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Abstract— Effects of pretreatments with different alkaline and acid concentrations, and extraction temperatures on fish
gelatin extraction and properties was studied. The resultant fish gelatins were evaluated in terms of extraction yield,
viscosity, gel strength, and pH. The combination of higher acid pretreatment concentrations and extraction
temperatures removed the noncollagenous protein and provided proper pH extraction condition which resulted higher
gelatin extraction yield. However, the gel strength decreased with the increase of acid concentration. The gel strength
and pH of gelatin increase proportionally to the increase in alkaline concentration and extraction temperature. No
significant effects of the three treatments on the gelatin viscocity. The recommended gelatin extraction process
conditions was using alkaline concentration (NaOH) of 0.55 N, acid (HCI) of 0.95 N, and a temperature of 60 °C. The
optimal solution formula had optimization targets of 79.5% and was predicted to produce a gel with 11.21% vyield and
pH 3.4
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is discarded without utilization. The fish waste from spotted
I. INTRODUCTION oceanic triggerfish is up to 51%. Utilization of spotted
oceanic triggerfish skin and bone are expected to reduce
waste and increase the value of the waste.
This study used Response Surface Methodology (RSM)
approach to obtain the optimum conditions of gelatin
extraction. RSM is a method that combines mathematical

Gelatin is a polypeptide extracted from collagen tissue
found in bones, skin and connective tissue [1]. Utilization of
gelatin is quite extensive, both in the food industry as well as
non-food industry. In food industry, gelatin is used as a

binder agent, stabilizer, gelling agent, adhesives, viscosity hni h istical techni q |
agent and emulsifier techniques with statistical techniques to create and analyze a

The main sources of gelatin are pig skin (46%), cowhide response Y (e.g. yield, gel strength, etc.) that are influenced

(29.4%), beef bones (23.1%) and other sources (1.5%) [2]'by several variables (independent variable) or factor X [4].
Unfortunately, muslims cannot consume gelatin from pig The mdep_endent van_ables used in th|s.study were the
skin because it is not lawful, while gelatin derived from concentration of alkaline (NaOH) and acid (HCI) in the

cattle is avoided by most people because the fear of bovind’retreatment process, and the temperature of the extraction

spongiform encephalopathy (BSE) disease or mad cow.PrOCess. The purpose of this study were to determine t_he
Since the main source of gelatin is from pig and cow, effects of alkaline and acid pretreatments on gelatin

therefore, it is necessary to find other source of gelatin that jsextraction, and to obtain optimum gelatin extraction

halal for Muslims and safe. conditions from spotted oceanic triggerfish skin and bone.
Fish contains collagen which can be extracted to produce
gelatin. Collagen in fish is considered as a potential raw IIl. MATERIALS AND METHODS
material for making gelatin. According to [3], hard bone fish  Black spotted oceanic triggerfish waste in the form of
(teleostei) contain collagen ranges from 15% - 17%, while skins and bones were obtained from the fish auction place in
the bone cartilage fish between 22% - 34%. One type of fishLampulo Banda Aceh, Indonesia. The fish skins and bones
that have the potential to be used as raw material for makingwere washed and cleaned from the remnants of meat with
gelatin is spotted oceanic triggerfish. The fish has very hardknife then packed in plastic bag and stored at -24°C until
skin and bone, therefore only the meat is used, while the rest
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extraction process. The chemicals used are all based on prds. Viscosity

analysis (PA). The viscosity was measured according to the British
Standard 757 1975 whereas gelatin solution (6.67 %, wi/v)
was prepared by dissolving 7.50 g of gelatin in 105 ml of

The raw materials, which were still in frozerl state, Were isiilled water in a 250 ml beaker glass which was covered
cut into small sizes (2-3 cm) and thawed at 4°C overnight. ;.4 et for 1-3 hours at room temperature. Then, it was

The raw mater_ial (20_ g) was soaked_ in a solution of NaOH a5ted in a water bath for 8-10 minutes at 65°C while
(12 5w/ v) with various concentrations (factor a, N) and giring  After that the beaker was placed on a viscometer
various soaking times (factor b, h). Then, the samples wergsi(yment and measured when the gelatin solution’s

washed with water (1: 5 w / v) three times, filtered and then temperature was 6°C with a shear rate of 60 rpm using the
squeezed. Next, the samples were immersed in HCI (1: 5w/

; ) _ _ spindle 1. The value of viscosity is expressed in units of
v) with various concentration (factor c, N) and various entipoise (cP).
soaking time (factor d, h), and then the samples were washeg
with water (1: 5 w / v) three times, filtered and then F. pH

squeezed. The sample were then put into an Erlenmeyer, 1 g g of gelatin was put in a glass beaker and added 105
added with distilled water (1: 4 w / v) and covered with | of distilled water while stirring. The beaker was covered

aluminum foil. Subsequently, the samples were extracted ingng allowed 1-3 hours at room temperature. After that, the
a water bath with various extraction temperatures (factor e, ogelatin solution was heated in water bath for 10-15 minutes
C) and various extraction times (factor f, h). After that, the 5t 5 temperature of 650C, then into the water bath with

filtrate was obtained by filtering using cheesecloth and dried temperature of 35°C and pH of the solution was measured
in a glass container at a temperature of 60°C for 72 hours.  hjle stirring occasionally.

A. Gelatin Extraction in Screening Stage

The raw materials (200 g) were soaked in a solution of A fractional factorial design was used for screening

NaOH (1: 5 w/v) with various concentrations (factor X 1, N) (Taple 1). There were 6 independent variables selected and
for 1 hour. Then, the samples were washed with water (1: 55ne dependent variable was measured as response in
w/v) three times, filtered and then squeezed. Subsequentlygcreening, i.e. gelatin yield.

the samples were immersed in HCI (1: 5 w / v) with various

concentrations (factor X 2, N) for 3 hours, then the samples TABLE |

INDEPENDENT VARIABLES AND THEIR LEVELS IN THEG- FACTOR, 2-LEVEL

were washed with water (1: 5 w / v) three times, filtered and FRACTIONAL FACTORIAL SCREENING DESIGN

then squeezed. After that, the samples were put into glas

beakers, added with distilled water (1: 4 w / v) and covered Independent variables Symbol {—— Levill
with - aluminum  foil. Subsequently, the samples were Fiaine Concentration (N) A 01 1
extracted using a water bath with various extraction [“Alkaline Soaking Time (hours) b 1 2
temperatures (factor X 3, © C) for 5 hours. Next, the filtrate | Acid Concentration (N) c 0.1 6
was obtained by filtering using cheesecloth and dried in a éci?alcn:_?rﬂzxn;zeréh(gug) g é g

H o Xi | u
glass container at a temperature of 60°C for 72 hours. Exiraction Tims (hours) 5 5 5

C. Gelatin Yield

The yield is calculated from the ratio of dry weight of
gelatin produced over dry weight of the raw materials

H. Experimental Design on Optimization Stage

From the results obtained on the screening stage, 3
independent variables were then used in the optimization of

extracted. . )
extraction of gelatin through Response Surface Methodology
(RSM) approach.

Yield = -D[:j.-'.“.'Elght D.EE-EIE.tIEI % 100% (1) TABLE Il
Dry Weight of Skins or Bones THE INDEPENDENT VARIABLES AND THE LEVELS OF INDEPENDENT
VARIABLES IN 3 FACTORS ANDbS LEVELS IN CENTRAL COMPOSITE
D. Gel Strength ROTATABLE DESIGN
The gel strength of gelatin gel was determined according Code Level

to Gelatin Manufacturers Institute of America standard test| 'ndependentVariables | Symboll = 5 | o | 1] 4
method [5] with modification. Gelatin solution (6.67 %, w/v)
was prepared by dissolving 7.50 g of gelatin in 105 ml of | The concentration of alkaling
distilled water in a 250 ml beaker glass (61mm in dia.flat | pretreatment =A (N)
bottom) The beaker was covered and allowed 1-3 hours a
room temperature. Then the squ_tlon was heated in a watef The concentreition of acid X, |091]0.95 1 |1.05 1.08
bath for 8-10 minutes at 65 °C with stirring and let at room | Pretreatment =B (N)
temperature for 15-20 minutes. After that the beaker was _
covered tightly and let in water bath for 16-18 hours at 100C (':;Xct)rac“on temperature=C Xs |33.2]| 40| 50| 60| 66.9
Gel strength was measured by LFRA Texture Analyzer,
using a 12.5 mm plunger, 4 mm penetration into the gelatin
gel, speed of 1 mm / sec and trigger 5.

X1 0.25/0.55| 1 | 1.45 1.75
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The independent variables, namely: the concentration of
alkaline (X1), the concentration of acid (X2), and the )
extraction temperature (X3), were suspected as critical™ Raw Material
variables that can provide significant effects on the The protein content of raw materials of black spotted
extraction of fish gelatin from black spotted oceanic oceanic triggerfish waste in the form of skin and bone were
triggerfish waste. Based on these results, the rotatable centrainalyzed by Kjeldahl method. The analysis showed that
composite designs (Tables 2 and 3) were formulated, andorotein content in the skin and the bone were 29.69% and
four responses evaluated, namely: yield (Y1), gel strength28.90% respectively, while the protein content of both bone
(Y2), viscosity (Y3), and pH (Y4). and skin mixture was 78.38%. Thus, since the bone and skin

] mixture produces the highest protein content, this raw
. Analysis of Data material was used for the extraction to obtain optimum

Expert design software version 9.0.5 was used in theamount of gelatin yield.
optimization of gelatin extraction from waste of black
spotted oceanic triggerfish. All data analysis and response
surface plot were also done using this software.

I1l. RESULTS ANDDISCUSSION

TABLE 11l
CENTRAL COMPOSITE DESIGN FOR OPTIMIZING THE EXTRACTION OF FISH GELATIN FROM BLACK SPOTTED OCEANIC TRIGGERFISH
IN CODED UNIT ALONG WITH EXPERIMENT(EXP) AND PREDICTED(PRED) RESULTS

Run X1 Xz X3 Y1(%) Y2(9) Y3(cP) Ya
(N) (N) (C)
Exp Pred Exp Pred Exp Pred Exp Pred
1 +1 -1 +1 10.10 9.51 53.30 63194 1.00 1.235 3.39 3.32P
2 0 0 o 13.83 15.09 28.80 44.669 1.3D 1.235 3.31 3.424
3 -1 +1 -1 6.10 6.14 13.00 14.376 1.40 1.235 3.04 2.97p
4 0 0 0 6.71 6.14 91.70 38.785 1.70 1.235 2.88 2.932
5 0 0 0 6.98 6.143 57.50 38.785 1.20 1.235 2.92 2.93p
6 0 0 0 5.33 6.43 24.70 38.785 1.20 1.235 2.78 2.932
7 +o 0 0 4.24 4.851 66.00 57.177 1.10 1.235 2.94 3.148
8 -1 -1 +1 11.82 11.212 47.70 41.322 1.20 1.235 3.44 3.470
9 0 0 o 3.91 3.424 19.30 32.901 1.0p 1.235 3.09 3.153
10 0 0 0 3.80 6.143 82.30 38.785 1.30 1.235 3.1B 2.93p
11 o 0 0 8.78 8.943 11.80 20.393 1.40 1.235 3.02 3.031
12 +1 +1 +1 11.45 10.567 37.00 43.245 1.p0 1.235 343 3.216
13 0 0 0 6.20 6.143 7.20 38.785 1.20 1.235 291 2.93p
14 0 s 0 5.89 6.173 28.30 55.560 1.50 1.235 3.23 3.263
15 0 0 0 7.97 6.143 56.00 38.784 1.10 1.235 3.0p 2.93p
16 +1 +1 -1 291 2971 19.80 36.244§ 1.30 1.235 3.2/ 3.184
17 +1 -1 -1 3.57 3.508 65.30 56.1971 1.20 1.235 3.21 3.127
18 -1 -1 -1 4.60 4.936 32.30 34.325 1.10 1.235 3.14 3.167
19 0 o 0 7.58 8.070 9.50 22.010 1.2p 1.235 2.91 3.054
20 -1 +1 +1 14.49 14.005 24.20 21.378 1.10 1.234 3.14 3.097

(X1=the concentration of pretreatment alkaline (N), X2=the concentration of acid pretreatment (N), X3=the extraction temperature, Y1=yield, Y2=gel
strength, Y3=viscosity, and Y4=pH.

predictions (Y) . The response surface models for every

B. Screening response investigated showed in Table 4.

Based on the results of previous study [6] and the
experiments in the screening stage, it was concluded that the
alkaline pretreatment concentration (AzXN), acid
pretreatment concentration (BzXN), and the extraction

TABLE IV
RESPONSESURFACE MODEL FORY IELD, GEL STRENGTH, VISCOSITY, AND
PH RESPONSES

temperature (C=x% °C) were significant factors affecting

. . . . . Significant Lack of fit
gelatin yield (Table 2). Previous research associated with the Respon Model (g<0.05) (p<0.05) R?
extraction of gelatin, [7], [8], [9], as well as [10] has also| Yield Quadratic <0.0001 0.8197 0.8742
concluc_jed that the concentration of alkaline, aC|_d, and_the(iel - Linear 0.1597 0.9624 0.0655
extraction temperature affect the yield and quality of fish Strengt
elatin Viscocity Mean - 0.6957 < 0.0001
9 : pH Quadratic 0.1024 0.5305 0.3857

C. Response Surface Model Building of Gelatin Extraction

On the optimization of the gelatin extraction, the responsepD. Yijeld
variables optimized were vyield, gel strength, viscosity, and

pH. Table 3 shows the experimental results of 3-factor, S oceanic triggerfish ranged from 2.91% to 14.49%, with an

Ievgl central composite _design with  the independent average yield of 7.31%. The results of analysis of variance
variables (X) and the experimental responses along with the(ANOVA) showed that the chosen model for the yield

response was quadratic (Table 4), because this model had

The gelatin yield of bone and skin of black spotted
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higher value of R2 than other models, i.e. 0.87. This modelresponse value and red indicates the highest yield response.

was significant (P< 0.05) for the yield. The results from The lines which composed of dots on the contour plot graph

ANOVA also showed that the alkaline pretreatment represent the combination of three components with

concentration (A=X1, N) and the extraction temperature different valuesvhich produced similar yield response.

(C=X3, °C) were significant factors affecting the vyield, Surface shape of interaction between these components

while the acid pretreatment concentration (B=X2, N), the can be seen clearly on three-dimensional graph illustrated in

interaction between factors, and Lack of Fit effects were notFig. 3.

significant (P-0.05). According to [11], an insignificant

value of Lack of Fit is a requirement for a good model, since

it indicates conformity between the yield response data and

the model. 12—
The RSM equation of the gelatin extraction optimization

towards the yield response is as follows:

yield (%)

1.00 —f

B: acid (N)

Yield = +6.14 — 1.22 A +0.56 B +3.47 C — 0.43 AB — 0.067
AC +0.40 BC +0.27 A+ 0.35 B+ 1.10 & ) 7

where A, B, C asin Table 2, i.e: ‘ ‘ ‘ ‘ ' ‘ ' '
A: The concentration of alkaline pretreatment
B: The concentration of acid pretreatment
C: The extraction temperature

A: alkali (N)

Fig. 2. The response surface plots of gelatin yield of black spotted oceanic

. . . - triggerfish wast
This equation showed that the yield response will increase riggertish waste

proportionally with the concentration of acid pretreatment
and the extraction temperature which are indicated by
constant positive values. This presumably because acid
produced a pH that was suitable for the extraction of gelatin
and also acid caused some cross-linkages easily to break
with little damage to the polypeptide chain [9]. Therefore, a
higher yield could be generated. Extraction temperature also
affected the yield, based on the statement of [12], during
extraction; triple helix molecules will lose stability and break
down into threex chain, and upon denaturation of collagen,
the triple helix chain completely transformed into a single

yield (%)

chain of gelatin. Therefore, the higher the temperature the B: acid (N) o o
easier the extraction of triple helix chain, consequently the e O Akl ()
higher the yield of the resulting gelatin. _ _ _

Fig. 1 shows normal plot of residuals graph of yield Fig. 3. Surface profile plot of yield response.

response, which identifies the relationship between the
actual value and predicted value. It shows that data for yieldg, Gel Strength

response spread normally approaches normality line. This The gel strength is measured the strength of the gel on the
means that the actual results will be close to the predicted g g 9 9

surface of the sample with a distance of 4 mm and at a
results from the DX 9.0.5 program. concentration of 6.67%. The gel strength of skin and bone
Normal Plot of Residuals gelatin of black spotted oceanic triggerfish ranged between
7.20 grams to 91.70 grams with the average value of 38.78
B = grams. Results of analysis of variance (ANOVA) showed
o that the model chosen for the gel strength of the response
& was linear (Table 4), because this model had the highest
o value of R2 with a value of 0.0655. This model was
& insignificant (P0.05) because the value was 0.1597. The
5 treatments of concentrations of alkaline pretreatment,
- concentration of acid pretreatment and extraction
temperature also showed insignificant effect on the gel
strength response.

imemally Studentized Residuals RSM equation for extraction optimization of gelatin
Fig. 1. Normal plot of residuals of yield response towards gel strength response is as follows:

Normal % Probability

-3.00 2.00 100 0.00 100 2.00

Contour plot graph in Fig. 2 shows how the combination G€! strength Y =+38.79 +10.94 A-9.97B +3.50 C @)

between components {XX,, Xs3) interplay yield response
value. Different colors on the graph contour plot indicate
different yield values. Blue indicates the lowest yield

where: A, B, C as in Table 2.
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The equation shows that the gel strength response willF. Viscosity

increase proportionally to the increase in the concentration

Gelatin viscosity testing was conducted to determine the

by the constant positive values. However, acid concentrationconcentration and temperature. According to [13], the
showed a different response. An increase in acid;jscosity of the gelatin is usually measured at a temperature
concentration will result in the decrease of gelatin gel of o ° C. The gelatin viscosity of skin and bone of black

strength response.

spotted oceanic triggerfish ranged from 1.00 cP to 1.70 cP

Normal plot of residuals graph that identifies the ith an average value of 1.2 cP. Results of analysis of
relationship between the actual and the predicted values in,griance (ANOVA) showed that the model chosen for the
the data to indicate the response that spreads the gel Stre”gpésponse of viscosity was the average (mean) (Table 4)
was not close to the normal line (Fig. 4). This means that thepecause other models had negativevRlues. The model
actual results were not close to the results predicted by thg,gicated no significant effect ¥9.05) and all of the

DX 9.0.5 program.

Normal Plot of Residuals

Normal % Probability
8
t]

Internally Studentized Residuals

Fig. 4 Normal plot of residuals of gel strength response

Contour plot graph in Fig. 5 shows how the combination
between components (X1, X2, X3) interplay gel strength

independent variables (XX, Xs), i.e. alkaline and acid
pretreatment concentrations, and extraction temperatures
also showed no significant effects on the viscosity response.

Normal plot of residuals in Fig. 7 identifies the
relationship between the actual and predicted values which
shows that the data were spread away from the normal line.
This means that the actual results were not approached the
results predicted by the program DX 9.0.5.

Normal Plot of Residuals

response value. As for Fig. 2, the different colors on the
contour plot graph indicate different gel strength values. The
blue, red, and dots on the graph indicated the same
information as in Fig. 2. The three-dimensional graph of the
surface shape of interaction between these components is

Normal % Probability
8
|
OIm

200 -1.00 0.00 1.00 2.00 3.00

illustrated in Fig. 6.

105?

Gel Strength (g)

1.02 —|

1.00 —|

B: acid (N)

0.97 —

0.98 T T T T T T T T
0.55 0.65 0.75 0.85 0.95 1.05 115 125 135 1.45

A: alkali (N)
Fig. 5 The response surface plots of gel strength

Gel Strength (g)

B: acid (N)

0.95° 055

Fig. 6 Surface profile plot of gel strength response.
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Fig. 7 Normal plot of residuals of viscosity response

G. The Degree of Acidity (pH)

The pH value of the gelatin is influenced by pretreatment
of raw material for extraction [14]. The pH value of gelatin
ranged from 2.73 to 3.44 with an average value of 3.10.
Results from analysis of variance (ANOVA) showed that the
models were chosen for pH response was quadratic (Table 4)
because this model had the highest value’céd®npared to
other models with value of 0.3857. This model had no
significant effects (P0.05). Likewise, all of the independent
variables showed no significant effect on the pH response.
The equation for the pH response was:

pH = +2.93 + 0.035A - 0.061B + 0.081C + 0.063AB -
7.500E -003 AC -0027 BC + 0056’ A 0081
B?+0.13 G (4)

where: A, B, C as in Table 2.

The equation shows that pH response will increase
proportional to the increase in the concentration of alkaline
and the extraction temperature which indicated by the
constant positive value. Acid concentrations showed an
opposite effect, where an increased in acid concentration
will decrease the pH of the gelatin. Normal plot of residuals
chart (Fig. 8) shows the data for the pH response spread a



little bit out of the normal line. This means that the actual H. Gelatin Extraction Optimization

results are not too close to the results predicted by the optimization was done after the mathematical model
program DX 9.0.5. obtained for each response and was made to obtain desired
responses. The purpose of optimization was to minimize the
effort required and maximize the desired results. Through

Normal Plot of Residuals

this approach, optimization of multi responses could be
» _ obtained using desirability functions [15]. Table 5 shows the
. =3 B - components which were optimized, targeted, limits, as well
g w0 = as the rate of interest at the stage of formulating the
g o = optimization.
g o L f ol The concentration of alkaline and acid, and extraction
P = temperature will affect the quality of the resulting gelatin.
= - Yield and pH responses were responses that would be
optimized. These responses had the same models that were

guadratic, whereas the gel strength and viscosity responses
Internally Studentized Residuals had linear models, and both the means and the models were

not significant therefore were not included in the
optimization. Yield response was optimized with the target

Contour plot in Fig. 9, shows how the combination maximum interest rate of 5 (+++++). Yield was a response
between components interplay response of the pH valuewhich will determine the efficiency of the gelatin extraction
Different color on the chart contour plot shows a different process. The better the gelatin extraction process, the higher
value. The green color indicates the value is low and athe gelatin yield, whereas pH was optimized with maximum
reddish yellow color indicates a higher pH response. Thetarget and with interest rate of 3 (+++).

Fig. 8 Normal plot of residuals of pH response

lines which are composed of dots on the graph contour plot TABLE V
show the combination of the three independent variables OPTIMIZATION PARAMETERS IN THE RESPONSE OPTIMIZER
with different values that produces the same pH response.
The surface shape of the interaction between these Component/ Target Lower | Upper Importance
components can be seen more clearly in the three; Response Limit Limit
dimensional graph shown in Fig.10. Alkaline
Concentration In range 0.55 1.45 3(+++)
Acid
105 pH Concentration In range 0.95 1.05 3(++4)
Extraction
. Temperature In range 40 60 3(+++)
Yield Maximum 291 14.49 5(+++++)
7 pH In Target 273 3.44 3(+++)

B: Acid (N)

There were 72 optimization solution formulas obtained
from the optimization process and only 1/8 optimization
formulas preferred which had higher desirability values

0.97 —

e (Table 6).
A: Alkali (N) TABLE VI
Fig. 9 The response surface plots of pH of gelatin FORMULA GENERATED IN THE OPTIMIZATION PHASE
No Alrl?:" Acid | Tempera | Yield pH Dc_e_sira
(N) (N) | ture (°C) (%) bility

1 | 0.550| 0.950 60.000 11.212 3.4p0 0.795
2 | 0.558| 0.951 60.000 11.195 3.393 0.791
3 | 0.550| 0.950 59.899 11.188 3.396  0.790
4 | 0.550| 0.952 59.986 11.238 3.385 0.790
B 5 | 0.550| 0.954 60.000 11.269 3.3y6  0.787
6 | 0.550| 0.950 59.815 11.115 3.393 0.786
7 | 0.590 | 0.950 60.000 11.091 3.387 0.782
8 | 0.550| 0.954 59.847 11.183 3.3f2 0.781
B: Acid (N) 00055 9 | 0.599| 0.950 60.000 11.064 3.384 0.779

Fig. 10 Surface profile plot of pH response.
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Gelatin extraction process conditions recommended wasThe viscosity was not affected by the concentration of
using alkaline concentration (NaOH) of 0.55 N, acid (HCI) alkaline, acid and temperature. Optimization using expert
of 0.95 N, and a temperature of 60 °C. The optimal solution design program 9.0.5 via response surface methodology
formula had optimization targets of 79.5% and was predictedapproach generates optimal formula for gelatin extraction
to produce a gel with 11.21% yield and pH 3.4 with alkaline concentration (NaOH) of 0.55 N, acid (HCI) of

Fig. 11 and 12, describes the optimization results in two 0.95 N and a temperature of 60°C with desirability value of
and three dimensional (2D and 3D) contour forms. Two- 0.795.
dimensional contour plot (Fig. 11) shows the responses of
the predictive models for gelatin yields and pH values. The ACKNOWLEDGMENT
lines which were compose_d Of_ dots shows the combination We thank Syiah Kuala University, Banda Aceh and Dikti
of the_ three_ components with d'ﬁerem \_/alues_tha_\t prodL_Jces 4ndonesia “Fundamental Project”, for financial support
certain desirability same value. Prediction point in the figure ;

I > . . provided.
shows the combination of alkaline concentration (NaOH) of
0.55 N, acid (HCI) of 0.95 N, and a temperature of 60°C that
produced desirability value of 0.795. In addition, the three- 1 Aexandre. da T. A. E. Balbinot. C.L Weber. L B Tonial. A
dimensional graph .(Flg' 12) shows th? projection .Of t.h.e = Mzei)c(ﬁgd(rfll_unell(es', .‘:Fis’h atherI];tiH: .C'Zhareac?(:.'r’ist'ics,. Igzlr?c't’ionéll
contour plots. The higher the area, the higher the desirability Properties, Applications and Future Potentidfgiod Engineering
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