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(!orres et al. 2007; Fertah et al. 2014), while
extraction using supercritical CO», auto-hydrolysis,
microwave, and ultrafiltration is exflensive and
difficult to apply in industrial scale (Balboa et al.
2013; Gonzalez-Lopez et al. 2012; Perez-Lopez
et al. 2014; Quitain et al. 2013). Extraction of
alginate using twin-screw extruder (TSE) is more
effective and applicable for industries due to its
continuous process with combination of pressure,
shear stress, and temperature in the moving
screw (Vauchel et al. 2008; Baron et al. 2010,
Hernandez-Carmona et al. 2013).

TSE demonstrated an essential role in the
transformation of physicochemical materials
(Kartika et al. 2010), and was applied for chemical
reactor in the extraction of natural resources such
as extraction of canola oil and pretreatment of
lignocellulose for bioethanol production (Dufaure
et al. 1999; Evon et al. 2007; 2013; Zheng and
Rehmann, 2014). TSE in the extraction of brown
seaweed alginate demonstrated the
advantageous properties such as continuous and
rapid process, and required low volume of
solvents, low waste, and safe operation (Vauchel
et al. 2008; Kartika et al. 2006; 2010). Recent
studies that involved TSE in the extraction of
brown seaweed alginate mostly focused on
investigating the effects of screw speed on RTD
(Baron et al. 2010).

The acidic pre-treatment of brown seaweed is to
conversion of alginate salt-including the insoluble
calcium and magnesium to alginate acid and this
is more easily to extract with sodium carbonate
treatment (Hernandez-Carmona et al. 1999). The
pH and time level acid pre-treatment affects the
physical characteristics of brown seaweed in
alkaline solution and physicochemical properties
of alginate, and molecule alginate is hydrolyzed at
low pH (Lorbeer et al. 2015; Silva et al. 2015).
Therefore, a study pertaining the effects of acidic
pre-treatment on RTD and physicochemical
properties of alginate processed using TSE is
Bquired. This study is aimed to evaluate the
effects of different pH levels and time of acidic
pre-treatmeif on RTD and physicochemical
properties of alginate from brown seaweed
Sargassum cristaefolium extracted using twin
screw extruder, and to find out optimum condition
based on RTD, intrinsic viscosity, yield, and
molecular weight.

MATERIALS AND METHODS

Multiple-response optimization of the acidic

Materials and Reagents

Sargassum cristaefolium brown seaweed was
obtained from Poteran Island, Sumenep, Madura,
in April 2016. Fresh brown seaweed was washed
using tap water and immediately transported to
laboratory (within 24 h). The seaweed was
washed and submerged in 0.1% KOH for 1 h, and
re-washed to remove residue. The seaweed was
sun dried, grounded, and sieved at 60 mesh
(Subaryono, 2010). The seaweed was submerged
in 0.1% formaldehyde overnight, and then
\fBshed, dried at 50°C for 6 h in cabinet dryer
(Wedlock and Fasihuddin, 1990; Hernandez-
Carmona et al. 1999). All chemicals including
KOH, formaldehyde, hydrochloric acid (HCI) 35%,
ethanol 96%, Na,CO; were technical grade, and
reagent for analysis were analytical grade.

Twin-screw extruder

The alginate extraction was performed using
intermeshing co-rotating twin-screw extruder
(Berto Industry BEX-DS-2256), with capacity of 7
kg/h. Three thermocouples were set to produce
heat. The barrel temperature was monitored in
control panel, and the high temperature was
reduced by using air compressor, diameter of die
was 8 mm. The extruder was operated at screw
speed of 0-180 rpm, feed screw speed of 0-35
rpm. Barrel and screw profile of twin-screw
extruder Berto Industry BEX-DS-2256 were
exhibited in Figure 1.

Extraction of sodium alginate

Pre-treatment of brown seaweed

Brown seaweed was dissolved in 0.03 M HCI
according to the treatment (pH 1-5) for 30-90 min
with ratio of 1:20 (b/v), depended on the
treatment, and gently stirred at speed of 500 rpm.
The brown seaweed was rinsed by distilled water
to eliminate acid excess, and the remaining water
was removed using pressure  machine
(Hernandez-Carmona et al. 1999).

Alginate extraction using twin-screw extruder

Pre-treated brown seaweed (at pH 1-5 for 30-90
min) was gradually added with NaCO; solution
(2.25%) with ratio of 1:3 (b/v), stirred and
transferred into extruder hopper. Extrusion
experiment for alginate extraction was operated at
feed screw speed of 30 rpm, screw speed of 75
rpm, temperature of 60°C. Brown seaweed was

Eoscience Research, 2018 volume 15(2): 683-693 684
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Multiple-response optimization of the acidic

Table 1. Experimental design and responses

Pre-treatment Response

No Actual variable Code variable RTD Yield Ir_rtrins_ic Mole_clilllar

H : : (minute) (%) viscosity weight

P Time(min) X4 X, (ml/g) (kDa)

1 3.00 60.00 0 0 4.05 34.59 438.27 207.53
2 1.00 30.00 -1 -1 4.35 31.97 178.72 88.53
3 [ 017 60.00 -1.414 0 4.05 29.85 159.35 74.22
4 | 5.00 90.00 +1 +1 4.58 31.45 139.95 65.05
5 | 3.00 60.00 0 0 4.11 36.16 426.02 201.63
6 | 5.83 60.00 +1.414 0 4.55 28.27 165.12 72.22
7 | 1.00 90.00 -1 +1 4.00 29.79 198.72 92.88
8 | 5.00 30.00 +1 -1 4.35 29.16 170.29 79.41
9 | 3.00 17.57 0 -1.414 4.40 27.35 150.59 70.08
10 | 3.00 60.00 0 0 4.15 33.68 436.22 206.55
11 | 3.00 102.43 0 +1.414 4.05 32.80 170.60 79.55
12 | 3.00 60.00 0 0 4.13 35.27 402.28 190.22
13 | 3.00 60.00 0 0 4.10 34.35 424.49 201.10

moved along the rotating screws and then was
released in the opening die. The extrudate was
then dissolved in Na,CO; 2.25% with ratio of 1:10
(b/v), stirred. Alginate filtrate was centrifuged at
5000 rpm for 10 min to obtain supernatant. The
filtrate was added with ethanol 96% with ratio of
1:2 (v/v), kept for 1 h and filtered. Alginate was
washed (twice) using ethanol 70% and 96%,
filtered and pressed. The alginate obtained was
oven-dried at 45°C for 24 h, crushed and sieved at
60 mesh.

RSM experimental design

The acidic treatment was optimized using RSM
central composite design consisting of two
variables pH (x;) and time acid pre-treatment (x).
The design resulted in 13 combinations randomly
ordered with 5 replications at center point (run 9-
13) (Montgomery, 2005), as presented in Table 1.
Based on experimental data, the second order
was used as follow:

Y=5,+Y Bx+Y B+ Y Bxx, (1)

where Y is response; [3; is intercept coefficient; 3,
Bi B; are regression coefficients for linear,
quadratic, and interaction; x;, x;, are independent
variables of pH and time acid pre-treatment.

The accuracy of polynomial model was analyzed
using Software Design-Expert version 7 to obtain
correlation coefficient (R) and determination
coefficient (R?) of observe variables (RTD, yield,
intrinsic viscosity, and molecule weight). The

significance of R and R® was
evaluated using F-test.

statistically

Determination of residence time distribution
Residence time distribution (RTD) of brown
seaweed was time at which the material injected
until the material released in the opening die.

Determination of Yield

Yield was determined as ratio of the dry weight
alginate extracted to dry weight of brown alga
used for extraction, then multiplied by 100%.

Determination of intrinsic viscosity
Alginate viscosity was assessed at 25 °C using
viscometer glass with capillary diameter of 0.56
mm. To prepare alginate solution, alginate (30
mg) was dissolved in 10 ml of distilled water,
stirred for 3 h at 25 °C (Chee et al. 2011). The
different concentrations (0.05-0.3 g/dL) of alginate
were then made. (t) was relatively measured to
(to). Intrinsic viscosity was determined by
extrapolating of ng/c concentration to zero.
Relative viscosity,

t

n=g (2)
Specific viscosity,

Nsp= N-1 3)
Reduction viscosity,

et )
Intrinsic viscosity,

[n]=limc—>0 % (5)
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Determination of molecular weight
Determination of alginate molecular weight was
based on correlation of average intrinsic viscosity
and molecular weight, determined by using
formulation of Mark-Houwink (Eq. 6), where k =
0.023 dL/g and a = 0.984 proposed by Clementi et
al. (1998) quoted by Fertah et al. (2014), Chee et
al. (2011) and Torres et al. (2007) to empirically
relate [n] and the weight-average molar mass
(M)

[nJ=kMy, (6)

The [n] is intrinsic viscosity (dL/g), and M, is
molecular weight (kDa).

RESULTS AND DISCUSSION

Residence time distribution

The results showed that pH and time of the
acid pre-treatment significantly affected RTD.
Lower pH and longer acid-treatment time resulted
in lower RTD (Figure 2). This condition of lower
pH may induce enhancement of Ca/H ion
exchange, which more easily reacts and dissolves
in sodium carbonate solution to form sodium
alginate. The Ca/H ion exchange follows the first
order, and its rate shows proportional correlation
with pre-treatment time and acid concentration
(Myklestad, 1968). The physical characteristic of
brown seaweed in sodium carbonate solution at
ratio of 1:3 (b/v) smoother with reduced pH level
and increased duration acid pre-treatment. This
phenomenon is due to the formation of porous cell
wall and remove phenolic compounds because of
acid pre-treatment of brown seaweed (Bertagnolli
et al. 2014). This acid pre-treatment also could
promote of Ca/H ions exchange, conversion of
alginate salts to alginic acid was higher as acid
concentration and pre-treatment time increase.
The alginic acid was more extractable with sodium
carbonate solution compare alginate salt (calcium
and magnesium alginates) (Gomez et al. 2009;
Hanh et al. 2011). Hernandez-Carmona et al.
(1999) and silva et al. (2015) reported that
exchange of Ca/H ions was higher in pre-
extraction in 0.1 M HCI than that pre-extraction at
pH 4 or without pre-extraction treatment, alginate
extractability was improve with more acid
conditions.

Yield

Treatments of pH and acid pre-treatment time
remarkably influenced extractability of alginate,
higher yield was obtained at lower pH and longer
pre-treatment time (Figure 2). The yield was
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higher at condition of pH 3 and acid pre-treatment
time of 60 min, but lower at condition of pH 5 and
duration acid pre-treatment in the range of 30-90
min. The widely reported that pH and duration
acid treatment quadratic effect on the
extractability of alginate, the extractability of
alginate was increase with more acid conditions
and longer duration acid treatment (Lorbeer et al.
2015). This presumably reflects conversion of
insoluble alginate, calcium, magnesium to more
soluble and extractable alginate using sodium
carbonate. Ca/H ion exchange was relatively
higher with increase in acid concentration and
acid pre-treatment time. Higher acid concentration
and longer acid pre-treatment effectively reduced
phenclic components which could promote
alkaline extraction, decreased phenolic
compounds associated with alginates and
inhibited alginate extraction (Gonzalez-Lopez et
al. 2012; Deniaud-Bouet et al. 2014). Alginate
yield using acid-treatment at pH 2 was higher than
that of at pH 5 or without acid treatment (water)
(Lorbeer et al. 2015; Rahelivao et al. 2013;
Jayasangkar, 1993). Pre-treatment which was
performed at too low pH and excessive time led to
degradation of alginate polymers (Gomez et al.
2009; Hernandez-Carmona et al. 1999; Silva et al.
2015).

Intrinsic viscosity

Experimental data show that intrinsic viscosity
was higher at pH 3 and acid pre-treatment time of
60 min, but lower at pH 5 and duration time of 30-
90 min. The highest intrinsic viscosity (438.27
ml/g) was obtained at pH 3 and 60 min, while the
lowest intrinsic viscosity (136 ml/g) was found at
pH 5 and 90 min. Intrinsic viscosity obtained in
this research was relatively similar to that reported
by Rahelivao et al. (2013), Fenorodosa et al.
(2010), Torres et al. (2009), and higher than result
&ported by Mahmood and Siddique (2010),

rtah et al. (2014) and Sellimi et al. (2015).

Treatment of pH and time acid pre-treatment
exhibited quadratic effect on intrinsic viscosity of
alginate extracted by twin-screw extruder (Figure
2). Intrinsic viscosity was positively correlated at
pre-treatment condition of pH 3 and 60 min,
decreased at acid pre-treatment condition of pH 1
and 5 for the range of 30-90 min. This is because
the degradation of the polymer chain is getting
worse at the pre-treatment of pH 1 and 5.
Degradation of alginate molecules resulted from
reaction of f-elimination in 4-O-glycosidic bonds,

Bioscience Research, 2018 volume 15(2): 683-693 686













Sugiono et al.,

(Smidsrod et al. 1963; Haug et al. 1963). Reduced
phenolic compound in acid treatment at about
neutral pH was not effective, and its presence
drastically degraded alginate chain during alkaline
extraction (Wedlock and Fasihuddin, 1990).
Lorbeer et al. (2015) report that alginate molecule
weight relative high an acid pre-treatment at pH
3.5 compared to pH 5. At pH 5, exchange of Ca/H
was relatively low and residence time distribution
was higher thus increasing specific mechanical
energy effect, wiff§h led to degradation of alginate
polymer chains (Hernandez-Carmona et al. 1999;
Kartika et al. 2010; Baron et al. 2010).

Prediction model and statistical analysis

RSM was used to optimize effects of acid pre-
treatments on alginate extracted by twin-screw
extruder. The various pH levels (1, 3, 5) and pre-
treatment time (30, 60, 90 min) are variables for
central composite design (CCD). The second-
order polynomial models RTD, yield, intrinsic
viscosity, and molecule weight (code variables)
are presented below:

y = +4,11 + 0,16 x; — 0,077x, + 0,11x/-

0,073x5" + 0,15x;x5 RF=0,9335
y =+34.81 - 0.42x; + 0.98x, — 2.62x,° —
2.11x° + 1.12x:x2 R’=0.8617

y = +425.46-9.15x; + 2.24x, —130.86 x; —
129.18 x,” ~12.58x,x, R'=0.9914

y =+310.89 — 6.70x, +1.65x, —-97.35 x/ —
96.12x,° -9.21x,x, R'=0.9915

Polynomial models of second @rder are
evaluated according to sig;nificance, lack of fit,
correlation coefficient (R°) and coefficient of
variance (C.V.), as observed in Table 2. The
proper prediction models have significance
P<0.05, R® = 0.8, lack of fit >1, coefficient of
variance (C.V.) £10% (Montgomery, 2005). Based
on these parameters, second order polynomial
models meet the criteria, thus they are acceptable
for predicting optimal response.

Multiple-response optimization and
verification

After the mathematical models are
determined, optimization is carried out to obtain
the best desirability, considering target and
importance of responses (Table 3). The optimum
condition for extraction of brown seaweed alginate
was obtained at pH 2.90 and acid treatment time
of 61.74 min. At this condition, the prediction of
response value was RTD 4.096 min, yield 34.87
%, intrinsic viscosity 425.327 ml/g, molecular
weight 201.333 kDa, which resulted in desirability
value of 0.921 (Figure 3). Desirability value most
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equal to 1 indicated that optimum point predicted
by Design Expert had high validity (Ale et al.
2012).

The prediction of optimum condition (pH 2.90
and time 61.74 min) was the verified using 3-
replicated experiments, which resulting in RTD
4.13+0.017 min, yield 35.58+0.23 %, intrinsic
viscosity 418.77+1.74 ml/g, and molecule weight
198.15+2.47 kDa. The verification demonstrated
95% PI low and 95% PI high, indicating that the
verification results in attaining maximum vyield,
intrinsic viscosity, and molecular weight were
consistent and valid (Qiao et al. 2009; Sugiono et
al. 2014). The optimum condition of the acid pre-
treatment of brown seaweed in this research
agreement with the findings of Rahelivao et al.
(2013), but slightly lower than the pH of 3.2
suggested by Lorbeer et al. (2015) and the pH of
4 suggested by Gomez et al. (2009). Muliple-
response alginate at the optimal condition was
higher than result reported by Vauchel et al
(2008).

CONCLUSION

Different pH levels and acid pre-treatment time
significantly alte@ residence time and quality of
brown seaweed Sargassum cristaefolium alginate
extracted using twin-screw extruder. The optimum
acid pre-treatment condition was achieved at pH
2.90 and time 61.80 min, resulting in RTD
4.13+0.017 min, yield 35.58+0.23 %, intrinsic
viscosity 418.77+1.74 ml/g, and molecular weight
198.15+2.47 kDa.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest”.

ACKNOWLEGEMENT

Authors would like to thank Technopark, Bogor
Agricultural University, for facilitating utilization of
twin-screw extruder.

AUTHOR CONTRIBUTIONS

This manuscript is part of the PhD Dissertation
(Agricultural Product Technology) of first author
advised by all co-author. Sugiono was responsible
for conception, design, analysis and interpretation
of data, drafting and revising and give final
approval of the version to be submitted. Masruri,
Teti Estiasih and Simon Bambang Widjanarko
were responsible for supervise for conception,
design, an@sis and interpretation of data, and
processing of the manuscript.

Bioscience Research, 2018 volume 15(2): 683-693 690







Sugiono et al.,

Scandinavica, 21:2859-2870

Hernandez-Carmona G, McHugh D.J., Arvizu-
Higuera D.L., Rodriguez-Montesinos, 1999.
Pilot plant scale extraction of alginate from
Macrocystis pyrifera. 1. Effect of pre-
extraction treatments on yield and quality of
alginate. Journal of Applied Phycology,
10:507-513.

Hernandez-Carmona G, Freile-Pelegrin Y,
Hernandez-Garebay E, 2013. Conventional
and alternative technologies for the
extraction of algal polysaccharides.
Woodhead publishing limited, pp. 475-516

Jayasankar R, 1993. On the yield and quality of
sodium alginate from Sargassum wightii
(greville) by pre-treatment with chemicals.
Seaweed Research and Utilisation, 16(1&2):
63-66.

Jensen M.G., Knudsen J.C., Viereckb N,
Kristensen M, Astrup A, 2012. Functionality
of alginate based supplements for application
in human appetite regulation. Food
Chemistry,132:823-829.

Kartika I.A., Pontalier P.Y., Rigal L. Extraction of
oleic sunflower oil by twin-screw extruder:
screw configuration and operating conditions
effects. In. Proc. 16" International Sunflower
Conference. Processing, Technology and
New Uses. Fargo. ND USA; 2006.

Kartika LA., Pontalier P.Y., Rigal L, 2010. Twin-
screw extruder for oil processing of sunflower
seeds: Thermo-mechanical pressing and
solvent extraction in a single step. Industrial
Crops and Products, 32(3):297-304.

Larsen B, Salem DMSA, Sallam MAE, Mishrikey
MM, Beltagy Al, 2003. Characterization of
the alginates from algae harvested at the
Egyptian Red Sea coast. Carbohydrate
Research, 338:235-336.

Leal D, Matsuhiro B, Rossi M, Carusso F, 2008.
FT-IR spectra of alginic acid block fractions
in three species of brown saweeds.
Carbohydrate Research, 343:308-316.

Lee KY, Mooney DJ, 2012. Alginate: properties
and biomedical applications. Progress in
Polymers Science, 37:106-126.

Lins KOAL, Vale ML, Ribeiro RA, Costa-Lotufo
LV, 2013. Proinflammatory activity of an
alginate isolated from Sargassum vulgare.
Carbohydrate Polymers, 92(1): 414-420.

Lorbeer AJJ, Lahnstein, Bulone V, Nguyen T,
Zhang W, 2015. Multiple-response
optimization of the acidic treatment of the
brown alga Ecklonia radiata for the
sequential extraction of fucoidan and

Multiple-response optimization of the acidic

alginate. Bioresource Technology, 197:302-
309

Mahmood SJ, Siddique A. 2014. lonic studies of
sodium alginate isolated from Sargassum
terrarium (brown algae) karachi coast with
2,1-electrolyte. Journal of Saudi Chemical
Society,14: 117-123

Moebus K, Siepmann J, Bodmeier R. 2012. Novel
preparation  techniques for  alginate—
poloxamer microparticles controlling protein
release on mucosal surfaces. European
Journal of Pharmaceutical Sciences, 45:358—
366.

Montgomery DC, 2005. Response surface
methods and designs. New York. USA: John
Willy and Sons. Inc

Myklestad S, 1968. lon-exchange properties of
brown algae. Determination of rate
mechanism for calcium hydrogen ion
exchange for particles from Laminaria
hyperborea and Laminaria digitata. Journal
of Applied Chemistry, 18:30-36.

Paula A, Sousa AD, Rocha M, Pessoa C, Odorico
M, Moraes D, Dario F, Filho R, Paula A,
MNunes N, Costa-lotufo LV, 2007. In vivo
growth-inhibition of Sarcoma 180 tumor by
alginates from brown seaweed Sargassum
vulgare. Carbohydrate Polymers, 69:7-13.

Perez-Lopez P, Balboa EM, Gonzalez-Garcia S,
Dominguez H, Feijoo G, Moreira T, 2014.
Comparative environmental assessment of
valorization strategies of the invasive
macroalga Sargassum muticum. Bioresource
Technology, 161:137-148.

Poncelet D, Babak V, Dulieu C, Picot A, 1999. A
physico-chemical approach to production of
alginate beads by emulsification-internal
ionotropic gelation. Colloids and Surfaces A:
Physicochemical and Engineering Aspects,
155:171-176

Qiao D, Hu B, Gan D, Sun Y, Ye, Zeng X, 2009.
Extraction optimized by using response
surface  methodology, purification and
preliminary characterzation of polysaccharide
from  Hyriopsis cumingi. Carbohydrate
Polymers, 76:422-429.

Quitain AT, Kai T, Sasaki M, Goto M, 2013.
Microwave—hydrothermal extraction and
degradation of fucoidan from supercritical
carbon dioxide deoiled Undaria pinnatifida.
Industrial & Engineering Chemistry
Research, 52(23):7940-7946.

Rahelivao, Pascaline M, Andriamanantoanina H,
Heyraud A, Rinaudo M, 2013. Structure and
properties of three alginates from

Bioscience Research, 2018 volume 15(2): 683-693 692







Multiple-response optimization of the acidic pretreatment of
the brown alga Sargassum cristaefolium

ORIGINALITY REPORT

11, 11+ 8« 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

uim.ac.id

Internet Source

2%

o

Submitted to King Abdulaziz University

Student Paper

2%

e

dokumen.pub

Internet Source

T

-~

Lorbeer, Andrew John, Jelle Lahnstein, Vincent
Bulone, Trung Nguyen, and Wei Zhang.
"Multiple-response optimization of the acidic
treatment of the brown alga Ecklonia radiata
for the sequential extraction of fucoidan and
alginate", Bioresource Technology, 2015.

Publication

T

o

Submitted to Universitas Diponegoro
Student Paper

T

dspace.nbuv.gov.ua

Internet Source

T

=

mafiadoc.com

Internet Source

T




proceeding.uim.ac.id

Internet Source

T

www.tandfonline.com

Internet Source

T

Internet Source

T

westminsterresearch.westminster.ac.uk

8
9
rjoas.com

Internet Source

T

Exclude quotes On

Exclude bibliography On

Exclude matches

<1%



