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The aims of this study were to evaluate antioxidant activity of polysaccharide
extracted from S. microcystum and examine its positive effect on growth per-
formance and survival of whiteleg shrimp (Litopenaeus vannamei). Polysac-
charides from brown seaweed Sargassum microcystum were extracted by four
methods (1) hot-water within 3 h, (2) hot-water within 6 h, (3) 0.IN HCI
(100°C) within 3 h, and (4) 0.IN HCI (100°C) within 6 h. The extracts were
then analyzed for chemical composition and antioxidant activities. The ex-
tract showed the highest antioxidant activity could be used to examine its
effectiveness on whiteleg shrimp culture via dietary administration. For trial
on shrimp, whiteleg shrimp were reared in a recirculating seawater system
with 500-L tanks and fed the pellet diets containing 0.5, 1.0, and 2.0% of hot-
water extract. Shrimp were fed the diet without extract supplemented served
as control group (0%). After 60 days of feeding, survival rate and growth
parameters of shrimp were evaluated. The results showed that protein con-
centrations of polysaccharide extracts were low and varied from 1.3 to 6.8%.
The polysaccharide extracted with hot-water within 6h was higher phlorotan-
nin, glucose and L-fucose concentrations than those in other extracts. How-
ever, higher SO4 concentration was found in 0.IN HCI extract within 3 h
extract. The significant interactions between solvent and extraction time were
observed that affecting yield of polysaccharide and chemical composition as
phlorotannin, glucose and SO+ concentrations. Hot-water within 6 h extract
showed the highest antioxidant activity indicating by high DPPH® free radi-
cal scavenging (ICso = 0.434 mg mL™) and ferric reducing power activity
(ODys = 2.55 mg mL™). Whiteleg shrimp that being fed the diets incorporat-
ing with hot-water extracts at 1.0% had significantly higher growth perfor-
mance than those in the control diet. However, there was no significant dif-
ferences in daily length gain and survival rates among treatments. Therefore,
it is concluded that polysaccharide extracted from S. microcystum could be
growth promoter in whiteleg shrimp culture.
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microcystum and its effect on growth performance and survival of whiteleg shrimp Litopenaeus
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1 INTRODUCTION

The quantities of polysaccharide produced by ma-
rine algae quite likely exceed those of fresh water
plants (Wood, 1974). The first polysaccharide to be
described having an interesting biological activity
was probably the B-glucan (Paulsen, 2002). Cell
walls from brown seaweed characteristically con-
tain sulfated polysaccharides, which are not found
in land plants and which may have specific func-
tions in ionic regulation (Kloareg and Quatrano,
1988). Fucoidan, laminaran, and alginate are the
main  polysaccharides of brown seaweed
(Zvyagintseva et al., 1999; Giang et al., 2011a;
Immanuel et al., 2012). There are additional thera-
peutic areas that are under extensive investigations
by anticoagulant, anti-inflammatory, antiparasitic,
antiviral and antibacterial activities (Giang et al.,
2011a). Previous studies have been intensively
demonstrated that some of brown seaweed Sargassum
are now being considered as a rich source of antioxi-
dants and nutrients from the ocean (Ye et al., 2008;
Hwang et al., 2010; Giang et al., 2013a). Recently,
phlorotannin, fucoxanthin and fucoidan are known
as bioactive compounds present in brown seaweed
showing chemopreventive and chemotherapeutic
effects against cancer (Padua et al., 2015). In
shrimp, polysaccharide extracts from brown sea-
weed have been showed promoting immune re-
sponse and disease resistance (Huang et al., 2006;
Yeh et al., 2006; Giang et al., 2011b; Immanuel et
al., 2012; Yudiati et al., 2016). Previous studies
have also evaluated the uses of seaweed extracts
for improvement of growth performance of Indian
white prawn (Penaeus indicus) (Immanuel et al.,
2004), Kuruma shrimp (Marsupenaeus japonicas)
(Traifalgar et al., 2010); tiger shrimp (P. monodon)
(Traifalgar et al., 2009; Immanuel et al., 2010;
Sivagnanavelmurugan et al., 2014; 2015). In white-
leg shrimp (Litopenaeus vannamei), positive ef-
fects of brown seaweed meals on growth perfor-
mance and survival were also evaluated (Cruz-
Suarez et al., 2009; Cardenas et al., 2015). Among
brown seaweed Sargassum distributing around the
coast of Mekong Delta, Vietnam, previous studies
have been reported that polysaccharides extracted
from Sargassum species had potential antioxidant
activities and capable of improving feed value
(Giang et al., 2013a; 2013b; 2016). However, stud-
ies on applications of polysaccharides extracted
from Sargassum on whiteleg shrimp culture are lim-
ited. Therefore, the aims of this study were to evaluate
antioxidant activity of polysaccharide extracted from
Sargassum microcystum and examine its positive
effect as a growth-promoting factor on whiteleg
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shrimp to postulate for use in intensive shrimp farm-
ing.
2 MATERIALS AND METHODS

2.1 Experiment 1: Evaluating effect of
different extraction methods on yields, chemical
composition and antioxidant activities of
extracts from S. microcystum

2.1.1 Preparation of polysaccharide extract

A fresh S. microcystum was collected from the
coast of Kien Giang province, Vietnam. S. micro-
cystum meal powder was prepared following meth-
od described by Giang ef al. (2011b). Samples was
washed with distilled water to separate potential
contaminants and then dried under the sunshine
until the weight of seaweed was immutable. After
being dried, the sample was exhaustively ground to
powder form by high speed crusher (Grinder-RT),
and then sieved with the mesh 125 um. S. micro-
cystum powder was subsequently stored in the re-
frigerator (4°C) until extraction. The S. microcys-
tum was extracted by four methods including (1)
hot-water within 3 h, (2) hot-water within 6 h, (3)
0.1IN HCI (100°C) within 3 h, and (4) 0.IN HCl
(100°C) within 6 h. The polysaccharide fraction of
S. microcystum was done following the method
described by Giang et al. (2011b). Briefly, 10 g of
dry S. microcystum powder was added to 300 mL
of various solvents. The suspension was filtered
through a glass filter paper 0.45 um GF (Whatman,
Germany), and the filtrate was centrifuged at 4000
rpm for 10 min at 4°C then lyophilized under re-
duced pressure. The harvest weight of the polysac-
charides obtained from 10 g of S. microcystum in
powder form was recorded.

2.1.2  Chemical composition analysis

Polysaccharide extracts were analyzed for crude
protein, glucose, L-fucose, SO4*, phlorotannin.
Crude protein was analyzed following the method
of AOAC (2001). L-fucose determined by the phe-
nol-sulfuric acid method using L-fucose as the
standard (Dubois et al., 1956); glucose was quanti-
fied by GC/MS; SO4* was measured following the
described by Terho and Hartiala (1971); phlorotan-
nin was determined by the Folin-Ciocalteu method
using Gallic acid as the standard (Koivikko ef al.,
2005). The chemical composition data is presented
in mean of five determinations.

2.1.3  Screening for antioxidant activity

The scavenging activity for DPPH® free radical
was measured according to the method of Shimada
et al. (1992). DPPH* solution was prepared at the
concentration of 0.1 mM in ethanol 100%. Poly-
sacchride extract was made at the various concen-



Can Tho University Journal of Science Vol 4 (2016) 71-80

trations of 0.5, 1.0, 2.0, 3.0 and 4.0 mg mL"' with
deionized distilled water, and then 1 mL of test
solution was mixed with 1 mL of diluted DPPH*®
solution. The mixture was incubated in dark place
for 30 min at 25°C. Absorbance was recorded at
wavelength of 517 nm using UV-VIS UNICAM
spectrophotometer (England). The percentage of
DPPH?* free radicals scavenging activity was calcu-
lated using the equation given by Duan et al
(2006): Scavenging activity = [1-(A1-A2)/A0] %
100% where A0, Al, and A2 were the absorbance
of the control without test solution, the present of
the test solution, and without DPPH?®, respectively.
Reducing power activity of the polysaccharide ex-
tracts were determined by the method described by
Oyaizu (1998). One milliliter of aliquot of the test
sample (concentration of 0.5-4.0 mg mL!) was
mixed with 1 mL of phosphate buffer (0.2 M, pH
6.6) and 1 mL of 1% K3Fe(CN)g, then incubated at
50°C in a water bath for 20 min. The reaction was
stopped by adding 1 mL of 10% CCI;COOH solu-
tion and then centrifuged at 5500 rpm for 10 min.
The supernatant (1.5 mL) was mixed with 1.5 mL
of deionized distilled water and 0.1 mL of 0.1%
FeCls solution for 10 min. Absorbance of mixture
was recorded at wavelength of 700 nm using UV-
VIS UNICAM spectrophotometer (England). In-
creased optical density (OD) of the reaction was
indicative of an increase in reducing activity. Poly-
saccharide concentrations (mg mL"!) and antioxi-
dant activities (%) was graphically estimated using
a linear regression algorithm then the values of
median inhibit concentration (ICsp) for polysac-
chride extracts were recognized for inhibiting free
radicals concentration by 50% and OD up to 0.5
and 1.0 for reducing power.

2.2 Experiment 2: Effects of polysaccharide
extracted from Sargassum microcystum on growth
performance and survival of whiteleg shrimp
via dietary administration

2.2.1 Experimental design

One hundred shrimp postlarvae (mean body weight
of 0.08 g) were randomly allocated to each circular
composite tank (capacity of 0.5 m®) containing 0.4
m® of 15%o brackish water. The experiment was
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carried out with four treatments according to the
concentrations of polysaccharide extracted from S.
microcystum incorporating with commercially
available artificial pellet at 0.5, 1.0 and 2.0%. The
shrimp fed the diet with no polysaccharide supple-
mented served as control group (0%). Each treat-
ment was done in three replicates. The experiment
was lasted 60 days.

2.2.2 Preparation of test diets

The selective hot-water extract was incorporated
with commercial pellet feed (Grobest, 40% crude
protein) at the concentrations of 0, 0.5, 1.0 and
2.0%. The required concentration of polysaccha-
ride extracted was dissolved in the water and coat-
ed onto pellets. For coating, the polysaccharide
extract was mixed with the food pellets and incu-
bated at room temperature for 15 min to allow the
absorption of the polysaccharide extracted. The
feed was then dried and stored at room temperature
until given to shrimp. After feeding, the remaining
feed was stored in refrigerator 4°C. Polysaccha-
ride-containing diets were prepared every two
days.

2.2.3  Experimental system and management

Shrimp were reared in recirculation water system at
the College of Aquaculture and Fisheries, Can Tho
University. Aeration was supplied via a single air-
stone to maintain the dissolved oxygen at > 5 mg
LL. Shrimp were fed at 3% body weight dividing
into three times daily at 07:00, 14:00 and 20:00.
The amount of all diets fed was calculated by sub-
tracting the uneaten portion, and data were record-
ed daily. Any dead shrimp were removed to pre-
vent cannibalism. To provide a suitable environ-
ment for whiteleg shrimp, recirculating system was
maintained uniform flow rates, fixed water levels,
and uninterrupted operation following described by
Masser et al. (1999) (Fig. 2). During the period of
feeding experiment, some crucial water quality
parameters as temperature, pH, dissolved oxygen
(DO), alkalinity, ammonia and nitrite-nitrogen
were also monitored. The methods were as de-
scribed in Standard Methods for Waste Water and
Water Examination (APHA, 1999).
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Fig. 1: Fresh S. microcystum and its extract
(Photo: Giang et al., 2012)
2.2.4 Data collection

At the end of the experimental period of 60 days,
the survival rate (SR) was assessed; experimental
shrimp from each tank was individually measured
length (cm) and weight (g). Growth measured as
daily lenght gain (DLG), weight gain (WG), daily
weight gain (DWG), specific growth rate (SGR),
feed conversion ratio (FCR) were calculated as
described previously (Niu ef al., 2015).

2.3 Statistical analysis

All data were analyzed by the SAS computer soft-
ware version 9.1 (SAS Institute, Cary, NC, USA).
A multiple-comparison test (DUNCAN’s) was
used to examine if significant differences among
treatments. Two-way ANOVA was used for ana-
lyzing the effects between solvent and extraction
time on yield of polysaccharide and chemical com-
position of polysaccharides. For growth perfor-
mance trial, all values in percentage (survival rate)
were arcsine-transformed to satisfy the requirement

e

Fig. 2: Experimental recirculation water system

for the normal distribution. Significance of differ-
ences were considered at p<0.05.

3 RESULTS
3.1 Yield of crude polysaccharide

Yields of polysaccharides extracted by hot-water
were lower than that of 0.1N HCI. S. microcystum
was extracted by 0.1N HCI within 3 h exhibited
higher yield of polysaccharide (18.9+0.5%) fol-
lowed by HCI 0.1N within 6 h (18.7+0.4%). How-
ever, there was no significant difference in yield of
polysaccharide among methods extracted with
0.IN HCI (p>0.05). Polysaccharide extracted by
hot-water within 6 h was 8.0+0.5% and significant
lower than that by hot-water within 3 h (9.940.6).
A two-way ANOVA test showed that yield of pol-
ysaccharide was significantly affected by both sol-
vent and extraction time (p<0.05). Yield of poly-
saccharide was significantly affected by interaction
between solvent and extraction time (p<0.05) (Ta-
ble 1).

Table 1: Yield of crude polysaccharide extracted from brown seaweed with different methods

Method Yield of crude polysaccharide (%)
Solvent Extraction time (h) %
Hot-water 3 9.9+0.6*
Hot-water 6 8.0+0.5P
0.IN HC1 3 18.9+0.5%
0.IN HC1 6 18.7+0.42
Two-way ANOVA
Solvent
Extraction time *
Interaction

Solvent x Extraction time

*

Data are means of five replicates. Data (mean=SE) in the same solvent with different letters differ significantly (p

<0.05). "p>0.05, "p<0.05
3.2 Chemical composition

Among polysaccharide extracts, protein concentra-
tions of polysaccharide extracted from Sargassum
microcystum were low and varied from 1.3+£0.59 to

6.8+0.84%. Highest protein concentration was
found in the hot-water extract within 6 h while the
lowest one was found in 0.1N HCI extract within 3
h. Phlorotannin concentrations slightly changed
among methods and varied from 0.48+0.01 to

74



Can Tho University Journal of Science Vol 4 (2016) 71-80

0.84%0.03%. Interestingly, the polysaccharide ex-
tracted with hot-water within 6h showed higher
phlorotannin, glucose and L-fucose levels than
those in other extracts (Table 2). Conversely, sig-
nificantly higher SO4* concentration was found in
0.1N HCI extract within 3 h while the lowest one
was in hot-water extract within 6 h. Protein was
significantly affected by extraction time (p<0.05),
but not by solvent (p>0.05; Table 2). Interestingly,
phlorotannin containing in polysaccharide was

Table 2: Chemical composition of polysaccharide

significantly affected by solvent (p<0.05), but not
by solvent (p>0.05). Glucose, fucose and SO.*
were significantly affected by both solvent and
extraction time (p<0.05; Table 2). No significant
interaction between solvent and extraction time
was observed that affecting protein and L-fucose
concentrations. However, phlorotannin, glucose
and SO4* were significantly affected by interaction
of solvent and extraction time. The two-way
ANOVA analysis is shown in Table 2.

Method Protein Phlorotannin Glucose Fucose SO4*
Solvent Extraction time (h) % % % % %
Hot-water 3 5.7+1.5a 0.48+0.01b 14.3+0.2b 8.5+0.2b 49+0.11a
Hot-water 6 6.8+0.8a 0.84+0.03a 18.4+0.3a 9.9+0.3a 4.44+0.16b
0.INHCI 3 1.3+0.2a 0.59+0.11a  2.8£0.5b 3.6+0.6b 5.8+0.11b
0.INHCI 6 2.04+0.7a 0.63+0.07a 3.4+0.5a 4.44+0.6a 7.9+0.18a
Two-way ANOVA

Solvent ns *

Extracttion time * ns
Interaction ns % " ns %

Solvent x Extraction time

Data are means of five replicates. Data (mean+SD) in the same row and the same solvent with different letters differ

significantly (p <0.05). "p>0.05, "p<0.05
3.3 Antioxidant activity

DPPH* free radical scavenging activity assay is
directly proportional to concentration of polysac-
charides with relatively high correlation coeffi-
cient. Polysaccharides extracted by hot-water in 6 h
had the highest free radical scavenging activity
followed by that of hot-water within 3 h. Polysac-
charide extracted by 0.1N HCI in 6 h had the low-
est free radical scavenging activity. The values of

Table 3: DPPH"* free radical scavenging activity

ICsp were 0.434, 0.565, and 1.678 mg mL"' for hot-
water extract 6 h, hot-water extract 3 h and HCI
0.1N extract in 6 h, respectively (Table 3). Similar-
ly, polysaccharide extracted by hot-water in 6 h also
showed the highest a ferric reducing power activity
with ODy of 6.59 mg mL™! followed by hot-water
extract in 3 h (OD;o = 7.44 mg mL™"). The values of
OD, were 19.2 and 20.2 mg mL" for methods of
0.1N HCl within 3 and 6 h, respectively (Table 4).

Method ICso (mg mL™) ICi00 (mg mL™") Equation R?
Hot-water, 3 h 0.565 1.309 y=67.222x +12.03 0.9653
Hot-water, 6 h 0.434 1.084 y=76.867x + 16.67 0.9690
0.INHCI, 3 h 1.643 3.939 y=21.778x + 14.21 0.9785
0.INHCI], 6 h 1.678 4.074 y =20.865x + 14.98 0.9887
Table 4: Ferric reducing power activity
Method ODo.s (mg mL") OD1.0 (mg mL') Equation R?
Hot-water, 3 h 2.94 744 y=0.1111x+0.1731 0.918
Hot-water, 6 h 2.55 6.59 y=0.1237x +0.1852 0.917
0.INHCL 3 h 8.52 19.2 y=0.0468x +0.1013 0.763
0.INHCIL, 6 h 8.01 20.2 y=0.0412x +0.1701 0.546

3.4 Shrimp growth performance trial

During experimental period water quality parame-
ters were within suitable ranges for shrimp growth.
In fact, temperature maintained in a range of 25.7-
27.7°C; pH 8.33-8.59; DO 5.52-7.41 mg L*!; alka-
linity 121-169 mg CaCO; L°'; ammonia 0.001-
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0.033 mg L!; and nitrite-nitrogen 0.003-0.138 mg
L. Over 60 days of feeding trial, whiteleg shrimp
that being fed the commercial feed supplemented at
1% of hot-water extract from S. microcystum had
significant higher final weight, WG, DWG and
SGR compared to those of control group (p<0.05).
No significant difference in growth rate among
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shrimp fed hot-water extract was observed. Inter-
estingly, there was no significant difference in
growth performance among 0.5%, 2% and control
treatments. Shrimp fed the diets containing 0.5 and
1.0% of polysaccharide had the highest survival
rates with the mean values of 56.0+6.2% and

56.7+11.9%, respectively. However, insignificance
in DLG and SR was found among treatments
(p>0.05). For the feed utilization, whiteleg shrimp
fed 1% polysaccharide showed the lowest FCR
while the highest one was found in control treat-
ment (p<0.05) (Table 5).

Table 5: Data of whiteleg shrimp cultured with the polysaccharide extract-containing diets

S. microcystum polysaccharide extract supplemented in diet

Growth parameters

0% 0.5% 1% 2%
Initial length (cm) 1.3+0.1 1.3+0.1 1.3+0.1 1.3+0.1
Final length (cm) 4.2340.39° 4.86+0.46% 5.10+0.142 4.61£0.32%
DLG (cm shrimp™! day™") 0.05+0.012 0.06+0.012 0.06+0.0* 0.06+0.012
Initial weight (g shrimp™) 0.08+0.006 0.08++0.006 0.08++0.006 0.08++0.006
Final weight (g shrimp™) 1.08+0.25° 1.37+0.24% 1.59+0.18% 1.3940.05%
WG (g shrimp™) 1.00£0.25° 1.29+0.24% 1.51+0.18* 1.21£0.05%
DWG (g shrimp™! day™") 0.017£0.004*  0.022+0.004* 0.025+0.003*  0.020+0.001%®
SGR (% shrimp"! day"!) 4314042°  4.72+031% 498+0.19°  4.63+0.07%
Survival rate (%) 44.7+20.32 56.0+6.22 56.7£11.9* 47.5€15.9*
FCR 1.94+0.91° 1.07+0.18% 0.86+0.02° 1.36+0.29

Data (mean + SE) in the same row with different letters differ significantly (p <0.05)

4 DISCUSSION

Eluvakkal et al. (2010) had extracted two Sargas-
sum species as S. ilicfolium and S. marginatum by
0.1IN HCI and obtained yields of more than 20%.
In addition, by using the hot-water extract in 3 h,
Giang et al. (2011b) reported the yield of polysac-
charide in S. hemiphyllum var. chinense was 31%.
Moreover, Giang et al. (2012; 2013b) also revealed
brown seaweed S. microcystum had the highest
yield of polysaccharide by 0.1N HCl in 3 h (with a
mean of 40.2+1.8%). In this study, S. microcystum
extracted by 0.IN HCI had much lower yield of
polysaccharide than that reported by Giang et al.
(2013b) with the same extraction method. It may
be explained that yield of polysaccharide is not
depending only on the methods of extraction, but
also season of sampling and stage of development
of brown seaweed (Jormalainen and Honkanen,
2004). Of interest, it was found that yield of poly-
saccharide extracted was not only affected by sol-
vent and extraction time but also their interaction.
Almost brown seaweed species has low protein
concentration. In fact, study of Ruperez et al
(2002) on brown seaweed Fucus vesiculosus re-
vealed that protein level depended on ecological
regions and protein containing at low level (1.0-
6.0%). Several papers reported that protein con-
taining in S. microcystum varied from 3.6 to 9.3%
(Badrinathan et al., 2011; Giang et al., 2012). The
present results are consistent with those reported in
previous studies. These results were also demon-
strated that fact that protein was significantly af-
fected by extraction time, but not by solvent. Re-
searchers have demonstrated phlorotannins are one
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of the most effective antioxidants in brown sea-
weed (Padua et al., 2015). Giang et al. (2013a)
reported phlorotannin concentrations in polysac-
charides extracted from brown seaweed S. mcclurei
ranged from 0.40 to 0.53%. Chowdhury et al.
(2011) also stated that early stage of seaweeds con-
tains higher level than that of the senescent stage.
In the present work, phlorotannin concentrations
containing in polysaccharide extracts were relative-
ly higher and varied from 0.48 to 0.84%. Interest-
ingly, the polysaccharide extracted with hot-water
within 6 h had significantly higher phlorotannin
that caused higher antioxidant activity. It is known
that L-Fucose is a rare sugar, one of the eight
known bioactive sugars essential for proper cell to
cell communication. Seaweed is purported to be
one of the best sources of L-fucose. In brown sea-
weed Undaria pinnatifida, Kim et al. (2007) re-
ported that concentration of L-fucose was very
high and reached 72%. For S. wightii, glucose and
L-Fucose concentrations were 28.3 and 23%, re-
spectively (Eluvakkal ef al., 2010). However,
Giang et al. (2011b) reported that concentration of
L-fucose in polysaccharide extracted from S. hemi-
phyllum var. chinense were 31.8%. The concentra-
tions of glucose and L-fucose in the present study
were relatively lower as compared with previous
studies. The results of present study also indicated
that the phlorotannin, glucose and SO4> concentra-
tions were affected by interaction of solvent and
extraction time.

As mentioned above, due to higher phlorotannin
concentration, the hot-water extract within 6 h
showed higher DPPH* free radical scavenging ac-
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tivity and reducing power activity. In the present
work, ICsy values of hot-water extracts ranged from
0.434 to 0.565 mg mL"! while 0.1N HCl extracts var-
ied from 1.643 to 1.678 mg mL"!. However, it is in-
teresting that the yields of hot-water extract were sig-
nificant lower than those of 0.1N HCI extracts. There-
fore, it is proposed for the solvent extract exhibiting
more yield of polysaccharide may lead low antioxi-
dant activity. Previous studies found that DPPH*®
free radical scavenging activity of polysaccharide
extracted from S. hemiphyllum by hot-water had
ICso of 1.58 mg mL™! (Ye et al., 2008; Hwang et
al., 2010). In addition, Giang et al. (2012; 2013b)
reported ICso values of extracts from S. microcys-
tum by hot-water and 0.1N HClI in 3 h were 2.0 and
4.45 mg mL"!. This is surprising that with the same
methods of extraction as hot-water and 0.1N HCl
in 3 h, the antioxidant activity of extracts from S.
microcystum in present work were much higher
(ICsp values of 0.57 and 1.64 mg mL"!, respective-
ly). This refers that seasons and nutrient level in
environment might affect bioactivity of polysac-
charide of seaweed. Hence, further research is im-
peratively needed to evaluate variation of antioxi-
dant activity with fluctuation of salinity, light in-
tensity, or settlement density of the brown sea-
weed.

In aquatic animals, a variety of brown seaweed
have often been regarded as one of the most prom-
ising candidates as an alternative source of nutri-
ents for aquafeeds in earlier studies (Immanuel et
al., 2004; Cruz-Suarez et al., 2009; Immanuel et
al., 2010; Qi et al., 2010; Sivagnanavelmurugan et
al., 2014; Niu ef al., 2015 Sivagnanavelmurugan et
al., 2015; Peixoto et al., 2016). However, most of
the previous studies focused on uses of seaweed
meals in aquafeeds to replace animal ingredients,
although the average protein content of seaweeds is
low. In Penaeid shrimp, polysaccharide extracted
from seaweed have been widely used in promoting
immune response and disease resistance (Yeh et
al., 2006; Giang et al, 2011b; Immanuel et al.,
2012; Yudiati et al., 2016), whereas some studies
evaluated their effects on growth performance. For
instance, India whiteleg shrimp cultured in the en-
vironment inoculating with Vibrio parahaemolyti-
cus at 107 CFU mL"! and then fed with butanolic
extracts from brown seaweed S. wightii enriched
Artemia for 30 days showed higher SR, WG and
SGR than those of control shrimp (Immanuel et al.,
2004). In addition, in Kuruma shrimp (1.17+0.08
g), Traifalgar et al. (2010) reported that significant-
ly higher WG and SGR were observed in treatment
groups fed the 0.05 and 0.1% dietary polysaccha-
ride extracted from brown seaweed U. pinnatifida
(70% fucoidan having 40% of fucose and 23.5% of
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sulfate content) supplementation when compared
with control group after 56 days of feeding. More-
over, Immanuel et al. (2010) reported that tiger
shrimp (PL;s) fed the Artemia nauplii enriched
with seaweed polysaccharide extracts of S. duplica-
tum and S. wightii at various concentrations (250,
500 and 750 mg L) for 20 days had significantly
higher WG and SGR than those of control group.
Also, growth of tiger shrimp (PL;s) that being fed
S. wightii fucoidan enriched Artemia nauplli at 400
mg L' was significantly higher than that of control
shrimp (Sivagnanavelmurugan et al., 2015). By
incorporating with the pellet feed, Traifalgar et al.
(2009) reported that tiger shrimp postlavae fed
diets supplemented with graded levels of U. pin-
natifida fucoidan at concentration of 0.05-0.2%
significantly improved growth performance after
30 days of feeding. However, there was no signifi-
cant difference in survival rate. A study of Si-
vagnanavelmurugan et al. (2014) also revealed that
tiger shrimp (PLyy) were fed the diet containing
ethanolic polysaccharide extract from S. wightii at
three concentrations of 0.1, 0.2 and 0.3% for 60
days had higher WG and SGR as compared with
those of control group. The previous studies con-
cluded that the growth performance of experi-
mental groups of shrimp was depending on the
concentrations of polysaccharide extracts in the
diets. In the present study, the concentrations of
polysaccharide incorporated with pellet feed are
relatively higher (0.5, 1.0 and 2.0%), and growth
performance of experimental shrimp was slightly
decreased after being fed the diet containing 2% of
polysaccharide.

Information in improvement of growth perfor-
mance of whiteleg shrimp via dietary polysaccha-
ride extracted from brown seaweed is limited. Sev-
eral studies have been evaluated for uses of brown
seaweed meals in improvement of whiteleg shrimp
growth performance (Cruz-Suarez et al., 2009;
Cardenas et al., 2015). Whiteleg shrimp juvenile
that being fed with diets containing 3.3% seaweed
meals, made from brown seaweed Macrocytis pyr-
ifera, Ascophyllum nodosum or green seaweed Ul-
va clathrate, for 28 days had high survival rate
(ranging from 90-100%). WG were 2.7, 2.97 and
3.2 g and FCR were 2.10, 1,92 and 1.71 for the
shrimp fed the diets containing M. pyrifera, A.
nodosum and U. clathrata, respectively (Cruz-
Suarez et al, 2009). Recently, Cardenas et al.
(2015) reported that whiteleg shrimp fed the diets
containing powdered mixtures of the genera Mac-
rocystis, Lessoniaceae and Lessonia at 4 and 8%
insignificantly improved growth performance as
compared with control group. Moreover, a study of
Tien et al. (2013) reported that white shrimp cul-
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tured in recirculation water system with density of
1,000 shrimp m™ had DWG in a range of 11.9-12.0
g day! and SGR in range of 3.88-3.90 % day™!. As
compared with these results, the survival and WG
in the present study were relatively lower. The
highest shrimp survival rate in study of Cardenas et
al. (2015) was 93.3+£9.4% (treatment 8%), whereas
the highest one in the present study was only
56.7£11.9% (treatment 1%). This can be explained
differences in initial weight of shrimp and brown
seaweed forms (meal vs extract), resulting in dif-
ference in growth performance of experimental
shrimp. On the other hand, as observation at the
last two weeks of experimentation, mortalities in
treatments occurred due to cannibalism immediate-
ly after the molting that caused variations and low-
ering survival rates in treatments.

Polysaccharide extracted brown seaweed S. micro-
cystum showed positive effect on improvement of
growth performance of whiteleg shrimp. However,
understanding on how polysaccharides extracted
from brown seaweed participating in improvement
of aquatic animals’ growth still remain largely un-
known. Azad et al. (2005) stated that polysaccha-
ride extracts might be attributed to the efficient
nutrient digestion and assimilation caused by the
activation of fixed phagocytes in the hepatopancre-
as that secrete hydrolytic enzymes in the digestive
gland. However, Immanuel et al. (2004) explained
that growth and survival may be attributed to the
antimicrobial activity of seaweed extracts, whereas
Traifalgar et al. (2009) have demonstrated as fu-
cose-enriched sulfated polysaccharides supplemen-
tation can promote growth. However, high level of
seaweed meal or its extract may lead lower growth
performance because high polysaccharide contents
might affect digestibility of protein and dry matter
(Burtin, 2003). In addition, Potty (1996) noted that
fiber structures possibly reduce the accessibility of
intestinal enzymes to food nutrients, thereby acting
as physical hindrances between nutrients and di-
gestive enzymes in the intestine. Similarly, higher
supplementation levels of polysaccharide from
seaweed have been observed to block the efficacy
of beneficial compounds and inhibit digestion
(Nakagawa and Montgomery, 2007). In interest,
Niu et al. (2015) also revealed that shrimp fed
higher supplementation levels of seaweed had low-
er protein efficiency resulted in a progressive de-
cline in growth performance. Hot-water extract of
S. microcystum showed high antioxidant activity
that plays an important role in removing reactive
oxygen species (ROS) such as singlet oxygen, per-
oxy nitrite or hydrogen peroxide; generally pro-
duced by endogenous and exogenous factors. An
antioxidant compound promotes health benefits
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through scavenging the free radicals that cause far-
reaching oxidative damage to healthy cells by re-
acting with their nucleic acids, proteins, lipids and
enzymes (Vinayak et al., 2011). At optimal con-
centrations, however, antioxidants may stimulate
intestinal beneficial bacteria by dietary. Antioxi-
dants containing tannins and alkaloids may exert an
antibacterial influence and should be preceded by
careful studies about their influence via oral admin-
istration (Duda-Chodak et al., 2008). That may
explain why whiteleg shrimp that being fed poly-
saccharide at 2% slightly declined growth perfor-
mance in present study.

5 CONCLUSIONS

Polysaccharide extracted from brown seaweed S.
microcystum by hot-water within 6 h showed the
highest antioxidant activity. Whiteleg shrimp that
being fed the commercial feed incorporating with
hot-water extract 1.0% had significantly higher
growth performance than that of control group un-
der indoor culture condition. Therefore, S. micro-
cystum extract could be considered as a growth-
promoting factor in whiteleg shrimp. However, the
actions of mechanism of polysaccharide on growth
of shrimp should be elucidated. Further researches
are also needed to study the binding of polysaccha-
ride as well as its effect growth and survival of
shrimp under various challenged factors.
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