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Cotton Dyeing with Cochineal by Just in Time Extraction, 
Mordanting, Dyeing, and Fixing Method in the Textile Industry
Recep Karadag a,b

aIstanbul Aydin University, Faculty of Fine of Arts, Department of Fashion and Textile Design, Florya Campus, Istanbul, 
Turkey; bTurkish Cultural Foundation, Cultural Heritage Preservation and Natural Dye Laboratory,Istanbul, Turkey

ABSTRACT
Cochineal is employed in the field of cosmetics, food, textile, and flavors. The use 
of cochineal in textile goes back an ancient times in Mexico. These dyes have 
been used in different natural fibers. After the first quarter of the sixteenth 
century, cochineal was brought from Mexico to Europe and Asia. Since this 
date, it has been used very quickly and widely in Europe and Asia. The dye is 
used as a natural dye all over the world nowadays. Today, the dye is usually dyed 
with traditional methods. Cochineal is an important natural dye resource for red 
colors. The use of cochineal has come to importance in the textile industry for 
the red color in recent years. Cochineal has not been used as an economical, 
sustainable, and mass production in the textile industry up to now. This study 
has provided economical, sustainable, and industrial-scale production in the 
cotton textile industries. Cochineal dyeing recipes were created on industrial- 
scale samples by the jet dyeing machines. Color change, washing, rubbing 
fastness 4–5, and lightfastness found 4–5. The optimum conditions were deter-
mined for dyeing by the jet dyeing machine. According to the optimum dyeing 
recipe, cotton fabric was dyed with cochineal.

摘要
胭脂虫油应用于化妆品、食品、纺织品和香料领域。胭脂虫在纺织品中的 
使用可以追溯到远古时期的墨西哥. 这些染料已用于不同的天然纤维中. 16 
世纪前25年后, 胭脂虫从墨西哥传入欧洲和亚洲. 自那时以来, 它在欧洲和 
亚洲得到了迅速和广泛的应用. 这种染料现在在世界各地都被用作天然染 
料. 今天, 染料通常用传统方法染色. 胭脂虫是一种重要的红色天然染料资 
源. 近年来, 胭脂虫因其红色在纺织工业中的应用变得非常重要. 到目前为 
止, 胭脂虫还没有作为一种经济、可持续和大规模生产的药物在纺织工业 
中使用. 本研究为棉纺织行业提供了经济、可持续和工业规模的生产. 胭脂 
虫染色配方是通过喷射染色机在工业规模的样品上创建的. 变色、洗涤、 
摩擦牢度4-5, 以及发现的耐光性4-5. 确定了喷射染色机染色的最佳条件. 
根据最佳染色配方, 用胭脂虫对棉织物进行染色.
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Introduction

Cochineal was derived from the dried bodies of females of the Dactylopius coccus Costa insects and 
used for the coloration of textile fibers as a red dye. This natural dye presents good light stability. Its 
color varies from orange to red, depending on the pH (Blyskal 2015; Borges et al. 2012). Natural dye 
sources used different fibers (Benli, 2020; Deveoğlu et al. 2013; Kyung-Hee et al. 2014). Over 700 dye 
plants can be used for natural dyeings in the World (Karadag 2021). The dye source of them is 
cochineal.
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There are many works about protein fibers (silk, wool, etc.) dyed with cochineal or carminic acid. 
Wool fabric was dyed with cochineal extract by microwave irradiation (Adeel et al. 2019). Microwave- 
assisted extraction of colorant from cochineal for dyeing of bio-mordanted silk has been carried out 
(Amin et al. 2020). Silk fabrics were dyed with cochineal and gall oak (Şahinbaşkan, Karadag, and 
Torgan 2018) for red and purple colors. Cochineal and chitosan were used in the cotton fabric dyeing.

Cochineal had been used in the dyeing of many historical textiles for red and purple colors 
(Kahraman and Karadag 2017; Karadag et al. 2015; Karapanagiotis and Karadag 2015; 
Karapanagiotis et al. 2008; Katarzyna et al. 2015).

In this study, bleached cotton is dyed with cochineal, gall oak bio mordant, calcium mordant, and 
alum mordant as sustainable industrial-scale production. Different mordant matters (alum, calcium 
and gall oak) and dye concentration were applied in these dyings by the just-in-time extraction, 
complex formation dyeing, and fixing method.

Material and method

Material

Dye plant and chemicals
Cochineal and guar gum (C10H14N5Na2O12P3) were provided from Natural Dyes Doğal Boya 
Hammaddeleri San.ve Dış Tic. Ltd. Şti. Turkey. Turkey. Coloring compounds reference standards 
and chemicals were provided by DATU Cultural Heritage Preservation and Natural Dyes Laboratory 
in Istanbul, Turkey. Knitting cotton fabric was used and the weight of the fabric was 230 g/m2. The 
following coloring compounds standards were used as references: Carminic acid from Carl Roth 
(Karlsruhe, Germany). Additionally, alum [KAl(SO4)2.12H2O], hydrochloric acid (HCl), methanol 
(CH3OH), acetonitrile (CH3CN), and trifluoroacetic acid (CF3COOH) from Merck, flavokermesic 
acid was provided by Prof. Mohammad S. Mubarak in the INCO CT 2005 015406 MEDCOLOUR- 
TECH Project, H2O2, Ca(NO3)2.2H2O, NaOH, citric acid, and Na2CO3, from Balmumcu Kimya San. 
Tic. Ltd. Şti. Turkey was used.

Bleaching
A standard bleaching process was used. Desized and scoured cotton fabrics were immersed in their 
bleaching solutions. Each bleaching solution contained a nonionic wetting agent (1 g/L), 30% H2O2 
(5 g/L), and an alkali [(NaOH) (2 g/L)]. The process took place at 70 degrees and 60 minutes. At the 
end of the bleaching process duration, the bleached samples were washed thoroughly with hot water 
and then cold water then dried (Karadag 2021). Bleaching imparts cationic and hydrophilic properties 
to the fabric. The dyestuff is dyeing more efficiently and strong bound in the cationic fabric.

Dyeing
Ten samples and industrial-scale bleached cotton fabrics, which had different percentages of alum, gall 
oak, cochineal, and calcium nitrate were used for dyeings and fixing with guar gum in industrial 
sample jet dyeing machines. 25 kilograms of bleached cotton fabric was used for each sample dyeing. 
500 kilograms of the same bleached cotton fabric was used for industrial-scale dyeing. Dyeing's pH has 
buffered with citric acid in 6.0–7.0. These dyeing processes were given in Table 1.

In addition, the number 3 recipe was selected optimum recipe (Table 1). 0.3% cochineal, 0.3% gall 
oak, 0.03% calcium nitrate, 0.075% alum and 0,03% guar gum were used for sustainable industrial- 
scale production. Just in time dyeing [extract, complex formation, and dyeing together (synchronous 
dyeing)] method used in the sample jet dyeing machine and large-scale production. Before an 
extraction unit was modified to jet dyeing machines for extraction and complex formation. Ground 
cochineal, gall oak, alum, and calcium nitrate were added to the extraction unit. Together cochineal, 
gall oak, calcium nitrate, and alum were extracted for 15 minutes at 30°C. The extract was slowly 
dosage to the dyeing machine. Extraction, formation complex, and dyeing continued simultaneously 
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(as synchronous) throughout the dyeing. As a gradient, extraction and dyeing temperatures increased 
to 80°C. Then temperature has been decreased to 50°C, and guar gum (0.003 g/L) was added for fixing. 
Fixing continued at 50°C for another 30 minutes. Then, soup add and the temperature was increased 
to 60°C. Washing was done for 20 minutes at 60°C. Finally, the dyed cotton fabric was rinsed and 
dried. The extraction, formation complex, dyeing, and fixing processes are given in Figure 1.

HPLC analysis (high-performance liquid chromatography)

HPLC instrumentation

Chromatographic measurements were carried out using an Agilent 1200 series system (Agilent 
Technologies, Hewlett-Packard, Germany). The analytical protocol and elution program are given 
in the previous studies (Karadag 2021). (Karadag, Buyukakinci, and Torgan 2022). Gallic acid, 
carminic acid, ellagic acid, and flavokermesic acid were identified in the dyed fabric (Figure 2).

Table 1. Dyeing parameter, according to the percentages of alum, Ca(NO3)2, gall oak and cochineal.

Number Cochineal (%) Gall oak (%) Alum (%) Ca(NO3)2% pH Bath ratio

1 0.1 0.1 0.025 0.01 6.0–7.0 1/10
2 0.2 0.2 0.050 0.02 6.0–7.0 1/10
3 0.3 0.3 0.075 0.03 6.0–7.0 1/10
4 0.4 0.4 0.10 0.04 6.0–7.0 1/10
5 0.5 0.5 0.125 0.05 6.0–7.0 1/10
6 0.1 0.6 0.150 0.06 6.0–7.0 1/10
7 0.2 0.7 0.175 0.07 6.0–7.0 1/10
8 0.3 0.8 0.20 0.08 6.0–7.0 1/10
9 0.4 0.9 0.225 0.09 6.0–7.0 1/10
10 0.5 1.0 0.250 0.10 6.0–7.0 1/10
11 0.3 0.3 0.075 0.03 6.0–7.0 1/10
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Figure 1. Cochineal dyeing, mordanting and fixing producer.
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Color measurement

Konica Minolta CM-2300d Software Spectra Magic NX (6500 K, 10°) was used for color measurement 
(Karadag, Buyukakinci, and Torgan 2022). CMC, L*, a*, b*, and K/S values are shown in Figure 3.

Fastness properties

The washing, rubbing, and light fastnesses of 10 dyed fabrics and large-scale production were 
determined according to ISO105: C06 (A1S), ISO105-E04, ISO105-X12, and ISO105-B02 standards, 
respectively. The ISO 105:C06 A1S fastness test was carried out at 40°C for 30 min containing 10 steel 
balls. The dyed samples were exposed to the light for 48 h from a xenon arc lamp (250 W). The 
lightfastness, washing, and rubbing values of the dyed fabrics are given in Table 2.

SEM-EDX analysis

The untreated cotton fabric and dyed cotton fabric were analyzed by Scanning Electron Microscope 
equipped with Energy Dispersive X-ray Spectrometer (SEM-EDX) for surface imaging analysis with 
a secondary electron (SE) detector. The analytical protocol is given in

the previous study (Karadag 2021). Surface images and elemental analysis are given in Figures 4 and 5.

Result and discussion

The coloring compounds of the cochineal are a major quantity of carminic acid and a trace amount 
flavokermesic acid. The coloring compound (carminic acid) is soluble in the water. But the coloring 
compound (carminic acid) is more soluble in the alum aqueous solution than in the water.

Figure 2. (a) Chromatograms of the dyed fabrics, (b) spectra of 6.252 RT (black line) and spectra of gallic acid (red line) (c) spectra of 
16.143 RT (black line) and spectra of carminic acid (red line), (d) spectra of 17.402 RT (black line) and spectra of ellagic acid (red line), 
(e) spectra of 26.039 RT (black line) and spectra of flavokermesic acid (red line).
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Carminic acid has formed a complex with aluminum ions. The complex of aluminum-carminic 
acid formed in the extraction unit. But aluminum-carminic acid complex is not a strong complex. The 
formed aluminum-carminic acid complex is formed into a new very strong complex with calcium ions 
(Figure 6). The complex formed in the extraction unit through dyeing and bound to the cotton fabric 
during dyeing. Instead of complexes that bind to the cotton fabric, carminic acid continuously 
dissolves from the cochineal.

Gall oak was dissolved in the extraction unit. The main components of gall oak are gallic acid and 
ellagic acid. The components are very strong cationic binders in the cotton dyeing process. The natural 
fixing agent provides the depth of color. This dissolution continues until the complete dissolution of 
carminic acid from cochineal, and gallic acid and ellagic acid from the gall oak. The maximum amount 
of dyestuffs was extracted from the cochineal and gall oak by this method.

Carminic acid, flavokermesic acid, gallic acid, and ellagic acid, were detected in the dyed fabric. 
Carminic acid has five dissociation constants, and the constants values are pKa1:3.39; pKa2:5.78; pKa3: 
8.35; pKa4:10.27, and pKa5:11.51. This ligand behaves as a bi-dentate ligand, and the carboxyl and the 
ortho hydroxy groups of the ligand coordinate with the metal ions (Mihail and Craciun 1970). 
Accordingly, it can be assumed that the coordination of carminic acid with the metal ion occurs via 
the carboxylic group and the hydroxy group to form complexes. Intrahydrogen bonding between the 
hydrogen of the carboxylic group and the oxygen of the hydroxy group is expected to take place within 
the ligand molecule in solution. The low dissociation constant of the carboxylic group in the carminic 
acid will encourage intrahydrogen bonding, but it is not expected that such bonding will cause 
significant obstruction to the coordination of the ligand with the metal ion or ions.
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Figure 3. Color measurement values CMC, L*, a*, b*, and K/S.
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Metal (M): Ligand (L) ratio. [M:L (Al: carminic acid)] is 1:2. The carminic acid-aluminum, 
aluminum-carminic acid-calcium, and structural complexes have been found in various previously 
published articles (Dapson 2007; Gabrielli et al. 2018; Šuleková et al. 2017).

The carminic acid first dissolves from the cochineal. First, the carminic acid forms a complex with 
Al3+ ions and after then too strong complex with Ca2+ ions. The coloring compounds were extracted 
from the dye sources (cochineal and gall oak) and the aluminum-carminic acid-calcium complex 
(Figure 6) was formed during the dyeing, and the complex was bound to the cotton fabric via gallic 
acid and ellagic acid during the dyeing (as synchronous). Thus, the complex was formed for a long 
time (throughout dyeing). The alum-carminic acid-calcium complex and extract of gall oak (gallic acid 
and ellagic acid) were dosed for a long time. At the same time, both dyeing and complex started at low 
concentrations and low temperatures. Because the temperature has been increased as a gradient, the 
complex was slowly formed from the cochineal extraction and the cotton fabric was slowly dyed. This 
process continues until the dyestuffs are completely dissolving from the cochineal and gall oak.

Figure 4. The SEM imagine: (a) undyed fabric (b) dyed fabric with cochineal (0.3%), gall oak (0.3%), alum (0.0075%) and calcium 
nitrate (0.03%).

Table 2. Fastness properties of cochineal (Dactylopius coccus Costa).

Number Lightfastness Color change

Staining Rubbing

Wo PAN PES PA Co CA dry wet

1 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
2 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
3 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
4 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
5 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
6 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
7 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
8 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
9 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
10 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
11 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
12 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
industrial scale 4–5 4 5 5 5 5 4–5 4–5 4–5 4–5
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Figure 5. The EDX analysis: (a) undyed fabric (b) dyed fabric with cochineal (0.3%), gall oak (0.3%), alum (0.075%) and calcium nitrate 
(0.03%).
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The dye liquor ratio is too high in traditional dyeing conditions. The dye liquor ratio is not suitable 
for sustainable and industrial-scale production by nowadays-textile machines. The machine was 
designed and developed for a low dye liquor ratio. Thus, a low dye liquor ratio provided high dye 
concentration, low water consumption, low energy consumption, and low wastewater. It is proble-
matic to start dyeing at high dye concentrations and high temperatures. Unevenness dyeing is a very 
important problem in industrial-scale productions (Karadag 2021). Therefore, cotton fabric dyeing 
started with low aluminum-carminic acid-calcium complex concentration and low temperature. The 
SEM images and elemental analysis of dyed fabric and undyed fabric are shown in Figures 4 and 5. It 
was observed that the fibers dyed with aluminum-carminic acid-calcium complex dye retained their 
structures without any damage after the dyeing processes. 0.02% aluminum and zero calcium were 

Figure 6. Possible structure of Ca-carminic acid-Al complexes (a, b, and c).
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detected in the undyed fabric. But 0.07% aluminum and 0.18% calcium were detected in the dyed 
fabric. Silicone arises from standard bleaching and the finishing process.

It is normal for the color values to differ depending on the recipe in dyeing. Which color value is 
better depends on the consumer. That is, the color preference differs from person to person. Therefore, 
all recipes can be used for industrial dyeing. In the work, guar gum was used as a stabilizer in dyeing 
cotton fabrics with cochineal. Guar gum, also called guaran, is a galactomannan polysaccharide 
extracted from guar beans that has thickening and stabilizing properties useful in food, feed, and 
industrial applications (Thombarea et al. 2016).

The color change values of the samples after the washing, light-fastness, and rubbing fastness tests 
in general, were found to be 4–5 in grayscale rating. The color fastness values of dyed samples to the 
light of cochineal were found to be 4–5 in blue-scale rating. Fastness values are high in wool and silk 
dyeings with weld. But generally, the fastness values are low in dyeing the cotton with cochineal. With 
this method, the fastness values in cotton dyeing were increased. Fastness properties are moderately or 
low in the cotton dyeing with cochineal (Arroyo-Figueroa et al. 2010; Ke, Kundi, and Chowdury 2021). 
The method has increased all fastness properties.

Conclusion

Cochineal dye insect was used in the industrial-scale sample jet dyeing machines for cotton fabric 
dyeing. Ten dyeing recipes were created using 0.025%, 0.05%, 0.075%, 0.10%,0.125%, 0.15%, 
0.175%,0.20%,0.225, and 0.25 proportions of alum; 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%,0.8%, 
0.9% and 0.1.0% proportions of gall oak; 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07, 0.08%, 
0.09%, and 1.0% proportions of calcium nitrate mordant and 0.1%, 0.02%, 0.3%, 0.4%, and 0.5% 
proportions of cochineal dye insect in different combinations (Table 1). All the cochineal recipes have 
features that can be used for pink and red dyeings. However, in industrial-scale dyeing, the selected 
optimum recipe (0.3% cochineal, 0.3% gall oak, 0.03 calcium nitrate, and 0.075% alum) was used.

Considering the Ca-carminic acid-Al [Ca(C22H20O13)2Al] reaction, alum and calcium mordant 
percentages were calculated according to carminic acid (15% – % 30) content in the cochineal (Table 1 
dyeing numbers 3 and 11). The calculation was made without taking kermesic acid into account. 
Because the amount of kermesic acid is negligible.

This recipe has preferred because it is more economical in large-scale production. The color values 
and fastness (washing, light, and rubbing) tests of all recipes are very good for natural pink dyes in 
cotton dyeing. Less quantity cochineal, less quantity gall oak, less quantity calcium salt, and less 
quantity alum were used and more color yield was obtained. Gall oak is a good cationic agent and guar 
gum is a good stabilizer for cochineal dyed cotton fabrics. If an extraction unit is added to a jet dyeing 
machine or any dyeing machine, natural dyes can also be used for sustainable industrial-scale such as 
synthetic dyes.

Color is relative and each consumer’s and each fashion clothing industry’s color preference is 
different. Thus, each of these ten cochineal dyeing recipes can be used for pink colors.

Dyeing proceeds in a controlled manner by just in time dyeing method. A complex is 
formed with alum and calcium as much as the amount of extract (carminic acid). They formed 
complex bonds to the cotton fabric. This cycle goes on continuously until the extract (carminic 
acid) runs out. Since the initial and all during, dyeing the dye concentration is very low in this 
method, unevenness does not occur in dyeing.

Based on this dyeing method, it will shed light on more controlled dyeings with new algorithms so 
that natural dyeing can be much more used in industrial dyeing.
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