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ABSTRACT

Alkali Treated Cottonii (ATC) is processed from red algae (Eucheuma cottonii) with akaline treatment.
Important factors affecting the commercial production of ATC are KOH concentration, temperature and process
time. Variation in akaline treatment conditions process will effect the yield and gel strength of the ATC. The
optimum conditions for the alkaline treatment were KOH concentration, temperature and process time from
Eucheuma cottonii were determined using response surface methodology (RSM). Based on the RSM approach is
known that KOH concentration, temperature and process time had a significant influence on the seaweed
akaline treatment to ATC. Optimum akaline treatment conditions obtained from KOH concentration (7%),
temperature 78.81°C and process time 2 h. Under the optimal conditions obtained the yield of 30.62% and gel
strength of 1.114.69 g.cm™.
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[20,4,15]. KOH concentration, temperature and

1. INTRODUCTION . S . .
duration of the alkalinization process will determine

Since the declaration of seaweed in the the quality of the resuilting ATC.

revitalization program, that the government seeks to Some r ch on the treatment of ATC has
develop downstream industries of seaweed through

the development industry of value added is ATC.

been done that further development is more focused

on the research on a pilot plant scale. Pilot plant

These efforts in order to reduce foreign exchange, scale is a scale to obtain the optimal operation and

and facilitate seaweed communities generally livein precise control before heading to the commercial

coastal areas. However, these efforts till need to be
improved related to the high demand for Indonesia
would carrageenan, which is reflected in the volume
of importsreached 1, 320, 818 tonsin 2011.

ATC is processed seaweed E. Cottonii that
have undergone a process of alkalinization. The use
of alkaline the process of eliminating a role in the
processing of six sulfate groups of the monomer
units into 3,6-anhydro-D-galactose, there by
increasing the gel strength [13,2,7]. In addition it
serves to prevent alkaline hydrolysis of carrageenan
[ KOH chosen because of the effects of the kappa
carrageenan cations that produce the gel is stronger

than the other alkali such as NaOH and Ca(OH)»
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production or industrialization. On a scale pilot
plant is expected characteristics of the product
obtained is not much different from the laboratory
scale, although the equipment and conditions
between the two different processes. Therefore, it is
necessary to test the optimum conditions were
obtained at laboratory scale to pilot plant scale, so
that later can be obtained optimum processing
conditions ATC with apilot plant scale.

The purpose of this study is to obtain
akalinization process technology of ATC on a pilot
plant scale in order to obtain the ATC with a value
of yield and gel strength is optimal. The resulting

process technology can be used as a reference for
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applied and developed on a scale of SMEs, with the
hope of producing carrageenan can meet the quality

standards required for carrageenan.

2. METHODOLOGY

Dried seaweed (E. cottoniii) was harvested in
January 2014 in Jeneponto, Indonesia. In the
laboratory, all of the seaweeds were washed with tap
water to remove the salt, sand and attached
epiphytes. The process was repeated twice. The
‘clean seaweed’ sample was processed further.
Potasium hydroxide was used to process dry
seaweed to be ATC was purchased from sentana

storein Makassar.

A. Design of ATC on pilot plant scale

Alkaline treatment tank (200 L) used on pilot
plant scae is made of a stainless steel vessel and
cylindrical double jacket with a water heater that is
placed between the cylinder. A temperature sensor
is placed inside the vessel to control the
temperature. The akaline treatment tank was heated
by burner (premium oil) and it was placed outside of
the alkaline treatment.

B. ATC processing

The ‘clean seaweed’ sample (20 kg) were
cooked in hidroxide (KOH) solution. The cooking
temperature was controled to be constant, whereas
the KOH concentration and cooking time were fixed
to the desired value. The process condition akaline
treatment design which will be explained in Table
2. After the alkaline treatment, the seaweed were
neutralized by washing under running tap water
until they had a pH of about 8-9 [8]. The material
was then chopped. Finaly, the ATC were recovered
and dried at sun for 2-3 days, weighed and milled

into fine powder to pass 60 mesh.
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C. Determination of yield

The ATC vyidd (%) was determined

according to the formula:

We
Yield (0t) = —.100
Wm

where Wc is the ATC weight (g) and Wm is
the dry seaweed weight (g) used for alkali treatment
[16].

D. Determination of gel strength

Gel strength was determined using a Texture
analyzer (TAXT Plus, Stable Micro Systems Ltd.,
Surrey, England). ATC solution was prepared by
dissolving 3 g of ATC powder and KCI 0.6 g to 197
ml of distilled water with continuous magnetic
gtirring at 80°C for 15 min. For the gel strength
analysis, this solution was placed in plastic tubes (40
mm diameter, 50 mm height, flat bottom) which
were kept under refrigeration 10°C for 16 hours
before analysis. All analyses were carried out in
duplicate[12].

E. Experimental design and statistical analysis

Before the development of the study through
RSM, afirst set of tests were performed to select the
relevant factors for independent variables including
KOH concentration (A), temperature (B), and time
(C) as shown in Table 1. The ranges of KOH
concentration (6-8 %), temperature (70-90 °C), and
time (1- 3 h) were obtained based on the results of
preliminary experiments. The model proposed for
theresponse Y isgiven below:

Y =x0+x1A+x2B+x3C+x4A2+x5B2+x6C2+
X7TAB+x8AC+x9BC

where x0 was offset term, x1, X2 and x3 were
related to the linear effect terms, x4, x5 and x6 were
connected to the quadratic effects and x7, x8 and x9
were associated with the interaction effects.

The ATC processing included important

processes, process conditions akaline treatment
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KOH concentration (%), temperature (°C,B) and
time (h,C) were independent variables studied to
optimize yield and gel strength of E. cottonii
extracts. The extraction yield (%) and gel strength
(g.cm?) are the most important things for ATC
production. These two responses were selected
together as the dependent variables for the
combination of the independent variables.
Experimental runs were randomized to minimize the
effects of unexpected variability in the observed
responses. A Box Behnken design consisting
seventeen experimental runs was employed
including five replicates at the center point™.
Seventeen extraction condition combinations were
generated by the software program of Design Expert
version 7.0° (DX 7.0%) as shown in Table 2.

Table 1 Experimental design range and values of

the independent variables in the RSM with
Box-Behnken design

Independent variabels  Symbol w
-1 1
KOH concentration (%, A 6 3
Temperature (°C) B 70 %0
Time (h) c 1 3

F. Verified Model

The adequacy of the polynomial model was
expressed by the multiple coefficient of
determination, R%. The significance of each
coefficient was determined by using F value and P
value. Optimizations of akali treatment conditions
including the KOH concentration, temperature, and
process duration for maximizing a quantitative yield
and gel dtrength determination of ATC were
calculated by using the predictive equation from
RSM. The optimum condition was verified by
conducting experiments under these conditions. The
response was monitored and the results were

compared with the model predictions.
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Table 2 Experimental design range and values of
the independent variables.

Runs A B C
KOH Temperature Time
concentration (°C) (h)
(w:v)
1 6 70 2
2 8 70 2
3 6 90 2
4 8 90 2
5 6 80 1
6 8 80 1
7 6 80 3
8 8 80 3
9 7 70 1
10 7 90 1
11 7 70 3
12 7 90 3
13 7 80 2
14 7 80 2
15 7 80 2
16 7 80 2
17 7 80 2

3. RESULT AND DISCUSSION

The effect of akaline treatment conditions
were independent variables studied to optimize yield
and gel strength of ATC on pilot plant scale. The
experimental results were shown in Table 3. The
yield and gel strength of ATC which was akaline
treatment with different process conditions is
showed that yield of ATC are in the range 22.49-
33.68% and the gel strength values were 790.60-
1281.95 gr.cm® The yield value obtained were
within ranges reported by [18] for K. alvarezii strain
brown from Sao Paulo, Brazil (25-35%); [1] for
Hypnea bryoide in Oman (30.05-33.16%); [20] for
Furcellaria lumbricalis and Coccotylus truncatus
(27-31%); [21] for K. avarezii (31.17%). Whereas
the amount of gel strength content obtained in the

present study was considerably higher than that
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reported by [20] (350 g.cm-2); [7] (168.86 g.cm™®);
[3] (1279 g.cm™).

The summary of the results obtained from
the effect of independent variables; The KOH
concentration, temperature and time on each
independent from Box-Behnken design are shown in
Table 4.

The ANOVA of the quadratic regression
model indicates the model to be significant. Thereis
only a 0.05% chance that a "Model F-Value" this
large could occur due to noise. Model P vaue
(Prob>F) is very low (<0.0005). The lack of fitisan
indication of the failure for amodel representing the
experimental data at which points were not included
in the regression or variations in the models cannot
be accounted for random errorl4]. If there is a
significant lack of fit which could be indicated by a
low probability value, the response predictor is
discarded. The lacks of fits model were not
significant (P>0.05) meaning that these models were
sufficiently accurate for predicting the relevant
responses[9].

Coefficient of determination R® is the
proportion of variation in the response attributed to
the model rather than to random error and was
suggested that for a good fitted model [11,9]. The
value of determination coefficient R = 0.8861
(vield) and 0.9033 (gel strength) implies that the
sample variations of 88.61% for the yield and
90.33% for the gel strength of carrageenan are
attributable to the independent variables, namely the
KOH concentration, temperature and time. Thus, the
analysis of variance showed that the predicted 2nd
order models were statistically suitable.

A. Effect of alkaline treatment conditions on yield
of ATC

The parity plot (Fig. 2 and Fig 5) showed a
satisfactory correlation between the experimental
and predicted values of ATC yield and gel strength
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wherein the points cluster around the diagonal line
indicated the good fit the model, since the deviation
between the experimental and predicted values
minimal [11]. Fig. 3 shows the combinations of
components that affects each of the yield values

through the different colors.

Table 3 Results of experiment

Formula KO Tempe Time Yield Gel strength
H raure (h) (%) (g/em?)

(%) (O
1 6 70 2 2438 125740
2 8 70 2 3149 1062.60
3 6 90 2 2677 128195
4 8 90 2 2881 1036.10
5 6 80 1 2351 89145
6 8 80 1 239 820.85
7 6 80 3 2742 1019.30
8 8 80 3 3088 805.75
9 7 70 1 2249 957.25
10 7 90 1 2369 976.40
11 7 70 3 3049 790.60
12 7 90 3 2829 90240
13 7 80 2 3099 1190.35
14 7 80 2 2786 1134.85
15 7 80 2 3222 1085.75
16 7 80 2 3236 1053.60
17 7 80 2 33.68 1061.95
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Signifi

Lack of

Response Model Equation St fit R*
Model (p=0.03)
(P=0.0
5)
Yicld = 1.63A - 0.16B + 2.93C — .2'?%.]3
Yicld Quadr +0.75AC - 0.85BC -~ L.68A” Signifi . Nol
aiic model 1.88B" - 3.30C" cant mgnlll;‘e.ml 08
{0.013) (27) 861
Gl strength = -90.60A +16.13B - 15.99C
Gel Quadr 1276AB  3574AC Signifi . Not
sirength atic Model 2316BC + 1594 A" + cant s‘gn;?mm 0.9
38.27B° - 236.91C° (0.008) (0.2356) 033
The blue color indicates the values of lowest
yield, whereas the red color indicates the values of
highest yield. Line consisting of the points on the
contour plot is a combination of three components
of formula with different proportions that generates
a response value of the same yield. Response
surface for the effect of KOH concentration and
temperature on the yield of ATC is presented in
Fig.4.
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Fig. 1. Normality of internally studentized residuals of ATC yield
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Fig. 3 Countour plot for the effect of KOH
concentration and temperature on the yield
of ATC.

The effect of alkaline treatment conditions on
ATC yield isshown in Fig. 3 and 4. The analysis of
the results showed that the KOH concentration was
the only highly significant factor affecting the yield
of ATC. ATC yield showed strong positive
correlation with KOH concentration. It was found
that with the increasing KOH concentration the
yield will be increasing. It has also been cited that
increase in polysaccharide yield is due to the strong
effect of extraction time-temperature on the mass
transfer rate of the water soluble polysaccharides in
the cell wall [22]. Further increase of temperature
leaded to the decreasing the yield of ATC. This was
due to higher temperature could have resulted in
some degradation of the polysaccharide [21. The
decrease of yield of carrageenan products has been
reported to be aresult of heating temperature higher
gave high solution concentration and it was difficult

to separate between filtrate and residue [19].
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Fig. 4. 3D graphic surface optimization of ATC
yield versus KOH concentration and
temperature.

B. Effect of process conditions on gel strength of
ATC

Fig. 6 shows the combinations of
components that affect each of the gel strength
values through the different colors. The blue color
indicates the values of lowest gel strength whereas
the red color indicates the values of highest gel
strength. Line consisting of the points on the contour
plot is a combination of three components of
formula with different proportions that generates a
response value of the same gd strength. Response
surface for the effect of KOH concentration and
temperature on gel strength of ATC is presented in
Fig. 7.

The effect of KOH concentration indicated
that decrease in gel strength up to certain values.
However, further increase in temperature and
extraction time showed a increase in gel strength of
ATC. Thiswas suspected due to higher temperature
causing carrageenan degradation, thereby producing
carrageenan fragments and lowering gelling ability.
Similar results have been reported for other

Gracilaria cliftonii and different samples[10].
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Fig. 5 Normality of internally studentized residuals of ATC gel strength

C. Optimization of process conditions pilot plant
scale

The optimization of multiple responses was
developed using desirability functions with the
responses to be maximized %, Table 5 shows the
components and optimized a response, the target
value, the minimum and maximum limits, as well as
the importance of the optimization phase of the
formula with program of DX 7.0°. The final results
of the optimization phase in the form of a new
is determined based on
build

solutions to desire a different value. The higher a

extraction conditions

predetermined targets. The program will
desirability value (approaching 1) means that the

optimal conditions for the process to produce an

optimal response.
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Table 5. Components and optimized response, targets, limits, and importance in the optimization phase

formula
Components & response Goal Lower Upper I mpor-tance
limits limits
KOH concentration (%) In Range 8 3 (+++)
Temperature (°C) In Range Q0 3 (+++)
Time (h) In Range 3 3 (+++)
Yield (%) Maximize 22.49 33.68 5 (++++4)
Gel strength (g.cm-2) Maximize 790.6 1281.95 5 (++++4)

On the optimization process, the
recommended process conditions are KOH
concentration 7%, temperature 78.81 °C and times
of 2.06 h. Under the optimal conditions obtained the
yield of 31.57% and gel strength of 1102.23 g.cm’.

D. Verified of Model

In the verified stage, the actual response
values obtained were compared with the predicted
value of the response generated by the program.
Table 6 shows that the suitability of the model
equation for predicting the optimum response values

was tested using the selected optimal conditions.

Results of verified solutions are not exactly the
same, but all the values were within ranges between
95% prediction interval low and 95% prediction
interval high. Thus the that the empirical models
developed were reasonably accurate. The 95%
prediction interval is the range in which we can
expect any individua value to fall into 95% of the
time[17].

4. CONSLUSION

The Response Surface Methodology (RSM)
can effectively be used to determine the optimum
process conditions for ATC production on pilot
plant scale from E. cottonii. Process condition with

alkaline treatment was optimized with maximize the

Design-Expert® Software

kekuatan gel
I 1281.95

790.6
X1= A: KOH
X2 = B: Suhu
1290
Actual Factor
C: waktu = 2.00

1225
1160

1095

kekuatan gel

1030

Fig. 7. 3D graphic surface optimization of ATC gel strength versus ratio of KOH concentration

and temperature
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yield and gel strength content. Second-order
polynomial models were obtained for predicting
extraction yield and gel strength. Using the contour
plots, the optimum set of the operating variables are
obtained graphically in order to obtain the desired
levels of the carrageenan properties which is
suitable for the further development and aplicated
for the construction industry in the form of Small
Medium Business. Optimum process condition for
maximizing yield, and gel strength were the KOH
concentration (7%), temperature (78.81°C) and
process time (2 h). In these conditions the ATC
product obtained with the yield 30.62% and gel
strength 1,114, 69 g.cm.

Table 6. Comparison of predicted and actual
response value verified optimum process
conditions with Box-Behnken design

Formula
Response

Predicted Verified 95%Pl  95%PI
Low High

Yidd(%) 3157 3062 2965 3350

Gel 1102.23 1.114.69 1028.85 1175.61

strength
(g.cm?)

5. REFERENCES

[1] Al-Alawi, A. A., Al-Marhubi, 1. M., Al-
Belushi. M. S. M., and Souss, B., 2011,
Characterization of carrageenan extracted
from Hypnea bryoides in Oman. Mar
Biotechnol; Vol. 13, pp 893 — 899.

[2] Basmal, J., Suryaningrum, D., dan Yeni, Y.,
2005, Pengaruh konsentrasi larutan potasium
hidroksida terhadap karagenan kertas. Jurnal
Penelitian Perikanan Indonesia; Vol. 11, 8, pp
1-9.

[3] Basmal, J., Sedayu, B. B., dan Utomo, B. S.
B., 2009, Effect of KCl concentration on the
precipitation of carrageenan from E. cottonii

IJESCA Vol.2, 1, May 2015 @2015 PPss=UNHAS

IJEScA

extract. J Marine and Fisheries Postharvest
and Biotechnology; Vol. 4, pp 73 - 80.

[4] Distantina, S., Fadilah, Danarto, Y. C.,
Wiratni, dan Fahrurozzi, M., 2009, Pengaruh
kondis proses pada pengolahan Eucheuma
cottonii terhadap rendemen dan sifat gel
karagenan. Ekuilibrium Vol 8,1, pp
35 - 40.

[5] Freile-Pelegrin, Y., and Robledo, D., 2008,
Carrageenan  of Eucheuma  isiforme
(Solieriaceae, Rhodophyta) from Nicaragua. J
Appli Phycol; Vol. 20, pp 537 — 541.\

[6] Guilseley, K. B., Stanley, N, F., and
Whitehouse, P. A., 1980, Carrageenan. in:
Handbook of Water Soluble Gum and Resin.
New York: Mc Grow Hill Book Company; pp
1-29.

[7]1 Hayashi, L., Oliveira, E. C, Lhonneur, G. B.,
Boulenguer, P., Pereira, R. T. L, Von
Seckendorff, R., Shimoda, V. T., Leflamand,
A., Vallee, P., and Crtchley, A. T., 2007, The
effects of selected cultivation conditions on
the carrageenan characteristics of
Kappaphycus alvarezii (Rhodophyta,
Solieriaceae) in Ubatuba Bay, Sao Paulo,
Brazil. J Appl Phycol; Vol. 19, pp 505 — 511.
doi:10.1007/s10811-007-9163.

[8] Hoffmann, R, A., Gidley, M. J., Cooke, D.,
and Frith, W. J.,, 1995, Effect of isolation
procedures on the molecular composition and
physical properties of Eucheuma cottonii
carrageenan. Food Hydrocoll; Vol. 9, 4, pp
281 - 289.

[9] Koocheki, A., Taherian, A. R, Razavi, S. M.
A., and Bostan, A., 2009, Response surface
methodology for optimization of extraction
yield, viscosity, hue and emulsion stability of
mucilage extracted from Lepidium perfoliatum
seeds. Food Hydrocoll; Vol. 23, pp 2369 -
2379.

[10] Kumar, V., and Fotedar, R., 2009, Agar
extraction process for Gracilaria cliftonii
(Withell,  Millar, &  Kraft, 1994).
Carbohydrate Polymers; Vol. 78, pp 813 -
819.

[11] Kumari, K. S, Babu, I. S, and Rao, G. H.,
2008, Process optimization for citric acid
production from raw glycerol using response
surface methodology.  Indian Journal of
Biotechnology; pp 496 - 501.

[12] Marine Colloids, F.M.C. Corp., 1977,
Carrageenan. marine colloid monograph

39



International Journal of Engineering and Science Applications

ISSN: 2406-9833

number one. USA: Marine colloid Division
FMC Coorporation. Springfield, New Jersey.

[13] Mc Hugh, D. J., 2003, A guide to the seaweed
industry. FAO Fisheries Technical Paper.
FAO, Rome.

[14] Montgomery, D., 2001, Design and analysis of
experiments (5th-ed). New York, USA; John
Wiley and Sonspp; pp 455 — 492.

[15] Mustapha, S., H Chandar, Z. Z. Abidin, R.
Saghravani, and M. Y. Harun., 2011,
Production of semi-refined carrageenan from
Eucheuma cottonii. Journal of Scientifie
Industrial Research; Vol. 70, pp 865-870.

[16] Neish, I. C., 1989, Alkali treatment of
carrageenan bearing seaweeds past, present
and future. FMC Corporation, Marine Colloid
Div; pp 11.

[17] Noordin, M. Y., Venkatesh, V. C, Sharif, S.,
Elting, S, and Abdullah, A., 2004,
Application of response surface methodology
in describing the performance of coated
carbide tools when turning AISI 1045 stedl. J
Materials Processing Technology; Vol. 145,
pp 46 — 58.

[18] Paula, E, J., Pereira, R. T. L., and Ohno,
M., 2002, Growth rate of the carrageenophyte
Kappaphycus alvarezii (Rhodophyta,
Gigartinales) introduced in subtropical waters
of Sao Paulo State, Brazil. Phycol. Res; Vol.
50ppl-09.

[19] Refilda, Munaf, E., Zein, R.,, Dharma A,
Indrawati, Lim, L. W, and Takeuchi, T., 2009,
Optimation study of carrageenan extraction
from red algae (Eucheuma cottonii). J Ris
Kim; Val. 2, 2, pp 120 - 126.

[20] Tuvikene, R., Truus, K., Vaher, M., Kalilas,
T., Martin, G., and Kersen, P., 2006,
Extraction and quantification of hybrid
carrageenans from the biomass of the red
algae Fucarrageenanellaria lumbricalis and
Coccotylus  truncatus. Proc Estonian Acad
Sci Chem; Vol. 55, 1, pp 40 - 53.

[21] Webber, V., De Carvaho, S. M, Ogliari, P.J.,
Hayashi, L., and Barreto, P. L. M., 2012,
Optimization of the extraction of carrageenan
from Kappaphycus alvarezii using response
surface methodology. Cienc. Tecnol. Aliment.
Campinas, Vol. 32, 4 pp 812 - 818
doi:10.1590/S0101-20612012005000111.

[22] Wu, Y, Cui, SW, Tang, J.,, and Gu, X., 2007,
Optimization of extraction process of crude
polysaccharides from boat-fruited sterculia

IJESCA Vol.2, 1, May 2015 @2015 PPss=UNHAS

IJEScA

seeds by response surface methodology. Food
Chemistry; Vol. 105 pp 1599 — 1605.

[23] Wangtueai, S., and Noomhorm, A., 2009,
Processing optimization and characterization
of gelatin from lizardfish (Saurida spp.)
scales. LWT-Food Science and Technology;
Vol. 42, pp 825 - 834.

40



