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ABSTRACT

India has a very rich diversity and plantkingdontéstainly a treasure house of diverse natural pretd. One such
product from nature is the dye. In this study, natwwolorants mainly flavonoids and carotenoids g®st in the
Marigold flower (Tageteserectal.) were extractedngsSoxhlet extraction method and other conventiona
techniques under different operating conditionsecmphotometric method based on the Aluminium ¢temp
formation was used for the determination of tokabdnoids concentration in the extracts of différsolvents used.
The dye potential of the colorants obtained fromtarigold was evaluated by coloring pure cottdoritzs and the
yarns of pure cotton and wool. Various metal salese used as mordants to set extracted dye oratiree$ and
yarns. Study about fastness tests of dyed clotaesindertaken. The color shade differences, L*b&*AE values
and K/S values were estimated using CCM softwareté@Macbath 7000 A ° spectrophotometer). The maxim
strength of the dye was found in the Ethanol-Watitture (70:30 v/v) as a solvent. The surface rcofahe dyed
fabrics and yarns was not affected by washing.difierent color shades were obtained for variougdaats used.
Most of the mordants showed higher K/S value duthéd ability to form coordination complexes. Golight
fastness, wash fastness and rubbing fastness wserwed in case of fabrics mordanted with ferraulplsate. The
relative colour strength of the dye was found tavime in case of cotton clothes mordanted withofesrsulphate.
These findings reveal that Tageteserecta L. cavesas a potential source of natural colorant whiem be used in
textile industry for dyeing purpose.A GC-MS analysas done to identify the compounds present idykeextract.

Keywords: Natural colorants, dye potential, Tageteserecta.

INTRODUCTION

With the public enhanced cognizance to eco-safaty leealth concerns, eco-friendly and non-toxic feiseurce
products are regaining popularity in different smiseof our lives. Natural dyes , obtained from fedént sources
such as plants, animals, and minerals, are renewabt sustainable bio-resource products with minimu
environmental impact and known since antiquity theeir use, not only in coloration of textiles busaas food
ingredients and cosmetics [1-3]. With the discovargynthetic ,dye ‘Mauve’ by W.H. Perkin 1856 asubsequent
upsurge in research, production and applicatiorsyfthetic dyes, use of natural colorants declinkdry,
however, the application of number ofsynthetic dyas detrimental effects on environment and astatallergic,
toxic, carcinogenic, harmful responses [4]. Amigedwing environmental and health concerns eco-ditiemon-
toxic natural dyes re-emerged as a potential vidhBreen chemistry’ option as an alternative/catpar to some
extent to synthetic dyes [5]. Recent resurgenceesearch and development on natural dye productimh
application is observed due to increasing popwylaritmore natural lifestyle based on naturally aimgble goods.
Natural flora/fauna is full of exquisite colorssénating and attracting human being towards a pasfolio of
possibilities. A large number of plant and aninmeéct sources have been identified for extractfaolor and their
diversified use in textile dyeing and other disicips [6- 8].
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Nature has gifted us with more than 500 dye-yigdplants[9]. One such dye -yielding plant species i
Tageteserectd., commonly known as Mexican Marigold becausét®brigin. This research was performed with
the explicit objective of extracting natural dyerfr the petals of Mexican marigold flower using elifint solvents
such as Methanol, Ethanol, Hexane and Water, arndvestigate its dyeing effects on different fabrind yarn
samples. The effects of various mordants on thalgyaof the dye as well as on the color shadeensdso analyzed.
The color shade differences, L*, a* AE values and K/S values were estimated via CCMnsoé analysis tool
using GretagMacbath 7000 A ° spectrophotometemitligstness, Wash fastness and Rubbing fastness aksey
evaluated for fabrics and yarn samples.

MATERIALS AND METHODS

Flower
A dark yellow variety of marigold flowers were phesed from Vellore flower market, Tamil nadu, India

Substrates and Chemicals
Substrates such as cotton fabrics, yarns of wablcatton were used for dyeing process.

Chemicals such asPotashAlum, Copper sulphate, @iarghloride, Ferrous sulphate, Potassium dichrentzeam
of tartar, Sodium carbonate, Ethanol, Methanolpkoracid and Sodium hydroxide

Equipments
Weighing balance, Water bath, Soxhlet apparatus,aitaven, UV-Vis Spectrophotometer, Gretag Mabb&200
A © spectrophotometer

Conventional methods

Aqueous extraction methoth this method, dye from flowers were extractgdpibeparing an aqueous solution of
the dried flowers (3.3 g in 100 mL distilled watend the extraction process was carried out atngdeature range
of 50°C -95°C for 2 hours. Colouring materials frtme flowers were extracted for dyeing of the fatand yarn
samples. After the extraction procedure is compléie flowers were taken out from the liquor anelytlvere taken
for extraction of dye for the second time [10].

Aqueous-Ethanol extraction methdeinely crushed dry flowers (powdered form) wereetaln three different 250
ml conical flasks containing 60%, 70% and 100% BEtthaespectively. The flasks were incubated ovesater bath

for 4 hours at 68°C. After the extraction procassamplete, the dye solutions were left overnighd ihot air oven
to obtain the dye extracts [11].

Soxhlet extraction method

This method was carried out in order to avoid fifteafion of the solvent and residue and also ttambbetter
efficiency of separation. The organic solvents sastEthanol, Methanol and Hexane were used foretktimction
method. In this method, the weighed quantity ofifé€) or raw material and measured volume of sdl{8hwere
taken in certain F/S ratio. The raw material (finefushed dry flower) was kept in thimble of Sostréatractor and
the solvent was poured in the round bottom flask arondenser with high flow rate of water is fit@ver it. The
extraction was carried for 4-5 hours and the voluofiethe solutions thus obtained was measured. Rer t
evaporation of solvent, a rotary evaporator wasl as&l the remaining dye extract is weighed [11].

Dyeing process

Scouring of cotton fabrics as well as the yarnsaifon and wool were done by washing it in a sohutontaining
0.5g/L Sodium carbonate and 2g/L non-ionic deter§€riton-X) at 50°C for 25 minutes, keeping thetaral (M)
to liquor (L) ratio of 1:40.The scoured fabrics ayatns were thoroughly washed with tap water ameddat room
temperature. The scoured materials were soakddam evater for 30 minutes prior to dyeing or motitegj12].

Mordanting was carried out by accurately weighingtan fabrics and yarns of cotton and wool andsthme were
treated with different metal salts as mordants. feedants used were Ferrous sulfate, Copper SuRatg&ssium
dichromate, Potash alum and Stannous chloride.Tdvelant (2 %, 4% owf separately) was dissolved stiltid
water to make a material to liquor ratio of 1:4BeTsamples were dipped into the mordant solutiahireubatedfor
1/2 hour at temperature range of 80 -85 °C. Afterdanting, the fabric and yarn samples were takénsgueezed
and dried at room temperature. The mordanted samsee immediately used for dyeing.

The conventional dyeing technique was used fodieng of mordanted as well as for the non-mordhifdbrics
and yarn samples. The cotton samples were dyedtlgingith the dye extract by keeping the M: L ratie 1:40;
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however in case of wool yarn, the pH ofthe dyeamttivas adjusted to 5 by adding Formic acid. The. vatio was
kept as 1: 40 even in the case of wool dyeing. dy®wing process was carried out for 2 hours in a&mbath at
85°.After the completion of dyeing; the samplesemsashed off with cold water and dried at the rdemperature.
The dyed samples were then dipped in a brine salddir dye fixing.

Color measurement

The color strength of the colored samples was aedlyusing CCM software (GretagMacbath 7000 A °
spectrophotometer). L*, a*, b* values were obtainEde maximum value for L* is 100 which represeatgerfect
reflecting diffuser. The minimum value for L* iswhich represents black. Positive ‘a’ is red; negata’ is green.
Positive ‘b’ is yellow and negative ‘b’ is blue. &ltolor axis are based on the fact that colorsatams both red and
green, or both blue and yellow, because these s@ppose each other. The average color valuehdéosamples
were recorded and the total color differedde* was calculated, which was single value that salkéo account the
differences between L*, a*, b* of the sample anel skandard.

AE = (AL?+ Aa*? +Ab*?)*?

Three replicates were taken for all individual paeters and statistical analysis was conducted.migithod also
involves Kulbelka- Munk K/S equation, which indieatthat the production of reflected light invohadssorption
and scattering. K/S value denotes the fabric csti@ngth. Based on the % reflectance (R), K/S eacdiculated by
the following formula:

K/S = (1-R)% 2R
where K is the absorption coefficient and S isSkattering coefficient [12, 14].

Fastnesstests

The dyed material was tested for wash fastnedst fastness, and rubbing fastness. The color isllystated by
loss of depth of color in original sample [7]. Treguired condition for the tests is specified iffedent standard
including International Organization for standaedian (ISO) and the American Association of Textdbemists
and Colorists (ATCC). ISO 105 B02:1994 Amd: 200(RTACC TM 61-2010, ISO 105 X12:2001 were used for
light fastness, wash fastness and rubbing fastesggctively.

Scores for wash fastness and rubbing fastnesscéitent; 4-Good, 3- Fair, 2-Poor, 1- Very Poor

Scores for light fastness: 1- Very Poor; 2-PoorVi®derate; 4- Fairly good; 5-Good; 6- Very goodEkcellent; 8-
Outstanding.

Total Flavonoid determination

Aluminium chloride colorimetric method was used flavonoids determination. A known volume of extré@5 ml
of 1:10g/ml in methanol) was placed in a test tubistilled water was added to make it 5ml, and 0.8fMNaNG,
(1:20) was added to it. After 5 min, 3ml of Al¢1:10) was added. 2ml (1mol/L) of NaOH was addedr&d min of
incubation at room temperature. The total volume made up to 10ml with distilled water. The solatias mixed
well and the absorbance was measured against & bta#23nm using UV-Vis spectrophotometer (Schimiadz
[15].Quercetin was used as the standard for aredidim curve (Fig. 1). The Flavonoid content walsaated using
the following linear equation based on the calibraturve.

A =0.0409C + 0.0575; R2 = 0.9966
where ‘A’ is the absorbance and ‘C’ is the flavahobntent in pg §(Quercetinequivalent).

GC-MS analysis

C-MS analysis of the dye extracts (Ethanol extrislgithanol extract and aqueous extract) obtained fie flowers
of Tageteserectd. was performed using a Perker- Elmer Clarus $§@fiem coupled with Clarus 600 (El) Mass
spectrometer (MS). The Acquisition parameters ef 3C-MS system were as follows:

Oven: Initial temp 60°C for 2 min, ramp 10°C/min 300°C, hold 6 min, InjAauto=250°C, Volume=0 uL,
Split=10:1, Carrier Oven: Initial temp 60°C for 2nramp 10°C/min to 300°C, hold 6 min, InjAauto€PE,
Volume=0 pL, Split=10:1, Carrier Gas=He, Solventdye2.00 min, Transfer Temp=240°C, Source Temp=240°
Scan: 50 to 600Da, Column 30.0m x 250um.The reswdte analyzed using Library version NIST-2008 t{safe:
Turbo Mass ver.5.4.2).
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RESULTS AND DISCUSSION

A =0.0409C +0.0575
R%=0.9966
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Fig.1. Standard curve of Quercetin
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Fig.2. Dye concentration at different temperaturegAqueous extraction)
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Fig.3.Dye concentration in different solvents

A dark yellownatural dye extract was obtained frorageteserectdy using conventional methods and Soxhlet
extraction method. In case of conventional methtidsgextraction process was carried at differemiperatures and
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with different solvents with an explicit objectied determining the optimum extraction conditionteTstrength of
the dye extracts increases with increasing temperatDye extracted from the marigold usually corgtdlavonoids
and carotenoids. The major flavonoids presenténntiarigold flower are Quercetagin-7-methyl etharef@etagin-
5-methyl ether, Quercetagin-5, 7-dimethyl ether a&@dercetagin-3-O-glucoside [16]. Figure (2) showe t
concentration of dye extracts obtained at differamperatures in agueous extraction method. Theinnogmx
concentration of dye extract was obtained at 9%@ereas figure (3) shows the concentration of dyteaets
obtained using different solvents. The maximum emt@tion was obtained when 70% Ethanol was useahas
organic solvent.

Colouring effect of extracted dye and mordants

Dark yellowextract was obtained from the flowers THgeteserectaMordants play a very important role in
imparting color to the fabric. The mordants usedambination in different ratios gave various stsatbethe fabrics
and yarn samples. Better color strength resultsdemendent on the mordant used. The different shagze
obtained from a single dye, using different morddike Potassium dichromate, stannous chlorideashoalum,
Copper sulfate, and ferrous sulfate. The mordac@iton and wool yarns were immediately used forintye
because some mordants are light sensitive. Figust@ows the samples dyed with the extracted dyeowitusing
any mordant, whereas figures 5, 6, 7, 8 and 9 gshewlyed samples pre-mordanted with Potassiunraticdte,
Stannous chloridePotash alum, Copper sulfate and Ferrous sulpha&gpectively. The intensity of the color
produced on cloth and yarns by dyeing without mofidg was found slightly less than that obtainednfmrdants
and dye used successively. The application of ahtiyes in textile industry for various purposez, Dyeing of
yarns, which are then woven into cloth, carpetmy ather usable form; dyeing of cloths woven earind block
printing, where the textile materials are printeithvthe help of printing blocks .Natural dyes amwnas days in
demand not only in textile industry but also in mesics, food, leather and pharmaceuticals. The dighrsity of
our country has provided us plenty of raw materigdt sustainable linkage must be developed betwekivation,
collection, and their use.

Pr—ud)
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COTTON CLOTH COTTON YARN WOOL YARN COTTON CLOTH COTTON YARN WOOL YARN
Fig.4: Coloring effect of dye (no mordant) Fig.82otassium dichromate as a mordant
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Fig.6: Stannous chloride as a mordant Fig.7: Potash alum as a mordant
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Fig.8: Copper sulfate as a mordant Fig.9: Ferrous sulfate as a mordant

Tab.1: Color measurement values for standard cottosample

Sample llluminating sources | L* a* b* % STR-WSUM
D65-10 76 -3.21] 31.59 100
Standard for cotton samples A-10 77.46| 3.88] 30.39 100
F02-10 (CWF) 77.0] -249 36. 100

Tab.2: Color measurement values for standard woolarn sample

Sample llluminating sources | L* a* b* %STR-WSUM
D65-10 79.39| -1.65 24.9Y 100
Standard for wool yarn A-10 80.72| 4.25] 24.5§ 100
F02-10 (CWF) 80.26 -1.24 28.11 100

Tab.3: Color measurement values for dyed cotton sapfe pre-mordanted with different metal Salts

Mordants llluminating sources L* a* b* AL* Aa* Ab* %STR-WSUM AE*
Potassium D65-10 75.98| -345 3132 -0.02 -0.25 -0.26 99.51 360
dichron:gte A-10 774 | 3.63| 30.0§ -0.04 -0.25 -0.38 99.93 0.42
F02-10 (CWF) 76.97 -2.66 36.21 -0.0p -0.17 -0.p9 .669 0.34
D65-10 73.25] 0.95] 6214 -275 416 3058 333.09 9630.
Stannous Chloride A-10 76.17| 8.64| 62.17 -1.29 476  31.718 274.1 32.16
F02-10 (CWF) 75.59 -0.39 69 -1.42 2.1 325 322.93 2.63
D65-10 79.39] -1.65 2497 -16.88 436 14.65 450.82| 2.7
Copper Sulfate A-10 80.72| 4.25| 2458 -1598 348 16.14 450.02 229
F02-10 (CWF) 80.26 -1.24 28.11 -16.01 2.61 151 264 22.16
D65-10 76.41| -3.43 38.64 0.4] -0.22  7.05 122.07 770
Potash Alum A-10 78.14| 4.53| 37.3% 0.68 0.64 6.98 113.29 6/99
F02-10 (CWF) 7764 -264 4422 062 -0p1 7.72 a21. 7.75
D65-10 16.76] 5.33] 856 -59.24 854 -23.03 513.63 134
Ferrous sulfate A-10 17.21| 9.79| 8.13] -60.2p 591 -22.26 512.94 64.5
F02-10 (CWF) 1794 4.6 1239 -59.07 7.15 -24/11 6.3 64.2

Colorometric parameters and color strength

The color yields of samples dyed without any motdand the samples dyed with different mordants veseuated
using CCM software GretagMacbath 7000 A ° spectrophotometer). Thercsti@ngth (K/S value) was studied
using Kubelka-Munk equation: K/S = (1-R) 2R where R is the decimal fraction of the refiecte of the dyed
fabrics and yarns. The fabrics and the yarn sammiesnordanted with Potassium dichromate, Stancblgide
Potash alum, Copper sulfate and Ferrous sulphate dged using the aqueous extractTefgeteserectaThe
different mordants not only caused the differericeBue color and significant changes in K/S valbasalso L*
values and brightness index values. Most of theahsetlts exhibited the higher K/S values due tar thbility to
form coordination complexes with the dye moleculEse strong coordination tendency between the dilared the
dye results in high uptake of dye. Figures 10, héws the K/S values of the dyed cotton and the waoh
respectively. The highest K/S value was found iaddgotton pre-mordanted with Ferrous sulfate. Table2 show
the color measurement values for the standard ssngflcotton and wool yarn respectively. For thesueement
of L*, a*, b* and %STR-WSUM values, three illumimag sources such as D65-10, A-10 and F02-10 (CW&fpw
used. The values of % STR-WSUM gives the infornmatibout the color shade differences. Ferrous stédpiesults
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in the highest increase in colour dept#l{ =-59.24), followed by Copper sulphatdl(* = -16.88), Stannous
chloride AL* = -2.75) and Potash alum\((* = 0.41). Tables 3, 4 show the Color measurenvatties for dyed
cotton and the wool yarn respectively with differerordants.

Tab.4: Color measurement values for dyed wool samplpre-mordanted with different metal salts

Mordants llluminating sources L* a* b* AL* Aa* | Ab* | %STR-WSUM | AE*
D65-10 16.76| 5.33 8.56 -59.24 8.%4 -23.0 513.63 13%4.
Ferrous sulfate A-10 17.21| 9.79 8.13 -60.26 591 -222 512.94 64.5
F02-10 (CWF) 17.94 4.6 12.3 -59.07 7.15 -24.1 346. 64.2
D65-10 79.14| -1.51 25.82 -0.2% 0.13 0.85 105.38 90|8
Stannous Chloride A-10 80.53 4.5 25.46 -0.19 0.25 0.88 104.11 0.3
F02-10 (CWF) 80.05 -1.17 29.1p -0.21L 0.07 1.1 195. 1.04
D65-10 69.26| 1.94| 29.02 10.3p 3.%58 4.05 232.62 811.6
Copper Sulfate A-10 70.92| 7.62| 29.89 9.8 3.38 524 247.76 11.61
F02-10 (CWF) 70.27, 1.0 32.51 10 2.29 4|4 235.11 161
20
15 )
o M Pot.Dichromate
< M Stannous Chloride
> 10
%) Potash Alum
~
X s B Copper Sulfate
M Ferrous Sulphate
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Fig. 10: Graph representing the K/S Value of cottoriabrics dyed along with different mordants
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Fig.11: Graph representing the K/S Value of wool yan dyed along with different mordants

K/S Value

Fastness properties of dyed samples

Color fastness test of dyed fabrics

Natural dyes have poor to moderate wash fastnessmagared to synthetic dyes having moderate tollexteolor
fastness properties. Light fastness of many natlyas, particularly which are extracted from flowarts are found
to be poor to medium [7]. Poor light fastness ofne natural dyes is attributable to photo oxidatadnthe
chromophore. Such photo oxidation can be minimizgdorming complex of the dye with transition met&ab
improve the wash and light fastness of these dygbit fabrics, the dyed cotton fabrics should ethier treated
with selected cationic dye-fixing agents and alsth&n UV- absorber compound respectively. Natdsads can be
used on most types of material or fiber but theelleaf success in terms fastness and clarity of rcalries
considerably. It is found that natural dyeing oftai plant based textiles can be less succedsdul their animal
equivalent. So, an extensive work has been caouedo improve the light fastness of different matwyed textiles
[7, 17-19]. To obtain varying color, to increase iffiye uptake and to improve the color fastnesswetaf any
natural dye for future line of work, it can be sagted that different types and selective mordamtsheir
combination can be appliedon textile fabrics or somatural vegetable fixing agents can be used. Many
investigations revealed that the use of combinadbmordants in varying ratios give different shadwldifferent
color fastness results [20]. Tables 6, 7show ffeceof washing, rubbing and exposure to sunlightthe color
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fastness of marigold dyed samples. As expectedmitrelanted specimen exhibited better color fastoesgpared
to samples on which no mordant was applied.

Color fastness to washing

In case of dyed cotton samples, all the mordante@xAlum showed good to excellent fastness (45ydshing.
Alum offered fair to good (3-4) fastness. But irseaf dyed wool yarn, Stannous chloride offeredrpgodair (2-3)
fastness, Potash alum offered fair to good fast(f4g and all the other mordants offered goodxoe#ient (4-5)
fastness.

Color fastness to light

Cotton samples dyed along with mordants such assBioim dichromate and Stannous chloride exhibitedenate
to fairly good fastness (3-4) against light whereesdants such as Potash alum, Copper sulfate amdus sulfate
offered fairly good to good (4-5) fastness. Woalnydyed along with the mordants such as Potassiohraimate
and Stannous chloride exhibited poor to moderai8) (fastness whereas mordants such as Copperesaifat
Ferrous sulfate exhibited fairly good to good (&4dstness.

Tab.5: Color fastness values for dyed cotton

. Light Fastness Wash Fastness Rubbing Fastness
S:No | Name of Mordant | Mordant Concentration | s 15 pp:1994 Amd :2000 AATCC TM 61-2010 | ISO 105 X12:2001
No Mordant 1-2 2 2
. . 2% 2-3 3-4 4
1 Potassium Dichromate % >3 32 4
. 2% 2-3 2-3 4
2. Stannous Chloride 1% 13 >3 4
2% 3 3-4 4
3. Potash Alum % 3 34 4
2% 4 4 4-5
4. Copper Sulfate % 2 45 45
2% 4-5 4 4
5. Ferrous Sulfate % 15 2 4
Tab.6: Color fastness values for dyed wool yarn
. Light Fastness Wash Fastness Rubbing Fastness
S:No | Name of Mordant | Mordant Concentration | s 15 gp:1994 Amd :2000 AATCC TM 61-2010 | ISO 105 X12:2001
No Mordant 2 2-3 3
. . 2% 2 2-3 3
1. Potassium Dichromate % 3 2 4
. 2% 3 4 4
2. Stannous Chloride 1% 34 2 4
2% 4 3-4 4-5
3. Potash Alum % 2 34 45
2% 4 4 4
4. Copper Sulfate % 2 2 4
2% 4 4-5 4
5. Ferrous Sulfate 1% 15 25 4

Color fastness to rubbing
Color fastness was found be good to excellent (#5all the cotton samples as well as for the wgai sample
dyed along with all the mordants.

GC-MS analysis

GC-MS of dye extracts obtained from the flowerd afjeteserectd. using solvents such as Ethanol, Methanol and

water led to the identification of various composnd@he chromatogram of ethanol extract, methantheixand
agueous extract are shown in the figures 9, 101dndThe various compounds detected by GC-MS irefit
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extracts are shown along with their respectiventéia time and area percentage in tables 8, 9 Gndlie presence
of various components with different retention (Riilnes was confirmed by GC-MS spectra. The mass
spectroscopy analyzes the components eluted araiff times to identify the structure and the reatof the
compounds. The fragmentation of large compoundsntall ones gives rise to appearance of peakdfatetit m/z
ratios. These mass spectra act as a fingerpritheofzery compound that can be identified from thealy. The
results of the GC-MS analysis showed the presehearmus alkaloids, glycosides, flavonoidderivaty phenols,
reducing sugars, steroids and terpenoids and céurther analyzed for more specifications.

I8 3-DYE-(141S-0833)
100,

12.40
373 1378

11.6212.35
: 3

||--1|"'_-|---|||"'_-|r--|||--||---.|||"TifT|E
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Fig.12: GC-MS chromatogram ofTageteserecta aqueous extract
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Fig.13: GC-MS chromatogram of Tageteserecta ethanolic extract

Tab.8: Compounds identified in aqueous extract of ageteserecta

S.no Name of the compound Mol.Wit. I\?Ig:;c'jl:r RT(min) | Area %
1. 10,12-Dimethyl-1,4,7-trioxa-10,12-diazacyclotetreaie-11-one 246 H 0N, | 10.232 9.197
2. 2-0x0-2-(4-phenylphenyl)ethyl 2-hydroxy-3-methylzeate 346 &H150,4 10.732 8.219
3. 6-Tert-butyl-8-methyl-1H,2H,3H-cyclopenta[c]chromérone 256 GH20; 11.617 3.468
4. 2,2-Dimethyl-5-[2-(2-trimethylsilylethoxymethoxy)rppyl]-[1,3] dioxol 318 GsH300sSi 12.397 6.262
5. 2-n-Hexylthio-5-methyl-imidazoline 200 GoH2oN,S 12.923 3.575
6. I-Propyl tricosanoate 396 GeHs20, 13.563 4.172
7. | Alpha.-d-glucopyranoside, O-.alpha.-D-glucopyranosy 504 GigH3:01¢ 14.063 30.370
8. Beta-D-lyxofuranoside, thio-decyl 306 GisH3c04S 15.158 4.557
9. Benzoic acid, 4-hydroxy-3,5-dimethoxy 198 oHGOs 18.230 3.167
10. | Benzenemethanol, 3,4,5-trimethoxy 198 GoH1404 18.410 3.697
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Fig.14: GC-MS chromatogram ofTageteserecta ethanolic extract
Tab.9: Compounds identified in ethanolic extract ofTageteserecta
S.no. Name of the compound Mol.Wit. h?g:rencd?r RT(min) | Area %
1. Acetic acid, 2-(5-nitro-2-benzimidazolyl) thio-, eyl ester 343 GH1:04NsS | 11.657 79.011]
2. n-benzoyl-dl-phenylalanine 269 1481:505N 13.563 2.845
3. Beta.-d-mannofuranoside, 1-O-5-phenylpent-1-yl 326  Ci7H2606 18.685 4.625
4. Alpha.-d-mannofuranose, 2,3-5,6-di-O-phenylborayledi 352 GieH1606B2 19.430 2.361
5. 1,2-benzenedicarboxylic acid, mono(2-ethylhexytges 278 GeH2204 23.162 8.113
6. Silane, trichlorooctadecyl 386 113,Cl3Si 25.673 0.878
7. Trimethyl[4-(1,1,3,3,-tetramethylbutyl)phenoxy]asile 278 GH3c0OSi 27.098 1.189
Tab.10: Compounds identified in methanolic extracbf Tageteserecta
S.no Name of the compound Mol.Wt.  Molecular form{il&T(min) | Area %
1. 2-Dimethyl(prop-2-enyl)silyloxydodecane 284 178360Si 10.362 4.257
2. | 5-Dimethyl(trimethylsilyl)silyloxytridecane 330 16H4;0Sk 10.812 6.489
3. 2H-Pyran, tetrahydro-2-[(1-methyl-4-phenyl-2-butfjoxy]- 244 GieH2cO2 12.362 6.798
4. | Succinic acid, 2-methoxyethyl undecyl ester 33( 16HG:Os 13.913 20.809
5. Diethylene glycol, O,O-di(pivaloyl) 274 1205 15.058 4.833
6. 2-Ethoxycarbonylsyringic acid 270 1481140, 16.124 4.107
7. 1-decanol, 9-[(trimethylsilyl)oxy]-, trifluoroaceta 342 GeHpcO5F:Si 18.180 5.523
8. Exo-2-[(2-trimethylsilyl) vinyl]bicyclo[2.2.1]hepB-en-2-ol 208 GHOSi 18.590 5.146

CONCLUSION

The present study showed that natural dye can beessfully extracted from the flowers Bageteserectarhe

whole process of extraction is eco-friendly. Theximum dye extraction was observed at 95°C usingeags!
extraction method. The obtained results have shivanthe dyeing potential of the marigold flowewukbbe huge
which can be used as a source of textile dyein@ Vdrious color shades can be obtained using sefeceo-

friendly mordants. Detailed scientific researchhwiaitural dyes has revealed that their propertesa@mparable to
that of synthetic dyes. If natural dyes have tocbenmercialized, the traditional methods must bessulted by
modern, more scientific approach in order to overedo overcome some of the disadvantages of natyeal
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