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ABSTRACT

The research regarding effect of nanotechnology use in making chef apparel on safety of
food had the objectives to study about the result of using nano materials coating on yarn and fabric;
to study about the use of nano materials which are suitable for fabric to be sewn for being chef
apparel and to study the effect of using of nanotechnology for chef apparel on smell and the
inhibition of pathogenic bacteria growth, using three types of nano materials, including Zinc oxide
nano, Silver nano and Titanium dioxide nano, to be coated on four samples, including cotton thread,
T/R thread, cotton fabric and T/R fabric. The researcher tested the fabric sample for inhibiting
growth of pathogenic bacteria and found that Zinc oxide nano and Silver nano were not different in
inhibiting growth of pathogenic bacteria. But the coating on the fabric is more convenient and
cheaper. And effective against Gram-positive bacteria. , A bacterium that is often found in personal
hygiene unclean conditions better than or equal to 99.95%. Then, Four kinds of fabric were sewn to
be chef apparel. Actual chef tried wearing to test effectiveness in resisting bacteria. When the
apparel was used for two times, it was found that T/R fabric which was coated with Zinc oxide nano
and Silver nano had different ability to resist gram-positive bacteria and gram-negative bacteria.
Fabric T/R Silver nano coating remains effective against bacteria as well and proper to be sewn as

chef apparel.

Keywords : Nano Technology, Chef’s Uniforms, Food Safety
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VUIA !fWGUWVlﬂLﬂUﬁﬂﬂhlﬂUuﬁﬁlﬁ@ﬂlﬂlgﬂﬂﬁf]'ll 4 UHUY A9 Ao AurienodnE@eviia
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2 17 x 6 U AWNUINANNAIVUIA 12 U x 12 1D LLﬁZﬁHL‘ﬁu\‘]iﬂL!%ﬂlu1ﬂ 2 W1 x 5 U lag

D

A3
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UUINUED
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3.2.3.2 nagovlszansinmmsAMumMudenaniTeveI g Ndagy
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9
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1% o Aq v 3 Y o Aq ¥ Y v 9 2

naden Menasnngnganlalugsn q udq) hyarnlsnuudindadeassyu
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a 'O 9O‘ v o QU ?l}/
gaungiidn (2 -4 ssruaadon) aulansuvesnisnaaes 1 51 luduihmsdald 9
denredelinageuauiinadouunsgiu AATCC : TM 100 (2004)  #9A529d01
HUANGOFUAUNTNUIN ( Staphylococcus  aureus ) AMUIATIIU AATCC 6538 LAY
ATAOVUUANIToFUA UNTNAY ( Klebsiella pneumoniae ) ANUIATIIU AATCC 4352
MUY

) [ ?:} A o 2 Y A o ~ Y [ A o
msnadoudmIus i 2 uag 3 ahsuindamson Lundniietiaoins
y o 9 ' 2 Ty Y a 0 v ¥ 2 v Y (a
ldruve s Tagihduuginlar13neu s wii neuhudnaretesnd UJsum

' %’ a $ g’/ g g’/
20 UaaaAIadul 1 ang Iﬂﬁl"’ll?lﬁ}?ﬂﬁﬂm1 € 50 AN uazé’nmazmﬂ 3 AN

A o
3.3 aOUNMINTNAADY
3.3.1 a0 UHARAMINATINTING
Y
3.3.2  1599UN0M
=1 4 a (% =1
3.3.3 aazmnalulagannssuaaas ¥H1Ineaema 1u lags 1 vuananssuns
a a S g‘/ (=Y a 1%
334 SUeMIIHMAYINAIEUITNMUIOU 9 WiIneaoma lulagssuena

WITUAT



a Jd 9y a
wams:umwﬂmey’auazenﬂsmwa

4.1 Wamsinszyivdona

U
= a a % d‘ Y Y A \ (Y} :’J
4.1.1 #amsan¥1lszansmnveEnNnedINtdUMEnaUa 1T IHABNIFEVE
=\ S A \l
M3 NUANISanelsA
o 3‘; a == J A 9 d' 9 9
MSNAFOUNITNITHVEINSINI YUBIUDAREoNe 13nveInumNneIIdudIe 2
A A T Yy v A A Y a A . .
¥ila Ao tdudethauazidudeT/R Npdoudlea1sansun Ty 3 ¥iia Av Zinc oxide nano
. . . . s o o A o 3 A Y Yy a
Silver nano il@g Titanium dioxide nano MUAIAL BUININOITIUNUKT "lﬂwma 6 ¥UM
A
Ao
1. dnennidumerhainasias Zine oxide nano
2. fmenniduderhenasuais Silver nano
3. mMnenndumerheinaouans Titanium dioxide nano
4. MNNNEUMET/R 1AADLES Zine oxide nano
5. FnoNNdUMIT/R 1AADUAIT Silver nano
6. FNoNLAUMY TR AADVAIT Titanium dioxide nano
el NAFeUMUIBTNATOVUIATIIU AATCC : TM 100 (2004)  HIA5I9aDU
HUANTEFUAUNTNUIN ( Staphylococcus aureus ) MUITNINTFIU AATCC 6538 U
ATNAOVUUANITOFUAUNTUAY ( Klebsiella pneumoniae ) AMNATUINTFIU AATCC 4352
=\

o v @ a 4 ] < (%
ATNAIAY 31NNTTATIVUDIAUN g Uvivaeilu  CFU/ g.sample Vlﬁ}ﬂaﬂﬁﬂﬂﬁ’ﬂﬂuﬁﬂ\‘]ﬂﬂ

A
AMTTNNI -6
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~ ) X g ) Yy Yy A . .
M19N 1 HaMTAUMUFBLUANGT8VDININBIINIAUAER18IAADVE1T Zine oxide nano

na1lumsnaaou HUANITIFUALATUUIN nuANIFUALNTNAY
(vU.) (Staphylococcus aureus) (Klebsiella pneumoniae)
(CFU/ g.sample) (CFU/ g.sample)
0 %U. (C) 12X 10° 1.8X 10’
24 B, (A) <100 <100
manaseadeIIATIRY (%) >99.92 >99.94

HUBLYea - ﬂ?iﬂﬂﬁ@ﬂi%ﬁ%ﬂﬂﬁ@ﬂﬂ”mii”lu AATCC : TM 100 (2004)

a a j‘ 1
(C) nuwde Masqa Tnveusonuaiizen lulinsarugy

=

= a a g = d‘d
(A) Uy mmstgmﬂmmwmmm EJ‘VIlIﬂﬁﬂ’J‘LIﬂﬁJ
& A vy Y Y9 A Y . .
HIVINATTI NN 1T WUN N”I‘VlﬂinﬂlﬁuﬂﬁlﬁhﬂmaB’]J@]’JfJﬁ”li Zinc oxide nano @113

9 &’ A A a ﬁ’ A A a 9
G]”I‘L!V]”I‘L!L‘]fﬂlmﬂvlLiﬂ%uﬂllﬂilm’;ﬂ!,!a$L‘BBLL1JﬂTILiEJGHuﬂLLﬂﬁJa‘LIl1ﬂ Tﬂamsﬂunm 24

& Li’ == a =\ a a A = 9 v
¥ 109 WouUANISeFUALNTULIN umimimumﬂﬁa@mmamwmu@ﬂmw 100 CFU/

A A Y

g.sample 9109 1UIU A latvoauANTaENAY 1.2 X 107 CFU/ g.sample taziinisanad
] I 4
11NN 99.92 11lo51HUA
U Li’ == a =\ a a A ~ 9 1
auFLUANGeTHaLnINaY IMsninay Inanainasiedtiosnan 100 CFU/
° = An A g 5 ~
g.sample 11N1UIU A TalvOWUANITOGUAYN 1.8 X 10" CFU/ g.sample azin1sanas

' J 3 J
WINNN 99.94 11lo31FUA
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- y X ) Yy Yy A .
M5191 2 WaMIsNAFaUNMIAIUFBLUANISoRINeNMFUABR18AAVE1S Silver nano

HUANITIFHALATUVIN wuANSsrauATNAL
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g.sample) (CFU/ g.sample)
0 ¥U. (C) 12X 10° 18X 10°
24 ¥U. (A) <100 <100
& A
MIANDIVOUFDUUANITE (%) >99.92 >99.94

UL - msmﬁaﬂ%’ﬁmﬁaummgm AATCC : TM 100 (2004)
= a a X Aa A 1A
(C) nueny ﬂﬁﬁ]i@t@]ﬂi@]ﬂlﬂ%%i’]uﬂﬂﬂt fJVIlliJEJﬂ”Iiﬂ’JTJf’;IiJ

=

= a a X ~ A
VNRGRERN ﬂ1§!ﬂ§m!@u1@mﬂ%ﬂf@uﬂﬂﬂl NUNITNIUNY

A ) Y Y9 A Y .
INATTINN 2 NUIN WTTI@%”IﬂLﬁ‘L!ﬂ1EJPJ”IEJLﬂﬂBU@]’Jflﬁ”li Silver nano ®1U130
Y j‘ A A a &’ a A A 9
G]TL!‘V]”I‘L!LGH’E)LUJFI‘V]LiEJ“]ﬂ!ﬂLLﬂilIU’JﬂLLﬂ%L%@LLUﬂTILiEJ“KUﬂLLﬂﬁJa‘U"lﬂ Tﬂamaiunm 24

o X A a = a a A~ Y] '
6]5']11]\1 LEDUUANLTYBUALNTUUIN 3Jﬂ15&5]5‘51]0!@]1&9]?1@?1QLWﬁ@LWﬂQHﬂﬂﬂ']”I 100 CFU/

° = An A 9 5 =
g.sample ﬁnﬂi]"I‘L!’Jl!jﬂjﬂu"l]@\i!,!,ﬂﬂ‘ﬂ!iﬂ!iuﬁu 1.2 X 100 CFU/ g.sample lazlanad
' J 3 4
UINNI1 99.92 Lﬂ@ﬁl%’u@l

1 ,i' a A a =\ a a A = Y 1
AIULYDUUANLIYVUALUNTUAY NﬂWiLﬂ'ﬁiym‘UIﬁma@LWEN‘L!?JEJﬂﬂ 100 CFU/

a A Y

° 5]
g.sample 11NUIU A TalveaUANGOTUAY 1.8 X 100 CFU/ gsample taziinisanad

1 J 3 J
11NNN 99.94 1losiFua
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a gy K An g Y Yy A
M1919N 3 Waﬂ'lﬁqnﬂﬁ@‘llﬂ'lﬁgnulslf@llﬂﬂﬂlﬁEIW']ﬂ@%']ﬂlﬁuﬂ']UF‘hUlﬂa@Uﬁ'ﬁ

Titanium dioxide nano

HUANITIFHALATUUIN HUANITeHALNTUAY
na1lumMsnaaou
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g.sample) (CFU/ g.sample)
0 ¥U.(C) 12X10° 18X 10°
24 9. (A) 39X 10" 25X10°
AMIAARIVDUFDUUANITE (%) > 67.50 >99.86

UV - ﬂ”liﬂﬂﬁﬂﬂcl%ﬁﬂﬂﬁﬂﬂﬂ"lﬁiﬁ”lu AATCC : TM 100 (2004)

a a g 1
(C) nuwde Masaay Tnveusonuaiizen lulinsarugy

=

= a a &’ = d‘d
(A) nu1enl ﬂ”liﬁ]iﬂJLGHJT@]GIJ@QLGHBLLUﬂTIL gNUNITNIUNY

A g Y Y9 A v .. ..
NA5190 3 WU ANeNNdUMgiIenaeUaI8d15 Titanium  dioxide nano
9y &’ A A a 3 A A A 9
FIWITOATUNMUYDUUANLIYBUALUNTUUINUASLBDLLUANS fﬁfl!ﬂllﬂillallllﬂ Tﬂﬂﬂ”lflﬁlu
o X A A a ~ a a A A Y] 1
1391 24 6]ffJTlJ\T LEDUUANLIYFUALUNTINUIN llﬂ”liﬁ]jig!@llI@]aﬂaﬂlﬁaﬂlWﬂQu@ﬂﬂj”l
4 ° ~ An A g 5
3.9 X 10 CFU/ g.sample ﬁnﬂfl]TLlTLlTﬂTauﬂl@ﬂu‘ﬂﬂﬂﬁﬂﬁu@u 1.2 X 10 CFU/ g.sample
= 1 I 4
LAZUNITAAAININNIT 67.50 lﬂ@ilcﬁu@]
[ A A A A = a a A A ] J 2
FIUFOUUANLTYFUALLNITUAD 3Jﬂ'ﬁ@ﬁﬂglﬁﬂiﬂaﬂa\ilﬁaﬂlw&l\‘]uaﬂﬂﬂ'] 2.5 X 10
° = An A 9 5 =
CFU/ g.sample i]1ﬂi]11!')uiﬂiaum@ﬂllﬂﬂﬂﬁﬂﬁm@u 1.8 X 100 CFU/ g.sample LaguNIg

U I 3 J
AAININNI 99.86 1o5IHUA
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A y X A Y ¥y v Ay
MINN 4 HANIINATOUNM TN ULTDUUANLTININDINTUAYT/R IADUAWETT

Zinc oxide nano

HUANIT U ALATUUIN HUANITeHALNTUAY
na1lumsnaaou
(Staphylococcus aureus) (Klebsiella pneumoniae)
(¥.)
(CFU/ g.sample ) (CFU/ g.sample)
0 %. (C) 12X10° 18X 10°
24 ¥U. (A) <100 <100
ATAAAIVDIFDUUANITE (%) >99.92 >99.94

HUgLYea - ﬂ?iﬂﬂﬁ@ﬂi%ﬁ%ﬂﬂﬁ@ﬂﬂ”miﬁ”lu AATCC : TM 100 (2004)

=

a a j‘ { 1
(C) nuwde Masqay Tnveusonuaiizen lulinsarugy

=

a a i‘ {
(A) vnens masaau TavesdeuuaiizeninisaIugy

NATNN 4 WU AMnendusie T/R 1AADUA0E1T Zine oxide nano &11150
Y Li’ aA a &' A A a Y
MumuronuaNSestaunTuUINLazyeuuanzertaunsuavld Tasmelunai 24

& g a A a =) a a A =~ 9 v
U9 FOUUANITIFUALNTULIN 1!ﬂ1ﬁli]iﬂlumﬂjﬁaﬂﬁﬂlﬂﬁ@tWﬂﬂu@ﬂﬂﬁW 100 CFU/

; = 5
gsample 1AUIUTA TatveuuARZaEuAY 1.2 X 107 CFU/ gsample taziinsanad
] 3 4
11NN 99.92 11lo5IHUA
1 c&‘ a A a =\ a a A =) 9 1
aruFouuANFeyiaunsuay Imsnsuay lnaaaunasieaiosnin 100 CFU/
° ~ Aa A g 5 =
g.sample 91NT1UIU 1A TatlvowuANGoFUAY 1.8 X 10 CFU/ g.sample Ltaziinsanad

1 J 3 J
11NN 99.94 1105 1FUA
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= F)

a y X ~a Yy v A Y,
MN1919N 5 WHANITNATDUNITANUIFDUUANITININDIINLTUAIY  T/R IADUAIYNT

Silver nano

HUANITIFHALATUVIN wuANSsraLATNAL
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g.sample ) (CFU/ g.sample )
0 %3. (C) 12X 10° 18X 10°
24 ¥%4. (A) <100 <100
j‘ aS A
MIAAAIVOUFDUUANITE (%) >99.92 >99.94

UL - ﬂ?iﬂﬂﬁ@ﬂi%ﬁ%ﬂﬂﬁ@ﬂﬂ?@iﬁ”lu AATCC : TM 100 (2004)

=

a a j‘ { 1
(©) wwwne Mavsqa TnveuFonuaiiizen lulinsarugy

=]

= a a g = d‘d
(A) vy mmimmﬂmmmmmﬂm gNUNITNIUNY

'
IS} 1

INMTNN 5 WU Anennduals T/R  1AA0UA0aTT Silver nano aIN1TD

Y i‘ A A a i‘ A A a 9
ATUNIU L"’Ifi’)L!JJﬂ‘VILiEJGIf‘L!ﬂLLﬂSJJU’Jﬂllazlﬂfﬂu‘]_lﬂ‘miﬂﬂfumlﬂimaDllﬂ Tﬂamsﬂunm 24

v
v

&’ a a a 1
219 iouuaiiGestiaunsuuan InsnigauTamaetiosnil 100 CFU/ gsample 910
o = A 5 A A '
fulalatives  wuANGY 1.2 X 10° CFU/ g.sample #azlN5anau93%5o1azu1nn N
I I 4
99.92 1lodua
1 j} == a = a a A Y 1
druraLUANEsrHaLNTNaY UN15saay Inmaetiosndl 100 CFU/ g.sample
o IS S A 5 = L&’ '
nnduulalativeauaize 1.8 X 100 CFU/ gsample 1@y UN15aA0U93%0 10NN

- 4
99.94 1loJiua
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= Y

a y R ~ ) A Y,
AN 6 AANIINATDUNITANUEDUUANLIININDIINTUAIY  T/R AQDUAIYTT

Titanium dioxide nano

HUANISIFUALATIVIN HuANITeHALNTUAY
na1lumsnagon
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
( CFU/ g.sample ) ( CFU/ g.sampl )
0 %3. (C) 12X10° 18X 10°
24 5. (A) 14x10" 1.0X10°
AMIAARIVDIFDUUANITE (%) > 88.33 > 99.44

HNAHE - ﬂﬁ‘ﬂﬂﬁf)ﬂi%ﬁ%ﬂﬂﬁ@ﬂhWﬂﬁﬁWﬂ AATCC : TM 100 (2004)

=

= a a X = Ay 1A
(QRFVRERN mimﬂgmﬂmmwmmﬂm fJ‘V]UliJllﬂﬁﬂ’J‘Uﬁ]iJ

=)

4 H
(A) nes MmInsaan InveureuuaiizeNynsnIua

NMTNN 6 WU ANONNFUAY T/R 1AADUAI8AIT Titanium dioxide nano
9 zi’ A a aA a Y
AINToAIUIMUFLUAN G esHaLnTuLINLazuuanGertiaunsuauld Taenielunal 24
& A A A = Aa a A 4
%2 Tu WonuaiiFesiannsuuan InmsasapduTaman 1.4 X 10" CFU/ gsample 910
° = A A 5 = e 1
ulaTativeauaiiise 1.2 X 10° CFU/ gsample 1a2in13anadvediyo 110 88.33
<
nlodigud
1 &’ S A a = a a =\ 2
draurenuaiiseyiaunsuan InssaAuTamas 1.0 X 10° CFU/ g.sample 910
° = A 5 = & '
uulalafiveauuaiiise 1.8 X 107 CFU/ g.sample a2 UA5aAAUDAD WIANTN 99.44

<
nlodidud



39

y A A a y A
4.1.2 Wan]ﬁ'ﬂﬂﬂf’)Uﬂ15ﬂ1u!‘”i’)!!1|ﬂ'ﬂﬁﬂuuw1!ﬂaﬂua15u1iu

Y

9 X A 9 A ) A A 9
ﬂﬁ“ﬂﬂﬁ@‘ﬂﬂﬁ@nul‘ﬁ@tmﬂ“ﬂL'D'EIGU’E]\‘]NHﬂa’E]‘UﬁﬁuWIu 1A 2 FUA AD WWhEI Iuag

F1T/R 1AA0UAIBATT 3 ¥R AD Zinc oxide nano, Silver nano i8¢ Titanium dioxide

FIx)) a A
nano MFN 6 FUA Ao

5.
6.

frhenapuR18e13 Zine oxide nano

Y 9 A 9 .

mmmﬂaaumami Silver nano
fFeInA0 VA8 Titanium dioxide nano
f1 T/R 1AA0UAIIATT Zinc oxide nano

Y A 9 .

N1 T/R 1a0UAWT1T Silver nano

Fsh T/R mﬁaué’hﬂﬁ 13 Titanium dioxide nano

a

We1ANI 6 Fila WINAAPUANITNATOUUIATIIU AATCC : TM 100 (2004) &9

A3 A0Y UUANGEFUAUNTNUIN ( Staphylococcus  aureus ) AUITUIATIIU AATCC

6538 AT AINADUNUANEFUAUNINAY ( Kiebsiella pneumoniae ) MMWITNIATFIU

) 1

o v @ a IS
AATCC 4352 @WE19Y 9INM5ATINTUAUNTS Hriaenilu (CFU/ gsample ) 1anans

NATOU LAAIAIAITINN 7 — 12
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a gy K ~a R A v . .
M35 7 WAMTNAFDUNIANUFBUUANISSUURIANSIAADVAIBET Zinc oxide nano

HUANITIFHALATHVIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
( CFU/ g.sample ) ( CFU/ g.sample )
0 %. (C) 20X10° 10X 10°
24 %4. (A) <100 <100
& A
MIAADIVOUFDUUANITE (%) >99.95 >99.90

UV - ﬂmmﬁaucl%"i%maauumsgm AATCC : TM 100 (2004)
= a a X Aa Ay 1A
(C) nueny ﬂﬁﬁ]iilulm‘]_ITWUBQWOLLUﬂV]L fJVIlliJiJﬂ"liﬂ’JUf’;lll

=

= a a g = d‘d
(A) iy ﬂ”lil,iliiyjmﬂjﬁ"]lﬂﬂﬂf@!,!,ﬂﬂﬂl gNUNITNIUNY

= o9y A Y 3 . Y &£
INATNN 7 WU AE8IAABUAIY Zine oxide nano  @INITDAIUNIUED
A A X A A a v o X
puaiiGeytaunsuuinuaziyonuaiizesiaunsuanld Tasnelunal 24 %2Tu9 %0
puaRFesiaunsuun Insesy@y lamaeesndl 100 CFU/ gsample 910314
= A 5 = & 1
Tnlativoauaniie 2.0 X 100 CFU/ gsample 0azln1ianadvoudn 41NN 99.95
<
RIGHE
a A a =\ a a A Y 1
HUANGFHALNINAY UMTT YA TaMasioend1 100 CFU/ gsample 910
o IS A A S5 = j} v
9uulalativeauaniss 1.0 X 107 CFU/ g.sample 11aziN150A09U99%0 ¥IANI 99.90

- 4
1o IHUA
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~ gy K ~ A 9y Ay .
13NN 8 Waﬂ'ﬁﬂﬂﬁ@ﬂﬂ'ﬁ@nulsﬁallﬂﬂﬂlﬁﬂUuW'W‘l'lﬂlﬂa@ﬂﬂ?Uﬁ'ﬁ Silver nano

HUANISIFUALATHVIN HuANITeHALNTUAY
na1lumsnagon
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %3. (C) 20X10° 10X 10°
24 ¥4. (A) <100 <100
j’ aS A
MIAAAIVDUFDUVANITE (%) >99.95 >99.90

HNAHE mamaaﬂ%’%maeummgm AATCC : TM 100 (2004)

=S

4 v
() mneds masaaulaveuveuuaiizon lilinsaiugy

=

=< a a Lg =) d’d
(A) v mimmmﬂmmwmmﬂm INUNITNIUAN

= R 2 ¥ : Y &
NAITNN 8 WU KFNBIAADUAIATT Silver  nano  @1MITDATUNIULIFD
A A a A A a £Y o A
nuaRFeriaunsuuinuaziyeunaiizoriaunsvayla Iasnielunal 24 ¥2lue e
puaiFoytdaunsuuan Insasg@mulamaetosnd1 100 CFU/ g sample 91031U2U
= A A 5 a X 1
TaTalveauuanizo 2.0 X 100 CFU/ g. sample 1a2lN15aAAUDUTD WINNI 99.95

- 4
1o IHUA

g 9= a = a a A Y ' o =\
IFBUUANTITUALUNITUAD Mﬂﬁlﬁ]iiyl@mjﬂmﬁ@uﬂﬂﬂ’ﬂ 100 91091 I latlvog

A 5 2 X J J < J
HUANLSY 1.0 X 100 CFU/ g. sample LAZUNITAAAIVDULD UINNI 99.90 nlodigua
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- y X A Y 9 A v L. ..
M1519N 9 WANISNATDUMIANTBLUANGTUUFAIR18IAA0 U881 Titanium  dioxide

nano
HUANISIFUALATHVIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %3. (C) 20X10° 10X 10°
24 9. (A) 78X 10" 1.8X10°
AIAARIVDUFDUUANITE (%) >61.00 0

HNAHE - ﬂﬁ‘l’]ﬂﬁf)ﬂi%ﬁ%ﬂﬂﬁ@ﬂhW]ﬁﬁWﬂ AATCC : TM 100 (2004)

=S

4 v
(©) mneds masaauTaveuveuuaiizon lilinsaiugy

=

=4 a a tg =) d’d
(A) g mmmymﬂmmwaumm INUNITNIUAN

~ 19y A ¥ . . .. Y
A1NAITINN 9 WUIN mmﬂmaaumams Titanium dioxide nano @IUITOATUNIU
& A A A 9 < & = A =
Wouuansewiaunsuuinla Iasnitelumal 24 ¥ Tue iouuaiSeviaunsuuln ng
a a = 4 o <) S A 5
w3y auTanae 7.8 X 10" CFU/ g. sample 9103112 Ia Tatlaeauuaiize 2.0 X 10° CFU/
= &’ 1 S 3 J
g. sample LA UNTAAAIVDUTO UINNI 61.00 1WoTIFUA
Y 9 A ) Jile e 1 ) X A A a
fAeAA0UAI9a1T Titanium  dioxide nano MIAUITOAIUNIUFDULANI #FA
9 & A A A A = Aa A 5
unsuanld Tagaelunal 24 ¥ Tug WeonuanGesiaunsuuin Imsnsaaula 1.8 X 10
CFU/ g. sample 9109119 1A lallveauuniise 1.0 X 10° CFU/ g. sample taz lailinisanas

£
UDILYD
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d' Y 4” = A 9 A Y . .
AN 10 HANITNAFDUNITATUTDLUANTIVUANT T/R  IAADUAIYNIT Zinc oxide nano

HUANITIFHALATHUIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %3 (C) 20X10° 10X 10°
24 ¥%4. (A) <100 <100
j’ aS A
MIAAAIVOUFDUUANITE (%) >99.95 >99.90

HNAHE ﬂﬁ‘ﬂﬂﬁf)ﬂi%ﬁ%ﬂﬂﬁ@ﬂthﬁﬁWﬂ AATCC : TM 100 (2004)

=S

= a a X = Ay 1A
(C) nuwey mmiﬂgmﬂmmweumm fJ‘V]UliJllﬂﬁﬂ’J‘Uﬁ]iJ

=

=4 a a tg =) d’d
(A) YN8 ﬂﬁl%ﬁi}]}mﬂiﬂﬂlﬂﬂl‘]ﬂ@!mﬂﬂl INUNITNIUAN

v Y
1IAMITNN 10 WU A1 T/R IAADUAITAT Zine oxide nano aINITAAIUNIUIAGD
A A A & A A A 9 & A
nuaNFeviaunsvuIntazyouuanGostaunsuav’la Tasnielumar 24 ¥1Tue %0
S A a = a a A 9 1 o
puaiFoytaunsuuan inswiag@mulamaetiosndl 100 CFU/ g sample 9109112
~ A A 5 = & 1
Talatlvesuuaiiizo 2.0 X 10 CFU/ g sample azin13anadueasouInnil 99.95
- 4
1o IHUA
4” a A a =) a a A 9 1
wouuaizertaunsuay Imsnsaau Tamiaeeenil 100 CFU/ g. sample 910

Y
s laladiveuaiise 1.0 X 10° CFU/ g. sample 1azin15aA09U83L%0 11ANI 99.90

- 4
1o IHUA
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d' Y j’ = A 9 A Y .
A13N 11 HaNITNAFTDUNITAUEDLUUANITIUUNT T/R IAADUAIYHTT Silver nano

HUANITIFHALATHUIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %. (C) 20X10° 10X 10°
24 ¥%4. (A) <100 <100
j’ aS A
MIAAAIVOUFDUUANITE (%) >99.95 >99.90

HNAHE mamaaﬂ%’%maeummgm AATCC : TM 100 (2004)

=S

4 v
() mneds masaaulaveuveuuaiizon lilinsaiugy

=

=< a a Lg =) d’d
(A) nwend mimmmﬂmmwmmﬂm INUNITNIUAN

. , 2
AN 11 WUN A T/R  1AADUAIBANT Silver nano  e1NITDAIUNIUITO

A A a A A A a £Y o A
nuaNFestaunsuuintazenuanesiaunsvauld Tasaelumal 24 ¥2Tu9 130

=

9= a = a a A Y 1 o =\ =}
UUANLIYFUALUNTUUIN Nﬂﬁli]iiﬂum‘ﬂjmﬁﬁf)u%]ﬂﬂ’ﬂ 100 91091 Ia latvesuuaiise

¥ ' P-4
2.0 X 105 CFU/ g. sample LLagﬁﬂﬁﬁﬂﬁ\‘]"ll’EN!%@ NINNIT 99.95 !‘ﬂ@ilcﬁuﬁ

,i} 9= a = a a A Y J o =\
IFBUUANLTITUALUNITUAD MﬂWilﬂiﬂJu!.mJI@]mﬁ@uﬂﬁlﬂ’J'l 100 919U Ia latlvog

A 2 X 1 J 3 14
HUANLIY 1.0 X 105 CFU/sample HAZUNITAAAIUDIUFD UINNIT 99.90 1Wosiua
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~ gy K A A D) A )
AN 12 AANITNATDUNMITANUYDUUANLITIVUNT T/R  1AQDUAIYTT

Titanium dioxide nano

HUANIT ¥ HALATUUIN HUANITeHALNTUAY
na1lumsnaaou
(Staphylococcus aureus) (Klebsiella pneumoniae)
(¥1.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %. (C) 20X 10° 10X 10°
24 %Y. (A) 8.6X 10" 1.1X10°
j’ aS A
MIAAAIVOUFDUUANITE (%) > 57.00 0

HNAHE - ﬂﬁ‘l’]ﬂﬁf)ﬂi%ﬁ%ﬂﬂﬁ@ﬂhW]ﬁﬁWﬂ AATCC : TM 100 (2004)

=} =

Y v
() mneds mansaauTavesveuuaiizon lilinsaiugy

=

=< a a Lg =) d’d
(A) w1 ﬂ13l%'§ﬂlul§lﬂ1§léllf]\‘ll‘]5mmﬂﬂl INUNITNIUAN

AMIT NN 12 WU A1 T/R  IAA0UAIE Titanium dioxide nano @IN1TOAIUNIY
A A A a 1% o A = a ~
WouuanSertiaunsuuinld Tagnelunal 24 92109 @ouuaNGeviaunsnuIn I3
a a = 4 o =) A 5
w3y 1Au Tamae 8.6 X 10° CFU/ g. sample 910812 Ialafivesuuniiise 2.0 X 10° CFU/
~ & ' e
g. sample LAZIMTANAVBIFD WIAAIN 57.00 WoFIFUA
9 9 A ) AN 5 ] ' ) X A a
AFheinaeuA19a13 Titanium dioxide nano 1UENUITDMIUNIFBLUUANG BYTiA
9 @ A A A a ~ A Aa 5
unsuauld Taonielunat 24 ¥ Tue WenuanGestiaunsvaviimansaanla 1.1 X 10
° = A 5 =
CFU/  gsample 119 uulalativesuuniiise 1.0 X 10 ° CFU/ g. sample ttaz l3ifins

=

£ =
AANUDILYD LLUANLIEY

~ 1 Y Y Y 9 A . .
NMT NN 7— 12 WU Maerie uag §1 T/R 1Ad0UA1T Zine oxide nano 1A
. S a A Y j’ ¥ a A a Y 1~
Silver nano NUszansnmlumsumurenauanGesiaunsuuin uazav ldmunewy
o A i‘ A =i ] 4 o w
fu Ao antsunaveursuuaniEeadllne 99.95 1az 99.90 losEud mudiay
dwmsuidethe uay §1 T/R 1AAOUAIT Titanium  dioxide nano WL
a a Y &’ Z A A a I 12 v A = &’
Uszansammlumsdrumuronnuaiisestiauniuuinla ain Ao aalSuiuueuso
a A Y A S < 4 = a a 9 g ?x‘a
nuaniseadldines 61.0 uaz 57.0 Wosdud uazlitdszansainlumsduminyens
HUANITIHALNTUAVLAY
nnsaaonldithenazd T/R 1nA9UaS Zine oxide nano 1Ay Silver nano

o Y ti} S A 9 A 1
ﬂ1ﬂ1ﬁﬂﬂﬁﬂﬂﬂﬁ@nulsﬁ’ﬂlmﬂ‘ﬂLﬁﬂUuN1LﬂafJUﬁ15u1Iu@I@‘lﬂ
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%4 &’ a A 4 A d' v Y
4.1.3 wams‘nﬂﬂ@‘umimuwmwﬂmiﬂ‘uummai’)umimiuﬂwmmﬂ‘mm
o vy X aa Y A Y 9 v A
1 A3 ﬂ131/]ﬂﬁ@l|ﬂ]ﬁ@nu!‘]f@ullﬂ‘ﬂﬁﬂﬂlﬂﬂN1Lﬂﬂﬂﬂﬁ]5u11uﬁ]1ﬂ W”IP»]”IEJLLQ$N1 T/R 10U

©13 Zinc oxide nano Q% Silver nano Ulﬁlﬁﬁ 4 ¥UA ﬁf)

1) drhamasudieans Zine oxide nano

2) mrhanasudiea1s Silver nano

2

3) M TR AA0UAIA1T Zinc oxide nano
4) fT/R NAoUAI0E1T Silver nano
et lldagarliielaUinauluaniwlsznounisuaziih linagouaiuds

NATOUIIATIIU AATCC : TM 100 (2004) Idmauaainan1san 13 - 16

a y X aa 9 9 A v . .
19191 13 Waﬂ157]ﬂﬁ@ﬂﬂ1i@numfﬂllllﬂﬂﬁﬂﬂuNW‘thLﬂﬁ@llﬂﬁ]fJﬁ]i Zinc oxide nano

A 9 g’/
NEUMI 1H1U 1 A59

HUANITIFUALNTULIN HUANITIFUALNTUAY
na1lumsnaaou
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vu.)
(CFU/ g. sample ) (CFU/ g.sample)
0 ¥3. (C) 1.9X 10° 10X 10°
24 %3, (A) 3.0X10° <100
ATAARIVDUFDUUANITE (%) > 99.84 >99.90

HNAHE - ﬂﬁ‘ﬂﬂﬁf)ﬂi%ﬁ%ﬂﬂﬁ@ﬂuWﬁﬁWﬂ AATCC : TM 100 (2004)

=

Y 1
() mnens mansaanTaveuyeuuaiiizon lilinsaiugy

=

Y v
(A) wueDe Mas Ay Inueurouuaiiiseniimsniugy

A Yy A : ; A v ] g
INAITNN 13 WUIN NWhillﬂa’E]“Uﬁﬁ Zinc oxide nano T]WTHﬂﬁGl“If\ﬂu 1 A3
9 zi’ A A a zi} == a Y
?fHJﬁﬂﬁnuﬂWuL“b'ﬂlL‘Uﬂ‘ﬂLiﬁl%uﬂL!ﬂﬂJ‘U’JﬂLLam%@LL‘Uﬂ‘V]Liﬂ“ﬁuﬂuﬂiua‘ﬂqﬂ Iﬂﬁlfﬂﬁliu
& i‘ S A ) = a a A 2
1301 24 %JTEN YDUUANLTYTUAULNTUUIN :ummmujmﬂ@maa 3.0 X 10" CFU/g.sample
o ~ a A 5 S X A A
i]”lﬂi]TL!’J‘L!TﬂIa‘LJGIJ’ENLL‘LIﬂTILSEJ 1.9 X 10" CFU/g.sample agUNI1TAAAIVDUTDUUANLIY
1 J 3 14
UINNI 99.84 weosisua
i‘ a A a = a a =\ 9 1
LFDUUANTYTUALNTUAL umimiigmﬂmwaauaamw 100 CFU/g.sample 91N
o ~ a A 5 X == 1
mmuTﬂTamammmia 1.0 X 10" CFU/g.sample L1aZN1TAAAIUDUFDUUANLIY WINNIT

R~ 4
99.90 1losiua



47

~ gy K ~ A 9y Ay .
M1919N 14 Waﬂ'ﬁﬂﬂﬁ@ﬂﬂ'ﬁ@nulsﬁallﬂﬂﬂlﬁﬂUuW'W‘l'lﬂlﬂa@ﬂﬂ?Uﬁ'ﬁ Silver nano

A 9 g‘/
NEUMS 1H91U 1 A59

HUANISsFUALATUVIN wuANISHaLATYAL
na1lumMsnagon
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vu.)
(CFU/ g. sample ) (CFU/ g.sample)
0 . (C) 1.9X 10° 10X 10°
24 %3, (A) >3.0X 10° >3.0X 10°
i‘ aS A
N15AABIVDUFOULATNITY (%) 0 0

UV - ﬂ"liﬂﬂﬁﬂﬂcl%jﬁﬂﬂﬁ@ﬂﬂ”mii”lu AATCC : TM 100 (2004)

a a j‘ 1
(C) nuwde Masqa Tnveusonuaiizen lulinsarugy

=

a a i‘ {
(A) mneds masyau Taveudenuaiizeninisaiugy

] 1 Y
INMTNN 14 WU AR UA8aE1T Silver  nano  NHIUMT1H1 1 AFalal

Y &’ A A a &’ A A A 9
ﬁmﬁamumm%mmﬂmiwummiw’;mzazwmmﬂmiwummimﬂﬂ Tﬂamsﬂu

a a

& X a '
a1 24 ¥ Tu9 1 FOUUANGTIFUAUATUUIN UAITITADIANINAII 3.0 X 10

5

6

CFU/g.sample 91n3112u Ia latlueuuaiiise 1.9 X 100 CFU/g.sample LaZN150AQIUD
X ~ A oA B
wouuanize o nesidua
Li’ a A a = a a A ) = a A
wouuanFestaunsuay Imsigeaulamas 31nd1uulalatveauanise
5 o X A a ~
1.0 X 100 CFU/sample Tagnmelural 24 521u9 yeuuanisesiaunsyay I3

a a 1 4 ' I I J
L%ﬁﬂlumﬂiﬂ 1NN 3.0 X 106lm%ﬂ'lﬁaﬂaﬂﬂl@%%@uﬂﬂﬁﬁﬂ 1NN 0 1oFiIFua
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d' Y j’ = A 9 A Y . .
AN 15 HaNITNAFTDUNITATUEDLUANTIVUANT T/R INADUAIYTT Zinc oxide nano

A 9 g‘/
NEUMS 1H91U 1 A9

HUANISIFUALATHVIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %Y. (C) 1.9X 10’ 1.0X 10’
24 %3, (A) 1.5X 10° 15X 10°
i‘ aS A
N15AAAIVDUFDLUANITY (%) >97.10 >99.85

HUBLYea - ﬂ"liﬂﬂﬁﬂﬂcl%jﬁﬂﬂﬁ@‘]ﬁﬂﬁiﬁ”lu AATCC : TM 100 (2004)

=S

Y v
(©) mneds masaaulaveuveuuaiizon lulinsaiugy

=

=< a a Li’ =) d’d
(A) nwend ﬂﬁl%iﬂJMUIﬁﬂJﬂ\‘ll‘Bmmﬂﬂl INUNITNIUAN

v H v
INANTIN 15 WU A T/R IAADUAIBAIT Zine oxide nano NEIUMTIFU 1 AT
Y &’ A A a &’ A A A 9
ANTOMUMUTRLUANTesHALNTUUINLazFBuUaRTeriaunsuavla Tasnielu
& i‘ a A ) = a a A 3
a1 24 %2 Tue weuuaiFexiaunsuuln ImsniaauTamae 1.5 X 10° CFU/g.sample
° = A A 5 A P
nauulalativequuaiiize 1.9 X 10° CFU/gsample taznsanadvedoauuniize
1 S 3 4
11NN 97.10 1losiFua
i‘ == a =~ a a = o = aS A
wenuafiFeytiaunsuan Imsnsadu Tamae 1nsiuiulalatvesuuaiise
5 < & A A A ~
1.0 X 10"  CFU/gsample Iagnialunian 24 ¥11us youvaiizesiaunsuay Ins
a =) 1 g 1
wiaAnTa 1IN 1.5 X 10° CFU/g.sample 1a2NTanadvaaiouuaiiize 411Ana1 99.85

<
nlodidud
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d' Y j’ = A 9 A Y .
AN 16 NANITNAFTDUNITANUTDLUANLIIVUANT T/R 1IAADUAIYAT Silver nano

A 9 g‘/
NEUMS 1H91U 1 A59

HUANISIFUALATHVIN wuANISHaLATYAL
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 ¥. (C) 1.9X 10° 10X 10°
24 %3, (A) >3.0X 10° 32X 10°
&’ ~ A
NIANAIVDUFOLLUANITY (%) 0 0

HNAHE - ﬂﬁ‘ﬂﬂﬁf)ﬂﬁl“fﬁ%ﬂﬂﬁ@UiJWﬁﬁWu AATCC : TM 100 (2004)

=S

4 v
() mneds masaaulaveuveouuaiizon lilinsaiugy

=

=< a a Lg =) d’d
(A) w1 mmimumﬂmmwaumm INUNITNIUAN

1 H v
NAA19N 16 WU F T/R 1AAOUAIEETT Silver nano NEIUMTIFNU 1 AT
Y zi’ A A a zi’ A A a Y
gusamumureunaiieriaunsvuinuaziyounaiizesiannsvan’la Tasatelu
v 2
a1 24 91109 WouuaiGesiauniuuin ImsniaanIaninnii 3.0 X 10° CFU/g.sample
o ~ a A 5 = J < 4 Li’
31U lnlatlvowuaiize 1.9 X 10° CFU/gsample vaziidoiisuanisanasvouio
S A
HUANISY 0 %

g a A a = a a A ) = a A
[YDUUANLIYTUAUNTUAD NﬂWiﬁ]ﬁfﬂum‘UIﬂlﬁﬁﬂ ‘ﬂTﬂ%’lu’JuIﬂIauﬂl@ﬂllUﬂﬂliﬂ
5 o X aa A ~
1.0 X 10" CFU/g.sample Iﬂf]ﬂ"lfl(lulﬂ]a1 24 6]5’3111\1 IFDUUANITYTUALUNTUAY UNIT

a a 1 5 = g a2 A J J
ﬁ]iiym‘]_ﬂ@ 11NN 3.2 X 10" CFU/g.sample LLAZUNITAAAIVDUYDUUANIIY 0 SIGHEAM
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y A o a y A A y
4.1.4 wamsﬂm‘mumsﬂmwmwﬂmiﬂuummaeumiuﬂu‘nmumﬂmm
o y X g ¥ A Y 9 ) A
2 59 NMINAFDUMINUFDUUANITEVRIRUATDLAITH IUN AFeLazi T/R indeL

©19 Zinc oxide nano A% Silver nano Ulﬁlﬁﬁ 4 ¥UA ﬁf)

1) MrhenaoudlIeaIs Zinc oxide nano

2) Mthendoudeea1s Silver nano
3) A T/R 1AAOUAIEIT Zinc oxide nano
4) M T/R 1AA0UAIET Silver nano
o ldayamlie ldUgaaulugamszneumanazit lunadeuanis

NATOULIATIIU AATCC : TM 100 (2004) T@NaLaAIfInIgTIaN 17-2

a y K ~a Y Y A v . .
M35190 17 HaN1sNAgoUM I UILUANGIUURR1AADUA8ATT Zine oxide nano

A 9 g’/
AU 15911 2 59

HUANITIFHALATUUIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %Y. (C) 1.9X 10’ 1.0X 10’
24 %34, (A) 35X 10° >3.0X 10°
&’ A A
N5AAAIVDUFOULANITY (%) 99.82 0

HNAHE - ﬂﬁ‘ﬂﬂﬁf)ﬂi%ﬁ%ﬂﬂﬁ@ﬂuWﬁﬁWﬂ AATCC : TM 100 (2004)

=

= a a X = Ay 1A
(QRFVRERN mmiq,lmﬂmmufvmmﬂm EmlliJlJﬂﬁﬂ’J‘Uﬁ]iJ

=S

=< a a Lg =) d’d
(A) e mimigmﬂmmwaumm NUNITNIUAN

] Yy, A ) : . A v ] g
FINATNTNN 17 WUN W'Whﬁl&ﬂﬁ@ﬂﬂ')flﬁ'li Zinc oxide nano VINWHﬂ'IiGlGINWH 2 AN
9 j’ A A a j’ == a Y
ﬁ1N15ﬂﬂ1uﬂ1ut“ﬁﬂl!UﬂﬂLiﬂ“ﬁuﬂl!ﬂiiJ'U'Jﬂl!a%l“ﬁ@l!ﬂﬂﬂlﬁﬂ“ﬁuﬂuﬂiuaﬂqﬂ Iﬂﬁlfﬂﬂﬁlu
o A A A a ~ a a A 2
1301 24 “]5'3111\1 LEDUUANLIYTUALNTNDIN Nﬂ'lilfﬂimulﬁﬂjﬂlﬁa@ 3.5 X 10 CFU/g.sample
° = == 5 = A A
mﬂmmuiﬂiau%umﬂmm 1.9 X 10 CFU/g.sample LASHUNITIAAAIUDILYDLULUANLIY
- 4
99.82 11lo5Fua
dy S A a = a a ] 6
LEDUUANLIYTUALNTUAD NﬂWﬁlﬂﬁiyl@lUI@lN’lﬂﬂﬁW 3.0 X 10 CFU/g.sample 1N
=

2
swulalativewuaiizos 1.0 X 10° CFU/gsample wazinisanasveuyauuniise 0

<
nlodidud
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~ gy X ~ A 9y Ay .
M990 18 Waﬂ'ﬁﬂﬂﬁ@ﬂﬂ'ﬁ@nulsﬁallﬂﬂﬂlﬁﬂUuW'W‘l'lﬂlﬂa@ﬂﬂ?Uﬁ'ﬁ Silver nano

A 9 g‘./
Aums 15U 2 A9

HUANISIFUALATIVIN HuANITeHALNTUAY
na1lumsnagon
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 ¥. (C) 1.9X 10° 10X 10°
24 %3, (A) >3.0X 10° >3.0X10°
&’ A A
N5ANRIVOUFOLUVANTY (%) 0 0

HNAHE - mamaaﬂ%’%maeummgm AATCC : TM 100 (2004)

= a a dy S A d’ =
(C) nuga mimﬂgmﬂmmwmmﬂmiﬂw'lmmﬁmmu

=)

= A A X A Aa
(A) nuD ﬂ'lilﬁ]iﬂglﬂﬂjﬂeua\ucﬁﬂllﬂﬂﬂ! NUNITNIVAN

A Yy A ) . A ] g
1NANTITNN 18 WU WWhEJLﬂaE]‘U@I’JEJﬁ1i Silver  nano ﬂﬂ1uﬂ1ﬁﬁl“ﬁ\ﬂu 2 193

9 zi’ A A a zi’ == a Y
ETHJWiQGIWHﬂWuL“I)’fJLL‘Uﬂ‘V]Liﬂ%uﬂllﬂihﬂi)ﬂlmm%@Llﬂﬂﬂliﬁlﬁvuﬂllﬂiua‘ﬂqﬂ Iﬂﬁlfﬂﬁliu

a a

v Y
1787 24 ¥21u9 1FoUUANGIFUAUATUVIN UAITT AU Iau1ANI1 3.0 X 10°

CFU/g.sample 91031171 I latlvewuaise 1.9 X 100 CFU/g.sample 4223150909909
&’ A J 2 4
Wwouuaise 0 wWosidua
1 J A A a = a a o = =S A
aruFenuanGesiaunsvay Imasgaula anaudrulalativosuunnise
5 & X A A A =
1.0 X10°  CFU/gsample laonioluran 24 $21u9 ouuaniSerdaunsuay Un1s

a a 1 6 = g A J g
ﬁ]iiym‘]_ﬂﬁ 11NN 3.0 X 10 CFU/g.sample LUagiUNITaAAIVDIULDLUUANLIY 0 odigua
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] 9
M319N 19 WANINAADUMIANUFDULATNIT BUUA T/R 1AA0UAIYANT Zine oxide nano

A 9 g‘/
NEUMS 19911 2 59

HUANISIFUALATIVIN HuANITeHALNTUAY
na1lumsnagon
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 . (C) 1.9X 10’ 1.0X 10’
24 %3, (A) 55X 10° 15X 10°
&’ A A
N5ANRIVDUFOLUVANTY (%) >97.10 >99.85

UL - ﬂ"liﬂﬂﬁﬂﬂcl%jﬁﬂﬂﬁﬂﬂu"lﬁiﬁ"lu AATCC : TM 100 (2004)

=\

a a j‘ { 1
(C) ey Masqa Tnveusonuaiizen lulinsarugy

= a a g a A d‘d
(A) MY MIRTYAD TNV IFOUUANITINUMTAIVAN
~ ) A ) ] . A ) g
NAIT NN 19 WU A1 T/R IAADUAISANT Zinc oxide nano NHIUNITIHIU 2 A4
Y &’ A A a &’ A A A 9
TAUMUTBUUANGosTALATUUIALAZIFOUUANGeriaunTuau'ld Tagnielu
& i‘ S A a = a a A 3
a1 24 12 109 1FBLUANGoFHAUNTNUIN UM TRIYAD Taa0 5.5 X 100 CFU/g.sample
° = == 5 = A A A
1nudulalativesuanise 1.9 X 10° CFU/g.sample uaziinisanadvedyouuaiise
- 4
97.10 Wlosiua

Li’ == A ) = A 5
WFouuanisesiaunsuay 11n91uIU Ia ladvosuuanise 1.0 X 10 CFU/g.sample
o g a A a = a a A 1 2
e Tunal 24 ¥ Tug L“K@LLUFI‘VIL?EJ“IleﬂLLﬂiiJﬂ‘iJiJﬁli’EgmuTmﬁaﬂll”lﬂﬂ’ﬂ 1.5 X 10

- s o
CFU/g.sample aziinsanauaadeuuniise 99.85 1losdua
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d' Y j’ = A 9 A Y .
A1319N 20 WANITNAFADUNITATULIEDLUANITIVUANT T/R IAADUAIYT1T Silver nano

A 9 g‘/
NEUM3 195911 2 59

HUANISsFUALATUVIN HuANITeHALNTUAY
na1lumsnagoy
(Staphylococcus aureus) (Klebsiella pneumoniae)
(vU.)
(CFU/ g. sample ) (CFU/ g.sample)
0 %Y. (C) 1.9X 10’ 1.0X 10’
24 %y, (A) <100 1.0 X 10°
j’ aS A
NTAAAIUBUFOLLUANITY (%) >99.95 >99.90

UL - mimﬁaﬂ%ﬁmaaummgm AATCC : TM 100 (2004)
= a a X Aa Ay 1A
(C) nueny ﬂﬁﬁ]iﬂgl@]‘].li@]ﬂlﬂ%%@&tﬂﬂﬂl fJVIlliJiJﬂ”liﬂ’JUf’;liJ

=

a a j‘ {
(A) mneds masyan Taveudonuaiizeninisaiugy

] 1 Y
1NM13199 20 WU A1 T/R 1AA0UA0ATT Silver nano NWIUNT 191U 2 AT
9y &’ A A a &’ A A A 9
ATAUMUTBUUANG osTALATUUIALAZIFOUUANGeriaunTuau'ld Tagnielu
Q'J g = a =Y 1
a1 24 1 1ue iweuuaiiEextiaunsuuln InmsniyauIndoondn 100 CFU/g.sample 910
o ~ A A 5 ~ A A A
urulalativesuuaiiiss 1.9 X 10° CFU/g.sample taziin1sanasvausouuaiiise
1 S I 4
AN 99.95 105U
A A A A ° ~ A 5
Wouuanizeviaunsuay 91103 1uIu Ialativeuuainise 1.0 X 10° CFU/g.sample
< = a a A ' 2 = &
Tasnielunar 24 2 Tue Imaesaau lamide 11007 1.0 X 10° 1azlNIaAAU0T0

=S J 3 4
HUANIGY 99.90 1WosIFUa

=1 9y tg a A 9 A
4.1.5 #amsSoumeumsnageumMImurouUANzoveIlAaa Ua1T U1 1Hn
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-0 HOUR (C) 2.0x 10° 1.0x 10°

- 24 HOURS (A) <100 <100

% REDUCTION (R) >99.95% >99.90%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(©) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(€) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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CONTACT TIME (HOUR)
-0 HOUR (C) 20x10° 1.0x 10°
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(@] = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)

CONTACT TIME (HOUR)

-0 HOUR (C) 2.0x10° 1.0x 10°

- 24 HOURS (A) <100 <100

% REDUCTION (R) >99.95% >99.90%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100(C-A)C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(©) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
CONTACT TIME (HOUR)
-0 HOUR (C) 2.0 x10° 1.0 x 10°
- 24 HOURS (A) <100 <100
% REDUCTION (R) >99.95% >99.90%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED

TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
© = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED
CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
CONTACT TIME (HOUR)
-0 HOUR (C) 20x10° 1.0x 10°
-24 HOURS (A) 8.6x 10" 1.1x10°
% REDUCTION (R) 57.00% 0%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100(C-A)C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(©) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME

G}

Yo o
HIANULAZATIVADY

e

L6219

w 3
9 D RSQ U A 9777\/ 3
‘ /
(WA NgEl daunuon) (3. usMs Sefiuana)
v a - ~/
ainInenmand) ¥y o

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



71

F-017T Rev.15, 16 N.A. 55, 1/1 /'\

N\ Foundation for Industrial Development i
@
[@ THTI Thailand Textile Institute / Textile Testing Center b 4

THAILAND TEXTILE INSTITUTE

Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

amduduugoainnssuduna Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org TE:;:’:?
TIENTHANAMINATDD
Auesuuims : anzma Tuladannssumans uns.wszuns MUNGAVTIBITUNE © R 0025/56
168 OUUAT YT AFIHUILIA winsavlufvenadey: 20085
WAYTA NFIANN 10300 Sufioensoauna : 06/11/55
nih 11

£5609

Y

Sudlethe :  22/10/55

Tuiinadeou : 29/10/55-06/11/55

nNUEIAIBIN  Fe/suaziBuadiedia (AiidueTuUTMITTY)

R 0025-1/56 COTTON 1ad0Y ZINC

ANYUTAIBE Ame

r R 0025-1/56
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
CONTACT TIME (HOUR)
-0 HOUR (C) 12x 10° 1.8x 10°
-24 HOURS (A) <100 <100
% REDUCTION (R) >99.92% >99.94%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
© = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004

Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
CONTACT TIME (HOUR)
-0 HOUR (C) 12x10° 1.8x 10°
-24 HOURS (A) <100 <100
% REDUCTION (R) >99.92% >99.94%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100(C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED

TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
©) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED
CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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CONTACT TIME (HOUR)
-0 HOUR (C) 12x10° 1.8x 10°
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% REDUCTION (R) 67.50% 99.86%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(@) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004

CONTACT TIME (HOUR)

Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 12x 10° 1.8x10°
-24 HOURS (A) <100 <100
% REDUCTION (R) >99.92% >99.94%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100(C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(©) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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(CFU/SAMPLE) (CFU/SAMPLE)
CONTACT TIME (HOUR)
-0 HOUR (C) 12x10° 1.8x 10°
-24 HOURS (A) <100 <100
% REDUCTION (R) >99.92% >99.94%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
©) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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R 0030-1/56 TR 1A78Y TITANIUM
dnvaizAdetle  Ame
R 0030-1/56
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 12x10° 1.8x 10°
-24 HOURS (A) 1.4x 10 1.0x 10°
% REDUCTION (R) 88.33% 99.44%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE
- % REDUCTION (R) = 100 (C-A)/C
WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
© = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME

Avaiuazasavdey Royiia
CCNJ ' ¢
P05 WA o 93:%7,4)
(Wefinasse WHYN9) (A3. UsMs Fadiuana)
v_a s 9
(UNINBINANAT) (FL¥0919Y) 9b

goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.

[(@ THTI Foundation for Industrial Development W{mim,m



F-017T Rev.15, 16 n.A. 55, 1/1

(@ T TI Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center

77

ZIN

o Kok
THAILAND TEXTILE INSTITUTE Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND. \l,
andudaungoainnssudene Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org SEETING

FPNUNANINATOY Hoore
Auesuuims: anzma TuTadannssumans uns wszuns MIUIRYTIONUAD: R 0104/56
168 DuNATRYTYY IFINGIWIA mnoavludvenadey: 20991
WARTA NFANHAD 10300 Suflesnsvauna: 01/04/56
nh: 13

fuiisudaedhs: 15/02/56

Fufinarou: 25/03/56-01/04/56

winuaviIeoe  Fe/swaziBuadaete (Muiidueiunimsszy)

R 0104-1/56 002 TR - SILVER

R 0104-2/56 002 TR - ZINC

R 0104-3/56 002 CC - SILVER

R 0104-4/56 002 CC - ZINC

dnwaizdiede  dne

R 0104-1/56
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352

CONTACT TIME (HOUR) (CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 1.9x10° 1.0x10°

- 24 HOURS (A) >3.0x10° 3.2x10°
% REDUCTION (R) 0% 0%
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NUNUHNAMINATDU
HUWUAVITYNURND: R 0104/56
mnuavlufvenadeu: 20991
Fufieensisnuna: 01/04/56
nih: 23
R 0104-2/56

ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004

Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
CONTACT TIME (HOUR) (CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 1.9x10° 1.0x10°
-24 HOURS (A) <100 1.5x10°
% REDUCTION (R) >99.95% 99.85%

R 0104-3/56
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
CONTACT TIME (HOUR) (CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 1.9x10° 1.0x10°
- 24 HOURS (A) >3.0x10° >3.0x10°
% REDUCTION (R) 0% 0%
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R 0104-4/56
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
CONTACT TIME (HOUR) (CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 1.9x10° 1.0x10°
- 24 HOURS (A) 3.0x10° <100
% REDUCTION (R) 99.84% >99.90%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE

-%REDUCTION (R) = 100 (C-A)/C

WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME.
(C) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME.
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ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
CONTACT TIME (HOUR) (CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 1.9x10° 1.0x10°
- 24 HOURS (A) <100 1.0x10°
% REDUCTION (R) >99.95% 99.90%
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ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004

CONTACT TIME (HOUR)
-0 HOUR (C)

- 24 HOURS (A)
% REDUCTION (R)

R 0103-2/56
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
(CFU/SAMPLE) (CFU/SAMPLE)
1.9x10° 1.0x10°
5.5x10° 1.5x10°
97.10% 99.85%

R 0103-3/56

ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004

CONTACT TIME (HOUR)
-0 HOUR (C)

-24 HOURS (A)

% REDUCTION (R)

Staphylococcus aureus ATCC 6538

Klebsiella pneumoniae ATCC 4352

0%

(CFU/SAMPLE) (CFU/SAMPLE)
1.9x10° 1.0x10°
>3.0x10° >3.0x10°

0%

R 0103-4/56
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC TM 100: 2004
Staphylococcus aureus ATCC 6538 | Klebsiella pneumoniae ATCC 4352
CONTACT TIME (HOUR) (CFU/SAMPLE) (CFU/SAMPLE)
-0 HOUR (C) 1.9x10° 1.0x10°
-24 HOURS (A) 3.5x10° >3.0x10°
% REDUCTION (R) 99.82% 0%
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- CFU/SAMPLE = COLONY FORMING UNIT PER SAMPLE

-%REDUCTION (R) = 100 (C-A)/C

WHERE (A) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED TREATED
TEST SPECIMEN SWATCHES IN THE JAR AFTER “24 HOURS” CONTACT TIME
(@) = THE NUMBER OF BACTERIA RECOVERED FROM THE INOCULATED UNTREATED

CONTROL SWATCHES IN THE JAR AT “0 HOUR” CONTACT TIME
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