PEER REVIEWED

DYEING

Alkaline Extraction of Natural Dye from Pterocarpus santalinus
Powder and its Application on Cotton
Jothi Mani Sahadevan & Kalaiarasi Kaliappan*
Department of Textiles and Clothing, Faculty of Home Science, Avinashilingam Institute for Home Science and
Higher Education for Women, Coimbatore, India
Abstract:
Natural dyeing is gaining more attention because of eco-friendly and non-toxic nature. In the current study, the extract of
Pterocarpus santalinus powder was examined as a natural textile dye. The extraction conditions such as dye source
concentration, time and temperature were optimized. The Phytochemical studies indicate the existence of sterols,
flavonoids, triterpenoids, protein, glycosides, carbohydrates and saponins. The selected cotton fabric was dyed with the
extracted dye and dyeing parameters with the time, temperature, pH and material liquor ratio (MLR) were optimized. The
fabric was dyed with alum and myrobalan as mordants. The colour co-ordinates and colour strength of dyed fabrics were
analysed. The dyed fabrics were assessed for colour fastness to washing, sunlight and rubbing. The results showed that
dyeing of cotton with Pterocarpus santalinus dye extract at 800 C for 60 minutes using dye bath of pH 9 and MLR of 1:40
produce good colour strength. The dyed fabrics exhibit good colour fastness properties. The positive value of a* and b*
indicates that the colour of the dyed fabrics lies in red-yellow quadrant. Hence the extract of Pterocarpus santalinus powder
can be employed as a potential natural textile dye.
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1. Introduction
Textile dyeing industries produce huge amount of waste
water that contain chemicals, salt and synthetic dyes.
Production of synthetic dyes includes more hazardous
chemicals which cause lot of health problems and
environmental pollution [16]. Synthetic dyes are cheaper and
produce brighter shades than natural dyes [12]. During midnineteenth century, textile industry used huge amount of
artiﬁcial dyes for dyeing because these dyes showed good
colour fastness and are economical [9]. It was extensively
used in diﬀerent industries such as textile, paper, printing,
food, paint and rubber [4]. However, use of synthetic dyes
damage aquatic life and cause harmful eﬀect on human
health [20]. Due to the ecological imbalance caused by
synthetic dyes, now-a-days the demand towards non-toxic,
non-allergic, eco-friendly natural dyes has been improved
[14]. Natural dyes are colourants derived from natural
source such as animal, plants and minerals. The natural dyes
are mostly obtained from leaves, bark, ﬂowers and root of the
plants [19]. Natural dyes are not only used to dye textile
materials but also used to colour food, medicine, leather
products etc [21].
Environmental concerns and awareness have increased the
advancement of sustainable products and processes that
causes less harm to the environment and human health [6].
Consumers are also worried about natural perspectives in
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textiles and are willing to pay more for items that are less
unsafe to the climate [8]. The revival of cultural legacy and
rising of global threats due to synthetic dye eﬄuents has now
urged the inception of natural dyes in all ﬁelds.
Research on natural dyes has been increased in recent years.
Natural dyes produce soft and lustrous colours and reduce the
use of petrochemical-based (synthetic) dyes. In recent times,
the number of companies that uses natural dyes for textile
dyeing has increased and the search for new resources of
natural dyes has been increased. Several researchers have
concentrated more on natural dye extraction from natural
resources. Kandasamy and Kaliappan (2020) reported that
Enzyme-mediated ultrasound-assisted extraction method is
the eﬀective method for the extraction of dye from
Pterocarpus marsupium Roxb, saw dust for silk fabric.
“Jiang et.al (2019) extracted natural dye from the stem of
Caulis spatholobi and used it to dye Wool”. Natural dye
extracted from Cosmos sp was used to dye the silk yarn [18].
“Farooq, Ali, Abbas, Zahoor & Ashraf, (2013) has extracted
natural dye from mariegold (Tagetes erecta) and utilized it to
dye the cotton fabric”.
Pterocarpus santalinus belongs to Fabaceae family and it is
referred as red sandalwood or red sanders. This tree is grown
mostly in Southern Eastern Ghats mountain range of South
India [1]. Red sandalwood has several medicinal values and
in Ayurveda it is used to cure cough, fever, digestive track
problems, high blood pressure etc [15]. Red sandalwood is
highly known for their coloured timber and natural red dye
[2]. The aim of this study is to examine the red sandalwood
powder extract as natural textile dye and to optimize various
conditions for dye extraction and dyeing. The colour
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parameters and colour fastness properties of the dyed fabrics
were evaluated.
2. Materials And Methods
2.1 Materials
Commercially available Pterocarpus santalinus powder (red
sandalwood powder) was procured from local market in
Coimbatore, Tamilnadu, India. Greige cotton fabric (100%)
was purchased from National Textile Corporation (NTC),
Coimbatore, Tamilnadu, India. The cotton fabric was desized
and scoured by conventional method. For desizing, the
cotton fabric was immersed in detergent solution and boiled
for one hour at 1000 C to remove the starch. The desized
fabric was washed thoroughly with tap water. Desizing was
followed by scouring to remove the natural oil and dirt. The
desized fabric was immersed in 3% NaOH solution and
boiled for one hour at 1000 C. The pre-treated fabric was
washed in tap water and then dried in shade.
Mordant is the ﬁxing agent who helps to aﬃx the dye
molecules to the ﬁber or fabric. Myrobalan (Terminalia
chebula) a common natural mordant and alum (Aluminium
Potassium Sulphate) an ecofriendly metallic mordant was
chosen for the present study to improve the dye ﬁxation and
brilliance of the shade.
2.2 Dye extraction
Dye was extracted from Pterocarpus santanlinus powder by
taking 5% dye source in 100 ml of water and boiled at 1000 C
for 1 hour.
2.3 Optimization of dye extraction parameters
Various parameters were optimized for the extraction of
natural dye from Pterocarpus santanlinus powder. The
extraction was carried out using various solvents such as
water, alkali (1% Sodium hydroxide), acid (1% HCl) and
alcohol (ethanol). To determine the optimum concentration
of sodium hydroxide for maximum dye yield, extraction was
carried out at diﬀerent sodium hydroxide concentrations
(0.05 M - 0.40 M at 0.05 interval). To determine the optimum
dye source concentration, diﬀerent concentrations [1-7%]
were used for extraction. The extraction was carried out at
diﬀerent temperatures [300 C- 1000 C at 150 C interval] for
diﬀerent time durations [15- 105min at 15 min intervals]. The
colour intensity of dye extracts were analysed using UV-VIS
spectrophotometer at maximum absorbance wavelength
(425nm). The extraction condition that produced maximum
colour intensity was selected as optimum for dye extraction.
2.4 Phytochemical analysis
Phytochemical analysis was done to identify the chemical
component present in the dye extract [5].
2.5 Standardisation of dyeing parameters
To determine the optimium dyeing temperature, cotton
fabrics were dyed at diﬀerent temperatures (400 C-1000 C at
100 C interval) with material liquor ratio (M:L:R) of 1:40 for
60 min. To determine the optimum dyeing time, fabric
samples were dyed at diﬀerent time intervals (20-80 min at
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10 min interval) at optimized dyeing temperature. To study
the inﬂuence of MLR on dyeing, fabric samples were dyed at
MLR of 1:10, 1:20, 1:30, 1:40 and 1:50 separately at
optimized dyeing temperature and time. To optimize the dye
bath pH, dyeing was carried out at diﬀerent pH range from 7,
8, 9, 10,11 and 12 individually. All the dyed fabric samples
were assessed for colour strength and colour co-ordinates.
The dyeing conditions which showed maximum colour
strength was selected as optimum for dyeing.
2.6 Mordanting
To select suitable mordanting techniques, “cotton fabric
samples were subjected to premordanting with alum and
myrobalan, each at 2% and 5% o.w.f (on weight of fabric), for
60 min at 800 C with MLR of 1:40 [17]”. Similar conditions
were followed for simultaneous and post mordanting. The
eﬀect of mordant on the colour fastness property and colour
strength of the dyed samples was determined.
2.7 Dyeing
Dyeing was performed with Pterocarpus santanlinus powder
dye extract under optimized dyeing conditions. The fabrics
were treated with selected mordants and mordanting
technique. The fabric was rinsed well to remove the unﬁxed
dye and dried.
2.8 Colour co-cordinates and colour strength
Dyed fabrics were evaluated for colour co-ordinates (L*, a*,
b*,) and colour strength using Premier Colour scan SS
5100H Spectrophotometer.
The relative colour strength of the dyed fabric (K/S) was
measured using the Kubelka-Munk equation:
K/S = (1-R) ² / 2R
Where K is the absorption coeﬃcient, R is the reﬂectance of
the dyed fabric and S is the scattering coeﬃcient.
Colour co-ordinate L* value indicates the lightness of colour
which can range between 0 (black) to 100 (white). a*
measures the intensity of red (+) or green (-) and b* measures
the intensity of yellow (+) or blue (-).
2.9 Colour fastness testing
The dyed fabric samples were subjected to various colour
fastness testing. Wash fastness was tested by washing the
dyed samples in standard soap solution at room temperature
for 10 min, keeping MLR as 1:40. The fastness to dry and wet
crocking was manually done using crock-o-meter. For light
fastness test, the dyed samples were exposed to sunlight for 7
days and the fastness was assessed using grey scale.
3. Results and Discussion
3.1 Optimization of dye extraction conditions
The eﬀect of various solvent on dye yield was studied and the
results are presented in Table 1. From Table 1, it is clear that
maximum colour yield was obtained with alkaline extraction
medium. The colour yield was found to maximum at 0.2 M
sodium hydroxide concentration. Above or below this
concentration the colour yield was found to be lower. The
decrease in colour yield value might be due to high reactivity
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of dye in concentrated alkaline medium. The outcome of dye
source concentration on dye yield was investigated and the
results are presented in Table 1. The colour intensity
increases with increase in dye source concentration.
Maximum colour yield was noticed at 4% concentration.
Hence 4% dye source concentration was selected as
optimum. The colour yield was found to reach maximum at
30 minutes of extraction time. Further increase in extraction
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time resulted in lowered colour yield which might be due to
degradation of dye components at higher temperature for
prolonged exposure [17]. The inﬂuence of extraction
temperature on colour yield is presented in Table 1. The
colour intensity of the dye extract increased with rise in
temperature and found to attain maximum at 750 C. This
might be due to better solubility of dye components at higher
temperature. Hence dye extraction was carried out at 750 C.

Table 1 - Optimization of dye source concentration, time and temperature
Solvent
Water
Alkali
(NaOH 1%)
Acid (HCl
1%)
Ethanol
(50%)

Absorbance
(425nm)
0.336

Dye source
concentration (g)
1

Absorbance
(425nm)
0.463

Time
(min)
15

Absorbance
(425nm)
2.289

Tempera ture
(0C)
30

Absorbance
(425nm)
2.367

1.650

2

1.997

30

3.571

45

2.508

0.148

3

2.090

45

3.117

60

2.512

0.546

4

3.999

60

2.684

75

2.904

5

3.921

75

2.280

90

2.794

6

3.529

90

2.189

100

2.484

7

3.224

105

2.019

Figure 1- Optimization of
Sodium Hydroxide
concentration (M)

3.2 Phytochemical analysis
The results of phytochemical analysis of Pterocarpus santalinus dye extract showed the existence of ﬂavonoids, sterols,
triterpenoids, protein, glycosides, carbohydrates and saponins (Table 2).
Table 2 - Phytochemical analysis

S. No.
1
2
3
4
5
6
7
8
9

Name of the compound
Flavanoids
Alkaloids
Sterols and Triterpenoids
Tannin
Protein
Phenols
Glycosides
Carbohydrates
Saponin
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Test
Ferric chloride, Alkaline reagent test
Mayer’s test, Dragendroﬀ test
Liberman burchard test, Salkowski’s test
Lead acetetate test, Ferric chloride test
Biuret Warming, Millions Froth test
Ferric chloride test, Libermann’s test
Kellerkilian’s test
Molish’s test, Fehling’s test, Benedict’s test
Foam test

Result
Present
Absent
Present
Absent
Present
Absent
Present
Present
Present
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3.3 Standardisation of dyeing conditions
The eﬀect of dyeing time on fabric colour strength was
investigated and the assessed values are presented in Table 3.
From Table 3, it is clear that the colour strength of the dyed
fabric was maximum at 60 min of dyeing time. Furthermore
advancement in time lower the colour strength, which might
be due to the instability of dye molecules at prolonged dyeing
time. Moreover, “The decline in colour strength is attributed
to the shift in equilibrium of colouring component from
fabric into dye bath during longer dyeing time [17]”. Hence
60 min was ﬁxed as the optimum dyeing time. The impact of
pH on dyeing was studied and the results are presented in
Table 4. As can be noticed, the maximum colour strength is
obtained at pH 9. Further rise in pH resulted in lowered
colour strength, which might be due to less stability of dye
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molecules at higher pH. Hence pH 9 was ﬁxed as the
optimum dyeing pH. The inﬂuence of dyeing temperature on
colour strength is observed and the results indicated that
colour strength rises with rise in temperature and attained
maximum at 800 C. Further increase in temperature resulted
in lowered colour strength which might be due to less
stability of dye molecules at higher temperature. The eﬀect of
material liquor ratio on dye uptake is given in Table 6. Colour
strength increased with increase in material liquor ratio.
Lower colour strength at lower material liquor ratio might be
due to congestion of dye molecules at low MLR. Maximum
colour strength is noticed at 1:40. Hence material liquor ratio
of 1:40 is ﬁxed as optimum for dyeing the selected cotton
fabric.

Table 3 - Standartisation of dyeing time

Time (min)

L*

a*

b*

K/S

K/S %

20

56.568

36.176

13.999

27.779

75.24

30

55.976

39.003

14.821

30.239

81.90

40

55.521

37.939

14.980

30.972

83.89

50

55.051

38.772

15.272

32.465

87.93

60

53.549

38.648

16.641

36.919

99.99

70

53.686

39.012

16.765

36.805

99.69

80

55.983

38.499

14.804

30.052

81.39

Colour shade

Table 4 - Optimization of pH for dyeing

pH

L*

a*

b*

K/S

K/S %

7

63.380

29.599

10.509

15.362

51.72

8

62.575

30.646

10.004

16.201

54.54

9

56.460

36.122

16.877

29.701

99.99

10

59.412

32.980

15.137

22.809

76.79

11

59.399

34.034

16.654

22.765

76.64

12

59.769

34.154

14.931

22.361

75.28

Colour shade

For Advertisements in
Journal of the Textile Association
Contact
taicnt@gmail.com / jb.soma@gmail.com

may-June, 2022 Volume 83 No. 1

451

PEER REVIEWED

DYEING

Table 5 - Optimization of dyeing temperature
Temperature ( 0C)

L*

a*

b*

K/S

K/S %

40

59.983

34.997

14.059

21.814

46.01

50

58.502

34.411

15.652

24.846

52.40

60

57.361

34.957

16.224

27.270

57.52

70

51.902

38.544

18.486

42.890

90.46

80

50.579

37.672

19.251

47.409

99.99

90

50.905

36.724

18.463

45.165

95.26

100

53.626

34.016

18.048

36.342

76.65

Colour shade

Table 6 - Optimization of M:L:R for dyeing

M:L

L*

a*

b*

K/S

K/S %

1:10

57.412

35.234

14.851

26.526

60.86

1:20

56.041

32.153

16.274

29.299

67.22

1:30

52.372

41.045

18.234

42.509

97.53

1:40

51.980

39.854

18.757

43.582

99.99

1:50

55.857

38.451

15.707

30.933

70.97

3.4 Standardisation of mordanting technique
The colour strength of fabrics mordanted with diﬀerent
mordants using diﬀerent mordanting techniques (pre, post
and simultaneous) and dyed with Pterocarpus santalinus is
shown in Table 7 & 8. Simultaneous Mordanting technique
was found to be eﬀective for mordanting cotton fabric with
myrobalan at 2% concentration and alum at 5%
concentration. Diﬀerence in colour strength value with
diﬀerent mordanting techniques might be due to interaction
between the mordant and the ﬁber. L* indicates the lightness
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Colour shade

value, higher lightness value represents lower colour
intensity. The lightness value was found to be lower in
simultaneous mordanting technique for both the
mordants. a* and b* represent the colour tone, positive
values of a* and b* represent red and yellow tone while
negative value represent blue and green tone respectively.
Positive value of a* and b* for both the mordants indicate
that the colour of the dyed fabric lie in red and yellow
region.
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Table 7 - Selection of mordanting technique for Myrobalan

Mordanting technique

L*

a*

b*

K/S

Pre-mordanting 2%

63.448

26.753

13.661

16.099

Post mordanting 2%

59.405

29.183

12.089

20.981

Simultaneous mordanting
2%

56.347

30.039

19.244

30.479

Pre-mordanting 5%

61.164

29.332

14.600

19.564

Post mordanting 5%

60.067

21.627

14.595

20.903

Simultaneous mordanting
5%

114.884

-190.420

82.489

24.180

Colour shade

Table 8 - Optimization of mordanting condition for Alum

Mordanting technique

L*

a*

b*

K/S

Pre-mordanting 2%

56.273

39.802

13.383

29.249

Post mordanting 2%

56.752

33.031

9.578

24.692

Simultaneous
mordanting 2%

55.359

39.711

15.338

32.376

Pre-mordanting 5%

56.183

35.351

13.685

28.186

Post mordanting 5%

58.738

32.983

11.897

22.406

Simultaneous
mordanting 5%

50.644

26.700

7.349

34.336

3.5 Colour fastness test
The colour fastness to sunlight, washing and crocking of
cotton fabric dyed with Pterocarpus santalinus powder
extract is presented in Table 9. Regarding colour fastness to
washing, the samples dyed with Pterocarpus santanlinus
extract and mordanted with myrobalan exhibited excellent

Colour shade

wash fastness. The colour fastness to sunlight was found
to be good in mordanted fabrics. The dyed samples
exhibited excellent fastness to dry crocking and good
fastness to wet crocking. The results showed that colour
fastness property was improved with mordanting.

Table 9 - Colour fastness test

S. No.

Samples

Colour fastness to
washing

Colour fastness to
sunlight

Colour fastness to
crocking
Dry

Wet

1

Control fabric

5

3

5

4

2

Myrobalan mordanted fabric

5

4

5

4

3

Alum mordanted fabric

4

4

5

4

Note: 5- Excellent, 4- Good, 3- Fair, 2- Poor, 1- Very poor
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4. Conclusion
Standardisation of dyeing conditions are most essential to
reduce the wastage and investment cost. Natural dye from
Pterocarpus santalinus powder was extracted under
optimized conditions. When compared to other solvents,
alkaline extract of Pterocarpus santalinus showed higher
colour yield. The dyeing parameters namely, time, pH,
temperature and material liquor ratio were optimized as 60

DYEING

min, 9, 800 C and 1:40 respectively. The colour strength
was enhanced by the use of mordants and Mordanting
technique. The natural dye extracted from Pterocarpus
santalinus powder exhibited good colour fastness
property. Thus Pterocarpus santalinus powder can be
utilized as a probable natural dye source for dyeing cotton
fabric.
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