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Development of prevention and treatment
techniques using ozone therapy for bovine hoof
discase and mastitis
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SUMMARY

I. Title

Development of prevention and treatment techniques for bovine hoof

disease and mastitis using ozone therapy

II. The purpose and necessity of research

The occurance rate of bovine mastitis and hoof disease is high and those
disease are difficult to cure. Those diseases usally become chronic. [t is
very important to prepare solving method because economical loss due to
bovine hoof disease and mastitis is big. Strong resistant bacteria caused by
abuse of antibiotics was frequently shown. The existence of antibiotics in
milk and bovine meats becomes issue in public health. Recently it was
reported that ozone treatment had superior treatment effect on human and
animal diseases in foreign countries. Therefore, The establishment of new
ozone therapy for treatment of bovine mastitis and hoof disease is useful not
only for increase of income and but also for competition with foreign

countries in dairy industry.

I, The contents and limits of research

The purpose of the present study is to establish ozone treatment for
issue diseases , bovine mastitis and hoof disease. Treatment effect of ozone
gas for bovine mastitis(lst year), therapeutic effect of ozonated water for
bovine mastitis and prevention effect of ozone gas for mastitis(2nd year), and
treatment effect of ozone ointment for bovine mastitis(3rd year) were
investigated, respectively in subsubject 1.

In addition, bactericidal effect of ozone gas on etiological agents of bovine

mastitis and hoof disease in vitro(ist year), that of ozonated water on



etiological agent of bovine mastitis and hoof disease(2nd year) and bactericidal
effect of ozone ointment on etiological agent of bovine mastitis and hoof
disease(3rd year) were examined, respectively in subsubject 2.

The toxicity of ozonated water and pathohistological examination for the
udder and hoof tissue(lst year), pathohistological examination according to
injection with ozonated water(2nd year) and pathohistological examination
according to application with ozone ointment(3rd year) were investigated,
respectively in subsubject 3.

Therapeutic effect of ozone gas on bovine hoof disease(lst year),
treatment effect of ozonated water on bovine hoof disease(Z2nd year) and that
of ozone ointment on bovine hoof disease(3rd year) were investigated,

respectively in subsubject 4.

[V. Resuts of research development and proposal for application
The results obtained were as follows in the present study,

The injection with ozone gas(l ppm, 50 ml, twice/day, for 3 days) was
most effective for treatment of bovine mastitis. The ozonated water did not
show therapeutic effect for treatment of bovine mastitis because of increase
of somatic cells in milk and
ozone gas was not effective for prevention of bovine mastitis. Further,

therapeutic effect of ozone ointment was observed in subsubject 1

In subsubject 2, decrease of E-coli and Streptococcus spp., eticlogical
agent of mastitis were started in 10 minutes' treatment with ozone gas(l ppm)
and complete bactericidal effect was found over 30-60 minutes' treatment
with ozone gas(1.0-5.0 ppm). In Staphylococcus aureus decrease of the
number was detected from 5.0 ppm in 30 minutes' treatment and complete
bactericidal effect was found iIn 60minutes' treatment with 1.0 ppm.
Bactericidal effect was detected over 30-60 minutes' treatment with 1.0-5.0
ppm in Fusobacterium necroforum and Bacteroides nodosus, causative agent of
bovine hoof disease. Significant bactericidal effects were observed in 0.1

ppm, 1.0 ppm and 5 ppm, respectively in ozonated water. Bacteicidal effects



on Staphylococcus aureus were not detected in 0.1 ppm and 5 ppm of
ozonated water, respectively. However, bactericidal effect on Fusobacterium
necroforum was found in ozonated water with 5.0 ppm in artificially induced
hoof disease of Korean native goat. In addition, bactericidal effects of ozone
ointment treated with 200 ppm and 300 ppm were higher than that of ozone
ointment treated with 100 ppm. Facultative anaerobic bacteria were sensitive
than that of obligatory anaerobic bacteria in treatment with ozone ointment.
Marked decrease of bacteria was observed in feet of all cases treated with
ozone ointment.

the decreasing rate of bacteria in anaerobic culture was higher than that in
aerobic culture. The stabilities of ozone ointment according to storage period
was 9 months in E-coli and Staphylococcus aureus. Bactericidal effect of

ozone ointment was markedly decreased in 12 months' storage.

In subject 3, LC 50 of Japanese cyprinodont to ozonated water was 2.2
ppm. Microscopic findings such as Falling, hyperplasia and metaplasia of the
alveolar epithelial cells were found in the udder with injection of ozone gas(5
ppm). Mild interstitial infiltration of iaflammatory cells was observed in 0.2
ppm and 1 ppm of ozone gas. Specific difference was not detected in hoof
treated with 0.2 ppm, 1 ppm and 5 ppm, respectively. Clinical symptoms such
as fever, redness, swelling and pain were found in the udder injected with
Staphylococcus and Streptococcus agalactiae. Gangrenous mastitis was found
in the udder injected with S. aureus. Blue—black macroscopic lesions of the
udder was slightly diminished in the udder injected with ozonated water.
Mammary tissues injected with Staphylococcus aureus showed necrotic
mastitis and those injected with Streptococcus agalactiae revealed purulative
mastitis characterized by abscess. The mammary tissues injected with
ozonated water did not show marked difference comparing with that of the
injected with saline. However, recovery was rapid macroscopically and
microscopically in treatment with ozonated water on the hoof lestons and
ozonated water was effective. Regeneration of the alveolar epithelial cells
was observed in the mammary tissues with acute mastitic lesion after
injection of ozone ointment. Slight decrease of inflammatory cells was found
within the alveolar, however,

pathological change was not detected in the parenchymal and interstitial



tissues. Normal dermal tissue was found in tissues with hoof disease on 14

days after application of ozone ointment.

In subsubject 4, decrease of the trauma area was marked in ozone gas
treated area comparing with saline injected, especially in 1 ppm and 6 ppm,
respectively. Decrease of swollen soft tissues was rapid in ozone gas
treatment with 1 ppm. Inflammatory findings were not found in ozone gas
treatment with 1 ppm and showed normal skin. Inflammation in the epidermis
and dermis was observed in ozone gas treatment with 6 ppm and epidermis
was not nearly regenerated. Significant decrease of lameness, swelling and
grade of lesion was shown in hoof lesions on 14 days after appiication of
ozonated water. Significant decrease of lameness, swelling and grade of lesion
was found in hoof disease on 14 days after application with ozone ointment.
The number of leukocytes and neutriphils were slightly higher than that of
normal, however, those were improved on 14 days after application of ozone
ocintment.

In proposal for application, it was considered that the industrialization of
ozone ointment based on the results of the present study was necessary. In
addition, investigation on therapeutic effect of ozone ointment for different
diseases should be performed in the future.
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Fig. 1. The change of the somatic cells in milk of experimental group I

) dea O
AdT mel %lOth— A 1FUdEE 250mle] &7t 01ppm)E T 28
ol 2z} F<]lst4 x, T 1FA7e Bubo) ¢z Hule Axw oEJAE F93)

Aot o1 A, 9% T«l AMESF2] ME= 7Y (84403 + 95020 x 10%/mDel ¥
o M (36176 * 24181 = 10%/mbel Hlstd FASA A5stAst olF 14U A

_‘]6__



(70771 + 59514 x 10°/mDoF7t Z2stg o}, Fof Ao Hl sl AASA S8
zloyu vk, EFF tF ol Hlshe] 4 = Six
ol AAH=A] gdet.

K1
Hr
flo
)
AN
2
3L
£
Moe
XE

]

10,000
9,000
8,000
7,000

6,000
5000 | —— Control

4.000 © —a— Exp. |l
3,000
2,000 -+
1,000 ¢+

Somatic cells(x10%/ml)

0 7 14
Day
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Fig. 8 The change of N/L ratio in peripheral blood of examined cows among

groups
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Figure 10. The change of the somatic cells in milk of experimental group using
ozone water(0.1ppm)
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Fig.11 The chang of blood cells in peripheral blood of experimental group using

ozone water
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Figure 12. The change of the somatic cells in milk of experimental group treated
with ozone gas(8ppm)
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Fig.13 The change of somatic cells after injection with ozone ointment
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Fig. 15 The Change of WBC after injection with ozone ointment
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Fig. 16 The change of total protein after injection with ozone ointment
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Table 1. In vitro bactericidal effects of ozone gas on the bacteria originated from

bovine mastitis and feod-rot

) Exposure Ozone gas treatment (ppm)
Organisms . . Control
time (min) 0.5 1.0 5.0 10 20
5 181 179 168 46 36
E. coli 10 190 182 118 39 24 e
(n=3) 30 93 87 0 0 0
60 74 0 0 0
5 189 177 169 121 21
Staphylococcus 10 166 170 | 136 98 17
aureus . 174
_ 30 155 154 87 33 9
(n=3)
60 79 0 0 0 0]
5 129 137 79 26 0
Streptococcus 10 124 68 55 11 0
Spp. 128
) 30 109 | 41 0
60 34 0 0
5 87 77 64 55 46
Fusobacterium 10 75 79 70 29 0
necrophorum 39
_ 30 56 44 29 7 O
(n=1)
60 41 0 0 O 0
5 81 69 48 19 | o
Bacteriodes 10 64 31 19 4 0
nodosus 97
_ 30 79 26 O 0 0
(n=1)
60 56 12 0 0 0

* Mean colony numbers per plate of the triplcate trials :cfu/200.£

A g 2 Ay 4Awdd de &7 Y AaEgds Algg vk Table
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A YeHA E coli Y EFF 2l 3FE Ao R Alde v &
o A2l Al 10ppmoll A AF &7 AR 1, 20ppmAlAd AT ZHIF YA
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v, 10ppm °]4 FEolA f@dd axrl #FHA 1087 e Aol 1.0ppm ©)
Fe] FxoA AT FTo] AAHRUGY. 308 AelAldlE 1,0ppm ol AtellA &A
g G397 #RAHA oY, 60% A= 05ppm FEAAA FE SAMNF st
a8 =HUJAh
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10ppm ¥ =AM ddReol AAHAL® 20ppmel A A dto] A Yot 1083
AAl= 1.0ppmoll A AFEH7 AA3 50ppm ol AA dHAF R A HYY
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At
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d FEAA FAAF adst AFHAG 108 A Al 1.0ppmel AR E F3 A
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L AgAlels Ob5ppmoll ARE e Fodt Awasrst dAgHAeH, 6087 AeA
o= 05ppm °o]gdelA A A HUo

QE7tzst 2 &Y AFEAE YA dojd dHog wwstd E 4 At
REFF2 vlE] 2-4 dj9] I A A To] AU

o
iz

_89_



Table 2. In vitro bactericidal effects of ozone water on the bacteria originated
from bovine mastitis and food-rot

Treatment Ozone water treatment (ppm)
Organisms . ) Control
time (min) 0.5 1.0 5.0 10 20
5 136% 992 58 16 O
E. coli 10 83 21 0
172
(n=3) 30 63 0 0
60 0 0 0 0
5 132 71 29 18 0
Staphylococcus 10 110 46 7 0 0
aureus 179
_ 30 102 27 0 0 O
(n=3)
60 32 0 0 0 0
5 87 55 21 0 0]
Streptococcus 10 44 0 0 0
spp. 182
) 30 46 0 0 0
60 0 0 0 0
5 73 42 36 4 0
Fusobacterium 10 28 11 0 0 0
necrophorum 93
_ 30 8 0 0 O
(n=1)
60 0 0 0 0
5 61 43 12 0 0
Bacteriodes 10 36 38 0 0 0
nodosus 74
_ 30 28 0 0 0
(n=1)
60 0 0 0 0 0

* Mean colony numbers per plate of the triplicate trials.; cfu/200.u£
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23 F. necrophorum %2 B. nodosus®™ 5.0-10ppm< 108 o4 xz]A] A A
= At

2. 7EE 2 UE2y UlFEd g 2EF AFEAAY

T Qivto] wid R g Ad

1dxtel sdst wior a5k
A7 F 4689 7V EZRE E coli 135, Salmonella spp. 45, Staphylococcus
aureus T, Streptococcus pyogenes 87, Strep. agalatiae 1155 2390 759
Staph. aureus % 35 coagluase-positive ©] i 65+ S84 A FFRoed, 115
e] Strep. agalactiae % 975 CAMP test $Adolch EElFE 24F 9 FdAlo of
s AFAAES HAANT v E coli, Salmonella ¢ Staph aureust amikacin,
sulfamethokazole %  ciprofloxacin, 18|31 Strep. spp.©  sulfamethokazole,
trimethoprim % amikacinol W3] ZrAlo] dow, a9 FHAE ¥ AFAHAS
B2,

FFAFTR2E E coli ATCC 43814, ATCC 35750, Staphylococcus aureus KCTC
1621, KCTC 1916 18] 3l Streptococcus pyogenes KCTC 30962 & Al 3F3 vt

2) wgAy AT v
1dzbel Y Yo FYstAh

=
o
2
b=
2
>
2
.-
0
2
=il



Bacillus spp. 55, Staphylococci 35+, Streptococci 25, E. coli 65 & R34}

BTS2 Fusobacterium necrophorum ATCC 51357 % Bacteriodes nodosus
ATCC 255495 =43ty FTAEIg oy, B AdaMdes BEEATE uygoez Agst
Aot

3) LEFY HEad A¥

DAxE g FdsiAl At & g 2 wgEy WyogRny Ram
A X¥FTFE blood agaroll HEFsta st Bl 2

2 AAste] AAMAA HFtS FHAN F A sle] Plate 9 A
7T 9F 100-200 cfw/200ut 28li 71 TS ok 50-100 cfu/200pf HE=
AuAE o) &ste ZFAHIPL agzm E &
0.05ppm, O.1ppm, 1.0ppm, 5.0ppm ¥ %29 9 &Fo] %3ty A A4(10 mhWl F 1.0
ml& ¥ 58, 308, 60% 2 1208 F<¢ AT -3 200E AFH3 FEFol wet
T gS 2487 T3glar FE21A slkS 72417 blood agarol] wjtst 3 A g4
AdstAct z2t 5o g 2LExEstA @ Adsde g 4 WAL
Aol A A&k e},

offf

4) Td 2 deEy A I Edi Ud 2E5] s Ald

2] Foz AR ~aeygAld
x10° cf/ml 2 5x10° cfu/mlAA FEE =38 F Az 3o
A ohF 2443 Fo 0.1 ppm LFF 20mlE FYstHt. 28l
2 FF5Fd EAEe #9(cw/200u)E AL Rt £ R4 b
= 8 99AQ FE necrophorumS W T #5525 5x10° cfu/m! H 7
A5t Wy Az 1mI® FFEAGY 1 T LSS 01 ppm £E 50 ppm B 5
o] 8 Ao 19 334 34 HAF® F HFT H99 biopsy(05g)=
e 5 w@st 3 F 108 HA BHI brothE 71et 393 18 2002 35t
Blood agar ol =313l anaerobic jarE o] €3 7| AuleS 18-48 A ZHA A3

5) AA WHE ZA: FUY R BFAYe A e EqF AFaAANEY
dd SHARe] A T Fdd 2FEAYd ojfd RAAE Ygow U
T A9 29 {5 T FATFE A4HEF 4 01 ppme £S5 100ml & E
gebtk FAsta 24, 48, 241 HE FE5UW EAse 258 Adsdd. w3 2
o] o8y AT didem W RNy J7Y AusE A4 g, 01
ppm % 50 ppm 2EFE Wy LFF Wi T 43 o BHAAE HASA
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ppm % 50 ppm 2EFTE WH LFZ| Wi 3F 43 o B3
o AFAA F 395 WHEBRZHEE biopsy(05g)F RS FHet 9 ¥ FAS 8

oz YA+E Avsdrh BFLEEY 0EFE 19 38 wAdT

el
2
tlo
i
>
ol
i)
o R

}. 2%}

1) e.&59 dvaa

1xbd %) olo] R i 2 gy Aglido W o5 A 27 E
e Fdl AlF$t vl Table 19 #e d32 Aok
T dAT E coli @9 XFEF BEF 71FE dAoeR NP v o FF

of 5% AZAl 10ppmelA A&7 AL, 108-3083 A2 A 0.1-1.0ppmKE-E
AT a9E 1Y, 6030 Aol 0.05ppmPFH AT EHE B

Staph. aureus W< LEFA 57 HEA| 0lppm FERE AdFHrt QA HA
I, 108 A AldlE 1.0ppm ool A shdabdo]l olF At 3083 AEldAlE
0.05ppmal A AF &3 28]3 Olppmeld A @7 AAHY o8, 6057 A
gl 0.05ppmol A FEH SANF ZFH7F AAHUJY.  Streptococcus spp. T LFE
ol b& HEA] OlppmollAYe AwFadxrzt dASgoew, 1087 AAd =
O.lppm ©]4e] FoA i m5eo] AAFHAT 308 HE Aol 0.1ppm ol
A b BV BRFHY oW, 608 AHAG X Olppm FZAAARE SR AT
B2 947F 13 =ik

W AWl Al F onecrophorum& 2.F5E 583 A9 A Olppm B Eol A
ddFEso]l AAEHUALH S50ppmolA ATl FAFHAG. 108T AAEe
10ppm ol/dol A AMdF 37 AQALHJD. 302 AedAdlE 0.05ppmol] A58 of
T el A adrt AR, 6087 A AolE 0.05ppm ol Aol A A A
Ao

1T AR dad v 02 A4 WAL §EAL Ao AHAGS
Gol §EAA T A2 ¢ AYAAF Wl §F 0T FFuAs wA ve
weh olF e L AW oY AFEAANYNA 0ESF AP FEE 0lppm

2) Staph. aureus=
Staph. aureusE - o]
= Table 29} 2}

[47)
Jd
o
o%
o &
rO
o
i)
vih
>
)
J{O{r
ol
b
2
7T o
Ei'z
lo
B
r
e
g
=l
‘1014
K

5x10%cfu/me o] F& 12 Bulo] Fd F 24AA¢) 0lppme SEFE FIF F
24, 48 3 A 27 §F F AW FTFE A6 RAGE J3 Fobste

_48_



Aol gdon, 5x10° cfu/me] HF B 42-92x10%cfu/m el Feol 1AHe 5
olg #Hel WEL AFHA Yotk HAFE FAY WE BUe ¢ eESF A
oF #Erh dssgen] 48-7243H 0 sk

% ezl Hwad

A8 =% dlel YFD
éi’ql—% ARt
912 biopsydte] 7]

3) F. necrophorum & W34 Q1 #
F. necrophorum w(5x10° cfw/ml) S TG4
s SE7E AYdte dvaas 534 ‘JH} Table 3% 22
O0.lppme] &EFE XA M= HEF & 397 H=F
AT T8 AT v 2T Fod Zolrt A HA OL%OL]' 50ppm?] L&

AAEE I BFHA

A dAME frels T 5o
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Table 1. In vitro bactericidal effects of ozone water on the bacteria originated

from bovine mastitis and food-rot

. Treatment Ozone water treatment(ppm)
Organisms ) ] Control+
time (min) 0.05 0.1 1.0 10
5 169+ 126 24 22
E coli 10 96 11 0 0
(n=T) 30 66 0 0 0 186
60 0 0 0 0
5 185 69 7 11
Staphylococcus 10 174 51 0 0
aureus 30 81 0O O 0 184
(n=7) 60 57 0 0 0
5 170 45 16 0
Streptococcus 10 119 0 0 0
S{%) 30 62 0 0 0 168
(n= 60 45 0 0 0
) 5 108 71 19 0 -
Fusobacterium 10 67 10 0 0
H@CI‘OP]?OI‘UIH 30 40 0 G 0 136
(0=2) 60 0 0 0 0
) 5 69 36 8 0
Bacteroides 10 35 0 0 0
nodosus 30 29 0 0 0 78
(n=3) 60 0 0 0 0

* Mean colony numbers per plate of the triplicate trials; cfu/200.0

+No ozone treatment
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Table 2. Bactericidal effects of ozone water on the udders of Korean black goats

artificially infected with Staph. aureus

Ozone

Inocul Time(hrs) after treatment
Groups fu/ g. Udders water

ciu/m

(20ut)+ ot i e

5x10° 12 O0.1ppm  8.6x10%*x  7.3x10°  5.8x10°
Treated

5x10° 12 O.1ppm 9.2x10? 4.2x10° 6.2x10°
Control saline 4 0.1ppm 8.6x10? 6.7x101 2.8x10!

* Ozone water was administered at 24 hrs after bactrial inoculation.

** Mean colony number per plate of the groups: cfu/20014¢

Table 3. Bactericidal effects of ozone water on the hooves of Korean black goats
artificially infected with F. necrophorum

G Inocul. N fh o ) Viable cells
roups cfu/mﬂ 0. O ooves Zone water (Cfu/ZOO,u/e)
6 0.1ppm 4.8%10%
Treated 5%10°
6 5.0ppm 1.7x10"
Control 5x10° 2 - 2.6x10°

30 fuael ol@uel $E AAT FEE AYLAE Moln LEE Ao
2 Olppm LOppmel @& 100 TU F HEFo SAsks A Awss

ZAALE vk Table 49t 28 AxE AU}

0.lppm 2EF AToA F2AFd Fge] F2BFE AFHAA ¥gken, 1.0ppm
Aol M s 24237 A T FAadE FEE EAT dEzTeR A
FLE olg EWelAe Hds HEA wE FoAF I MU dFHA Sy

a!
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Table 4. Bactericidal effects of ozone water on the mastitis of dairy cattle

Viable Time(hrs) after treatment
. cells
G Ozone Mastitic bef
roups re
P water udders ero 24 48 . 72
Treat,
(cfu/200uL)
0.1ppm 38 7.2X10>  4.1x10° 5.7x10° 3.7x10°
Treated
1.0ppm 24 4.8x10°  5.3x10"  4.8x10°  7.8x107
5 5 5 6
Control™ 0O.1ppm 6 6.3x10 5.1x10 3.6X10 2.4x10
1.0ppm 6 5.2x10" 7.4%10° 5.9x10° 5.7x10°

* Mean colony number per plate of the groups: cfu/200ué
** The mastitic udders inoculated with saline

WA Yo o)3tE Aol AZHE W o ZHE biopsyd THAE fiE] L2 A
o] mE F5o WE £HI vl Table 59 22 A#E AA).

2 AS R F5d Fog ZHolrh gldrh

of Hla} Feo|¥ de] FarE AU 2
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Table 5. Bactericidal effects of ozone water on the hooves with foot-rot

Viable cells(cfu/200uf)
Groups Ozone water | No. of hooves Before treatment  After
treatment
0.1ppm 9 4.3x10" 5.2x10%
Treated
5.0ppm 6 6.7x10° 0.7%10*
Control 9 3
0 1.1.1.1.1.1. 3 8.8X10 2.9%10

* Mean colony number per plate of the groups by anaerobic culture: cfu/200u4

9 48

1) o2& AdAY HAFaHAAE A3 0.1ppm, 1.0ppm % 50ppmol A #2l 3k 4
TEAIE G H UG

2) Staph aureus 1% #AE F94 K@ U AlFA 01lppm FH 1.0ppm 2FE
Fo daEds 9A4HA Fgd

3) F. necrophorum & ZHEE ZFH4 dgo o
50ppm L& Ay aart A A

4) BAx 9494 g Olppm 2 1.0ppmo &5 AFEHAE F93A ¢de

o wFAWel At 50ppm LESF AwdA FFETHI BB

2EFY] HFIAAAFHAA

reh

3. 2 UEAY Iy FEo U@ A eEdue] AFFAANY
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2 Ad#EE BYstn A4S A¥sian. 8 HEAE 2730 ® HY Staph
aureus (115°), Strep. pyogenes (25), Strep. agalactiae (95), Salmonella spp (55)
a8 3 E coli (155)8 zZtzt B8t Stap. aureus % 551 coagulase—positive
olat 105 8384 UM TFEHowW, Strep. agalactiae ¥ 8F++= CAMP test %A
ollth BT E 22F9 A i FAHAIEES HAS v, E coli, Salmonella
9} Staph aureust ampicillin, cephalothin, clindamycin, enrofloxacin, erythromycin,
kanamycin, lincomycin, streptomycin, sulfamethokazole % ciprofloxacin o w3l #
gdo]l Qe amikacin, ciprofloxacin, enrofloxacin, lincospectin % neomycin®l
s zheAdo]l drh
Tk A4 dady WP BY $£8 Q4Udd9g #esk] f6 duwEd 92
Y FEHE AESIH. Sy oo WS 314 4F (70%)E AT T 9
EE o & Ao 2RE biopsyAEE AHFAUT AH =
FREAAEE #FEY agEa HHARE
—_—

of %33 Anaerobic jar £+ CO: incubatorE ©]g35ta] vl ol 48-724] kel
HAEe AQFsL A FHFA T B Bergey's Mannualdll ©8 31 Adat HA}
5 AAstd FAsRG. A@Uixk F 74 1371 ¥y SHHE =5 Fusobacterium
spp. 75, Bacteroides spp. 3%, Bacillus spp. 45, Staphylococci spp 3,
Streptococci spp 95, E. coli 1257& &30, al¥ Fusobacterium spp. 75 %
Bacteroides spp. 3579 #7339 A¥E& Konemane W wa f3Pslg o, F
A28 Bergey's Manuald #13gr),

ETHTE2E E coli ATCC 43814, ATCC 35750, Staphylococcus aureus KCTC
1621, KCTC 1916 18]l3l Streptococcus pyogenes KCTC 3096, Fusobacterium

necrophorum ATCC 51357 2 Bacteriodes nodosus ATCC 255498 & A]sRh

o] Algdad daad AlY

A Ed AW, & O3 MIC(ozone minimum inhibitory concentration)
et} st s s)l&std AAF<Q TS BHI brothell A 14
W $ Blood agarollAl 18-48A17t widsln & o5 S FHstd BHI
i pure culture®t e F FEZ 10°Ycfu/ml HA 2AsAT. 2az F9
2005 BHI broth(5ml)ell #F3t¥ch. 2t ZF Al g el 100ppm, 200ppm ¥ 300ppm
L ENAE 3937 HEstd Az LE2ANE AFAWRE 1044, 50¢8, 100xL, 50048,
1,000, 20008 FYsta 308t EFstg o, aF AFHE A TL 18X
2 a AN TE 48N 7 2 wdta, add A & Hd F o 200009 A
Zol FAFE Mg T2 10%%0 2 8T Jg 2004E Blood agar o] =

ki T

e
Bl ot 2 fo
o2

o
S
=
2
S
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L

wale]l thA] 18~48 At 714 T anaerobic jarg ol &% ¥HrAdul s A
7 Ag5g ANt
¥ Agol= E coli, Staphylococcus aureus, Streptococcus pyogenes, F.

necrophorum 2 B. nodosus® %85 ¥H ZETTE FASI T

tt

Aae] AHEAAAY
o o ALMEHAG W] +Waa
P AFste Az eE2d1E By 10mly FUsta

393t wWid 23 £ F 4Y A {FFEH SAsE dFE ARG FAA gz

i

0

o

ar L

3 eEATY AFEAHRAY L AR TA9 st AT

H ORAAXE JgAoE #wuBiRgd 200ppm LEZFAE 3UT A5

E A4AREFGA N A RS P ow Adtal 1494 F+E SAH 3
Hano] s ML (70%)=2 A3

Wz zlo 2 HE goA] vlEd LT W

s % 108 = A BHI brothS 7}8lx

Earste] ohA] 18-48 AlZE B 1A

% & Al4tslsd ok

M

D 2 f3g 2 dbgay o Ao o&dae] dig Aldad A7 Es

100ppm, 200ppm = 300ppm AT ERAse HAFZHE T4V T E ool
Staph, aureus, Strep. pyogenes$t VA HV| A+ B. nodosus B F. necrophorum
& ddoez 3 I vl Table 13 22 A E A/
100ppm A2l 2FAxre] A9 E coli, Staph, aureus X Strep. pyogenes 1000
100 w/tubedll ] AR Ararrst AdAHHAJAT 2L B, nodosus R
necrophorumel Al E5 50u0/tubedl Al @A 3 A st AFHY
200ppm A& 9.&AIe B E coli, Staph, aureus 2 Strep. pyogenest 500
50 wh/tubedll A Feold awadrt AAHANY. 28l B nodosus R
necrophorumol A= 25 100p/tubed| Al @A T ddFa¥r 2 H o
300ppm #* & & dAxe A E coli Staph, aureus H Strep. pyogenes= 10 %
50 wb/tubedl A &3 AFaFA7 QA HQ O, B nodosus L F. necrophorum©ll
T E5F 100x8/tube o)l A @A Ay adrt #E AT 100ppm, 200ppm Z

T owe

T oue
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300ppm AHE|L.EQT BEF FAEIA
Al e

Y

oA Wt AP/ FAN HEFEHI %

Table 1. In vitro bactericidal effects of ozone ointment on the bacteria originated
from bovine mastitis and food-rot

o Ointment treated with 100 ppm ozone

Ozone ointment vol.(uf) / tube

Organisms Control”

10 50 100 500 1000 2000

E. coli 203 186 216 192 88 227 217‘
(n=8) (221) (169) (124)

Staph. aureus 213 174 102 115 74 o 194
(n=5) (186) (213) (89)

Strept. pyogenes 172 148 67 78 27 0 198
(n=3) (239) (227) (119)

B. nodosus 91 42 20 0 0 0 119
(n=2) (87) (79 40)

F. necrophorum 123 89 57 36 0 0 199
(n=4) (138) (85) (52)
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o Ointment treated with 200 ppm ozone

Ozone ointment vol.(x8) / tube

Organisms Control”
10 50 100 500 1000 2000
E. cofi .
162 143 128 51 0 0 194
(n=8)
Staph. aureus
230 182 92 120 17 0 224
(n=5)
Strept.
TepL. PYOBCNCS 497 126 138 47 0 0 186
(n=3)
B. nodosus
87 94 32 0 0 0 98
(n=2)
F. necrophorum
118 129 73 16 O 0 132
(n=4)
o Ointment treated with 300 ppm ozone
Ozone ointment vol.(#t) / tube
Organisms Control”
10 50 100 500 1000 2000
E. colf
cont 217 123 62 0 0 0 222
(n=8)
Staph.
api. aureds o957 112 29 0 0 242
(n=5)
Strept.
OPL PYOSCNES 193 143 82 15 0 0 173
(n=3)
B. d
frodosus 129 77 0 0 0 0 159
(n=2)
F. A
Aecropiorum g 83 42 0 0 0 148
(n=4)
*  Data represent untreatment control.
+ ! Mean colony number per plate of the bacteria tested : cfu/200uL.

() = Ointment control



2) A& g did oF
A LA F-A Aol M 7l awet 2.

3) i Adgddgo] g eEdne Adasd
AZHRAE@ ) 2 AXFI2 Aol olgd U 1 7H—Em fdez &AL Aol
wE el WstE SA43% v Table 33 22 AdgE A . 7FEA R dis] 57
A ST J718MES A EY v 2 EAR 5‘17'43?" A ool @A T
vt #FHen, i HAEE Vg ud Bd ¥ ] v ol A Edh dizT
o 37F A DAFEH)S 514 B Fo1AH widedA #F Ao AAHA Y AATE
o Hlaie ettt
Table 3. Bactericidal effects of ozone ointment on the hooves of dairy cattle with
foot-rot
Aerobic culture(x10) * Anaerobic culture(x10)
Groups |Hooves| Before After Before After
treatment treatment treatment freatment
1 59.4" 12.4 43.1 9.6
2 73.9 19.0 21.2 0.8
3 7.7 0 11.7 0
4 86.3 23.9 8.5 0
Treated 5 6.5 0.5 9.3 O‘
6 6.8 5.7 34.7 12.0
7 3.1 0 25.1 1.2
8 2.9 2.4 9.7 0.3
9 41.4 33.9 7.6 0.8
10 4.8 1.7 8.1 0.2
1 48.3 19.8 7.8 4.7
Control™* 2 8.5 7.4 22.8 19.4
53.7 21.6 6.2 4.9
* Bacillus spp., Staphylococci spp, Streptococci spp, and E. coli

x* ; Fusobacterium spp. and Bacteroides spp.,
+ ! Mean colony number per plate of the triplicate trials: cfu/200u%0.

++ = Ointment control



N

4) 2EAD M awte] <l

o
o,
o

200ppm X 4T BY eEdAze MAFaael Agdae NS A7 9
& E. coli 9 Staph aureus® Wl*doz 1270147+ AFS <33 vl Table 49 ¢&
ANE AT E coli 9 A 978 7tA 57.7-822%¢] FTEIHNE YERHS o,
1279l = AA3] Z4aste 30%< At Staph aureusdl A= 9L 7HA] 56.9-80.3%
o] A aHE Roldrt 1271 al= 386% 2 YEMNTE

Table 4. Stability of bactericidal effects of the ozone ointment

Preservation at room temperature{months)™
Groups
0] 2 5 9 ) 12
E. /3
cort 48" 35 77 58 130
n=2
Control* 169 197 182 173 178
Rate(%) 71.6 82.2 57.7 66.5 30
Staph.
aureus 56 38 47 81 148
n=2
Control 187 193 208 188 241
Rate(%) 70.1 80.3 77.4 56.9 38.6

* Ointment treated with 200 ppm ozone was used

** Ointment control

+ Mean colony number per plate of the bacteria tested: cfu/200u8.
2% = (Control~Treatment/Control) x 100

) oy Rod 7o 44 2 54
A7 F 70 S Ay ol g9 107 UE JHPEEERYH BEE 63 & F
DAY A2 4R Fusobacterium spp. 759 Bacteroides spp. 37l d &}
AAEJAAE d%= Table 59 2o} ¥8l® Fusobacterium spp. 75+ F.
necrophorum 123l Bacteroides spp. 35t B. nodosus® &3t}
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Table 5. Characterization of Bacteroides spp and Fusobactrium spp isolated from

foot-rot lesions

Bacteriodes Fusobacterium Standard strains

SpD. SPP. B. nodosus F. necrophorum
( 3 isolates ) ( 7 isolates ) ATCC 25549 ATCC 51357
Anaerbic + + + +
Gram stain — — - _
Spore—form — — — _
Morphol
orp .o ogy N N N N
bacillus
Hydrogen B - B .
production
Growth in - N N
~ T+ — T+ - % +
20% bile
Indole
i - + - +
production
Nitrate reduced - — — —
Urease N
- - - + - -
production
Sheep RBC B - B ~
hemolysis
Gelatin N
o + -7+ + +
digestion
Meat digestion + -7+ + +
Gas(PYG agar) - + — +
Acid production
Esculin — - - —
Glucose - + - : +
Maltose — — - _
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b A2E

of g deast Al A3, 200
of wlaf dstaart Ekev, F

DA 3d 2 3453 a9 Mae 284
2 300ppmA @] 2FA 7L 100ppm A E=d
A7V TR A G Tol Bl =ddh

2) 200ppmA ¥ L EANE HAAFIE AHEld v dAE FHEHA7E AAHU
b (A 1A A Fx)

3) 200ppm A TARE AL YuAdd A A7 HAFT A oA dA
o T gl gEFed, #F A 714 g v X4 a gl A
=Sk}

4) 200ppmA g 2EA5re] AAH S AlYF ¥l E coli @ Staph aureusol A 97)
3 AT aFo FAHReH 12710 = AA3] FAsA

5 AEN F 599 7tdAs ez Y Staph aureus (115), Strep. pyogenes
(257), Strep. agalactiae (95F), Salmonella spp (55) 1213l E. coli (15F)8 Ztz}
TEF I, e P E 28 E Fusobacterium spp.(75), Bacteroides spp.(35),

Nr

Bacillus spp.(45), Staphylococci spp(35°), Streptococci spp(9F), E. coli(127)&
2] 5} o

1. &5 YNGR 2d % 2L e N YA AY



o} APAAM AMFEzHoR $£22 B2TCE pHE 68~712 3gon £&E2E

| ol AT LEFAZFX(KF>MIDSY} ¢35 d4dsta ¥7]8
5o, 4ppme] LEFTE Ast+R Hls 34ste] Zppm
o] ALEStT A § 2LESFT EHEH AR LEF
= ddjo]utH AL (TetraMIn : made in Germany)E 315 2W¥
|5t .

2) A3 EE 2 &7
AF 20 - 2Bkgd A A9 FIFA Q4 (Capra hircus)S 107 73k 10¥
A Ed 99FES BEste] dyo] gl §H el o) de] flee
g F adel FASEom, eEstit B st Qe cEwagAay
B2 LEFEE 2HY ALESAY

(@]
o] z} &9 ¢F gasE 30ml¥ b 1d F o

xr

-
.

)
ArAF Al E 20012l S 4ppm, 2ppm 2 lppm 08 AW 9FE F9 2Fo] ¢l
Aets E 40 AY Fom Uyo] z+ 3 HAle supEld Rujstd §odady 2
ZFAHS 96N Al BEE P oW, LCs Stephan(39)2] 3 ¥H oz FA ST
A Sabele welzdagoz waaly] fste $4 formalind Aol AT
g dES 1072 svbaly i UFY o3 EExE To2 o] &&
Sppm, lppm 2 0.2ppm2] 7}x9k ¢ o] Qi 2715 7t 2 30m¥ WY 3% 2
154z FHUFaE 23 A8 FAshA Fgd FAX Fom sl 54 2
2 5ulale Algdldon, e wHoT Jojx 559 wEzo] A AA
22 2 dgxaAs 7t 4 Aste] AT wet HelxdmEgd AFste] 3

Boz w3 A

@ do Ml (E of
oL lo B Ml oT

&



. At
D A4 FAMEC] VA E 0 FE5e] G

Table I. Motality data of Oryzias latipes exposed to ozone

O3 concentration{ppm) number of fish Death(%)
control 5 0
1 5 1(20)
2 5 2(40)
4 5 4(80)

E 1A BE us} o] lppmEEdME 201, fppmEEolME 4uba]l ¥
4ppmoll A& 8nlg]7F #HAsIR o, A1z HAF A4S B, 2441 7Fel o 2ppm R
dppmsEEol A Z} 7 4ule] & WAVeE i, 48X Zkol ol IppmEEelA  2v}E] #HAbE
dom, 72A o ol dppmE ol 2vbal #HAabsbd ol 964 7holUlel A = 4ppm
Fmo Al 2ute] FAFSA T Aol dE A HHE Y dppmE AL AESF
= oovte A §dAEst B Aol AY melm, ASe] dig wkgo] g Fet
Yo ZppmelME AESFIL 6rlElRM A f

ol A Aol dw wol g WP

Table II. LCso(ppm) for Oryzias latipes exposed to ozone

Dose(ppm) Probability
0.6 LCs
0.8 LCio
1.1 LCso
1.4 LCso
1.8 LCyo
2.2 LCso
2.7 LCeo
3.3 LCqo

Stephan(39) ol og WyHo 2 AFAAES BAS A E2dM HE ved o] LCaw
= 1.8 ppmel &, LCex 2.7 ppmol 2, LCsox 2.2 ppme & e}
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AR L d2Tes F718 F9& #4849 2Fem Holg Wue B+ Ut
X400.

At 2. 02ppmEER FUT fFARFH o2 di2FI} FAIT. X400

A 3. lppmEEE F3 FAZRFHoZ dE2F ¥ 02ppmTHUT T3 Felzt @

Atk X400.
ARl 456. SppmEREE FUG FAzHos fFagdTel @(ARg), SHA(ARIG)
R BIAE FFF FAALE) 2 7ol #FE AT X400,

1) &5 digt A A WA ==(LCx)E 2.2 ppmel A Th

2) 2EVFE 5 ppmEREE FYUE fAel #Hwe A¥xEFAE g, A4
(hyperplasia) % 3 (metaplasia) 59 #uw|Z A7l #AHYSH, 02 ppm Z 1
ppmE =A== HAo] AHujgt ATAHEHEGo] A oh dExAd A= 0.2 ppm, 1

ppm 2 5 ppm =F oA Holgt o)

m[m

rO

o

1 -
4 &
£0

32

A

2. 088 2FAA A v A2 {3 2 2E Aol dg Pz oy
A4

G ER R

1) AT
A FoRgst v gES THA Furdol olgd F52o FHoTHEH
w28 FAs2  AE  Staphylococcus aureus(S. aureus) B Streptococcus

agalactiae(S.agalactiae) A3t o0, FAF9 T nAESH W aoA usfUst S
aureus 33x10°%cfu/ml 2 S, agalactiae 33x10°%cfu/ml®l %2 S aureus
3.3x107cfu/ml 2 S agalactiae 3.3x107cfu/mlE 3] A s|A] A}&-3t¢lct.
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= g gstd FA4e B2Y F Uk
2) AAF ¥

745 w9 X Bub3Fol A= Corynebacterium spp.9} Staphylococcus spp.7},
2% HA 2 FEELFFAAE Staphylococcus spp. 2 Streptococcus spp”Zt ¥
HAow 14UA =499 ¢4, Fd 2 HAFELFFNME Staphylococcus spp.7t,
SR HFAANE E. coli7t B H AT

3 AAMET R AT

A A E
TR =499 oFAN Fo A AL £ FldA Be AT 2ol
7} 23911,000cell/mlZA 714 @5, 9-EEY {3+ §8361,000cell/ml, 3
1,927,000cell/ml, A ¥4 7} 543,000cell/mlZA $-A, % 2 HFZW
AT 5 7ZIgez 9 4948 fidezs AHdET /2 448 74
AR HYeh LEqAQn Fo F 7UA AME = M 2SS #2 AHA
e 1,445000cell/ml2 ZAERow, £33 HIF U Ba {5 6,249,000,
1,255,000 ¥ 285,000cell/ml= 45 AT}

1497 TA$9 AMNESFE SFENF7E 32,612,000cel/mi=A 713 @A, #HA,
A 2 FIFZEY FoAAME 72 7z 16,531,000, 4,337,000 2 1,987,000cell/ml o2 4k
Asdon 47) B 2% dA4E Fudes BFHUG 2EATR Fo 5 149A
of AMEZESE 7 Bol AFd $FEY f9o AMESE 17,631,000cell/mlE A
H3, HA, 4 @ FF R §= 794,000, 582,000 2 759,000cell/mlE ZF 7 7h
2= AT,

Al ot
TAdA =299 o&Edm Fo A A v $FEY fdA /M ¥ 221,000/ml

E W Sol e 7z 69,000, 45,000 2 7.000/ml= A EH ]
T A 2 AA8Y follA ZF 2 72,000,
46,000, 205,000 2 9,000/mlE FAn Fao A Fo] AT 9 Holx Ut

14975 =499 o&EHdT Bd A AT F£E $FHEW FolA 136000/ml=2A 7
F w2 FA, HFF @ IR FolNE 2z ZF 35000, 53,000 2 84,000/mlE 4HA
HAh eFAD Fo F 14979 AT = FHA, A5, ¢4 @ FET FolA
zF ZF 18,000, 27,000, 14,000 2 11,000/mlEA] Fof AR o A% Aoz e
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) F she w7
B 4goA oF shxe] wAe oF WAy (MH ©F, KoreaS ol 88aith
A3 A ks ZHTIE o gakel ART 2F b vz JAE 2

2)

7B o i
20579 3 EEAERE 5FY FEYE Adgt 5 AT 0lppm ¥ b
Q& 7k~ AAW (Group ) % 6ppm & 72 AF -

A (Group 1), lppm 9.&
(Group 9| 37 o s Uygon, xS 1/MFos 212t bl x4t

B vhA W AEE fu
AERe fsty] dsel S @F HQLe
y A A AR S el

(rompun®, Bayer Korea)< A
lemA = Z9379 1xlem 712 AR & otal A S == AT

th) 7} Tl A H
gz A ds omleE 2y Xz L AFFE Group I 9lAl= 0.1ppm,
Group Il A LE FFAE 58

Group HolAME 1ppm, 33]
14 Fek wld 13 2z H g3 F A=8

ppm E«l

2 A4 w3 &4
B A 09, 49 2 14g A aEw
A% (Image-Pro PLUS, Media
e FAe 2E Arm 2z

SR FAARE EAS ¥, 1 0w
Cybernetics Co., USA)Z Z=A3s}a] A7+ 7 3}of
FAYSFA o}

ah) A B9 XA T4 A

B i T 0, 49 2 149A o] X-ray 9L st 1R S 2% FAlo]l #AH
SRNA FulztA e AXRFA TAE zhzt =359

uhw el =283 HA

QFE F2E HEs7] Hol WA Y& FFEANA IemAE TP Ixlem
272 WRE AR T, 10% formalin®.® uAF 9 FY 2A ALS sk
el A FE F 14dA FUT 9o 2xlem AVIE A S A& H A+

g A8 e 27 HAE AANEY A &4 %%, 7t 834

A7k,
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AD B4 A4
B AFogA dojrA At Student’s t-testE o] &5t HroAdE& FAsE T

gl
o
o
)
2
e

F EEE gU OF Jl2E 485 AR o
& ® 19 2

Table 1. Reduced mean squares of wound in relation to days after wounding

mean*=SD
(mt)

Control : Normal saline, Group 1: O.1ppm, Group II: 1ppm, Group II: 6ppm
* 1 P<0.05 (significant difference between control and experimental groups)
a ! P<0.05 (significant difference from base)

aa : P<0.01 (significant difference from base)

Aol WAL 49 dixgo] nvlFe] AYgTEe] T HA
el 4axds= gz Hlst Group I, Group O & 749
Group M+ F7F2] &274& YEMAT

A4 3 49 Ao A WAL dgiEdod vEtd Group I (P<0.05), Group
I (P<005= #9494 d+ #F42E vdeghiigdls 1498ad= Group O (P<0.05)7F
FoA Y ZAS Ytk

T FE F ARUG vl ol 4UA e tixT (P<0.05), Group I

up I (P<OODE 0Y A nlsld o4 g ZAs veEllgla,
¥ (P<0.01), Group I (P<001), Group IO (P<0.01)7} 0¥ ¢l
= FAE el Aok

Table 2. Mean squares reduced rates of wound as compared with th_e previous

day

Day Control Group 1 Group H Group I

4 35.5+12.41 42.01+9.06 55.1+4.34° 58.5+2.87"7
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14 38.0+8.49 35.8+10.71 27.1+4.10* 10.5+12.447%

Control : Normal saline, Group 1: O.1ppm, Group I: ippm, Group II: 6ppm
* 1 P<0.05 (significant difference between control and experimental groups)

a ! P<0.01 (significant difference from base)
mean+SD (%)

2 G AT 49 49-149 Apole] Al FE: e WEE ¥ 29 g}
A FE AE-4Y Alojdl= dixTdd W sy ”‘@%%94 Fd FEFEl BF
%t3L Group H (P<0 05), Group Il (P<0.059) A Fold 9+ ¥st&E e WG

49-14Y Apolell& dizxwol Hlste Ao B} FHEo] 25 B, Group
Day Control Group I Group II Group HI

0 100 100 100 100

4 64.5+12.41° 58.0+9.06* 44.91+4.34"% 41.5+2.87"

14 26.514.06% 22.2+2.72* 17.742.95** 31.0+£13.57

M (P<O.09)ANA w24 Ae Wits Jebdlo,
A fa & AmAdziel wiae glojd, 149A 9 Group II (P<0.01), Group II
(P<OODE 4R o) vlate] o4 ol FA+259 Wals Ut

Table 3. Mean squares reduced rates of wound as compared with the first

day
Day Control Group I Group I Group I
4 3b.6%+12.41 42.04:9.06 55.1+4.34° 58.5+2.87"
14 73.5+4.06* 77.8+£2.72% 82.3£2.95** 69.0+13.57

Control : Normal saline, Group I: O0.lppm, Group II: lppm, Group II: 6ppm
* 1 P<0.05 (significant difference between control and experimental groups)

a @ P<0.01 (significant difference from base)
mean+SD (%)

H FE e A9 ¥ 33 2o
kil

3} o
ZY div] F FHES 2y 4940 dERTo] vlsle] JdEdvel Y 58]
(P<0.05), Group III (P<0.05)lA #F2A A= €HIE
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4L = =g vlske] Group 1, Group OI& F4 =5 %3 Group
M+ Yked, Group I (P<0.09)A H994 g W3E g

B R F AAATY vud oA, 49RAd gz (P<O0oD, G
(P<0.01), Group I (P<0.0Dx= 0d el Hvleted FoA4 e FF %8S ¥ s
ERY At

2) A% 9 ARxA FA 4 A

Fd HE F 04,49 & 14%54]01] X-ray #9% sto Z4 29 dFx =29
sAE Z4¢ AR E 49 2o

A FE F 4dAd e 0del nldld BE oA ARZFY SFAUL
F7betR ey, dizv (P<0.05), Group 1 (P<0.05), Group I (P<0.05)A 24
= ¥EE Jeryd

A T LA e 4Ydd ¥Ee BRE FdA dAFzHe FAHL
ZAasE ey, Group I (P<O.0D)NA HF4 9 A3stE ey

Table 4. Reduced mean soft tissue depth of wound in relation to days after wound
mean+SD (mm)

Day Control Group | Group I Group I
0 3.2120.99 2.7+1.24 24+1.31 2.5£1.39
4 5.7+£0.38% 5.6+1.05° 5.2+1.04 5.6+0.42%
14 5.1+£1.01 4.1+1.05 4.5+0.52% 5.3%£1.29

Control : Normal saline, Group I: 0.1ppm, Group O:1ppm, Group III: 6ppm
a : P<0.05 (significant difference from base)

g AR A 238 &AL Fig 13 29

B 149 A Ad B9 2F 2738 ¥l 2T (Fig A+ 299
o] dFo] #FHY Fuo &E Lol AUk Group I (Fig 3)olAE=
3wo Bty dFo] 943E AL AR = AR B go] fAHAH
ZFa 7 B4 H 0] QA Group I (Fig )= tix oA B9d Ey e Ay e
dsol FFHA o, AAAZA FH¥eo 2RSS Yl YUY Group I
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(Fig S)elA e 3239k HAxed I3 #+EHIY
Group I3 Group ol ¥l3ls] A} A {7} =

o
pE
kK
&
L
)
Lo
2
oZ,
i)
2
52
32
i

Legends for Figures

Fig 1. Normal skin tissue, H&E, x100.

Fig 2. Histopathological feature of wound treated with physiological saline (Control
group) on 14 day, H&E, x100.

Fig 3. Histopathological feature of wound treated with O.lppm ozone gas (Group
1) on 14 day, H&E, x100.

Fig 4. Histopathological feature of wound treated with lppm ozone gas (Group )
on 14 day, H&E, =100.

Fig 5. Histopathological feature of wound treated with 6ppm ozone gas (Group II)
on 14 day, H&E, x100.
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Fig 5.

L s

A ASrel Az 2F9 HA LFS FYSr] At A1 FdA 2055
FAHE UlFeE YUrd, 7 FoA Az 95 dgEddA IamF= FHHl
Ixlem 27|12 #H¥ HAS 39 F4ES F23 T, Group 12 0.1ppm, Group I+
lppm, Group I+ 6ppme 25 7F2=E 5 i
144 &<t A &3t 0

F H% F 09, 492 9 14LAo]l FAEAAAE 8§ FY WA L Xeray
FGol ojg B4 F9 AvzAe FAS RSAYG aSL o F staE A g

=
A2 AT Fo4AAel 34 2ol ge
=

=
ol wlate] T

A4 WAL 7 AFTddA 49 Hd L AA3E AFS
UeElidlen] =3 Group I (P<005)¢ Group M (P<0.05)E= #94d A+e #HAE
el 14 Aol = Group I 2 Group II (P<0.05)E ol Hatad 7tAsts
AZES GEU Y ey, Group e diZFRY 4 Aol A e

T4 9 d¥z=e FA A Adx, 4URoE HdEdTEsE ¥ dWERd EF
FTZHE= HAAE dveEhdded 149 AdlE 4dd vsld FaHE HAIAE
Hetdilonl £3] Group II (P<O.0D)ANAE FoA ds ZA4E YeElHAT
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7h #8355 A (lameness score, Rosenberger G)

Grade Degree of lameness
I Slight
I} Moderate
m Pronounced
v Severe
Vv Very severe

1M e oA o eyt viabe s A3 At 715 A vlAE n1 3y
O: A e AdefellA ofE vzl @338 A YA 7154 A7) S5-3I
&)
H: A e AdeellM obE oejrt 4ds] FAa AT 71854 3eE 78y 29e
3} 3
Vi A Sle FHoA ofE tErt vigS FREHoZT J3 71FA & E T
W 4§t
u} 5
Vi A e AEdA ofE thElrt uiee AA EAY wEEes AWg e
) 23 55 (swelling score)
0 ! no swelling
1 : slight to moderate swelling
2 ! moderate to severe swelling
3 : severe swelling
t}) B 53 (lesion score)
0 : no lesion
1 © healed lesion or lesion that appeared to be healing



2 © small necrotic lesion extending up to a quarter the length of the
interdigital space

3 ¢ medium-sized necrotic lesion extending a quarter to a half the length of
interdigital space

4 ! large necrotic lesion extending more than half the length of interdigital

space

o) g d ke

ofit

7 B4

Chronic necrotic pododermatitis(All A &, <3 Q)
Foot rot(interdigital phlegmon, *}Z+5-&)
Interdigital fibroma(x] 743 §%&)

Papilloma(5 &)

,BAESES AAM, $4F 79 % 14l 7z ahdRe

v}, A
1) #35+ :
9} 8538 Rosenberger G2 #3835 F 3 (lameness score)ol] 3o A A3 A

3}= Table 13 2},

Table 1. The effect of ozone solution treatment on lameness of cattle with foot

disease
Group Day O Day 7 Day 14
lodophor 1.4+0.70° 0.3+£0.16 0.1£0.03
Ozone solution 1.5+0.82° 0.2+0.12 0.1£0.02

38 552 iodophorg Al&3 o EZF 3 ozone solutiong ARES A &3] A A
pd

! Day 0] Hlste], (8% 149 AAYQ Day 149 fodede Z4E Yt
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(p<0.01).

2) 5

AT D diEzdolA A A5 AoiMe FZ53S A 23+ Table 2.9
r}

Table 2. The effect of ozone solution treatment on swelling of foot lesion in

cattle
Group Day O Day 7 Day 14
Iodophor 2.0+0.66" 1.1£0.32 0.1£0.04
Ozone solution 2.1+£0.59" 1.0+0.28 0.1+0.03

FT245 L& iodophorE AM&3 WlET# ozone solutiong AHEd A &3] HAA
Q1 Day 0 nlste], A5F 149 AU Day 140 o dde AaE HeEdAS
(p<0.01).

AYF L oEFelA AX ATl golde] WWEFS A A3 Table 3.
pd

Table 3. The effect of ozone solution treatment on lesion score of cattle with foot

disease
Group Day O Day 7 Day 14
lodophor 2.5+0.66" 1.3+£0.29 1.240.02
Ozone solution 2.7+£0.72° 1.4+0.31 1.1+0.03

¥ 552 iodophorgE AHE-3 73 ozone solutionS A HE - 53]
9l Day Qo Hlgte}, A5 F 149 AU Day 14 FoAAAE 7
(p<0.01). 283 LEARE AES AP ToA Day 149 ¢ &
Bibei=3

4) FHETs A4
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AT 2 dETold X AdFe) goje] FUATSHE AN Ao Table 4
o} 2t}

Table 4. The effect of ozone solution treatment on WBC of cattle with foot

disease
Unit : KL
Group Day O Day 14
lodophor 12.8+6.57 13.1£5.11
Ozone solution 11.3+7.39 11.6+6.28

FUAFT T HAAHQA Day 0ol 2 2 AgvolA zhzt 12.8+657 2 11.3£7.39
KALEZAd AA™E4(4.0 - 120 KAL)E 23k A3lets £x18 Jeguiglen, Ax3F
¢l Day 4ol dizd 2 AgdwdA zhzh 1314511 2 11.6+6.28 KALE e
Aot

5) =FF4 A
AYT % dzTIA AA AT YoM £FTFHE AAE AAE Table 5.9
2,

Table 5. The effect of ozone solution treatment on neutrophil of cattle with foot

disease
Unit : K/AL
Group Day O Day 14
lodophor 4.1%£1.14 4.6+1.43
Ozone solution 4.2+1.06 4.3+1.25

TETE AAM Day 0 d2T R AHTAM 247 415114 2 464143 K/
MLEA 406 - 41 KALE o2k 43sts 2% tehigion, A5
Day 14914 HET R S8 @A 242 420106 2 43:1.25 KALE thehi e,
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Fig. 12 lodophorg& #&8-8 gz ol49 AAAQA Day 0A e Fod L7A0ZA
& e A4S e Y.

- A HE

- %3P Fo : grade 1
- E3S T . score 2
- 4% 5 : score 3

Fig. 2. Foot rot in left hindlimb.

Fig. 2% ozone solution$ AH23 A oA A xAQ Day 0042l &3 42743
o824 % 2 238 YR

~ A HEF

- 335w : grade 1
- TFSH : score 2
- &4%5% : score 2
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Fig. 3. Healed foot (right hindlimb) on Day
14 in ozone treatment group

Fig. 32 ozone solutiong 83t A3
¢} X X]F<1 Day 1401]*19—1 g0t
A og 2 AFA2AE el

D 55 5
- guRe) Afen
- Y, FREE A4
- £4%3 ! score 1
- W] x% sample iﬁﬁ‘ﬂ 2=
teramycin =3 % bandage

Fig. 4. Healed foot (left hindlimb) on Day 14 in ozone treatment group

Fig. 4= ozone solutiong &3 HYPFANA H=xE¢ Day 14949 S¢bx 427
o7 g B AFAAL YA
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- HRIES AHFeas

- B3PS, T B

- =455 ¢ score 1

- BelzA sample iﬂﬂ}% =
teramycin =¥ % bandage

= - R
Ozone solution©] 49 WA vx= AFEaxS FAd5H, TA5T, YUSH,
HAsta HAal, S A e Fohe #ESAd v, dgd e AFE AU

1) %35 F& iodophorg AFE% WZT'H ozone solutiong AHE¥ ddwt ¥ 3
A XAl Day 0ol vlate], 2% 1429 AU Day 140 FoAddE 7428 Yt
WA EHp<0.01).

2) A5 FL iodophorE AR 3 HZET 3 ozone solutiond AHEg AP &9
A XA Day 0o Hlsle], N8F 148 Z3UA Day 4ol FAAE FALE e

W o (p<0.01).



3) WY E T iodophorE A3 WZ=37 ozone solutionS AMESH ATt I3
A X - Day 00 Hldle, A EF 149 Z54A2 Day 149 #F94UE #2228 e
WA HP<0.01). 28]31 LA E AFE3 Aol Day 149 ¢ @& HASHES

e Ao

4) FWITSE AANAY Day 0ole gz 2 AT AR 128657 R
11.3+7.39 KALZA A4HEAM0 - 120 KALE ot A3ste A5 Yt e
™, AXF Day 14°lMe= dz7F 2 AITAA zHz 131511 2 1164628 KL
2 Yeryde

5 TFTFFE AXAQYA Day 0dle dixzd =2
46+1.43 KAWLEA AAHL06 - 41 KAL)ES <zh
AXEA Day 140l E dlEza 2 AP FANN 44 42
B it

ool Zbz; 4.1+1.14 2
st FAE e o,
106 @ 43+1.25 KALE

05 rut

I+

3. ANAF 2EAA L Ao g gAH Az5aAANY

b BANER

A - EE o9 24 B Ad w3 wFg At ojdd ®#A 3053 MAAe
of MmAel Hgo) we} 2702 o] zhwEo] 1554 WA
) Ao bjx
T AAE 553 UM, Mede JeFe NAdnE HE3Ay
AP AAE st UM, MEdS HeFd cE=AnE LA

o) A3 717
(1) && TA7(mgol, &) 99%9 LE7F~E A EAF 200ppm F=
33U FV 5t 2 EARE A Z3
(2) EXHAL AFEAE M 7 (Hemavet 800, CDC technologies, USA)
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3) B8 x4y A AL bhiopsy punch® w3 e AA st 10% formalind L4 gk
%, WeZQPAE AN

(4) VA EHA}: culture swab2 2 & sampling 3 $ EaE54 g

B) T2 Fo BAHE 489S sty WduAsS 23 v AALE EAA
AL-8-3F o
2) 9y
7b 3353 B4 (lameness score, Rosenberger G) : $FFTL v 22 7]

Grade Degree of lameness
I Slight
a Moderate
m Pronounced
v Severe
Vv Very severe

A sl A obE chel v 4R A3 QAW 71N A 9

I: =2
O: A sle AeEdA ofZ teirt ¢kds Z3 A" 7184 AAs7 S

2y

Oz A Sl el obZ gyt &hdsl dx AN JleA sEE R
g 93

Vi A gles EdlA ol dErt vige BEHeRd A3 7leA FHE F
A A 93

Vi Qs AEA o tert vigE FA ReAY EEEen ARE HE

£
me
flo
N
AN
io
f
g
u
o
3B
£

W) £33 53 (swelling score) : 3532 o
0 : no swelling
1 : slight to moderate swelling

2 ¢ moderate to severe swelling



3 ! severe swelling

) MW S5 (lesion score) : HHSFL g7 2o

0 : no lesion

FIvh

ol

2
T

He

1 : healed lesion or lesion that appeared to be healing

2 ' small necrotic lesion extending up to a quarter the length of the interdigital
space

3  medium-sized necrotic lesion extending a quarter to a half the length of
interdigital space

4 @ large necrotic lesion extending more than half the length of interdigital space

2}) WA ge] 5/ 9A WA A watAd oS3 go] zbzb TR
Chronic necrotic pododermatitis(A A 52, &3 4)

Foot rot (interdigital phlegmon, A ZF5-3)

Interdigital fibroma(X} 7t %

Papilloma(#-F3%)

vh AFRbEe] B ¢ A f{ukge 943 S AY5F, TASH, gHEFTE 49 A,
FEF 79 2 149 FAAsgon, dAsHHAL Bz AeH PAL A2 5
Al 289 2 FEF 494 44 - 3Aedg

v, 4%
) e sH

73] 592 Rosenberger G2 3353 # A (lameness score)oll F3to] AAg Az}
= Table 13 Zt}.
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Table 1. The effect of ozone ointment treatment on lameness of cattle with foot

disease
Group Day 0 Day 7 Day 14
E— Vaseline Ointment 1.6+0.65" 05+£0.17 0.3£0.05
Ozone Ointment 1.0£0.16" 0.4+0.26 0.2+0.25

FYGHFL AAANE A4S dxed LEARE AT AP T3 ANA
Day Ol Hl3te], X5F 149 A3 Day 140 #AA4YE =)
(p<O0D). 2T LFANE AHEE AP FolA Day 4o o] ¥ Ag53e U
Wt

2) 457

2ozl A AA dFe oMo TFEFS AAE A3 Table 29 2

M

29
o,

Table 2. The effect of ozone ointment treatment on swelling of foot lesion in

cattle
Group Day 0 Day 7 Day 14
Vaseline Ointment 1.3+058" 0.7£0.28 0.3+0.05 ‘
Ozone Ointment 1.0+0.67° 0.6+0.49 0.2+0.31

==
S

o

e H2 BhAdANE 8T dxdty 2EAdnE AL AdFE T3 AXAQ
Day 0l wlsted, 8% 149 Z 74U Day 149 Fddde Fas Jehddd
(p<0.01). 83 2 EARLE AHET APwollA Day 149 o] @& F e}
i 1
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APT L WERFAA AAAF elre WWEFS AAY A Table 3% 2

Table 3. The effect of ozone ointment treatment on lesion score of cattle with foot

disease
Group Day 0 Day 7 Day 14
Vaseline Ointment 2.3+0.32" 1.6+0.21 1.3£0.03
Ozone Ointment 2.0+0.67" 1.4+0.52 1.1+0.31

=
] Day 149 #FelAdA= #
APt A Day 149 ¢ @&

4 FAETSE AN

AYT L dETAH AN ATl Qoldel FMAFFE WA A¥E Table 49
2}

Table 4. The effect of ozone ointment treatment on WBC of cattle with foot
disease

Unit : K/pL

Group Day 0 Day 14

Vaseline QOintment 11.8+454 851513

Ozone Ointment 12.2+6.38 9.7+7.25
FHEFTTE XA AQ Day 0dl= i E AgatolAd 27 11.8+454 ¥ 12.2+6.38
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KALEA A4E (4.0 - 120 KAL) ﬁﬁl* A& Yoy, HxF¢
Me g2 2 Ao zbz 854513 @ 97+7.25 KALEA zZtzh &
Z Yehdidlg

Table 5. The effect of ozone ointment treatment on neutrophil of cattle with foot

disease
Unit @ K/uL
Group Day 0 Day 14
Vaseline Ointment 2.1+1.21 2.7+1.73
Ozone Qintment 46£2.15 3.3x1.85

Az Ae AR R Fo ol ZAzh 21£121 E 2.7+1.73 KALEA B4HE S
(06 - 41 KaLyHol 2t A FAAE A2 Day 0dE 464215 KALEA
AR oFt Eohon), Al Dayldol= 33185 KALEA sdAEE 2
E YE A

Fig. 1. Foot rot in rear right foot(cnu—22) on Day 0 in vaseline treatment group.

283 gzl Hx A2 Day 0olMe Sotx o=

Fig. 1& ula
% Ve 9T

A ohest 2

=k
e &

to M

al=
2
: Grade 2
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[ Grade 1
=

: Grade 2

Fig 2. Foot rot and interdigital fibroma in rear left foot(cnu-16) on Day 0 in

vaseline treatment group.

Fig. 2€ 2&d53E5 HE3 AgdroAe] HXd< Day 0llA 2 S8 202N
O3 Ze 2718 Ul dn

- AR

- #3855 : Grade 2

- T3 %9 : Grade 2

- WS HE : Grade 3
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Fig 3. Foot rot in rear right foot(cnu-12) on Day 0 in vaseline treatment group.

Fig. 32 vlAdATE A &3 gz Me HAHARl Day 0949 &4H Loz
A g 2 2738 Jehyad

- AzrR

- 385+ : Grade 2

- T35  Grade 2

- W55 © Grade 3
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Fig 4. Healed foot{cnu—-22) on Day 14 in vaseline treatment group

Fig. 4= HAAANE 588 zFeole] HXFQ Day M4elA 9 4 szdozm

|
ok ol E B
R ool o [E
o oft ol -z
oy ol oy Ao

Fig 5. Foot rot in rear right foot(Doosan—1) on Day 0 in ozone ointment

treatment group.

Fig. 5= 2 &dxnE A& 4Tl HA A Day 09149 {4y 2P ozA
oS 2 £2WE el

mlm

- AR

- %3 5d  Grade 1
- TS  Grade 1
- WY¥SH : Grade 1
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Fig 6. Chronic necrotic pododermatitis in rear right foot(Doosan-3) on Day 0 in

ozone ointment treatment group.

g3 2L A27AE e ATH
- A z7kR

- 85  Grade 1

~ F3ZA5H  Grade 0

- W53 [ Grade 1

Fig 7. Chronic necrotic pododermatitis in rear right foot(Doosan—8) on Day 0 in

ozone ointment treatment group.
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Fig 9. Foot rot in rear right foot(Doosan-9) on Day O in ozone ointment

treatment group.

- AP

- B3P FH : Grade 1
- T35 +d ¢ Grade 2
- WH¥ TS  Grade 3

Fig 10. Healed foot (right hind limb of Doosan-9) on Day 14 in ozone ointment

treatment group.

BE AT APToAe AMAFQ Day 140A 8] {3 o=

Fig. 10& & &
I#2dE Jehi.

v

(e}
A e 2

By
8

fo T

- AAF-G
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Grade O

5T
- 3549  Grade 0
WHESF

Grade 1

Fig 11. Healed foot (right hind limb of Doosan-8) on Day 14 in ozone ointment

treatment group.

Fig. 112 2&duE 83 AgTolMe AxF<Q Day 140149 F<t3 ez
A& e 4AAES eI
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Day 14°lAd v diz=d B A@FolA Zhzh 854513 2 9.7+7.25 KALEA ztz &4
He 478 Jehddoh

5 AT E dFxTAME AAF 2 Fo glolA ZFzF 21£1.21 @ 2.7+1.73 KL
24 A8EA06 - 41 KaDdlel ddd. H3TdAE AAHA Day 0ole
46215 KALZA AR AE o 27 w=9tov), Ax%F <2 Dayl4oll:= 3.3+1.85 KL
ZA zAEE A58 Jeudd.
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AT 2ENME FH37 HAstd, A 1HAFHAHE 8 Fd dd 2F8

P aTE SU dEdeld b BAART QE gdael 99 2 wEaye A
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LEAALEFIY F8E AsEFH AY B AFE LEAALEI2)S FEdA
Was AE<eda>, :LF/I NAE LEAA(LETADL FHE AZAFHEIA>
| ot AESAT = A 247 FA< eEAA Ha FHY R deEw o
AQatof i3t ‘J_“*FEJ+>°11*1—‘:— ey 2 deduddded g Adad ddast

] s Oig AFE A4 FHad A2
@al>, aeja Y 2 daEy dEEd e AAE LEAA i dvE
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B} AF<BAR> distel gESGS A 3ARTBA< LEAA Ao v Fud
2 oag Ayl @ HeEAA Au>dAE eEFY SHAEH % L waz
Aol W PEERANE AP<IEA>, AAE &AM Azlo) whe Pz

Ag<2dz> s AME o&=AAe] A w2 o zAsE A H<3da>o
ate] AESAT. EF A AEAA<H LS S A digh ey HH A
BAIE> M= eE7F2] Wy de] i AREN AEAIA>, AF8 LEA4A
of gAY digk A AmFgA AP<2EA>, g AAEF LA T
Ao Wt g2 Asaa Ag<3dz>dd diste] FEsk

E}E’r’ﬂ Zt A IAle] QloA] fAS @i W A FEXE 22 100% 245U TR
T 2 FQWY HYHOT Tyt &5 FdUd rI4¥ £ US oz dAddArh
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H 6 & dAFidntdolA s=&E siedastr|=de

A AR R 7Y B 22 3
W, =% 59 syt R Frbel e AAF 5
o], SN E JdAAE g s eEAs ] g AFNLe] wf g AlFsith 7
g1, Frtele 2F A7art d¥H] Qo] e ojgde & @ste] RFH
o2 A7t ok FUAAME ool #E dde] Bad slow wgdAr.
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