 a 61.71 a 1.81 a 38.15a
100 ppm 0.42 a 53.48 ab 1.48 a 37.08 ab
200 ppm 0.42 a 59.57 a 1.71 a 38.02a
0 ppm+#3 & i 0.41 a 58.11 a 1.63 a 37.50 ab
50 ppm+#2 5 ik 0.42 a 56.60 a 1.69 a 37.40 ab

Means within a column without a common letter are significantly different. (P<0.05)

No influence on thickness of egg shell,

freshness and eating quality of egg among all
treatments (FAC of EOW 0~200 ppm)



FDA Top 10 riskiest food

Many of the FDA Top Ten are, unfortunately, some of the healthiest and most
popular foods consumed in the U.S. And while some are already considered “high
risk” foods, others are surprising. The FDA Top Ten riskiest foods regulated by FDA
are:

mm 3. Tuna: 268 outbreaks involving 2,341 reported cases of illness
4. Oysters: 132 outbreaks mV{)lvmg 3,409 reported cases of lllness

fungl bacteria and virus

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



Sources of fungi, bacteria and virus:
from dairy produce (milk),

Man: from contacting surfaces,

opt sh
=< from handling personnel, etc.  ‘a
W

B 6. Cheese: 83 outbreaks involving 2,761 reported cases of illness
B 7. Ice Cream: 74 outbreaks IIIV[]]VIIIg 2,594 reported cases of lllness

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



Animal
housing

Sanitation: water

Sanitation: environment
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Applying EOW in poultry/dairy farm at entrance

e
-

Bacterial 91.75% 9490% | 9450% | 7920% | 94.90%
reduction %




Applying EOW in poultry/dairy farm vs. 3 chemicals

% of bacterial

reduced Air SPACE Cage Floor Chicken
EOW 94.90% 100% 76.60% 100%
HERK 79.40% 94.00% 71.60% 92.00%
Shil 33.90% 100% 98.70% 100%
S EEIRELH 94.70% 51.70% 89.20%

Air SPACE 10 min 30 min 1h 3h

EOW 94.90% 93.00% 66.60% 38.90%
B 76.70% 12.60% 16% 17.70%




Applying EOW by fogging in an open type pig farm
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Applying EOW In meat industry

slaughtering Processing



slaughtering
—>

® 8 &8 LR

SIVMVVV Y

g{)
go
go

Washing tank  \Washing tank  Cooling tank

Using 200 ppm EOW « Improve Sanitizing capability
(instead of chlorinated water) in ||+ Greatly reduce bad smell
washing and cooling tanks * Increase safety of employee

49




Slaughtering factory

Washing and cooling tank



Application Areas in factory




Slaughtering factory - Cooling tank

EOW vs. Chlorinated water

Bacterial

E.coli Coliform
ltem count Treatments
(CFU/mI)
Wh0|e %) 0 0 Tank #1 EOW
chicken 230 0 1 Tank #2

Chlorinated water

Pretreatment: 0.1% peptone water




Sampling in slaughtering factory




Before and after sanitation

1.00E+06
1.00E+05
1.00E+04
1.00E+03 » Before
1.00E+02 = 200ppm EOW
= 400ppm EOW
1.00E+01
1.00E+00
Bacterial count Coliform
B2 A < 4R A
Body of chicken, Bacterial count Coliform
CFU/g B2 F < A% A
Before Sanitization 1.2 x 10° 9.5 x 10 5 x 101
200 ppm EOW 5.0 x 10* 0 0
400 ppm EOW 2.1 x 10% 0 0

TR KR FETLCCR %P



| |

 EOW, a highly cost effective
environmental friendly, safe, powerful
disinfectant, sanitizer and deodorant.

» (etting more and more attention
scientifically and commercially.

 Can play important role now and beyond.

55






Sources of fungi, bacteria and virus:
from plant itself
Man: from soil and water

prll sh

ik from handling personnel, etc. FDA

are:
i 1. Leafy Greens: 363 outbreaks involving 13,568 reported cases of illness
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5. Potatoes: 108 outbreaks involving 3,659 reported cases of illness

8. Tomatoes: 31 outbreaks involving 3,292 reported cases of illness
99, Sprouts: 31 outbreaks involving 2,022 reported cases of illness
& 10.Berries: 25 outbreaks involving 3,397 reported cases of illness

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



Bacterial related to leafy greens and sprouts
n F) R e Wk References
E. coli 0157 FEY N EE CDC, 1997
Salmonella a9 ~fE R Mahon et al. 1997
Campylobacter ' & & Kirk et al.1997
Shigella TE~FEBEEEFEE  CDC, 1999
Bacillus g 3 Portnoy et al., 1976




seeds of rice

4 ##(log CFU/50%F)

10 -

7.46

Reduced by only 2.1 log

HC1O

WUTE (ppm) | kg FE A L]

0 , 30min
10 | 30min
50 _ 30min

100 | 30min
200 _ 30min
500 Smin

eL10% cfu/ml = Xanthomonas vesicatoria & 5 6 9 005 % 56 5 5 2k
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Growth conditions after ‘soaked for 1 hr treatments’




EOW vs. steam treated moss as growth medium

EOW Steam 61



Shelf life

Tap water vs. EOW (500 ppm) vs. Chlorine Dioxide (500 ppm)

 DAT (Days after treatment) =0, 5, 9 at room temperature
« L:tap water, DAT =5 rot and mold appeared

« DAT =9, appearance and eating quality: EOW = CIO,

« EOW is much cheaper than CIO,

Day 0 DAT =5, Room Temperature | DAT =9, Room Temperature

.........

L: Tap water, M: EOW 500 ppm, R: CIO, 500 ppm (Chlorine Dioxide)
Soak in water for 5 minutes




Shelf life of Cucumber
washed using bleach vs. EOW

o 21€8CN (100 ppm) EOW (100 ppm)
Days Bacterial count,  Coliform |Bacterial count|  Coliform
(CFU/g) (CFU/g) (CFUIg) (CFUIg)
D

D+1 270 0 0 0

D+2 450 0 180 0

D+3 450 180 180 0

D+4 540 270 180 0

D+5 2169 270 540 0

63




Plant factory

Sanitation on personal, tools, cleaning rag, floor, walls, shoes, etc.

Growth panels

A continuous type EOW generating machine was developed



FDA Top 10 riskiest food

Many of the FDA Top Ten are, unfortunately, some of the healthiest and most
popular foods consumed in the U.S. And while some are already considered “high
risk” foods, others are surprising. The FDA Top Ten riskiest foods regulated by FDA
are:

mm 3. Tuna: 268 outbreaks involving 2,341 reported cases of illness
4. Oysters: 132 outbreaks mV{)lvmg 3,409 reported cases of lllness

fungl bacteria and virus

http://www.cbsnews.com/htdocs/pdf/FDA_Top_Ten_Report_dangerous_foods.pdf



Applying EW In Aquatic produces

e Clams
* Fishes




Soaking of clams in pond VS, EOW

1.00E+04
1.00E+03
1.00E+02
1.00E+01
1.00E+00

m pond

%_*2?) m EOW 50 ppm (24 hrs)
.
Pond EOW 50 ppm (24 hrs)

® i fungus 833 0
2 7 ¥k bacterial count 4333 167
£% 4 3 5 2 S. Aureus 1167 0
+ 75 42 g E. Coli 2333 0

% L 5% & V. Parahaemolyticus 0 0

TR KR FETLCCR %P



B Sanitizing capability of EOW

LD 100 200 ppm | 100 ppm 50 ppm
V.Parahaemolyticus 15 s 15 s 1 min
S. Aureus 1 min 8 min

V.Parahaemolyticus % % f»\*ﬁ{ il vﬂﬂ’ o H A BN E R
S.Aureus £ % ¢ § FHFELE FAHB IR

&L

Sanitizing capability of EOW vs. Bleach on V. Parahaemgiytlcus

50 ppm 100 ppm 200 ppm

Reduced 15 s

EW (pH=8) 1-2log | totally killed

Totally killed

Bleach Reduced | Reduced |1 killed
2 log 5 log

AEAFARFARK R EREERHRE



Applying EW In seafood processing

Whole fish Bond/skin refrigeration

1nto removed
processing

factory

Slice / Cut Cleaning

Targets for De-frozen of Knife Ice cu-bes
EW fish Cleaning rag Machine

. . Work bench
appl ication Hands of workers oo

Environment



SOP to apply EOW in seafood processing factory

* Fishbone removing
process: flush with
EOW lower than 50

ppm

e |Leftover waste of
Fishbone and meat:
soaked In EOW at
200 ppm to remove
bad smell.
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EOW ice cube

(BEXFEEMARHEY aR{LFAREICTEE)
Ice cube made from

80 80%
. E EEE wnogy  EOW dissolved
1t slower than ice cube

N e made from tap

0 mrome  \vater,
K 40 10%
o ™A Temperature drop in
B wsn fish body using

) " aeee EOW ice cube is

° L faster, thus leading

o RO 10 longer

BIKTEREK =2 5IVE
BIKEREIK

Twice the preservation period

refrigerated shelf
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