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ABSTRACT

This study was aimed to develop the KaempferiaParviflora Oil (KPO) microcapsules for
textile application, KPO antibacterial had been tested against Staphylococcus aureus (ATCC 6538)
and Klebsiellapneumoniae (ATCC 4352) and its effects against these two different kinds of bacteria
were significantly different at p<0.05. In this study, the KPO was encapsulated in Poly-I-Lactic
Acid (PLLA) to make microcapsules by an emulsion polymerization and the prepared capsules were
then analyzed by means of Scanning Electron Microscope, SEM) and Thermo-Gravimetric
Analysis, TGA). It was found that through an optical microscope the developed KPO microcapsules
could be seen in three-dimension sphere shapes. The particle sizes of these microcapsules ranged
between 10 — 150 um. and their average particle size was 23.881 um with the standard diviation of
2.801. When the KPO microcapsules were applied to finish onto the following three kinds of cotton
fabrics: cotton, polyester and nylon, to study the antibacterial property of the KPO microcapsules
before washing, the result showed that the KPO-finished nylon fabric with a warp knitted structure
displayed the most efficient antibacterial performance and after 5-time washing, it could be seen
through the scanning electron microscope that the microcapsules still remained on the nylon fabric.

Key Words: Kaempferia Parviflora, Brassiere, Microencapsulation, Antibacteria



o\ =\
nnanssudszma

a a /o Ao & Yy ' 14
rinusatuiiduialyldarennumaainguiediagenn as.qn1 qunila
{ a a o aa 9Il a [
ﬂi%‘ﬁ1uﬂ55ﬂﬂ15ﬁﬂ§ﬂy13°ﬂ81uwu‘ﬁ AT.ATITIN ﬁg NITUNIIIFUDN AT.IAUNA WIAA-
o a & Aa 4 ) 4 ] 4
SAu1and Ansenuqal 509maas19138 qiaild Yoy lyma uazdsiemansinsd ains

A Y o o Y o = Yo = Y 9 1 1
FATINT Wﬂim’liﬁﬂWlluqu Llazal‘ﬁﬂ']ﬂiﬂ‘]sﬂc‘laﬂﬂﬁ]u1ﬁﬂ1ﬂﬁﬂy1!LﬂllsllleﬂUﬂWif’)\‘]@l'l\ic]
E4

A ya a 4 == ¢ X Y o I 1 dy
LW611’?’3‘1/]fﬂuWL!‘ﬁﬂ“]J‘UuiJﬂ’NiJﬁiJ‘Uuﬁm G]NE‘!’JﬂﬂﬂlﬂﬂiWﬁJﬂJﬂUWi%ﬂmlﬂu@ﬂNgﬂ o Tomardl

a a

A o o 4 a @ {q Yo )
VDUBUAM AT.JAUVY IGNTNTA AUSIOTTAITAT UH1INYIQYULIAIT ﬁclwﬂmuzm

q

Y 9 Y [ o Y aw o 9y o
Glumuﬂ’nggﬁﬁl’JﬂUﬂﬁﬁﬂﬂﬁﬁvﬁyqui 1/1ﬂwﬂu’mﬂﬁﬂ’JWW\L%W}i‘]Jmu’mmmmwmm

a,

T 195 Tond 18059 vevouquanImdmenazinToasiy anznaluladavnssumans

S A

a a 4 a [ [
tazMAIv Al auzInemaasazmalulad uriiamerdoma lulagssueaasyys 114

e

- ~ p ~dq v aw S v 9 A v Ay vg v . A
L@ﬂ!w@ai‘l’]u[ﬂ Q‘]Jﬂimlmzﬁﬁmu‘vﬂ‘ﬂuﬂunﬂ i’Jm/]Qm1141411/1‘1/;ﬂﬂ1uﬂulﬂslﬂﬂ31ll%lﬂlﬂaE]

av

o 1 o ao o a 4
UAZDTHIYANUFALAINTLHINNITNINIUIIY ﬂlﬂﬂlﬁ]ﬂﬂmﬁﬂWUu’J ﬂ’)ﬂﬂ1ﬁ1ﬁ@5l!ﬁ$£%ﬂiu1ﬁ§
\ Aq ¥ 7 Y A o A A& A o aw
L!,W\T]Jﬁ&‘]/lﬁulﬂﬁl ‘1/]51,??ﬂ’)'lll@‘lglﬂi131’i1'11!ﬂ'lisl,“]5m5@\1‘Vlﬂ’ﬁﬁ]‘ﬂ ﬁmmmmwaﬁmuwmimmm%

~

a S o A R S 1 7 o o o
f’uaﬁuE)“UﬂmTiuiﬂuumuwamzmmwaqmm‘w noelean ui alnsal lumsanatinyurion

o Aa o a a o'/ o @ d' dy dy Y Y 9
ITIVUNTTHIYAT LAZVBUDUAUUIHEN BUNIUN T 3109 ﬂlﬂ@LW@LLﬁ%jﬁﬂTSﬁuUﬁHuNT
o (% d%/ Y] 1 d‘ 9 0o Aw Y dy 4 1 d' 9
F1TUMINAand LazIuaIedan 1¥lumsmive ’s:(mmfJ‘LlleﬂﬂJ@UWizﬂﬂ!ﬂm”ﬁﬂiﬂnﬂVﬂuﬂ]lﬂ

Aa A a ] A o o [ L a a v
UsganfszamIiumzaudiseamisninemannisulszgnd 1uazd19daluauise

Yy 9 Y H
v A (2 a A

asafiuenmilonintivevouguiuinisuniineraonnluTads1vueaatyys Avounu

[

AiuayuiaYyAaINIAaeaszeza lunsAnEIvedI9e

1w ~ a a J dy y a 4
ﬂmmauﬁmmn’mamwumuuu 6UE]llf]‘]Jl;ﬁf]“]J\flﬂ’V\lf.i%i‘i]‘f,]ﬂl‘]ﬂ’n H13A7 A 819158 LA

a 4 '
I1HNTU AYAIN



9
i
LN A VHYLNI) oo, f
UNAATDDTHITINNE) ¢ s ee e s e ee s ee s ees e ses s ses s sess e eeeeeeeeeseee 3
DI NIT TU L TEN M oo s s s s s s s e s e s s s seesees e sees s eseesasens )
DTV D oo p
S V1311 1 PO OO OO OO al
TVTURUN I Y
NN
Lo UITIH Y e e e e e e e s s e e e e e e e e e e e e s e ee s eee s e e e e e ee e e eeeseeeaseen s ees e es e sereseeneeereneen 1
I o o
1.1 At unuazaNUAAQUDITUNT oo 1
1.2 AQUTEEIAUDINIT IV, 2
13 AUUATIUNTT IV oo eessses s 2
1.4 UDTUAUDINTT IVY oo eeee s e s ee e e e s ss e e e s s s s s es s e 3
1.5 AR I NI 0 oo 3
1.6 ATOUMHIAA TR NTIVY oo 4
P 1 [
17 U LB NI I0E RS oo, 4
Av A A 9
2 N ANITHAZATUIVITUDIIUDD oo e e e e se s e s ee e s e es e eeeees e 5
@ 4 o
2.1 ANHUEN NG NHANTATUDINTET IR coeeeiereereeeeeeseeeseeeseeseeseeeseeeseeeeeeeeeseeseeee 5
Y
2.2 W NHUTOUTEEIIY oo ee et s e e s s e s s s s e s e s s ssesees e s s eseer s 10
F
2.3 MITANAU VU HTDUTEENY oo s e s s e s e 15
a a'oy ]
2.4 DT UATIEH UV UTOUTEINY oo 17
2.5 WOALANANUDTA (POLYIACHE ACIA) crvvvrveeereeereeeereeeeeeeeseeseeeesessesessesessesessesessesessseeees 18
2.6 TUTATOUUAUGATU .oooooooooeeeeeeeeseeee e 22
Y
2.7 ANNENMTO UM ITTUTIUURTUTE oo 32
R Ttk | o L0 (311 TR 36
= ~ a Y Aaa
2.9 MITEUNIVHANINAADINAZ NI UATIEHVOYANNTDN s 38
Ay A A Y
210 VU IVYTUNG IV oo s e s e s s s s s ees s eres 43



asiiny (D)

A v
NN T
3 DA I YT IV oo oo e e e s e e e s e s e e 54

v a d' 9 a v
3.1 AAAUNTFIUNITIVY oo 54
A A sq Y Aw
3.21A509001azQUNTUN T IUNIIITY oo 57
3.3 LR UDINTT IV oo e s s e s s s s s ee s es s sees e sees s ss s s es s eses 60
B A BIITIVY oo e e e e e s s e e e e e e 62
Y
a 4 o w o
3.5 M3AATIzHNIMen e luTasiouualgaiihluroussmensaea ... 64
3.6 mInadevananamenmuestnihe fweawanes tazenluaey ... 66

Y
a 4 wvAa o w o
3.7 InTziuazasnnaevantiaves luInseuualygminiunensziensznesings
TS TR A1 YO 66

Y
3.8 MInsIvdauANUAINUdemIFnved Iy Tasuatganniniunenszwensz g

SRR O DAAUUB I UOU e 67

3.9 MITUATIZEUOUD oot 67

TS 1IN LT IO £\ N5 ) o i o arerny /25N WO 68
4.1 AT AR AT U OUTEROATEIIIRY oo 68

F7 Y
42 Ham3anEIUTZaNT MNUB T UMD NTLNINT IR IADANTUAIUNIULTO
OSY T ST R TR G VA Ve 1110 AU k2 VLo G e 69

9
o w o a L4 EZR
4.3 W’ﬁfﬂﬁ!ﬂgleJhl‘JJIﬂﬁLLﬂﬂ“yau”ﬂJuﬁ@ﬂJﬁZ!Wﬂﬂigslﬂt’lﬂ'lllﬁgﬂ1§3!ﬂ31$ﬁﬁﬂ‘ﬂ@]°ﬂw

MEATNIAZ AUTANNADTINTOU oo 70
v a J
4.4 mamsnadoudntanamenimvesinihe Avedemnes uazd luaou........ 73
L o a
4.5 namsdszgna 19 lu Insualeyansz ne@ AR UARLUAT ..o 73
Y
4.6 HAMIATIAOUANNAINUYDINIFNV Iu Tnsuatlganinminiureuseive
o A A a 9
N3ZOR MM UAADUAAUUAT TUAOU ooooooeeeeeeeeeeeeeee 77
v n’j =

4.7 MIAAUTUYATU TUAAT ..o 79
5. aqUHan15398 MIBAUTIOHA UAZTOIAUDIUL .....oooooeoeeeeeoeeeeeeeeeeeeeee e 81
51 ATUMANITITY oo 81
5.2 MIONUT VA oo 83



asiiny (D)

uni NN
5.3 UDUTUBIUE oo eeeeee s ee oo s e e e e e e e s eeeee 84
UTTUNUNTH oo eeeeee oo eeeeee oo eeeeee oo 85
AV IR DM eeeeeeeeeeeessseeeese e seee e e e e e essssseeneeees 89
AVIAFHIN P eeeeeeseseesseseeseseeseeeeeesesesseseseeneesessseeeeeeeesessssssseseeneesseesesseeeee 90
AVIAFHIN U oo eeeeeeeeseesssnesseseseeeeeeeeesessessseesesseeseeeeeeeeeeessssssseseeeseesseeseeeeeeee 95
FVIARHIN Pl eeeeeeeeeeeeeeseseseseesessseeeeeeesessssessseeeseeseeseseeeeeesessssssssesemeeeseseeseseeeeee 98
AVIAFHIN D oo eeeeeseeeeeeeesesseeeeese s eesesseeesseeeee e eeeeesseseseseeneene e 106
USETAGITOU ..o 118



@'I"IiN‘ﬁ
2.1
2.2
23
24
2.5
3.1
32
3.3
3.4
4.1

4.2
43

4.4

4.5

3NN

9
TR
a o=
FUAVDIANTUTENOULNOTU U oo 12
Y] Y] 4 1 a J v 1 [
ANVFURNUTTZHNIN0AWD5 N UNA 1AM UAAUABIAVEN oo 28
4 (Y] o S A S A
24715 NO UM UYA VO LANST UNTULINUAZUUATS SUNTUAY oo 34
n’/ { a J o
Foyan Tn 1 TumsTnszianuelsUs muuus wunnuRe e 39
A19AATIZH ANV TUT I UTUDNVIUREY oo 42
RN TN E A ST R Eo L 1 TSSO 55
s 9 aw a A o qaj S A . . o .
raa 15 1un15398U 52 anFmMWmMsdugu NS e (Antibacterial Activity) ................ 55
A 9 av
AT TN B U T I0E oo 56

d‘ A A X a o 3 Y [
!ﬂﬁﬂ\‘lllﬂﬂi%iuﬂTi?LﬂiTgﬁﬂlNIﬂﬂ@uLlﬂﬂ“jjam%u%"lﬂu1lluﬁ®lﬁ$ﬁ’iEJﬂig‘If"lfJﬂ'l .59
a A o 09: A A :’ % o A @ Yy 9
ﬂi%ﬁ‘ﬂ‘ﬁﬂ'lWGl,uﬂ'lﬁﬂllle,ﬂJﬂ‘ﬂlﬁEJ‘U@QH'INHWE]M?&W8ﬂﬂ§3%18@1%53ﬂﬂﬂ3111ﬁ]1|"]]u
vouuAise 10° CFU/ml (colony-forming units per Ml)........ceeevvveriveereeerreeriereeereennen. 69

2 Y
M3fSeueuaszan M dugauUANGE evs N UHONT LM INTLHIIATUN

ATUBUAUDULLIRATITY .o e e s e eeee e e e e see e e s e e s s e s e sse s 70
wAa 9 9 a 4 9

mInaaoUaNtaANIIMenWYeIREhe Mnodeames uazf uasy .o 73
[ Py = :I 9 3 a

nyilanFuazaNuaITa lumsgaduIive udu 1o 3 $UA oo, 75

Y
(% a

Aa A (% osz' == 9 A A A
Useansmnlumsdudauuanisoveafnng 3 “D'u@WINWHﬂ"IiLﬂﬁ@‘U'liJIﬂﬁllﬂﬂ"]éﬁﬂ

FLAUANUANTUYB I UANF Y 10° CFU/mI (colony-forming units per ml) ................... 76



ﬂ"l“W‘ﬁ
2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9

2.10
2.11
3.1
3.2
33
3.4
3.5
4.1

4.2

UYMW

Y

i
[ o % o o o @ o =1
ANHASUDINTEHIAEONUE IUUAINUNTEBIOA NG IUVET oo 8
LR A RGN R 31 CAT W 12
ANINTVOINDALANANUDBR ..o 18
o Tan05 @093 UMUVUDINOAUANANUOFR ...oorooeeeeeeeeeeeeee e 20
MIFUATIZHNOALUANANUDTADINNTAUANANFLAUDALALA oooeooooooooooo 21
@ Ja A 1 4
anvazved luIasmsamalszanaen vod lulasua)gauas lulasaidles ........... 23
ANIENITDANORIUDTULUDIIATU oo 25
[ Ja a
TR A L L RN T G TR R E L1 Lo DO 26

4 4
msnaaeUgnivesasana lumsdudwuniiso1aeds Paper discs method 1130 Disc

diffuSION MENOM ...ceviiiicii ettt et e e eee 33

o v A & e y & 3 A

AW UINNIAFOUUANITIAIUUIUAIVINNTUTNITNATO oo 33

EAIMITUUG UMD DA oo 37

T TR LT T NS P o 7 /2 W 60
d' 9 Q'l a [

IATOIAUNAUYUIA 500 D TANTU cooeeeereeeeeeceeeieeees e eeeeeeeeeeseeee e eeeee e seeeeseeee s 63

Optical microscope 34 UC1320 810 UPIX CAMERA ......oooooooooooooeeeccccooeereeeeeeeees 64
4 4 a a a [} {

1A30UN0T lunT AN nuoun laga U TGA 4000 %0 Perkin Elmer.................... 65

NADIYANTIAMIBIANATOULDUFDINTIA TU ISM-5610LV BWO JEOL ...orrooo 66

9
anpaznumen e luTasunlyamdunminiuvonszmenszanedioenmku
nang Optical Microscope TRVGQUETY 40 LTV e ees e 71
A 9 Y A o a a a [ = Y
ﬂﬂﬁﬂﬂﬁmﬂﬂﬂNﬂ’NﬂJi@uﬂ’lﬂlﬂiﬂﬂ!ﬂ@iiuﬂiTﬂm‘lﬂiﬂ!L@uu']llﬁqfﬁiqu TGA 40 8110

| 4 S 1B 21 1 1 1<) R 72

2



A
NINN

43

44

ASTYMN (M0)

Y
Wi
v v
anbaznumen e luTasunlyamdunminiuvenszmenszanedinndouuu
9 9 a J 9 J 1 Y Ia
fihe, dmedieames uazdn luaou t1enWAIUNADIYANIIAIBIANATOULLIL
499n31A (Scanning Electron Microscope, SEM) AIVENY 200 1NV 74
Y v
anbaznumen e lylasunlyamdunminiuvenszmenszanesinnio vy
Y I Y v 4
£ 1 undInNFIUMIFNA19Y AURA (1) FIUMIFEIN 1 AS3 (2) MUMITFAN 3 AT

v Y
(3) FIUNITENTE S BT s e s s s 78



1.1 anuiusnmazanudnyvesifym

a J [y 07 1 a 1
anunIntvesInemaasuazina luladsludvgiudawaldinaniswaun

[ @ a o L v A
Qﬁﬁﬂ’iﬂiiﬂﬂu‘ﬂqﬂ‘] ﬁ'm ﬂﬁ!t"llﬁ"lll!&tﬁ%ﬂﬁWGJJ‘LﬂNaﬁﬂﬂ!"VlchfillLﬁﬂ@@ﬂﬁu@ﬂﬂﬁWNﬁ@ﬂﬂﬁﬂl@ﬂ

v
Y a v A

Y A Y a =2 A 4 o Y wa A a vy [Y
gﬂﬂmsaQjmiﬂﬂmummqummmmu mlduennngu NUITUUDITUAULAD AUS Inadel

Y

vAa A

9 a 9 d‘d vAa A 1 d' ] [ = 9 d'd
ANUADINITTUATNUTUUANLAY (B GluQGlﬁTViﬂi3M!ﬂi@\ilﬁ‘l’iNNﬂﬁWNﬁu1ﬂW1ﬂNﬁNUﬁWLﬁH

Y
v @

9 v a ] 9 9 A 1 AAa o v A A 9 dy A A
voudulounazyia 1y ADINTTHINUANUYN UAITURTA NAITNATUMUTDUUANITY ANUU

'
A A va A

@ o a a o 1<
ﬂ']ﬁﬁ%)']\iu'lﬁﬂﬁ33JL!a$ﬂ']§W§‘JJu"IL°VIﬂIUIﬁ?Jﬂ']§Wa@]Waﬁﬂﬂl“ﬂﬂﬂﬁﬂﬂ@WlﬁHlﬂWT&’WW\i ﬁuﬂu

A 4! 9 1 A Y o a LY 4 [] d' ] v Aa S ¥
‘1/]Nm€)ﬂ1/i‘L!QTL!ﬂ'li’ﬁiNqu,ﬁﬂH‘WiJ‘lﬂﬂ‘UNa@ﬂmm IﬂEJTL!‘H’N?Z8$%N1H3J1uﬂ3°l/lﬁl'lﬁ1ﬁﬁﬁllﬂ

vAa

a Y am o Y a [ A = a 9 1 o Iy
AAAUITNITI IHHAAN UNTINOUAN T ANLAY Iﬁﬂﬂ”liﬁhfﬂigﬂ’luﬂ1§ﬂ']ﬂ“] W K19

= [ A

a @ s a { va a o ] 1 1 1 o Aw
aG]ﬂm“I/I’I?N‘ﬂEJﬁﬁﬁiﬂj@]‘WLﬁ‘lelEJE]ﬂ’N\‘]iHWHWE!E]EJ'NLLWiWaHJ !miuﬂ'li‘]le’]i]EJLﬂEJ’JﬂUW“]f

=

9
9 Y

A a dy a A a A v o 1 9 1 o [ a’j Ao
mgu”lwsmqmmuwmmﬂmiﬂiuwammmmmauum"l:umnmnmﬂﬂuﬂ aatiulumsive
v

Y

v AR A a d' o A d! =\ [ d' J a
asatisduuanafzihiyayu lus Ine seliasswaalunsinu lsauazanudsidensing
Y A 9 d’ ° YA o A a 7 .
pImsiufestios Tasayunsisziunldne nszaed1 (Fon19Inenaas: Kaempferia
Y 1 4

parviflora Wall. Ex Baker) MananniidunsemediaadiautialumssuguuanEouiam
1 o a o % . . o Y

sawnumatamsi luTasiouuailyamdu (Microencapsulation) Tagamnsnildaiuauna’ln

9

9
mstaatlassarsnelunazauisaflesnumsguidoihiunouszive uenaniiderieta

S o @ @ J
S2O2AIMINUTIBI ANUAIIVEIET uazdiasaniugumstaaaesas ldawdeanis
{ S { { 3 . <
Tag'luTaseunalgai ldvzidumslasuanimvesasiiiluveunarleglugluowds nay
1de58ada (binder) Wgaioi1d lulnsounallyannion Idinanmssadanudulevesin
9 E4

YA o @ ao A A a a 0 9 1 o & 9 9 a J
llﬂﬂ ﬁmimmnﬂmqumm’mﬂ‘n%zuﬂﬂhiummmmaﬁma PHE]WEJ WNINDALDTFINDT

Y A g 1 3 = ' Ao o @ dsl A
W']Uluaﬂu V]Lﬂuﬁ?u‘l]igﬂﬂﬂsluﬁﬂ‘lfuﬁlu@fﬁﬁ Tugrundudd IagasanuANUFUIINHIDUDS



v 9
a v A

1 A g 3 v W di’ IS ' Y a A A a @
TNWNY mamﬂ;%uiuﬁnwammﬂfmﬂunmummimnmmamw na E]‘]J“]ﬂll;tﬁ&jiﬂwﬂﬂu\‘]

9 ]
(4 I

& g [ 1 4 [ o I @ @ a
Fududuasreaouynd snnuiumsadvayuayulns Ineldidunisn nFemivayuliine
A 1 o 9 A =S Jq Y 1 =) &£
manzdgnitsayu Insuiinpasns hldmuerFweaz e ldlduninyasnsdnnianiie sou'll
TamsiauIgaaIMnssuaInenazinde e Idamisonaedunazdeoongaaia

alszmeae il
(Y] Jd a v
1.2 Iagiszasnvesmsive

Aa v d’ [ ng A v 09/' a A Y [
N13IYLT DI ﬂ"ITINGMHWGIjﬂGHuﬂlUﬁ@iEJ‘UENLL‘UﬂVILﬁfJﬂ’Jﬂqﬂjﬂilﬂullﬂﬂ“yﬁm%’u‘mﬂ
g’ o o Auw ¢ A
HIWUNBUISIHINTISHIIA M?@Qﬂﬁg’(ff\?ﬂLW@

Y v Y
1. @nrIsmaanainiuveuszenInnIzea Iagdsmanauaie leii

= = = Aa A [} ng A A :j C% o
2. ﬁﬂH1L‘]J5EJ‘]JL‘V]EJ‘]J‘]J?%ﬁ‘ﬂ‘ﬁﬂTWﬂ"liElllEJ\TLLL‘]JﬂTIL'iﬂﬂl@QUTNuﬁﬂﬂJﬁglﬂElﬂﬁgslﬂﬂﬂ"l
= A o 09, o o 9
3. ﬂﬂyWmimaau"lﬂﬂimuuﬂﬂcgamﬁvumﬂumuﬁamzmaﬂiwmmawum
3 FUANUANAIAY
= =l = a A [ og.l’ IS 9 A A 1 v oA
4. ﬁﬂi&l"llﬂﬁEJ‘]JL“I/I?J‘UTJ?%ﬁ“l/l‘ﬁﬂ'lWﬂTiEJ‘]JENLL’]Jﬂ“I/ILﬁEJ‘IJ@QN"I 3 FUANUANA NN UNHIUNIT
= % 2’ C% o
Lﬂa’E]°UlliJIﬂ5!@ullﬂﬂ%alﬁ%uﬂ1ﬂu1uu1’if]ll‘iglfﬂflﬂigclﬂﬁlﬂ'l

a eaj S 9
5. wam;mu“luamﬂmmu

1.3 auNAgIUMIIY

Y 9
o w o

1. T UoNTLHENT 2Nl sLansmMumsduduuaNG ouana19n L 08193

P AN INaANIEAl .05

o

9 9 a s Y} A A o
2. N”II%]WEJ WINDALDTINDT LLEI%N”IIILIEI@L! 1/1mumimaau"luTﬂsmugmﬂagam%umﬂ

A2 o v a

9
WunesziMenIzanea Nilscanimwmsduduuanizouananany ogniisdAynieada



1.4 VYOUIVAVDINISIVEY

v g’ o o a v Y g’
1. ﬁﬂﬂu'liJuW’f]ﬂJi%!’ﬂEﬁ]'lﬂﬂi%"]ﬂ‘(’lﬂ?Tﬂﬂﬂ%ﬂ1iﬂﬁuﬂ’)ﬂ]‘1@u1

~ =) a a [ g A A ~ A
2. WSeuneulse@n i sduduuuaNzaunsNUIN LaZLUANTILATNALIN

Y
£%

WU URONTSIHINTSHIYA

v
3. adeluTaseunalyaaduniminiurenszivenssyiediasundi 3 ila
A o = Ay Y a 4 9
NNINITANE AD NWI%]WEJ WINDALDTINDT Lmzm"luaau
=) = a A [ Qa: A A 9 a d' [] =
4. Lﬂiﬂﬂlﬂﬂﬂﬂi%ﬁ‘ﬂ‘ﬁﬂWWﬂTﬁEJ‘]JEJ\‘lLL“]Jﬂ‘ﬂLiEJ"U’ENW1 3 ‘BuﬂﬂWWUﬂﬁlﬂﬂ@UuliJTﬂilfJu
Y
uatlyaarunminiuvonssmenszaem
a 3 9 o Y A A [
5. Wﬁﬂﬁlgﬂ‘ﬁuﬁluﬁ@liﬂu!mﬂ NUIU T HA i]1ﬂmmﬂa’au"lﬂmmmmﬂcgma%mm

Y
CY ~

o o d'd a =) [ 09// = dd‘
Wiunenszenszanedniilszansnmmsduduuaiisodnga
1.5 mannaannlumsiag

o . N o o A AaA o a
N3ICV18A1 (Kaempferia parviflora) ﬂizamamtﬂuw%yu”lwimnummﬂiuﬂizmﬁ
Y Y a Wa 9 dy o A A Jd . .
LUATOU WU“@@WNU?D&?JWQU?'@U%H NITHIIATNNFDINVIFTATIN Kaempferia parviflora Wall.
' < . . [ 1 Al o oW A dy o
Ex Baker agﬂmqﬁ Zingiberaceae AaNHUSUANANNIAUFANUNITEEIITITUAINAD o luvesn
A A = g’ A R o K

° a9 M 9 = ' ' = YA
ATITHIYANVEUAANIYAINATI I ADUTADDNUIIDDUS 11‘1Jﬂu€]ﬁﬁ'u1lﬁu’ﬂﬁﬂ’] ﬂ\illﬂslf'ﬂ'l'] “NITVY

ﬁ’]”

:3 . = A dy 091' = 9 v A o
‘l;ﬂ‘lf‘lﬂ‘l! (Brassiere) 1803 EJfWIﬁQﬂiﬂlﬁ@%’u{lu‘llﬂﬂf]"ﬂ"IWﬁﬁi 1Faruldimesnu

JinsTensIanse uazileanumsvdensiu

A

Tulnseunnilygatadu (Microencapsulation) 11894 N5z UIUNITNVOUNAINGD

&4

9
aynngnvenulfedlugdvesuatlgadlonedwes dudunieg maflululnsunyga #

viailszuna 1-1,000 Tuaseou



% :3 o 09/' a "o
ﬂ]’iﬂﬂﬂ@!lﬂﬂﬁ!%ﬂ (Antibacterial) ﬁll']ﬂﬁﬂ ﬂTﬁEJ“LIfNﬂ?ilﬂﬂiﬂﬁ?@ﬂ?il!Wﬁwuﬁmﬂﬁ

dy S A 9 S A Y o A o ng o = J
LEDHUUANLTY IﬂEJ?H‘WITL!LLUﬂ‘1/]&3Eﬁ]%L"lﬂhl‘lJ‘1/11@11EJ“Vi3’681‘]JENﬂTﬁﬂ1ﬁ1u%@ﬁiﬂiﬁuﬂ181uwaﬁ

]
A AaAA 1

. . . IS o ¥ A A ' 1 S ¥
BUANLTYNLTENIT DNA (Deoxyribonucleic Acid) 11Nmnﬂmguﬂmieflumamaumgc]saa"lmmz

o 9 J A
madaelunga

1.6 NIDULUIAATUMTIVY

Y
AnuTMsanainiueNILIve

o =\ =\ - :JI
NNIFIYA szansammsdudaunnise

- - UANANNY
Anvimanaon Tulason

Y
ualgayunminiuronszive
o 9 9 a
nszanediasuuinge Mwodioa

4 )
N7 uazm"luaau

1.7 Uszlaminmanazlasy

< an \ [ @ oy o o :’ o
1. Lﬂu%’agamﬂﬁmﬂaumﬁmﬂ‘uﬁmiaﬂﬂumuwamzmEmﬂﬂiwwmuazumu
o Ao A a @ qu‘ - A
wouszvenseemnllseaninmlumsdvduuanise
o Y a [ 4 A 1 A 1 o a
2. ﬁu‘umgumﬂwammmmﬂw*muu”lwi"h/lﬂuaxﬁmmwuyjammmmqmuaz

a o J
nansumayu Ins Ing

A o A

I [ 9 A 031’ 9 A A o os/’
3. Wuudanssududanetlszinagadu luinhnsayu lns Inenldndoueduds

)

=h

ANt

]

i)

9 1

< a 3 Ada va A A 3 a
4, L‘ﬂuuuamﬂum'iwamclgﬂﬁmﬂluﬁmﬂuﬁuu WarweuaguMgaaIneaa NIy

QU q

a a Jd 9 1 av a 4 1 A
PINTU VY uaz“lmwmmiwa01uaﬂauazﬁwnwaaﬂqmmqmmﬂ‘immm



VN 2

[ £

PAAISHAZNUIVYNNYIVD

Aau A o 3 S o 3 S g v
NI1TIYLT BN ﬂTﬁW?MUW%ﬂ%UiHﬁ@iEJ‘UENLL”LIﬂVllifJﬂ’JEJ”lﬂJTﬂﬁLﬂulmﬂ‘ﬁgj’ﬁ!a%uﬁnﬂ

:’ o o Aw s A a [ oal o o
HIWUNBUISINYINISTIIA M?ﬁi}ﬂﬁgﬁ\‘lﬂlﬁ@ﬁﬂﬂTJ%ﬂTiﬁﬂﬂouuﬁ@ﬂJﬁ$Lﬁﬂ%1ﬂﬂ'§$°]ﬂilﬂ1iﬂﬁl

ad q'./ 9 oy = = Aa A [ 09./} a A 09} C% o
’J‘ﬁﬂﬁﬂﬂuﬂﬁﬂul’f]u1 WisumevdseansnnmsdudasuanGevo il une N LHeNTEH 1A

Y v
anvimsiadou Tu Inseuuatgamduniminiuvenszironszyesiasuud 3 stiaiuanaig

[
S 1

o = = a a [ Qs: A A 9 A A 1 1Y A
fu wazlSeumevdseansmnwmsdudauansove i 3 ‘]ﬂ!ﬂ“l/llmﬂ@]NﬂUVINTL!ﬂﬁLﬂﬁE]UlliJ

Y o 4
Tasouunlgaadunminiurenszimonszanesi Tlonasuazuideineidesdsse 1

[ 4 o
2.1 ANHUZNNNYNHAIAATUDINTSHIOA
Y
2.2 MNUYDNTEINY
Y
2.3 MSEANANINUNONTEINY
a c’oy ]
2.4 MIAATIEHHINUKBUITLHY
2.5 WoaLANANLDEA
2.6 lulasouunilgandu
[ 09.1’ S A
2.7 anvansalumsdudannise
2.8 Uszianuosidn

a J an
2.9 fﬂiﬂJ?ﬂ‘U!“ﬁfJ‘UWﬁﬂTi‘ﬂﬂﬁfN!Lag'ﬂWi'JLﬂinﬂ"lglJfJiJ"ﬁﬂNﬁﬂ@

Av A A 9
2.10 IMUYNNYIVDI

(Y] d o
2.1 ANHUSNINNYNHAITAIVIINIS Y18

=

NILWEA yﬂuﬁ%ﬁagﬂmaﬁ Zingiberaceae Tribe Hedychieae ©f)Q Kaempferia %0
Inenmaasn Kaempferia parviflora Wall. ex Baker (syn. Boesenbergia pandurata (Roxb.) Schltr.

(black rhizome)) (3%, 2548) 130153 8N0E1DUINNTEHIIAT NTUATEHIIAT ATLBIIUIT NUINYT



° A I AA o A A 9 '

a1 nszanaden Tagnuniousudalutoue@eld wounluvauazgaivestszmalne
] a =S = 1 [ dy d‘ v % a

217 Wi dwdeuaziu uaz ludruvestlszme Inonuilgniuinnlunundsiaas Wve lan

4 da'w % [ 1 = = ] = & 9
HAZIWYITY I u@ﬂ%WﬂuﬂﬂWUﬂQﬂﬁluﬂﬁﬁ’muﬂl NIYIULT AN Foe vy uaziFe9510 FIAU

Y [ Y 9
A A

nszeanzs Ay Ialaa luiungennszauimeadua 500 94 1,408 Alawas (15 uaz

U

YUAT, 2546)
o o 4 o
2.1.1 dnvaeiilmangnumansueensesom

o A w o v a A o 9 A a . ¥ o 9 Ia
NILIIAVANHAULVDIAIAY 2 1A AD 1AM TOAY (Aerial stem) NUAIAUTAAY
a o ¥ A A o Y g 3 A = 2
(Underground stem) (FIW3, 2546) adumHaauasinanauiluunuualmunse laulua
' ' 9 o 9 Y ' ! o 9 ya Y A a a
uasseuoIuuIYy Huunudau 1l bivanav daudrauldau mhinseig@u e luuun

' [l a < o
wumuummﬁﬁu%ﬁq (Sympodia) m%’umﬂglfuumNmuﬂmﬂm’amﬂumm !Lﬁ%ﬂﬁ"ll%iﬂllﬂuﬁ'l

g

A 1

a a I~ H o ]
uiteAuKIoveaen (AINg, 2546) Ty iWlulu@e) (Simple leaf) JnTI800NTBIAAD 10 1n

SBe

9

=< v I a = A A 1 a9 ] A d? a
VuILENONNN UL UD AT ﬁ‘Ui’NGhJLiJ@LﬁJLW]f‘lﬁl‘U’E)@ufl]$3JﬁL5113J3Jﬁﬂﬂullﬂﬂllagluﬂjﬁﬂluﬁﬂz

4

oo 119 lhiludiden vazluvualuaiiu dnvagluiugls daelududumay Taulogl

o S {3 < o w
Wl veuluSeudluaauwaniies veululasseuvziivawany duale dusvusluyu @5a

@

= 9y A =Y @ = =~ [ I Yy A dy
UAZUUNT, 2546) IHAHTOND Nﬁﬂ‘]ﬁm&mWWﬁ’Jgﬂ’NﬂﬁNﬁ'i’é]Nii’JﬁJﬂlJ“lJ‘%ﬂf]‘ULﬂuLﬁﬂ (IR

Y Y
' = a

Y AA o o = KX Ao ' “o w = 1 a
ma“lumqmﬁmmaaau AUIMNUNITDFAAIDOUIUDITAN (1T UATUUNT, 2546) FOADN LNA
! o 9 A A Y 9 > o Ao 2 a A =
NAIUVDIAA U UDAY numamﬂwu“lqu 2 6],‘U Gl‘]_lﬂﬁzﬂ‘iJiJm‘L!TL! 2 NAY ALVYI YADN

1 [} 4 ' J 4 [ 1<
‘]Ji%iﬂm 10-20 ADNAD WD ﬂﬂﬂﬁf]gﬂa1ﬂﬂflﬂi}$ﬂ1uﬂ@u Lﬁ@ﬂﬂﬂUTLli]ZL!ﬂﬂﬂﬂﬂﬂ1ﬂﬂulﬂu
= 2 = 1 = = I = A a o I
3navysenounne ﬂa‘]_lﬂlﬁfg 1 DAy Hagnauian 2 nay Iﬂuﬂ@ﬂﬁfﬂuﬂﬂﬂu!ﬂuﬁa@ﬂ

] Y ]

= a A A 9 =} @ = o

(MUNITIAL, 2545) NALABNUITNAUATINANNAVUFUIN INATAINNUDUAUNAUADN DUITY DY
[ Y] Y] 1 I~/ I

Tnddanevemasdnde e lutivuilnagy Awnasilugiidudie (Sirirugsa, 1992) s1milusn
taaianoonntenssaiu Inuvesr i ininnememsuazazane1msnusnalaiesn
A o 1 9 dgl I ~ 3 A A (=
Weasiunsnzaswluiuuniluiazaverns Tagwesoomilugieiniogl ludvuia
=) J g’ o w =) an o = a a d’d
301 “ININUY” (1TF UATUUAT, 2545) 1ITFINVDINTLHIBA WUNNMTITYAL TaNa

] 9 d' =1 [ 9 a 3’ ] A 9
Tugnauggru Tasmmeziolrunszanedazasanssuanihwuunlugiessezisuai



@ a o @ A Ay A a a 3 A 1 2 @ @
W’JLLEIZ3Jﬂ'li‘W@Ju'lﬂ'li511’EN‘Vi’Jﬂiﬁligﬂgﬂﬁuﬂﬂ'ﬁﬁ]ﬁigm‘UIﬁWufﬂ Lmiuﬂlm&ﬂﬂﬂ]ﬂuiui%ﬂ%'ﬂl
v v v 9 Y 1 Y
a 2 U a = Y o 9 9 Y A < 9 a o
Liul!ﬂﬁﬁlﬂ@‘Nﬂ“l‘]_lﬂlliﬂ%&ﬁﬂlﬁﬂ’l taz luuHInInuAIUANANT AN UFIARIN s YT

Yosaqruiy (BIUY LaTAME, 2530)
o 4 o
2.1.2 MINUTNITHIYAN

mﬂﬁuﬁ:ﬂﬁwmﬁw 5anazuun3, 2545 na1In nsznedvatgeenRus 31uun

£l

o a A a 9 Y a & Y} So o
ﬁﬂﬂﬂ1iﬁ\‘1lﬂ§]ﬁ“ﬂwUUiL’Jﬂ!“VIfJ\?Gl'U ﬂWL!GI,'U "llf]‘]JGl‘U uazmuamﬂiumm HONITINUINIULUNATY

~ =\ [ 9 o J o dyd
ﬁiiWﬂmWL‘Vm@uﬂuqﬂ 4 TRYNUT ANUAD

=

o [~ o @ a Y
2.1.2.1 ﬁ']ﬂwu‘ﬁflllllﬂ\i Wunszaean ﬁi“ﬂﬂﬂmuﬂNQQﬁﬂ ﬁaﬂymgﬂ']\i

q

4 A @ o W 12 1 A k4 [ A
‘wqﬂymﬁ@imuauﬂumwmmm]lﬂ Lmﬁmaﬂmzummq o muwawaﬂmmmmmﬂu

Y

1 9 9 a A 9 aaA o o ¥ 4 as ' 9
UN muwuﬂummm mumau“lmzuﬁmmmmmmq amuua:mu“lmmmmmﬂummm

F4
S =

S 9 I<TR= Y £ Ao 9 A o Y '
ﬂﬁJGl‘lJﬁSJ’NL!,mJLLﬂQLGUiJ ’mlEJuumﬂuﬁmqmn"lﬂﬂumamaﬂmmazﬁm ANULVULLSDDOU

U

F
= o 1 S

(K] 4 { @ [ { [ o
maﬂﬁﬁuﬂgﬂuﬁmwﬁumﬂaﬂ ANHULVOILADLHINANAINING 2.1 taztTuarenugnusin

QU a
@

' o A Y A o ' o Jdo Y
uwammwwu‘qau@] “HW’J‘UWLHJEJﬂ‘VI’Jll”]J’N “ﬂ'Wﬁl‘W‘L!‘lj‘ ’Jlﬂ”

o

[ A ~ I o A Yo a I 1 A Y] 4
2.1.2.2 ﬁ"lflwu‘ﬁ‘cl‘l_ll“llfl? UJuﬂﬁgGIﬂfJﬂTﬂhlﬂi']Jﬂ’J”INUEJllL‘]JLl@ﬂ?ﬂlﬂﬂlﬁuﬂuﬂﬂwu‘ﬁ‘
1 = 1 o Ao = QoA A 3 14 9 9 [
GlflJLlﬂ\‘i LL@%%Nﬂ?WﬂJLLﬂﬂﬁ1QﬂuﬂﬂﬂHﬂ!3"11@\1?(1‘1J Lﬂuﬁmlmu:lammuwumazmuwawaﬂu

o Y Aa A A a9 = A Y = = Yy =
amuummm"lumauﬂu ﬁﬂ1u1umﬂﬂﬂﬁﬂﬂ@ﬂllﬁll’3ﬂﬁﬁﬂﬁll IEUIDUNAVUADNTVUII DIUADNA

= o D) < iy

= = dy I =l g’ o ) ~ 9 1
VYIUIN ﬁmmmmﬂuamma'lﬂfnummmméuu ANHUUDIN 92T UIINANTUBIN TN T

Q

a,

[ A ' v Jdo Y 9y A J we’wd”é av 3dy
401N 2.1 swmgﬂmmwwu‘ﬁmw FIIUIULTYINIT “TIINUTAIUNY mimmnﬂmm

E] U K]

Y

7

e

9Jq 9 o @ c’dﬁ o =2
”l?ﬂ“lfﬂ336]51Elmmﬁlwmjummmiﬁﬂymﬂa’EN

Y
2123 @18RUENIZHBV1IMT0 NN NED nuTuegamth dnyuziAnA199In

A

o 1 <] @ A o @ a a
nizaededuniulada Ao Id1Auneadigueraimiouduas gailszunm 80-90 iwudmas. lud
= o A Y d? @ 9 4 I A A A 4
e ‘waq1‘1J34fm’ijmuaaumwwwmamu aonlluaantfan ﬂ?&luﬂﬂﬂ@ﬂllﬁ"lﬂflﬂ”lullu

Ja Ao o A

ﬂ@ﬂﬁllﬂ\‘lllﬂuij?%%}u m%’ﬂm@uuaﬂymzmmmuﬂiwmﬁw LL@iﬁﬁTu%uﬁﬂ@i@ﬂﬁﬁlﬁ%ﬁﬁﬂﬂ

1 Y v A dy LY 1 A 9 = A J =
NN T@ﬂum”lwmmm maiummummﬁmn FIIVIUIUTYNIT “DILHIYV1I” UATINAUNN



9 J
puniloununizmes nilizns uenvininaunazsamaduniloununszaedl w1atull
d‘ 1 a Y a 1 1 [ [ 1 9 1 =S A d‘ 1 1
ANMUFONMINNANTEH BV IAAA A UAULN ’J'luﬁ]gﬂfﬂﬂﬁ‘ﬂllﬂal‘ﬁ‘ﬁﬁﬁﬂ"l UTYNYONINI “TU

IMFINAV” N30 “IUFNNan” wuwnh duneuns ne Seandanuelan

o @ A IS A o Y g
2124 ﬁTﬂWﬂ‘ﬁqﬂiz%WﬁﬂMﬁi@’nuﬁﬂM Lﬂuﬁa;ullwww1mﬂ“luﬂwuu VYNNI

o [ [

9 [ 1 A 1 = 1 o T @
qigwuﬁ'lﬂum UAVNMUNIUIUNIINUAINThEan i'lﬂ']tjﬂﬂ’)'lﬂﬁ%"]f']ﬂﬂ']ﬂi%iﬂm 3-5 1WAl

Q

S IZMIINIAIFeR UM AT INgUIM eI INTZaNed anbuzdu lu tazsinmileununszany

o

! g 9 ' A A = A ! ) Q' g
ﬂ11’!ﬂﬂ5$ﬂ15 uatte U1 U AV 10910 NIA D0 U il UnaunenyIusulseniu

PINAIINTSHIYA

4 [ o @ o [ o Iy L
MW 2.1 ANHAULVDINTLHIMTIONUF IULAIAUATETIOR AW UT 1UITe)

o P [ a
(ALTUN T98INUND, 2551)

9 A [ o A 9 9 = [
() Tuauuunsenasly veanszmeararenug luuad (519) uaz luauuunserasly veq
o Iy o =1
NIEHUAAWHUT U (Y1)
v o 1Y L 1

@) luduanionesly vesnseanedianeiug luuas (1) nag luduaramsenesluves

o A =
ﬂi%“]f"lﬂﬂWﬁ"lfJWl!‘]jﬁl‘UlsUfJ’J )



o [ (
3) dmelumdvesnszanesianoius luuag

o [ A
@) amelumihvesnszmedianenug ludo
= A
2.1.3 MIANNYEANANTEHY

IS aw

vinmsaneiyanansgeluldszmealneg iusieaunsiselulasens BRT 18

=2 A Ia . . v
FIYNUMTANYINT TUNF AU (Zingiberace) IS"’]EJLQWTS Tribe Hedychieae Gll!ﬂﬁ%t‘i/lﬂ"lﬂﬂwll’ﬂ

Y

uilszana 10 ana A4 Boesenbergia O. Kuntze (9NaNILVY), Caulokaempferia K. Larsen (870

E4

Y A
ilszan), Cautleya Hook.f., Cornukaempferia J. Mood and K.Larsen, Curcuma L. (A @UNU,

= J
N3¢087), Haniffia Holttum, Hedychium Koenig (9QNVNIN), Kaempferia L. (ﬁf}ﬁlﬂﬂ%),
Y

Scaphochlamys Bak. Was 90 Stahlianthus O. Kuntze WenNNHeINTANE19INT 18914V
WU Nyenanszaelu Tribe Hedychieae 1 2 Ana Ao Boesenbergia spp. (ANanTzae) 1az

4! 1A = a o dyd 1
Kaempferia spp. (ﬁf)ﬁ!ﬂﬁ%) FINUNNYANA Boesenbergia spp. U 13 YUA uaﬂummuumg 3

a ad A v ' .. 1 = = ao 1
FURA VIL‘]J“H‘WGHW‘H‘E‘GIMM (Sirirugsa, 1992a) 4asNA1IDITIHNIUNITANY1IVYVUDY Larsen (1993) N

=) a 1 o o =S a Ao [ A [
WUWGM‘TQQﬂ'i5%18‘]51!@1143Jﬁ11’iiﬂﬂimﬂﬁvl‘ﬂEl’f)ﬂ 1 YUA WUNWIHIANTEY Lgazﬁlu‘iwznamﬂ
11 Lasen (1996) 510U IWUNTANA Kaempferia spp. 31UAU 15 Wil 1ag d4Na Boesenbergia

o a = 9 a =t a [ [
spp. WU WU 15 ¥iia uagluil a.e. Larsen (1997) 1@s1eaumnuyiialuidn 2 il andavia

= v ¥ 3 yy g L

INBIYIUASHI W'ii’)ll‘i/lﬂllﬂﬂ”lﬂﬁf}a Curcumorpha ]‘lﬂlﬂuﬁ’ﬂﬂ Boesenbergia @IUNTTHYANA
. us.t‘ 1 Ao a o L:lyd ] A Adg A @ o [l
Kaempferia ~ spp.  WUWURI WU 15 ¥iia tazludmauiied 3 siandluiywug v
L. = [ ~ ' A =
(Sirirugsa, 1992b) vauziaenuaou 1ull n./.1998 Lasen FNUNNUNYAN A Kaempferia spp. U

Y3211 40 ¥UA 1A AN Boesenbergia spp. NUizual 60 wia tag 4 1 Ao Jenjittikul and

= k4 A dg‘ = a
Larsen (2000) 39 \WU K. candida Wall. \uAU9Dn 1 ¥iia

[ [l a3 A A . . Y = < Qy
!WI’E)fﬂ\il’liﬂﬂﬁJW‘b"NﬁéUﬁ“ll’ENhlﬂﬂalu Tribe Hedychieae ulﬂﬂJﬂWiﬁﬂ‘HTﬂU‘Vl’Julﬁﬁﬁ]ﬁu
9 a Y =2 A U dy d! A
wanseunm 5 ana wazllseunm 55 ¥ila IﬂEJWTJ'J”I‘]Jiy,W”Iﬂ"liﬂﬂHTWGD'ﬂQMH']J'iSﬂ”ITHHQ 9 N7

o oA A s A o = o 1 <
Bll’lﬂllﬂauﬁ'J@fﬂ\‘]W‘]fVlﬁi]uuﬁﬂ\llw’E]u'lﬂJ'lﬂﬁgﬂ’ﬂ‘Uﬂ'ﬁﬁﬂH’lﬂQﬂa'n (W'J\T!Wﬂ]u, 2544)



10

] A o 9 s
2.1.4 asswaauazaruininnlglss Texiniaen

Y a

% o o & A Ay Yo a [l Y 3
Glu“ﬂi]i]‘]J’L!ﬂiz‘]ﬂﬁlﬂﬁ]mﬂuv\l‘b’ﬁuuqv\li‘ﬂllﬂ3Uﬂ’ﬂﬂJuEliJ’E)Eﬂ\‘iﬂ’ﬂ\‘ﬁl’ﬂ\‘ﬁ/]\iW‘iJiIﬂﬂ

U

[

P A A v o o o o Y9 o Y
me’Nﬂ”l’i!,LW‘VIEJLLWHLI‘VIEJ mi1zmmmaﬁmmimﬂumm;qm N ‘]Jﬁqdﬂ’ﬂi] Llﬂifﬂﬁu tUnau

a A 1 9 9 o Y a = ddy a 1 v
YU BUUTHIDN umma“luﬂm wﬂﬂawmmunﬂumu N?Wiiﬂ!ﬁgﬂﬂ@ﬂﬁﬂﬁlﬁ Juilaeane
v y oy o & va A v
uA Isansemie uazalianed (Wuas, 2549: 60) uAHBNIEY NaANADY UNUAYNLIADA unlae
9) 9) a Yy ] o A o 1 A 1
muﬂluwm NvILAU LLﬂ"]ﬂWHﬁGUIJJEJ“luLﬂﬂ GH?J@I15‘1JEJ"ILLNHT‘]J§1‘ENW§EW]”I§131M 108 91921
o & Y a £ dyw = [ a Y
ﬂiz%1ﬂﬂ1gﬂummqamuwuﬂwm L!ﬁ$u®ﬂiﬂﬂUENiJﬁ'iiWﬂm‘]ﬂﬂlﬁﬂJﬁiN’diJiiﬂﬂ1W‘1/]NLWﬁ
I o Y1 1 v dy 9 o o o a
llﬂﬂ ‘Vncl,‘l/iiﬂﬂﬁJﬂigGlﬂJﬂi%%’JfJ GU’JEJW‘IJ“I{J@Tﬂﬁﬂ”liJGﬂElﬂTL!LLﬁ%iJﬁq\iﬂ”muﬂ (‘]Jiglclfiy, HaggInwu
=) 3 v A o 9 1 =) 9o
R 2542: 134-138) fJﬂT]\'iEJ\‘]LWﬂJ@E]iTiJH‘V]NLWﬁUlﬂ 33 % (3J1ﬂﬂ’311ﬁmﬂ1‘l’iﬁ) !Lﬁ$1“b"iﬂ‘]sﬂ

Y 9
Tsawnrnula msedasswgulumsasihmaludon (Fanuiin, 2544: 41-44) Tunszanedids

Y 1
Hiiunenszine FalinuaniandeInsynideniiunes (Ross and Brain, 1977: 185-176)

'
v I

2.1.5 @15@AUNNUINNTSHIIA

o

A Y o Y 1 & A = 9 =
ﬁ"lﬁ‘i/lW’]_l(lul‘ViQTﬂigGlf"lfJﬂ"l "lﬂuﬂ borneol, sylvestrene FINGNTAWITOATUIATNUAL

IS 4 = Q‘f v
15 5,7- lawsendnai 19U (5,7-dimethoxyflavone %30 5,7 DMF) Saligniaiumseniay

E4

Ao a o 1 1 d o
UININUNTIBNUMTIVgVDINTINeasveuLnu 113 2547 wunaswinwar Trueea $1uu

[

9 ¥HANT N U T3 5, 7, 4 - trimethoxyflavone, 5, 7, 3, 4 - tetramethoxyflavone, 3,5,7,4 —

9

I 9 % o
tetramethoxyflavone Wuau (amuuﬂmmmmmu"lm, 2550)

2.2 WINUTONSTINE

Y
&% 2a

o = a AdAN A 1 I~
HIWUNBOUISITY AD ﬁTiﬂi%ﬂ@U@u‘ﬂ‘iﬁl UNAUNON IZINUNY Lﬂuﬂlmma’ﬂﬁ"lmm
A A A T I ~ a & AaA 9 dgl = o 4
NIDUTLVADIDDU LlﬂSLﬂuﬁ"IiWi]ﬂBmllGIfu@ﬁuﬂ‘ﬂW‘Ifﬁ'i"l\iﬁllu MNVUIUNTBITIUATISH

Y
[ a 1 4 1

(Biosynthesis) uam%ﬁﬁuuummzwmaﬁ U Tussaauuaoy (Glandular hair %390 Glandular
4 ] I g} o .. 7
trichomes) VOINBIANZINT (Labiatae) wulugeunuiiuview (Secretory cavities) VOIN YA

A o (] 1 < 3’ @ 1
gmaﬂmuazﬁm (Mytaceae L1as Rutaceae) wuammgiummuumu (Secretory canals) Gluﬂtjm



11

Y

Y] < o
AuANTUAZIUQINA ( Apiaceae 118 Asteraceae) W THtradii

C%

. A Ja
U (Oil cells) YDIWBIAVILLAL

% <} ' ' 1
M3173 (Zingiberaceae 118¢ Lauraceae) vzinuazay I3 ludiud1eq vosiiy isuaon a1 1y

Y o Y

a A s & & ¥ & 9
NAVLAYN WA LR L1UD Lﬂa@ﬂllu AU 31N LLAZINN !ﬂu@]u

v Y
Y KX A o

:1 % A A I 1Y A A o
Iﬂﬂun\lu‘WﬂlligwifJ‘VIWGlfﬁ'i1\1“1]Llllﬂ'ﬂllﬁWﬂﬂlLLale}uﬂﬁz]ﬂ%uﬁﬂ@u‘W%LW@‘ﬂ@ﬁﬂu

9

] 9
A

A == dy = a = ! [] =3 = A 9
WHIINLUUAI HUANLTY LFDTIT LAWYV UADU lJﬁ’JuGIf’JfJﬂQﬂﬂW\?ﬂi@L!NaﬂuﬂﬁNﬁmﬂﬂ’ﬁﬂﬂﬂulu

= a Y [ A ) Y A g . . 09// o 1
UANMUNYIVOINUNTEVIUN T ETHIH Ty Biological massager ‘VN?N%'JEJ?T?JTL!LLWﬁIu

dy A A I 1 [ ) dyo.l v A =2 oy A
RN LaziuLraIngIanud1od u@ﬂ’ﬂ’]ﬂuEN@'HJ']ﬁﬂﬂﬂﬂﬂuwclﬁnﬂﬂ'ﬁqmlﬁﬂu’llu@ﬂﬂ’]ﬂ

g

9 Y 4 a
ANMNDINIATDULASUNILAL (FI09, 2541)

' 9
22.1 auauian llvenhiuvenseivo

Y Y
2 Q/

a 9 J = 2 q'.l = oy £ = ~ o
¥IaN (2541) ]lﬂﬂﬁTJﬂQ ﬂmﬁmmm"lﬂ‘wNmmmumummzmﬂ UANUHUIUUYIDUY

Y
o w A

1 1 I~ Y A Aa I
'ixmﬂmuiwﬂujuﬁmumﬂummmm NN UNONTLHINANTU NI HAN a0 1uiTu
= . . YA Ay ~ A ' '
VDILUVINAUY A (Semisolid) Sglﬂﬂhlﬂ\‘ﬂil‘l/]@.‘EMTi{]llﬁﬂﬂ HYALABADYTSHIN 150-300 @371

= ' 1 A A aa A 1 19 a3 oy o Y I
LERLY T mu“lwmufnz”lmmm@mmmmama@u memuumuwamzmfJ"lmJunmmmz

a aaa a v A A 4 o 9/3’ v AA 9 421 A A v A A
Lﬂﬂﬂaﬂiﬂ1@ﬂﬂ%m°ﬁu 119® Resinification mnhdulF@vuyy Inaummnzal danunila

Y
o ISP 4

Apud1ed daulvglinnuruuniudesnind snun198unzegsz1iing 0.842-1.172

awnsornmuae 1@ Taawiinnimuas (Refractive index) getiszanm 1.5 aza1eldludaih

Aa Al o ' = J 4 Y Y N Y Y 3/
axmﬂaumﬂm"lﬂ YU INDT LLDANDIDA uazmmmazma”lﬂu"lwu Lmﬁ%ﬁiﬁlnlﬂu?JﬂGlLlHW

Y 9
C% [

A Q' A A o = OZ = d! 1 1 =
uaz"lumﬂﬂauwu u@ﬂ%WﬂuuU\Juﬁ@M‘i$WiEJEJ\‘]MﬂmﬁllUG]WN‘IS'JﬂWWGINIﬂEJﬁ’JuGlWELJWU’NN
= v A 1 = A o 3 Ay . . = <o 9 Y
ANITNIUNTVINYT LBU uﬂmauumﬂumsaumwa (Antiseptics) HYNTUYVAY uﬂﬂ’smmzﬂizqu
1 I 9 oy o a A I 4
seuvdszamaiunars iuau vazihdunenssimoratesiailse Teru luniamsunnduas
o o & = < 091 o 1A 4 A A
qInUTUIUA G]f\“l’l’i'lﬂﬁﬂ'HTfJ\‘]ﬂ‘]J§$ﬂEJ'Uﬂ'lElbluu'liJuW@ﬂJiglﬂﬁﬁ]ZW“U'JnJ@\?ﬂﬂiZﬂ’f]‘]ﬂ/]'l\i!;ﬂﬂ‘ﬂ
o o 9 1 (B 1 1 = = [ o
aayusULEoU ﬁﬁu“lﬁﬂ]uﬂﬂﬂgﬁluﬂ@ﬂ Terpens @& Phenylpropenes  H%IN1THIFIUATIEHUD
o d 1 o L4
Terpenes UNTZUIUMITTUATIZHRIU Acetate-Mevalonate pathway AIUMITFITUATIZHVDY
9
[ g P . " o W
Phenylpropenes 1@vnmsdans1z¥irIu Shikimic acid pathway FIUTOUUIUINUNBNTSIHIATY

4
v A

a 4 [ Y 1 [}
wilauesosnilsznounan 14 4 ngulng) sl



12

Y A~ 4 @ 3’ % a
2.2.1.1 Terpenes ttazoyviug iuesnsznovranlininiuveuszianounnasiia

9 9 d" A =y =\ A o o
ﬂﬁ%ﬂﬁ]ﬂﬂ?ﬂiﬂiﬂﬁiﬁ“ﬁlﬂj?ﬂ o ll’é]I“]f‘]Jiu (Isoprene: C5HS) HASNUUYUIUNTFITUATISHHNIU

4

= a Y A =] ° ' ~ '
Acetate-Mevalonate pathway GINi]311Iﬂ‘iﬁi’f‘iN‘ﬂGlT‘iiUu"11uﬁmi]1u3u?iuﬂﬁlﬂlfldh161%ﬂimma$

VoA A "o 0 q Yy Y Y o=t
NUIINIFOUADNULLUD Head to Tail Tlﬂﬂllﬂiﬂix‘]ﬁiNsll’fNﬁ"l’iﬂizﬂ?J‘]_lsUi’Nmf’Ji‘]JL!G]N"] NH PN

A A
NINN 2.2 LAagAI1T1N9N 2.1

HyC H

o
.-'C 7
H,C”  TCHy

M 2.2 Taseadevealo Tal5u

d' a o
M1519N 2.1 ¥UAUeIa15UsENoUmNeIT U

A faumiielelewiffu  Swnumsueuszaen  gasluana
Hemiterpenes 1 5 C,H,
Monoterpenes ) 10 C,oHy
Sesquiterpenes 3 15 C,H,,
Diterpenes 4 20 C,H,,
Triterpenes 6 30 C, Hyg
Tetraterpenes 8 40 C,Hy,
Polyterpene >8 >40 (CHy) ,

J [ ] oy @ % [ 1
mﬂﬂizﬂauﬁauiwmumaauwuuwamzmﬂuﬂ%gﬂumﬂuﬂqm Monoterpenes IUag

g

v ’ A v g’ o [/ v
Sesquiterpenes Mz a3 1UNGN Terpenes Hazoywug Niinnuluihdurenszimentiauily 3 nqu

[

1 dy
Y98y AU

N) Monoterpenes (C,H,,) sznoudne Isoprene 2 11178 1501 10-Carbon

Y

9 yw 1 A o w [
Skeleton TuTas9d319v09 Tuana HonNUSINATNUTAINAUDNIZYR NI URDUTLINY 1A



13

a % 1 09: I v J { a aaan a @ v @ a
ASYUA G?\?ﬁ’lﬁlﬂa']uu!ﬂuﬂiéwuﬁmﬂﬁ Terpenes ﬁlﬂ@Fl]'lﬂ‘]Jg(]ﬂifJ’l'fJ@ﬂ‘]ﬂﬂ“]fu-?ﬂﬂ“]fuﬂi\‘]‘Uiﬂm

WUBZAUDI Terpenes IAf

v

o w { I 4 [V
A.1) Alcohol volatile oils A0 11T UMBUTLIMENT Alcohol 1WuBIATETABUNEN
1 09} o Qy I . . oy o
1Y Menthone NUINUNUA Citronellol Lag Geranoil 1MNUINUADNNHATU Ol-terpeneol IINNA
I Y
N3z 1iluau
oy % { I 4
n.2) Aldehyde volatile oils A® 13 UNMONTLIHENI Aldehyde 1Tupntlsenou
Y
WAnN¥U Geranial neral L1a% Citronellal 910 Lemon uaznuéf
. . S ) I 4 @ 1
1.3) Ketone volatile oils H@1591M730 Ketone  1luesnilsznaunan 1wy
v
= 4
Menthone carvone, Tipertione pulegone, Camphor fenchone {la& Thujone 91NNITYTLATHUA
. . <) o I 4 @ ]
1.4) Phenol volatile oils N&1531WIN Phenol 1HuoiAUsZNOUKAN 1¥U Thymo
v
carvacrol ﬂ1ﬂﬁ1ﬁuﬂ1uwg Thyme oil, Creosote, Pine tar i1 Juniper tar
. A . = o . I 4 o
f1.5) Phenolic ether volatile oils Ha1591M30 Phenolic ether 11 109ALUIENDUHAN
[ g} @ oY z
1% Anthole 910115U 11)onn
. ) ARG o . I~ J o ' .
N.6) Oxide volatile oils UH15I1WIN Oxide Wueanllsznounan 19U Cineole 1u
09’ U =) (%3
Wugaalaa
3 . = o I 4 Y] 1
1.7) Ester volatile oils N&13531WIN Ester 1Ju03Alsenounan 15U Methyl

salicylate wulu Wintergreen oil

' (] ' ] Y . 1
mﬂuaqn Monoterpenes mmmumgﬂmqmaﬂ”lﬂﬁﬂ Ao Acyclic monoterpenes ¥
myrcene ocimene Geranial geraniol 4@¢ Linalool, Monocyclic monoterpenes [6i& Bicyclic

monoterpenes U Thujane carane pinane camphene ii¥ Fenchane group

V) Sesquiterpenes (C,;H,,) U32NOUAIY isoprene 3 N1i18130 15-carbon skeleton

9
9, v v A A

I J o w a
TuTaseadeTuana ifluesddsznoudidgluthiuneuszimainounnyiia dnigadoagad

g Q U

2

b

[

a A 1 . . 1 1 [~ 1 1 1
ONTWAND organoleptic properties Lmﬁ@‘c’lﬂﬂ monoterpenes LLUQLﬂuﬂQMEJ@EJll@g]} 4 DU AU

acyclic sesquiterpenes 1% farnesol 14a% nerolidol, monocyclic sesquiterpenes 11U zingiberene LIQY



14

Ol-bisabolene, bicyclic sesquiterpenes I%U cadalene vetivazulene caryophyllene, UQ% tricyclic

esquiterpenes 1% aromadendrene

f1) Diterpenes (C,H,,) 5znoUaY isoprene 4 118 1130 3 20-carbon skeleton ﬂﬁj
9 ] Y 09} % a
lulassadeTuana 19U manool 1% sclareol diterpenes WU 1d TuiiiuvioNszIMeU19%iln

' 3 K% I J o w . =
MU LL@'I?Jﬂ‘W‘]JL‘IJH’ENﬂ‘]JS%ﬂ’f)llfﬂﬂiyblu resins INNY

@

4 [ d
2.2.1.2  Phenylpropenes HaoyWUT HYUIUNIFITUATIZHAIY shikimic acid
2 . = 3 . . . . .
pathwayiﬂ&l!,’i 4970 phenylalanine gmﬂaamﬂu trans-cinnamic acid 19 phenylalanine ammonia

I 1 '

o 4 @
(PAL)  phenylpropenes '5@11Jummm;@mmmmm cinnamic  acid  IAF9E31aMaAUDY
v . . a .ooA ! <
phenylpropenes Usznovaie C, aromatic ring ¥ side chain N C, [%¥U benzyl acetate 11l
J [ oy % a . . < J
aendsznovuvian luihiurenseiionsa 11ae gardenia oil, phenylethyl acetate 1Huo9AlsEnoy

Y
Wan Iy uouILIeae¥Ua

. . < a A daa J -

2.2.1.3 Aliphatic compounds LﬂuﬁWiﬂi%ﬂ@‘U@u‘ﬂﬁﬂ UATTUDUBECADUADNUAIY

o A o A A o oA v v g Y A = Y . . ]
‘W‘Ll‘ﬁgﬂllﬁ'l‘ﬁﬁﬂllllﬂllﬁ? LﬁfJ\‘]ﬂ“l’Jﬂulﬂulﬁu@ﬁﬂﬂi@uﬁﬂuﬁﬁﬂ "l,ﬂl,!,ﬂ Aliphatic hydrocarbons %4
1,3-trans-5-cis-undecatriene Li01¥ 1,3-trans-5-trans-undecatriene yanud 1ﬁmussiaﬂ§umm galbanum

g’ Y 4 A v A 1
oil, aliphatic alcohols WU T iU ONTLHEANIUIADS AL mushrooms UNAWRNIZAINIGTINI
earthy-forest odour , aliphatic aldehydes uanud Wﬁ'ﬂlﬁl‘@ﬂauﬂlmﬁﬂmm 1% n-octanal n-nonanal
n-decanal 1182 n-undecanal WUl citrus oil, aliphatic ketones 1% 3-hydroxy-2-butanone (acetoin)
1Az 2,3-butanedione (diacetyl) INAUIVL buttery aroma, aliphatic esters UANNAIAY AONAUUD

W10 TANUNR2 1UauFTTUA 19U trans-2-hexenyl acetate

=R

9
2.2.1.4 Miscellaneous compounds ugrgny lusiniurensemeuasila uaniaiu

Y

o Yo w A o @ 1 . . ! . .
mldidureuszimelnaudunzaa 1wy sulphur-containing compounds (%4 allyl isothiocyante

Y
wulu mustard oil, allyl sulfides wulusifunszifien Tunegaamnssuaz 19 synthetic sulphur-
Y

containing compounds 1WO135113INAUVDIYY galbanum taLITUKONILINY WAL, nitrogen-

b4
Q/

containing compounds Hausliiurenszmelinaummed 15 indole taza1sUsznou



15

v Y
WN anthranilates Wy luiiuvenszmeaondunaziiniuvonszine vzalunegaeaunssuoe
9 & A o 2 o w
1% isolated 1150 synthetic nitrogen-containing compounds woys ‘1J‘]J':; INAUUDIUINUNDUTSINEY

a a 3’ o J 4
JzaaIUAY (lavandin) a1 petitgrain oil, coumarin wulu dhuveuszve alidaruaes

2.3 MSANAMINUTONITLIVIE

14
o o

F4
msanaihdurenszieliva1s3s madenldyuegiuriavesiynazsiinvos

AaAa g 4 £ ax o A 1 o o Y 9131 % A
ﬁTiWﬂﬂHLﬂMﬂLﬂu@ﬂﬂﬂizﬂﬂﬂ m’gﬁmsaﬂﬂmmmmﬂmwﬂw"lﬂumuwamzmsmu

4 [ [
NG ERAIL N8 (R IGEY uazﬂmmwummqﬂuﬁaa
o ] I~
2.3.1 mMsnau (Distillation) t1190ONTIW

9
23.1.1 Water Distillation 130 Hydrodistillation #% taz1i1gnussq 13 lumwus

9 Y
@eriu uaz 1dsuanuionlasas s hiunenszieazesnuindonny lorh udrgnatuuiv

k4 2
%

v d Y :’1 g’ 4 Qv . .
ﬂaﬂlﬂuﬂ]ﬂ\uwaj LHYINAIDDNNIVINBTUUN ﬁﬂuﬂu’mﬂﬂiﬂﬁ!ﬁﬁ]ﬂﬂiz“ujumi Hydrodistillation

Y
lumsanaiiiuneussIMenIHean

Y

2.3.1.2 Water and Steam Distillation ‘H?’e] Water Steam Distillation ﬁ%uazﬁwgﬂ
Y ' A

Y = (% 1 3 Y 9 @ ~ Y 1 I ] qaj A
m3ig"lﬂum%uzmamuumwﬂ%u Gl‘l’iﬂ’NiJﬁfJ‘LlﬂUuWﬂﬂE\j‘HuﬁN%uﬂﬁWﬂlﬂuq’ﬂ ATUBUNY

Yy o S o 1 9 ¥ ' v &
WIBDUNUN hl'f]ell'ﬁ]\iu’luuﬁﬂlliglWﬂﬁuiJ’lﬂ’lu‘UUGUf]\iﬂ’quug Llajﬁ\‘lgﬂﬂgﬂlluuﬂaﬂlﬂu

9 Y Y
o o

Y
VYDUNAD HINNUTTHINFUIINUF UL U ONT LY

9
2.3.1.3 Steam Distillation #30 Dry Steam Distillation ﬁmﬁﬂu Steam Generator
£ Yo a 0 Y < 1 % ~ A :’ o
m"lﬂiuqmﬁguﬂizmm 150-200 C LLﬁ’JﬂﬁWULﬂuhlfJ WIHUIINITUENDITYINY WW“@"U@\‘]UWNH
v 4 ] Y [ 09.1} g’ o
‘H'BJ?J?%WTﬂﬂﬂﬂﬂ?ﬂ?ﬂ!ﬂ?ﬂﬂﬂ?ﬂl!uu uéj’;ﬂamﬂummmm HeNFUIINUINU BT ZIHe 11

MFULT0ITU

= v 9 !

24 P , H
23.1.4 Hydrodiffusion loihflianuauosnd1 0.1 115 uwsadlumsuziugsy

A 9 @ 9 [ 9 = [ = [ 9 gl o
W%hl’J Tagodois e Tuun9veslan HAININBUAIULEAANTDIINE ) UTHUNDUTSINYITHN



16

9y
%

1 ] [ 4 1 {a "9y 1 J Y 3’ o
mmu”lﬂmm?mmmmuﬁmmaﬂmumwmmﬂfu:mmﬁ%ﬁ UadUIUUNBUISINYISLYN

U q

Y Y Y
FUDONIINTUUN UM FULTDIST

. N 0 A vy A A a
2.3.1.5 Destructive Distillation Ll”l!,’f)1!14@llll3J1LN”IG|,H1/I‘1/IIJ’E]1ﬂ”Iﬂ]‘13JLWENW?J INA

Y ] 4
asazaneeoni ¥n ¥ uNe11uI9F Pinaceae tiag Cupressaceae

) [ 3 { % {
232 Enfleurage lagthinauasnaauuidusuuie uunszan andevudle lusiun

H £
G 1 a o

A A =~ 1 . A [} g‘ 9 A 1 a A @ 9
"luuﬂau 138n71 Chassis W30y W0 un luseive ‘VNVI,’J 2-3 U Tii@ﬁ]uﬂ’ﬂ%%tﬂﬂﬂﬁ@uﬁ’)hlﬂ
FY ) [ 1 9 Jd A = QIQ' A A v A . A
Pomade 127 UIUENAADAIYLDANDIDAUIANT UME‘N‘VIL NI Absolute ¥i3® Extrait 130
Y A A 93 o Aa A YA o A o A A
Perfume U9AYDI Enfleurage 79 hlﬂuﬂlu‘ﬁ@ll‘i%!,'ﬂﬁmllﬂauiﬂmﬂEJ\‘]ﬂ’]JW%’JGlQﬂ‘UiHﬂﬂ’Q(ﬂLLﬂz

"l?fwa Nan (R 171 Distillation 118 Extraction

233 msanadiedaiiazate (Solvent extraction) lagianAIiazatoNszinod1e
. b . ( . .
(Volatile solvent) aslumauziussyaenld sunamsaareiauysel udrvailiszimenie

v @

fiaahazate Taeldgungiidwaz luszuugaane1d Concrete %30 Resinoid 1190«

g

Y J

2 Y 9 4
PudlouTasdndmatenisdisueanogeausqns aula Absolute

2.3.4 Supercritical Fluid Extraction (SFE) mynzauiuansh linuanudeu deulsy
<3| v o 4 ] A Aa [ a 1a
Supercritical carbon dioxide (Hu@diazate iesnn ilinaunazsaa Liduny liaa’lv

= A o = 2 gy 7’ A YA A 9y o R o w Y
UANUURUAAN i]\?ﬁnJﬁﬂLWﬁﬂ“]ﬁJL"lm;flﬁ]mﬁ G]fllﬂﬂ HYARDAADUUNNA i]\iﬂﬁ]ﬂf]@ﬂll@\‘ﬂﬂ

. A A o A = o A @ A
2.3.5 Expression 139 Cold expression Taamsrinlaenwan1duoarisonada 1o
o I A usj Y (a J :’ % a Yo 1
mmamaa‘wﬁu%u Exocarp Gl’l’iﬂi!mﬂ%uﬂﬁﬁ]ﬂu1hu1’i@uim’ﬂﬂﬂ@ﬂu1 u&u“hmumuwamm
] 4 4 a
ﬁ%ngaﬁm IBU 1UDTNINOA, Grapefruit, Lemon 8¢ Tangerine Lﬁ’fNMﬂ’dﬁﬂiXﬂmJﬁﬁWEJ“HL!ﬂ

Jd o a e 0 v 9 s v Jqy
‘luuTﬂJuﬂﬂﬂiglﬁﬂm@QWﬂﬂWaqu gﬂV]']fnﬂﬂ')flﬂ’cnllﬁ@uﬂWﬂﬂWiﬂauﬂfJﬂhlﬂuwllﬂ

® S @ @ 3’ o J
2.3.6 Advance Phytonics 161951 Phytosols Wuaanae 11U UHeusSIMeR 0NN aa

A d! ] d' 1Y "9 1 4 ® =2 9 ] o A
WY m%agiuﬁmummmammmﬂu"lmu@ﬂﬂm 4 117 Phytosols SUNTNFNUFLEAANY



17

Y

S o Y = I o YA Ay @
LAgas1gdTIUINUNDUISLTTIDDNUN ummﬂawgﬂuuﬂaizmﬂaaﬂ"lﬂ"lwqmwgmwmuawu

UssemAlna
d Z U
2.4 MIAINTTHINNUTIONILITE
ada '3 14 = 2} & = as 1
I UATIEHMIeInlsEneuvesasal luiihiurenssive Trateas s

a 7Y Aa . <3|
2.4.1 msansenalelasun Innsmiiuig (Thin Layer Chromatography; TLC) 11l

[
ad A

' <3 9y 9)3 a a
FMY ASAIN 'J"]ﬂLﬁ')cl‘lﬂlﬂi1$Wﬂﬂﬂﬂ£“ﬁ\1ﬂﬂ!ﬂ1wua$ﬂﬂﬂm

[

a <Y %) ~ = o
242 msunsenaeund 1asu Inns i (Gas Chromatography ; GC) UANUNIAY
A = = o = Y1 A = o
wazfouuinlumsAnsuneInuasUseneunszive lade IHBIIINNUANNIUNISLIISINGN
a EL a 4 Qy A . . [y v A Y . .
uﬁmwamiamiwﬂugﬂmwwuwmﬂmm (Fingerprint) ﬂi]*’g‘]_luumdﬂf Sampling technique

¥ 1 I Y
(38731 Headspace Analysis Method 11819 lanaufiNno34 (true odour) AZAATUADUMITIAS BY

f10819
a J Y 24 =) (Y =
2.4.3 ﬂ153lﬂ31$ﬁﬂﬂﬂllﬂﬁ1‘ﬂ'ilﬂI“Vlﬂi'W\l ﬂ?ﬂﬂﬂﬂllﬂﬁﬁlﬂﬂiﬁﬁlﬂ‘ﬂi (Gas
Chromatography-Mass  Spectrometry ; GC-MS) mmiaﬁq%ﬁmﬂﬁﬂya‘fuazﬂ?mmmm

a P 1 (% ]
assenoudunsdnssmelddisnazszvie Idlhunareludredaasway vazlinanis

Y
4 o

a P o < S 1AM A 9}4449} a o

’Jmﬁzm/mmmmmwmzmqq 37991137 uazauyﬁmmn‘ﬁauusmalm‘ﬁuglumi’smiwwm U
A A 9 o o ' z Y} =2 A

NONTSLHININNEA !,1!E]\1{1]1ﬂﬁ"llﬂﬁﬂLL‘iJa‘lJE]llu'm]Wﬂﬁlﬂﬂﬁiuﬂ]ﬂﬂﬁTiﬂ’JﬂﬂNuullﬂjﬂﬂﬁiﬂ‘fl\iu

9
4 a 4 o @ 1 1
‘]J33Iﬂ%uuiﬂiuﬂﬁlmi"mﬂﬁTL!TWL!ﬂjﬂlaf}ﬁllazﬁ?uﬂﬁgﬂﬂﬂﬂlﬂﬂ‘ﬁW]‘G]NG”] Tuesway

. g A A Ag 9 = v
2.4.4 Nuclear Magnetic Resonance (NMR) 1utasesionlglumsanuilasaasiaved

Y v [ Y
a3 luhiiuveuszmveinilumsdszanla Tasgamaldountlasveslisaeu (H) Mifaiu

. = A A A A 24 ~q9
2.4.5 High Performance Chromatography (HPLC) hunieslodnsiantan 14

a 4 4 ~ 3’ % 1 ra 9
Ansiznosnlsznovvesarsail luiihiunenssive Lmhllluﬂiﬂ“lf



18

2.5 woananAnMeBA (Polylactic acid) (N3 5M 1AFIAINA, 2554: 99 -110)

a a a . . <3| a I a £ o Il '
noauananueaa (Poly(lactic acid), PLA) LﬂuwaameimmWﬂfuwmwagimqu

a s 1 . . o ) ¥ a . . =
noaaAMNI N8 T5nT9 (Aliphatic polyester) FuasgH 1dannsauanan (Lactic acid) 9n3@
Y

a a 9 Y A 1;” [V A Aa A 3’ I 4
Lmﬂﬂﬂt’f'liﬂiﬂWaﬁUlﬂ*ﬂ'lﬂﬂ'l‘iﬁllﬂllﬂﬂ’iif]u'l@]'la @N'L!“HWGK‘VIMLL“ﬂQﬁi@u1ﬁ1alﬂuﬂﬂﬂﬂi$ﬂflﬂ

(% a

Iy 1 % o (% o I~ a §
nan wu 911 Ina Judrenas 11mansedos Jemansniunlatuiagaulumsnaan'ld &

Q

o 1 dy 9 42} "W v (] 1 A a a a o I 4
“Vl‘i“WEﬂﬂimmummim’fﬂwuﬂmmﬂﬂuhlm)&m@lmum Wamlaﬂﬂﬂua%ﬂilmﬂum’aﬂu

9

9 v v
Wa1d@An (Thermoplastic) @ w150dugl Iddrenszuumswaanlgnunly wu msdadugl
dgl 14 Y v i
(Injection  molding) msmugﬂmﬂmmiau (Thermoforming) mi'e')mlugﬂ (Compression

4
molding) M39A3A (Extrusion) ttagmMsithiugil (Blow molding) 1udu

v a o J a a a v 4
ﬂWEJWa\1fﬂi61“19)’}\‘1'11‘!Waﬁﬂm"ﬂﬁ]'lﬂ‘il‘lﬁ]ﬁlmﬂﬁﬂ!mcﬁﬂ ?ﬂlﬂiﬂUﬂﬂﬁa'lﬂhlg{ﬂN%’JﬂWWLﬁﬂ

o o a 9 [ 091' A o~ Y A A a @ a
‘L!”I]’l,‘]JF\hﬂa'ﬂiuﬂuIﬂﬂi%izﬂ%t’)ﬁ?ﬂuﬁumﬂmfJ‘LIﬂ']J‘WﬁWﬁG]ﬂ‘VINﬁ@i]”lﬂ’!ﬁlif]ﬂ‘ﬂi]”lﬂ@ﬁﬁ?ﬂﬂiiﬂ

WTasall InTnsveaneaLanAnUeFALTAIAINING 2.3

Photosynthosis 14 Hydrolysis
water & .. j Ay i

- Starch Enzymes
E:bc;;i: ‘Plants — Glucose |
/ za’m-.aniation
Metabotisrf® Lactobacillus @
o .\Micmhes
Lactic acid
Lactic acid | Gy!:llza'labon
roacnon
Do o Microbes Polycondensation /
HydchSse Natural 'mj
environment Ring scission

Ollng.:'lacuc l Molding deenzahon

a .. Produot /

Hydrolysis ﬁmwm

4 4 4 Chemical reaction
® @ ® Biological reaction
process ol biodegradation reaction in compost

MNN 2.3 IYINTUDINDAUANANUDTA



19

a a a o w 1 L4 1 4 U
luedamsldnuvesneduananuedasinasgluresnmsunnd wu ginssinsilgnaie
9 9 Y ]
93972 (Implant devices) TAaMQUAMTUMIINIZIALAT0IB0 (Tissue scaffolds) az Inuazae
A = 9 a 14 a I 2} o o o Y va
(Sutures) 1Hip99INTAUNUMIHAAZY M1 Tdenuazwedwesiiimiin Tuanaduh i diauia
a o' d‘ ] dy Yy Y] a ] A Y a a a A A
wanad e luwnunitIdimswanimaiialuig Aeldensondaneduananuedani
oy Y] a a o'd? Y 9 a Jd A dyd A A
wiin Twanageluganaisddula msldauvesnedwessiatitusuveeeonll ioanin
a a a I a s Y] FY a 9 Y] a A 9 1R o 1
woduanAnueFailunedesndatedl lauazwan laviniagauiastmaunulnd Jsmanui
Yo a dy [] 9 vAa [ a I a v A Y
M3 M iaguiativzrieanilymvezasld nazawiaanuludlunsuazitluliastudunadon
o 9 a a a g w a o o Y Y J a o s A
mliweduananuedailuiaglugauaadmsunuauussgdusuasnanduninen1sgl Inn

9 A a ao = Y A @ a a a A Y I a o R
ATUBU ‘ﬂﬁmwma%“l,u“ﬂﬁ)iq‘uummﬂuumzwwmwammﬂﬂﬂua«mgwaﬂlmﬂuwammmm

a { a a 1Y oI
NUNMY (Semi-durable products) tazeinsaldmaununaraaninannnwandauanll Tnsiail
9 = @ J
2.5.1 lassadrwnliazmsdansizv

4
a a a [ . (% 1 ]
nweauanAnuesaduAT1IEHIUIN nsaar laasend (O-Hydroxy acids) 1120808
A 4 a a a = a A A& aA =~ a a
HIoUBUDINDS YDINBALANANLDFA AD NTALANAD HTNFeNIuATAe 2- laasend Tnshilotn
a . . . a A J A 2 =
110FA (2-Hydroxy propionic acid) niauanani le Tmwesaesguuy Asuund wazuoa (Mwi
£ a ) J 4 Aa 1 1 . . 1 @ J A A
2.4) FuilusuuuFle-wes (Enantiomer) NiA11M309 laei0iae (Optical active) A19AU na1A® i
= A [ T A % aa (] A [ a L a
gasalimiounuuatasoedaluawia lumounu uazdassuuua Inar lsdlunianig
1 Y] a ] 4 A 1
Ay Tusssumadiulvgnwulugduuuuea-leTawes nsenulugduowausznituea-
= Jd A J an = A\ (% 1 =) 9
nazd-lo Taues (5en11U0HANTITUN (Racemic mixture, BAT1AIU = 1:1 VIULUNUAIY DL)
% [} vAa A 4
w50 a15Us5zne Ul Ty (Meso-compound) &4 hillantAadaszurvuasInarlss (Optically

A

. . o o a a @ o [ : Y a o
inactive) ‘]Ji]i]‘]J‘Llﬂ'liNEW]ﬂiﬂuaﬂ@]ﬂf]'lﬁflﬂ'li?illﬂlﬂu?iﬁﬂ Gdﬁammmelwwammmmnmm

4

VTNTFUA (Optical purity) NA



20

CHs CHg

L

2 SO

CO,H HO2C

D-lactic acid L-lactic acid

Y 4 a a a
ﬂ]‘W‘ﬁ 2.4 ll’éJI“lﬂ,‘ll’f)ﬁﬁng‘]JLL‘UUﬂlﬂ\iWﬂﬁLLﬁﬂﬂﬂl!’ﬂ“ﬂﬂ

a a a a o [ g aan ] a
fﬂiWﬁﬂW@ﬁLlﬁﬂ@]ﬂllﬂ%ﬂﬂqﬂﬂﬁg‘ﬂwiﬂﬂﬁﬂlﬂﬁ?gﬂN']Lll]gﬂiﬂ']ﬂ"lﬁﬂ')‘ﬂlluuuﬂﬂ@g“ﬁ
ToInsia (Azeotropic  Dehydrative ~ Condensation) ‘lJf] nN5e1msAIuLU U TAeAT (Direct
[ g a 4
Condensation Polymerization) HaZNTAUATIEHUHIUNT iauanlng (Lactide  for-mation)
{ a a a ‘;y ] 1 o a a 4
(fl']Wﬁ 2.5) W@ﬁLLﬁﬂ@]ﬂLLﬂ“BQUW‘WUﬂIMLaQﬁQQ (¥1nN21 100,000 A1) GluLGINWWfl!GIffJ
o 2 ¥ 1 | . = v J .
Fun512 14 lagr1unsilaig (Ring-Opening Polymerization) ¥93uan 1na ( Lim, Aurus and
. A a A J 1 o a s
Rubino, 2008: 820-852) Lu@\ifﬂ']ﬂﬂﬁﬂllﬁﬂ@]ﬂllﬁf’]ﬂllai‘ﬂflllﬂi ﬁTﬂI‘ﬁfﬁaﬂﬂlﬂﬂW@ﬁLN@iV]
[ Y 1 dgl Jd A d A 09/' a
ﬁ\ilﬂﬁ’%?ﬂﬂﬁ')uclﬁﬂlu@'mﬂigﬂaﬂﬂluﬂ'lﬂﬂﬂu@m@ﬁ%uﬂLlﬂa-lflﬂicﬁmﬂimﬁﬂﬂﬁﬂﬂﬂ (Woalon-
a a A dy s d an an a
angnuega (PLLA) Wﬁﬂﬂﬁgﬂ@ll"llufl]1ﬂllﬂu’ﬂlll'ﬂ'§1/]tﬂuﬂlﬂﬂﬂﬁll§TGlfllﬂ (WoaaLea-LlanANLLD
a Y @ a = o a { dg o 9 a a
%A (PDLLA)) Gl‘L!TJﬁ]ﬂq‘UUﬂ1§Wﬁ§l ﬂ-hlﬂicﬁlilﬂiﬂlﬂﬁﬂiﬂlmﬂﬂﬂ‘ﬂ q‘Vl HUN 'lhlﬂﬁl'lﬂ NITHANNDA

s l Y 9 J a o A an a a Aa
wosnmelgraniszneu ldreueuomasyiia @ vSonsda-anAnueda (PDLA) 1134

a IR v (=
Wl w9969 T

dwmsuweduananuedall Inssadrawandwguuy laun ueavh (o) wea (B) waz
d? (K% s a a 4 A A Y @ <
UANNT (Y) vuegnueeflsznouvesuuuy lowes uoa 1o A-uoa Inseaiauuudanuily

Taseadeiiatosige viaownadguugi 185 esruvarFod luvmezilassadand

NaounaINgUNYI 175 0aAuwaIFe (Aurus R.; Harte B. and Selke S., 2004: 835-864)



21

Low MW prepolymer
Ho/ﬁ’o{)kc}’\( MOM (1000-5000 Daltons)
CH,

H
H,C N Chain Coupling
’ ‘C’-- 2o Di nd Agents
HO’ c irect condensation
4 polymerization
L-Lactic acid CH, 0
Azeotropic dehydration condensation 1
CH, H.0 0 A Y oM
Had_ o o o oH, 0 CH,
S ¢
HO .
8 Polymerization through High MW polymer
D-Lactic acid lactide formation Ring Opening (>100,000 Daltons)
7 Polymerization
CH
o o o o o
oA — | ]
! n : H=C Cau
0 CH, 0 CH, H,c' \0/ o
Low MW prepolymer Lactide

(1000-5000 Daltons)

Y o J a a a a a
ﬂTW‘ﬁ 2.5 MIFaATIZHNOALANANLOFAINNIALANANTHALLDALAZ A

) a a a 9 4
252 ﬂTiUTW’E)mlﬁﬂ@]ﬂllﬂ%ﬂuﬂ%ﬂi%IU%u
a a a A wvaa 1 9 4 A A a
NoALANANULBFANANTANIHUIZTTNADNT IFNIUNAUNUINDT IUNAITANANAADIN

Y

90 Q”U 1ﬂu1ﬂ1ﬂ@ﬂﬁ1ﬁﬂiiuﬂjﬁ‘ilﬂh !,Lll‘ﬂi]ﬂ‘]Ju'ﬁW]T’UENWﬂﬁ!tﬁﬂﬂﬂl!@“ﬁﬂ@ﬂiui ﬂ‘UffNﬂ’ﬂ

a s a a = v 9 0o w A A zg o
W’E]’d!ll’f]iﬂwa@]ﬂWﬂQ@ﬁWﬁﬂiiﬂJﬂIﬁimﬂJNWﬂ ﬂﬁ)ﬁ]ﬂmuﬁmumumwuﬁwu Usznounums

U

o A 1 A v d [
fvuauTevreaudanadon 15U MEFUIAADY (Green tax) TuanRuTaIs15U5TI005U

A v v q¥ _a ’A Y] ~ 4 @ v s
uaznﬂuju Llﬁ$fﬂi“lNﬂ‘]_l‘lﬂ)"W'Oa!Nﬂﬁﬂ!Lﬁﬂﬁﬁ?ﬂ]‘lﬂﬂNﬂﬂﬂ'lW ﬁWWiUUiii}ﬂmcﬂﬂl’ﬂﬂﬂﬂﬂﬂiﬂlu1ﬂ

a

Tl ldadausawanaulinmsldnuweduananuesaverodioon 1 vinmsldauvesned

a a A 4?1 (] ] A Y @ a Y A A g/ I
LAaNANUDEALNUUUDYINABDIUD ﬂ'J'lll15]'f]\1ﬂ'li'JV’Iﬂﬂ°Uﬂ'luﬂ'lfiLﬂHﬁi‘VliJLlﬂQLlﬁg"H'l@'lalﬂu

Q

@ 3| @ : 1 v
ﬂﬂﬂﬂﬁ NOUNANIY NLLU?IUNLWNE’NEUH@HN (‘ﬂﬁ] usl%sfl}WQIWﬂL‘]JUﬁaﬂ) Gﬁﬂﬂgﬁﬂﬂaﬂﬁg'ﬂ‘ﬂﬁﬂ

@ 1 1 9 o 4 o JAo % '
ﬂTi%ﬂﬂWiW'NIGIffJTJVHU’EﬂT‘Hﬁ?ﬂﬁ"ﬁ'ﬂﬂu‘]&lEJLLa%ﬁ@]’Jﬁﬁ]WN'JuTJi%“UWﬂﬁﬁﬂTiﬂlEﬂEl@l'JfJEﬂ\ﬂﬂﬂ

[

ﬂQL!L!ﬂ”IiWﬁ@]WﬂﬁLmﬂ@]ﬂu@%ﬂIﬂﬂi Gl AVVINUHAIDINITVE Lﬂu‘ﬂﬂlﬂﬂﬂﬂﬂuﬂu”lﬂ@ﬁ"lﬂllﬂ
=~ % A A (=) Ao A 9 4 1 @ A A 9 " Y
lluIEJ“]J1ﬂﬂ15%ﬂﬂ1‘iﬂﬂ1’iﬁ’0hlﬂuxﬂu’lfﬂEJLWstlGIﬂJ3$Tﬂ%uﬂ1ﬂllﬁﬁ\‘1’Jﬁi}ﬂﬂ‘l/lﬁi%iﬂﬂllﬂuﬁlﬂi]hlﬂ
| ] a a a a R I A [ S & 1
FUADU LY L‘ﬂfﬁgiﬁ’ﬁ ﬂ1iNaG]‘W’O'ﬁLlaﬂ@]ﬂLL@%ﬂ%1ﬂ!%ﬁgiﬁﬁﬂﬂlﬂu@ﬂu’)@]ﬂiill‘l’iuﬂc]f\‘iﬂ1ﬂ’ﬂi]$

~ &
navulusuing



22

4 4
dusuluanuiteasatiaenldweauaninuoFavsiia woaLoa-HanAnNLeFa (PLLA)
o =2 A o o 31 Q/ o £ !
MWWWﬂTiﬁﬂBTiuli@ﬂ‘U@ﬁﬂ']S‘VI"IUl‘JJIﬂﬁLﬂullﬂﬂ“jjmﬁ%uuWNuﬁ@mﬁ&ﬁﬂﬂiz%']EJ(PH FIATUBNA

Tuyni 3
2.6 lulasteunnigaady

luTaswunaigaadu (Microencapsulation) AvNTzUIUMINIFIUMIHARDYN AN
v luaseu (1-1000 luTasmas) nielulasmsana (Microparticle) Taeidumalulad

o o A 1 Y & =\ I <3 Ao 9 A [
mm‘um'ifgviiaw@ﬂum’i“}mm%uﬁmuzlﬂummum VBDAUNAINITONILAIYTITNHINITONDAY

Y 9
d AKX

I v Y VoA < a o A A o o A
Lﬂuwu\il‘lﬂ ﬁ’lilﬂa’]uﬂ’lﬂlﬂUWGQLM@i VAN Ulsllllu NIDHITOU ﬁ1ﬂiﬂﬁ1i%gﬂﬂiiﬂquﬂgﬂ

v
1 o ' a <}
UssyegmeluoynIAnIoo1gNeadUBgUUNUAIIDIBYNIAN IR
a Ia A
2.6.1 %umm"lﬂﬂiwwsmﬂa

a a 9 [ = J Sa Aa
panaai ldoinnszuaums luTasounndgaaduazisonitlulaswmisaiaa
. . % 1 I o {
(Microparticle) aanunsanye Iailu 2 dnyaiz (M 2.6) Ao
. A A A o ' o I dy
Microspheres fio  ayaAnlid1ssoaenszneegluoymaludnyusiuile
e [
AN
. A Ao A "y ' @
Microcapsules 19~ dYMANLAI8IMTOAIIgNHERNOY TUBUMALAZ EINTOLENAY

1 % [ [ A I o 9
’E)fJNGIfﬂL’i]uﬂ‘]Jﬁ’Ju‘VILTJUWHQllﬂ



23

Guseous core

Solid core

Liquid core

Spherical

Spherical Irregular

Pure or dissolved  Suspension

drug
Irregular Multi- Emulsion Emulsion-
compartmental suspenstion
€9)
Gasenous Solid Liquid

@O

Spherical Spherical Solid solution Pure or dissolved Suspension
drug
Irregular Irregular Emulsion Emulsion-
suspension
2

mwi 2.6 anvazved luTasmiamalsvinnaieg veeluTasumlya (1) waz lulasadles 2)



24

2.6.2 nazvaumsaion luTasunilyaunudiadu (Emulsion Polymerization) (NGHME

NLEDeS, 2549)

9 v v
ﬂ"liLﬂﬂWi’)ﬁLiJ@{LL']J‘Uﬁﬁ@JuHJW1ﬂﬂTiLﬂﬂW@ﬂUJf’J{LL‘]J‘]JLLGU’Juﬂ@fJ Lmﬁmuﬂgﬂimﬁ

Iay maaa“luuumu Tiazarelunouowes tazidiagniowes (Emulsifier) liinaniig

a

Aaov o aan =\ A ° o aaa Y 9
DUAYU igﬂﬂﬂaﬂiﬂWMﬂ'ﬂlquﬂ@1 ?ﬂll'liﬂﬂ']“lJﬂllQﬂ!'ﬂﬂﬂiﬂﬂ1iﬂ1ﬂ§]ﬂiﬁl'lhlﬂﬁ1ﬂ llﬂﬂ'li

U

d

A I a 4 1 a s Y =
Lﬂﬁﬂuiﬂlaf}alﬂuwaaluﬂﬁf{ﬁ LW]W@ﬁL‘JJ@ﬁVIllﬂiJﬂ'J']MU ANTA Lummﬂmwuﬂaﬂiﬂmaw

q

diagvhoeasiuagaeidue

a a J Aav W < a a a I o
msiianeaweuyudiadu Wumaianszuoumsifanedwesaiiniudinas
o a aaa ' J mnm o 4 4 y v =
ansuilgnserazaregluii ua liazaelumeuomes veuswesvzgniluniulinaeiluven

<3 1 oy AA (A R A Aa 1T Av A 4 1
1an<) (Droplet) LLGU’JLla’E]EJ@QiﬂﬂWﬂNﬂiNTﬂ!ﬁ?iaﬂlliﬁﬂﬂW’J“I/llﬁflﬂ’ﬂ vaxnoo05 ey

U

o a a 4 a ] a . av W
AMUIUUIN ngﬂ'lil,ﬂﬂwaﬁlll@iﬂZLﬂﬂNWH@HNvaﬂaig (free radical) Tﬂﬂmgmﬂclmmmamwu
dy 1 A Y A y A v A S 1aa o
mz"lmﬂmﬂ’e)uwsasmmﬂumawqﬂmﬁlumu LW'§1$‘JJ@Nﬁ“ﬂ?\l?ﬂl@ﬂiﬂgﬂﬂ’ﬂl@ﬂ@l{gﬂ?ﬂ m
] ] v v d < 1 o [ aaa a a J av o
Glﬁ!@HﬂTﬂllﬂJsﬁuLlﬂxlliJﬁ?N@l?ﬂHLﬂULNﬂﬂlHWﬂiﬂﬂJ ﬁﬂfii'ﬂﬂgﬂiﬂWﬂ?iLﬂﬂWﬂameﬁL!‘U‘Uf]iJﬂG]fu

E4
] <3| 1 . @
o190 18iTu 3 424 (interval) #a3)
1 { I ) Q' aaa % a aaa { 1 Q’ aan
5297 1 1iusrasulgnsen ldoudasimsinal gaseinsi Tasnewsnignsenns

< '

Novag V\'Tﬂl@@iUNﬁ’JuUlﬂiﬁuﬁlﬂULﬂuﬂaﬂJLiﬂﬂ’N Ulm&uaa (micelle) %QT?JLﬁﬂﬁ‘U’O\‘] puagvhe

q

s A o A o ~ o A o v o YR A o ¥
!,EJEJﬁ]ZlIﬂ1§i]m§EJWI’JL1Ju53L1JEJ‘U T‘iu’c‘f’JuT]vliJﬂf’E]Uuuﬂlﬂfi1ﬂulla$ﬂuf‘f’3u1ﬂ“}fﬁmu1mﬂﬂ1
v

Y A c’,‘ s A d? A Y 9 av A o 1 1 [
arnareluszuune 1 llmclfamflLﬂmumammwmummammﬂwmaiﬁlum ATFINIIAN

QU

B 1 wvAa Aav Aa 4 1 o
CMC (Critical Micelle Concentration) deﬂumauummauacwhmaaﬂmazmmgmmmua
I < ' d 4 ) ' N ¥ a
Lm)51/1mmmaﬂua;",”luaz’mElmﬁ’mwuwzazmﬂmmmmﬂﬂag‘lu'lmcﬁaa“lﬂ UAZUUDUD

= 1 1 3’ ] 4 @ 1 1 4
!JJf]imﬂﬁﬂﬂﬂﬂﬁ?uazaWﬂQiuuW “I)"JEJGlﬁ!ViElﬂGU?J\‘HJ’E)‘LJ@!M@ﬁﬂﬁ$ﬂ1ﬂﬁﬁﬂgﬂmﬁlﬁaﬂi ”lmclsaa

aaa

1 dy I 1 a A a 1 @ A o A aaan Y
ﬁTJLl‘L!ﬂzlﬂuﬁﬁumﬂﬂﬂilﬁmﬂlﬂﬂﬂ@]ﬂiEJ”IGLH‘If'NL’JEﬂLLiﬂ ﬂa\ﬁ]”lﬂmll@'J!ﬁllﬂgﬂifﬂﬂl"lllﬂiu

a

v A Aaaa o ) Aaaa Y] ) I { 1
syuu ausulnsennzuanda lfeyyadaseilfnseduueuswes sunwanilosazaeeg

Y 4
TurhinadlueyyaTedlnwes uazunsidh 1 luluadne IdiAadfasemaRanedwesaiulu



25

S L A (R A v [} ~ A a & A a d? s 1a 4
lurad Federndugasuduvesdiei 1 ilewedmossunaiululuwad Ysuavousiwes
4 Y a a J o o’/’ 7 ' 4 19
TulugadezgnldllunmsiRanedwes duinveusweinnszneegson lusadazunsidn 11
d o Y 4 =} g’ 1 < @ 1
naunululuaad Mildveaneuawesvinamanluinoss anas TaveasinisareTounonue
P N a A g K v gy /9. o
westhiziiinnoanmananeawes lu luwad hldanududuvewouewes luiuaz Tuly
s A A 1 Y 9 a o @ J
WaaAIN 1119991794 1UNIZANADVBIANVTVNTUYDINDABT IUEANDUBINDT I az Tu
J d‘ aan a a ) a a o 4 1 Q' d? o
luad iwelgnsemsmanedmesauiulivinaveswedwes u luwadezases inau i
s a { I~ a 4 o
W luwadiiansidesuasldouiueuninveanedmes ifidiadvheaees Jeatuia lild
v v A R av A 4 A Ao 12 a aaa Aa
FMAINVOYMADY  nazAsdlagieoesvn luwadounds lulnsiAal§asewumeziag
A d? Aaaa o a [ a I'4 A d? 9 I3
minan Ugnsernzduiiuae luazvinaeymavesnedwes azmnivaugaie luwaarua 11
[ dyo P = I < a SR A (aaa a dg, 9 =1
vinvesway Tusetis i luaaann)dew Wwilavesmedwesaatidgasennadudielu sl

) A dgj o 4 o <4 a SN (Aaaa A VA dgl = I
i]?H'Jl!LWlIﬂJHi]Hﬂﬁ%VNthLG]faﬁﬂﬂJﬂhl‘]J MUIUUANDALUDINY ‘]Ji‘] m%ﬂm”lmwmuaﬂ 1wy

4 1
MIAUFABIWINUBIURNTE AN 2.7

-\jﬂ]:.tmv:r
.,»f'" rarticle / —o
5K

- T
IR e
IR
. L
/. Q- | ’I T I .f’ q\
\ “‘\ VoL _nl_ S
B T /-
monomer /: »
. -
4 droplet .

MWN 2.7 ANMEMIIDANDANDS LUUD AT



26

] A [ J A a I 1 a dgl = aaa 1
$2397 2 videnn luaadnua 11 oz lulianedwes luimayudn Ufnse luuaaz
< a S o A Y 3 S A ) 2 < a o
Wanedwesszduiu ldredasuiinai iesnnanududuveiveuemes lulianedamosua
= J J gl ' 1 2’ 9 <
aznuAnIN M3 IzUNRIB NHAND LB livzate TeuTasmaunsriiud i ludia
a 4 o Y Yy 9 J < a Jd 1 @ 3
wodwesaasaal mlianududuveweuswes lullanodmesegluanizauga daiy

o < Aa Aa 4 Ay & Aaan o a Y o ~ ™
’E]ﬂﬁ’]!ﬁi')ﬁ'luﬁluﬂ']ﬁLﬂﬂWﬂalNﬂiﬂﬂﬂﬂjﬂ Gmﬂg]ﬂiEm]zﬂuuuhlﬂmﬂﬂﬂﬂﬂﬁﬂﬂuﬂ‘izmwﬂﬂ

P & o 2 VoA
youowasnua h iuduauaarian 2

q

1 A A aaa a a Jdo A 4 @ nazl (=)
¥IN 3 LiJ’E]“]J;]ﬂi‘(’JWﬂTilﬂﬂWf]miJﬂiﬂnuuhlﬂ ﬂuwaﬂmummwmhlﬂ muui}z”lw

kL 1 Aa Y < a J o 9 Yy 9 o < a 4
‘llf’)i!f’)!llf’)iclﬁNL@]?JHJ']?J"&HL?J@W@QUJ@? 1/]Tslﬁﬂ’ﬂlllf’llllEULlGU?N‘JJ@Ll@LllﬂiGlu!llﬂWf’JﬁLll@iaﬂﬁQ

a

@ aaa A s 1 < a J A <
’E'Jﬁ'3'1ﬂWﬂﬂﬂﬂQﬂﬁﬂWEﬂZﬁﬂaﬁ]uﬁﬂﬂ mmwu’emJ'aﬁ‘*nazamagimmwaamaixﬂaﬂmﬂu

7o v

a < @ Qy a a 4
WOALWBDTNHTUALLAD Lﬂu@uﬁu@ﬂﬂTiLﬂﬂWﬂﬁm@ﬁ

a a s Aav v AY Y (a A A A o
ﬂ'ig‘]J'Juﬂ'li!ﬂﬂ‘W@ﬁlﬂ@illﬂﬂﬁlﬂﬁ"]ﬁuﬂﬂlﬂqﬂlﬂiEJ°1J D UAITUHNUANT Llagﬂ'ﬁﬂ'}‘ﬂﬂlll

=

ay 9 = = o v A a aan
’qmm_]n"lﬂﬂ wordSa e Nz UIUMSHUVTan LLﬁzLU’l’N%Wﬂﬂaulﬂsllﬂﬂﬂﬁ!’ﬂ@ﬂi‘]ﬂiﬂ"l

[

a a 4 Y a a s g’ @ [
ﬂﬁg‘]J'Juﬂ'lilﬂﬂWfJaliJaﬁuﬂ‘Uﬁ i]zﬁmﬁawaﬁW@am@iﬁﬁumuﬂimaqaqﬂﬁl 1%y

v Y
Aa K

a a J av o qg./, a o ' a o 4
ﬂixmumimﬂ‘wammimm@ua%uuu“lummiﬁweamaiﬁNﬁ@WﬁJﬂ@fﬁ]x@ghgﬂNammm

D) Vo A a o A Ao o R~
q@ﬂ’lﬂlﬁﬂ LBU Dﬁqmaaum auagn G]f\uﬂu@ilﬁ"]fu(lu@]'ﬂ Lﬂu@u

1 1 {o o 1 { g o .
daulsznevvelulnsuatlyalsznoudrearuidiayne dauniumis (Coating,

[ A g Y] A
wall) sazaumtuansuny (core) AININN 2.8

Shell
—#  Core

Microcapsule (core - shell structure) Microsphere (matrix structure)

3 1 Ja a
M 2.8 aautlszaeuved lulasnsana



27

2.6.3 BHAVDIAITNONI

a a s ' o Aq Y = 1 Y 3
‘lfuﬂ"llfNWfJaLiJE)iE‘TTiﬂﬂwuﬁ‘ﬂsl‘ﬂumimiilﬂkaJIﬂiLLﬂﬂﬁga ﬁ']il’ﬁﬂllﬂqaaﬂ”lﬂlﬂu 4

E4
Uszian Agil
a S 9 a ]
2.6.3.1 WoawesN 1AvINTITUA (Natural polymers) %1
7)) @131 1Y5au 1AuA alburnin, casein gelatin gluten

4 [
Y) 919 wan Indusan lsa 1aun agar, acacia, alginate, caragenan, dextran, starch,

chitosan
A) aswan ludu 18un beeswax
2.6.3.2 W@ﬁLN@gﬁﬂﬁJﬂLﬂi1Zﬁ (Semi-synthetic polymers) 1
f) Cellulose esters and ethers 1&un methyl cellulose, ethyl cellulose, cellulose
acetate

9) Fatty acid derivatives 1dun glyceryl mono, di H30 tri-stearate, stearic acid,

aluminium monostearate, glyceryl mono and di-palmitate
a sy ¥ o 7 . !
2.6.3.3 WO N lANNMITUATIEH (Synthetic polymers) %1

) vinyl polymers and copolymers 1&un polyvinyl alcohol, polyacrylamide and

copolymers, polyvinyl pyrrolidone, carboxyvinyl polyers (Carbopol)

%) polyamides and polyesters 1&un polylysine and copolymers, polyglutamic acid

and copolymers, polyglycolic acid
f) waxes and resins vl,{g’ljl,l,ﬂ' paraffin wax, hydrocarbon wax, stearic acid

a 4 1
2.6.3.4 @150HUNTY (Inorganic materials) iU calcium sulfate, clays, silicates



28

1 a a A o Y3 . . d’f = v o Jo
IﬂfJ‘W'U'J'lﬁlﬂlﬂ"lli’]\‘IW@ﬁLN@iWu'liJ'l‘lqﬂﬂu Coating material WUITUANUTUNUTOU

na'lnmstanasediendie (a13199 2.2)

Y v o 1 a J o 1 @
ﬂﬁN“ﬁ 2.2 ﬂ’JWﬂJﬁNWH‘ﬁizﬁ’JNWmeﬂJ@ﬁﬂ‘]Jﬂa'lﬂﬂﬁﬂﬁﬂﬂafJEIGI’JEH

a a d 1
FHANDAINDS nalnmsilanilaseen

Soluble, swellable 130 pH sensitive  Solution-diffusion controlled

Biodegradable Erosion

Charged polymer Ion-exchange reaction

Insoluble Capillary diffusion, wall rupture %30 osmotic driving fforce

Other Mechanical rupture by chewing, crushing, pounding and
shearing

= =\ Y a9 A a S 9 a [ L4 v
fﬂﬁ!ﬁ].]ﬁfl‘]JWlfJ‘]J"]J@ﬂ-ﬂl@Lﬁﬂ"Ui’N‘WﬂmiJf’JﬁTlhlﬂinﬂ‘ﬁiillGBTGILLagﬂTﬂﬂTiﬁQLﬂﬁ"Ig‘WW‘]J’N
a s ¥ a 1a ] Y o v ' 4 !
W@alil’ﬂi“lﬂhlﬂﬂ"lﬂ‘ﬁﬁiilclf'l@fl]guh\]wyGl’f]iNﬂ"lfJ ?f']iﬂﬁﬂ!‘lﬂﬂuulﬂ!,LagQﬂﬂ@ﬂﬁﬁ?ﬂqﬂﬂ181u31\1ﬂ16
v
(Biocompatible & biodegrade-able) tazlinmauiaazatslaluii ua liamnsanruguaanin
o = 1<
voa Tnawes 14 (Poor batch to batch reproducibility) anz’mﬂﬁqm potential antigenicity Hudu
1 a sy Y @ u'oa: =< Y = va . . 1
ﬁ"J‘LlW@ﬁLiJE]5ﬂllﬂi]'lﬂﬂ?iﬁ\i!ﬂi'lgWHUﬂQLLM%%NﬂmﬁMU@ biocompatible {10& biodegradable L9
1 1 =3 v A d‘ 9 [ 4 a ]
W‘]J'Nﬁ"l'icluﬂijllWﬂalﬂﬁlﬁﬂiNﬂﬂﬁTﬂTLLWQLLﬁ%ﬁTS‘VIllﬂinﬂﬂTiﬁﬁLﬂﬁT%ﬁ”U%‘Icﬁuﬂ YU
. . A a A ! Y a £ S ' o
poly(lactide-co-glycolide) !JJ'E'JLﬂﬂfﬂﬁLﬁ@uﬁﬁ’lﬂﬁ]gﬂﬁiﬁm@ﬁﬂWWﬂiﬂ SHIDTIUHAADAITUANA

[

YOININTIATY
2.6.4 Tadviidrdglumsiden]dmsediumislyTasuailya
2.6.4.1 maamsasonluTasuniyaidon 1y

o o < o . .
2.6.42 n5zUIUMITIRMTUYIAI ¥59M5 Cross-linking

2.6.4.3 guaviianmumenmiaziniivesmsunuuaziisluTasunilga



29

9

) o . <3| Y o < =Y &
d M5 Ve (Core material) 01911 IdNsvoTIazve una o19lAI00GNIS
A 1 = a [ 1 A 9 = A 1 v A 1 [

WIoINNNHINFaRduiuey Mitaon lFa1sindeunToasnomian iz auiua sy
=Ry 1 1 o 9 =& wAa [ A I o [ dy
andilymaemitlanlassdie 1@ Fsnaauiansazarevesiiemiearsunuaziluained
A ] . . Y o w Y 2 A ] A A Ya
mMs1aen1d coating material TaotindAnazatelaaluii arsaenldmsndeniazae1aa

. Y o o o 1 J A Y A A Y J
Tu organic solvent taziaendran liazateluii asidenldmandouiazate 1da luih
2.6.5 fhiishilinasoguania lulasunilya

9 E4
Aanungutazasauianiseou N a1IAIu sauNInuauiAFainaliudunisia

o Y <3 o v A o [ A Y
coalescence LLﬁzﬂ’]iﬂ’liﬂWuﬂllﬂN@n WWﬂWuﬂuﬂ?WﬂJ!ﬂﬁquqa'ﬁ]WflwWuﬂllﬁﬂﬂﬁ@aﬂﬂqﬂ uag

9
winwilsgadaaasunu Azt liine Tnsa1dilay Taogaautia luTasundgaduegiv

U

v 1 J o A va 9
2.65.1 auauiansedivilsznovvesasnomisninaaanuanianseenlians

N1
2.6.52 INAUAMTIAT L
] 4
2.6.5.3 AnunveIHTiaazaNuaNysaived luasuailga
2654 31519 vue minszaevaves lyInsundea waznsnszaeaives u
Tasunilega

2.6.6 sz Temiveanszurums lulasiounnilgaadu

k4
nszuIums luTaseunagaadugnldnsasnlumswaa carbonless paper 11T o.41.
v a d ' o 3 . A 3
1930 Taglmaaauiuaisnonis (Coating material) uazmwgﬂmimﬂu colorless dye lulas
o A Y o A Yo a o Y o
uagagnin liindeudurasesnszaiy e lasuusenaninmadeuszi Inmisnlyauan
o aan = . ~ ] 1 o Y a dé’ o o
dye 9291UPNTOUALAD acid clay NDTEMBUHUA1ITI ITIAATUN 91nANUEUTIVOI carbonless
= Y a @ a as @ o .
paper 9 lAAMIWALINTZUIUMIHEA TATT Iy TnsouunlgamdunazmMIwmu coating

. A ] s Yy A ! v a o ¢ A o Y o Y, a
material 191919152 Towrinradudua iy luduraadsaainseadionsldiinld1dlumsnan



30

4 o <] o J
microencapsulated aroma (scratch-n-sniff) Jun19mMsunnd a1 15 umsinusaadves
dadizdialululasundgaioniswaniadu Tunngadimnssuemisin ld1dluniswann

siluuuvessnsuaenay sa uiolunamsnuas I liianngduoovesansaiuwa Wudu
o o
2.6.6.1 UszTemilumandunssy

) o o @ v o

dmsvlse Temilumandynssu nszuaums lulaseunalgamdugniun gl
wanea 1 1y mananngduuumsihde miniuqunsdaniacse msnaunausdveea)

J Y
o ﬂ"liLW?Jﬂ’J"IﬂJﬂ\iﬁ’JﬂlﬂQEJ"IT@EJﬂ"Ii‘]BJ’ENﬁuﬂT%WﬂﬁﬂTWLLTJﬂé}BN FU NTODNBAYU mmffm e
¥ o o o d' J < &

AIUIDUNITAANTISINYVDIAIYITINY miuJaaugﬂgmummﬂmmmmmummum 1Wuau
@ 1 ' A o v o 1 P4 ad v P4 1
G]'JE]EJ'NﬂIENﬂﬁquEJTI/]HHJWW@JH'IE‘lJLUJU ﬂ15mmmﬂ’Jmﬁ‘lﬂmmmmﬂmma%u ]lﬂl,!,ﬂ
antineoplastic drugs, non-steroidal anti-inflammatory drug, antihyperlipidemic drug 130 Eﬂﬂ’cjll

I
705 Ty iudu
2.6.6.2 auUANIAYUDY Microcapsule

n) myaugumsilaniasenause (Controlled flavors release) 1113501 14 Tag
4

=< T o a v
VUDYNUBUAVD coating material UATAMANUAVDN core  material Iﬂﬂ’cﬁhﬁﬂﬂi)ﬂﬂhﬂﬁ

Yamaosludnyauzaian 18

n.1) augumitlaesliiduimy gradually 130 abruptly 13el¥msaailase

Tug29u3n150%29gAMeUD product cycle
a p Y
n.2) muqumstlaniaos w guugl, a0 IWANNTA — A1 NAEINS

a o (3 a a o
v) SmandauaiulszReUAIe ANy HAvEINANTE a11TAN encapsulate 19
egj 4 ] 1 J I [ J
¥a1e%u (Multiple layers) 1o Trutilahansonruaumstasdassldiduldawiagiseaed

A v
NABDINIT



31

' 1an . . Y A o S [
f) @2111j35n15 microencapsulation  vzgnlHie Iagiszasnlumsiloaiu

A liasdvesansvenszmennmsszwenazmailfnsenuasoun Tudisy

9) @1501435M3 microencapsulation WoF81UNTANYUIADYNIAVOI flavor
. . £ v 7 aA A = < 1 '
ingredient %49z 11115 Toul luns AINATANUAINAUI TUYLIABYNIAAN UATIAUN 1Y {997
£ Ao I an = A
FINTNHULOUNIAANIINITNG spray  dry  FITUVBSVITINI OYMAVDIATLAINAUT A

AUTDAOANIUYDIT 1A

) AnaAD195181935115 microencapsulation  Tumsinilanausai ludves

aaa [

a a A Ay r1a g v a
mgu"lWi Tagausalntlasasifuaznaun lua uanmnumﬂmﬂumimﬂﬂgﬂiﬂmu

[

! A o o & A Yy 1 Yas
ﬁauﬂizﬂauauc] Llagﬂi‘ﬂﬂﬁ;\iaﬂﬂmgwuW'Jﬂ]@\i@iéﬂ’]ﬂ]lﬂﬂjﬂlﬁlfuﬂucl(’]f'f]‘ﬁﬂ'lﬁ

. L@ . . T =
microencapsulation N Echinacea, ginkgo {1Q1¢ sibreian ginseng Hudu

ad . (¢ 1 Y o w A v Y A '
) I9N19 microencapsulation aelnesludsuiuansouladte vie lee

URnTen Tanuasiuazannsoiunizuumsnan 1a
a Y] S w o 1 an ’ T~ [} [ dy

HAANNNUNIINIFIUIT Microencapsulate 101U 5 Uszianlvigi) dail
a.1) ATUAINAUT T (Flavoring agents)
2.2) AININIANNULALII T (Vitamins and minerals)

:’ U U 1

2.3) a3naniduuas vl (Oils and fats) 1¥U omega-3s 1AL 65
#.4) F1ININT 141![11/\13 (Herbs and bioactives) 1% creatine LAY probiotic bacteria

2.5) @13U5zneulue s UssiAnou 9 1¥U enzymes,  leavening  agents,

psyllium UQE yeast



32

2.7 anumansalumsdudauninse
ad [ 3 S A
2.7.1 AamMInagauaNuasalumsduduaise

[ :’, A A 9 A £ & o a a
ﬂ15EJUEJQLLUﬂVILiEJﬁ'ﬁﬂiﬂW'IUlWI’T618’3‘15 G]NL“IJ‘L!fﬂi’Jﬂﬂ’JHJﬁ?lﬂiﬂiuﬂ1iliﬁﬂlum‘ﬂ1@]
IS [ ] [ 1 19 Yax [ a
VDIUANTYHAINITUNNUAITNATDU mu“lwaﬂmﬁmimummclﬁ (Clear zone) 59U € 613

£ g a ~ J A ' a a Y
nadouFuiuninuidonuaise liamnsoniyaulald

'
adaa

Y
sndonlumsianuansnlumsduduuaniGe llﬁllﬂ

< o
2.7.1.1 Agar spot assay ﬁi’) ﬂ’]ﬁ‘ﬂﬂﬂﬁ?i‘ﬂﬂﬁ@ﬂﬁﬂﬂu@TW’]ﬁLHNIﬂﬂ@ﬁﬂ INUU

=3 =)

o ' 1 A [ dy = Ay < o Y 3
u']ulljﬂuW@ﬂ!wﬁuﬂ!WiJ'lgﬁilﬂUL%le!UﬂW! aNfeINIsNAgoy 1Jual 18-24 6]5'31“\3 LUaAnNnNy

a

¥

Y £ < Aa A A A T A a A o Y o 3 aszl
A80 11T NAAINUFBLUANG Y VA NYUNNIAN 18-24 ¥ T3 narTanansduda Tasgns
109 clear zone 5OVAISNATDU

e 4
2.7.1.2 Agar well diffusion assay ﬁ@ fﬂi‘ﬂEJ?]’(3(151/]@ﬁ@ﬂaﬂiuﬂquﬂlﬂﬂ@TﬂﬁLWﬂﬁ

=\

=t dy = Ay I o o Aa

Wiy enaeINsnagey 1unal 18-24 51)'3111\1 @iﬁﬂwajﬂﬂﬁﬂlﬂ@ﬂﬁ!ﬂﬂ clear zone 591
Aa

WQEJT]EJﬁ'ﬁ%ﬂ’ﬁ’E]’U

2.7.1.3 Paper discs method 150 Disc diffusion method (Bauer and others, 1966: 493-

%

A l 2 wyg v 9 A o o
496) AD NMTHIATITNATOUAIUY paper discs ﬂquiﬁllﬁQLW@ﬁﬁiﬁﬂ INMNagagaan ﬂ’lﬂuul‘lﬂ

=

3 Ax dy 9 VoA aa o Ay ~ Ay Id
INUUDTIHITHNNULFBUAIUNNYUUNUNNNEAUDNVLFDUUANLTINADINITINATDY Wunan

18-24 421149 A529HA 1ABTUNANITIAA clear zone IDUHANNUTITNATDU AININN 2.9



33

UTIUANINAZAL

1Fnalanadenupiizeldainnsalnle

' 13nalandenupiizea nisainle

v 2 v
MNA 2.9 MInadoUgNTVIIsana lumMsduduunnGe

Tae75 Paper discs method %730 Disc diffusion method

E4 ] v 1
UoNN Lﬁﬂlﬁuﬂ’ﬂml%u"fl}u‘u’f)ﬁﬁ']i“l/lﬂﬁﬂ‘ll IUDIANIL L AWNTANIAT MIC VB

arsnaaevld TagaA1 MIC (Minimum inhibitory concentration) A9 ANUTUTUA FAVDIENS

L)

~ ] oaj a a IS 9 0 F2 dy =&
‘VIﬂﬁ’O‘]J“VI?ﬂlITiﬂEJ‘Uﬂ\?ﬂWi!%ﬁﬂJuLﬂ‘UIﬂ‘U@QLL“]JﬂVILﬁEJLlﬂ 100% Vnulﬂjﬂt’l NYALFD ANV UBINTTIN

3 Aa @ A oA Aaa o Y @
UUNNUFITNAFTDUANININGN 2.10 Uqumwgummmzau 48 "1)'7]13“ LAINTIVIANA

B 3 A
UNUINUTITNATDY

Pl

VINIUNIALYDLULUANLIY

Y

d' ° oA A A A 9 £ 3 A
NN 2.10 AURUINHYALTDUUANLT YA UUJUNIRNHAUTITNA T DU



34

]
A A

2.7.2 nuanisenlglunminaass

S g g g A A Y o Y 1w
nuanGenlylumanaass ihudenaunsonyldna lduazmlade Tasguaiedis
A o A A .. A
VOIUUANITIN 2 NN ABD LUANLTBLUNTNUIN (Gram-positive) AB Staphylococcus aureus, A

HUAN NI VALY (Gram-negative) A® Klebsiella pneumoniae

==\ o 9 a 1 o 4 9 1 ==t
puafiGeasaswunld 2 e auanuuanavesHiasas laun tuaiisounsy
== 3 a dyd 9 < [ = 1 a
vnuazuuaiFounsuay Taona 2 yiadili Iaseadwudsvuialug Goni1 wdalalnanau
% I ] o 4 3 %
(Peptidoglycan) #315znouale lnauauaudus i) Indenedu Fwuaiisounsuuin
qaxl a [ a 4 1 1 {
N¥uliaTandeununaz Inausan 159 (Polysacaride) AMMINLUARSounsNAY Tuvnzi
a A =) v 9 J A A Y I 9 an
puaiFounsuaulinnusudeuInninlesnanmsliwedusaanilsznoualenod 1Watla
4

o } @ a ¢ ; wa g
1492 u Taswotuwaasuuoni lald Inausan 158 (Lipopolysacaride)  Falinaiauiailu

1 o W 1 1 I a [ {
endotoxin HaaudAgaon13ne lsatazaNuluNyUeLUANTIUNTNAL AIA1T1N 2.3

d' s @ J A A ~
AN 2.3 29A1/52NOUHIUYARVDWUANISTILATHLINLAZLUANIS BLATNAL

alszneu HUANISHUNTHUIN HUANISUNINAL
nwlalalpanau 60-100% 5-20%
Tnausanlsa 35-60% 15-20%
ANVHUI 15-80 W1 Tuuas 10 W Tuuag
Ay P 5] &
wouran 1 %u 2 %1
Woa Inaila 0.2% 10-20%
nsanladn 1U19%9IAl) Taig

= a I = s gl Y A o Y o J A A =
*nsaf Inon WuIndwesnazareti1d Tlszyay M ldmivsadvewuaiiFounsuuiniidsegy

au (39 1Yy HaNw, 2551)
2.7.3 Staphylococcus aureus

WhunnafiFounsuuin 3151nau Tasegswmuiiunduadionasedu wuldsialilu

a @ 4 1 v 1 ] a
91MA VUAIMTwazBeiionuees uMevesdaiiaenguiandenuale u uInalunid luy



35

1 [ 9 Y a . "9 J 1 Y
¥OIYN waziie udu deanisernaluns@yla (Aerobic) uaz”l:uaiwaﬂaﬂﬂuﬂquﬁ %

1 a [ <
n30 luldoondoulumsadandsaun'ld (Facultative anaerobe)

v

A o P4 Ax o W = <3 = A
S. aureus fﬂlﬂiﬂLWEJi]"IHTJUulﬂclLlQTWWﬁVl?JUTHGEJ HANUANEGN Tﬂmuqq UNIDBINIT
Ao % 1 dy v tﬂy o I Y A [
VlﬂJllsUiJ‘quxi LU AUBEAIGN LLIN LUD dadln 011 nea ‘lJl!iJijQﬂUllﬁﬂiN LHYLLUN HUWN LAY

A A a 3 Y
@1ﬂ15m!ﬂa@ﬁ]1ﬂﬂ1jﬂﬁiﬂﬂ !ﬂu@u

1 A o Y M) 2} 1 4 T <
Tagluszninmaiiusiuauil S. aureus azvaingosiiiodos luanaevis 1ianas
Z’ 1 dyd a . I Y a I a dy [
nazigestiuny (Enterotoxin) taziiluauvg liina lsao st uny wenainil S. aureus 69
% A o A a d? AAa @ I a A o [
Uy uluiauka A YUNEINIT e g ueInsnaRMUe e dnYULeINI
FIE ; [l 1 ~ A Y =) 1 ] 9 Y A an
youfaae diulugeziionmsaauld ordeu wuswnuemsiheiewaziouds 35ms

v A I Ad A o Ay ] a A A o
flmﬂu o Lﬂummﬁﬁlumw maﬁuﬂizmumauﬂgmm ﬂﬁﬂtﬁﬂﬂﬂﬁﬂgﬂﬁﬁ@iﬂﬂiz%W

9
pIdeiionlar (gndo ilouragissa 2549)
2.7.4 Klebsiella pneumoniae

dy . I dy A A A 1 1 9 = A

1%0 K. pneumoniae iuiFounaiizonnivay dlgilinaoudanan Tuailyanun e
) 2 & O/ & A Ay my 1o L v A
douunsuaziwiuaelan seuduse tnaeun lulamsz 1l Peritrichous flagella unaIRwy

Y Y

dy Y Aa o Aa o 9 Y o o [
Wonu ldlusssund 1 au uazd ldvesan nagerwnu1dluomssimanuy vy 1
msmliinalin

2741 Mlvnalsanssuumadunmele Taonwg Kiebsiella pneumoniae 198
1 (% a [ [ A o A:id 1 1 a dy (%
drundnazinanuisnanauniedogeey Auilymguammnuiney wu Tsaiygsnsoss 1sa
4

dy o A o A 91 v A ~ v A A
L‘i@iﬂlﬂﬁl’)ﬂﬂﬂ@mm%‘ﬁﬁﬂﬂah ﬁi@IiﬂLUWﬁ"ﬂu Qﬂ’;&mnumnﬁzmummqme La’ﬂﬂﬂuﬂ@ﬂ

v Y 9
nftheiilulsadeauiunnied dnezidhilluilea
I a dy Aa o
2.7.42 duaunguedlsndarenisszuumaauilaains

Y
o a I~
2.7.4.3 Wound infection M 1%umafade 15 uriuea d



36

2.7.44 Mldinagensesag

A
2.7.4.5 nelinamsonauluederzae wu Tnsaayndniduinide

K. rhinoscleromatis 130 K. ozaenae (§11ina1uA1u1lanasee1113, 2554)

2.8 Uszonvesrnen
o ] I a ! . .

Uszinnvesdnon utseeniu 2 Uszianauian1avesnsa319a1e (Loop direction)

LAZYHAVBIH 9 (Loop type) AO
Y o 9 ] . . A A 1 Y o =\

2.8.1 AONA1OWI (Weft Knitted fabric) ¥30/50n71 Adnauuniueuiizluuums
A A 1 Aa & A 9 I Ay R I
Han Ao Msnnaluiuizadesrailiostumuuuinenvesiuin Tassadednmannms
(3 (3 dy = d‘ 1 1 1 9 Y o 9 oy ) 1 1 d‘
onludnyuziivziinaud Foeinszrilassadsddnios mindideasawasganiuiie
= v 9 o Y A
MeuuianaeEu

Y
2.8.2 Minde8u (Warp Knitted fabric) ¥30i50n31 fdnamunuids gluuumskas

A I Aa & A 9 Y A o Ay £ ' Y Y o q ¥
o ﬁ’N‘V]LﬂﬂLﬂuWUWW%%ﬂﬁ@\?@@Lquﬂu@]nJl!u'JfJTJ"llﬂ\TWHNW GﬁﬂﬁiﬂaﬂﬂiﬂiﬁﬁiﬂﬂWﬂWiﬁ

9 A a [ [ dyd [ a ] 1 9 9 A
Tassasunnavnnmsonluansasiinnulylse NaroeievesInsadI 19810119



(Knitting Fabric)

| fhandedu(Warp Knif) |

Y oo g oo
HIONHU AL

(Single Knit Fabric)

Py o
FIaNaaIvin

(Double Knit Fabric)

" fdn Sinele Jersey

180 Rib
(@) (@(®)®)
4351‘&334 ’-ﬁ"wt"i"
o

*ﬁﬁdsiﬁr}

N
O

F1dn Tricot

/‘.

SEE8R |

MW 2.1 udasmsuisgluoudien




38

a d aa
2.9 ﬂ'lﬁ!ﬂgﬂﬂlﬁﬂﬂﬂaﬂ'ﬁ‘ﬂﬂﬁﬂﬂlmzﬂ]’i?!ﬂi]%ﬂ%ﬂﬁﬁﬂ'lﬂﬂﬂﬂ
a J o =
2.9.1 ﬂ153lﬂ51$1’i’ﬂ311|Llﬂ'ﬁﬂiﬁuﬂnluﬂﬂN!ﬂﬂﬁ (One-Way ANOVA)

a aa a L4 o
NITNATDUTNNATIUNNTDA ﬁ]Si%ﬂﬁ’Jlﬂ513Wﬂ’JWEJLL‘]Jiﬂi’JHLLU‘]Ji]”ILLuﬂTINLaEJ’J
. . £ & an aadq y = = = v ~
(One Way Analysis of Variance) FuthasnnadanlsnagowdSoumouneinuanfove

1 lel 1 ! 42/ d'd U a =\ U = A =R ~ aan A
ﬂq&l‘ﬂizﬂﬂﬂiﬁdlm 2 ﬂaqmuhlﬂ TaenualsoaszINeIR AT OAN Y UNBIUALAE"

a 4 o [ % P a 4
Tumsiasizrianuulsdsrusuusmunnader a2 lddadnvain1glunsdmsiew

g

9
v A
JU
o o A o
c = i]TL!Uuﬂ§$ﬂf1ﬂﬁﬂﬂﬂhﬂﬂu1h1ﬂ@’dﬂﬂ
o o oA A A .
n, = UIUAIDINNANUININYTEINNTYAN 1,i=1,2,3,....c
o o 1 A A
n = mmumamqma@ﬂmmwﬂﬂsmmﬁ = n tn,+n,+...+n;
Y A o = 9 o 1 A . A A A .
X = mayjam@mmmmﬂﬂmﬂmammJ %Lﬁ@ﬂﬂ?ﬂ1ﬂﬂﬁ$%1ﬂii{ﬂ% 1
9 A L2 v 1 d' A d‘ .
T, = Nﬁ5'Jll“U’t’]\1GIJ’EJllua’ViiE]ﬂ'I’d\?Lﬂ@]i]1ﬂ‘]/!ﬂ@’J’t’]EJNVILﬁE]ﬂiJ'Ii]'Iﬂ“]Ji%ﬂﬂﬂﬁ“]jﬂﬂ 1
9 A 1w @ ' A A
T = Nﬁ‘i’JﬂJellfNGUﬂuﬁﬁ’ﬁ'ﬁ’ﬁ)ﬂWﬁﬁlﬂﬂ%1ﬂ1{]ﬂﬁ’mﬂN‘ma@ﬂNW%1ﬂ‘Vjﬂﬂi%“lﬂﬂi
J A 9 A 1 o @ 1 A A A .
X, = fﬂm'ﬁﬂﬂlﬂ\iﬂ]@ﬂgaﬂiﬂﬂ'lﬁ\uﬂ@]ﬂ?ﬂﬂﬂﬂ’)@ﬂ'l\‘]ﬂm@ﬂﬂ'ﬁ]"lﬂﬂﬁ$Glf"lﬂ§5])"ﬂ‘1/1 1
v A Y A 1w Y 1 A A
X = ﬂ"lmaﬂﬂlﬂﬂﬂl@yjﬁﬂiﬂﬂ”lﬁ\uﬂ@inﬂnﬂ@n@mﬂ‘mﬂ@ﬂiﬂi]”lﬂ‘lﬁﬂﬂ'i%slﬂﬂi

v A 9 A 1w = .
mmaammmayjamammmmmﬂﬂimﬂﬂﬁm 1

x
Il

1w %

A ] A A 1 3 =& o 9
’E]iJ”ﬁ1”?3'E'JﬂWffNLﬂ@li]1ﬂﬁ’Jﬁ)EJNﬂlﬁﬁ)ﬂﬁﬂﬁﬂﬂuﬁﬁ$ﬂ5$ﬂﬂﬂiﬂﬁ c I oz lelu

¢

a 4 o = = Y v A
ﬂ"li'JLﬂi"l%‘Viﬂ'ﬂiJlL‘]Ji‘]Ji’JuLL‘]J‘]Jﬁ]TLLUﬂVINLﬂfJ’J’E)"Ii]L"UEJullﬂﬂ\WHﬁNTI 2.4



39

Y o ! a 4 o
m3199 2.4 Joyan Tl lunmsinszdanuudsdsmuuiwunmaden

Treatment
Row
1 2 1 C
1 X 11 X2 1 Xi 1 Xcl
2 Xl 2 X22 Xi2 Xc2
J Xl j XZJ ij Xci
n X, X, X X
n n in cj
Totals T, T, T, T,
Means X X X X

N
©

Grand total T= ZCH Ti

Grand mean X = T/cn

9 A 1 [ o’/’ 1 1 d'
anuulslsiuvestoyanieamdunaiiarua Al IusenIn R asvl
Uszmnsuazrasivvosanuulsdsiumeludsznnsuaazae mldnniwauausuau ¥
VLFINNHATINAMAIADURTOVDIIOATIN HATINAEIA0URABTLHINYTLHINTHAZHATIY

9

0w ! o Y Yo
fasdounaemeluilszyng Tasnanuadduamnso@onluglaums ladad



HATINAAITDURDIVDIYOATIN :

SS
ms(r) = >>0)
df (T)
110 MS(T) A9 HATIUMAIADUNABUBIHDATI

SS(T) A9 HAFINAIBIADIVDIBDATIN
A Y OBJ} ~
df(T) A9 52AUFUANWFITVUDIIDATIY (Total degree of freedom)

NATIUNRIADUR AT HINTZWINT :

SS(B
ms@) = 2B
df (B)
A A o w A 1
LU MS(B) A9 HASINMAEToURAITE NI 529nS

SS(B) A0 WATIWAEa035znINT2nT
A (% 3 ~ 1
dfiB) A0 5¥AUTUAIMETTEHINUTZIINT

wasIutasaeunasnielulszyng

SS
MS(W) = —(W)
df (W)
d‘ A o w d'
1o MS(W) fa® nasyunasdeunasmelullszang

SS(W) Ao wasaumasaeanelulszaing (Within sum of square)

dfW)  Ae seausuanuainelulseying (Within degree of freedom)

A9 SS(T) = SS(B) + SS(W) ag

df(T) = df(B) + dfitWw)



41

U SS(W) 1ag di(W) 910

SS(W) = SS(T) - SS(B)

dfilw)

df(T) - df(B)
(1199910M TN SS(T) Hag df(T) M ldazaInn NN SS(W)

9 A o 3 =\ AAa 9
ﬂ11]i$"1)’1ﬂ‘i‘1/11!11|1‘1/1ﬂﬁ®ﬂ‘ﬂ\‘1 4 % MﬂWiLL%ﬂLL%Qﬂﬂﬂ‘m\lﬂ’HNllﬂiﬂii)uﬂl@ﬁl@ﬂgﬁ

Y
v oo

' v Yy [ 1 ~ . . . Aa
IMNULAD DAT1IU MS(B)/ MS(W) wUMTHINULILV LN (F distribution) NUITLAUVUYUAIIY

183 k-1 118 n-k

A o g Y Y Aa
ﬂ"liLH]ﬂLHNLL‘]_I']JLi’W\IiJaﬂHm%LﬂutﬁuTﬂﬂ%NﬁﬂMiﬁi (Asymmetry shape) UDULUAUD

a a 1 ] 9 Y o ' ] [ v o w
miﬂgm‘ﬁﬁumgmaw (H,) agmqmwmmuimmﬂan FY TTAVUYAIALY 0.05 N30 5%

9 < 1

9
ANV o sEAusd AN 93 v, HAT v, UNUTZAVTUANNGT DY

U

1ua15190 NN TR

H H A
MINAFUAVUATIUINATIA NSV 523 INTNe 4 g LiTinnuuanaianu o

[

MS(B)/ MS(W) 1ifl NF o F Humnenle W
AL MS(B)/ MS(W) HAIANIT F g gq 41 va B8 F s 010y UMM IADINANT 1AL LI

Y
U %

4 ~ '
NITAVFUANUATUDITLHINYTTHINT V) wazneluilszmns v,
MIMHUATUNATIY
Hy :py=p,=p, .=
1 d‘ 1 1 9 d! 1 1 1 d’
H, : H, mmaﬂmmﬂquﬂizfmﬂieﬂwuaaﬁmmmqmﬂﬂqmu

a a d a 1
ﬂ1§Vlﬂﬁ’l’]‘]_lﬁiJiJﬁﬂ'l‘LlIﬂfanﬁ’JLﬂﬁWg‘ﬁ'ﬂ’Nllllﬂillﬁ'Ju uam%auag“lugﬂmmmws
a 4 . . ° o a J
Aaszvanunlslsiu (Analysis of variance table) ST 19T 1ALl sUsIMuUY

° =2 Y A
VUUNNNLIAY Llﬁﬂﬂﬂumﬁﬁﬂ 2.5



42

Y a J o
ﬂ]‘ﬂQﬁ 2.5 A15191A512HANNLYTUS MU mUNMafY)

AUNAVOIAN
df SS MS F
ulsisau
wag c _2 2 SS B
FEUIN . SS(B) = T MS(B) = k( )
: i= I’]i n -
1529109 0 MS(B)
MS(W)
c ni c T_2 SS(W)
4 - = 2N MS(W)= ————=
meluilszans  nk  SS(W) Z‘ ;xu 2 ( -
C ni T2
5 -l SSW=) > x; -
i=l j=l

a a a 4 = = A
waninmyQasauuagiv Taenisinszianumlslsivezvenuaiieanuaunag
1 Y d! d’ 1 1 d‘ d‘ d‘ =) 1 []
Yo1l52nIod1etioonilagaiuana19aInAnndsvedlszyInsoun Mivde uase liawiso
Y 1 ti' g:' 1 9 9 v v L:;
von lanaundsueslszrng laiuandnndszringlating vindesmsnsiunaunieves
Uszmns lanuanannindszanilathe wwdeslismsnageyauuaguneInuANLANA1
J ' = A 9 a A = = a 9
senieaunasveslszmnsaesgarsolemsnadeuauuag e lsouneurIsou

(Multiple comparison test)

v AN Y Yy ¥ Y 1y a o A ' A
ﬂ\ﬂ’lvlﬂﬂﬁ']’Jinlla’JEU'N@]H'J']ﬂﬁlw']ﬂﬂ'lﬁ'Jlﬂjﬁlgﬁﬂjﬁlilllﬂjﬂjjuwuq"l HUAQUDNAURAY

o 9 o

1529105 UANUUANANA UL TIFIAY VZADININTNATOUANULANANNTLHINIAURASUD

9

doalszanila nannelunisnaaeuduuATIUNEINUAMUUANAINTEHINAUR AU

:JI 1 d? anaAa 4 I~ %
dszmnsauaamyaiu 1l Taeddimsznanuulsdsiu manamanagouilumssensy H,

1
N o

HaaINAURasYeIlszrInsMmiuimsnagou IuANULANA AU HTouANA1IA U813 T3]

Y] 1

Had 1A LA

o

9 I a A [ Y = =
ﬂWWﬁﬂﬁﬂﬂﬁfJUlﬂuﬂﬁﬂgm‘ﬁ H, v17989U3U H, ﬁ]%ﬁﬂﬂii‘lﬁ‘zﬂhlﬂlw&\‘]’ﬂhﬂuﬂﬁﬂ

1 1 H 1 9y 1
Usgmnnsedativenilganiuanalanatnasveslszsnsoug Miwnlssuieumniu &



43

9 = = 9 ~ 1 [ 1 ~ 9 ~
’VHﬂG]’ENﬂ'li‘l/]iT]J’JﬁJﬂHﬂﬁﬁlellﬂiﬂ55"111f‘li(lﬂ"uN‘I/]!,mﬂﬂ’l\‘]ﬂuLLEIZﬂuﬂaﬂ"lﬁ]\iﬂig“}ﬂﬂiiﬂ‘]ﬂi‘ﬂ

Tuuanaranu

Y

2.10 NI NNIVDI

k4 9
nnnuIsemsiagaduluaas fuduuniitedrouianssuluTaseunagaadu

v v

v
o w ) I A v A Aa
AMUINUNBDUISLNINTISTIYA L‘]JLlﬂ15LWNT@ﬂWﬁiuﬂWiﬁﬂﬁuiﬂflﬂ@ﬂJ@Qﬁ“ﬂijﬂﬂ NI
a A dy 3 s Y a = 1 @ Y Aa A 491
Wi]@]ﬂiSllﬂﬁm@ﬂ%@ﬂ;ﬂ%uiuﬁ@]i"ﬂ@ﬂI%d‘]JiIﬂﬂiJﬂ’J”lmlﬁﬂGlNﬂu Qﬂiiﬂﬂﬂiﬂﬂulﬁﬂﬂ%ﬂmﬂ
4'91 a [ 4 A o 9 A Aav o dy
YYDUBDINAANUN T1A1 mammﬂszmﬂﬂumuam ﬂﬁ‘I/I‘]J‘VI’JU’JiimﬂiillGLUM‘LJ’J%EJﬂ‘]JlIu

Y Av a A 9 Y 1 1 dy
h],ﬂﬂi’Jfl]Li’)ﬂﬁ?i\i”ll!’)ﬁ]ﬂﬂlﬂﬂ’)ﬂlﬂ\ﬂuﬂ"luﬁN"‘] m‘lﬂu

a Y a A &y ogj a2 a v
2.10.1 ‘Wf]@]ﬂii3J5U?NQj‘UiTﬂ?ﬂuﬂﬁlaﬂﬂﬁﬁ’ﬂi{ﬂ%uiuﬁﬁi 49 DAAT AIUAT (2549:

a [ a

v o d v J 4 q’j a
1) finsanuduiutszningumesidudmnunganssumssoyaduluaasvesdus Inalua

9

=2 09}1 A A v s A = v o 1 9 [
ATUNWNHIUNT Taalumsanyinseil 11’J@]ﬂ‘ﬂigfNﬂLWi’JﬁﬂHTﬂ'J"IﬁJﬁﬂJWH‘ﬁﬁgﬂ’JN"U@Haﬂﬂlﬂ”l

Q

a Y o a dy qu/ S 9y Aa 1 Y] ] a 9
@]i”Iﬁ"l,m"lﬂ‘]JWQGIﬂi'i3Jﬂﬁ"]ﬁ’]Gljﬂclmﬂl,uﬁ@]ﬁsll’E]Qﬁﬂiiﬂﬂiuﬂ]ﬂﬂﬁq\imwmﬂiuﬂi ﬂij‘ll@’Ji’JEJNTIGLGB

' a o 4 { ] '
Tums@nur ldundszmnswande Siuau 400 auniesdonldlumsinudoya 1dun

'
aad

9 a JdY 9 1 4 1 Y a 4
uuugeun I adanlslumsinnzidoya Sooaz Aunde dIUToUUUNIATTIY MITUATIZY

U

o a @ v d J Jd o v J
anuulslsiunazdulsed@niavduiusodisdiovouiiosdu  #ansANEINDI AMAIAT

A

Y
dufvesgatuluns (Wacoal) Ianuuanaeiuswunaiuelg ssaumsany 519 lanefon
1 v o @ Aaa 1 Aa [ @ v
ADUNNAVTE 1azeITIW od1eiiod i yn1eada 05 uazpumesduMTANUFNRUT iU
Y Y
wpanssumssegaduluanivosdus lnaluwanjunnuriuasedslieddynisana .05

dy v Aa 4 a { 3 a
uoNIING 039U SN MU (2548: 1) Anmganssumsgogaduluvesdnaa Ineluua

e

ao :JI dy ] 4 @ 4 @ [
AIUNNNHIUAT ﬂﬁ’)%ﬁlﬁluﬂ'ﬁx‘luflﬂﬂlg\‘i1/?11Wﬂlﬁﬂﬁﬂ‘kﬂﬁ\‘iﬁﬂymzﬂiz%WﬂﬁﬁWﬁﬁi TEAUNITTUI

U

i o : o @ A o \ o
%Wﬂ’?f’é)uﬂﬂﬁTi ﬁ@I‘ﬂiﬁW‘ﬂ ﬁaﬂ1ﬂmym1uazwuﬂmumﬂ dulszaunemInan Lazszau

H k4 A
AumAsauA Ninanenganisunsdoyatuluvesdugneluwangunwuviuas  ngu

[ [ k4 F4 1 v b4
ded1en e lumsite Ae dngandetgdwa 15 Jauld a'lasuinmsauldyaduluuda uas

U q Q

o ' ° a < A A Aqw <
mﬂa@g“luwmﬂ;qmwmmuﬂi I1UIU 400 AU IﬂleJLL‘UTJﬁ@‘]JﬂﬁJL‘]JuLﬂﬁ’fNiJE]‘VIGlGD'El‘L!ﬂ']ﬁlﬂ‘]J

Ay

1 AaA a J [ H 1 H
susmdeya madanldlumsimazidoya e miesay Amazuuwmde AudeuuuasgIv

U %
[ s A Jo

a 1 a [ 4 aa ¥
MmsansermanuLlsdsiunmaune) ﬂ'lﬁ')LﬂiT%ﬁ’ﬂ'JHJﬁMWUﬁ%ﬂﬂﬁﬂ@ﬁﬂﬁNWH‘ﬁ!Wﬂiﬁu

=2 1

a d aaa T @ v
uaﬂ%’Tﬂmﬂsu SPSS version 11 1uﬂ1iﬁlﬂi1$ﬁ%}ﬂﬂgaﬂ1ﬂﬁﬂ@] NMIANHINUINNGUAIDYN



44

[

1 (=} 1 A A = a S A = v a o =
drulnglengszning 21-30  szgaumsanulSyaas NordwniinauusEnensy uagll

Y A A Y 1 A [ ~ a Ay oa.z’ Qs: dy 1
518]‘1@@]8!@6“6Q%u@ﬂﬂ31ﬁiﬁllﬂ1ﬂﬂ 10,000 YN mNtmﬂ:mJmwm;mu“lmmum%m% 1359}

Y [l < ldy [ 1 Y o o A ~ o ~ =\ 9
owylugnlenee hide Taenquatedialianudynuisemsainszduiniga Imsldaya

o ' A9 49y da A A Ay v & o v

f']fuﬁlull']ﬂﬂ’ﬂ 2 8119 LL@%EJ‘HE)‘VI&Jﬂ?WWE)%Mﬂ‘VlQ@ o 81’7@31Iﬂ %@U%@%ﬂ%ﬂh&Mﬂ?‘iN
v Y '

L=-%

< v Ao 3 d'dy A qa/l 1A ~ A =~ 4
LEUNTA MﬂWH?HﬂiQﬂ“ﬁﬂTﬂUlﬂﬁﬂ 2 ﬂ'ﬁ\i@]'ﬁ)ﬂ INIANGDDYNAIAL 300 UIN HASUNUNNIT

4 IS

v A A da' a ‘3 d’dd‘ Y =)
ﬁﬂﬁuimﬁﬂﬂ%’ﬂiﬂElWi]ﬁilHiﬂﬂ"IlequluﬂiJﬂW@ﬂﬁLlaghﬂmﬂW‘Wﬂ

q

g}

FEAUMITVININTOA e
o = Y a o 4 ' o 1 =)
GlUﬁgﬂanWUﬂﬂWQ mamwa%amumﬂuﬁmWaﬁﬂmm T HAZFDINNNITITINUIY LLasy
[ Y 1 a Y [ 1 a Y A =
ﬂ'ﬂllWﬂi%ﬁ%ﬂﬂﬂWUﬂaTﬂiuﬂTUﬂ'ﬁﬁﬁlﬁillﬂ?ﬁﬁaﬁlﬂ Gluﬂ”luﬁgﬂﬂﬂmﬂ1@§1ﬁ1:!ﬂ'lnﬂ'3"|ﬂw\i
o [ a [ @ o @ a Y] 1
wolaluszavuin aumsitnasidudwazanuduiusiuadud uazliszaugmuaing
a2 4 o Y A [ Y= A Y dy 1 [
ﬁuﬂ11u53ﬂﬂﬂ1uﬂa1ﬂ ATUAUNINNYNITUIHASAINUANAADATIAUAT UDNIINUNUIINQY

A [ = = 2 A 1 1] =\ 1 a til
IDYWNUDIY TSAUNITANYT DIYN ua‘viwllﬂﬁamauummmu HAGABNHANTIUNITHOYA

Q

SBe

[
=

Gluﬁiu’ﬂo1UQUﬂ§Qﬁ%®Iﬂ8Lﬂﬁ8ﬁﬂﬂllﬁ mmmmwaimmaﬂmmummdﬂu 08193

Qe

[ o

fedfamaadanazdy 05 ludmssdunssudnndedasaisuazminnue Sanuduius

9
k4

@ a A 09/1 9 o ;I d‘dy = = 1 (= [ @ P
ﬂ‘]_lWf]&5]ﬂﬁiﬁJﬂWi‘ﬂff’JGIﬁ]Glfusluﬂ"luﬁl"!u'luﬂiﬂ‘ﬂ“]fﬂiﬂﬂlﬂﬁfJ@]i’)‘]_] Llﬁulllllﬂ'ﬂﬂﬁuwu‘ﬁﬂﬂﬁﬂ

(% ¥ o & %

o 4 A‘ d' QQd' = 3 [ ]
TnsviminazotheTayan Nszduiodragyneananszay .05 onnsszauanunelaludiu
Y

A

‘]JigﬁiJT]Nﬂﬁﬁlfﬂﬂﬁﬂ’JﬁJﬁ'liJ w‘L! ‘Wi]G]ﬂiillﬂﬁ“]5?)611@51)'1!GL‘L!ﬂWH‘NU’JuﬂiQWﬂfﬂIﬂﬂmaﬂ@ﬂ

q

U egaltsdAynanan 556 .05 AaeAINITALRMMATIAUMTANUFURUS AN AnTTY

Y '
v A 1 wo

9 9
m3geyatuluduiiunsing Jo Taumavdetl odhaiitie WYNIZAY .05

Ay ¥ 9 & = A Y a A A M a R
ﬁ]TﬂQTL!’J’I]EJGUNG]L!L‘IJ‘L!ﬂTiﬂﬂ‘]‘:l"l‘Wi]@ﬂﬁillslli’NQU?IﬂﬂiHﬂWimﬂﬂ%’ﬂijﬂ%uiuf‘W]i BN

=\

a % a A dy 1 [ A Ay d’ 1 [
‘]JiIﬂﬂclu‘ﬂﬁ]ﬁ]q”]_ILllIWE]G]ﬂﬁﬁJ(hJﬂWimi’Jﬂ“b’@u@]ﬂ@]Nﬂu UASNITIADNEINUANA NN UUD

Do e

a <31 a % a [ L 1 ]
v3 Inandewaldinamsiaundanua lniia sengaaia

2.102 anuinaldnerdvayulninszmed TuilagiueayuIns Inelivarewiia

3 A A ) 9 oaz’ o A oaz’ v A Av A a 9 A YR o o
Lﬂuwuﬂmmzumﬂ%ﬁmmﬂﬁwmm ’f)ﬂ“I/NleJQTLH%EJ‘VILﬂEJTU’EN%VlﬂﬁﬂEWﬁﬁﬁ’ﬂﬂﬂiz%WﬂW

P R= [ :/I dal A A dy = dy =< a 9 o
”linmwaiumsaumwmmﬂmsa IBOIATW LLasiBFDIT U Uszi¥ asvenoem (2542: 134-138)

g

[

YR [ o A v Y A Y % Y A Y
ladnuianyuzna llvesnszaned Tanvazmimsonadenunszmesssuan 19igeems

1 o A 1 = |d' =~ 1 Qy A Q'J d‘ a
aglunsuouna lidisinvmnalugiiGeni <0 wilounszanenig Tl uazienaisan
anvaglusgnud luvesnseaneding lnguazlidlondunin mululiduasnazruieny

HAZNIENORNFOINGNANS I Beesenbergia sp.0g 1 ZINGIBERACEAE anvazuana1eh



45

A

v o Sa A 1y ° A Y o ] A ' '

IUFANUNTISTIYTITUAINAD L‘LlE]Gl,uell'ENW’Jﬂi%alf'lﬁlﬂ'ﬁ]ghﬁﬂﬁ'lﬂﬂ\‘iWa‘ﬂ')’l ADUTADDNUINDDU
B S P R o o A g o & A & o 9

llﬂi]u*ﬂilﬁ'u%ﬂuﬂﬂﬂW ‘”l]\?hlﬂ‘lf@fl'l “NITBIIAT” ﬂiwwmgﬂuwmuqﬂfnmﬂmmﬂfuﬂwm [SRIZNERY)

a 1 o Y g ' [ = 9 A A

ﬂ'JHJt:.f\‘lﬂ‘JgiJTﬂ! 30 HUALUAT 'L‘T'JuﬂﬁW\‘]"ll’E]\'iﬁWluLﬂul!ﬂull"U\i NﬂWUWiﬂIﬂuﬁlU?j‘N Glunﬂau
Y d? o a I v AAa A 9 Aa

oy ﬂWUGhJLWNGUUiHﬂW'JGluﬂu @ﬂﬂLﬂUﬁﬁNﬂﬂWU ﬂluWﬂﬁl‘UﬂTNﬂigiﬂm%lS I UANNT 817 30-

1
] =<

Y H

35 IHUANAT ADNDONINGDA FOASHHIADN Mclﬂmil\i‘ﬂ"]f@ﬂf]ﬂ ﬂ@ﬂﬁﬁ“ﬁﬂ\lw"ﬂ@uﬂ ﬁJ‘lJ'lﬂﬂf]ﬂﬂdJ
= = = A A o Ao [ 1A A a o g ' v 9
7/ ﬂﬁUﬁ'ﬁ'Nﬂﬁ‘U@ﬂﬂL%@MﬁﬂﬂuNaﬂHm%!ﬂuzﬂﬂﬂ UUU Iﬂuwauﬁﬂﬂmﬂu%@ﬂn NAIAIN

A [ = Y ' 9 ' = U= < o <3|
5]3H’TNﬂuﬂUﬂﬁUﬂ@ﬂ@U!ﬁ%@giﬂaﬂa’]ﬂﬂ@ INAIAUVINVUINYLI Lan EJ’EJ@GU’[‘N?JL!HJHE‘]J

dy (=) a 4 [ =4 a 9 o =
ﬂWﬂLLﬂS!ﬂa‘(’NlllliJsUu AIVUY fJ']Gl’l] HAZAUAUY SITNIND (2545: 4) ulﬂﬂ/l']ﬂ']ﬁﬁﬂ‘kﬂﬁl!“ﬂWi
o 2 & A4 A a oo % o A ' a oA
NITHIY ANT1YATIDYA G]f’é)llﬂﬂ NITHIY YODU GI)”I{\I“ 1hewes the@szuau NUNTLoINad ¥o
a J 4
INVTARNT Boesenbergia rotunda (L.) Mansf. FoNoa Boesenbergia pandurata (Roxb.) Schitr.
4 s
Gastrochilus panduratum (Roxb.) Rild., Kaempferia pandurata Roxb. LAz ¥ed Zinggiberaceae
dyo.l 4 120 9 a = 9 ya £ [
UDNVINUANHUSN NN NHATTAT "lumamu‘uuﬂu lllﬁ\ﬂ(lﬁﬂuclﬁLL@]ﬂﬁTﬂ@ﬂﬂllﬂlﬂUﬂigﬂﬂ
9 1

$1uauun 821181 Aasanatmesndnndauianazie luReasesaauluszuu@eniugl
yovvuunuglly 0319 5-10 isuALes 017 15-30 isuAas asananduluvesduluises
= ' ' ' A ) a A A A ' A Y
an ADNYo i’]i’)ﬂl!‘ﬂiﬂ@§§$W31\1ﬂ11|11|‘1/11ﬂu@]1! NAUADNUHVIINIDTAYNWOOU Nclll‘ﬂi%ﬂllgﬂ

o ' & < y Ay oy a yy
HONANINULAY ABNEDEITVIUATIOE 1 ADN WA UL TINALINT LN@LLﬂLLﬁ’J"LNLMﬂ ﬂigslﬂflﬁliiyjhlﬂ

=

Ao y A N ~ Y A & & A dq
aluntiomadoudunazwaeugu duinnuilidgnawtinuseunie I veznszanadluisnli

Y
o w 1

= o A a A 1A A~ 1 09.:’ 1 9 9 9
UiiueNsEMaITUALINUIATBUNATHAD Y ualTINaNlogiuasuI1eos Ussuasosas
A o9 d o b ¢ ! A o Ao A .
0.08 iwenauaie leti dmsueerlseasuaieg Anulusinaseanesiu J89i O - Thujene, O —
Pinene, Camphene, Myrcene, Limonene, 1.8 — Cineol, trans — Ocimene, p — Cymene, Linalool,
Neral, O — Terpineol, Borneol, Geraneol, Benzyl acetone, Methy cinnamate, Geranial Camphor
Y ]
fovay 32.1 uBNNINHTINVAITIANYHADUY BANA1FIA A Pinostrobin, Alpinetin,
I ] a
Boesenbergia A 1iudu saudedsswg 510 uAnesda Noudle ynidea Uaies fieeiae unia
Y 9 Y [ o o v 4 9 Y a 9 =
uniraurulunes udlsnay Tuszg MadmiaudnIuaeaIy uAYANA LAKRAD 11IUA
v w v g & o o o ¥ & v o q Yo ¢ o v
uAnTzde unIvlaatfued 11gad1ae unnaintnasy unanir i leadu Yuilaag un
A & 4 { o
Jaanznms udlsaluthn udihafedudiagsea uduwaluihn udthadles ud leisesa udlsa
o Y1 2 Y Y v ° Y9 o v & Y o 1 v
e uneewwas nszduralalimuainaue udladu uniraes unanzdn tuunien
o o 1 =) 9 9 a I a a 1 o
dmenazueens laazuesadd luudlsaluin Tuae udTavaduiy nouniba1e 1139519

v v < Js a a < o ¢
LLﬂLNﬂﬂﬂﬂGlu‘ﬂﬁlﬂaluﬂﬂ llﬂﬂ’]ﬂ!ﬁuu llﬂiaﬁﬂﬁgﬂﬁﬁﬁ HONITOU f!'ﬁf]’] ﬁ]uﬂi’ﬂiqm ULATAUS



46

9 o == a 4 J o o o A
(2540: 1) IavimsAnewaz Insizrvesnlsenovdayu Insnszned ayu lnsnszmed uiluis
~ Aa < awv 9 o Y o v A I~ =
nnulgnunnuugungeantemendy msavelsnsemeaiuunde sanianva Tan nfSeumeu
' 2 4
funszaeidesnlgnuuiusiu sunouns Ine 39 ianye Tan wu1 n52aMe81 AUTY
76.04% 181 3.16% UNUHU 0.22% IAN3UT 21.68 mg/100g tazvoanasa 45.60 mg/100g NTE 1Y
kA
M99 AU 89.10% 181 2.81% UNULU 0.13% IANHUT 18.63 mg/100g uazweaesa 50.04
@ L o 1T W ] o
mg/100g 1INMINATOUNI6AADADER INHALINA Primary amine alkaloid tanay laildwany
v 1
Quaternary amine alkaloid U8A1NHIINMIANEINLIN W UNNANUFONNTEHOMa150 1T
] 9 a Y] Ao w [ A a £ g A a
Snwlsalduinyia TasdrasiddglumSnuine ersunuiu Fuiuasidununuiu
1% I { 1 1 I 1 <
(6angu: tannin) Huarshil Tuanalvguaz Tnssadwdudou Janmziunsasousarhea i
Y A Y A a a = a A 4 a
a5 lvanuhaluiiy wo'ldlunsvatoria unuiiv 3 2 ¥ia Ao ABUIAUFUNUTIU (condensed
tannins) ¥30i58n8n081931 TUs1eU INT l9seniiy (proanthrocyanin) Wyl luawalaendy wag
1 I 1 1 4 Aa 1
unuldiudinIneg uaz eslelas ladunuiiu (hydrolysable tannins) AvtuuNaNTOYNLEN
I <3 v Y 1 1 Aa 4 @
pontbuTwanadang 18 wuwinludiuly fn vazdiuniasennainidnd eduld1dsy
[ a A o v o [ ] 4
oUATIY (gall) unuiiu Jnaauiaanaznouldsau sildmisdadliniiiles Jalins 1l
@ a = < @ a =
gadrinssudenmiisde unutiulignithaauu 3eldduensnu lsateudes 1d unuiuligns
o 09/1 a A Y = Y Y o = a 3’ %
gugsmsniyuewuaiGeld aaeaau gusal veunds (2551: 1-2) lahimsAnylTuaiiu
4
HOUTLHBVINHIINTLH B (Kaempferia parviflora Wall. ex Bak.) UagyNua(Curcuma
{ 1< { 1 @ @ @
aeruginosa Roxb.) (Zingiberaceae) ﬁmqﬂmﬂmﬁmgmmwﬂu miﬁﬂmaﬂymzmmmgm
Y Y Y
INvesdunsEeRazuiud1 TagnsNuNuMINAaedUy CRD 11 3 4h dhaz 3 du
vy o A I A A . A
WU AUNTLBORT (Kaempferia- parviflora Wall. ex Bak.) #luiluytialu@en (simple leaf) @
@ 1 I 1
@Wenduvualunany ooniGesuuuaay (closely alternate) iUl (blade) 1iugilla (ovate)
I @ I 1 1
dargluunay (acute) §1uluilugiiale (subcordate) apmilurouUNTLIALUY (capitulum)

' 1 9 . A o A A < =
99nA390a19324 21919 luga 1131 (thizome) 31/ subglobose N18lUNTUIA UnaunDUBY U

[
o A

FINALAVDIHIT (tuber) 31IUIN nszanednlgnluanind limilounuazlisrwnaimseon
A @ Y Aaa =] ' A
apnnaeiy 011lgnaslunszasniaudiigluazilgnasnlamaaesszesnnenlurivaeu

a =K A A o ' A
ugueududeugainy  uazignadlunszuznitelulsuieumzdinzesnaonlugiuneu
=K A @ 4 Al v 1 a [ A 1 Qy o
WOBAAN W.A. 2549 DudeunuATUTYedildall Tasvensnsziiananiniitly druviiug
<3| a . [l
(Curcuma aeruginosa Roxb.) Wlutlusiialu@ed (simple leaf) MAsrvuIalnajoonFoay

a1 (alternate) TATAST! (blade) !,‘ldJ‘ng 51 oblong - lanceolate ‘ﬂa181UL§83LLﬁa3J(acuminate) 3 1wl



47

Y

s1ad1eay (cuneate) HoaluTvu (hairy) iduluvuiu vazidunanluduuuiidiea Ind mi
. =\ 1 = dy Y A 2’ a 1 . Y
(rhizome) ‘JJﬂJUWﬂIWiUu (large) AiemelurnFRUUANL9 (aeruginose) I1INAN (central

rhizome) 3105319 (ovoid) M3 MUY (finger rhizome) JUNTINTZVON W5 INAZANOINIST (tuber)

E4
% a o

Sumn Wdudndgnluanni ldmlousuazlisrunaimsesnaenaiany dlgnaslu

[l
A o

<] 1 1
nszannlauduiagluazilgnasamaassazesnasnlusiudoungymanlasreasnas
a LY d’d 9 d' =) o =)
anasnnnilundr vaznlgnaslunszugniielulsaseumizdazeanasnaounguniny

] @ ] a 1 A = qu ) 1 1 [V 4 o
LEUNU Iﬂﬂ%ﬂﬂﬂﬂﬂ%!ﬂ@ﬂﬂu“ﬂfﬂzui‘u mﬂuummiﬁﬂymTNanwuammmuwugmwwm
9

a o o a 1 o 1 v 7 1 Y4 4
HAZUVUUAT NUIUBUADRS 4 VUIA ﬁamauwuﬁlua§ 1, muwuﬁm@{ 2, NOUNUTIVDT 3 Uad
1 v J 4 1 v o 1 1 v 4 Y
NOUNUFIUDT 4 nﬂmuwuﬁﬂlmmwwmwnqﬁ 100 % & NBUNUF[IUDT 1 19AN31N390N

] J 19 3 1 1 o J 4 o w 1 1
HUDIUATL 100 muwu‘ﬁ:ﬁammauwummiz, 3uag 4 guaay ﬁ?ﬂﬂ?iﬁﬂ‘ﬂ?ﬂ?i\‘]’ﬂﬂ‘ﬂuﬂ

Y 9
d A o w <

VOINOURUFTUVLUAING 4 YUIA DNV TN ARSI UNUATZHA LaziienaaouNaaa

a

v
= U

v o w 1 3 1 o 09}1
A28 Kruskal — Wallis Nszauiodinay 0.05 nun mmgswmmiqaﬂmmmuwuﬁm 4 YA
Y
oI yNIaeerta lulinnuuanannuedllitedngneana uagdimsansimsasaauIa
Y
VIR UNTZHAAZ VUM TAgIUHUNITNAADLUY RCBD luszezinal 11 fimsifuin
Joyamssqay Tavesia 9 19ms fe anugvesau wmludens Swauwtodens
Y Y Y Y v Y
hmiinaaiidons ANenn hminaasan shvilnuiesuiunlunivuaaene uag
a a g 1 Y o ay o A a a 1 A 1
Ysuunaslsaanene WUl AunszneswazyiuminsIyay Talunaazidounandaa
Y Y
fu aasaausiimsanylsanhiuveuszrennuivesnszmeaazuiua  Iagd
Y Y
UHUNITNARDILLL RCBD MMsnaasdaiviy 3 1 wundsuaniniureussimeninynues
o a d' A cs' e =1 a 2’ U
nzaneallTnannigalu@eun 8 (5.a. WA, 2550) USuar 0.1906 % tazNisuaniniu
9 A = A a 1 a 2’ @
nouszMetosNga AU 12 (0. 8. W.a. 2550) YTuar 0.0268 % druTuaniniuvow
Y )
FLMINNNIVUIVDINIT 2881 Ilausninadarniiuvenszveld  1ies1ndSum
9y A dgl [P= ) 9 1 a :’ o Y o [ Qy o A
MAIMVUINI0AVUIN IMUTNUWIULBY dIUUT VI U NI LM e IHINANUDIVN LAY
a d' = d' a = a g’ Y
Usmanningalu@oun 10 (n.w. w.a. 2550) Ysum 0.7590 % wazilsunaniiureuszive
9 ~ A d' a a 3’ @ Y
uoengaludoun 4 (a.a. w.e. 2549) Usuar 03415 % uazTuanhiuneussmenInmi

o A

Qy a d‘ = d' a A A
!L‘UHQ‘U@Q"’U?JU@TJJ‘IJ?MWﬂlNWﬂVIQ?IGl“HLWﬂuVI 9 (W.A.N.A. 2550) 51 0.843 % waziysuw

v '
o 9 =

Wureuszmetiosigalu@oun 12 (.. WA, 2550) Y3191 0.419 % e uIMAINNADA

[ v o w 1

¥
v = 2 v o 1 DY )
738 RCBD ﬂﬁ%ﬂﬂuﬂﬁTﬂﬂJ 0.05 WU NUKNUBINTEBIYAT FIUVUBDUHINIUANUASLIHIULUUN

Y
S v aa

4
vouluM VTnaninfuneuszmeuana iU ldIAYNI9aD



48

Y
a A [ Y o a 4

2.10.3  UszANTMNMITUIWUANITIINNTLHIORT QNUNT NOIDUNT (2544: 1)

Y o = Sy dil . L. Ay A A .
Ulﬂ‘l/l1ﬂﬁﬁﬂie|1i]‘1fl‘ﬁ@1ul‘lfﬁ)i1 Cladosporium cladusporioides UAZIBOUUNNLIY Serratia

Y

marcescens V0IETANANNNTLHE TnzareTes veuuilu uazuzurnimen Tashimsana
asananeruveiinize ludmzateles luvazilaenuzunuilu lunazilaenuzun
J Y a A4 o Sy & . L. Y ax
neuaie lanse Tstimu WaUINNATDUNEMNULEDI Cladosporium cladusporioides 1815
1 2 :} QJ
TLC-Bioassy wudansanavnnlufmeatslas nseme lunzunudu luuzurnihmeniigns

Y dy A o [ Y dy @ 1 o o Y a J a o <
lumsamudes wemmsanauauau (residenarinmiInusgnitazinaizi lasuna

H a 4 ' { H

Tasunlasns-unaainlasimeswud msdugosminluthnzareTes lieunsovengas

1 { g} o J . .
Tassadalduaiuarsitivminluana 140 a15A1U%0519100 52110152 NOUAIY Pimostobin

' v
AA o

chachone (%ID=99%), N-vinylpyrrolidone (%ID=91%) Lasa13 wuumﬁfﬂimaqa 331 uay 432
y tﬂy 4 Ao oy o 9 Lﬂy
asdudesininlunzunuilulszneudreasiiimminluana 208 uag 309 A1sd1uios

Y [ Y 1
nnluuzunimenlszneudiemsniiiimin Tuana 206 uaz 355 wazloasananeIUN
4
NATOUNIAUUUANISY Serratia marcescens #3938 TLC-Bioassay WL @1580ANEIUIN
J 3 A =% o q’j dy S A A o [ 9 dy A A v 1
nszmeiunNgn lumsdudugouuanFe WommsanauauAUIFoL AN sAINa 1AL

a 4

° o Y a o <3 = a 4 1 9 dy
Wi ldusgninaziasei lesunalasulasns-uuaailn Tasimeswui a13@uire
HUANIE 8U0 NI 3181 T2 NOUAQY cis-9-octadecen-1-0l  (%ID=95%), 1,13-tetradecadiene (%
ID=99%), l-octadecene (%ID=99%) (1A% Pionostobin chachone (%ID=99%) a1 luiasdu lai
9 dy AN Ao a 1 o a YR [ wvAa
uaauoudUFonuaioNFaau wazdxgaa nousuda (2552: 1) ldAnuianyuzauiia
YBUAAAUNANINVOINTL IR Kaempferia parviflora Wall Ex. Baker lasmsiundives
o v Y Aa o S I 1 09: o =) o Y
nszesnanaaleaIsazatensatosnannuilunsaaie 7.2 antuii Tdsauuini 1
a a"‘ 9 A =\ [ A v A o J o a Y a 4
V3gNF lasnsanaznaudlsinaouen Tutendamadudan 80 osiwua iuanauliusgns
a % (% 4 =1
TagmaialnsuIasn LU UFUNTIANNAIABANY ConA  Sepharose taz Iasun Tagns il
a) v Y @ J o w A Y a a a J
puVRaNamIFuA18AaaNY Sephacryl  S100  @wud1ay e 1Himatinnedezasarlua

ad a ~ =& a a Q'{d| Y g’ ] a

wastan laselsFauuuidoanin suanauusgndn laiimin luwanalszana 41.7 Alaaa

o ~AAa ' Sl A ' A Y ]
AU 1AZTNINTTUMIINZNAUVDUTAAIADDALAIVDINTEAIBNINNGA T8989 1AL 1adila

[ o o o a 1
RADALAIVBINE WU HYUTN YN HaZHYAZINANE AU TIDINAINTTUMTINZNUUDY
S I A = =\ A (aaa o < A =

wadaaeauadveinu luszuuaeaell 1o Tasldfasenuiliafonaundveanyidon Tonin

A ¥ VA ~ AKX Aa Vo A = ~ ] 3
g 5090901 1aun viyideare 1 tazed Falifvnssumnuy maaulianuadesaonnuiy

a

[ E4
n3a-A191uT29 6 AU 8 wazlinnuadesasnnuioungungil 75 osruvaifod wonvniia

QU



49

ﬂaui‘ﬁiJﬁﬂET"Ugﬂﬂﬁﬁﬁiy@ﬂi@ﬂl@ﬁﬂiﬂﬁ% 1&un Exserohilum turcicum, Fusarium oxysporum

WAz Colectrotrichum cassicola TAMUANTY 18 3uds 36 Tulasndu sawiannsadudams

PIYAL TaveauANTe Waunafideunsuay (Pseudomonas aeruginosa) WAZUNTNUIN

(Bacillus subtilis Waig Staphylococcus aureus) ’E)EiNUlijﬁuwwﬁﬂ’ﬂm%}M"flju 1.270, 1.270 19 0.184

Tulasnsunudrdy nazainnududunisfudanisiauveear- ngladiaad 50

wosivud mhf 0.04 Tadndu wenand Wynn eydo tagame (2551: 1) lammsdnyins
’ p -

Y a ad Y ~ 1 3) v o A d o =
muigaumwm"lﬁmifgmwumuwamzmmwawmﬂaumﬂiummﬁ Iﬂﬂ‘ﬂ?ﬂWiﬁﬂ‘]&ﬂ

a

Y
(%

a A I [ a =4 Y 9 A [} oy Y 9 1A ]
dsz@nimumailuarsdudagdunsdves ldussy ldnsonfiusiniuneuszive laun a3 41
2 A ~ A ' Yy 9 A9 A A o a A
yiu nsz1e wazlaenuznga Taslseumsuamanududunissngandudigaunss
[ Y v
(Minimum inhibitory- concentration: MIC) Ae73 agar dilution eRaeniiuieNsLIMeNi
a A ] ng a g 1 (K% os/‘ S a 1 3' %
Usz@nSmmdudagaunione Isaua ldudwuniiizonsananan wuInhiueuszinean
= = QOJ 9 A A 1 dd’ S 1
nlasnuznzauaznizelgns lumsauuuansene lsaunsuuinanga lagla MIC o
11929 0.5-0.6% (viv) 1182 0.1-0.4% (viv) mud1ay Jai1 1dussy ldnsen Ae 1daa ldaoaa
Y 9 o & A Y v
wu vag ldwa Tadu usTwiniuveuszmenni)denuzngauaznszaeianududu o, 10
] 1 AN Y I ] Aa A o qu; a s
wag 50 v vea1 MIC 114 iWluna 1 nag 24 ¥ 1ue nadovlszansmumsdudaunid
) A 1 09; o Y ag b < 1 9 a ] g‘ % A
Yo lqUsIgNuminiunouszIMea1835 agar diffusion WU lddaiuminiuvensziveonlaon
Yy 9 v A~ i Y 9
YzNIARNUINTY 5% (viv)  uaz ldaoaauauiuminiuvenszenszaeianududu 5%
1 o =\ a A aa 9 A A 1 9 1
(viv) szeznamsdts 1 ¥alusdlidszanimmangalumsdunuaisene Ilsaunsuuan laun
Bacillus cereus, Listeria monocytogenes Ua Staphylococcus aureus 52199 g "]ﬂillﬁﬂ‘g'} 8 (2550:
Y o = = o o A ~ o q ¥ I 4 & A
D l@dnsanignivesesanannnsznesaz nilinamilenih lisaduzs uliadeavn
a a o [~ ~ QOJ
(U937 cells) tnamsaeuuuazwon Indd nizaoauaziniuivayu lnshligninedinm
] J Y] s A = [V :JI = @
Wa1eed 1 Msanuiitaglszasamednu1gnivesasananded nazgnivesa1sana
1 o o < ~ ) < a
$INAVINTABINEIT paclitaxel  11aT camptothecin MM ItMHeh ¥ aa U937 inan1sae
puvezweN INda TagnsiaTananILIea Haga fraction 1AL 4 NANMTVNIUA1IY) LY
1 Y] 4 a a aa 4
SR Uwaa U937 A529mMsnsaas Ia 1agn13ioaiInuousadaien1snaaol Trypan  blue
1 [ 09)1 [ as/' A o 4 Y [
exclusion WuNansanansaeslinadudimanuiiawsadulsiulasasaiuanududu (p <
[ k4
0.05) HazIa10e1NNued Ry (p <  0.05) AANNWIVTUVDITITANANTL ORI NTVTINS
a a s s S
wsyan Tavousad 50 Wosisuaina 24 sy, , 48 ¥u. 1oz 72 ¥, A 92, 70 1A 60 Llg/ml

o w 1 Yy 9 1 . Ao 0911 a a J J s A
AIUANY AANUYNVUUDIVT fraction 1 WﬂﬂﬂﬁﬂWilﬂiml@UIﬂﬂlﬂﬂl“ﬁaﬁ 50 tlosirua Nan 24



50

) 4
1Az 48 B, A 37 1A 35 Lg/ml 11AZ1 fraction 4 A 7 1A 5 Llg/ml MUY HaANYIGNTVOY
v o ' A oy o Ay ~ ¢ A
msanansdesremsilasumlasnnuandndvoube iy luTnsaouassvourad U937 1w

1 4 @
[WuYUA19 Taemsdoutyadaie 3,3’ -dihexyloxacarbocyanine iodide (DiOC6) 1a3A533 7R

' o o o q ¥ ¢ s A & y y oy
flow cytometer WuMEsernaNaaesi1lilosiyuavounudumlsAamanududuueses
1 A v oo W 1 ' A v o w 4 1 I v [

pgalitivd ity (p < 0.05)uaz Idwauanaedlitiodid (p < 0.05) Weliuwaanuasena
' Y . .oA Y Y = ' sy Y
3R paclitaxel 118 camptothecin NANUFNIUAIMIANYIFIT VO IFAIAIBNAD NG

v 1 [ @ usj o J a
IFAFUANAILNT A Tananades udih IdivaduuiysuIRAAIY absolute methanol 1A
9) JY g . . I < a dy a 2 a @
fouaaf I8 Propidium iodide Witaalmsuaniluozwon InAnued tagiundealinsnadi

o z A ) = 4 Y a A
Tagaglarsanansdeuntienirlulasnewasovousad U937 Tinamsmenuvozwonw Inde
o 4 ] 1 @ Q(Qsll 1 a @ 3 o 7

Az eITANABLNTINNY paclitaxel 1182 camptothecin HnFNIduasy nazdudigniiueradn
= 1 v A A Y a A us/' @ A d A wvAa 9
imsanasvesnnuandnditedu luTnsaouase dnnduaiid musnauia 2s41: 1) 14

= @ 3 - [ @ J
AnwINENSIVEUF0I Candida  albicans vosdrsananniwayu Iws Ine Jagilszasdves

dyd' = Aa Q(cu :J' A a = A Yo dy A ]
Tassnutiioszdnyiayulns Ineilgnidudmieasugnsnnldsnyuyes1 wesivan

A 1A o o o [ I ¥ a2l tig} 9 [

uraveensonua s lniimihuniuduninulilanadsy  Tunsnaassldasana
ayulnsdwou 12 ersade ldun ersadeain vzen ludss  luiun nseiReunas aue

n3zaea1 uzNtlon 1191 WAL TR HAZNUFINAGNINUNAINIQYIUYS HAZUNET

4 = 7 @ S a o 1 4
INBIYTU ﬁﬂy'lﬂﬁﬁl’ilﬂi]ﬂ‘ﬁsllﬁ]ﬂﬁ’J’ﬁﬁ’ﬁﬂﬂl@i Ll,ﬁ$ﬂ'liE]@ﬂi]Vl‘ﬁLﬁiiJGl’Jm“’JJH‘dle]i1 Ketoconazole

P’ Y
%

1 v o 4 ao
Iae Nystatin i]'lﬂNaﬂ'liﬁﬂ‘H'lWU?]'l miﬁﬂmmﬂfﬂmgﬂmmmﬁymuazmm%uﬁﬁqmaum
dy . . PR 3 L A = = a = dy [
1031 Candida albicans hlﬂ‘]_INLaﬂu'Oﬂ UAZINDANHINITRDNNTLATUYNTYUYD I WU 1T
[ Y 4
ANAINNTZRYVLAL NTSHIIA HAZNUFNUAYNNITDIUNAITINITATNYNTY Ketoconazole
Y o A 5 . Y o = ' Y 9 o = v o &
hlﬂ Llﬁllﬂlﬁiﬂﬂﬂ‘ﬁfﬂ Nystatin llﬂ‘VnﬂWiﬁﬂ‘HWﬁf]llﬂIﬂEl“l’i’Wﬂ'ﬂﬂJHlllﬂllWﬂﬁ!ﬂﬂﬁ?lﬂﬁﬂEl“]JﬁJ\iL‘]SfJ§'1
o A { 1 { [ [ t4
(MIC) uazﬂauu%’wffwanmﬁam150%111,%31 (MFC) VONFTITANANIUFNUAGNITININYITY T
= a o :JI 1 o 1 o
lla%ﬂTiy%uu‘iIﬂﬁllﬁiNQﬂ‘ﬁﬂ‘UﬂW Ketoconazole GluGU’L!GQ]}L!W“U’NﬁTiﬁﬂﬂ’Nu“]fﬂiJﬂQﬂ%Wﬂ
J A = 1 [ [ 1 A o
INYIYIULATNYNDYT Ketoconazole U]ﬁ?]}aﬂ’N’fﬂiﬁﬂﬂﬂWU%ﬂMﬂgﬂﬂ?ﬂﬂWﬂJﬁ]lﬂH? LLG\LﬁfJ‘ﬂWﬂWi
1 ] = 1 o { e §
ATV MIC iag MFC Ulll“W“U’Nllﬂ'ﬂlllmﬂ@]Nﬂuiﬂﬂ’tff?:ﬂﬁﬂgu%"liﬁﬂq%ﬁ‘ﬂﬂlﬁd}fﬂiumg
=) = Y o = 1 A [ I Y [ A a
WU NDTY Ketoconazole ul,ﬂ Wngimmsanyineieoniauudunlslunmssnvlsannan
Y [
10 Candida albicns Iusuiaa laun nsziReuuas n3zaed1 LazUFNUAYN 1Ag Sopa

g
Kummee (2008: 1) ﬂ?ﬂﬂ'lﬁﬁﬂ‘ﬂﬁ]“l/l‘ﬁghuﬂ13ﬂﬂlﬁﬂﬂlﬂﬁﬂi$%18ﬂ1"’l}@\1 (Tewtrakul &

Subhadhirasakul, 2008) WuNETEMYNINHIINTZIEANANARBIENIUDATIANNAINITD Y



51

o z a < J Y a 1
msdudaluainoenled (NO) luwadmizidsamalasvhrsiaraw264.7 18@ Taglviea 1C,
vy 7.8 luTasniudiadans dauadauendiuasdroenaununlia IC,, gagaminy 3.6
luTasnSwiadansuazdalisiwauna1sdIAny hydroxy-3, 7,3, 4 ' tetramethooxyflavone 910

o o QEII s Y a
nigaedaINTodudanmsade PGE, uaz TNF-O lumadmiziaoamnlasvhayia RAW

Y Y1 o o o & =< =
264.7 laa Taal#an I1C,, 1Ay 163 wag > 10 TuTas Tvamuday $99105100UMIANEINS

9 o A ' 9 9 Y I K a a o o
Msdumsonduiinannddn  uaaslimudalszaninmwanasaianszmeailuns
@ 3 9 A A o Y a o s dy A 7 09:
dugamsainens dedszenmnmliifanmsiaeveusaduaziiiowe lunszuIumss iU

= % di’ o 14
LLUU!%&UWﬁuLLﬁﬁLLUUﬁ@i\‘]llﬂ

Y
2104 madamsndevayulnslaglulaseusalgaadu  msinhdukey
o 1 o 9 Y Y ) S 9 1 %]
szenszyoaanuaadusauudladeaiuna Tulasduae vazuianssu'lulasou

v I { o a Y o aw A
uadgaadundumaTulasn lasuanuioyluilagiv uazienaisaiuiseinerdes 1ddnu

1 9
meauuianssyluTaseunalgaaduiaee 11

Ankit, Pramod and Arunabha. (2011: 1-7) lasimsnuluTaseunnlgaadu
. . = ~ A vy Y
(Microencapsulation) ¥11889 N3UIUMINVBAUAIMI 0B YMAgNHaN el lugivewnilyga
v a s o A & & A o a
arenodmosiusuniee mailulyTnsundgadgalivinalszuia 1-1,000 luasou sunod
4 dy A I @ ] A 1 o A Y
wosung iesnziuditlesiunietantassmsdinynelueenuuiiorsideanis uaz
Y
Usmen gUs1sdSan uazanuin Tads (2546: 1) Takimsanyimsasouiniuuznga Taes lu
Tasounagaady Tagldnannis Tonic gelation tazidenld Orifice method Tasnisnoa
AIUNANTZHIN sodium alginate 11 oil emulsion 411 @1582A18 calcium chloride W1UN

: A Y2 d’ : ! g, . Y . . ~ 1
syringe M 1¥nanNsuan/asy ions 551319 sodium 1az calcium MY calcium alginate 9113

b4
Av A

3’ a o . =} L d? Y o =2 o o AA 1
azaei uazinailu alginate bead 113® micro bead YU Tunudteil lddmsaniladentinade
ANBUTNINNMININLAZAVNINUDY alginate bead lAln YT alginate 1Az CaCl, MINWANS

] 1 Y
NAARINUI WoriulTum alginate vzimaiildiimainuazvuinves alginate bead aAAg
1 [ Y

Tuneasanutnumsiuysmaves CaCl, vewaldl alginate bead 7 lAvedivihwiinuazauia

A 4 [ o < [ I a
IMNAIUENEAUZNNNENINVD alginate bead NI INIAI BMETVIETdnvaziTunsanan Auso

= A Y A a A <3 dzl a Y . Y
199A9 WondeatinAniier uazudelu MsUsziiunnunIAIved alginate bead Tagldunalns
= VA [ [ 4 o w A (A oy o 9 =\
nTasnsilwuindonawiulyl 4 da gasdrsuniySuaniiuuznga uag cacl, vow T

2
S o %

v Y
msgadoiniunzngaldauinnigasnfivsunaniuiuugngauas CaCl, 110 MINHANMINAADA

U QU



52

o ¥ Aa 1 AaA A o v Aa 1 . 1 g’ @ o
Q’G]i@]'liﬂ‘l/]ﬂﬂ’ﬂﬂ‘ﬂﬁﬂ ﬂ@g@]i@]1iﬂﬂﬂ ATIUVDY alginate G]’E'JHHJU‘JJ%T‘I?}@LIJU 1:3 a1y

Y 9 . . A I o v AA (A :l Y ~ A
[UNUUVOA calcium chloride 20% tHpaNINTlUgaTAITURNYTIAhiuzngaIniga N3Nl

4
a o a a . 1 @ . a ll t4 @
ca’ USunamnnilvdimanisifna crosslink 531319 Ca’ falginate NATUDENANYTH WITIVD
. A Y= A < 1 1% 3’ % 9 da'
alginate  bead 1IR3l NUNAITe  edosdtumsszmeveniniuuzngalaa uenainil
@ A o Jd A A ay [ { A IS y 1
ANINR Junsuay nazeguas Usnlsu 2547: 1) adusuduayu Inshidenlfiduniolgauas
~ . y 73 2 2 o s a = y
sANarAv09 1M dausznounanie 70 nlesidudvesrsviiugu Ao Aospiugninun gy
a Jd a A QOJQI @ a‘{Q} Aa 1 < Jd a =
INevoneIRiu ABHNTAILIMIONIdDIAZgNTAIUBYYaddIzed lsNAuABs gl ugAFy
9 o Y A A o A Y ] Aav dy 1 ) @ an d
laenn i lvanlsz@nsnaduie I lugduuusvdsznu Tuaideigedulumsiaunisiny
[ @ Qy % a a o g ) = v A
nnasanaviuguluenaag Taaneawes laslddsszmedniazmeuazAnuilatening
J o Y 14 { a a
asmsit lulaseunatyatu lulasailesnldanmsldefawagTae anumiia 100 1wud
= 9 1 4 ~ 1 Aa = 4 A 9 a
wood Numarduriuguinan 28.67+7.60 luaseu Tuvazii lima lulasailes elHeda

A a J Jd <2 4 v a3 @ ng @ 2N Ao
Lcﬁagiaﬁmmwuﬂ 45 I UAND YT L‘]Ji’)il“]fﬂﬁﬂ"liﬂﬂ!ﬂ‘ﬂﬁWﬁﬁﬂﬂﬂluu%uiuqﬂiﬂﬁﬁl'ﬂlﬂi NN

)}

=\

a a J (a a Aa o a 4 4
oaag Taganuviia 100 wu@awesdlTuiar 100 Jadnsy TNz Iagasivanaosgiu i
1 1 A A Y] 1 1 o ng @ I 1 A
A1 70.4547.16 % uatilouoasi@iuserinasanaviuny lanas Islimuilu 1 de 400 vty
S 2 4 v Aa 4 a o
WosiFuamsnniny 86.80+5.08 % mskayIna hilaueansges Tudsum 0.25% lu ignin

4
won annsailesiumssiudinuveseamsanaviiusenamaglad Usiasvesigninuen
[ I = Y (a = o [ [ 1 A
Tsignzdlu 400 w30 1000 1¥UTuna lulasadles Tigradu darumsaunauaisazais 8and
o A A a P [ 1 1 J I g
WK (17 ¥ Tu9) daniulsuaved lulasailesn1diladoaren wartenmnsadulsz Temine
19 = o ] = 0’.1‘ a Jdo o a @

e luTasaidles Tugsuinau Tuwas 80 wssuns edundaiunu agaigm gue

Y o = Vo 2 I YIS /R o o~ Ao
51 (2553: 22) Idimsanyimsanuasdussdnthedrniniuaiiuguria luTasualga n133de

3 dyd = = o 3 dy A A 9 A o 1 o 3 Y
TuasetidumsAnpdennuauisalumsiviureuuaiGovesdthenimsanuasdusanie
v Y 1
mswiin luTasundgainiuaiugu Tae3% Padding-Drying-Curing #1415 TuTnsuaiaa
Y Y v
WUV UTY 10, 20 1182 30 g/100 ml ABEITFIVAA 0, 10 11AZ 20 g/100 ml HAIIINTUUNING
a A 1Y 09.:} dy A A 9 dy

nagevlseaniamlumsdvdusenvanise lael¥e Escherichia coli M5ATINAOUMSI
a 4 =K a :’ % Qy % 9 9 ‘a3 [
AnTzdmsgaaa luTasuadaminiuviiudu drendesganssenisiinaseunnudoinsia uay

NATDUANTANIINMENIN 1N NATDUANTAANUAINUADNITFNAN tazTamayiin1uu

= 1 1 o &

Y Y
HaveIMsenu N Mthefkumsanuasduseate luTasuadgmiiuvliugu 20 g/100 ml do

v v Y k4
A3%8AA 20 ¢/100 ml WUszanTamangalumsduduseuuniSeninoutaziainagey

Q

1 o a g '
ﬂ?TNﬂQﬂH@@ﬂWﬁWﬂé}WQ Naﬂ'liﬂ3’Jﬁ]ﬁ@Uﬁl?ﬂﬂé}@\1ﬂq'm/]3ﬁf”fﬁ@Lﬁﬂﬂﬁ@ullﬂﬂﬁ@ﬂﬂﬁWﬂﬁWNWﬁﬂ



53

Y v
Y1 A 2K A o v Aa

A @ v A9 9 A 1
EJ‘L!Elull@]’J'liJﬂ'liEJ@W]WU?N1N1ﬂillﬂﬂ6§au1uuﬂmuﬂfuﬂuwuPﬂahﬁl LLﬁ%NﬁJWfJﬂNWNﬂﬁ@ﬂLm\?

s 9 waywd

9 g’ ' v oA A A v 9 A m 9y

dusadeluInsuatgariniuaiuduiiandatinnuuaaas Wereusudithen li'ldiuns
1 o a3 [ 4 J Y o =2 ~ Aav o 3’ %

ANUANTUITY LASTIYRY NUTTNT (2550: 1) hlﬂ‘1/11m‘iﬁﬂy1mimﬁElivaJTﬂi’é)iJa“lmlmiJHWH

7 2 Y] y < ' ~ v
Gluu1GU@\1L3Juwf)fl"UUﬂ@uﬂ'Jﬂﬂ'liﬂfl‘lﬂjl‘lﬂj']uﬁjﬁﬂuqq 16,000 59UADUIN Iﬂ&ﬂ%ﬂlﬂdﬂ’duiu

[
a aA

v Y ] Y
P93 1 619 1 TTHINATAALTIAIRINTDAI ATz auNso Uiz dIun Turo i
A Ao A A A  an A a a o = = a 1
N3010%11PATIA1 AD NOADONTONAU-2-TABSA0MNOS (LDFUDAL) = 4.9) LAZAITAAUTIAIAIIIN
d‘d = A a A A 4 =1 o Aaov o ~
wyuealge Ao wha-mAssauoansgoa (owueal = 15) i luTnsoladuveswuneai
3 <3 1 4 Y] a Aa
inaouae la Tawu Tdluveadsiumsiyouvia Iaewuss loosiindle Inswodaoavla (#
=1 a Y A a 4 9 a 4 ' A
#if) 1IIMsIRTIzRAIBTo IR IzHILIAd e NIzl aaresnu Ty Tasualya 0
= Y 1 [} a 4 ] [ a
w3on lativunaedluge 0.5-40 luTaswas Anszdslsuasduguinereslulnsunilya

kY Y 4 1 ' = A A A o Yy Y ~
AYNADIVANT TAULUULEAITDINTU ﬂ"l’chluﬂﬁmifJiJ‘VIL‘H?JW&ﬁNﬂQQﬂﬂﬂﬁllﬂ'liJTﬂﬁuﬂﬂ“gﬁﬂ

E4
=1

= 2 ~ A o = 3 y 1 A g
WADYTAINLLASNITNTEIWRIUUIANUATNAIUAD mmjﬂumi‘ﬂumu 16,000 59UADUIN 1Wu

KX A

~ P, s Qo S o A o \
1397 3 UIN ANUVUUVUHUBDITITAALTININD 5.0 L‘].]i’]il‘ﬂ)’u@ Iﬂﬂuﬁ’iuﬂ WY 4.9 i’)@i”lﬁ?]lﬂﬂfl
1 A A y d’ = U 1 y o
Tms:mwﬂﬂimmuamww 2:1 naﬂumﬁ]uwanmn 120 UIN Llﬁg’t’)@]ﬁﬁ?uiﬂﬂﬁ”lﬁuﬂ
Y W Ae o A ~ a4
3814’31@1.!11]14“681?11@]“]511! 8:1 lliJTﬂi’f)lIaGIﬂ!VIMnlhiﬂﬁuﬂ‘ﬂﬁgaﬂﬁS‘qmu‘ﬂﬂﬁllﬂ’l"llllﬁﬂﬂi‘ﬂ

angiigulszana 40 esrusaiFod lane 3 senTavsmeldanizmeunsdd 1 widna ¥

u

9 1

?
A v oY , ., o 9 A a5 A ' a sy A o
Eluﬂuhlﬂﬂﬁﬂﬂ'l G uagG i]'lﬂﬂ'li')ﬂﬂ’)ﬂlﬂi@\iii@i\lmﬂi il'lﬂﬂ'li’glﬂﬁ'lgWQ'JEJLVIﬂUﬂLLﬂﬁIﬂﬁ

unInnsinui Uszansamlumsdmnumunealululasundyalanlszina 25 nlofidud

a Ao A 1w s 2 4 g/ o =3 .
Usmanuuneanimnulululasunilgaliawnny 2 nlesigua Tasthmiin 59584 Lian-Yan

=

= =~ o
Wang and others (2006: 1) AinyImsiasenoynInva luasouvesla lnanumelszynd luns

o

' Y
augumitlassvesdugau  Tasmionlalasuivssyougauldodluglsdadunuuiiily

v Y

:} % . . vy = : 3 b Y S g ~\T A
WY (water-in-oil, w/o) AI8INANA (membrane- emulsification) M1 1¥NAHBNAaFUAIBNITH

a a 1

Idesazae laTasumauiudugaui s uun TN (porous glass membrane) ad1u

U

a a\ = = S A =K A A 09/' ~ = 9 a
vounaumsMu/allasi@eudmes ANd15aaL5IAIHY PO-500 L%mmwu‘wwmmﬂmwaa

A 2}’ A 9 v A 4
Woauna (tripolyphosphate; TPP) uazL%anm’mmu‘wﬁmmaﬂgmiaﬂ"laﬂ (glutaraldehyde; GA)
Tagnunanz lumayeuyeiinasedyguineveseynin Usuimvesiuisyluoynia
9 9 v
pazuuvunumMslaaaesen MtinMzimingauas pH 3.5-4.0 9aT1dUIzHINHYozl Ty

a s < A A
mm"lﬂiwmuuawy ﬁﬂule‘ifﬂ‘lJ’fN GA L‘]_]L! 1:1 Llﬁ$i$‘EJ&L’m"Iﬁ],UﬂﬁLGD'@M‘U’J'NGU’fN GA 79

60 119



ISAHUNTIVY

Aau A o qﬂll S o q’j a9 o
N17IYLT BN mswwummuiuamﬂumgmﬂmiﬂmﬂﬂﬂsmmmﬂcgam%mm

g’ Y o % S A a o g’ o [
HIWUNDUISININTSHIYN ﬁ?@]@ﬂi%ﬁﬁm'ﬁ@ﬁﬂﬂW’J%ﬂﬁﬁﬂﬂu"muﬁi’lmiglﬂﬂﬂig%TﬂQTTﬂEJ
Aad ql/ Y 3’ = =} Aa A [ qu/ A A oy v o
nmiﬂaumﬂam WisuimevdseansnmnmsdudanuanGevo s uHe NI LHINTZH 1A

Y 1

anvimandon luInseuualygaadunniniureuszenszmediacuud 3 sianuanaig

o (= = a a o 09.:’ A A 9 a A ' o A A
U wazseumeudseansmwmsdudauanGove i 3 ‘]5‘L!ﬂ‘1/llmﬂ@]Nﬂu“VIN1uﬂ'liLﬂaE]1Jvl‘JJ

Y 9 2
Taslouualyamdunmhniuvouszmonszaned Dduaeunaz3sa uiumsiteassae i

3.1 Jagavnldlumsive

3.1.1 Ay lws 1l lumsive

Y 9
v A =

Aq ¥ awv A ) A a = .
ﬁﬂ;IHUIW'iVIGLGIfGLuﬂ1§TJ%EJﬂ§QHﬂi’J NITHIYA Tﬂﬂﬂ%@?ﬂﬂ?ﬁ?ﬁ@iﬂ@ Kaempferia
parviflora Wall. Ex Baker l¥oneefe Boesenbergia pandurata (Roxb.) (Schitr.black rhizome) {10

A oA Yo A (Y] (Y] 4
BOWAND Zingiberaceae Iﬂﬂllﬂﬂﬂ!aﬂﬂNTﬂ']ﬂﬂﬂﬁﬁﬂlw%iﬂuﬁﬂl

3.12 g lumsive

4 E4
% 2

9 A 9 a o ~ A Y o 9 @ <3 Qs: = o [l 9 ~
mMnlslunsideasal ae Mdmsulslumsaaguyadsuluaas Tasa1d196 17

o = A
MmMsAny uaasluaisen 3.1



M99 3.1 Al lunsdive

55

Y Aq Y Awv Y Aq Y Ao e
fnlslunsive szpnveainly lunisive 1UTHN
9 Y o Y 1 a v a a o'.l o w
fihe AIONAENA YTHN dUNWN Ty 3109
(Weft Knitted fabric)
9 a 4 9y o 9 1 a o a A o o w
ANOALDFINDT AIONAENA YTHN dUNWN Ty 3109
(Weft Knitted fabric)
9 Y o Y A a o a a a'/ o w
f'luasu AONAEE YTHN dUNIN uFU 199
(Warp Knitted fabric)

3.1.3 wadn1¥lunsdive

Iq Y av a a o :‘1 A A . . ..
wraan b 1umsIvedseanimumsdudauiuninise (Antibacterial Activity) tiaaalu

A
A1TNN 3.2

zs' Iq U av a a o 3 A A . . ..
M99 3.2 wraa g lumsvedseanimmwmsduduiuninEe (Antibacterial Activity)

S 9 Aav
wraan 1y lunsive

USEN

A A
UUANTUUNTULIN

Staphylococcus aureus

usEm Ine uau lTuTema 316a

@UN 35/3 woenra leTy 14 ouunvaleSy  1v9a1

ATCC 6538 aulu wanwaln nganmua 10400
IS
LUANLTSLNINAY . - .
FJWEJ'JT]EH?TKWITK’J?HW ADIVUIVYINYIATATLDY
Klebsiella pneumoniae

ATCC 4352

maTuTagualszmalne




56

3.1.4 asainlslumsine

dd’ Y awv d'
Nl lumsivenaasluaisian 3.3

M99 3.3 asnin g lunside

RBIGYY OGERGERGERN VIEN
H VWR International LTD,
Methanol (methyl alcohol) C o
: Poole, BHI51 TD,
Analytical Reagent(R) S \ oo%e
—
N H H England.
CH, o) CHj
PLLA (Poly-L-lactic acid) o 0 O)W OH Sigma—Aldrich®, UsS
0] CHs |, o)
OH
PVA (Polyvinly alcohol) Sigma—Aldrich®, UsS
n
|_|I
DCM (Dichloromethane) . \ P & N Labchem Ltd.,

W

CI/
Cl

Binder PD-87 C RADCHA CHEMICAL
s T - /C\“ S
. 2 Co., Ltd.
(Poly Acrylic) a )
HHHP |,




4 ¢ av
3.2 n3esilenazglnsalililumside

NITHIYA

Y Y
3.2.1 YUABUMTANAUINUHONTLHINTSBIIA

A Iy [ va 9 1 4 a
3.2.1.1 nyesiluonTula HURIFUINAN 10 LFUALIAT

3.2.1.2 1A509%4 12 N 1an5u JU Sartorius CP|Gemplus Series 1/5zinAtgTaiv

Y Y Y
3.2.2 TufoUMINATaUUTEANTNNNTIUIULUANG 8RN UK ONT LMY

3.2.2.1

3222

3223

3224

3225

3.2.2.6

3227

3.2.2.8
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3.2.2.14

3.2.2.15

3.2.2.16

3.2.2.17
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Antibacterial Activity Assessment of Textile Materials:

Developed in 1976 by AATCC Commit-
tee RA31; reaffirmed 1977, 1982, 1998;
editorially revised 1980, 1982, 1983,
1986; revised 1987, 1988 (with title
change), 1993; editorially revised and
reaffirmed 2004.

Foreword

The Parallel Streak Method has filled a
need for a relatively quick and ecasily exe-
cuted qualitative method to determine an-
tibacterial activity of diffusable antimi-
crobial agents on treated textile materials.

AATCC Method 100, Antibacterial
Finishes on Textile Materials, Assess-
ment of, is a quantitative procedure
which is adequately sensitive but is cum-
bersome and time consuming for routine
quality control and screening tests.
Therefore, when the intent is to demon-
strate bacteriostatic activity by the diffu-
sion of the antibacterial agent through
agar, Method 147 fulfills this need. In the
Parallel Streak Method, the agar surface
is inoculated making it easier to distin-
guish between the test organism and con-
taminant organisms which may be
present on the unsterilized specimen. The
Parallel Streak Method has proven effec-
tive over a number of years of use in pro-
viding evidence of antibacterial activity
against both Gram positive and Gram
negative bacteria.

1. Purpose and Scope

1.1 The objective is to detect bacterio-
static activity on textile materials. The re-
sults of using this procedure have been
demonstrated by Committee RA31 to be
reproducible by various laboratories
working with materials containing resid-
ual amounts of antibacterial agents (as
determined by chemical assay) after mul-
tiple standard washings. The method is
useful for obtaining a rough estimate of
activity in that the growth of the inocu-
lum organism decreases from one end of
each streak to the other and from one
streak to the next resulting in increasing
degrees of sensitivity. The size of the
zone of inhibition and the narrowing of
the streaks caused by the presence of the
antibacterial agent permit an estimate of
the residual antibacterial activity after
multiple washings.

2. Principle

2.1 Specimens of the test material, in-
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cluding corresponding untreated controls
of the same material, are placed in inti-
mate contact with nutrient agar (see 7.1
and 7.4) which has been previously
streaked with an inoculum of a test bacte-
rium. After incubation, a clear area of in-
terrupted growth underneath and along
the sides of the test material indicates an-
tibacterial activity of the specimen. A
standard strain of bacteria is used which
is specific to the requirements of the ma-
terial under test. If no other bacterial spe-
cies is specified, Staphyvlococcus aureus
may be used as a representative Gram
positive organism. Other recommended
strains are listed below in Section 6.

3. Terminology

3.1 activity, n—of an antibacterial
agent, a measure of effectiveness of the
agent.

3.2 antibacterial agent, n.—in tex-
tiles, any chemical which kills bacteria
(bactericide) or interferes with the multi-
plication, growth or activity of bacteria
(bacteriostat).

3.3 zone of inhibition, n.—clear area
of no growth of a microorganism, cul-
tured onto the surface of an agar growth
medium, in proximity to the borders of a
specimen placed in direct contact with
this agar surface.

NOTE: A zone of inhibition occurs as
a result of the diffusion of an antimicro-
bial agent from the specimen.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for specific
details such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 This test should be performed only
by trained personnel. The U.S. Depart-
ment of Health and Human services pub-
lication Biosafety in Microbiological and
Biomedical Laboratories should be con-
sulted (see 13.1).

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

reasonable precaution must be taken to
eliminate this risk to the laboratory per-
sonnel and to personnel in the associated
environment. Wear protective clothing
and respiratory protection that prevents
penetration by the bacteria.

4.3 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory areas.

4.4 All chemicals should be handled
with care.

4.5 An eyewash/safety shower should
be located nearby for emergency use.

4.6 Sterilize all contaminated samples
and test materials prior to disposal.

4.7 Exposure to chemicals used in this
procedure must be controlled at or below
levels set by government authorities (e.g.,
Occupational Safety and Health Admin-
istrations [OSHA] permissible exposure
limits [PEL] as found in 29 CFR
1910.1000 of January 1, 1989). In addi-
tion, the American Conference of Gov-
ernmental Industrial Hygienists (ACGIH)
Threshold Limit Values (TLVs) com-
prised of time weighted averages (TLV-
TWA), short term exposure limits (TLV-
STEL) and ceiling limits (TLV-C) are
recommended as a general guide for air
contaminant exposure which should be
met (see 13.2).

5. Uses and Limitations

5.1 The method is not suitable for ma-
terials which tend to encapsulate and pre-
vent the diffusion of the antibacterial
agent or contain antibacterial-neutralizing
substances.

6. Test Organisms

6.1 Test bacteria:

6.1.1 Staphyvlococcus aureus, Ameri-
can Type Culture Collection No. 6538.
Gram positive organism. (see 13.3)

6.1.2 Klebsiella pneumoniae, Ameri-
can Type Culture Collection No. 4352.
Gram negative organism. (see 13.3)

6.1.3 Other suitable species can also be
used depending on the intended end-use
of the test sample.

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

6.3 To determine whether the antibac-
terial activity is due to the antibacterial
agent, test a specimen of the same mate-
rial treated in exactly the same way with
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whatever other finishing agents were
used, but without the antibacterial agent.
Many standard textile finishing chemi-
cals, especially crease resistant and per-
manent press reagents, will often give
strong antibacterial activity even after
many washes.

7. Culture Medium

7.1 Suitable broth/agar media are Nu-
trient, Trypticase Soy and Brain-Heart In-
fusion.

Nutrient Broth:
Peptone (Bacto-peptone)
(see 13.5) 5g
Beef extract (see 13.0) 3g
Distilled water to 1000 mL

7.2 Heat to a boil to disperse ingredi-
ents. Adjust to pH 6.8 = 0.1 with IN
NaOH solution. (This is not necessary if
prepared, dehydrated medium is used.)

7.3 Dispense in 10.0 = 0.5 mL amounts
in conventional bacteriological culture
tubes (i.e., 125 x 17 mm). Plug and steril-
ize at 103 kPa (15 psi) for 15 minutes.

7.4 Nutrient agar (see 13.4). Add 1.5%
bacteriological agar to nutrient (or appro-
priate) broth. Heat to boiling. Check pH
and adjust to 7.1 + (.1 using NaOH solu-
tion if necessary. Dispense in 15.0 = 0.5
mL amounts in conventional bacteriolog-
ical culture tubes, plug, and sterilize at
103 kPa (15 psi) for 15 min. (May be
sterilized in 1,000 mL borosilicate glass
flasks and petri dishes poured from this.)

8. Maintenance of Culture of Test
Organisms

8.1 Using a 4 mm inoculating loop,
transfer the culture daily in nutrient (or
appropriate medium) broth for not more
than two weeks. At the conclusion of two
weeks, make a fresh transplant from
stock culture. Incubate cultures at 37 +
2°C (99 + 3°F).

8.2 Maintain stock cultures on nutrient
or appropriate agar slants. Store at 5 =
1°C (41 + 2°F) and transfer once a month
to fresh agar (see 13.7).

9. Test Specimens

9.1 Test specimens (non-sterile) are cut
by hand or with a die. They may be any
convenient size. Rectangular specimens
cut 25 % 50 mm are recommended. A 50
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mm length permits the specimens to lie
across 5 parallel inoculum streaks each of
diminishing width from about 8§ mm to 4
mm wide.

10. Procedure

10.1 Dispense sterilized nutrient (or
appropriate medium) agar [cooled to 47 +
2°C (117 = 4°F)] by pouring 15 =2 mL
into each standard (15 x 100 mm) flat
bottomed petri dish. Allow agar to gel
firmly before inoculating.

10.2 Prepare inoculum by transferring
1.0 = 0.1 mL of a 24 h broth culture into
9.0 £ 0.1 mL of sterile distilled water con-
tained in a test tube or small flask. Mix
well using appropriate agitation.

10.3 Using a 4 mm inoculating loop,
load one loopful of the diluted inoculum
and transfer to the surface of the sterile
agar plate by making five streaks approx-
imately 60 mm in length, spaced 10 mm
apart covering the central area of a stan-
dard petri dish (see 10.1) without refilling
the loop. Take care not to break the sur-
face of the agar while making the streaks.

10.4 Gently press the test specimen
transversely across the five inoculum
streaks to ensure intimate contact with
the agar surface. This may be accom-
plished more easily by pressing the speci-
men to the agar surface with a biological
section lifter or with a spatula which has
been sterilized by flaming and then air
cooled immediately before use.

10.5 If the specimen curls, preventing
intimate contact with the inoculated sur-
face, place sterile glass slides on the ends
of the specimen to hold it in place.

10.6 Incubate at 37 £ 2°C (99 + 4°F)
for 18-24 h.

11. Evaluation

11.1 Examine the incubated plates for
interruption of growth along the streaks
of inoculum beneath the specimen and
for a clear zone of inhibition beyond its
edge. The average width of a zone of in-
hibition along a streak on either side of
the test specimen may be calculated using
the following equation:

W=(T-D)2

where:
W = width of clear zone of inhibition
in mm
T = total diameter of test specimen
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and clear zone in mm
D = diameter of the test specimen in
mm

11.2 The size of the zone cannot be
construed as a quantitative evaluation of
antibacterial activity. Treated materials
should be compared to an untreated cor-
responding material and a material speci-
men with known bacteriostatic activity.
Report of results will include an observa-
tion of zones of inhibition and growth un-
der the specimen if present. The criterion
for passing the test must be agreed upon
by the interested parties. To constitute ac-
ceptable antibacterial activity, there must
be no bacterial colonies directly under the
sample in the contact area.

12. Precision and Bias

12.1 Precision for this test method has
not been established. Until a precision
statement is generated for this test
method, use standard statistical tech-
niques in making any comparisons of test
results for either within-laboratory or
between-laboratory averages.

13. Notes and References

13.1 Publication available from U.S. De-
partment of Health and Human Services—
CDC/NIH-HHS  Publication No. (CDC)
84-8395.

13.2 Booklet available from Publications
office, ACGIH, Kemper Woods Center, 1330
Kemper Meadow Dr., Cincinnati OH 45240;
tel: 513/742-2020.

13.3 American Type Culture Collection,
P.O. Box 1549, Manassas VA 20108; tel: 703/
365-2700; fax: 703/365-2701.

13.4 Nutrient Agar can be obtained from
Difco Laboratories, 920 Henry St., Detroit MI
48201 and from Baltimore Biological 1.abora-
tories, 250 Schilling Circle, Cockeyville MD
21030.

13.5 Peptone from Difeo Laboratories
(address above), or Thiotone from Baltimore
Biological Laboratories (address above).

13.6 Beefl extract may be obtained from
Baltimore Biological Laboratories (address
above); Difco Laboratories (address above);
or Oxoid USA Inc., 9017 Red Branch Road,
Columbia MD 21045,

13.7 Consistent and accurate testing
requires maintenance of a pure, uncontami-
nated, non-mutant test culture. Avoid contami-
nation by using good sterile technique in
plating and transferring. Avoid mutation by
strict adherence to monthly stock transfers.
Check culture purity by making streak plates
periodically and observing for a single
species-characteristic type of colonies.

AATCC Technical Manual/2006
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Designation: D 3776 — 96 (Reapproved 2002)

g’
INTERNATIONAL
Standard Test Method for
- - - 1
Mass Per Unit Area (Weight) of Fabric
This standard is issued under the fixed designation D 3776; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.
1. Scope

1.1 This test method covers the measurement of fabric mass
per unit area (weight) and is applicable to most fabrics.

1.2 There are four approved options:

1.2.1 Opfion A—Full Piece, Roll. Bolt or Cut (Section 7).

1.2.2 Option B—Full Width Sample (Section 8).

1.2.3 Opfion C—Small Swatch of Fabric (Section 9).

1.2.4 Option D—Narrow Fabrics (Section 10).

1.3 The values either in SIunits or U.S. customary units are
regarded as standard. U.S. customary units may be approxi-
mate.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. If is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior fo use.

2. Referenced Documents

2.1 ASTM Standards: >

D 123 Terminology Relating to Textiles

D 1776 Practice for Conditioning Textiles for Testing
D 3773 Test Methods for Length of Woven Fabric

D 3774 Test Methods for Width of Woven Fabric

2.2 Other Standard:

ANST/ASQC 71.4 Inspection by Attributes®

3. Terminology

3.1 Definitions:

3.1.1 weight, n—as used with fabrics. mass per unit area.

3.1.1.1 Discussion—Fabric mass per unit area is expressed
either as grams per square metre (ounces per square yard). or
grams per linear metre (ounces per linear yard). Fabric mass is

! These test methods are under the jurisdiction of ASTM Committee D13 on
Textiles and are the direct responsibility of Subcommittee D13.60 on Fabric Test
Methods. Specific.

Current edition approved April 10, 1996. Published June 1996. Replaces Sections
35 to 41 of Methods D 1910 — 64 (1975). Originally published as D 3776 — 79. Last
previous edition D 3776 — 85(1990).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Anmual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

also sometimes expressed inversely as linear metres per
kilograms (yards per pound) with the fabric width stated.

3.2 For definitions of other textile terms used in these test
methods, refer to Terminology D 123.

4. Summary of Test Methods

4.1 Fabric mass is calculated from the mass of a specimen
the length and width of which have been measured as directed
in one of the procedures in Test Method D 3773 and D 3774.

5. Apparatus

5.1 Scale, with a capacity and sensitivity sufficient to weigh
the full piece, roll. bolt, or cut units to within +0.1 % of their
gross mass. The accuracy of the scale should be certified by a
recognized authority.

5.2 Balance, having a capacity and sensitivity to weigh
within £0.1 % of the mass of the specimens being tested.

5.3 Cutting Die, either square or round with an area of at
least 13 cm® or 4 in.2

6. Conditioning

6.1 Condition test specimens as directed in Practice D 1776.

6.2 All weighing tests should be made in the standard
atmosphere for testing textiles (20 £ 1°C (70 x 2°F),
65 £ 2 % RH), after the specimens have been conditioned in
the same atmosphere. It may be impractical to condition the
specimens in Option A or nonconditioned testing may be
agreed upon by the purchaser and supplier. When the full rolls
or bolts of fabric cannot be properly conditioned in a reason-
able time with available facilities, perform the tests without
conditioning and report the actual conditions prevailing at the
time of the test. Such results may not correspond with the
results obtained after testing adequately conditioned specimens
in the standard atmosphere for testing textiles.

7. Option A—Full Piece, Roll, Bolt, or Cut

7.1 Significance and Use

7.1.1 Option A for the determination of mass per unit area of
woven fabrics may be used for acceptance testing of commer-
cial shipments since it has been used extensively in the trade.

7.1.2 In case of a dispute arising from differences in
reported test values when using Test Methods D 3776 for
acceptance testing of commercial shipments. the purchaser and
the supplier should conduct comparative tests to determine if

Copyright @ ASTM Internaticnal, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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there is a statistical bias between their laboratories. Competent
statistical assistance is recommended for the investigation of
bias. As a minimum. the two parties should take a group of test
specimens which are as homogeneous as possible and which
are from a lot of material of the type in question. The test
specimens should then be randomly assigned in equal numbers
to each laboratory for testing. The average results from the two
laboratories should be compared using student’s #-test for
unpaired data and an acceptable probability level chosen by the
two parties before testing is begun. If a bias is found, either its
cause must be found and corrected or the purchaser and the
supplier must agree to interpret future test results in the light of
the known bias.

7.2 Sampling—As a lot sample for acceptance testing. take
at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider rolls of fabric to be the
primary sampling units. Consider the rolls of fabric in the lot
sample as the laboratory sample and as the test specimens.

7.3 Procedure:

7.3.1 Measure the length of the full piece. roll. bolt, or cut
by the hand procedure in Test Method D 3773.

7.3.2 Measure the width by the tension-free alternative of
Option A of Test Method D 3774,

7.3.3 Weigh the fabric. with shell and holder. if any. to the
nearest 0.1 % of its mass.

7.3.4 Weigh the holder. if any. to the nearest 0.1 % of its
mass.

7.4 Calculations:

7.4.1 Determine the net weight of the fabric by subtracting
the weight of the holder from the total weight.

7.4.2 Dimensions and mass may all be determined in SI
units and mass per unit area calculated using Eq 1. Eq 2, or Eq
3. as follows:

g/m’ = 1°MILW (1)
gim = 10°M/L )
mkg = LIM 3)
where:
M = mass of fabric. in kilograms,
L = length of fabric, in metres. and

w = width of fabric. in metres.

7.4.3 Calculate the mass per unit area, mass per linear yard,
or linear yards per pound to three significant figures, unless
otherwise specified, using Eq 4, Eq 5. Eq 6. or Eq 7, as follows:
Mass per unit area:

oz/yd® = 5T6MILW )
Mass per vard:
oz'yd = 16M/L )
Linear yards per pound:
yd/lb = LIM (6)
ydilb = 16 oz/yd N
where:
M = mass of fabric. in pounds.

L = length of fabric. in yards, and
w = width of fabric, in inches.

7.4.4 If preferred. convert the U.S. customary units to SI
units using Eq 8, Eq 9. or Eq 10. as follows:

Mass. g/m” = oz/yd® X 33.906 (®)
Mass, g'm = ozfyd X 31.000 (&)]
mkg = yd/lb % 2.016 (10)

8. Option B—Full Width Sample

8.1 Significance and Use:

8.1.1 This procedure is applicable to a full-width sample cut
from a full piece. roll, bolt. or cut. Unless otherwise specified.
these results will include selvages and will be on the basis of
conditioned fabric.

8.1.2 Option B is not recommended for the acceptance
testing of commercial shipments, since Option A is regularly
used for that purpose.

8.2 Sampling:

8.2.1 Lot Sample—As a lot sample for acceptance testing,
take at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider the roll of fabric to be
the primary sampling units.

8.2.2 Laboratory Sample—From each roll or piece in the lot
sample, cut—don’t tear—at least one laboratory sample the
full width of the fabric and at least 250 mm (10 in.) in length.
The cut edges must be a straight line, free of indentations or
bulges. unless both edges have been made to frace parallel
filling yarns. In this procedure the complete laboratory sample
is used as the specimen.

8.3 Procedure:

8.3.1 Measure the length of the conditioned specimen by the
hand procedure of Test Method D 3773.

8.3.2 Measure the width by the tension-free alternative of
Option A of Test Method D 3774.

8.3.3 Weigh the specimen in grams on a scale or balance to
the nearest 0.1 % of its mass (weight).

8.4 Calculations:

8.4.1 Calculate the mass per unit area, mass per linear yard.,
or linear vards per pound to three significant figures, unless
otherwise specified. using Eq 11. Eq 12, Eq 13, or Eq 14. as
follows:

Mass per unit area.

oziyd’ = 45 T2GIL.W (11)
Mass per linear yard:
ozfyd = 127GIL, (12)
Linear yards per pound:
vd/Ib = 16/0z per linear yd (13)
yd/lb = 12.6L./G (14)
where:
G = mass of specimen, in grams.
L. = length of specimen. in inches. and
W = width of specimen. in inches.

8.4.2 If preferred. convert the U.S. customary units to SI
units using Eq 4, Eq 5. or Eq 6 in 7.4.3.
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8.4.3 Alternatively. dimensions and mass may all be deter-
mined in ST units and calculated using Eq 15. Eq 16. or Eq 17.
as follows:

Mass per unit area:

g/m® = 10°G/L, 7 (15)

Mass per linear metre:

g/m = 10°G/L, (16)

Linear metres per kilogram:

mke = L/G an
where:
G = mass of specimen, g
L, = length of specimen, mm. and
W = width of specimen. mm.

9. Option C—Small Swatch of Fabric

9.1 Significance and Use:

9.1.1 This procedure is applicable when a small swatch of
fabric is sent to the laboratory to be used as the test specimen.
The results are considered to be applicable to the sample only
and not necessarily to the lot from which the sample was taken.

9.1.2 Measurements by this method do not include selvages
and should be reported as such. unless a selvage allowanece is
specified.

9.1.3 Option C is not recommended for acceptance testing
of commercial shipments since Option A is regularly used for
that purpose.

9.2 Sampling—Option C is used only when limited fabric is
available and should not be used for acceptance sampling.
Prepare such specimens from small swatches as is possible.

9.3 Preparation of Specimens—Prepare a conditioned
specimen having an area of at least 130 cm? (20 in.”) or a
number of smaller die cut specimens taken from different
locations in the sample and having a total area of at least 130
em? (20 in.?) Do not take these specimens closer than one tenth
of the fabric width to a selvage or cut edge. If insufficient fabric
is available to meet these criteria. note that fact in the report.

9.4 Procedure:

9.4.1 Determine the area of the specimen(s) used. For
die-cut specimens. the area of the die is normally given. For
other specimens, multiply the length by the width.

0.4.2 Weigh the specimen(s) to within *0.1 % of mass
(weight) on a balance. Specimens of a fabric may be weighed
together.

9.5 Calculations:

9.5.1 Dimensions and mass may be determined in SI units
and calculated using Eq 15 (8.4.3). Eq 18, or Eq 19. as follows:

Mass per linear metfre:

o/m = 10°GWILW, (18)
Linear metre per kilogram:
m/kg = LW,/GW (19)
where:
G = mass of specimen, g
W = width of fabric. mm

L. = length of specimen. mm. and
W, = width of specimen mm.

9.5.2 Calculate the mass in ounces per square yard. ounces
per linear yard, or linear yards per pound to three significant
figures using Eq 11 (8.4.1). Eq 19. or Eq 20. as follows:

Mass per linear yard:

oziyd = 1.27GWIL,W, 20)
Linear yards per pound:
yd/Ib = 12.6L,W,/GW @n
where:
G = mass of specimen. g.
W = width of fabric, in.
W, = width of specimen. in.. and

P~

. = length of specimen. in.
9.5.3 If preferred convert the U.S. customary umits to SI
units by using Eq 8. Eq 9, or Eq 10 in 7.4.4.

10. Option D—Narrow Fabrics

10.1 Significance and Use:

10.1.1 This procedure is intended for use with narrow
fabrics as so designated by the trade. These fabrics are usually
300 mun (12 in.) in width or less. have a selvage on both sides
and are woven on multishuttle looms.

10.1.2 Option D is not recommended for acceptance testing
of commercial shipments since Option A is regularly used for
that purpose.

10.2 Sampling:

10.2.1 Lot Sample—As a lot sample for acceptance testing.
take at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider the rolls of fabric to be
the primary sampling units.

10.2.2 Laboratory Sample—From each roll or piece in the
lot sample. cut a conditioned laboratory sample 1 m £ 3 mm
(36.0 = 0.10 in.) long perpendicular to the selvages. Take a
minimum of three such laboratory samples from different
places. distributed as evenly as practicable along the length of
the roll or piece. In this procedure a complete laboratory
sample is used as a specimen.

10.3 Procedure:

10.3.1 Measure the width of the fabric to the nearest 1 mm
(0.125 in.) by the tension-free alternative of Option A of Test
Methods D 3774,

10.3.2 Weigh each specimen to within =0.1 % of its weight
on a scale or balance.

10.4 Calculations:

10.4.1 If all measurements are made in SI units, use Eq 15.
Eq 16 or Eq 17 in 8.4.3.

10.4.2 Calculate the average mass as ounces per linear yard
or linear yards per pound using Eq 12, Eq 13, or Eq 14 from
8.4.1.

10.4.3 If preferred, convert the U.S. customary units to SI
units using Eq 9 or Eq 10 in 7.4.4.

11. Report

11.1 State that the tests were made as directed in Option A
(or B or C or D) in Test Methods D 3776. Describe the material
or product sampled and the method of sampling used.
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11.2 Report the following information:

11.2.1 Option used to measure fabric mass per unit area.

11.2.2 Fabric mass in ounces per square yard. or ounces per
linear yard. or in yards per pound. to three significant figures.

11.2.3 Fabric mass in grams per square metre, or grams per
linear metre, or metres per kilogram, to three significant
figures.

11.2.4 Fabric width if mass is reported as mass per linear
metre (yard) or metres per kilogram (yards per pound).

11.2.5 State whether the fabric weight includes or does not
include selvages. and

11.2.6 Atmospheric condifions under which the tests were
conducted and whether the specimens were conditioned as
directed in Practice D 1776.

2
2

12. Precision and Bias

12.1 Summary—In comparing two averages of four obser-
vations when using Option B of Test Methods D 3776. the
difference should not exceed the following amounts in 95 out
of 100 cases when all of the observations were taken by the
same well-trained operator using the same piece of equipment
and specimens randomly drawn from the same sample of
material:

Seersucker 0.125 oziyd®
Gingham 0.080 oz/yd?
Corduroy 0.330 oziyd?
Denim 0.105 ozfyd?

Larger differences are likely under all other circumstances.
The procedure in Option B of Test Methods D 3776 has no
known bias and is used as a referee method.

12.2 Interlaboratory Test Daia—An interlaboratory test was
run in 1981 in which randomly drawn specimens of four
materials were tested in each of four laboratories using Option
B of Test Methods D 3776. Two operators in each laboratory
each tested two specimens of each material for mass per unit
area. The first fabric was a 65 % polyester and 35 % cotton
seersucker type basket weave. The second fabric was a 65 %
polyester and 35 % cotton gingham check. The third fabric was
an 88 % cofton and 12 % polyester corduroy. The fourth fabric
was a 100 % cotton denim. The components of variance for
fabric mass per unit area expressed as standard deviations were
calculated to be as follows:

Average Single- Within- Between-
Mass per Operator Laboratory Laboratory
Unit Area Compo- Compo- Compo-
nent nent nent
Seersucker 6.11 ozlyd® 0.091 0.000 0.023
Gingham 2.90 ozlyd” 0.029 0.000 0.031
Corduroy 10.42 ozlyd? 0.119 0073 0.082

Denim 7.45 ozlyd® 0.038 0.000 0.066

Note 1—The square roots of the components are being reported to
express the variability in the appropriate unit of measure rather than as the
square of those units of measure.

12.3 Precision—For the components of variance reported in
12.2. two averages of observed values should be considered
significantly different at the 95 % probability level if the
difference equals or exceeds the critical differences in Table 1.

Note 2—The tabulated values of the cnitical differences should be
considered to be a general statement, particularly with respect to between-
laboratory precision. Before a meaningful statement can be made about
two specific laboratories, the amount of statistical bias_ if any, between
them must be established with each comparison being based on recent data
obtained on specimens taken from a lot of material of the type being
evaluated so as to be as nearly homogeneous as possible and then
randomly assigned in equal numbers to each of the laboratories.

12.4 Bias—Option B in Test Method D 3776 for measuring
mass per unit area (weight) of full width samples has no known
bias and is accepted as a referee procedure. The accuracy of the
other procedures in Test Method D 3776 has not been estab-
lished. Weights of unconditioned fabric will be affected by the
past history of the product.

13. Keywords
13.1 fabric: mass per unit area: weight

TABLE 1 Critical Differences for the Conditions Noted, 95 %
Probability Level, Option B, Mass per Unit Area”

Number of . Within- Between-
Observa- Single-
. . . Labora- Labora-
Fabric tions in Operator to
L ry tory
Each Precision 8 -
Precision Precision
Average
Seersucker 1 0.249 0.249 0.257
(6.11 ozfyd?) 4 0.125 0.125 0.140
8 0.088 0.088 0.109
16 0.062 0.062 0.089
Gingham 1 0.080 0.080 0.118
(2.90 ozlyd?) 4 0.040 0.040 0.095
8 0.028 0.028 0.090
16 0.020 0.020 0.088
Corduroy 1 0.320 0.387 0.449
(10.42 ozlyd?) 4 0.165 0.261 0.346
8 0.117 0.234 0.326
16 0.082 0.218 0.315
Denim 1 0.105 0.105 0.211
(7.45 ozlyd?) 4 0.053 0.053 0.190
8 0.037 0.037 0.187
16 0.026 0.026 0.185

A The critical differences were calculated using t= 1.960 which is based on
infinite degrees of freedom.
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Dimensional Changes of Fabrics after Home Laundering

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

1. Purpose and Scope

1.1 This test method is intended for the
determination of dimensional changes of
fabrics when subjected to home launder-
ing procedures used by consumers. Four
washing temperatures, three agitation cy-
cles, two rinse temperatures and four dry-
ing procedures cover the common home
care options available to consumers using
current laundering machines.

2. Principle

2.1 The dimensional changes of fabric
specimens subjected to home laundering
care are measured using pairs of bench-
marks applied to the fabric before laun-
dering.

3. Terminology

3.1 dimensional change, n.—a ge-
neric term for changes in length or width
of a fabric specimen subjected to speci-
fied conditions. The change is usually ex-
pressed as a percentage of the initial di-
mension of the specimen.

3.2 growth, n.—a dimensional change
resulting in an increase of length or width
of a specimen.

3.3 laundering, n.—of textile materi-
als, a process intended to remove soils
and/or stains by treatment (washing) with
an aqueous detergent solution and nor-
mally including rinsing, extraction and
drying.

3.4 shrinkage, n.—a dimensional
change resulting in a decrease in the
length or width of a specimen.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for specific
details such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.
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4.1 Good laboratory practices should
be followed. Wear safcty glasses in all
laboratory areas.

4.2 The 1993 AATCC Standard Refer-
ence Detergent may cause irritation. Care
should be taken to prevent exposure to
skin and eves.

4.3 Manufacturer’s safety recommen-
dations should be followed when operat-
ing laboratory testing equipment.

5. Apparatus and Materials

5.1 Automatic washing machine (see
12.1).

5.2 Automatic tumble dryer (see 12.2).

5.3 Conditioning/drying racks with
pull-out screens or perforated shelves
(see 12.3).

5.4 Facilities for drip drying and line
drying.

5.5 1993 AATCC Standard Reference
Detergent (see 12.10 and 12.11).

5.6 Ballast of 920 x 920 mm (36 x 36
in.) hemmed pieces of bleached cotton
sheeting (Wash load ballast type 1), or
50/ 50 polyester/cotton bleached plain
weave (Wash load ballast type 3) (see
12.4 and 12.11).

5.7 Indelible ink marking pen (see
12.5) for use with suitable rule, tape,
marking template or other marking de-
vice (see 12.6). Sewing thread may be
used for making benchmarks.

5.8 Measuring devices.

5.8.1 Tape or rule marked in milli-
meters, eighths or tenths of an inch.

5.8.2 Tape or ruled template marked
directly in percent dimensional change to
0.5% or smaller increment (see 12.6).

5.8.3 Digital Imaging System (see 12.7).

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

6. Test Specimens

6.1 Sampling and Preparation.

6.1.1 Samples from which dimensional
change specimens are to be taken should
be representative of the fabric processing
stage, finishing treatment, research lab
trial, pallet, lot or end-product stage.

6.1.2 Fabrics that are distorted in their
unlaundered state may give deceptive di-
mensional change results when laundered
by any procedure. In such cases, it is rec-
ommended that specimens not be taken
from any distorted area of a fabric sam-
ple.

6.1.3 Tubular knitted samples should
be slit and handled flat in a single layer.
Only circular knitted fabrics produced on
body-width machines are to be used as

specimens in their tubular form. Circular
knitted fabrics made on body-width ma-
chines are ones to be used in garments
with no side seams. Body-width tubular
circular knitted garments and seamless
garments (knit-to-wear) should be tested
according to AATCC Method 150, Di-
mensional Changes of Garments after
Home Laundering.

6.1.4 If fraying of specimens is ex-
pected in laundering, see 12.8.

6.1.5 Prior to marking, condition test
specimens as directed in ASTM D 1776,
Standard Practice for Conditioning and
Testing Textiles. Condition each speci-
men for at least 4 h in an atmosphere of
21 £ 1°C (70 = 2°F) and 65 + 2% RH by
laying each test specimen separately on a
screen or perforated shelf of a condition-
ing rack.

6.1.6 Lay the sample on a flat surface.
Do not allow any section of the sample to
hang over the edge of the work table. Us-
ing a template for the selected test size,
mark specimens parallel to the selvege or
fabric length direction. Avoid use of the
sample area within ten percent of the
sample width. Specimens should be taken
from areas with different lengthwise and
widthwise yarns (see Fig. 1). Identify the
length direction of the specimens before
cutting them out of the sample. When
possible, three specimens from each fab-
ric should be used. One or two specimens
may be used when insufficient fabric
sample is available.

6.2 Marking.

6.2.1 Option 1: 250 mm (10.0 in.)
benchmarks. Mark each 380 x 380 mm
(15 x 15 in.) test specimen with three 250
mm (10 in.) pairs of benchmarks parallel
to the test specimen length and three 250
mm (10 in.) pairs of benchmarks parallel
to the test specimen width. Each bench-
mark must be at least 50 mm (2 in.) from
all test specimen edges. Pairs of bench-

.

Fig. 1—Diagram for cutting
fabric specimens.

Selvage
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marks in the same direction must be
spaced approximately 120 mm (5 in.)
apart.

6.2.2 Option 2: 460 mm (18.0 in.)
benchmarks. Mark each 610 x 610 mm
(24.0 < 24.0 in.) test specimen with three
460 mm (18.0 in.) pairs of benchmarks
parallel to the test specimen length and
three 460 mm (18.0 in.) pairs of bench-
marks parallel to the test specimen width.
Each benchmark must be at least 50 mm
(2.0 in.) from all test specimen edges.
Pairs of benchmarks in the same direc-
tions must be spaced approximately 250
mm (10 in.) apart.

6.2.3 Narrow Fabrics.

6.2.3.1 For test specimens greater than
125 mm (5 in.) and less than 380 mm (15
in.) wide, take full width of test fabrics
and cut each specimen 380 mm (15 in.)
long. Mark the length as in 6.2.1. Mea-
surement of the width is optional.

6.2.3.2 For test specimens 25-125 mm
(1-5 in.) wide, take full width of test fab-
rics and cut each specimen 380 mm (15
in.) long. Use only two pairs of bench-
marks parallel to the length. Measure-
ment of the width is optional.

6.2.3.3 For test specimens less than 25
mm (1 in.) in width, take full width of test
fabrics and cut each specimen 380 mm
(15 in.) long. Use only one pair of bench-
marks parallel to the length. Measure-
ment of the width is optional.

6.3 Original Measurements and Speci-
men Size.

6.3.1 Specimen size and benchmarks
distances used must be indicated in the
report.

6.3.2 Dimensional change results may
not be comparable when different speci-
men sizes, different benchmark lengths,
different number of specimens, or differ-
ent number of benchmarks are used.

6.3.3 To improve the accuracy and pre-
cision of the dimensional change calcula-
tions based on the benchmarks applied to
the fabrics as instructed in 6.2, measure
and record the distance between each pair
of benchmarks with suitable tape or rule
to nearest millimeter, eight or tenth of an
inch. This is measurement A. In case of
narrow fabrics less than 380 mm (15 in.)
wide, measure and record width if width
measurement will be used. If using a cali-
brated template for marking and measur-
ing in percent dimensional change di-
rectly, an initial measurement is not
needed.

7. Test Procedure

7.1 Tables L, I1 and III summarize alter-
native washing, rinsing and drying condi-
tions and settings. Additional information
on the machine and laundering conditions
may be found in the monograph, Stan-
dardization of Home Laundry Test Con-
ditions, elsewhere In this TECHNICAL
MANUAL.

7.2 Washing.

7.2.1 Weigh test specimens and enough
ballast to make a 1.8 + 0.1 kg (4.00 =
0.25 1b) load. An alternative load size of
3.6+ 0.1 kg (8.00 = 0.25 1b) may be used.
Dimensional change results obtained us-
ing a 1.8 kg (4 1b) load weight may not be
equal to those obtained with a 3.6 kg (8

Table I—Alternative Washing and Drying Conditions (see 7.1)

Machine Cycle

(1) Normal/Cotton Sturdy
(2) Delicate
(3) Permanent Press

Washing Temperature Drying Procedure
() 27 +3°C (80 + 5°F) (A) Tumble
(ll) 41 £3°C (105 £5°F) i. Cotton Sturdy
(IV) 49 £ 3°C (120 £ 5°F) ii. Delicate
(V) 60+3°C (140 £5°F) iii. Permanent Press
(B) Line
(C) Drip
(D) Screen

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

Normal Delicate Permanent Press
(A) Water Level 18£1gal 18+ 1gal 18+1gal
(B) Agitator Speed 179 + 2 spm 11922 spm 179 + 2 spm
(C) Washing Time 12 min 8 min 10 min
(D) Spin Speed 645 + 15 rpm 430 + 15 rpm 430 + 15 rpm
(E) Final Spin Time 6 min 4 min 4 min
Table lll—Dryer Setting Conditions (see 7.1)

Cotton Sturdy Delicate Permanent Press
Exhaust Temperature High Low High

66 + 5°C (150 + 10°F) <60°C (140°F) 66 + 5°C (150 £ 10°F)
Cool Down Time 10 min 10 min 10 min
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Ib) load weight and should not be com-
pared.

7.2.2 Select the specified water level,
the desired water temperature for the
washing cycle and a rinse temperature of
less than 29°C (85°F). If this rinse tem-
perature is not attainable, record available
rinse temperature. Fill the washing ma-
chine to the 18 + 0.5 gal water level. For
alternate load size, fill washing machine
to the 22.0 + 0.5 gal water level.

7.2.3 Add 66.0 = 1 g of 1993 AATCC
Standard Reference Detergent to an 18 +
0.5 gal wash load. For alternative load
size of 22.0 + 0.5 gal, add 80 + 1 g of
1993 AATCC Standard Reference Deter-
gent. Agitate water briefly to dissolve de-
tergent. Stop the machine agitation. It
should be noted that in soft water areas,
the amount of detergent used may be re-
duced to avoid excessive sudsing.

7.2.4 Add test specimens and ballast to
machine. Set the washer for the selected
washing cycle and time (see Tables I and
10).

7.2.5 For specimens to be dried by pro-
cedures A, B or D, allow washing to pro-
ceed through the final spin cycle. Re-
move the test specimens immediately
after the final spin cycle, separate tangled
pieces, taking care to minimize distor-
tion, and dry by procedure A, B or D (see
Tables I and III).

7.2.6 For specimens to be dried by pro-
cedure C, Drip Dry, allow washing to
proceed through to the final rinse cycle.
Remove the specimens from the washer
just before the water begins to drain for
the final rinse cycle. Remove specimens
soaking wet.

7.3 Drying.

7.3.1 For drying procedures B, C and
D, do not blow air directly on specimens
as it may cause fabric distortion.

7.3.2 (A) Tumble Dry. Place the
washed load (test specimens and ballast)
in the tumble dryer, and set the tempera-
ture control to generate the correct ex-
haust temperatures as specified in Table
INI. For fibers that are heat sensitive,
lower temperatures consistent with pro-
ducer’s care recommendations should be
used and reported. Allow the dryer to op-
erate until the total load is dry. Remove
the load immediately after the dryer
stops.

7.3.3 (B) Line Dry. Hang each speci-
men by two corners with the fabric length
in the vertical direction. Allow the test
specimen to hang in still air at room tem-
perature not greater than 26°C (78°F)
until dry.

7.3.4(C) Drip Dry. Hang each dripping
wet specimen by two corners, with the
fabric length in the vertical direction. Al-
low the specimens to hang in still air at
room temperature not greater than 26°C
(78°F) until dry.

7.3.5 (D) Screen Dry. Spread each
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specimen on a horizontal screen or perfo-
rated surface removing wrinkles without
distorting or stretching it. Allow the spec-
imen to dry in still air at room tempera-
ture not greater than 26°C (78°F).

7.3.6 Repeat the selected washing and
drying cycle two more times or to an
agreed number of cycles.

7.4 Conditioning and Restoration.

7.4.1 After the final washing and dry-
ing cycle, condition the specimens for at
least 4 h (see 6.1.5) by laying each speci-
men separately on the screen or perfo-
rated shelves of a conditioning rack in an
atmosphere of 21 + 1°C (70 + 2°F) and
65+ 2% RH.

7.4.2 For fabrics that are intended to be
used in a form fitting garment, restoration
techniques are sometimes used prior to
determining the dimensional change.
Techniques for this type of restoration are
not standardized (hand pulling specimens
in the length and width directions at mul-
tiple locations using an unspecified
force). If restoration techniques are used,
a description of the technique should be
reported and results should be reported as
restored dimensional change.

7.4.3 If the specimens are extremely
wrinkled and the consumer would AL-
WAYS expect to iron a garment made
from the fabric, test specimens may be
hand ironed prior to re-measurement of
benchmarks. Use safe ironing tempera-
tures appropriate to the fibers in the fab-
ric being ironed. See Table I, Safe Ironing
Temperature Guide, in AATCC Method
133, Colorfastness to Heat: Hot Pressing,
Exert only that pressure during pressing
which is necessary to remove wrinkles.

7.4.3.1 Due to the extremely high vari-
ability of hand ironing procedures per-
formed by individual operators (no stan-
dard test method exists for hand ironing
procedures), the reproducibility of di-
mensional change results after hand iron-
ing has been found to be extremely poor.
Consequently, caution is advised when
comparing dimensional change results af-
ter laundering and hand ironing, reported
by different operators.

7.4.3.2 Hand ironing is intended pri-
marily for the evaluation of fabrics used
in garments, which require ironing to re-
move wrinkles prior to wearing. Use safe
ironing temperatures appropriate to the
fibers in the fabric being ironed. See Ta-
ble 1, Safe Ironing Temperature Guide, in
AATCC Method 133, Colorfastness to
Heat: Hot Pressing. Exert only that pres-
sure during pressing which is necessary
to remove wrinkles.

7.4.3.3 After ironing, condition speci-
mens for at least 4 h (see 6.1.5) by laying
each specimen separately on the screen or
perforated shelves of a conditioning rack
n an atmosphere at 21 = 1°C (70 = 2°F)
and 65 + 2% RH.
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8. Measurement

8.1 After conditioning, lay each test
specimen without tension on a flat
smooth, horizontal surface. Measure and
record the distance between each pair of
benchmarks to the nearest millimeter,
eighth or tenth of an inch. This is mea-
surement B. If using a scale calibrated in
percent dimensional change, measure
each benchmark to nearest 0.5% or
smallest increment on the scale and
record the percent dimensional change
directly.

8.2 The wrinkles in most fabrics flatten
sufficiently under pressure of a measur-
ing instrument at the time of measure-
ment not to cause measurement bias.

9. Calculation and Interpretation

9.1 Calculation.

9.1.1 If measurements were made di-
rectly in percent dimensional change, av-
erage the measurements in each direction
made on the specimens after the first,
third, or other specified number of wash-
ing and drying cycles. Calculate length
and width averages separately to the
nearest 0.1%.

9.1.2 If measurements were made to
the nearest millimeter or eight or tenth of
an inch, calculate the dimensional change
after the first and third or other specified
washing and drying cycle as follows:

Average% DC =100 (B - AYA

where:
DC = Average dimensional change
A = Average original dimension
B = Average dimension after laun-
dering

Both the average original and average
final dimensions are the averages of the
measurements in each direction made on
all test specimens. Calculate length and
width averages separately to the nearest
0.1% (see 12.9).

9.1.3 A final measurement smaller
than the original measurement results in a
negative dimensional change which is
shrinkage. A final measurement larger
than the original measurement results in a
positive dimensional change which is
growth.

9.2 Interpretation.

9.2.1 If the dimensional change after
one washing, drying, and, if used, hand
ironing cycle as calculated in 9.1, is
within a specification previously agreed
on, continue test procedures 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 after
one washing, drying, and, if used, hand
ironing cycle as calculated in 9.1 exceeds
a specification previously agreed on, ter-
minate the test.
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10. Report

10.1 Report for each sample tested:

(a) Dimensional change of length and
width, separately, to the nearest 0.1%
with a minus sign (-) for shrinkage or a
plus (+) sign for growth (see 9.1.3).

(b) Washing procedure (include type of
washing, cycle and temperature) and dry-
ing procedure (include type of drying, cy-
cle and temperature).

(c) Size of specimens and benchmarks

(d) Size of load; i.e., 1.8 kg (4 1b) or
3.6kg (81b).

(e) Number of complete washing and
drying cycles (see 9.2).

(f) If fabrics were distorted or wrinkled
in their original state.

(g) If fabrics were hand ironed.

(h) If fabric was restored and a restora-
tion technique.

11. Precision and Bias

11.1 Precision. Precision for this test
method has not been established. Until a
precision statement is generated for this
test method, use standard statistical tech-
niques in making any comparisons of test
results for either within-laboratory or
berween-laboratory averages.

11.2 Bias. Dimensional changes in au-
tomatic home laundering of fabrics can
be defined only in terms of a test method.
There is no independent method for de-
termining the true value. As a means of
estimating this property, the method has
no known bias.

12. Notes

12.1 Contact AATCC, P.O. Box 12215, Re-
search Triangle Park NC 27709; tel: 919/ 549-
8141; fax: 919/549-8933; e-mail: or-
ders@aatcc.org, for model number(s) and
source(s) of current approved washer(s). Any
other washer, which is known to give compa-
rable results, can be used. Washing machine
conditions given in Table II represent the ac-
tual speeds and times available on the current
specified model(s). Other washers can vary in
one or more of these settings.

12.2 Contact AATCC, P.O. Box 122135, Re-
search Triangle Park NC 27709; tel: 919/549-
8141; fax: 919/549-8933; e-mail: orders@
aatcc.org, for model number(s) and source(s)
of current approved dryer(s). Any other dryer,
which is known to give comparable results,
can be used. Dryer machine conditions given
in Table III represent the actual temperatures
and cool-down times available on the current
specified model(s). Other dryers can vary in
one or more of these settings.

12.3 Screen or perforated conditioning/dry-
ing racks available from: Somers Sheet Metal
Inc., 5590 N. Church St., Greenshoro NC
27405; tel: 336/643-3477; fax: 336/643-7443.
Rack drawings are available from AATCC,
P.O. Box 12215, Research Triangle Park NC
27709; tel: 919/549-8141; fax: 919/549-8933;
e-mail: orders(@aatcc.org.

12.4 Ballast are available from Testfabrics
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Inc.. PO. Box 26, 415 Delaware St, W.
Pittston PA 18643; tel: 570/603-0432; fax:
570/603-0433; e-mail: testfabric@aol.com;
and Textile Innovators Corp., div. of SDL At-
las L.L.C., P.O. Box 8, 101 Forest St., Wind-
sor NC: tel: 252/794-9703; fax: 252/794-
9704; e-mail: tic@sdlatlas.com.

12.5 Marking pens with different size tips
are available from Mark-Tex Corp., Box 681,
Englewood NJ 07631; and AATCC, P.O. Box
12215, Research Triangle Park NC 27709;
1el:919/549-8141; fax: 919/549-8933; e-mail:
orders(@ aatcc.org.

12.6 A ruled template marked in percent di-
mensional change is available from AATCC,
Box 12215, Research Triangle Park NC
27709; tel: 919/549-8141; fax: 919/549-8933;
e-mail: orders@ aatcc.org. A mechanical
marking device and measuring tape marked in
percent dimensional change is available from
The Sanforized Co., 3200 Highlands Pkwy.,
Suite 300, Smyma GA 30082; tel: 770/803-
7662.

12.7 A digital imaging system may be used
as a measuring device in place of the pre-

234 T™M 135-2004

scribed manual measurement devices if it is
established that its accuracy is equivalent to
the manual devices.

12.8 If excessive fraying occurs in launder-
ing, specimen edges may be pinked or slashed.
Sewing or over-edging a specimen is not rec-
ommended as it may influence actual dimen-
sional change results. However, in the case
where AATCC Methods 124 (Appearance of
Fabrics after Repeated Home Laundering) and
135 are performed on the same specimens,
some woven fabric constructions may require
the specimen edges to be sewn or over-edged
to prevent severe raveling that could cause en-
tanglement in washing or drying, and there-
fore influence the assessment of both
dimensional change and smoothness.

12.9 If information on the dimensional
change variability within or between speci-
mens is desired, calculate dimensional change
based on the individual pairs of benchmarks
for within specimen data or based on the aver-
age of the three pair of benchmarks for be-
tween specimen data.

12.10 Available from AATCC, P.O. Box
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12215, Research Triangle Park NC 27709; tel:
919/549-8141; fax: 919/549-8933; e-mail:
orders@aatcc.org

12.11 The AATCC Technical Center con-
ducted a study to compare the 1993 AATCC
Standard Reference Detergent, AATCC Stan-
dard Reference Detergent 124 and two differ-
ent types of fabrics (current and proposed) to
be used as ballast, under the following test
conditions:

Machine cycle:  (1)—Normal/Cotton
Sturdy

Washing Temp: (V)60 = 3°C (140 = 5°F)

Drying Procedure: (A)i—Tumble dry, cotton
sturdy cycle

White Twill (100% cotton)

Beige Twill (100% cotton)

Grey Poplin (100% cotton)

Blue Twill (50/50 poly/
cotton)

Fabrics tested:

No significant differences were found in the
results using either detergent or ballast load
fabrics.
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Antibacterial Activity Assessment of Textile Materials:

Developed in 1976 by AATCC Commit-
tee RA31; reaffirmed 1977, 1982, 1998;
editorially revised 1980, 1982, 1983,
1986; revised 1987, 1988 (with title
change), 1993; editorially revised and
reaffirmed 2004.

Foreword

The Parallel Streak Method has filled a
need for a relatively quick and easily exe-
cuted qualitative method to determine an-
tibacterial activity of diffusable antimi-
crobial agents on treated textile materials.

AATCC Method 100, Antibacterial
Finishes on Textile Matenials, Assess-
ment of, is a quantitative procedure
which is adequately sensitive but is cum-
bersome and time consuming for routine
quality control and screening  tests.
Therefore, when the intent is to demon-
strate bacteriostatic activity by the diffu-
sion of the antibacterial agent through
agar, Method 147 fulfills this need. In the
Parallel Streak Method, the agar surface
is inoculated making it easier to distin-
guish between the test organism and con-
taminant organisms which may be
present on the unsterilized specimen. The
Parallel Streak Method has proven effec-
tive over a number of years of use in pro-
viding evidence of antibacterial activity
against both Gram positive and Gram
negative bacteria.

1. Purpose and Scope

1.1 The objective is to detect bacterio-
static activity on textile materials. The re-
sults of using this procedure have been
demonstrated by Committee RA31 to be
reproducible by warious laboratories
working with materials containing resid-
ual amounts of antibacterial agents (as
determined by chemical assay) after mul-
tiple standard washings. The method is
useful for obtaining a rough estimate of
activity in that the growth of the inocu-
lum organism decreases from one end of
each streak to the other and from one
streak to the next resulting in increasing
degrees of sensitivity. The size of the
zone of inhibition and the narrowing of
the streaks caused by the presence of the
antibacterial agent permit an estimate of
the residual antibacterial activity after
multiple washings.

2. Principle

2.1 Specimens of the test material, in-

AATCC Technical Manual/2006

Parallel Streak Method

cluding corresponding untreated controls
of the same material, are placed in inti-
mate contact with nutrient agar (see 7.1
and 7.4) which has been previously
streaked with an inoculum of a test bacte-
rium. After incubation, a clear area of in-
terrupted growth underneath and along
the sides of the test material indicates an-
tibacterial activity of the specimen. A
standard strain of bacteria is used which
is specific to the requirements of the ma-
terial under test. If no other bacterial spe-
cies is specified, Staphyvlococcus aureus
may be used as a representative Gram
positive organism. Other recommended
strains are listed below in Section 6.

3. Terminology

3.1 activity, n—of an antibacterial
agent, a measure of effectiveness of the
agent.

3.2 antibacterial agent, n.—in fex-
tiles, any chemical which kills bacteria
(bactericide) or interferes with the multi-
plication, growth or activity of bacteria
(bacteriostat).

3.3 zone of inhibition, n.—clcar arca
of no growth of a microorganism, cul-
tured onto the surface of an agar growth
medium, in proximity to the borders of a
specimen placed in direct contact with
this agar surface.

NOTE: A zone of inhibition occurs as
a result of the diffusion of an antimicro-
bial agent from the specimen.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for specific
details such as material safety data sheels
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 This test should be performed only
by trained personnel. The U.S. Depart-
ment of Health and Human services pub-
lication Biosafety in Microbiological and
Biomedical Laborarories should be con-
sulted (see 13.1).

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

reasonable precaution must be taken to
climinate this risk to the laboratory per-
sonnel and to personnel in the associated
environment. Wear protective clothing
and respiratory protection that prevents
penetration by the bacteria.

4.3 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory areas.

4.4 All chemicals should be handled
with care.

4.5 An eyewash/safety shower should
be located nearby for emergency use.

4.6 Sterilize all contaminated samples
and test materials prior to disposal.

4.7 Exposure to chemicals used in this
procedure must be controlled at or below
levels set by government authoritics (c.g..
Occupational Safety and Health Admin-
istrations [OSHA] permissible exposure
limits [PEL] as found in 29 CFR
1910.1000 of January 1, 1989). In addi-
tion, the American Conference of Gov-
ernmental Industrial Hygienists (ACGIH)
Threshold Limit Values (TLVs) com-
prised of time weighted averages (TLV-
TWA), short term exposure limits (TLV-
STEL) and ceiling limits (TLV-C) are
recommended as a general guide for air
contaminant exposure which should be
met (see 13.2).

5. Uses and Limitations

5.1 The method is not suitable for ma-
terials which tend to encapsulate and pre-
vent the diffusion of the antibacterial
agent or contain antibacterial-neutralizing
substances.

6. Test Organisms

6.1 Test bacteria:

6.1.1 Staphviococcus aureus, Ameri-
can Type Culture Collection No, 6538,
Gram positive organism. (sce 13.3)

6.1.2 Klebsiella pneumoniae, Ameri-
can Type Culture Collection No. 4352,
Gram negative organism. (see 13.3)

6.1.3 Other suitable species can also be
used depending on the intended end-use
of the test sample.

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

6.3 To determine whether the antibac-
terial activity is due to the antibacterial
agent, test a specimen of the same mate-
rial treated in exactly the same way with

TM 147-2004 263
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whatever other finishing agents were
used, but without the antibacterial agent.
Many standard textile finishing chemi-
cals, especially crease resistant and per-
manent press reagents, will often give
strong antibacterial activity even after
many washes.

7. Culture Medium

7.1 Suitable broth/agar media are Nu-
trient, Trypticase Soy and Brain-Heart In-
fusion.

Nutrient Broth:
Peptone (Bacto-peptone)
(see 13.5) 5g
Beef extract (see 13.6) 3g
Distilled water to 1000 mL

7.2 Heat to a boil to disperse ingredi-
ents. Adjust to pH 6.8 = 0.1 with 1N
NaOH solution. (This is not necessary if
prepared, dehydrated medium is used.)

7.3 Dispense in 10.0 £ 0.5 mL amounts
in conventional bacteriological culture
tubes (i.e., 125 x 17 mm). Plug and steril-
ize at 103 kPa (15 psi) for 15 minutes.

7.4 Nutrient agar (see 13.4). Add 1.5%
bacteriological agar to nutrient (or appro-
priate) broth. Heat to boiling. Check pH
and adjust to 7.1 + 0.1 using NaOH solu-
tion if necessary. Dispense in 15.0 = 0.5
mL amounts in conventional bacteriolog-
ical culture tubes, plug, and sterilize at
103 kPa (15 psi) for 15 min. (May be
sterilized in 1,000 mL borosilicate glass
flasks and petri dishes poured from this.)

8. Maintenance of Culture of Test
Organisms

8.1 Using a 4 mm inoculating loop,
transfer the culture daily in nutrient (or
appropriate medium) broth for not more
than two weeks. At the conclusion of two
weeks, make a fresh transplant from
stock culture. Incubate cultures at 37 +
2°C (99 + 3°F).

8.2 Maintain stock cultures on nutrient
or appropriate agar slants. Store at 5 =
1°C (41 + 2°F) and transfer once a month
to fresh agar (see 13.7).

9. Test Specimens

9.1 Test specimens (non-sterile) are cut
by hand or with a die. They may be any
convenient size. Rectangular specimens
cut 25 % 50 mm are recommended. A 50

264 T™ 147-2004

mm length permits the specimens to lie
across 3 parallel inoculum streaks each of
diminishing width from about 8 mm to 4
mm wide.

10. Procedure

10.1 Dispense sterilized nutrient (or
appropriate medium) agar [cooled to 47 +
2°C (117 £ 4°F)] by pouring 15 =2 mL
into each standard (15 x 100 mm) flat
bottomed petri dish. Allow agar to gel
firmly before inoculating.

10.2 Prepare inoculum by transferring
1.0 + 0.1 mL of a 24 h broth culture into
9.0+ 0.1 mL of sterile distilled water con-
tained in a test tube or small flask. Mix
well using appropriate agitation.

10.3 Using a 4 mm inoculating loop,
load one loopful of the diluted inoculum
and transfer to the surface of the sterile
agar plate by making five streaks approx-
imately 60 mm in length, spaced 10 mm
apart covering the central area of a stan-
dard petri dish (see 10.1) without refilling
the loop. Take care not to break the sur-
face of the agar while making the streaks.

10.4 Gently press the test specimen
transversely across the five inoculum
streaks to ensure intimate contact with
the agar surface. This may be accom-
plished more easily by pressing the speci-
men to the agar surface with a biological
section lifter or with a spatula which has
been sterilized by flaming and then air
cooled immediately before use.

10.5 If the specimen curls, preventing
intimate contact with the inoculated sur-
face, place sterile glass slides on the ends
of the specimen to hold it in place.

10.6 Incubate at 37 + 2°C (99 + 4°F)
for 18-24 h.

11. Evaluation

11.1 Examine the incubated plates for
interruption of growth along the streaks
of inoculum beneath the specimen and
for a clear zone of inhibition beyond its
edge. The average width of a zone of in-
hibition along a streak on either side of
the test specimen may be calculated using
the following equation:

W=(T-D)2

where:
W = width of clear zone of inhibition
inmm
T = total diameter of test specimen
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and clear zone in mm
D = diameter of the test specimen in
mm

11.2 The size of the zone cannot be
construed as a quantitative evaluation of
antibacterial activity. Treated materials
should be compared to an untreated cor-
responding material and a material speci-
men with known bacteriostatic activity.
Report of results will include an observa-
tion of zones of inhibition and growth un-
der the specimen if present. The criterion
for passing the test must be agreed upon
by the interested parties. To constitute ac-
ceptable antibacterial activity, there must
be no bacterial colonies directly under the
sample in the contact area.

12. Precision and Bias

12.1 Precision for this test method has
not been established. Until a precision
statement is generated for this test
method, use standard statistical tech-
niques in making any comparisons of test
results for either within-laboratory or
hetween-laboratory averages.

13. Notes and References

13.1 Publication available from U.S. De-
partment of Health and Human Services—
CDC/NIH-HHS  Publication No. (CDC)
84-8395.

13.2 Booklet available from Publications
office, ACGIH, Kemper Woods Center, 1330
Kemper Meadow Dr., Cincinnati OH 45240;
tel: 513/742-2020.

13.3 American Type Culture Collection,
P.O. Box 1549, Manassas VA 20108; tel: 703/
365-2700; fax: 703/365-2701.

13.4 Nutrient Agar can be obtained from
Difco Laboratories, 920 Henry St., Detroit M1
48201 and from Baltimore Biological .abora-
tories, 250 Schilling Circle, Cockeyville MD
21030.

13.5 Peptone from Difco Laboratories
(address above), or Thiotone from Baltimore
Biological Laboratories (address above).

13.6 Beel extract may be obtained from
Baltimore Biological Laboratories (address
above); Difco Laboratories (address above);
or Oxoid USA Inc., 9017 Red Branch Road,
Columbia MD 21045.

13.7 Consistent and accurate testing
requires maintenance of a pure, uncontami-
nated, non-mutant test culture. Avoid contami-
nation by using good sterile technique in
plating and transferring. Avoid mutation by
strict adherence to monthly stock transfers.
Check culture purity by making streak plates
periodically and observing for a single
species-characteristic type of colonies.

AATCC Technical Manual/2006
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Designation: D 3776 — 96 (Reapproved 2002)

i’
INTERNATIONAL
Standard Test Method for
- - . 1
Mass Per Unit Area (Weight) of Fabric
This standard is issued under the fixed designation D 3776; the number immediately following the designation indicates the year of
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.
1. Scope

1.1 This test method covers the measurement of fabric mass
per unit area (weight) and is applicable to most fabrics.

1.2 There are four approved options:

1.2.1 Option A—Full Piece, Roll, Bolt or Cut (Section 7).

1.2.2 Option B—Full Width Sample (Section g).

1.2.3 Option C—5Small Swatch of Fabric (Section 9).

1.2.4 Option D—Narrow Fabrics (Section 10).

1.3 The values either in SI units or U.S. customary units are
regarded as standard. U.S. customary units may be approxi-
mate.

1.4 This standard does not purport to address all of the
safety concerns, If any, associated with its use. It Is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: >

D 123 Terminology Relating to Textiles

D 1776 Practice for Conditioning Textiles for Testing
D 3773 Test Methods for Length of Woven Fabric

D 3774 Test Methods for Width of Woven Fabric

2.2 Other Standard:

ANSI/ASQC Z1.4 Inspection by Attributes?

3. Terminology

3.1 Definitions:

3.1.1 weight. n—as used with fabrics. mass per unit area.

3.1.1.1 Discussion—Fabric mass per unit area is expressed
either as grams per square metre (ounces per square yard). or
grams per linear metre (ounces per linear yard). Fabric mass is

! These test methods are under the jurisdiction of ASTM Committee D13 on
Textiles and are the direct responsibility of Subcommittee D13.60 on Fabric Test
Methods. Specific.

Current edition approved April 10, 1996. Published June 1996. Replaces Sections
35 to 41 of Methods D 1910 — 64 (1975). Originally published as D 3776 — 79. Last
previous edition D 3776 — 85(1990).

2 For referenced ASTM standards, visit the ASTM website, www.astm o1g, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information. refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute, 11 W 42nd St 13th
Floor, New York, NY 10036

also sometimes expressed inversely as linear metres per
kilograms (yards per pound) with the fabric width stated.

3.2 For definitions of other textile terms used in these test
methods, refer to Terminology D 123.

4. Summary of Test Methods

4.1 Fabric mass is calculated from the mass of a specimen
the length and width of which have been measured as directed
in one of the procedures in Test Method D 3773 and D 3774.

5. Apparatus

5.1 Scale. with a capacity and sensitivity sufficient to weigh
the full piece, roll. bolt. or cut units to within £0.1 % of their
gross mass. The accuracy of the scale should be certified by a
recognized authority.

5.2 Balance, having a capacity and sensitivity to weigh
within *0.1 % of the mass of the specimens being tested.

5.3 Cutting Die, either square or round with an area of at
least 13 cm? or 4 in.

6. Conditioning

6.1 Condition test specimens as directed in Practice D 1776.

6.2 All weighing tests should be made in the standard
atmosphere for testing textiles (20 £ 1°C (70 * 2°F).
65 = 2 % RH), after the specimens have been conditioned in
the same atmosphere. It may be impractical to condition the
specimens in Option A or nonconditioned testing may be
agreed upon by the purchaser and supplier. When the full rolls
or bolts of fabric cannot be properly conditioned in a reason-
able time with available facilities, perform the tests without
conditioning and report the actual conditions prevailing at the
time of the test. Such results may not correspond with the
results obtained after testing adequately conditioned specimens
in the standard atmosphere for testing textiles.

7. Option A—Full Piece, Roll, Bolt, or Cut

-

7.1 Significance and Use

7.1.1 Option A for the determination of mass per unit area of
woven fabrics may be used for acceptance testing of commer-
cial shipments since it has been used extensively in the trade.

7.1.2 In case of a dispute arising from differences in
reported test values when using Test Methods D 3776 for
acceptance testing of commercial shipments, the purchaser and
the supplier should conduct comparative tests to determine if

Copyright @ ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



110

ﬂ% D 3776 — 96 (2002)

there is a statistical bias between their laboratories. Competent
statistical assistance is recommended for the investigation of
bias. As a minimum. the two parties should take a group of test
specimens which are as homogeneous as possible and which
are from a lot of material of the type in question. The test
specimens should then be randomly assigned in equal numbers
to each laboratory for testing. The average results from the two
laboratories should be compared using student’s f-test for
unpaired data and an acceptable probability level chosen by the
two parties before testing is begun. If a bias is found. either its
cause must be found and corrected or the purchaser and the
supplier must agree to interpret future test results in the light of
the known bias.

7.2 Sampling—As a lot sample for acceptance testing, take
at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider rolls of fabric to be the
primary sampling units. Consider the rolls of fabric in the lot
sample as the laboratory sample and as the test specimens.

7.3 Procedure:

7.3.1 Measure the length of the full piece. roll. bolt. or cut
by the hand procedure in Test Method D 3773.

7.3.2 Measure the width by the tension-free alternative of
Option A of Test Method D 3774.

7.3.3 Weigh the fabric, with shell and holder. if any. to the
nearest 0.1 % of its mass.

7.3.4 Weigh the holder. if any. to the nearest 0.1 % of its
mass.

7.4 Calculations:

7.4.1 Determine the net weight of the fabric by subtracting
the weight of the holder from the total weight.

7.4.2 Dimensions and mass may all be determined in SI
units and mass per unit area calculated using Eq 1. Eq 2, or Eq
3. as follows:

g/m’ = 1°CMILIW (1)
o/m = 10°M/L @)
mkg = LM 3)
where:
M = mass of fabric. in kilograms,
L = length of fabric, in metres. and
W = width of fabric, in metres.

7.4.3 Calculate the mass per unit area, mass per linear yard,
or linear yards per pound to three significant figures, unless
otherwise specified. using Eq 4, Eq 5, Eq 6. or Eq 7, as follows:
Mass per unit area:

ozlyd® = STEMILW ey
Mass per vard:
oz/yd = 16M/L 3
Linear yards per pound:
ydilb = LiM (6)
vd/lb = 16 oz/yd (7
where:
M = mass of fabric. in pounds,

L = length of fabric. in yards. and
w = width of fabric, in inches.

7.4.4 If preferred. convert the U.S. customary units to ST
units using Eq 8. Eq 9. or Eq 10. as follows:

Mass, g/lm” = oz/yd” X 33.906 (8)
Mass, g/m = oz/yd X 31.000 ()]
mikg = yd/lb X 2.016 (10)

8. Option B—Full Width Sample

8.1 Significance and Use:

8.1.1 This procedure is applicable to a full-width sample cut
from a full piece. roll, bolt, or cut. Unless otherwise specified.
these results will include selvages and will be on the basis of
conditioned fabric.

8.1.2 Option B is not recommended for the acceptance
testing of commercial shipments. since Option A is regularly
used for that purpose.

8.2 Sampling:

8.2.1 Lot Sample—As a lot sample for acceptance testing,
take at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider the roll of fabric to be
the primary sampling units.

8.2.2 Laboratory Sample—From each roll or piece in the lot
sample, cut—don’t tear—at least one laboratory sample the
full width of the fabric and at least 250 mum (10 in.) in length.
The cut edges must be a straight line, free of indentations or
bulges. unless both edges have been made to frace parallel
filling yarns. In this procedure the complete laboratory sample
is used as the specimen.

8.3 Procedure:

8.3.1 Measure the length of the conditioned specimen by the
hand procedure of Test Method D 3773.

8.3.2 Measure the width by the tension-free alternative of
Option A of Test Method D 3774.

8.3.3 Weigh the specimen in grams on a scale or balance to
the nearest 0.1 % of its mass (weight).

8.4 Calculations:

8.4.1 Calculate the mass per unit area, mass per linear yard.
or linear vards per pound to three significant figures. unless
otherwise specified, using Eq 11. Eq 12, Eq 13, or Eq 14. as
follows:

Mass per unit area:

oziyd’ = 45 72GIL, W (11)
Mass per linear yard:
oziyd = 127GIL, (12)
Linear yards per pound:
wd/lb = 16/oz per linear yd (13)
vd/lb = 12.6L/G (14)
where:
G = mass of specimen, in grams.
L. = length of specimen, in inches, and
W = width of specimen. in inches.

8.4.2 If preferred. convert the U.S. customary umits to SI
units using Eq 4, Eq 5. or Eq 6 in 7.4.3.
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8.4.3 Alternatively. dimensions and mass may all be deter-
mined in SI units and calculated using Eq 15. Eq 16, or Eq 17,
as follows:

Mass per unit area:

o/m® = 10°G/IL W (15)

Mass per linear metre:

g/m = 10°G/L, (16)

Linear metres per klogram:

mke = LG 1n
where:
G = mass of specimen, g
L, = length of specimen. mm. and
W = width of specimen. mm.

9. Option C—Small Swatch of Fabric

9.1 Significance and Use:

9.1.1 This procedure is applicable when a small swatch of
fabric is sent to the laboratory to be used as the test specimen.
The results are considered to be applicable to the sample only
and not necessarily to the lot from which the sample was taken.

9.1.2 Measurements by this method do not include selvages
and should be reported as such. unless a selvage allowance is
specified.

9.1.3 Option C is not recommended for acceptance testing
of commercial shipments since Option A is regularly used for
that purpose.

9.2 Sampling—Option C is used only when limited fabric is
available and should not be used for acceptance sampling.
Prepare such specimens from small swatches as is possible.

9.3 Preparation of Specimens—Prepare a conditioned
specimen having an area of at least 130 cm? (20 in) or a
number of smaller die cut specimens taken from different
locations in the sample and having a total area of at least 130
em? (20 in.%) Do not take these specimens closer than one tenth
of the fabric width to a selvage or cut edge. If insufficient fabric
is available to meet these criteria. note that fact in the report.

9.4 Procedure:

9.4.1 Determine the area of the specimen(s) used. For
die-cut specimens. the area of the die is normally given. For
other specimens, multiply the length by the width.

9.4.2 Weigh the specimen(s) to within =0.1 % of mass
(weight) on a balance. Specimens of a fabric may be weighed
together.

9.5 Calculations:

9.5.1 Dimensions and mass may be determined in SI units
and calculated using Eq 15 (8.4.3), Eq 18. or Eq 19. as follows:

Mass per linear mefre:

g/m = 10°GWIL,T¥, (18)
Linear metre per kilogram:

m/kg = L W/GW (19)
where:
G = mass of specimen, g
W = width of fabric. mm

L, = length of specimen, mm. and
W, = width of specimen mm.

9.5.2 Calculate the mass in ounces per square yard, ounces
per linear yard. or linear yards per pound to three significant
figures using Eq 11 (8.4.1). Eq 19, or Eq 20, as follows:
Mass per linear yard:

oziyd = 1L.27GWIL,W, 20)
Linear yards per pound:
vd/tb = 12,61 W/GW @
where:
G = mass of specimen. g.
W = width of fabric. in.
W, = width of specimen. in.. and

=

. = length of specimen. in.
9.5.3 If preferred convert the U.S. customary umits to SI
units by using Eq 8. Eq 9. or Eq 10 in 7.4.4.

10. Option D—Narrow Fabrics

10.1 Significance and Use:

10.1.1 This procedure is intended for use with narrow
fabrics as so designated by the trade. These fabrics are usually
300 mm (12 in.) in width or less. have a selvage on both sides
and are woven on multishuttle looms.

10.1.2 Option D is not recommended for acceptance testing
of commercial shipments since Option A is regularly used for
that purpose.

10.2 Sampling:

10.2.1 Lot Sample—As a lot sample for acceptance festing.
take at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider the rolls of fabric to be
the primary sampling units.

10.2.2 Laboratory Sample—From each roll or piece in the
lot sample. cut a conditioned laboratory sample 1 m £ 3 mm
(36.0 = 0.10 in.) long perpendicular to the selvages. Take a
minimum of three such laboratory samples from different
places. distributed as evenly as practicable along the length of
the roll or piece. In this procedure a complete laboratory
sample is used as a specimen.

10.3 Procedure:

10.3.1 Measure the width of the fabric to the nearest 1 mm
(0.125 in.) by the tension-free alternative of Option A of Test
Methods D 3774.

10.3.2 Weigh each specimen to within =0.1 % of its weight
on a scale or balance.

10.4 Calculations:

10.4.1 If all measurements are made in SI units, use Eq 15.
Eq 16 or Eq 17 in 8.4.3.

10.4.2 Calculate the average mass as ounces per linear yard
or linear yards per pound using Eq 12. Eq 13. or Eq 14 from
8.4.1.

10.4.3 If preferred. convert the U.S. customary units to SI
units using Eq 9 or Eq 10 in 7.4.4.

11. Report

11.1 State that the tests were made as directed in Option A
(or B or C or D) in Test Methods D 3776. Describe the material
or product sampled and the method of sampling used.
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11.2 Report the following information:

11.2.1 Option used to measure fabric mass per unit area.

11.2.2 Fabric mass in ounces per square yard, or ounces per
linear yard, or in yards per pound. to three significant figures.

11.2.3 Fabric mass in grams per square metre, or grams per
linear metre, or mefres per kilogram. to three significant
figures.

11.2.4 Fabric width if mass is reported as mass per linear
metre (yard) or metres per kilogram (yards per pound).

11.2.5 State whether the fabric weight includes or does not
include selvages, and

11.2.6 Atmospheric conditions under which the tests were
conducted and whether the specimens were conditioned as
directed in Practice D 1776.

g
2

12. Precision and Bias

12.1 Summary—In comparing two averages of four obser-
vations when using Option B of Test Methods D 3776. the
difference should not exceed the following amounts in 95 out
of 100 cases when all of the observations were taken by the
same well-trained operator using the same piece of equipment
and specimens randomly drawn from the same sample of
material:

Seersucker 0.125 ozlyd?
Gingham 0.080 ozlyd®
Corduroy 0.330 ozlyd?
Denim 0.105 ozlyd?

Larger differences are likely under all other circumstances.
The procedure in Option B of Test Methods D 3776 has no
known bias and is used as a referee method.

12.2 Interlaboratory Test Data—An interlaboratory test was
run in 1981 in which randomly drawn specimens of four
materials were tested in each of four laboratories using Option
B of Test Methods D 3776. Two operators in each laboratory
each tested two specimens of each material for mass per unit
area. The first fabric was a 65 % polyester and 35 % cotton
seersucker type basket weave. The second fabric was a 65 %
polyester and 35 % cotton gingham check. The third fabric was
an 88 % cotton and 12 % polyester corduroy. The fourth fabric
was a 100 % cotton denim. The components of variance for
fabric mass per unit area expressed as standard deviations were
calculated to be as follows:

Average Single- Within- Between-
Mass per Operator Laboratory Laboratory
Unit Area Compo- Compo- Compo-
nent nent nent
Seersucker 6.11 ozlyd? 0.091 0.000 0.023
Gingham 290 ozlyd? 0.029 0.000 0.031
Corduroy 10.42 ozlyd? 0.119 0.073 0.082

Denim 7.45 ozfyd? 0038 0.000 0.066

Note 1—The square roots of the components are being reported to
express the vaniability in the appropnate vt of measure rather than as the
square of those units of measure.

12.3 Precision—For the components of variance reported in
12.2, two averages of observed values should be considered
significantly different at the 95 % probability level if the
difference equals or exceeds the critical differences in Table 1.

Note 2—The tabulated values of the critical differences should be
considered to be a general statement, particularly with respect to between-
laboratory precision. Before a meaningful statement can be made about
two specific laboratories, the amount of statistical bias. if any. between
them must be established with each companson bemng based on recent data
obtained on specimens taken from a lot of material of the type being
evaluated so as to be as nearly homogeneous as possible and then
randomly assigned in equal numbers to each of the laboratories.

12.4 Bias—Option B in Test Method D 3776 for measuring
mass per unit area (weight) of full width samples has no known
bias and is accepted as a referee procedure. The accuracy of the
other procedures in Test Method D 3776 has not been estab-
lished. Weights of unconditioned fabric will be affected by the
past history of the product.

13. Keywords

13.1 fabric; mass per unit area: weight

TABLE 1 Critical Differences for the Conditions Noted, 95 %
Probability Level, Option B, Mass per Unit Area”

Number of .
Observa- Single- tnmmn- Between-
. . abora- Labora-
Fabric tions in Operator
7 tory tory
Each Precision L L
Precision Precision
Average
Seersucker 1 0.249 0249 0.257
(6.11 ozfyd?) 4 0.125 0.125 0.140
] 0.088 0.088 0.109
16 0.062 0.062 0.089
Gingham 1 0.080 0.080 0.118
(2.90 ozlyd?) 4 0.040 0.040 0.095
8 0.028 0.028 0.090
16 0.020 0.020 0.088
Corduroy 1 0.330 0.387 0.449
(10.42 ozlyd®) 4 0.165 0.261 0.346
8 0.117 0.234 0.326
16 0.082 0218 0315
Denim 1 0.105 0.105 0.21
(745 ozlyd?) 4 0.053 0.053 0.190
8 0.037 0.037 0.187
16 0.026 0.026 0.185

A The critical differences were calculated using t=1.960 which is based on
infinite degrees of freedom.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validify of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any fime by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed fo ASTM International Headguarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have nof received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below:

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19425-2953,
United Stafes. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Dimensional Changes of Fabrics after Home Laundering

Developed in 1970 by AATCC Commit-
tee RA42; reaffirmed 1973, 2000; re-
vised 1978, 1987, 1995, 2001, 2003
(with title change), 2004; editorially re-
vised 1982, 1985, 1989, 1990, 1991,
1996, 1997; editorially revised and re-
affirmed 1992. Related to ISO 3759.

1. Purpose and Scope

1.1 This test method is intended for the
determination of dimensional changes of
fabrics when subjected to home launder-
ing procedures used by consumers. Four
washing temperatures, three agitation cy-
cles, two rinse temperatures and four dry-
ing procedures cover the common home
care options available to consumers using
current laundering machines.

2. Principle

2.1 The dimensional changes of fabric
specimens subjected to home laundering
care are measured using pairs of bench-
marks applied to the fabric before laun-
dering.

3. Terminology

3.1 dimensional change, n.—a ge-
neric term for changes in length or width
of a fabric specimen subjected to speci-
fied conditions. The change is usually ex-
pressed as a percentage of the initial di-
mension of the specimen.

3.2 growth, n.—a dimensional change
resulting in an increase of length or width
of a specimen.

3.3 laundering, n.—of fextile materi-
als, a process intended to remove soils
and/or stains by treatment (washing) with
an aqueous detergent solution and nor-
mally including rinsing, extraction and
drying.

3.4 shrinkage, n.—a dimensional
change resulting in a decrease in the
length or width of a specimen.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for specific
details such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

AATCC Technical Manual /2006

4.1 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory arcas.

4.2 The 1993 AATCC Standard Refer-
ence Detergent may cause irritation. Care
should be taken to prevent exposure to
skin and eyes.

4.3 Manufacturer’s safety recommen-
dations should be followed when operat-
ing laboratory testing equipment.

5. Apparatus and Materials

5.1 Automatic washing machine (see
12.1).

5.2 Automatic tumble dryer (see 12.2).

5.3 Conditioning/drying racks with
pull-out screens or perforated shelves
(see 12.3).

5.4 Facilities for drip drying and line
drying.

5.5 1993 AATCC Standard Reference
Detergent (see 12.10 and 12.11).

5.6 Ballast of 920 x 920 mm (36 x 36
in.) hemmed pieces of bleached cotton
sheeting (Wash load ballast type 1), or
50/ 50 polyvester/cotton bleached plain
weave (Wash load ballast type 3) (see
12.4 and 12.11).

5.7 Indelible ink marking pen (see
12.5) for use with suitable rule, tape,
marking template or other marking de-
vice (see 12.6). Sewing thread may be
used for making benchmarks.

5.8 Measuring devices.

5.8.1 Tape or rule marked in milli-
meters, eighths or tenths of an inch.

5.8.2 Tape or ruled template marked
directly in percent dimensional change to
0.5% or smaller increment (see 12.6).

5.8.3 Digital Imaging System (see 12.7).

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

6. Test Specimens

6.1 Sampling and Preparation.

6.1.1 Samples from which dimensional
change specimens are to be taken should
be representative of the fabric processing
stage, finishing treatment, research lab
trial, pallet, lot or end-product stage.

6.1.2 Fabrics that are distorted in their
unlaundered state may give deceptive di-
mensional change results when laundered
by any procedure. In such cases, it is rec-
ommended that specimens not be taken
from any distorted area of a fabric sam-
ple.

6.1.3 Tubular knitted samples should
be slit and handled flat in a single layer.
Only circular knitted fabrics produced on
body-width machines are to be used as

specimens in their tubular form. Circular
knitted fabrics made on body-width ma-
chines are ones to be used in garments
with no side seams. Body-width tubular
circular knitted garments and seamless
garments (knit-to-wear) should be tested
according to AATCC Method 150, Di-
mensional Changes of Garments after
Home Laundering.

6.1.4 Tf fraying of specimens is ex-
pected in laundering, see 12.8.

6.1.5 Prior to marking, condition test
specimens as directed in ASTM D 1776,
Standard Practice for Conditioning and
Testing Textiles. Condition each speci-
men for at least 4 h in an atmosphere of
21 £ 1°C (70 = 2°F) and 65 £ 2% RH by
laying each test specimen separately on a
screen or perforated shelf of a condition-
ing rack.

6.1.6 Lay the sample on a flat surface.
Do not allow any section of the sample to
hang over the edge of the work table. Us-
ing a template for the selected test size,
mark specimens parallel to the selvege or
fabric length direction. Avoid use of the
sample area within ten percent of the
sample width. Specimens should be taken
from areas with different lengthwise and
widthwise yarns (see Fig. 1). Identify the
length direction of the specimens before
cutting them out of the sample. When
possible, three specimens from each fab-
ric should be used. One or two specimens
may be used when insufficient fabric
sample is available.

6.2 Marking.

6.2.1 Option 1: 250 mm (10.0 in)
benchmarks. Mark each 380 x 380 mm
(15 x 15 in.) test specimen with three 250
mm (10 in.) pairs of benchmarks parallel
to the test specimen length and three 250
mm (10 in.) pairs of benchmarks parallel
to the test specimen width. Each bench-
mark must be at least 50 mm (2 in.) from
all test specimen edges. Pairs of bench-

Selvage
=

Fig. 1—Diagram for cutting
fabric specimens.
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marks in the same direction must be
spaced approximately 120 mm (5 in.)
apart.

6.2.2 Option 2: 460 mm (18.0 in.)
benchmarks. Mark each 610 x 610 mm
(24.0 x 24.0 in.) test specimen with three
460 mm (18.0 in.) pairs of benchmarks
parallel to the test specimen length and
three 460 mm (18.0 in.) pairs of bench-
marks parallel to the test specimen width.
Each benchmark must be at least 50 mm
(2.0 in.) from all test specimen edges.
Pairs of benchmarks in the same direc-
tions must be spaced approximately 250
mm (10 in.) apart.

6.2.3 Narrow Fabrics.

6.2.3.1 For test specimens greater than
125 mm (5 in.) and less than 380 mm (15
in.) wide, take full width of test fabrics
and cut each specimen 380 mm (15 in.)
long. Mark the length as in 6.2.1. Mea-
surement of the width is optional.

6.2.3.2 For test specimens 25-125 mm
(1-5 in.) wide, take full width of test fab-
rics and cut each specimen 380 mm (15
in.) long. Use only two pairs of bench-
marks parallel to the length. Measure-
ment of the width is optional.

6.2.3.3 For test specimens less than 25
mm (1 in.) in width, take full width of test
fabrics and cut each specimen 380 mm
(15 in.) long. Use only one pair of bench-
marks parallel to the length. Measure-
ment of the width is optional.

6.3 Original Measurements and Speci-
men Size.

6.3.1 Specimen size and benchmarks
distances used must be indicated in the
report.

6.3.2 Dimensional change results may
not be comparable when different speci-
men sizes, different benchmark lengths,
different number of specimens, or differ-
ent number of benchmarks are used.

6.3.3 To improve the accuracy and pre-
cision of the dimensional change calcula-
tions based on the benchmarks applied to
the fabrics as instructed in 6.2, measure
and record the distance between each pair
of benchmarks with suitable tape or rule
to nearest millimeter, eight or tenth of an
inch. This is measurement A. In case of
narrow fabrics less than 380 mm (15 in.)
wide, measure and record width if width
measurement will be used. If using a cali-
brated template for marking and measur-
ing in percent dimensional change di-
rectly, an initial measurement is not
needed.

7. Test Procedure

7.1 Tables 1, I1 and 111 summarize alter-
native washing, rinsing and drying condi-
tions and settings. Additional information
on the machine and laundering conditions
may be found in the monograph, Stan-
dardization of Home Laundry Test Con-
ditions, elsewhere in this TECHNICAL
MANUAL.

7.2 Washing.

7.2.1 Weigh test specimens and enough
ballast to make a 1.8 = 0.1 kg (4.00 +
0.25 Ib) load. An alternative load size of
3.6 =0.1 kg (8.00 £ 0.25 Ib) may be used.
Dimensional change results obtained us-
ing a 1.8 kg (4 1b) load weight may not be
equal to those obtained with a 3.6 kg (8

Table I—Alternative Washing and Drying Conditions (see 7.1)

Machine Cycle Washing Temperature Drying Procedure
(1) Normal/Cotton Sturdy () 27 +3°C (80 £ 5°F) (A) Tumble
(2) Delicate (Illy 41 +3°C (105 + 5°F) i. Cotton Sturdy
(3) Permanent Press (IV) 49+ 3°C (120 £ 5°F) ii. Delicate
(V) 60+3°C (140 £5°F) iii. Permanent Press
(B) Line
(C) Drip
(D) Screen

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

Normal Delicate Permanent Press
(A) Water Level 18+1gal 18+1gal 18+1gal
(B) Agitator Speed 179 +2 spm 11922 spm 179 =2 spm
(C) Washing Time 12 min 8 min 10 min
(D) Spin Speed 645 + 15 rpm 430 £ 15 rpm 430 £ 15 rpm
(E) Final Spin Time 6 min 4 min 4 min
Table lll—Dryer Setting Conditions (see 7.1)

Cotton Sturdy Delicate Permanent Press
Exhaust Temperature High Low High

66 £5°C (150 + 10°F) <60°C (140°F) 66 +5°C (150 + 10°F)
Cool Down Time 10 min 10 min 10 min
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Ib) load weight and should not be com-
pared.

7.2.2 Select the specified water level,
the desired water temperature for the
washing cycle and a rinse temperature of
less than 29°C (85°F). If this rinse tem-
perature is not attainable, record available
rinse temperature. Fill the washing ma-
chine to the 18 + 0.5 gal water level. For
alternate load size, fill washing machine
to the 22.0 + 0.5 gal water level.

7.2.3 Add 66.0 = 1 g of 1993 AATCC
Standard Reference Detergent to an 18 +
0.5 gal wash load. For alternative load
size of 22.0 £ 0.5 gal, add 80 = | g of
1993 AATCC Standard Reference Deter-
gent. Agitate water briefly to dissolve de-
tergent. Stop the machine agitation. It
should be noted that in soft water areas,
the amount of detergent used may be re-
duced to avoid excessive sudsing.

7.2.4 Add test specimens and ballast to
machine. Set the washer for the selected
washing cycle and time (see Tables I and
11).

7.2.5 For specimens to be dried by pro-
cedures A, B or D, allow washing to pro-
ceed through the final spin cycle. Re-
move the test specimens immediately
after the final spin cycle, separate tangled
pieces, taking care to minimize distor-
tion, and dry by procedure A, B or D (see
Tables I and III).

7.2.6 For specimens to be dried by pro-
cedure C, Drip Dry, allow washing to
proceed through to the final rinse cycle.
Remove the specimens from the washer
just before the water begins to drain for
the final rinse cycle. Remove specimens
soaking wet.

7.3 Drying.

7.3.1 For drying procedures B, C and
D, do not blow air directly on specimens
as it may cause fabric distortion.

732 (A) Tumble Dry. Place the
washed load (test specimens and ballast)
in the tumble dryer, and set the tempera-
ture control to generate the correct ex-
haust temperatures as specified in Table
III. For fibers that are heat sensitive,
lower temperatures consistent with pro-
ducer’s care recommendations should be
used and reported. Allow the dryer to op-
erate until the total load is dry. Remove
the load immediately after the dryer
stops.

7.3.3 (B) Line Dry. Hang each speci-
men by two corners with the fabric length
in the vertical direction. Allow the test
specimen to hang in still air at room tem-
perature not greater than 26°C (78°F)
until dry.

7.3.4(C) Drip Dry. Hang each dripping
wet specimen by two corners, with the
fabric length in the vertical direction. Al-
low the specimens to hang in still air at
room temperature not greater than 26°C
(78°F) until dry.

7.3.5 (D) Screen Dry. Spread cach
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specimen on a horizontal screen or perfo-
rated surface removing wrinkles without
distorting or stretching it. Allow the spec-
imen to dry in still air at room tempera-
ture not greater than 26°C (78°F).

7.3.6 Repeat the selected washing and
drying cycle two more times or to an
agreed number of cycles.

7.4 Conditioning and Restoration.

7.4.1 After the final washing and dry-
ing cycle, condition the specimens for at
least 4 h (see 6.1.5) by laying each speci-
men separately on the screen or perfo-
rated shelves of a conditioning rack in an
atmosphere of 21 = 1°C (70 + 2°F) and
65 = 2% RH.

7.4.2 For fabrics that are intended to be
used in a form fitting garment, restoration
techniques are sometimes used prior to
determining the dimensional change.
Techniques for this type of restoration are
not standardized (hand pulling specimens
in the length and width directions at mul-
tiple locations using an unspecified
force). If restoration techniques are used,
a description of the technique should be
reported and results should be reported as
restored dimensional change.

7.4.3 If the specimens are extremely
wrinkled and the consumer would AL-
WAYS expect to iron a garment made
from the fabric, test specimens may be
hand ironed prior to re-measurement of
benchmarks. Use safe ironing tempera-
tures appropriate to the fibers in the fab-
ric being ironed. See Table 1, Safe Ironing
Temperature Guide, in AATCC Method
133, Colorfastness to Heat: Hot Pressing.
Exert only that pressure during pressing
which is necessary to remove wrinkles.

7.4.3.1 Due to the extremely high vari-
ability of hand ironing procedures per-
formed by individual operators (no stan-
dard test method exists for hand ironing
procedures), the reproducibility of di-
mensional change results after hand iron-
ing has been found to be extremely poor.
Consequently, caution is advised when
comparing dimensional change results af-
ter laundering and hand ironing, reported
by different operators,

7.4.3.2 Hand ironing is intended pri-
marily for the evaluation of fabrics used
in garments, which require ironing to re-
move wrinkles prior to wearing. Use safe
ironing temperatures appropriate to the
fibers in the fabric being ironed. See Ta-
ble 1, Safe Ironing Temperature Guide, in
AATCC Method 133, Colorfastness to
Heat: Hot Pressing. Exert only that pres-
sure during pressing which is necessary
to remove wrinkles.

7.4.3.3 After ironing, condition speci-
mens for at least 4 h (see 6.1.5) by laying
each specimen separately on the screen or
perforated shelves of a conditioning rack
n an atmosphere at 21 £+ 1°C (70 £ 2°F)
and 65+ 2% RH.

AATCC Technical Manual/2006

8. Measurement

8.1 After conditioning, lay each test
specimen without tension on a flat
smooth, horizontal surface. Measure and
record the distance between each pair of
benchmarks to the nearest millimeter,
eighth or tenth of an inch. This is mea-
surement B. If using a scale calibrated in
percent dimensional change, measure
each benchmark to nearest 0.5% or
smallest increment on the scale and
record the percent dimensional change
directly.

8.2 The wrinkles in most fabrics flatten
sufficiently under pressure of a measur-
ing instrument at the time of measure-
ment not to cause measurement bias.

9. Calculation and Interpretation

9.1 Calculation.

9.1.1 If measurements were made di-
rectly in percent dimensional change, av-
erage the measurements in each direction
made on the specimens after the first,
third, or other specified number of wash-
ing and drying cycles. Calculate length
and width averages separately to the
nearest 0.1%.

9.1.2 If measurements were made to
the nearest millimeter or eight or tenth of
an inch, calculate the dimensional change
after the first and third or other specified
washing and drying cycle as follows:

Average% DC =100 (B—- A)/A

where:
DC = Average dimensional change
A = Average original dimension
B = Average dimension after laun-
dering

Both the average original and average
final dimensions are the averages of the
measurements in each direction made on
all test specimens. Calculate length and
width averages separately to the nearest
0.1% (see 12.9).

9.1.3 A final measurement smaller
than the original measurement results in a
negative dimensional change which is
shrinkage. A final measurement larger
than the original measurement results in a
positive dimensional change which is
growth.

9.2 Interpretation.

9.2.1 If the dimensional change after
one washing, drying, and, if used, hand
ironing cycle as calculated in 9.1, is
within a specification previously agreed
on, continue test procedures 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 after
one washing, drying, and, if used, hand
ironing cycle as calculated in 9.1 exceeds
a specification previously agreed on, ter-
minate the test.
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10. Report

10.1 Report for each sample tested:

(a) Dimensional change of length and
width, separately, to the nearest 0.1%
with a minus sign (-) for shrinkage or a
plus (+) sign for growth (see 9.1.3).

(b) Washing procedure (include type of
washing, cycle and temperature) and dry-
ing procedure (include type of drying, cy-
cle and temperature).

(c) Size of specimens and benchmarks

(d) Size of load; i.e., 1.8 kg (4 Ib) or
3.6kg (8 Ib).

(e) Number of complete washing and
drying cycles (see 9.2).

(f) If fabrics were distorted or wrinkled
in their original state,

(g) If fabrics were hand ironed.

(h) If fabric was restored and a restora-
tion technique.

11. Precision and Bias

11.1 Precision. Precision for this test
method has not been established. Until a
precision statement is generated for this
test method, use standard statistical tech-
niques in making any comparisons of test
results for either within-laboratory or
between-laboratory averages.

11.2 Bias. Dimensional changes in au-
tomatic home laundering of fabrics can
be defined only in terms of a test method.
There is no independent method for de-
termining the true value. As a means of
estimating this property, the method has
no known bias.

12. Notes

12.1 Contact AATCC, P.O. Box 12215, Re-
search Triangle Park NC 27709 tel: 919/ 549-
8141; fax: 919/549-8933; e-mail: or-
ders@aatcc.org, for model number(s) and
source(s) of current approved washer(s). Any
other washer, which is known to give compa-
rable results, can be used. Washing machine
conditions given in Table II represent the ac-
tual speeds and times available on the current
specified model(s). Other washers can vary in
one or more of these settings.

12.2 Contact AATCC, P.O. Box 12213, Re-
search Triangle Park NC 27709; tel: 919/549-
8141; fax: 919/549-8933; e-mail: orders@
aatcc.org, for model number(s) and source(s)
of current approved dryer(s). Any other dryer,
which is known to give comparable results,
can be used. Dryer machine conditions given
in Table III represent the actual temperatures
and cool-down times available on the current
specified model(s). Other dryers can vary in
one or more of these settings.

12.3 Screen or perforated conditioning/dry-
ing racks available from: Somers Sheet Metal
Inc., 5590 N. Church St., Greenshoro NC
27405; tel: 336/643-3477; fax: 336/643-7443.
Rack drawings are available from AATCC,
P.O. Box 12215, Research Triangle Park NC
27709; tel: 919/549-8141; fax: 919/549-8933;
e-mail: orders(@aatcc.org.

12.4 Ballast are available from Testfabrics
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Inc., PO. Box 26, 415 Delaware St., W.
Pittston PA 18643; tel: 570/603-0432; fax:
570/603-0433; e-mail: testfabric(@aol.com;
and Textile Innovators Corp., div. of SDL At-
las L.L.C., P.O. Box &, 101 Forest St., Wind-
sor NC: tel: 252/794-9703; fax: 252/794-
9704; e-mail: tic@sdlatlas.com.

12.5 Marking pens with different size lips
are available from Mark-Tex Corp., Box 681,
Englewood NJ 07631; and AATCC, P.O. Box
12215, Research Triangle Park NC 27709;
tel:919/549-8141; fax: 919/549-8933; e-mail:
orders(@ aatcc.org.

12.6 A ruled template marked in percent di-
mensional change is available from AATCC,
Box 12215, Research Triangle Park NC
27709; tel: 919/549-8141; fax: 919/549-8933;
e-mail: orders@ aatcc.org. A mechanical
marking device and measuring tape marked in
percent dimensional change is available from
The Sanforized Co., 3200 Highlands Pkwy.,
Suite 300, Smyma GA 30082; tel: 770/803-
7662.

12.7 A digital imaging system may be used
as a measuring device in place of the pre-
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scribed manual measurement devices if it is
established that its accuracy is equivalent to
the manual devices.

12.8 If excessive fraying occurs in launder-
ing, specimen edges may be pinked or slashed.
Sewing or over-edging a specimen is not rec-
ommended as it may influence actual dimen-
sional change results. However, in the case
where AATCC Methods 124 (Appearance of
Fabrics after Repeated Home Laundering) and
135 are performed on the same specimens,
some woven fabric constructions may require
the specimen edges to be sewn or over-edged
to prevent severe raveling that could cause en-
tanglement in washing or drying, and there-
fore influence the assessment of both
dimensional change and smoothness.

129 If information on the dimensional
change variability within or between speci-
mens is desired, calculate dimensional change
based on the individual pairs of benchmarks
for within specimen data or based on the aver-
age of the three pair of benchmarks for be-
tween specimen data.

12,10 Available from AATCC, P.O. Box
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12215, Research Triangle Park NC 27709; tel:
919/549-8141; fax: 919/549-8933; e-mail:
orders@aatcc.org

12.11 The AATCC Technical Center con-
ducted a study to compare the 1993 AATCC
Standard Reference Detergent, AATCC Stan-
dard Reference Detergent 124 and two differ-
ent types of fabrics (current and proposed) to
be used as ballast, under the following test
conditions:

Machine cycle:  (1)}—Normal/Cotton
Sturdy
Washing Temp:  (V)—60 = 3°C (140 £ 5°F)
Drying Procedure: (A)i—Tumble dry, cotton
sturdy cycle
White Twill (100% cotton)
Beige Twill (100% cotton)
Grey Poplin (100% cotton)
Blue Twill (50/50 poly/
cotton)

Fabrics tested:

No significant differences were found in the
results using either detergent or ballast load
fabrics.
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