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the response of 0 % on the degree of faded.

INTRODUCTION

There are around 10,000 kinds of synthetic dyes and
pigments industries with over 7 x 10° tons production world-
wide every year [1-3]. The use of synthetic dyes in the textile
industry has been the primary cause of environmental pollution
because of its undegradable properties in comparison to the
natural dyes [4,5]. The restriction of synthetic dyes in the textile
industries, actually has already made by every government
concerning environmental issues and health safety conside-
ration [6,7]. Natural dye has arisen as a promising substituent
of synthetic dye regarding of the problems. Natural dyes have
properties that could beneficially reduce the pollution caused
by synthetic dyes, which have better biodegradability and less
toxicity [8-11]. Natural dye often called as a green and sustain-
able dyeing process due to its properties, such as low toxicity,
biodegradable, its abundance and eco-friendliness [12,13].

Derived from natural resources, natural dyes come from
plants, animals, fungi or insects extract. As derived from the
natural resource, it is renewed, safe to use and environmental
friendly. However, the application of natural dyes has some
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shortcomings. The natural dye flaws of limited colour, colouring
and colouring efficiency, process complexity, natural dye sources
not always present in every country [ 14]. Furthermore, it is less
suitable for synthetic fibers because of its properties such as
challenging to mix multiple dyes to produce compound shade,
insufficient degree of fixation and inherent properties, limita-
tions on the application at fabrics (usually limited to wool, natural
silk fabrics, linen and cotton) [15]. Considering the potential
and shortage of natural dyes, innovation is needed to reduce the
shortcomings of natural dyes. Hence, Sustainable process for
natural dyes extraction and its application should be designed
and optimized.

Neem leaf as one of the sources of the natural dye has a
great potential to be developed. The neem tree is a small tree,
easily identifiable from its straight trunk, capable of reaching
a height of 20 m which originated from Senegal, Sri Lanka,
India, Malaysia, Myanmar, Pakistan, Thailand and Indonesia.
Neem tree can grow in such area with less rainfall. Neem leaf
extract contains quercetin compounds, which belong to the
group of flavonoid. Flavonoids are natural substances that give
reddish-brown dye [16]. Neem leaf extracts also have functioned
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as antibacterial and antifungal substances [6,17]. The utili-
zation of neem leaf derivative product has not developed yet.
With those properties, neem leaves are very promising resources
to be used as natural dyes.

Natural dyes from dried neem leaves had been investigated
with the type of solvent, extraction temperature, and extraction
time as the independent variables [17]. Extraction of natural
dyes from the neem leaves was effectively carried out at 70 °C,
extraction time for 1 h, an acetone-water solvent with a ratio
of 1:1 (v/v) and 18 % (w/v) of leaf-solvent ratio. In addition,
it was also reported that the ethanol-water mixture with a
composition of 40:60 also gave good extraction results. Mean-
while, another study has been successfully performed using
ultrasonic as supporting equipment to improve extraction of
neem dry powder and dyeing of mordant silk fabric [18].

At the phase of dye application, the natural dye has disad-
vantages to add some substances to conjugate with so that the
color will be more resistant to the faded [14,16]. Some method
must be implemented during the coloring process by adding
fixator and mordant. The mordanting process has been well-
known for getting new shades and good rating of fabrics [19,
20]. Adeel et al. [18] reported that biomordanting agent from
herbal plants had improved the colour characteristics as com-
pared to chemical mordants on neem natural dye.

From several studies that have been conducted, the extraction
process mainly occurred using dry neem leaves which takes
an extra step on the preparation. The readiness of implemen-
tation of neem leaves in a rural area should be executed. This
study covers the extraction of fresh neem leaves to produce
natural dyes and its application with several parameters for
analyzing the optimum condition. Feed-solvent ratio, tempe-
rature, and time of extraction were used for optimizing the
natural dye extraction. Meanwhile, mordant agent cost, mordant
weight, and fixator weight were applied for optimizing the
use of natural dye. Variable optimization process conducted
using Response Surface Methodology (RSM). The responses
variable for the optimization of this study were the concen-
tration of natural dye in mother liquor and resulted the degree
of faded for optimization of natural colour extraction and
optimization of the application of natural dye, respectively.

EXPERIMENTAL

To differentiate with another study, fresh neem leaves were
collected directly before natural dyes extraction occurred
without any drying method formerly. The availability of neem
trees is considerable in Indonesia without any utilization yet.
The technical grade of acetone and ethanol (both 95 %) were
purchased from Merck. Others substances such as alum 93 %,
calcium carbonate 85 %, ferrous sulphate 99 %, Turkish red
0il (70 %) and sodium carbonate (99 %) were procured form
Sigma-Aldrich company.

General procedure: The selection of neem leaves was
conducted before the harvesting process. Some requirements
were the leaves approximately in the same size and colour, the
stem cut in the same length and no rain recorded in the previous
day. Fresh neem leaves were washed with tap-water several
times and then crushed with a commercial blender. To select
the suitable solvent, several solvents were used to extract

natural dyes contained in neem leaves such as distilled water,
acetone-distilled water 1:1 (v/v), acetone-distilled water 3:1
(v/v), ethanol-distilled water 3:7 (v/v), ethanol-distilled water
7:3 (v/v) using the batch extractor of three-neck flash with
countercurrent cooler and agitator.

Distilled water was being applied to extract the natural
dyes with a further variation of independent variables. Indepen-
dent variables used for the optimization process were feed solvent
ratio (FSR), extraction temperature and time. The mother liquor
was sampled at the prescribed minutes with a total of 10 mL
for centrifugation. Centrifugation was carried out at a speed
of 1200 rpm for 15 min. The number of natural dyes gained in
this research was conducted using the gravimetric method from
the mother liquor. The following equation describes the natural
dye concentration in the extraction process:

Mass dyes (2)
Volume

Concentration (g/mL) = mL) @

gravimetric (

The dye was stored in the jerry cans for fabric dyeing appli-
cation. Cloth formerly was cut in the same size 5 cm X 5 cm
and soaked in detergent solution 2 g/LL overnight. The cloth
was washed and dried before applied in colouring process.
Cloth, furthermore, was treated by mordanting with different
mordant agent. Three-pieces of cloth from every mordant agent
were soaked in the dye liquor. The dyed fabrics were immersed
in a detergent solution 2 g/L for 20 min.

Detection method: There were two detection method for
this study. Firstly, gravimetric method was used to analyze natural
dye extracted from neem leaf. Secondly, Vernier SpectroVis Plus
Spectrophotometer (SVIS-PL) was used to measure the absor-
bance of the degree of faded in natural dyes application process.
The degree of faded was calculated using the following equation:

Degree of faded (%) = A=A

x100 (2)

where, A” = absorbance of detergent solution after the faded
test; A = absorbance of detergent solution before the faded test.

Data analysis: The purpose of this study is to optimize
several variables which give effect in the extraction process
and natural dyes application. Determination of optimization
on several variables was carried out by using response surface
methodology (RSM) in Minitab® program. Response surface
methodology was chosen because it can reduce the number of
the experiment for evaluating the variables and their inter-
actions [21-26]. A three-level factorial design was used for
every optimization process. The dependent variables in this study
were the yield of colour extraction and degree of faded for
optimization of natural colour extraction and optimization
of the application of natural dye, respectively. The detailed
independent variables are listed in Table-1.

A non-linear polynomial equation was used to correlate
the variables, in which the responses as dependent variables
and the factor as the independent variable. The equation has a
prevalent form [21,23,25], which written as follows:

_ k k ) k

Y= Bo +Zi—l Bixi +Zi—l Biixii +Zl<iSjBijxin +te  (3)
where Y is the response; [, is the constant coefficient, [, B
and [3; are the coefficients for linear, quadratic and interaction
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TABLE-1
EXPERIMENTAL DESIGN AND LEVEL
OF INDEPENDENT VARIABLES

R: f level
Independent variable <Al SCIOPONG

+1 0 -1

D FSR (% w/v) 20 35 50

uas Temperature (°C) 60 70 80
extraction . .

Time (min) 40 60 80

D Fixator cost ($/kg) 1 2 5

appli‘(;:ion Fixator concentration (g/L) 5 10 15

Mordant concentration, TRO (g/L) 5 10 15

effect, respectively; x; and x; are the factors (i and j are the range
from 1 to k); and € describes the error. The proposed model
was examined using the coefficient of determination (R?) to
contrast the thoroughness. The value of R?is in the range from
0 to 1. The bigger the value of R the better the model [27].

RESULTS AND DISCUSSION

Solvent selection: Solvent selection should be made before
conducting further research. Several solvents were used as
shown in Table-2. Based on Table 2, it can be concluded that
water-acetone was the best solvent. Meanwhile, water-ethanol
gave similar trend with water solvent. This is due to acetone
acts as a non-hydrogen-bond donating solvent which is also
called non-HBD that contains double carbon bonds with
oxygen or nitrogen. Ethanol is a hydrogen bond called HBD
where the solvent has the polarity of dipole bond of O-H bond,
which has a large electronegativity difference from hydrogen
and oxygen atoms. Even though water has the greatest electri-
fication between acetone and ethanol, from the demonstration
results, water has the smallest concentration value because of
the strong hydrogen bond formation between water and neem
extract. The concentration generally increases with the presence
of acetone and ethanol as solvent.

The results showed that the distilled water is quite good
to be used as a solvent compared to others. Distilled water
was being used for the optimization process for its eco-friendly
solvent. Furthermore, the individual concentration of mother
liquor was calculated as the representative number for the
extraction process. The variation is believed caused by not
uniformly natural dye content in the raw material. For further
industrial process, fresh leaves selection process should over-
come these issues with the determined standard operational
procedure.

Effect of operating condition on extraction process
based on statistical analysis: The number of natural dyes
extracted from neem leaves was analyzed by gravimetric method.
The measured weight was processed (eqn. 1) to obtain experi-
mental concentration. The response variable, concentration,

was being processed with Minitab® software using response
surface methodology (RSM). The value of FSR, temperature
and time respectively represent X;, X, and X3, while experi-
mental yield represents Y. The predicted concentration is shown
in Table-3 as an output response from the software calculation.
It seems that the modeling is sufficiently correlated with the
experimental data. The empirical relationship between the
response (concentration) and the independent variables (X,
X, and X3) has been expressed by the second-order polynomial
equation as:

Concentration = 19.2 — 0.672X; + 0.61X, — 0.585X; —
0.00399X,% — 0.00854X,> + 0.00142X5> + 0.01739X,X;
+0.00594X,X; + 0.00330X,X; “4)

TABLE-3
CONCENTRATION’S RESPONSE COMPARED
TO THE EXPERIMENTAL RESULT

No FSR (%) Temp. (°C) Time (min)  Concentration (g/L)
’ X, X, X Exp. Pred.
1 20 60 40 22.13 22.19
2 20 60 60 21.43 19.67
3 20 60 80 20.32 18.28
4 20 70 40 21.62 21.95
5 20 70 60 16.52 20.09
6 20 70 80 18.25 19.36
7 20 80 40 21.13 20.00
8 20 80 60 19.65 18.80
9 20 80 80 18.00 18.73
10 35 60 40 25.00 28.04
11 35 60 60 28.42 27.29
12 35 60 80 26.44 27.69
13 35 70 40 32.46 30.40
14 35 70 60 29.52 30.32
15 35 70 80 31.46 31.38
16 35 80 40 31.26 31.06
17 35 80 60 31.79 31.64
18 35 80 80 34.83 33.36
19 50 60 40 34.33 32.09
20 50 60 60 31.14 33.13
21 50 60 80 34.45 35.30
22 50 70 40 37.14 37.06
23 50 70 60 41.09 38.76
24 50 70 80 42.86 41.60
25 50 80 40 38.05 40.33
26 50 80 60 42.82 42.69
27 50 80 80 45.27 46.19

For further analysis, the comparison of experimental and
predicted concentration from the model is presented in Fig.
la. It can be shown from Fig. 1a that the data remains tightly
on the reference line. Standardized residual is also shown in
Fig. 1b. It concludes that the data are normally distributed, as

TABLE-2
CONCENTRATION OF NATURAL DYES USING SEVERAL SOLVENTS

Concentration of natural dyes (g/L)

Solvent = - - - - -
10 min 20 min 30 min 50 min 70 min 90 min

Distilled water 14.90 15.05 15.95 15.05 18.00 15.15
Water-acetone (1:1) 21.10 23.50 23.15 25.55 25.15 24.05
Water-acetone (1:3) 22.20 23.75 25.95 26.55 27.40 28.70
Water-ethanol (7:3) 16.75 17.65 16.90 18.90 15.80 17.80
Water-ethanol (3:7) 14.60 15.35 15.90 14.95 15.90 17.45
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Fig. 1. Standardized residual (a) and linear fitting plot (b) for natural dyes extraction

seen in Fig. 1b. It is because the data are closed to the reference
line with fewer outlier data. The smaller residual value gives
higher accuracy of model [22,28].

The obtained model, was performed by ANOVA to check
the adequacy and fitness of the model. ANOVA is one of statis-
tical techniques which test the correlation and significance of
the research parameters [23,29]. The output of F-value and
P-value were used with the level 0.05 as the assessment tools
to predict the significance of the parameter used in the research.
The results of ANOVA analysis are presented in Table-4. The
higher the F-value compared to F-table, the better the model
is. Reversibly, the lower the P-value results in the better model.
The model shows that the F-value is 51.52 with 3.05 F-table
and P-value is below 0.001, which means that the appropriate
model is produced because of statistically significance. On
the other hand, feed-solvent ratio (FSR) and temperature of
extraction are the significant factor for the extraction process
because the P-value is below 0.001, while extraction time does
not comply the significance although the value of P-value is
still relatively small. Furthermore, the high value of R%, 96.56 %,
describes that the model is appropriate for this study.

The effect of each parameter is presented in Fig. 2. It can
be concluded that all variables give similar tendency for the
increasing of concentration obtained. The increasing of variables
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)
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Fig. 2. Factorial plot of each parameter for the natural dyes extraction process

affect the concentration became higher although the value is
not similar to each other. The variation of FSR produces a linear
line with a high gradient which has a high impact to the obtained
concentration. Meanwhile, temperature and duration time do
not too impactful proved with a low gradient. With the suitable
predictive model, the production of natural dye from neem
leaves can be so precise. The application of natural dyes is still
in direct use of mother liquor produced from the extraction
process in the colouring process. The strength of natural dye

TABLE-4
OUTPUT OF ANOVA ANALYSIS FOR THE RESEARCH MODEL OF THE DYES EXTRACTION PROCESS
Source Coefficient Standallrd.error DF Aol smin gt A 55 61 F-value P-value
coefficient square square
Model 30.32 1.00 9.00 1795.49 199.50 51.52 <0.001
FSR, X, 9.34 0.46 1.00 1570.01 1570.01 405.44 <0.001
T, X, 2.17 0.46 1.00 85.06 85.06 21.97 <0.001
t, X5 0.49 0.46 1.00 4.27 4.27 1.10 0.308
FSR*FSR -0.90 0.80 1.00 4.83 4.83 1.25 0.280
T*T -0.85 0.80 1.00 4.38 4.38 1.13 0.303
tkt 0.57 0.80 1.00 1.93 1.93 0.50 0.489
FSR*T 2.61 0.57 1.00 81.67 81.67 21.09 < 0.001
FSR*t 1.78 0.57 1.00 38.10 38.10 9.84 0.006
T*t 0.66 0.57 1.00 5.23 5.23 1.35 0.261

R’ 96.46 %




Vol. 31, No. 11 (2019)

RSM Optimization of Fresh Neem Leaves (Azadirachta indica A. Juss) Extraction and Application 2571

can be described with the concentration of mother liquor so
that similar condition of colouring process can be applied.

Effect of operating parameters in extracted natural
dye application: Originally, the independent variables for appli-
cation of natural dyes were fixator agent (alum, lime and FeSO,),
fixator concentration and Turkish red oil (TRO) concentration
(g/L) as the mordant agent. Because of the difficulties to process
the fixator agent parameter, we converted the parameter to the
cost of each fixator agent, so it produced the same measurable
value. It looks reasonable to optimize the process of natural
dyes application due to the expense spent while using different
fixator agent. The experimental degree of faded dye was
produced by comparing the initial condition absorbance with
the final condition absorbance after the cloth immersion pro-
cess in detergent solution was occurred. The higher the degree
of faded degree, the less effective fixator agent to prevent color
for faded is. The absorbance was measured by Vernier SpectroVis
Plus Spectrophotometer (SVIS-PL) at 395.5 nm wavelength.
As well-known, the absorbance describes the concentration
in solution which means that can further describe the degree
of faded. The value of fixator cost ($/kg), fixator concentration
(g/L), and TRO concentration (g/L) as mordant agent, respec-
tively represent X, X, and X3, while the experimental degree
of faded represents Y. Variable gained from the research was
being processed with Minitab® software using RSM. The predicted
degree of faded is shown in Table-5 as an output response
from the software calculation.

It seems that the modeling is sufficiently correlated with
the experimental data. The empirical relationship between the
response (degree of faded) and the independent variables (X,
X, and X3) has been expressed by the second-order polynomial
equation as:

Yield = 305 — 112.5X, — 30.2X, — 20.1X; + 8.6X,* +
0.5191X5* + 0.869X5* + 15.48X, X, + 1.25X,X; —
0.042X,X; &)

The P-value is used to predict the significance of each
parameter and parameter correlation. The value of ANOVA
result for application of natural dyes could be seen in Table-6.
It shows that the significance of the model is high because of
its P-value (P < 0.001). It concludes that the calculated model
is suitable for the application of natural dyes process. The signi-
ficance occurred for the parameter such as mordant cost and
concentration. Furthermore, the interaction of mordant cost
and concentration also gives statistical significance to the calcu-

TABLE-5
DEGREE OF FADED RESPONSE COMPARED
TO THE EXPERIMENTAL RESULT

Fixator cost Fixator TRO

No. ($/kg) i, (L) (/L) Degree of faded (%)
X, X, X, Exp. Pred.
1 1.0329 5.0014 5.0004 9.3203 66.6514
2 1.0329 10.0012 5.0004 2.2088 335144
3 1.0329 15.0018 5.0004 41.5234 263342
4 1.7215 5.0008 5.0004 104.1477  63.0517
5 1.7215 10.0008 5.0004 101.6666  83.2198
6 1.7215 15.0006 5.0004 96.5590  129.3436
7 4.8201 5.0006 5.0004 125.4773  147.2416
8 4.8201 10.0002 5.0004  439.1283 407.2779
9 4.8201 15.0008 5.0004  729.9310 693.3278
10 1.0329 5.0002 10.0001 30.2082  36.7311
11 1.0329 10.0008 10.0001 54.8501 2.5399
12 1.0329 15.0002 10.0001 32.2439 -5.6882
13 1.7215 5.0006 10.0001 58.5033  37.4362
14 1.7215 10.0004 10.0001  117.5593 56.5574
15 1.7215 15.0003 10.0001  43.2586  101.6358
16 4.8201 5.0002 10.0001 1829223 141.0297
17 4.8201 10.0014 10.0001  287.8868 400.1065
18 4.8201 15.0014 10.0001  647.9981 685.0823
19 1.0329 5.0012 15.0003 13.9509  50.2550
20 1.0329 10.0002 15.0003  27.2603 15.0313
21 1.0329 15.0014 15.0003 19.5600 5.7569
22 1.7215 5.0004 15.0003  57.1403  55.2861
23 1.7215 10.0008 15.0003  70.0716  73.3654
24 1.7215 15.0016 15.0003  68.4009 117.4114
25 4.8201 5.0006 15.0003  194.3024 178.3245
26 4.8201 10.0004 15.0003  407.2947 436.2826
27 4.8201 15.0012 15.0003  793.9830 720.2560

lated model (P < 0.001). Another parameter and parameter inter-
action do not satisfy the significance through the calculated
model. The value of R* also supports the significance of the
calculated model, 96.39 %. It concludes that the model is
acceptable to be used for the natural dyes application.

The standardized residual and linear plotting had already
made to depict the acceptance of the proposed model. It seems
that the results in Fig. 3a fitted near the reference line which
means smaller residual occurred. Smaller residual value gives
higher accuracy of the model [22,24,28]. The linear plotting
of experimental and predicted yield (Fig. 3b) is also shown that
the data appropriately fitted with the regression line.

The effect of each parameter for natural dyes application
is shown in Fig. 4. It can be concluded that the higher the cost

TABLE-6
OUTPUT OF ANOVA ANALYSIS FOR THE RESEARCH MODEL OF NATURAL DYES APPLICATION
Source Coefficient Standar.d.error DF Al st A, WIEE Gif F-value P-value
coefficient square square

Model 170.6 39.7 9 1295459 143940 50.4 < 0.001
Cost, X, 198.8 12.6 1 711196 711196 249.03 < 0.001
Conc., X, 125.4 13 1 267167 267167 93.55 <0.001
TRO, X, 2.6 13 1 117 117 0.04 0.842
Cost*Cost 30.7 39.1 1 1762 1762 0.62 0.443
Conc.*Conc. 13 21.8 1 1011 1011 0.35 0.56
TRO*TRO 21.7 21.8 1 2834 2834 0.99 0.333
Cost*Conc. 146.6 14.5 1 292741 292741 102.5 <0.001
Cost*TRO 11.9 14.5 1 1919 1919 0.67 0.424
Conc.*TRO -1 154 1 13 13 0 0.947

R’ 96.39 %
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Fig. 3. Standardized residual and linear fitting plot for application of natural dyes
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Fig. 4. Factorial plot of each parameter for natural dyes application

of mordant agent the higher degree of faded produced. It is
mainly because of the properties of the mordant agent which
affects the colouring process. Alum which represents the lowest
mordant agent price gives an optimum condition for colouring
process because it could keep the colour from fade. It gives a
double impact on the optimization of natural dyes application
because of its cost and its properties. Concentration gives the
same trend with mordant agent cost. Meanwhile, TRO concen-
tration gives vagueness because it gives quadratic line instead
of the linear line.

Assesment of optimum condition using RSM: The corre-
lation of each variable for optimization analysis can be seen
in Fig. 5. Fig. 5a shows calculated concentration as a dependent
variable against independent variables in the extraction process,
while Fig. 5b shows calculated degree of faded value as a depen-
dent variable in natural dyes application process against fixator
unit cost, fixator concentration and TRO concentration. For those
each independent variables, optimization analysis was conducted
to find the desired parameter for extraction process and natural
dyes application.

The optimum condition analysis for the extraction process
and application process of natural dyes from neem leaves were

evaluated using RSM Minitab®. The output is presented in
Table-7. The extraction process of natural dyes from neem leaves
is expected to gain a higher concentration. Higher concentration
generates higher natural dyes extracted from neem leaves. As
a consequence, concentration response should be in maximum
condition with the independent variable variance. Differ with
the extraction process of natural dyes from neem leaves, appli-
cation process of natural dyes from neem leaves is supposed
to have less degree of faded outcome from the independent
variable variance. It is mainly because the higher the degree
of faded value, the less effective mordant agent and fixator to
keep the colour of cloth. Furthermore, degree of faded response
should be in minimum condition.

TABLE-7
OPTIMIZATION OUTPUT OF MINITAB® SOFTWARE FOR
THE EXTRACTION PROCESS AND APPLICATION PROCESS
OF NATURAL DYES FROM NEEM LEAVES

Extraction process of Application process of
natural dyes natural dyes
Variable Value Variable Value
FSR (% wiv) 50 Fixator cost ($/kg) 1.033
T (°C) 80 Fixator conc. (g/L) 14.09
t (min) 80 TRO conc. (g/L) 11.16
Conc. (g/L) 46.19 Degree of faded (%) 0

The outcome of the optimization process for the extraction
process and application process of natural dyes from neem
leaves is very useful to predict further research of neem leaves
extraction and application. It can either reduce significance
variable to be used in the further research or can optimize present
parameter to produce prospective process. From Table-7, it is
concluded that the optimum process for extraction process of
natural dyes from neem leaves produces a concentration of
46.19 g/L with the parameter condition 50 % w/v feed-solvent
ratio, the temperature of 80 °C and extraction duration of 80
min. Otherwise, the optimum process for application process
of natural dyes from neem leaves obtains the faded degree of
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Fig. 5. Contour plot of variables relationship; (a) extraction process and (b) application process

0 % with the parameter condition agent cost $ 1.033; which is
an alum, fixator agent concentration of 14.09 g/L, and TRO
concentration as a mordant agent of 11.16 g/L.

Conclusion

Three-level response surface design is reliable and very
effective for optimizing extraction process and application
process parameters of natural dyes from neem leaves. It briefly
gives correlation and interaction of that parameter in every
optimization process. Feed-solvent ratio (FSR) and tempera-
ture took the great part for the extraction process followed by
the temperature of extraction because of its significance. The
calculated model could well represent the independent variable
to calculate the dependent variable of the concentration of
mother liquor from the extraction process. It proved by the

greater value of R* (96.46 %). This model can predict the
desirable concentration of natural dyes produced from neem
leaves. Fixator cost and concentration had a great effect on
the application of natural dyes from neem leaves because of
its P-value (P < 0.001). The value of R* also supports the signi-
ficance of the calculated model (96.39 %). It is very acceptable
to be used for the natural dyes application. The optimum
process for extraction process of natural dyes from neem leaves
produces concentration 46.19 g/L. with the parameter condition
50 % w/v FSR 80 °C and extraction duration of 80 min. Other-
wise, the optimum process for application process of natural
dyes from neem leaves obtains the faded degree of 0 % with
the parameter condition fixator agent cost $ 1.033; which is
an alum, fixator agent concentration of 14.09 g/L. and TRO
concentration as mordant of 11.16 g/L.
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