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Abstract 

This study presents an environmentally benign bioactive dyeing and finishing of bio-mordanting cotton fabric via 

hematoxylin dye extracted from Haematoxylum Campechianum L. medicinal tree. A facile approach to  fabricate bio-

mordanting cotton fabrics based on gelatine and aloe vera for sustainable green dyeing with hematoxylin dye to achieve a 

wide range of functional properties and environmental benefits was explored. Optimization of dyeing conditions in terms of 

salt concentration and pH was conducted. Also, build-up properties and fastness characterization haswere studied in the 

presence and absence of bio-mordants. The natural functional groups of the dye extract were investigated by FTIR spectral 

analysis. The results reflect the success of bio-mordant chemical modification and mechanism for dyeing process in the 

course of increasing K/S values associated with improving colorfastness to washing and light as compared to unmordant 

fabric. All the dyed bio-mordanting fabrics in this work showed great potential value-adding applications in terms of 

excellent UV  protection, antioxidant activity, and high antibacterial activity. The outcomes of this study deal to have 

implications to the eco-textile green dyeing for the achievement of healthy and sustainable environment applications.  
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Introduction  

Haematoxylum campechianum tree is a 

species of large flowering tree belong to the family 

of the Fabaceae and subfamily Caesalpinioideae. 

This tree is simply known as a bloodwood tree and or 

logwood tree grown in Mexico and Central America. 

The heartwood of the tree is an important source for 

hematoxylin dye which was most widely used as a 

staining agent in histology and anatomic pathology 

laboratories. [1] Chemically Hematoxylin is a 

flavonoid compound, which acts as a widely 

distributed group of plant chemicals and may involve 

natural coloration. Hematoxylin dye (C16 H14 O6 ) C.I. 

75290 is colorless but it oxidized rapidly by 

atmospheric oxygen into the reddish-brown hematein 

to purple dye (C16H12O6) to form the quinone 

structure as shown in Figure 1. Hematoxylin dye is 

an active staining ingredient that imparts a strong 

colored dye lake by complexing with certain metal 

ions such as iron, aluminum, and chromium salts. It 

is extensively used in medicine for the treatment of 

diarrhea, dysentery, kidney disorders, toothache, 

heart problems, and depression. Also, hematoxylin 

dye extract is mainly used as a sweetener, in inks, 

wood, and textile dyeing products. [1-4] Previous 

studies reported and identified the chemical 

compounds of hematoxylin dye which contain small 

amounts of brazilein, hematein, flavonoids 

derivatives, and large amounts of tannins. [2, 3] 

Likewise, the dye extract show or has potential 

antimicrobial, antioxidant, anti-inflammatory, 

antifungal, and anticancer activities. [1, 2, 5] 

 
Figure 1: Chemical mechanism of oxidation process 

from hematoxylin to hematein 

 

Nowadays, due to the rapid development of people’s 
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awareness for natural products of environment-

friendly colored textile fabrics with natural dyes was 

a necessary obligation to integrate the functional 

properties (antimicrobial activity, UV protection, 

antioxidant, anti-inflammatory, and wound healing 

properties) to the dyed fabric. This simultaneous 

dyeing and finishing process was needed for the 

production of sustainable value-added technical 

textiles to maintain ecological balance and a healthy 

environment. [6-8]  

Meanwhile, natural cotton fabrics have a 

low affinity for many of the natural dyes, to avoid 

this problem cationization of cotton fabric with 

cationic agents including quaternary ammonium salt, 

polyethyleneimine, chitosan, polydopamine, and 

bovine serum albumin which has been reported 

previously was used to increase the dyeability and 

functional properties of the fabric. [9-19] 

Additionally, the rapid development of bio-mordants 

shows a wide unfold interest in the dyeing and 

printing of textile fabrics with natural colorants and 

thickeners considering their higher biodegradability 

and better compatibility associated with low toxicity 

comparing t use synthetic ones. [20, 21] Also, the 

utilization of bio-mordant or their combination with 

metallic mordant were studied to build up the color 

properties and characterization. Bio-mordants 

including wood ash, tannin, lemon, aloe vera, 

chlorophyll, … etc. [22-24] 

Aloe Vera bio-mordant gel consists of 99% 

water and the remaining 1% solid compounds contain 

vitamins, minerals, polysaccharides, enzymes, 

phenolic compounds, and organic acids. Among the 

bioactive ingredients, polysaccharide acemannan and 

barbaloin is the main functional phenolic component. 

Aloe Vera simultaneous mordanting shows an 

enhancement in both washing fastness and color 

strength values and they possess a high potential of 

being used as bio-mordants if it was used or applied 

under the respective mordanting technique. [22] It is 

noteworthy that some research showed that aloe vera 

bio-mordant exhibits antimicrobial, antifungal, and 

antiviral properties. [22, 25-27] The structure of 

barbaloin and acemannan was shown in Figure 2. 

  

 

 
Figure 2: Main chemical structure of aloe vera 

extract bio-mordant 

Gelatin is a high molecular weight 

polypeptide chain composed of primary, secondary 

and tertiary helicoid structures and has good 

biocompatibility and biodegradability. [28] Gelatin 

has been recently shown great potential as an 

excellent carrier or matrix to host bioactive 

compounds such as carvacrol, [29] tea polyphenols, 

[30] pomegranate seed juice -product, and also 

enhanced antioxidant and antimicrobial 

functionalities. [31] In general, when the bio-

mordants or natural dye was applied on fabric, the 

surface, color, and fastness properties changes and 

the bio-mordanting dyed fabric with natural dyes 

have gained considerable attention in the field of 

medical and health care textiles. [11, 32] 

The present study highlights a facile green 

method for the fabrication of the bio-mordanting 

cotton fabric with aloe vera and gelatin, which will 

serve as effective and environmentally friendly bio-

mordanting finishing agents. In this study, we deal 

with dyeing bio-mordanting cotton fabrics with the 

aqueous extract of hematoxylin dye to gain a huge 

potential application in various fields of medicine 

and the science economy. FTIR analysis of the dye 

aqueous extract solution was analyzed. The 

unmordant and bio-mordanting dyed fabric were 

characterized in terms of color strength (K/S) value, 

color properties as well as to build up the fastness 

properties. The UV protection ability, antimicrobial, 

antifungal, and antioxidant activities of the dyed 

fabrics were also evaluated. 

 

Experimental 

Materials  

Misr Spinning and Weaving Co., Mehala 

El–Kobra, Egypt supplied us with mill-scoured and 

bleached cotton fabric (200g/m2). Gelatine, citric 

acid, sodium hypophosphite (SHP), sodium chloride, 

and others were all laboratory-grade chemicals. The 

cotton fabric was treated with a solution containing 3 

g/L nonionic detergent (Hostapal CV, Clariant) and 5 

g/L sodium carbonate at liquor ratio (L.R.) 1:50 for 4 

hr at 100C. Finally, thoroughly rinsed with tap water 

and dried at room temperature. 
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Natural dye source: Chips of the heartwood tree 

Haematoxylum campechianum L. tree was purchased 

from Wild Colors Company, UK. Natural mordants: 

Aloe vera leaves from Orman garden.  

 

Methods  

1.1.1. Crushing of Haematoxylum 

campechianum L. chips 

The chips of the heartwood tree were electrically 

crushed with a grinder into a fine powder and used as 

a natural dye for the coloration of cotton fabric. 

1.1.2. The extraction method used for 

Hematoxylin dye  

10 g of dye powder was boiled in 100 ml distilled 

water associated with vigorous stirring for 1 hr. After 

boiling, the mixture was filtered through a nylon 

mesh fabric. 

1.1.3. Extraction of aloe vera gel 

Fresh leaves of aloe vera were collected then, washed 

thoroughly with rinsed water. The outer green surface 

of the leave was peeled off and the gel was taken out 

by spoon and blended using a blender to the semi-

liquid solution followed by boiling for 30 min and 

finally filtered to obtain the red solution. [33] 

 

1.1.4. Bio-mordanting of cotton fabric 

Mordanting treatment of cotton fabric with the four 

designed bio-mordant of aloe vera and gelatine in one 

or two-bath treatment process was conducted after 

the fabric was pre-treated with citric acid as a 

crosslinking agent in presence of SHP at 2:1g/L 

associated with good shaking for 15 min at room 

temperature. Then squeezed and the fabric was dried 

in thermofixation at 100oC for 3 min. [34] Finally, 

the crosslinked pre-treated cotton fabrics were 

immersed in the bio-mordanting solutions via the 

following procedures: 

 

1.1.4.1. Bio-mordanting cotton fabric with aloe 

vera (BMA)  

The crosslinked pre-treated cotton fabric was 

immersed in aloe vera red solution for a period with 

good shaking followed by pad-dry-cure methods 

according to the previous study but with little change. 

After padding, the fabric was dried at 150oC for 2 min 

and cured at 200oC for 2 min. [33]  

 

1.1.4.2. Bio-mordanting cotton fabric with 

gelatine (BMG)  

The crosslinked pre-treated cotton fabric was treated 

with 2% w/v gelatine by the pad-curing method. [11]  

 

1.1.4.3. Bio-mordanting cotton fabric with aloe 

vera and gelatine (BMA+G) 

The pre-treated cotton fabric BMA was immersed in 

2% gelatine followed by the pad-curing method at 

120oC for 5 min to form BMA+G fabric.  

 

1.1.4.4. Bio-mordanting cotton fabric with 

blended aloe vera and gelatin (BMAG) 

Gelatine solution stirred vigorously under hot plate 

magnetic stirrer at room temperature followed by the 

gradual addition of aloe vera extract solution for 30 

min in 1:1 ratio. The required amounts of gelatine and 

aloe vera extract solution were applied to the pre-

treated crosslinked fabric by the pad-dry-cure 

method. After padding, the fabric was cured at 120oC 

for 5 min. [32, 33] 

1.1.5. Dyeing process  

Dyeing unmordant and bio-mordanting 

cotton fabrics were carried out with L.R. 1:30 of the 

aqueous dye extract, at different pH values (3-11) 

after the addition of salt (0-40 g/L) at 100oC for 1 h. 

After completion of the dyeing process, soaping was 

done with 3 g/L non-ionic detergents at 60oC for 30 

min. Finally, thoroughly rinsed with water and air-

dried.  

 

Measurements  

1.1.6. Color strength and color value  

K/S values of all the dyed fabrics were 

measured at 455 nm using Ultra Scan Pro, Hunter 

Lab spectrophotometer, USA as well as color value 

(L*, a*, and b*) also recorded in the same 

spectrophotometer.  

 

1.1.7. Colorfastness testing  

Colorfastness to washing, rubbing, and light 

of unmordant and bio-mordanting cotton fabrics dyed 

with hematoxylin aqueous extract was assessed 

according to standard methods. [35-40] 

 

1.1.8. The UV protection factor (UPF)  

Australian/New Zealand Standard method 

AS/NZ S4399:1996 by using JASCO U-750 

spectrophotometer as described in AATCC Test 

method 183:2010 was used for UPF measurements of 

the unmordant and bio-mordanting dyed cotton 

fabrics using hematoxylin dye extract in the range of 

290-400nm. The final results are the average values 

of three measurements for each fabric sample. [41-

43] 
 

1.1.9. Evaluation of antibacterial and antifungal 

properties 

The evaluation of antibacterial and 

antifungal activity for all the undyed and dyed fabric 

samples was quantitatively measured by the 

percentage reduction method. [44] Four selected 

microorganisms using diffusion assay against S. 

aureus, B. subtilis as a gram +ve bacteria and E. Coli, 

P. Aeruginosa as a gram –ve bacteria as well as C. 

Albicans as a fungal activity. The results are the 

average values of three measurements for each fabric 

sample.  
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1.1.10. Evaluation of antioxidant properties  

The antioxidant activity for both the undyed 

and bio-mordanting dyed cotton fabrics was assessed 

via radical scavenging ability DPPH assay. [45] 

 

1.1.11. ATR- FTIR spectrum  

The functional groups present in 

hematoxylin aqueous extracted dye solution were 

analyzed using ATR-FTIR spectra measured on a 

high-resolution JASCO FTIR-4700 

spectrophotometer (JASCO Analytical Instrument, 

Easton, USA). The spectra were collected with a 

wavenumber range of 4000–500 cm−1using 

transmission mode (T %). 

 

Results and Discussion  

Our interest work is focused on bio-

mordanting cotton fabric with four fabricated or 

designed bio-mordant based on aloe vera and 

gelatine. These bio-mordant approaches occur 

independently in combination with each other with 

different methods successfully in one and two steps. 

The crosslinked pre-treated cotton fabric with citric 

acid in presence of a catalyst (SHP) was treated with 

aloe vera extract to functionalize the fabric surface 

with more hydroxyl groups and increase the 

concentration of gelatine as a masked layer on the 

fabric surface. Moreover, gelatine in both methods 

would render the fabric surface more cationic in the 

acid medium. Therefore, it ameliorated the green 

dyeing system of cotton fabric with natural 

hematoxylin dye extracted from the Haematoxylum 

Campechianum L. plant tree. Additionally, the bio-

mordanting dyed fabric enhanced or importing 

multifunctional finishing properties to the fabric 

based on the type of bio-mordanting fabric used.  

The mechanism of fabrication of the four 

bio-mordanting cotton fabrics BMA, BMG, BMA+G 

and BMAG using green chemistry was as follow:  

The cotton fabric was pre-treated first with 

citric acid in presence of a catalyst as a crosslinked 

agent in which the two carboxylic groups of citric 

acid linked or interact by covalent bonds with the 

cellulose hydroxyl groups of cotton fabric (see 

Figure 3). 

Figure 3: pre-treated mechanism of cotton citric acid 

in presence of the catalyst 

 

In the case of treating the pre-treated 

crosslinked cotton fabric with aloe vera extract 

(BMA) fabric, hence its active ingredients barbaloin 

and polysaccharides containing aplenty of -OH in 

their chemical structure as strong hydrogen bonds 

were formed between the -OH groups of the 

crosslinked cellulose backbone chain, carboxylic 

groups of citric acid and polyphenolic -OH groups of 

aloe vera extract. Further, the reaction was fixed by 

the curing process (see Figure 4). [46] 

 

 
Figure 4: treatment mechanism of pre-treated 

crosslinked cotton fabric with aloe vera extract 

(BMA) 

 

Based on gelatine possess polyamines on 

their surfaces which form an amide bond with 

carboxylic and-OH groups molecules, due to that it 

contributes or participates in the design of the other 

three bio-mordanting cotton fabrics isolated and 

conjugated with aloe vera extract and act as a natural 

cationic agent. On the other hand, when the cotton 

fabric was pre-treated with citric acid in presence of 

the catalyst, the carboxylic groups of citric acid 

linked or interact by a covalent bond with the 

hydroxyl groups crosslinked with gelatine to 

fabricate BMG (see Figure 5). [28, 47] 

 
Figure 5: treatment mechanism of pre-treated 

crosslinked cotton fabric with gelatine extract 

(BMG) 

Otherwise, the bio-mordant pre-treated 

crosslinked cotton fabric with aloe vera extract was 

treated with gelatine to form BMA+G fabric (see 

Figure 6).  
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Figure 6: treatment mechanism of pre-treated 

crosslinked cotton fabric with aloe vera extract then 

with gelatine (BMA+G) 

In the case of pre-treated crosslinked cotton 

fabric with a combination or a blend of 1:1 aloe vera 

extract and gelatine, the bio-mordant BMAG cotton 

fabric was obtained via nucleophilic substitution 

reaction. [28]  

Figure 7: treatment mechanism of pre-treated 

crosslinked cotton fabric with aloe vera extract and 

gelatine min one step (BMAG) 

The blank and the four bio-mordanting 

cotton fabric BMA, BMG, BMA+G, BMAG were 

dyed with the hematoxylin dye to achieve optimal 

color reproducibility as well as maximum color yield 

as K/S values of hematoxylin dyed cotton fabric and 

impart performance multifunctional properties, the 

addition of electrolyte and the effect of dyeing bath 

pH have been studied. 

 

Effect of Electrolyte addition 

Figure 8 represents the effect of electrolyte addition 

on the color strength of the blank and the four bio-

mordanted fabric. It was observed from the figure 

that color strength efficiency (K/S) values increased 

as the electrolyte concentration increased from 0-40 

g/L for all dyed fabric. Considering, this result may 

be attributed to gradually adding electrolytes reduce 

the solubility of the hydroxyl anionic group of the 

hematein dye molecule, prevailing the energy barrier 

against the negative charge of the cellulosic fabric 

based on cellulose dyeing theory. [48] In the case of 

dyeing blank cotton fabric with hematein dye, rapid 

adsorption occurs and the dye molecules remain 

agglomerated on the fiber surface and stain it 

associated with a slight increase in K/S values. 

Therefore, the ionic bond cannot be formed and the 

dyeability, as well as colorfastness, will certainly be 

poor. However, dyeing bio-mordanting fabrics with 

hematein dye K/S values significantly increased as 

the concentration of salt increased and the staining 

disappeared completely. In general, dyeing cotton 

fabric with hematin dye confirm the need for a high 

concentration of electrolyte for the dyeing process in 

a homogeneity hue. [49] 

  

 
Figure 8: Effect of electrolyte addition on the color strength of hematoxylin dyed fabric Dyeing condition: L.R 

1:30, pH 4.56, at 100 oC for 60 min 

 

Effect of dye bath pH 

The effect of dyeing bath pH on the color 

strength values of hematoxylin dye on the blank and 

the four bio-mordanting cotton fabrics were shown in 

Figure 9. The results indicate that the highest color 

strength (K/S) value of the dyed fabric was observed 

at pH 4.56. However, the strongly acidic and alkaline 

pH shows the lowest color efficiency K/S value due 

to the instability of hematein dye is strongly acidic or 

basic medium. [50] On the other hand, the higher K/S 

values were observed by using bio-mordanting cotton 

fabric BMA+G and BMAG at pH 4.56 due to 

increasing the ionic interactions i.e. attraction forces 

between the negatively charged hydroxyl 

polyphenolic groups of the dye molecules and the 

protonated bio-mordanted cotton fabric. [11] 
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Figure 9: Effect of dye bath pH on the color strength of hematoxylin dyed fabrics Dyeing conditions: L.R 1:30, 

40g/L NaCl at 100 oC for 60 min 

FTIR analysis of hematoxylin dye  

Hematoxylin extracted dye was screened for 

the functional group identification using FTIR 

spectral analysis. Figure 10 shows the FTIR 

spectrum of hematoxylin extracted dye in an aqueous 

solution. The spectrum showed characteristic 

absorption bands at 3335.59 cm-1 assigned to 

phenolic -OH stretching vibration of aromatic rings 

of hematein, tannin, and flavonoid components. The 

peak appears at 1637.61 cm-1 belongs to –C=O 

stretching vibration of a ketonic group of hematein, 

flavonoid, and their derivatives, while peaks 

appeared at 1598.57 and 1503.81 cm-1 was revered to 

-C-C- aromatic stretching vibration. In addition, a 

peak at 1367.84 cm-1 was assigned to -C-O stretching 

vibration of phenolic groups. The bands between 

1249.76 and 1026.79 cm-1 erewere attributed to -C-

O-C stretching vibration of phenol or ester groups. 

The peak at 1173.74 cm-1 assigned to a bond between 

aromatic ring and oxygen. The small peaks appear 

around 832.62-634.99 cm-1 belong to the stretching 

vibration of C-H groups of benzene ring present in 

the aromatic system. Furthermore, the presence of 

sharp peaks in the range of 1503.81 – 605.50 cm-1 

correspond to hematein and other colorants 

components such as a derivative of brazilein, tannins, 

flavonoids, and its derivatives present in hematoxylin 

dye extract. [51]  

 

Effect of bio-mordanting on color coordinates 

The color values measured in terms of L*, 

a*, b*, and K/S values of blank and bio-mordanting 

pretreated cotton fabric dyed with hematoxylin 

natural dye extracted from logwood chips are shown 

in Table 1. As it can be seen from the table that the 

blank and four bio-mordanting dyed fabrics show a 

positive value of a* and b* which indicates that the 

color was a shift towards the red-yellow coordinate 

zone. However, the higher K/S value was achieved in 

the case of bio-mordanting cotton fabric BMAG as a 

result of providing efficient active sides in the form 

of – NH2 of gelatine and OH groups of aloe vera 

extract bio-mordanting fabric- dye interaction. The 

result depends on the ionic interaction between the 

phenoxide ions of hematein, flavonoids, and phenols 

present in the dye molecules and NH+ 3
 protonated 

amino groups of gelatine as well as van der Waals 

forces between hydrophobic parts of dye anion and 

hydrophobic parts of BMAG cotton fabric and 

hydrogen bonding. Therefore, these interactions 

increase the amount of dye onto the BMAG cotton 

fabric as depicted by higher K/S values and lower L* 

value compared to the other bio-mordants and blank 

fabrics. 

 

 
Figure 10: FTIR spectrum of hematoxylin dye 

extract 

Table 1: Color coordinates of cotton fabric dyed with 

Hematoxylin dye. 

Bio-mordant 
Samples 

 L*  a*  b* K/S 

Blank 29.3 5.92 5.74 10.89 
BMA 30.74    6.87 11.68 13.50 
BMG 29.05 9.09 14.98 16.25 
BMA+G 27.69 7.69 12.68 18.50 
BMAG 21.88 5.32 5.58 20.46 

 

Color fastness properties  

The fastness properties rating of bio-

mordanting cotton fabrics dyed with hematoxylin dye 

is reported in Table 2. The washing fastness revealed 

that staining on cotton range from good to very good 
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and staining on wool also range from good to very 

good. However, the dyed bio-mordanting cotton 

fabrics show an improvement in washing fastness 

than the unmordant fabric (Blank). In addition, it was 

observed that dry rubbing fastness was better than 

wet rubbing fastness ratings of all the dyed samples. 

Otherwise, the light fastness properties show an 

excellent rating of all the dyed samples as a result of 

increasing chemicals interactions and Van der Waal 

forces between the hematoxylin coloring component 

and the bio- mordanting fabrics. 

 

Table 2: Colorfastness to washing, rubbing, and 

light of bio-mordanting cotton fabric dyed with 

hematoxylin dye 

CC: change in color, SC: staining on cotton, and SW: 

staining on wool  

Washing and rubbing evaluation on the gray scale: 1, 

poor; 2, fair ;3, good; 4, very good, and 5, excellent.  

Light fastness evaluation on blue scale : 1,very poor 

;2,poor ; 3, fair ; 4, moderate ; 5, good ; 6, very good 

and 7, excellent.  

 

Ultraviolet protection  

UPF rating for both undyed and dyed bio-

mordanting fabric samples was presented in Table 3. 

From Table 3, it was observed that the undyed blank 

and bio-mordanting fabrics show lower UPF values 

as well as UV protection ability. However, the bio-

mordanting dyed fabrics exhibited a higher UV 

protection performance than the undyed counterparts 

associated with a significantly increased UPF value. 

This result regardless of the type of bio-mordanting 

method used and K/S values. In general, the higher 

the fabric color shade depth (K/S) the higher UPF 

values. Meanwhile, this result may be attributed to 

the absorption of more UV radiations in the case of 

dark shades as seen in BMA+G and BMAG as the 

K/S values increased from 18.50 to 20.46. Therefore, 

due to the presence of polyphenols in hematoxylin 

aqueous extracted dyes that may help to block the UV 

rays and flavonoids can absorb UV rays and protect 

the skin from damage and cancer. Moreover, it was 

reported that the free radical scavenging capabilities 

of polyphenol and flavonoids present in the 

hematoxylin dye extract may be responsible for 

imparting UV blocking property of the dyed bio- 

mordant fabric and show excellent UV protection 

category. This result mean that the combination 

between bio-mordant aloe vera and gelatine treated 

fabric shows the dark brown shade after dyeing and 

helps to absorb more UV rays and protect the human 

skin. [6, 52] 

 
Table 3: Ultraviolet protection of undyed and dyed 

cotton fabrics with hematoxylin dye. 
Bio-

mordant 

samples 

UVA 

(315-

400nm) 

UVB 

(290-

315nm) 

UPF 

(290-

400nm) 

Protection 

category 

undyed 

fabric 

 

Blank  59.1 61.4 1.5 No protection 

BMA 20.8 19.50 5 No protection 

BMG 28.9 26.9 3.50 No protection 

BMA+G 18.8 17.4 5.6 No protection 

BMAG 23.6 22.1 4.4 No protection 

Dyed 

fabric  

 

Blank           4.9                        5                         19.7              

poor  

BMA 2.3                        2.3                        43.2               Very good 

BMG 2.8 2.8 35.0 Very good 

BMA+G 2.1 2.1 55.2 Excellent  

BMAG 2.5 2.4 46.1 Excellent  

 

Antibacterial and antifungal activity  

Table 4 shows the bacterial percent 

reduction assay of some pathogenic microorganisms 

selected on undyed and dyed blank cotton fabrics as 

well as bio-mordanting cotton fabrics. The results 

indicated that the undyed blank and BMG cotton 

fabric showed no activity against all the tested 

microorganisms and fungi. Also, the bacteria 

reduction present of undyed cotton fabrics bio- 

mordanting with BMAG was higher than BMA+G 

cotton fabric. The reason for these results may be 

attributed to that when cotton fabric was treated first 

with aloe vera antimicrobial agent, then treated with 

gelatin which forms a coating layer on the fabric 

surface less antimicrobial functional groups were 

created. In contrast, in the case of BMAG fabric, the 

gelatin blended with aloe vera extract in a onestep is 

more effective and more antimicrobial agents. This 

result may be due to the presence of more functional 

antimicrobial agent groups on the fabric surface 

associated with synergistic effect and illustrate more 

biocidal activity than BMA+G fabrics. [53] 

Conversely, the antifungal activity of BMA+G was 

higher than BMAG against C. Albicans reached 

56.01% and 47.52% receptivity. Among all the bio-

mordanting fabrics used in this study, BMA+G dyed 

fabric with hematoxylin dye was greatest against S. 

aureus 94.12% followed by B. subtilis then P. 

aeruginosa. Thus, BMAG is effective against gram-

positive bacteria and gram-negative bacteria. 

Meanwhile, BMA+G and BMAG are more effective 

to gram-positive bacteria than gram-negative bacteria 

and show maximum resistance against both of them. 

This result may be due to the higher K/S values that 

indicate the higher dye uptake of hematoxylin dye 

Bio – 

mordanting 

samples  

Washing 

fastness 

Rubbing 

fastness 

Lightfastness 

    CC       SC             

SW 

      Dry                    

Wet 

 

Blank       3-4       3-4             

2 

3-4                     

2-3 

6 

BMA       4           4              

3-4 

       4                        

2-3 

6 

BMG       4          4-5             

4 

       4                        

3-4 

6 

BMA+G       4          4-5             

4 

       4                        

3-4 

6 

BMAG       4          4-5             

4 

4                        

3-4 

6 
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who is leading to the presence of hematein, tannin, 

and isoflavonoid on the fabric surface. As a result, a 

greater number of antimicrobial functional groups 

present in the dyed cotton fabric attack the cell walls 

of bacteria and inhibit their growth. [31, 32, 49] 

 

Table 4: Antimicrobial and antifungal activity of 

undyed and dyed cotton fabrics with hematoxylin 

dye 
Bio- 

mordant 

samples  

Reduction % 

S.  

aureus 

B. 

subtilis 

E. 

coli 

P. 

aeruginosa 

C.albicans 

undyed 

fabric 

 

Blank  0 0 0 0 0 

BMA 29.25 34.00 20.81 15.92 43.48 

BMG 0                         0 0 0 0 

BMA+G 37.21 54.31 31.43 33.47 56.01 

BMAG 70.21 81.52 75.31 91.32 47.52 

Dyed 

fabric  

 

Blank  39.00 53.19 46.81 54.04 31.67 

BMA 41.50 57.45 55.31 92.8 61.65 

BMG 59.24 68.12 56.71 31.50 62.26 

BMA+G 94.12 79.76 62.19 71.90 71.96 

BMAG 88.59 78.89 61.56 64.15 48.71 

 

Antioxidant activity  

The antioxidant properties of undyed and 

dyed bio-mordanting cotton fabrics with hematoxylin 

dye were displayed in Figure 11. The undyed bio-

mordanting cotton fabrics showed very low 

antioxidant activity, while the dyed fabrics showed a 

significant increase in their antioxidant activity. The 

results of the high antioxidant potential of dyed bio-

mordanting cotton fabrics may be attributed to the 

presence of various bioactive compounds such as 

brazilein, hematein, flavonoids derivatives, and a 

large number of tannins present in the hematoxylin 

dye. [2, 3] Also, the increased radical scavenging 

activity of the dyed BMG fabric (85.22%) as a result 

of increasing the active cationic side on the fabric 

surface which increase the yield of hematoxylin dye 

uptake ingredient. [11, 54] Additionally, the decrease 

in the antioxidant properties of BMAG dyed fabric 

maybe because aloe vera extracting bioactive 

compounds occupied some of the amino acids of 

gelatin functional groups as well as crosslinked 

cellulose carboxylic groups. Meanwhile, the number 

of gelatin functional groups decreased followed by 

loss of free –OH phenolic groups of dye molecules 

leading to the reduction in its scavenging ability ]15[. 
In general, the result suggests that hematoxylin dye 

bioactive constituents present in the aqueous extract 

play an important role as a strong antioxidant 

property that can be used to develop bioactive textile 

fabric for use in the biomedical textile sector. [55]. 

 

 
Figure 11: Antioxidant activity of undyed and dyed 

bio-mordanting cotton fabrics with hematoxylin dye  

Dyeing conditions: L.R 1:30, 40g/L NaCl, pH 4.56 

at 100 oC for 60 min. 

 

Conclusion 

This research highlight a facile green 

method for dyeing bio-mordanted cotton fabric based 

on aloe vera and gelatin with hematoxylin dye 

aqueous extract to furnish and gain value-added 

properties dyed fabric. All the bio-mordants dyed 

fabric produces reddish-brown shade without 

staining than the unmordant dyed fabric. Moreover, 

the dyebath effluent will be saved for disposal. The 

presence of bioactive compounds of the dye extract 

was confirmed by the FTIR spectrum. The fastness 

properties of the dyed bio-mordanting fabrics to 

washing and light show an enhancement as compared 

to the unmordant dyed fabric. Additionally, bio-

mordanting cotton fabrics BMA, BMG, BMA+G and 

BMAG dyed with hematoxylin dye produce 

appreciably improvement in ultraviolet protection 

factor (UPF), as well as BMA+G  fabric, possess 

maximum resistance against gram-positive bacteria 

(94.12 % ) S. aureus and C. Albicans antifungal 

(71.96 %). In addition, BMAG dyed fabric shows a 

maximum reduction percent (88.59 %) against gram-

positive bacteria S. aureus. All the dyed fabrics 

exhibited higher antioxidant behaviors ranging from 

good, very good to excellent inhibition percent.  

 

The outcomes of this work provide a 

potential use of hematoxylin dye aqueous extract as 

value-added sustainable color for the eco-textile 

dyeing industry where there is a great challenge by 

natural dye through the production for medical textile 

and greener textile coloration.  
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Abbreviation  

Sodium hypophosphite (SHP) 

Liquor ratio                   (L.R) 

Bio-mordanting cotton fabric with aloe vera (BMA)  

Bio-mordanting cotton fabric with gelatin (BMG) 

Bio-mordanting cotton fabric with aloe vera and 

gelatin   (BMA+G) 

Bio-mordanting cotton fabric with blended aloe vera 

and gelatin  (BMAG) 

UV protection factor (UPF) 
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