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An optimised low-salinity seawater decolourising method
produces decolourised seaweed (Kappaphycuz alvarezii) as
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Abstract Semi-refined carrageenan (SRC) production from decolourised Kappaphycuz alvarezii treated by chemicals
(CaCQOs) drives the search for ‘greener’ decolourisation methods to sustainably supply cheaper and energy
efficient products. Therefore, a decolourisation method of low-salinity seawater (LSS) (3, 9 and 15 g/L)
was investigated to replace CaCOs. In addition, decolourised seaweed colour powder (DSP) and SRC col-
our, yield, viscosity and gel strength were used to screen the salinity treatments. SRC prepared from LSS
(3 g/L) treatment demonstrated similar colour and physical properties to CaCOj; treatments, which indi-
cated low-salinity seawater (3 g/L) could replace CaCO; as a decolourising agent. Moreover, purity of
SRC (3 g/L salinity) were confirmed by x-ray diffraction (XRD), scanning electron microscopy-energy-dis-
persive x-ray (SEM-EDX), and its functional group by fourier transform infrared (FTIR). In this study,
waste seawater from LSS (3 g/L) exhibited radical scavenging properties. This decolourising method could

be easily adopted by smallholder seaweed farmers in low- and middle-income countries.

Keywords FTIR, Kappaphycuz alvarezii, low-salinity seawater, natural decolourisation, SEM-EDX, semi-refined carrageenan.

Introduction

Kappaphycuz alvarezii, a seaweed farmed for its sul-
phated-polysaccharide kappa-carrageenan, has experi-
enced increased cultivation in Indonesia followed by
The Philippines (Bixler & Porse, 2011; Campbell &
Hotchkiss, 2017). Kappa-carrageenan has been used as
a thickener, an emulsifier and stabiliser in processing
many food products and pet foods (Bixler & Porse,
2011; Uju et al, 2019). Based on their impurities,
kappa-carrageenan is grouped into refined carrageenan
(RC) and semi-refined carrageenan (SRC), which uses
different coding in The European Union Utilization
Coding such as code E407 for RC and code E407a for
SRC (Sormin et al., 2018). However, processing steps
and high production costs are needed to produce RC,
whereas SRC is the intermediate product after alkaline
treatment of seaweed. In the 1970s, the kappa-car-
rageenan and pet food industries started to used SRC,
since it was cheaper and used lower energy to produce
kappa-carrageenan, which led to increased cultivation

*Correspondent: E-mails: albert.lintoncharles@mail.npust.edu.tw;
alamsjah@fpk.unair.ac.id

doi:10.1111/ijfs.14856
© 2020 Institute of Food Science and Technology

of K. alvarezii and supplies of consistently high grade
seaweed as SRC raw material by the seaweed farming
communities (Neish et al., 2017). SRC is potentially
applicable to primary food packaging, which could
provide both economic and environmental benefits
(Sedayu et al., 2018).

Kappaphycuz alvarezii is a rich source of phycoery-
thrin, p-carotene, cellulose and lignin (Chan er al.,
2013; Iskandar et al., 2013). However, these pigments
are eliminated during the production of kappa-car-
rageenan, especially during decolourising seaweed. The
pigment elimination process uses decolourising agents,
which are usually applied to produce decolourised
kappa-carrageenan (Indriatmoko et al., 2015). Deco-
lourised seaweed could be processed as a daily food
product or could be extracted to SRC and RC prod-
ucts. Processing SRC or RC using seaweed without a
decolourising treatment produces an odorous and yel-
lowish colour of SRC, which limits their usage in food,
pharmaceutical and cosmetic industries (Anisuzzaman
et al., 2014).

Based on our observations, some seaweed farmers,
to produce SRC and RC, use calcium carbonate
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(CaCOQ;) to decolourise raw seaweed (K. alvarezii)
materials in pre-alkaline treatments to obtain ‘high-
priced’ decolourised seaweed. Before the alkaline
treatment process, fresh seaweed is soaked in CaCO;
solution to remove colour, odour and salt content
(Sormin et al., 2018). However, CaCO; is known to
cause skin irritation and serious eye damage (Data-
base & N.C. for B.LP, 2020). Anisuzzaman e al.
(2014) suggested the use of activated charcoal as an
alternative decolourising method and is environmen-
tally friendly. However, authors concluded that large
volumes of activated charcoal are required to prof-
itably decolourise seaweed and might be impractical
for field operation, which might limit its use by low-
income farmers. Nevertheless, producing SRC with
less or without chemical agents in pre-alkaline treat-
ment of seaweed remains a challenge to low-income
farmers.

Seaweed decolourisation occurs naturally and is
caused by rain and fresh water infiltration from rivers.
This phenomenon was duplicated and investigated
using synthetic low-salinity seawater (LSS). Therefore,
this study was conducted to develop an environmen-
tally friendly decolourising technique to produce deco-
lourised seaweed powder (DSP) using LSS to yield
SRC. Quality indicators such as colour of DSP and
SRC, yield and physical properties (gel strength and
viscosity) were investigated for SRC and compared
with standards suggested by food regulators. SEM-
EDX was used to confirm residue of calcium residues
in SRC, whereas FTIR and XRD analyses were used
to investigate and characterise functional groups and
purity of SRC. In addition, biochemical properties
evaluation of decolourised seaweed, SRC and waste-
seawater product were studied to determine potential
food application.

Materials and methods

Materials

Fresh seaweed (K. alvarezii, green variety) samples
were collected from the coastal areas of Sumenep, East
Java Province, Indonesia.

Decolourising treatments

Fresh ground water was used to adjust seawater salin-
ity from high salinity (30 g/L) to low salinity (3-15 g/
L). Fresh seaweed (1000 g) were soaked in the differ-
ent LSS solutions (5000 mL) for 12 h at room temper-
ature (£25 °C) to depigment samples. The low-salinity
seawater treatments and soaking time were selected
based on response surface methodology screening
(Tables S1 and S2; Figure S1), which indicated that
the lowest seawater salinity (3 g/L) showed highest
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colour (lightness). CaCO; (2%) was added to water
then stirred for 30 minutes and stored overnight at
room temperature (£25 °C) (Sormin et al., 2018). The
supernatant was collected, and its use as a decolouris-
ing agent was compared with LSS treatments.

Production of semi-refined carrageenan (SRC) from
decolourised seaweed

Whole samples of decolourised seaweed were sun-dried
for 12 h and then dried in an oven at 60 °C for 12 h
to remove excess moisture. The first extraction process
involved preparing alkaline solution by heating
500 mL KOH (10%) solution in a water bath at 80
°C. Dried decolourised seaweed samples (5 g) were
added and boiled in the alkaline solution for 30 min
to yielded SRC (Bono et al., 2014). Then, the SRC
samples were washed 3-4 times with distilled water.
All SRC samples were dried in an oven at 60 °C for
24 h, ground and stored in a digital humidity con-
troller (temperature: 25 °C and relative humidity:
50%) until further analysis.

Characterisation of SRC

Colour analysis

The colour of decolourised seaweed powder (DSP) and
SRC samples was measured using a Chromameter
CR-300 (Minolta Camera, Co. Tokyo, Japan), which
was calibrated with a colour standard (white). Samples
were scanned to obtain L, a* and b* values. The col-
our parameters of DSP and SRC were express as light-
ness percentage and were calculated using Eq. (1) in
Uju et al.(2019):

Lightness (%) = [100 - \[100 - LT+ 4] ()

Yields
Yields of SRC were determined using the Eq. (2) in
Gereniu et al. (2017):
Weight of dry SRC
Weight of dry decolourised seaweed) a ]00] )

Yield (% ) = [(

Viscosity

SRC powder (1.5 g) was dissolved in 100 mL Mili-Q
water at 90 °C, and the mixture was stabilised in a
water bath at 90 °C for 15 min to eliminate air bub-
bles based on the method by Tavman & Turgut
(2010). SRC suspension (10 mL) was poured into a
sample cup until it reached the sensor. Viscosity of the
SRC suspension was determined using a digital vis-
cometer (A&D Vibro-Viscometer SV-10, Tokyo,
Japan). Gel viscosity values were expressed as cen-
tipoise (cP) unit.
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Gel strength

Gel strength was performed after the method by Bono
et al. (2014) with slight modification. Gel strength was
measured by dissolving 1.5 g SRC powder in 100 mL
deionised (Millipore, Molsheim, France) water on a
hotplate at 90 °C for 30 min and allowed to cool for
15 min. The universal Instron (The Instron Series
6654, Massachusetts, USA) was used to evaluate the
gel strength of SRC. An analytical probe (12.7 mm
diameter, 151 g) penetrated the gel (49 mm diameter;
depth of 20 mm) at a cross-head speed of 2 mm/s. Gel
Strength was expressed as g/cm? unit.

Scanning electron microscopy-energy-dispersive X-ray
(SEM-EDX)

Impurities morphology of SRC extracted from DSP
treated by low-salinity seawater (3 g/L) and CaCO;
was examined by SEM-EDX (Hitachi S-300N, Tokyo,
Japan) at 1000x magnification after the method in
Ghani et al. (2019). The weight of calcium was anal-
ysed from SEM micrographs using EDX, where
CaCOj; standard spectrum was used to determine cal-
cium residue in SRC. The weight of calcium was
expressed as percentage (%).

Fourier transform infrared spectroscopy (FTIR)

The functional group of SRC (2 mg) extracted from
DSP treated with low-salinity seawater (3 g/L) and
CaCO; (mixed with potassium bromide, 200 mg) was
determined using the FTIR Spectrometer (Perkin
Elmer-Spectrum 100 FT-IR, Massachusetts, USA).
The FTIR spectra of SRC were expressed as transmit-
tance (%) in the range 8004000 cm™' (Gereniu et al.,
2017) with minor modification of the wavelength
range.

X-ray diffraction (XRD)

X-ray diffraction analysis of SRC extracted from DSP
treated with low-salinity seawater (3 g/L) and CaCO,
was conducted using an X-ray diffractometer (Bruker
D8 Advance, Karlsruhe, German) to determine impu-
rities (from inorganic material) in the SRC. XRD set-
tings were based on Selvakumaran & Muhamad (2015)
with a step length of 0.05°, step time (1 s), the diffrac-
tion angle (26) from 20 to 80. The crystallinity proper-
ties of SRC were expressed as degree of peaks from
different angles(d).

Chemical properties of decolourised seaweed and SRC

Chemical analysis included protein content, which was
determined based on the micro Kjeldahl distillation
method; crude fibre, which was determined by acid-al-
kaline neutralisation method using ceramic fibre filter;
ash, which was determined using a muffle furnace at
550 °C; and moisture content, which was measured
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using the moisture analyser (MX- 50, A & D Com-
pany Ltd, Tokyo, Japan). All chemical analyses of
SRC sample extracted from DSP treated using LSS
(3 g/L) and CaCO; were determined based on methods
in AOAC (2000) and Charles et al. (2020). All results
were expressed in percentage (% w/w).

Biological properties of DSP, SRC and waste-seawater
product

In vitro evaluation of antioxidant capacity was deter-
mined by 2,2 diphenyl-1-picrylhydrazyl (DPPH®)
scavenging assays and 2,2'-azino-bis 3-ethylbenzothia-
zoline-6-sulphonic acid (ABTS®) scavenging assays
based on spectrophotometric methods described in
Charles et al. (2020). In the DPPH® scavenging assay,
10 mg of DSP and or SRC was mixed in 2 mL deio-
nised water; or 2 mL waste seawater from LSS (3 g/L)
was mixed with 2 mL DPPH (0.004% DPPH in
methanol) All the mixtures were incubated for 30 min
at £ 25 °C in the dark and then read at 517 nm using
a DU 730 UV/Vis spectrophotometer (Beckman-Coul-
ter, United States). In addition, DSP, SRC (I mg in
0.2 mL deionised water) and waste seawater from LSS
(3 gL) (0.1 mL) samples were mixed with 5 mL of
ABTS® solution and read at 734 nm. The percentages
of radical scavenging activities of the samples were cal-
culated using Eq. (3) (Charles ef al., 2020).

Total phenolic content (TPC) and total flavonoid
content (TFC) of waste seawater were analysed based
on the methods in Neoh et al. (2016). TPC of waste
seawater was expressed as mg gallic acid equivalent
(mg GAE) per mL of waste seawater, and TFC was
expressed as mg quercétin (QE) per mL of waste sea-
water.

Inhibition (% ) = [(M"i‘“) x 100] (3)
AConlro[

Statistical analysis

Colour, yields and physical properties parameters were
analysed using analysis of variance (ANOVA) and
Duncan’s multiple range test. All experiments were
conducted in triplicate. All statistical analyses were
analysed using IBM® SPSS® statistic version 22 (SPSS
Inc., New York, USA).

Results and discussion

Colour of DSP and SRC

Colour analyses indicated that lightness of DSP sig-
nificantly (P < 0.05) increased using different LSS
treatments compared with CaCO; treatment and
dried seaweed powder (without decolourising
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treatment) (Fig. 1). In DSP, the highest lightness per-
centage was found in CaCOj; treatment (50.17%), fol-
lowed by LSS (3, 9 and 15 g/L) (44.22, 40.13 and
38.5 %, respectively), and the lowest lightness was
shown by the original seaweed powder (without
decolourising ~ treatment) (Fig. 1). Anisuzzaman
et al(2014) reported that decolourising seaweed
requires a minimum 50 g activated charcoal for every
1 L water to soak 200 g seaweed and to obtain 60%
lightness. In our study, LSS (3 g/L) treatment
achieved 44% lightness, which indicated the
decolourising efficiency and low-cost potential of this
technique. Although the use of activated charcoal to
decolourise seaweed is an attractive method, its adop-
tion in the smaller remote islands of the Indonesian
archipelago might be limited due to low forest cover,
compared to larger islands, and incur import costs
for seaweed farmers.

Lightness values of SRC powder extracted from
DSP were significantly different, (P < 0.05), and the
highest values were exhibited by SRC samples treated
with CaCO; (70.12%) followed by LSS (3 g/L)
(66.89%). The lowest lightness values of SRC powder
were similar to LSS treatments (9 and 15 g/L) (62.27
and 63.81%, respectively). Lightness trends between
DSP and SRC samples were similar to LSS treatments
(9 and 15 g/L); however, lightness values significantly
increased in LSS (3 g/L)-treated DSP and SRC sam-
ples. Colour analysis of DSP (Table S3) demonstrated
significant positive correlations to SRC after the
extraction process (P < 0.01). These findings high-
lighted the influence or contributions of decolourised
seaweed on the final chemical composition of SRC.

In this study, decreasing salinity levels of seawater
showed decreasing pigment colour, which resulted in
an increase in seaweed lightness; interestingly, LSS
(3 g/L) showed close lightness values with DSP treated
using CaCOj;. The decolourising process consists of
two steps; firstly, water penetrates the seaweed cell
membrane during the soaking process; secondly,
decolourisation continues by a dewatering process
using sun drying. The authors hypothesised that differ-
ent osmoticities between the solvent (low-salinity sea-
water, LSS) and cell membrane disrupted the
lipoproteins of chloroplast membranes (Hosikian
et al., 2010); then, the pigment leaked as low-saline
water penetrated the cell membrane, which led to
depigmentation or decolourisation of the seaweed sam-
ples. According to Charles et al. (2020), seaweed dried
using the sun-drying method exhibited more colour
changes than other drying methods. Moreover, CaCO;
added to water is harmful to farmers and the environ-
ment; therefore, LSS technique could safely produce
decolourised seaweed powder at lower costs and sus-
tainably adapted in low/middle-income countries (Fig-
ure S3).
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Physical properties of SRC

Yields and physical properties of SRC extracted from deco-
lourised seaweed powder (DSP) of pre-determined saline
concentrations were compared with SRC extracted from
decolourised seaweed prepared by CaCO;. SRC yields and
gel strengths were similar among the decolourising pro-
cesses and showed no significant differences (P > 0.05)
(Table 1). However, viscosity properties were significantly
higher (P < 0.05) in CaCO;-treated SRC samples (198.67
cP), followed by LSS treatments (9, 3 and 15 g/L) (142.33,
127.25 and 117.67 cP, respectively (Table 1).

Yield percentages, after processing, and physical
properties such as gel strength and viscosity are reli-
able efficiency indicators of the extraction methods,
type of solvent and seaweed culture location (Sormin
et al., 2018; Uju et al., 2019). Solorzano-Chavez et al.
(2019) presented similar yields of SRC treated with
KOH and obtained values between 65.2 and 88.6 %.
However, this study demonstrated that yields of SRC
without a bleaching agent (Table 1) were higher than
values reported by Uju er al. (2019). Gel strength val-
ues in this study agreed with Moses er al. (2015), who
reported that SRC obtained using KOH showed gel
strength values between 224 and 310 g/em ™2,

In this study, colour of DSP showed significant posi-
tive correlation to viscosity of SRC (P < 0.01)
(Table S3). Although SRC products from DSP treated
with CaCO; exhibited high viscosity values, SRC
obtained from DSP treated with 3 g/L LSS showed
higher viscosity values compared to the market stan-
dard of 5 cP (FAO, 2007). Reportedly, the decolouris-
ing agent depolymerises carrageenan during processing
and affects physical properties of kappa-carrageenan
(Uju et al., 2019). Furthermore, in this study, an
increase in seawater saline concentration in the
decolourising process was negligible to produce higher
quality SRC, based on similar SRC physical properties
produced among the decolourising treatments. These
findings indicated LSS (3 g/L) could be used to replace
CaCO; as a decolourising agent.

FTIR

Semi-refined carrageenan extracted from DSP treated by
LSS (3 g/L) signalled the following spectral bands:
1227 cm™!, which was characterised as ester sulphate;
924 cm™' as 3,6-anhydro-D-galactose and 840 cm™ as
galactose-4 sulphate (Fig. 2). Moreover, SRC extracted
from decolourised seaweed treated with CaCO; exhibited
similar spectra bands; at 1227 cm™ characterised as ester
sulphate, 924 em™! as 3,6-anhydro-D-galactose and
841 cm™' as galactose-4 sulphate (Fig. 2). FTIR analysis
commonly uses infrared regions as fingerprint regions
representative for many compounds such as carbohy-
drates (Balan et al., 2019). Moreover, SRC transmittance

© 2020 Institute of Food Science and Technology
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Figure 1 Colour values of decolourised secaweed powder (DSP) and Semi-refine Carrageenan (SRC) produced from DSP treated by different
low-salinity seawater (LSS), and SRC produced from DSP treated by CaCOj5 treatment and dried seaweed (seaweed without decolourised treat-
ment). Mean values within samples with different superscript letters (a, b, ¢ and d) represent significant differences (P < 0.05).

Table 1 The effect of decolourising treatments on yields and physical properties of SRC

Parameters LSS (3 glL) LSS (9 g/L) LSS (15 g/L) CaCO,4

Yield (%) 78.09 + 6.80" 78.29 + 5.33° 77.84 + 2.46° 82.97 + 2.32°
Gel Strength (g/cm™?) 27403 + 37.28° 226.76 + 32.58° 225.27 + 49.62° 277.17 + 2.45°
Viscosity (cP) 127.25 + 3.08™ 142.33 + 5.50° 117.67 + 3.06° 198.67 + 21.50°

LSS, Low-salinity Seawater; SRC, Semi-refine Carrageenan.
“The results are mean + standard deviation (SD). Mean values with different superscript alphabets are significantly different (P < 0.05).

data were interpreted as SRC (kappa-carrageenan) trans-  weight percentage of oxygen, carbon, sulphur, cal-
mittance following Moses ef al. (2015) and Gereniu ef al.  cium, magnesium, sodium and potassium of iota-car-
(2017). rageenan (Ghani er al, 2019). SRC of CaCO;-

treated DSP exhibited higher quantities of calcium
SEM-EDX weight compared with SRC extracted from DSP

treated with LSS (3 g/L) (Fig. 3). SEM images
Scanning electron microscopy-energy-dispersive X-ray  exhibited uneven surface areas, and white colour dis-
was used to investigate impurities morphology and tributed on the surface of SRC in SEM micrograph

© 2020 Institute of Food Science and Technology International Journal of Food Science and Technology 2020

5




Low-salinity seawater semi-refined carrageenan A. A. Abdillah et al.

Ester sulfate

—_—
o
—

Transmittance (%)

3.6-AG

DG sulfate

1
4
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rageenan (SRC) produced from deco-

lourised seaweed powder (DSP) treated
@) by low-salinity seawater (LSS) (3 g/L) (a)
compared with SRC produced from DSP
treated by CaCOj; (b). (b) XRD pattern
of SRC produced from DSP treated by
LSS (3 g/L) (a) compared with SRC pro-
duced from DSP treated by CaCO; (b).
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was confirmed as CaCO; by EDX analysis (Fig. 3
and Figure S2).

XRD analysis

Selvakumaran & Muhamad (2015) reported that the
level of crystallinity of kappa-carrageenan gel was
enhanced by the incorporation of CaCO;. Based on
our study, sharp diffraction peaks were observed in
XRD curve of SRC, in which one main crystalline
peak at 20 = 29.24° was attributed to deposits of
CaCO; in SRC treated with CaCO;, and which con-
firmed the presence of impurities of SRC (Fig. 2).
Moreover, Karthikeyan er al. (2017) reported sharp
diffraction peaks present that indicated the presence of
inorganic impurities. The amorphous structure of SRC
produced from DSP presented between 25 and 30°
indicated no cross-linking between SRC and CaCO;
(Fig. 2).

Chemical properties of DSP and SRC

The chemical properties of DSP, SRC and CaCO,
extracts are summarised in Table 2. Crude protein
content of DSP treated with LSS (3 g/L) was 5.04%
higher than SRC samples at 3.15%, whereas CaCOs-
treated samples contained 5.63 and 5.86 %,
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respectively. Crude fibre content of DSP was higher,
but after SRC extraction, both treatments showed sim-
ilar contents: low salinity (3.63%) and CaCO;
(3.27%). KOH treatment is an alkaline method to
extract SRC from DSP and involves eliminating pro-
tein and crude fibre (cellulose, hemicellulose and lig-
nin) (Chan et al., 2013). Decreased protein and crude
fibre contents in our results showed correlation with
increased colour of SRC after alkaline extraction. In
another study, the low residue of protein (red protein-
pigment) in SRC resulted in decreased mustard colour
of SRC product prepared from the bleaching process
(Uju et al., 2019).

Moisture content was higher (15.66%) in LSS
(3 gL) than CaCOs-treated (13.54%) decolourised
seaweed powder (DSP) samples; however, SRC
CaCOs-treated extracts had higher moisture content
(11.61%) whereas low-salinity SRC recorded 10%,
which indicated SRC moisture content ranged within
that (<12%) recommended by FAO (2007).

The ash content of SRC in this study was between
21 and 27%, and the ash content of SRC produced
from DSP treated by CaCO; had higher values than
SRC produced from DSP treated by LSS (3 g/L).
Based on this phenomenon, decolourising seaweed
with CaCO; contributed calcium during processing,
which resulted in increasing ash content of SRC.

© 2020 Institute of Food Science and Technology
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Figure 3 SEM-EDX for Semi-refine Carrageenan (SRC) produced from decolourised seaweed powder (DSP) treated by low-salinity seawater
(LSS) (3 g/L) (a) compared with SRC produced from DSP treated by CaCQOj; (b); the white colour appointed by red arrow represents calcium
deposits on SRC surface. The error bar represents as the standard deviation (SD) from mean of weight percentage of element (n = 3).

Moreover, ash content in this study was in agreement
with Moses et al. (2015), in that SRC prepared by
alkaline extraction had ash content between 26 and
29% and was below 40% benchmark suggested by
McHugh (2003) and Chan et al. (2013).

Biological properties of DSP, SRC and waste-seawater
product

In this study, low-salinity treated DSP and SRC samples
exhibited scavenging activities in ABTS® (17.62 and
16.33%) and DPPH® (10.45 and 13.88%), assays, respec-
tively (Table 2). Sun-dried K. alvarezii exhibited DPPH*
scavenging activities below 20%, whereas DPPH® radical
inhibition of edible SRC film material produced from the
sun-dried K. alvarezii was below 10% (Charles et al.,
2020; Farhan & Hani, 2020), which indicated the food
packaging and functional food potential of SRC.

Liquid waste from LSS (3 g/L) treatment contained
TFC (0.04 mg/g) and TPC (0.09 mg/g) and was attrib-
uted to high ABTS® (94.33%) and DPPH* inhibition
(56.86%) (Table 2). Chaula et al. (2019) reported that
scavenging activities of K. alvarezii water extracts
inhibited DPPH® by 29.67-50.56%. Plants, when
stressed, tend to produce more reactive oxygen species
(ROS) as by-products of aerobic metabolism, but they
simultaneously employ antioxidant metabolites
(Table 2) to prevent possible oxidative damage (Apel
& Hirt, 2004). Therefore, authors concluded that the
LSS treatment might have concentrated antioxidant

© 2020 Institute of Food Science and Technology

Table 2 Biochemical properties of DSP, SRC and waste-sea-
water product®

Decolourising treatments

Parameters LSS (3 g/L) CaCO;
DSP
Crude protein (%) 5.04 + 0.54 5.63 £+ 0.57
Crude fibre (%) 7.48 + 0.41 6.51 + 0.62
Moisture content (%) 15.66 + 0.36 13.54 £+ 0.36
Ash (%) 14.59 + 0.13 16.43 + 0.14
ABTS" (%) 17.62 + 0.32 16.20 + 0.10
DPPH* (%) 10.45 + 0.07 8.49 + 0.19
SRC
Crude protein (%) 3.15 £ 2.77 5.86 + 0.42
Crude fibre (%) 3.63 + 0.28 3.27 £ 0.01
Moisture content (%) 10.72 + 0.79 11.61 £ 0.32
Ash (%) 21.86 + 2.27 27.00 + 0.38
ABTS® (%) 16.33 + 1.93 13.17 £ 0.26
DPPH* (%) 13.88 + 4.1 12.94 + 455
Waste seawater
TFC (mg/g) 0.04 + 0.005 -
TPC (mg/g) 0.09 + 0.001 =
ABTS" (%) 94.33 + 0.37 -
DPPH* (%) 56.86 + 3.21 -

DSP, Decolourised Seaweed Powder; LSS, Low-salinity Seawater; SRC,
Semi-refine Carrageenan.
*The results are expressed as mean = standard deviation (SD) (n = 3).
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metabolites in addition to decolourising, which
resulted in perceived bioactivity of DSP, SRC and
waste-seawater products (Table 2). However, further
studies will investigate bioactive compounds contained
in waste-seawater product from the decolourising pro-
cess of seaweed species.

Conclusions

In this study, the low-salinity seawater (3 g/L) treat-
ment presented high colour values of decolourised sea-
weed than other low-salinity seawater (9 and 15 g/L)
treatments. The low-salinity seawater treatments pro-
duced raw materials with similar SRC quality com-
pared with CaCOs-treated samples; moreover, this
decolourising method could substantially reduce the
release of chemical pollutants (CaCO;) in the environ-
ment. In addition, analysis of SRC and waste seawater
from decolourisation process exhibited potential bioac-
tive properties, which could be exploited to produce
added-value functional foods and feed products. Thus,
the decolourising method using low-salinity seawater
promised low-cost production of SRC and facilitated
sustainable adoption by smallholder seaweed farmer in
low- and middle-income countries.
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