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ABSTRACT

This research was aimed to study the physical properties and chemical compositions of
herbal essential oils, the production of microencapsulation of herbal essential oils, and fabric
finishing by means of microencapsulation coating.

The physical properties and chemical compositions of essential oils from three kinds of
herbs : kaffir lime skin, lemon grass leaves and pomelo peel were studied and their antibacterial
efficiency was tested and compared. The oils were then used to produce microencapsules for
finishing the fabric for military uniforms by means of coating. The antibacterial efficiency of the
coated fabric was again tested.

It was found that the physical properties and chemical compositions of the three kinds of
herbal essential oils were as follows: all were crystal clear liquid in different colors and had distinct
odors. Their main compositions were similar. In inhibiting the bacteria - Staphylococcus aureus,
the lemon grass essential oil was best, followed by the kaffir lime skin and pomelo peel essential
oils, respectively. The lemon grass essential oil composition was round particles of different sizes.
Concerning washing, it was found that its microcapsules adhesion decreased in accord with the
number of washing. From the antibacterial efficiency test on five soldiers’ fieldwork uniforms made
of the coated fabric, it was indicated that the efficient performance on the five uniforms differed,

depending on individuals’ immunity.

Keywords: kaffir lime, lemon grass, pomelo, microencapsulation, camouflage military uniform

staphylococcus aureus
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3) MInaual8'191i1 (Steam Distillation) Tasmsinynaosnsnauld
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v Y q9 v 4 4 y < o A Ay s & -
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meusnuazylsy Wnazmuanuauemaneslunienau e liinugungiveslei
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sazaanalumsnaulditluednd uamdownulunenrhldquauifveuiniulaeuly 14
4) ﬂ1iﬂ§uﬂ181§%}qmuﬂg1ﬂ1ﬁ (Steam and Vacuum Distillation) N15NaU
9 U
uutivzdssgaoinianielunifenduoen awaueInAn1eluinegsznine 100 - 200
A A Y < -dyd ] & Y dy v 9
Hadwasson (mmHg) YoAvesmsnauuuuiife Feaanarlumsnauadlauiniu diude
a A o g9 I q Y a a 0o q Uy o o Y o <
@odo Suiludosnuqumsnanliidsz@nsomuaznsild lerhiduasdesiediesiaig)
1 J E4
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Tumsnawhiurenssmony 4 351 awisainesld ginsain
dnadmsuldndull 3 od1e A nifonau (Still) 1A399AIULUY (Condenser) 1AL N1FULTOIT
) s 9 o Y a9 oy % \ e v o oA A 2
(Receiver) MINauAI8 1911z dealinoduiin (Boiler) Fmsurilevuiudnod1aniia
(szineeds AuUFeAT, 2545)
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22

v g
2.2.3.2 Aldehydes @13 Tunguiiignslumsszdviszam snszaudale aans
v Y A = £ 1 2‘/ (Z ' Y . .
ALY aANIUBIY eumﬂwaamaammmqmiumimwvaiiﬂ G]’J?JEJNVI,ﬂl,Lﬂ Cidral citronellal
. I Y
neral g geranial wuau
= v Y J < Y dy
2.2.3.3 Esters uﬂmauumzwﬂimm AAUDITUY aADINITINIIVDINATNIUD
9
aAMIsnEuLaz AT laln linalyl acetate geranyl acetate bomyl acetate eugenyl acetate Ll
IS Y
lavendulyl acetate wuau
2.2.3.4 Ketones @13 Ketones U auiiasigvensraonay azalgiaunsiasy
v & A o Y )
a3 ruiieweuazannisonianlAn Jasmone fenchone camphor carvone L& menthone wuau
E4 1
2.2.3.5 Oxides lumsnquillgaauialumsvuaune asauaunsNdingy
Y o, Y da A wn 1 A A Y N
]lﬂl,!,ﬂ Cineol UDNUUNUTITNUAUTNUANUFDLUUANLIY Lla$ﬂ15ﬂi$ﬂui$ﬂﬂﬂi$ﬁ1‘ﬂ ]lﬂl,!,ﬂ
. . . . . - T
Linalol oxide ascaridol bisabolol oxide 118 bisabolon oxide 1JuA1
= [V ] dy A A Y a
2.2.3.6 Phenols Nﬂmﬁnu@ﬂuﬂ'ﬁm'ﬂﬂf@uﬂﬂﬂﬁEJ mz@uiguuﬂimmuazgn
9 ' Y I 9
AMumuvesseanie laun Eugenol thymol i81$ earvacrol uau
1 dy-d < Y dy v
2.2.3.7 Terpenes @13 Iunguiilgnilunmsmudonazaanisona
Y . . .
sznouay Camphene Cadinene Caryophyllene Cedrene Dipentene Phellandrene Terpinene
g
Sabinene mycrene @13 Sesquiterpenes d%¥H chamazulene farnesol ﬁqmiuma BRIAFRIG S
Y 21} A . = wa 9 [ % = £ . dai} 3 Y
AULTDLUANITY T3 limonene uﬂmaummu"hia pinene UHNTHUYD Huau
9 9
Tagindrhiiurenszimondaz ¥iiaasNanslsznoumunlAaua 50 - 500 ¥iia
J A a == wa 1 @ o A 1 Y v A Y
@Qﬂﬂi%ﬂ@ﬂ%%ﬂﬂlﬂmag%uﬂ ﬂuﬂmﬁduummnmqﬂuﬂﬂ ANNNANIUAILALNDUINTUNTTIUNY
o Y a va A d @ o g; @ A ' a Aa 1
5131/]'1114Lﬂﬂﬂm’ﬁhﬂﬁ‘VIL‘]J‘LlLf]ﬂﬁﬂH‘mﬂl@iuiuuﬁflﬂ\liglﬁEJi]'IﬂWGH!L@]azﬂfu@]VliJi]ﬂmu

A 1 o w 1 v a [ 4
ﬂ’J'llIL’Vill@uLmZﬂ’ﬂﬂJLmﬂ@]’l\ﬂﬂﬂﬁ‘iﬂ‘ﬂﬂ@]']\‘]ﬂu@ﬂﬂqﬂ (WeadsIu ﬂi%ﬁl\‘i, aau"lau, 2547)

2.3 lalaseuunilgpady
@ . . = ~ A
"hﬂmmmmﬂ«gm%u (Mlcroencapsulatlon) HNIYDI NISUIUNITNUDIUNAINTODY-
] ] Aa < Z}J a I %
magnieuldeglugvewallgadieneawesiudus q meadlulyTnsunlyagdivuia
?;l/ a 4 - { I o o 1 o
Uszanar 1- 1,000 luaseu Funedweiui q twsneziludtlessunielanlassarsdrnn
4 o an I 4 1
Mo lupenuiio1dens (Funs1 wuds, 2549) iWunszuaumsiansvseaunauvods
a 4 { ] 1 [ I
gnindeUAIemMs¥HADY @13NgNIAADY (coated) H30gnanTu 17 (entrapped) daulnajaziiu

) ¥ < 2 A o & o A e
YOUKHAD LAUNATIvINTuONNIAveIIIHI oMaTzEonFouanaiany 1) luTasuailya
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9 @ J

Usgnouslediudidn 2 daundn q Ao asdidy asnszaunussyluuniea (Core) uaz

13

A Y 1

A A ) A o A
1waenyseniaNoruedsoUNen (wall 130 shell) AININN 2.8

Q U

Wall. shell.

.
carrier,coating ~~~_ Core,
matcrial or active, load,
extenntal pliase infernal
phase,
payload

mwi 2.8 TaseaiwdruszneuvesluTasounaagpadn

N3 1Y YAUNIIAT, 2550

23.1 wilaved luTasouunilgasy

2.3.1.1 Single core (True encapsulation) 1 uguuvves luTnsounngadui

] ] N . ) =
TaannmaTasldimaiia coacervation AININT 2.9

True
encapsulation ~~—_
(coacervation)

M 2.9 TassadwdiusznouvesluTnsouuaiaaduastia Single core

N3 1Y YAUNIIAS, 2550
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. G . . <
2.3.1.2 Multi - core ¥13® Matrix encapsulation Lﬂugﬂgmmm‘lﬂﬂil,auuml-
o Y A U 1A a [ Y a Y 1
atuvoIds Inausaaulvgnnan lussavgaaimnisy Taglsmatiamsevuranuuny

Ja A J a < J o [ {
oy analsdrans anlsdgads wagngdulumseuunlagan danmi 2.10

Spray
drying,

) g,
extrusion
etc.

a v ! o 2 . B .
M 2.10 Tassadnarulszneuves luTaseunnigaduyiia Multi-core 130 Matrix
encapsulation

N WY YAUNIIAT, 2550

N A < o
2.3.1.3 Multi - wall %30 Control release tilugiluuvved lulnsouunigaduy

¥y a A A a $ A 9 2 ey, B . .
o3 lnausanimanasuiinsinaedlagldmaiin fluidized bed 150 centrifugal coating
mldeuisoniugunisdandassasiinausaluaniizidesnis1a (uge yaunes,

2550) A9AINA 2.11
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1
o Second

Fluidized wall - fat

bed
or

centrifugal
coating

mwl 2.1 Taseadwdrusznevveslulnsiounailypaduaiia Mult - wall %50 Control
release

d - -

NN WY FAUNIIA, 2550
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matouualgranaisildnausaanisalndesasldnausanernhlgim oy

[

1 a [ o a Q' { a Q' o aan
dyunanlundadusios aanmsmanaundantaeuinannaisIinausashlgnsedu

a aaa a o S o A
Unflosms Tinausannuasnsoljisereendadu gaoignisinusnuiasinausanso

1 QI a [ 4
aruaumsdantaseaslinausalunanfmeioImis (Risch, Sara J. and Reineccius, Gary A.,
1988)
a A d‘
23.2 wiiavesmsnaounlslunszuiumseunniaan
4 o 1 14
23.2.1 milulawsa aunsmdunldlugivesansindonldun da13e (starch)
d A 4
Noa laNEN3 1 (maltodextrin) corn syrup solids {l8¥ gum acacia a3 1y laasa
7 . X A a Y s ' ¢
2.3.2.2 ?M13% (starch) (18 ingredients “V]Nﬁ@]ﬂﬂﬁﬂf‘f@]ﬁﬂf Y aansyaauals
. S a ~ d A . o 9
(modified starch), Hoa laAngNIULaz U1 - o Taandniu (beta - cyclodextrin) gnii1un 14
I A 9 A 1 1 A o d
Wuasnaevlumsweunalpanasvnausaediunsvatslugaavnssuomisinenniny
a o @ 1 A 14 1 Id
vaztnilosansivnausa nalamsdudiseuineasinausauazansstseen lailu
= Aq ¥ a v Y . v v g
2 snmuuTasiizuuunsn arsnlvinausaergnasusouAIY amylase helix AU UIDY
. L & ¢ o y A v . .

hydrophobic bonding mamiﬂf%ﬂﬂmﬂwﬂauia"hmﬂcluimaqa (inclusion complex) ;sﬂu,mu
Naoazna polar interaction Taonwuse lalasou (hydrogen bond) FEHIN hydroxyl groups U®

P ¥y A
assazas lvinausa
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Jd a I a [ P ]
2323 wealaangnsy Wuwaasuain lasnnisdesaarsuilatniInauig
[ 9 A 4 a ) ] . I
dauTasmsldnsansowou el waas1miielugi Dextrose Equivalent (DEs) DE value 111un1s
o o ] a 4 4 L g ] ] o
JA32AY (degree) VOIMTdREaMENDANDS YIS YU UATLIUanANNAINITa lUNTI
a a r{' 1 o @ o a a
I3 ngasiarudnalumsiliinanmsnaouin
] Id o { o 4
2324 14 (Gum arabic) Wunuignihwnldlugdarsndeuiiosinainise
Y A A o~ A Id A v Aa 4 v I Y a
azawlaa lanunilad lqaauialumaiusias veesuazensasnnuars Iinausa
1aa Tulasundlganldanmseuuatlganaslinausalaslfimaiinmsovuiauuunudeos
. . Y1 Jd A . g A =
(spray - dried particles) laglFarunduvoInoa IalAnsN3 LAY gum Arabic 1 uaIsindo ULl

?1‘1 1 @ I~ A 1 2 @
VAR 10 - 200 Tuasou tazaunsannuas nausa lauinnindesas 80 Yusdny

u

o Aq ¥ ' Y ' Y 1 A 9 ¥ 9
G]’)llﬂi‘]/ﬂ‘]ﬁ%’ﬂ’ﬂﬂﬂigﬂ’Juﬂ'l’i@‘]JLLWQLL‘lJ‘UWHN@ﬂ]lﬂl,l,ﬂﬂqmWQN%T!%T%@Q@WﬂWﬁi@H AULVY

a v W [ U d A
TuvoIdNaTy ANunilatazdadIuves gum arabic LLaZNOA IAANFNT U
= . [ A A Y A A ]

2.3.2.5 T1l5@u (Protein) dauiludrsnianantian1amiNueImsnfoy 15U
1 Y o a A 4
AINTALAY (solubility) ANUNA (viscosity) emulsification Lu,azﬂmawmmmimvlﬁjmmlau
= /9 Y Y= o ' A Aav w
Faawnsndszgnd 19 laa lunszuirumseuunlgasy szralansinasiadsu luanaves

= v A a ] < o Y a dy
Tﬂmmz@ﬂmummnm oil - water interface 9819530133911 1%1049 steric - stabilizing layer YU
= 9 9:; o A @ v A ?zl/ o Y
nunveansalnilosneniingiy (oil droplets) 91NNITNEUNITINAIDNASTY (recoalescence) 11111
a A v W 1 a IS o
NANIMEADYTNIINIININVOIBNAFUTTHINNTLUIUMTHAALAZNITAVT DY
o a s ~ v wa Y A .
2.3.2.6 1181150 (Whey protein) 1510092 1A duAN19MIN (functional
{ I " {o o l . .
properties) ﬁé]’mmﬂuﬂﬁ“l%’n,ﬂuamﬂﬁamaaiﬂs?lu'ﬁimmwmtﬂugﬂ international market 9%
' e Y .

aq‘lugﬂmm whey protein isolates @sualdsausosas 95 - 96) W30 whey protein concentrate
(WPC - 50, WPC - 70) powder

2.3.2.7 Iﬂiau%ﬁﬂsuﬂ”] Protein - based material 1% polypeptone Tisauan

A

[ 4 a A o a
UNAD (soy protein) HIOOUWUTUDIUVAIAY (gelatin derivative) Tnnauiialunsiiliing

e-

D

'
v o A

Siaduiiadestuens Wna usa nanuiluraasuainldainnisdesaaeneaanan (collagen)

anthunIFlugvesensndenlumsouuadganaisi¥nausalasmadia complex
mandeui luTaseuunlygavesansInausai 1§ TaslFoafiudu

’cmmﬁaummmﬁﬂﬂ1Jizqﬂm%’iuwaﬂﬁmcﬁm%aﬂgwa (seasoning) (LU YAUNIIAT,

2550)
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23.3 nszvauanuad luTaseuunilyaasuuh
23.3.1 1n3099u1U6A (Padding) H301AT04 stenter Taomsaruiaglylusrs
(Bath) tiasazaneluInsounnlyaeg vransdidesiiudluaissioda (binder) o310
=2 A A a as 2 ' 0 ' A ~
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9 2 1
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ﬂluﬁf]uq@‘ﬂ’lﬂﬂa m%@.ﬂmmmmummaﬂﬁum stenter lW@§$!Wf]u']@@ﬂllagm']‘l??ﬂ'liaga’lﬂ
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ci 9 =KX a &
M 2.12 msaunulaseainnmisgaanves lylasouuailgas

N 932350 FURNTIABVITAUT, 2552

d' 1 ' Y A ] =
2.3.3.2 1ATDINU (Spray) Tagmsiasas AT oINUE1Ta2a10 FI9L TIN50
{ T : I 1 1 I
amuquisinaamsnigiueenila guzilunisanuasiviinfer ualunsaiduiululas-
g AA A a < v b Ay
putalagatuning uron naunIznszIBoen lanIaeId oL
d' A . a o . . Y o a
2.3.3.3 1939300 Y (Coating) HAZWUN (Printing) TAgMSHAA N LT FULI
a k) A A 9
FUALAUADDUAIUUNUA
A A . . A v 9 o dy Y o
2334 1050415015 (Rotary garment finishing) HAZIATDIFNAT UNTONIFANIU
v 3

A 3 o by v 4 A o o A A &
a\TGIfL!LﬂTEN "l]'lﬂuuu']hlﬂaaﬂunlajﬂﬂllwq Lﬂiﬂ\iﬂlﬁﬂ’lga'rﬂiﬂa\iﬂﬂﬂuﬂ’]i@]ﬂlﬂﬂ@@ﬂﬂ’l!ﬂu

dy Y A a [ 4
DN TONANNUN
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I A {1 { [ o g; o ]
23.3.5 msldie Wuisndwenga adedumssndlaelfirenlsudisuda

o Yqy o o v 1ast A 4 9 gy
Tudldninag mindwh ldaineds wadsilazauguilSnavesmsazareioglud laen
7 o A o oA ¢
(FudwannannmumaIne, ooulail, 2554)
' P o Y
Madene, A., Jacquot, M., Scher, J. and Desobry, S. (2006) Aa12 131
' oA & axda o Y o A A Ja o o 9
uuviudestazmIdasauITNteuh lgiuIANgane Tuanaasouagsu nIvima
i o 7 (%
upunudesnaznisoasa lulasuadganiolulnsailesnlduasnnmseuuniganaz
1 1 J J ] ' I
sUiaz Tnssadrananegluuy wu juswenan sUshimiveu Tassadailugngunio
IS I
Wuwdn Wudu
o a o 4
2.3.4 mahwaiialuTaseunnlgaduinldlss Tom
o aan 0 w 4 VA 1
23.4.1 aamsilfazenvesmsdrAgnes (core) ADAUIATOUNIBUBN 1HU
oA ~
21M1A UKI0ATIAY
v A 1 4 = 9
23.42 andasimssziienienstlanidesnas (core) g wIAGONAIEUDN
1 o 1 ' o J 1 1 o ]
2343 v liieaenithnes (core) 114 wu e ldveunaltegluzil

<3 & 1 o [ A 1 Aa o Ana Y]
Yol Feeaomsth llwaunudiunaudu Taglinamsiilfasosenu

2344 aunsomvugumitaadaseaioiemszdiany i ldaseau

1 QI d' (=" J
2.3.4.5 Frnaunausan nslseaas
2.3.4.6 Fron 5 uuv09n03 (core) lunsainldnos (core) Ysuaudniloslu

' o A Y a AJd KR o
AIUNTUIIUIUNIN L‘WE)GlMLﬂﬂﬂﬁNETEJ‘VWI’mQﬂu

(%4 g’l a A
2.4 MIYVLUVANLIEY

A Y @ = dy 1 o VA Y
LL!?NiﬂﬂﬁﬂTWl,!,’JﬂamJLmZ?Jﬁﬂ'I’Jgiﬂ‘UG]’J"UB\‘ILiWMLGHBTiﬂE)QL‘]Jumu’JHN'Iﬂ Llﬁﬂiﬂa

'
(3 =S A a A Y o

= [l Ay 9 A 1 ] &g & oA Y a
ausgane uuanzeninIzazaveglu@ernseaay suuaurgrianinlinalsae

Q

a ) A A v W = dy A g o Y Aa A @ =
WINUIAN 9 LLﬁZLiJ@LLUﬂ‘VILiEJi’JiJG]”JﬂUﬂ’JTiJLﬂElﬂ%u%Wﬂmﬁﬂﬂﬂz‘Vlﬂﬁlﬂﬂﬁiy?ﬂﬂau@‘u BN

'
] a

3 a = s A o A a A g A ' '
Auddlinelszaed nausumunanndefleriunsavladevazinansiuanilsnaig o
Y ~ ) Y i} A a [
laun aswldsauuaz lviiu meldannzanurunazgaunginnemunzeziavuiunisdos

= @ 1 ?x’; 2‘; A R A Y o 9 a A < @
ameTdsauuaz lviiumaninlaedeunaiGeaalogna I lunsserma ildinana wmiuey
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Fu (AHNBINIFUINALWAAN MNT N0, 0oU a1, 2554)
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]
S A =

2.4.1 wuanisenlslunmsnaasy
A A Id A Aaa 1 & = <
nuanie Hulszanvesdaidiadszianlvgdszmnuie Nvwadn wed
1 [~1 [ [] 4 P [y )
arandarliviu drulvalimadifoanasli lassairawadn ldsudounin Tagialy
A A ] v o v J ] ) Z}; .
puaiGeutsldanaezluny awnsodwunTasuinmgdin wisdldnateuunsnan (cocci)
] e = . = 1 < = o A J @ Il
HUUNBU (bacilli, rod) BUVNAY (spiral) FIUADALHUUNIZUNITIALTYUHFAAANNU  LUIATNNTT
9 a a . a2y ¥ [ A Aa a .. Aa
goUNA NI (Gram's stain) ildaeeanyazie WIANAATUATUVIN (Gram positive) LAZNAA
Y [l [
FUNTUA (Gram negative) LAV NFUATINITOAATNITDIUT A Gram variable Fa4NIITOINY
@ J A T 9y 9 a 2 A . .
AI¥AaUeLUATNIY LAZILNAINANNADINT 1¥0DNTHAIN HFINHA18UUAB aerobic bacteria
. . . . . . . .S Y aa
anaerobic bacteria facultativeaerobic bacteria microaerofilic bacteria 1JUAY (’Jﬂﬁlaﬂ q19YNITU-
= 4
13, eou'lail, 2555)
ANMULANAVDILUANITILATULINLAZATUAL

9 I a =2 a A " Ay a
msdouunsuiumatialunisdnyigaunsdlasgandounanuai9aunsd
9

U

1% Y A Ao s 3 ¥ X . =2 g Y J =3 a a
ANHAULNTIONAANA YA UL differential strain G]filﬂuﬂ1ﬂ‘1f JOWUINNITUUIYUATIL

a a o < o Y a3 1 1 4 == a 1 9
G]ﬂ@]'lllhlclfi‘ﬂwa'lﬁc]ﬁllmgNuﬂlﬂfﬁﬁ‘ﬂ'ﬂﬁL’I’iuﬂ')'ml,mﬂ@]']\ﬁ%ﬁ'ﬂ\‘ucﬁaﬁuﬂﬂﬂﬁEJ‘]fuﬂ@'N 9 ]lﬂ

9 = o Yo = Y ' A
Naell'f]\‘iﬂ’lﬁﬂ'ﬂl]ﬁllﬂinv]11ﬁi]“luﬂllﬂﬂﬂl EJE)é)ﬂ]lﬂ 2 Ny Mo

b
S A A o

1) 4nFNVIN (Gram Positive) LUANIToNGOUAATUUIUNI

~ A9 a

2) unsuAL (Gram Negative) tuaiiisehdounaduas Feldquauiianuuan

v

@197 1UYDI membrane YDIUANZoNIADIF A 11N FOURITITAAUUANITBUATUUINUAZUNTY
= 9 1 [ o [ =Y 4 4
auliveuanalny (anss Junsassad, eoula, 2555)
Y o
2.4.2 ﬂ’ﬂiJg“l/l’JUl‘ﬂ"U’E]\i Staphylococcus aureus
= 3 v 1 I A A a .
Staphylococcus aureus Wt uA1891 S.aureus \WuUANGaFHA facultative
. = 1 I 1 v 3 Y ] "9 4
anacrobic UNTLIN U35 108lunsenan (cocus) ogsammuilunaadienisedu luadwaies
Tinaoulun (Reginald W. Bennett and Gayle A. Lancette, Online, 2001) dau“lwqj"lﬁﬁuﬂm‘;aclﬁ’
Ay 1a a H v <
HAUINTUMINAARY catalase ttaz Tunz lillesnguazaasihniang Inaliitlunsa
U = a A A d dai} o A Aa o I A A v a &
drunilsvesgaunianituieiszdnuluiimiaay Insayn uvuanzens Tsnytianiia
d' & 9 a d' =1 1 a 45! é ]
110 Saureus UutlouadlilusimisazadnasiynGeninouma lsnenFuyy Hau1iq

Y
panilu 8 ¥iialdun ¥iia A, B, C1, C2, C3, D, E Wag H A3 WUATUUBN Staphylococcus

Y
° . g . J . . /. eqqe Y v
aureus i Domain 91NINUDY Bacteria 8181907 Eubacteria thmJ Firmicutes ¥ Bacilli 9UAU
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Bacillales 96 Staphylococcaceae @f)@ Staphylococcus atlad Staphylococcus aureus NN
Ineans Staphylococcus aureus Rosenbach 1884 (35%,38 E‘Tﬁﬂgﬂimﬁ%, aau"laﬁ, 2555)

Jadeninadon 133 yanIavod Staphylococcus aureus 13NI3 WMAAAD 1UF

gungll 6 - 46 peruwAIToa Taslisguugiifiinzauae 30 - 37 osruvadod a519d15 WY
.d' a 1 = a 9 1 1 S d' A
NN 10 osuwadod w31y 1aoglurae pH 4.0 - 10.0 Taslisraiminzauae 7.0 -

4 Aan 4 'o { a
7.5 101AD5UBATIA (water activity, aw) MAANUUANTY Staphylococcus aureus 811501938y 18

=
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9 1

=i 1 o & aol Y o
makumsanuasdizamsnaou luTaseunalgainiunenszivoazlad Tasimuavuia

. < A v 1 4
size L Lﬂuﬁumﬂmmgm (M1319N 2.1: 31) ﬁﬂlﬂ'ﬂﬂ'lllﬂ;]ﬂi%‘ﬂi'ﬁ\?ﬂ'lﬁlﬂﬂlﬂ%@QLL“U“U‘VI“H'I?UT’]

a

H0.71 (1¥1180 HUIZNA, 2539)
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3.4 MYAATIZHVRYA

a J Y a o ?z}/ dy I = awv A @ @ ?1‘/
M33A31eHIoYa lUN13IT8AT T UMIANEINITITBITRY MINAUINITTVEI
A A ) o 9; o 9 @
suaiieluganmisaelulaseuualgadunniniunenszmoayulns Tasnisldnannis
E4
a 4 aa U 4 [
ARTIEHNNADALUGUaANYTS! (Completely Randomized Design: CRD) fis1wagidoadoya Aall
3.4.1 mafSeuievlsz@ninmmssduuaiizeveainiunenszioainayu Ins
v
3atia Taon13A clear zone ANMMITUIUYD MM UOUTZIEU TN
~ Aa a o ?zjz A A
3.42 mafseuneudsz@nsainmsduduuniise Staphylococcus aureus UDN
9:, o A = a A v (91/1 ~ A
luTaseunndagannihiuneuszmeas 1as uazfSeuiievdsz@nsnmmsduduniize
Y A A 9; @ 9
yosrhnrumsadou luTaseunadaganininiuvenszivenz a3 msnadeuninauiuues
o o ° o = AA A IS v Y
nmssgdinsuau s au TasmsannadiuiulalatveswuanGonanauiluaiiosas

o o ~ Aa A . 3 Y
MsmuInI LU Ia lativesuunnisenanad (Reduction) 1ilu5neay NNGAT

seluil
gasi 1 R=[(B-A)B] x 100
qmﬁz R=[(C-A)/C] x 100
qasfi 3 R=[(D-A)D] x 100
Lﬁa D= (B+C)2
e R Ao S TaTatlveauaiiieiianad (reduction) Aniludevaz
A o $ruuTa Taflveumn i eiin 180nd unaaeufinnudadioasdiu

v

A A % 1 ~ a = Id
HUANLS Y c?iwmwwm%wqmwgu (37 + 2) paAusared 1ual 24

2119 (V29T 2)

S A Y

= o = = Y Qy A v 9 Y
B A® mmuTﬂTaummLmﬂm El‘l/lu‘U"l,ﬂiﬂﬂ“lfuﬂ@1ﬁ@ﬂ%¢1ﬂlmﬂﬂ3&lﬁ1iﬁ1u

== R A v @ g‘; 1w 4 ~
HUANLTY IV TUNTEDNINUFUE (VIAN 1)
AA A o 11 ) qy

c Ao sulalatveauanGeniu s unadeun anuasaleas

Y == R A v W ;; [ Y 4 ~
AMULUANITY FIUNDTUHTDININVFUE (VIAN 3)

v
= a0

Tunsaifan B waz ¢ ldwhdu ldidenldgasniia1 B wie c minni1 lunsaid

'
@ =

1 ] 1 @ 1A 9 v Yo 9
A1 B uaz ¢ liuanannuedialitvdiag Iiduim R Taeldgash 3
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ao A o @ ?zl/ A Y a o
M3 MINaMsguswuaiEeluganmsdromaiialulaseunailgadu
9; o Y Y A o s A = A
nndiuveuszivonznga azlad vazduTe Niaglszasdiiofnyianiianianieninuas
d Sé Y a Aa 9; o
pendsznouniueniniunenszrennayy Ins nagovlszdniamvoniniuvonszivmenn
a o 9; o 1T o &
ayulns wia luTaswuualgaduiniunenszmeannayulng anudsdriadhyanmsaie
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msadev luTaseuualagasuaminiunenszvennayulns daduganmisdunuy lana
aw Il Y < ?1‘./ [ Ayd U =i =2 wa
MINMIINeAIToNIeen 1Ay 5 Tuaouasiine @i 1 kamsAnIauIANINNIeN LAY
Jd 9; o 1 . a a
panilszneunlvonhiunouszmeninayulng  @uh 2 wanisnadeulszanininues
Y ] U 9
iurenszvennaynng daui 3 wamswan lulaseunalgadininiunensziveas lnd
U { 1T o & Qy 9; Y
daud 4 mamsanuasd i3 whyanmsaromaaaeylu Iaseunalyanininiunenszive

9 1 = v g 9 ~ ~ v 1 dy
azlad uazdiui s daduganmsauuuy Teelisiwazideaasao 1l

v d o o
4.1 Nﬁﬂ1§ﬁﬂ‘lsﬂﬁ‘N']Jﬂ‘VnQﬂ1ﬂﬂ1‘Wl!ﬂ$i’Nﬂ‘]Jﬁgﬂi’)ﬂlﬂﬁﬂlﬂﬁ11!131141193158’,!118“31139] ﬂ%ulﬂ% uag

dulo

v A 4

Ay oy 44 9 ~ 5w
Aududoyaninerdesnauianmennuazesnsznoumiveuiniurouszime
vinayulus 3 e 1dun Awznga luezlad waznldendule duduldninmisde nsais
a a J a J
IneHwusIazduAeIIA

] Y
wa 4 o w
M 4.1 MsAnpEuianemenmiazesilsznomiivesniniuveuszmeuznga azlad

uazdule
9; o 4 = A
Wiuneuszive penlsznounll AULANINMENN
ayu'lns
< 9; = A A a
TEALpL OL-pinene(0.06), sabinene(1.75),  1Wuihav17ld Unaurionueng

9
A o w

[3-myrcene(0.90), trans-[3- wnga TaenAaugngavsitigiu-
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M5 4.1 MsAnEuiAnImenazesnlsznoumivesiniunenszionznga az'lad

wazdulo (90)
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H
1

o

UNDUITINY

ayu'lng

4 ~
09A15znoLIAY

AVTANIINIININ

ocimene(0.60), linalool
oxide(0.35), cis-linalool
oxide(0.26), linalool(2.90),
citronella(80.09),
isopulegol(0.52), terpinen-4-
01(0.10), b-citronellol(5.62),
geraniol(0.39), 1-
nonadecene(0.22), cis-2,6-
dimethyl-2,6-octadiene(2.91),
geranyl acetate(0.45),
caryophyllene(0.55), a-
humulene(0.08), elemol(0.08),
nerolidol (0.39)

citral (75 - 85), 6-methyl-5-
hepten-2-one(0.99),
seudenone(0.51), trans-linalool
oxide(0.13), linalool(0.57), citral
b(18.49), trans-geraniol(0.45),
citral a(28.93), geranic acid(9.48),
neral licthyl acetate(4.44),
geramal licthyl acetail(0.35),
caryophyllene oxide(0.79), [+]-5-
epi-neointermedeol(3.05), t-

muurolol(2.37)

Y a
NouILLINYIeay 4 uazlmzn

9
o w Y
HUIWUNONTEIYTR8RT 0.08

Id géd A A
Wuiiavinla Inaurouvod
azlad uanauvzegld liuuwn
d%w Y
luidniuvenssivelosay 0.4 -

0.8
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] v
o d o w
M 4.1 MsAnpEuiaAnmenmazesnlsznoumlivesiniuveuszmeuznga azlnd

wazdulo (90)

v
WluveNsZIve pansznouIAll ANUANIINIYNIN
ayu'lng
Id 9; ) ] A
dulo (X -thujene(tr), & -pinene(3.22), Wi ladmaessi iy Unau
sabinene(2.65),,8-myrcene(1.49), nound N A UFNUA U 71
< 9 A F)) =\ yo ]
(C-phellandrene(tr), wnuee waenauTeliiuviou-
limonene(52.89), /- szimedosay 1.133 wazluaed
v
terpinene(33.39), OL- Miureuszvedesaz 0.07

terpinolene(1.61), linalool(0.06),
citronellal(0.13), terpinen-4-
01(0.19), (X -terpineol(0.12),
neral(1.21), geranial(0.91), neryl
acetate(0.10), geranyl
acetate(0.03),
caryophyllene(0.10), germacrene

D(0.14)

v
nnMsAnEaNianInenntazesalszneuaiveviniunens o nayu lns

' A 9; o I 9; A
WuN auiianemenmvesiniunenszeayy Insveswzngalinhdun la Indurouves

a

9 U U
Aznga aglafiluihdvnle Indunowvesnslad udnauszedld iviuwn wasdule

<3| 9; = A o w o a P a Y v =R A Aaac o A ' o
Lﬂuuﬂﬁamammwu nﬂauwanﬂ’mﬂﬂauﬁmmguﬂ’maﬂuaa FUANITNITANANUANA NN

3

a

flo Awzngauazldendulevzanalagisnisnaudronsiu wazluagladaialaedtnis

9 v Y 9
naualelerh TasiniuveuszmevesldenduTolfumiosas 1.133 Awzngavziiniu-

Y I 9 ' = 9; o Y = 9; o
NoNTLINYIDURY 4 m"lm"lﬂmﬂmumaﬂuuumuwamzm&mﬂag 04-0.8 °11qu$uumuwau-
v
o w o 1 a
53;%%’6&1@5 0.08 uaz°1uazﬁumuwamzma%’aﬂaz 0.07 mﬂﬂizﬂamjmmgu”lmgmawuﬂ
= 4 . 9 Y 4 . 9
Ngﬂg@liﬁlﬁﬂﬂi%ﬂ@iﬂl@\iﬁ'li linalool 5288 2.90 ﬁ%ulﬂiNE]\iﬂﬂigﬂ’ﬂ‘]J"UﬂQﬁ1i linalool 59¥a

Y} A 7 . ] o A
0.57 uazdu leleen1lsenouveaas linalool S08a 0.06 (AIMTNN 4.1)
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4.2 wamsnageulszansmnueariniuronszivaonayuIns
9
msnaaevlszaninmuenihiuvenszeninayulng 3 atia laun #wznga
v
luazlad wavildendule Tasmsnaaevydsea@nianmsdudauuaiise Swaphylococcus
Y
aureus 198151195 1UNMINATOU AATCC 147 - 2004 tazAA@oNFUAVDIN N UHOUTZINY
Aa a a v o aa A a e W
ayu Insntidse@nsammsduduuaiteanga wamsnfseumeunni dniuveuszmeain

ayu'lws 3 %iia 11 Disk Diffusion Test 0g11u%74 1 - 10 Hadwas (@awdaaluasie f14.1)

2. luazlad

v Y
M 4.1 manageulszaninmveniwiurenszmoninayung 3 via ldun Awgznga (1)

luaz1as 2) waznldondule 3)
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l Y
M 4.1 manageulszaninmveuiniurenszmoninayung 3 via 1dun Augnga (1)

luaz'lad ) naznldendule (3) ()

v v Y '
M9 4.2 dszaniamlumssuduuaiFoveniniuvenszmennayulng 3 ¥ia Aszay

ANMTUTUVRIVANIFE 3.2x10” CFU/ml (colony - forming units per ml)

Fd '
NANSNATDUNSTUGIUANITE (Clear Zone) INAY (mm)

Nz
mwznge  ; wezlad  © oldendule
PR 1 03 03 03 03 20 18 22 20 03 02 0.1 02
PR 2 03 02 03 03 18 20 28 22 03 03 03 03
PR3 03 03 02 03 20 18 24 21 02 02 03 02
MM 03 03 03 03 19 19 25 21 03 02 02 02

1 9
1NMIT1N 4.2 nuNdszansainnsduduanise Staphylococcus aureus U3

v Y
iiuveuszironnayulng 3 wiia laun Awznge luagladuazldendule awnsoduds

v
wuARSe Staphyloccoccus aureus Taviniuvonszmoayulnsanluaglad Juszansamlu

9 gl; == Qldd' A 1 d' A 9; @
MTYVYULUANITY Staphylococcus aureus "lﬂﬂﬂi‘;fﬂﬂ’ﬂ AUNAY 2.1 79I03NIAD UIWUNDUTEINY

] ] v ]
ayulnsnningnga Aaunde 0.3 uaziniuveuszmoayu Insonnuldendulefo Aunde

0.2 ANAIA
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] 9
m319i 4.3 maSeuievlsz@ninmasainiunenszmeninayu lns 3 vila

Uszansnm A2 Sum of
. 2 e df  Mean Square F Sig.
msduduuanize  uilsdsou Squares
_ ITHINNgY 20.050 2 10.025 254.150  0.000
ayu'lng 3 wiia '
Melungu 0.947 24 0.039
37U 20.997 26

1nTuased 43 manfSeuieulszantnmmsduduuaiiteveniniunenszive

vinayulns 3atia 1dun @awznga luazlad naznldonduTe Tagld One - Way ANOVA
9

wuaniniureusziveninayung 3 vt laun #wznge luazlad uaznldenduled

[

Y [
Useansa M sdudsuunnG e Staphylococcus aureus UANANNY DI NHUITIAYNNTDAN

5]

5201 0.05

4.3 wanmswaalulnseuundagaiininiumensziviansln3

9
43.1 wamsnaasdauiiananienImved lulaseuunlgasininiuveuszive

o o 2N\ P Yas
msi luTaswunailygaduaminiuneuszuioas 1ndaz 1935015 Capsule
. 2 o . Yo '
encapsulation Fragrance INAIUA Solvent Evaporation in O/W System Tagl¥eas1aIu 3 : 1 Ao
9 9
PLLA 3 @74 3.9 0§y uaziiuneussivie 1 @21 1.3 nfunudn mndniuvenszvons lnd

9 v
1 dau e luTaseuunlyanniniuvnenszions 1nd 1d 3 Haddas danni 4.2
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i v
mwi 4.2 luTaseunndgainiuvouszmoayuInsazlnd

432 waﬂ15"3mi13ﬁsuum"laJTﬂimuu,ﬂﬂcyamﬂﬁwﬁ’uwamzmam"lﬂ%’
mﬂmiw'mﬂizmuﬂﬁﬁaj"aﬁl?u"laJTﬂmmmﬂcgm&f'myhﬂ’uw@mzmﬂm"lﬂ%’
iatuiuhnh Taoliiufumouszmons Ta2ifunnu (Core) az PLLA i ey (Shell
wmh"luTﬂixauxgﬂﬂcga1}1ﬁ’uwﬁ1mmam"lﬂ%'ﬁﬁ'ﬂyngﬂﬂNﬂﬁm e biminuaziivuig

[

10 TuTnswasduauesoynIniinaIn 11sunsy Image J Version 11.2 A901W 4.3

MNA 4.3 NM13d09Na09 Optical micrograph v luIaswuuniyaihiunenszivons lnd

]
Y a a AaA o 1

a <
waamaﬁmﬂmawmmuuammmaumm (PLLA : fragrance) SRS

Ll

a NOUTLIEY DCM 1Az b ©ad321vie DCM
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P

=2 J 1% o o gy
MAMsANEIND anvazvedlulasouualyaihiuneussivoaz 1nd 1
A ?zlz C:I A ~ A Y o % a
YeeyMaNaInaenazgilnsenan netilesnnmamseuasnlsdmsunan luTasiou-
y Y 9 [ z ) [l H o 2K o Y a
uadaalunszurumstunusauamsdidienuiiy luwaryu luaiuaueny vuhldnans
a 4 4 ~ 1 1% d%’ (Y A @ a3 0
WoAWo3 lasued PLLA fuanauny Juegnuusarissvesluwanazanuiiseulunisiu
A . [ Y + I o A a @
Y931A309 Homogenizer anvaziNuvedluTasouunlgailudnyuziinaainmsvadives
A v o 1 < & 1 ~ Av v o o W 9 o Y
neaoNaduluyrausnvenszurIumssuilugianveadlasududanuauiouge il
Ay Y o Y+
"laﬂﬂimuLmﬂq”faw"lﬂuaﬂymznmu (Rosenberg, M., Kopelman, 1.J. and Talmon, Y. 1985)
Y
433 wamsnaaoulszansn M sdugIuANG Y Staphylococcus  aureus 10
9
luTasweunnlgannminiuveuszmenz 1af Taelduiasgiunisnaaey AATCC 100 - 2004
= o 1 Yy Y A -4 -4 o v
FINATOVIAMANUINIUN 2 1Wodiua uaz 10 1Woswua Tagmhimsazaeasaledisazaly
a [ 4 Aa aa 1 U
lawsadanonlod (Dimethylsulfoxide, DMSO) 1 Hadans aeluIasouualya 1 dau Tuns
£ ?1’/ A A = J 9; Y
GUTMUANITY Staphylococcus aureus Ham3nfFeueunun Tulasweunailyasininiuvon-
Y A 9y 9 sl o sl I o A
seiigag 1nd nanuwdudu 2 1wesidud tag 10 esitua awaaslumsieh 4.4
a a A o o A
MINN 4.4 Uszansmmnsdusuanise Staphylococcus aureus mm"lniﬂimmmﬂcyamﬂ
9; o Y A [ Yy 9 A A 7
Wiiuveusymeny laf Aszaunnududuveauaiise 5.7x10° CFU/ml (colony -

forming units per ml)

) o
mmmmu"luTﬂﬁxauggﬂﬂqggaﬂfu

VAN nmihuronsameas 1ad (1o iFud)
2 10
Qy @ [ Ay 7 3
1. B UNIDYTHLYD 5.7x10 3.7x10
2. FUADI1HHYO LU 37 C 24 %31, 5.0x10° 7.8x10°
3. % U Control-+1%0 5.7x10’ 5.7x10’
4. ¥ U Control+%0 U1 37 C 24 %), 5.7x10’ 5.7x10’
5. ¥UAIE <1 <1

6. % 1 Control U1 37 C 24 %1, <1 <1
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Y A 1

Y Y
winemg 1. mMsasszezanuinduveslulnseuunlyanminiureuszmoas lad fdniu
Y v el & sl ! Yy v A s d oou o
Wty 2 nlosiFudnay 10 oS Fudiy mszAmaNuvuIun 1 nlesigud i
o [ . . =i ) [~ )
111593182187V DMSO (Dimethyl sulfoxide) 7 1¥dnsuiluaiazare
1 Y
TuTasieunnilgald iesninluTaseunnilgasnminiureuszimons Indtaau

WUTUNINAIET DMSO

Y
v v IS}

NNATNN 4.4 AsranisnadeufIeumeudszaninmmssuduuanie

)

@ ¥y A Y g
Staphylococcus aureus inﬂ"luTﬂimmmﬂcyamﬂumuwamxmam"lm NATAINVNVU

J I J J I J o o o = A A I v 9
2 wesisuduaz 10 Wodidud hunduiudiulalafivesaiidenanas vuiuadeeas
Y
MINGATIAUNDI YszAnTNunssuGuuaREe Saphylococcus aureus 310 lulnsoU-
Y o Y A o Y -4 ' Y v
uadganimiiuneuszieazlad Nszaumnnuduiu 2 wesiduanazainiududu
I < 4 @ Z}; A A o o = Aa A Jyy
10 Weosibud  enwsoduduuaiiselassiuiusiuiulnlafivewuaiisenanaslaseeas

99.99 AININT 4.4

m wulalaiin

80 -
ann3(%)

60 -

40 -

2% 10%

d’ o = == -d'
M 4.4 9 lalativeanuaiisenanag

' o & Y b4 A :’ U v
4.4 mansanuasdudedganmsiemamasululaseunlganniniunenszvanylad
9 1

441 myvnszdauniavesluIaseusndgainiuveusziveas laduunudnly

o [ A o w ' A a o 9 Y J Y
TINIUAAYANHITAD ﬂ'liu'm')@ﬁl'lxﬁflulgﬂﬂ?lﬂi'l&’ﬁiﬂﬁ\‘lﬁi'l\ﬁ’n\iﬂ'lﬂﬂ'l‘Wﬂ'JElﬂ']iﬁ'ﬂQﬂﬁﬁN
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IAT04 Scanning Electron microscope (SEM) 11 ma1eluIasouuniyai e ldinsgdvuia

@umﬂﬁ";ﬂiﬂmﬂm Image J Version 11.2 AININN 4.5

i

r —_—
28k HaEan Tieadrm O07BZT6
L

P

M 4.5 ﬂﬁﬁ@ﬂﬂé}m Scanning Electron microscope (SEM) eum"luTmmmmﬂcgaﬁwﬁumu-
A o 1 o & o J o 1%
531,??ﬂﬁ%blﬂ%jﬂTl'lﬂ'liﬁﬂlmﬂ’fﬂl,ii]‘ﬂuIﬁﬁ@]ﬂﬂjﬂ‘iﬂﬂ’li ﬂaumﬁau ANNIN a LasriaN

A [
IR0 ANNIN D

Y '

442 HAaMININAVLIZANTAINNITIUTUUANGT IO UTAUALHAIFNUDINUAIN

] A 9 9; v 9 o w [ d' a 4
iunsndeusie lulaseuunlygaveniniunenszvons lnd hded1anlaldins iz
Tasaa1anamemngIen13de9naod 1A304 Scanning Electron microscope (SEM) RRRIORE!

TuTaseunnyanla lmsizdvmaeymadie Talsunsy Image J Version 11.2 430wl 4.6
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v Y v
mnn 4.6 uaasluTaseuunlgavesddmsudaganms (a) neusnais (b) Fnasai 1 (c) 4n

9
[

I~ o ¥4
ATIN 3 1AL (d) FNATIN 5

v
1 % % 4

v Y
Tumsasrvaevdseansmmmsduduunfisonousn $n 1 A5 40 3 A5
@ ?1}/ Ay A A Yy 9; o 9 '
uazdn 5 assvesnumnHumMsnaeuale luTnseunalyaveniniunouszieas lndwuan
aumaved luTaseunalgativinaeyma ldminu nazSmamstadavesluTaseuuailya
Y Y
anasasauasslunsdnnie lulasouundgaveniniuneuszimonz Iadusdiuiinig
% a J o Y+ I @ A a %
uanddveIneawes ansuziyuedlylaseusalgaiudnsuzinannmsnadivosrion
a v o ' : I 1 | a v o v v W o
suatuluseansnvenszuIumssuilugrinveadvasududanuaiuiougs i ld
"laJTﬂﬂammﬂq”faﬁ"lﬁlﬁﬁﬂwmzﬁwﬁu (Rosenberg, M., Kopelman, 1.J. and Talmon, Y. 1985)
Y
443 wamsnstaoulszansnmmsduduunnise Staphylococcus aureus VYOIAU
Y A A Y = Y A o
marumsnasuae lulasouunlgaveniniuvousziveninayulnsaz 1nd fszaunim
it UY0LUARE 8 5.7x107 CFU/mI (colony - forming units per ml) 1UMINATOUAATUINVD

Y
nmsdseiimstiuau 5 au wazastedevlszaniamdudwuniiGelaslduiasgiums

NATDU AATCC 100 - 2004 A9UaA9IUA1T19 N 4.5
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v Y
9197 4.5 Usz@nTammsdudwuaiize Saphylococcus aureus o luTastouunlgain

Y
Hfureuszons lad

N:5
y NuMNMIdszims _
vIAN X
1 2 3 4 5
ay % U g 7 7 7 7 7 7
1. FUAIDENHYD 1.44x10"  1.44x10"  1.44x10° 1.44x10°  1.44x10 1.44x10
2. FUAIDIHYD 1.34x10°  5.24x10°  7.60x10°  5.00x10°  2.56x10°  644.68 x10°
13 37 C 24 %3,
3. % U Control H¥® 1.44x10°  1.44x10°  1.44x10° 144x10°  144x10°  1.44x10’
4. % U Control H¥® 1.44x10°  1.44x10"  1.44x10° 144x10°  1.44x10°  1.44x10’
13 37 C 24 %3,
5. FUAIDEN <1 <1 <1 <1 <1 <1
6. % U Control <1 241 <1 <1 <1 <1
13 37 'C 24 %
FovazNanadvod

- 99.99 99.64 99.95 99.96 98.22
LUANISE (R)

[ Y
1NHAN15I981UA1519% 4.5 Msaslvdeudseansnnmsduduanise
A YA A Y} Y v
Staphylococcus aureus YOINUANKIUNTIAABUA8 Ty TnTuAlgaveniniuronsziveas 1nd
Y
TunisnageumaduINYeINITUTLIINITTININ 5 AU uazasIvaeudseansnInguds
A A 9 o o o =}
nuanFelagldunsgiunianadoy AATCC 100 - 2004 Wi iuramiIuIulalatives
Aa A I 4 T a a o 3 A A
nuansenanauiunITesas 31NgAITNUI UszaNTNMMITUGUUANTY Staphylococcus
o [ d' U Z‘J S A ydd'
aureus TUMINATOUMATUINUDINMITUTZEIMITIuau 5 au aull 1 dudwuniGolaanga
A o = Aaa A 4 =® 9 A A 9
ms1zuau la lativesuuaiisonanad (Reduction) 5950882 99.99 S09a4N1ADAUTN 4 Sp802
A 9 = 9 = A o )=} Aa A
99.96 AU 3 50802 99.95 LLATAUN 2 T088% 99.64 AUTN 5 WT1uIU Ia latlveswuaisonanad
9 A A K o W @ A a a @ Z/ a A
UpeNgano 308az 98.22 MUMAL AININN 4.7 UszANTMUNITUTWUANG Y Staphylococcus

9
=< "o Y o

aureus Tun@azyana limufeniuluegiuglquinuaz glisiumuvesusazyana
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98.22

r:i o = A A . I v Y
MNN 4.7 31U Ialatvessuaiisenanad (Reduction) lumsesas lumsnageuninguy

VDINHITUTEIIMTIIUIU 5 AU
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Antibacterial Finishes on Textile Materials: Assessment of

Developed in 1961 by AATCC Commilles

RA31; revised 1963, 1481, 1988 (with ti-

tle change), 1993, 1999; editorially re-

vised 1969, 1971, 1974, 1985;

realfirmed 1977, 1981, 1989, 1998; edi-

?&Ii]ally revised and reatfirmed 1986,
4.

1. Purpose and Scope

1.1 This test methed provides a quanti-
tative procedure for the evaluation of the
desres of antthactenal acuvity. Assess-
ment of amibacieral (inishes on textile
materials is determined by the degree of
antibactenal activity imended in the use
of such maremalz. It only bactenosanc
acnvity {(inhibitien of muliiplication) is
intended, a gqualitgtive procedun: which
clearly demonstrates antibactertal ; !'n."l!;h
as contrasted with Ik af such activity hy
an umreated specimen may he accept-
able. However. if bactericidal activity is
intended or impliad, quantitative evalua-
tion is necessary. Quantitative evaluation
also prs_n'il?r-; a clearer picture for possi-
ke uzes of such wreated rexule matenals.

2. Principle

21 Swarches of rest and contral texnle
muatenals dre tesied qualitatively [or anti-
bacterial zetivity by AATCC Method 147,
Thoese show E:Jg .u;ﬁ'\.‘l't} are evaluated
quantitatively. Test and control swaiches
are moculated wik the test orgamams
Alier incubauen, the buclena are gluled
from the swatches by shaking in known
amouniz of neutralizing  aolution. ‘Tha
number of bacteria present in this lrquid is
determined, and the pereentage reduction
by the treated specimen is calculated

3. Terminology

2.0 aelivity, 0. of an amtibacieniol
agent, a measure of effectivensss of the
agent,

3.2 antibacterial agent, n—n fex-
iifes, any chemical which kills bucteria
(bactericide) or interferes with the multi
plication, growth of activity of hactena
{bacteripatat).

4. Salety Precautions

MWOTE: These safety precautions are
for informatien purposes only. The pre-
cautions are ancillany o the testing proce-
dures and are not imended 1o be all inclu-
sive. It is the user’s respensibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for sJ,‘!EI:'ll-i{‘
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details such az material 2afery dara sheets
and other menulfscitrer’s recommenda-
tiens. All OSHA standands and rules
must also be consulted and followed.

4.1 Buth the gualitative and guantite-
tive tests should be camried cut by persons
with trammng and experience in the use of
hacteriological teeiniques. The LS. De-
partment of Healthoand Human Services
publication, Siosaiin i Moembiofogical
wind Biow § Laborpterics, should be
consulied (see 13.1),

A7 CALUTIONS Same of the bactena
u<ed in this wscare capable of infecting
hunmns amd preducing disease. There-
fore, every necessary and reasonable pre-
caution must betaken to elimanate this
nisk 1o the T;il_‘n,‘m\!hrl. peraonnel and 1o
perzonnel in the associated envirenment.
Wear proteciive clothiog and respirutory
protection that pravients penstration by
the bacteria

4.3 Good xbogatory practices should
be iollowed. Wear gafety rlazse< in all
laboratory arcas.

4.4 Al chemicals should be handled
with care.

45 An evewnshzafery akrawer should
be located nearby for crmengeney use.,

4.6 Stenlize all vontzminated sunples
and test nnaterials prier to disposal.

4.7 Exposure o chemicals wsed i this
procedure anust be controlled ot or below
levels set by govemment authorities (e.o.
Dceupational Satery and Health Adminis-
tmtion’s. [OSHA] permissible  exposune
liits [PEL] as found i 29 CFR
1910 /XM af Yanuary 1, 198%), In addition,
the American Confercnce of Governmien-
tal Industrial Hygienisis (ACGIH) Thresh-
old Limit Values (TLVS) comprsad of time
weighted averages { FIAYTWA), shom term
caposure limits (TLV-5TEL) and ceiling
limts (TEV-C) wre recommendad 25 0 gen-
eral guide for air contaminant exposure
which should be met (222 13.2)

5. Limitations

5.0 For o qualitative, relatively quick
and easily-exevuted methed o determine
residual annbactenal activity of texule
materals, peler w AATCC Method 147,
Antibacterial -~ Activity - Assessment  of
Textile Materials: Parallel Streak hMerthod,

6. Tesl Drganisms

6.1 Test bactenia

6.1.1 Srapfvlococcus ourens, Amernican
Type Culture Collection No, 6338, Grumn
positive organism (see13.10)

6.1.2 Klebsiclla prcnmonioe. Amert-

can Type Cultare: Colleciion Noo 4357,
Gram neralive organism (see 13.10).

6.1.3 Othwr suitable species can also be
used.

7. Culture Medium

7.1 Suitable broth'agar media are Nu-
mrient, Trvpricase oy and Bram-llezn
Intuston.

Nutrient Broth:

Peptone (Bacto-peplone)

(see 13,3

Beefextract (see 13.4)

Ihisulled water 10 [N ml.

7.2 Heat to a boil o disperse ingne-
dients. Adiust to pH 6.5 = 0.1 with 1V
sedivmn hydroxide (NuOH) selution. (This
is not necessary iF preparsd, dehydrated
medium is used )

7.5 Dapenze in 1 ml. amounis i con-
venitonal bacteriologival culiure tubes
e, 125 17 mum). Plug und stenilize at
103 kPa (15 psij for 15 min

74 Nurfent agar, Add 1.3% hacterio-
I agar 1wy nutrient (or appropriate)
broth (zce 7.1) Heat o boiling. Check
pH and adiust to 7.0 £ 0.1 wsing NaOH
solution if necessary. Dispense in 15 = 1
ml. amounts in conventional bactenolog-
icul culture tubes. Plug and stenilize at
105 kPa (15 psi) for 15 min (May be
sterilivedd in 1M ml. borosilicate plass
flazkz and perrl dishes poured from this)

7.3 Sluery Inoculum Carrier (for hy-
drophobic labrics) (see 7.2 and 7.3);

ek

U =

loum

Sodm Chiloride 85g
Agar 30
Diznlled Water TOCH) mi.

8. Maintenance of Culture of Test
Drganisms

8.1 Using a 4 mm inoculating loop,
transfer the culture daily in nutrient {or
approprizte medium) brinh for not mone
thun two weeks. Al the conclusion of two
weeks, make a fresh transplant from stock
culture. Incubate culures a1 37 & 250 (99
4 3°F) or ather optimal temperature.

5.2 Maintain steck cullures on nutrient
or apgrepriate agar slants. Store at 5 +
12C (41 £ 27F) and transfer once a month
tor frezh agar (see 13.3).

9. Qualitative Test (Screening or
Presumptive Tesl)

9.1 For detection of bacteriostatic ac-
tivity use AATCC MhMethod 147 on a test
specimen and control specimen using the
organisms refemed to above. For demon-
stration of baviericidal activity, proceed
to the quantitztive test descnibed below:
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10. Duantilalive Tesl (Reference ar
Conlirmatary Tesl)

Il Preparation. The following de-
senipiton will be n terms of fabnc
swatches, Teatile materials not in fubric
form un likewise be tested with the ap-
propriate moedification.

10,11 Size and shapt: of  treated
awatchea: Cur cirenlar swaiches 4.8 2
0.0 em ( 1.2+ 0,03 in.) in diameter. from
the test fubric (prefembly with g stev]
die). Stack the swatches in a2 250 mL
wide-mamth glazs jar with zcrew cap,
Fhe number of swatches to be used 13
dependent on the Ober lvpe and fabrc
constructivn, Use that aineuant of fabric
which will absorb the 1.0 + 0,1 mL of
it ulum, and leave no free quud in the
jur. For cxample, 4 swatches of collen
print <luth will absorb 1 mL, The nuin-
ber of swatches used per jar should he
repored.

10.1.2 Contrals. Swatches of the same
fiker iy and fabric construction as west
sample but containing no zolibacienal
finish (negative centrol),

10,13 Stenthization of sul:lp!c:-_ This 15
optional The methaod 1o be used depends
an the type of fiber and timzh. Cotton, ac-
ctate and muny munmede bers cun be
sterilized 1o the autoctave, Wool can be
sterilized by ethylene oxide or by inter
mittent (tractional) stenlization m How-
ing steam. The latter 15 also lzast damag-
ing o cerluin Omshes. Report method of
sterilization. 1f uzed,

10,14 Size of inoculum per simple
Apply 1.0 2 0.1 mL of an appropriate di-
lution of 4 24 h broth cultere of the test
organisim s0 thal recovery from (1) un-
treated control fabric swatches or (2)
treated 1e4 fabric swatches at 07 contact
ume (plated ag soon as possible after in-
eulation) will show counts of 123 = WF
organisms. The dilution of the test organ-
15 shauld be made in nutrent (o appro-
priate) broth (see 7.1 7.5 and 15:6).

102 Procedure,

10.2.1 Ineculation of fabrics. When
using Staphyloceccns arcus, shake a 24
h culre and let stand for 13-20 min be-
fore preparing the inoculum.* Flace the
swaltches separately in sterile peiri dishes
amd use a2 micraliter p'[p:-[Te 1o ireCulate
them making sure that there 13 even dis-
tnbution of the ineculum (see 137
Transfer these swatches aseptically to the
Jar. Screw the jar tops on tghtly o pre-
VEnt evaporation.

10.2.2 As soon az possible after inocu-
lation (0" contact time), add 100+ 1 mbL

*Useg a1 mb gpene, pad B beuhan sasiully ofo
tre fabeic, 11 2 siin of Prvsdomonae ‘ot a pelhe
rhe i veed, 3void mchuding fagmonts of e pellichke b
O imoculom
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of peutralizing solution to exch of the jars
contammg the moeculated unreated con-
trol swulches, the incculated trested test
swatches and the unmecolated treated
test swatches.

10.2.3 The newmahizing solutivn sheald
include ingredients e neutrulize the spe-
cifie untibuctenul fabriv treatment wnd o
take care of any pH requirements of the
fahres  (from  fimighes, antibactiertal
agents, ete.). The neutralizing solution
emploved should be reported (see 13.8).

1024 Shake the jars vicorously for
ene minute. Make senal dilubons with
water amd plate (m duplicate) en nutrient
(or appropriutel wgar, Milutions of 107,
10!, 107 are usuallv suitable,

10,23 Incubation over contact penods.
Tncubrate additional jurs contaiming wve-
lated wntreatsd contrel swatches and
jars conmimng aeculared wreared res
swalches at 37 = 27C (99 £ 3°F) fur 1&-
24 b, Siomalar jurs may e moubated over
other periods (&g, 1 or 6 h) to provide
information abau the bactericidal activ-
ity ot the reeatmens over such periods.

10.2.6 Swoplive ot inoculated and
incubated swatches  After incuhation,
add HWHY L F mi. of pettralizing solution
o jars contginiog unireated  control
swalches amd o jars containing reuted
test swatches, Shake the jars vigorously
forone minute. Make senaldilutions and
plate {in duplicare) on nuirient {or appro-
priateyuear. Dilunons of 107, 18 105 are
usually suitable for treated test fabrics.
Several different dilunonz may he re-
quired Tor unireated control fabries de-
pending vn the incubation period.

10027 Incubate all plates for 48 h
ar A7 4 270 (994 3°F) or other optimal
femperaiune.,

11. Evaluation

1.l Report begivnal counis as the
number of bacteria per szmple {swatches
n jar) not as the number of baciena per
ml. of reutralizing solunon. Beport 07
counis @i 107 dilution as “less than 100.”

11.2 Caleulate pereent reduction of
bacteria by the specimen treatments by
one ol the following fonmulas,

1 100 (7 — ) =4

R = % reduction

A ='thg number of bactena recovered
from the noculated treated test
specimen swatches in the jar in-
cubated over the desired contact
peTind

B the number of bactena recoverad
from the :noculated reated test
specimen swilches in the jar im-
mediately  afler meculation (at
=" contact time)

92

] 10(C 4)yC-R

where:

C = the number of bacteria recovered
from  the inoctlated  unrreated
control speeimen swatches in the
jur immediately alier inoculation
(a1 0" contact time)

IT B and € wre not similar; the larger
number should be used. 17 8™ and (7
are nod stgtaficamly dafferent, (fF § )2
should be used as lollows:

3 10D -4 =R
where:
=802

11,3 If an unrreared control 15 oot avanl-
uble, use the following caleulation which
ullows  for any T vand ;IIEUII[M:L‘i
that might interfere with the test

Bg = WN[{B=F)— (4= FPR-F)

where:

A8 (522 112}

£ the number of bacteria initially
recoversd from the  uminoc-
lated treated wst sample (exist-
ing backeround vrganisins)

! The number of bacteria recov-
ered from the wuninoculated,
pre-wel tréated rest aample after
incubation in the jar over the
desired contact pened (existing
background  organisms aller
comtact period)

fig = hackeround orpanisms

114 For a valid 1est there should be:
(1) 707 colomes of test organism recov-
ered from the unineculeted treated 1est
specimen swatches und (2) 2 significant
increase in the numbers of bactena recov-
ered from the neculated untreated con-
trel specimen swatches incubated for the
specified contact time over the numbers
of bagtenia recoverad from the inoculared
untreated specimen swatches at 0" con-
tact time (immediately after inoculation).
This applies enly if dilution was made in
broth (322 10.1.4 and 13.6).

11.5 Repon percent reduction of bac-
teria by the specimen treatment against
each test organism.

11.6 The criterion for passing the test
must he determuned by the imerested
partics.

11.7 Report the diluticn medium wsed.

12. Precision and Bias

12.1 Studies (see 13.9) indicate the lol-
lowing within-laboratory precision of the
Standard Plate Count (SPC) Test: (a)
crrong-analysr variaton of 18% and (&)
within-analsr varation of 8%,

13. Notes and References

13,1 Publication available from U%. De-
partment of Health and Human Sorvices CDCY

AATCC Technical Manual2008
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Dimensional Changes of Fabrics after Home Laundering

Developed in 1970 by AATCC Commit-
tee RA42: reaflirmed 1973, 2000; re-
vised 1978, 1987, 1995, 2001, 2003
(with litle change), 2004; edilorially re-
vised 1982, 1985, 1989, 1990, 1991,
1996, 1997; editorially revised and re-
alfirmed 1992. Relaled to IS0 3759.

1. Purpose and Scope

1.1 This test method is intended for the

dererminanon of dimensional changes of

fabrics when subjected to home laundir-
fi provedores used by consumers, Fowr
washing remperstures. three agitation ox-
cles, two mnee femperatures and foor dre-
ing procedures cover the commaon home
cure eplivns avalleble o consumers using
vurrent luundenng mechines,

2. Principle

2.1 The dimensional changes of fabne
spevimmens suljected to home loundening
care are measured using pairs of bench-
marks applied to the fabric betore laun
dennge

3. Terminology

3.1 dimensional change. n—a ge-
neric term for chanpes in lenpth or width
of a labric specimen subjecied o speci-
fed vonditions. The changs 15 usually ex-
pressed as a percentage of the inifial di-
mension of the specimen

3.2 arowth, n.—a dimensional chanpa

resulling in an inerease of length orwidth 7

of a specimen.

3.3 laundering. . of fevile meren-
als, a process intended to remove sofls
and‘or srains by treatment (washing ) with
un aygueows detengent solution and nor-
mally including rinsing, extroction and
drving.

3.4 shrinkage, dimensional
change resulting in a decrease incthe
length or width of @ specimen.

n—

4. Salety Precautions

NOTE: Theze safety precautions are
for infonmation purposes valy, The pre-
cautions are ancillary to the testing proce-
dures and are not intendad 1o be all inclo-
sive. It is the user's responsihility w use
safe and proper techniyues in handling
materials in this test methed. Manufac-
turers MUST be consulted for specific
datails such a5 matenal safety data sheets
and other manufaclurer’s recommenda-
tens. All O3HA standands end rules
must also be consulted and followed.

AATCC Technical Manual 22008

4.1 Good laboratory practices shoeold
be followed. Wear zatery olasses i all
leboratury urcas,

4.2 The 1993 AATCC Stundard Refer-
ence Detergent mey couse imitation. Cars
shiruld be 1aken 1 prevent expisure 1o
skin and eyes.

4.3 Munulacluer’s salely recommens-
dations should be followed when vperul-
ing laboratory testng equipment.

5. Apparalus and Malerials

51 Awmomatic washing machine (see
F2.1).

5.2 Autonstic tumble diyer (see 12.2)

53 Conditieniagdrying racks with
pull-out screens or pertorated shelves
s 12.3)

34 Facibmes foradnp dranp and line
drving.

5.5 1993 XATCC Swndard Reference
Metergent {see 120 0and 12.11).

3.6 Hallasy of 9200 920 mm {36 = 36
in.) hemmad picees of bleached cotton
shecting (Wash load ballest tpe 1), or
00 507 pulyesterotien. bleucked plain
weave (Wash-load-ballast twpe 3) (see
124and 12,11}

57 Indelible ink marking: pen (see
12.5) for use with suitable wule, tape,
marking templme of otheér marking de-
vice {see 12.6): Sowing thread may be
wsed Tor meking benchmarks.

2.8 Measunng devices.

5.8:1 Tape or ruls masked in railli-
meters. eiphihs or temhz of an inch,

352 Tape or mled wmplate marked
directly in percenl dimpensional change to
0.5% or smaller increment (see 12.0).

A3 Dhaital Imaging Svatem (222 12.7).

3.9 Scale with at least 5.0kg (10.0 1b)
capacity.

. Test Specimens

6.1 Sampling and Preparation.

£.1.1 Samples from which dimenzional
change specimens dre w0 be taken should
b sepresentative of the fuluic processing
slage, finishing treatment, rescarch lab
trial: paller. Int orend-product stage.

6.1.2 Fabrics thal are distened in their
unlzundersd state may give deceplive di-
mensional change results when laundered
by any procedure. In such casas, it i rec-
vinmended that specimens not be taken
from any disteried wea of @ fubric sam-

le.

i .13 Tubular knined samples should
be slit and handled flat in a single layer.
Cmly circular knitted labrics produced on
body-width machines are to be used as

spevimens intheir tubulor form. Circular
knmted fabncs made on hody-wadth ma-
chines are ones o be used in garments
with o side semns, Body-width tubular
circular knitted garments and seamless
sarments (knit-to-wear) should be tested
aceonding 1o AATCC Method 150, Di-
menstenal Changes of Gunments  aller
Home Luwmdering.

13 01 fraving of specimens 1s ex-
pecled in laundenng, sce 125,

6.1.5 Prior to marking. condition test
specimens as directed in ASTM 121776,
Standurd Pracuce Tor Conditiening and
'1'E=~1E|'|g Teatiles, Condiion eoch }[rs;i-
men tor at least 4 h i an atmosphere of
21 = 1°C {70 = 2°F).apnd 65 = 2% RH hv
laying each test apecimen separatelv on a
sereen or perforated shelf of a condiion.
g rack.

f L6 Lav the cample on a flat surface
Do not allow any seetion of the sample o
hung vver the edye of the work table, Us-
ing a template for the selected test size,
mark specimens parallel to the selvege or
fabric lenpth direction. Avoid use of the
sample arca within ten percent of the
53 ph: width, S],vccl'lncn;- should be tuk=n
from areas with ditferent lengthwise and
widthwise yams (see Fig. 1) ldenufy the
length direction of the specimens befure
cutting them out of the sample. When
possible, three specimens from each fab-
ric should be used. (ne or two spacimens
may be used when insullicient fabnc
sample is available.

6.2 Marking.

621 Opiion 1: 230 mm (10.0 in)
Ko baarks, Mark each 30 = 380 mm
t13 % 13 1n.) test specimen with three 230
mm (10 in.) pairs of benchmarks parallel
tovthe test specimen length and three 250
mm {10 in.) pairs of benchmarks parallel
o the test specimen widih. Each bench-
mark must be at least 50 mm (2 in.) from
all tesr apecimen edges, Pairs of bench-

Selvago
-

Fig. 1—Diagram lor culling
fabric specimens.

T™M 135-2004 23



matks i the same direction must be
spaced approximately. 120 mm (F in.)
apart.

622 Option 2: 480 mm (180 in)
berehmarks, Mark each 610 « 610 mm
(24,0 % 24,0 in.) test specimen with three
460 mun (180 i) pairs of benchmarks
parallel to the test specimen length and
three 460 mm (150 in) pairs of bench-
marks parallel to the west spectmen width.
Each benchmark must be at beast 30 mm
(2.0 in) from all test specimen edges.
Pairs of benchmarks in the same direc-
nions must be sapaced approximately 2340
mm { 10 in.) apar.

(.23 Namow Fabrics.

6.2.3.1 For test specimens preater thun
125 o (3 i) and less than 380 m (15
iy wide, rake full width of 1est Fabnes
and cut each specimen 380 mm (15 in.)
long. Murk the Teneth as in 6.2.1. Meu-
surement of the width is eptional.

6.2.3.2 For test specimens 23-125 mm
(1-3 .y wide. take full widih of test lab-
rics and cut euch specimen 380 nun (13
in.) long. Use only two pairs of bench-
marks parallel 1o the lenpth. Measure-
muent of the width 15 oplional.

6.2.3.3 For test specimens less than 25
mm {1 in.)in width, take full width elest
fabrics and cul cach specimen 380 mm
(15 in.) tong. Use only vne pair of beach-
matks parallel to the length, Measure-
ment of the width is optional.

6.3 Original Measurements and Speci-
men Sre

6.3.1 Specimen size and benchmarks
distances used must be indicared in the
repart.

6.3.2 Dimensional change results may
niot be comparable when ditlerent speci-
men sizes, different benchmark lenpths.
different nunber of specimens. or difter-
ent number of benchmarks are used.

.33 To improve the accurzcy and pre-
ciaran af the dimensional change caleula-
liens based on the benchmarks applied o
the Tabries us instrected i 6.2, medsure
and record the distance between each pair
of benchmarks with switable 1ape or nle
to nearest millimeter. eight or tenth of an
inch, This 1z measurement A, In vase of
arrow Fabrics less than 350 mm (15 40.)
wide, measure and record width if width
measurement will Be used. [fusing 2 cali-
brated emplate for marking and measur-
ing m percent dirmensional change di-
n:\,'ll:,', aninitind apensuremenl s ool
needed

7. Tesl Procedure

7.1 Tables I, Hand 1l summanze alter
nialive u..‘i_-;hins rm-;'ing arud :|r'c1r.-_: conddi-
tiens and settingz. Addirenal informarion
v the machine and laundenng comditions
may be found in the monozraph, Ste-
dardizationyaf Hovie Landry Tast Con-
ditions,  cteewheore-andthis TECHNICAL
MANUAL.

7.2 Washing.

7200 Wengh vest speeimens und cnough
ballast to make a 1.8 + 00 kg (4.00 -
.25 thy load. An abermative foad sive of
o= ke (5.00=0.25 Ib)may be used,
Dintensional change results obtained us-
ing a 1.8 ke (4 1b) load weight may not be
equal o those ohaiked with a 3.6 ke (8

Table I—AHemnative Washinp and Drying Conditiens (see 7.1)

Machine Cycle Washing Temperature Drying Procedure
(1) NormalCotion Swrcy {ll} 2723 C [E0 2 5°F} &) fumbie
12) Delica‘a [117) 41 = 3°C (105 £ 5°F) i Codon Shuty
[3) Permanent Press (V)48 £ I'C{120 2 5°F) i Deicae
V) ED+3°C (140 £ 5°F) ii. Permanent Fress
(B} Line
i€ Crip
1D} Seresn

Table l—Washing Machine Conditions Without Load (see 7.1)

Hormal Delicate Permanen! Press
{A) Walsr Level 152 1gal 15+ 1gaf 18+1ga
{B) Agitator Speed 173 £ 2 spm H3+2spm 1792 som
{C) VWashing Time 12 min & min 10 min
{0} Spin Speed B45 = 15 pm 430+ 15mpm 43+ 15mm
(E) Final Spéin Time & min 4 min 4min
Table ll—Dryer Selting Canditions (see 7.1)

Collon Sturdy Delicale Permanenl Press
Exhaust Tamparanise tigh Low High

B6 = 5°C (150 = 10°F) < GG (140°7) 66 = 5°C (150 = 10°F)
Cood Down Time 10 rin 10 rrin 10 mrin
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1y lead -.\ci_'__;'h[ and should ot be com-
pared

7.2.2 Select the specified water level,
the deured water iemperature tor the
washing cyele and a ninse temperature of
less thun 29°C (83°F). I this rinse tem-
peratue is not altainable, record available
nnse temperature, Fill the washmge ma-
chine o the 18 £ (05 pal water level. For
altermate load siee. [ waushing machine
to e 22,0 = 0.3 gal water Jevel.

723 Add 66.0 = 1 v ol 1993 AATCC
Standard Reference Detergent to an 18+
0.5 gal wash lead For altemative Toad
saze 0f 220 & 0.5 pal, add 80 £ 1 gof
1993 AATCC Standard Reference Deter-
genl. Apilube water briefly tw dissulve de-
tergent. Stop the machine aghation. Tt
should be noted that in soft water araas,
the amount of detergent used may be re-
duied te wvoid excessive sudsing,

7.2.4 Add test specimens und ballast w
maching, Set the washer for the selected
washing cycle and time (see Tables 1 and
183

7.2.5 For specimens to be dried by pro-
cedores AL B or D, allow washing to pro-
ceed through the final spin evele. He-
mwove the st specimens immediately
after the final spin cycle. separate tangled
preces. taking care 1o mimmize distor-
tion, arxd dry by procedure A, B or [ (zee
Iables [ amd 111).

7.2.6 For specimens t be dried by pro-
codure . Dnp Dry, allow wushing to
proceed throogh to the final rinse cyele.
Remove the specimens from the wasker
just before the water bering 1o drain for
the finul rinse cycle. Remove specimens
soaking wet.

7.3 Drving.

7.3.1 For drving procedures B, € and
D, do ot blow air directly on specimens
asivmay cause fabrc distonion,

732 (A) Tumble Dry. Place the
washed load (resr specimens and hallast)
in the wmhble drver, and =ct the tempera-
ture contrel to generate the correct 2x-
haust tempersiures as specified in Table
Hi. For ithers that are heat sensitive,
Tower temperalures censistent with pro-
duger’s care recommendations should be
uged and reported. Allow the dryer to op-
erate unil the wsal losd i3 dryv. Remove
the load immediately afler the dmer
staps.

7.3.2(B) Line Dry. Hang each spesi-
men by two comers with the fabric length
in the verical direction. Allow the test
specimen to hang in sl air at room tem-
perature not greater than 26°C (78°F)
until dry.

7.3.44(C) Drip Dry. Hang each dripping
wel specimen by two comers, with the
tahric lenpth in the vemical direction. Al-
low the specimens to hang nostll air at
oo temperature not greater than 26°C
(787F) until dry.

7.3.5°(D) Screen Dry. Spread each
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specimen on @ horeontal screen or perfo-
rated surfece removing wrinkles without
distoning or srretching it Allow the spec-
imen o dry inosall air ol resmn wmpera-
e ot greater then 26°C (7T8°F),

7.3.6 Repeat the selected washing und
drving cyele two mere tines or te an
agreed number of cycles.

7.4 Conditicning wnd Restortion,

741 Afier the linzl washing and dry-
ing cyele, condition the specimens for at
least 4 h (see 6.1.5) by laying cach speci-
men eparately on the screen of perin-
rated shelves of a condilioning rack in an
atmosphere of 21 = 1°C (700 = 2°F) and
65+ 35, RH.

7.4.2 For fubrics that are intended w be
usad in a form fitting garment, restoration
techniques are sometimes nsed prior 1o
determinmmg  the  dimensienal  change.
Techniques for this type of restoration are
net standardized (hand pulling specimens
in the length and width directions 21 mul-
tple locartons using  an  unspecified
foree). I restoraton technigues ane used,
4 desenipiion of the technique should be
reparted and results should be reparted as
restored dimenaonal change,

TA3 IF the specimens are extremely
wrinkled and the consumer would Al-
WAYS expect W 1ron @ gannent made
frn the fubnc, sl specimens may be
had droned prior W re-measurement off
benchmarks, Use safe troning tempers-
wres appropnate w the fibers in the fab-
ric being ironed. See Table |, Safe loning
Temperature Guide, in AATCC hethod
133, Colorfasmess to Heat: Hot Pressing.
Exen only that pressure dunng pressing
which is necessury o remove wrinkles,

7431 Due to the extremely high van-
abality of band roning proceduwes per-
formed by individual operators (no stan-
dard 1est method exisis for hand ironing
proceduresh, the reproducibality of  di-
mensional change results after hand fion-
ing haz heen found to be extremely poor
Conseguently, caulion 15 advised when
comparing dimensional change results ui-
ter laundenng and hand ironing, Teported
hy different operatars.

7432 Hand ironing 15 ntended pri-
marily for the evaluation of fabrics used
in garments, which reguire ivning te re-
maove wrinkles prior to wearing. Use safe
ironing temperaturés appropnate to the
fibers in the fabnc being roned. See Ta-
ble I, Safe Ironing Temperature Guide, 1n
AATCC Methed 133, Colorfastness to
Heat: Hot Pressing. Exen only that pres-
sure during pressing which is necessary
w remeve wrinkles.

7.4.3.3 Alter ironing. condilion spec-
mens for at least 4 D (see 6,1.5) by leving
each specimen separately on the screen or
perforated shelves of a conditioning rack
in an atmosphere at 21 = 1°C (70 = 2°F)
und 65 + 2% RH.
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B. Measurement

%1 After condmtioning, lay each rest
specimen without  tension on a Qat
smooth, horizonal surface. Measure and
recard the distapce between cach pair of
henchmarks w the nearest millimeser,
cighth or tenth of an inch. This 1z mea-
surement B, 5 usiog a scule culibrated in
percent  dimensional change, measure
each benchmark to nearest (.59 or
smallest increment on the scale and
record the pereent dimenzional change
d'uﬁ;ll}',

%.2 The wnnklez in most tahnes flatten
sulliciently under pressure of 3 measur-
ing mstrument wt the time of measure-
ment pot to cause measuremant bias,

9. Calculation and Interpretation

1 Caloulatom

011 I measurements were made Ji-
rectly in percent dimensional change, av-
erage the measurements in each direciion
made on ke Specimens afier the first,
third. or other specifizd number of wash-
ing and driying-xeles. Culvulate length
and width_awversges separately to the
nearest D15

9.1.2 If ‘measurements were made to
the nearést millimeter or eight or tenth of
an inch, caleulaie ke dimensional change
after the firstand third or other specified
washing and drving eyele s fullows:

Average?s [M7 = 1M (B = AVA

where:
DC = Averdwe dimensional change
A= Average orizinal dimenson
B Average dimension affer laun-
dering

Both the averuge vrigimal and averuge
final dimensions are the averages of the
maasuraments in-each directinn mada.on
all test specimens. Caleualate length and
width averages separately to the nearsst
155 (see 12.9),

913 A Tinal mewsurement smuller
than the orgmal medasurément resultsin a
negative dimenzicnal change which s
shnnkage., A final measurement Jareer
than the eriginal measurement results ina
positive  dimensional changs which is
growth.

9.2 Interpretation.

9.2.1 1f the dhmensional chenpe alier
one washing, drving, and, if used, hand
wroning cvcle as ealculated in %1, is
within a specification previously agresd
o, continge test provedures as directed
in- 7.2, 7.3 and 7.4 until an agreed upon
number of cycles has been completed

9.2.2 If the dimensional change alier
one washing. dryving, and, if used, hand
rening cvele as calculated in 9.1 exceeds
a specification previousty apreed on, ter-
minote the test,

95

10. Report

10,1 Repont fur cach sample wested:

{a) Dimensioma] chunge of length ad
width, separatelv. to the nearest 0.1%
with a minus fign {-) tor shomkage or a
plus (=) sign for growth (see 9.0 35

{b) Washing provedure (include tvpe of
washing, evele and temperature wnd drv-
ing procedure {include type of drying, cy-
cle and temperature)

{c) Bive of apecimens and benchmarks

(d) Size of load: re, L8 kg (4 1b) or
36 ke (8 1b)

(el Number of complele washimg and
drving cveles (see 9.2,

() If fabrics were distorted or wrinkled
in their onginal state

(o) If fabrics were hamd ironed.

{h) If fabrc was restared and & restora-
tion tech

11. Precision and Bias

111 Precicion. P'recision for this test
miethid has not been established. Until a
precision statzment is generated for this
test method, use standard seatistical rech-
nigues in making any companiszons of west
results for enther wiihin-fabureiory o
between-laloralory averages.

11.2 Bias, Dimensional changes 1 au-
tomatic heme laundenng of fabncs can
be delined only in terms of a test method.
There 13 ow independent methed for de-
termining the true value As a means of
eanmanng this propany, the method has
no knwwn bias,

12. Notes

12.1 Corfiaet AAICC, PO, Box 12215, Re-
search Triangle Park NC 27700 el B9 349
S14l  fawr Q19RR-RREE emailh or-
dersiraatecong,  tor model numbens) and
soures(s) of current approved washeris) Any
other wazher, which iz known 1o give compa-
rable resulis. can be used. Washing mackine
conditions given in Table 1] represent the ac-
mual speeds and times available on the current
specified model(sh, (ther washers can vary in
one or more of these settings

12 2 Contact AATCC, PO. Box 12215, Re:
weamch Tli.1llg1¢ Park NC 2779 tel. 919549,
2141 fax: 919:340.8933; epnail. ordensh
watec.org. for model numbers) and source(s)
of rurrent approved dryerish. Any other dryer,
which 13 known to give comparable results,
can be wsed. Drver machine conditions given
in Table 11 represeat the acmual temperatures
and cool-down times available on the cumem
specified maodel(s). Onher drvers can vary in
one or moere of these settings.

123 Screen or perforated conditioning/dry-
ing racks availsble from: Somers Sheet Xetal
Ine., 3390 N. Chuch St, Greensboro NC
27405 1ol 33643347 T fan: AR 744,
Hack drowings ane available from AATCC,
Py, Box 12215, Rescarch Triangle Park NC
27709 tel: 19349814 1: rax: 9193495933,
e-mail: ordersaatec.omp.

12.4 Rallast are avarlable from Testfabocs
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Inc, PO Box 26, 415 Delaware St W
Pittaton PA 1843 rel ST00005-04370 fax
FTORI5Y cemail teatfahocaan com;
and Textile Innovators Corpe, div of SDE At
las T L, POY Rox B, 100 Fowsst 58 Wind-
wiw NC, tel 2327949703, fan: X337704-
ST0H: c-mail: tioisd lathes com,

12.5 Marking pens with ditheram size tips
are avallable from Mark-Tex Comr, Box 651,
Englewood W1 07631 and AATCE, P.O. Box
12215, Research Trangls Park NC 27709
el 9 84021410 fax 91954945933,
ordersde aatee ore

12,6 A nuled template marked in percent di-
menstonal change = mvalable from AATCL,
Box 12215, Research Inangk llark WO
27T el Q1 AAULB141: faxt 9193490953
canailt ordersil aatcc etz A mechanical
marking device and measuring tape marked in
percent dimensional change is available from
The Sanforizad Co, 37 iphlards Powy
Sarite 300, Songron (GA SR 1=l TIEGA-
6D

127 Addigital s yetenn iy be weed
35 2 meAsunng desice in place of the pre-

e-mail
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soriberd anainaal mrersarermen ! dev s 7 i s
established that fts secuicy is equivalent o
the mantal devices

PXE T enoossive Sruyiny ooours i kiumder-
mg. spernnen odges may be pinked or slashed.
SoWIng O Over-edging a SpOvinen & fof red-
emmended a8 it may tniluenee actual diman-
sional change resuhs Howaver in the case
where AATCC Methads 124 {Appearance of
Fahrics after Repeatsd Home §aundering) and
135 are performad on the sane specin
sone warven febric comstructions may reyguine
the specimten edges to be sewm or over-cdged
to prevent sevens raveling that could causs en-
tanglement in washing or drving. #nd there-
fure nflucnoe the assessment of beth
dimensional changeand soomhness
129 I i=aformatina oa the dimensional
npe variahility within or between spevs
mens is desir vatoubate divnemsy | chonge
teasend o the individual pairs of berchmorks
fur within specimen dats or based on the aver-
age of the three'pair’ of benchmarks for be-
wen spreciimen data,

12,10 Available from AATCC, RO, Box

TS,

ct

96

12215, Research Triangle Park NC 27706 tel:
3 fox: QI0A3E033: poparl
s aaleeerg

1211 The AATOC Technical Center vion-
ducted a study 10 compaze the 1993 AATCC
Standand Reference Detergent, AATUU Stn-
dard Heference Detergent 124 and two ditier-
ent types of fabnics (current and proposed) 1o
b psed as ballast. vnder the following wat
coenditions:

Machine cvele: (13 —XNomal Cotton
Sturdy

Washing Temp:  (V)—60=3°C (14041 3°F)

Deving Progedune: (Al—Tumbls dry. <oson
sturdy cvele

White Twill { 10075 cotion)

Reige Twall {1007 cotron)

Grey Poplin (1007 cotton)

Bluz Twall (30030 paly’
coTaa}

Fabsivs testad:

Mo zigniticant ditferenees wepe found in the
results wsing cither detergent or ballasr loead
fabrics,
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Antibacterial Activity Assessment of Textile Materials:

Developed in 1976 by AATCC Commit-
lee RA3T; realfirmed 1977, 1982, 1998;
editarially revised 1980, 1982, 1983,
198b; revised 1987, 1988 (wilh title
change), 1993; editorially revised and
reallirmed 2004,

Foreword

Tl Parolle] Sueak Method his filled 2
need for 2 relativ :T}'quiri: and :-.15."|}' e
cured qualitative methed e determine an-
lbactenal echivity of diffusable entimi-
vrohjal ageils on treated textile imaterals,

AATCC Methed 100, Antib ial
Finishes on Textile Materials, Assess-
ment of, s a quantitative procedure
which 15 adequately sensitive bur 18 cum-
bersome and time consuming for rouline
guality  control and  screening  tests.
Therefore, when the intent is 1o deman-
arate bacteripstanic activity by the ditfu-
ston of the antbacterial agent through
apar, Methoed 127 fulfills this nead. In the
Parallel Streak Methed, the agor surface
i moenlated making it easier o distin-
guish between the test organism and con-
wmisant  organisms  which may  be
present on the unstenilived specimen The
P'arallel Streak Method has proven effec-
tive overa number of years of use in pro-
viding evidenee of antibactenal selivity
against both Gram positive and Gram
negative hactena.

1. Purpose and Scope

1.1 The ohjective 15 1o detect hactero-
stabie setivily on extile matenals. There-
sults of using this procedure have been
demonstrated hy Committee RAZT to be
reproducible by vanpus laboratones
working with materials conlaining nesid-
ual amounts of antibacterial agents (as
determined by chemical assay) after mul-
tiple standard washings. The method is
useful for ebtaming a rough estimate of
activity in that the growth of the inocu-
lum organism decreases from one end of
each streak o the other and from one
strek to the pext resulting i increzsing
degrees of sensitivity. The size of the
#ome of inhihition and the narrowing of
the streaks caused by the presence of the
antibacterial agent permit un estimate of
the residual antibacterial activity after
multiple washings.

2. Principle

2.1 Specimens of the test material, in-
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Parallel Streak Method

cluding comresponding untreated controls
of the same matenal, are placed 1n infi-
mate contact with nuirtent agar (see 7.1
ad T4 which has been previously
streaked with an iroculum of a test bacte
rium. Aller incubation, a clear ares ofin-
terrupted growth undemeath and aleng
the stdes of the test matenal indicates
tbucterinl activity, of the specimen. A
standard strain of hacteria is used which
i specific o the requiremeants of the ma-
lenal under test 1 ne other bactenul spe-
Cigs 15 :-l_lc\';['w.']_ S.‘u{r.'.!'.'_| Tocewcns s
mayv be wsed as a4 representative Gram
positve orgamiga, {her recomme oded
strains are liated helow in Sectom 6.

3. Terminology

31 activiby. n—af an antibocieriol
azuent, & measure of efféctiveness of the
agent
3.2 antibacterial asentf, n—in rev-
tifes,7any chemical which kills bacteria
(bactericide) vr anlerleres with the muli-
p]i\,‘aﬁl.‘n'l_ :__‘;rl,'l-\.\.'ﬂ'l or auh"\-rd_v of bacteria
(hacrerosial)

3.3 zone of inhibition, n-—clear area
of nw growth of 3 mictovnganism, cul-
tured onto the surface of an agar growth
medium, i prosimity w the borders of a
specimen plzeed in direct enmiact with
thix agar surfzee.

NOTESA zone of inhibation eccurs as
2 result of the diffusion of an antimicro-
bial agent from the specimen.

4. Salely Precautions

MOTE: These safety precautions are
for information purposes only: The pre-
cauteons are ancillany 1o the testing proce-
dures and are nut intended 1o be all inclu-
sive. It is the user’s responsibility to use
aafe and proper techniques in handling
materizls: in this test method. Manufac.
tarers MUST be consulled for specilic
details such as material safely dafa sheets
and other manufecturer’s recommenda-
fions.  All DSHA standards and rules
must also be cunsulted and followed,

4.1 This test should be performed only
by trained personnel. The LES. Depart-
ment of Health and Human zervices pub-
lication Biosafey in Microbivlogical amd
Biomuedical Laboratories should be con-
sulted (see 13.1).

42 CAUTION: Some of the hacteria
used in this test are pathogenic; i.e., capa-
ble of infecting hurmans and producing
disease, Therefore, every necessary and

reasomable precaution must be taken to
elimmnate thig sk o the lahoratory per-
sonnel and o persanne! in the associated
environmrent. Wear protective clothing
and respiratory protection that prevents
penetration by the bactena

43 Giood '1.‘:rr,-r.1[(.-r}' praclices shonld
be followed. Wear =afery olasses in ail
leboralory urces.

4.4 All chemicals should be handled
with care,

4.5 An evesashisaleny shower should
b located nearby for emenzency use

4.6 Stenhee all contaminated samples
and test materialz prior o disposal.

4.7 Exporiure 1o chemicals used in this
procedure must be controlled at or below
levels set by govermment authontics {e.g.,
Cecupational Safety and Health Admin.
wieations [OSHA] permizaihle exposure
limus [PEL] a= found m 27 CFR
1900, 0000 of Januwy 1. 1989), In addi-
tion, the American Conference of Gov-
emmental Industrial Hyvgienists (ACGIH)
Threshold Lima Valpes (TIEVE) com-
priscd of time weighted averages (TLV-
TWA)L short tenm exposure limits (TLV-
STEL) and ceiling Hmits (TIV-CY) are
recommended a5 a peneral guide for air
vontzmunant exposure which should be
met (see 13.2).

3. Uses and Limitations

31 The methed 15 not sutteble for nwa-
tenals which tend to encapsulate and pre-
vent the diffusion of the amthacterial
agentor contam antibactenal-neutralizing
substances.

B. Tesl Organisms

6.1 Test bacteria;

611 Sapiplococens ourens, Ameri-
can Type Culiure Collection Mo, 6538
Giram positive organism. (sce 13.3)

6.1.2 Klebsiella prewmaniae. Amer-
can Type Culture Collection No. 4332,
Gram negative organism. (see 13.3)

6.1.3 Other suitable species can also be
uzed dependmge on the intendad end-use
of the test sample.

6.2 Whenever possible, test the activily
of the culture to be used against a stan-
dard control specimen (3 positive contral)
with known antibactenial activity.

.3 To determine whether the antibac-
terial activily 15 due o the antibacternal
agentl, lest a specimen of the same mate-
ral treated in exactly the same way with
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whatever other finishing agents were
used, but without the anubacterial agent.
Manv standard exile lnishing chemi-
cauls, espevially vrenss resistant and per-
manent press reagents, will often give
stromg antthactenal acmvuy even after
many washes.

7. Culture Medium

7.1 Sunahle hroth'agar media are Nu-
trient. Trvplicase Sov and Brain-Heant In-
fusiva,

MNutrient Broth:
Peptone (Bacto-peptoie)

(see 13.5) Sz
Reelesimct (see 13.6) ia
Ihstilled water o DM mil.

7.2 Heat to a boil to disperse ingredi-
ents, Adjust w pH 68 + 01 waih LV
MNuOH solution. (This is not pecessary if
prepared, dehvdraed medium 1s uzed.)

7.3 Dispense m 1040 L1 5 ml. amaums
in coaventonal hacterinlogical culwre
tubes (1o 125 17 mm). Plug &nd swenl-
1ze ! 103 kPu {12 psi) for 15 minutes,

74 Nutrient azar (see 13.4). Add 1.5%
bactenological agar o nuinemt (or appoo-
priate} broth. Hear to botling. Check pH
and adjust to 7.0 + 0.1 using NaOH solu-
tivan i pevessary, Dispense in 150 + 0.5
ml amounts in conventional bacterioloz-
wcal culture tbes, plug, and sterilize at
103 kPa (15 psi) for 13 min. {May be
steniliced in 1O ml borosilicate glass
flaske and pern dishes poured from this.)

B. Mainlenance of Cullure of Tesl
Organisms

8.1 Using a 4 mm inoculating loop.
transfer the culwre daily in nulnent (or
appropriate medium} broth for not more
than two weeks At the conclusion of twa
weeks, make a [resh transplanl from
stock culture. locubate cultures ut-37 ¢
2°9C (99 = 3°F).

8.2 Mammain stock culiures on nurrent
or appropriate agar slunts, Store al 5 £
1°C (41 = 2°F) and transfer once-a month
to fresh agar (sce 13.7)

9. Tesl Specimens

9.1 Test specimens (nom-sterile} are cm
by hand or with a dic. They may be any
convenient size. Rectangular specimens
cut 25 % 50 mm are recommended. A 510
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mm length permits the specimens to hie
across 3 parallel inoculum sireaks each of
diminishing widih from about 8§ mm o 4
nny wide.

10. Procedure

10,1 Dispense stenlized nuirient (or
appropriate mediump agar [ccoled to 47 +
25C {117 £ 471} by pouring 15 4 2 ml
intn each sandard (13 = 100 mm)
butlomed petri dish. Allow agar o gel
finnly belere moculoting.

102 Prepare incculum by transferring
1.0+ 0.1 mL af a 24 h broth culture into
G010 1 ml. of stenle disntled water con-
tained in a test whe or small Nask. Mix
well using uppropate wygiluticn.

10.3 Using o 4 mm inoculating loop,
load cue loopful of the diluted inoculum
amd transfer o ‘the surface of the stenle
sgar plate by makme [ive streaks approa-
imaotely 60 mm in length, spaced 10 mm
apart covering the central arca of a stan-
dard petri dish {see 10.1) without refilling
the loap, Take care nat to break the sur-
face of the upar while meking the sircaks,

103 Gently press the tesl specimen
transversely soross the five inoculum
streaks tooensure intimate contact with
the apar surface. ‘Thia may he accom-
plished maore easily by pressing the speci-
men o the agar serfeee witha biclogical
section e or witla spatula which has
been sterhied b}' Haming and then air
copled immediately belore use.

105 10 the specimen vurls, preventing
intimate contact with the incculated sur-
face. place stenle zlass shidas on the ends
of the specimen to hold it in place.

1A Incubate ot 37 4 290 (99 L 4°F)
for 18-24 h.

11. Evaluation

111 Exsmune the incubated plates for
interruption of growth zlong the streaks
af inpeulum hencath the specimen and
[or a elear fone of mhibition bevond its
edge. The wyerage width of 2. zene of in-
hibition along @ streak on either side of
the 1es1 specimen may be caleulated using
the following equstion:

W=(T-D)2

where:
= widlh of clegr cone of mhibition
inmim
T = total diamceter of fest specimen

98

and clear zong in mm
I} = diameter of the 123t specimen in
mm

112 The size of the sone canot e
construed a5 a quantitative evaluation of
antithactenial zcnivity. Treated mutenals
should be comparad tov an untremed cor-
responding malenial and a matenal speci-
wien with known becteriostatic activite
Report of results will include an obsena-
ton of wones of inhbition and growth un-
der the specimen if present. The entenion
for pazsing the test must be agresd upon
by the interested panties. To constitute ac-
ceptable antibacterial activity. there must
he no hacterial colonies direcily under the
sample in the contact anca.

12. Precision and Bias

12,1 Previswon for this test imethed has
not been established. Uniil a precision
sutement 12 pererated for this test
method, use standard satistieal tech-
nigues in making any companisons of test
results for etther within-foboratony
Dutween-folwratury- averages.

13. Hotes and Relerences

13,1 Publicanon avaidable from L.bo Lye-
partment of Hzaalth and Hueman Scrvices—
CIONIH-HHS - Publization No. (CI0)
#4-8305,

13.2 Bovklet svailable froin Publiatins
oflice, ACGIH, Kemper Woods Cenfer, 1330
Kemper Mendow Dr, Cincirnati OH 45230,
tel: S1R 7422020

133 American Type Culture Collection,
PO, Box 1340, Manassas WA JUTES; ek 1037
365-2700; fax: T03363-2701,

15.4 Nutrdent Apar can be cobtained from
Difen Laboratnrdes, 920 Henrv St Detroit M1
ARI01 ard from Raltimore Biolopical Tabora-
tories, 230 Schilling Circle, Cockeyville MD
21030,

135 Peptone from Difco Laboratories
feddrss above), o Thictens from Baltimoe
Bivlogicel Laberatories (address above).

136 Beef extract may be obtained from
Balumore Biwlopeal Laboretones (address
above): hice Laboraroncs {address abovek
of Onoid USA Ine. 9017 Red Branch Road,
Columbia MD 21045,

[3.7 Consistznt and accuratz  testing
requires maintenance of a pure, uncontami-
nated, non-mutant test culture. Avedd contam-
nation by using good sterile technique in
plating and transferring Avoid mutation hy
arict adberence to monthly stock transfers
Check culture purity by making streak plates
pericdically and  observing [or a single
spevias-charactartic 1ype of colonies.

AATCC Technical Manual2006

Copyright £ 2005 Amernican Assocmtiva of Teatile Chermists and Colorists
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