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Abstract

The research and development of natural dyes in upper north region emphasized
on three main colours, the red colour from the root of Morinda angustifolia Roxb. var.
scabridula Craib. and lac dye, the yellow colour from Curcuma longa Linn, and indigo
blue from /ndigofera tinctoria Linn. and Baphicacanthes cusia Brem. The dyestuffs were
extracted, purified, analyzed the chemical structures and studied the chemical and
physical properties. Modification of the dyestuff into the form that easy to use and store
was studied along with the development of a suitable dyeing process of each colour to get
the acceptable quality of the dyed products and the effective use of the dyestuff.
Increasing of the production of natural dyes by morinda root cells cultures and pigmented
microorganisms were also studied.

The dyes were extracted from madder farn’s root and turmeric with ethyl alcohol
in Soxhlet’s apparatus and major components of the dyes were separated by column
chromatography which contained 1.5 % and 5.8 % w/w of dry plant powder respectively.
The lac dye was extracted by 0.5 M Na,COs which gave dyestuff about 9 % w/w of the
dry stick lac. The major components of the dye from indigo and indigo room were
obtained by fermenting the fresh leaves in water over night which contained about 2.8 %
w/w of the fresh leaves. Chemical and physical studies of the extracted dyes indicated
that the dyes from madder farn’s root and stick lac were in the group of anthraquinone
which had chemical structure as morindone and laccaic acid with the maximum
absorption (Amax) at 446 and 518 nm respectively. They dissolved well in alkali solution.
They were yellow and orange in acidic solution and turned to red in alkali solution. They
could also change the colour shade by complex formation with metal ions such as with
aluminium ion gave orange-red, with magnesium gave violet-red and iron gave deep red
to black. They were stable to heat and light. The major component of the turmeric dye
was curcumin which dissolved well in alkali solution with brownish-yellow and pale
yellow in acidic solution. It had Amax at 423 nm. It was stable to heat but not to light.
Indigotin was the major dye extracted from indigo and indigo room. It contained two
major components with blue and red colour. The amount of the red component was
higher than the blue one in the ratio of 5:2 and it was more stable to the atmosphere than
the blue colour, The blue component was found to be indigo with An. at 611 nm,
dissolved well in chloroform and was less stable to light. The red component had
chemical structure as indirubin with Ay.x at 535 nm. It dissolved well in both methanol
and chloroform and could be stable to heat and light. Analysis of mordant in plants’leaves
which normally used in dyeing of natural dyes found that they contained tannin in
different quantities. Analysis of metal ions in alkali solution made from wood ash found
calcium ion in the most abundant which was 8-9 times of the amount of sodium ion. It
also contained magnesium, iron and copper ions in trace amount. Therefore, alkali
solution which nomally used in dyeing process could be calcium hydroxide.

Extraction and modification of the dyestuffs were performed by extracting the red
pigment from madder farn’s root and yellow pigment from Turmeric with 10 L of
calcium hydroxide solution pH 9 per 1 kg of dry plant powder and warmed at 50-60°C
for 1 h. The extracted dye solution was passed through spray dryer to get dye powder and
the residue of the plant powder was soaked in ethyl alcohol for at least 3 days before
evaporating to dryness by rotary evaporator. The lac dye powder was obtained by spray
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drying of the first washed solution of stick lac from the industry producing seed lac.
Indigo paste was obtained by fermenting the crushed leaves of the indigo and indigo room
in water over night and aerated the extract in calcium hydroxide solution. The
dyestuffs powder was granulated by using 300 g of fine powder (10-30 micron), 50 g of
lactose and 300 ml of boiled water and mixed well until the mixture was sticky enough to
be extruded through the sinter with the holes of 0.3 cm in diameter. The sizes of the
granules were 0.8-1.5 cm in length with diameter of 0.3 cm. The granules then were dried
in the oven at 60 °C for 20 h and pressed on the sinter no. 9 to get granulated dye stuffs
with average diameter between 1.25-3.00 mm which was the suitable size for dissolving
in the preparation of dye solution as well as for storing with long shelf life.

Development of the dyeing process for the modified dyestuffs based on the
evaluation of the methods obtained from the local knowledge on natural dye dyeing. Two
kinds of cotton yarns, hand spun yarn and yarn no. 10/1 were used and they were all
commercial available. The method was devided into 3 main steps, preparation of cotton
yarn, preparation of dye solution and dyeing. The optimum and convenient conditions for
cleaning and mordanting the yarn prior to dyeing were studied and found that cleaning the
cotton yarn by boiling in water with soap or detergent was enough for the tested yarn.
Premordanting of the cleaned cotton yarn with soya bean milk resulted in markedly
increase in the dye uptake in all cases compared to the corresponding untreated yarn and
the pretreated yarns with various mordants. The dye solution was prepared by dissolving
the dye stuff in calcium hydroxide solution (pH~9) in the present of wetting agent which
made good distribution of the dye molecules in the dye bath led to evenly dye absorption
into the yarn especially the dye from madder farn and lac dye. Addition of citric acid into
the indigo dye solution resulted in the good uptake of the dye and addition of some
mordant such as tannin or metallic salts significantly affected the shade values of the dyed
cotton yarns. Good wash and light fastness were met by this dyeing process. The effective
used of the dye solution was done by calculating the suitable amount of the dye stuff per
the amount of cotton yarn, reused the left dye solution for dyeing the new yarn which
needed pale colour or some materials that had high capacity in absorption of the dye such
as the fibre of Sa paper.

The increase production of the red dye from the Morinda angustifolia Roxb. var.
scabridula Craib. was obtained by culturing the root cells in suitable agar medium and
could produce the same anthraquinone pigment as in the root of madder plant. Root cells
cultured for 3-6 months could produce the red dye about 1 % w/w of dry cells which was
2:3 of the amount found in the root of 2-3 years plant. Extraction of the dye from root
cells cultured was also easier. Another alternative way to increase the production of
natural dyes by pigmented microorganisms was also studied. Eighty-one isolates of
pigmented microorganisms were isolated from natural sources, 73 isolates of yeasts
produced carotenoids and some isolates could also produce flavonoid, 3 isolates of yeasts
produced melanin, 4 isolates of molds produced naphthroquinone, anthraquinone and
flavonoid and one isolate of bacterium produced red pigment in pyrrole group. The
carotenoid pigments were less stable to the atmosphere and were not suitable for dyeing.
The red pigment from bacterium was easy to be extracted and stable to the atmosphere
indicated high potential for using as natural dye. This bacterium was selected for studying
the increase production of the dye, extraction and modification of the dyestuff.
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Peak no. Aoy C° Chemical shift (ppm)
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5 C-1 151.126
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7 C-8a 134918
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11 C-9a 120.595

12 C-8 118.521
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Peak no. ey ¢ Chemical shift (ppm)
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14 C3 114.902
15 6-CH, 15.732
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nnsneethiy C°NMR spectrum vouaslsenon anthraquinone 111@]‘5:@11‘!5116 morindone
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4 q 9n v o ‘ $ dad o dad o
o ld Idszuudmygiamnsouenesnlsznonluassnanga szundzehanga lumsdn
Y

msanannasilasmaiialasu Inas /IR 11 WANUDY n-butanol /acetic acid /water

ludasidiu 3/52 dagin 3.5

13.7 ¢cm AMRE (1)
fuAY  (2)

crude

= o Ay v @ Ao o .
5U# 3.5 TLC TasmnInunsuvesmsananerui Idanaia Tasfidaiazate (Developing

Solvent) f1® n-butanol /acetic acid /water 14AT 1A 3/5/2

d' v v = = d’d . . [
iﬂﬂgﬂ“ﬂ 3.5 wuNalaasuveIa1saAHandng n-butanol /acetic acid /water 1UDAT1

1 =

. v o a a A A
aIu 3/5/2 L‘iJL!ﬁ’J‘1/1']ﬁ%ﬁWﬂiJﬂ"lﬂﬁﬂﬂﬂﬁuuﬁﬂﬂﬂﬂQ’ﬂ‘i/lﬂ’NJJEﬂ’mau(}\, ) 301 W TUNAS
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o

dauamiaasuvesmsduasiiidshazanendionuasdmaos &l A #i 300,492 ulu-
A 1 . A g Y = [ 4 v 0
was uazieriugay fraction My lanTasuInnsaedui lilszmeaeidihazaivesn
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. A Y = A 21 @ [ a g
fraction N 1 nlﬂﬂl@ﬁlﬁﬁ’)ﬁlﬂﬁf’]ﬂ-lﬂ@Ta Wi 035 a5y Aty 725 %

Y v
Iﬂﬂﬁ”l‘l’iuﬂ"llﬂﬂﬂix‘mﬁlﬁ

@

. A ) <= o o a J g’
fraction N 2 ulﬂﬂ]ﬂ\‘ll!f’ll\??fllﬂﬂ Win 043 nsu Amiu 8.91 % Tﬂﬂumuﬂ

3 1] 4
Younswne o llasvaeuanuuSqnivesaas  fraction lagmisi TLC dai

azmﬂﬁa n-butanol /acetic acid /water 1UBATIAIU 3/5/2 llé’fwaﬁagﬂﬁ 3.6

950 cm G

H [ { [ 4
s 3.6 TasunTnunsuvesansanavety (1) asivtenesnainlasu Innsiinedu

k4
fraction 1 (2) fraction 2 (3) UAZIIATANALUAININGOT (4) MWRAL

~ ] ] . a A =~ A = a =
131N 3.6 WUIWRAE fraction NANE 1 90 @ITHADIN R, =0.58 a13auAl
1] [ k4
R, = 0.44 Wolsuiuasananeiy wunia R, flndifestuasananeuns 2 g0 ua
d‘ I v [ = d‘ 9 [ dy . U=
Wersunusniagduaei 160nmsanianIndes1 (Monascus Pigment) WUIHNATR, = 0.84
£ Al Y = v Y = dy £ g ' a
Faudaa lanseniagduasluasinusningduasnnden  Fuilumsnguueunsini luu

A @ s a
IHUBUNU umﬂuﬂuawuﬂ
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o <= . ~ o a 9y 9
AnATUYRIVIAUAY 10 fraction N 2 aﬁﬁ’]ﬂﬁlUﬂﬁﬂcﬁaV)‘liﬂWNmu uagansazany

J v g o 3 a
Tydeuleason ladiions 1Wieueuny Laccaic acid A Tudihazarensadaysndudu

2 J A @ A
Lla$ﬁ']ﬁaga']ﬂjclﬂﬂﬂllllaﬂﬁﬂﬂllcﬁﬂ!ﬁ]ﬂﬁ]’l\‘]ﬂ\?ﬂ'ﬁ’l\‘ﬁ/] 3.1

m3ed 3.1 manfSeuiiona A AUa15HIAsgIN Laccaic acid A Tudaihazatonsa

@ a J
FaWsndudunazasazarolndon laason leainoais

iihazae a3 A (nTumag)
H,SO, (conc) A1581A9910 fraction 2 391 5155 555.5
Laccaic acid A 302 487 518 558
NaOH (dil) A3 AUAIIN fraction 2 302 553 565
Laccaic acid A 304 342 508 524 546

A ' Aq YA Ay v . a0 1w
2103190 3.1 wunesnlvauaanlaan fraction2 Jm A

max

o w A o A kY = = [ . .
391, 515.5 waz 555.5 awdny ethwan ldunlSouiouiu A ue9 Laccaic acid A 1
[ a Y 9 d! [ Y 1A U dl Y 2 v
msazaensagaindudu Faumidy 302, 487, 518, 558 WUl A vuailndifeanu
] [ (Y] o 4 & [
lu Merck Index wuw@ednuludiiazarsTwdenlaaion leaoa19v0 eI AUAIFINM
}Lmax N 302, 553, 565 uag Laccaic acid A Tu Dictionary of Organic ¥ ldunmsseaua

A 101 304, 508, 524, 546 317 3.7 naaelnsaasun1unAiives Laccaic acid A

CHZCHZNHCOCH}

Laccaic acid A

sU1 3.7 Tnseasamaniived Laccaic acid A
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IS A A A o wy a Y] I
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a any 1 A = =
1IN9 Fuoaznouzlady pH 1.5-2.5 d@Iuf pH 3.4-64 @znoUazuALasaU0Ias
AN Y o A Aq Yo 1 A 1 a2
azaei lailuduas WeomsiIiduaseglunnzidlunarwaziuasous (pH 7.2-8.5) dvoq
I = Y [ Y= A 9 [V ~ (= o
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' ] A d? A 1A 421 3 Y A ogj Qy
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GHCHNHCOCH,
Al on = =

]. o~ woe H AN

e s =] ppumnniluy | = e AR B
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MORINDONI

-._ﬁ
{

et

| pH | 95
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I
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8.5 105

d' = = va d' = = ]
sun 3.9 manfSeumevauianisnlasunilas@an pH vesmsazaeuesasdainsnesth
HaTA5a

d' P~ =S YA v A 1
M9 3.2 msasunlas@vesas liauasnnasan pH 139

pH wamsaeunilasd
1.5 anaznowiluady
1.9 anaznowiiuady
2.5 anaznoududuas-du
3.4 anaznoud uauag
5.4 anazaouduFIA
6.4 anazaouduFIA
7.2 fyazaeaa 1+
8.5 150z 0ALUAL 2+
*9.6 150z 0ALAL 2+
10.3 F15aTa0ALAL 3+
#£11.0 130T a0AUAL 3+
#%12.7 #1502 0ALAL 3+

WO *  Muede pH vesansanaveuileda lulimslsy pH
Y o 2 3
w yinene Wedanald swwanaznouidluduag

A o 9y A d?
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3.3.3 MIanyNavadlesauvaslarizaematilagumlasdvesaslviauasninnsa

A o v ay a o Yy Y K Y} v

WoRimMsanaddousssumInINATIlagn1sa1eaIeni udlanadleasazale
1 d‘

J 4 a
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= d’ %
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KAI(SO,), GG
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MgCl,.6H,0 GEYR RN
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dohmihnduassiededmordant 186 eldddonaanuuudnaesailse Temianan
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3.4 msulsgdasaanangeth
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1 3| < a ]
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o d! (] = d‘ 1 1 Y A
MnmsnaaswlsgimsnuadiegluaninmeazdeaNTourmIUAZINTWEINVUIAK
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anmaiveuld  Teemsldaseswanduda lulamlivinavesgazunsalszna 0.3
(HUANAT
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I Y A =1 ~ 1 o a = Y ] 4
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Y a @ Yy 1 dy uszl 2 o w A v o Y Y
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puRnIUANgUraN LY 60° 4 wiuszana 20 T HAIINARIMUBUURIINT N
~ ] 4 ~ qul = Y] 1§ A <] T 9
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Y 1 J { QEII 1 a a
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Z % Y =) Y] (v
HIFOUANIADADNA 300 N3N
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Qddy 9 o a o =) ya U 9 1
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dryer) WIHALAINRANUUAWNETUNY lactose THUUIAYTIIMA19 fuTaslHaTesuanauy
Y I dy = o Y I o < [ 3 dy YA o A
Whiihuilemerduuazulsanmlidudmueutazaunsyaas 1wl masiuniou
o @ 1 9 9
AUMIN33U0ARHIIINDARINA1IT AN
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MISINSUNNIMRITHANANY
1 = gl =t 1 d' o = ] Y d'dd'
HAMINAROINUIIZATVOIN AT oNthdInTIneat) uioszih lUdanuuiananga

£ 9o Yo A YA
Fagiimanaass ladeden 13ne

WITINVALHS 200 NN
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Y ]
o A

A A YA o = oy ) = "9 A = ] Y
mﬁmmﬂu%mﬂymzmmqﬂamazm"lﬂaﬂwumﬂmﬁmmwuum (spray dryer

a [ 4 a o A Ay @ A = 1 9
NARAUNIINUIYN Eyela SD — 1 mﬂﬂi&ﬂﬁﬂgﬂl‘!) Tﬂﬂmeﬂﬁ]ﬂuam@u"lwmmﬁnﬂ‘wugma

e

Aail
. Air Blower Flow 0.5 0.7 /m’/min
9. Air Pump 0.5 /kg/crn2
f. Microtube Speed 400 — 500 ml/hr
3. Temp No. 1 105° - 100 °C
9. Temp No. 2 70° - 80°C

Y A A VoA YA I Y = ° =\ .
paiariadanui ldlanyaztlumuiavinann fuandr Juuavedn (particle
. 4 dy = 3 @ = a A 1
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Macronutrient mg/l 10X(g)
CaCl,.2H,0 150 1.5
NaH,PO,.H,0 150 1.5
KNO, 2500 25.0
MgSO,.7H,0 250 2.5
(NH,),SO, 134 1.34

Micronutrient mg/l 10X(g)
CaCl,.6H,0 0.025 0.0025
H,BO, 3.0 0.3
CuSO, 0.025 0.0025
KI 0.75 0.075
MnSO,.H,0 10.00 1.0
Na,MO,.2H,0 0.25 0.025
ZnSO,.7H,0 2.00 0.2

Iron Salt mg/1 100X(g)
Na.FeEDTA 28.0 2.8

Organic component mg/1 100x(g)
Myoinosital 100 10
Nicotinic acid 1.0 0.10
Pyridoxine.HCI 1.0 0.10
Thiamine.HCI 10.0 1.00
2-4-D 1.0 0.10
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Kinetin 0.0002 NSU
Auxin (NAA) 0.001 NSV
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