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Abstract A 40-day feeding trial was carried out to investigate
the potential of red algal (Gracilaria pulvinata) meal as a
protein source in formulated diets for barramundi (Lates
calcarifer) (initial mean body weight of 28.5 + 0.5 g). Five
practical diets were prepared using a fishmeal-based diet used
as positive control (PC) and blends of soybean meal and
fishmeal used as a negative control (NC), in which NC was
supplemented with 3 (GL3%), 6 (GL6%), and 9% (GL9%)
G. pulvinata. Each dietary treatment was replicated in tripli-
cate. Results indicated that growth and feeding performance
including specific growth rate, feed conversion, protein effi-
ciency ratios, and feed intake in all treatments were not sig-
nificantly different (P > 0.05). Crude protein, lipid, and ash
contents of fish carcass were not markedly altered in all die-
tary treatments. Serum lysozyme, alternative complement ac-
tivities, serum immunoglobulin, and total protein content sig-
nificantly decreased in fish fed GL9 diets. Increasing dietary
supplementation of G. pulvinata decreased the serum triglyc-
erides and cholesterol when compared to the NC. Gracilaria
inclusion levels did not affect intestinal total protease and
amylase activities (P < 0.05); however, intestine lipase activity
in fish fed GL6 diets was significantly higher than other
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groups (P < 0.05). The results of the present study recommend
the inclusion of Gracilaria meal up to 3%, without significant
negative effects on the growth performance, body composi-
tion, and health parameters of L. calcarifer.
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Introduction

Currently, aquaculture is the source of half of world fisheries
production for human consumption and around 8-9% of the
animal protein intake (FAO 2012). It is expected that aquacul-
ture will supply more than 60% of fish destined for direct hu-
man consumption by 2030 (FAO 2014). The human population
is projected to increase to more than 10,000 million by the end
of the century, with most of the increase occurring during the
next 40 years. Aquaculture production must supply the entire
future increase in demand for fisheries products because the
capture fisheries are not expected to increase and may possibly
decline (Davis 2015). There is a growing tendency for intensi-
fication of production because land and water limited resources
for aquaculture. In the most intensive aquaculture operations,
feed is one of the highest recurring costs, accounting for over
50% of the production costs (Southgate and Lucas 2012).

In normal diet formulation, the ingredients providing pro-
teins are usually the most expensive; with fish meal likely to
be the most expensive of these ingredients. On the other hand,
international fish meal price significantly increased in recent
years due to increasing demand and limited supply; therefore,
any saving on fish meal, though small, may greatly reduce the
total cost of aquafeed production and increase returns.
Numerous researches have established to seek effective ingre-
dients that can either partially or totally replace fish meal and
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other ingredients as protein sources in aquaculture feed.
Terrestrial plant-origin sources that are used to replace fish
meal in feed formulations usually contain high amounts of
fiber (Opstvedt et al. 2003) and a variety of antinutritional
factors or toxicants (Krogdahl et al. 1994; Francis et al.
2001), as well as being generally nutritionally imbalanced in
terms of essential amino acids (Floreto et al. 2000). Thus,
excessive amounts of these ingredients in feed formulations
can decrease nutrient digestibility, overall growth, and feed
efficiency in many species (Refstie et al. 1998; Chou et al.
2004; Tantikitti et al. 2005; Deng et al. 2006; Sotoudeh et al.
2016b).

There is a growing interest to use the seaweeds in aquacul-
ture feed because of their high nutritional content. The inclu-
sion of seaweeds into aquaculture feed is not surprising as
they contain essential fatty acid, pigments, antioxidants, and
some polysaccharide components (mineral binding ability and
important role as a colorants and preservatives); thereby pro-
viding better balanced nutrition and improved overall animal
growth (Rajapakse and Kim 2011). The red seaweed,
Gracilaria, is one of the algal genera that mainly serve as a
raw material from which agar or carrageenan is extracted for
use in food or for laboratory uses (Oliveira et al. 2009).
Gracilaria also contains relatively high levels of essential
amino acids, polyunsaturated fatty acids, and minerals
(Tabarsa et al. 2012). Despite the high nutritional value of this
seaweed, data on the potential use of Gracilaria in fish diets
are scarce (Hashim and Saat 1992; Valente et al. 2006; Xuan
et al. 2013; Vizcaino et al. 2015; Peixoto et al. 2016). Many
studies have explored the potential of seaweed as natural feed
additives for fish feed formulation (Valente et al. 2006; Xu
et al. 2011; Pereira et al. 2012; Stadtlander et al. 2013;
Kumar et al. 2015; Ragaza et al. 2015; Shapawi et al. 2015;
Sotoudeh and Jafari 2017). Seaweeds and their extracted com-
pounds increased triglyceride and protein deposition in red sea
bream (Pagrus major) muscle (Mustafa et al. 1995), better
diet utilization and survival rate in striped mullet (Mugil
cephalus L.) (Wassef et al. 2001), enhanced immunity and
disease resistance against the pathogen in grouper
(Epinephelus fuscoguttatus) (Cheng et al. 2008), and en-
hanced natural pigmentation in rainbow trout and Nile tilapia
(Oreochromis niloticus) (Araujo et al. 2016; Valente et al.
2016).

Utilization of seaweed in aquaculture diets not only reduces
the feed cost (Banerjee et al. 2010) by improving fish feed
efficiency, but also affects water quality by improving diet
texture. The inclusion of Ulva fasciata, Spyridia insignis,
and Sargassum wightii seaweed in rohu fish (Labeo rohita)
diet increased food assimilation efficiency and nutrient digest-
ibility (Van Alstyne et al. 2001). The supplementation of dif-
ferent levels (3, 6, and 9%) of Fucheuma denticulatum, a red
seaweed, resulted in improved growth performance and feed
utilization efficiency in juvenile Japanese flounder,
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Paralichthys olivaceus (Ragaza et al. 2015). Valente et al.
(2006) identified that seaweeds such as Gracilaria bursa-
pastoris, Gracilaria cornea, and Ulva rigida have great po-
tential as alternative ingredients in diets for European sea bass
(Dicentrarchus labrax) juveniles at dietary inclusion levels up
to 10% for G. bursa-pastoris and U. rigida and up to 5% for
G. cornea.

Barramundi (also known as Asian sea bass) sea bass is an
economically important marine carnivorous fish in the Persian
Gulf, throughout Southeast Asia, India, northern Australia,
Papua New Guinea, and the western Pacific (Jerry 2013).
This fish is considered to have a high degree of farming po-
tential because of its excellent meat quality, its adaptive ca-
pacity, and its capability to adapt to varying salinity
(Boonyaratpalin et al. 1998; Singh 2000). In this study, we
partly replaced fish meal with red seaweed, Gracilaria
pulvinata, meal to evaluate this alga as a fish meal substitute
and to assess its effect on growth and feeding performance,
carcass and blood biochemical composition, and digestive en-
zyme activity of Asian sea bass.

Materials and methods
Fish and experimental design

The Asian sea bass (Lates calcarifer) were purchased from
Ramoz Company (Bushehr, Iran). The fish were transported
to the laboratory of the Aquatic Research, Persian Gulf
University. They were acclimated to laboratory conditions
for 2 weeks in two 4000-L tanks and fed on the commercial
diet (Biza, Iran) containing 47% crude protein, 17% crude fat,
2% crude fiber, and 14% ash. At the end of the acclimation
period, fish with an average weight of approximately
28.45 + 0.52 g were randomly selected and stocked in fifteen
250-L tanks (triplicate groups per dietary treatment) at a den-
sity of ten fish per tank. Fish were fed by hand to apparent
satiation (visual observation of first feed refusal) two times per
day (at 4 10 and 17) for 40 days (Azodi et al. 2016). Salinity
was monitored at about 48 ppt, pH 8 and 70-80% saturation
dissolved oxygen was maintained using electrical blowers and
air stones. The photoperiod was left under natural conditions
during the feeding trial. During this period, water in the holding
tanks was changed daily (approximately 60—80%). All seawater
used during the rearing process was collected from the Persian
Gulf and was filtered and held in a 4000-L aerated tank.

Test diets

The red seaweed, Gracilaria pulvinata, used in the present
study was identified based on previous studies and collected
from the Persian Gulf coast in the south of Iran, on April 2015
(Bargesen 1939). It was thoroughly washed with sea water,
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dried at 60 °C for 48 h and fine-milled with a laboratory
blender to produce raw Gracilaria meal. The basal diet was
formulated to contain 46% crude protein and 17% crude lipid
(Table 1). This diet satisfied crude protein and crude lipid re-
quirements of Asian sea bass (NRC 2011). Fish meal (FM) with
approximately 61.8% crude protein, soybean meal, gluten meal
and wheat meal were used as protein sources. A positive control
test diet was designated, which contained fish meal, gluten meal
and wheat meal as primary protein source. A negative control
(basal diet) was designated, which contained soybean meal, fish
meal, gluten meal, and wheat meal. The other three test diets
were formulated by adding increasing levels of G. pulvinata to
the basal diets. Fish meal was replaced at a level of 3% (GL3),
6% (GL6) and 9% (GL9) by dried G. pulvinata. The dietary
ingredients were first ground to a uniform particle size
(<1 mm), then all the ingredients were thoroughly mixed with
fish oil and soybean oil, and water was added to produce a stiff
dough. The dough was then extruded by a pellet feed maker
through a 3-mm-diameter die. The moist pellets were dried in a
forced air oven at 60 °C for about 12 h and then stored at
—20 °C until used (Nafisi and Soltani 2008; Sotoudeh et al.
2016a). All diets were calculated to be approximately iso-
nitrogenous and iso-energetic. Formulation and chemical com-
position of the experimental diets is displayed in Table 1.

Growth measurement

At the end of the growth trial, the fish in each of the 15 tanks
were individually weighed and growth performance was eval-
uated by condition factor (CF), specific growth rate (SGR),
feed conversion ratio (FCR), protein efficiency ratio (PER),
and survival as follows (Morshedi et al. 2013):

CF = 100 x [wet weight(g) / total length(cm)ﬂ

SGR (%day™') = 100 x [Ln(W¢)—Ln(W;)] / t

WG (%) = 100 [(Wf—wi)/wi}

where W, is the mean initial body weight, W; the final body
weight, and ¢ = time (days).

FCR = dry feed intake(g) / wet weight gain(g)

PER (%) = wet weight gain(g) /protein intake(g)
Survival = 100 X final fish number / initial fish number

Chemical analysis

After 6 weeks, all the fish were fasted for 24 h. Three fish from
each replicate tank were randomly collected and taken for
whole-body proximate analysis. The analyses of proximate
composition of feed ingredients, experimental diets, and fish

Table 1 Ingredients and chemical composition of the experimental
diets (g (100 g) ")

Ingredient Diets
PC NC GL3 GL6 GL9

Fish meal' 54.00 44.00 41.00 38.00 35.00
Soybean meal 0.00 14.30 15.00 16.35 19.30
Wheat gluten 11.90 11.90 12.00 12.00 12.00
Wheat meal 10.00 5.35 4.20 2.50 0.00
Fish oil® 6.25 6.70 6.80 6.80 6.80
DGP? 0.00 0.00 3.00 6.00 9.00
Soybean oil* 6.25 6.70 6.80 6.80 6.80
Vitamin premix’ 1.50 1.50 1.50 1.50 1.50
Mineral premix® 1.50 1.50 1.50 1.50 1.50
Squid meal 1.50 1.50 1.50 1.50 1.50
Antioxidant 0.20 0.20 0.20 0.20 0.20
Gelatin 5.00 5.00 5.00 5.00 5.00
Filler 1.5 1.5 1.5 1.5 1.5
Proximate analysis (% dry diet)

Crude protein 47.98 47.60 46.64 45.44 45.50

Crude fat 17.76 17.94 17.90 17.67 17.45

Ash 15.90 14.60 19.00 21.00 19.00

Moisture 10.19 9.66 9.66 9.96 9.53

Fiber 0.83 1.43 1.46 1.51 1.63

NFE’ 17.53 18.43 15.0 14.38 16.87

! Pars kilka (Mazandaran, Iran)
2 Havorash (Bushehr, Iran)

3 Dried Gracilaria pygmaea—moisture, 8.1; protein, 16.68; lipid, 1; fiber,
1.2; ash, 29.5 (% dry matter)

*Product of Kesht Va Sanat Shomal Vegetable oil Factories Complex
(Neca, Iran)

> Vitamin and mineral premix (supplied by Beyza Feed Mill, Fars, Iran)
and covered known requirements for Asian sea bass

® Nitrogen-free extracts (NFE) = 100 - (crude protein + crude lipid +fiber
+ ash)

were performed using the standard methods of AOAC (1995).
Briefly, dry matter was measured gravimetrically after oven
drying of homogenized samples for 24 h at 105 °C. Crude
protein (N X 6.25) was determined by the Kjeldahl procedure
using an automatic Kjeldahl system. Crude lipid was deter-
mined by ether extraction using Soxhlet and ash content was

determined after incineration in a muffle furnace at 550 °C for
6 h.

Blood sampling and serum analysis

At the end of feeding trial, three fish per tank (nine per treat-
ment) were randomly sampled and anesthetized (2-
phenoxyethanol at 0.5 mL L") and individually weighed.
The blood samples for serum biochemical assays were drawn
from the caudal vein of the individual fish. The whole blood
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was collected in a syringe, allowed to clot in microtubes at
room temperature, stored in a refrigerator (4 h at 4 °C), and
then serum was harvested by centrifuging at 3000xg for
10 min at 4 °C. All serum samples were preserved at —20 °C
prior to analysis.

Serum lysozyme activity was determined by a turbidimet-
ric assay according to the method described by Ellis (1990)
based on the lysis of the lysozyme sensitive Gram positive
bacterium Micrococcus lysodeikticus (Sigma, USA). Hen
egg white (in 0.1 M phosphate citrate buffer, pH = 5.8) was
used for the preparation of the standard curve. The optical
density was measured after 15 and 180 s, using a spectropho-
tometer (Hitachi 220A, Japan) at 670 nm. The results of lyso-
zyme activity are given as units per milliliter. The alternative
complement pathway hemolytic activity (ACH50) was esti-
mated following the procedure of Tort et al. (1996) and the
volume yielding 50% hemolysis was determined and used for
calculating the complement activity of the sample.

The concentration of serum total immunoglobulin was
measured as described in Siwicki and Anderson (1993).
Serum biochemical parameters were analyzed using commer-
cial clinical investigation kits. Serum total protein was deter-
mined according to the Biuret method, using a diagnostic kit
(ZiestChem, Iran). The albumin content was estimated by
bromocresol green binding method (Dumas et al. 1997). The
absorbance of standard and test were measured against blank
in a spectrophotometer (Hitachi 220A, Japan) at 630 nm,
using a diagnostic kit (ZiestChem, Iran). Serum triglycerides,
albumin, cholesterol, and glucose were analyzed using an auto
analyzer, with commercial clinical investigation kits (Pars
Azmoon, Iran).

Digestive enzyme assays

At the end of the experiment (after 24 h starvation), the fish
were collected for digestive enzyme analyses. Samples of the
fish intestines (three per replicate) were homogenized imme-
diately in 100 mM Tris—HCI buffer with 0.1 mM EDTA and
0.1% Triton X-100, pH 7.8, followed by centrifugation
(30,000xg; 12 min at 4 °C). After centrifugation, the superna-
tant was collected and frozen at —80 °C (Furné et al. 2008).
Total protease, lipase, and amylase were assayed according
to the methods described below. The specific activity of lipase
was performed by the enzymatic photometric method using
lipase kit (Bionik, Canada). It was based on 1,2-o-dilauryl-
rac-3glutaric acid (6-methyresorufin) ester as a substrate that
was broken down into 6-methyresorufin and glutaric acid 6-
ethylresorufin-ester by lipase. Specific activity of amylase was
measured using the enzymatic photometric method using am-
ylase kit (Bionik, Canada). It was based on 4,6-
ethylidene-(G7)-p-nitrophenyl-(G1l)-alpha-D-
maltoheptaoside (EPS-G7) as a substrate. Total protease activ-
ity quantification followed according to the method published
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by Anson (1938). In this method, casein was used as substrate.
The reaction mixture containing 1 mL of 1.5% casein solu-
tion, pH 7.0, was placed at 37 °C and then 1 mL of supernatant
sample was added. The reaction was incubated for 10 min
before the addition of 2 mL of 0.4 M trichloroacetic acid.
The solution was filtered and 2.5 mL of 0.4 M Na,CO5 and
0.5 mL of Folin reagent were added. Finally, the absorbance
was measured at 660 nm. Total soluble protein was measured
by the Bradford (1976) method using bovine serum albumin
as a standard. Enzyme activity is expressed as specific activity
per milligram protein.

Statistical method

All data were analyzed using SPSS 16.0 (SPSS Inc., USA).
Normality and homogeneity of variances were tested initially
using the Kolmogorov—Smirnov and Levene tests, respective-
ly. Differences between the dietary groups were tested using
one-way analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test. Data are presented as means + stan-
dard error (n = 3) and differences were considered to be sig-
nificant at P < 0.05.

Results
Growth performance

Growth performance and feed utilization were assessed using
Asian sea bass final body weight (FBW), specific growth rate
(SGR), weight gain (WG), feed conversion ratio (FCR), con-
dition factor (CF), and protein efficiency ratio (PER)
(Table 2). FBW, SGR, WG, FCR, CF, and PER were not
significantly affected by the fish meal replacement level
(P > 0.05). Although not significant, GL3 fed fish exhibited
higher FBW and SGR when compared with those of fish fed
PC and NC. Increasing supplementation level (GL6 and GL9)
resulted in depression of growth of fish compared with that of
fish fed PC and NC. PER of fish fed GL3 was also improved
(P > 0.05) when compared with those of fish fed NC. While,
fish fed GL6 and GL9 showed a reduced PER when compared
with those of fish fed GL3, NC, and PC. Daily dry-feed intake
and total feed intake were not significantly different among
dietary treatments (P > 0.05). There was no mortality recorded
in the duration of the 40-day feeding period.

Body composition

Proximate compositions of fish fed the various diets are
presented in Table 3. No statistical difference was observed
over the 40 days of the experimental period in chemical
composition (crude protein, lipid, ash, and moisture)
(P > 0.05) in fish fed with different levels of G. pulvinata.
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Table 2 Growth performance

and feed intake of Asian sea bass Parameters’ Dietary treatments SEM P value

fed diets with different levels of

G. pulvinata for 40 days PC NC GL3 GL6 GL9
Initial weight (g) 28.46 28.00 29.20 28.16 28.43 0.56 0.409
FBW (g) 83.36 83.44 85.07 74.53 79.36 6.89 0.574
WG (%) 192.69 195.76 191.06 164.86 179.37 23.15 0.678
CF 0.65 0.73 0.65 0.62 0.59 0.08 0.509
SGR (% day ") 2.68 2.70 2.64 242 2.56 0.20 0.668
FCR 1.08 1.07 0.93 1.23 1.14 0.09 0.101
PER 2.04 2.08 2.39 1.82 1.93 0.17 0.079
Daily feed intake (g) 16.78 16.28 16.05 16.81 15.95 1.10 0.894
Survival (%) 100 100 100 100 100 - -

S.E.M. standard error of the means

'CF = 100 x [wet weight (g)/total length (cm)® ], SGR = 100 x [Ln (Mean final body weight) — Ln (Mean initial
body weight)]/time (days), FCR = dry feed intake (g)/wet weight gain (g), PER = wet weight gain (g)/ protein
intake (g), daily feeding intake (g) = g feed/day, Survival = 100 x final fish number/initial fish number

However, whole-body protein contents of fish fed 3%
Gracilaria diets were higher than that of fish fed other diets
(P> 0.05).

Hemato-immunological parameters

The hemato-immunological parameters of Asian sea bass fed
the experimental diets are displayed in Table 4. Serum lyso-
zyme activity was significantly higher (P < 0.05) in Asian sea
bass fed the GL3 an NC diets compared to serum lysozyme
activity in fish fed the PC, GL6, and GL9 treatments. Serum
alternative complement (ACHS50) activity was significantly
lower in fish fed the GL9 diet, followed by fish fed diets with
3, 6% GL and NC, and highest in fish fed diets with PC diet.
Increasing G. pulvinata level (GL3% and GL9%) generally
decreased the immunoglobulin content, which were signifi-
cantly lower in fish fed the GL9 diets compared to fish fed
the NC and PC diets (P < 0.05).

Serum albumin and glucose contents among all the treat-
ments did not change significantly (P > 0.05). Serum total
protein, triglycerides, and cholesterol were significantly af-
fected by the level of dietary (P < 0.05). Increasing dietary

Table 3  Proximate analysis of whole body (percent of wet weight) of
Asian sea bass fed diets with different levels of G. pulvinata for 40 days

Parameters Dietary treatments SEM P value

PC NC GL3 GL6 GL9

Crude protein (%) 17.41 18.08 1821 17.29 17.59 0.85 0.767
Crude lipid (%) 6.63 7.12 644 6.66 734 038 0.177
Ash (%) 453 488 470 415 407 039 0.267
Moisture (%) 68.90 68.06 69.79 69.66 68.96 0.73 0.205

S.E.M. standard error of the means

supplementation generally decreased the serum triglycerides
and cholesterol, which were significantly higher in fish fed the
GL3 diets compared to fish fed the GL6 and GL9 diets.

Digestive enzyme activity

The activities of the digestive enzymes total protease, amy-
lase, and lipase of Asian sea bass fed diets with different levels
of G. pulvinata are presented in Table 5. Digestive enzymes
activities were significantly different among the dietary treat-
ments (P < 0.05); however, G. pulvinata inclusion level did
not coincide with the activities of total protease and amylase.
Fish fed PC diet had the significantly higher total protease and
amylase activity among all treatments (P < 0.05). The lipase
activity in fish fed GL6 diets was significantly higher than that
in fish fed other diets (P < 0.05).

Discussion

A number of studies have been conducted on dietary
macroalgal meal in several fish species which have confirmed
that macroalgae had no adverse effect on growth performance,
feed utilization or apparent nutrient digestibility and carcass
quality (Giiroy et al. 2013; Pereira et al. 2012; Walker et al.
2009; Wassef et al. 2001). For this reason, there has been an
increased interest in the substitution of fish meal by
macroalgae in cultured fish nutrition. Several publications
have addressed the effects of Gracilaria and other macroalgae
on the health and performance of fish. The results of this study
indicate that replacing 9% fish meal with G. pulvinata did not
have negative effects on growth performance (in terms of
SGR and CF) or feed utilization (in terms of FCR and PER)
in Asian sea bass. These results indicate good palatability and
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Table 4 Hemato-immunological

and biochemical parameters of Parameters Dietary treatments SEM P value

Asian sea bass fed diets with

different levels of G. pulvinata for PC NC GL3 GLo GL9

40 days
Total protein (g dL ™) 3.40° 4.03* 3.76% 3.80% 343 012 0.002
Lysozyme (U mL™") 30.00° 33.66 34.00° 25.66° 2433° 109 0.000
ACH50 (UmL™) 150.33*  135.00°  139.33° 126.67°¢ 12367 331  0.000
Immunoglobulin (g dL™")  19.50° 20.00° 17.60* 17.46% 1566° 078 0.002
Glucose (mg dL™") 64.33 69.66 70.33 80.00 6400 636  0.160
Triglycerides (mg dL ") 68.33° 99.33° 87.00° 85.33¢ 84.00°  3.61  0.000
Cholesterol (mg dL™") 287.00°%  327.67°  317.00°° 30333  27533° 944  0.001
Albumin (g dL™") 1.90 2.03 2.03 2.00 1.83 0.06  0.054

Values in the same row not sharing a common superscript are significantly different (P < 0.05)

S.E.M. standard error of the means

nutritional effects of diets containing G. pulvinata for a car-
nivorous fish like Asian sea bass. Previous works with
European sea bass (Dicentrarchus labrax) juveniles showed
that the incorporation of G. bursa-pastoris up to 10% and up
to 5% inclusion level for G. cornea had no negative effect on
growth performance and feed utilization efficiency, and in-
creasing incorporation of both G. bursa-pastoris and
U. rigida, from 5 to 10%, did not affect growth performance
of this fish (Valente et al. 2006). The authors concluded that
these two macroalgae have great potential as alternative ingre-
dients for European sea bass. Xuan et al. (2013) investigated
the feasibility of G. lemaneiformis (5, 10, 15, and 20%) as a
feed ingredient for juvenile black sea bream (Acanthopagrus
schlegelii). Their results showed that growth performance in
terms of WG and FER of the juvenile black sea bream receiv-
ing the G. lemaneiformis based diets did not decrease even at
the inclusion level of 15%. Moreover, El-Sayed (1994) report-
ed that Spirulina could successfully replace up to 75% of the
fish meal for silver sea bream (Rhabdosargus sarba) finger-
lings without any adverse effects on growth performance and
feed efficiency. Positive effects of dietary macroalgae on
growth performance and feed utilization of fish may be related
to their vitamin and trace elements content, lipid mobilization,
and improved absorption and assimilation efficiency (Dy
Pefiaflorida and Golez 1996). In addition, it has been postu-
lated that growth improvement effects of seaweed could be
associated with activation of lipid metabolism such as

accumulation and mobilization (Nakagawa 1997) and assim-
ilation of dietary protein (Yone et al. 1986).

In this study, body composition parameters were not affect-
ed by the dietary treatments. There are contradictory data in
the literature on the effect of macroalgae on chemical compo-
sition of fish. For example, inclusion of dried Gracilaria
lemaneiformis at a level up to 33% did not modify the chem-
ical composition of Siganus canaliculatus (Xu et al. 2011).
Peixoto et al. (2016) described that dietary addition of
Gracilaria spp., Ulva spp., or Fucus spp. at 2.5 or 7.5% levels,
plus an additional diet with a blend of the three seaweeds, did
not affect the whole-body composition of European seabass
juveniles. A similar effect also reported by Valente et al.
(2006) in D. labrax juvenile fed macroalgae G. bursa-
pastoris, U. rigida, and G. cornea. In contrast, body lipid
content in Sparus aurata juveniles fed different levels of
macroalgae were negatively correlated with G. cornea and
U. rigida levels (Vizcaino et al. 2015). Similarly, carcass lipid
deposition in O. niloticus was significantly affected by the
percentage of U. rigida in the diet, and there was an overall
trend of decreasing carcass lipid content with increasing in-
clusion levels of U. rigida (Azaza et al. 2008). Based on the
available data and the foregoing discussion, it may therefore
be concluded that the impact of dietary macroalgae on chem-
ical composition of fish seems to depend on the algae species,
its inclusion level, and also on the species of fish where the
macroalga is tested.

Table 5 Specific activity of total

protease, x-amylase and lipase in Parameters Dietary treatments SEM P value

Asian sea bass fed diets with

different levels of G. pulvinata for PC NC GL3 GL6 GL9

40 days
Total protease (U mg protein ) 2.06° 0.91° 1.20% 1.73% 140 019  0.001
Lipase (U mg protein ) 7330 5.66° 733° 9.66 633> 069  0.002
Amylase (U mg protein ') 38.66°  23.66°  2633™  2833%  2000°  1.60  0.000

Values in the same row not sharing a common superscript are significantly different (P < 0.05)

S.E.M. standard error of the means
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Lysozyme is an important key component of fish innate
immune system, which is important in mediating protec-
tion against microbial invasion and in most cases, iS pos-
itively correlated with disease resistance (Fevolden et al.
1994; Saurabh and Sahoo 2008). ACHS50 activity is also
commonly used as suitable indicators of the humoral non-
specific immune response in fish (Montero et al. 1998;
Obach et al. 1993; Tort et al. 1996) and strong action
against Gram-negative bacteria (Yano 1996). Several fac-
tors such as nutrition, feed additive, stress, and tempera-
ture can affect it (Boshra et al. 2006; Montero et al. 1998).
In the present work, the dietary inclusion of G. pulvinata
in diets for Asian sea bass had significant effect on
hemato-immunological parameters. Seaweed polysaccha-
rides such as carrageenan, alginates, (3-glucans, and sodi-
um alginate have been demonstrated to show great stim-
ulatory effects on immunity and the protection against
infectious diseases in fish (Castro et al. 2004; Fujiki
et al. 1994; Gabrielsen and Austreng 1998). Agar is the
main polysaccharide in Gracilaria spp. with similar struc-
tural and functional proprieties to carrageenan (Araujo
et al. 2016). Previous studies show low molecular weight
agar enhanced the nonspecific immune resistance of basa
(Pangasius bocourti) against Aeromonas hydrophila (Van
Doan et al. 2014). The exact mechanism of immune-
enhancing effects is unclear but it appears that some low
molecular weight polysaccharides derived from agar-
bearing seaweeds were fermented by gut bacteria and ex-
hibited potential to be used a source of prebiotics
(Ramnani et al. 2012). In our experiment, fish fed the
GL6 and GL9 diets showed a reduced lysozyme, alterna-
tive complement (ACHS50) activity, and total immuno-
globulin when compared to the GL3 and the PC diet,
suggesting a dose-dependent response in these immune
parameters. These results are similar to Peixoto et al.
(2016) who reported that European seabass fed 7.5%
Ulva spp. supplemented diets had a significant decrease
in the lysozyme activity level, when compared to fish fed
control or 2.5% Ulva-supplemented diets. However, the
same authors found that fish fed supplemented either with
Gracilaria spp. or Fucus spp. had lysozyme results simi-
lar to control diet. Valente et al. (2016) also reported that
adding different levels of Ulva spp. meal to the diets of
Nile tilapia Oreochromis niloticus had no beneficial effect
on lysozyme or peroxidase activities. Recent results ob-
served in tilapia (O. mossambicus) have demonstrated that
ethanol and aqueous extracts of Padina gymnospora were
found to be effective against gram-negative fish pathogen
Pseudomonas aeruginosa (Thanigaivel et al. 2015). Since both
lysozyme (Saurabh and Sahoo 2008) and immunoglobulin are
potential activators of the complement system, it was possible
to conclude that a general decrease observed in serum com-
plement in fish fed diets supplemented with G. pulvinata may

be a result of decreased total immunoglobulin and lysozyme
activity. Several factors such as species and size of fish, dif-
ferences in diet formulation, and environmental factors may
account for the discrepancies that observed among research
results.

Blood biochemical parameters are important tools for
the indication of the physiological response as well as the
general health status of fish. Serum glucose level is con-
sidered as an effective indicator of stress (Barton and
Iwama 1991). In the present study, serum glucose concen-
tration was not significantly affected by dietary
G. pulvinata inclusion. This observation is similar to pre-
vious findings on serum glucose of juvenile Japanese
flounder fed red seaweed, Eucheuma denticulatum
(Ragaza et al. 2015). Seaweeds, however, have been
shown to induce a decrease in serum glucose in
S. aurata juveniles (Vizcaino et al. 2015). These differ-
ences may be attributed to differences in capacity of fish
to use carbohydrates or differences in dietary fiber com-
position of macroalgae. Inclusion of G. pulvinata in the
diets lowered serum triglyceride and cholesterol levels in
the fish. This is in agreement with data from earlier stud-
ies in juvenile Japanese flounder fed diets supplemented
with Chlorella (Kim et al. 2002) and E. denticulatum
(Ragaza et al. 2015). Moreover, Porphyridium spp. re-
duced serum triglyceride and cholesterol levels in rat
(Dvir et al. 2009). The mechanism for lowering serum
triglyceride and cholesterol by G. pulvinata may be ex-
plained by increased dietary fiber which is naturally pres-
ent in seaweeds. Dietary soluble fibers, such as pectin, are
known to have hypocholesterolemic effects (Castro et al.
2005). It has been reported that dietary soluble fibers hin-
der digestion and absorption of dietary fats, resulting in
lower cholesterol delivery to the liver by cyclo micron
remnants (Matanjun et al. 2010). Other compound that
may contribute to the cholesterol and triglyceride-
lowering effect of seaweeds are dietary n-3 fatty acids
(Skulas-Ray et al. 2008), which are found in high amount
in red seaweeds (Matanjun et al. 2009).

Serum proteins such as albumin are absolutely essential for
maintaining a healthy immune system (Kumar et al. 2005).
Evidence shows that increase in the serum proteins associated
with stronger nonspecific immune response in fish
(Wiegertjes et al. 1996). In our study, there were no significant
differences in the albumin content among the different exper-
imental groups.

Digestive enzyme activities were used as an indicator
of nutrient digestibility and utilization state in order to
allow for appropriate diet formulation in several fish spe-
cies (Peixoto et al. 2016; Vizcaino et al. 2015; Zambonino
Infante and Cahu 2007). In this study, G. pulvinata inclu-
sion level did not affect total protease and amylase activ-
ity. A similar effect has also been reported in the level of
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total alkaline protease activity in intestinal extracts of ju-
venile S. aurata fed on diets supplemented with G. cornea
or U. rigida (Vizcaino et al. 2015). Moreover, seaweed
supplementation (Gracilaria spp., Ulva spp. and Fucus
spp.) in practical diets for European seabass juveniles
have no significant impact on digestive enzyme activities
(Peixoto et al. 2016). The higher amylase and total
proteolytic activity in fish fed the PC compared to the
fish fed the NC diet might be due to the presence of
antinutritional factors in soybean such as protease
inhibitors or soybean lectins. A study by Krogdahl et al.
(2003) indicates that exocrine pancreatic production and/
or secretion in Atlantic salmon (Salmo salar L.) is stimu-
lated by dietary soybean meal. Dietary soybeans have also
been reported to induce pancreatic growth and hyperse-
cretion of pancreatic enzymes in rats (Grant et al. 2000).
This eventual antinutritional effect associated with soy-
bean is not so severe that causes growth impairment and
is apparently compensated by the presence of G. pulvinata
in Gracilaria-supplemented diets. In present study prote-
ase and amylase activities were significantly lower in fish
fed GL9 diet when compared to PC. The observed nega-
tive effect of G. pulvinata over protease and amylase ac-
tivities could be attributed to fiber present in seaweeds
(Oliveira et al. 2009). In fact, dietary high content of fiber
may result in more rapid passage of food through fish
digestive tract (Blender 1967) and reducing the time
available for digestion, possibly adversely affecting diges-
tive enzyme activity. In addition, seaweeds contain sever-
al antinutrients such as lectins and proteinase inhibitors
(Dvir et al. 2009) that interfere with digestion and feed
utilization processes (Francis et al. 2001). The lipase ac-
tivity in Asian sea bass fed GL6 diets was significantly
higher than those fed the other diets, but there were no
clear trend with G. pulvinata inclusion level.

In conclusion, all diets were readily accepted by fish, indi-
cating that G. pulvinata based diets did not cause any change
in the palatability to the experimental fish. The present study
also evidences that dietary inclusion of this macroalga had no
negative effect on growth performance and feed utilization of
L. calcarifer. Indeed, the inclusion of G. pulvinata had signif-
icant effect on hemato-immunological parameters but it did
not affect the carcass composition of this fish. Based on the
results of growth performance, body composition and health
parameters, diet containing 3% GL showed better effect in
Asian sea bass compared to other treatments. The results of
the present investigation suggest that further investigations are
required to evaluate the optimum dietary inclusion level of
G. pulvinata in Asian sea bass diets.
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