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Abstract

Expanding the production of ready-to-use natural dyes from morinda root, lac dye,
Curcuma longa Linn., kram (/ndigofera tinctoria Linn.) and hom { Baphicacanthus cusia
Brem.) 10 get enough products for promotion was started by extracting pigments from large
amount of natural raw materials to yield large amount of pigmented solution and dried to
powder followed by mixing the dye stuff with lactose or tropioca starch for granulation. The
amount of pigment per gram of granulated dye was determined. The granulated dyes were
tested for dyeing and the quality of the dyed products were determined. The powder of the
indigo dye from Kram and Hom was used to find the proper condition for the preparation of
ready-to-use dye in grapulated form. Using only jactose or starch powder to mix with the
dye power, the granulated dye was difficult to disperse in water. The dispersion of the
granulated dye was improved by mixing of some materials that always used in the dye bath
namely, the potassalum, citric acid, calcium hydroxide and wetting agent with the dye
powder before granulation. All granulated dyes dissolved weil in water at 60°C but still some
residue was left even at higher temperature which had to be filtered out before dyeing. The
cotton dyed with the granulated dye containing lactose yielded smoothly pale colour due to
low amount of pigment per gram of granulated dye while the granulated dye containing
starch gave unevenly dyed product since the heat in the dyeing process led to sticky starch
on the surface of the material to be dyed. Two major components were found in the
extracted pigment from Kram and Hom, the blue pigment was indige and the red pigment
was indirubin. Indige bad maximum absorption at 811 nm and the amount of indigo in the
granulated dye was then determind by uv-visible spectroscopic method using standard
ingigo as reference. It was found that granuiation of indigo dye from indigo paste yielded
2.8 mg of indigo per gram of granules whereas granulated indigo dye from indigo powder
gave 66.8 mg of indigo/ g of granuie. Therefore, the dry powder of dye stuff should be used
for preparation of granulated dye. Unfortunately, the spray dryer was permanently out of
order and the amount of granulated dyes prepared by this method were still not enough for
distribution to the user. However, we had got useful information to modify the proper formula

for preparation of ready-to-use dyes using drum dryer instead.

Normally, cotton dyed with natural dyes gave low intensity of the color and the result

obtained from phase 2 of owr research project revealed that premordanting of cotton by
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protein from soya bean milk before dyeing gave higher color intensity on the cotton. So, we
varied the amount of soya bean or milk protein for premordanting cotton and found that the
concentration of protein solution from 1 mg/ml for beiling cotton in a ratio of 1:20 {cotton wt/
volume of protein solution) was enough to obtain higher color intensity with good wash and
light fastness. If soya bean starch or milk powder was used, the ratio of the powder to
dissolving water effected the amount of the solubilized protein and at higher temperature
with longer boiling period, more protein could be solubilized. If 100 high concentration of
soya bean or milk was used, the starch would coat the cotton and the dye could not bind
evenly to the cotton. Moreover. We also prepared the granulated soya bean milk and
detesmined the amount of protein per gram of granule including the amount of soya bean
milk granules in proper volume of water that highest amount of protein could solubitize at
room temperature. This granulated soya bean milk was plan to promote the same time as

the prepared ready-1c-use dyes.

Production of ready-to-use natural dye started by using the lac dye and morinda root
dye powder obtained from spray dry and from concentrated alcoholic extract. We prepared
the dye solution in various formula which ready-to-use in the dye bath dried on drum dryer
and granulated in the granulator. The water solubility of the granulated dye and pH of the
dye solution were tested. The dye solution was used for dyeing cotton and the fastness of
the dyed products were measured. The good formula were selected for the production of
the ready-to-use dye in large guantity. The formula M1, L4 and ML14 were good formula
from morinda root dye, lac dye and the mixture of the dye formula M1 and L4 in a ratio of 1:1
by volume, respectively. The dye extract from curcumin could not get powder on drying
dued to too much volatile oil in the extract. The volatile oil could be separated out by steam
distilfation_before formulating the dye solution and drum drying. The granulated dye
preparation from kram and hom started with indigo paste. The indigo paste was formulated
with citric or tartaric acid or cream of tarta and the pH of the dye solution was adjusted to
10-10.5 before drying. In this case, the formula 12 was selected for large guantity
production. The granulated dye from Eucalyptus leaves was also prepared after removing
the volatile oil by steam-distillation which gave bage color on dyeing. This dye could also be

used as mordant for dyeing and preparing other dye formula.
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Some more other raw materials for natural dyes were also explored. It was found that
yellow pigment from Pak Chiangda ( Gymnema inodorum on S. typhi ), a kind of vegetable
coutd be used for dyeing in alkali condition but the dye gave poor light fastness. This
vegetable contained a lot of antioxidant compounds which would be more useful in food
than for dyeing. The vellow pigment could be also found in the peels of onion, orange and
leech lime (citrus hystrix Linn.) in Rutaceae family. These fruits contained a lot of volatile oils
which had to be removed before preparation of the ready-to-use dye. The major component
of the dye from citrus hystrix Linn. was flavanone compounds cailed hesperidin which gave
yetlow color in alkali soluticn. This yellow pigment could be mixed with the blue color of -
indigo extract and gave yellowish green to bluish green dye solution depending on the ratio
of these two pigments. The best formulae was GIF1. Another ready-to-use dye was
prepared from the tree's bark called Snci or Kaidang (Ternstraemia gymnanthera Bedd.) in
Theraceae family. This formulae gave redish-brown on dyeing cotton. Two major
components could be found in the extract, one was Lupane-type triterpene and the other
was condensed tannin. The best formula were B3 and B4 and these could also be used as
mordants in natural dye dyeing. Moreover, the orange dye could be prepared from
Tongkaow fiower (Butea monosperma Lamk.), the pigment was flavonoid which gave
orange-red color on dyed cotten but it had poor light fastness. The mixture between red
color of lac dye or Kaidang bark and blue color of indige gave various purple color tones
from browish-purple, redish-purple and kluish purple of the dye formula V1B1, V1B2 and
L142, respectively.

The prepared ready-tc-use dyes were used in dyeing cotton, silk and other naturat
fibres. It was found that solubility of the dyes were not good enough, some dyes left too
much residues. Indigo in some mixed dye formuia had peor penetration into the fiber and
lost of the blue color in the dyed product. The suitable amount of ready-to-use lac dye was
35 g of granulated dye per 1 liter of water for dyeing cotton in a ratio of 1:10 (weight of

cotton : volume of dye solution).

The ready-to-use dyes had been promoted to the user at 7 provinces in the north
and northeast region of Thailand. We had also joined the 10" Anniversary of Thailand

Research Fund{TRF) exhibition at Sirikit National Meeting Center in February and at Chiang
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Mai in December, 2003. The promotion was also in television channet 7 program “Thai
people today " in May, 2003. Finally, we gave some advise on preparation of natural dye

and dyeing process to the producers and users who showed their interest.

To obtain enough raw material for the preduction of the modified natural dyes, the
common use pigmented plants such as Kram, Hom, Morinda, Curcuma longa etc. shoutd
be more cultivated. Another alternatives to increase the pigment productivity were to culture
the pigmented plant cells and studied the pigmented microorganisms. We could culture the
morida reot cells to produce the same pigments as the marinda plant. We also studied the
pigmented bacteria Serratia sp. RB isolated from red mushroom and increased production
by immobitized cells in polyethylene sheets. The red pigment was easily extracted by acidic

ethanot and show the potential of using as natural dye.
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ey ﬁegmﬁﬂmﬂs"mw‘;’q'lﬂtﬂu C-Cy-C, M0ty Rutin Quercetin Luteolin Fali
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Whunsd9sWuS (heterocyclic ring) r’hﬁmjmﬁuﬁﬁﬂqﬁqﬁaﬁﬁuﬁtﬁmﬂumsﬂ&‘:ﬂfauﬂm'hu
(flavone) wazfindimyjlamsandegii aMiswusimiluarslsznauriantauan( flavonol) arslu
nasiiacantlditmirdinisganduuasiitosmmmorduansteiunnine  mifstushmnd
onduidon Wuasvanuovinlasfiuesidiing Bidusesiluns dnwulufirduge ugilass
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azaneiiilunanvazeyluanw pseudobase $ehifd usazetluann anhydrobase 341548
Naa-tidu e pH WAsurmadaznBaundulindunld widh pH ganng TS
aghiwaunduin  weulslanfiuluasesmefidlusasgneentladidinalateniauazgn
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FLAVONOID STRUCTURE
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HO OH OH
H HO 0
OH
0 OH O

0. A O 0, A
O # O-glycoside Z~0H
ANTHOCYANIN ANTHQCYANIDIN
37 1.1 TasssFrnasansWidnquianloussdunaiia

2, ANlsAuBLA (Carotenoid) fiuansteznenitiagiiavisiiandy mafth (terpene}

tﬁﬂﬁaan‘imu‘lu‘fuLaqﬂﬁquﬁun imefluand (terpenoid) w3 laletluasd (isopenoid) @15t
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wagwudr-eliuildmiue  wi-anlfuduaminaagiciuashiazansmin e
usa nawesu azaslieuludieraeBunid binsdasesn 21mA uas uargruwgll
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CH

| 2
—|—CH2"— CH -—CHJ—CHl +

ISOPENTANE UMNIT

HOOC W\rvﬁ/ o

CROCETIN

HOOC 2 v R N e Ry R R Xy COOH

BIXIN

= J = L3 o
sU% 1.2 Tanafnanrli@nguanlsfivaniuneiin

A. LBUNTIATIUUNLASWUNYIFIAI U (Anthraquinones and Napthraquinones)
afraiugulszneua 3-ring system (BuansiiiRuss-du usenanuarrlunguiliinazdung
lunguarsnanuaunsedlusiinnthiludden tdud alizarin aansndwlddwanidy
(madder) kATANUIUIBIRULE NIALAALADA (Laccaic acid) THANARY #rumanuuwvs1sd
Tuuanmlfeniugelid@uateinme Lawsone  anlufeufielidhmatiuumauas Akanin
a1ndu alkanet Wauon (U7 1.3) mm@juuﬂmmﬂ%Tuuﬁqmﬁ"[ﬂm‘lﬁé’m.wiﬁl.uﬁm  hena
waunmailuuazasldmhnimeiiouyuns azangldlufinazaeduwid viu  eniues
wwtu Anaf areladaf asuounmad hufauyndiliqavaaninanga fruluRrdugedon
Tuajregn nycroxylate 7 c-1 ey G2 lusssasvuuaunmaiiuulugiiues ndnlalasiih
goulnnjuarinwuniluaiia O-glycoside dowvinefmnily C-glycoside 1y aloin {barbaloin)
sraRwLgun glucose, primeverose 8YARL chamnose g Launs A3 luunatls
Ladinuanaass aglycone il reduced form pavusunsAd luuldsyRussasiaunsadiuyg
4¢wu1ﬁuﬂquLtuuﬁqﬁﬂﬁ@%uaqﬁumqmmﬁwﬂu‘lu common  rhubarb lulugauazwy
anthranol glycoside 1thugaulug u@nﬂﬂnﬁﬂﬁuw?ﬁﬁtﬂummn Monascus — purpureus

aunsnudnansduaslunguuennsa’ ulduayliidlu@nanetws iy myguss whie  wdn
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O 0
O O
ANTHRAQUINONE NAPHTHAQUINONE
0 a0c
OH i Qo OH
" ”°°C°°C“‘
HO Csz
0 0 OH
ALIZARIN LACCAIC ACID
()
o 0 o o CH,
OH CH—CH ~—~— CH =
) B
1
o 0 0
JUGLONA LAWSONE ALKANIN

=} = o
gUf 1.3 TassaFraesasli@mnueunsadludiasiunmsaiiug

3. #AA18RYA (Alkaloids) ﬁ'amaaﬂﬁtﬂummduﬁwuluﬁ'n%uqq wutheluiduin
Tudnduazluqdundd JunguansiinnidinndaduinnmsauariidnmlitenMidums
Autaqtiunudaaasadninndr 5000 e sadn@Alulsenazesdamasuiasny
Wlasauag 1 M ullulanauazegly heterocyclic ring vianglu side chain Amn 2y
WaamapuaiananiBiiuie lulasaudindnetsszaglugloes primary amine (RN'X),
amine oxide uazfiaianueglugileas amide uar imide Anday Samasdusiazalinaci
fmuu‘_"luna‘m‘iNmnu?‘aﬁ'aﬂ%uﬂs‘iﬁ'm"'mqua:mamm‘lufmmu‘tuiumr}a Usznnaes amine
group AADAAU TUALAZATUNTEN functional group ﬁﬁ@g'luﬁmqmi’u mmejué’amaaﬂﬁ"ﬁ
Vhih@fantdun indigo @andunmy daslidincy Tyrian Wh@fadnldanmesdedmns

(shelfish) agjaruuaunsimsumeaniouasidsiomns (quU% 1.4)

0 n 9
Y =0
N N Br

o H o H
INDIGO TYRIAN PURRLE

d ] -~ - =
gUfn 1.4 IassaFravesasliRlunguésmansiuneiin
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a. wnuily (Tannin) WuarsliRsssumatendifuasdioindug dslumsdiend
seausdleianiznisfientie wnuiiufusisdmonandssnaunedRusadauanitlunguans
FnuldvllufifeunnedathiinBaanaatsznin 500-3,000 uazilnyRusaiaiiaassay
SwanuilsisannsoinliBanadestasl#funenisiiy GUR 1.5 ) waewoniwdwes meda
A {biopolymer) 1w 1gagisaldotasiaviiulddunuliuiilaneiedudauusciilinens
'lunﬁquﬂn'léfmn1ﬁﬂ4@qn‘lﬁmnu%‘andou’lmﬂwumﬁugﬂmmnﬁ'ﬁfﬂ’wﬁ (glycoside)  Unuiiu

souldlndn averereae@enny uaanamed avilan RITATAIETEMIUINATNIIAN
axnaulaneniin Saateend ndelaled Wsuaziaeaniuld dieinljitesuindaseamdn
wu wafinarelsd unullusliasanedlfardnzneufiindu-m dovumuliugiamudaniuag
WnzneutimaduadaiuReinsmseusiiaresrmbulussataanfisld andns
TassaFrmaniisnnmonkuiiule 2 dsanmie

41. Hydorlysabie tannin illunguansusenay polyester Fadinan polyphenol i
manglagdaumsiulnniaunmngnedinliwcnsslalasladesniulianald galic acia,
digallic acid, sllagic acid 194 Gallotannin way Eliagitannin lusu

32. Condensed tannin (Dunguansusznauitiflagnnsmitareulasfidabisamasy
Banaiing windussndniiulnduefiiadummnlssnevitlissaetilifipinaiunuacs

Funsteanlsenay Bt A 84 flavan3-ol uatfiavan-3,4-diols

i

1

J

{

OH _ H
@ tannin O

1 1.5 msdentasesuinallsiufuunudy
wanmm:LLmuwﬁumnﬁnum:TﬂNﬁ%"mué’qé’qmmﬁ*nLmqmuﬁmﬁn‘iw.ﬂqmm
unudiudeannsowivldl 2 nguita True tannin ShinwinTaans 1.000-5.000 ke Psedo tannin
fhiawinTianatiaunin True tannin woiuasi WignaniBadre True tanain I catechin,

chlorogenic acid (DAY
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1.4 NSIATIENRITRETTNTR

1.4.1 nauanuignd
reufiasinmslinmsilaneiasiinmaseau FinaansiRusacsiaRiuious
aepiannassuaRrsasidsnsnsfudesiamaweniigviidanen dwiuaslid
sesuRTURBUN NS WitennuasitionWTidsatui
1.4.1.1 Tasaninna Welaua (Thin-layer Chromatography, TLC)
dlumsuanatsingld stationary phase Fourifhaushuadern support Faan
Wuuds aluminium %98 polyethylene dlontamsuauALY stationary phase Fadundn
development YUTTAA development @&1sAarugnesnaNiu AT lUNTUBNAL I
adsorption uaz partiion ¥ARIAEIRINNATURL LY TLC ﬁm‘éuu‘%uﬁ’ugnﬁﬂﬂ activate
virelal nns activate win TLC Troaudl 110%  (hanarsiedalue asinlitnssmesentdain
particle 789 adsorbent ¥ lnadtiiiu adsorption 3Nd1 partition wsitliisin plate Tu
activate ﬁﬂﬁﬁ'ﬂﬂéﬁ particle vty fiquid stationary phase atil partition mechanism
fiasnnninda ihiaevetinanmudluenmaines TLC Aldinanuadia Téus
n. Microscopic slide TLC (i TLC aunam@nliusiy microscopic shide duunans
Tneldioadi 1u wonenz 4 95a e 5wt wiredne Tadies activate Taananldnne
qualitative 11y #9714 synthetic reaction vitama fraction 284 cotumn chromatography ﬁﬁ
aslinnaisdn
9. Macro-layer TLC 1fu TLe Aldvalihiasiinieda§agy Saunm 5x20, 10x20,
20x20 EUBINRT ANMMNIEY adsorbent = 0.25 fadwnr e qualitative g
quantitative
A. Preparative TLC (£ TLC ¥1ii adsorbent windufie 2 fsdwns Wilsuenans
runnsnnty iwiEais Macro-layer TLC
1.4.1.2 paaulasunInns A (Column Chromatography)
maiinvesTasit Innsilsilaiafe ladharawasiunasaginsnszuenlaning
srhdontaiivmedmdndouacilald  asiildiduigmnndfenduigedy (unsdves
TasmInnsfluuugedy) wiaidhuveuvauiuune ﬁmﬁaumjvumﬂﬁauduﬂsﬂvéﬁmm
Inns Pl wen) f"{m?umsm?uuﬂaﬁ’uﬁﬂ”‘uﬁﬂﬁiﬂﬂmsmeﬂmsﬁ“l%xﬂuﬁb@ﬂ%'uuﬁa a
adhlion  wieemmienlaviowgaduiinaufudninzatsnou uddildaslunasazinse
nszven  dmminvhlasiiusnecdeadudhasaferldifuigmaniouiasl sz e deals
Fasaeiiduiatudgeduedininis  ufesrdeshifinesomseysznhaiigadunay

o w o ¥ ar o 3 o P
Yszduvosiahazmoidegmiledgaduidndes udiRenorn @umswauiidosmsuunag



RDG4420026 16

e o o 4 e o o & a w . 4
N (swaviivsdesszasludiiarasilSinadosfige)  wdomivdudninzawneld
o A n:-:l d’ 1 v e ﬂl 1 o I;J
duignmndeviifiazdosveunasils Inamusedutiiazsosiufidauaisvesnedin lavi
ar o A:id qﬁ’ J o LY ar a
Tazlddhazawiii Ina13d (polarity) gaiu dmindienaisigaduiazdatazaie|dmme
o ) o ay A Aw 4 0w ow o etad v d
aufuzE s ousNmIsuAasyia Idinfouniduanuimududmnemsiuilifhesdsng i
=4 “-‘.ll ) ar & A L] =y ¥ ar t
HusaufuoziloduiiiazainlSer msusassiiadesriusonnnnednd  Tunawsnsi
»
fiu  wenninfifemuisomunuldasanquonsusyiunedmindmyarudnhasawiaesld
diarauiirmedmiaunun  uddaneduiifiudaug suuoursImIuARsTia  AUEIF
ar [T ) ar & w ar 0‘: o] o g o 3
gadussnINABANLAIafad R ItIaza1s ndmiuSiszmoewhazawesn il Aez'ld
msudazytin asedeuANLINE laumai TLC Hlddmwsuandrdunawadise drais
vignie Wildmwawulaunaseennindulédn  windehivSgniteimsuondhlunsdnl
FUNTOINTIANNENY Y
1.4.2 NISHATIZN
1.4.2.1 medaswinnguansivdiaeljizenail
= ﬂdd‘l s d" A [ 73 1
nsAnminsendensnsaasaumnail Fledudeyansuiadanguans
‘Jd | ) bl al - 4 s L L - -y
WanHlrnaFvdnuuudeony Rldun wesmaeus Wadlouass weunmaiiuu idudv
L ] ] [ 1 . - ] Aﬁl 1 nJ
e anasasseuhasiddeaglunguladindndisiu - Nelaniiavlidnguinasa
[- ) <4 ql a - 1 1 a2y cf i 4 o oy
sausnnidailufgnamineiouansaaulfanigns  wiRnhluameseuaniBuacias
1 al A‘ & [ - g Sy, =l
afamaail Fsnsemeasunviailifissiurasatranntuis  enavintilae izl
d1 Feaslinadudsneg wiansifianzneusin WHdliheweddelasamiznradudu
lunspnlfizenduansain
1.4.2.2 nsaaTeniaseafalngisneanlalnsalnll (spectroscopy)
Wudturgeslansafalaverdonistauasiiasisd Fadus wmdnlily
= S : ,
(electromagnetic radiation) TIQNAIARNAYL (absord)wid W& (emit) sonmratnaans Taw
A 1 n}o L i 1 O = - 1 e L ] o
andtesaailasne Siwhilidulafsdwiminli  wendef@wimdniwihaaniiudeg
J [ [ o e 3 ‘:I' ar <t A
ArmEnaAauRe fu danvraantufedludosmaniilagaens  uazunndeyssanumiy
spectrum FagsnnsssuaAuiaziog] spectrum  TINANBULIARIZAY  NNSEMAaDLIAN
o [y L 5 o - ar 1 GJ .
ﬂnum‘nﬂqm?é«‘i:;'jﬁnm'sﬁmﬁﬂ‘mmwLLﬁqmqm‘lcﬁTﬂuuﬁuuLﬁﬂunum@mmf‘[ﬂwﬂ*}'ﬁq
. A [} -~ 1
(authentic sample) ¥iauBuuauain spectrum Arsvuliluanatssneg dmiusslu
Aaeande spectrum undsenauM@dazamnsnusngasiassaials
n. Uitraviolet and visible Spectroscopy
oy o = o o e
HdtnsiansgenfusaizesaisiumsazaioniReans  Hdsanuenansu

R P vt o ol
200- 700 wlnAs &mFussiETan  200-700 wnluunsdiuansTiTRsew 200-400
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unluaims Asdrdnylunsmsnsiandnenife Aumadaeru (wave length) Anisganiuge
qn viedgeassmnuaransduduraaneganiy  vanandanmegandulussazaieiidly
nanaude daguansndsuias pH Aentsgandunastasansiraslasuuasibiiels v
phenotic compound dlelgmng ﬂ"}'mU']‘Jﬂ%u;j]&"tﬂﬂﬂﬂ‘ﬁ'uuﬂ\‘}qzLﬂﬁlﬂullﬂ’a!‘i'ﬁ:'ﬁfm
m'mm'}ﬂﬁuﬁmqéuﬁunﬂﬂngmsrﬁﬁdq Bathochromic shift Fsfnmruznisaiammasii
EnudnsuenmanyfoulUgandumsiidasauenmaauduasindn hypochromic shift @17
uvrisariiaanauuaiat
9. intrared Spectroscopy

Wun1siamdaniidisainniedurestinans Wuse vije functional group dnsi
Fafian i 4.000-677 cm” WiateRan 2.5 15 nm I MALMmiees spectrum KAZA9N
dudures peak dunnlamviaiunaadisuiy spectum tasEnsiifgasianaiiean IR
spectrum szdotuan functional group uasUsmnmoeasdnsls vhoouniia 1,200 cm” il
band Wi peak ﬁl.ﬁwﬂ’mm?ﬁ,'u'ﬁm individual bonds 3@ functional groups \f% aromatic
WU 3,050 (W-M), 2,100 1,700 (W), 1,600, 1,580, 1,600(W-M) drwaidanfisndr 1,200 om’
" {lu fingerprint region Lﬁmmnnwﬁ"u'ﬂmﬁqﬁwat]ﬁ {u spectrum fudaumsiazinliin
ms IR spectrum asfieaflumsfignd ensldarsazany 0.1-5% Tatsnnldraalswesy vie
osaudanaudy KBr udadmduwiula v 1 Nujat vin Wiy suspension ¥ie mull

A. Nuclear Magnstic Resonance {(NMR)

s spectrum  R1#@nnn2in magnetic moment 989 H-atom ilesann -
atom ?;Em'ag:ﬁ’u functional group WARAUALIAYT magnetic moment ¥ANAAW Wy CH,, -
CH,, -CHO,  -NH, iflusis aan spectrum 989 NMR arlfdoasdnueu H wasafinges
carbon skeleton 7 H Juet] Aumigad spectrum 14AY Oldetta) vie T (tau)

T = 100

Fmnaranuildarans sample 1# CCl, deuterium chloroform (CDGCL), deuterium oxide
(D,0), deuterium acetone (CD,COCD,) doumsiidald  timethyisilylene, Wugviazan
wanansily saturated compound aziiFtatdauwantli] unsaturation, O, N, S AefiFng
Chemical shifts (6) A¥ilAn = AD x 10%radian frequency, AU = difference in absorption
frequency 784 sample WAz reference compound A8 TMS HuidrenDu Hertz midatigey
chemical shift dousnntt p.p.m. spectrum 789 NMR amardudeudiassn interaction fu
atom FAsuTAZld peak 1Bt enaazld 2 via 3 Wi wnng

3. Mass spectroscopy (MS)
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D spectrum #iFannmsseme sample W1l low pressure system a9
MS é@ﬂfmzqn jonized 1‘5mmmmnﬁq'nmﬁ’uﬁ:‘lﬁ‘lﬂﬂﬂuﬁﬁﬂ?zﬁmn {positively charged ion)
%angntéq (accelerated) TuaunulmdnuasmMenszanafa (disperse) M1 lanunsadatliunm
ion dNWns (Relative abundance) l8\Tlu mass/charge MS q:*zifm'tummﬁﬁmﬁ’n‘{mm}ﬂ
TaefldFn motecular ion #uiths ion MfiaRn fonize WAlK electron ugatyl 150

a-

M —> M+
nmmgmsiasaaduende  fragment Mdanmisuandidnili me winlud udaiudas
fragment MsieiuuaTadt spectroscopy Bu fidaelimgasiasainld avrurnstinlissive

TuAaINT timethylsilylethers W39 methy! ester derivatives figu

1.5 NMstaNA8 R 8TTHTNA

paflsznaudndyresmsfiondssnandintilugramnssudmelaeion 1he afia
randlefavdan  andndiuidenwesnsnddlumston  Seiasudadidiing
famnaseadelilduinfuritaudiiquowd fadundussiiaowao finefund
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Coomassie brillant bive 1iaeanniamviilimmziuauiniwuing neapiludastign
Sudaniaiinmaseinudnnssesiluarsiianaiviitasiing  lumnivndsfoudatie
AT 33 Lowry hilasdnwrzansWusRai i dwuauaziussouailuiaasiionsi
uadadetuatinnimtiruniunisivmed ddadud Coomassie bive mufhiiaasaaey

Wnnulustiulugusesiv@ulllng  asadirenildlecbilasgnrunauainssidetunn

ar

1n
2.4.3 wanmsn1smuFinuldsiulae?fin1saud Coomassie briliiant blue
TUsiiuazduiu?  Coomassie briliant biue  unzadnaussnszinuunlitewnin
(hydrophobic interaction) Ll.ﬂ:LLNEﬂ?:W}"\m?:ﬂmi‘qr‘z’u'ﬁ’w(ionic interaction) & Coomassie

briliant bive G-250 Mananluanasigiy 2.6

cl;sz CHs H,C (|3sz
QCH:—N{ I>—c=< >==N—CH—<2 ?
2 -+ -
Na0,8 S0

3

NH

OC,H,

gﬂﬁ 2.6 Qmi‘TﬂNﬁ?ﬂﬁmﬂQﬁ & Coomassie brilliant biue G-250

anlasafnluanaeas® Coomassie brilliant bive draduaziiuiniiesdilsenowiiu
uvondude 6 21 Fefludnmeduanafiiteuiinsduiudouliveiinestilsiui
Usrneudensaoriiluuscion aliphatic vsa aromatic lAWR tryptophan, phenylatanine,
proling, methionine, alanine, valing, leucine WAL isoleucine u’anﬂ’mﬁlufmﬂr}mma £adl
Uszqrupgfivy sulphonate Sedusulusiuludouiisiesdilssneniunsaexiitustia lysine,
arginine wathistidine 1iia@ Coomassie brilliant biue dufulsinazuAuulassaieandune
Wiuihdu fafimsganfunasgegeiiroiusnadu 595 wlums uazAmaganiuuas
(Absorbance, A) Aanunasuiudsdulrensetvamudiduredusiy - S3naNn0Ae
aaulFunulsiuRinuien ludae 1-80 ulasniule

s FunuidsiulaudUd Coomassie brilliant blue

RO - Bovine Serum Albumin (BSA) (Fluka Assay = 98%)
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- Absolute ethanot {Merck)
- Phosphoric acid 86.4%
-Coomassie briliant blue G-250
_ arssranellsfumatneiidasnisinseiBuadusi
Qﬂneni - Spectronic 20 (Bausch & Lomb)
- Dynac centrifuge (Clay Adams}
AEMTIATENETALANY
n.) 817azant BSA 1indu 0.2 Badnfu/iadans
WIFHNATREANY BSA ity 1 Hedniiada@ns lauatast BSA 0.05 niu lu
Sanauin ¥ Bnsu 50 finRams W volumetric flask ATMAMLNETTAYANE BSA ks 1
fadnfuiesans Mwdldn 20 Dedass Ganhndusuithoandly 100 Teddes lu
volumetric flask
1.} a1easantl Coomassie brilliant biue G-250
1 Coomassie briliant blue G-250 0.01 n¥i Hhanaranely absokute ethanol 9.6
HARART AUMNARAIAN 86.4% phosphoric acid 20 NadAns Auldidn Muanifuldasly

- e = g n‘r = = -3 n} =
volumetric flask 917m 200 NARANT BRUNEUAUDNEIA Bums LﬂUﬂ’l?ﬂSﬂ’lﬂﬂLﬂ?ﬂNiéﬂu‘ﬂ’)ﬂ

J =y J Ared o,
Ramguuunil 4°C (@rsaranaldfiangnisidanalssinn 1 &)

asniswlSanadussiv

WitNMaanNAReT 6 vaealddauLaNTeIATRTaNt lURREABARIANINT 1 Vaead
1 1y biank 15Uy spectronic 20 WausnsganAunaaaiy 0 waand 2 i 5 ldans
arantlilsiusnasgu BSA Tutfiunnisinag fu wazmaast 6 ldarazauinatnfideanimm
nadysiy - windegsianinTlimuiiallsfufiaouduaindesialodulmeies
centrifuge @UANAZNAUDEN FunduudaduBinatsarany Coomassie briliant blue 1y
SuAugaie nbusthiidrfuusriefetiunu 5 uf TharssraefiBlindmganau
waaRmEnaniu 595 wiluwes hieyaBunalisiiu uerAmsaanduieiremaen? |
8o 5 Wdsunmaslinewidunniidandn calibration curve TvaziimntdifaummiBinm

tsAnulumsasargsatnainmnsganauuasasansasasisetinluuasni 6
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=l A e
A1514N 2.1 ﬁquuammmmzmmwﬁm@unﬂﬂmmg'\u uaznnFurnlusiutuatrazans

moatralmeAsaud Coomassie brilliant biue

AITALANY (NA.) wRBAT

1 2 3 4 5 6
BSA (0.2 un./ug.) 0.0 01 0.2 0.3 0.4 -
AITREANLAIDLEN - - - . - 0.5
fndu 05 | 04 | 03 | 02 | 01 | 00
Aavrazfnt Coomassie briliant | 5.0 5.0 50 50 5.0 50
biue
Prnaldsiunnsgm 0 20 40 60 80
(lulnsnii)

. ” = dox ¥ o
frstinanimmassmiadduresansaraaidsiuitdannnisesasuainingh

A x W S
duaTpILRMbUgNNAYHEN 3% eme) 1.0 N lunndy 50 Nadans

o ar £ A=2 a Ll . -4 N
NsATENATATAEat NUaEAT 6 vnleminan suspension RlAlUthwennzneu

. ‘J L) ol Pyl o e
fnt centrifuge NANNITE 80 huean 15 wh wiithueanseransladouuuns 0.5 Nadans 1d

o o . . s a :
avliluvasni 6 RuasRzany Coomassie brillant blue &t liansganfnua®

o " do &
AINNEARY 595 uTumms Wdnantmmeaesdamssi 2.2 1 wasdastihenawinaegilugy

o
Y27

o : o y
m151e9 2.2 uanldshusasAniaganauiasiacingnonau 505 wilwwns

|
naaaAn

2 3 4 5 6
Winnnlushiu (lulasnin 20 40 60 80
ANITAANAL 012 | 018 | 027 | 033 | 013

Abg 595 (wiluwan

R e M|

20 10
dimuTdriu] Wulnrnfu}

50

80

= - . ey oy
7U% 2.7 firagrensmlinnsgausesnswifinnadlsiulaegidd Coomassie brilliant biue
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fhAnsganfusassesssazartietialumaenil 6 Rddwidy 013 Thiauty
calibration curve azldthnailusiiuringy 28 Iulasnin T RitdnAunnandaduy
asalusiuluairazannsietng

ATRYantsNaLng 0.5 Nafams ilsilu = 28 lulasnin

arTazatAtetn 1 Nadars DTUshiu = 28/0.5 = 56 lulasaiy
Fari aduurealushiluaisazaraietiag = 56 lulasniusefiaddns

anmiEmadud Coomassie briiant blue tunmumFuoddusiiuainunaesing
dasnnulsiufnzaigalunssBoeiadmiudesdssmaiiuddusell e
Dusmdndurealisiduarsssanudenmei 2.3

al s H = F ¥
pee 2.3 diniuenudineastsfiuimidanansarasidsfiuanuussingg

asavaelushuannunasne g AaTsantuaadlsiuly
ATALRY
1) u?'nﬁ'i'}ﬁ’mnmmm 29.10 NednfuseleddnT
2) ungaviauio 26.57 NRANTUABINABANT
3) watmdasmauin
3.4) e anADs 1.40 NFNALAIUNINGY 50 ARRANT 0.61 HndninAeliadans
3.2) nefiaAes 2.80 nfuaEaEtANdY 50 Raddns 0.87 Radnfuselafans
3.3) et amMEad 4.20 nuazAIBNGY 50 Hiadans 1.53 Haaniuseladdns
3.4) HaIAASS 5.60 nfuaraeINgL 50 HaAFAT 1.76 Hadnfusiallafans
3.5) Hadames 7.00 NFUGEANTNNGY 50 RpRANT 1.79 Nadniudaliadtng
4) MHHIRTBEURASN- BB
4.9) UK 2.00 nfu araIBINAY 50 NaARRT 4.80 NaRNFuARNARART
4.2) u 4.00 NFH azmﬂﬁ'}nﬁ"u 50 HABRAT 11.98 TagniusoNRAAAT
4.3y UNHY 6.00 nFU ATAIENIINEY 50 TI0RARS 21.34 NadnfuRelaRAng
4.4)MNRY 800 NF azaneniingl 50 NadanT 37.33 Nadnfureiadans
4,5) uNEN 10.00 niu a:maﬁmﬁ"u 50 HoRRAT 37.33 NaAnfudDNaRanT
5) mu?w‘hu:’ {HE¥ 3% cmc) drum dry '
5.1) kv udg 0.50 nf axranrin 50 Naddes 36.76 Wimsnfusiaiiafidns
5.2) ek 1.00 niu avanuth 50 Naddng 56.00 Lulasnfusiaiiadans
5.3) uqﬁmﬁhﬁ 1.50 n¥u AxA s 50 NaAAns 85.35 Iulasniusiafiaf@ns
5.4) s 2.0 0fu avareth 50 faddns 85.35 lulpsnindeliaddns

5.5) RS 2.5 NFN &EansUn 50 NaddnT 85.35 lulamfudaiiadfos
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2.4.4 38017 treat thadaalUsAUSINUNAIAIS ] ATEATILTNTUAY 9 Aunauli
thellgandassneni

¥daeRtiunninmanasaraindaluiuasnanioudanduiuansasaialysiui
TFannmaarney Asiardsdusneiufuenddumed 2.4 Tanlddadautiha 1 18 win
22.60 nfuspraanad 450 Hadans (1:20) sindrelureananiuesn 30 ui Tasldivdey Tia
dudiedatipaiumessusesi fesiliaududuradisiumsasaonfoualas

J o o c‘!’ =y k5
T lurnezsin mufluszasy dearuimmuananihesulasintiu
| s ot I . ala
AN 2.4 unaaaedilsiu nanlaauidasdndoui Wiarmmnndndursasiusiuitiamzvle

Tne 1998019908 Coomassie brilliant blue

unAsuasdRAI Wnoulusiu
1} mi‘i'uﬁﬁﬁ grum dry(ddH 3%eme)
1.1) wabdy 2.25 nx YN 450 RARANS Vismnbignansaiaselis
1.2) g 4.50 niu azatush 450 HaddaT 36.72 lulaenfusaiiondns
1.3) m&ﬁw’i’lﬁ 9.00 nfi axarmin 450 AAAAAT 56.00 WinmniuraiiaRans
1.4) uqﬁﬂtﬁqﬁ 13.50 nFs araush 450 adaas 85.35 tulnsnfusiaiiadans
1.5) gy 16.00 N arantitn 450 AT 8535 WinsnfuraRaddng

2) UNLATIBTUAAFN- B e

2.1} UnHs 18.00 nfu ATANUNN 450 TARART 4.80 TNadniusoliadans
2.2} UNHN 36.00 niu Ava NN 450 RaAART 11.98 NaRnfuAdRafAANT
2.3) UK 54,00 05N AxmE 450 HAARRT 21.34 URRNINGONRAGAT
2.4) U 72.00 nFu ave i 450 HeAARs 37.33 DaaniudaRadans
2.5) U 90.00 n¥y LA 450 ROAEAT 37.33 Nndniusindadang

3) HAOAVRDIABEIAN

3.1) stAed 12.60 niw aEaNE 450 NAFAR 0.61 Nadnfusieliadan?
3.2) HABIMAES 26,20 NFU AERIENN 450 NaBARS 0.87 TinAnFuredindang
3.3) nafiwaed 37.80 ni AAEY 450 TiARARS 1.53 NadnFusiaiaadans
3.4) naBWRBY 50.40 ni Azt 450 Hadans 1.79 fadnfusalicddng

0 [
3.5} 4atuAad £3.00 NFN AT 450 HRRANT . 1.79 NaAnFuseladans
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<l * =l = cJ T/ =t o - 4
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4y vwdhannaan
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1. lumssuafirsldasmansagnisacaalilsfuanidndouacanelfunfigumgivisrinazrransléen
oy d - X
virelu igruugiigean
o ocloa - 3’ v ooaaed
2.4.5 mednmnaramnuindisanssrasradusiuanuiismyntinunssuaums

o v re
NIFRIUNILLURINNAL (drum dryer)

X : L' IMJ i -l s J L q‘:
lumsfnmildisignsimunssummnintduklngrdasmiruunugnnis uas 3%
cme udadmihusinunsya

. " =4 - - g ulf . ] 1
Fadiaunsyadaundas 1.5 nfu wsindu 50 Nadans W@lumagdouy e 200

liaddns Undaugnesin vrdrman 6 Hanard iV iRgumniishe aompiias 2 Wanard (i

1) - g
2 Frluusazanay) 1ween 30 uah feil

Ao P
Tutias 28°C
waler bath 50°C
water bath 80°C

- o =l [ ' 'y v 17 ] o e
Waasuitwumeat 30wl sdounanluusasdaramndudosiAtaamy e
AT 80 iuian 15 uth waathdautadmuwidvnFunniusiulae3ddud Comassie

oy L -~ A
brilliant blue THANaM AR AT 2.5

1]

<l v o = ¥ o gl o [P
AN$9N 2.5 waseAauidnduaselsinlunisasanaddinetunssuaun st luialng

4‘ -] 1 c? ‘o‘ - = A -
WATBAYIUHIRLILIGNNGRY 1A 3% cme Aaein(30 nF/ams) Benuugiistar

a1 30 W

Byl (°C) Amdndusestsiivluarsazant
(Nanfusodnsg)
28 0.08
50 0.11
80 0.20

.5’ o [ 3 o ] g =
Anuamsmsnasasiiililddaalin  gunpliiuadanisaransinsesismuannng

g s ‘IA ] a L . A 4 1 : 1 A) ]
wnsgneunssuaunen AT uuLLgNNRY HaN 3% cme AURNEUIINE
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Compound | Solvent Dielectric constant {20°C) | Amax (nm)
Indigo Vapour - 540
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Ethanol 24.3 606
Dimethylsulphoxide 46.3 (25°C) 520
Solid, in KBr - 660
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