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Abstract— Indigoferratinctoria L. (IT) and BaphicacanthuscusiaBrem. (BC) are source of blue colourant which contain 3% 
of indigo measurement by UV spectrophotometry. Grey hair treatment with IT or BC diluted in water for 1-5 h and then 
randomly sampled to be analyzing with hair tensile by texture analyzer. Young’s modulus of each stress, showed grey hair 
treated with IT or BC liquid concentrates slightly altered the Young’s modulus of the hair. Hair elongation after treated with 
water was 39.5 ± 5.9 g while those treated with IT and BC concentrates being 31.1 ± 2.8 and 35.5 ± 4.7 g. IT was 
significantly different from BC and water (p = 0.04).The adsorption profiles of indigo by the grey hair follows the 
Freundlich equation, i.e. linearly correlated for indigo and IT solutions (r ≥ 0.96), suggesting that the adsorption could be a 
result of monolayer. IT and BC are natural extract from plant show effect on grey hair. This study would be a model of study 
to investigate effect of natural dye on hair. 
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I. INTRODUCTION 
 
Recent revival of dyes and colourants from natural 
origins to reduce toxicity from synthetic dyes has 
drawn attentions to indigo, (2E)-2-(3-Oxo-1,3-
dihydro-2H-indol-2-ylidene)-1,2-dihydro-3H-indol-3-
one,  which is one of the oldest known natural dyes 
[1]. Several chemical components can be derived 
from natural sources of indigo dyes, including trans-
indirubin (isoindigotin, red), trans-indigo (indigotin, 
blue), certain impurities such as indigo brown 
(isoindigo), cis-indirubin (isoindirubin, red), cis-
indigo (blue), indigo gluten, indigo yellow and traces 
of flavonoids[2]. 
 
Indigoferratinctoria L. (IT) and Baphicacanthuscusia 
Bream. (BC) are known sources of blue dyes for 
cotton in northeast and northern parts of Thailand. 
Both plants were enzymatic fermented and oxidized 
to give indigo at about 3-5% yields [3].Strong acids 
are used to hydrolysis indigo [4]. Indigo is soluble in 
highly polar organic [5].  
 
Grey hair, one of the ageing signs, indicates some 
functional losses with a rapid increase after 50 years 
old in Asian women [6]. Mechanical characteristics 
of the human hair are used to determine tension 
tolerations, particularly after the hair is treated with 
cosmetic products [7]. Elongation of healthy hair 
shafts in related to applied forcesis well-described by 
Hook’s law which estimates a constant, so-called 
Young’s modulus [8]. 
 
Adsorption occurs as an adsorbate molecule attached 
at an interface or surface of an adsorbent.  The 
interactions which draw the molecules to be adsorbed 
at the interface are usually temporary.  At 
equilibrium, the adsorbate molecules are adsorbed at 
a certain amount and, if it occurs, might be derived by 
adsorption isotherm equations, provided that the 
experiment is conducted by controlling all the factors, 

i.e. temperature, concentration, pH and type of 
absorbent. The relation between amount of adsorption 
and concentration (or pressure) can explain with the 
Freundlich equation as show in this equation [9].  

 
Ashwas used for health and beauty is known in 
historic records in Egypt and Asian cultures 
[10].Some elements such as magnesium, manganese, 
sodium, phosphorus, sulfur, aluminum and carbon 
were found in wood ash. The range of pH value of 
ash from plant was also demonstrated to be alkali 
within the pH range of 11-13 [11].Thai culture and 
tradition practices employed ashes from plants in 
various functions including cooking and cosmetic. 
Ash from eucalyptus bark was traditionally used after 
maceration with water and separated the liquid 
portion for use [12]. 
 
West American traditional using wood ashes add into 
indigo leaves extract to change indicant to indigo blue 
[13].  
 
The objective of this study to investigate 
characteristic of indigo extract and their effect on hair 
by using scientific to proof and technology to 
investigate. This study would be a model for study 
other natural dyes. 

 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
Extracts (in a paste form) ofIndigoferratinctoria L. 
(IT) and BaphicacanthuscusiaBrem. (BC) were 
purchased from SakonNakorn and Phrae, in the 
northeastern and northern parts of 
Thailand,respectively. 
Indigo (synthetic-dye 95%, Sigma, U.S.A.), 
20mg,was dissolved in2 ml ofDMSO and then further 
dilutedwith water (into10-50 ng/ml). IT or BC (50 mg 
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each) was dissolved in2 ml of dimethyl 
sulphoxide(DMSO, Sigma, Germany) andfurther 
diluted with waterinto sample solutions. Sample 
solutions of IT or BC were subjected to record UV 
absorbance and compared with the indigo standards 
by using a UV spectrophotometer (1240 model, 
Shimadsu, Tokyo, Japan) at the first max of 291 nm. 
Hair treatment concentrates ofIT or BCwas prepared 
bydiluting 1 g each in 2 ml of water.  The liquid 
concentrates appeared to be viscous with even 
dispersion of dark blue particles. Grey hair, cleaned 
with shampoo, was soaked in the liquid concentrates 
or water for 1-5 h and then randomly sampled to be 
fixed between tensile grips at a initial distance of 5 
cm of atexture analyser (TA.XT plus, U.S.A.).  
Forces(20-80 g) were gradually applied to the hair 
samplesat 40±2%RH.Each experiment was conducted 
in 5 replicates and averaged.Young’s modulus was 
calculated, as follows: 

 
where L0 represents the initial length of samples, L 
the final length of samples, E Young’s modulus of the 
samples, F applied forces and A the unit cross-
sectional area.  
Tensile strengths of each sample were also 
recorded.Hair will be saturated in aqueous in 1 
minute and should keep it in humidity environment to 
keep it still saturate [14]. 
Adsorption of IT or BC by grey hair was conducted 
as required by the Freundlich equation at 25°C.In 
brief, grey hair samples,cleaned with shampoo, was 
pretreated with alkali from wood ash (1 in 5 dilutions 
in water) 1 h were soaked in IT or BC solution 
(1mg/ml in 50% DMSO in water).Sample solutions 
of IT or BC were subjected to record UV absorbance 
and compared with the same indigo standards by 
using a microplate reader (AccuReaderM965+, 
Taiwan) at the second max of 658 nm.  Results were 
estimated by Eq.1. 

 
III. RESULTS AND DISCUSSION 
 
UV spectrophotometric analysis ofIT and BCin 
comparison to indigo standard to estimate indigo 
contents equivalent resulted in3.2 ± 0.2 and 3.4 ± 
0.2% (n = 5), respectively.  These are in line with 3.3 
and 4.7% indigo contents in IT and BC, respectively 
[3]. 
Fig. 1, plotted between the estimated Young’s 
modulus of each stress, indicates that grey hair 
treated with IT or BC liquid concentrates slightly 
altered the Young’s modulus of the hair.  It was 
noticed that water did not alter the plot in Fig.1 (a) 
although the treatment duration was 1-10 h. 
The least applied force which provides hair 
elongation after treated with water was 39.5 ± 5.9 g 
while those treated with IT and BCconcentrates being 
31.1 ± 2.8 and 35.5± 4.7 g. In this aspect, IT was 

significantly different from BC and water (p = 
0.04).Respective tensile strengths of the hair samples 
treated with water were 96, 91, 86 g at 1, 4 and 10 h,; 
whereas treated with IT concentrates being 71, 61 and 
41 g at 1, 3 and 5 h, with BC concentrates being 87, 
68 and 47 g at 1, 3 and5 h.  Since tensile strengths 
measure the minimum forces applied to break the 
hair, it suggests that IT and BC reduce the tensile 
strength of the grey hair and thus weakening the 
mechanical characteristics. Our result was thought to 
be in line with the report of the tensile strength of 113 
g from no treated hair of Korean women of the same 
age[6]. 
 
Therefore, it is highlighted that treatment with water 
changed the mechanical characteristics of grey hair 
and IT and BC concentrates were altered from that 
treated with water.  
 

 
Fig.1. Effect of (a) water, (b) Indigoferatinctoria L. (IT) 

concentrate and (c) BaphicacanthuscusiaBrem. (BC) 
concentrate on Young’s modulus (in mPa)(derived from Eq. 2) 

of various stress at 25°C and 40% RH (n = 5). 
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Fig. 2 shows the plots of adsorption isotherm of 
indigo equivalence from IT and BC solutions in 
comparison to indigo standard solutions at 25°C. The 
adsorption profiles of indigo by the grey hair follows 
the Freundlich equation, i.e. linearly correlated for 
indigo and IT solutions (r ≥ 0.96), suggesting that the 
adsorption could be a result of monolayer. Indigo 
standard, IT and BC show linear regression between 
concentration and adsorption (r = 0.984, 0.960 and 
0.481 respectively). 
Indigo standard shows increasing of adsorption 
higher than IT and BC extract about 2 times. This 
adsorption wasfollowed Freundlichequation which 
was occurs in equilibrium phase as a monolayer. 
  

 
 
CONCLUSIONS 
 
Investigation of Indigo extraction effect on 
antioxidant activity, tensile and adsorption on hair 
were studied and conclusions. IT and BC are natural 
extraction which contain with 3% of indigo standard 
and present UV spectrum like indigo standard. The 
young modulus was decrease when increasing 
soaking time (stress). BC has effect on hair not 
significantly different from hair soaked in water (p 
=0.75) while IT has effect on hair significantly 
different from hair soaked in BC and water (p = 
0.04).Both IT and BC show adsorption activity 
follow Freundlich equation which was occur in 
equilibrium phase as a monolayer. This study would 
be a model to investigate characteristic and properties 
of other natural dyes. But not all natural dyes will be 
available to use but it should be realize safety and 
efficacy. Developing method to use and modern 
technology will be help to proof. 
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