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The present study reports on the leaching of natural pigment from Mucuna pruriens for dyeing of chrome tanned
leather samples. The experiments were performed at temperature (30-70°C), time (30-90 min), feed to solvent
ratio (1:3-1:7) and particle size (0.25-0.75 mm) using ethanol as solvent. The influence of process variables on
percentage yield has been studied and the conditions were optimized using Box-Behnken design. The optimized
conditions for intensified extraction was found to occur at a temperature of 60°C, extraction time of 1 hr, for a feed
to solvent ratio of 1:5 and 0.75 mm particle size. The % yield under optimized conditions was found to be 47%.
The extraction results were found to agree well with the statistical model (R* = 0.9740). The colouring ability of
extracted dye has been tested on wet blue goat leathers. The dyed leather exhibited a better colour value, strength
and fastness properties as inferred from reflectance and visual assessment tests.
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INTRODUCTION

Natural dyes

Natural dyes, also called as colourants are obtained
from different parts of plant materials like root, leaves,
fruit, seed and they have several applications in leather,
food etc., But due to the discovery of synthetic dyes, the
market for natural dyes has got drastically reduced"*
Nowadays synthetic dyes are widely used in leather dy-
eing process. These dyes are carcinogenic and harmful
to the environment. The synthetic dyes are not totally
taken up by the leather and the exhausted dye is left
as effluent, which may produce environmental hazard®.
In order to avoid these problems, various treatment
methods are in progress, which has its own advantages
and disadvantages. Thus, currently there is no perfect
method available for removal of these toxic dye effluent
wastes. As natural dyes are eco-friendly in nature and
biodegradable, extracting dye from natural sources is
a good alternative to synthetic dyes whose regular uses
had increased the risk of spreading harmful diseases
and intolerable effect on both human beings and envi-
ronment. The process of producing leather and textile
products without affecting the ecological balance, human
and environmental health, is an important point to be
considered®"’.

Mucuna pruriens (M. pruriens), which is widely found
in bushes and hedges throughout the plains of India,
has been chosen as the raw material for the current
research. The photograph of M. pruriens is shown in
Figure 1. Seeds of M. pruriens are used as a coffee
substitute, in the treatment of Parkinson’s disease, as a
unani and ayurvedic medicine etc. The extraction of dye
from their dark purple coloured flowers has not been
focused until now. So an attempt is made to extract
pigment from M. pruriens.

Optimization of extraction process

Optimization process involves the development of sta-
tistical design of experiments, estimation of coefficients
in a mathematical model, predicting the response and
checking the adequacy of the model. Response surface
methodology (RSM) is a statistical technique used for

Figure 1. Mucuna pruriens

the development of model, which describes the entire
process, interaction between the variables and identi-
fication of optimal conditions. Box-Behnken design is
a RSM design in which the treatment combinations are
at the midpoints of edges of the process space and at
the center. One of the advantages of this design is that
it does not include all the factors at its extreme lower
or higher limit, therefore we can avoid the experiments
which may not provide expected results'™"*. In this
study, the influence of various process variables like
extraction temperature, time, feed to solvent ratio and
size on % yield of extraction were analyzed by applying
Box-Behnken design.

Dyeing of Leather

The application of pigments extracted from natural
source in dyeing of cotton, silk and wool has been tried
in several studies'. Therefore, this study explores the
application of extracted pigments for leather samples.
Thus, the main objective of the present study is to
develop an eco-friendly method for both extraction of
pigment from natural source as well as for application
in the leather. In addition to this, the dyeing conditions



58  Pol J. Chem. Tech., Vol. 17, No. 2, 2015

are optimized and dyed leather samples are analyzed by
standard methods.

MATERIALS AND METHOD

Extraction of Natural dye

The colour bearing M. pruriens samples were collected
from Elagiri hills, Vellore, Tamil Nadu. The sample is
washed with water to remove the adhering dirt and the
extraction was carried out by taking 5 gm of 0.25 mm
sample size in a beaker containing ethanol of 3:1 ratio
at 30°C for 30 min. The beaker was covered and stirred
magnetically to avoid the solvent wastage by evaporation.
After extraction, it is filtered and stored under refrige-
ration. Similar procedure is repeated for sample size
varying from 0.25 to 0.75 mm by taking ethanol to feed
ratio ranging from 3:1 to 7:1 at different temperatures
varying from 30 to 70°C for 30 min to 90 min.

The dye samples are then transferred to weighed glass
plates and dried in an oven at 45°C to evaporate the
solvent. It is then cooled and weighed to determine the
weight of extract from which the yield was calculated
as follows.

Amount of Natural dye extract obtained

% Yield =
/6 Yie Amount of plant material used (1)

RSM Design

RSM is a statistical technique, which reduces the
number of experiments required to carry out the process,
analyze the interaction between various input factors
and output called response and optimize the process
conditions. In this model, four operating factors namely
temperature, time, feed to solvent ratio and size of the

particle are chosen as factors. The lower and higher
limits for each factors are set for the model (tempera-
ture -30°C to 70°C, time — 30 minutes to 90 minutes,
feed to solvent ratio 1:3 to 1:7 and size ranging from
0.25 mm to 0.75 mm). Yield is taken as the response of
the system which the output is shown for the particular
run. The number of experiments (N) to be conducted
for developing the design using Box-Behnken method
involves the following formula:
N=2f(f -D+C, )
where, f = number of factors, Cp= number of center
points.

Thus, it was necessary to conduct 29 experiments for
the determination of optimized value. The experimental
ranges and levels are given in Table 1.

Dyeing of Leather samples

The chrome tanned wet blue goat leathers were pur-
chased from Central Leather Research Institute, Chennai.
The samples were cut into 3 cm x 3 cm pieces and the
weight of the leather was measured. Re-chroming of le-
ather is done using 0.5% acetic acid, 5% basic chromium
sulphate, 0.5% sodium formate and sodium bicarbonate to
maintain chrome character of leather with good fullness
and softness as it increases the affinity of leather for
dyestuffs and ensures level dyeing. After rechroming, the
leather piece was soaked in hot water at 35°C-40°C for
10 minutes, washed with water followed by addition of
2% Sodium formate and 1.5% Sodium bicarbonate and
stirred for 30 minutes to neutralize the sample without
affecting the stable chrome complex. Dyeing was carried
out by shaking the neutralized leather with the extracted
dye by taking the concentration of dye and water to be
200% and 100% the weight of leather piece in a shaker

Table 1. Experimental design used in RSM studies showing four independent variables and the response % yield

Run Temperature Tir_ne Solvent to feed ratio Feed Size % Yield
[°C] [min] [mm] Actual Predicted

1 60 60 6 1.25 41.00 39.58
2 60 60 5 0.75 47.00 47.00
3 60 30 5 0.25 36.00 38.00
4 50 30 5 0.75 35.00 34.58
5 60 30 6 0.75 39.00 39.08
6 60 60 5 0.75 47.00 47.00
7 50 60 4 0.75 41.00 40.00
8 70 60 5 0.25 29.00 28.42
9 50 90 5 0.75 43.00 43.08
10 60 60 5 0.75 47.00 47.00
11 60 30 5 1.25 38.00 37.50
12 60 30 4 0.75 37.00 37.42
13 50 60 5 0.25 43.00 42.08
14 70 60 5 1.25 28.00 29.42
15 60 60 4 1.25 39.00 39.42
16 70 60 6 0.75 29.00 31.00
17 60 60 6 0.25 45.00 43.08
18 60 60 4 0.25 39.00 38.92
19 60 90 4 0.75 38.00 38.42
20 60 60 5 0.75 47.00 47.00
21 60 90 5 0.25 39.00 40.50
22 50 60 6 0.75 40.00 41.17
23 60 60 5 0.75 47.00 47.00
24 60 90 6 0.75 41.00 41.08
25 70 30 5 0.75 32.00 30.42
26 70 60 4 0.75 28.00 27.83
27 60 90 5 1.25 39.00 38.00
28 70 90 5 0.75 26.00 24.92
29 50 60 5 1.25 37.00 38.08




for 40 minutes. After dyeing, fat liquor (waxing and non-
-waxing type) constituting 20% weight of the leather and
warm water in the ratio of 1:3 was added to the dyed
leather to improve the softness, tensile strength, colour
and resistance to chemical attack. Fixing the absorbed
colouring agent on to the surface of the dyed leather is
essential to withstand with the dye colour for a longer
period. So 1% Formic acid according to the weight of
the leather was added for the fixation of colours on the
leather pieces.

Visual assessment of leather samples

The general appearance of leather sample, extent of
change in colour due to dyeing, uniformity of dyeing and
the strength properties like softness, toughness, fullness
are tested and evaluated by three leather experts. The
experts rated the leather having the scale 0 to be the
lowest and 10 as the highest. These ratings are used to
estimate the fitness of dyed leather sample.

Analysis of colour for leather samples

Colour values of dyed leather samples are determined
by colour difference PM-1000 CCD photometer which
records the light reflected by the coloured samples and
convert the spectrum in to colour coordinate values
like ‘L,’a’ and ’b’, thereby describing the colour with
numerical values. ‘L value extends from 0 to 100 which
indicates the lightness or darkness of the sample whereas
the positive value of ‘a’ indicates a red shade, negative
value of ‘a’ represents green shade, positive value of
‘b’ indicates the yellow colour, negative value of ‘b’
represents blue shade, ‘c’ represents the purity and ‘h’
the shade of colour.

Estimation of Fastness property

Dyed leather samples were tested for light fastness after
exposing the samples to xenon arc lamp under prescri-
bed conditions for 24 hrs according to IS 6191-1971".
These samples are then assessed and rated by Grey scale
assessment as follows: 1. poor, 2. fair, 3. fairly good, 4.
good excellent.

Table 2. ANOVA for Response Surface Quadratic Model
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RESULTS AND DISCUSSION

In this study, attempt has been made to optimize the
extraction of dye from M. pruriens using Box-Behnken
method. The dye extracted under optimized conditions
is shown in Figure 2.

Analysis of Box-behnken design

In this study, the Box- Behnken design is used in de-
veloping a model for the optimization of the extraction
process with four process variables (temperature, time,
feed to solvent ratio and size of the feed) at three levels.
The experimental data’s, which are obtained from 29
experiments and the predicted data, which is obtained
from a response surface model, are compared as shown in
Table 1. The significance and adequacy of the quadratic
model were tested using Analysis of Variance (ANOVA)
as shown in Table 2.

Figure 2. The photograph of the natural dye extract from Mucuna
pruriens

Source Sum of Squares DfE; g;%ez’?nof Mean square F-value E-r\cl)?)lglg
Model 1060.91 14 75.78 37.44 < 0.0001
A-Temperature 374.08 1 374.08 184.84 < 0.0001
B-Time 6.75 1 6.75 3.34 0.0892
C-Solvent to feed ratio 14.08 1 14.08 6.96 0.0195
D-size 6.75 1 6.75 3.34 0.0892
AB 49.00 1 49.00 24.21 0.0002
AC 1.00 1 1.00 0.49 0.4936
AD 6.25 1 6.25 3.09 0.1007
BC 0.25 1 0.25 0.12 0.7305
BD 1.00 1 1.00 0.49 0.4936
CD 4.00 1 4.00 1.98 0.1816
A? 510.91 1 510.91 252.45 < 0.0001
B® 154.16 1 154.16 76.17 < 0.0001
c? 63.34 1 63.34 31.30 < 0.0001
D’ 85.24 1 85.24 42.12 < 0.0001
Residual 28.33 14 2.02

Lack of Fit 28.33 10 2.83

Pure Error 0.000 4 0.000

Cor Total 1089.24 28

SD = 1.42; mean = 38.52; coefficient of variation (%) = 3.69; R square = 0.9740; adjusted R square = 0.9480; predicted R square = 0.8502;

adequate precision = 21.854.
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The interaction between input variables of Box Behnken
model are expressed by a regression equation as follows:

Yyield = + 4248 + 22.58 4+4.38 B+ 6.31C+ 1.06D
—35.50 4> — 4.88 B>~ 7.03C*-0.91D* —7.004B (3)
+1.50 4C+1.25 AD+0.38 BC-0.25 BD—-0.75CD

ANOVA and F-test are carried out to analyze the fit
of model and identify the influence of each factor on
response. The Model F-value of 37.44 implies the model
is significant. In this case A, C, AB, A%, B% C? D? are
significant model terms as the p values lower than 0.05
indicate that the model and the terms are statistically
significant’®.The coefficient of determination (R?) and
adjusted R?values are used to calculate the adequacy
and fitness of the model. The R*value was found to be
0.9780, which shows the compatibility of experimental
data. The adjusted R? value rectifies the value of R?
for the sample size and for the number of terms in the
model and the adjusted R* = 0.9480 value signifies a
good correlation between the experimentally observed
and the predicted values.

The “Pred R-Squared” of 0.8502 is in reasonable
agreement with the “Adj R-Squared” of 0.9480; i.e. the
difference is less than 0.2. The low p value (<0.0001)
show that the model is significant and sufficient to explain
the actual relationship between the factors and response.

The coefficient of variation (CV) indicates the deviation
of experimental data from the predicted ones. Therefore,
CV less than 10% is necessary for developing a good
response model'’. From the tabulation, it can be observed
that the value of CV is 3.69, indicating the precision of
experimental data. “Adeq Precision” measures the signal
to noise ratio. A ratio greater than 4 is desirable'® and
ratio of 21.854 indicates an adequate signal. This model
can be used to navigate the design space.

Plot of actual versus predicted values in Figure 3 shows
the comparison between each experimental values and
predicted values of model and estimates the adequacy
of model. As the data’s are close to the straight line,
it can be said that there is a good agreement between
real experimental values and predicted model values.

Predicted
|
.

2500 30.00 3500 4000 45.00

g Actual
Figure 3. Predicted vs Actual plot for % yield

Interaction between input and output parameters

The response surface plots gives an idea of how the
response changes up on changing two parameters at
a time keeping other parameters as constant. To study
the interactive effects of the chosen variables on yield
of dye (%), the three-dimensional profiles of models are
shown in Figures 4-9. The elliptical nature of the con-
tour plot shows the prominent interactions of variables.
Percentage yield was found to increase up on increasing
the temperature from 30 to 60°C. Further increase in
temperature after 60°C was found to decrease the %
yield. This is because when the temperature is increased,
density of the solvent changes which decreases the solu-
bility of pigment in solvent and thereby decreasing the
yield. Thus, optimal extraction temperature depends on
the type of solvent chosen and their ratio used in the
process. In addition, plant parts start to thermally degrade
when the temperature is raised beyond a limiting point.

In the case of analyzing the effect of feed to solvent
ratio on % yield, it almost showed a proportional in-
crease in yield with increase in ratio of the solvent to
feed from 3:1 till 5:1 in the ranges studied. Beyond this
ratio, no further increase in yield was noticed. The effect
of extraction time on yield can be correlated with the
higher contact time of solvent with the powdered sample,
which has extracted more pigment in to the solution,
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Figure 4. 3D Surface plot of interaction between temperature
and extraction time on % yield of dye
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Figure 5. 3D Surface plot of interaction between Temperature
and Solvent to feed ratio on % yield of dye



000 ~~__ 00
o~ i
o s

o A: Temperature

Figure 6. 3D Surface plot of interaction between Temperature
and feed size on % yield of dye
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Figure 7. 3D Surface plot of interaction between Extraction time
and Solvent to feed ratio on % yield of dye
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Figure 8. 3D Surface plot of interaction between Extraction time
and Size on % yield of dye

but further increase in time after 60 min resulted in
decrease in yield, which might be due to decomposition
of colouring matter at higher temperature with more
contact time. A maximum yield of 47% was obtained
for a particle size of 0.75 mm as this size gives more
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Figure 9. 3D surface plot of interaction between Solvent to feed
ratio and size on % yield of dye

surface area and thereby assist the rate of extraction.
By carrying out optimization, the following results are
obtained as shown in Table 3.

Table 3. Optimization of input parameters

Variables (unit) Optimized values

Temperature,°C 60°C
Time, min 60 min
Solvent to feed ratio 5:1

0.75 mm

Feed size, mm

Dyeing of leather

The presence of unexhausted synthetic dye in the ef-
fluent poses environmental hazard. In contrast, natural
dyes are biodegradable and environment friendly and
there is no environmental risk involved in spent dye
liquor (from natural source) unlike the case of synthetic
dyes. After optimization, the leather samples were dyed
with M. pruriens under optimum conditions as shown in
Figure 10 and 11.

Figure 10. Chrome tanned leather before dyeing

Analysis of Colour

The colour value of the leather dyed with M. pruriens
was analyzed by reflectance measurement and the colour
values are shown in Table 4. Increase in the value of ‘a’
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Table 4. Colour value table

S.No. Source name L ‘a’ ‘b’ ‘c ‘h’
1 Leather (Before dyeing) 66.80 5.402 21.562 27.861 76.283
2 Leather after dyeing with Mucuna pruriens 69.064 9.757 12.721 13.628 68.975

and decrease in the value of ‘b’ shows an enhancement in
red and blue shade of the leather dyed with M. pruriens.

Assessment of colour and properties of leathers

Visual assessment of leather samples (before & after
dyeing) for colour change, uniformity, depth of shade,
intensity and general appearance was carried out by
average value of hand evaluation by three experts. The
strength properties of dyed leather are tested as per In-
dian standards (IS 576, 1975) and are shown in Table 5.

Table 5. Visual assessment of dyed leather

fastness properties of the dyed leather was found to be
satisfactory. This study clearly demonstrates that the
natural dyes can be used for dyeing of leather and by
suitable mordant treatment, many fashion shades can be
achieved and thereby environmentally harmful synthetic
dyes can be avoided.

S.No Sample of Leather Colour | Uniformity | General Appearance | Softness | Toughness | Fullness
of shade

1 Leather before dyeing 8 6 7.5 6 6 8.5

2 Leather after dyeing with Mucuna pruriens 7 6.5 6.5 6 6 8

Figure 11. Chrome tanned leather after dyeing with Mucuna pruriens

It can be seen that the dyed pigments did not affect the
characteristics of leather except the softness property,
which necessitates a change in percentage of fat liquor
to be used in the experiment.

Estimation of fastness property

The change in colour of the leather samples under su-
itable illumination was analyzed as per IS: 2484:1985.
The dyed leather showed a fair light fastness as rated
3 on grey scale.

CONCLUSION

Box Behnken method was successfully employed for
optimizing the four factors (temperature, time, feed to
solvent ratio and size) which influenced the extraction
of pigment from M. pruriens. The interaction between
these variables and their effect on response (% yield)
are studied using response surface plots. The optimized
parameters for extraction are as follows: extraction tem-
perature — 60°C, extraction time — 60 min, feed to solvent
ratio — 1:5 and particle size — 0.75 mm, respectively. The
ANOVA showed a high coefficient of determination
value R? = 0.9740 ensuring a good fit of model with
the experimental data. The colour value, strength and
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