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Abstract: The madder was used as a natural and environmentally friendly dye for the modified cotton 

fabrics, and pro that the natural dye the usability of plants in textile dyeing processes simultaneously. 

This paper deals with plant-based natural dye derived from Indian madder (Rubiacordifolia) roots 

applied to modified cotton fabrics. The impact on dye-ability is assessed in the presence of catalysts 

(ammonium chloride and ammonium sulfate) and then curing with various conditions from time and 

temperature. All stability properties have been observed, such as dye-ability, color characteristics, and 

strength properties of dyed modified cotton fabrics. The color intensity (K/S value) was very high for 

both dyes used, and the color quality was very satisfactory concerning washing and rubbing. Madder 

extract is very effective on a modified cotton fabric substrate. 
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1. Introduction 

Warm climates are ideal for growing cotton produced in cotton plants' seed hair pods 

[1]. It is made of cellulose and is the primary component of textiles. Photodegradation, acid 

hydrolysis, oxidation, biodegradation, and grafting are reactions that act on the cellulose 

structure and cause its alteration; all these phenomena are related to each other [2]. Graft 

copolymerization is one of these phenomena by vinyl monomers mounted on cellulose. In 

particular acrylic was extensively investigated [3,4] due to its physical existence,and monomers 

Characteristics (transparency of water-repellence, Efficient flammability) may be used. 

Reactive polyblend cotton fabrics were prepared by graft copolymerization of vinyl monomers 

with natural polysaccharides such as Guar gum (GG) and then coated onto cotton fabrics in the 

presence of a catalyst (ammonium sulfate, ammonium chloride) [5], GG appeared with a 

chemically structure long straight chains of α-D mannopyranosyl units linked by (1-4) β-

glycosidic linkages with the ratio 2:1. Commonly used natural guar gum because of its cost-

effectiveness, thickening effect, nontoxic, biodegradability, biocompatibility, high viscosity, 

and water-solubility, and now used in many industries [6]such as sizing; finishing agents in the 

textile and paper industries as a binder stabilizer and thickener in the cosmetics; food industries 

and as a fracturing fluid additive in mining and hydraulic fracturing processes [7,8]. However, 
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GG substitution is difficult to give dispersion without degradation due to insolubility, so try to 

change GG with reactive polyblends prepared below and then dyed with two kinds of dye, one 

extracted natural dye and the second reactive dye with this target. 

Most natural dyes are extracted from the bark [9], leaves [10], roots [11,12], fruits [13], 

flowers, and seeds of plants [14,15], which are renewable resources.   Madder is considered a 

natural dye, one of the prominent dye-bearing plants belonging to the family Rubiaceae [16]. 

And also contains around 80 species of perennial scrambling [17,18] with a perennial plant that 

measures 10 m long. Madder roots contain different anthraquinones, of which the most 

prominent structures are alizarin and purpurin, which are believed to account for the red color 

[19,20]; their chemical structures contain two organic red dyes; alizarin and purpurin madder 

[21]. The composition of the extracted anthraquinones differs between the varieties of Rubia; 

for example, the major component forming the natural dye of the European madder (Rubia 

tinctorum) is alizarin (1,2-dihydroxyanthraquinone, Fig. 1), while purpurin (1,2,4- 

trihydroxyanthraquinone, Fig. 1) is the major component of Indian madder (Rubia cordifolia) 

has been cultivated in large amounts as a source for red plant dyes in Europe, Asia and America 

for centuries [22-25]. The dyestuff is extracted from the dried roots of the plant, the bark much 

richer in anthraquinone derivatives (i.e., Anthraquinone glycosides) than the wooden parts. 

And although it is found in considerable amounts in the European madder, and also present in 

the plant´s roots during storage, hydrolysis of the glycosides occurs, which is completed under 

the acidic conditions established in the dyeing procedure [15]. 

 
Figure 1. Structure formula of madder natural dye. 

The aim is to study the properties of cotton fabrics treated with (N-methlylol -PAam-

GG) under different curing conditions (i.e., times, temperatures, and catalysts) and dyed with 

madder as a natural dye in terms of color measurements and fastness properties (e.g., light, 

washing, and perspiration), and also, studying FTIR spectroscopy to determine the current 

functional groups present in both madder (as a natural dye), the cotton fabrics (modified and 

unmodified) dyed in the presence of catalysts (i.e. (NH4)2SO4 and NH4Cl), then understanding 

the new groups formed between natural dye and modified cotton fabrics, the difference 

between them before and after dyeing.   

2. Materials and Methods 

2.1. Materials. 

Mill scoured, bleached, and mercerized plain weave cotton fabric (100%) weight 120 

gm/m2, the thickness was 0.2 mm, the number of yarn/cm in warp direction 30 and weft 31 

were supplied by El-NaserCompany for spinning weaving and dyeing. Mahalla El-Kubra 

Egypt. Guar gum (GG) was purchased from S.D. fine chemicals (Mumbai, India). Acrylamide, 

potassium bromates (KBrO3), thiourea (TU), sulfuric acid, sodium hydroxide, triethanolamine 

(TEA), and formaldehyde (HCHO) were laboratory-grade chemicals.   Natural dye (Indian 

madder-Rubiacordifolia) was supplied by Company MisrScientific, Dokki-Giza, Egypt.  
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2.2. Preparation of the modified cotton fabrics. 

Preparation of a reactive composite [26,27] with 40% methylolation based on the 

weight of (N-methlylol -PAam-GG) content in the presence of 0.5 % of catalysts  (i.e., 

ammonium chloride or ammonium sulfate). Then using, reactive composite was prepared for 

preparing modified cotton fabric by immersing, then padding to wet pick up 100 % and drying 

at 80°C. Then roast for 3 to 5 minutes at 120, 140, and 160 °C. Then, at 90°C, wash for 10 

minutes with a solution containing 0.5gm/l nonionic detergent. 

2.3. Extraction of natural dye. 

Dried Indian madder (Rubiacordifolia) was used to obtain natural dye (anthraquinone 

dyeing compounds), which were conventionally extracted from the powdered 

(Rubiacordifolia) [28], especially from madder roots which contain the highest yield. Madder 

root powder was soaked in an aqueous solution of distilled water for 12 hours at a liquor ratio 

of 1:4, then boiled at 100oC for 30 minutes with constant stirring. 

2.4. Optical density of dye extracted. 

We measure the optical density for the extracted solution at different concentrations 

with a UV spectrophotometer Ultraviolet-visible (UV-vis) spectroscopy of the madder dye 

solution was performed, with a scanning range of 200-800 nm, by using Shimadzu (VIS) 

Double Beam Spectrophotometer with standard illuminant C (1174.83) model V-530 and 

bandwidth of 2.0 nm with accuracy ± 0.05 %, as shown in (Figure 2). 

 
Figure 2. Absorption spectrum of madder (Natural dye). 

2.5. Dyeing process. 

Modified cotton fabrics (MCF) were dyed for 60 minutes at 80°C with natural dye 

extracted from madder root powder, with a liquor ratio kept at 1:40 based on fabric weight. 

The samples were washed with distilled water, followed by nonionic detergent, and dried. 

2.6. Colour measurements. 

The color strength values indicated on CIE (L*, a*, b*), where  L* indicates lightness 

( lighter or darker), and a* and b* are the color directions; finally, CIE (C*, h*) where C* is 

the chroma axis and h* is the hue angle were evaluated using Data color 650 Spectrophotometer 

with illuminant D65 and 10o  observer. The color intensity as K/S values for all dyed samples 

was calculated through Kubelka–Munk equation: 
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(𝑘/𝑠 =
1−𝑅2

2𝑅
)-----------------------------eq.1 

where: K is the absorption coefficient, R is the reflectance of the dyed sample, and S is the 

scattering coefficient. 

All measured samples showed a maximum absorption wavelength value ( max at 480 

nm). The color difference (E*) is calculated by: 

𝐸 ∗= √(𝐿 ∗)2 + (𝑎 ∗)2 + (𝑏 ∗)2     --------------------eq. 2 

WhereL*denotes the difference between lightness values, a* denotes the difference between 

red/green values, and b* denotes the difference between yellow/blue values of the batch and 

standard [29,30]. 

2.7. Fastness tests. 

The colorfastness to washing, light, perspiration and crocking of the dyed samples were 

determined according to ISO 105-C06: 2010 (B1S), ISO 105-B02: 1994, ISO 105-E04: 

2008and AATCC Test Method 8-2007, respectively. The extent of photo-fading of the dyed 

samples was evaluated by color difference (E*) measurement in a Sun Test CPS1 

(Atlas)equipped with an air-cooled xenon arc lamp (1700 W) and a daylight filter for 

simulation of outdoor solar radiation under a42 Wm2 illumination for different periods (0.5-48 

hrs.) at the temperature of approximately 32-62°C and relative humidity of approximately 40-

65 %. The Indian madder-dyed modified cotton fabrics were evaluated in terms of color change 

and the degree of staining using a grayscale. The madder dyed modified's dry and wet rub 

fastness were tested according to the ISO 105-X12:2001 method. 

3. Results and Discussion 

3.1. FTIR analysis. 

FTIR spectroscopy has long been recognized as a powerful tool for structural 

information. The position, intensity, and shape of vibration bands are useful in clarifying 

conformational and environmental changes of polymers at the molecular level  [31]. The spectra 

were divided into regions 3600-3000 cm-1, corresponding to the regions assigned to different 

(OH stretching) modes; 3000-2800 cm-1 corresponds to the region assigned to asymmetric and 

symmetric (CH banding) stretching groups; 1700-1500 cm-1 correspond the region assigned 

(C=O vibration or NH amide I)modes, 1500-1150 cm-1 collected bands of CH and OH bending 

region, and 1200-800 cm-1 corresponding to fingerprint region with multiple C-O vibrations 

[32,33]. 

 

https://doi.org/10.33263/LIANBS124.173
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS124.173  

 https://nanobioletters.com/ 5 of 13 

 

 
Figure 3. FTIR-ATR with absorbance spectra diagram of  (a) undyed/unmodified and (b) dyed/unmodified 

cotton fabrics with madder (as a natural dye). 

As shown in Figure 3 shows the FTIR-ATR with absorbance spectra of both cotton 

fabrics unmodified (dyed and undyed) in (Fig. 3a,3b), it is clear that the characteristic 

absorbance band of both cotton fabrics unmodified (dyed and undyed) and also, for cotton 

fabrics modified and dyed that measured different wavelengths and the most characteristic 

functional chemical groups present under investigation were analyzed in Table 1 [34-39]. 

Table 1. Comparison of  FTIR-ATR  absorbance bands of undyed/ unmodified, dyed /unmodified, and dyed 

modified cotton fabrics. 

Wavenumber (cm-1) 

Assignment group Modified cotton 

fabrics 

Unmodified cotton fabrics 

Undyed Dyed 

1053 1055.37 1053.53 Asymmetric in-plane ring C-O stretching 

1109 1105 1109.88 Asymmetric bridge C-O-C 

1160 1166.23 1160.6 Associated with C-O-C  stretching group 

1204 1206.86 1204.52 OH in-plane bending 

1314 1317.44 1314.43 CH wagging 

1427 - 1427.23 OH (bending) 

1645 - 1641.32 NH (amid II) or Adsorbed water (OH) or C=C stretching alkene  

2900 2986.29 2917.47 Symmetrical stretching modes of C-H  bonding  

3333 3331.28 3327.46 Hydrogen bonded and hydroxyl O-H group 

Notably, there is a substantial difference between unmodified cotton fabrics (dyed and 

undyed) and dyed modified cotton fabric; at ~ 3333 cm-1, there is a large peak that is an O-H 

stretch or H-bonded stretch, suggesting the presence of functional groups of alcohol or phenol. 

And also, another peak at ~1645 cm-1 indicates the possible existence of NH (amide II) or 

adsorbed H2O as (OH group.) or C = C conjugated alkene bond or amines or cyclic alkene. 

There is another peak at 2900 cm-1, which is symmetric stretching of C-H bonding. However, 

since the presence of long conjugated double bonds has been known to be the source of red 

color in some natural dye extracts, the color of the dye extract may have come from the C=C 

conjugated alkene bond, where the visible light wavelength of maximum absorption of the 

madder dye dropped within the red color spectrum at a last recognized peak at 1427 cm-1, where 

the visible light wavelength of the madder dye's maximum absorption falls within the red color 

range, indicating that the conjugated double bond may be the actual functional group that has 

lent its deep red color to the madder dye. There is yet another, but not known, peak in the 

fingerprint field. The potential explanation for why this peak was not detected may be linked 

to its intensity, where the amplitude of a peak is influenced by the dipole moment in the 

compound by the functional group molecules [40-42]. Peaks appeared during this phase special 

peaks of characteristics that unique feature appears for the dyed cotton fabrics (modified and 

unmodified) at peaks  ~1640 and ~1427 cm-1 wavenumbers [43]. It does not appear in the plain, 
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undyed unmodified cotton fabrics; this could be a result of the existence of anthraquinone 

groups in madder, as shown in Table 1. 

FTIR range shows the subtleties of the useful gatherings in Figures 4 and 5. For all 

samples of the cotton texture unmodified and adjusted that dyed as we noticed that the new 

groups seem normal for the presence of color on the outside of all samples (modified and 

unmodified)  of cotton textures utilized dyed with the madder during the dyeing interaction 

process that extraordinarily noted on the absorption band strength at 1645 and 1427 cm-1,  that 

ascribed to The amide gathering (N-H) and (OH) bending. 

 
Figure 4. FTIR absorbance spectra of the modified and unmodified cotton fabric dyed with the madder and 

catalyst (NH4)2SO4. 

 
Figure 5. FTIR absorbance spectra of the modified and unmodified cotton fabric dyed with madder and catalyst 

(NH4Cl). 
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The presence of bands in the case of dyed modified cotton fabrics compared to that of 

dyed and undyed unmodified cotton fabrics with madder (as natural dye) conforms to the 

successful chain bond between dye and modified cotton fabrics with the presence of a catalyst 

(ammonium chloride and ammonium sulfate), the intensity of peaks increase with increasing 

time (3 and 5min.) and temperature from 120 to 140 then decrease at 160oC. These important 

peaks elucidate the structure of dyed unmodified cotton fabrics, undyed unmodified cotton 

fabrics, and dyed modified cotton fabrics. 

3.2. Color strength. 

All modified cotton fabrics samples in the presence of catalysts that cured at times (3 

and 5 min.) and temperatures (120, 140, and 160oC) were then dyed with madder (as natural 

dye). The color strength of dyed cotton fabrics (modified and unmodified) and the reflectance 

values (R) were assessed by spectrophotometer (Data color 650 Spectrophotometer with 

illuminant D65 and 10o observer). Where a measure of  its characterized by the absorption in 

the visible region of the spectrum and can be expressed as a color strength value was used to 

determine the concentration of dye in the fabric [44]using the reflectance value, then  

calculating K/S as appear in (eq. 1): 

 
Figure 6. Color strength (K/S) of the modified cotton fabric dyed with madder and catalysts (NH4)2SO4 in (a),(b), and 

(NH4Cl) in (c),(d), respectively. 

Modification of cotton fabric samples before dyeing can provide an easy and efficient 

method to improve dye-fiber compatibility, eliminating the need for salt in the dye bath. 

Cationizing cotton fabrics increase anionic dyes substantively due to the presence of positive 

charges imparted to the material. Cationisation is the chemical alteration of cotton to create 

cationic (positive) dyeing sites instead of existing hydroxyl (-OH) sites [45,46]; as appears in 

my work, the modification of cotton fabrics in the presence of catalysts (ammonium sulfate 

and ammonium chloride) with curing temperature and time, then dyed with natural 

anthraquinone colorants extracted from Indian madder roots with liquor ratio (1:40). As shown 
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in figure 6(a,b), in the presence of ammonium sulfate as a catalyst, we note the color strength 

(k/S) for all modified cotton fabrics used by using the madder as a natural dye increases with 

curing at various temperatures from 120 to 140oC then decreased at 160 oC with changing time 

from 3 and 5 min. , in the presence of ammonium chloride, slight change in K/S with the same 

conditions as shown in Figure 6(c,d). The graph shows that modified-cotton fabric and dyed 

fabric have given higher color yield values than the unmodified and dyed cotton fabric. 

3.3. Color parameters. 

Based on the madder root's external color. That outer color was measured using Data 

Color 650 Spectrophotometer with standard D65 and 10o observer illuminant. , And the color 

space of CIE-Lab. Three readings were conducted for each color measurement to get an 

average of the three readings (L *, a *, and b *).The colorimetric coordinate (a*) was the 

same as the Green-red axis, with negative values linked to green color and the orange and 

red positive values (−60 black, +60 Red) Red. The (b*) corresponded to the blue-yellow 

axis, where the negative values were associated with the blue color and the positive values 

were associated with the Yellow (– 60 blue, +60 purple) color. Coordinate (L*) (0 = black, 

100 = white) calculated the brightness and put it on the z-axis, with the coordinates (a*and 

b*) placed on the XY color planes. The (a*) coordinate was associated with the red color 

content of the madder root. The values of the Hue angle (arc tan b*/a *) were also used. 

Table 2. Color parameters of the unmodified and modified cotton fabric with (NH4)2SO4 as a catalyst and 

dyed with madder. 

Temp. 
Time L* a* b* c* h* 

Blank 57.18 20.52 8.39 22.17 2.31 

120oC 
3min. 58.29 18.97 12.5 22.72 1.29 

5 min. 61.76 19.06 12.89 23.01 1.25 

140oC 
3min. 59.67 19.90 14.15 24.42 1.16 

5min. 62.74 20.31 19.48 28.14 0.70 

160oC 
3min. 59.60 19.75 14.10 24.27 1.15 

5min. 62.70 20.20 19.40 28.01 0.70 
 

From (Table 2), the effect of dyeing modified cotton fabrics in the presence of 

ammonium sulfate as a catalyst; all samples used was cured at different temperatures and times 

before dyeing, and the relative brightness (L*) shows an increase in their values of cotton 

fabrics from unmodified to modified, from the temperature at 120 to 140oC then slightly 

decrease at160oC for the dyed modified cotton fabrics and also, with an increasing time from 

3 to 5 minutes, we note the values of (L*) increase which means that the fabric becomes fader 

firstly in color then becomes more brightness. And also, we note the values of the color constant 

(a*), decrease in their values from unmodified to modified cotton fabrics which display an 

increase in their values of modified cotton fabrics from 120 to 140oC, then slightly decrease at 

160oC for the dyed of modified cotton fabrics with an increasing time from 3 and 5 minutes, 

this indicates that the red component decreases first rather than the green component then the 

red component increases instead of the green component. And also, the same color constant 

(b*) value increases in both dyed (unmodified and modified)  cotton fabrics under the same 

conditions, which indicates that there is an increase in the yellow component instead of the 

blue component, followed by an increase in a blue component instead of yellow component. 

Finally, all values of C* and H* for all samples depend on values of a* and b* of color scales. 

As appear in (Table 3), the effect of color parameters of dyed modified cotton fabrics 

in the presence of a catalyst (ammonium chloride), we note an increase in color parameters 
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properties at different temperatures from 120 to 140 oC and then decrease at 160 oC with a 

change of time from 3 and 5 minutes by comparing to unmodified dyed cotton fabric, we note, 

it takes the same trend of other catalyst used (ammonium sulfate) but in lower values. 

Furthermore, the strong interactions intermolecular bond of the dye and cationization modified 

cotton fabrics that allowed for dyeing without any additional electrolyte. It gave a higher value 

to the color effect [47]. 

Table 3. Color parameters of the dyed unmodified, and modified cotton fabric with (NH4)Cl as a catalyst. 

Temp. 
Time L* a* b* c* h* 

Blank 57.18 20.52 8.39 22.17 2.31 

120oC 
3min. 57.30 20.61 13.90 24.86 1.25 

5 min. 59.54 23.74 16.52 28.92 1.20 

140oC 
3min. 58.34 20.85 14.50 25.40 1.20 

5min. 62.30 23.89 18.11 29.98 1.06 

160oC 
3min. 58.20 20.80 14.40 25.30 1.21 

5min. 62.27 23.70 18.00 29.76 1.05 
 

3.4. Fastness properties. 

The change of washing fastness properties generally for all samples (Unmodified and 

modified cotton fabrics) for dyeing with natural dye (a madder) were moderate to fine; we note 

an increase in washing fastness properties [48] at different temperatures from 120 to 140 oC 

and then decrease at 160 oC with a change of time from 3 and 5 minutes, we note the washing 

fastness properties for samples in the presence of ammonium sulfate more than with 

ammonium chloride as a catalyst at 140oC for 5 minutes compared to others conditions used 

that showed less staining due to the structure of the madder dye as shown in (Figure 1). 

Therefore its removal during washing showed higher staining for wool and cotton. This is due 

to the high affinity of the dye to modified cotton, as in (Table 4). 

Table 4. Washing fastness properties for dyed unmodified, and modified cotton fabrics in the presence of 

(NH4)Cl and (NH4)2SO4 as catalysts. 

Temp. Time 
Types 

NH4Cl (NH4)2SO4 

Alteration Staining Alteration Staining 

wool Cotton Wool Wool Cotton wool 

U 3-4 4 3-4 3-4 4 3-4 

120oC 
3min. 

M 

3-4 3-4 3-4 3-4 4-5 3-4 

5 min. 3-4 3-4 3-4 3-4 4-5 3-4 

140oC 
3min. 4 4 3-4 4-5 4-5 3-4 

5 min. 4 4 3-4 4-5 4-5 3-4 

160oC 
3min. 3-4 4 3-4 3-4 4-5 3-4 

5 min. 3-4 4 3-4 3-4 4-5 3-4 

Note: U and M represent unmodified and modified fabric samples, respectively 

Lightfastness of many natural colors, almost all natural colorants fade after daylight 

exposure [49]. This is what's relevant to Natural dye's disadvantages and usability. Lots of 

papers indicated that some natural colorants had poor luminosity values. In that work, for all 

the dyed samples with madder as a natural dye, the samples have good to excellent light 

fastness. The modified cotton fabric has shown better light fastness results than the unmodified 

fabric. The electron arrangement of the dye molecules in the chromophore can withstand the 

degrading effect of light while being exposed to light for an extended time. Furthermore, 

Cationized fabric showed better results because the number of coloring molecules in the 

samples was higher than those present, as shown in (Table 5). 
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Colorfastness to crocking [50] of the dry crocking fastness of all the modified and 

unmodified samples was good, and wet crocking fastness was moderate; modified fabric 

samples showed a slightly lower rating than unmodified ones. (Table 5), shows the color speed 

to crock with different shades from the unmodified and modified samples with both ammonium 

chloride and ammonium sulfate catalyst. The dry crocking speed of all the modified with 

ammonium-sulfate and ammonium-chloride was good, and the wet crocking speed was 

moderate. However, modified fabric samples showed a slightly lower rating for some shades 

than unmodified ones.   

Table 5. Colorfastness to rub and light for the dyed unmodified, and modified cotton fabric in the presence of 

(NH4)Cl, (NH4)2SO4 as catalysts. 

Temp. Time 
Types 

NH4Cl (NH4)2SO4 Light Fastness 

Wet Dry Wet Dry  

U 3-4 4 3-4 4-5 3 

120oC 
3min. 

M 

3-4 3-4 3-4 4 3-4 

5 min. 3-4 3-4 3-4 4 3-4 

140oC 
3min. 3-4 4 4 4-5 4 

5 min. 3-4 4 4 4-5 4 

160oC 
3min. 3-4 4 4 4 4 

5 min. 3-4 4 4 4 4 

Note: U and M represent unmodified and modified fabric samples, respectively 
 

Tables 6 and Table 7 indicate the change in (acid and base) perspiration [51] fastness 

properties of both modified and unmodified cotton fabrics dyed with (the madder) that shows 

no remarkable variation for all studied samples ranging between excellent (5) to very good 

(4) at Gray Scale. 

Table 6. Colorfastness to perspiration for the dyed unmodified, and modified cotton fabrics in the presence 

of (NH4)2SO4 as catalysts. 

Temp. Time 
Types 

Alteration 
Staining 

Cotton Wool 

acid Base acid Base acid base 

U 3 3-4 3 3-4 3 3-4 

120oC 
3min. 

M 

4 4-5 4-5 4-5 4 4 

5 min. 4 3-4 4 4 4-5 4 

140oC 
3min. 4-5 4-5 4 4-5 4-5 4-5 

5 min. 4-5 4-5 4-5 4 4-5 4-5 

160oC 
3min. 3-4 4 3-4 4 4-5 4-5 

5 min. 4 4 4-5 4 4-5 4-5 

Note: U and M represent unmodified and modified fabric samples, respectively 

 
Table 7. Colorfastness to perspiration for the dyed unmodified, and modified cotton fabrics in the presence 

of (NH4)Cl as catalysts. 

Temp. Time 
Types 

Alteration 
Staining 

cotton Wool 

Acid base acid base acid base 

U 3 3-4 3 3-4 3 3-4 

120oC 
3min. 

M 

3 3-4 4 4 4 4 

5 min. 3-4 4 4-5 4-5 4-5 4 

140oC 
3min. 4 4 4 4 4-5 4 

5 min. 4-5 4 3-4 4 3 4 

160oC 
3min. 4 4 4 4 4 4 

5 min. 4 4 4 4 4 4 

Note: U and M represent unmodified and modified fabric samples, respectively 
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4. Conclusions 

This study used FTIR analysis to investigate the groups formed while dyeing modified 

cotton fabrics with madder as a natural dye. The presence of bands in dyed modified cotton 

fabrics, when compared to dyed unmodified cotton fabrics with madder dye, indicates a 

successful chain bond between dye and modified cotton fabrics. These significant peaks shed 

light on the structure of dyed unmodified, and modified cotton fabrics; this was done under 

various conditions, including time, temperature, and catalyst type. Based on the results, the 

dyed samples were evaluated by monitoring the color strength (K/S), color parameters (such 

as L*, a*, b*, and E*), and fastness properties.  On dyed modified cotton fabrics, madder 

extract is very effective. In terms of washing and rubbing, the color quality was excellent. 

Funding 

This research received no external funding. 

Acknowledgments 

Thanks to anyone who helped me in my research. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Needles, H.L. Textile Fibers, Dyes, Finishes, and Processes. In: Dyes Publications. 1st Ed., New Jersey, USA, 

Volume 34, 1986. 

2. Butler, C.E.; Millington, C.A.; Clements, D.W.G. Historic Textile and Paper Materials. Eds., Zeronion, S.H.; 

Needles, H.L.; Amer. Chem. Soc., Washington DC; USA.. Volume 2, 1989. 

3. Wan, Z.; Xiong, Z.; Ren, H.; Huang, Y.; Liu, H.; Xiong, H.; Wu, Y.; Han, J. Graft copolymerization of methyl 

methacrylate onto bamboo cellulose under microwave irradiation. Carbohydrate polymers 2011, 83, 264-269, 

https://doi.org/10.1016/j.carbpol.2010.07.048.  

4. Ghosh, P.; Dev, D. Graft copolymerization of mixtures of acrylamide and methyl methacrylate on dialdehyde 

cellulose (DAC) from cotton in a limited aqueous system. European Polymer Journal 1996, 32, 165-171,  

https://doi.org/10.1016/0014-3057(95)00130-1.  

5. Zahran, M.K.; Mahmoud, R.I.; Morsy, M.S.; El Rafie, M.H. Synthesis and application of reactive stiffening 

agent based on the methlyolated products of (poly-acrylamide) guar gum polyblends. The Journal of The 

Textile Institute 2007, 98, 201-208, https://doi.org/10.1080/00405000701476112.  

6. Mehtre, A.S.; Syed, H.M.; Agrawal, R.S. Extraction and chemical composition of flaxseed gum (Mucilagum) 

from different flaxseed varities. An inter. Quater. Jour. of lifr sci. The Bioscan 2017, 12, 47-49. 

7. Mudgil, D.; Barak, S.; Khatkar, B.S. Guar gum: processing, properties and food applications—A Review. 

Journal of Food Science and Technology 2014, 51, 409-418, https://doi.org/10.1007/s13197-011-0522-x.  

8. Lee, D.; Yoo, B. Changes in Structural and Rheological Properties of Guar Gum Particles in Fluidized-Bed 

Agglomeration: Effect of Sucrose Binder Concentration. Foods 2022, 11, 

https://doi.org/10.3390/foods11010073.  

9. Fitz-Binder, C.; Bechtold, T. Extraction of polyphenolic substances from bark as natural colorants for wool 

dyeing. Coloration Technology 2019, 135, 32-39, https://doi.org/10.1111/cote.12378.  

10. Rehman, F.; Adeel, S.; Qaiser, S.; Ahmad, I.; Shahid, M.; Zuber, M. Dyeing behaviour of gamma irradiated 

cotton fabric using Lawson dye extracted from henna leaves (Lawsonia inermis). Radiation Physics and 

Chemistry 2012, 81, 1752–1756, https://doi.org/10.1016/j.radphyschem.2012.06.013.  

11. Yusuf, M.; Shahid, M.; Khan, S.A.; Khan, M.I.; Islam, S.-U.; Mohammad, F.; Khan, M.A. Eco-Dyeing of 

Wool Using Aqueous Extract of the Roots of Indian Madder (Rubia cordifolia) as Natural Dye. Journal of 

Natural Fibers 2013, 10, 14-28, https://doi.org/10.1080/15440478.2012.738026.  

12. Yusuf, M.; Shabbir, M.; Mohammad, F. Natural Colorants: Historical, Processing and Sustainable Prospects. 

Natural Products and Bioprospecting 2017, 7, 123-145, https://doi.org/10.1007/s13659-017-0119-9.  

https://doi.org/10.33263/LIANBS124.173
https://nanobioletters.com/
https://doi.org/10.1016/j.carbpol.2010.07.048
https://doi.org/10.1016/0014-3057(95)00130-1
https://doi.org/10.1080/00405000701476112
https://doi.org/10.1007/s13197-011-0522-x
https://doi.org/10.3390/foods11010073
https://doi.org/10.1111/cote.12378
https://doi.org/10.1016/j.radphyschem.2012.06.013
https://doi.org/10.1080/15440478.2012.738026
https://doi.org/10.1007/s13659-017-0119-9


https://doi.org/10.33263/LIANBS124.173  

 https://nanobioletters.com/ 12 of 13 

 

13. Amutha, K.; Grace Annapoorani, S.; Sudhapriya, N. Dyeing of textiles with natural dyes extracted from 

Terminalia arjuna and Thespesia populnea fruits. Industrial Crops and Products 2020, 148, 

https://doi.org/10.1016/j.indcrop.2020.112303.  

14. Adeel, S.; Zuber, M.; Fazal ur, R.; Zia, K.M. Microwave-assisted extraction and dyeing of chemical and bio-

mordanted cotton fabric using harmal seeds as a source of natural dye. Environmental Science and Pollution 

Research 2018, 25, 11100-11110, https://doi.org/10.1007/s11356-018-1301-2.  

15. Fajraoui, A.; Ben Nasr, J.; Lacoste, C.; Amar, M.B.; Dony, P.; Odof, S.; El Halouani, F. Coloration of the 

polylactic acid with the natural dye extracted from acacia cyanophylla flowers. Polymer Testing 2019, 78, 

https://doi.org/10.1016/j.polymertesting.2019.105988. 

16. Deshkar, N.; Tilloo, S.; Pande, V.A. A comprehensive review of Rubiacordifolia Linn. Pharm. Rev. 2008, 2, 

124-134. 

17. Swernalatha, Y.; Bhaswati, S. Isolation, Characterization And Antibacterial Activity Of Endophytic Bacteria 

From Adhathoda Beddomei. Inter. J. Pahrma Bio. Sci. 2014, 5, 305-310, 

https://doi.org/10.1080/17429145.2012.680077. 

18. Hamdy, D.M.; Hassabo, A.G. Various Natural Dyes from Different Sources. Journal of Textiles, Coloration 

and Polymer Science 2021, 18, 171-190, https://doi.org/10.21608/jtcps.2021.79786.1066.  

19. Willemen, H.; van den Meijdenberg, G.J.P.; van Beek, T.A.; Derksen, G.C.H. Comparison of madder (Rubia 

tinctorum L.) and weld (Reseda luteola L.) total extracts and their individual dye compounds with regard to 

their dyeing behaviour, colour, and stability towards light. Coloration Technology 2019, 135, 40-47, 

https://doi.org/10.1111/cote.12384.  

20. Giacomini, F.; de Souza, A.A.U.; de Barros, M.A.S.D. Cationization of cotton with ovalbumin to improve 

dyeing of modified cotton with cochineal natural dye. Textile Research Journal 2020, 90, 1805-1822, 

https://doi.org/10.1177/0040517519899652.  

21. Daniels, V.; Devièse, T.; Hacke, M.; Higgitt, C. Technological insights into madder pigment production in 

antiquity. British Museum Technical Research Bulletin 2014, 8, 13-28.  

22. Surowiec, I.; Szostek, B.; Trojanowicz, M. HPLC-MS of anthraquinoids, flavonoids, and their degradation 

products in analysis of natural dyes in archeological objects. Journal of Separation Science 2007, 30, 2070-

2079, https://doi.org/10.1002/jssc.200700041.  

23. Ahmed, N.; Nassar, S.; M El-Shishtawy, R. Novel Green Coloration of Cotton Fabric. Part I: Bio-mordanting 

and Dyeing Characteristics of Cotton Fabrics with Madder, Alkanet, Rhubarb and Curcumin Natural Dyes. 

Egyptian Journal of Chemistry 2020, 63, 1605-1617, https://doi.org/10.21608/ejchem.2020.22634.2344.  

24. Clementi, C.; Nowik, W.; Romani, A.; Cibin, F.; Favaro, G. A spectrometric and chromatographic approach 

to the study of ageing of madder (Rubia tinctorum L.) dyestuff on wool. Analytica chimica acta 2007, 596, 

46-54, https://doi.org/10.1016/j.aca.2007.05.036.  

25. Bechtold, T.; Mussak, R. Handbook of Natural Colorants. (Eds.); John Wiley & Sons Ltd., West Sussex, UK, 

2009. 

26. Zahran, M.K.; Mahmoud, R.I. Synthesis and Characterization of Polyacrylamide Guar Gum Graft Copolymer. 

J. of Text. Associ. 2006, 273-277. 

27. Mahmoud, R. Investigation of partially methylolated polyacrylamide guar gum by FTIR and thermal 

properties. Br. J. Appl. Sci. Technol 2016, 17, 1-11, https://doi.org/10.9734/BJAST/2016/28761.  

28. Baer, P.I.; Marriat, F.W.; Pank, Y. A Practical Introduce to the dyeing and Finishing of wool Fabrics. In: The 

Soc. of Ion Dyer. and Color. 1986. 

29. Park, J. Instrumental Color Formulation: A Practical Guide. Society of Dyers & Colourists, 2nd ed; West 

Yorkshire. 1993. 

30. Punrattanasin, N.; Nakpathom, M.; Somboon, B.; Narumol, N.; Rungruangkitkrai, N.; Mongkholrattanasit, R. 

Silk fabric dyeing with natural dye from mangrove bark (Rhizophora apiculata Blume) extract. Industrial 

Crops and Products 2013, 49, 122-129, https://doi.org/10.1016/j.indcrop.2013.04.041.  

31. Guirguis, O.W.; Moselhey, M.T.H. Optical study of poly(vinyl alcohol)/hydroxypropyl methylcellulose 

blends. Journal of Materials Science 2011, 46, 5775-5789, https://doi.org/10.1007/s10853-011-5533-5.  

32. Cintrón, M.S.; Hinchliffe, D.J. FT-IR Examination of the Development of Secondary Cell Wall in Cotton 

Fibers. Fibers 2015, 3, 30-40, https://doi.org/10.3390/fib3010030.  

33. Nada, A.; Al-Moghazy, M.; Soliman, A.A.F.; Rashwan, G.M.T.; Eldawy, T.H.A.; Hassan, A.A.E.; Sayed, 

G.H. Pyrazole-based compounds in chitosan liposomal emulsion for antimicrobial cotton fabrics. International 

journal of biological macromolecules 2018, 107, 585-594, https://doi.org/10.1016/j.ijbiomac.2017.09.031.  

34. Chung, C.; Lee, M.; Choe, E.K. Characterization of cotton fabric scouring by FT-IR ATR spectroscopy. 

Carbohydrate polymers 2004, 58, 417-420, https://doi.org/10.1016/j.carbpol.2004.08.005.  

35. Hasnul Hadi, M.H.; Ker, P.J.; Thiviyanathan, V.A.; Tang, S.G.; Leong, Y.S.; Lee, H.J.; Hannan, M.A.; 

Jamaludin, M.Z.; Mahdi, M.A. The Amber-Colored Liquid: A Review on the Color Standards, Methods of 

Detection, Issues and Recommendations. Sensors 2021, 21, https://doi.org/10.3390/s21206866.  

36. Macadm, D.L. Color Measurements theme and variation. Springer, Heidelbrag. 1981. 

37. Pubalina, S. Basic Principles of Colour Measurement and Colour Matching of Textiles and Apparels.. 

Colorimetry 2022, https://doi.org/10.5772/intechopen.101442.  

https://doi.org/10.33263/LIANBS124.173
https://nanobioletters.com/
https://doi.org/10.1016/j.indcrop.2020.112303
https://doi.org/10.1007/s11356-018-1301-2
https://doi.org/10.1016/j.polymertesting.2019.105988
https://doi.org/10.1080/17429145.2012.680077
https://doi.org/10.21608/jtcps.2021.79786.1066
https://doi.org/10.1111/cote.12384
https://doi.org/10.1177/0040517519899652
https://doi.org/10.1002/jssc.200700041
https://doi.org/10.21608/ejchem.2020.22634.2344
https://doi.org/10.1016/j.aca.2007.05.036
https://doi.org/10.9734/BJAST/2016/28761
https://doi.org/10.1016/j.indcrop.2013.04.041
https://doi.org/10.1007/s10853-011-5533-5
https://doi.org/10.3390/fib3010030
https://doi.org/10.1016/j.ijbiomac.2017.09.031
https://doi.org/10.1016/j.carbpol.2004.08.005
https://doi.org/10.3390/s21206866
https://doi.org/10.5772/intechopen.101442


https://doi.org/10.33263/LIANBS124.173  

 https://nanobioletters.com/ 13 of 13 

 

38. Janglin, C.; Wayne, C.; Mark F. Handbook of Visual Display Technology. (eds.); Springer-Verlag Berlin 

Heidelberg. 2012. 

39. International Commission on Illumination. Recommendations on Uniform Color Spaces, Color-Difference 

Equations, Psychometric Color Terms. Vols. 1-CIE Publication No. 15, Volume Supplement No. 2, 

Paris.Bureau Central de la CIE, 1978. 

40. Haule, L.V.; Carr, C.M.; Rigout, M. Investigation into the supramolecular properties of fibres regenerated 

from cotton based waste garments. Carbohydrate polymers 2016, 144, 131-139, 

https://doi.org/10.1016/j.carbpol.2016.02.054.  

41. Coates, J.; Meyers, R.A, Interpretation of Infrared Spectra, A Practical Approach. Encycl. of Analy. Chem. 

2000, 10815–10837.  

42. Haule, L.V. Investigation into the Effect of Extended Laundering on the KES-F Mechanical Properties of an 

Easy Care Treated Cotton Fabric. Journal of Textile Science and Technology 2016, 2, 22-30, 

https://doi.org/10.4236/jtst.2016.22004.  

43. Montazer, M.; Parvinzadeh, M. Effect of ammonia on madder-dyed natural protein fiber. Journal of Applied 

Polymer Science 2004, 93, 2704-2710, https://doi.org/10.1002/app.20880.  

44. Run-Ling, S. One-bath dyeing of cotton/nylon mixture with reactive and acid dyes. Dye.and Finish. 2010, 36, 

16-18. 

45. Hauser, P.J.; Tabba, A.H. Improving the environmental and economic aspects of cotton dyeing using a 

cationised cotton†. Coloration Technology 2001, 117, 282-288, https://doi.org/10.1111/j.1478-

4408.2001.tb00076.x.  

46. Correia, J.; Rainert, K.T.; Oliveira, F.R.; de Cássia Siqueira Curto Valle, R.; Valle, J.A.B. Cationization of 

cotton fiber: an integrated view of cationic agents, processes variables, properties, market and future prospects. 

Cellulose 2020, 27, 8527-8550, https://doi.org/10.1007/s10570-020-03361-w.  

47. Choudhury, A.K.R. Coloration of Cationized Cellulosic Fibers–A Review. AATCC Journal of Research 2014, 

1, 11-19, https://doi.org/10.14504/ajr.1.3.2.  

48. International Organization for Standardization (ISO) 105-C03, textiles tests for colour fastness — Part C03: 

Colour fastness to washing: Test 3, 1989. 

49. Vasileiadou, A.; Karapanagiotis, I.; Zotou, A. A chromatographic investigation on aging of natural dyes in 

silk under UV light. Archaeological and Anthropological Sciences 2021, 14, https://doi.org/10.1007/s12520-

021-01492-0.  

50. American Association of Textile Chemists and Colorists (AATCC)  8, Colorfastness to Crocking, 2001. 

51. American Association of Textile Chemists and Colorists (AATCC) 15, 2021 Edition, 2021 -Test Method for 

Colorfastness to Perspiration, 2021. 

 

  

https://doi.org/10.33263/LIANBS124.173
https://nanobioletters.com/
https://doi.org/10.1016/j.carbpol.2016.02.054
https://doi.org/10.4236/jtst.2016.22004
https://doi.org/10.1002/app.20880
https://doi.org/10.1111/j.1478-4408.2001.tb00076.x
https://doi.org/10.1111/j.1478-4408.2001.tb00076.x
https://doi.org/10.1007/s10570-020-03361-w
https://doi.org/10.14504/ajr.1.3.2
https://doi.org/10.1007/s12520-021-01492-0
https://doi.org/10.1007/s12520-021-01492-0

