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a  b  s  t  r  a  c  t

This  study  evaluated  metal  concentrations  in Caulerpa  spp.  cultured  in  ‘traditional’  coastal  ponds  in South
Sulawesi  and consumed  locally  as food.  Although  Caulerpa  spp.  are  a  rich  source  of  supplemental  dietary
nutrients,  like  many  macroalgal  species  they  are  also  capable  of bioaccumulating  potentially  toxic  metals.
We  measured  the  metal concentrations  of  Caulerpa  spp.  from  several  locations  in South  Sulawesi  to
determine  (1)  whether  cultivated  Caulerpa  spp.  posed  a potential  risk  to consumers,  (2)  whether  Caulerpa
spp.  from  cultivated  ponds  had  different  metal  content  that  varied  between  localities  and  (3)  whether
there  was  any  evidence  for  increased  concentrations  of heavy  metals  in  Caulerpa  spp.  cultivated  in  ponds
with  known  acid  sulfate  soils (ASS).  Of the  metals  studied  only  As  (0.7  mg  kg−1) and  Pb  (0.35  mg  kg−1)
cid sulfate soil
eavy metal

were  recorded  at concentrations  approaching  the  national  food  safety  (BSN)  limits  of  Indonesia  (1.0  and
0.5 mg  kg−1 respectively).  Locality  differences  were  observed  between  samples  that  could  be  explained  by
the  background  geography  of  sites.  There  was  some  indication  that ASS  conditions  could  lead  to  elevated
levels  of heavy  metals.  Consequently,  we  propose  that the  potential  acidity  of  pond  soil  is  considered
when  cultivating  Caulerpa.

© 2016  The  Authors.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY  license
. Introduction

Seaweeds of the genus Caulerpa are used as food in many South-
ast Asian countries including Indonesia, Malaysia, the Philippines,
ingapore, Vietnam and Taiwan (Aguilar-Santos and Doty, 1968;
ong et al., 2007; Nagappan and Vairappan, 2014; Nguyen et al.,
011; Putra et al., 2013a; Trono, 1999) as well as in most Pacific

sland countries (Morris et al., 2014; Paul et al., 2013; Pickering,
006). Trono (1999) notes that Caulerpa may  provide an important
ource of vitamins and minerals in local diets. The most commonly
onsumed species are C. lentillifera and C. racemosa (Aguilar-Santos
nd Doty, 1968; Anonymous, 2013). In the Philippines, C. racemosa
s eaten as a salad vegetable, dipped in vinegar, or mixed with toma-

oes, onions and vinegar (Aguilar-Santos and Doty, 1968). In some
arts of Indonesia, C. lentillifera and C. racemosa are consumed fresh
s a salad vegetable (Putra et al., 2013a).

∗ Corresponding author at: University of Sydney, Faculty of Veterinary Science,
amden, New South Wales, Australia.

E-mail address: mike.rimmer@sydney.edu.au (M.A. Rimmer).
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Although Caulerpa is generally regarded as a nutritious food
source, various authors have noted compositional differences
between different sites and studies (e.g. Nguyen et al., 2011), and
in some cases these differences can be attributed to seasonal dif-
ferences in composition (Renaud and Luong-Van, 2006). In general,
Caulerpa species have high moisture content (82–94%), are low in
lipid (0.9–3.1% dry weight basis): reported protein content varies
widely, from 3.6 up to 19.4% dry weight basis (Kumar et al., 2011;
Kumari et al., 2010; Matanjun et al., 2009; Nagappan and Vairappan,
2014; Nguyen et al., 2011; Ratana-arporn and Chirapart, 2006).
Caulerpa is high in several vitamins and minerals, including iron,
calcium and magnesium and iodine (Kumar et al., 2011; Matanjun
et al., 2009; Nagappan and Vairappan, 2014; Nguyen et al., 2011;
Paul et al., 2013; Ratana-arporn and Chirapart, 2006). Other nutri-
tional benefits from consumption of Caulerpa may  arise from their
relatively high levels of polyunsaturated fatty acids, vitamins and
antioxidants (Kumar et al., 2011; Matanjun et al., 2009; Paul et al.,

2013; Saito et al., 2010).

Caulerpa used as food is sourced both from the wild and from
pond culture. C. lentillifera and C. racemosa typically grow on
inshore coral reefs and reef flats, from which they are collected

nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Location of Caulerpa sampling sites. The square in the lower map indicates the
regional location of South Sulawesi within the Indonesian archipelago. The scale bar
8 S.E. Perryman et al. / Aqua

Aguilar-Santos and Doty, 1968). Both species, but particularly
. lentillifera,  are cultivated in high salinity coastal ponds in
ustralia (Mirosch, 2013), Indonesia (Putra et al., 2013a), Japan

Ito and Kamijyo, 2012; Kudaka et al., 2008; Saito et al., 2010), the
hilippines (Llana, 1991; Trono, 1999; Trono and Ganzon-Fortes,
988), Taiwan (Nguyen et al., 2011), and Vietnam (Anonymous,
013). In Indonesia Caulerpa is known as ‘lawi-lawi’ in Sulawesi
nd ‘latoh’ in Java (Putra et al., 2013a). Lawi-lawi cultured in ponds
n South Sulawesi comprises at least three forms of Caulerpa: C.
entillifera (local name ‘bulaeng’), C. racemosa (local name ‘bu’ne’)
nd C. racemosa var. laetivirens (local name ‘lipang’). However, these
hree forms of Caulerpa can only accurately be identified to species
evel using molecular techniques (N. Paul, pers. comm. 2015) which

ere not available for this study. Because the three local forms are
ultured, marketed and consumed together, and because of the dif-
culty in accurately identifying Caulerpa to species level, this study
id not differentiate the three forms/species.

In addition to their use as food, Caulerpa species have been
nvestigated as one option for removing nutrients in recirculation
roduction systems and in shrimp ponds (Chaitanawisuti et al.,
011; Paul and de Nys, 2008 Ratana-arporn and Chirapart, 2006).
o-culturing shrimp with Caulerpa has been shown to improve
ond water quality, presumably through the uptake of nitroge-
ous wastes, and also to reduce the number of bacteria adhering to
hrimp gills and eyestalks (Hamano et al., 2006). In one experiment,
aulerpa-shrimp co-culture was associated with higher survival of
hrimp affected by yellow-head disease (Tsutsui et al., 2012).

As part of a project to develop diversified production options
or coastal aquaculture farmers in Indonesia (Putra et al., 2013b),

e undertook Caulerpa culture trials with local farmers in Laikang,
akalar district, South Sulawesi, Indonesia (Putra et al., 2013a).
hese trials successfully demonstrated that Caulerpa could be
rown in high salinity coastal ponds, and that profitability of
aulerpa culture was equal to, or greater than, shrimp culture (Putra
t al., 2013a). Consequently, Caulerpa farming has been adopted by
oastal pond farmers in Takalar district, who sell to local (South
ulawesi) wet markets (Putra et al., 2013a). The objective of the
resent study was to evaluate food safety aspects of cultured
aulerpa, with particular respect to metals content.

Indonesia has around 6.7 million hectares of soils categorised as
cid sulfate (Klepper et al., 1990) and an estimated 35% of this area
as been converted to ponds, particularly in coastal areas (Mustafa
nd Sammut, 2010a). Oxidation of pyrite in acid sulfate soils may
ause severe acidification (pH < 4.0) which in turn increases the
oncentration of dissolved metals, including aluminium, iron and
anganese (Mustafa and Sammut, 2010b; Sammut and Hanafi,

002). Seaweeds generally are capable bioaccumulators of met-
ls, including heavy metals (Paul et al., 2013) and macroalgae in
oastal ponds have been shown to accumulate very high levels
f metals, including toxic heavy metals, because of the increased
ioavailability of these metals at low pH values (Gosavi et al., 2004).
ecognising this capability, Caulerpa spp. have been investigated
s a means of removing heavy metals from contaminated waters
Pavasant et al., 2006). This study quantified the levels of metals
n the tissue of Caulerpa grown in coastal ponds in South Sulawesi,
s well as comparative samples from coastal islands, to ensure that
oncentrations of metals in the seaweed met  the required standards
or human consumption.

. Materials and methods
.1. Study site

The ponds used in this study are ‘traditional’ coastal ponds,
alled ‘tambak’ in Indonesia. Traditional ponds were originally
indicates distance on the main map (right) while boxes on the left are enlargements
of  the sample locations.

developed in Java as early as the 15th century to culture milkfish
Chanos chanos,  but since the 1980′s most farmers have focussed
more on shrimp production due to strong international demand
and Indonesian government support for shrimp as an export com-
modity (Rimmer et al., 2013). ‘Traditional’ ponds are differentiated
from ‘modern’ pond systems, with the latter based on technologies
originating in Taiwan for more intensive monoculture of shrimp
(Davies and Afshar, 1993; Muluk and Bailey, 1996). Typically, tra-
ditional pond systems use simple and low-cost technologies. Water
is added to or released from the ponds based on tidal patterns,
and pumps are not used. Little or no feed or artificial fertiliser
is added to the ponds to increase productivity. Farm labour is
largely household-based and unskilled. There are few interventions
in pond management until the ponds are harvested (Davies and
Afshar, 1993; Muluk and Bailey, 1996). In the case of the ponds
used in this study, there was  no treatment of the substrate at the
time of construction, or subsequently, to reduce soil acidity.

For this study, samples of Caulerpa and sediment were collected
from 6 coastal ponds in Laikang Village, Mangarabombang Subdis-
trict, Takalar Regency (Fig. 1) in July 2012. Comparative samples of
Caulerpa were obtained from Laikang Bay adjacent to the culture

pond site, from Salemo and Tanakeke Islands, and from the Maros
city wet market (Table 1). These latter sites were selected because
they regularly provide Caulerpa to wet markets in Makassar and
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Table  1
Sources of Caulerpa samples used in this study.

Site Habitat Habit No. of Caulerpa samples No. of subsamples analysed

Laikang Pond Cultured 5 12
Laikang  Pond Cultured 5 12
Laikang  Pond Cultured 5 11
Laikang  Pond Cultured 5 5
Laikang  Pond Cultured 5 6
Laikang  Pond Cultured 5 5
Laikang  Laikang Bay Wild 1 1
Maranak Pond (transplanted) Cultured 2 5
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Salemo  Island Salemo Island (unknow
Tanakeke Island Tanakeke Island Wild 

Maros  wet market (unknown) (unknow

urrounding areas for local consumption. Sediment samples were
ot taken from the bay and market sample sites.

An additional sample of Caulerpa was transferred from the
aikang ponds to a pond at the Research Institute for Coastal Aqua-
ulture Maros (RICA Maros) Maranak Research Station (Fig. 1) to
ssess whether culture in known acid sulfate sediments affected
he metals content of the seaweed. Approximately 1 kg of Caulerpa
as divided and placed at two depths: on the pond bottom, and in

lastic trays at 50 cm depth. Two separate introductions of Caulerpa
ere made to this pond because the first one quickly died. The

econd introduction was harvested after two weeks in the pond.
ediment was also sampled from this pond.

.2. Pond sediment and water quality sampling

A hand coring device was used to extract sediment at 4 loca-
ions within each pond, at sites adjacent to stands of Caulerpa sp.
n-situ measurements and sediment sampling were conducted on
xtracted cores at depths of 0–0.2 and 0.2–0.4 m.  Sediment quality
ariables measured in situ were: pHF (field pH) using a pH-meter,
HFOX (field pH after oxidation with 30% H2O2) and redox poten-
ial (Ahern et al., 2004). Bulk sediment samples were combined to
rovide one sample for each pond.

Bulk sediment samples were stored in plastic bags and trans-
orted to the RICA Maros soil laboratory at Maros, South Sulawesi,
n ice as recommended by Ahern et al. (2004). The soil samples
ere oven dried at 80–85 ◦C for 48 h, disaggregated in a porcelain
ortar and pestle, and sieved through 2.0 and 0.5 mm hole sieves

rior to analysis.
Sediment quality variables analysed in the laboratory included

HKCl (pH of the KCl extract), pHOX (pH of KCl extract after oxi-
ation with H2O2), pyrite (Ahern et al., 1998b), organic carbon
y Walkley and Black method, Kjedhal-N method, PO4 by the
ray 1 method (Sulaeman et al., 2005), extractable Fe and Al
ith a Genesys 10S UV–vis spectrophotometer (Thermo Scientific,
assachusetts, USA) using the colorimetric methods described in
enon (1973), and texture (expressed as percent sand, silt and clay)

y the hydrometer method (Agus et al., 2006).
Pond water quality measurement and pond water sampling was

onducted at locations adjacent to the sites where Caulerpa and
ediment samples were taken. Water quality variables measured
n situ were: temperature, salinity, pH and dissolved oxygen, using

 Hydrolab
®

Surveyor 4 (Hydrolab, Washington, USA) with a Min-
Sonde water quality multiprobe.

Water samples were taken for analysis using acid-washed
olypropylene sample bottles and preserved following American
ublic Health Association guidelines (APHA, 2005). Water qual-
ty variables analysed at the RICA Maros laboratory were: NH3
phenate method), NO2 (Griess reaction), NO3 (cadmium reduction

ethod), PO4 (ascorbic acid method), Fe (phenanthroline method),
nd total organic matter (TOM) following the methodologies of
1 2
1 7
1 2

Menon (1973), Grasshoff (1976), Parsons et al. (1984) and APHA
(2005).

2.3. Seaweed metals analysis

All Caulerpa samples, comprising approximately 1 kg wet weight
of seaweed, were rinsed in pond water, weighed and packed in indi-
vidual plastic bags before being transported to the laboratory in
ice-cooled styrofoam containers. Oven-dried (105 ◦C) and ground
seaweed samples were further divided into subsamples for analy-
sis. The Caulerpa samples were analysed for the total tissue metal
concentrations of Al. As, B, Ba, Be, Ca, Cd, Cu, Cr, Fe, Hg, K, Mg,  Mn,
Na, Ni, Sb, Sn, Sr, Ti, V, Zn by the commercial testing laboratory PT.
ALS Indonesia, Bogor, following standard methods. For analysis by
ICP-AES, samples were acid digested using concentrated HNO3 and
H2O2. Following this initial digestion, samples were acid refluxed
in HCl, filtered and diluted prior to analysis (USEPA Method 3050B).
Samples were analysed by ICP-AES (ICP-AES Perkin Elmer Optima
5300 V, Perkin Elmer, Massachusetts, USA) following the proce-
dures described in USEPA Method 6010B. The method detection
limit was  5 mg  kg−1.

Analysis for Mercury (Hg) was  performed using a Perkin Elmer
FIMS-400Flow-Injection Mercury-Atomic Absorption Spectrome-
ter (FIM-AAS) according to Method AS3550 and 3112 Hg-B (APHA
2005). The method detection limit was  0.5 mg  kg−1.

Two  methods of validation were used for these analyses. A certi-
fied reference material (Metals in Soil, ERA, Colorado, USA, Catalog#
540, Lot D077-540) was analysed in parallel with the samples: all
analysed metals were within the range specified on the certificate
of analysis. A spike equivalent to a final concentration of 10 mg  kg−1

of each analyte was  added to a randomly selected sample. Recov-
eries for the spike ranged from 92 to 109% with a mean value of
103 ± 5%.

2.4. Statistical analysis of metals

The total tissue metal concentration data were screened to
remove elements that were below the detection limits of the anal-
yses. Principal component analysis (PCA) was used to simplify and
explore patterns in the data set. PCA was performed using SPSS
(v.19) using varimax rotation with Kaiser normalisation on the cor-

relation matrix. Cases with values below the detection limit were
filled using the average value for that metal. However, metals with
fewer than 10 cases above the detection limit (As, Be, Cd, Hg, Sb,
Se, Sn, and V) were excluded from the analysis.
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Table  2
Soil quality parameters sampled from ponds used for commercial Caulerpa culture
(Laikang) and experimental culture (Maranak), originally sampled from two  depths
(0–20 cm, and 20–40 cm). Data shown are mean ± standard deviation.

Parameter Laikang Maranak

Redox potential (mV) –270 ± 70 –166 ± 13
pHF 7.1 ± 0.3 6.5 ± 0.1
pHFOX 4.8 ± 2.0 1.8 ± 0.2
�pH  (pHF − pHFOX) 2.2 ± 2.0 4.8 ± 0.3
pHKCl 7.8 ± 0.3 7.3 ± 0.1
pHOX 3.9 ± 2.1 3.5 ± 0.01
Pyrite (%) 0.9± 1.5 0.5± 0.1
Fe  (ppm) 1800 ± 1700 2510 ± 9
Al  (ppm) 5.6 ± 15 130± 13
Organic matter (%) 15± 7.6 7.4 ± 1.0
Total-N (%) 0.26 ± 0.13 0.06 ± 0.02
P2O5 (ppm) 25 ± 11 40 ± 7
Sand (%) 67 ± 9.7 69 ± 1.4
Silt (%) 29 ± 9.3 31 ± 1.4
Clay (%) 4.2 ± 2.9 0
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Fig. 2. PCA score plot for the first 2 factors derived from Caulerpa tissue metal con-
centrations.

cluster together. Examination of the raw data (not shown) showed
that this isolated sample had concentrations of Mn  and Fe an order
. Results

.1. Pond sediment and water quality parameters

Soil data from the culture ponds in Laikang and the experimental
ond at Maranak are summarised in Table 2. Redox potential for
oil samples taken from the Laikang and Maranak ponds were all
egative (i.e. reducing), which is to be expected from submerged
oils. Table 2 shows that the content of organic matter in the soil at
oth Maranak and Laikang is not classified as peat soil because the
rganic matter content was lower than 25%. The high sand fraction
f the sediment at these two locations (67–70%) suggests a soil
lassification of sandy loam or sand.

Comparison of soil data from the Laikang ponds showed no sig-
ificant difference between samples from 0–0.2 m depth and from
.2–0.4 m depth for all variables (P > 0.05). Consequently, data for
he two depths were combined for each site.

Field pH (pHF) at all sites was in the approximate range of 6–7 pH
nits indicating low initial acidity. After oxidation with peroxide
pHFox), the field pH generally decreased. However, only 4 sites (3
t Laikang and 1 at Maranak) demonstrated a large change in pH
etween the initial field pH and the peroxide oxidised pH (pHF −
HFOX). This change in pH was seen at both of the tested depths at
ach of these sites. The KCl extracted laboratory pH levels (pHKCl)
lso showed a low initial acidity with most sites having a pHKCl
etween 7 and 8 pH units. Unlike the field results, laboratory results
howed a much greater variation in pH levels after oxidation with
any samples indicating pH levels of 3 or less. Comparison of the

H data with the measured organic carbon and iron concentrations
howed that the samples that developed the lowest pH levels either
ad the highest organic carbon concentrations, higher iron concen-
rations or both. The two samples with the lowest pHKCl levels also
ad the highest concentrations of pyrite.

Elevated pyrite levels are the main characteristic of acid sulfate
oils. A slightly lower content of pyrite was found in the soil sur-
ace rather than at a depth of 0.2–0.4 m in Laikang. The content of
yrite in Maranak ponds were similar at both soil depths. The lower
ontent of pyrite at the surface is probably a result of natural reme-
iation processes that causes the oxidation of pyrite to be greater
t the surface than deeper in the soil.

While there were some differences in the composition of the
ediment from the two main sampling locations, the main physi-
al and chemical parameters of the overlying water were similar

Table 3).
Sites shown are � − Maros City Market, © − Laikang Ponds, � − Maranak Pond, �
−  Salemo Island, � − Tanakeke Island.

3.2. Seaweed metals analysis

Concentrations of the toxic metals Cd, Hg, Pb and As were gen-
erally at or below the detection limits of the method and where
not used in the subsequent PCA as only metals with 10 or more
results were included for that analysis. Of these elements only two
appeared in concentrations above the method detection limit. The
maximum As concentration (from 3 results) was 22 mg  kg−1 dry
weight and the maximum Pb concentration (from 5 results) was
11 mg  kg−1 dry weight. On a wet  weight basis these dry weight con-
centrations were equivalent to approximately 0.70 mg kg−1 (As)
and 0.35 mg  kg−1 (Pb) respectively.

All site data that met  the inclusion criteria were factored using
PCA to explore any underlying patterns. The majority of samples
formed a central group with two small clusters forming identifi-
able groups separate from the core group (see Fig. 2). Table 4 shows
that three factors explained 76% of the total variation in the data.
Table 5 shows that the PCA produced a relatively simple structure
with elements strongly correlated (numbers shown in bold) with
only one of the component factors. Component 1 is dominated by
the transition metals (Fe, Ni, Mn,  Zn, Cu) and Al. Component 2 is
dominated by Ca with a lesser contribution from Sr, and Compo-
nent 3 represents the univalent metals potassium and sodium. For
comparison, Table 5 also shows the mean concentrations of the
metals used in this analysis. Samples from Maranak (see �, Fig. 2)
are clearly identifiable as the group with the highest loading on
Component 1 corresponding to a greater contribution due to the
presence of transition metals and heavy metals (e.g. Zn, Cu). Sam-
ples from Tanakeke Island (�) and Salemo Island (�), together with
2 samples from Maros Wet  market (�) and 9 samples from Laikang
(©) form a separate group from the main cluster along Component
2. This separation corresponds to increased concentrations of Ca
along this axis (Table 5). With the exception of one isolated sample
from the Maros wet  market the remainder of the samples tended to
of magnitude higher than all other samples.
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Table  3
Water quality data from ponds used for commercial Caulerpa culture (Laikang) and experimental culture (Maranak).

Parameter Laikang Maranak

Average Range Average Range

Temperature (◦C) 31.7 28.7–35.0 29.0 27.7–30.3
Salinity 31.7 

pH  7.9 

Dissolved oxygen (mg  L−1) 5.0 

Table 4
Rotated Variance Matrix using Varimax Rotation with Kaiser Normalisation. The
solution converged in 4 iterations.

Component Eigenvalue % Variance Cumulative%

1 6.2 41.5 41.5
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2  3.2 21.5 63.0
3  2.0 13.2 76.2

. Discussion

This study was primarily concerned with the food safety aspects
f Caulerpa cultured in coastal ponds. The appropriate limits
or heavy metals in ‘fruits, vegetables, seaweed and cereals’ in
ndonesia are set out in the National Standards Agency (Badan
tandardisasi Nasional − BSN) document ICS 67.220.20 ‘Batas mak-
imum cemaran logam berat dalam pangan’ (‘Maximum limits for
eavy metals contamination in food’). These maxima, plus those
btained for the present study for the same metals, are listed in
able 6. The Codex Standard for contaminants and toxins in food
nd feed (FAO/WHO, 1995) has no specific limits for seaweed, so for
omparison we have used limits for ‘leafy vegetables’ and tinned
ood products (Table 6).

For three of the heavy metals that are covered in the Indonesian
BSN) limits (Cd, Hg and Sn) concentrations found in this study were
elow the limits of detection (Table 6). It is possible that our results
or Hg understate the actual concentration due to the potential for
olatilization during the drying procedure. However volatilization
osses under the conditions we employed have been estimated to
e no more than 10% and this should not affect the interpretation
f our results (Hojdová et al., 2015).

Only As and Pb were detected in isolated samples above the
ethod detection limit (Table 6). The national limit allowed in food

tipulated by Indonesian law is 1 mg  kg−1 for As and 0.5 mg  kg−1
or Pb. On a wet weight basis no samples exceeded these lim-
ts (Table 6). International limits for Pb are lower: 0.3 mg.kg-1
or ‘leafy vegetables’ (FAO/WHO, 1995), but only 3 sub-samples
lightly exceeded this Pb limit (0.32–0.35 mg  kg−1).

able 5
otated Component Matrix and mean concentration for metals found in Caulerpa from al

Metal Component 

1 2 3

Fe 0.957 −0.026 0.041 

Ni  0.931 0.198 0.105 

Mn  0.905 0.244 0.166 

Zn  0.900 0.094 −0.040 

Al  0.875 −0.001 0.017 

Ba  0.763 −0.161 0.121 

B  0.665 −0.145 0.263 

Cu  0.641 0.297 0.074 

Ca  −0.051 0.919 0.062 

Sr  −0.055 0.910 0.088 

Ti  0.473 0.722 0.101 

Cr  0.539 0.691 −0.051 

Mg  0.278 −0.510 0.435 

Na  0.132 −0.043 0.953 

K  0.037 0.204 0.853 
29–37 34.0 28–49
7.4–8.4 7.3 7.0–7.9
3.1–7.0 3.8 3.0–4.4

However, our results indicate that there is potential for toxic
metals to accumulate to higher levels than were found in this study,
if Caulerpa is cultivated in strongly acidic sulfate soils. The dominant
acidic ion in soils is aluminium (Boyd, 1998) and aluminium levels
were much higher at the Maranak site than at Laikang (Table 2).
In addition the Maranak site had higher levels of iron than Laikang
but pyrite (FeS2) levels at the Maranak site were lower than at the
Laikang site (Table 2). These observations may  be associated with
the higher levels of organic matter found in the Laikang soil sam-
ples, which reduces iron (Fe3

+ to Fe2
+) and other substances via

microbial metabolism (Boyd, 1998). While the data in Table 2 sug-
gest some acidity in the soil at Laikang, the pH was not low enough
to be of concern using established assessment criteria (Ahern et al.,
1998a). The pH after oxidation of soil samples (pHFOX) indicates
that the Maranak site already has potential acid sulfate soil condi-
tions but the Laikang site does not using the criteria described by
Dent (1986). The overall potential for the field sites that we sam-
pled that are currently producing Caulerpa to develop acid sulfate
soil symptoms is correspondingly low.

How sites were related by the metal content of the Caulerpa is
demonstrated in Table 5 and Fig. 2. There is clear separation of the
samples taken from Laikang and transplanted and cultivated at the
Maranak research station. As outlined above, several of the sed-
iment samples from the Maranak site could be classified as acid
sulfate. The results suggest that Caulerpa cultivated in waters over-
lying potentially acid sulfate affected sediments will absorb metals
that have been mobilised by the lower pH reducing conditions
found in these sediments. This is indicated in Fig. 2 by the dis-
placement of these samples to the right along Factor 1 compared
to the main cluster of samples. The results in Table 5 show that
while there is a strong correlation with all of the metals compos-
ing Factor 1, Al, Fe and Mn  had tissue concentrations 2–3 orders of
magnitude greater, possibly reflecting the relative concentrations
of these metals in the sediment. Table 2 only has limited data for

Al and Fe, but these laboratory extractions show that these metals
were potentially available to Caulerpa under suitable conditions in
the field. Increases in the porewater concentrations of these metals

l sites used in the PCA Numbers in bold show correlations greater than 0.6.

Mean concentration (mg  kg-1) Standard deviation

2800 1970
8.9 4.9
2226 6827
12.7 6.2
2200 1150
28.7 8.8
40.1 9.8
14.6 11.5
15700 12200
230 209
20.4 18.0
8.7 3.6
14800 4450
133000 28500
7030 1440
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Table  6
National (BSN ICS 67.220.20) and international (Codex standard 193-1995) food safety limits for As, Cd, Hg and Pb in seaweed or vegetable products, the maxima found in
this  study for the same metals and limit of resolution (LOR) for the respective analyses. Dry weight data from this study converted to wet weight based on a conversion factor
of  3.2% dry weight for Caulerpa.

Metal BSN limit (mg  kg−1) Codex limit (mg  kg−1) Maximum this study (mg kg−1) LOR (mg  kg−1)

Arsenic (As) 1.01 NA 0.7 0.16
Cadmium (Cd) 0.21 0.23 0 (ND) 0.16
Mercury (Hg) 0.031 NA 0 (ND) 0.016
Lead  (Pb) 0.51 0.33 0.35 0.16
Tin  (Sn) 402 2504 0 (ND) 0.16

Notes:
BSN limit for ‘fruits, vegetables, seaweed and cereals’.
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SN limit for ‘food product (milk, baby food)’.
odex limit for leafy vegetables.
odex limit for canned products.

s an indicator of acid sulfate soil conditions, generally signalling an
ncrease in acidity and the release of other potentially toxic metals

hich then become more available for bio accumulation.
Another clear trend of secondary importance is indicated by the

eparation of samples on Factor 2. This appears to be driven mostly
y the tissue concentration of Ca as it has the strongest correlation
ith this axis and the largest concentration. The interesting trend

ere is that this separation appears to correlate with the degree
f oceanic influence, or conversely the closeness of samples to dry

and/soils. Tanakeke Island is approximately 10 km from the coast
f the south-west peninsula of Sulawesi island and Salemo Island

s 5 km from the coast to the north of Makassar (Fig. 1). Included in
his cluster are 9 samples (marked ©)  from the Laikang samples,
nd these were all collected from Puntondo located at the mouth of
aikang Bay (Fig. 1). The bulk of the samples in the main cluster were
ollected in the more enclosed and sheltered waters of Laikang Bay.

In South Sulawesi, Caulerpa is mostly consumed as a side dish.
uestioning of local villagers indicated that the normal consump-

ion is less than 500 g wet weight per household per day, although
o accurate measurements of consumption have been carried out.
aulerpa may  not be eaten every day unless it is purchased daily,
ecause the quality of the seaweed deteriorates rapidly due to bac-
erial action, even with refrigeration (Kudaka et al., 2008). Based
n this presumed pattern of consumption, the relatively low levels
f heavy metals found in this study, consumption of Caulerpa from
onds in South Sulawesi does not pose a human health hazard.
owever, Caulerpa cultured in strongly acid soils may  accumu-

ate higher levels of heavy metals. Consequently, we  propose that
he potential acidity of pond soil is considered when cultivating
aulerpa.
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of sample drying procedures on mercury concentrations analyzed in oils. Bull.
Environ. Contam. Toxicol. 94, 570–576.

Hong, D.D., Hien, H.M., Son, P.N., 2007. Seaweeds from Vietnam used for functional
food, medicine and biofertilizer. J. Appl. Phycol. 19, 817–826.

Ito, R., Kamijyo, Y., 2012. Removal of sea anemone Boloceroides mcmurrichi adhered
to  cultivated Caulerpa lentillifera.  Nippon Suisan Gakkaishi 78, 439–443.

Klepper, O., Halta, G.M., Chairuddin, G., 1990. Environmental impacts of the
reclamation of potential acid sulphate soils in Indonesia. Indonesian Agric. Res.
Dev. J. 12, 29–34.

Kudaka, J., Itokazu, K., Taira, K., Nidaira, M.,  Okano, S., Nakamura, M., Iwanaga, S.,
Tominaga, M.,  Ohno, A., 2008. Investigation and culture of microbial
contaminants of Caulerpa lentillifera (sea grape). Shokuhin Eiseigaku Zasshi = J.
Food Hyg. Soc. Jpn. 49, 11–15.

Kumar, M.,  Gupta, V., Kumari, P., Reddy, C.R.K., Jha, B., 2011. Assessment of nutrient
composition and antioxidant potential of Caulerpaceae seaweeds. J. Food
Compos. Anal. 24, 270–278.

Kumari, P., Kumar, M.,  Gupta, V., Reddy, C.R.K., Jha, B., 2010. Tropical marine
macroalgae as potential sources of nutritionally important PUFAs. Food Chem.
120, 749–757.

Llana, E.G., 1991. Production and utilisation of seaweeds in the Philippines. Infofish

Int., 12–17.

Matanjun, P., Mohamed, S., Mustapha, N., Muhammad, K., 2009. Nutrient content
of  tropical edible seaweeds, Eucheuma cottonii, Caulerpa lentillifera and
Sargassum polycystum. J. Appl. Phycol. 21, 75–80.

http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0005
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0010
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0015
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0020
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0025
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0030
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
https://seaweedindustry.com/seaweed/type/caulerpa-lentillifera
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0040
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0045
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0050
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0055
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0060
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0065
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0070
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0075
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0080
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0085
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0090
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0095
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0100
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0105
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0110
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0115
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0120


cultur

M

M

M

M

M

M

N

N

P

P

P

P

P

P

Tsutsui, I., Songphatkaew, J., Aue-Umneoy, D., Srisapoome, P., Hamano, K., 2012.
Growth and survival of the giant tiger prawn, Penaeus monodon, Fabricius
(Penaeidae), under closed co-culture with two green algae, Chaetomorpha
ligustica (Kutzing) Kutzing (Cladophoraceae) and Caulerpa lentillifera J. Agardh
(Caulerpaceae). JIRCAS Working Report, 165–171.
S.E. Perryman et al. / Aqua

enon R.G., 1973. Soil and water analysis: a laboratory manual for the analysis of
soil and water. Proyek Survey O.K.T. Sumatera Selatan, Palembang.

irosch, N., 2013. Fruits of the Sea (Date accessed: 13 December 2013) http://
www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-
2n6br.html.

orris, C., Bala, S., South, G.R., Lako, J., Lober, M.,  Simos, T., 2014. Supply chain and
marketing of sea grapes, Caulerpa racemosa (Forsskål) J. Agardh (Chlorophyta:
Caulerpaceae) in Fiji, Samoa and Tonga. J. Appl. Phycol. 26, 783–789.

uluk, C., Bailey, C., 1996. 11. social and environmental impacts of coastal
aquaculture in Indonesia. In: Bailey, C., Jentoft, S., Sinclair, P. (Eds.),
Aquacultural Development. Social Dimensions of an Emerging Industry.
Westview Press, Boulder, Colorado, pp. 193–209.

ustafa, A., Sammut, J., 2010a. Dominant factors affecting seaweed (Gracilaria
verrucosa)  production in acid sulfate soils-affected ponds of Luwu Regency,
Indonesia. Indonesian Aquacult. J. 5, 147–162.

ustafa, A., Sammut, J., 2010b. High density juvemile shrimp (Penaeus monodon)
production with different durations of rearing in acid sulfate soil-affected
pond. Indonesian Aquacult. J. 5, 61–72.

agappan, T., Vairappan, C., 2014. Nutritional and bioactive properties of three
edible species of green algae, genus Caulerpa (Caulerpaceae). J. Appl. Phycol.
26, 1019–1027.

guyen, V.T., Ueng, J.-P., Tsai, G.-J., 2011. Proximate composition, total phenolic
content, and antioxidant activity of seagrape (Caulerpa lentillifera). J. Food Sci.
76,  C950–C958.

arsons, T.R., Maita, Y., Lalli, C.M., 1984. A Manual of Chemical and Biological
Methods for Seawater Analysis. Pergamon Press, Oxford.

aul, N.A., de Nys, R., 2008. Promise and pitfalls of locally abundant seaweeds as
biofilters for integrated aquaculture. Aquaculture 281, 49–55.

aul, N.A., Neveux, N., Magnusson, M.,  de Nys, R., 2013. Comparative production
and nutritional value of sea grapes — the tropical green seaweeds Caulerpa
lentillifera and C racemosa. J. Appl. Phycol., 1–12.

avasant, P., Apiratikul, R., Sungkhum, V., Suthiparinyanont, P., Wattanachira, S.,
Marhaba, T.F., 2006. Biosorption of Cu2

+, Cd2
+, Pb2

+, and Zn2
+ using dried

marine green macroalga Caulerpa lentillifera.  Bioresour. Technol. 97,
2321–2329.
ickering, T., 2006. Advances in seaweed aquaculture among Pacific Island
countries. J. Appl. Phycol. 18, 227–234.

utra, N.S.S.U., Lapong, I., Rimmer, M.A., Raharjo, S., 2013a. Caulerpa culture in
South Sulawesi −an alternative for brackishwater pond culture. Aquacult.
Asia-Pac. Singapore, 44–45.
e Reports 5 (2017) 27–33 33

Putra, N.S.S.U., Lapong, I., Rimmer, M.,  Raharjo, S., 2013b. Nile tilapia culture in
brackishwater pond −a profitable alternative for smallholder coastal
aquaculture in South Sulawesi, The Practical − Asian Aquaculture. Asian
Aquacult. Netw. Bangkok, Thailand, 19–22.

Ratana-arporn, P., Chirapart, A., 2006. Nutritional evaluation of tropical green
seaweeds Caulerpa lentillifera and Ulva reticulata. Kasetsart J. Nat. Sci. 40,
75–83.

Renaud, S.M., Luong-Van, J.T., 2006. Seasonal variation in the chemical composition
of  tropical Australian marine macroalgae. J. Appl. Phycol. 18, 381–387.

Rimmer, M.A., Sugama, K., Rakhmawati, D., Rofiq, R., Habgood, R.H., 2013. A review
and  SWOT analysis of aquaculture development in Indonesia. Rev. Aquacult. 5,
255–279.

Saito, H., Xue, C., Yamashiro, R., Moromizato, S., Itabashi, Y., 2010. High
polyunsaturated fatty acid levels in two subtropical macroalgae, Cladosiphon
okamuranus and Caulerpa lentillifera.  J. Phycol. 46, 665–673.

Sammut, J., Hanafi, A., 2002. Case Study 10: Rehabilitation and management of
shrimp ponds constructed in acid sulphate soils. In: Macintosh, D.J., Phillips,
M.J., Lewis, R.R., Clough, B. (Eds.), Annexes to The: Thematic Review on Coastal
Wetland Habitats and Shrimp Aquaculture. Case Studies 7-13. Report Prepared
Under the World Bank, NACA, WWF  and FAO Consortium Program on Shrimp
Farming and the Environment. World Bank, Network of Aquaculture Centres in
Asia-Pacific, World Wildlife Fund, Food and Agriculture Organisation of the
United Nations, Bangkok, pp. 55–79.

Sulaeman, Suparto, Eviati, 2005. Petunjuk Teknis Analisis Kimia Tanah, Tanaman,
Air, dan Pupuk. Balai Penelitian Tanah, Badan Penelitian dan Pengembangan
Pertanian, Departemen Pertanian, 136 pp.

Trono, G.C.J., Ganzon-Fortes, E.T., 1988. Philippine Seaweeds. National Book Store
Inc., Metro Manila, Philippines.

Trono, G.C.J., 1999. Diversity of the seaweed flora of the Philippines and its
utilization. Hydrobiology 398–399, 1–6.

http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://www.goodfood.com.au/good-food/food-news/fruits-of-the-sea-20130527-2n6br.html
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0135
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0140
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0145
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0150
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0155
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0160
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0165
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0170
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0175
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0180
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0185
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0190
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0195
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0200
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0205
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0210
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0215
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0220
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0230
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235
http://refhub.elsevier.com/S2352-5134(16)30052-7/sbref0235

	Potential of metal contamination to affect the food safety of seaweed (Caulerpa spp.) cultured in coastal ponds in Sulawes...
	1 Introduction
	2 Materials and methods
	2.1 Study site
	2.2 Pond sediment and water quality sampling
	2.3 Seaweed metals analysis
	2.4 Statistical analysis of metals

	3 Results
	3.1 Pond sediment and water quality parameters
	3.2 Seaweed metals analysis

	4 Discussion
	Acknowledgments
	References


